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Abstract

The mam thrust o f th is  research was to come up with r e l ie f  

measures as a strategy to Drotect the small—scaie farming environment, 

using agroforestrv systems in the semi-arid areas o f La ik ip la  d is tr ic t .  

Based on th is thrust our hypothesis fo r  the research was that the r e l ie f  

measures introduced v ia  on—station  and on-farm experimentation can 

indeed be used to improve the sem i-aria microclimate fo r  crop 

production, resu lting in higher y ie ld s . For y ie ld  improvement the r e l ie f  

measures had to  provide protection against ard m itigation o f y ie ld  

iosses due to : ( i )  comoetition fo r water between agroforestry trees and 

the intercrop and water ioss by evaporation or by run o f f  from the s o il 

surface: ( i i )  destructive and desiccating strong winds, nigh rad iative 

load on plants and the so il and high so il temperatures: l i n )  lack of 

water in th is area is a major constraint.

We experimented, at Matanya on-station and Kiahuko on-farm plots, 

with a farming system used by small-scale farmers in Laik ip ia . in which 

an intercrop o f  maize (va rie ty  H511) and beans (variety  rosecoco) is  

used in association with Grevi 1 leas in an agroforestry plot surrounded 

by a live-fence o f Coleus bai'batus shrub.

Curing the main experimental period (LR92-SR94) plots 

(agroforestry and non-agroforestry controls) were divided in to  ( i )  two 

muicned plots with minimum t i l la g e  (digging t i l l  4 to 5 cm), one with 

root pruned and one with unpruned trees and ( i i )  two unmulched plots 

with only deep t i l la g e  (digging t i l l  20 to 25 cm), again one with root 

pruned and one with unpruned trees. Five mulched and f iv e  unmulched 

p lots  and a bare so il p lot located in the open, away from any tree 

influence, were used as control plots.
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For determination o f near surface s o il  temperatures we used 16 

thermistors in AF at two distances from Grevilleas and 16 in NAF. 

including 2 in the bare s o il  p lot, for s o il  temperature determination at

7.5 and 15 cm depth.

Sheltering e ffe c ts  against strong winds provided by the live-fence 

and the trees  to the intercrop in AF plots were quantified. The 

southerly winds reaching Mulched pruned minimum t i l la g e  (AFM1) and Local 

pruned deep t i l le d  (AFL1) plots were d iffe re n t ly  reduced. The maize 

plants in AFM1 were therefore somewhat be tter protected arid grew ta lle r  

arid had higher biomass y ie ld s .

The resu lts o f the re la tive  magnitude and d irection  o f 

concentration o f tree canopy shade showed that during the Short Rains 

iSR) seasons the region o f heaviest tree canopy shading a ffe c ts  mainly 

the NW and NE sectors below the tree canopy, with the former getting the 

highest degree o f shading. IXirina the Long Rains iLR' seasons the region 

o f heaviest tree  canopy shading a ffects  mainly SW and SE sectors below 

the tree  canopy, where SE tends to get the highest shading. Compared to 

UT1. the PT2 canopy shading was less d iscern ib le than the UTi shading.

The resu lts  o f biomass yields (Y1D) correlated with fractional 

radiation received by maize plants show the dry matter y ie ld s  of maize 

generally to  decrease with decrease in intercepted solar radiation 

through Grevillea  canopies untii about a fraction  o f 0.60 t i l l  0.65 of 

that in the open, below which i t  v irtu a lly  stops.

We may conclude from the results o f analyses o f extreme 

temperatures that although mulching at 3 t/ha was iigh t. i t  was useful 

in influencing so il moisture, bv shading and insulation bat particu larly 

by decreasing run o f f .  and consecuentiy in  moderating extreme so il
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Tne inter-comparison or tne y ie ld s  mainly re fle c ted  weather 

events, particu la rly  iow ra in fa ll with poor d istributions, that a ffected  

the s o il water status fo r  each season d if fe r e n t ly . The bean seed and 

other biomass yie lds also re flec ted  seasonal d ifferences that depended 

on these weather events. The results show that agroforestry (AF) has 

advantages as well as disadvantages in the area studied.

For s o il  moisture determination in the on-station conditions we 

used 20 access tubes in AF plots at d iffe ren t distances from the 

Grevillea  trunks and 14 in non-agroforestry plots (NAF) fo r  data taking 

with pre-caiibrated neutron probes (type CPN 501 or CPN 503). In the on- 

farm AF plots with Grevilleas  at Kiahuko-B we had 24 access tubes in the 

AF p lots, in sta lled  at two distances from the tree stems, and 4 in NAF 

plots. We a lso  used 19 access tubes in the live-fence experiment at 

Kiahuko-A at d iffe ren t distances from 3 pruned ami unpruned portions of 

a live-fence.

For measurements o f wind speeds on-station we used 13 WAU 

e le c tr ic a l cup anemometers in  AF plots. 4 in each o f 3 rows in  the same 

d irection  as the crop and the Gi~evil lea rows. Each anemometer was used 

in association with a shaded Piche atmometer for wind speed 

interpolation and extrapolation experiments. For wind d irection  we used 

four Woelfle anemographs, two in AF and two in NAF p lots, one o f each 

was adjustable to  grow with the maize.

For determination o f crop shading by trees  from solar radiation we 

used 13 E-W oriented tube solarimeters (12 in AF at three d iffe ren t 

distances from trees , and 1 in  NAF) at 2 m above the ground under two 

Grevil leas (unpruned UT1 fo r SR91 t i l l  SR93 and later on pruned PT2 for 

SR94 and LR94).



xlv

temperatures by a ffec tin g  the temperature amplitudes am phase sh ifts .

me resu lts of s o il moisture contents during LR seasons show that 

root pruning o f Grevillees  in  combination with minimum t i l ia a e  pius our 

mulching conserved more moisture than unDruned trees with minimum 

t i l la g e  pius mulching as well as Druned and unpruned trees  with deep 

t i l la g e  without mulching. The d ifferences between access tubes in pruned 

and unoruned areas were repeatedly higher than ±2 .0% which we took as a 

vaiue above which d ifferences  may be expected to become agronomically 

important. Tms indicates that pruning was agronomical ly more important 

than shading in on-station p iots . due to large spacing between trees (5 

m by 7.5 mj. The unpruned Grevi 1 leas and the unpruned Coleus live-fence 

competed strongly with the maize/beans intercrop for so il moisture.

The resu lts o f s o i l  moisture in the on-farm situations show that 

root-pruning o f the Grevi 1 leas is  only marainally agronomical ly 

important when the trees are planted close to  each other (as they resu lt 

in d ifferences between access tubes o f less than our c r ite r ion  o f 

±2 .0%). such that they heavily  shade one another due to small spacing 

between trees (3m  by 5m).  In that case shading may become more 

important than root pruning. The on-farm Coleus live-fence experiment 

confirms that s o il  moisture was most often  highest in the areas closest 

to  the pruned portions o f  the live-fence.

In the d r ie s t  season o f  study period. LR92. indicate that the 

control plots gave the lowest maize and beans y ie lds  o f a ll  seasons. The 

minimum t i l le d  pruned Mulched p lo t (AFM1) had the highest maize biomass 

y ie ld s  followed by Local control while the deep t i l le d  pruned Local and 

the Mulched control had the lowest. The y ie ld  d ifferences between upper 

and lower halves o f AF plots varied  between 20 to  25% in pruned and 35
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to 'iob in unpnunea plots, with higher y ie ld s  being in mulched p lots.

Tne exemplarious resu lts o f the measurements o f the per cent y ie ld  

components o f maize ( i . e .  cob. grain and biomass weights) fo r  SR92 in 

both Ar arid NAr show that the ra tio  by weight o f cob. grain and biomass 

in the to ta l weights produced per row was on the average near 1 y 1 :3 :6 . 

The cob and grain weights were d ire c t ly  related  to each other and 

inversely re la ted  to the biomass weights. The cob weights tended to  be 

more stable around th e ir mean values than the grain and biomass weights.

The follow ing weather advisory summarizes our most important 

findings as set out in the hypothesis fo r  the protection o f farming 

environment in the semi-arid areas o f Laik ip ia d is tr ic t : to  root prune 

agroforestry trees and hedges: to  piant agroforestry trees with suitable 

economic returns and with canopy spacincrs and crown densities  (a fte r  

pruning of roots arid eventually branches) that compromise between crop 

protection through shading from too strong solar rad ia tion  and 

throughfali o f su ffic ien t ligh t to  match in the best rainy seasons the 

ra te  o f photosynthesis allowed by the f e r t i l i t y  o f the farm er's p lots; 

to  use (residue) mulch, o f preferably more than 3 t/ha. fo r s o i l  

moisture improvement, particu larly  on somewhat sloping land, where 

runoff prevention appears essen tia l. More mulch would also mean a 

higher contribution for so il f e r t i l i t y :  to combine mulching with minimum 

or low t i l la g e  to  improve physical s o il properties near the surface: to  

design hedge and tree configurations that maximize wind protection 

preferab ly > 35%. and do not introduce tunnelling through gaps. The 

p lo t environments should not generate turbulence that can harm the 

crops and/or hedges and trees : to  u t i l i z e  the observed spatial 

d ifferences in seasonal ra in fa ll over short distances (o f  a few 

kilom eters): to  try  drought resistan t maize va rie ties  with shorter
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growing seasons, 

maize va r ie t ie s  

water in deeper

that are acceptable to  the local farmers; and to  try 

with higher rooting depths that would use percolated 

layers in seasons with irregu lar ra in fa ll.
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CHAPTER ONE

1 . Introduction

1.1 Problem id en tifica tion

Some of the main problems in the semi-arid highlands west and 

northwest of Mt. Kenya (Laik ip ia d is tr ic t ) center on the food production 

by small scale immigrant farmers from the high potential areas in the 

neighboring d is t r ic ts .  This immigration accounts fo r a population 

increase of 4% (e.a . Kohler. 1987: Republic o f Kenya. 1994a). These 

immigrant farmers form the core o f the resource poor sm all-scale farming 

community in LaiKipia d is t r ic t .  The immigrant small-scale farmers own 

parcels o f lard ranging from 0.8  to 2.0 ha on which they must eke a 

liv in g . These immigrant farmers who are forced to  farm on more drought- 

prone iard hence in appreciably harsher c lim atic conditions than where 

they came from, face recurrent crop fa ilu res  due to so il degradation 

through water ard wind erosion and lack o f inputs. They also face low 

production of grass for grazing and decreasing a va ila b ility  o f  firewood 

(L in iaer. 1991). Rain fa ll v a r ia b ility  is  very high making water become a 

major lim iting factor to  ra in -fed  farming. The farmers r e iy  on low 

external inputs to  produce food (R eijn tjes e t a l . .  1992) but lack 

su ffic ien t knowledge o f dry-land farming. Extension services are rather 

inadequate. The use of proper weather advisories could therefore assist 

these farmers g rea tly . More d e ta ils  on their situation may be found in 

sections 1.3.

1.2 R e lie f measures (applied or proposed)

1.2.1 H istorica l perspective

The above problems were id en tified  by the LRP way back in 1985 

(L in iger, 1991). To support demonstrations o f r e l i e f  measures LRP set



up two agro—ecological stations in 1986. one at Matanva arid one at

Kalaiu (F ig s .i and 2 ). These stations have since been g iv in g  useful

meteorological data. Additionally. LRP started carrying out

demonstrations o f possible r e l i e f measures by agronomic and

agrohydro log ica l t r ia ls  on gentle slopes o f  4 -  5 %. The s ite s  are 

situated on Mt. Kenya volcanic so ils  (Phenolites) and in two d iffe ren t 

aaroclimatic zones (see F ig . 2 ): Matanya is  in a sem i-arid zone 

(agroclimatic zone V) and on a dark clay ( Vertoluvic maeozem) at an 

altitude o f 1840 m a .s . l .  and Kalaiu is in a dry semi-humid (using

Braun (1980)’ s terminology; to  semi-arid zone (agrociim atic zone IV) 

and on a red c lay  so il (F e rr ic  lu v ic ) at an altitude o f 2020 m a .s . l .  

(e .g . Desaules. 1986: L in iger. 1991).

The main aims were to assess the p o ss ib ilit ie s  o f improving water 

use and the farming systems in general, to  a degree that i t  wouid 

contribute to so lv ing farmers' problems in iin e  with the Kenya National 

Food Policy. The tr ia ls  included intercropping of maize and beans in 

several treatments. These were i i )  local (unmulched) -  deep t i l le d  

i depth o f 20-25 cm) with no conservation measures ( i i )  mulched-mimmum 

t i l l e d  (depth o f  4-5 cm) with mulch o f  3 t/ha crop residues applied, 

( i i i )  agroforestry (AF) p lots planted with a maize/beans in tercrop in 

association with Gi~evillea tobusta trees and with the AF p lo t fenced 

with a live-fen ce  o f Coleus barbatus shrubs. (iv ) ridg ing, that is 

planting a crop on raised earth bu ilt along the contours, mainly to 

conserve s o il moisture and restra in  runoff. Sometimes two adjacent 

ridges are connected with transect raised earth to  make a rectangular 

depression where water accumulates. Such ridges are ca lled  't ied  

r id g e s ’ . This ra ised earth is  a lso  useful in b en e fic ia lly  increasing



Fig . 1. Mt. Kenya and the Aberdare Mts. areas showing 
La ik ip ia  d is t r ic t  and Matanya, Kalalu and 
Embori experimental stations.
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surface roughness at the ground level i f  wind is  strong arid or obi erratic 

(Webster and Wilson. 19661. A rough surface reduces wind speed and tends 

to  trap partic les  moving in sa ltation  or by surface creep. Ciodainess is  

benefic ia l th is  way and so cue operations whicn produce a rouah or 

irregu lar surface such as ploughing, ridging or mulching with crop 

residues.

In a ll these cases. LRP chose practices that were most prevalent 

with farmers in Laikipia d is tr ic t .  The main crops grown by the 

immigrants in Laikipia are maize iZea mays L . . H 5il). beans iFhaseolus 

vulgaris L .. rosecoco v a r ie t y ) . Irish  potatoes (Solarium tuberosum L . ) 

and sweet potatoes ilpcmea hatatus L . ) (Aciand. 1971). The most popular 

agroforestry tree  species is  Crevillea robusta and as hedging material 

Coleus bai'batus shrub is  preferably used. The problems thus id en tified  

bv LRP had set stage fo r  micrometeorological issues. However, they did 

not have the capacity to  generate and use the needed agrometeoroiogical/ 

agroclimatologic f ie ld  data and information (S tig te r . 1994a & 1994b). 

Therefore they arranged for collaboration with the TTMI project to  

develop an in terd isc ip linary approach to contribute to so lv in g  the 

problems o f  small-scale fanners in the Footzone west and northwest o f 

Mt. Kenya (Laikipia d is t r ic t ) .  I t  is in lin e  with the National Food 

Po licy  to develop this way appropriate weather advisories.

1.2.2 Micrometeorological aspects o f farmers' conditions in the area

Introducing crops, agroforestry trees, live-fences, homesteads and 

rural access roads in "opening up" newly acquired, previously open 

ranch-lands ( i . e .  with only sparse trees) d rastica lly  modifies the 

microclimate o f the now farmed lands and to  some extent the mesoclimate
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o f the areas. Tne following micrometeorological factors in a ir  arid s o il 

are influenced: i i )  wind speed and a ir  movement: ( i n  surface 

r e f le c t iv it y :  ( n i )  surface in f i lt r a t io n  and s o il  water retention : ( iv )  

s o il thermal properties and temDerature and (v ) micro-oraanic 

a c t iv it ie s . Because o f the changes in ( i ) .  ( i i )  and ( iv )  a ir  

temDeratures a lso  change: because o f the changes ( i )  and ( l i i )  a ir  

humidity also changes. These are consequences of energy and water 

balances that have to find new equ ilib ria .

Tin is  new land use. however. a lso allows management arid 

manipulation o f microclimate fo r improvement o f croD and animal 

production of the resource poor small scale farmers who come to  liv e  m 

the area iG iibert. 1995). This ca iis  fo r  innovative manaaement o f water 

and so il f e r t i l i t y .  I t  should be understood from the beginning that a 

resu lting weather advisory o f the kind that reads local conditions are 

nc*t suitable to  small-scale agroforestry production systems" are not 

acceptable. These farmers have to  liv e  and to grow crops there. They are 

m  f ir s t  instance not w illin g  to  give up th e ir  present staple crops, in 

which maize/beans intercrops take the most important position.

1.3 Approach to  more deta iled  problem id en tifica tion  a fte r  

se lection  o f r e l i e f  measures.

A fter independence in 1963, the immigration o f sm all-scale farmers 

in to the semi-arid fringes o f the Kenya highlands, such as Laikipia 

d is tr ic t ,  led to  a s ign ifican t change and in tensifica tion  in land-use. 

The immigrants, mostly orig inating from densely populated high potential 

d is tr ic ts  (e .g . Nyeri, Kirinyaga. Kiambu. Murang'a. Nyaridarua. Meru. 

Tharaka-Nthi. Embu. e tc ., see F ig . 3) in it ia ted  the process o f sh iftin g  

towards more intensive land-use. Rain-fed crop production became
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predominant although the ecological su ita b ility  for th is  a c t iv ity  is 

rather marginal. The risks o f crop fa ilu res  are therefore very high. The 

farmers were ill-eauiDped to  practice semi-arid farming. Thev lacked 

proper management knowledge and well researched extension advisories for 

these conditions. They introduced their trad itional fanning methods from 

medium and high potential areas into these ASALs. They grow intercrops 

of maize (o ften  maize K511 and sometimes other highland cu itivars e.g. 

H614. H624. H625 e tc . ) and beans (often rosecoco variety ) in association 

with agroforestry trees, mainly G reviliea  robusta. Thev also keep 

livestock on their small p ieces of lard.

In our detailed  problem id en tifica tion , we had to  focus our 

attention on the ex isting agricultural Droauction structures. These 

wouid helD us develop more appropriate r e l i e f  measures which would 

guarantee a reasonable ieve i o f subsistence farming under the semi-arid 

conditions o f LaikiDia d is t r ic t .  Preliminary work o f LRF (e .g . Beraer. 

1989: Fiurv. 1986. 1987 & i986: Kohler. 1987: L in iger. 1991: Hoges.

1991) gave leads as to  which d irection  our research approach couid taxe. 

n r s t ly .  there was information on immigrant movements and their take

over o f large ranch-land farms from the previous white s e t t le r  owners. 

Also available was information on the subdivision o f the acquired iard 

into smaller units on which they applied trad itional production 

techniques from their areas o f orig in  (Fiury. i&66 ). Secondly, there 

was ore! iminaiy information from so ii moisture conservation tr ia ls  o f 

intercrops o f maize and beans (Lim cer. 1991) at Matanva and K'alalu. 

Thirdly, there was also preilm inarv information on competition for s o ii 

moisture between maize/beans intercrops and Coleus harhstus live-fence 

ai _>una the Ar p lot at the Matanya station (Mooes, 1991). F ina lly .
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Fig* 3. A d is t r ic t  nap o f  Kenya showing La ik ip ia  and neighbouring 
d is t r ic ts  where immigrants o rig in a te  from.
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i r u i ia  at ion experiments were started la ter. at Kalalu. Mukogodo and 

imbori in ^ lk ip ia  d istract by an M.Sc. student, when oar worn was in 

progress. whose data we could use in the interpretation o f our s o il 

moisture data. We also did lim ited in fi lt ra t io n  rates experiments at 

Matanya sp ec ific a lly  to  check on the problem of compaction which might 

have risen from overuse of our experimental p lots p rior to the s tart o f 

our experiments.

What were badlv lackina were complementary on-farm experiments and 

su ffic ien t on-station arid on-fana microclimate giant i f  ication 

representing small-scale farmers problems in  Laikioia. Nevertheless. 

LRF had oeen in touch with the local faimers through oraamzation o f 

seminars, r ie id  v is its  and ooen-days (at Matanya and Kaialu) for the 

fanners to learn from the work going on at the two stations. These were 

not participatory approaches but i t  created contacts which we could use 

to  develop simple quantitative on-faim experiments.

There was l i t t l e  information on eouipment necessary to s ta rt work 

in Matanya. the experimental area. However. LRP-farmer contacts assisted 

in selecting kev variables fo r  quantification  o f suitable trad itiona l 

techniques of microclimate improvement in loca tion -spec ific  protection 

o f the environment. I f  th is wouid lead to a better understanding o f 

production problems and improvements fo r  Matanya area, this could be 

extrapolated to  other areas in Laikipia d is t r ic t  in particu lar and the 

Kenya ASAL in general (S tig ter. 1994b). I t  would have been d i f f ic u lt  to  

issue meaningful weather advisories and to  start to  va lida te  them 

without farmer participatory research on the on-farm conditions which 

was lacking by the time o f s tarting  this work. This gap was l e f t  fo r  the 

TTMI project to tackle.
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1.4 TTMI -  Project

The core operation o f  TTMI is  the Ph.D.-degree research training 

component at African un ivers ities  using the PICNIC model (S tig ter. et 

a i..  1995). The approach should basically involve the understandina and 

subsequent use o f indigenous (or tra d it ion a l) technical knowiedcre fITK) 

(or concepts) of microclimate management and manipulation. The 

management and manipulation selected for transfer and dissemination of 

African ITK and ITK concepts/'principles have worked elsewhere under 

African constraints and conditions. Results from TTMI-programs in the 

participating countries have been discussed in numerous papers ie .g . 

S tig ter. 1990. 1994 a. b & c: Mungai and S tig te r . 1994).

At the time o f the s ta rt of the TTMI-pro.iect mulching, snading. 

wind protection and surface modification were thought to be the most in 

need o f attention and were most lik e ly  to y ie ld  ccerationa* results for 

iocai va lidation  and acceptance. Most o f the research work is  done in 

collaboration with a th ird oartv organization with which the iocai TTMI- 

Unit has signed a le t te r  o f understanding. Tnese p a ities  deliver 

s c ie n t if ic  and lc o is t ica i support. In our case th is was the Laikipia 

Research Program. a Swiss funded program of which agroforestry research 

is  th is days funded by the Netherlands.

In line with the aspirations of the TTMI-Preiect (S tig te r . 1994a & 

1994b: Mungai and S tig ter. 1994) in Laik ip ia d is tr ic t  we had to start 

th is study with pui-poses that had to  s a t is fy  the Kenya National Food 

Foiicv spelt out in Republic o f Kenya (1981. 1963 ana 1986) ana later 

revised in Republic o f Kenva (1994a).
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1.5. Thesis objectives

1.5.1 The Kenya Government Research P r io r it ie s

The major food policy spe lt out in Sessional Pacer No. 4 of i98 i 

ircepubiic o f Kenva. 1981) and la ter consolidated in Republic o f Kenva 

(1986; gave sixth Development Plan (1989-1993) stra teg ies which 

emphasized research into drought resistant crops for the ASAL areas e .g . 

sorghum, m ilie t. Irish  potatoes, sweet potatoes, pulses and o ilseeds. 

There is  some potential fo r  expansion in areas such as La ik ip ia . 

Macnakos and Nakuiti d is tr ic ts  and parts of Coast province (Republic o f 

Kenya. 1994a. Mungai. 199i). Tne Government research p r io r it ie s  fo r  

increased rood production in the ASAL focus on conservation o f s o il  

moisture and o f so il f e r t i l i t y  levels to minimize reliance on chemical 

fe r t i l i z e r s  (Republic o f Kenya. 1981. i 960 & 1994 a).

Tnese p r io r it ie s  include:

( i )  increased intercropping with agroforestry trees in ASAL:

( i i )  increased multiple cropping:

( n i )  use of organic manures:

( i v )  improvement in other cultural practices including 

s o i l  moisture conservation e r fo r ts :

iv ) improved so il analysis and increased and 

e f f ic ie n t  use of f e r t i l i z e r s .

Food crop research was recommended to get more emphasis in the 

ASAL. especia lly  maize growing in agroforestry systems. Other suggested 

areas were agronomic research on small scale production systems and on 

environmental protection. The TTMI research policy on environmental 

protection issues f i t s  in qu ite well with the above. This study was 

formulated taking into consideration the above National Food Po licy  

because i t  was our f ir s t  general ob jective to be part o f the p r io r it ie s  

o f national po lic ies .



1.5.2 Meteorological hazards in the study area

MeteorOiCcricai hazards sucn as Iona droughts arid row aoericdic 

excessive ra in fa ll episodes ai'e major constraints to rood production in 

tne ASAL of La ik io ia  d is t r ic t .  Rainfall va r ia b ility  is  very hign. The 

rains mainly occur in two d is tin c t seasons: Lore Rains iLR. March - May) 

and snort Rains tSR. October -  December i . These seasonal rains are 

associated with the movement o f the in tertrop ica i convergence zone as 

tne sun apparently travels seasonally from north to south and back (e .g . 

Jackson. 1969ai .  A few areas, such as Kalaiu. another LRP station, 

receive a th ird maximum in July -  August (Flurv. i96b). There is  nigh 

v a r ia b ility  o f ra in fa ll from year to year and season to  season. Tnese 

temporal variations greatly  a ffe c t water a v a ila b ility  fo r  Deopie. 

livestock arc crops. A considerable proportion of ra in fa ll may be 

concentrated in a comparatively smaii number o f neaw to rren tia l storms. 

Such a ra in fa ll is  not e ffe c t iv e  in crop production, as it  w i l l  hardly 

be available to  plants unless in irriga ted  areas. I t  w i l l  hardly 

contribute to s o i l  moisture reserve to  be drawn on in dry sp e lls . I t  

w i i l  mostly be lost as surface runoff, creatina problems o f flood ing and 

water erosion and acceleratina lard degradation through less o f so il 

organic matter, including humus, as well as so il nutrients (also 

v e r t ic a lly  through leaching) and minerals ana so li micro-oraanisms 

(e .g . Harrison. 1987: Jackson. 1989a).

Strong winds that occur in Laikipia and neighboring d is tr ic ts  

every year towards the end o f  the LR based growing season (June- 

September) h it  Matanya with fu l l  force. Hourly average speeds o f up to 

12 m/s have been recorded. These winds are due to  the channelling o f  the

S.E. trade wirds between the Aberaare ranges and Mt. Kenya. LRP 

(L in iger. 1991) had iden tified  these strong winds as particu larly  a 

menace to crop production and as destroyers o f the environment in
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Laikioia d is t r ic t  during the June-Juiy pencd.

The ASALs o f Laikipia exDerience cooler daytime conditions due to 

a ltitude and proximity to Mt. Kenya. The nights are c h i l l y  and frost 

occurrences .are ouite reauiar from November to  February because of verv 

coid gravity  (katabatic) winds from the mountain at night. The second 

general ob jective  o f the study was therefore to protect agricu ltural 

production environment in the area as best as possible against 

conseouences o f these occurring meteorological hazards. Such protection 

o f the agricu ltural environment indeed ranks hicrh in the TTMI D r ion ties  

iS tig ter et a l .. 1989a: 1989b).

1.5.3 Scope o f the study

rtitn the given ob jectives the present study was carried out 

through both on-station and on-farm experimentation. The aim was to  neip 

deveiOD low external input farming systems with mulching and 

agroforestry in which the a ir  and so il microclimate were manipulated to  

benefit crop performance and y ie lds. I t  should be noted that in the 

arr:fcrestr.- system ronoerned no mulch is derived from the trees, that 

have a protective function (aaainst winds) and an economic function 

(wood and/or fru its ).  These functions were mentioned by Mungai et al. 

(1995) as necessary to improve agroforestry in  semi-arid regions. Some 

benefits combined provide eco log ica lly  more sound conditions fo r  crop 

production.

Mulching and agroforestry (without mulching) do not require any 

other external input than land to  grow crops and co lle c t mulch and AF 

trees, eventually together with additional nutrients fo r  susta inab ility  

a t a required le v e l. In poor infrastructural conditions associated with 

semi-arid areas, mulching as iow input agricu ltural technology may 

provide farmers with an accessible economically sustainable a lternative
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to  other farming systems such as sh ifting cu ltiva tion , nonnadism e tc . 

However, to close the nutrient balance with only l i t t l e  f e r t i l i z e r  

additions, mulch should come from other land than that cropped (Aciarid. 

1971) and leaching should be prevented.

Studies on the manaaement aria manipulation (the la tter ieading to  

modification; o f  microclimate by the above mentioned systems in the 

Laik ip ia ASALs had therefore the particular ob jectives to  contribute to :

( i )  optimizing the use o f s o il  moisture by both trees and crops 

m  an agroforestry system: ( i i )  creating su ffic ien t wind protection by 

the AF trees and the live-fen ce  between June and September: l i n )  

optim izina net radiation o f the crops, which means here no heavy shade 

but enough to protect them from serious night radiation losses bv the 

influence of the AF trees and the surrounding live-fence: consequently 

t i v ) increasing iow temperatures that occur between November and 

Febnuary.

This would enable us to  issue preliminary relevant weather 

advisories regarding the use o f such systems. The small-scale immigrant 

farmers w in  have demonstrations o f existing r e l i e f  measures fo r dry- 

lard farming in the area and may therefore be able to  use th e ir  land 

more economically, be i t  at iow y ie ld  leve ls . They w i l l  be able to  

produce food as weli as firewood, may be including other AF products as 

wel l ,  depending on the choice o f  trees, in th e ir  AF systems. Tne fu l l  

economics and susta inab ility  leve ls  o f such a system can only be derived 

when some o f such types o f farming systems have settled  in the region.

1.6 Hypothesis

Crop production by sm all-scale fanners in semi-arid Laik ip ia. as 

discussed ea r lie r  in section 1.5.2. is  faced with the constraints o f ( i )  

lack o f.  and competition fo r  water for. farming: ( i i )  strong winds which
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necessitates plantirig o f AF trees on the p lot and live-fence (sometimes 

with additional trees) around the p iot: ( 1 1 1 ) snaae am competition fo r  

water and nutrients from the AF trees arid the nedae: arid t i v i  ver/ hioh 

daytime arid very iow nighttime so il temperatures that couia cause 

physiological stress in plants.

We formulate a research hypothesis on protection o f the small- 

scale farming environment in the semi-arid areas of Laikipia d is t r ic t  

based on these constraints arid the proposed r e l i e f  measures. We 

postulate that the r e l i e f  measures introduced v ia  on-station and on-farm 

experimentation cam indeed be used to improve the semi-aria microclimate 

fo r crop production, overa ll and therefore the intercrop y ie ld s , 

notwithstandina the aided competition.

On so il water conservation our hypothesis means that with other 

factors con tro lled  by the system's conditions, use o f crop residues, 

from the in ter crop produced on the farm and fa lle n  leaves o f G rev illea  

robusta trees, as muich w i l l  lower runoff and s o il evaporation trim the 

intercrop root zone and increase final y ie ld s . Tms implication on mulch 

suggests that the 3 t/ha mulching rate o f crop residue would provide 

adequate surface cover to  considerably influence so il moisture regimes. 

Root-pruning (trenching) o f both Ci'evillea i~obusta trees and the Coleus 

ben'batus live -fen ce  are also implied as s o il water conservation r e l i e f  

measure. Cur hypothesis also assumes that minimum t i l la ge  as another 

r e l i e f  measure w i l l  assist conserving so il moisture in semi-arid AF 

systems. Optimum crop performance and y ie ld s  would so be expected under 

conditions determined by the behaviour o f ra in y  seasons, and by other 

microclimatic factors altered as a consequence o f the AF svstem design.

Our hypothesis means for wind protection that agroforestry 

trees and live -fen ce  (location  spec i f i ca l ly  influenced by nearbv 

structures. e .g .  houses, ca t t le  sheds, p iggeries, e tc . )  provide
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su ffic ien t protection to cropland and intercrop v ie id s  aaainst strong 

winds. Here management aspects o f windbreaks and shelter can be 

determining factors.

Cur hypothesis means for the e f fec t  o f the AF tree tana eventual 

live-fence ) shades that at tne soacing o f 7.5 m by 5 m the Grevillea  

roixista trees should reduce v ie Id  unacceptably through shading and 

reduction of photosyntheticaliy active rad iation  (FAR) as th e ir canopies 

crow large. Here management aspects o f lopping and pollarding and 

provision of mulch materials arid firewood can be determinina factors. 

Any economically acceptable y ie ld  reduction has to be o f f- s e t  with 

aDpreciabie gains from tree  products.

Tne nvootnesis means fo r  s o il and a ir  temperature that 3 t/ha 

well distributed maize/beans intercrop residue mulch tcoether with 

acceptable shade and therefore joint influence on net radiation, is  

adequate to  have a positive impact on s o il and a ir  temperature regimes 

bv mitigatinc temperature extremes and ameliorating crop performance.

Having speiied  out the microclimate implications o f the 

nvDothesis. the onus is to  prove or disprove from the research resuits 

that the r e l i e f  measures have pos itive  microclimatic and v ie ia  e f fec ts  

under the semi-arid conditions o f Laikipia. We have to  prove that on 

these r e l i e f  measures proper weather advisories can be formulated that 

can be validated and applied by the sm all-scale immigrant farmers in 

Laikipia d is tr ic t  and other areas with comparable problems.

1.7 Other expectations

The few seasons we have worked with farmers' plots (on-farm 

experimentation) at Kiahuko-A and Kiahuko-B we have rea lized  that 

farmers' expectations from research resu lts are very high. They 

themselves have experimented with d ifferen t cropping combinations
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involving maize, beans, potatoes, cowpeas. pegionpeas. tomatoes etc. on 

their lands to try to  come up with cropping patterns that could survive 

to  maturity during recurrent periods o f inadequate r a in fa l l .  They 

therefore expect a lo t  from research resu lts like ours. To assist these 

farmers, and measure up to  at least a part o f their expectations, there 

is  an urgent need fo r  extension services based on weather advisories 

that could be obtained from up-to-date agrocl imatic/ agrometeorological 

quantitative information o f the scales discussed in th is study.

Most importantly, these small-scale fanners may adopt changes 

brought about by research resu its, but should factors such as recurrent 

rain fa i lures  lead to successive crop fa i lures at eariy extension stages 

( i . e .  in the validation phase) o f adopting the suggested technology, the 

farmers w i l l  distrust these new methods and revert to th e ir  earlier 

techniques. Therefore introduction o f weather advisories has to  include 

complete mobilization o f extension services during the va lidation  phase. 

Suggestions fo r  involvement o f the administrative arm of government in

the area w i l l  be included.
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CHAPTER TWO

2 Literature review

2.1 Crop growing in semi-arid areas

2.1.1 Climate and cropping systems

Farmers in rain-red semi-aria iands practice cropping systems 

mainly centered on subsistence farming. These cropoincr systems nave 

often  been developed tra d it ion a lly  by experience, using tr ia l and error 

methods with crop mixtures and crop rotations influenced bv uncertainty 

o f rains. Crops grown and cultural methods adopted vary w iaeiv. 

depending on a variety  o f  factors, chief among tnem being the climate. 

Crop production in the semi-aria areas depends on the amount. 

d istribu tion  and onset o f the main rains, on winds, on so ii and a lso  on 

the d ietary habits of the people ie .g . Jackson. 1969a). Inadequate 

ra in fa ll ard o ften  desiccating strong winds, within and outside the 

growing season (e ros ion :), are trie main environmental factors lim iting 

crop production in many sem i-aria areas. Even when seemingly adequate, 

ra in fa ii amounts are genera lly  so irregu la rly  distributed while 

evaporation rates and runoff are so high, that losses in crop y ie ld s  are 

very common (e .g . Ruthenberg. 1976; Harrison. 1987: R eijn tjes ec a f . .  

1992). Increasing climate v a r ia b il ity  worsens these problems (S t ig te r  et 

a l . .  1995).

In countries like Kenya density and growth o f population in  the 

high potential areas have g rea tly  a ffected farming systems and the 

a v a ila b il ity  o f other natural resources. Such population increase in 

high potential areas coupled with increasing production of cash crops 

(e .g . co ffee , tea. pyrethrum e tc . )  and fodder fo r  improved livestock  

that require large tracts o f lands have caused severe pressure on land.
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Lack o f arable lands due to  over-popuiation in high potential lands has. 

in countries like Kenya, forced a part o f the population in to  semi-arid 

areas where they have introduced unadapted cropping systems (e.g. 

Webster and Wilson. 1966: Fiury. 1966: Kohler. 1987: Limcrer. 1991).

Mixed cropping ( intercroppina arid sequential cropping) is  a 

universal feature o f semi-arid agriculture. Idea lly  a l l  annual and 

perennial crops can be grown in d iffe ren t crop mixtures and crop 

geometry in these areas ie .a . Ruthenberg. 1976: Faianiaopan. 1985: Davis 

and Garcia. 1967; lavas et a i. 1987: Wiersum. 1968). Stresses attendant 

in semi-arid environments, such as overgrazing, water and wind erosion 

•and lew a v a ila b ility  of water arid nutrients, in tensify  competitive 

interaction between species. The dry season, when winds blow from hotter 

land masses, especia lly  iarge deserts, is  normally a time o f fa ir lv  

desiccating winds, which retard  plant growth and induce wind erosion 

McArthur. 1976). Such diving e ffec ts  are major lim itations to  semi-arid 

cropoirg systems and these stresses worsen recurrent hazards such as 

droughts etc.

Cultivation of land in such fra g ile  areas during good vears can be 

dangerous ana can aggravate s o ii moisture ana nutrient problems during 

drier seasons (Bowden. 1977: Jackson. 1989a). Droughts can wipe cut both 

crops and animals arid pauperize the farmers who then become rea lly  

slaves to climate. Mixed cropping resu lts  m the interaction 

(competition as weli as complementarity) between species as each 

component species adapts to the environment modified by the presence of 

tne other. When anv growth factor (e .g . ligh t, water and nutrients) is  

lim iting, the species that is  better eauipped to use the lim iting 

factor w ill gam at the expense of tine other (e.g. Webster and Wilson.
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1966: Bowden. 1979: Palaniappan. 1985: R e ijn tjes  et al . .  1992).

In an agroforestry system the perennial tree component whose roots 

have colonized the s o il layers for a considerably lonaer time than the 

crop component have an advantage over the la tter component with respect 

to the use o f growth factors (e .g . Dhyani et ai..  1990: Nicouilaud et 

al . .  1994).

Intercrops may actually share crop soace by either having their 

needs in d iffe ren t periods or by spatial complementarity very often one 

component renders services to  the other or there are mutual services 

rendered (S tig ter and Baldy. 1994) In intercropping risks are iower as 

food security  can better be addressed. Some crops are lik e ly  to  g ive a 

fa ir  return even in bad weather. As example o f services rendered one can 

mention ieoumes that provide nitrogen to non—legumes ibe i t  on a 1 ong 

term basis/ and higher plants that shade shorter ones from excessive 

radiation ioads (Palaniappan. 1985: S tig ter and Baiav. 1994;.

2.1.2 Nature o f so ils  and their influence on crop growth in the

semi-arid areas

Semi-arid so iis  are derived from mam classes o f A if is c is .
i

Vertisols. Entisois and Inceptisois (e .g . La i. 1979: 1967.- Norman et al. 

1984: Desaules. 1986; EURCC0N5UL7. 1989: L in iger. 199i). These so ils  are 

very fra g ile  and vary enormously in s u ita b ility  for farming. Erratic and 

heavy rains lead to extensive ieaching which carry most soluble plant 

nutrients below the root zone, as the vegetation is mainly crass with 

shallow root systems (e .g . Nair. 1954'. Tnese so iis  are easiiv credible. 

SoiiS in semi-arid areas which are denuded o f vegetation or l i t t e r  

(mulch/ receive heavy impacts of weather ie.o. Authenberg. 1976:
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Rei.mt.ies et al . .  1992: Harrison. 1967). man radiation load resu lts in 

too  high so il temperatures arid too ary s o il .  The roots in such so ils  

grow sub-optimaiiy.

Rainfall impact seals the surface o f loamv so ils  and resu lts in 

sanav so ils  iosinc its  coherence. Tne so il generally loses edaphon. 

Trollden ier ii966) defined edaDhcns as the to ta lity  o f organisms, for 

example micro-organisms (bacteria and fungi i . so il algae and so il 

m icroflora. Biaonons contribute to the formation of humus which is  

c lose ly  associated with clay pa rtic les . Clay-humus (loamy) complexes 

g iv e  tne so il i t s  internal structure. Soii oraanisms play a very 

imDortant ro le  m  development arid s ta b ility  o f an and water spaces in 

so l 1. When so il is  subjected to  high rad iation , e rra tic  arid excessive 

rains arid strong winds, edaphon functions in the so ii are in terfered  

with and so il l i f e  becomes endangered (e .g . ftuthenbera. 1976: Lai. 1979: 

1967: Trolldenier. 1966: Reijnt.ies e t a l . .  1992).

Most organic matter- in semi-arid areas breaks down d iffe ren tly  

with d ifferen t ra in fa ll eDisodes (Jackson. 1989a). lue to  th e ir  varied 

textural compositions and structure, s o ils  o f semi-arid areas d i f f e r  in 

th e ir  workability arid mode o f N m ineralization from one growing period 

to  another in sequential cropping le .g . Palaniappan. 1985: Norman et 

aJ.. 1984: Abrecht and Bristow. 1990). At the onset of the main rains N 

is  mineralized and makes the s o il  poor in th is nutrient. The C/N ra tio  

is  raised resulting in slow decomposition o f vegetation. Cultivation 

encourages mineralization o f the added organic matter, accelerating the 

breakdown o f the more stable humic substances (e .g . La i. 1979: 1987: 

EJR0C0N3ULT. 1989: Lm iger. 1991). Semi-arid s o ils  are also easily  

compacted. Bennett et al. (1986) demonstrated that at high nitrogen



.evels water s t ie s s  had r e la t iv e ly  iess e ffe c t  on maize water use than 

at iow nitrogen ieveis despite sim ilar reductions in le a f water 

potential during periods of iow so il water a va ila b ility . Both nitrogen 

and water stresses were imposed in combination to examine the 

in teractive e f fe c t  o f N and water stresses on maize. Jones et ai.  (1586) 

showed that plants grown with l i t t l e  N were more sensitive to  water 

stress and were less e f f ic ie n t  in u t il iz in g  intercepted radiation , 

although this was partly due to  lower leaf area indices (LAI s i .  Tne 

e ffe c ts  on both carbon d ioxiae exchange rates 1CER1 and canoDy 

evapotranspiration (ET; o f combining nitrogen stress with water stress 

nave been found to  oe add itive. Tne relationship between CER ana 

photosynthetic photon flux density (PPFXt) was found to have appreciable 

diurnal hysteresis at iow and as weii as nion N. with considerable 

s en s it iv ity  on th is  nitrogen level of the crop. Jones et a i.  (1536j 

conclude that most of the diurnal variation  m  CrR/ET was the resu it o f 

d ifferences in vapour pressure d e n c its . Manaaement of s o il moisture and 

N as well as canopy vapour pressure d e fic it  in aoroforestry systems in 

trie semi-aria areas could therefore contribute to  their susta inab ility .

2.1.3 So ils  in Matanya experimental area

Most so ils  in the semi-arid areas o f Laikipia d is tr ic t  are mainly 

derived from Vertiso ls . Ferra lso ls. N itosols and Phaeozems ( e.g. 

L in iger. 1551; Desaules. 1986: Sombroek and Brauri, 1974). Their

c la ss ifica tion  systems were based on the Commission for Technical 

Cooperation in A frica  (CCTA) taxonomy, which was adopted by FAO from 

French and US approaches (e .g . Norman e f a i . .  1984: Desaules. 1986:

EUROCONSULT. 1989).



23

These so ils  belong to  the vei~tic-luvisols  class, which are 

widespread in Laikipia d is t r ic t  (Desaules 1986). They are dark-coloured 

and have high clay contents. They display wide deep cracks durincr dry 

periods. The cracks are sealed o f f  during cultivation when surface 

vegetation cover and aggregate sizes in  surface so ii are reduced. 

Nevertheless water in f i lt r a t io n  v ia  cracks becomes an important 

mechanism xor water recharge at the onset o f the rains. I f  water can 

in f i lt r a te  v ia  cracks to depths beiow 15 cm. thus bypassina the surface 

layer, water storage w ill be improved.

The Matanva so ils  have nigh water content in the lower layers, as 

summarized bv Figs. 3. 4 & 5 arid Tables i  & 2. These s o ils  also swell 

wnen wetted arid seif-muich when drying, follow ing ra in fa ll events le .g . 

Van de Weg. 19-8: Norman e t a l . 1984: EUROCONSULT. 1989: Abrecnt and 

Bristow. 199C;. Tnev nave a high CEC. high base status, neutral— aikaim e 

reaction and nigh moisture-holding capacity. Their surfaces are 

generally granular, a factor that is causing their seif-muicninc 

characteris tics .

On drying, iarge clods naturally breakdown into small aggregates, 

inese s o iis  are re la t iv e ly  f e r t i l e  given the semi-aria conditions with 

r e la t iv e ly  hign calcium (Ca) content but generally low in N. P and Zn. 

They are hard to  cu ltivate during drv seasons, apart from the mentioned 

self-mulch layer. Their surfaces become sticky  during wet seasons, 

maxing i t  d i f f ic u lt  to  work (e .g . Van de Weg. 1978: Desaules. 1986: 

L in iger. l.-*91i. Water in f i lt r a te s  in tnese s o ils  but hardlv gees beyond 

the iaver 90—150 cm.

Tne toD s o ii has nigh organic matter content wmch makes i t  belong 

to  the family o f phaeozem s o ils  (Lin iger. 1991;. Tnese s o ils  nave the



roliowina cnaracteristics:

-  deep dark crrey so li in the top 20 cm. black from 20-60 cm 

ard yellow brownish below 60 cm..

-  high organic matter content in the top horizon (3.4 %).

-  highest clay content in the black iayer.

-  formation o f cracks during the dry season from tne surface to  60 cm 

depth in the black iayer.

-  imperfectly drained, mottled, in the top 60 cm. imottles: 

patches of oxidized iron (or F e ir ic  oxides; content o f the 

s o il,  formed bv frequent wettina ard drying o f so il containing

iro n ).

: greyish yelloii brown (10YR 5/2) dry and brownish black (10YR 2/2) io is t, c lay; 
fine subangular block/ structure; s lightly hard dry, very fr iab le  soist! 
sticky wet; nany macropores, »any biopores; frequent fine roots; 
few reddish n ottles ; clear boundary to
greyish yellow brown ( 10YH 4/2) dry and brownish black (10YR 3/2) coist, c lay ; 
coarse angular and subangular structure; very hard dry, f i r »  moist, 
very sticky wet; nany cracks up to 25 am wide, few macropores, nany biopores; 
freguent fine roots; few hard round iron-ianganese concretions; 
few reddish nottles; gradual boundary to 

: dull yellowish brown (10YR 5/3) dry and noist, clay; 
nediun subangular blocky structure; s lightly hard dry, friab le noist, 
slightly sticky wet; few hard line nodules, nany so ft lire  accumulations; 
few hard iron-nanganese concretions; nany sacropores and biopores; few fin e  roots- 
diffuse boundary to
dull yellow orange (10YR 6/3) dry and dull yellowish brown (10YR 5/3) noist, clay; 
nediun subangular blocky structure; s lightly hard dry, friable moist, 
sligthly sticky wet; nany nacropores and biopores; few fine roots; 
freguent hard and few so ft iron-nanganese concretions, lany hard line nodules- 
diffuse boundary to
as horizon above but: less roots and less iron-manganese concretions

Legend:
/  / humified organic natter

(1 dash = 11)
L plant roots

T
common fin e  roots

} few roots
\

A f  • nax. root depth

£  evidence and nax. depth o f worn or insect a ctiv ity
(m ) evidence and sax. depth o f naamal digging activ ity

^  so ft lime accunulation
©  hard line nodules (concretions)
• hard round iron-nanganese concretions
■ so ft angular iron-nanganese concretions

O o  gravel (angular, round)

Fig. 4. Soil p ro file  description at Matanya (a fter 
L in ig e r . 1991).
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-  high water noidire capacity .

-  hal'd top s o ii when dry. and sticky and heavy when wet.

-  f e r t i l e  so il with no major constraints in nutrients.

-  plenty of lime and iron-manganese concretions from around 80 cm 

downwards.

Fig. 5. Shrinking for Matanya so ils  (samples taken at 
f ie ld  capacity and then oven-dr1e d i. a fte r  L im ger. 1991.

indicating that water a fte r  in f i lt r a t in g  to that depth is  taken up by 

plants, while the lime washed in from the top horizon accumulates. These
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accumulation poses potential danger to crops and trees, hence a negative 

factor as to s o i l  f e r t i l i t y .

S3 ‘h  □  ».u ED s-nd

( A n a ly s .3  Kenya 5o ,l Survey 

\  C lassification DESAUl ES 19*6

• orodnic 
matter pe rco la tion  - « e r c a p a c i t  

available capacity (A w e )

unavailab le water capacity (u w c )
Sod Solids
FC fie ld  Capacity (upper W )
WP permanent Mlt.ng po,nl flower l,m.t)

K e r y  So.J 5urvpy  
~ O um  s o il m o isture m oasurem tnlj )

r ig .  6. Soil texture and so il water capacity (a fte r  
Liniger. 1991).

2.2 The ro le  o f agroforestry (AF) systems in crop production 

2.2.1 The benefit o f agroforestry systems

Agroforestry (AF) is  frequently mentioned as a possible 

a lterna tive  solution in semi-arid and arid areas to problems o f land and 

water degradation as well as a contribution to solve shortages o f food, 

and/or fuel-wood, and/or cash income, and/or animal fodder, and/or
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*juiiaing matei la ls  iRocheieau et ai. I960). Agroforestry may o f f  er at 

* -  P1̂  tia ; solutions to many njral 1 arid-use ana production problems, 

.ne benefits o f  agroforestry mav include: ( 1 ) n itrogen-fixation  in

cropiara and pastuie to  imprc've s o il f e r t i l i t y :  i i i )  protection against

water and wind erosion thus tending to  conserve the status quo in the 

s o i l ;  i i i i )  supplying of windbreaks and shelter thereby reducing 

physical damage to  accompanying plants: d v ) provision o f mulch from 

tree  leaves and stumps, to conserve so il water and increase s o il 

f e r t i l i t y ,  among many otner uses o f such prunings te.g. Mongi and 

Huxley. 1979: R ir ley . i960: Rocheleau et a i . . 1968).

The WMO Commission for Agr icultural Meteorology agreed in i t s  

la te s t session at Havana. Cuba, that there was an increase o f interest 

in  agroforestry research and in extendina the research to  the

agrometeoroicgy o f trees. I t  stated a lso in i t s  report that, however, 

th is  area o f research remained fa ir ly  lim ited, due. to  some extent, to  

various organizational and financial reasons. The Commission also 

recognized the d i f f ic u lt ie s  in the development o f research, caused by 

the complexity o f agroforestry systems as weii as the problems re la tin g  

to  experimental design arid a v a ila b ility  o f  cheap and re liab le  equipment. 

The Commission, therefore, once more ca lled  upon the research community 

to  increase its  attention to these matters, including equipment su itable 

fo r  on-farm quantification" (WMO. 1995).

Agroforestry (AF) is  most o ften  defined as "the land use systems 

in which trees or shrubs are grown in association with herbaceous plants 

(crops and pastures), in a spatial arrangement or time sequence and in 

which there are both economic and ecological interactions between the 

tree  and non-tree components o f the systems" (e .g . Lundgren and
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Kaintree. 1.-63: Young. 1967: Nair. 1988). AF trees may have wide and 

vai-ving economic arid environmental functions to the fai-mer (MPT 

(multipurpose tre es ), but so fa r  remain least successful in the semi- 

a i'id  areas, mainly because of the low biomass production.

The most important trad itiona l knowledge o f shading, mulching and 

windbreaks and their e ffe c ts  in  AF (arid other cropping; systems over the 

years, have been elaborately presented by S t ig te r  (1988). T rad itional 

farmers a l i  over the world are aware o f the harmful and b en e fic ia l 

e f fe c ts  o f climate in d iffe ren t crop stages. Such aamaaes as caused by 

high radiation loads to  young seedlings, desiccation o f the topsoil 

under dry windy situations, wind carried sand and wind erosion have been 

trad ition a lly  addressed. The environmental ro ies  o f AF systems are 

s im ilar but the approach and th e ir  actual m itigation vary in d iffe ren t  

parts of the world and are even location sp ec ific  within comparable 

c lim atic  conditions (e .g . Lundgren and Raintree. 1983: Rachie. 1983:

Hazra. 1985: S tig te r . 1985a: S tig ter. Damhofer and Herrera. 1987;

Kerknof. 1990: Lawson and Kang. 1990).

The micrometeorological aspects o f AF systems include:

( l )  mulching by materials provided by trees/bushes:

( i i )  protection against the mechanical impacts o f wind, rain  and h a il: 

( l i i )  shading against strong radiational loads, fo r  example in some 

commercial crops. Among others. Cordia abvssinica and Grevillea  

robusta have been used in Kenya as shade trees  in co ffee 

plantations (Acland. 1971);

( i v )  control of s o i l  erosion; and

(v ) improved water holding capacity, water in fi lt ra t io n  and some other 

related so il factors by provision of organic matter.
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jther functions o f  agroforestry in the semi-arid areas mav include 

t °  ( i )  a lle v ia te  fodder situation during dry seasons: ( i i )  provide fu e i- 

wixxi: m i )  s a t is fy  timber needs: ( iv ) provide nutrients (e .g . nitrogen) 

to  the crop component o f the system, in case o f tree iegumes.

The functions o f AF systems may thus be divided into two broad 

areas, i .e .  productive and service functions. Productive functions 

include: provision o f firewood, domestic timber, fodder, food. o i ls ,  

f ib re  e tc .: and service (or p rotective ) functions include: provision o f 

shade, shelter (against heavy radiation load and hiah wind speeds) and 

hedging, so il conservation, water conservation and so ii nutrients 

(mulches: (e .g . Young. i987: Nair. 1988). In semi-arid areas s o il and 

moisture conservation, provision o f nutrients and fuel-wood provision 

are the most important.

2.2.2 Soil moisture and s o il nutrients in  AF system

AF svstems are mainly used in attempts to  optimize benefic ia l 

e ffe c ts  o f the interactions o f the woody components (trees) with the 

non-woody components (crop and/or animals). The aim is  to obtain a 

production pattern that improves on the exp lo ita tion  o f resources under 

trad ition a lly  p reva ilin g  soc ia l, agroecoiogical and economic conditions 

(Kerkhof. 1990). Here issues lik e  tota l y ie ld s  (both seeds ard biomass 

from the AF systems), d ivers ity  o f end products and susta inab ility  have 

to  be included (e .g . Lundgren. 1978: Nair. 1984: 1988: Young. 1989). 

AF systems are developed which consist o f  trees o f desirable forms and 

root systems, using appropriate management to minimize competition for 

resources with the crop components. To optim ally share water arc 

nutrients, the ideal perennial trees fo r  an ideal AF system colonize 

deeper so il layers whereas the annuals colon ize the shallower layer's.
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iiiis  W'.'uld minimize competition for tnese resources between the two 

components. The roots of the trees ioosen the so ii and enhance 

in f i lt ia t io n . The trees s ta b iliz e  the s o il by anchoring i t  against 

erosion, preservina the nutrients in the top s o i l .

In the undisturbed veaetatea ecosystems, water movement under 

saturated conditions takes place in s o ils  through macro—pores that 

dominate the pore space te.g. Nair. 1984: Jackson. 1989a). Surface run

o f f  is generally iow. even in periods o f heavy rains with a high drop- 

s ize  d istribu tion . In filt ra t io n  rates and in filt ra t io n  capacity are 

generally high. The so il bulk density is low. However, removal o f 

vegeta tive cover from such s o ils  increases th e ir  buik density, decreases 

th e ir  porosity and reduces th e ir  in filt ra t io n  rates. The removal o f bush 

arid forest cover accelerates storm-fiow. ieaaina to  increased so il 

erosion.

Pereira (1979) observed that development o f  tea estates in rain 

forest areas o f East Africa increased run-off during in it ia l clearing 

and terracing operations. This d ra s tica lly  reduced when the tea canopies 

were properly established. Muchena (1979) observed high in f i lt r a t io n  

ra tes in uneroded forest s o ils ,  but these rates were later grea tly  

reduced due to compaction by grazing animals.

As to  nutrients, leguminous MPTS. like Cassia spp.. Acacia spp. . 

Leucaena spp.. e tc . fix  nitrogen but do extract phosphorus and potash 

from the nutrient reserve in the s o il ,  thereby making the so il poorer in 

these elements. Non-leguminous MPTS like Grevillea spp.. Balanites spp.. 

^izyphus spp. e tc . do not f i x  nitrogen but deplete nutrient reserve 

without replacing any (e.g. Connor. 1983: Rachie. 1983: Burley. 1985).
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me model on nutrient recycling and d istribu tion  in an ideal AF 

svstem described bv Nair (1984) is  based on:

( i )  addition o f nutrients to  the so il for use by the AF

system from (a) rain. e .g . N. S. P. K e tc . from the a ir :

(b) i i t t e r  f a l l ,  pruning or lopping "pumping mechanism 

from deeper layers by the perennial": (c ) release to  the 

s o il through root decay and: id) release o f nutrients 

from the s o il by veatherincr.

i i i )  nutrient export compensated by turn-over within the 

system and its  e ff ic ien t use.

1 1 1 1 ) nutrient removal from the AF systems occurring at 

reduced rate througn: (a) l i t t l e  erosion and runoff: 

ib> l i t t l e  loss from the system due to deep percolation 

(leaching) and: (c / complementary sharing o f nutrients.

A rainfed agroforestry cropping systems in semi-arid areas could 

therefore be improved with mulching from outside the system fo r 

conservation of s o il water and addition o f nutrients.

2.2.3 Grevillea rokusta in agroforestry farming systems

Gi~evillea robust a A. Cumin, ex. R.Br. (a lso  known as s ilk y  oak) is  

a tree species native to  subtropical eastern Australia. The genus 

Grevillea  comprises over 260 species and belongs to the tr ib e  (a tr ib e  

consists o f a group of several genera with sim ilar ch acteris tics ) 

Grevilleae within the family o f Proteaceae (e .g . J e ffrey . 1973; 1982: 

Harwood. 1989: 1992; Owino. 1992). Grevillea roJbusta is  the largest 

species in the genus. I t  can reach 40 m high and a diameter o f 100 cm.

I t  grows naturally in the northern New South Wales and southern
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Queensland, from the coast to  about 160 km inland, at an a ltitude of 

1120 m a . s . l . .  and between the latitude 30* 10'S and 25 * 50'S. The 

ra in fa ll there is  from 720 to  1710 mm while the mean temperatures ranoe 

from 14.7 to  20.1* C (Harwood. 1989; 1992).

Grevillea robusta occurs in two natural habitats within the 

latitudes mentioned above: f i r s t ,  on a llu v ia l so ils  in the riverine 

forests along the banks o f r iv e rs  and streams and in va lleys o f small 

creeks and r iv e rs  away from forests: second, though at low density, in 

the vine forests and th ickets in the upper va lley  slopes and ro llin g  

terrain  away from the r ive rs .

Grevillea robusta was brought to  Sri Lanka and India fo r  use as 

shade tree fo r tea. co ffee  and cinchona (Harwood. 1989 and Owino. 1992). 

I t  was brought to  East A frica  from India as shade tree fo r  tea and 

coffee around 1910. I t  is  s t i l l  being used for that pur-pose to  date 

t Adana. 1971). Grevillea ix>busta is  i ig h t  demanding. pioneering 

colonizer of disturbed s ite s  as i t  has fast in it ia l growth then slows 

down as competition from surrounding vegetation  increases le .g . Orwugo. 

1992; Owino. 1992).

Grevillea robusta is  conspicuous in landscapes o f the high 

potential parts o f Kenya, where i t  is  grown along plot boundaries as 

ornamental tree. As such i t  has aesthetic value enhanced by: rem like 

leaves: b righ tly  coloured dense flowers: a near- conical p in e-like  crown 

and a racemose branching ( i . e .  unbuttressed, erect, tapering bole 

surmounted by a small tu fted crown) system (e .g . Harwood. 1992: Owino. 

1992). I t  is w idely grown along farm boundaries as weli as intercropped 

with maize, leans. Irish potatoes, sweet potatoes and other crops in row 

planting on small-scale farms in the high potential areas of Kenva (e.g.
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Kerkhof. 1988: Ongugo. 1992). I t  was Imported from the high potential

areas into semi-arid ar<:-?s by the sm all-scale immigrant farmers, as a 

component o f what we have learnt is  bas ica lly  inappropriate trad itiona l 

farming technology in these areas. G rev illea  robusta trees grown along 

boundaries act as windbreaks.

Grevillea robusta is  being grown less and less as shade tree fo r , 

co ffee  and tea in Kenya, because under application o f f e r t i l i z e r s  i t  is  

said to reduce productivity o f these crops by i t s  shade. I t  is  also said 

to  spread Arm illaria mellea which is  a disease that attacks roots 

(Owino. 1992: Ongugo. 1992). G)-evillea robusta is increasingly being 

grown in agroforestry with croDS such as maize, beans, potatoes, etc . 

because i t  grows fast, is  r e la t iv e ly  easy to  grow and exh ib its l i t t l e  

negative reaction  (com petitive) e ffe c ts  with crops. I t  is  popular among 

small scale farmers in Kenya.

In the semi-arid environment, intensive on-farm use o f  Grevillea  

robusta could provide s e lf-su ffic ien cy  in  wood products. I t  could 

provide the farmer with fuel-wood and building (construction) poles, 

shade, l i t t e r  mulch and saw timber o f acceptable quality (e .g . Young. 

1989 . Neumann. 1983) .  I t  has re la t iv e ly  l i t t l e  in terference with 

adjacent agricu ltural ctods under adequate moisture conditions (Spiers 

and Stewart. 1992 ) .  From interviews with Farmers in Meru and Embu 

d is tr ic ts  Spiers and Stewart (1992) found that dense stands or large 

unpruned Grevillea  trees could reduce crop y ie ld s . Competition fo r  s o il 

factors between Grevillea  and the intercrop may increase under dry 

conditions because o f increased e ffic ien cy  o f Grevillea  under these 

conditions. This integration o f wood production into the farming systems 

would avoid the land-use d istribu tion  con flic ts  which may require
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settin g  aside areas for p lar' -ition fo res ts  to meet rural wood 

requirements (e .g . Republic o f  Kenya. 1994a: Owino. 1992).

Issues such as mineral nutrition, nutrient cycling and biomass, 

geometry, and distribution  and turn-over o f roots are important to  

determine the success o f intercropping G rev illea  with annual '.Tops. 

Proteoid roots in Grevillea  are said to  develop under low s o i l  moisture 

status and play a sim ilar ro le  as mvcorrhizal associations in other tree 

fam ilies, harvesting nutrients and water more e f f ic ie n t ly  than the 

normal roots (e .g . Nair, 1908; Harwood. 1989). Grevillea robusta 

exh ib its auto-allelopathy which prevents young Grevillea robusta 

seedlings from growing near the older ones (Webb et a l . .  1967). Chemical 

analysis o f Grevillea  barks has indicated the presence o f mono- and d i

saccharides while leaves have been found to  contain fo r  example 

nitrogen, phosphorus and potassium in the proportion o f 1.18%. 0.12%

and 0.30% respectively  (Gosh and Rao, 1972).

Grevillea robusta trees are recrularly side-Druned and pollarded to  

reduce shading o f the ground crops and to supply firewood and poles. 

Grevillea  has typ ica lly  a short crowing l i f e  in plantations and poor 

coppicing a b il ity .  Grevillea  is  currently the most popular agroforestry 

tre e  species fo r  the sm all-scale farmers, which can improve and sustain 

productivity and maintain environmental s ta b i l i t y  in the semi-arid areas 

(e .g . Ongugo, 1992: Owino. 1992).

In agroforestry systems that came into existence in the Laikipia 

semi-arid areas. Gi-evillea robusta is often planted e ither randomly or
A-

grown in association with maize/beans intercrops. Grevillea regu larly

sheds its  leaves, providing abundant quantities of lea f mulch. Reddv

(1992) observed Grevillea i-obusta lea f mulch to accumulate to a



considerable depth, with the top hardly decomposing, the middle 

remaining p a r t ia lly  decomposed and the bottom layer forming a good 

decomposed humus. Grevillea rob».ista leaves are used occasionally as dry 

season animal fodder in the semi-arid areas o f Laikipia, although they 

are not quite palatable to  the animals. The le a f l i t t e r  is used as mulch 

fo r  so il moisture conservation and so il temperature moderation.

2.2.4 Coleus (Plectranthus) barbatus as live -fen ce  materials

Coleus bar bat us shrub lo ca lly  known as "Maigoya" is  a s o ft  hairy 

shrub which grows up to  4-4.5 m ta l l  with rather fleshy angled stem, 

with ve lvety, s o ft  and hairy leaves o f up to 10 cm long (Gachathi. 1989. 

Lind and Ta llan tire , 1975). I t  is  normally propagated through cuttings 

during rainy seasons to  estab lish  a permanent boundary around cropped 

areas and/or houses. It is  w idely used in Laikipia district as hedges 

to exclude domestic animals from entering in to  the cropland (Mogee, 

1991). Moges (1991) observed from the experiments on s o i l  moisture 

competition between Coleus barbatus live-fence and maize plants that the 

leaves o f Coleus could be used fo r  mulching and stems fo r  firewood, the 

purposes fo r which i t  is  normally not used. The dried leaves were 

instead le f t  to  decompose at the roots o f the hedges and were never 

co llec ted  and spread in cropland as mulch.

2 .2 .5  Crop performance and y ie lds

2.2 .5  (a) Maize in eemi-arid environment

Crop productivity in  semi-arid Laikipia d is t r ic t  is  substantially

lower than y ie ld s  obtained with adequate irr ig a tion . The to ta l ecoeyetem

should be considered when choosing y ie lds c r it e r ia  because y ie ld s  are
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highly variab le in sem:-arid environments (Hall et al. 1979). Maize is  a 

main staple food o f semi-arid inhabitants.

Early development stages o f maize were delineated by Hanway (1963) 

in terms o f the appearance o f  lea f pairs. This development index has 

subsequently been refined  to su it local climates and has been related  to  

above ground growth (e .g . Todorov. 1977; Brown. 1976; L in iger. 1991). 

Todorov (1977) suggested that .the middle lea f, that is  9th le a f, be used 

in East A frica  Meteorological Services as the third phonological stage 

a fte r  germination =;nd emergence stages. The 9th lea f stage and 

conversion to  a re:.reductive apex coincides with intemode elongation. 

Leaf production on a t i l l e r  ceases usually a fte r  eight to  ten leaves. At 

th is  stage initiate<->n o f ear primordia occurs by development o f  buds in 

the lea f a x il.  F e r t il iz a t io n  requires pollen shedding from the tassels 

and development o f receptive s ilk s  through elongation o f carpels o f 

female ep ike lete . s tartin g  from the base o f the ear (Todorov, 1977).

In the lowland tropics depending on va r ie ta l d ifferences cu ltivars 

such as Katumani composite B an early  maturing variety  reach anthesis in 

about 50-60 days and come to maturity in  80-120 days. Development before 

anthesis is  h ighly dependent on temperature (H artfie ld . 1976).

In East A frica  maize is  grown from sea level to  over 3500 m 

a ltitu de  depending on va rie ty  (H artfie ld , 1976). I t  is  therefore not 

possible to  generalize development patterns and time to  maturity, as 

observed in Kenya. In the equatorial region in Kenya when, maize cv. 

H6302 is  grown at various a ltitudes, the duration to maturity increases 

a t a mean rate o f 7.6 days per 100 m. from 131 days at 1270 m to  205 

days at 2250 m a ltitu de (H artfie ld . 1976). Such a ltitud ina l e f fe c ts  are 

normally taken in to  account by agricultural au thorities in Kenya when
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choceing maize genotypes fo r  a particu lar area (Republic o f Kenya. 

1994).

Most cultivai'3 o f Zea mays are sens itive  to  drought but th is crop 

is  grown in semi-arid environments due to food preferences. The land- 

races o f maize, such as Katumani composite-B. which produces grain 

within an annual ra in fa ll o f less than 500 mm in the warm sem i-arid area 

o f  Machakos in Kenva, represent sources o f characteristics that confer 

drought resistance (Hall et a l . .  1979).

The large seed of maize (usually 0.2-0.4 g ) leads to rapid rad ic le  

and epicotyl growth a fte r  imbibition. The rad ic le  appears from the seed 

before the ep ico ty l ( i . e .  at lower seed water content) and both, rad ic le  

and shoot, elongate linearly  with time, sharing a temperature optimum o f 

about 30*C and showing a n eg lig ib le  elongation at less than 9*C or above 

40*C. Maize seed has a r e la t iv e ly  large water requirement at imbibition, 

hence maize is  more sensitive to  low so il water at sowing. Maize does 

not go into dormancy (e .g . Blacklow. 1972; Hall et al . .  1975: H artfie ld . 

1976: Todorov. 1977).

Photosynthetic rates o f maize peak at 30-40*C, they are n eg lig ib le  

a t 40-50'C. Rates o f lea f emergence and lamina expansion a lso  peak at 

30*C (e .g . Blacklow. 1972: Swan et a l .. 1981; H artfie ld . 1976). One 

would therefore expect greatest maize growth in environments conducive 

to  lea f temperatures of 30-33*C during the day but with cool nights (low 

re sp ira t io n ). One expects higher dry matter y ie ld s  in the wet-and-dry 

cool semi-arid trop ics (SAT) than in the wet or humid trop ics which 

usually have less diurnal variations, with higher night temperatures, 

expected to  produce less to ta l growth.
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In the tropics- e f f ic ie n c y  o f conversion o f PAR in to  maize dry 

matter averages 5.1 to 7.2% (e .g . Trenbath. 1976; 1986; Norman et al . .  

1984). High growth i ,-tes are achieved at a maize population o f about 50. 

000 plants/ha. Higher population during ea rly  growth increase rates o f 

dry matter accumulation. but under rain fed conditions long-term growth, 

water use and particu larly  grain  y ie ld  may or may not respond to  

population depending on so il water a v a ila b il ity .  In the trop ics  to ta l 

above ground maize dry matter y ie ld  at maturity is  between 12 and 20 

t/ha, fo r  well nursed experimental crops, but grain y ie lds  range from 

average o f 1.0 to 1.5 t/ha to  5.0-8.0 t/ha with good management and 

10.0-12.0 t/ha in experiments at 1500-2000 m a ltitude (Norman e t al . .  

1984). Low maize grain v ie ld s  in the trop ics are usually attributed to  

dry matter d istribu tion  within the crop and to  the s e n s it iv ity  o f both, 

net photosynthesis and partition ing , to  environmental stress, 

pa rticu la rly  water d e f ic i t .

The physiological mechanisms o f dry matter d istribu tion , that is  

short and long distance translocation, are documented (Eastin 1969: 

Hofstra & Nelson. 1969.' However, very l i t t l e  is  known o f quantitative 

partition in g  to  rccte  in f ie ld  environments, given th e ir  function in 

water and mineral uptake and the provision o f support. Flowering in 

trop ica l maize is  accelerated by short days. C ritica l day lengths are 

14.5-15.0 his. Time to  flowering is  accelerated by increasing 

temperatures (H artfie ld . 1976). A fter flowering there is  a 'lapse phase’ 

which is o f  3-8 days duration in  open pollinated  trop ica l cu ltivars . The 

actual grain f i l l i n g  period is  about 20-30 days. Maximum grain weight is 

attained and growth terminated at maturity. The number o f grains that 

f i l l  depends on temperature: d ire c t ly  through fe r t i l iz a t io n  and
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photosynthate production arid in d irectly  throucrh an increase in a x illa ry  

t i l l e r in g  at low tenoerature. The number o f  f i l l e d  grains is  lin early  

rela ted  to  radiation received a fte r  f lo ra l in it ia t io n  or above around 

growth rate. Drought reduces lea f area and lea f photosynthetic rate 

during stress periods, delays s ilk in g  and reduces grain  y ie ld  

components, particu larly  grain number. Reduction in grain number is due 

to  increased asynchrony in flowering water d e f ic i t  reduces the rate o f 

pollen production during periods s ilk s  are receptive and reduces the 

periods the s ilk s  ar<- exposed to  pollen.

Maize in the tropics has low y ie ld , depending on va r ie ty  and 

a ltitu de . r e la t iv e  to  temperate maize, because o f supra-optimal 

temperature, in e ffic ie n t  red istribu tion  o f dry matter to grains and 

s e n s it iv ity  to  wafer stress that influences both vegeta tive  and 

reproductive growth.

Maize is  predominantly intercropped with beans in many parts o f 

the world, fo r example in East A frica  and Central and South America 

(Nadar and Faught. 1933; Nadar. 1983; Rao, 1986). Maize is  intercropped 

with bush beans in the semi-arid lowland areas o f Kenya. Both crops are 

planted with the beginning o f the rainy season. Beans mature here in 

about 90-110 days ard maize is  harvested in about 120-150 days depending 

on va rie ty  and temperature (a ltitu de  in fluence). The early  maturing 

v a r ie t ie s  are grown in lowland area where temperatures are r e la t iv e ly  

high and mature e a r lie r  than the highland va r ie t ie s .

2 .2 .5  (b) Common bean (Phaseolus vulgaris)
•a

Beans, just like maize, is  a most popular crop second only to 

maize as a staple food or semi-arid areas o f  Laikipia d is t r ic t .  The
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varie ty  widely grown in Laik ip ia is  rosecoco. This is  a determinate type 

which is  short. self-suDDortincr (or bushy) and o f short arowth duration, 

and i t  matures in about three months (Smart, 1969). The rosecoco 

cu ltiva r is normally intercropped with maize in Laik ip ia d is tr ic t  

(L in iger, 1991). Rosecoco bears flowers on short, lax, a x illa ry  racemes; 

the flowers are s e l f - f e r t i l iz e d  and develop slender pods which usually 

carry four to s ix  seeds.

The development pattern o f bush types to  which rosecoco belongs is  

predictable (e .g . Todorov. 1977; Norman et a l . .  1984; L in iger, 1991). 

Fu ll maturity, that is  to  drv seed, is  reached from between 45 to 150 

days a fte r  emergence, depending on growth habit, type and location . Most 

o f  the bush types are not sen s itive  to  day-length (CIAT. 1978). Growth 

duration depends primarily on temperature. The re la t iv e  duration o f 

various development events are fa ir ly  constant under a wide range of 

thermal environments. Since bush types are o f  short duration they have 

only four to ten nodes on the main stem at maturity (CIAT. 1978).

Phased us -sulcraris has very wide geographical d istribu tion . It is  

grown whenever temperatures between 10 and 35*C preva il. Nearly a l l  bean 

genotypes are found where temperatures at flowering l ie  between 17.5 and 

25*C (CIAT. 1979). The optimum temperature fo r  flowering is  about 21 *C 

which correspond to  about 1250 m a ltitu de in the trop ics. Yield 

reductions below or over the optimum are re la ted  to plant m orta lity at 

high temperatures, reduced photosynthesis and to  fa ilu re  o f flowers to 

produce mature pods. Failure ra tes are about 50-70% o f opened flowers 

and the proportion increases above 30*/25*C day/night temperatures 

(Kay. 1979).
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Water is  a major c lim atic constraint to  y ie ld  in the semi-arid 

areas (including the SAT). Bean-growing areas have an annual ra in fa ll o f 

500-1500 mm. In East A frica  bean production is  most successful where 

ra in fa ll during the growing period is  300-400 mm and seed maturation 

occurs in dry weather (Kay. 1979). Beans stomates close at moderate 

lea f water d e f ic it  (-0.5 hPa). Stress during flowering, when the crop is  

most sensitive, reduces y ie ld  through increased flower fa ilu re  and to a 

lesser extent bv reducina the number o f seeds per pod (Stocker. 1974: 

Todorov. 1977). On the other hand heavy ra in fa ll creates m icro-climatic 

conditions conducive to fungal diseases.

Partition ing of bean dry matter during vegetative growth has 

received l i t t l e  attention. S to fe lla  et a l. (1979) found that 40% o f root 

dry weight was in the tap root and its  branches. 50% in the basal root 

system and only 10% in adventitious roots.

Beans are nitrogen fix e rs . Nitrogenase a c t iv ity  is  highest at the 

beginning of seed development and may contribute up to  90 kg nitrogen 

ha-1 during the l i f e  o f the crop (Norman et a l. 1984).

Seed v ie ld  is  c lose ly  correlated with number of pods per plant and 

number or plants surviving to  maturity. Varying plant population or 

intercropping may a ffe c t y ie ld s , depending on cu ltivar m ortality and 

s e n s it iv ity  in pod formation (Chui and Nadar. 1983). Chui and Nadar 

(1983) found from experiments carried out at the National Dry-land 

Farming Station at Katumani in Kenya, on Oxic Paleustalf. and at the 

Iowa State University U.S.A.. on a N ico lle t  sandy clay loam, that 

intercropping reduced bean y ie ld  by an average o f 67% due to a decrease 

in  number o f pods per plant for the plants o f interrow spacing o f 60 cm. 

The decrease in number o f cods per plant ranged from 31 to  38% while the



42

decrease in number o f seeds per pod ranged from 9 to 20%. On the other 

hand higher maize grain y ie ld s  were obtained in intercrops than in sole 

crops. W illey and Osiru (1972) observed in Ucranda tnat maize/bean 

intercropping was 38% more productive than a combination of so le  crops. 

The higher Droductivity or the intercrop was attributed to  better- 

u t iliz a t io n  of growth resources, particu larly  ligh t.

2.3 Meteorological and so il factors a ffe c t in g  maize/beans intercrops

in the semi-arid areas.

2.3.1 Soil moisture

2.3.1 (a) Volumetric water content (VSMC) and bulk density

The re la tion  o f ava ilab le  s o il water to plants, clim atic

conditions and oiant development are major factors in water conser-vation 

e ffo r ts . Plant growth depends on the amount and distribution  o f water in 

the s o il.  Climatic conditions control the rate o f growth. Monitoring o f 

water content in order to  determine it s  ra te  o f change in the so il 

provides very useful information on crop performance and ultimate 

y ie ld s .

The nature o f the s o iis  and th e ir  water holding capacity give 

useful information on the d istribu tion  o f so il water and its

a v a ila b il ity  to  plants. Textural composition o f so ils , water storage 

capacity and the amount o f sw elling and shrinking of clay s o ils  could 

g iv e  an indication o f the ava ilab le  water to plants (e .g . L in iger. 1991: 

Ibrahim. 1992).

Tabie 2 shows the shrinking factors for Matanya so ils . Undisturbed 

r in g  samples, co llected  from a l l  horizons ( i . e .  15-170) at f ie ld

capacity and oven dried, were placed on a photocopying machine (Linger. 

1991). The photocopies were used to  work out the percentage o f cracks m
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d iffe ren t d irections through the center o f the ring. From th is  linear 

form, volumetric shrinkage factors (a) were calculated. Shrinkage 

factors (b) were obtained from (a) using the assumption that shrinking 

is  proportional to  water loss. From L in ig e r 's  (1991) data (Table 2) we 

learn that on drying Matanya s o i ls  reduce th e ir  volume by 14-20% between 

f ie ld  capacity and w ilting point in the top 60 cm of the so il p ro file .

The factors that determine the supply o f water to plants are 

(Mugah. 1983: Nicoullaud et a l . 1994):

( i )  the storage capacity o f the s o il;

( i i )  the so ils  a b il it y  fo r  recharge from the surface water ( in f i l t r a t io n  

rate or capac ity );

( i i i )  i t s  internal drainage, and

( iv )  plant root d istribu tion  in  the s o i l .

The water availab le to  plants fa l ls  between two lim its . F ield  

Capacity and W ilting Point. The upper lim it, which is the F ie ld  Capacity 

(FC ). is  defined as the water content at a suction from -0.1 to  -0.33 

bar. The lower lim it, which is  the w iltin g  point (WP) is  defined ae the 

water held at a suction o f -15 bar. The f ie ld  measured upper lim it for 

water retention o f the s o il ,  the real FC is  defined as the volumetric 

water content attained 2-3 days a fte r  saturation and a fte r  free  drainage 

has p ractica lly  ceased (Russel. 1980; R a t l i f f  e t a l . .  1983: Gardner. 

1988). The f ie ld  measured lower lim it, or permanent WP. is  the 

volumetric water content of the so il at which plants are p rac tica lly  

dead or dormant as a resu lt o f  the s o il water content (Russel. 1980; 

R a t l i f f  et  a j. .  1983; Gardner. 1988: L in iger. 1991). The lower lim it 

could be determined under grass cover where the rooting depth is  deep 

enough to extract water even further than the lowest measured depth o f



Tables 1 i  2 (170 era). The d ifference  between PC and WP Is the available 

water to  plants. In order to  develop appropriate water conservation 

measures in the semi-arid areas, so il moisture data down to  the lowest 

rooting depth o f annual crops fo r  a period o f about 4 years may be used

(L in iger. 1991).

Analysis by Kenya Soil Survey o f the Matanya Verto-luvic phaeozem 

s o ils  as given in Table 1 (see Lin iger 1991) show that the surface 

layers contain 40% clay and 3% organic matter fractions. These layers, 

t i l l  a depth o f 25 cm. were holding 30% o f s o il water ava ilab le  fo r 

plant use and 14% not ava ilab le  to plants. The 14% occurs partly as 

constitu tiona lly  bound hydrogen atoms in the clay minerals and in 

organic matter and th is part may be re ferred  to  as equivalent water
A-

(e .g . Greacen. 1981: Ibrahim, 1992).

2.3.1 (b) On neutron probe: Nature o f neutron probe

A neutron prob° is  made up o f two main components: the source and

the detector. Test neutrons are emitted from the Americium 

241/Beryllium-9 source. They pass through the detector without causing a 

response and f l y  into tes t the material (genera lly  s o il )  bouncing around 

in  the material and gradually slowing down in the process (Greacen. 

1981). The detector tube, a boron t r i- f lu o r id e  (BF3) detector, is  

responsive to weak, thermal neutrons but is  not responsive to  high 

energy fa s t neutrons. When neutrons bounce around s u ffic ien t ly  to  slow 

down to thermal leve l they can be detected by the BF3 tube. Neutrons are 

d ra s t ic a lly  slowed down i f  they co llid e  with hydrogen atom which has the

same mass as the neutrons and the energy loss is  great. In most so ils .
*

except s o il with organic composition e .g  lu v iso ls . the only source o f 

hydrogen is  water. Hence the only major moderation o f fast neutron is

44



45

water, reason why neutron probe is  used to measure s o il moisture.

The neutron probe measures volumetric water content and its  

spatia l and temporal changes. Calibration o f a measuring instrument is  

usually made by obtaining the readings o f the instrument for a range o f 

accurate independently determined values o f the parameter to  measure. 

The relationship between the readings and the ca lib ration  values 

provides the ca lib ration  curve. The ca lib ration  curve fo r  the 

determination o f volumetric water content takes the form of Ea. 1:

Table 1. ComDosition o f the Matanya Verto-luv ic phaeozem 
* s o ils  (A fte r  L in iger (1991).

Depth clay (%) s i l t  (%) sand (%)
organic 
matter (%)

18 40 "23 34 -----3--------------
30 53 19 27 1
60 65 13 22 0
90 56 16 * 28 0

120 47 22 31 0
150+ 47 21 32 0

Table 2. Shrinking factors for Matanya so ils  
(a fte r  L in iger, 1991).

Depth Shrinking factors (a) Shrinking factors (b)
(cm) F.C. t i l l oven dry F.C. t i l l w iltin g  point

linear volumetric linear volumetric

18 0.88 0.68 0.93 0.80
30 0.84 0.59 0.93 0.81
60 0.88 0.68 0.95 0.86
90 0.97 0.91 0.99 0.96

120 0.99 0.97 1.00 0.99
150 0.98 0.94 1.00 0.99
170 0.98 0.94 0.99 0.98

(a) measured

0-b*C r+a ( l )



46

where 6 (cm3 cm-3 ) is the volumetric water content o f free water (water 

released on drying at 105*C fo r  12 hours), Cr is  the ca lib ra tion  (count) 

r a t io  o f  the count ra te  in the s o il to  the count ra te  in a standard

medium, b is  a ca lib ration  regression c o e ff ic ie n t  and a is  the intercept
*

(Greacen, 1981: L in iger. 1991 and Ibrahim, 1992). The ca lib ra tion  curve 

depends on Cr but is  a lso a ffe c ted  by s o il properties such as dry bulk 

density o f the s o il,  volumetric content o f  constitutional hydrogen 

(expressed as equivalent w ater), chemical components o f the s o i l  and the 

s o i l  solution.

Ibrahim (1992) found from h is work with the Gezira clay 

(V ertiso ls ) s o i ls  that count rates vary d iu m a lly  with temperature, 

a tta in ing maximum values when the temperature is  maximum and reaching a 

minimum at the time of minimum temperature. The neutron meter responds

more strongly to  the s o il  properties close to  the detector and source. 

This complicates the ca lib ration  process fo r  cracking clays such as the

Matanya v e r t is o ls . I t  is  d i f f i c u l t  to obtain a s o il  with properties that 

g iv e  a simple ca lib ration  curve (e .g . Parkes and Sian. 1979; Greacen. 

1981; Ibrahim. 1992).

Matanya s o i ls ,  as v e r t is o ls . have these complications that a ffe c t 

count rates (L in iger. 1991). The ca lib ration  curve may be s it e  and 

horizon s p e c ific  due to complexity and v a r ia b il it y  of s o il composition. 

Additional s o il parameters e .g . s o il depth, s o i l  dry bulk density and 

texture, constitutional hydrogen and neutron absorbing elements may be 

corrected for where c o e ffic ien ts  may d i f f e r  with d iffe ren t s o ils  fo r 

particu lar instruments and in s ta lla tion  where the la tte r  parameters 

(constitu tional hydrogen and neutron absorbing elements) can be 

estimated. The d ifferences In slope o f the ca lib ration  curve may be due 

to  s o il composition and dry bulk density (Greacen. 1981). Greacen (1981)
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contends that by making the calibration  in  terms o f constitutional 

hydrogen 8* we may overcome the gross errors caused to  the ca lib ration  

curve by to ta l water content (Eq. 2 ). That is  free  plus equivalent 

water.

0e-0+O. (2 )

The depth to  s ta rt measurements a lso has to be corrected for 

during ca lib ration  (Greacen, 1981).

The rad ia tive  source (Americium-241 and Beryllium-9) used in th is 

type of probe has a h a l f - l i f e  o f 458 years. Greacen (1981) supplies the 

fo llow ing information that is  used here. For 1 X 10« neutrons s -1 coming 

from beryllium the y dose rate at a distance o f  1 m is  1 mremh-1 , coming 

from Americium. The probe rad ia tive  source emits 2.5 X 10* neutrons s-1 

oCi-1 . which is  the emission o f neutrons by beryllium (neutrons s-1 ) 

when irradiated by 1 mCi (from Americium). The Curie (C i) is  a unit o f 

rad io -a c tiv ity  Jerrard and McNeill, 1972). The Americium generate*

y-rays in its  d is in tegration , that is  in the process o f producing 

neutrons from beryllium. The rem Is  a unit o f Ion izing radiation such as 

gamma radiation (e .g . Jerrard and McNeill. 1972). The alpha partic les 

used in the neutron generation process have very low penetrating power 

and are eas ily  confined within a restric ted  range by sh ielding. The y- 

rays. on the other hand, are highly penetrating and require heavier 

sh ield ing for adequate containment. The probe can maintain an 

e f fe c t iv e ly  constant neutron production rate fo r  many years. The low y- 

rad iation  from americium-241 is  advantageous in  th is  respect.
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The emission from a spherical volume around the source influences 

the detector count rates (Van Bavel et al . .  1963. Ibrahim, 1992). This 

so called  sphere of importance, a ffe c ts  95% of re fle c ted  thermal 

neutrons. I t  is  defined as the sphere around the source which, i f  a l l  

s o i l  and water outside i t  is  removed, w ill y ie ld  95% of the expected 

neutron flux from an in f in ite  s im ilar medium. Hydrogen content o f s o il 

is  the determining factor o f the sphere o f importance, which according 

to  Visvalingam and Tandy (1972) and Kristensen (1973) is  given by Eq. 3:

48

o r 100
1 .4 + 0 .1* 06cm ( 3 )

where Qj is the radius o f sphere o f importance. The water in the s o il 

c loser to the eource/detector has greater influence on the count rates 

than that farther away. We therefore expect d istortions o f the sphere o f 

importance in heterogeneous s o ils .

Van Bavel et al. (1963) found from the formula that the data taken 

with a neutron probe at a depth o f ca lib ration  20 cm and shallower were 

erroneous for a l l  water contents below about 35%. Kristensen (1973) 

showed that lower so il moisture contents o f clays (0 i  25% by volume) 

could accurately be measured from 20 cm downwards. Long and French 

(1967) showed that accurate measurements from 20 cm depth in c lay  so ils  

could be obtained at very low water content (0 -  13% by volume). They 

showed fo r  a probe held in a ir  at 20 cm from a water body that the 

radius o f the sphere o f importance attained an in fin ite  value and hence 

i t s  e ffe c t  on the counting rate was minimal. The sphere o f importance 

therefore determines the depth at which measurements made could y ie ld
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data with minimum error. Eq. 3 is  generally used to determine:

( i )  the permitted minimum access tube spacinqs:

( i i )  the advisable minimum depth in tervals:

( i i i )  the shallowest measuring depth permitted: and

( i v )  minimum dimensions needed fo r  the ca lib ra tion  drums to avoid the 

influence o f any a ir/ so il in terface, which underestimates to  a 

certain  extent the s o il moisture content (Ibrahim. 1992).

According to  Eq. 3. the radius o f the sphere o f importance varies 

according to  the seasons. Neutron transport tends to decrease with 

increasing s o il density at the same pore volume. The count ra tes , and so 

the ra tios , therefore tend to  increase with increasing s o i l  density 

(Ibrahim. 1992). The bulk density a ffe c ts  both the slope of the 

ca lib ra tion  curve and the in tercept. Media with d iffe ren t bulk density 

d istribu tions would g ive  d iffe ren t ca lib ra tion  curves between bulk 

densities  (Bd's) and the slopes (b's)  o f th e ir  ca lib ration  curves. 

Ibrahim (1992) obtained Eq. 4 fo r  Gezira so i l s .

b-14.43+19.84*Bd, (r-0 .97) (4)

where 'b ' is  the slope o f the ca libration  curve. An increase o f 40 

percent in the slope o f the curve was obtained fo r an increase o f bulk 

density (Bd) from 1.0 to  1.7 g (cm)- *.

2.3.1 (c) Agronomy and s o il management with respect to  so il moisture

In natural situations plants in a semi-arid environment use water 

from ra in fa l l ,  urideroround la tera l recharge from nearby high grounds.
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s o il  moisture reserve and in  seme cases from cap illa ry  r is e . Soil 

moisture intakes by plant roots are among other factors influenced by 

weather parameters such as rad iation  and re la t iv e  humidity. These 

parameters may influence stomatal behaviour. Wind has an indirect 

influence on root intakes by carrying away water vapour and other 

influences (see below). S o il water, nutrient status, textural and 

structural s t ra t if ic a t io n  (based on s o il  taxonomical com position). sa lts  

and water tab le  level etc. strongly influence root development and 

d istribu tion  in the s o il  (e .g . Mugah. 1983: Nicoullaud et a l . .  1994). 

Crop y ie lds  have teen observed to  be d ir e c t ly  proportional to  the s o il 

water reserve conditions at the beginning o f  growing seasons (Stewart. 

1982a: 1982b). In the sem i-arid areas, high wind speeds, low humidities, 

high radiational loads etc. heavily  influence evaporation, thus water 

intake by plants. Lack o f adequate water supply therefore becomes a 

major constraint to crop production. Water management is  therefore 

crucial to  a l le v ia te  the e ffe c ts  of recurring droughts which seriously 

a f fe c t  crop production in the semi-arld areas,

To be able to  take up moisture from the s o il the plant roots must 

exert a higher and more negative suction (matric head) than the force 

with which the s o i l  holds to the water (Russell. 1961: Da Costa et al . .

1986). S o il moisture taken up by roots has to  be replenished, other-wise 

the s o il w ill dry out and stress w ill be induced causing plants to  w ilt

and d ie : a regular occurrence in  the semi-arid areas.
*

Generally an increase in wind speed ( i . e .  a decrease in a ir  

d iffu s ion  resistance) increases transpiration rates. However, 

in c id en ta lly  the le a f temperatures at very high trop ica l irradiances may 

decrease so much that transpiration rate decreases with increase in wind
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speed (e .g . Grace, 1977; 1988). Stomatal closure in terferes  with the

OO2 flux, s o il moisture and s o il  nutrient intake by plants and hence 

influences assim ilation rates and dry matter production (Grace. 1977; 

Lomas and Lewin. 1977). Water stress, induced at any phenological phase 

before senescence, reduces i t s  fina l y ie ld . The y ie ld  reduction depends 

on the phenological phase at which the stress was induced (e .g . £>enmead 

and Shaw, 1960; Shaw, 1977: Harder et a l . .  1982). Increase in s o il

moisture stress in young plants resu lts in increase in y ie ld  reduction. 

Large and well developed plants are not as much a ffected  as the younger 

ones (Shaw, 1977).

Water shortage constrains plant productivity in the semi-arid 

areas because o f unfavourable temporal d istribu tion  of r a in fa ll .  Losses 

due to runoff deprive roots o f  moisture. Productivity could be analyzed 

in terms of the supply of water to the plants by expressing dry matter 

(DM in t/ha) as the amount o f transpired water (W in mm) and the amount 

o f dry matter produced per unit o f water extracted (q in g/kg). which is  

strongly dependent on saturation d e f ic it  o f the a ir  <Sd in kPa) (Squire 

et al . .  1987). This is expressed as Eq. 5

DM- ~W *q (5)
Sd

where (q*Sd> is a conservative quantity with a characteristic value for 

each crop species. In optimum weather conditions, which favour good 

y ie ld s , the emergence o f the male flowers (ta sse ls ) at the top o f the 

maize plant coincides with the’ appearance of the s ilks (remaie flowers; 

borne near the middle o f the plant. If. however, a shortacxe o f water
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occurs in the two weeks before and a fte r  flowering, there is  poor 

po llina tion  which resu lts in low yie lds, even i f  subsequent rains are 

adequate. EMring drought, the tassels compete against the s ilk s  fo r  

ava ilab le  carbohydrates. This means that by the time the s ilk s  are ready 

fo r  po llination , the pollen grains from tassels  have come and gone and 

no fe r t i l iz a t io n  has taken place, hence low crop y ie lds resu lts  (e .g . 

Shaw. 1977; Lomas and Lewin. 1977; Harder et a l . .  1962). In dryland 

maize farming th is  is  the principal cause o f low y ie lds  during a 

cropping season where showers are separated by long dry spe lls .

Water s tress  at a c r i t ic a l  phase may result in to ta l crop 

fa ilu re . Inducing water stress at e ither s ilk in g  or tassel lin g  could 

have severe e f fe c t  on y ie ld s . Water stress occurring at any stage of the 

plant development could have comparatively less e ffe c t  than that at 

ta sse lin g -s i Iking stages (Shaw, 1977: Harder e t al. .  1982). Tasseling 

and s ilk in g  stages are also c r it ic a l  fo r f e r t i l i z e r  application  (top 

dressing) to minimize y ie ld  reduction.

Vertical root d istribu tion  for maize has been observed to be 

highest near the s o il surface and decreasing exponentially with depth 

(e.g.Mugah. 1983. Nicoullaud et a l . .  1994). Mugah (1983) reported high 

roo t length density fo r  Katumani maize to  occur at 30 cm depth and 

sharply decreasing beyond 60 cm. with the lower densities at lower- 

depths observed in d r ie r  s o ils . Comparing maize root d istribu tions in 

four d iffe ren t s o ils . Nicoullaud et al. (1994) observed that the 

exponential v e r t ic a l pattern was va lid  only fo r  ve rtiso ls . with the 

maximum in  the 10-30 cm layer. The other three s o ils  (arenosols. 

lu v iso ls  and planosols) presented non-monotonic root d istribu tion . 

In  arenosols the maize roots concentrated en tire ly  in the surface layer.

52
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Dhyani e t al. (1990) investigated the root d istribu tion  o f  f iv e  tree 

species ( i . e .  Bauhinia purpurea. Grevia optiva. Eucalyptus te re ticom is . 

Leucaena leucocephala and Ougenia oo je inensis ). They observed that the 

bulk o f th e ir roots were concentrated in the s o il  layer 90-120 cm. This 

would make them good companions with maize which has most roots m the 

s o il  layer 0-50 cm (Umaya. 1991). Umaya (1991) working on a well 

drained, dark, brown, reddish-brown sandy c lay  luvisol observed that the 

top 0-10 cm s o i l  layer was occupied by maize roots. There was an overlap 

in a lle y  cropping o f maize and Cassia siamea roots at depths o f  20-30 cm 

and 40-50 cm which led to competition for s o il  factors and depressed 

maize y ie ld s .

2.3.1 (d) Effect of surface cover and tillage mode with respect to 

soil moisture

(i) Role of mulches in crop growth

Direct evaporation from the so il constitutes a pathway o f water 

loss which is wasteful, since i t  does not contribute to  crop production. 

In growing crops, d irect evaporation from the exposed s o il surface, E, 

accounts fo r  a substantial part o f evapotranspiration. ET. I t  has been 

estimated that in  a widely spaced row crop such as maize, i f  the s o il is  

wetted frequently, by ra in  (or ir r ig a t io n ). E may be as high as 50 % o f 

ET, even when the canopy is  fu l lv  developed (Tanner et a l . 1960). 

Obviously, reduction o f th is loss by surface mulch is  necessary since 

th is  w ill increase the storage o f  plant ava ilab le  water in the root zone 

and cause a grea ter portion o f  ET to be used by transpiration. Drv 

matter production is  a linear function o f transpiration by the crop. 

D irect evaporation from the s o i l  induces upward movement of s o il  water.
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This reduces s o il  water storage and also may deposit sa lts  within the 

root zone thereby contributing to  sa lin iza tion  o f the s o il.

Mulches applied extraneously at the so il surface reduce 

evaporation and s o il sa lin iza tion . Mulch is  fo r  trop ical conditions best 

broadly defined as any shallow layer that appeal's at the s o il/ a ir  

in terface with properties that d i f fe r  from the orig inal s o i l  surface 

layer (e .g . S tig te r . 1994a). So il covers lik e  dead and l iv e  mulches 

(including crop residues or standing stubble) influence the microclimate 

o f a p lants’ environment. These covers a ffe c t  the water, nutrient and.

in d irec tly , COa intake by Diants (the la tte r  due to d ifferences in 

stomatal opening because of s o il moisture status*, especially undei 

semi-arid conditions, and hence their growth and development rates. In 

dry land farming, where so il water is lim iting and its  e ffe c ts  dependent 

on weather, so il f e r t i l i t y ,  s o i l  physical conditions, type o f cu ltivars 

as well as population and geometry of planting, application o f mulches 

w il l  influence crop productivity (e .g . Stewart. 1902b: Huxley. <?t a l.

1987).

A wide range of organic and inorganic mulches has been studied 

over the years with respect to  th e ir influences on so il mcasture

conservation, s o il f e r t i l i t y  improvement, so il temperature fluctuations, 

e tc . ,  that result in increased crop y ie lds  (e .g . van Wijik et aJ.. 1959*

Davies. 1975: Bohn et a i . .  1979: Ross et a l . .  1985a: S tig te r . 1987:

Bristow, 1988; Bidelman. 1988: 1989: L in iger. 1991). Incorporation of 

mulches (which is  another form o f mulching) into the so il increases 

th e ir  so il f e r t i l i t y  improvement e ffe c ts , by faster decomposition, but 

appreciably reduces their evaporation reduction and temperature e ffe c ts  

unless the top layer remains dry (e .g . Mungai. 1991).
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Generally, mulches may provide a range o f benefits to

cropping systems such as:

( i )  maintenance and conservation o f s o il moisture to reduce 

water stress in crops. Some mulches reduce runoff. Mulches 

can a lte r the root moisture budget o f the plant:

( i i )  maintenance or reduction o f the s o il bulk density, that 

is . improvement of s o il structure. Mulches therefore 

enhance in fi lt ra t io n  and storage capacity, as i t  acts as a 

sponge, and changes the pattern of leaching and erosion:

( i i i )  maintenance and improvement o f s o il  nutrient contents 

(chemical properties) o f the s o i l .  Mulches provide a 

suitable environment fo r  microbial decomposition:

( iv ) moderation o f so il temperature by reducing extreme 

temperature fluctuations, that is . reducing the amplitude o f 

the d a ily  temperature wave and lowering or ra is in g  the 

average orig ina l so il temperature, deoending on the energy 

balance. Mulches fo r example help a lte r  the heat budget of 

the plant root zone to exclude heat stress:

(v ) related  reduction o f radiation, heat and moisture 

exchanges between the o r ig in a l surface and the sky and 

atmosphere through shading, reduced conduction, convection 

and turbulence. Here mulches help to keeD the s o il either 

cool or warm depending on the amount and type o f mulches 

applied and the prevailing microclimatic conditions again 

depending on the energy balance:

( v i )  protecting the so il from mechanical impacts o f rain, hail

semi-aria

and wind: and
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( v i i )  control o f weed growth (by shading and mechanical 

suppression).

We notice here that the cardinal benefits  of surface mulching in 

sem i-arid areas are conservation o f s o il water (reduction of evaporation 

and runoff) and lowering o f average s o il temperatures. These aspects are 

pa rticu la rly  important in the early  stages o f crop growth when drought 

may cause death o f the seedlings, excessive high temperatures may cause 

low emergence ra tes, stunted shoot and in su ffic ien t root development 

(Harrison-Murray and Lai. 1979: Abrecht and Bristow. 1990). The main

e f fe c t  o f mulch incorporation is  increased s o il  f e r t i l i t y  (e .g . Mungai. 

1991).

On the other hand mulches have been reported to encourage attacks 

by certa in  pests and diseases. Pests such as birds, rodents, termites 

and nematodes have been known to  liv e  and hide in the trash and eat away 

the crop, thus reducing the crop y ie ld  in mulched fie ld s  (e .g . Davies. 

1975, Budelman. 1988: 1989).

Abrecht and Bristow (1990) observed, on clav loam iQxic 

Pa leu sta ff) at Katherine Research station  in Australia, that plant 

residue mulch increased shoot growth ra te  before and a fte r  emergence or 

maize seedlings. The surface mulch also increased the length o f the 

f i r s t  internode, thereby partition ing  the apical meristem o f the plant 

a t a shallower depth in the mulched s o il .

(ii) Influence of mulching on soil moisture

By restra in ing water loss through evaporation, surface mulches

(such as crop residues) improve water use e ff ic ien cy  iWUE) ( i . e .  weight 

o f  economic y ie ld s  per unit o f water app lied ). Tnese mulches may reduce 

evaporation from the orig ina l s o i l  surface by shadina. by increasing the

7
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reflectance o f the so il surface and by reducing the speed o f the wind so 

the convectional exchange at the so il surface (insulation e f f e c t ; .  Some 

surface mulches are very e ffe c t iv e  in restra in ing runoff, thereby 

reducing erosion, increasing in f i lt r a t io n  and conserving s o il  moisture. 

The decomposition rates o f surface nulches determine the e f fe c t  they 

have on m itigating s o il  temperatures and conserving so il moisture as 

well as th e ir  e f fe c t  (be i t  somewhat lim ited ) on s o il f e r t i l i t y  

(Budelman, 1989). Slowly decaying mulches have either low 01 high 

in it ia l  impact on modifying s o il temperature and conserving so il
J

moisture, but th e ir  e ffe c ts  la s t longer. Rapidly decaying mulches may 

have high or low in it ia l  lmDact but th e ir  e f fe c ts  are shorter in time 

(e .g . Othieno et al . .  1985: S tig te r  and Damhofer. 1989: Budelman. 

1989). I f  not renewed, slow ly decaying mulches may be more benefic ia l 

fo r  s o il f e r t i l i t y  increase. Vertical d istribu tion  o f s o il moisture 

w ith in  the s o il  could be influenced by d iffe ren t mulches, mulching 

ra tes , s o il  type, ra in fa ll d istribu tion  and other clim atic parameters 

(Papendick et a l .. 1973).

Budelman (1988: 1989) observed that the lea f mulch o f Fleminaia 

macrophylla applied at 5 t/ha dry matter (EM) restrained s o il  moisture 

loss , moderated s o il  temperature in the f i r s t  5 cm and retarded weed 

growth more than e ith er Leucaena leucocephalla or G lir ic id ia  sepium 

applied at the same ra te . The slowly decomDosing mulches had longer 

lastin g  e f fe c t  in  conserving s o i l  moisture, resu lting in the highest 

y ie ld s  (Budelman. 1988: 1989). The slow decomposing mulches allow  enough 

time to reta in  s o il  moisture during drv periods unlike the fast 

decomposing ones which break down rapid ly and have to be reapplied. To 

prevent s o il  erosion in young tea at Kericho. i t  was found that low
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in it ia l impact, low decay ra te  grass mulch was ideal as there was too 

much reduction o f s o il temperature by the high impact grass mulches 

which a ffected  tea root growth in these highlands (Othieno et al. .  

1985).

Wilhelm e t  a l. (1986) observed, on n o - t i l l  s o il,  a linear response 

between maize grain/stover y ie ld s  and amount o f maize (Zea mays L .)

residue applied on the surface. The resu lts showed that each Maha-1
» •

(tonne/ha) of residue removed resulted in about 0.10 Maha-1 reduction in 

grain y ie ld  and about 0.30 Mgha-1 reduction in residue y ie ld . The amount 

o f water stored in the s o il was c lose ly  associated with the quantity o f 

residue applied the previous year. The so il temperature at 5 cm depth 

and to ta l ava ilab le  water accounted for nearly the same amount of 

varia tion  in y ie ld  as the quantity o f residue. This was a very 

in teresting observation. These factors should therefore be considered 

when evaluating response o f crops to  residue-manaaement practices.

In re la ted  experiments on maize {Zea mays L . ) .  soybeans {Glycine 

max L .) and sorghum (sorohum b ic o lo r  L . ) . Doran et a l. (1984) observed 

that complete removal o f residue harvested resulted in average grain ana 

biomass y ie lds  o f maize (Zea mays L .) and soybeans {Glycine max L. i 

fa l l in g  by 22 and 24% respective ly  below the p lots where residues were 

not removed. As long as there was a residue mulch cover of 50 % or more 

o f  the orig ina l cover, the y ie ld s  were not affected . Sorghum {sorghum 

b ico lo r  L .) y ie ld s  were not at a ll a ffected  by residue management 

manipulation. Y ie ld  reductions fo r  maize and soybean resulted primarily 

from decreased s o il water storage and excessive surface so ii 

temperatures where residues were completely removed. Sorghum displays a 

tolerance to  water d e f ic i t  and high temperatures that maize can hardly
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withstand (e .g . Konate. 1984: Norman et a l. 1984). Sorahum is  therefore 

suited to  be grown in semi-arid areas, like Laikipia d is t r ic t .

( i i i )  E ffec t o f mulching and t i l la g e  on s o il  physical

characteristics

Skidmore et al. (1986) have demonstrated that management or 

sorghum (Sorghum b ico lo r  L . ) and winter wheat ( Triticum aestivum L. ) 

residues, to influence so il physical properties by residue burning, 

residue baling and hauling, incorporation o f once and twice the amounts 

produced from the p lots, reduced erosion and increased yie lds but had no 

e f fe c t  on the s o il  under the wheat crop. However, the e ffe c ts  o f these 

managements d iffe red  between crops. The methods o f residue management to  

improve the s o ils  had been more e ffe c t iv e  under sorghum than under 

winter wheat. The so il aggregates under sorghum were sm aller, more 

fra g ile ,  less dense, less stab le when dry and more stable when wet than 

the so il under winter wheat. The size  d istribu tion  o f the Ap horizon 

(ploughed surface s o il )  under sorahum p lots was more conducive to 

in f i lt r a t io n  than under the winter wheat.

In addition to  s o il  moisture conservation and so il temDerature 

moderation some mulches influence so il r ig id it y ,  prevent massive 

cracking (espec ia lly  in v e r t is o ls ) and induce f r ia b i l i t y  (Q-iashu and 

Evans. 1967: L in iger. 1991). Less compaction has been observed towards 

the end o f a crop growing season under a special slow decomposing mulch 

than under bare s o il (Liptay and Tiessen. 1970). Soil compaction 

influences root growth and crop y ields (Gerald et al . .  1982. Harrison. 

1987). A combination o f mulching and minimum t i l la g e ,  however, charges 

the structure o f  the s o il  through lowering the balk density ana
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prevention o f crusting in clayey so ils .

Papendick et al. ( 1973) observed that applying mulches just 

before the main rains resulted in higher maize y ie lds since mulches 

provided maximum so il protection aaainst erosion, compaction and so il 

water loss throuah evaporation. Mulches applied at the onset o f the 

rains delays development o f strong surface seals by lim iting ram  impact 

on the s o il (e .g . Papendick e t a l. .  1973. Bristow and Abrecht. 1969: 

Ahrecht and Bristow. 1990).

Under semi-arid conditions so il moisture could also be conserved 

through deep t i l la g e .  The deep t i l la g e  breaks the cap illa ry  connection 

to  the surface and acts as a mulch in conserving s o il water in lower 

layers fWilken. 1972: Papendick et al . .  1973: Unger. 1967: Freebairri. 

1992). Deep t i l la g e  conserves water under dry land conditions by 

providing maximum resistance to  vapour and liqu id  water now and also 

maximum thermal insulation.

Deep t i l la g e  is very energy intensive and exposes the bulk o f the 

top so il (surface layer clods) to  atmospheric evaporative forces (Tyler 

and Overton, 1982). In so doing the exposed surface clods dry out while 

the non-tilled  layer remains r e la t iv e ly  moist because o f the clods 

mulch (e .g  Wilken. 1972: Papendick et al. .  1973: Nicoullaud et al. .  

1994). Deep t i l la g e  therefore provides maximum so il moisture 

conservation in the non -tilled  layer. The amount of water lost as a 

resu lt o f t i l la a e  depends on the s o i l 's  moisture content, the amount of 

s o i l  disturbance (depth o f t i l la g e )  and atmospheric conditions.

On the other hand, n o -t illa g e  (variously known as ze ro -t ilia a e . 

s lo t  plant, d ire c t  d r il l in g  or chemical t i l la a e - t i l l in g  land whose 

vegetation cover has been k ille d  chemically by spraying) conserves more
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s o il  water In the whole s o il  p ro file  up to  the surface. I t  could 

therefore conserve more water in semi-arid areas than t i l la g e  methods 

(deep and minimum t i l la g e ) .  At the la test meeting of the Commission for 

Agricultural Meteorology (Havana. Cuba). the Commission encouraged its  

members to continue to  provide agro-meteorological input to  the 

development o f  multiple cropping systems. The Commission further 

supported the development of the systems which conserved soi 1 moisture 

and the adoption o f z e ro -t il la g e  procedures (WMO. 1995). This method 

allows liv e  vegetation, stubble and crop residue to remain intact ana 

act as mulches. The liv e  vegetation, nevertheless, has to  be maintained 

at low height to  minimize competition for ligh t and solar radiation 

(Finch. 1988) as well as water and nutrients. Clean weeded p lo ts  remain 

worse at conserving so il moisture as opposed to  mulched plots (L in iger. 

1991).

Preliminary results at Matanva showed that both maize sta lk  ana 

lea f residue mulch could restra in  ra in fa ll runoff to  n i l .  although a low 

density o f mulch (which covered only 60% of surface) was applied, even 

though the foncer are ligh t and are eas ily  blow away by strong winds ot 

ge t read ily  eaten by termites. In filt ra t io n  ra tes were increased which 

enhanced so il water recharge resu lting in higher yie lds of maize/beans 

intercrops. The previous season crop residues provided the basic 

mulching materials in addition to  fa llen  leaves and decomposed branches 

from Grevillea robusta trees (L in iger. 1991).
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2.3.2 Strong winds

2.3.2 (a) Overview

Unplanned and uncontrolled land-use in the semi-arid areas e .g . 

overstocking, overgrazing and over-cu ltiva tion  o f farms in terferes  with 

s o il  physical and chemical properties (e .g . Russell. 1961). These 

operations lay bare the top s o il  which then gets  exposed to strong winds 

and strong radiational heating and v o la t iliz a t io n  o f inorganic chemicals 

in  the s o i l .  Such so ils  are exposed to  erosive winds which then reduce 

the survival, growth, y ie ld  and quality o f agricu ltural crops.

Natural vegetation o f Laikipia d is t r ic t  is very sparse and 

consists o f scattered thorny trees , shrubs and grasses (e .g . Jatzold and 

Schmidt. 1983), Bcploitation o f thee* semi-arid ar*a® by immigrant
I

sm all-scale farmers fo r  crop and livestock production ana habitation, 

a fte r  the e x it  o f the white highland s e t t le rs , the o r ig in a l ranch 

owners, necessitated growing o f trees (together with annual crops) ana 

live-fences to:

( i )  indicate farm boundaries:

( i i )  exclude intruders: 

l a i i )  provide fuelwood:

( iv )  provide building posts;

(v ) provide fodder:

( v i )  provide food ( f ru it s ) :  and

(v i )  provide protection from strong winds, irrad iation  and 

ra in fa ll (e .g . Flury, 1906: L in iger. 1991; Moges. 1991).

These trees  and live-fences. therefore, conserve s o ils  by 

restrain ing erosive winds as well as consequences from erra tic  

to rren tia l rains. They also conserve s o il moisture in the upper horizons 

by reducing wind speeds, advective heat and d irect solar heating by
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shading o f s o i l  and crop (e .g . Harrison. 1987; S tig ter. 1988; Oteng i .  

1994). The strong winds are troublesome since they sh u ffle  (or 

red istribu te ) applied mulches, making i t  impossible to re ta in  mulch 

cover on the s o i l  surface fo r a reasonably long time fo r e f fe c t iv e  s o il 

moisture conservation (L in iger. 1991).

Hazards caused by strong winds to  agricu ltural operations in 

La ik ip ia  d is t r ic t  could be ranked second only to  that caused by high 

ra in fa ll v a r ia b il it y  (Berger. 1989). Strong winds come as a resu lt o f:

( i )  r e la t iv e ly  strong seasonal winds blowing from a particu lar 

d irection , say. S.E. (see F ig . A7);

( i i )  vortices  o f d iscrete  rotational winds e .g . gusts, dust- 

d ev ils , e tc .

These two systems o f a ir  movement contribute to primary 

and secondary damages o f s o i l  and plants. Most important is  the 

occurrence o f strong winds in re la tion  to  the growing periods.

In La ik ip ia  d is t r ic t ,  including Matanya. the highest wind speeds 

normally occur towards the end o f the long ra ins growing season. June-

September and may s ta rt e a r lie r  than usual in  some years, resu lting  in 

desiccating e f fe c ts  on crops a t e a r lie r  growth stages. The high speeds 

are due to  the S.E. trade winds which occur from June to  September, that 

g e t  channelled (or funnelled) between the Aberdares Mts. and Mt. Kenya 

(e .g . G r iff ith s . 1972; WMO. 1981; Berger. 1989; L in iger. 1991). These 

channelled winds a ffe c t  Matanya as they blow from between south east ana 

south west d irections during th is  period. These winds interact with the 

mountain-valley c ircu la tion  between the two mountain systems to  produce 

d iu rnally  varying winds o f considerable strength and persistence (and 

sometimes varying d irection ) (MacHattie and Schnelle. 1974).
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2.3.2 (b) Role of winds in soil degradation

Wind is  a great destroyer o f the top s o il  as well as an agent of 

deposition and s o il formation. I t  sorts the s o il  by removing the fin er 

and ligh ter constituents, leaving behind the coarser and denser ones. 

These are transported according to  th e ir s izes  from the smallest to the 

largest. This s ize  se lective  process is  the main s im ilarity  between wina 

and water erosion because water erosion a lso  takes place in a s ize - 

s e lec tiv e  manner (e .g . WMO. 1983: WMO. 1989: McTaish et <sl.. 1992). This 

sorting mechanism has transformed some f e r t i l e  s o ils  in to  sandy 

wastelands. In removing, the wind carries and scatters the top so il 

hundreds o f kilometers. In depositing, i t  forms various forms o f aeoiian 

materials representing extensive areas o f loess so ils . In mixing, i t  

carries the s o il  across the land, creating surprising uniformity of 

minerals in the s o ils  (WMO. 1983. 1985 & 1989 and Zhou, et a l . .  1992).

Soil erosion is due to the interplay o f three mam factors : the 

slope and structure of the s o i l :  the erosive power of wind and rain: and 

( intervening between the previous two) the amount o f protective 

vegetation cover (Harrison. 1987). Particu la rly  loose, drv and fin e ly  

granulated s o il is  vulnerable to  wind erosion. Soil surfaces that are 

smooth, with sparse or no vegetation cover over a s u ff ic ie n t ly  larae 

area highly susceptible to  wind erosion (e .g . Harrison. 1987: Lyles.

1988).

Loss o f top s o il through wind erosion reduces its  n u tr itive  vaiue 

and a ffec ts  i t s  hydraulic properties (e .g . s o i l  texture and structure 

and hence its  water holding capacity). When wind blows o f f  the top so il 

surface, i t  augments loss of s o il moisture by evaporation from the soil 

surface. Low proportions o f c lay and organic matter g ive  r is e  to  great
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vu lnerab ility  to  wand's s it t in g . Even wind speeds of 2-A m/s are capable 

o f taking away partic les and fin e  dust (loam and clays) on which tne 

s o il  structure depends resu lting in textural impoverishment. The erosive 

winds physically remove from the f ie ld  the most f e r t i le  portion o f the 

bare, loose and fin e ly  granulated so il (Lyles. 1988). Complete loss or 

the upper horizons (that contain organic matter) exposes lower horizons 

to  runoff, thus substituting wind erosion by water erosion.

Cuantitative evaluation o f monthly wind erosion could be estimated 

from the index o f  Chepil and Woodruff (1963) given  in Eq. 6 below

Gm 2 .9MPJJ) * (il

where C is  the wind aggressiv ity  or eros iv ity .

PE ■ (P-ETP) for P->ETP is  the efficiency of Drecipitation (or minimal 

remaining soil moisture without runoff correction).

P is  monthly p recip ita tion  (mm).

ETP is the monthly potential evaporation (mm).

U is  monthly average wind SDeed in m/s.

Hie wind aggressiv ity . C. is  inversely proportional to the minimal 

remaining so il moisture. PE fo r  P > ETP. The c red ib ility  is  at its  

maximum in dry • o i i * .  which may to* taken a* those contaimnc less than a 

th ird  of the w ilt in g  point s o il moisture (Chepil and Woodruff. 1963i. 

I t  drops o f f  with increasing moisture content to the w iltin g  point. 

Beyond that i t  remains unchanged.

Wind erosion may be controlled  by reducing forces at the so il 

surface or by creating surface conditions more resistant to  wind forces.
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Wind erosion could be controlled :

( i )  by reducing f ie ld  widths (by s tr ip  cropping, by

establishing barriers, by establishing and maintaining
A

vegetation or vegetative residues, stubble residues, e tc . )  

to protect the s o il:

( l i )  by producing or bringing to  the surface stab le aaoreaates 

or clods large enough to r e s is t  the wind force: and

( i i i )  by roughening the so il surface to reduce wind ve loc ity  

and trapping d r ift in g  s o il (e .g . Tibke. 1988: Chepil and 

Woodruff. 1963).

This reduces so il 'avalanching', which is  the s o il flown with tne 

distance downwind. The AF methods o f wind protection and so il management 

control include single and multiDle shelterbe lts . windbreaks, as weil as 

scattered trees, sometimes combined with crop strips on the upstream 

(Tibke. 1988). Wind erosion control is  necessary in areas with low ana 

variab le r a in fa ll ,  high winds, high temperatures. high evaporation and 

nence frequent droughts. Paez and Rodriguez (1992) comoared conservation 

requirements fo r  small-scale farms with e ffic ien cy  o f land-use. 

including management systems and conservation practices. They found that 

the best conservation a ltern a tive  fo r  cropping systems was minimum 

t i l la g e  with contour plantina and support o f vegetative barriers. The 

e f fe c t  of minimum t i l la g e  aione as a p rotective measure against strong

winds is debatable as i t  is against the general rule mentioned above, 

unless clod structure remains.

2.3.2 (c) The e f fe c t  o f wind on plants (crops and trees)

In the semi-arid areas strong and gusty winds may cause Dnmarv 

damages such as deformation or blow down of trees and lodging o f f ie ld
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crops. Wind a lso  controls the d irection  o f f ire s  (in  forest and 

grassland areas), pollen, seeds, spores and insects (MacHattie and 

Schnelle. 1974). Fires, pests (mainly insects) and diseases mav 

therefore cause secondary plant and tree in ju ries caused by winds.

The primary e ffe c ts  resu lt in d irect mechanical damages to piants 

and trees. Such damages may a ffe c t  whole plants and/or parts o f plants 

and trees. Those that a ffec t whole plants include: swaying, shaking, 

uprooting, bending and lodging. Those that a ffe c t  plant and tree  parts 

include: premature shedding o f  fru its , flowers and pollen, branch and 

p e tio le  breakages, bruises, lesions and abrasions due to mechanicai 

stress caused by asymmetrical a ir  Dressure acting on plants le .g . Grace.

1977: 1980: S tig te r . 1983b: S tig ter. 1988: Sturrock. 1986: Kainkwa. 

1991: Kainkwa and S tig ter. 1994).

Damages due to  secondary e ffe c ts  include: rubbing o f leaves bv

s o il  or other leaves, or scouring by carried o a it ic le s  (i.e. objects ana

partic les  carried by wind causing) damage to plants, as in sa lta tion  ana

creep transport o f s o il pa rtic les  by wind (e .g . Harrison. 1987; Grace.

1977; 1985: 1988: Kainkwa. 1991). There are other secondary injury

e ffe c ts  o f wind such as stress in plant-water re la tions, for instance by

evaporation stress and/or s o il moisture depletion, and stresses in

mineral nutrition  due to  blown o f f  top s o i l ,  in metabolism due to
*

external e ffe c ts  and in photosynthesis when carbon dioxide is  lim iting 

due to  external e ffe c ts  (e .g . Grace. 1977: Oke. 1987). Others mciuae 

cold a ir  drainage or hot a ir  stresses resultina in very low or very 

high temperatures respectively.

For instance, va lley  and mountain winds deecerdirw from hi ah 

altitudes into an enclosed va lle y  where both horizontal and vertica l 

mixing are Door and hence resu lting in very low temDeratures at night
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and frost damage (e .g . Hesketh. 1972; MacHattie and Schnelle. 1974: Oke. 

1987).

Strong winds deplete lea f and s o il moisture, thus causing moisture 

stress to  plants and reduced plant growth and development. Strong hot 

wind decreases lea f and f ie ld  boundary layers resu lting in temperature 

gradients where the leaves nave only s lig h t ly  lower temperatures than 

the hot a ir . or sometimes even higher, due to  closed stomates. when the 

increase in the energy flow towards the leaves including rad iation  is  

much more than that used for evaporation.

Wind co lle c ts  and carries such agents o f plant damage as sa lt, 

pathogens and insects. Desert locust (Schistocerca greaana Fot̂ sk in the 

fam ily o f Cyrtacanthacris) and army worm damages are regular.
4

particu larly  in the ASAL areas o f East A frica , where they are blown in 

from breeding places in the Sahelian region (Symmons. 1989). These pests 

may wipe out large areas o f planted lard within hours.

A knowledge o f the ven tila tion  o f leaves at d iffe ren t canoov 

leve ls  is  essential in the calculation of photosynthesis and excnanae 

processes in individual leaves. Declining photosynthetic ana 

translocational a c t iv it ie s  are due to  reduced carbon dioxide

a v a ila b il ity  to leaves damaged by wind, resu lting in retarded dry matter 

accumulation and reduced y ie ld  (e .g . Allen <?t al . .  1976: Grace. 1977:. 

Light winds cause high carbon dioxide concentration ava ilab le for 

photosynthesis in  plants.

2.3.2 (d) The ro le  o f windbreaks in protection against winds

Agroforestry trees, live-fence shrubs and ta l i  arasses in  a semi- 

a rid  environment protect so il and crops against erosive winds, bv
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breaking the force of wind, and act against strong advective heat ie .g . 

Hesketh. 1972: McNaughton. 1908). A live-fen ce  planted around AF plots 

protects the crops depending on the height and porosity o f the rence. 

the strength o f the approaching winds, and the angle of approach of tne 

wind to the side facing it  (e.g.Van Eimern e t a i . ,  1964: Grace. i977: 

Finch. 1988). The e ffe c t  o f the live-fence is  greatest when the windward 

side meets the approaching wind perpendicularly. The protected zone 

dwindles when the angle o f incidence decreases (e .g . Van Eimern et <al.. 

1964; Grace. 1977). Even i f  the wind approaches a barrier at right 

angles, i t  w il l  "cut-in " around the edges, thus reducing the area 

e f fe c t iv e ly  protected. The sheltered region (or quiet zone) may extend 

to  about 10 X H ( i . e .  H - sh e lter height) behind a long windbreak in 

near-neutral conditions with the wind perpendicular to the ban le r  <e.o. 

Grace. 1977; H eisler andDewalle. 1988: McNaughton. 1988: S tig ter et 

a l . .  1989: Onyewotu et a l .. 1994).

The protected zone associated with wind bleaks is  d irec tly  

proportional to  the height o f the windbreak. The number o f windbreaKs 

that is  required to  provide protection for a given f ie ld  is  d irec tiy  

related  to  the average o f the ta lle s t  trees or shrubs in the windbreax. 

Generally, the ta l le s t  and best-adapted species fo r a given s it e  should 

be selected to  minimize the number o f the windbreaks required. The 

windbreak height should be at best two to  three times the height of the 

crop to extend the protected or the quiet zone (e .g . Van Eimern et al. .  

1964: Finch. 1988). The protected zone is  smaller in unstable 

conditions.

I t  is necessary to  design, for semi-arid areas, windbreaks of 

several tree and shrub species with d iffe ren t shapes to  include tree
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species that improve the s o i l ,  such as Acacia sdd. Ptosodis cinerai'ja. 

Azadirachta indica (e .g . Connor. 1983: Rachie. 1983: Burley. 1985: 

Young. 1989).

L ive-fences (hedges) o f various densities  d i f fe r  in the decree or 

turbulence (and kind o f  eddies) they create in the flow on the leeward 

(cropland). The eddies increase with the density o f the barriers. 

Windbreaks present an obstacle to  the wind that d e flec ts  i t  upwards and 

compresses the streamlines o f the flow over the top. This increases wind 

speeds over the top and eddies on the leeward s ide behind the quiet zone 

(e .g . Finch. 1988: McNaughton. 1988).

The p rotective (or sh e lte r ) e f fe c t .  E. a lso  known as effectiveness 

index (e .g . Konstantinov. 1966: Heisler and Dewalle. 1988) o f a liv e -  

fence windbreak can be estimated from Eq. 7. with u(x) and u (n  as wind 

speeds at any point in the protected zone and in the open respective ly  

(e .g . Van Eimern et a l . 1964: Kainkwa. 1991: Kainkwa and S tig te r . 1994)

E * l - u ( x )  / u (r )  » l - i?  (7 )

The last term in Eq. 7 is  the r e la t iv e  mean wind speed. R = 

u (x )/ u (r ). variously ca lled  wind ra tio  or horizontal average wind speed 

r a t io  or wind speed d e f ic it  or wind speed reduction ra t io  (Cnepil and 

Woodruff. 1963: Van Eimern et. a l . .  1964: Chepil. 1965: Kainkwa. 1991).

In natural environments a irflow  is hardly constant and hardly 

un id irectional. Temporal wind v a r ia b ility  could be estimated from 

standard deviation  isd) or co e ffic ien ts  o f varia tion  (cv) to bring out 

the anomalies in the wind protection brought about as a resu lt o f its
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structure in the open. Kainkwa (1991) worked out the anomalies in wind 

reduction ra t io  usurp normalized standard deviation  (Rsd) tor normalized 

co e ffic ien ts  o f varia tion  (Rev)) as expressed in Eqs. 8 and 9.

R3d.ldU)-sdU) (8)
R

or

Rcv.cv(x)-cv(r) (9)
R

where sd(x) ana s d (r ).  and c v (x ) and c v (r ) respective ly  are standard 

deviations and co e ffic ien ts  o f  varia tion  at the distances x and r . R is  

the wind reduction ra t io  already defined. The important aerodynamic 

features o f flow  around obstacles include: in c lina tion  o f flow , ro ils  

and separation o f flow and formation o f r o l l  eddies UDStream and 

downstream of barriers (e.g.G loyne. 1955: WMO. 1981: Oke. 1987). Glovne 

(1955) observed what are now commonly known as the wind structures 

re la ted  to  obstacles, that is :

( i )  the area o f increased turbulence behind a sh elterbe lt 

moves c loser to  the b e lt the denser i t  is  (e .g . Van Eimern 

e t a l . .  1964; 1968: McNauahton. 1988):

( i i )  behind dense shelterbelts  the vertica l d istribu tion  of 

wind speed up to  the b e lt  height (H) above the ground 

varies much more than behind porous be lts . In the much 

smaller quiet zone the wind speeds vary much more with 

height but in the turbulent "wake zone" much less:

( i i i )  the wind speed on the ieeward o f the hedge facing the 

wind is  la rge ly  a ffected  by the porosity o f the hedge to
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a irflow  (e .g . Heisler and Dewalle. 1988): and

(i v ) the range o f wind reduction increases with increasing 

surface rouahness and increasing a ir s ta b il ity .

Farms fenced with rectanouiar hedges are more protected aaainst 

strong m ultidirectional winds (Van Eimern et a l . .  1964: Rocheleau et aJ. 

1988: Kainkwa. 1991). Much of the early knowledge on properties of wind 

structure with respect to  shelterbelts and windbreaks was summarized by 

Van Eimern et a l . (1964). The reduced wind speed on the cropland (as a 

resu lt o f hedges with su ffic ien t density) decreases evapotranspiration 

(both potential and actual) depending on the radiation energy received 

by the leaves (e .g . Grace, 1985: 1988).

Grace (1988) contends that high cold and humid winds blowing over 

brigh tly  irrad iated leaves may even cause a decline in transpiration 

ra tes  and hence in evaporation. He further states that d ifferences 

between lea f and a ir  temperatures may decrease which would cause 

reduction in the d ifference between mesoDhyll saturated and a ir  vaDour 

pressures (the d riv ing grad ien t). Thus an increase in wind speed has two 

e ffe c ts : the decline o f aerodynamic resistance which tends to  increase 

transp iration ): and. the decline in driving gradient (which tends to 

decrease transpiration ). However, increased turbulence behind too dense 

hedges causes increased evapotranspiration in the ’ wake" zone beyond 

about 10 X H.

Because turbulent eddies may form in an a ir  stream when rather 

dense barriers are encountered, benefit to  ea s ily  bruised crops (such as 

c itru s  fru its , bananas e tc . ) expected from the reduction in wind soeeds 

caused by such barriers can be cancelled out by the damage caused bv 

eddies beyond the quiet area (e .g . Acland. 1971: McNaughton. 1988:
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Rocheleau et a l . .  1980).

The most tangible shelter benefit is  to  enhance crop y ie ld  by the 

shelter around the cropland, reducing (a l l  the) negative e f fe c ts  (e .g . 

Acland. 1971; Davis and Norman, 1988; Grace. 1988). Shelter confers some 

physiological advantages on plants because sheltered plants may y ie ld  

more than non-sheltered plants under sim ilar non-limiting s o il  moisture 

conditions. I t  was observed in Uganda that planting bananas in blocks 

surrounded by a hedge o f another banana varie ty , called  kisubi. provided 

protection against strong winds (Acland. 1971).

Barriers may be c la s s if ie d  into

( i )  open barriers (density, d < 40%),

( i i )  medium dense barriers (40% < d < 80%).

( n i )  dense barriers (d > 80%) (Oke. 1987).

Average medium dense barriers (density o f  about 60%) are long 

known to  give the best resu lts against physical damage (e .g . Van Eimem 

e t a l . .  1964). I t  allows a ir  to  f i l t e r  through, thus avoiding complate 

stagnation and producing a minimum speed equal to  on average o f about 

20% o f its  speed in the open (Gloyne. 1955; Oke. 1987). For figh ting 

heat advection a denser barrier should be selected. In summary: a 

rectangular barrier (or hedge) enclosing a crop and AF trees a ffe c ts :

( i )  a ir  and so il temperatures:

( i i )  balance and exchange o f heat by forced and free convection and by

radiation;

d i i )  evaporation before crop emergence, so moisture content o f the a ir:

( i v )  water loss from both so il and plants (through evapotranspiration

a fte r  crop emergence):
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(v ) erosion transport and deposition o f small partic les generally s o il,  

insects, spores, bacteria and pollu tion  (e .g . WMO. 1985: Finch. 

1988: H eisler and Dewalle. 1988: Tibke. 1988: Kainkwa. 1991). 

Factors influencing se lection  o f trees and shrub species for 

windbreak plantings include: species adaptability; s o ils : climate:

hardiness: wind firmness: required density: required heioht: possible

crown spread: competitiveness: com patibility with adjacent crops and

pest problems (e .g . Cunningham. 1988).

Factors influencing wind reduction by p rotective hedaes include:

( i )  porosity.

( i i )  shape and width o f the hedge.

( i i i )  roughness o f the ground.

( iv )  thermal s tra t if ic a t io n  o f the a ir. and

(v ) height above the ground (e .g  Nagaeli. 1953: Gloyne. 1955: Lawrence. 

1955; Van Eimem et a i. .  1964: Kainkwa. 1991).

The ground roughness in a large area in front o f the hedge to a 

great extent determines the v e r t ic a l increase in wind speed near the 

ground. Large gaps and small gaps in live-fences can act as nozzles when 

th e ir  s izes are about the height o f the hedge. At the channels provided 

by these gaps, the wind speeds can even be higher than that in  the open 

(Naegeli, 1953: Van Eimem e t al. 1964). Naegeli (1953) found an

increase in wind speeds in the channel of up to  120% over that in the 

open beginning at 5 X H on the wind ward side and continued to be 

noticed on the leeward side at 14 to 18 X H in the r e la t iv e ly  large 

slu ices (regu latory gaps).
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2.3.3 Solar radiation

2.3.3 (a) Overview

Interactions between the tree component la re la t iv e  stable 

component, although winds have a large influence) arid solar geomet)-y 

produce the so lar climate o f a tree/crop system. These interactions and 

th e ir e ffe c ts  include:

( i )  interception o f radiation by the tree stands of various densities 

(stem densities, branch densities and le a f area indices arid arale 

c la sses ):

( i i ) tree age:

l i i i )  canopy structures:

( iv )  rows and alley-ways orientation and tree spacing:

(v ) latitude and time o f day and year ( i . e .  so lar a ltitude and azimuth):

(vi> spectral quality o f sunlight under partia l shade (e .g  Jackson. 

1983: 1989b: Jackson and Palmer. 1989: Reifsnyder. 1989: O teng'i. 1994:

Oteng'i et a l . .  19S^5).

The tree canopies shade s o il and crops, reduce evaporation from

crops and s o il,  and lower s o il  and a ir  temperatures. Expending on crop

and tree components, the economic y ields are influenced by radiation

response of d iffe ren t crop sc«ecies. types o f y ie lds (e .g . biomass or

seeds), and the tree-crop com patibility tHazra. 1985). The e f fe c t  o f

shade could be divided into aspects of protection (oos itive  interaction!

and o f competition (negative interaction ) (S tig ter. 1994).

Shading as management and manipulation o f solar radiation has a

wide range o f d iverse intentional e ffe c ts  (e .g . S tio ter. 1984a: 1984b).

Tliese include decreasing evaDoration as well as matching growth and 
. i

availab le nutrients, preventing serious water and nutrient stresses, 

decreasing plant, animal or so il temperatures in d a v - t i m e  and increasing

75
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these temperatures at night, protectij/g crops aaainst rain, hail and 

wind impacts, decreasing a irflow , influencing water vapour, heat- and 

CCh-transport from or to  the surface and reducing weed growth and 

preventing sunscorch. Some o f these e ffe c ts  may be unintentional 

consequences o f management and manipulation options, such as chanaes o f 

temperature and humidity away from optimums or towards conditions that 

increase vu lnerab ility  fo r  diseases.

The trad ition a lly  used shading materials can be c la s s ified  into 

two broad categories: ( i )  natural and ( i i )  a r t i f ic ia l  shades (e .g .

S tig te r , 1984a; 1984b). A r t i f ic ia l  shading materials can further be 

c la s s ified  into organic and inorganic shades. Natural shadina materials 

used trad ition a lly  in Tanzania and many other African countries te.g. 

Acland. 1971; S tig ter. i984a: 1984b) include: trees, high crops

(intercropping and m ulti-storey gardens). 3hrube or plants, creepina 

plants, leaves and standing stubble. A r t i f ic ia l  shading materials 

include materials collected  by a farmer and spread over part or a ll of 

the so il surface. These include: stems, branches and twigs, large

leaves, grasses, le f t  overs from weeding, prunincr or harvesting, saw 

dust and wood shavings, decomposed materials and manure from aung. 

Roofing provided by large broad leaves stuck in the ground and bent over 

seedlings and roo fs  raised on poles, a framework or cage covered with 

c lo th , la tt ic e , grass branches are also used to  shade crops. The root- 

tvpe shades are more advantacreous in cases where drying is  important 

than mulch-type shades because they allow for free  flow of a ir  passing
A

the crops while the la tter creates a layer in  which a ir  is  largely 

stagnant or moves slowly bv convection.

In microclimate manaaement and manipulation o f shade the in terest is 

the modification o f the energy balance at the so il surar'ce. a crop
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canopy, a nursery surface or individual plant organs lik e  leaves, stems, 

flowers or fru its  (S tig ter. 1984b). Solar radiation is the driving 

force o f the energy balance. Shading implies re fle c tion  and absorption 

o f excess so lar radiation, transmitting only the reguirements o f s o il,  

seedling, plant or crop. This transmitted radiation is  'used for 

photosynthesis, heating and evaporation (including drying).

These properties o f shade in a tree/crop system have a wide range 

o f AF application and can be exploited for benefic ia l use by man in AF 

systems to  protect crops from extremes of radiational load (Aciand. 

1971). improve water use e ff ic ien cy  and exclude weeds from the tree/croo 

intercrop (e .g . Jama et a l . .  1991: Budelman. 1988).

In East A fr ica . Jama et al.  (1991) obtained up to 90% reduction in 

weed biomass under Leucaena leucocephala a lle y  cropping in a lle vs  o f 

width 2. 4 and 8 m m  Mtwapa. Kenya. This resulted in an increase of 24 

to  76% in maize y ie lds  in the a lleys compared to crop-only, non

agroforestry (NAF) controls. The 2 m a lleys  had the highest weed 

reduction, as i t  closed it s  canopy ea r lie s t thereby lim iting light 

interception by the weed component.

It  was a lso  found out in  East A frica that in the absence o f 

nitrogenous fe r t i l i z e r s ,  shade increased tea y ie ld s  bv cutting-out some 

PAR to match the lim ited nutrient supply. This was reversed at heavy 

f e r t i l i z e r  supply o f 135 kg/ha rates as shade reduced the y ie ld  bv 10- 

25% (Aciand. 1971). This resulted in Kenya into excluding shade from tea 

completely fo r qu a lity  tea which depends on f e r t i l i z e r  supply. However, 

more recent interpretations o f  older data revealed that mild shading 

would be benefic ia l also to fe r t i l iz e d  tea due to  a compensatory 

assim ilation mechanism from which the tea leaves to  be harvested benefit
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(Othieno and S tig ter. personal comm.). Banana plants and scattered 

forest trees have been used to  protect co ffee  In most parts o f Tanzania 

and Haand a (Acland. 1971). However, i t  was found that bananas somewhat 

reduced coffee yie lds because o f a negative interaction with coffee 

which resulted from reduced photosvnthetically active radiation (PAR). 

The reduction in PAR resulted in reduced production of flower buds.

In West A frica . Lawson and Kang (1990) usina maize and cowpea 

grown in a lleys  o f Leucaena leucocephala. G lin c id ia  sepium. Alchornea 

cc*-difolia  and Acioa barteu on an eroded Egbeda s o il se r ies  (Qxic 

paleustaff) observed decreased yie lds o f maize and cowpea per ha. grown 

in  sequential cropping, when the total dry matter o f prunina from shrubs 

increased under decreasina hedgerow separation. [Palaniappan (1985) 

defines "sequential cropping" as 'The growing o f two or more crops in a 

sequence on the same f ie ld  in a farming year, in wnich the succeeding 

crop is planted a fter the preceding one has been harvested"). The 

shading from Leucaena spp. was more pronounced. Acioa spp.. the least 

p r o l i f ic ,  had the highest maize y ie ld . This c lea rly  demonstrated the 

extent o f interference between pairs o f components in this system with 

respect to  ligh t interception. In order to  modify radiation microclimate 

Lawson and Kang (1990) suggested that the between hedaerows space in 

Leucaena spp. be increased to  reduce the e f fe c t  of shading and the 

resultant depressing e ffe c t  on yields through reduction of crop/ tree 

in terface per cropped area.

In India. Hazra (1985) working on red loamv sand <a l f i s o ls ) at the 

research farm o f the Indian Grassland and Fodder Research Institu te 

using four forage winter crops: barley (Hoirieua vulaares L . j .  oats

(A vena sativa L . ) .  Chinese cabbage (Brass ica caapestns L . ) and
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safflow er (Cai~thamus tin ctoriu s  L.) in association with individual 

agroforestry tree  species components o f Albizzia lebek. Acacia t o r t i l i s  

and Leucaena leucocephala found highest to ta l biomass y ie lds (re la t iv e  

to  y ie lds in open) in the four crops in Albizzia sop. and lowest in 

Leucaena spp. The forage y ie ld s  (average o f a ll crops) matched the 

amount o f radiation intercepted by the understorey crop. The y ie ld s  from 

the seeds were highest in Leucaena spp. suggesting more dry matter 

partition ing in to  the seeds at low radiation leve ls .

2.3.3 (b) Dry matter production and solar radiation

When water is  not lim iting , the to ta l dry matter produced by 

vegetation is  lin early  re la ted  to  intercepted solar radiation , in the 

photosynthetically active (PAR) range (0.4-0.7 um). and the duration of 

i t s  growth in accordance with £q. 10 (Allen et a l . .  1976: Ong, 1989).

IW -S */*<?*£ dt ( 10 )

where DM is  the to ta l dry matter produced by the vegetation 

(t/ha):

S is  the to ta l radiation (mean of da ily  to ta ls ) (MJ/ma): 

f  is  the fraction  o f mean da ily  insolation intercepted by the 

canopy:

e is  the amount o f dry matter formed per unit of radiation 

intercepted (conversion co e ffic ien t) (g/MJ):

Zdt is  the duration o f crop growth in days:
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The value o f S varies from 12 to 30 MJ/m2 in the trop ics. The leaf 

area of the vegetation determines f at any time and f  can be related to  

the leaf area index by an extinction co e ffic ien t that depends only on 

the orientation and d istribu tion  of fo liage .

More temporal sharing o f ligh t has been reported in intercropping 

systems when each component makes its  demand at d ifferen t times of the 

growing period to  improve ligh t interception (S tig ter and Baidy. 1994). 

As an example, i t  was shown that at ICRISAT each component of a 

crroundnut/pigeonpea intercrop, where the intercrop plant density was the 

sum of the sole crop densities, intercepted 15% more PAR than did sole- 

cropped pigeonpea because the rapidly growing groundnut canopy

intercepted a maximum o f the mean da ily  PAR in 45 to  50 days (e.g. 

W illey et aJ.. 1986: Ong. 1989). The slower-growing piaeonpea took 90 to 

100 days to  intercept its  maximum.

Biomass production in some intercropping systems also increases 

due to  improvement o f the amount of dry matter formed per unit o f PAR 

intercepted, by a spatial sharing of solar radiation (e .g . W illey et 

a l . .  1986: Ona. 1989). A combination o f one row o f m illet and three rows 

o f groundnut resulted in a 28% increase in biomass, largely due to  a 27% 

improvement in the dry matter formed per unit o f PAR intercepted. As a 

manaaement measure it  was recommended to  manipulate the microclimate by 

allowing the tree  canopy to  intercept radiation during the early  part o f 

the arowina season when the water supply is  favorable but the crop is 

too open to intercept more than small energy. Once the crop canopy 

becomes nearly closed, the trees should be pruned. This pruning o f tne 

trees is done so that a fast crowing crop like m ille t can intercept most 

o f the solar radiation during the rainy season. The tree is  then allowed
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to  regrow a fte r  removal o f m ille t  during the drv season.

In the dry matter production model o f A llen et al. (1976) (Eq. 

10). so lar rad iation  is  the only environmental factor. I f  the proportion 

o f PAR intercepted and the flu x  density o f PAR on the crop are monitored 

over the period o f crop growth and the drv matter measured at harvest, 

the conversion e ffic ien cy  o f each crop could be determined. The 

remainder o f experimental treatments and f ie ld  manaaement could then be 

interpreted in terms of th e ir e f fe c t  on e and f .

This analytica l approach could help to  determine production in 

natural ecosystems and agricu ltural crops using solar rad iation  data 

aione. The in terpretation  comes from increased early interception of 

PAR. increased canopv duration and longer periods o f photosynthesis 

and/or increased e ff ic ien cy  o f conversion o f PAR to dry matter. These 

obvious in terpretations also ex ist in evaluation of drv matter 

production by intercrops in agrotorestry systems te.a. Jackson. 1969b: 

Oke. 1987).

2 .3 .3  (c) Interception o f photosynthetically a c tiv e  radiation (PAR) by

trees and crops

PAR is  transmitted through leaves and between leaves, thus 

resu ltin g  in sun-fleck and shadow patches. PAR is  therefore r e la t iv e ly  

less  in the periphery or the sun-fleck and in the shade that f a l l  on the 

understorey crop. This mode o f transmission changes the spectral 

composition rap id ly  with death in the canopy (Szeicz. 1974a: Delta-T

Devices Ltd .. 1988). Its  soectral quality is  modified, although very 

minimally in the sun-fleck areas. Radiation in the shade areas is 

strongly  depleted o f photosvntheticallv active comoonent (PAR). On the
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average for the sun-fleck and shade areas the PAR content o f the tota l 

so la r radiation rapidly diminishes with depth (Szeicz e t a i . .  1964). The 

trees which form the ta l le r  component (or the upper storey) with hiaher 

canopies in an aoroforestry system reduce the PAR in the to ta l solar 

rad iation  that fa l l s  on the lower canopy crop component (e .g . Szeicz. 

1974b. Monteith and Unsworth. 1990).

Mathematical solar radiation interception models for trees and 

crops have been developed by many workers over the years (e .g . Szeicz et 

a l . .  1964: Szeicz. 1974a: 1974b: Monteith. 1977: Jackson. 1983: 1989b: 

Jackson and Palmer. 1989: Monteith and Unsworth. 1990: Ong, 1989).

Transmitted and modified ligh t through a crop volume o f one unit 

o f lea f area thick and depletion through layers o f such units is  given 

by Beer's law (Monsi and Saeki. 1953) as in Eq. 11:

- p  -exp  (-Jc/L) (11 )

where I0 is  the radiation arriv in g  at the top o f  the canopy and I total 

irradiance at the depth considered, with L accumulated lea f area index 

(LAI) above that le ve l. L is measured LAI downwards from the top o f the 

canopy. For a small incremental lea f area dL' is  used. I f  k '- W A  is 

the shadow cast by a unit area o f leaf ( i . e .  A is  area o f a horizontal 

le a f assumed to  be perpendicular to the sun rays and Ar, area of 

shadow), the product (A*-,/A)*dL is  the shadow area index, which is  the 

area o f horizontal shadow per unit ground area. The parameter k' is 

known as extinction  co e ffic ien t which depends on the le a f angle

1
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d istribu tion  o f the canopy elements and the zenith anaie o f the sun 

(e .g . Szeicz. 1974b. Monteith and Unsworth. 1990). This model is  based 

on Beer's exponential law o f diminishing ligh t as it  passes through the 

atmosphere.

The fraction  of rad iation  transmitted by unit leaf area without 

interception is  called sunfleck parameter. S. and the secondary 

transmission through leaves is  ca lled  lea f transmission, r . Using these 

parameters the equation then becomes

(1-5))^ (12)

Eos. 11 and 12 use d iffe ren t assumptions with respect to  tne leaf 

overlap. Hence, k ' and S are not simply rela ted . However, fo r  small L. 

say L - l. k - ( l - 'n ( l - S )  fo r large S or r .  For large L. say L > 2. and S 

and r  small. k ‘ and S very much d if fe r  (e .g . Szeicz. 1974b: Monteith 

and Unsworth. 1990).

Jackson (1983: 1989b) and Jackson and Palmer (1989) have developed 

ligh t interception models, based on Beer's exponential law. that could 

be used in AF systems with any level o f complexity, in shade responses 

o f  d iffe ren t crops, growing seasons and cropping patterns, to guide the 

d ire c t planting o f AF trees and exoermentation with planting systems in 

AF systems.

Allen et al. ( 1976), Jackson (1983: 1989b): Jackson and Paimer

(1989) and Ong (1989) discuss the models developed, taking in to  account

complexities belonging to  the agroforestry systems as far as light
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interception is  concerned. In crop and y ie ^ i improvement studies in 

agroforestry systems, examination was necessary o f two versions o f these 

models:

( 1 ) based on Beer's Law (e .g . Jackson, 1983: 1989b and Jackson ana 

Palmer, 1989): and

( i i )  m u ltip lica tive models (e .g . Allen e t al . .  1976: Ong. 1989).

Light interception in discontinuous multistorey canopies, sav crop 

and tree canopies, in agroforestry (AF) systems could be d ivided into

( i )  the fraction  o f ligh t that misses the tree  canopies completely but 

ge ts  intercepted by the crop canopy, and ( i i )  the fraction that passes 

through the tree canopy to  reach the undercrop, as given in Eq. 13 (e.g. 

Jackson. 1983: 1989b: Jackson and Palmer. 1989).

(!-▼,) •xp-Jtt7 (13)

where Y  -  to ta l penetration o f ligh t to  the undercrop:

-  ligh t which misses the trees completely to reach the

undercrop:
w

c -  ligh t which passes through the tree canopy:

L' -  L / (1 -Y f )jthe tree lea f area per unit or ground which i t  

poten tia lly  shades, that is ,  the unit area enclosed by the 

outline o f the projected cast shadows o f trees in the direct 

ligh t:

k -  extinction  co e ffic ien t.

Eq. 13 could be reduced to g ive  the fraction  (F) intercepted by the

tre e  canopies alone as F-Fm«x-Fm*Lx«_RL'.
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Spectral quality o f the transmitted PAR changes when radiation 

passes through layers o f leaves due to d iffe ren tia l r e fle c t io n  arid 

absorption by leaves. These changes a ffe c t plant photornorpnogenic 

processes (e .g . A llen et al . .  1976: Monteith. 1977).

2.3.3 (d) Radiation interception by individual ta l l  trees

The shadows o f a system o f ta ll trees intercropped with shorter 

crops in an agroforestry system sweep d a ily  across the f ie ld , depending 

on the sun's zenith angle. Of the 12 hrs o f daylight in Matanya for 

example. we estimated the Grevillea robusta crown shadows to s i t  on the 

AF plot fo r  more than 5Cfo of the time, taking into account the plot 

orientation  and the spacing between trees. At low sun (or larger zenith 

angles) the shading from trees increases. The shadows extend in area as 

they become elongated. The shading e ffe c t  of tree  shadows aiso vary with 

the sun's seasonal declination (e .g . Monteith and Unsworth. 1990: 

Jackson and Palmer. 1989). The amount o f d irect solar radiation 

intercepted by trees, that is . when they are not shadina each other, 

could be evaluated as suggested by Monteith and Unsworth (1990).
b

Management and manipulation methods that minimize competition for 

ligh t between crops and trees so that they put more e f fo r t  into 

producing seeds, fru its  and biomass (leaves, stems, branches and roots) 

are the most idea l. That way more plants w ill  reach their fu l l  y ie ld  

capacity to  increase productivity in an agroforestry system.

Crops normally avoid shades by elongating th e ir stems. In doing so 

they u t i l iz e  energy which would otherwise have gone to production of the 

economically important parts o f the plant. The shade avoidance response 

is  actually a response to  the presence of fa r red licrht o f which
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wavelengths are too Iona to be v is ib le  to the human eyes. When plants 

grow closely together. th is fa r red ligh t is  mostly re fle c ted  bv them. 

Receptors in the plants which receive re flec ted  far red ligh t trigger 

the Droduction o f phytochrome B which stimulates the plants to  grow 

upwards (Smith. 1995). In cu ltivated crops competition simply leads to 

unproductive growth as the plants try  to  out-do each other (e .g . Pearcy 

et a i . . 1981: Pearcy. 1989: Tieszen. 1983). However, under natural 

conditions th is competition is  advantageous to  the ta l l  plants (Smith. 

1995).

2.3.4 Soil temperature

2.3.4 (a) Overview

The rate o f absorption o f heat resu lting from the solar radiation 

load to the s o il surface and it s  transport to  deeper layers varv for 

d iffe ren t so ils  (under identical weather conditions) depending on their 

composition (l.e. air. watar. solid mattar and albedoi. Tha g#c«stry or 

the surface cover indeed also a ffec ts  the rate o f heat absorption am 

th is  includes the method o f t i l la g e .

T illaae resu lts  in s o li lumps (clods) o f d iffe ren t s izes covering 

deeper continuous so il layers. T illaae  a lters  the thermal properties or 

the so il by increasing the a ir  content o f the upDer iayer. wmch 

generally decreases thermal conductivity . X. more than thermal capacity.

C. and therefore thermal d if fu s iv ity . X/C. The so il surface broken bv 

t i l la g e  also acts as mulch on the underlying non-til led continuous layer 

and diminishes communication o f th is  layer with wnat happens above it  

(see section 2 .3 .1c). The ciods act as a better insulating iayer than 

the o r ig in a lly  undisturbed so il surface layer bv reaucina the amount or
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heat that enters the underlying so il layers. The damping depth (D) is 

related to  the thermal constants of the s o i l .  X and C. v ia  Eg. 14 iw 

w il l  be explained la te r ):

D-[2k/Cu)1/2

I t  follows from the above that t i l l e d  s o il gets a smaller. D. 

which is the depth at which the amplitude o f the diurnal temperature 

wave reduces to  e-1 of its  values at the surface, than the underIyina 

more compact s o il  (van Wijk. 1965). We w ill mathematically deal with 

that below.

The rate o f heat transfer shows up in the change o f the 

temperature amplitudes with depth. In dry s o ils  D is  strongly dependent 

on the (low) moisture content (eg. Othieno e t  a l . .  1985: Van Wijk. 

1965). Hence, from the dynamics o f so il temperature alone one is  able to 

establish the thermal and so il moisture conditions o f various so ils , 

including the influence o f mulches.

2.3.4 (b) Diurnal variations o f  s o il temperature

The diurnal variation o f s o il temperature is  greatest on clear 

days when neither solar radiation nor te rres tr ia l long wave rad iation  is 

intercepted by clouds. On such days the variation  is  essen tia lly  

sinusoidal in character, and even more so in the tropics with near 12 

hour periods o f day and night time. For that case the s o il temperature.

T ( z . t ) .  a t so il depth, z. and at anv time . t .  is  given by Eg. 15:



08

T(z,t) - f  * A0 exp(-z/D) sin (o t^ -z / C ) (13)

_ •
where I  is  the 24-hr average s o il temperature fo r the day in ouestion. 

This T r'or a certain  day. week or month is  approximately the same at a l l  

dept, is shallower than 30 cm. the depth at which the so il temperature 

amplitudes s ta rt to be less eas ily  d iscern ib le. Ao is the diurnal 

amplitude of the temperature wave at the s o il  surface. It is  half the 

fu ll  range o f diurnal temperature variation. Because D is proportional 

to  the square root of the tnermal d iffu s iv ity . a -  X/C (see Eq. 1 4 k  the 

damping depth can be used to calculate thermal d iffu s iv ity . In Eq. 15.
♦

is  the c irc le  (or rad ia l) frequency which is  2n times the reciprocal o f 

the diurnal period: thus o> -  2ir/24 - 0.261904 hr*1 - 7.27313 s -1 -

'ot-o is a phase constant determined by the time scale used (e .g . van Wijk 

e t al..  1959: van Wijk. 1965; S tig te r  et al. .  1904a: 1984b).

The term A- A«,exp [-z/D] in  Eq. 15 means that the amplitude o f the 

temperature wave decreases exponentially with depth. When the depth -  

equals D. the amplitude has reduced to 1/e -  1/2.78 - 0.36 o f it s  value 

at the surface. Ao. Thermal capacity depends on so il composition ( i .e .  

water, a ir  and s o il  solids (texture and s tru ctu re )). C may be decomposed 

in to  its  constitutional form as in Eq. 16 below.

C  m CgX-, ♦  CJCy * CaXa ( 1 6 )

where su ffixes s. w and a stand fo r  so lid , water and air.



89

Homogeneity o f the so il may be demonstrated by determining damping 

depth values at various z values shallower than the 30 cm reference 

depth. Mwampaja (1983) used s o i l  temperature data for Kericho (Kenya) 

to  demonstrate that the 'lamping depths obtained from two methods 

discussed by van Wijk (1965). that is . one based on the amplitude term 

(Ao exp(-z/D) and the other on the time o f maximum or minimum 

temperature in the trigonometric term (sin (^t+^-z/B)) were close to 

each other in that s o il,  proving th is way that the so il concerned was 

homogeneous.

In princip le, vegetation shade may be estimated by comparing son 

temperatures near the surface (e .g . Mwampaja. 1983: Mungai. 1991: 

Onyewotu et a l ., 1994). Mwampaja (1983) found that 60% tea canopy cover 

provided supplementary shade but did not act as supplementary muich. 

Mungai (1991) observed that Cassia hedge shade could be monitored 

through so il temperature data taken at 7.5 cm depth. Vandenbeldt and 

Williams (1992) demonstrated that shade induced reduction o f soil 

surface temperature (at 2 cm depth), particu larly  at the time o f m illet 

crop establishment, contributed to the better growth under the 

Faidherbia albida AF trees. The authors proposed greater use o f shade in 

the semi-arid areas o f Niger to  reduce so il temperatures to the benefit 

of. the crops. Onyewotu et al. (1994) showed that an increase o f dry soii 

temperature with distance to a Eucalyptus camaldulensis shelterbelt was 

in  the f i r s t  12 m immediately re la ted  to  the diminishing shading.

2.3.4 (c ) E ffects  of homogeneity o f the s o il on D-values

Mechanistic models o f heat and water transfer at hourly intervals

in  a soi 1/unchopped mulch system, to simulate so il temperatures ana

water content changes in coupled heat and mass transfer, and of
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rad ia tive  and convective exchanges in the mulch layer, have recently
i

been developed (Eussiere and C e llie r , 1994). These authors validated the 

model with s o il  temperature measurements taken at two depth ( i . e .  2 cm 

and 20 cm) in mulched and bare so ils . They found that the mulch induced 

lower d a ily  temperature amplitudes and decreased average temperatures by 

6° C at 2 cm and 2° C at 20 cm depths. This thermal e ffe c t  o f the mulch 

was estimated using S t ig te r 's  ra t io  R.ti-EW 'Do.i and Eas. 14 & 15. 

where E>b» and Dn»i are respective ly  the d ifferences between the (fo r  

example monthly mean) da ily  temperatures at any time and depths and 

actual averages at the same time and depths o f the bare and muiched 

s o i ls  (S tig te r  et al . .  1984 a, b: Othieno e t a l . .  1985). They obtained 

large R .t i  fo r  thinner grass mulches and small R»t l  fo r very dry 

conditions.

Eq. 14 and 16 suggest that so il traction , that is . workina the 

s o i l  by hoeing or ploughing, could reduce D. ESctremely hiah ra in fa ll 

influences s o il compaction at the surface and erosion o f the top s o il,  

thereby increasing D. Eq. 14 and 16 a lso show that increase m  water 

content o f the s o i l ,  which reduces i t s  a ir  content, increases C. 

However, 1. w ill  increase even more and therefore D w ill increase.

2.3.4 (d) Surface cover effects on soil temperature parameters

Changes o f conditions at the s o il surface or o f the s o i l 's  

physical properties influence s o il microclimate. Soil microclimate is 

therefore also influenced by irr iga tion  or sprinkling, drainage, 

shading, s o il  t i l la g e  and windscreen (windbreaks and she lterbe lts ) (van 

Wijk. 1965). I t  is  an in teresting question whether a l l  these

manipulations may be seen as a form of mulching and may in one way or
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anothei also be represented, by changes in the diurnal temperature 

behaviour.

2.3.4 (e) Mulching effects on soil temperature

Mulch reduces the range o f diurnal so il temperature variations by 

reducing the temperature maxima and increasing temperature minima. I f  

the re fle c t io n  o f the s o il is  lower when the surface is covered by 

plants than in the case o f bare s o il ,  th is  resu lts  in increased absorbed 

rad ia tion . The albedo o f a fu lly  covered green surface is  approximately 

equal to  25%. A dry sandy ligh t coloured s o i l  may therefore have a 

la rger albedo. The mulch becomes the e f fe c t iv e  surface at which the 

radiant energy is  absorbed (van Wijk. 1965: S tig ter et aJ.. 1984a:

1964b).

In the s o il  covered bv a uniform mulch layer o f the same albedo.

which in p rin c ip le  only applies to  a layer o f another homocreneous soil

o r  other comparable material, we could use the theory o f heat conduction

in  an in fin ite  homogeneous medium since i t ' s  thermal properties are

assumed to  be approximately constant with depth (e .g . Duin, 1956: van

Wijk. 1965: van Wijk et a l .. 1959). I f  A be the amplitude o f the so il

temperature at the surface o f an unmulched homogeneous so il possessing» ~

the same thermal conductivity. and thermal capacity. C. as the so il 

under the mulch, the ra t io  of the amplitude o f the mulched s o il  to  that 

o f  the unmulched s o i l  would be presented in Eg. 17 or i t s  modified form
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Am_ f [ r 2exp { -2dfDJ  +2rexp (~2d/D.) 
Au [ r 2exp ( -4d/Px) -2rexp (-2d/DJ

+exp(-2d/P,)] [&2C23 „
■̂C08(2cf/D1+lJ] J

A« - r  ^LC,Ie x p (4 d /I)1) + 2 r [exp (2 cf/D ,) ] c o s  (2 d / D . )+ r2 , „  

AU A ^ e x p U d / I ^ )  - 2 r  [exp  (26/D^) c o s(2 d / Z \ )  +ra

r s _O i q ) V M X i q ^

(^ 1ck )1/a+(^aca )1/2

in  Eq. 18 (van Wijk et a i . .  1959): here a*. & i 2) are the thermal 

conductiv ities o f the mulch layer and the s o il respectively . Cx and C2 

are th e ir  respective volumetric heat capacities. Dx is the damping depth 

o f  the mulch layer. The parameter r  is  defined by the expression in Eq. 

19. *

The weakness o f the above approach is  that i t  cannot be used in 

p ractice  but in a few rather particu lar cases. The albedo of mulches is 

normally d iffe ren t from that o f the s o il and homogeneous mulches are 

exceptional. Therefore the approach with an apparent radiation change, 

where the energy absorbed under the mulch is  d ea lt with as i f  only the 

albedo changes is  much stronger (S tig te r  e t a l . .  1984).

Soil temperatures and water losses under chemically k illed  

vegeta tive  mulch canopies in n o -t illa g e  crop production have been 

examined using a numerical dynamic model o f s o i l ,  canopy and lower
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atmosphere coupling, including iiquid and vapor movement in the s o il,  

and free and forced convection in the canopy (Ross et a l . .  1965a; 

1985b). For example, mulch canopies that intercepted 80 and 50% of 

incoming rad iation  could keep the so il temperatures within 10 and 20* C 

respective ly  o f ambient temperatures in a s ituation  wnere the bare so il 

temperatures could rise  to 30* C above ambient. The model also found 

that a moderate wind could reduce so il temperatures under mulch only a 

few degrees but cooled the canopy much more. Roughenina surface could 

help cool the surface.

On the mulched s o il ,  mulch acts as a shade as well as an 

insulating layer, both reducing the amount o f heat that enters the so il. 

A lesser fraction  o f incident radiant energy is  converted in to  heat at 

the surface i f  the re flec tion  coe ffic ien t o f the mulch exceeds that of 

the unmulched s o i l .  However, in partly transparent mulches the heat from 

net transmitted radiation is sp a tia lly  very d iffe ren t ly  converted into 

heat. The emission coe ffic ien t fo r  te rres tr ia l long wave radiation  is 

assumed to  be p ractica lly  the same for the s o il and for the mulch layer. 

Evaporation is  reduced by drv mulch, because of less heat being 

ava ilab le . Hence, a smaller fraction  of the to ta l heat generated at the 

surface is  used as latent heat o f vaporization (van Wijk et a l . .  1959. 

S tig te r  et al..  1984a).

S tigter e t a l. (1984a: 194b) derived a relationshiD known as 

S tig te r  s ra tio . R.t i. fo r  two homogeneous s o ils  with identica l thermal 

properties but d iffe ren t (apparent) albedos where the heat reaching the 

s o il  is  considered as diminished by albedo changes only, with average 

temperature. T ( z . t )  -  T. (Dj*. and Cti were abbreviations used in 

sections 2.3.4 (c ) for a comparison o f a bare s o il  and a mulched s o i l ) .
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'#ei
1 -P l
1 -P 2

tx (z, t) 
t2 (z, t) -7 7

( 2 0 )

Eq. 20 is  va lid  fo r  harmonic variations. At the s o il surface th is 

re la tion  applies also to  the amplitudes (Ao i. Ao2) o f the surface 

temperature waves at two s ite s ,  one o f which fo r  example being 

completely bare. Eq. 21 therefore becomes

'atl ( 21)

This ra t io  o f the amplitude o f the s o i l  temperatures in the 

homogeneously mulched to  that o f  the unmuiched s o ils  was e a r lie r  used by 

Duin (1956). van Wijk et al. (1959) and van Wijk (1965) in the mulch 

more lim ited approach as given in  Eqs. 17 & 18. to  quantify the e ffe c t  

o f  a homogeneous non-transparent mulch on the s o il  temperatures. where 

the heat flu x  entering the unmulched and mulched so ils  is  uniform arid 

the heat exchange takes place id en tica lly . This ra tio  is  s im ilar to  the 

one la ter derived by S tig ter et  al. (1984a: 1984b) in Eq. 20 fo r  two 

homogeneous s o ils  with iden tica l thermal properties but d iffe ren t 

albedos. However, that methodology was subsequently extended, by the use 

o f  apparent albedos, to  a ll mulches fo r  which the heat en terirg  the 

o r ig in a l but now covered so il surface could be expressed as due to  an 

apparent change in albedo alone. These ra tios  (Ec. 20 and Eq. 21) were
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used by Othieno et al. (1985) to demonstrate thermal e ffic ien cy  o f 

d iffe ren t grass mulches that were used for erosion prevention in young 

tea.

At the CSIRO Davies Laboratories in Australia. Bristow Q986) 

observed that mulch architecture (horizontal and v e r t ic a l-  chemically 

k ille d ) influenced so il temDeratures only a fte r  the s o ils  under 

d iffe ren t mulching architecture had dried s ign ifica n tly  a fte r  a neavy 

storm (or ir r ig a t io n ). The s o il  temperatures under both systems of 

mulches d iffe red  markedly with the so il temperatures in the bare so il. 

This was attributed to the slow e ffe c t  o f mulch architecture on enercry 

balance (that is  d ifferences in spatial heat exchange) which became 

apparent only a fte r  s ign ifican t drying had taken place, which was a fter 

12 days. This sort o f change could not influence seed germination, which 

takes about 7 days to occur.

I t  has been observed that rainy periods may even resu lt in
k

negative da ily  heat fluxes near the surface while positive fluxes occur 

during intervening dry spe lls  (Krishnan and Kushwaha. 1972).
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CHAPTER THREE

3 Materials and Methods

3.1 Crop

3.1.1 Materials

3.1.1 (a) Matanya experimental s ite

On-station experiments were carried out at Matanya LRP station 

situated 25 km southwest o f Nanyuki town, on the slopes o f Mt. Kenya. 

The sta tion  is  located on la titude 0* 04 'S and longitude 36‘ 57'E at an 

a ltitu d e  o f  1840 m a .s . l .  (see F igs. 1 and 2 ). The land at the station 

has a slope o f 4-5%.

Although the b ilk  o f the work was started  in the long rains 

(March-June) o f 1992 (LR92). when the actual experimental layouts to 

measure various parameters were set in place, in order to fam ilia r ize  

ourselves with the ex is tin g  problems, we did some preliminary f i e ld  worn 

in  the short rains o f  1991 (SR91).

We put a l l  p lo ts  in same treatment by d eep -t illin g  and muicned a ll 

the p lots at 3 t/ha crop residue (P late 1). The experimental p lo ts  had 

been used by LRP. the host in stitu tion , ever since the s ta tion  was 

started  in 1986. Placing a l l  D lots under the same treatment d . e .  deep- 

t i l l e d  and mulched with 3 t/ha crop residue), fo r  the 3R91. was meant to 

do away with d ifferences that (night arise as a resu lt o f usage o f oast 

years and to  lessen compaction. Results o f SR91 were therefore meant to 

show the e f fe c t  on crop growth and development as well as on biomass and 

gra in  y ie lds  o f the crop component in the agroforestry system under 

mulching and deep t i l la g e  which was the same fo r a l l  p lo ts . The 

G revillea robust a root pruning exercise had to  continue fo r  the 

assessment o f competition fo r  s o il  moisture between the intercrop arid AF
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trees and live -fen ce . The p lo ts  h itherto used and th e ir layout are 

presented in F igs. 7. 9 and 10 (fo r  agroforestry p lots) and F ia. 3 for 

the en tire  Matanya station . They are:

( i )  mulched control (rep lica ted  three times) (Ml. M2 & M3).

( i i )  Local control (rep lica ted  three times) (L I. L2 & L3).

( i i i )  agro forestry  (AF) p lo ts  (root-pruning and unpruned rep licated  

once fo r  each).

Note that some p lots  which were s t i l l  used by the LRP during our 

experimental periods are marked ,NU' in Figs. 8 and 12 meaning ‘ not used 

by u s '. Farm-yard manure was not applied in SR91 because the same had 

been applied LR91 at 10 t/ha and was considered adequate even for SR91.

3.1.1 (b) Experimental layout in agroforestry (AF)

For LR92 and la ter seasons, the part o f AF with G rev illea  robust a 

trees , which measured 25 m bv 30 m. was divided into four s tr ip s  (AFM1. 

AFM2. AFL1 and AFL2) each of 30 m by 5 m p a ra lle l to the shortest side 

o f  the en tire  AF p lot, which measured 55 m by 30 m. The s tr ip s  run 

roughly east-west. The four s tr ip s  are shown in  the layout (F igs. 9 & 11 

and Plate 2 ). Two plots (AFM1 & AFM2): one in the pruned (AFM1) and 

another in the unpruned (AFM2) portions o f the AF plot, were treated to 

3 t/ha mulch plus minimum t i l la g e .  AFM1 and AFM2 were minimum t i l l e d  bv 

t i l l i n g  a depth o f 4 to  5 cm and then mulched with 3 t/ha crop residue 

from the previous season. Two other p lots (AFL1 & AFL2): again one in 

the pruned (AFL1) another in the unpruned (AFL2) portions o f the AF. 

were treated to deep t i l la g e  but without mulch. AFL1 and AFL*. were deep 

t i l l e d  by t i l l i n g  a depth o f 20 to  25 cm. A ll o f  the p lots at the 

s ta tion  were treated with a low ra te  of farm-vard manure at 5 t/ha each 

season, except SR91. Root-pruning was done by d igging a trench o f 30 cm
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P la te  1. The f i r s t  land preparation for a Short Rains 
growing season iSR91) during which a l l  p lo ts  were 
deep t i l l e d  and mulched.

P la te  2. LR92 showing two plots o f Mulch plus minimum t il la g e  
and plots o f Local plus deep t i l la g e  in the AF plot.
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deep and 20 cm wide, s ta rtin g  at a distance 50 cm around G revillea 

trees  stem (F ig . A l).

3.1.1 (c) Experimental layout in non-agroforestry (NAF)

During LR92 we opened up new control p lo ts  ( i . e .  Local control 

marked L4 and L5 and Mulched control marked M4 and M5 in Fia. 8 & 13) in 

addition to  those given in ( i )  and ( i i )  o f section  3.1.1 above, because 

we had found that the o ld  control plots (marked L I. L2. L3 & Ml. M2. M3> 

were not uniformly exposed to  the prevailing strong winds, which is a 

great menace in  the area between June arid September. This was meant to 

t r y  to  homogenize control p lo ts , given th e ir h is to r ica l background. Each 

o f  these new p lo ts  measured 12 m by 3 m on a fallow  area o f  25 m bv

13.5 m. with a footpath o f  0.3 m between them. The design of the new NAF 

p lo ts  was sucn that mulch pius minimum t i l la g e  and unmulcned plus deeo 

t i l la g e  were rep lica ted  twice in diagonally opposite p lots (P la te  3 arid 

F ig . 8 ). A one metre wide bufrer area planted witn a row of maize, was 

created around these p lo ts . For practical reasons the averages o f a il

Local control p lo ts  (L I .........  L5) and Mulched control plots (M i.........

M5) w ill hereafter be re ferred  to Local (L) and Mulched (M) 

respective ly .

Although a l l  p lots at Matanya had been put under the same 

treatment fo r  SR91 as explained above, contrary to  the AF p lo ts , that 

previously had iden tica l treatments, pruning apart. for LR92 and later 

seasons the control (lo ca l: L I. L2 & L3 and Mulched: Ml. M2 & M3) 

reverted  to  the same treatments as previously used by LRP. This was 

meant to avoid heterogeneities that would resu lt from changing 

treatments. I t  should therefore be noted that in tne AF/NAF comoai isons 

during our experimental period, y ie ld  comparisons were made between AF
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P la t e  3. LR92 show ing d ia g o n a l ly  o p p o s ite  Mulch
and Loca l tre a tm en ts  in  the new c o n tr o l p lo t  
s i t e .  Mulched p lo t s  were minimum t i l l e d  and 
L o ca l p lo t s  were deep t i l l e d .

P la t e  4. Author e x p la in in g  t o  a s s is ta n t  th e  method o f  
h a r v e s t in g  o f  beans on 5 th  J a n ..  iy y ^ .
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p lo ts  that previously only had pruning as d ifference  in treatment but 

from LR92 onwards got our treatments, (including again prunina/ not 

pruning). and NAF plots that received these treatments already prior to 

SR91.

3.1.1 (d) Crop v a r ie t ie s , spacings and d irec tion  o f sowing

The sowing o f the maize H511 and rosecoco beans was done in the 

en tire  f ie ld  along the contours and made an angle o f 20“ with the north 

and south, that is . 340* from true north (see dotted lines in F igs. 10 

and 15. The spacings were: maize in 94 cm by 60 cm and beans in 94 cm by

20 cm, a l l  with two seeds per hole.

Twenty plants in each o f the plots, that is wnat would the

follow ing year become Local (L) control and Mulched control (M) Dlots 

and agroforestry p lot (AF) were observed for phenological phases everv 

week.

3.1.1 (e) Measurement o f maize heights and gra in  and biomass 

y ie ld s  o f maize.

The fo llow ing data were measured on weekly basis: maize Diant 

heights and phenological phases o f both maize and beans for a i l  six 

seasons: Short ra ins o f 1991 (5R91). Long rains o f 1992 (LR92). Short 

ra ins o f 1992 (SR92). Long rains o f 1993 (LR93). Short rains o f 1993 

(SR93). Long rains o f 1994 (LR94) and Short rains o f 1994 (SR94).

Fig. 9 d isplays 31 maize rows numbered from 1 to 28 and TR1-TR3 

and f iv e  Grevillea robusta tree rows (A, B(TR1). C(TR2). D(TR3). E<.

Three o f the tree  rows (B(TR1). C(TR2) & D(TR3)) are in the middle o f AF 

D lot and two ( i . e .  A & E) along the eastern and western sides o f  the
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live -fen ce . The interspaces between tree rows are given in Table 9 as 

A-B. B-C, C-D and O-E. There are 7 rows o f maize and 7 rows o f beans in 

each space between two rows. F ig. 9 also has two rectangles. PQRS. 

covering maize rows 8-12 and beans rows 9-13. on the upper (eastern) ana 

P'O'R'S' covering maize rows 17-21 and beans rows 20-24. on the lower 
(western) parts o f AF. These rectangles enclose the areas where we took 

weekly maize height measurements as mentioned in Chapter 3. We a lso  used 

these rectangles fo r  harvesting o f LR92 maize and beans biomass and 

beans seed y ie lds .

Four rectangular areas running east-west in  each o f the treatment 

p lo ts  AFN1. AFL1. APW2 and AFL2 leaving a bu ffer of 60 cm from the 

border of two adjacent p lots, were used fo r harvesting in SR92 when we 

had a successful season. For LR92 we harvested to ta l biomass per row in
I

each plot in the two rectangular areas, in the upper (PQRS) and lower 

(P 'O ’R 'S ') parts o f the AF plot shown in F ig. 9. The maize rows were at 

the distances o f 94. 188 . 282 . 376 & 470 cm from each o f the two tree 

rows. B(TR1) and D(TR3). because we want to understand the nature of 

biomass y ie ld  d ifferences and gradients symmetrically from two tree  rows 

in the middle of the AF p lot. For the control p lo ts  we also harvested 

per row to ta ls  in smaller areas o f 9 m by 2 m in each plot.

Substantial maize grain and cob y ie lds and biomass from stover 
were obtained on ly in 3R92. Of the seven seasons we worked at Matanya. 

the remaining seasons produced only maize stover biomass y ie ld s  bat no 

grain  y ie lds. Maize grain ana cob harvesting were done plant by plant in 

the perceived area o f the high Grevillea  influence. The four AF plots 

(AFM1. AFM2. AFL1 & AFL2) were harvested th is way leaving four rows next 

to  the western /lower andeastern /upper hedges. The four rows nextto the
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maize rows (beans rows between maize rows are not shown) SR92 harvesting  
model ( fou r  E-W rec tan g le s )  and areas o f  Baize height measurements and 
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lib , dd '.  f f 'and hh' are lines io i i in e  a ll fourth holes in the sok Blots.
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hedges and the remaining parts o f the crop area, including NAF. were
I

harvested lin e-by-lin e  .

The follow ing parameters were measured:

( i )  number o f plants per hole.

( i i )  number o f cobs per plant and the weights of the same at 

harvest,

( i n )  the weights a fte r several days o f drying in the open (sundry),

( iv )  the weights of the same a fte r  24 hrs in the oven (oven-dry). 

Maize cob weight (COW) and grain weight (GOD) at oven-drv were 

worked out using the ra tios as follows:

Cob Ovendry Weight (COW)- head weight at harvest (HW) X moisture 

change o f heads from harvest to  sundry (76.4%) X ra tio  o f cob to 

head weight (21%) X moisture change o f heads from sunary to 

ovendry (82.4%) -  HW * 76.4% * 82.4% * 21% -  HW * 0.764 * 0.824 * 

0.21 -  HW * 13.2%.

So cob weight a fte r  drying in the oven fo r 12 hrs was round to be 13.2% 

o f head weight at harvest (HW).

Grain Ovendrv Weight (GOD) -  head weight at harvest (HW) X moistuie 

change of heads from harvest to  sundry (76.4%) X ra t io  of grain  to 

head weignt (79%) X moisture change o f heads from sundiv to  

ovendry (82.4%) -  HW * 76.4% * 82.4% * 79% -  HW * 0.764 * 0.824 * 

0.79 -  HW * 49.7%.

So grain weight a fte r oven drying for 12 hrs was found to be 49.7% 

of head weight at harvest (HW). The resu lts are presented in section  4.1 

Harvesting o f beans fo r seed and remaining biomass y ie lds  (biomass 

a fte r  the beans seeds were removed from the pods a fter harvesting and 

weighed separately) was done lin e  by line, thereby giv ing line to ta ls , 

and a buffer of one bean row was le f t  at the end o f every plot in AF. In
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NAF harvesting was done within a rectangle o f 2 a by 9 m in a l l  the 

p lo ts  (P late 4 ). I t  should he noted that where we mention beans biomass 

y ie ld s , th is  always means that the seeds have already been removed.

3.1.1 ( f )  Maize and beans intercrop experiments in two on-farm s ites .

On-farm experiments were done in the seasons: SR93. LR94 and SR9*» 

at Kiahuko-A and Kiahuko-B as explained below.

( i )  Kiahuko-A on-farm

On-farm live-fence experiment was done at Kiahuko-A. about 6 km 

from Matanya on-station on a Coleus barbatus live-fence which surroundec 

the farm and the fanner s homestead. Three sides (northern, southern and 

eastern) o f the live-fence and the farmer's homestead are shown in r ig . 

A2 (not to sca le ). The farmer's homestead was on the western part o f the 

farm and therefore we could not use the western side o f the live-fence 

(see Appendix Fig. A2). The treatments o f pruning and not pruning used 

these three sides o f the live-fence. The treatments were rep licated 

three times, centred where access tubes had been installed, that is 

pruning (ALF. BLF & CLF) and not-pruning (DLF. ELF & FLF) (see appendix 

F ig . A2). A general control treatment (GC) around a control access tube 

located in the middle of the farm was used as the con tro l. Prunina was
I

done by digging a 30 cm deep trench at a distance of 50 cm from the 

live-fence.

Planting was done by the farmer at the same time as on-station 

using his own planting density, which we measured to be on average 100 

cm by 58 cm. which was not much d iffe ren t from the on-station one. The 

en tire  farm was mulched and t i l le d  by the farmer in  accordance with his
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A fter seedlings emerged areas o f 10 maize olants per row

(P1...P10) in 5 maize rows ( I .  I I .........  IV ) around access tubes

rep licated  three times were taken fo r  phenoloaical. heights and y ie id  

measurements in the same wav as the on-station. Yields and heights 

calculations were done for distances from the live-fence o f 0-120. 120- 

300 and 300-600 cm centred around access tubes insta lled  at 90. 18u and 

360 cm from and perpendicular to the live-fen ce . The resu lts are 

reported in Chapter 4. I t  should be noted that this farmer alwavs 

planted maize crop in rows tnat were perpendicular to the live-fence on 

a l l  sides, where ELF has to  be seen as an extension of ELF. This is  a 

trad itiona l method that allows l i t t l e  competition for water between the 

live-fen ce  and the nearby plants.

I t  should be noted that stover y ie lds were obtained for the 3R93 

and SR94 only. The stover biomass fo r LR94 was inciden ta lly  taken bv the 

farmer, to  feed h is livestock , before measurements. The biomass 

harvesting in SR93 and SR94 was done row by row. There were no grain 

y ie ld s  from these seasons maize crops.

At Kiahuko-A beans were planted by broadcasting method which made 

i t  impossible to quantify the y ie ld s  therefrom.

( i i )  Kiahuko-B on-farm

On-farm agroforestry (AF) experiment was done at Kiahuko-B at 8 km 

from Matanva. on mostly 9 year o ld  Grevillea robusta trees. The trees 

were planted in s ix  rows (marked P to  U in Appendix Fig. A3), with the 

between row spacing on the shorter side o f the AF plot varying from 3.0 

o to  4.8 m and the longer opposite side varying from 3.2 to  6.4 m. The

108
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AF plot thus forms a fan-iike configuration (Appendix Fig. A3i. The 

within row tree spacings also varied in each row.

This AF experiment somewhat rep licated  the on-station AF 

experiment, but with a higher tree  density. The h a lf of th is AF p lot was 

pruned and half was le f t  unpruned as indicated in Appendix A3. The half 

that was pruned was further divided into two p lots , that is  mulched with 

minimum t i l la g e  (A6M1) and Local with deep t i l la g e  (AGL1). The h a lf that 

was unpruned was also divided into two plots, that is  mulched with 

minimum t i l la g e  (AGM2) and Local with deep t i l la g e  (AGL2) as shown in 

F ig . A3.

An area with four control p lo ts  (NAF). that is  mulched and Local 

rep lica ted  two times, was established 200 m awav from AF plot.

Planting o f maize and beans intercrop in the AF was done in the 

same direction  as the tree rows as indicated by a sample o f dotted lines 

in F ig. A3.

Bean y ie lds  were only obtained fo r LR94 at Kiahuko-B in the 

control plots as the heavy tree shades in AF resulted in no y ie ld s  rrom 

AF p lots while la te  plantina was the main reason for to ta l bean croD 

fa ilu re  in SR93 and SR94. The d irection  or sowina in NAF was done 

according to  the AF.

Calculations on maize and beans yie lds and heiahts were done by 

working out data fo r  crop rows in these distances from tree  rows, that 

is  I fo r  rows from tree  rows t i l l  90 cm awav and I I  for rows between 180 

and 270 cm from tree  rows. These were considered to  follow so il moisture 

gradient as monitored by the access tunes in sta lled  at 90 cm and 200 cm 

from the trees as shown in Fig. A3.
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3.2 Soil Moisture measurements with neutron probe

3.2 .1  Calibration o f neutron probes (CPN 501 and CPN 503)

We did neutron probe ca lib ration  experiments for Matanva s o ils  on 

i9 .2 .92  ( fo r  the dry ca lib ra tion ) and on 18.6.92 (fo r  the wet 

ca lib ra tio n ). The two ca lib ration  experiments were done to  establish  a 

ca lib ra tion  curve fo r s o il  moisture from count ra tios  (r a t io  of 

individual counts to  standard count), to be corrected for the influence 

o f bulk density, using its  regression on gravim etric so il moisture.

Two neutron probes (types CPN 501 and CPN 503) were calibrated for 

the Verto-luvic phaeozem s o ils  a t Matanya. The ca lib ration  equations so 

developed were a lso  used fo r  on-farm (at Kiahuko-A and Kiahuko-B) s o il,  

the two s ite s  with same s o il  properties.

The s o il layer in which the s o il moisture was measured was that 

which could in teract with the atmosphere through the so il-p lan t-  

atmosphere system. The neutron Drobes were calibrated against 

gravim etric sampling concurrently taken. The s o i l  moisture data were 

co llec ted  at seven depths 18. 30. 60. 90. 120. 150 and 170 cm. The probe 

count rates were divided by tne standard count to  y ie ld  count ra tios . 

The gravim etric data were regressed on the count ra tios  to produce a 

regression equation.

The dry ca lib ration  experiment was done on 19 February 1992 to 

estab lish  the lowest point o f the s o il moisture scale, leading to  the 

determination o f the w iltin g  point (L in iger. 1991). The wet ca lib ration  

experiment was done on 18 June 1992 to  establish the higher points that 

lead to  the determination o f  the f ie ld  capacity point (L in iger. 1991). 

The two ca lib ration  exercises were then used to determine the s o il water 

a va ilab le  to the inter-crops o f maize and beans and to the OreviJJea
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roixista trees. February, beincr the driest month of the year in Kenya, 

was chosen at a time when the orass was v is ib ly  dry and the whole so il 

deDth was at or below wiltincr DOint (WP>. The maize in cropland ana the 

grass on the unused land were completely water stressed and had actually 

attained or s lig h t ly  passed the permanent w iltin g  point at tne time of 

the drv ca libration .

Wet ca lib ration  was done a fte r  soakina the s o il through im a a t io n  

fo r  one and half months in order to  atta in  f ie ld  capacity. This allowed 

enough time for gravita tiona l draining o f the water. The follow ina items 

forming the so il moisture ca lib ration  k it were used:

(a) two neutron probes (CPN 501 and CPN 503)

(b) a pre-insta lled  aluminium access tube

(c ) two so il augers.

(d) two volume sampler auaers.

(e) f iv e  volume sampler rings o f 5 cm diameter

and 5 cm height per depth.

( f )  one mattock

(g) one pick

(h) one hoe (or jembe)

( i )  one knife

( j )  f iv e  p lastic bags Der each o f the seven depths sampied.

Ten standard counts were taken at the beginning and ten at the end 

o f the experiment, with each neutron probe sensor inside the nousing bv 

placing the meter on the rim o f the pre-instal led access tube. Four 

count rates were taken at each deDths o f in terest: 18. 30. 60. 90. 120. 

150 and 170 cm before beginnina to  excavate around the tube to  take so ii 

samDles. The fiv e  rina samples were taxon from each depth around the
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tube a fte r  level liner the so il at these depths. The sampler ruxrs were 

driven into the s o il  so that the middle o f the nna neicrhts coincided 

with the depth from which the s o i l  was taken. The samples were taxen to 

the LRP laboratory, where they were weighed and oven-dried at a 

temperature o f 105*C for 24 hours. The dried samples were weicrhed again 

and d ifferences in  weight was taken as the gravimetric water content 

which was converted to the volumetric water content ( 0 ) from the known 

volumes of the samples rings. The count ra tios  from each neutron probe 

were regressed against the volumetric water released by heating the so il 

samples co llected . These yielded calibration curves presented in Fios. 

122 and 123 in section  4.2 on s o il  moisture resu lts.

The bulk densities (Bd) o f  the samples were obtained from the 

dimensions o f the sampler rincrs and the drv weights o f the s o ii  that 

f i l l e d  the rings. Five ring samples were co llected  at each depth during 

excavations. Each o f the sampler rings was 5 cm in diameter and 5 cm 

high. The volume o f each ring was 98.13 cc. The densities (Bd's) were 

calculated from the drv weights divided bv th is volume. The densities 

were redressed on the gravim etrica lly observed volumetric so il moisture 

content (% vo l . )  obtained during dry and wet ca librations (see Tables 

45a & 45b). The ca lib ration  eguations presented in Chapter 4 section 4.2 

(F igs. 124-130 and Table 45) were developed by redressing Bd on observe! 

0 at each measuring depth.

3.2.2 Correction fo r  minimum depth to  start neutron probe readings

In Matanya a standard depth o f 18 cm was chosen by LRP (L in igei . 

1991) as the shallowest depth to begin neutron probe measurements for 

both dry and wet periods and the deepest depth measured was 170 cm. This 

wa3 meant to  cover the rootina-depth of most crops grown in the area
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which included crop such as maize, beans, potatoes, agroforestry trees 

e .g . Grevillea robusta and live-fen ces  e .g . Coleus barbatus (L in iger. 

1991 and Moges. 1991).

The radius o f  sphere o f importance (Qj) o f neutron orobe described 

in chapter 2 was used to determine a minimum measurina depth at matanya. 

Qj had a maximum value o f  19.1 cm during the periods of a ir  high 

humidity, that is  during Long Rains season. A maximum value o f Qj was 

s a fe ly  taken to  be 20 cm as the radius o f a sphere of neutrons 

re fle c ted  to  detector o f the probe (type CPN 501) during wet seasons. 

The equation of volume of a sphere (V = 4irr3/3) with r  taken to be 20 cm 

fo r  wet seasons and 26.8 cm (at V5MC o f 23.3% see Table 45a) fo r  dry 

season as given by Eq. 3 was compared with the orig ina l depth o f  18 cm 

which was being used by LRP (e .g . L in iger. 1991: Moges. 1991). I t  was 

found, using equation o f volume o f a sphere, that in the d riest part of 

the wet seasons Qj extended by 2 cm into the open a ir . thereby over

estimating so il moisture by 1.9 per cent. During a dry season, when air 

humidity was low. Qj extended bv 8.8 cm into the ocen a ir . thereby 

underestimating the s o il moisture by 20.3 per cent. For these 

heterogeneous v e r t is o ls . i t  was advisable to  take gravim etric samples as 

c lose  to the access tubes as possible fo r s o i l  moisture data that 

accurately compares with those taken with the neutron probe. Such a 

destruction within the sphere o f importance may. nowever. create 

problems when tubes are at a permanent position . Hence, in our case 

surface gravim etric so il moisture measurements were taken at 7.5 cm 

depth where could no longer use the neutron probe. The resu lts are given 

in chapter 4.2.
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3.2 .3  The layout o f  access tubes in agr irestry (AF) plot

Fig. 7 and Table 3 display the layout of access tubes around liv e

root pruned Grevillea robusta trees marked PT1......... PT5 and fiv e

root unpruned trees marked UT1......... UT5 in the AF plots we used for

our experiments. In the course o f our data co llec tion  we had at one 

time, a fte r Ii?92. excluded the access tubes in sta lled  around Grevillea  

robusta trees. PT3 and UT3. ( i . e .  A3. B3 and C3 around PT3 am  D3. E3 

and F3 around UT3). because the PT3 was in the middle of the pruned plot 

but on the border o f Mulched (AFM1) and Local (AFL1). S im ilarly IJT3 was

Table 3. Locations o f access tubes in rela tion  to  the
positions o f Grevillea robusta trees in the AF plot at 
Matanya station  for the s ix  seasons ( i . e .  LR92. SR92.
LR93. SR93. LR94 & SR94) o f the experiment.

P lo ts  with pruned trees P lots  with unpruned trees

( l ).  Pruned trees ( i i ). Unpruned trees

Tree 1 -  PT1 
Tree 2 - FT2 
Tree 3 -  PT3 
Tree 4 -  PT4 
Tree 5 -  PT5

Tree 1 -  UTl 
Tree 2 -  UT2 
Tree 3 -  UT3 
Tree 4 - UT4 
Tree 5 - UT5

( i i i )  Access tubes around 
pruned trees

( i v ) . Access tubes around 
unpruned trees

Distance (cm) from trees Distance (cm) from trees

Tree 94 168 376 Tree 94 188 376

PT1 A1 B1 Cl 
PT2 A2 B2 C2 
PT3 A3 B3 C3(-02) 
PT4 Ml N1 01 
PT5 M2 N2 02(-C3)

UTl D1 El FI 
UT2 D2 E2 F2 
UT3 D3 E3 F3(-R2) 
UT4 PI Q1 R1 
UT5 P2 Q2 R2(-F3)
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in the middle o f the unpruned p lo t but on the border o f MuiChed (AFM2) 

and Local (AFL2). At that time we thought th is would introduce 

unnecessary va r ia b ility  in the VSMC due to  surface cover. After 

thoroughconsul tat ions we decided to  include these tubes. We therefore 

d id  not co llec t s o il  moisture data fo r the above tubes fo r 3R92. The 

trees  lying on the border line between pruned and unpruned p lo ts  were 

h a lf pruned. The h a lf in the pruned plot was pruned wmle that in the 

unpruned p lot was not pruned. This was thought to  properly influence the 

s o il  moisture regime associated with the border trees .

The access tube readings around Grevillea robust a trees were used 

to  determine the follow ing at each o f the seven depths ( i . e .  16. 30. 60. 

90. 120. 150 and 170 cm):

i.  the e ffe c t  o f root prunincr and residue mulching on so il moisture 

d istribu tion  as presented bv the average VSMC and deviations o f the 

access tube readings from averages in the areas with

(a ) root pruned Grevillea rc'busta trees (PT1. PT2. PT3. PT4 & PT5).

(b) root unpruned Grevillea robusta trees (UT1. UT2. UT3. UT4 & UT5).

(c ) a l l  access tubes in entire aaroforestry p lot»

l i .  VSMC gradients rad ia lly  from pruned and unpruned Grevillea robusta 

tre e s .

The AF plot had seven out o f sixteen (excluding o f course the 

trees  along the live-fen ce ) Grevillea robusta trees root pruned at 50 cm 

from the tree trunks down to  a depth o f 30 cm. to  assess the competition 

fo r s o il  moisture between trees and intercrops.

The influence o f root pruning on so il moisture d istribu tion  was 

examined using individual tube readings at d iffe ren t depths and 

distances from the Grevillea robusta trees in th e ir  re lation  to  the
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averages computed fo r  the sp e c if ic  treatments, fo r  the crowim  seasons 

LR92, SR92, LR93. SR93. LR94 and SR94.

The deviations and d ifferen ces  o f equivalent tubes, that are tubes 

at equal distances from the trees, were further averaged to determine 

the resultant deviations and d ifferences among equivalent tubes in each 

treatment (pinned and unpruned) per depth.

3.2.4 The layout of access tubes in non-agroforestry (AF) plot

One access tube was in s ta lled  in the middle o f each of the old 

control p lo ts  (L I. L2 & L3 and Ml. M2 & M3) in NAF. Two access tubes (A. 

3) were insta lled  in the middle o f each newly opened control p lo ts  (L4 & 

L5 and M4 & M5) along a lin e  p a ra lle l to the long sides o f the plots. 

Access tubes L4A, L4B and L5A, L5B were in sta lled  Local p lots marked L4 

and L5 in Fig. 8. S im ilarly  access tubes M4A. M4B and MSA. M5B were 

in s ta lled  in Mulched plots marked M4 and MS in F ig . 8.

3.2.3 The layout of access tubes in Kiahuko-A on-farm (Live-fence) plot

The access tubes were in s ta lled  at 90. 180 and 360 cm rrom the 

root pruned (coded as ALF. BLF & CLF) and unpruned (coded as DLF. ELF & 

FLF) portions o f the live-fence. Tubes A l. B1 and Cl were in sta lled  at 

90. 180 and 360 cm respective ly  from ALF. Tubes A2. B2 and C2 were 

in s ta lled  at s im ilar distances from BLF. Tubes A3. B3 and C3 were 

s im ila r ly  in s ta lled  from CLF (see ApDendix F ig. A2). Tabes Di. El and FI 

were in sta lled  at 90. 180 and 360 cm respective ly  from DLF. Tubes D2. E2 

and F2 were in sta lled  at s im ilar distances from ELF. Tubes D3. E3 and F3 

were s im ila rly  in sta lled  from FLF (Fig. A2 and Table 4 ). The on-farm 

naming o f access tubes was meant to  conform with the on-station namina 

fo r  ease of comparison and in teroretation .
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Table 4. Access tube positions with respect to  root 
pruned and unpruned portions o f live-fen ce  
at Kiahuko-A. during SR93. LR94 and SR94.

Distance (cm) from 1ive-fence
90 180 360

( i )  Pruned portions access tubes
ALF A1 B1 Cl
ELF A2 B2 C2
CLF A3 B3 C3

( i  i ) Unpruned portions
DLF D1 El FI
ELF D2 E2 F2
FLF D3 E3 F3

GC - central part o f plot

3.2.6 The layout of access tubes in Kiahuko-B on-farm 

Grevillea robusta (AF) plot

Fig. A3 displays a layout o f  the on-farm p lo t with s ix  rows (row

P. row Q......... row U). the Mulched/Local p lots, and the fanners domicile

(homestead). The dotted lines indicate the d irec tion  of sowina and the 

double dashed lin es indicate the trench d ivid ing the pruned arid unpruned 

p lo ts  while the s in g le  dashed lin es  indicate the lines separating the 

rep lica tion/  treatment p lots.

The Grevillea  trees on-farm AF plot was d ivided  into: i d  pruned

Mulched and minimum t i l l e d  p lot (AGM1); ( n )  pruned Local and deep

t i l l e d  p lot (AGL1): ( i i i )  unpruned Mulched and minimum t i l l e d  piot 

(AGM2); and (iv ) unpruned Local and deep t i l l e d  p lot (AGL2). The 

distance between tre e  rows were r e la t iv e ly  larger on the side o f  the 

p lo ts  bordering the homestead and smaller on the opposite side (see Fig. 

A3). The smallest distance between the tree  rows was 3.0 m and the 

largest was 5.4. These distances allowed onlv two access tubes to be
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in sta lled  at 90 and 200 cm from each experimental tree fo r radial 

measurement o f s o il  moisture ra d ia lly  from each tree.

Ede to  the spacing between rows of G ievil lea trees, we could omv 

in s ta ll two access tubes at the distances o f 90 and 200 cm from the 

Grevillea robusta trees o f in terest. In our experiment we therefore used 

s ix  tubes in pruned ( i .e .  three in mulch and three in Local) and s ix  in 
unpruned (three In mulch and three in Local) (see Table 5 and F ig. A3).

Table 5. Access tube positions with respect to
pruned and unpruned Grevillea robusta trees 
at Kiahuko-B. during SR93. LR94 and SR94.

( i )  Pruned
mulching 
p lo t (AGM1i 

d is t  from trees

Local
plot (AGL1) 
d ist from trees

tree
labels 90 200 (cm) labels 90 200 (cmj

17 AIM B1M R6 AIL B1L
R8 A2M B2M 06 A2L B2L
P7 A3M B3M P6 A3L B3L

( i i )  Unpruned
S2 DIM E1M T2 D1L E1L
R4 D2M E2M SI D2L E2L
04 D3M E3M R2 D3L E3L

( i i i )  Control p lo ts

mulching: CTRL-MUT
Local: CTRL-LOC

3.3 Wind measurements

3.3.1 (a) Instrumentation

(i) The CR10 data-logger and WAU electrical anemometers

A CR10 data-logger (Campbell S c ien tific . 1990) and 15 cup 

anemometers were used together with two Woelfle anemographs ( WA' -  Sr.
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Nr. 341836 and WB' = Sr. Nr. 31587). The anemometers were manufactured 

by the Department o f Meteorology mechanical Worksnop/Laboratory. The 

former combination w ill be ca lled  hereafter as 'CRIO'. The CRlO wind 

system plus its  accessories at Matanya s ite  consisted of:

(a ) 15 WAU e le c tr ic a l cup anemometers (type WV 100R)

(b) 1 Campbell S c ie n t if ic  data-logger (type CRIO)

(c ) 1 Compaq laptop computer (type SLT 286)

(d) 13 cable re e ls  each with 150 m long cables

(e ) 13 sta in less s tee l masts o f 2.0 m long

( f )  13 mast extensions o f 0.5 m long

(g ) 13 arms holding the anemometers

(h) 13 connecting blocks

( i )  13 (sets o f 3) s o il pins, that is  a pin fo r each mast

( j )  13 sets o f 3 f ix in g  rinas and guy winders

(k) 13 sets o f guys each with 3 wires
%

( l )  There were three pegs fo r  each mast to  connect wires

Items ( i )  to  (k) were used to  erect the masts v e r t ic a lly  and put 

them firm ly into the ground. The WAU e le c tr ica l anemometers that we used 

had opto-diodes consisting each o f  a pair o f ligh t em itting and licrht 

rece iv in g  diodes (o r  photo-diodes). The la tte r  receives ligh t from the 

former, interrupted bv the ro ta tin g  c u p s , and these pulses are 

reg istered  as counts. As the cups revo lve, these pulses are received at 

the ra te  determined by the rate o f revolution, which are then converted 

in to wind speeds from the number o f revolutions using the formula u -  a

+ b * n. where u is  the wind speed in m/s. n is  the number o f counts

per second (counts/s) (Campbell S c ien t if ic . 1990).

The WAU e le c tr ic a l cup anemometer has a threshold value (aoove 

which the ro tor moves) of about 0.20 m/s. with a s ta llin g  speed which
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l ie s  between 0.1 and 0.15 m/s. The threshold o f an anemometer is  the 

lowest wind speed at which the device beams to ooerate while the 

s ta ll in g  speed is  the wind speed at .ich the device stops to operate. 

The s ta llin a  speed is  usually lower than the threshold speed. The output 

cable o f the WAU e le c tr ic a l cup anemometer is  2.1 m long. The cups have 

a diameter o f 5.0 cm and are hemispherical in form. The small aims from 

the cups to the centre o f rotation  o f the instrument are 2.5 cm long. 

The diameter o f the each cup anemometer was therefore taxen as 2 * 

(5.0+2.5) -  15.0 cm.

( i i )  The Campbell S c ien tific  data-logger (The CR10).

The CR10 panel board could accommodate 16 e lec tr ica l anemometer 

and 16 PT100 platinum resistance thermometer pluas. The temperature 

plugs were numbered from 1 to 16 and the wind plugs from 17 to  32. We 

used only the wind plugs 17 to, 29 fo r  13 wind measuring points. 12 in AF 

and 1 in NAF. The CR10 was connected to the Compaq laptop computer with 

a s e r ia l interface (RS 232) cable. The programme " term ioa3.dld ' wmch 

was modified from the original one "term lo g l.d ld  was downloaded from 

the laptop to  the CR10 immediately a fter o ff-load in g  the recorded data 

from the la tte r. We used a modified programme "edloa log3" to  adjust and 

include the relevant calibration factors in "term log3.dld" whenever we 

changed an anemometer.

( i l i )  The wind measurements with the CR10

The CR10 was in it ia liz ed  using programme "term log3.dld" in the 

laptop to calculate and store (in random access memory (RAM) of the CR10 

orocessor). for each o f the 13 anemometers, the average wind SDeea over 

the past 15 minutes. The 15 -  minute wind soeed data were off-loadea
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weekly or fo rtn igh tly . The LOTUS import command was used to  convert the 

CR10 data into LOTUS data and store them in 3.5 inch diskettes.

3.3.1 (b) Evaporimeter system as an auxiliary anemometer

( i )  The Piche atmometer system

We attached a shaded Piche evaporimeter to  each mast on which an 

e le c tr ic a l cup anemometer was insta lled . The open end o f the Piche was 

adjusted to  the same level as the centre o f the anemometer cups. The 

Piches were tested fo r  their a b il ity  to  interpolate or extrapolate wind 

speeds. The Piches (type C.F. Casella & Co. Ltd) used consisted o f a 33 

cm glass tube o f 1.4 cm external and 1.1 cm internal diameter f i l le d  

with d is t i l le d  water. Piches are hung up-side-down and i t s  f ia t  white 

c ircu la r piece of b lo ttin g  paper o f 3 cm diameter, backed in the centre 

by a metal disc o f aaain 1.4 cm diameter, prevents the water from 

escaping except by evaporation through the f i l t e r  paper. In th is  wav 

11.0 ± 0.04 cm2 o f evaporating wet f i l t e r  paper is  exposed to  the 

environmental conditions o f long wave arid re fle c ted  solar radiation.
I

temperature, wind and humidity. The metal disc is  tightened by a c u d  to 

keep the b lo tting  paper in place at the tube end. The metal d isc is 

provided with a small hole o f less than 0.2 cm fo r  pressure equalizing 

purposes (eg. S tig te r  and Uiso. 1981; Van Zyl and De Jager. 1987 arri 

Kainkwa. 1991). Evaporation wmch was read every morning at 09h00 was 

expressed in mm o f depth o f water evaporated in one hour.

( i i )  The shade fo r  the Piche atmometer

The shade fo r  the Piche evaporimeter consists o f circu lar plates 

of 25 cm diameter made o f 2 cm thick tempex sand-witched between two 

round plates of a few mm o f wood. The plates have a hole of 1.4 cm
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diameter at the centre, in which the Piche tube hangs with a Drotrusion 

o f 7 cm at the bottom. The arm fo r  mounting the shade system was fixea 

on a vertica l mast. The upper surface of the shade was glued with 

aluminized Mylar (polyester) material, to op tica lly  re fle c t  incident 

rad iation  with a high lortg-wave emission co e ffic ien t, to keep the 

temperature o f the top surface o f the shade fa ir ly  low. The surface of 

the shade facing the so il was painted dully white (Kainxwa. 199i. Van 

Zyl and De Jager. 1987). Van Zyl and De Jager (1987) found that under 

th e ir  conditions in  Orange Free State. South A frica , their shaded Piche 

with a d iffe ren t type o f shade was 1.4 times more sensitive to  wind 

speed than the screened routine Piche. However, the main reason not to 

have Piches as auxilia ry  wind meters in the routine screen is the loss 

o f d irection  independence and the influence o f neighbourina instruments 

(S tig te r . e t a l. .  1995).

3.3.1 (c ) The Woelfle anemographs

Two height adjustable Woelfle anemographs (Ser Nr. 341836 in AF 

and Ser. Nr. 360842 in NAF) and two other but heiaht non-adjustabie 

W oelfle anemographs marked WA' (Ser. Nr. 341836 in NAF) and ’ WB’ (Ser. 

Nr. 31587 in AF) . which were fixed  at 2 m height, were used to record 

instantaneous wind speed and d irection  on a s tr ip  of a monthly chart. 

Woelfles WA’ Sr. Nr. 341836 and ’ WB' Sr. Nr. 31587 were marked that way 

for the purpose o f their use during ca libration  exercises at Bnbor: 

(P la te  5 ). explained above. The instrument consists o f ( i )  a wind vane 

to sense wind d irection  and ( l i )  a rotor with three rotatina cups to 

measure wind run.

The vane and the rotor move due to d ifferences in wind pressure. 

Each element is independently connected to  worm recording ro lle r s  via
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separate shafts, wneels, arid gears. The ro lle rs  ;e separate traces on 

a continuous mechanical clock driven s tr ip  chart from which wind run and 

d irec tion  were decoded. The clock was monthly wound up by hand. Each 

instrument was supplied with a ca lib ration  "ladder ru le" by the 

manufacturers, to  calculate average hourly wind speeds. The wind 

d irec tion  fo r  a desired period, say 1 hr. couid be estimated from the 

traces on the chart by the wind d irection  recording ro lle rs . According 

to  Lambrecht. the mechanical wind recorder can be used in the wind 

v e lo c ity  range o f 0 to  60 m/s. The threshold o f the Woelfle instruments 

is  about 0.5 m/s and the dynamic zero is unknown.

3.3.1 (d) Calibration  s ite

Inter-comparisons o f cup anemometers were conducted at a s i t e  on 

the Wanou Embori farm on the slopes o f Mt. Kenya at an elevation o f  2650 

m a . s . l .  The s ite  was 45 km east o f  Nanyuki and 70 km east o f Matanva. 

our main experimental s ite . The geooraphical location  of the Embori s ite  

was 0* 02' N and 37* 19‘ E. The ca lib ra tion  and experimental s ices  at 

Embori and Matanya are shown in F ig . 1. This s it e  was fa ir ly  horizontal 

and secure, as i t  was in the v ic in it y  o f a LRP observatory. I t  had a 

slope o f 2-3%. About 200 m away to  the east o f the s ite  there was a deep 

v a lle y  whose influence was ia ter found to complicate the uniform ity or 

the wind structure. The winds at Embori from February to  March were 

mainly from ENE d irection . The hourly wind speeds ranaed from i to  i l  

m/s during th is  period.

The f i f te e n  Waaeningen Agricultural University (WAU) e le c tr ic a l 

cup anemometers were supplied to us with the ca lib ration  factors a fte r  

they had been intercompared in a controlled  laminar airrlow  in a wind 

tunnel at the Department o f Meteorology. WAU-The Netherlands. Tne
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W oelfle cup anemographs were c.  ̂ by Lambrecht Manufacturing Instioaments 

(Germany).

We had to dynamically ca lib rate cup anemometers in a natural

homogeneous lor near-homcoeneous) wind f ie ld  in  a fa ir ly  f la t  lor

horizontal) s ite . We had to  do th is  to  check th e ir  dynamical response in

natural turbulent conditions in the f ie ld . I t  should be noted that cup

anemometers integrate a ir movement with an angle t i l l  about 45’ with the

horizontal in which the cuds rotate.
#

3.3.1 (e) Experimental set up at Embori ca lib ration  s ite

The f ir s t  ca libration  experiment (Cbl) was conducted from 15 

February to 8 March 1993. the second (Cb2) from 14 May to  28 May 1994 

and the th ird (Cb3) from 25 January to  3 February 1995. Col arid Cb3 took 

place during periods or very high wind speeds while Cb2 took place 

during a period o f low wind speeds.

(i) Comparison of anemometers in February-March 1993 (Cbl)
Four sta in less steel masts o f  length 2.5 m each were connected to 

a s o i l  pin and erected v e r t ic a lly  at a distance o f 2.4 m apart. The row 

formed bv the anemometers was oriented in the NWW-SSE d irection  

perpendicular to the prevailing wind d irection . They were firm ly heid to 

the ground with guy wires tied  to s tee l peas. Seme horizontal mast parts 

were firm ly tied  to  each other horizonta lly (end-to-end) with rubber 

bands cut out o f f  car tubes las connecting blocks were not enough) to 

form a long horizontal mast o f length 7.3 m. Sets o f guys were used to 

adjust for v e r t ic a lity .  Cables ree ls  were connected to a CR10 data

logger which was 70 m from the spot where the masts were hoisted. The

cable reels were rewound and connected to  the anemometers. The ree ls
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were placed neatly near the CR10.

Using connecting blocks. 13 arms of a length o f 0.5 m were mounted 

horizon ta lly  on three horizontal bars, each of 2.5 cm. connecting the 

masts. They were placed at a distance of 0.6 m apart, protruding 0.4 m 

from the long horizontal bar. th e ir  row facing the ENE wind that blew at 

th is  time o f the yea r. At a height above the ground of 2 m. we mounted 

13 anemometers (10. 11. 12. 13. 14. 15. 38. 39. 40. 41. 43. 44. 55 in 

that order) at a time, since we had only 13 cable ree ls  instead or 15 to 

match the number o f anemometers we had. We insta lled  for comparison two 

W oelfles at 2 m above the ground, one at each end of the long 

horizontal bar made by connecting the three masts. Woelr'le Ser Nr 341836 

(marked ’WA’ ) was insta lled  at 0.7 m from cup 10 while Woelfie Ser Nr 

31587 (marked 'WB') was insta lled  at 0.7 m from cup 55. WA was 

in sta lled  on the northern side o f the bar while 'WB' was insta lled  on 

the southern side. P late 5 shows some of the d e ta ils  in set u d  with 

three masts which was used for Cb3.

The cup anemographs were mainly used for wind d irection  

determinations. The substandard (cup 40) which had been kept indoors 

p rior to  th is  experiment was used to  compare tne rest. The wind speeds 

co llected  from the substandard were f ir s t  intercompared with those from 

the Woelfles and then with other anemometers and regressions arm 

correlations generated.

When re tr iev in g  the data of the anemometers, the Compaq computer 

(laptop) was connected to the Campbell S c ien tific  CR10. The laptop was 

Dowered from a rechargeable NiCd batterv (tvoe P24O-10 SLT). The batter/ 

was recharged as o ften  as necessary using a 240 V A.C. adaptor series 

2681. A solar panel (type Siemens 12 V) continuousiv charged the 

maintenance free  lead acid/chloride car batterv (12 V. 45 Amp), which
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was used to supply power to  the data-1 eager.

( l i )  Comparison o f anemometers In May 1994 (Cb2)

We also conducted a second, sim ilar comparison but with the 

distance over which the anemometers were in sta lled  halved, to  trv  to 

exclude the influence of the va lley  on the structure of the wind f ie ld .  

The winds th is time blew from a NW direction and were rathei weak, 

ranging from 0 to  5 m/s. The e le c tr ic a l anemometers were now insta lled  

on a horizontal bar between 3 masts. 1.5 cm apart, separated from each 

other th is time by a distance o f 0.3 m. The distance between the last 

anemometers and the anemoaraohs was now 0.7 m. The distance between the 

two outermost cups was therefore now 3.6 m. The distance between the 

horizontal connecting bar and the cup rotors was 0.35 m. Three outer 

anemometers were interchanaed a fte r  9 davs. However, the CRiG 

malfunctioned and the exercise was not very successful. Cups 44 am  39 

had developed problems as th e ir  photo-diodes collatsed. This 

necessitated the th ird  calibration  exercise (Cb3). The battery fo r  the 

CR10 also malfunctioned thus a ffec tin g  the flow of charoes.

( i i i )  Comparison of anemometer in January to February 1995 (Cb3)

Tne second ca lib ration  (Cb2) was more-or-less a fa ilu re , so it  

became necessary to do a th ird ca libration  (Cb3). as already mentioned. 

Curing Cb3 we had exactly 13 WAU cup anemometers. Cups Sr. Nrs. 39 ana 

44 had developed problems and were removed from the fie ld  during the 

Cb2. as their photodiodes had malfunctioned. We therefore had no spare 

cud anemometer to deploy as a substandard. We had to compare eacn

anemometer to  the middle one in the sequence, cup 10. 11. 12......... 61.

55 and exchanged three outer cuds la te r on. The separation between tne
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was used to  supply power to  the data-loager.

(11) Comparison o f  anemometers in  May 1994 (Cb2)

We a lso  conducted a second, sim ilar comparison but with the 

distance over which the anemometers were in sta lled  halved, to  try  to 

exclude the influence o f the va lle y  on the structure of the wind f ie ld .  

The winds th is time blew from a NW d irection  and were rather weak, 

ranging from 0 to  5 m/s. The e le c tr ic a l anemometers were now in sta lled  

on a horizontal bar between 3 masts. 1.5 cm apart, separated from each 

other th is time by a distance o f 0.3 m. The distance between the last 

anemometers and the anemographs was now 0.7 m. The distance between the 

two outermost cups was therefore now 3.6 m. The distance between the 

horizontal connecting bar and the cup rotors was 0.35 m. Three outer 

anemometers were interchanged a fte r  9 davs. However, the CRiG 

malfunctioned and the exercise was not very successful. Cups 44 and 39 

had developed problems as th e ir  photo-diodes collapsed. This 

necessitated the th ird  ca lib ration  exercise (Cb3). The battery fo r  the 

CR10 a lso  malfunctioned thus a ffe c t in g  the flow o f charaes.

( i i i )  Comparison o f anemometer in January to  February 1995 (Cb3)

Tne second ca lib ra tion  (Cb2) was more-or-less a fa ilu re , so i t  

became necessary to  do a th ird  ca lib ration  (Cb3). as already mentioned. 

During Cb3 we had exactly  13 WAU cup anemometers. C u d s  Sr. Nrs. 39 ana 

44 had developed problems and were removed from the f ie ld  during tne 

Cb2. as th e ir  photodiodes had malfunctioned. We therefore had no spare 

c u d  anemometer to deploy as a substandard. We had to  compare eacn 

anemometer to  the middle one m the sequence, cup 10. 11, 12. . . . .  61. 

55 and exchancred three outer cups la te r  on. The separation between tne
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outer cup anemometers on the extreme ends o f  a bar was 3.6 m and between 

two adjacent ones i t  was 0.3 m. The mounting was the same as in Cb2 

except that the middle cup anemometer (cup 36) was used fo r  comparisons
b

(see P late 5 ). We compared each anemometer to  the middle one m  the

sequence, cup 10. 11. 12.........  61. 55 and then interchanged the tnree

outer cups on 1/2. The length o f comparisons were 90 hrs m the f ir s t  

arrancrement and 28 hrs a fte r  the interchanae.

3 .3 .2  Materials fo r  f ie ld  measurements o f wind reduction at Matanya

3.3.2 (a) Experimental s it e

( i )  The Coleus barbatus L ive-fence around Matanya AF plot

The agroforestry (AF) p lot at Matanya measures 50 m by 30 m. I t  is  

surrounded by a live -fen ce  o f Coleus bai'batus which acted as a 

windbreak. The eastern and the western sides measured 50 m Iona. The 

southern and the northern sides were both 30 m Iona. The western, tne 

eastern and northern sides o f the live-fence were planted in 1986 while 

the southern side was planted in 1991. The southern side was therefore 

the youngest. Half o f  the AF plot was occupied by Greviilea robusta. The 

other ha lf was occupied bv the fru it  trees which bordered the G reviilea  

robusta p lot to  the north. The fr u it  trees (loquats. guavas e tc . ) ana 

the G rev iilea  trees were planted in 1986. Thus experiment was conducted 

in that part o f AF that was occupied bv the Greviilea robusta. The three 

liv e -fen ce  sides o f  in terest were: western hedge (WHj. eastern hedge 

(EH) and southern hedge (SH) .

( i i )  The Greviilea robusta trees in  AF plot

The crowns o f  the G reviilea  robusta trees were cone shaped with
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the diameter (Cd) o f the crown base assumed to  be the diameter or the 

canopy. The height o f the cone (Crh) represented crown height (see 

Appendix F ig. A l ) .  The ta l le r  the crown height and the larger the 

diameter o f the crown base the more e ffe c t iv e  the tree  is  in protection 

against strong winds. The G revillea  trees in AF here shown in P la te  7 

were planted in f i v e  rows. Their geometry is  given  in Table AS. which 

presents the resu lts o f the G rev illea  tree measurements made on 17/5/93 

before the onset o f  strong winds at Matanya and on 20/8/93 when the 

winds had attained th e ir  fu l l  strength. I t  is illu s tra ted  in a diacrram 

in Appendix F ig. A l. Figs. 7, 8, 9 and 10 show positions o f Grevillea

robusta trees in the AF p lo t. F ig. 9 shows that rows A & E were planted 

along eastern and western sides o f  the Coleus barbatus live -fen ce . Rows 

B(TR1), C(TR2) & D(TR3) were planted within the AF p lot at 7.5 m. 15 m 

and 22.5 m from the eastern side o f the live -fen ce  while row C was 

planted in the middle o f the p lo t. These G revillea  robusta trees were at 

a staggered spacing o f 7.5 m by 5 m when viewed from an east-west 

d irec tion . A ll the G rev illeas  at the Coleus barbatus iive-rence were 

root pruned. Seme o f  the G revilleas inside the AF p lo t were pruned while 

others were not as indicated in Table A8. The Gi-evilleas in the AF plot 

were playing a complementary ro le  to  the Coleus barbatus live-fence as 

scattered trees wind break. From Appendix Table AS we see that the 

diameters o f the G rev illea  tree trunks ranged from 0.4 m to  0.6 m and 

had n eg lig ib le  wind protective e f fe c ts  even cumulatively downwind. We 

see from Appendix Table A8 that the G rev illea  robusta crown heights (the 

d iffe ren ce  between the whole trees lenerth and the heiaht o f the lowest 

branch) fo r  Row A averaged 4.6 ± 0.3 m with a diameter of 3.2 + 0.6 d in 

May. and 4.7 ± 0.4 m with the same diameter in August. The crown height
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show ing e l e c t r i c a l  cup anemometers in  row 3; 
on th e  background a re  tube s o la r im e t e r s .

P la t e  5. The la y o u t o f  the w ind m easurin  
du ring  th e  c a l ib r a t io n  p e r io d  (25/1
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fo r  row B(TR1) averaged 5.9 ± 0.5 m with a diameter o f 4.0 ± 0.6 m in 

May and 6.1 ± 0.4 m with a diameter o f 3.9 ± 0.7 m in August. The crown 

height fo r row C(TR2) averaged 4.9 ± 0.1 m with a diameter o f 3.6 ± 0.6 

m in  May and 5.0 ± 0.1 m with a diameter o f 4.1 + 0.8 m in August, 

while those fo r row DCIR3) averaged 6.1 ± 0.1 m with a diameter o f 3.3 + 

0.8 m in May and 5.7 ± 0.8 m with a diameter o f 3.4 ± 0.5 m in August. 

The crown heights fo r  row E averaged 5.0 ± 0.3 m with a diameter o f 3.4 

± 0 .4  m in May and 5.2 ± 0.3 m with the same diameter in Auaust. From 

these resu lts we observe that most wind protection may be expected in 

rows BCTR1) and D(TR3) and least protection in rows A and E. whose 

growth had been a ffec ted  by competition for s o il moisture and nutrients 

between the trees and the live -fen ce , from the time they were young, ana 

by the root pruning along the hedges to exclude a combined system of 

Gt'evil leas and Coleus bar bet us roots from extracting so il moisture in 

the cropland.

(iii) The neighbourhood of the experimental site.
A block o f LRP s ta ff  houses is  situated in the S.W. comer and at

10.4 m from the AF p lo t. Next to the house is  a s in g le  Acacia tree about 

6 m t a l l .  The house is  next to  the boundary between the station  and the 

southern -  southwest neighbourhood. This boundary, the longest s ide  o f 

the main Matanya s ta tion  p lo t, is  157 m and is  marked by a planted hedge 

o f kale  apple thorny shrub (F ig. 8 and P late 7).

On the other s ide of th is hedge there is a neighbour's home with 

f iv e  nouses, the nearest o f which is  about 50 m from the AF live-fen ce . 

To the southwest, that is  behind LRP s ta ff  houses at about 100 m. are an 

assortment o f tree woodlots about the age o f the AF G revillea  trees. The



131

ta l le s t  o f theses trees is  a eucalyptus tree a b u t 12 m t a l l .  To the 

northwest is  a woodlot of o ld  eucalyptus trees about 25 m ta ll at about 

400 m from the AF p lo t. The aerodynamic influence o f these old  trees 

during June to September is  d ire c t ly  away from the AF plot as SE/SW 

winds dominate. Therefore most o f these features do not influence the SE 

to SW winds that dominate during th is  period, leaving the live-fen ce  to 

be more exposed and making the Coleus barbatus live-fence a l l  the more 

useful as a p rotective windbreak. When the SW wind blows, the southwest 

woodlot. the s ta ff  houses and the western part o f the hedge appear to 

act as one continuous sh e lte r-b e lt which l i f t s  the wind making i t  

descend somewhere in  the middle o f p lo t. This was observed from streaxs 

o f smoke from a charcoal stove placed on the roo f o f the s ta f f  house 

block.

3.3.2 (b) Experimental Layout of wind system
Figs. 8 and 9 and appendix Table A7 show the layout o f wind 

measuring instruments in the aaroforestry p lot at Matanva. We in sta lled

twelve anemometers (A l. A2.........  A12) in three rows (4 in each rows

making 4 transect lin es ) in AF at within row spacing o f 5.2 m and 

between row spacing o f 11 m.

In row 1. which was 2H (H is  height o f hedge) or about 4 m from 

the western side o f Coleus barbatus live -fen ce , we insta lled  tour 

anemometers, namely A l. A2, A3 and A4 ( i . e .  cups 10. 11. 12, and 13) at 

respective distances o f 14.6. 19.8. 25.0 and 30.2 m from the southern

side o f the live -fen ce . In the central row (Row 2 ). which was 15 m from 

e ith e r the western or eastern live-fen ce  sides, we insta lled  4 

anemometers, namely A5. A6. A7 and A8 ( i . e .  cups 14. 15, 38 and 39) at



12.3. 17.5, 22.7 and 27.9 from the southern side o f the live-fence. This 

row coincided with the central row of G revillea robusta trees, ine 

anemometers were therefore insta lled  at the centre between two adjacent 

trees. S im ilarly in row 3. wnich was 4 m (almost 2H> from the eastern 

(or 26 m from the western live-fence ) we insta lled  4 cup anemometers, 

that is  A9. A10. A ll  and A12 ( i . e .  cuds 40 . 41. 43 and 44) at 1U.6.

15.8. 21.0 and 26.2 m from the southern side o f the live-fence (see

Plate 6 ). The above anemometers a lso  formed transect lines composed of 

Line 1: anemometers A l. A5. A9 (cups: 10. 14 & 40): Line 2: anemometers 

A2. A6. A10 (cups: 11. 15. 41): Line 3: anemometers A3. A7. A ll (cups: 

12. 38. 43) and Line 4: anemometers A4. A6. A12 (cups: 13 . 39 . 44) (see

Fig. 10). The thirteenth anemometer, cup 55 (the control, seen in Fig. 

8 ). was installed in NAF in the open and exposed to  the undisturbed wind 

f ie ld  at a distance o f  about 70 m on the eastern side o f AF plot.

The anemometers were in i t ia l ly  set at 1.0 m. at the beainnina of 

the growing season. They were thereafter adjusted to  grow with the maize 

crop but maintain 20 cm above the top of the highest nearby maize plant 

in both AF and NAF. In cases where the NAF maize plants grew faster than 

the AF (due to  increased competition in AF between the trees and the 

crop during periods o f low moisture a v a ila b ility ), the anemometers in 

NAF were adjusted to  grow with the highest maize plants in NAF ana 

s im ila rly  those in AF were adjusted to grow with the highest maize 

plants in AF. Appendix Table A5 shows anemometer height adjustment in AF 

in the course the strong winds periods during LR93 and LR94.

3.3.2 (c) The Woelfle mechanical anemographs

The AF <WB) and NAF (WA) anemographs were insta lled  at 2 m height 

to measure wind d irections (see Fig. 8 ).

132
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3.4. Radiation

3.4.1 Instruments fo r  rad ia tion  me ements.

3.4.1 (a) General

We sta rted  experiments on rad iation  and shade measurements py 

comparing long tube solarim eters and Kipp solarim eters in an open area 

at Matanya between 20/10/91 and 31/10/91 to  standardize the tube 

solarimeters. We used th irteen  1 m long tube solarim eters type TSL maae 

by Delta-T Instruments ltd  (Delta-T l td . .  1988: 1989) two k i d

solarimeters 3r Nr. 2091 and Sr. Nr.3C80 from Delta Ltd. One of trie 

th irteen  TSL we marked as Tb was used toaether with the two Kipos (kol u 

kp2) solarim eters at 50 cm above the ground in  an open area to  act as 

reference radiometer. The area d id  not have trees  nearby to  cast snadows 

on the instruments (see P late 8 ).  The 12 TSLs consisted of 4 (E l. Wl. SI 

Si N l) which were to be in s ta lled  around the unpruned G rev iliea  robust* 

tre e  1 (marked UT1) at 94 cm. 4 (E2. W2, S2 Si N2) at 188 cm and 4 (E3. 

W3. 33 & N3) a t 376 cm from the tree  trunk (see Fia. 11). The TSLs were 

to  be placed to  the ea s t. west. south and north o f UT1 for the seasons 

SR91-SR93 and o f PT2 fo r  the1 seasons LR94 & SR94. The two trees had 

irregular conical canopies. Thev were located in AFM2 and AFL1 p lots, 

both of them were in tree row B(TR1) in the upper Dart o f AF (see Fiae. 

15 & 7). The thirteenth tube (marked Tb) was to be puaced s ide bv siae 

with the two Kidds m an open area throughout the experimental period, 

as the reference radiometers fo r  the TSLs.

Long u n filtered  detectors. namely Delta-T Tube solarimeters 

(Long), or TSLs. were used fo r  spatial and temporal m teoration  of the 

measured rad iation  (Szeicz et al . .  1964: Delta-T Devices L td .. 1986).

Two Kipps (kpl and kp2) (Kipp & Zonen. 1977) and one tube (Tb-
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s c . a rm e te r  were In s ta lled  in the open and taken as the substandard

- nstn iEents acrainst which the tube soiarim eters used in AF w-.-re
*

c a l ib r a te d  (see P la te  8 ).

3 . 4 .1  (b) Tube soiarim eters (u n filte red ) (TSL)-Tube pyranometers 

i )  Factory sp ec ifica tion s  and ca lib ra tion

The tube solarim eter sensor is  made up or a copper-constantan 

tciei-mopile whose junctions are embedded in a detector. The detect i 

c o n s is ts  o f a lternate matt black and white sections which reach 

d i f f e r e n t  equilibrium temperatures when exposed to shortwave rad ia ti n. 

Tne 60 junctions o f the thermopile embedded in the black and white 

s e c t io n s  respond, to  the temperature d ifferences between these \w 

su rfa ces  and generate a m il l iv o lt  output which is  d irec tlv  proportions* 

t o  the irradiance.

Tne detector measures 85.5 by 2.2 cm. I t  is  enclosed in a pvrex 

c o ro e il ic a te  glass tube which is  transparent to  most ot the v is ib le  ana 

n ea r infra-red (<2.5 um) solar rad iation . This c lass is  not transDai ent 

t o  long-wave rad iation  from the surrounding or the atmospheie. The p v r :■ 

c la s s  transmits v is ib le  and in fra-red  rad ia tion  o f waveienotns 0.^1 \ 

2 -5  um. The pyrex glass tube has an external diameter or 2.6 cm and a 

th.icK.ness o f 1.5 mm. The en tire  instrument is  97 cm long (Leita-7 

-■evices Ltd.. 1984). To ensure that the detectors were mounted 

ncrizontal ly, reference platforms were machined on the end o f the 

soiarimeters. Hibble leve ls  were supplied f i t t e d  to  these pl&ttonus. Tne 

•^ve.ling platform at each end was also used to  check that tne detector 

s.ement was not twisted.

-ne soiarimeters are suoplied calibrated, with th e ir s e n s it iv it ie s  

^T-sted to 15 mV per kWm~a . The TSL lack svmmetrv and th e ir  s en s it iv ity
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so la r i  meter were in s ta lled  in the open and taken as the substandard

instruments acrainst which the tube solarim eters used in AF wt?re
>

ca lib ra ted  (see P la te  8 ).

3 .4 .1  (b) Tube solarim eters (u n filte red ) (TSL)-Tube pyranometers 

( i )  Factory spec ifica tion s  and ca lib ra tion

The tube solarim eter sensor is  made up o f a copper-constantan 

thermopile whose junctions are embedded in a detector. Tne d e tec to r 

con s is ts  of a lternate matt black and white sections which reach 

d if fe r e n t  equilibrium temperatures when exposed, to  shortwave rad ia tion . 

The 60 junctions o f the thermopile embedded in the black and white 

sections respond to  the temperature d ifferences  between these two 

surfaces and generate a m ill iv o lt  output which is  d ire c t ly  proportional 

to  the irradiance.

The detector measures 85.5 by 2.2 cm. I t  is  enclosed in a pvrex 

b o ro s ilica te  glass tube which is  transparent to  most o f the v is ib le  and 

near in fra-red K2.5  um) solar rad iation . This g lass  is  not trarispaient 

to  long-wave rad iation  from the surrounding or the atmosphere. The pyrex 

g lass  transmits v is ib le  and in tra-red  radiation or waveienoths 0.35 to

2.5 um. The pyrex g lass  tube has an external diameter of 2.6 cm and a 

thickness o f 1.5 mm. The en tire  instrument is  97 cm Iona (D elta-. 

Devices Ltd.. 1984). To ensure that the detectors were mounted 

horizon ta lly , reference platforms were machined on the end or the 

solarimeters. Bubble leve ls  were supplied f it te d  to  these platrorms. The 

le ve llin g  platform at each end was a lso  used to check tnat ..e a^tec . i 

element was not tw isted.

The solarim etere are supplied calibrated, with their s en s it iv it ie s  

adjusted to  15 mV per kWnr3 . The T5L lack svmmetrv and m en sensiti



agroforestry p lot at Matanya showing part o f 
the s ta ff  houses and some o f the surrounding houses and part o f  the 
ka le  apple hedge.

'la te  8. The layout o f tube (TSLsl and kipps (kp2) jo ia r in w te rs  uurany 
calibration (intercomparisons) in the open next to the <J 
which provided power fo r  the e lec tr ica l cup anemometers, in 
October 1991 at Matanya in Cb3 (21/4/1994).
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C a lib ra tion  o f tube solarim eters was done to exclude inaccuracies 

due to :

a. moisture condensation inside the tubes:

b. e r r a t ic  performance o f in tegrators:

c . dev ia tion s  from h o r izon ta lity  o f tubes and detector elements

( i i i )  Vacuum pump flushing o f Tubes

In i t ia l  flushing (o r drying) o f  tube solarim eters was done just

before SR91 on 26/9/91 at the Department o f Crop Science. F ie ld  sta tion . 

Kabete campus. U n ivers ity  o f Nairobi (DCS). The s i l ic a  gel through whicn 

the flu sh ing a ir  passes was oven dried  a fte r  the flushing o f each tube 

to  ensure complete drying. A vacuum pump was used to  drive a ir  through 

the hot s i l ic a  ge l and through the tube fo r  15 to  20 minutes. Theiea fte i 

both ends of the flushed tube were promptly sealed with the screws

smeared with the s il ic o n  rubber sealant.

Subsequent flushing was done at Matanya experimental s ta tion  using 

motor cycle tube as pump. An in fla ted  motorcycle tube was connected to  a 

g la ss  tubing, through a rubber tube which was fixed  with a c l ip  to  stco 

the a ir  from rushing out. The tube was then immersed into the bottom or 

a conical (fla t-bottom ) flask f i l l e d  with s i l ic a  g e l.  The s i l ic a  gei wa.-. 

again  used to  absorb moisture from the a ir  which passed through i t .  The 

now dry a ir  was then led out o f the flask  through another tube in t. 

tube solarim eter. The tubes were flushed until the moisture condensat 

disappeared, then the c lips  were closed very t ig h t ly  to  aVul 

moisture leakaae.

The follow ing materials were needed for such a the.a exp> 

(compare also Kainkwa, 1983).

-  b icycle foot pump
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-  s i l i c a  ge l

s two way flat-bottom ed flask (or a conical fla sk )

~ a motorcycle tube (modified with one way only b icycle  

va lves)

-  two r igh t angled glass tubes

-  4 rubber tubincrs (diameter 0.8 cm)

-  4 c lip s

~ 2 b icyc le  va lves 

-  a screw d r iv e r

3 .4 .1  (c ) The Kipp solarim eters

This Kipp solarim eter (a lso  ca lled  Moll -  Gorczynski pyranometer; 

*ias a 14 -  junction manaanin-constantan thermopile in the form o f a 10 

bv 14 mm rectangle (HMS. 1956). The s e n s it iv it ie s  o f d iffe ren t Kidd 

so larim eters are provided by the manufacturers fo r  resistances of 

aoproximately 10 ohms. The s e n s it iv it ie s  o f the two Kidds used at 

Matanya. with Tb as substandard, with which to  check the rest o f the 

TSLs were 12.3 (kp2) and 13.99 (kpl) uV W-im"2 for Ser. Nrs. 77397j  and 

892505 respective ly .

The blackened surface o f the thermopile is  covered by two 

concentric g lass hemispheres (domes) of 3 and 5 cm in diameter. The

space between the hemispheres is  evacuated to lim it sensible neat 

tran s fe r  by convection and advection. To avoid condensation on the 

inside o f the glass domes, the in te r io r  o f the solarimeter is keDt drv 

by means of a b u ilt- in  cartridge f i l l e d  with s i l ic a  gel pe lle ts  or othei 

su itab le  drying chemicals (HMS. 1956). The Kipp has a 99% response time 

o f  about 30 s (c f. 180 s fo r  TSL) . The thermopile is  not temperature 

compensated and has a temperature coeffic ien t of -0.2% per dea C ).



14
2

L E G E N D

El. W1. SI. N1 located at 94 cm from UTI
E2. W2. S2. N2 located at 188 cm from UTI
E3, W3. S3. N3 located at 376cm from UTI
_________direction of maize,beans and

Grevillea rows.

Fig.

I
N

11. A layout of tube solarimeters around one (UTI) of the two
(UTI & P T P ) Grevillea m b u n U  trees in A F  plot whose shades were monitored.

i
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fo r  use as i t  was acciden ta lly  lost in computer during processina. Three 

so la r im eters  (two Kipps (kpi & kp2) and one tube) were in s ta lled  in the 

open area fo r the experimental period, but Sr. Nr. 892505 (kp l) was 

la te r  on removed because o f malfunctioning.

Halverson arid Smith (1974) developed a FORTRAN program that 

ca lcu la te s  the length o f the shadow cast by a tree  on any slope ana 

azimuth. Quesada et a/. (1989) developed a program w ritten  in Microsoft 

BASIC that p lots the d is tr ibu tion  o f shadows from a spec ified  plot o f 

t r e e s .  Usina the works o f Halverson and Smith (1974) and Quesada et a l. 

(1989 ), the shade e f fe c ts  o f the en tire  AF can be quantified  by knowing 

the shade behaviour o f only two trees.

3 .5  S o il temperature measurements

3 .5 .1  Instruments fo r  measuring so il temperatures

3.5.1 (a) Soil temperature thermistors (sensing devices).
We used thermistors (type U) as sensors to  measure s o il  

tem perature. The thermistors (thermally sensitive  res is to rs  o f semi

conductors), which were buried in the ground at an appropriate depth, 

were connected to each o f the Grant data-loager channels through 

c a b le s , wnich passed the information on to  the data-lcgger memory- The 

temperatures thus 1 oaged were read into the personal computer (P c 1 

u s in g  a LOTUS 1-2-3— Transfer proaramme. The two sets o f thermistors 

were mini-thermistors (type U*1) from Grant Instruments Ltd. The f i * 5 

s e t  had been used at Machakos in Kenya (Mungai. 1991). hence >.ompai i=- 

w ith  the newer set (TM2) was necessary to test th e ir  in tegrity . Th* 

r e s u lt s  are presented in section 4.5.1.



144

3.5 .1  (b ) Grant Squ irrel dataloc a (logg ing  devices)

Hourly s o il  temperature readings were obtained from two uftANT o - 

b it 16-temperature channels. Squirrel dataloggers (type 3Q3-.-16U) fox 

three p lo ts  (agro fo res try  (AF), non-agroforestry (NAF) arid a - m by - ;L 

bare s o i l  p lo t (BS)). One Grant (Sr Nr 7317). with a reading range or 

10*—80*C, was used in AF and the other (Sr Nr 11402) with a reading 

range o f  0*-50*C. in NAF and BS. The Grant dataloggers were housed in 

two wooden boxes lined with polythene sheets to  protect them iiom la i .  

and o th er  weather vagaries. Insulating m aterials, that is  cotton wool 

and sm all pieces o f paper, were la id  on the bases to  piotei.L them ft  

v e ry  low temperatures that sometimes occurred a t n igh t.
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3.5.2 C a lib ra t io n  o f  s o i l  thermistors in  a Tem perature-Hum idity Chamber

a t  the Kenya M eteorological Department (Nairob i).

C a lib ra tion  o f therm istors was carried  cot before they 

deployed in  the f i e ld  fo r  SR91. The sensor's were ca lib ra ted  m the 

Temperature-Humidity Chamber o f the Kenya Meteorological oepartmenc. 

D agoretti-C orner. N airob i. Hie f i r s t  se t o f f i f te e n  s o il  th e rm it 

(TM1) was ca lib ra ted  on 4 & 5/6/91 while the second set (TM2) o : 

e igh teen  which were rece ived  la ter from The Netherlands, were c a l ib r a t e  

on 17/9/91. The almost 1:1 regression lin es  o f TM2 on TM1 iF ig. 332) 

the therm istors response to  chamber temperature curves 

c a lib ra t io n  exercises in  the Temperature-Humiditv -.number 

in Chapter 4 section  4.5.

3.5.3 Experimental layout

3.5.3 (a) Agroforestry plot (AF)
F ia . 12 presents the s o il tempereture therm istor layout in the

a g ro fo re s try  p lo t (A F .. Like NAF. the agroforestry therm istors (AMs a id

3IWs) in  AF were in s ta lled  at two depths of 7.5 cm and l->

the s ix teen  thermistors (ATMs) were in sta lled  at a distance

from the S rev ille a  trees  (foul- at each o f the 7.5 cm and 15 cm depths,.

S im ila r ly , the remaining eight (MM.) were installed at a distance

376 cm from the G rev illeas  (again four at each o f tne 7 .j cm ard 15
nlot had two

depths). There were four d iffe ren t p lo ts  in tne

trees  centered along i t s  longitudinal line. The d rev i l iea

o f these were root-pruned and the ether two had unpnoned trees. Or

the pruned and one o f the unpruned p lots were mulchea. 1h

were unmulched.
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Two pruned (FT1 and PT2) and two unpruned (UT4 ana 17151

had th e rm is to rs  (ATMs and HTMs) In s ta lled  at the
, s o i l  structural

376 cm from  the tr e e  trunks. I t  was expected

and t e x tu r a l  grad ien ts that occur from higher to  icwei pa

as g iv e n  by i t s  s lope w i l l  be re fle c ted , together with the influences o f

treatm ents, in  the behaviour of s o il  tem peratui

3 .5 .3  (b )  Norv-agroforestry p lo t (NAF)

Tbe en tire  N A F  p lo ts  where s o il temperature reaainas 

measured. 13.5 m by 25 m. This was d iv ided  into e igh t 12 m x* * *

r e p l ic a t io n  p in ts, foo r o f  which were not —  *  «  —  ^
u ru g ii)/  bean (rosecoco) intercrop.

( c l )  . The other four had the maize (H5
in  in tercropped  p lo ts  only as shown 

in s ta l le d  s o il  temperature sensor's in
(TMs) were in s ta lled  in NAF. two at 

in  F ia .  13. Fourteen thermistors (TMs
. 7 5 and 15 cm, along the diagonals of ea ■ .

each s i t e  a t the depths ot /.5 and

p lo t  making four per p lo t with the 7.5 cm depth in pos ition

st 15 cm depth in  pos ition  « .  exception of p lot *  ™

» ,  which had one thermistor each, l i s t e r s  *  -  ™  —

xmv nirtts were deployed in the bare s o n  
would have been used in  these NAF P lo ts  w .

" "  ' I n c  the preparatory e x p e r t  in

measurement r e n t *  was c o a t e d ,  p r io r  to  Kerch « ■  » «
con tro l p lots ,L1. U .  ^ o r e  we moved aU  thermistors to .

p l o t s .

3 .5 . 3 ( c )  Bare s o il  p lo t (BS). fo r
bv 2 m was set

A hare soil plot, mea^ina am on ̂  t—
measurina the e ffe c t  of unimpeded so la r heatina



147

\

F ig . 12. A g ro fo re s try  p lo t  a t  Matanya showing th e  layout o f  
s o i l  temperature th e rm isto r  (ATM) p o s it io n s  i n s t a l l '  
at 9h and 376 cm d is ta n c e *  from CJreviUea robusta tr e e s  
Mote t h a t  thermistors marked with odd numbers wer.- use 
to  measure s o i l  temperatures at  15 cm depth ana lose 
with even numbers a t  7«5 cm depth.



148

at the two depths (7.5 and 15 cmi. The thermistors were in sta lled  at the 

cen tre  o f the 3S p lo t. The care s o il p iot was on an open s ite  tai ftoii; 

high objects which would cast shadows on It . I t  was kept extiemeiv m i t 

a l 1 the time.

• • •
0L5 maize 

* X- . beans 
TM7.TM8

’ •••.  AL5
i t  " X . . .
L -> ' TM5.TM6 •••..

NU

NU
TM9.TM10

BM4

. • •' TM11.TM12 ? al“beans
# ' mulch

NU

m BL4 maize 
' .v bean*

TH3.TM4'
* • . .  AL4

" X . .
L4 TM1.TM2'' •• ...

M5 AM5 .••***
. X  - '

. ’__,TM13, • *
BM5
X • ’ maize

. • • *" TMH. — be° " s
mulch

NU

Fig. 13. Non-agroforestry plot (NAF) showing the layout of s o il
temperature thermistor ('114) positions in the mulched anc oca 
p lots. TMs marked with odd numbers (TM1; TM15 excep •
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CHAPTER POUR

4. Results and discussion

4.1 Results on maize and beans intercrops

4.1.1. Short Rains season 1991

4.1.1 (a) Rainfall and evaporation climate during growing season

The maize/bean intercrop was planted on 15th October. 1991, a fte r 

a cumulative ra in fa ll to ta l o f 30.3 mm was received against 22.5 mm o f 

pan evaporation in the 4 days immediately before planting. The ra in fa ll 

throughout the four months o f the season was below the long term mean 

except fo r  October, which received 8.7 mm above i t s  long term mean (see 

F ig . 14 & Table 6 ). Pan evaporation fo r  October was 18.5 mm below the 

iong term mean. November, with a ra in fa ll  o f 43.9 mm below its  long term 

mean had the highest negative value followed by December and January. 

1992. which had 29.8 and 16.6 mm respective ly . November had the highest 

p o s it iv e  evaporation deviation  o f 31.8 mm from its  long term mean fo r  

that month (Table 6).

The ra in fa ll received  in October was only adequate for seedling 

emergence and in it ia l  growth. There was a good in it ia l  s tart and bad 

ending. Inadequate r a in fa ll in November and December resulted in plants 

a tta in in g  the permanent w iltin g  point fa ir ly  fast, by January 1992. 

3eans were harvested on 5/2/92 and maize that remained in the f ie ld  was 

drying qu ite fa s t. The plants did not a tta in  th e ir optimum height of 2 m 

th is  season.

4.1.1 (b) Maize and beans phenology and soil fertility variation

Of the plants 15% in the p lo ts  that would the follow ing year 

become Local control (L) and in the p lo ts  that would the following year 

become Mulched control p lo t (M). as w ell as 20% in agroforestry (AF).
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Table 6. Seasonal monthly ra in fa ll (mm) and pan evaporation
ra tes  (mm) fo r  1991-1994 Short Rains growing seasons and 
deviations from th e ir  long term averages.

9 actual deviations '
monthly long term from long term means

(194:1-94)
ra in f evapo ra in f 1 evapo ra in f evapo

SR91
Oct 88.0 137.4 79.3 155.9 8.7 -18.5
Nov 91.4 147.1 135.3 115.3 -43.9 31.8
Dec 50.6 148.6 80.4 133.7 -29.8 14.9
Jan192 35.7 158.2 52.3 151.2 -16.6 5.0
SR92

Oct 48.5 159.6 79.3 155.9 -10.8 3.7
Nov 137.6 120.6 135.3 115.3 2.3 5.1
Dec 146.8 122.8 80.4 133.7 66.5 -10.9
Jan‘ 93 204.7 105.2 52.3 151.2 152.4 -46.0
SR93
Oct 65.2 168.2 79.3 155.9 -14.1 12.3
Nov 117.2 115.8 135.3 115.3 -18.1 0.5
Dec 48.3 174.7 80.4 133.7 -32.1 41.0
Jan‘ 94 3.1 172.5 52.3 151.2 -49.2 21.3
SR94
Oct 9 8 3 ^ ” 137.0 79.3 “ 15575“ 18.7 ~ T 3 7 9
Nov 155.2 95.2 135.3 115.3 19.9 -20.1
Dec 60.3 115.3 80.4 133.7 -20.1 -18.4
Jan‘ 95 13.9 167.9 52.3 151.2 -38.4 16.7 -

Table 7. Seasonal monthly ra in fa ll (mm) and pan evaporation 
ra tes  (mm) fo r  1991-1994 Long Rains growing seasons and 
deviations from th e ir  long term averages.

monthly long term
actual deviations 
from long term means

(1942-94)
ra in f evapo ra in f evapo ra in f evapo

LR92
March 49.8 166.6 60.6 160.6 -10.8 6.0
April 99.7 141.7 122.2 138.3 -22.5 3.4
May 18.1 170.8 46.6 158.0 -28.5 12.8
June 5.2 180.9 47.5 154.3 -42.3 26.6
LR93

March 38.6 145.6 60.6 160.6 -22.0 -15.0
April 84.7 138.2 122.2 138.3 -37.5 -0.1
May 90.4 154.4 46.6 158.0 43.8 -3 .6
June 32.3 146.1 47.5 154.3 -15.2 -8 .2

iJ£94 ________
March 29.5 ‘ 177.0 60.6 160.6 -31.1 16.4
April 190.5 154.0 122.2 138.3 68.3 15.7
May 73.7 148.2 46.6 158.0 27.1 -9 .6
June

2 -
47.5 131.0 47.5 154.3 0.0 -23.3
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had emerged by 10 days a fte r  planting (DAP). By 14 DAP 00% o f the 

plants in  L. 90% in M and 85% in AF had emerged. Emergence attained 100% 

leve l by 21 DAP. These d iffe ren ces  in emergence la ter contributed to  

marked d iffe ren ces  in  biomass y ie ld s . Although i t  was not possible to  

exp lain  d iffe ren ces  in emergence, the h is to ry  on so il f e r t i l i t y  levels 

a t the time we d id  our te s t  experiment in SR91 and s o il  chemical 

analysis done la te r  in 1993 (Table 8) suggested that there were 

substantia l inhomogeneities in exchangeable ions, espec ia lly  phosphorus, 

which varied  in the layer 0-10 cm (surface) from 96.8±5.5 in L to  

40.7±2.0 in  AF. We can see from Table 8 that these s o ils  are acid ic with 

a pH o f  about 6.3±0.3 in the surface layers. Variations were observed in

K. Mn and Mg. At the surface (0-10 cm o f the s o il )  Mg. for example, 

varied  from 4.1±1.1 and 5 .9±1.5 in the centre o f AF and in the areas 

c loser to  the live-fen ce  resp ective ly  to  1.8±0.2 (m.e. %) in L. In the 

layer 20-30 cm i t  varied  from 5.6±0.8 and 6.0±1.8 in  AF and ciosei 

live^ fence respective ly  to  2.1±0.3 (m.e. %) in L and M p lo ts . Variations 

of such magnitude were inherent in  the s o il  at the time we started oui 

experiments in SR91 and had persisted  throughout our experimental 

period. These varia tions were o f f  set by the farm yard manure that we 

added at the rate o f 10 t/ha every Long Rains (LRs) season.

S o il moisture le ve l had dropped by 63 DAP and moisture stress 

induced premature tassel lin g  in 10% o f  the plants by 78 DAP. Maize 

plants d id  not have problems with pests, diseases and weeds. The plants 

started drying up a fte r  tassel ling. We only harvested biomass and no 

grain y ie ld s  from the intercrop.
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•table  8 .  S o i l  ch em ica l  c o m p o s i t i o n  at Matanya o f  
e x a m p l e s  taken  d u r in g  s tudy  p e r i o d .

( a )  C h em ica l  c o m p o s i t i o n  in  the  l a y e r  0-10 cm depth

l o c a l Mulch A g r o f L i v e f e ave rage

pH. s o i l 6 . 3 ± 0 .5 6 . 6 l 0 .2 6 .1 10 .1 6 .010.5 6 .310 .3
Na m . e . % 1 . 1 ± 0 . 3 0 .910 .1 0 .9 10 .1 1 .010.3 1 .010 .2
K m . e . % 2 . 1±0 .8 1 .910 .2 1.8 + 0 .4 1.5+0.6 2 .210 .5
Ca m . e . % 11 .910 .9 9 .8 + 0 .2 7.9  + 1 .4 9 .4+3.1 9 .811 .4
Mg m . e . % 1 . 8 1 0 . 2 2 . 1±0.2 4 .1 1 1 .1 5 .9+1 .5 3 .510 .8
Mn m . e . % 0 . 8 1 0 . 2 0 .810 .1 1 .310 .2 1.210.0 1 . 0 i 0 . 1
P p . p . m . 96 .815 .5 53.3133 4 0 .7 1 2 .0 88171 69 .7+27 .4
N % 0 .310 .1 0 .2 1 0 .0 0 .3 1 0 .2 0.2+0.1 0 .310 .1
C % 2 .4 1 0 .5 1 .410 .1 1 .1 1 0 .2 1 .5+0 .3 1 .610 .3

( b )  Chem ica l  c o m p o s i t i o n  in the  l a y e r  20-30 cm depth
l o c a l Mulch A g r o f L i v e f e ave rage

pH. s o i l 5 .5 10 .2 6 .5+0 .2 6 .3 + 0 .3 6 .110 .6 6 . H 0 . 3
Na m .e . % 1 .210 .2 0 . 8 1 0 . 2 0 .9 1 0 .1 1 .0+0 .3 1 .010 .2
K m .e . % 2 .410 .7 1 .510 .2 1 .6+0 .1 1 .510.6 1 .8+0 .4
Ca m .e . % 11 .610 .9 8 .5 + 0 .8 9 .8 1 2 .5 8 . 8 l l .5 9 .7+1 .4
Mg m .e . % 2 . H 0 . 3 2 .1 1 0 .2 5 .6 1 0 .8 6 . O i l . 8 4 .010 .8
Mn m .e . % 0 .8+0 .1 0 .710 .1 1 . 0 ± 0 . 1 0 . 9 ± 0 . 1 1 .0 ± 0 . 1
P p . p . m , 8 6 . 510.6 28 .5+9 .0 4 2 . 0 + 6 .C) 96l90 63 .3+26 .4
N % 0 .2  + 0.1 0 .4+0 .5 0 .2 + 0 .0 0 .2+0.1 0 .3+0 .2
C % 1 .7+0 .2 1 .410 .1 1 .8 1 0 .3 1 . l i  0.1 1 .510.2

NB:

ph. s o i l -  d eg re e  o f  a c i d i t y  o r  a l k a l i n i t y :
Na. K. Ca, Mg & Mn m .e .  % -  p e r  cen t  molar  e q u i v a l e n t  

o f  th ese  ch em ica ls  in  the s o i l :
P p .p .m .  -  p a r t s  p e r  m i l l i o n  o f  phosphorus in  the 

s o i l ;
N & C % -  per  c o n t e n t  in the s o i l .

By 14 DAP. 85% o f the beans in L and AF and 100 % in M plots had

emerged. By 44 DAP. 10% o f  the beans m  L and AF and 20% in M plots had

flowered. Flowennq was completed by 49 DAP. The plants started w iltin g
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by ■ / DAP due to  lack o f moisture a by 83 DAP they were drying en 

msse. Again  there were no problems associated with pest, diseases, and 

weeds b e fo re  s o i l  noisture le v e l dropped.

The biomass and seed y ie ld s  from beans were harvested on 110 DAP 

12/2/92). We here th ere fo re  present the following resu lts  for this 

season: ( i ) maize heights in control (L and M) p lots and AF: ( i i )  grain 

and biomass y ie ld s  in  each o f these p lo ts .

4.1.1 (c ) Maize heights

Fig. 16 d isp lays crowing maize heights during SR91 in the those plots 

that would in the fo llow ing year become Local (L) and in the those plots 

that would in the fo llow in g  year become Mulched (M) and AF p lots. The 

time sca le  adopted here is  the ju lian  day ( i . e .  successive number o f 

days in  a year (DOY) : 1-365 days), which we w i l l  use fo r  most parts in 

this th es is . The maize heights were measured in centimetres.

We see from Fig. 16 that the plants in the Mulched p lots  had 

outgrown those in the AF and Local resp ective ly . However, the whole 

picture o f  F ig. 16 indicated that plants were growing at uniform rate 

within ±15 cm. Although the final  d iffe ren ces  remain small (±7-8 cm. i f  

agroforestry is  taken up as the average), the d ifference between Mulched 

and Local future p lo ts , is  largest. Given the equal treatment in SR91. a 

small inherent f e r t i l i t y  d ifference (explained in Table 8) due to  

previous seasons, with mulch application may be behind th is  d ifference, 

because that may not fu l l y  vanish by deep t i l l a g e .
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SR91 m a i z e  g r o w t h  h e i g h t s

Tim e  c o e y s  o r  y e a O  

O  L o c a l M ulched o  A g ro T

F i g .  1 6 .  SR91 m a i z e  h e i g h t s  f o r  t h r e e  p l o t s :  L o c a l ,  
M u l c h e d  a n d  a g r o f r e s t r y  a t  M a t a n y a ,  e q u a l l y  t r e a t e d  (d e e p  
t i l l e d  p l u s  m u l c h i n g ) .

Fig* 1 7 .  Average SR91 maize biomass y ie ld s  per row i n  
equally treated (daep t i l l e d  plus mulching) pruned and 
unpruned p lots in t h e  AF, and mean y ie ld s  fo r  a l l  pruned 
and u n p ru n ed  p l o t s  r e s p e c t i v e l y  ( h o r i z o n t a l  l i n e s ) .



4 .1 .1  (d ) Biomass y ie ld s  o f  maize and beans

T ab le  9 summarizes the biomass y ie ld s  re la t ive  to  the average 

- le id s  o f  each future contro l treatment (L  & M). Mulched control (M) 

• ie .d ed  1.27±0.10 t/ha and the Local control (L) 0.93±0.19 t/ha (Table

. which d iffe ren ce  was s ig n ific a n t. There was higher biomass y ie ld  in
%

pruned AF than in the unpruned. The percent re la t ive  y ie ld s  in both 

Mulched and Local AF p lo ts  were therefore higher than those in the 

unpruned. Lower part o f AF ( i . e .  interspace C-D. D—E) had less actual as
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Table 9. SR91 maize biomass y ie ld s  (t/ha) in AF and
r e l a t i v e  to the control p lo ts , (a) roo t pruned, (b) root 

unpruned, (c ) NAF control p lo ts . Note that there were 28 
maize rows intercropped with 32 beans rows, that is  7 maize 

was in  the space (in terspace) between two Grevillea robusta 
t r e e  rows. This layout was used fo r  a l l  seasons except LR92.

Between average

% o f M % o f L
tre e
rows

maize
rows

maize
y ie ld s  (t/ha)

(a ) rxxi t  pruned G revillea  robusta tre e  p lot

A-B 1 - 7 1.08±0.29 85 116
B-C 8 - 1 4 0.98±0.21 77 105
C-D 15 -  21 0.97±0.15 76 104
CHE 22 -  28 0 .93±0.25 73 100

A-E 1 - 2 8 1.00+0.23 79 108

b) roo t unpruned G revillea  robusta t re e  plot

A-B 1 - 7 1.01±0.30 80 109
B-C 8 - 1 4 0.89±0.15 70 96
C-D 15 -  21 0.81+0.15 64 87
D-E 22 -  28 0 .85±0.28 67 91

A-E 1 -  28 0.9110.24 72 98

(c ) control p lots

Local (L) 0.9310.19 73 100
Mulched (M) 1.2710.10 100 137
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« e l l  as percentage r e la t iv e  y ie ld s  than the upper part ( i . e .  A-B. B-C).

A comparison o f pruned versus unpruned plots indicate the yie lds 

«e r e  h igh e r  in  the former than in the la t te r  byabout 10% (Fig. 17 and 

Tab^e 9 ) .  The root pruning somewhat reduced competition for soi l 

m oisture between the trees  and the maize in  the intercrop, resu lting in 

more biomass y ie ld s  in  the pruned portion o f the AF. Termites had built 

th e ir  nests  in the lower part o f AF (< 2% o f  AF p lo t ) ,  thereby affect ing 

the  s o i l  homogeneity, roo t penetration and hence crop growth and 

re su lta n t biomass y ie ld s . This area was excluded from further analysis.

F ig s . 18 & 19 show the beans biomass and seed y ie ld s  for the SR91 

in  pruned and unpruned p lo ts . Bean rows were not shown in Fig. 9, only 

maize rows were shown. A lso bean rows d id  not coincide with the tree 

rows in  the intercrop but maize rows did. The gaps in the graphs 

th ere fo re  denote positions o f the tree rows re la t ive  to  the bean rows. 

The re su lts  o f the beans biomass and seeds y ie ld s  are a lso  presented as 

the row averages in pruned and unpruned p lo ts .

According to  F ig. 18 there were only small d ifferen ces  in average 

biomass y ie ld s  between the pruned and unpruned p lo ts , although the 

former appeared to  have somewhat more. In  the lower ha l f  o f the AF. the 

unpruned had more biomass than the pruned, although the overa ll average 

y ie ld  fo r  the pruned p lo t was 6.7% higher than fo r  the unpruned p lots. 

These higher biomass y ie ld s  in th is  part o f the unpruned AF were 

probably due to more s o i l  moisture in the surface layers of th is  part 

than in the pruned part o f the plot, which bordered the fru it  trees 

whose roots might p a r t ia l l y  have colonized th is part o f the plot.  The 

bean plants have shallow roots and may also have been a ffected  less by 

term ite nests in deeper layers o f the s o i l  than the maize plants with 

deeper roots. Hence maize biomass y ie ld s  were lower than bean biomass
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Q  p ru n e d  +  a v e ra g e  p ru n e d  e  un prun ed a  a ve ra g e  unprun

F i g .  1 8 .  A v e r a g e  SR91 b e a n s  b i o m a s s  y i e l d s  p e r  row i n  
e q u a l l y  t r e a t e d  ( d e e p  t i l l e d  p l u s  m u l c h i n g )  p r u n e d  and 
u n p r u n e d  p l o t s  i n  t h e  A F,  and mean y i e l d s  f o r  a l l  p ru n e d  
a n d  u n p r u n e d  p l o t s  r e s p e c t i v e l y  ( h o r i z o n t a l  l i n e s ) .

Fig* 1 9 .  A v e r a g e  SR91 b e a n s  s e e d  y i e l d s  p e r  row i n  
• q u a l i y  t r e a t e d  ( d a a p  t i l l e d  p l u s  m u l c h i n g )  p r u n e d  and 
.n p r u n a d  p l o t s  i n  t h e  A F ,  and mean y i e l d s  f o r  a l l  pruned 
and u n p ru n ed  r e s p e c t i v e l y  ( h o r i z o n t a l  l i n e s ) .
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y ie ld s  in  the lower ha l f  o f AF.

4.1.1 (e) Beans seed yields

There was considerable increment o f the seed y ie ld s  in pruned over 

bhe unpruned p lo ts . Again here root pruning (trenching) reduced
i

com petition  fo r  s o il moisture and s o il  nutrients between the beans in 

th e  in tercrop  and the G revillea  robusta trees  (Fig. 19). Seed yields per 

row  as a per cent o f plant weight were higher in the pruned than in the 

unpruned p lo ts  (F ig. 20 and Table 11). Given the biomass resu lts fo r  the 

pruned p lo t  r e l a t i v e l y  more o f the bean dry matter must have gone into 

seeds under the SR91 conditions than in to  pods. Seeds are agronomically 

sore important than the remaining dry matter although pod residues mav 

be used as fodder ( ! ) .  The average seed y ie ld  as percentage o f plant 

weight was 38.9% in the pruned and 27.4% in the unpruned (Tables 10 & 

11). This might have been due to  higher s o il  moisture in pruned plots 

than in  unpruned p lots  in the so i l  layer where the bean roots ramify, 

because water stress influences seed formation negatively  (Norman et 

a l . .  1984). The per cent yie lds, r e la t iv e  to the Local and Mulched 

control p lo ts , were higher in the pruned and in the Mulched plots than 

in the Local and unpruned ones (Table 11). Again from the beans seed

yie lds, i t  follows that the same two factors  may be involved as in the

case o f maize, as far as the future Mulched control p lots (M) is

concerned. The M had again a higher emergence (and also flowered

ea r lie r ) and they had higher y ie ld s  due to  th is and possibly Mulch/Local 

d ifferences due to longer use o f these p lo ts  under the same treatments. 

Hence these s ign ifican t d ifferences  in control p lo ts  which were observed 

in maize biomass y ie ld s . (Table 9) and in beans biomass yie lds (Table
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F i g .  2 0 .  S R 9 1  b e a n s  s e e d  w e i g h t  as a p e r c e n t a g e  o f  t o t a l  
p l a n t  w e i g h t  p e r  r o w  i n  t h e  s a m e  p r u n e d  a n d  u n p r u n e d  
p l o t s  i n  t h e  A F  of Fig. 17.

L R 9 2  m a i z e  h e i g h t s  I n  AF a n d  c o n t r o l s

Tim e  co a yo  o f trie  y e e r j

a A FL1 +  APL8 o  AFM1 a  AFM2 X M ulched T  Local

Fig. 21. M a i z e  h e i g h t s  a t  94 c m  f r o m  Gravillaa robusta 
row ( r o w  i of maize) i n  A F  p l o t s  f o r  LR92, f o r  four 
d i f f e r e n t l y  t r e a t e d  s e r i e s  of p l o t s  ( p r u n e d  an d  u n p r u n e d  
Local a n d  M u l c h e d )  a n d  t h e  c o n t r o l  pl o t s .
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Tafcie 10. SR91 beans seed y ie ld s  (t/ha) in AF and re la t iv e  to  
the con tro l p lo ts , (a) roo t pruned, (b) root unpruned.
(c ) NAF control p lo ts . Note that there were 32 bean rows 
in tercropped with 28 maize rows, that is  8 beans rows in each 
in terspace. This layout was used fo r  a l l  seasons except LR92.

Betwec?n average

% o f M % o f L
tree
rows

bean
rows

bean seed 
y ie ld s  (t/ha)

(a ) rocDt pruned G revillea  robusta tree p lo t

A-B 1 - 8 0.37±0.11 84 128
B-C 9 - 1 6 0 .44±0.10 100 152
C-D 17 -  24 0.43±0.12 98 148
D-E 25 -  32 0 .25±0.02 57 86

A-E 1 - 3 2 0 .37±0.13 84 128

b) roo t unpruned G revillea  robusta tree  p lo t

A-B 1 - 8 0.26+0.07 59 90
B-C 9 - 1 6 0 .28±0.02 64 97
C-D 17 -  24 0.29+0.02 66 100
D-E 25 -  32 0 .22±0.06 50 76

A-E 1 - 3 2 0 .26±0.05 59 90

(c) control p lots

Local (L ) 0 .29±0.03 66 100
Mulched (M) 0.44+0.04 100 152

10) must be due to  the long use o f these p lots under the same Mulch 

/Local treatments by the host institution.

Table l l ( a - c )  shows that on the average with respect to  Local
1

control p lo t , the d iffe ren ce  in beans biomass y ie lds between pruned 

filched AF p lo t and the future Local control p lot (L) was 0.06+0.22 t/ha 

and that between unpruned Mulched AF p lo t  and L was 0.02+0.21 t/ha. 

Jhile with respect to  Mulched control, the d ifference between pruned 

niched AF p lot and the future Mulched control plot (M) was 0.12±0.29 

t/ha and that between unpruned Mulched AF p lo t and M was 0.16±0.28 t/ha.
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Table 11. SR91 beans biomass y ie ld s  (t/ha) 
in  AF. (a ) roo t pruned, (b) root unpruned, 

i___ (c )  con tro l
in terspace (a ) pruned (p) unpruned

A -  B 
B -  C 
C -  D 
D -  E

0 .69±0.22 
0 .63±0.05 
0.58±0.12 
0.42±0.12

0.44±0.07 
0 .51±0.16 
0 .67±0.09 
0 .58±0.16

A -  E 0 .58±0.17 0.54±0.16

(c ) con tro l
Local (L) 0.52±0.05
Mulched (M) 0.70±0.12

Tnese d iffe ren ces  were much smaller than th e ir  error 

margins and there fore  should be considered agronomically irre levan t.

4.1.2 Long Rains season 1992
4.1.2 (a) Rainfall and evaporation climate during growing season

The in tercrop o f maize and beans fo r  the Long Rains 1992 (LR9 

arowing period was planted on 23th March, 1992 a f te r  a total  ra.n 

of 24.3 mm was received  in  9 days against pan evaporation cf 33 

p r io r  to the sowing date at Matanya station . An additional rain 

amount of 13.4 mm was obtained on the day o f p lanting. Seedling 

emergence and establishment was very poor. There were few seed y ie l

fo r  beans and no grain  y ie ld s  fo r maize during LR92. There were some 

biomass y ie lds  fo r  maize and beans a lb e it in i educed tonr c P® 

hectare. The maize did not reach the tassel ling and s i lk ing  phas

The ra in fa l l  to ta ls  fo r  March. Ap r i l .  May and June (LR92) were way 

below th e ir  long term means (see F ig .  15 & Table 7 ). Increa

negative deviations were experienced from the beginning
» oq r *nd 42.3

the season. The months o f May and June rece iv .
„  March and April at the 

respective ly  below th e ir  long term means.
. , 1ft a =nd 22 5 am r e s p e c t iv e ly  below

beginning of the season received 10.8 ana •
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their long term mean values. The actc deviations or pan evaoorat ^

were a l l  p o s it iv e  in  the four months. In e  highest d e v ia t io

above th e  long term mean, was experienced in June and the minimun o f 3.4

mm in  A p r i l .  Matanya rece ived  a to ta l moisture d e f i c i t

the fo u r  months o f  these Ion? Rains. The r a in fa l l  th ere fo re  t e l l  snort

o f  th a t  expected to  support crop production.

4 .1 .2  (b ) Maize and beans phenology

By 30th March ( i . e .  7 DH>> 30* o f the maize seed lings m  the AF

2 «  in  the other treatments .control p lo ts , had emerged. Emergence 

o f 100* was atta ined hy 15 » P .  The s o il — e level had dropped scon 

a f t e r  emergence, although the plants had survived fo r  some time before 

s ta r t in g  to  w i l t .  The w i l t ing  began by 57 DAP before ta s s e ll in ,  and

wo accessed the aeneral conditions a- 
s i lk in g  phases were reached. We assessed

unsatis factory  on 56 DAP.

By 7 DAP 20* o f the bear* bean seedlings in the control p lo ts  am  

30* in  the AF emerged. Emergence of the l*a r *  seedlings reached 100* »  

15 DAP. 50 DAP complete flowering hed been achieved. Plants s ta rt

. aa nip RiDenina was completed at the same 
experiencing water s tress  by 64 DAP. Ripening

time as the plants were drying up. by 85 DAP. Die to  water stress and

attack by fungal diseases. mainly smut. the plant 

unsatisfactory condition. Eoth the seeds and biomass were harvest

7-9th July. 1992 (near the 105 DAP).

Like for the « 1 .  we present resu lts  o f maise heights ani

,  u seeds for beans alone.
y ie ld s  fo r  both maize and beans. } ôur

intercrop in the ( i )  Mulched and loca l control and AF plots ^
. r re v iI le a  robusta trees.

AF sub-plots with pruned and unpruned

were no grain y ie ld s  fo r  maize.
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4-1-2 (c) Maize heights

r i g .  ill presents maize neignts at 94 cm from Grev i i i ea  rows ( i . e  

row i )  in  the AF p lo ts . Trie plants in the pruned Local at day 147 ana 

vonc* Wr:ie a ôu  ̂ 6 cm or less t a l l e r  than those in the unpruned L o ca l . 

ine p lan ts in  the pruned Mulched p lo t  had a slow in i t ia l  growth 

compared to  those in the unpruned Mulched p lots in the beginning Lot 

a tta in ed  and remained at the same height by day 140. In  fact 140 days 

onwards, in the AF p lots  oniy unpruned Local showed a d iffe ren ce  with 

cne others. The plants in rows 186 cm from tree  rows grew at the same 

ra te  from DOY 119 t i l l  132 when those in  AFL2 remained behind and from 

DGi' 140 the APM2 plants overtook the re s t  (Fig. 22;. The plants in the 

iows at z82 cm from the tree  rows ( i . e .  row 3. Fig. 23; had an in i t i a l  

need s ta r t in the pruned Local p lot but were from day 147 onwards 

overtaken by those in  pruned Mulched plot. Part icu lar ly  the f ina l  

d iffe ren ces  between unpruned and pruned Mulched p lots, in order o f 20 cm 

fi<->m day 147 onwards, is  s tr ik in g . In the Local p lo ts  th is d iffe ren ce  

was less  than 10 cm at maximum.

Tig. 24 presents the average heights for plants m  rows 4 at 376 

cm from tree rows. We can see here that the plants m  unpruned Luce. 

(AFL2) plot , nad in i t i a l  head start ,  reaching 10 cm more at maximum ana 

remained ahead throughout. They were followed by those in pruned Locai 

•AFLi) and then by those in AFM2. but these d ifferences are ever 

smaller.

A comparison o f AF sub-plots with the control c lo ts  (Figs. ..1-24) 

revea ls  that for a l l  the distances plants in both control treatments 

(Mulched control and Local con tro l) had slow in i t ia l  growth but tnev 

overtook the others towards the end o f  the season by IOY 132. F1 ai its 11< 

Mulched NAF p lo ts  were must of ten the ta l les t  in three cases immediateiv
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L R 9 2  m a i z e  h e i g h t s  i n  AF a n d  c o n t r o l s

Tim e  c o s y s  or t n e  y e a r }

□  A FL1  +  AFL2 «  AFM1 A AFW2 X  >Ajlched

F i g .  2 2 .  M a i z e  h e i g h t s  a t  188 c m  f r o m  Grevillea robusta 
r o w  ( r o w  2 o f  m a i z e )  i n  t h e  s a m e  A F  p l o t s  as in Fig. 21 
f o r  L R 9 2 .

L R 9 2  m a i z e  h e i g h t s  in  AF a n d  c o n t r o Is

Tim e  caaye o r  trie y e a r }
a AFL1 ♦ AFL* • AFM1 A AFM* x  > A jlc n H  T  lo o *  '

Fig. 23. M a i z e  h e i g h t s  at 2 8 2  cm f r o m  Grevillea 
r o w  ( r o w  3 of m a i z e )  in the same A F  p l o t s  as 
f o r  L R 9 2 .

robusta
Fig. 21
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L R 9 2  m a i z e  h e i g h t s  i n  AF  a n d  c o n t r o l s

S
!

O  AFL1
Tim e  c a a y s  o r tn e  ye a r;)

A F L 2  o  AFU1 A AFM2 X Mu Iched v  LocaI

F i g .  2 4 .  M a i z e  h e i g h t s  a t  376 c m  f r o m  Grevillea robusta 
t o w  ( r o w  3 o f  m a i z e )  i n  t h e  s a m e  A F  p l o t s  a s  in Fig. 21 
f o r  L R 9 2 .

Fig. 25. A v e r a g e  L R 9 2  m a i z e  y i e l d s  p e r  r o w  in Mulched 
p r u n e d  ( A F M 1 ) plot. L W  and U P  a r e  r e s p e c t i v e l y  a v e r a g e  
y i e l d s  in the l o w e r  ( r o w s  17- 2 1 )  a n d  u p p e r  (rows 8-12 ) 
par t s  of AFM1. P L  is a v e r a g e  y i e l d  f o r  e n t i r e  A F M 1  p lo t .
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f o l l o w e d  by those In pruned Mulched (AFM1). Local con tro l and the 

-m pruned Loca l (AFL2) p lo ts  & the pruned Local (AFL1) d id  not d i r re i  

o u ch  but Indeed unpruned AFM2 performed rather badly but the height 

d i f f e r e n c e  remained close to  10 cm ( i . e .  12 cm). Pruned Mulch is  higher 

' b u t n e g l i g i b l y  so) than pruned Local from the beginning, t i l l  day 132. 

Trie d i f fe r e n c e s  between pruned and unpruned Local in Fig. 23 is  a lso  20 

cm a t th e  end.

4 . 1 .2  (d ) Maize Biomass y ie ld s

F ig s .  25-28 present the biomass y i e l d  curves fo r  the upper and 

low er areas shown in  Fia. 9. The two horizontal lines in each giaph 

in d ic a te  an o ve ra ll average (PL) fo r  each treatment p lo t  (AFM1. AFW2. 

AFL1 &. AFL2) and one average fo r the upper (UP) and another fo r  lowei 

(LW) areas. We observe from each o f these curves that the average 

y i e l d s  in POPS were always lower than those in P 'O'R 'S '  . LW was always 

h igh er than PL and UP was always lower than PL.

From the s ta rt o f the LR92 we observed that intercrop heights wei e 

always depressed in the area covered by PQRS (see Plate 10). We 

suspected various reasons fo r  th is  depression, for example ( i )  moie 

severe competition fo r so i l  water and nutrients between unpruned 

G revilleas  and the intercrop, ( i i )  strong winds descending into the 

area, ( i i i )  termites building nests in  the area, ( i v )  compaction by 

persons working on the plot,  (v) the land slope o f 4-5% which would 

introduce gravitational drying up-slope apd others.

Reason ( i )  was proved, but not fu l ly ,  in the resu lts on 

moisture in section 4.2 . The p o s s ib i l i t y  o f strong winds descending in to  

the area af fect ing plant growth, reason ( i i ) .  was investiga ted  y
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LR 9 2 m a i z e  b i o m a s s  y  d s  i n  AFM2

o ro d  ro*e C E - wd

□  Y  f «  I do p o r  ro w  UP o LV  A PL

F i g .  2 6 .  A v e r a g e  L R 9 2  m a i z e  y i e l d s  p e r  r o w  in M u l c h e d  
u n p r u n e d  (A F M 2 ) plot. L W  an d  U P  a r e  r e s p e c t i v e l y  a v e r a g e  
yields in t h e  l o w e r  ( r o w s  17-21) a n d  u p p e r  ( r o w s  8-12 ) 
p a r t s  o f  AFM2. P L  is a v e r a g e  y i e l d  f o r  e n t i r e  A F M 2  plot.

LR92 m a i z e  b i o m a s s  y i e l d s  i n AFL1

□  Y l *  Ida p * r  r « w  ♦ UP «  LW * PL

F i g
Local. 2 7 .  A v e r a g e  LR92 m a i z e  y i e l d s  p e r  row i n

p r u n e d  ( A r L l )  p l o t .  LW and UP e r e  r e s p e c t i v e l y  “ v e r a g
y i e l d s  in t h e  l o w e r  ( r o w s  17-21) a n d  u p p e r  .
p a r t s  o f  AFL l .  P L  is a v e r a g e  y i e l d  f o r  e n t i r e  A F  p
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TR1 8 9 10 11 12 TR 2 17 18 19 20 21 TR 3

Ct o d  rows C E - « q

□  Y fe id e  p e r  row  UP o LV  Cl PL

F i g .  2 8 .  A v e r a g e  L R 9 2  m a i z e  y i e l d s  per r o w  i n  L o c a l  
u n p r u n e d  (A F L 2 ) p l ot. L W  a n d  U P  a r e  r e s p e c t i v e l y  a v e r a g e  
y i e l d s  i n  t h e  l o w e r  ( r o w s  17-21) a n d  u p p e r  ( r o w s  8 - 1 2  ) 
p a r t s  o f  A F L 2 . P L  is a v e r a g e  y i e l d  f o r  e n t i r e  A F L 2  p l ot.

TiMe cDays or tna year} 
a  APM1 o  APL1 X L  v M

rig. 29. M a i z e  h e i g h t s  in pruned Mulched (AFM1) J" 
p r u n e d  L o c a l  (A F L 1 ) p l o t s  in A F  a n d  c o n t r o l s  (M * ^ > 
SR92.
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P la c e  10. 3R92 harvesting of the only maize 
o f fie ld  work at Matanya. a smile

ate  i l .  A Dicture o f young maize/beans 1 
positions of depressed plants he



171

placing a charcoal stove on the roo f o f the s ta f f  house in  Fig. 8. There 

•fas marked subsidence in the area as demonstrated by smoke streaks, 

i^ .-n g  us b e lieve  that wind down-wash could a fte r  a ll be most affect ing 

~ne y ie ld s  in the AF. For reason ( i i i )  term ites were eradicated by 

mixtures o f  insectic ides but th is action d id  not improve crop growth in 

' " • 3 a rea • Reason ( i v )  i n f i l t r a t i o n  experiments were done a l l  over the 

sta tion  to  try  and id e n t ify  any extraordinary in f i l t r a t i o n  rates. Apart 

trom high rates in cracks in Vertic  s o i l ,  in f i l t r a t i o n  rates were 

uniform throughout the area including AF. Reason (v) the gravitational 

crying up-slope was id en tif ie d  in so i l  moisture resu lts  but not per se 

concentrated in the area o f our concern. We had therefore only reason 

11' ^  major causative factor for th is  problem. This is  because o f  

tnigmo-morphogenetic responses o f plants to  mechanical stimuli (S tic ter. 

*^95) which was due to  the descending winds over the nearby buildings 

and neighbouring high trees  onto the AF p lot as studied by the smoke 

t r a i l s .  Very l i t t l e  is  known about such thiamo-morphogenetic responses 

11-e - plants response to  wind: wind stressed-plants becoming more 

res is tan t to  wind in jury as the plants become stunted in growth) in 

plant growth to mechanical stimuli (e .g.  S tig te r. 1985: Grace. 1988), is  

very common in areas surrounded by structures such as buildings.

F igs. 25-28 also would show the influence o f tre e  rows (rows 

B(TR1> & D(TR3)) on the maize biomass y ie lds espec ia l ly  in unpruned 

plots (F igs. 26 & 28). Looking at the two to  three maize rows closest to  

the trees th is is  espec ia l ly  the case in  unpruned Local conditions, lxit 

tne average there is  higher.

Table 12 presents maize biomass and how they relate to the average

yields in each of the control treatments (Local & Mulched). We see from

Table 12 that the Mulched pruned plot (AFM1) had on the average the
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iable 12. LR92 maize biomass y ie ld s  (t/ha) in AF
and r e la t i v e  to  the control p lo ts , ( i )  -  ( iv )  and (M & L).

Between tree  average

% o f L % o f M
nssra
rows

5 y ie lds  
(t/ha)

i'a) Agro forestry  p lot (AF)

( i )  Pruned Mulched (AFM1)

POPS 8 -  i; 0 .46±0.12 92.7 125.7
P 'Q 'R 'S '  1 7 - 2 0.61+0.10 123.4 167.2

Average 0.54+0.13 108.1 146.5

( i i )  Unpruned Mulched (AFM2)

PQRS 8 - 1 2 0 .27±0.06 54.4 73.8
P 'Q 'R ’ S' 17 -  21 0.39+0.06 78.2 106.0

Average 0 .33±0.08 66.3 89.9

C i i i )  Pruned Local p lo t (AFL1)

POPS 8 - 1 2 0 .32±0.03 63.7 86.7
P 'Q 'R 'S '  17 -  21 0.3810.06 75.8 102.7

Average 0.35+0.06 69.8 94.5

( i i i )  Unpruned Loc<il p lo t  (AFL2 )

PQRS 8 - 1 2 0.35+0.05 71.0 96.2
P 'Q 'R 'S '  17 -  21 0.48+0.20 96.4 130.6

Average 0.4210.16 83.7 113.4

(C) control p lots

Local (L) 0.5010.11 100.0 135.5
Mulched CM) 0.37+0.08 73.8 100.0

highest per cent y ie ld s  re la t iv e  to  the y ie ld s  in each o f the controls.

The pos itive  e f f e c t  o f mulching on the y ie lds could be rea lized  y ie lds  

in a l l  the four treatments, but the that o f e f f e c t  o f pruning could not 

e a s i l y  be discerned as the unpruned Local (AFL2) had higher re la t iv e  

y ie ld s  than unpruned Mulched ( i i )  or but lower than pruned Local ( i n )
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p lo ts  although the d iffe ren ces  remained small. The thigmo-morphogenetic 

d i r e c ts  as mentioned ab af fected mostly the AFM2 p lo t resu lting in 

lower y ie ld s  there than in AFL2. However, we can c lea r ly  see that a 

combination o f mulching with minimum t i l l a g e  and pruning was beneficial 

tc  the maize biomass (dry matter) accumulation.

A comparison o f con tro ls themselves shows that Local (0.50 ±0.11 

t/ha) y ie ld ed  more biomass than the Mulched (0.37 ±0.08 t/ha) plots 

f iable  12). This as e a r l i e r  mentioned could be attributed more to a 

.onger use o f these p lots under the same mulch /Local treatments and to  

va r ia tion s  in soil  nutrients in newly opened up p lots, as seen in Table

6. than in  s o il moisture a va i la b i l i t y  .

4.1.2 (e ) Beans biomass y ie ld s

Table 13 presents beans biomass y ie ld s  fo r  LR92 in the AF and 

control p lots. As we have indicated above, the beans performance was 

unsatisfactory. The Grevzllea robust a roo t pruned Mulched plot with

Table 13. Long Rains 1992 beans biomass yie lds 
(t/ha) compared to  the controls.

(a ) Aoroforestrv plots

Between 
tree  beans 
rows rows

average
biomass
y ie ld s
(t/ha)

% o f  L % of M

( i )  unpruned Mulched (AFM2)

PQRS 9 - 1 3 0 ,16±0.03 84.2 48.5
P'Q'R'S' 20 -  24 0.20+0.05 105.0 60.6

Average 0.16+0.04 94.7 54.5
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( : i > pruned Mulched (AFM1)

PQRS 9 - 1 3  
P ' Q ’ R ’ S' 20 -  24

0 .26±0.04 
0.21±0.04

136.8
110.5

78.8
63.6

Average 0 .24±0.04 126.3 72.7

Ci i i )  unpruned Local (AFL2)

PQRS 9 - 1 3  
P 'Q 'R 'S '  20 -  24

0 .20±0.03 
0 .25±0.03

105.0
131.6

60.6
75.8

Average 0 .23±0.03 121.1 69.7

( i v )  pruned Local (AELI)

PQRS 9 - 1 3  
P ’Q 'R ’S1 20 -  24

0 .24±0.01 
0 .26±0.04

126.3
136.8

72.7
78.8

Average 0 .25±0.03 131.6 75.8

ib ) Control

( i )  Local (L)
( i i )  Mulch (M)

0 .19±0.02 
0 .33±0.07

100.0
173.7

57.6
100.0

minimum t i l l a g e  (AfWl). which was our best bet fo r the maize biomass 

y i e l d s ,  was the worst fo r  the beans biomass yields, although d ifferences 

are small and error l im its  overlap. The two unpruned p lo ts  (AFM2 & AFL2) 

had h igher yie lds compared to  the two pruned ones (AFL1 & AFM1). but tor 

the Local treatment the di f ference was negl ig ib le .  The M control p lot 

had the highest biomass y ie ld  o f 0.33±0.07 t/ha while L had a biomass 

y i e l d  o f  0.19±0.02 t/ha.

The poor performance o f the pruned plots (AFM1 & AFL1) must have 

been due to  invasion o f  the crop land by the neighbouring f ru i t  tree  

ro o ts  in  the absence o f the Grevi l lea tree  roots which were restrained 

by pruning. This invasion was not foreseen. The f ru it  trees comprising 

loquats and guavas bordered the pruned Mulched plot (AFM1) on one long 

s id e  and the pruned Local (AFL1) was on it s  other side. We demonstrated
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th is  in fluence by d igging during land preparation fo r  the subsequent 

LR93. We dug 50 cm deep trenches a t the borders between AFM1 and the 

t r a i t  tre es  ana between AFL1 and AFM2 to  exclude the roots from the 

loquat and guava f ru i t  trees  and unpruned Grevil leas in  the adjacent 

p lo ts  from invading the pruned G revilleas  area o f the AF plot.

In  an agroforestry system, tree  roo ts  from farms or woodlots may 

cause in terference in neighbouring farms. For so i l  water conservation 

measures to  succeed, one should try  to exclude the threat o f invasion o f 

t r e e  roo ts  from the neighbouring p lo ts .

Table 14 presents LR92 bean seed y ie ld s . Like the biomass yields, 

we had the highest seed y ie ld s  from the Mulched unpruned plot (AFM2). 

The other y ie ld  d iffe ren ces  in AF were overa ll very small. The Local 

con tro l had c lear ly  the lowest average y ie ld  o f  a l l .  0.03±0.03. while 

the Mulched control had 0.14±0.04 t/ha. o f  which the erro r l imits 

overlap  a l l  AF averages.

4 .1 .3  S io rt Rains season 1992

4.1 .3  (a) Rainfall  and evaporation climate during growing season

SR92 was the most successful season o f the seven seasons we worked

in Laik ip ia  d is t r ic t  when a good harvest was obtained (see Plate 11).
»

The Short Rains came ear ly ,  on 29th September 1992. The SR92 maize/beans 

intercrop was planted on 4th October 1992 a f te r  a to ta l amount o f 

r a in fa l l  o f 74.3 mm was received against evaporation o f  34.5 mm. On the 

sowing day a ra in fa l l  amount o f 4.9 mm was received.

From there on and throughout October and November ra in fa l l  

occurrences were quite few. Rainfall amounts fo r SR92 were above the 

long term means for November and December, 1992. and January. 1993, by
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8

I

SR92 MAIZE HTS MULCHING EFFECT

t i m e  CDays o r tn e  y e a r }

♦ AFM2 & APL2 X L  V  M

F i g .  30. M a i z e  h e i g h t s  in u n p r u n e d  M u l c h e d  (A F M 2 ) and 
u n p r u n e d  L o c a l  (A F L 2 ) p l o t s  i n  A F  a n d  c o n t r o l s  (M & L) 
f o r  S R 9 2 .

SR92 MAIZE HTS PRUNING EFFECT

t i m e  coays or tn e  y e a r }

□  AFM1 ♦ AFM2 X L  V  M

Pig . 31. M a i 2 e heights in pruned Mulched (AFMl) and 
u n p r u n e d  M u l c h e d  (AFM2) p l o t s  in AF a n d  c o n t r o l s  (M & L) 
for SR92.
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SR92 MAIZE HTS PRUNING EFFECT
A FL1 A. AFL2 in  Lo c a  I a r* a

t i m e  CDays o r tn e  ye a r?

O A FL1 A APL2 X L  V M

Fi4. 3 2 .  M a i z e  h e i g h t s  in p r u n e d  L o c a l  (AFL1) and 
u n p r u n e d  L o c a l  (A F L 2 ) p l o t s  i n  AF a n d  c o n t r o l s  (M & L) 
f o r  S R 9 2 .

Fig. 33. M a i z e  h e i g h t s  in d i f f e r e n t  r o w s  o f  p r u n e d  
M u l c h e d  (AFM1) p l o t s  in A F  a n d  M u l c h e d  c o n t r o l  (M) for 
SR92.



178

io r le  14. Long Rains 1992 beans seed y ie ld s  (t/ha) 
r e la t iv e  to  the con tro ls .

(a ) Aqroforestry p lo ts

average
between biomass 

tre e  beans 
rows rows

y ie ld s
(t/ha)

% o f  L % o f M

( i )  unpruned Mulched (AFM2)

PQRS 9 - 1 3  
P 'Q 'R 'S ' 20 -  24

0 .09±0.03 
O .lllO .O l

300.0
366.7

64.3
78.6

Average 0 .10±0.02 333.3 71.4

i i )  pruned Mulched (;1FM1)

PQRS 9 - 1 3  
P 'Q 'R ’S' 20 -  24

0.18+0.03 
0 .14±0.02

600.0
466.7

128.6
100.0

Average 0 .16±0.03 533.3 114.3

( i i i )  pruned Local (AFL1)

PQRS 9 - 1 3  
P'Q 'R'S* 20 -  24

0 .10±0.02 
0 .12±0.02

333.3
400.0

71.4
85.7

Average 0.11±0.02 366.7 78.6

( i v )  unpruned Local (AFL2)

PQRS 9 - 1 3  
P 'Q 'R 'S ' 20 -  24

0 .10±0.02 
0.1210.06

333.3
400.0

71.4
85.7

Average 0.1H0.04 366.7 78.6

(b) Control

( i ) Local
( i i )  Mulched

0.03+0.03
0.1410.04

100.0
466.7

21.4
100.0

2.3. 66.5 and 152.4 mm respective ly  (F ig . 14 and Table 6 ). Rainfall fo r  

October was below its  long term mean by 10.8 mm. The season's ra in fa ll 

was concentrated in the last two months ( i . e .  December and January).

The evaporation ra tes  were consequently somewhat higher than th e ir  

long term means during October and November but lower during December
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e s p e c ia l ly  January. The average fo r  the January evaporation rate 

was 46 .0  mm below its  long term mean. This was the lowest for a l l  the 

seven seasons. During SR92 Matanya received  a moisture surplus over 

evaporation  o f  331.6%. The actual monthly ra in fa ll o f 137.6, 146.8 and

204.7 mm fo r  November. December and January respective ly  were quite high 

th e  value fo r November is  normal).

4 . 1 . 3  (b) Maize and beans phenology

By 12th October ( i . e .  8 DAP) 30% o f the maize seedlings in the AF 

and 28% in the other treatments (control p lots ) had emerged. Emergence 

100% was attained by 16 DAP (20th October 1992). Due to  less ra in fa ll 

m th e  months o f October and ea rly  November, seedling emergence and 

e a r ly  growth did not w e ll. Nevertheless the ra in fa ll in December and 

came a t the r igh t time, jiust before the c r it ic a l phases o f  maize

ta sse l l in g  and s ilk in g  (Todorov, 1977) and rescued what otherwise would 

have been a crop fa ilu re . There was a lo t  o f rain in January. 1993 which 

delayed  attainment o f maturity as the ground as very wet and the a ir  was 

very  co ld . By 92 DAP (4th January, 1993) complete (100%) tassel ling was

a tta in ed  and by 97 DAP (10th January, 1993) complete s ilk in g  (100%)

phase was reached. We assessed the general conditions as excellent on 

j.10 DAP. Wax ripeness (s o ft  grain, milky sap oozing out when pressed) 

was reached on 121 DAP and fu ll ripeness (hard grain) was attained on 

142 DAP. Harvesting o f maize grain, cob sp lin t and biomass were carried 

out on 176 DAP (29th March 1993).

By 7 DAP 32% o f the beans seedlings in the AF p lo ts  and 26% in the 

con tro l (NAF) had emerged. Emeraence o f the beans seedlings was

completed (100%) that is  8 days la ter on 19th October ( i . e .  15 DAP). By

55 DAP (28th November. 1992) complete flowering had been reached. We
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assessed the plants on 71 DAP and found them to  be in very  satis factory  

cond ition . Ripeness was completed and complete dryness od the bean seeds 

were reached by 90 DAP (2nd January, 1993). Both the seeds and biomass 

were harvested on 20th January. 1993 (on 108 DAP).

4.1,3 (c) The effect of mulching and root pruning on maize heights

Intercomparisons were made o f  the e f fe c t  o f mulching (Figs. 29 & 

3C) and o f Grevillea  root pruning (F igs. 31 & 32) on the growth o f 

maize heights in AF and control p lo ts  fo r  SR92.

The plants in the pruned Mulched p lo t (AFM1. F ig . 29) and the 

pruned Local p lot (AFL1, F ig . 29) in the AF p lo t had grown ta l le r  than 

tnose in the control p lo ts  (L & M). in particu lar fo r  the Local 

treatment. The plants in the unpruned Local p lot (AFL2, F ig . 30) in the 

AF p lo t  were t a l le r  than those in the control and unpruned Mulched 

(AFM2) p lo ts . This suggested that plants in AFM2 were more a ffected  by 

thigmo-morphogenetic responses to  turbulent subsiding a ir  mass than in 

AFL2, which reduce th e ir  growth rate (see chapter 5 ). Plants in the 

Mulched NAF (control) grew t a l le r  than those in the Local NAF.

We observe the e f fe c t  o f pruning in Figs. 31. 32 & 33. Inter

comparisons o f plants in the Mulched p lo ts  (AFM1 & AFM2) show that the 

pruned Mulched (AFM1) had grown somewhat t a l le r  than the unpruned 

Mulched (AFM2) (F ig. 31). This was a lso  the case with the Local p lots 

(AFLl & AFL2) where the pruned Local (AFL1) had grown a very b it  t a l le r  

than the unpruned Local (AFL2) (F ig . 32), but only towards the very end 

o f the season. Of the Mulched p lots presented in F ig . 33. we observe 

that by DOY 315 t i l l  364 the Local control had grown ta l le r  by about 10 

cm than any of maize rows in distances to  trees in Mulched pruned plot
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F i g .  3 4 .  The t o t a l  num ber o f  p l a n t s  and c o b s  p e r  row  i n  
t h e  AFM1 p l o t  f o r  SR92.

? i g .  3 5 .  The t o t a l  number o f  p l a n t s  and c o b s  p e r  row i n  
th e  AFM2 p l o t  f o r  SR 92.



182

Ma i ze  y i e l d s  1992
Sum o f co& s & D ln n ts  i n  rowa  in  AFL*l

cro c & tre e  rows
Nnurrtoer o r  p i  a n te  RsSSSJ NumCer o f  Cofce

F i g .  3 6 .  The t o t a l  num ber o f  p l a n t s  and c o b s  p e r  row  in  
t h e  A F L 1  p l o t  f o r  SR92.
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(A PW l). F ig . 33 proves that d iffe ren ces  with distance to  trees are
%

 ̂ in  pruned conditions, those further away are somewhat depressed.

4 .1 .3  (d ) The number o f  maize plants per hole and o f cobs per plant

We used p a rticu la r ly  th is SR92, as the best season, to co llec t 

data necessary to  develop stra teg ies  fo r  s o il moisture conservation 

measures fo r  the small sca le  farmers in La ik ip ia  ASAL.

We harvested line by line in the f i r s t  four rows ( i . e .  rows 1-4)

and th e  last four rows ( i . e .  rows 25-28). The harvesting o f maize was

done p lan t by plant in the area perceived to  have high Grevillea  

in flu en ce  on the in tercrop ( i . e .  rows 5-24). We therefore present here 

the re s u lts  on maize on: ( i )  the number o f plant per hole, ( i i )  the

number o f cobs per p lant, d i i )  the cob plus grain weights per plant 

and ( i v )  the to ta l biomass y ie ld s . In th is  work we r e fe r  to 'cob' to

mean 'cob without g ra in s ', a fte r  sh e llin g  ( i . e .  removing o f maize

g ra in s ) or cob sp lin t.

Tables 15 &16 summarize resu lts  o f  the number o f  plants per hole 

(NPH) and o f cobs per plant (NCP). fo r  the f ir s t  and fourth holes 

re sp ec t iv e ly , o f rows 5-24 o f the treatment p lots in the four p lo ts  

AFMl. AFM2. AFL1 & AFL2) in AF which were harvested plant by plant. 

Columns 10 and 11 o f Tables 15 & 16 present the same parameters as row 

t o ta ls  fo r  the same area (see F ig. 9 ). The f i r s t  holes in each row per 

p lo t are joined by the transverse lines a a ', c c '.  ee' and gg' in Fig. 9 

while the fourth (or the middle) holes are joined by the transverse 

lin e s  bb' . d d '. f f ' and h h '.

The NPH was considered as an indicator for the spatial plant 

establishment ( i . e .  seed ling emergence) and the number that attained
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m a t u r i t y  to produce cobe. The NCP was used as a measure o f growth vigour 

for Individual plants when moisture did not lim it plant growth. Planting 

was done with two seeds per hole. Three plants per hole came about as 

the result o f a th ird  seed dropping in a hole by mistake and managing to
j — —

germ inate because moisture was adequate. Only two rows had two plants 

w ith  3 cobe each.

We observe in  Table 15 row 13 and tree  row TR3 in AFM1 and row 12 

in AFL1 did not have plants in the f i r s t  holes. In a comparison o f 

nu m b e r  of plants per hole in the f i r s t  hole o f every p lo t in AF, we 

learn from Table 15 that o f 23 rows in each p lot, f iv e  rows in AFM1; 11 

rows in AFL1: 7 rows in AFM2 and 4  rows in  AFL2 had one plant per f i r s t  

hole. AFL2 had the fewest rows with s in g le  plants per f i r s t  hole while 

A7M2 had the most. The cases o f s ing le  plants per hole in AFM1 are found 

a t  the upper edge around tree  TR2 and around TR3. I t  is  evident that 

tree row TR2 might have a ffec ted  emergence o f the plants around i t .  Of 

the 23 maize rows displayed in Table 15 we see that 16 rows in AFM1. 11 

rows in  AFL1. 16 rows in  AFM2 and 19 rows in AFL2 had two or more plants 

per f i r s t  hole. These ind icate that only 4 rows in AFL2 did not have a l l  

p lan ts  at the time o f harvest. More plants at the time o f harvest were 

found in  the lower part o f AF in rows 15-24 and in rows 7-12 and 16-21 

o f AFM1. In AFM2 a l l  p lants at the time o f harvest were found in rows 7- 

11 and 14-20. AFL1 had least plants per row. A ll plants in the four 

plots in AF had one cob each, except in  few cases where one plant had 

two or none. This showed that each seedling that emerged and reached 

maturity had a cob. when ra in fa ll was adequate.

Comparison o f number o f plants per hole in the fourth (middle) 

hole o f every p lo t in AF. (see Table 16) show that o f out 23 rows in 

each p lo t, 9 rows in AFMl: 8 rows in AFL1. 5 rows in AFM2 and 9 rows in
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Af J-2 had one plant per ho le . Here AFM2 had the fewest rows with single

Tab le  15. SR92 number o f  plants per hole (NPH) and o f cobs NCP) 
per p lo t plant fo r  the f i r s t  hole (a a '» c c ',  ee' and g g ') .

P l a n t
r o w AFMl AFL1 AFM2 AFL2 Total

NPH NCP NPH U CF UPR FJCF NPH NCP NPH NCP

5 1 1 1 0 2 2 2 2 6 5
6 1 2 2 1 1 1 1 1 5 5
7 2 2 2 2 2 3 2 1 8 8

TR1 2 1 1 1 2 3 2 2 7 7
8 2 2 2 3 2 1 1 1 7 7
9 2 2 2 3 2 2 2 2 8 9

10 2 3 1 1 2 2 3 1 8 7
11 2 1 1 1 2 2 2 3 7 7
12 2 2 0 0 1 1 2 3 5 6
13 0 0 1 1 1 1 2 1 4 3
14 1 2 1 1 2 2 1 1 5 6
RT2 2 2 1 1 2 2 1 1 6 6
15 1 1 2 3 2 2 2 4 7 10
16 2 3 2 3 2 3 2 1 8 10
17 2 2 2 3 2 2 2 3 8 10
18 2 3 1 1 2 2 2 2 7 8
19 2 3 1 2 2 2 2 2 7 9
20 2 1 2 2 2 3 2 2 8 8
21 2 2 2 2 1 1 2 2 7 7
TR3 0 0 2 2 2 1 2 2 6 5
22 1 1 1 1 1 1 2 4 5 7
23 2 2 2 4 1 1 2 2 7 8
24 2 2 1 2 1 1 2 1 6 6

plants per hole in the fourth holes while AFM1 and AFL2 had the most. 

The single plants per hole cases in AFM1 are again found at the upper 

edge near the eastern live -fen ce  (rows 5-TR1) and west o f TR2. Fewer 

plants at harvest were found around tre e  row TR3 in AFMl. The interspace 

between tree rows TR2 and TR3 t i l l  maize row 22 seemed to have been 

affected by the trees. Of the 23 maize rows shown in Table 16 we see 

that 12 rows in AFM1. 15 rows in AFL1. 17 rows in AFM2 and 13 rows in 

AFL2 had two or more plants per fourth hole in each p lo t. This shows 

that AFMl was last with respect to  the number o f plants found at harvest 

in each middle hole in per row. In AFMl. AFM2 and AFL2 number o f plants
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round a t harvest matched the seeds that were planted but in AFL1 more 

Plants were found between maize rows 13 and 18. Again a l l  plants that 

emerged in the four p lo ts  in AF had one cob each, except in few cases 

wnere one plant had two o r  none.

The middle (hole 4) holes o f AFM1, AFM2 and AFL2 respective ly  did 

not have plants in rows 21 and TR3, TR1 and TR2. Row 24 had 3 plants per 

hole and 4 cobs per plant.

F igs. 34-37 present the to ta l number o f cob6 and plants per row 

obtained by harvesting row by row instead o f plant by plant. We notice 

that the number o f plants was small in rows 2, 4, 11, 20, 21 and 22.

The to ta l number o f cobs were more than that o f plants in 15 out 

o f 28 rows in AFM2 (F ig. 35). In AFL1 15 out o f 24 rows had more cobs 

per row than the number o f plant (F ig . 36). There was a bigger 

proportion o f plants with more than one cob in AFL2 compared with single 

cohbed plants (F ig . 37). The middle holes in each row o f  AFL2 (rows 13- 

18) had few cobs per p lant.

From the foregoing we can in fe r  that in  seasons with adequate 

r a in fa l l ,  which are very  rare, water conservation measures may not be 

necessary fo r  good maize y ie ld s . This can be seen from the fact that 

during SR92 unpruned treatments AFM2 & AFL2 with less water conservation 

measures had more plants per hole with more cobs per plant than pruned 

treatment, AFM1. which had a l l  necessary measures (see Chapter 5 ).

4.1.3 (e) Maize yields for SR92

Figs. 38-45 and Tables 17-21 present some o f the resu lts on 

biomass y ie lds , oven-dry weights o f grain  and cobs (a fte r  shelling) per 

hole per row in each treatment p lot ( i . e .  AFMl. AFM2. AFL1 & AFL2) in 

the AF. F ig. 38 shows that cobs from Mulched pruned p lo t (AFM1)
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F i g .  3 8 .  S h e l l e d  c o b  ( c o b  s p l i n t )  an d  g r a i n  w e i g h t s  in  
f i r s t  h o l e  ( h o l e  1 )  p e r  row i n  AFM1 f o r  SR92.
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Maize yields 1992

C ro p  & t r e e  rows

Cob o v a n -d r y  KSNS^ G r a in  o v « n  -  d r y _____________

F i g .  4 0 .  S h e l l e d  c o b  ( c o b  s p l i n t )  a n d  g r a i n  w e i g h t s  in 
f i r s t  h o l e  (hole 1 ) p e r  r o w  i n  AFL1 f o r  SR92.

Fig. 41. Shelled cob (cob s p l in t )  and grain  weights in 
m i d d l e  h o l e  ( h o l e  4) per row  in AFL1 fo r  SR92.
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Tab le 16. SR92 number o f plants per hole (NPH) and o f cobs NCP) 
per p lo t plant fo r  the fourth hole (bb‘ , dd’ . f f *  arid hh‘ )

P la n t
row AFM1 AFLl AFM2 AFL2 Total

NPH NCP "NPH NCP NPH NCP NPH NCP NPH NCP

5 1 1 1 1 2 1 2 3 6 6
6 1 0 2 1 2 3 2 2 7 6
7 2 3 2 0 2 2 1 1 7 6

TR1 1 1 2 3 0 0 2 2 5 6
8 2 2 2 3 2 3 1 1 7 9
9 2 2 1 1 2 1 3 4 8 8

10 1 1 2 3 2 2 1 2 6 8
11 1 1 1 1 2 2 2 3 6 7
12 2 2 1 2 2 1 2 3 7 8
13 2 2 3 3 1 1 1 0 7 6
14 2 1 2 2 2 2 2 2 8 7
RT2 2 2 2 2 2 2 0 0 6 6
15 1 1 2 1 2 1 1 1 6 4
16 1 2 2 1 2 3 1 1 6 7
17 2 1 2 2 1 2 2 2 8 7
18 2 3 2 3 1 1 1 1 6 8
19 1 0 1 1 2 1 2 2 6 4
20 2 2 2 2 2 2 2 1 8 7
21 0 0 1 1 1 2 2 2 4 5
TR3 0 0 1 0 2 2 2 2 5 4
22 1 2 2 4 1 1 2 1 6 8
23 2 2 1 1 2 2 1 1 6 6
24 3 4 2 1 2 2 1 1 8 8

weighed more in rows 8-10 and TR2. 23 and 24, 16-19 than in other rows. 

From Table 15 we see that rows 13. 7 and TR3 had no plants. Rows 5 and 

TR1 had less grain and cob weights. In hole 4 (middle o f p lot AFM1. F ig . 

39) h igher grain y ie ld s  were obtained from rows 7, 8. 9, 13. 16, 18. 20. 

23 & 24.

F irs t  holes in Local pruned p lo t (AFL1. Fig. 40) did not have 

p lan ts in rows 7. TR1, 12. 15 and 20. Fourth holes d id  not have plants 

in  rows 7 and TR3. Rows 6. 10. 11. 13. 14. 17 and 22 in f i r s t  holes o f
J

AFLl (F ig . 40) had proportionately much more grain than cob weights, 

although i t  was true fo r  a l l  rows. Low weights were generally observed 

in  rows 5. 8. 9. TR2. 16. 23 & 24 in p lo t  APL1 (Fig. 40).
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F i g .  4 2 .  S h e l l e d  c o b  ( c o b  s p l i n t )  a n d  g r a i n  w e i g h t s  in 
f i r s t  h o l e  ( h ole 1) p e r  r o w  i n  A F L 2  f o r  SR92.
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F i g .  4 4 .  S h e l l e d  c o b  ( c o b  s p l i n t )  a n d  g r a i n  w e i g h t s  in 
f i r s t  h o l e  ( h o l e  1) p e r  r o w  i n  A F M 2  f o r  SR92.
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Table 17. SR92 maize biomass (stover BOD) y ie lds  in pruned
and unpruned Grevi I lea  rc■>busta r e la t iv e to control pi ots

Between 
tre e  rows

average
biomass
y ie ld s
(t/ha)

% o f M % o f  L

(a) Root pruned Grev. + mulch + minimum t i l l  ia IHuj
~ A -u

B-C
C-D
D-E

84±r.u5 
2.60±0.47 
3 .08±0.64 
3 .24±0.54

IT7736
107.44
127.27
133.88

119.32
109.24
129.41
136.13

A-E 2 .93±0.75 121.07 123.11

ib ) Root pruned G revilleas  + Local + deep t i l la g e  (AFL1)
-----------

B-C
C-D
EKE

2 .32±0.57 
2 .52±0.59 
2 .90±0.59 
2 .81±0.46

95.87
104.13
119.83
116.12

97.48
105.88
121.85
118.07

A-E 2.64+0.60 109.09 110.92

!c) Unpruned Grev. + mulch + minimum t i l l  (APH2)
A-B
B-C
C-D
D-E

2 .34±0.78 
2 .15±0.61 
2.42±1.31 
2 .90±0.36

— r a
88.84

100.00
119.83

98732
90.34

101.68
121.85

A-E 2.45±0.52 101.24 102.94

(d ) Unpruned Grevi1leas + Local + deep t i l la g e  (AFL2
S=B
B-C
C-D
D-E

3 .25±0.57 
2 .88±0.77 
2.87±0.54 
3.13+0.39

134.30
119.01
118.60
129.34

136.55
125.21
120.59
131.51

A-E 3.03±0.63 125.21 127.31

(e ) Control 
plots

Local (L) 
Mulch (M)

2 .38±0.46 
2.42+0.40

100.00 
98.35

101.68
100.00
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Tab le  18. SR92 maize gra in  (GOD) y ie ld s  in  pruned 
and. unpruned G revillea  robust a r e la t iv e  to 
con tro l p lots.

Between 
t r e e  rows

average
gra in
y ie ld s
(t/ha)

% o f M % o f L

a ) Root pruned Gi~ev. + muic i  + minimum t i l l  (AFN1)
A-B 1.33±1.35 83.10 102.30
B-C 1.60±0.46 100.00 123.10
C-D 1.46±0.38 91.30 112.30
D-E 1.8210.14 113.80 140.00

A-E 1.5410.39 96.30 118.50

(b ) Root pruned G revilleas + Local + deep t i l la g e  (AFL1)
A-B 0.9910.25 61.90 76.20
B-C 1.4610.30 91.30 112.30
C-D 1.6710.30 104.40 128.50
D-E 1.5710.35 98.10 120.80

A-E 1.4210.40 88.80 109.20

(c )  Unpruned Grev. + mulch + minimum t i l l (AFM2)
A-B 1.3110.32 81.85 100.77
B-C 1.22+0.30 76.30 93.90
C-D 1.0010.20 62.50 76.90
D-E 1.1910.22 74.36 91.34

A-E 1.1810.26 73.75 90.77

(d ) Unpruned Grevilleas  + Local + deep t i l la g e  (AFL2)
A-B 1.4710.20 91.90 H3.10
B-C 1.1510.46 71.90 88.50
C-D 1.3210.28 82.50 101.50
D-E 1.2610.24 81.30 100.00

A-E 1.3010.33 81.30 100.00

(e )  Control
plots

Loca l (L) 1.3010.34 100.00 81.25
Mulch (M) 1.6010.37 123.00 100.00
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^able 19. SR92 maize cob (COW) y ie ld s  in  pruned and unpruned 
Grevillea robusta r e la t iv e  to  control p lots.

Between 
t r e e  rows

average
biomass
y ie ld s
(t/ha)

% of M % o f L

^ai Koot pruned' Grev. + mulch V minimum t i l l  tAFMl)
~S=F
B-CC-D
D-E

0 .35±0.09 
0.42±0.12 
0 .39±0.10 
0.48+0.04

87.50
105.00
97.50

120.00

109.40
131.30
121.90
150.00

A-E 0.41±0.10 102.50 128.10

tb) Root pruned G revilleas  + Local + deep t i l la g e  (AFL1)A=BB-CC-D
D-E

0.26+0.07 
0 .39±0.08 
0.44+0.08 
0.42±0.09

65.00
97.50

110.00
105.00

"5130 "
121.90
137.50
131.30

A-E 0.38±0.11 95.00 118.80

1? ) Unpruned Grev. A-B B-C 
C-D D-E

+ mulch + minimum t i l l  (AFM2)
0 .36±0.08 
0 .32±0.08 
0 .27±0.05 
0 .34±Q.06

90.00
80.00 
67.50 
85.00

112.50
100.00
84.40

106.30

A-E 0.32±0.08 80.00 100.00

Unpruned Grmviileas + Local + deep
“S^S"B-CC-D
D-E

*4JPfc
96.90

109.40
105.10

1AFL22,
0 .39±0.05
0.31±0.17 
0 .35±0.07 
0 .33±0.06

A-E 0.35+0.09

"9 7 3 F
77.50
87.50
82.50

87.50 109.40

(e) Control 
p lots

Local (L) Mulch (M) 0.32±0.08 
0.40+0.09

100.00
80.00

125.00
100.00

In AFL2 (Figs. 42 & 43) low cob and grain weights were obtained 

from around TR3 which extended to  470 cm on e ith er side the tree  row. We 

also harvested low gra in  and cob weights around TR1. Higher grain
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w eigh ts  in  hole 1 o f  AFL2 were obtained from rows 11. 12.15 and 17 with 

r e l a t i v e l y  ligh t cobs. Hole 4 of AFL2 had plants missing in rows 13 and 

(F ig .  43). Here again the rows w ithin 470 cm from TR2 had ligh ter 

cobs and less grain  weight. SR92 had enough ra in fa ll evenly distributed 

m  th e  la te r  ha lf o f the season. This evened out any factors  that would 

tend t o  re ta rd  plant growth, such as competition for water between tree 

r o o ts  and crops.

In  F igs. 44 & 45 the cob weights in hole 1 o f  p lot AFM2 were

g e n e ra lly  low in rows 13-16 with exception o f rows 15 in  hole 1 and row
>

14 in  hole 4. This suggests that the unpruned Grevillea  trees did 

compete fo r  resources with the maize. The rows close to  the unpruned 

G re v ille a  trees had low cob and grain weights, except rows 5-TR1. Rows 

9-18 had genera lly  low cob weight in hole 1 except row 14, TR2 & 16 

( (F ig .  45 ).

Tables 17-19 present resp ective ly  SR92 maize biomass (s to v e r ). 

Maize grain  and maize cob y ie ld s  in the AF and NAF. We can see from 

Tab le 17 that the lower h a lf o f AFM1. AFL1 and AFM2 had higher maize 

s to v e r  y ie ld s  than the upper part, but in AFL2 the two parts obtained 

approximately the same y ie ld s . A ll the p lo ts  had higher stover y ie lds 

than the controls. Unpruned Local had the highest stover y ie lds because 

the depression that one observes in the upper h a lf o f the other AF p lots  

(P la te  10) did not occur here. Mulched pruned p lo t (AFM1) was next. 

Therefore only in good rainy season d id  AF do better than NAF.

Table 16 presents SR92 maize gra in  y ie lds  in pruned and unpruned 

AF p lo ts . Like in the case o f maize stover y ie lds  (Table 17). the lower 

h a lf  o f AFM1. AFL1 and AFM2 plots produced higher maize gram  y ie ld s  

than the upper h a lf. Again lik e  Table 17 the lower and upper halves o f
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n ea r ly  had the same y ie ld s . Of course Table 18 is  more Important 

than :a b le  17 because g ra in  y ie ld  is  the most important y ie ld  component. 

~r‘ th e  upper h a lf o f AF. large grain y ie ld  depression could only be 

observed  in the Local pruned p lo t. Being unpruned appears o f most 

importance for overa ll gra in  y ie ld  depressions. In the depressed pruned 

p a rts  mulching does p a rticu la r ly  help in  the upper h a lf of the p lot. 

There was more maize gram  in the Mulched control than in the Local 

c o n tr o l ,  which was not the case with stover y ie lds .

In  respect to  maize cob (cob sp lin t) y ie ld s  (Table 19), the 

d i f fe r e n c e s  were r e la t iv e ly  unimportant, certa in ly  given that th is is  

tne lea s t in teresting y ie ld  component. Nevertheless, there was a 

tendency fo r  higher cob y ie ld s  in  AFM1 and AFL1 than fo r  AFM2 and AfL2.

4 .1 .3  ( f )  Maize weight components

Figs. 46-49 and Table 20 show the per cent y ie ld  components o f 

maize ( i . e .  cob. grain and biomass weights) and th e ir averages fo r  every 

r e p lic a t io n  in AF (AFM1. AFL1. AFM2 and AFL2) and the same in the 

con tro l p lots. We observe a ra t io  o f per cent weight o f cob. grain and 

biomass in the to ta l weights produced per row to  be nearly 1:3:6 for a l l  

fou r diagrams (F igs. 46-49). The per cent component weights tend to  

flu c tu a te  around th is  ra t io  in  a l l  the treatments/repli cat ions. The 

flu ctuations around th is  ra tio  occur in the opposite d irection  between 

the per cent biomass on one hand and the per cent grain and cob weights 

on the other. The per cent cob and gra in  weights are d ire c t ly  rela ted  to  

each other and inversely  re la ted  to  the per cent biomass weights. An 

increase in per cent stover biomass tend to  resu lt in corresponding 

reduction in per cent cob and grain parts. The cob weights tend to  be 

more stable around th e ir  mean values than the grain and biomass weights.
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SR92 MAIZE YIELDS

Q  Coo *  G r o in  O B i o ™ * .  A W g .  o f  Coo X A v r . g .  o f  O r - '

V  A v e r a g e  o f  b io m o s a  _______

F i g .  46 .  W e i g h t s  of m a i z e  c o b  s p l i n t s ,  g r a i n s  a n d  b i o m a s s  
a s  p e r c e n t a g e s  o f  t o t a l  d r y  m a t t e r  w e i g h t  o m a  
p r u n e d  M u l c h e d  p l o t  ( A F M 1 )  f o r  S R 92.
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F i g .  48. W e i g h t s  o f  m a i z e  c o b  s p l i n t s ,  gra ins  an 
b i o m a s s  as p e r c e n t a g e s  of t o t a l  d r y  m a t t e r  weight o 
m a i z e  i n  p r u n e d  L o c a l  p l o t  (AFL1) f o r  SR92.

F i g .  49. W e i g h t s  of m a i z e  c o b  s p l i n t s ,  g r a i n s  * n d  
as p e r c e n t a g e s  of t o t a l  d r y  m a t t e r  w e i g h t  of m 
u n p r u n e d  L o c a l  p l o t  (AFL2) f o r  S R 9 2 .
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v ‘lcl~1 means that stover and grain fluctuates in opposite d irections. 

Th-s a ls o  applies in the comparisons with the control p lo ts .

The percentages fo r  (a) t i l l  (d) in Table 20 do d i f f e r  roughly 

from 60—65% (biomass); 28-32% (grain ) and 7.5-8.5% (cobs). In (e ) for 

trie Loca l control the figu res  f a l l  ( ju s t ) within these lim its but the 

a ra in  percentage, p a rticu la r ly  compared with the biomass (s tover ), is o f 

own class with a high 36% against only 55% fo r stover. Indeed in 

g ra in  y ie ld s  (absolute) the Mulched control was above a l l  and the Local 

c o n tro l was no good as the pruned Mulched and Local p lots, while in 

biomass L and M were below a l l  (see Table 18).

4 . 1 . 3  (g) Mulch effect on maize biomass and grain weights in pruned 

and unpruned tree plots

F igs . 50 & 51 and Table 21a compare the e ffe c ts  o f  mulching on the 

maize biomass weights in  each row respective ly  the to ta l o f the pruned 

(AFM1, AFL1) and unpruned (AFM2 & AFL2) p lots.

The pruned Mulched p lot (AFM1) had more maize biomass y ie ld s  per 

row than the pruned Local (AFL1) by 14.5%. (Fig. 50 & Table 21a). 

because more rows but certa in ly  not a l l  (10 rows defied  the ru le) had 

h igh er y ie ld s  in AFW1. In the unpruned (AFL2 & AFM2) plots the Local 

p lo t  had almost everywhere higher biomass weight than the Mulched p lots  

by 18.1% (F ig. 51 & Table 20a). A very important resu lt is  the very 

la rg e  fluctuations per row around the average, that we observe 

throughout component and to ta l y ie ld s . This shows how d i f f ic u l t  

in terpreta tions are, due to  these fluctuations of average resu lts. This 

inhomogeneity can be due to s o i l ,  input, treatment and microclimate 

flu ctuations and is  therefore very d i f f ic u l t  to  in terpret.
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SR92 MAIZE YIELDS

□  AFM1 Ave b io m a ss  In  AFM1 o  AFL1 o Av® biom ass In  A FL1

F i g .  5 0 .  A v e r a g e  m a i z e  b i o m a s s  y i e l d s  pe r  r o w  i n  p r u n e d  
M u l c h e d  (A F M 1 ) a n d  p r u n e d  L o c a l  (A F L 1 ) f o r  SR92.

Bow num oere from  E a s t  to  w e s t o f  AF

O AFM2 +  Ave b io m a ss  In  AFM2 o A FL 2  a Ave biom ass In  A FL2

Fig. 51. Average maize biomass yields per row in
unpruned Mulched (AFM2) and unpruned Local (AFL2) for
SR92.
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SR92 MAIZE YIELDS
GRAIN AFM1 & AFL1 -M ULCHING

n
o»—i

..x

Ave GR AIN  i n  AFM1 Ave GRAIN in  AFL1

F i g .  5 2 .  A v e r a g e  m a i z e  g r a i n  y i e l d s  pe r  r o w  i n  p r u n e d  
M u l c h e d  (A F M 1 ) a n d  p r u n e d  L o c a l  ( A F L 1 )  f o r  SR92.

Fig. 53. Average maize grain yields per row in unpruned
Mulched (AFM2) and unpruned Local (AFL2) for SR92.
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SR92 MAIZE YIELDS
COS wt AFM1 & AFL1 -M ULCH IN G  a f f e c t

□  AFM1 Ave COB In  AFM1 O AFL1 A Ave COB In  AFL1

F i g .  54. A v e r a g e  c o b  s p l i n t  y i e l d s  p e r  r o w  in p r u n e d  
M u l c h e d  (AFM1) a n d  p r u n e d  L o c a l  (A F L 1 )  f o r  SR92.

O AFM2 +  Ave COB in  AFM2 O A FL2  A Ave COB i n A FL2

rig. 55. Average oob eplint yields per row in unpruned
Mulched (AFM2) and unpruned Local (AFL2) for SR92.
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F igs . 52 & 53 and Table 21a compare the mulching e ffe c ts  on the 

M l2 e  crrain weights in each row resp ective ly  the to ta l o f the pruned 

(AFM1, AFL1) and unpruned (AFM2 & AFL2) p lots. Again the pruned Mulched 

P A° t  (ATM1) and most o f the rows had more grain weight than the pruned 

L o ca l (AFL1), fo r  the to ta l p lot by 8.5%. The unpruned Mulched (AFW2) 

was superseded by unpruned Local (AFL2) by 9.2%. These two last 

treatm ents are not v iab le  in semi-arid AF systems in case o f inadequate 

r a in f a l l  due to  intense competition fo r  lim ited s o i l  moisture and 

n u tr ien ts  between root unpruned trees and the associated crops. Once we 

d ec id e  that mulching and pruning in minimum t i l la g e  AF system have both 

t o  be done, these two treatments become appreciably less important.

F igs. 54 & 55 and Table 21a show the e f fe c t  o f  mulching on the 

m aize cob sp lin t weights in rows respective ly  the to ta l o f the pruned 

(AFM1. AFL1) and unpruned (AFM2 & AFL2) p lots. Again the pruned Mulched 

p lo t  (AFMl) had more cob weight than the pruned Local (AFL1) by 7.9 %. 

The unpruned Local (AFT42) superseded the unpruned Mulched (AFL2) by 

8.8%. The d ifference o f  only 10% in maize y ie ld s  may not be worth the 

trou b le  o f  s o il conservation measures within agroforestry systems lik e  

curs. I t  would be more worthwhile fo r  beans than fo r  maize (see a lso  

below ). However, i t  may well be that over a long period o f time, say 

more than 10 years, o f  these measures the cumulative e f fe c t  would make a 

much larger d iffe ren ce .

4 .1 .3  (h ) . Root pruning e f fe c t  on maize biomass and grain weights in 

Mulched and Local AF p lo ts

Figs. 56 & 57 and Table 21b compare the e f fe c t  o f Grevillea  

robusta root pruning on the maize biomass weights in each row o f the
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SR92 MAIZE YIELDS
BIOMASS w t AFM1 t  AFM2 -PR UNING

no

3 s 

3

2.3

0 3
l 4 i 4 lTi' i 4

Row nu m o sr* fro m  E a s t t o  West o f  AF 

+  A ve  BIOMASS In  AFM1 O AFM2 & Ave BIOMASS In  A=M2

F i g .  5 6 .  A v e r a g e  m a i z e  b i o m a s s  y i e l d s  pe r  r o w  in p r u n e d  
M u l c h e d  (AFM1) a n d  u n p r u n e d  M u l c h e d  (AFM2) fo r  SR92.

Fig. 57. Average maize biomass yields per row in pruned
Local (AFL1) and unpruned Local (AFL2) for SR92.
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F i g .  58. A v e r a g e  m a i z e  c o b  s p l i n t  y i e l d s  p e r  r o w  in 
p r u n e d  M u l c h e d  (AFM1) a n d  u n p r u n e d  M u l c h e d  (A F M 2 ) f o r  
S R 9 2 .

i

Bow n u n ca ro  frow , Coat to  waat o f  A»

0  ABL1 *■  Ave COB If) ABL1 O ABU* A Ava COB I "  ABCB

Fig. 59. Average maize cob splint yields per row in
pruned Local (AFL1) and unpruned Local (AFL2) for SR92.
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SR92 MAIZE YIELDS

r>
o

Ave G R A IN  In  AFM1 £ Ave GR AIN In  AFM2

F i g .  6 0 .  A v e r a g e  m a i z e  g r a i n  y i e l d s  p e r  r o w  i n  p r u n e d  
M u l c h e d  (AFM1) a n d  u n p r u n e d  M u l c h e d  (AFM2) f o r  SR92.

Fig. 61. Average maize grain yields per row in pruned
Local (AFL1) and unpruned Local (AFL2) for SR92.
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Tab le 20. SR92 per cent by weight o f maize stover biomass, 
g ra in  and cob in pruned and unpruned Grevillea robust^.

Per cent components
% Biomass % Grain ^CoE-----------------

(a ) Root prunec Grev. + mulch + minimum t i 1 (AFM1)
A-B
B~C
C-D
D-E

61.28±10.88 
57.37±7.12 
62.71+1.14 
58.04±4.97

30.59±8.60 
33.68±5.63 
29.46±4.06 
33 .14±3.92

8.13+2.28 
8.95H.50 
7.8311.08 
8.81+1.04

A-E 59.91±7.81 31.67±6.17 8.4211.64

(b ) Root pruned G re v il le a s  + Local + deep t i l la a e  (AFL1)
A-B
B~C
C-D
D-E

64.46 l7 .75 
57.44±5.49 
57.69±5.42 
58.62±8.42

28.08±6.13 
33.63±4.34 
33.42±4.28 
32.69±6.65

7.46+1.63 
8.9411.15 
8.88+1.14 
8.69+1.77

A-E 59.58±7.44 31.93±5.88 8.4911.56

(c)  Unpruned C?rev. + mulch + minimum t i l l (AFM2)
A-B
B-C
C-D
D-E

57.59±7.50 
57.78±6.47 
65.64±5.69 
66.39±2.69

33.50+5.93 
33.37±5.11 
27.14±4.50 
26.55±2.12

8.9111.58 
8 .87H.36 
7.2111.20 
7.0610.56

A-E 61.70±7.26 30.26±5.73 8.0411.52

(d ) Unpruned G re v il le o s  Local + deep t i l la g e  (AFL2)

B-C
C-D
D-E

b 3 .1 9 l3 .3 4  
66.68±8.34 
63.36±2.19 
66.27±5.82

29.0812.64 
26.3216.59 
28.9 5 l l .73 
26.65+4.60

7.7310.70
7.0011.75
7.7010.46
7.08+1.22

A-E 64.83+5.69 27.78+4.49 7.3911.19

(e ) Control 
P lo ts  %

Mulch (M) Local (L) 
biom % grain % cob % biom % grain % cob

1 55.4 35.5 8.9 66.5 26.7 6.7
2 50.7 39.3 9.9 62.6 29.9 7.4
3  53.0 37.4 9.4 60.6 31.4 7.8
4 62.1 30.5 7.3 54.8 36.3 8.8
5 53.4 37.4 9.0 56.8 34.7 8.4

Average 54.9 36.0 8.9 60.3 31.8 7.8
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Tab le  21. E ffec ts  o f Mulched and pruning within AF plots on maize 
g ra in , cob and biomass weights (a ) Mulched (b) pruning SR92

treatm ents average
biomass (t/ha) c

Average A 
rrain (t/ha;

verage 
cob (t/ha)

a) Mulched ___________________________
AFM1
AFL1

3 .01±0.6S 
2.63+0.62

1.5410.40
1.4210.39

0.4H0.11
0.3810.10

% increase 
f o r  mulched

14.45 8.45 7.89

AFM2
AFL2

2.44±0.62
2.9810.62

1.18+0.29
1.30+0.33

0.31+0.08
0.3410.09

% decreese 
f o r  mulched

-18.12 -9.23 -8.82

(b ) Pruning e f fe c t
AFM1
AFM2

3.01+0.69
2.4410.62

1.5410.40
1.18+0.29

0741+0.11 
0.31+0.08

% increase 
f o r  pruned

23.36 30.5 32.26

AFL1
AFL2

2.6310.62
2.9810.62

1.4210.39
1.3010.33

0 .38l0.10 
0.34+0.09

% decrease or 
increase 

f o r  pruned
■ f —■ -- ■

-11.74 9.23 11.76

J
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H ilched (AFM1. AFM2) and Local (AFL1. AFL2) p lots fo r SR92. Figs. 58 & 

-9 compare the e f fe c t  o f Grevillea robusta root pruning on the cob 

weights while F igs. 60 & 61 compare the pruning e f fe c t  on grain

w eigh ts . AFM1 had more biomass than AFM2 by 23.4% and fo r  some grain and 

cobs th is  was 30.5 and 32.4% respective ly . From Table 21b we see that 

AFL2 th is  time y ie lded  more biomass than AFL1 by 11.7% whereas AFL1 had 

now more grain  and cob weights than the AFL2 by 9.2±1.2% and 11.8% 

re s p e c t iv e ly .

4 .1 .3  ( j )  Bean y ie ld s  fo r  SR92

( i )  Mulch e f fe c t  on bean biomass and grain weights in pruned and 

unpruned G rev illea  p lots

F igs. 62-65 and Table 22a compare the e ffe c ts  o f  mulching on the 

bean biomass weights in  each row o f the pruned (AFM1 & AFL1) and 

unpruned (AFM2 & AFL2) p lo ts .

The pruned Mulched p lo t (AFM1) had more per cent biomass than the 

pruned Local (AFL1) by 47.5% even at th is  low crop residue mulch rate o f 

3 t/ha (F ig . 62 & Table 22a). In the unpruned plots (AFL2 & AFM2) the 

Mulched p lot again had higher per cent biomass y ie ld  than the Local by 

31.6% (F ig . 63 & Table 22a).

F igs. 65 & 66 and Table 22b compare the pruning e ffe c ts  on the 

bean seeds per cent weights in each row o f the pruned and unpruned p lots  

(AFMl. AFL1. AFM2 & AFL2). Again AFM1 had more per cent seed weights 

than AFLl by 12.1%. AFM2 had higher y ie ld s  than AFL2 by 10.0%. Also here 

the fluctuations over rows have to  be considered large, certa in ly fo r  

the same reasons as in maize.
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n ic h e d  (AFM1. AFM2) and Local (AFL1. AFL2) p lots fo r SR92. Figs. 58 & 

d9 compare the e f fe c t  o f  G revillea  robusta root pruning on the cob 

weights w h ile F igs. 60 & 61 compare the pruning e f fe c t  on grain

w e igh ts . AFM1 had more biomass than PFV.2 by 23.4% and fo r  some grain and 

cobs t h is  was 30.5 and 32.4% respective ly . From Table 21b we see that 

AFL2 t h is  time y ie lded  more biomass than AFL1 by 11.7% whereas AFL1 had 

now more gra in  and cob weights than the AFL2 by 9.2±1.2% and 11.8% 

r e s p e c t iv e ly .

4.1.3 (j) Bean yields for SR92
(i) Mulch effect on bean biomass and grain weights in pruned and 

unpruned Grevillea plots
F igs . 62-65 and Table 22a compare the e ffe c ts  o f mulching on the 

bean biomass weights in  each row o f the pruned (AFM1 & AFL1) and 

unpruned (AFM2 & AFL2) p lo ts .

The pruned Mulched p lot (AFM1) had more per cent biomass than th*r 

pruned Local (AFL1) by 47.5% even at th is  low crop residue mulch rate o f 

3 t/ha (F ig . 62 & Table 22a). In the unpruned plots (AFL2 & AFM2) the 

Mulched p lo t again had higher per cent biomass y ie ld  than the Local bv 

31.6% (F ig . 63 & Table 22a).

F igs. 65 & 66 and Table 22b compare the pruning e ffe c ts  on the 

bean seeds per cent weights in each row o f the pruned and unpruned p lots  

(AFM1. AFL1. AFM2 & AFL2). Again AFM1 had more per cent seed weights 

than AFLl by 12.1%. AFM2 had higher y ie ld s  than AFL2 by 10.0%. Also here 

th e  fluctuations over rows have to be considered large, certa in ly foi

th e  same reasons as in  maize.
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F i g .  6 2 . A v e r a g e  b e a n s  b io m a s s  y i e l d s  p e r  row i n  p ru n ed  
Mulched (AFM1) and pruned Local (AFLl) for SR92.

SR92 B ea n s  B IOM ASS w e i g h t  In  A g r o f  p l o t

□  AFM2 +  a v e ra g e  AFM2 © A F L 2  A A ve ra ge  AFL2

Fig. 63. Average beans biomass yields per row in unpruned
Mulched (AFM2) and unpruned Local (AFL2) for SR92.
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S R 9 2  B e a n s  s e e d  w e i g h t  i n  A g r o f  p l o t

□  APM1 +  a v e ra g e  AFM1 o  AFL*l A A ve ra ge AFL1

F i g .  6 4 .  A v e r a g e  b e a n s  s e e d  y i e l d s  p e r  row i n  pru n ed  
M u l c h e d  ( AFM1) and p r u n e d  L o c a l  ( A F L 1 ) f o r  SR92.

SR 92  B ea n s  s e e d  w e ig h t  In  A g r o f  p l o t

□  AFM2 +  a v e ra g e  AFM2 o  A F L 2  A  A ve ra g e  AFL2

Fig. 65. Average beans seed yields per row in unpruned
Mulched (AFM2) and unpruned Local (AFL2) for SR92.
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SR92 Beans BIOMASS w e i g h t  in A g r o f  p l o t

Q AFM1 ♦ a v e ra g e  APM1 O AFM2 & A ve ra ge AFM2

F i g .  6 6 .  A v e r a g e  b e a n s  b io m a s s  y i e l d s  p e r  row i n  pruned 
M u l c h e d  (AFM1) and u n p ru n e d  M u lch e d  ( AFM2) f o r  SR92.

SR92 Beans BIOMASS w e i g h t  in A g r o f  p l o t

□  AFc^ ♦  # v e r * g e  AFl. 1 O A FL » A A v e ra g e  AFi_2

Fig. 67. Average beans biomass yields per row in pruned
Local (AFLl) and unpruned Local (AFL2) for SR92.
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S R 9 2  B e a n s  s e e d  w e i g h t  i n  A g r o f  p l o t

□ AFM1 +  a v t r a g t  AFM1 O AFM2 A A v » r e g «  AFM2

F i g .  6 8 .  A v e r a g e  b e a n s  s e e d  b io m a s s  y i e l d s  p e r  row i n  
p r u n e d  M u lch ed  (AFM1) and u n p ru n e d  M ulched ( AFM2) f o r  
S R 9 2 .

Fig. 69. Average beans seed biomass yields per
pruned Local (AFL1) and unpruned Local (AFL2) for SR92.
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T a b le  22. E ffec ts  o f Mulched and pruning on bean seed 
and biomass weights (a) Mulched (b ) pruning SR92

t r e a t m e n t s average Average biomass
seed weights (t/ha) weights (t/ha)

a ) M u  1 ched
A F M 1 0.71±0.10 0.6810.20
A F L 1 0.63±0.12 0.4610.09

%  increase 12.1 47.5
for mulched

A F M 2 0.63±0.18 0.5010.17
A F L 2 0.57±0.26 0.3810.16

%  increase 10.0 31.6
for mulched

(b) Pruning effect
A F M 1 IJ .71+0.10 0.6810.20 “
A F M 2 0.63±0.18 0.5010.17

% increase 13.4 36.0
f o r  pruned

A F L 1 0.63±0.12 0.4610.18
A F L 2 0.57±0.26 0.3810.16

% increase 11.3 20.4
for pruned

(c) Control plots
1bean seed yields biomass yields

Local (L) 1.02±0.24 0.9610.30
Mulch (M) 1.18±0.21 0.9810.26

(ii) Root pruning effect on bean biomass and seed weights in 
Mulched and Local AF plots

Figs. 68 & 69 and Table 22b compare the e f fe c t  of Q revillea

robusta root pruning on the beans biomass weights in each row o f the 

Mulched (APM1 S. AFM2) arri loca l (AFL1 & AFL2) p lots. AFM1 had higher per 

cent biomass and seed y ie lds  than AFM2 by 36.0% and 13.4% respective ly  

(F ig s .  68 & 69 and Table 22b). AFL1 had more biomass and seed than the
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AF12 by 20.4% and 11.3% resp ective ly  (F igs . 67 & 69 and Table 22b).

On the average much more beans biomass was received  from the 

pruned than the unpruned p lots. The bean plants, lik e  the maize plants, 

were a ls o  responsive in  seed y ie ld s  to  mulching and pruning treatments 

(both  in  the order o f 10%). These water conservation measures might have 

been u se fu l to  the beans at the early  stage o f th e ir  growth in October 

and November as they flowered before the onset o f the heavier rains in 

December and January. 1993. The heavier ra in fa ll at flowering may even 

have deflowered (made the plants drop the flowers) the plants resu lting 

in  poor po llin a tion . Nevertheless an increase in both bean seed and 

t o t a l  biomass is  worth the trouble o f  conservation measures. within 

a g ro fo re s try  systems l ik e  ours in  a season with adequate water.

Results fo r  the bean seed y ie ld s  given in Table 22c with regard to  

the Mulched AF p lots (AFW1 & AFM2) indicate that on the average, the 

pruned Mulched AF p lo t (AFM1) gave 0.31±0.34 t/ha less than the Local 

c o n tro l p lo t (L) and 0.47+0.31 t/ha less  than the Mulched control p lo t 

M ) , while unpruned Mulched AF p lot gave 0.39±0.42 t/ha less than the 

Loca l control and 0.55±0.39 t/ha less than the Mulched control (M) p lo ts  

r e s p e c t iv e ly . This confirms that with l i t t l e  exception NAF y ie lds were 

h igh er than AF y ie ld s , due to more moisture running o f f  in the AF p lo ts .

Table 22c with regard to  the Local AF p lots (AFL1 & AFL2) indicate

th a t on the average, the pruned Local AF plot (AFL1) gave 0.39+0.36 t/ha

le s s  than the Local control p lo t (L ) and 0.55±0.33 t/ha less than the 

Mulched control p lot (M). while unpruned Mulched AF p lo t gave 0.45±0.50

t/ha less than the Local control and 0.61±0.47 t/ha less than the

Mulched control (M) p lo ts  respective ly . The conclusion therefore is  the 

same as given above fo r  the mulched case. This a lso  applies to  the 

biomass d ifferences between NAF and AF.
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4.1.4 Long Rains season 1993
4.1.4 (a) Rainfall and evaporation climate during growing season

The maize/bean intercrop was planted on 14th A p r il, 1993, a fte r  

cum ulative ra in fa ll to ta l o f 22.5 mm was received against 66.5 mm o f pan 

evap ora tion  spread over 13 days p rior to  planting date. The ra in fa ll 

tnroughout the four months o f the season was below the long term mean 

ex cep t May which received  43.8 mm above it s  long term mean (see F ig. 

15) . We see in Table 7 that the rains were concentrated in April and 

May. which received 84.7 and 90.4 mm respective ly . A pril with ra in fa ll 

cr 37.5 mm below it s  long term mean had the highest negative value 

fo llo w e d  by March and June. 1993 with 22.0 and 15.2 mm respective ly  

below  th e ir  long term means. The pan evaporation rates fo r  April and May 

were 138.2 and 154.4 mm respective ly . May. 1993 had pan evaporation o f

3 .6  mm below the long term mean. A ll pan evaporation rates were below 

t h e i r  long term means pointing to  high cloudiness. March had the highest 

n ega tive  deviation o f 15.0 mm below i t s  long term mean value.

The ra in fa ll that was received in April was only adequate fo r  

s e ed lin g  emergence and in it ia l  growth. Like e a r lie r  seasons (SR91 and 

LR92) there was a good in it ia l  s ta rt and a bad ending. Inadequate 

r a in fa l l  and onset o f strong winds in June, and a fte r , resulted in 

p lan ts  a tta in ing the permanent w ilt in g  point rap id ly, by mid July. Beans 

were harvested on 27/7/93 and maize that remained in the f ie ld  was 

d ry in g  quite fa st.

4.1.4 (b) Maize and beans phenology
Of the maize seedlings 30% in  AF p lots and 20% in Local and 

Mulched controls had emerged by 7 DAP (by 21/4/93). By 15 DAP 85% in the 

Local control p lots. 85% in the Mulched control and 90% in the AF p lot
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LR93 MAIZE HEIGHTS

T im e  cays o f  tn a  ya a ra

□  AFM1 + APL1 X MULCH C o n tro l V LOCAL c o n tro  I

F ig . 70. Average maize heights in  pruned Mulched (AFM1) 
and pruned Local (AFL1) fo r  LR93, compared with the 
c o n t ro l p lo ts .

F ig . 71. Average maize heights in  unpruned Mulched (AFM2) 
and unpruned Local (AFL2) fo r  LR93, compared with the 
con tro l p lo ts .
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LR93 MAIZE HEIGHTS
2 1 Q  PRUNING C t  -  AFM1 AFM2 6. C o n t r o l*
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TIM E  days o f  th e  y e a rs

□  AFM1 o  AFM2 x  MULCH C o n tro  I V LOCAL c o n tr o l

F ig .  72. Average maize heights in pruned Mulched ( AFM1) 
and unpruned Mulched ( AFM2) fo r  LR93.

LR93 MAIZE HEIGHTS

TIM E  days o f  tn *  y e a rs

♦ A FL1  A A FL 2  X MULCH C o n t r o l  V LOCAL c o n tr o l

Fig. 73. Average maize heights in pruned local (AFL1) and
unpruned Local (AFL2) for LR93.
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hac: emerged. Emergence attained 100% le v e l by 22 DAP. These d ifferences 

in  emergence may have contributed to  marked d ifferences in y ie lds  o f 

LR93 maize biomass. The emergence advantage in AF over the control p lots 

cay have come as a resu lt o f a shading e ffe c t  by the AF trees and the 

- iv e —fence which somewhat moderated s o il  temperature and reduced 

evapora tion  from the s o i l  thereby enabling the seedings in AF to  receive 

near optimum conditions fo r  emergence.

R e la t iv e ly  heavy rains in May had induced tassel ling but strong 

winds soon dried s o il and crop and the plants became water stressed by 

68 DAP before the s ilk in g  phase could be attained. Hence the plants 

g e n e ra lly  had vegeta tive  growth without producing cobs. The strong winds 

m ostly  a ffec ted  the control p lots due to  th e ir  immediate exposure since 

th ey  were in open area. The plants d ried  up by 103 DAP ( i . e .  26/7/93).

By 7 DAP 85% o f  a l l  the beans in  p lots (M. L & AF) had emerged. 

By 45 DAP 15% o f the beams in AF and 10% in the control had flowered. By 

50 DAP 100% o f the plemts had flowered. By 68 DAP 30% o f the beans in AF 

and 15% in the control had attained the ripeness phase. The plants 

s ta r te d  w ilt in g  by 80 DAP due to  lack o f s o il moisture as the so il was 

be in g  dried  rap id ly by the strong winds.

The biomass and seed y ie ld s  from beans were harvested on 104 DAP 

(27/7/93). We here therefore present the fo llow ing resu lts for th is  

season (D  maize heights and "stover" biomass in control (Local and 

Mulched) p lots and AF p lots ( i i )  bean seed and biomass y ie lds  in each 

o f  these p lots.

4.1.4 (c) Maize heights: The effect of mulching and root pruning on 
maize heights

Intercomparisons were made o f the e ffe c t  o f mulching (Figs. 70 &
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OHIVEBSiTY CF NAIROBI LIBBaW

m a i z e  BIOMASS YIELDS - LONG RAINS 1993

O  PRUNED AFM1 +  PRUNED AFL1 O Mean O f  AFM1 a  Mean o f  A FL1

F ig .  74 . Average maize biomass y ie ld s  per row in  pruned 
M ulched  (AFM1) and pruned Local (AFL1) fo r  LR93.

Fig. 75. Average maize biomass yields per row in unpruned
Mulched (AFM2) and unpruned Local (AFL2) for LR93.
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F i g .  7 6 .  A v e r a g e  m a i z e  b i o m a s s  y i e l d s  p e r  r o w  i n  p r u n e d  
M u l c h e d  (AFM1) a n d  u n p r u n e d  M u l c h e d  (AFM2) f o r  LR93.

Fig. 77. Average maize biomass yields per row in  p ru n ed
Local (AFL1) and unpruned Local (AFL2) for LR93.
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T a b le  23. LR93 maize biomass y ie ld s  in  pruned and
unpruned Grevillea robusta r e la t iv e  to  control p lo ts .

Between 
tree rows

average 
biomass 

yields (t/ha) % of M % of L

va. R o o t  pruned Grev. + mulch + minimum till (AFM1)
A - B 1.40±0.56 55 48
B ~ C 1.6 9 ± 0 .10 66 58
C - D 1.7 9 ± 0 .52 70 61
D - E 1.18±0.50 46 40

A-E 1.5 2 ± 0 .54 60 52

(b) Root pruned Grev. + Local + deep tillage (AFL1)
A-B 0.99±0.60 39 34
B-C 0.91±0.40 36 31
C-D 1.15±0.62 45 39
D-E 0.39±0.28 15 13

A-E 0.8 7 ± 0 .58 34 30

(c) Unpruned Grev. + mulch + minimum till (AFM2)
A-B 0.25±0.19 r To 9
B-C 0.0 8 ± 0 .13 3 3
C-D 0.6 5 ± 0 .59 25 22
D-E 0.75*fc0.47 29 26

A-E 0.4 2 ± 0 .48 16 14

(d) Unpruned Grev. + Local + deep til lagp -<AFL2j______
A-B o". e>4±0 . ’36" " 25 12
B-C 0.4 8 ± 0 .23 19 16
C-D 0.6 8 ± 0 .20 27 23
D-E 0.7 0 ± 0 .29 27 24

A-E 0.62+0.29 24 21

(e) Control
plots

Mulch (M) 2.5 5 ± 0 .85 100 115
Local (L) 2.9 3 ± 0 .26 87 100
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T a b le  24. E ffec ts  o f Mulching and pruning on maize 
b iom ass weights fo r  LR93 (a) Mulched (b ) pruning.

treatm en ts average biomass 
weights (t/ha )

a )  Mulched
~ s r a i ------------- 1 .52±0.54

AFLl 0 .87±0.58

% increase 
f o r  mulched

74.7

AFM2 0 .42±0.48
AFL2 0 .62±0.29

decrease for
mulch o f 32.3

(b ) Pruning e f fe c t
AFM1 0250754
AFM2 0.42±0.48

% increase 
f o r  pruned

261.9

AFLl 0 .87±0.58
AFL2 0.62+0.29

% increase 
f o r  pruned

40.3

T ab le  25. E ffects  o f Mulching and pruning 
on beans seed & biomass weights 
(a) Mulched (b) pruning LR93

treatm ents average
biomass (t/ha)

Average 
seed (t/ha)

(a ) Mulched ____
AFH1
AFLl

O.4i±0.12
0.33±0.16

0.53±0.16
0.39±0.15

% increase 24.2 35.9

AFM2
AFL2

0.19+O.K 
0.31±0.11

0 .20±0.14 
0 .37±0.12

% increase -38.7 - -46.0
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(b) P r uning effect
AFM1
A F M 2

0.41±0.12 0.19±0.14 0.53±0.16 0.20±0.14
^  increase 

f o r  pruned
115.79 165

A F L 1
A F L 2

0.33+0.16 0.31±0.11 0.39+0.150.37+0.12
*  increase 

fo r  pruned
6.5 5.4

71) and o f  G revillea  ro o t pruning (F igs . 72 & 73) on the progress o f 

m aize heights in AF and control p lo ts . From the date o f emergence, the 

P la n ts  in  the control p lo ts  were growing faster than those in AF (shown 

in  F ig s .  70 & 71).

We can observe the e ffe c t  o f mulching in Figs. 70 & 71. The plants 

in  th e  pruned Muiched p lo t (AFM1, F ig. 70) in AF had grown ta l le r  than

th o se  in  the pruned Local p lo t (AFL l)i The plants in the unpruned 

Mulched p lo t (AFM2. F ig . 71) in AF were, however, shorter than tnoee in 

th e  unpruned Local p lo t (AFL2). A lso those in the Mulched NAF grew 

t a l l e r  than those in the Local NAF. This confirmed the superiority under 

LR93 conditions o f mulching with minimum t i l la g e  to  other treatments 

th a t sm all-scale farmers may use on th e ir  farms.

We observe the e ffe c t  o f pruning in Figs. 72 & 73. In te r-  

comparisons o f the Mulched p lots  show that the pruned Mulched (AFM1) 

m aize had grown espec ia lly  t a l le r  than the unpruned Mulched (AFX2) 

m aize. This was a lso  the case with the Local p lo ts , where the pruned 

Loca l (AFL1) had grown ta l le r  than the unpruned Local (AFL2) (Fig. 73). 

T h is  again confirmed the superiority  of pruning to  the unpruned 

treatm ent, fo r  the LR93 conditions.
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4 -1.4 (d) Maize biomass yields: Effects of Mulched and pruning on 

maize biomass weights

We hereby present comparisons o f e e ffe c ts  o f mulching on stover 

biom ass weights in pruned and unpruned plots in the AF plots fo r the 

LR93 (F igs . 74 & 75. Tables 23 & 24).

We observed in severa l cases very strong e ffe c ts  o f both mulching 

and pruning during th is  season. The e f fe c t  o f mulching was positive and 

much h igher in the pruned (AFM1, AFL1) than the negative e ffe c t  in the 

unpruned (AFM2. AFL2) p lo ts . There was more biomass harvested from the 

pruned Mulched with minimum t i l la g e  (AFM1) than from the pruned Local 

w ith  deep t i l la g e  (AFL1) by 74.7%. The s ituation  reversed in favour o f 

th e  Local deep t i l l e d  treatment in the unpruned plots in which the Local 

unpruned p lot (AFL2) had more biomass than the Mulched one by 12.5%. but 

a t  appreciably lower y ie ld  leve ls . As we have already mentioned e a r lie r , 

t h is  last case is  not so in terestin g  fo r  us once we decide to advise 

pruned Mulched with minimum t i l la g e  fo r  adoption by farmers, which would 

be lo g ic a l given the y ie ld  leve ls  o f LR93.

The e f fe c t  o f pruning was most evident in Mulched plots when the 

pruned had more s tover biomass than the unpruned by more than 261.9% 

(F ig s . 76 & 77), Table 24). This trend was maintained for the Local 

p lo ts  as the pruned p lo ts  recorded more biomass weight than the pruned 

by 40.3%. This was o f  course a lso  re fle c ted  in the actual y ie ld s , 

although particu la rly  the unpruned Mulched y ie lds  were rather low. A 

la rge  maize biomass y ie ld  with no grain as in LR93 confirms, in the 

u ltim ate lim it, our observation that cob and grain weights are inversely  

re la ted  to  stover biomass. Hence a large biomass may resu lt in l i t t l e  or 

no cob and grain y ie ld s  i f  ra in fa ll d istribu tion  is  not favourable.
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Because we have illu s tra ted  s u ff ic ie n t ly  the large fluctuations o f  

y i e ld s  per row with the data o f previous seasons but u ltim ately deal 

w ith  to ta ls  y ie ld s  have longer given such data here and in the remaining 

seasons.

4.1.4 (e) Beans biomass and seed yields

Tables 25 and Table 26 present the e ffe c ts  of mulching and pruning 

on th e  bean biomass and seed y ie ld s  fo r  the L£93. We can see in Table 

25a that bean biomass and seed y ie ld s  from Mulched p lo ts  were more than 

from  the Local p lots by 24.2 and 35.9% respective ly , in  pruned plots.

In unpruned p lo ts  mulch app lication  had a negative e f fe c t  on the 

beans biomass and seed y ie ld s , just as in the case o f maize, as the 

unpruned Local p lo t (AFL2) had 38.7 and 46.0% more biomass and seed 

y ie ld s  than the Mulched plot (AFM2) (Table 25). This was particu la rly  

the case through depressed y ie ld s  in the unpruned Mulched plots.

In unpruned p lo ts  mulching (with minimum t i l la g e )  must have 

improved so il conditions favourably fo r  increased root ram ification in 

which tree  roots competed vigorously with the maize/bears intercrop fo r  

s o i l  resources ( i . e .  fo r  water and nutrients) thus a ffec tin g  both 

biomass and gra in  y ie ld s .

The e f fe c t  o f root-pruning was assessed by comparing p lots under 

the same surface cover treatments (Mulched or Local) in the AF. From 

Table 25b we learn that root-pruning was more e ffe c t iv e  as a control 

measure in the pruned Mulched plot (AFM1) than in the unpruned Mulched 

p lo t  (AFM2. Table 25b) fo r  both biomass and seed y ie ld s .

Of the Mulched (plus minimum t i l la g e )  p lo ts , the pruned p lo t 

(AFWl) produced more bean biomass and bean seed y ie ld s  than the unpruned 

one (AFM2) by 115.8 and 165% respective ly  (Table 25b). In the Local
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'.deep t i l l a g e )  p lo ts  the pruned p lot produced more biomass and grain 

y i e ld s  than unpruned Local, but only by a n eg lig ib le  6.5 and 5.4% 

r ® s p e c t iv e ly .

Comparing the biomass and seed y ie ld s  from AF plots with the 

c o n t r o ls  (Tables 26 and 27) we find that more and seed y ie ld s  were 

ob ta in ed  from AFM1. p a rticu la r ly  from the lower part o f the AF p lo t 

between TR3 and tree  row E (see F ig. 9 ), which is  the only p lo t with 

y i e ld s  comparable to  the controls. AFM1 biomass y ie ld s , although

T a b le  26. LR93 beans biomass y ie ld s  in  pruned 
and unpruned G rev illea  robusta r e la t iv e  
to  control p lo ts .

Between 
t r e e  rows

average
biomass
y ie ld s
(t/ha)

% o f L % o f M

(a i Root pruned Grev. + mulch + minimum t llaae (AFN1)
”  A-B 0 .39±0.11 64 58

B-C 0 .39±0.10 64 58
C-D 0 .37±0.08 61 55
D-E 0.49±0.12 80 73

A-E 0.41±0.12 67 61

(b ) Root pruned Grev. + LocaJ + deep t i l laae (AFL1)
A-B 0 .22±0.03 36 33
B-C 0 .2Q±0.05 33 30
C-D 0 .32±0.10 52 48
D-E 0.51±0.21 84 76

A-E 0.33+0.16 54 49

(c )  Unpruned 3rev. + mulch h► minimum t i 11 (AFM2)
X-B 0 .13±0.06 21 19
B-C 0 .07±0.04 11 10
C-D 0 .21±0.08 34 31
D-E 0 .35±0.15 57 52

A-E
—

0 .19±0.14 31 28
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(d ) Unpruned Gi~ev. + Local +..deep t i l  lace (AFL2)
A-B 0 .30±0.04 49 45
B~C 0.31±0.05 51 46
C-D 0 .25±0.05 41 37
D-E 0 .38±0.18 62 57

A-E 0.31±0.11 51 46

(e )  Control
p lots

Loca l (L) 0 .67±0.25 110 100
Mulch (M) 0 .61±0.27 100 91

Tab le  27. LR93 beans seed y ie ld s  in pruned and 
unpruned G rev illea  robusta r e la t iv e  to 
control p lo ts .

Between 
tree  rows

average
seed

y ie ld s
(t/ha)

% o f  L % o f M

(a ) Root pruned Grev. + mulch minimum t i 1 (AFM1)
A-B 0.43±0.15 67 72
B-C 0 .57±0.17 89 95
C-D 0.53±0.11 83 88
D-E 0.61+0.17 95 102

A-E 0.53±0.16 83 88

(b ) Root pruned Grev. + Local + deep t i l l * »ge (AFL1)
A-b 0.31+0.05 48 52
B-C 0 .38±0.08 59 63
C-D 0.48±0.12 75 80
D-E 0.39+0.23 61 65

A-E 0 .39±0.15 61 65

(c ) Unpruned Jrev. + mulch + minimum r i l l  (AFM2J-------
A-B 0 .14±0.07 22 2d

B-C 0 .09±0.04 14 ID

C-D 0 .32±0.13 50 Do

D-E 0.27+0.13 42 4D

A-E 0 .20±0.14 31 33

(d) Unpruned d*ev. + Local deep t i l  la? a (AFL2J----- -
72

--------a = r --------- 0.43±0.07 67 67
B-C 0.4010.07 63 63
C-D 0.3810.07 59 45
d-e 0.2710.16 42

A-E 0.37±0.12 58 62
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( e )  Control
p lo ts

Loca l (L) 0.60±0.21 94 100
toJlch (M) 0 .64±0.20 100 106

su p erio r  to  the other treatments, did not come even close to the values 

o f th e  controls and the lower h a lf was only marginally better. Pruned 

Loca l and unpruned Mulched had both much more seed and biomass y ie lds in 

the lower ha lf o f  the p lo ts  with the exception o f AFL1 where th is  e f fe c t  

was smaller. There was marginally more beans biomass y ie ld  and

laarg in a lly  less bean seed y ie ld  from the Local control than from the 

Wuiched control p lo ts . On the average, the control p lo ts  produced both 

more seed and biomass y ie ld s  than the averaged AF p lots.

4.1 . 3  Short Rains season 1993

4.1.5 (a) R ain fa ll and evaporation clim ate during growing season

The maize/bean intercrop was planted on 16th October. 1993, a fte r  

a r a in fa l l  to ta l o f  14.4 mm was received against 8.9 mm o f pan

evaporation in the period preceding the planting date. The ra in fa ll
>

throughout the four months o f the season was below the long term mean 

w h ile  pan evaporation rates were above th e ir long term means (Fig. 14). 

The rains were concentrated mainly in  November which received 117.2 mm. 

January 1994. with r a in fa ll  o f 49.2 mm below its  long term mean, had the 

h ighest negative value followed by December and November, 1993, which 

had 32.1 and 18.1 mm too low respective ly . The pan evaporation rates fo r 

November. December and January were 115.8, 174.7 and 172.5 mm

respective ly . A ll pan evaporation ra tes were above th e ir long means, 

with December having the highest p o s it iv e  deviation o f 41.0 mm above it s  

long term mean.
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SR93 MAIZE GROWTH HEIGHTS

TIM E  IN J U L IA N  DAYS

□  AFM1 + A FL1  X LOG CONTROL V MUL CONTROL

F ig .  7 8 . A v e ra g e  m a ize  h e ig h ts  p e r  row  in  pruned Mulched 
(A F M 1 ) and pruned L o c a l (A FL1 ) f o r  SR93, com pared w ith  
th e  c o n t r o l  p l o t s .

Iu
Cfl
—

5
If

SR93 MAIZE GROWTH HEIGHTS

TIM E  i n  JU L IA N  DAYS
O AFM2 A A FL 2  X LOC CONTROL V MUL CONTROL

Fig. 79. Average maize heights per row in unpruned
Mulched (AFM2) and unpruned Local (AFL2) for SR93,
compared with the control plots.
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SR93 MAIZE GROWTH HEIGHTS

TIM E IN J U L IA N  DAYS
□  AFM1 o AFM2 X LOC CONTROL V MUL CONTROL

Fig. 8 0 .  A v e r a g e  m a i z e  h e i g h t s  p e r  r o w  in p r u n e d  M u l c h e d  
( A F M 1 )  a n d  u n p r u n e d  M u l c h e d  (A F M 2 ) for SR93, c o m p a r e d  
w i t h  t h e  c o n t r o l  p l o t s  .

SR93 MAIZE GROWTH HEIGHTS

8\J
U>

AFL1
TIM E IN JU L IA N  DAYS 

A FL 2  X LOC CONTROL V  MUL CONTROL

Fig. 81. Average maize heights per row in pruned Local
(AFLl) and unpruned Local (AFL2) for SR93, compared with
the control plots.
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The ra in fa ll rece ived  in  October and November was only adequate 

f o r  s e ed lin g  emergence and early  growth. Like e a r l ie r  seasons (SR91. 

LR92, LB93) in i t ia l  growing made a good s ta rt, but lack o f rain, from 

^ate November to  January. 1994. resu lted in  plants atta in ing the 

permanent w ilt in g  point rap id ly , by ea r ly  December. Beans were harvested 

on 107 DAP ( i . e .  on 31/1/94) and maize biomass that remained in the 

f i e l d  was drying f a i r l y  fast.

4 .1 .5  (b ) Maize and beans phenology

Of the maize seedlings 35% in AF plots and 22% in Local and 25% 

in  Mulched controls had emerged by 7 DAP (by 23/10/93). By 14 DAP. 90% 

in  L o ca l. 93% in Mulched and 95% in  AF had emerged. Emergence attained 

100% le v e l by 21 DAP in a l l  p lots. These d ifferences  in emergence may 

a ga in  have contributed to in marked d ifferences in maize biomass y ie ld s  

in  SR93. Again the shading e f fe c t  by the AF trees and the live-fen ce  may 

have been o f influence, as we hove mentioned in section 4.1.4 (b) 

a b o v e .

The plants attained 10-20 % ta sse llin g  by 72 DAP ( i .e .  27/12/93). 

However, th is  ta ss e llin g  phase appeared to have been prematurely induced 

by  water stress, as the plants had started w iltin g  just before 

ta s s e ll in g  started, that is before 65 DAP, and were completely dry two

weeks la ter ( i . e .  86 DAP).

By 7 DAP 90% o f the beans in a ll the p lo ts  (M. L & AF) had 

emerged. By 44 DAP 16% of the beans in AF and 12% in  the control had 

flow ered . By 51 DAP 100% of the plants had flowered. By 75 DAP. 35% o f 

th e  beans in AF arid 20% in the control p lots had attained the ripeness 

phase. The beans attained 100% ripeness by 86 DAP. The bean biomass and 

bean seed y ie lds  were harvested on 107 DAP (27/7/93).
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C ro p  row© from  w est -  e a s t C 1 “ 31}

□  AFM1 + Avg BIOMASS In  AFM1 o A FL1 A Avg BIOMASS In  A F L 1

F i g .  82. A v e r a g e  m a i z e  b i o m a s s  y i e l d s  p e r  r o w  in p r u n e d  
M u l c h e d  (A F M l ) a n d  p r u n e d  L o c a l  (A F L 1 ) f o r  S R 9 3 .

SR93 S h o r t  R a i n s  B i o m a s s  Y i e l d s

O »AM8 ♦ A vg BIOMASS IA AAM8 I O AAL8 A A vg  BIOMASS In  AAL8

Fig. 83. Average maize biomass yields per row in
unpruned Mulched (AFM2) and unpruned Local (AFL2) for
S R 9 3 .
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We present the fo llow in g  resu lts  fo r  th is season ( i )  maize heights 

s to v e r  biomass y ie ld s  in control (Local and Mulched) p lots and in AF 

p lo t s  ( i i )  bean seed and bean biomass y ie ld s  in each o f these p lots.

4 .1 .5  (c ) Maize heights

F igs . 78 & 79 present maize heights in pruned Mulched and pruned 

L^>cal (AFMl & AFL1) unpruned Mulched and unpruned Local (APM2 & AFL2) in 

AF p lo t s  and the same in  NAF p lots .

The influence on maize heights by Mulched at 3 t/ha crop residue 

was demonstrated by comparing heights fo r  the pruned Mulched (AFM1) with 

th e  pruned Local (AFL1) p lots (F ig . 78) and heights fo r  the unpruned 

Mulched (AFL2) with the unpruned Local p lots (AFL2) (F ig. 79). A ll were 

compared with the Mulched and Local control p lots (F igs. 78 & 79).

The maize plants in both, Mulched plots in pruned AF (AFM1) and 

th e  Mulched control (Mulched con tro l), had grown t a l le r  by 65 DAP ( i . e .  

by DOY 354. F ig . 78). The Mulched control had the ta lle s t  plants. The 

two Local p lo ts  (Local control and AFL1) had shorter plants than the two 

Mulched p lo ts . AFL1 had the shortest plants. The maize plants in the 

unpruned p lots  were much shorter than those in the control p lots, with 

the unpruned Mulched p lo t having the shortest maize. Here again Mulching 

( in  combination with pruning) was demonstrated to  be the best feas ib le  

w ater conservation measure in dry-land farming.

The influence on maize heights by G revillea  root pruning was 

demonstrated by comparing the pruned Mulched p lot (AFM1) with the 

unpruned Mulched (AFM2) (F ig. 80). and the pruned Local p lot (AFL1) with 

th e  unpruned Local (AFL2) (F ig . 81). Again a l l  were compared with the 

Mulched and Local control p lo ts  (F igs. 80 & 81).



235

In  the Mulched p lo ts , plants were appreciably higher in the pruned 

Mulched (AFM) than in  the unpruned Mulched (AFM2) p lo ts  (F ig. 80). Also 

p la n ts  in  the pruned p lo ts  were e r a l ly  higher than those in  Local 

c o n t r o l  p lo t  (F ig . 80). In F ig. 81 ve observe shorter plants in the AF 

P lo t s  than in NAF Local control p lo ts . AFL1 had grown somewhat ta l le r  

than AFL2. indicating higher competition fo r  s o il  moisture between trees  

and the intercrop in AF during SR93. even in the pruned area, than 

w ith in  intercrops in the control p lo ts .

>•

4 .1 .5  (d ) Maize biomass y ie ld s

F igs . 82 & 83 ( fo r  row d e ta ils ) and Table 28a present resu lts o f 

th e  intercomparison o f maize biomass y ie ld s  fo r  SR93 as influenced by 

c rop  residue mulch app lication . The maize biomass y ie ld s  were genera lly  

h igh e r  in  the Mulched pruned (AFW1) than in the Local pruned (AFL1). The 

h igh es t y ie ld s  were obtained in the intercrop rows 19-27. The average 

m aize biomass y ie ld s  in  the pruned p lo ts  (AFM1 & AFL1) were higher in 

th e  Mulched (AFM1) than in the Local (AFL1) p lot by 85.5% (Table 27a. 

d e t a i ls  per row in F ig . 82). In the unpruned p lo ts  (AFM2 & AFL2) 

ap p lica tion  o f mulch appeared to  have depressed the biomass y ie lds  since 

th e  unpruned Local had 41.3 % more y ie lds than unpruned Mulched (see

la b le  28a & Fig. 91). We observed such trends already ea r lie r  in th is  

th e s is  and i t  could even be observed v isu a lly  eas ily . The only reason we 

can forward is  the damage done by la rger scale turbulent eddies shown 

by smoke t r a ils  to  particu larly  a ffe c t th is area. About such 

thigmomorphogenetic responses in plant growth to  mechanical stim uli 

l i t t l e  is  known (see Chapter 5 ).
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O o p  ro w s  from  w o c t -  o a s t C 1 -  31 }

□  AFM 1 +  A vg BIOMASS In  APM1 O AFM2 A Avg BIOMASS In  AFM2

P i g .  84. A v e r a g e  m a i z e  b i o m a s s  y i e l d s  p e r  r o w  in p r u n e d  
M u l c h e d  (A F M 1 ) a n d  u n p r u n e d  M u l c h e d  ( A F M 2 ) f o r  SR93.

Fig. 85. A v e r a g e  m a i z e  b i o m a s s  y i e l d s  p e r  r o w  in p r u n e d  
L o c a l  (AFLl) a n d  u n p r u n e d  L o c a l  (AFL2) for S R 9 3 .
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Tab le  28. E ffec ts  o f Mulched and 
pruning on maize biomass weights 

___ fo r  SR93 (a ) Mulched (b) pruning.

treatm ents average biomass
weights (t/ha)

a) Mulched
ArMl 1.54±0.68AFL1 0.83±0.37
% increase 85.5
AFM2 0.47±0.33AFL2 0.80±0.27
% increase -41.3
(b) Pruning e f fe c t
ArMl 1.54±0.68AFM2 0.47+0.33
% increase 227.7
AFL1 0.83±0.37AFL2 0.80±0.27
% increase 3.8

Figs. 84 & 85 and Table 28b present resu lts o f the intercomparison 

o f  maize biomass y ie ld s  fo r  SR93 as influenced by G revillea robust* 

root-pruning in AF p lo ts . The G revillea  root pruning was more e ffe c t iv e  

in  the Mulched p lo t with minimum t i l la g e  (AFWl) than in any other 

treatment. The AFM1 p lo t had higher biomass y ie lds  than AFM2 by 227.7 % 

(F ig . 84 & Table 28b). In the Local p lo ts , the pruned Local (AFL1) had 

a marginal so n eg lig ib le  biomass y ie ld  advantage over unpruned Local 

(AFL2) by 3.8 % (F ig . 85 & Table 28b).

Further comparison o f AF maize biomass y ie lds  with those o f the 

control p lots confirms the fact that the pruned Mulched plot with 

minimum t i l la g e  (AFM1) gave the highest y ie lds o f 78 and 77% re la t iv e
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-a b le  29. SR93 maize biomass y ie ld s  (t/ha)
in pruned and unpruned G revillea  robust a
r e la t iv e  t.o control p lots.

Between average
tree  rows biomass

y ie ld s % o f M % o f I
(t/ha)

a) Root pruned, Grev. + mulch + minimum t i l 1 (AFM1)
A-B 1.69+0.35 86 85
B-C 1.08±0.23 55 54
C-D 1.80±0.98 91 90
D-E 1.64±0.56 83 82

A-E 1.54±0.68 78 77

(b ) Root prunes1 Grev. + Local + deep t i l (AFL1)
A-B 0.85±0.28 43 43
B-C 0.58±0.19 29 29
C-D 1.09±0.45 55 55
D-E 0.81±0.28 41 41

A-E 0 .83±0.37 42 42

(c )  Unpruned Grev. + mulch + nunimum t i l l (AFM2)
------- S=E---------- 0.44±0.14 " 22 22

B-C 0 .19±0.10 10 10
C-D 0.44±0.30 22 22
D-E 0.8110.31 41 41

A-E 0.4710.33 24 24

(d ) Unpruned GYev. + Local + cleep t i l la g e (AFL2) v
A-B 0.9510.24 48 48
B-C 0.5410.18 27 27
C-D 0.9510.15 48 48
D-E 0.80+0.24 41 40

A-E 0.8010.27 41 40

(e) Control
p lots

Local (L) 2.0010.74 96 100
1 Mulch (M) 1.9710.76 100 102

to  Mulched (M) and Local (L) control p lots respective ly  (Table 29). AFL1 

w ith 42% re la t iv e  to  both M and L. was second to AFM1. Where there was
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no t r e e  competition, in  the control p lo ts , mulch application gave only a 

v e ry  marginal increase compared to  the Local by 2%. From Table 29 we see 

th a t th e  lowest y ie ld s  in a l l  the AF p lo ts  (AFM1. AFL1. AFM2 & AFL2) 

were obtained between tre e  rows TO1 and TR2 ( i . e .  interspace B-C). The 

h igh es t y ie ld s  were rece ived  in a l l  AF p lots , except AFM2. between tree  

rows TR2 and TR3 ( i . e .  interspace C-D see Table 29). Ib is  is  fo r the 

unpruned p lo ts  in lin e  with LR93.

-a b le  30. E ffects  o f Mulched and pruning 
on beans seed & biomass weights 
(a ) Mulched (b) pruning SR93

treatm ents average Average
biomass (t/ha) grain (t/ha)

a ) Mulched
AFMi 0.29±0.09 0 .15±0.07 1
AFLi 0.34±0.11 0 .12±0.05

% decrease -14.7 25.0
fo r  mulched

AFM2 0.22±0.12 0 .08±0.06
AFL2 0.24±0.08 0 .10±0.05

% decrease -8 .3 -20.0
fo r  mulched

(b ) Pruning e ffe c t
AFMI 0 .29±0.09 0 .15±0.09 I
AFM2 0.22±0.12 0 .08±0.06

% increase 31.8 87.5
fo r  pruned

AFLI 0.34*0.11 0.12*0.05
AFL2 0.24±0.08 0.10*0.05

% increase 41.7 20.0
fo r  pruned
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-ab le  31. SR93 Beans biomass y ie ld s  (t/ha) in
pruned and unpruned G revillea  robust a r e la t iv e  
t o  control p lots.

Between 
tr e e  rows

average 
biomass 
y ie ld s  (t/hcl) % Of M % o f L

a ) Root pruned Grev. + mulch + minimum t i l l  (AFM1)
“ A-B 0.38±0.05 “ 56 -----31----

B-C 0.26±0.08 38 28
C-D 0.26±0.08 38 28
D-E 0 .28±0.07 41 30

A-E 0.29±0.09 43 31

(b ) Root prune<i  Grev. + Local
"1

+ deep t i 11 (AFL1)
A-B 0.42±0.13 62 45
B-C 0 .33±0.13 49 35
C-D 0.30±0.06 44 32
D-E 0.30±0.05 44 32

A-E 0.34+0.11 50 37

(c )  Unpruned Grev. + mulch minimum t i l l  (AFM2)
A-B 0.19+0.12 ------ 25----- 20

*• B-C 0.11±0.07 16 12
C-D 0 .28±0.08 41 30
D-E 0.30±0.10 44 32

A-E 0 .22±0.12 32 24

(d ) Unpruned Grev. + Local + deep t i l l  (AFL2)
A-B 0.32±0.11 47 34
B-C 0.21±0.03 31 23
C-D 0 .19±0.02 28 20
D-E 0 .23±0.07 34 25

A-E 0 .24±0.08 35 26

(e ) Control
p lots

j Local (L) 0 .93±0.33 137 100
Mulch (M) 0.68±0.46 100 73

--------------------- --------------- —1
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T a b le  32. SR93 Beans y ie ld s  (t/ha) In pruned 
and unpruned G revih  a robusta r e la t iv e  to
control olots.

Between average f
tree  row;3 beans see■c

y ie ld s  (t/ha) % o f M % o f L

J a ) Root prune<i  Grev. + mulch + minimum t i l l  (AFM1)
A-B 0 .15±0.08 48 58
B-C 0 .14±0.05 45 54
C-D 0 .18±0.05 58 69
D-E 0 .10±0.06 32 38

A-E 0 .15±0.07 48 58

(b ) Root Drujned Grev. + Local + deep t i 11 (AFL1)
A-B 0.12±0.03 39 46
B-C 0 .15±0.06 48 58
C-D 0.1410.03 45 54
D-E 0.0810.03 26 30

A-E 0.1210.05 39 36

_ _ Cc) Unpruned, Grev. + mulch + minimum t i 11 (AFM2)
A-B 0.03+0.04 1— ns------- I'l
B-C 0.0410.05 13 15
C-D 0.1410.03 45 54
D-E 0.0910.05 29 35

A-E 0 .08±0.06 26 31

(d) Unuruined Grevilleas Local + de ep t i l la g e  (AFL2
A-B 0.1110.05 ------35------- 42 “
B-C 0.1110.05 35 42
C-D 0 .1H0.03 35 42
D-E 0.0610.05 19 23

A-E 0.1010.05 32 38

(e) Contro.
p lots

Local (L) 0.2610.13 84 100
Mulch (M) 0.3110.06 100 119

4.1.5 (e) Beans, biomass and seed yields
Tables 30a. b present the e f fe c ts  o f mulching and pruning on the 

beans biomass and seed y ie ld s  for the SR93. We can see in Table 30a that
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AFXl had less beams biomass y ie ld s  than AFL1 by 14.7% but more bean seed 

y i e ld s  by 25%.

In unpruned p lo ts  mulch app lication  had negative e ffe c t  on both 

beans biomass and seed yields,,t as the unpruned Local p lo t (AFL2) had 20 

and 8.3% resp ec tive ly  more seed and biomass y ie ld s  than the Mulched 

unpruned p lo t (AFM2) (Table 30a). The pruned p lot (AFM1) produced more 

biomass and seed y ie ld s  than pruned Local (AFL1) by 41.7 and 20.0 % 

re s p e c t iv e ly .

Table 30b shows that a combination o f root-pruning with mulching 

(AFM1) was a more e f fe c t iv e  water conservation measure than a 

combination o f  not pruning with mulching (AFM2, Table 30b). In AF. in 

th e  Mulched (plus minimum t i l la g e )  p lo ts  the pruned Mulched p lo t (AFM1) 

produced more beans biomass and seed y ie lds  than the unpruned Mulched 

(AFM2) by 31.8 and 87.5% resp ective ly  (Table 30b). In the Local (plus 

deep t i l la g e )  p lo ts  the pruned Locald p lot (AFL1) produced more beans 

biomass and seed y ie ld s  than the unpruned Local (AFL2) by 41.7 and 20.0% 

resp ec tive ly .

We notice from Tables 31 and 32 that in the upper part o f  AF 

th ere  were higher biomass y ie ld s  between tree rows A-B(TRl) than between 

3(TRl)-Cen?2) in a l l  upper halves o f  the p lots (see F ig. 9 ), but th is  

d id  not apply to  seed y ie ld s . Comparing the bean biomass and bean seed 

y ie ld s  from AF p lo ts  with the controls (Tables 31 and 32). while there 

were more bean biomass and seed y ie ld s  from the Local control than from 

the Mulched controls, on the average the control p lots produced 

appreciably more both seed and biomass y ie lds  than the AF p lots, again 

due to  severe competition fo r  s o i l  moisture between the trees and the 

intercrop as compared to  absence o f the same in NAF.
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4 . 1 . 6  Long Rains season 1994

4.1.6 (a) Rainfall and evaporation climate during growing season
The intercrop o f  maize/beans fo r  LR94 was planted on the 13th 

A p r i l .  1994. a fte r  a cumulative ra in fa ll  to ta l o f 33.4 mm spread over 12 

days before the planting, day against to ta l pan evaporation o f 70.9 mm. 

The r a in fa l l  to ta ls  in two months out o f four, that is  April and May, 

-994. in th is  season were above th e ir  long term means (see Fig. 15). Pan 

evaporation  fo r  April was 15.7 mm above the long term mean. A pril, with 

r a in fa l l  o f  68.3 mm above it s  long term mean, had the highest p os itive  

va lu e  fo llow ed by May with 27.1 mm. March had the highest negative value 

o f  31.1 mm below the long term mean. March had the highest p os itive  

evaporation  deviation  o f 16.4 mm from i t s  long term mean for that month, 

w h ile  June had the highest negative deviation  o f 23.3 mm (see F ig. 15).

On the planting day. there was no ra in  but a tota l o f 60.2 mm 

aga inst evaporation o f  73.7 mm was recorded in the three days fo llow ing 

th e  planting day. This season was r e la t iv e ly  wet but too short for a 

complete maize growth cycle. The strong winds started  too early , in 

la te  May 1994, and d ried  the s o il  and lodged most plants, observed 

v is u a lly ,  resu ltin g  in  no grain  harvest from maize.

We present the fo llow ing resu lts : maize heights and maize biomass

y ie ld s ,  and bean seed and remaining biomass y ie lds . There were no grain  

y ie ld s  from maize.

4.1.6 (b) Maize and beans phenology
In  the control p lots. 16% o f the maize plants in Local p lots and 

20% in Mulched p lots, as well as 25% in AF plots had emerged by 8 DAP. 

By 10 DAP 80% in Local. 85% in Mulched and 90% in AF had emerged. 

Emergence attained 100% level by 22 DAP. D ifferences in maize biomass
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LR94 MAIZE GROWTH HEIGHTS

TIM E  IN JU L IA N  DAYS

□ AFM1  ♦ A FL 1  X LOCAL C o n t r o l  V MULCH C o n tro l

F i g .  86. A v e r a g e  m a i z e  h e i g h t s  i n  p r u n e d  M u l c h e d  (AFM1) 
a n d  p r u n e d  L o c a l  ( A F L 1 )  f o r  L R 9 4 ,  c o m p a r e d  w i t h  t h e  
c o n t r o l  p l o t s .

3w
CA

5

LR94 MAIZE GROWTH HEIGHTS

129 143 157 171 185 199

TIM E  IN JU L IA N  DAYS

o  AEMa a A FL 2  X  LOCAL C o n t r o l  V  MULCH C o n tro l

Fig. 87. Average maize heights in unpruned Mulched
(AFM2) and unpruned Local (AFL2) for LR94, compared with
the control plots.
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LR94 MAIZE GROWTH h t i G H T S

T IM E  IN JU L IA N  DAYS

O AFM1 o AFM2 X LOCAL C o n t r o l  V MULCH C o n tro l

F i g .  88. A v e r a g e  m a i z e  h e i g h t s  i n  p r u n e d  M u l c h e d  (A F M 1 ) 
a n d  u n p r u n e d  M u l c h e d  (A F M 2 ) f o r  L R 9 4 ,  c o m p a r e d  w i t h  t h e  
c o n t r o l  plots.

LR94 MAIZE GROWTH H E I G H T S

TIM E IN  JU L IA N  DAYS
♦ AFL1 O AFL2 X LOCAL C o n t r o l  V MULCH C o n tro l

F i g . 89. A v e r a g e  m a i z e  h e i g h t s  i n  p r u n e d  L o cal (A F L 1 ) a n d  
u n p r u n e d  L o c a l  (A F L 2 ) for LR94, c o m p a r e d  w i t h  t h e  c o n t r o l  
plots.



f i e ld s  may have resu lted partly  from d ifferen ces  in emergence and partly  

from post-emergence response o f p lants to  environmental physical 

q u a n tit ie s , which included strong June-September winds.

Strong June-September winds that set in by 75 DAP caused a lo t o f 

wa^e r  loss  from so il and plants as the exposed so il and plants were 

d ry in g . By 70 DAP 20% o f the plants in  the control and 30% in the AF had 

ta s s e l led . Maize plants did not have problems with pests, diseases and 

weeds. The plants s tarted  drying up a fte r  tassel ling.

By 8 DAP 85% o f  the beans in  the control p lo ts  and 90% in  AF 

p lo ts  had emerged. By 40 DAP 10% o f the beans in Local and AF and 15% in 

Mulched p lots  had flowered. By 46 DAP ( i . e .  23/5/94) the beans attained 

100% flow ering phase. The beans attained complete (100%) ripeness by 81 

DAP. The biomass and seed y ie ld s  from beans were harvested on 104 DAP 

( i . e .  26/7/94). We here therefore present the fo llow ing resu lts for th is  

season ( i )  maize heights in AF and in  control (Local and Mulched) p lo ts  

and ( i i )  maize and remaining beans biomass as well as bean seed y ie ld s  

o f  maize and beans in  each o f these p lo ts .

4.1.6 (c) Maize heights
Figs. 86 & 87 present intercomparisons o f LR94 maize heights in AF 

and NAF as influenced by the Mulched and Local treatments in the 

G rev il lea robust a roo t pruned (AFM1 & AFL1) and unpruned (AFM2 & AFL2) 

p lo ts .

The plants in the Mulched pruned plot (AFM1) and in the Mulched

con tro l p lo t had grown ta l le r ,  at about the same ra te , by 54 DAP ( i . e .

by DOY 164. Fig. 86 ). The two Local p lots (Local control and AFL1) had

shorter plants, those in the Local control being s lig h t ly  ta l le r  than

those in the AFL1. The plants in the unpruned plots were shorter than
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LR94 M a i z e  BIome Y i e Ids

ik.
*

|CD
W
3

Avg EIOMASS in AFM1 A Avg BIOMASS in AFL1

F i g .  90. A v e r a g e  m a i z e  b i o m a s s  y i e l d s  p e r  r o w  in p r u n e d  
M u l c h e d  (A F M 1 ) a n d  p r u n e d  L o c a l  ( A F L 1 ) fo r  L R 9 4 .

C**oe fowm fr+m
O AFM3 + BIOMASS in AFM2 O AFL2 A Avg BIOMASS in AFl2

F i g .  91. A v e r a g e  m a i z e  b i o m a s s  y i e l d s  p e r  r o w  in 
u n p r u n e d  M u l c h e d  (A F M 2 ) a n d  u n p r u n e d  L o c a l  (A F L 2 ) for 
LR94.
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C ro p  ro w s  from  w est -  o a s t  C*1 -  3*0
□  AFM1 +  Avg BIOMASS m  AFM1 O AFM2 A A vg BIOMASS In  AFM2

F i g .  92. A v e r a g e  m a i z e  b i o m a s s  y i e l d s  p e r  r o w  in p r u n e d  
M u l c h e d  (A F M 1 ) an d  u n p r u n e d  M u l c h e d  ( A F M 2 ) f o r  LR94.

LR94 M a i ze  B iomass  Y i e l d s

0 - 0 0  row* fro m  w**t -  * * * t  C 1

Q  AFL1 ♦ AvQ BIOMASS in  A FL1  O A FL 2  A A vg  0 1OMASS in  A FL2

Fig. 93. Average maize biomass yields per row in pruned 
L o c a l  (A F L l ) a n d  u n p r u n e d  L o c a l  (AFL2) for L R 9 4 .
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■those in the controls, with the unpruned Mulched p lot having the 

s h o r te s t  (F ig. 87).

The e f fe c t  o f roo t pruning in  the Mulched p lo ts  was such that 

much higher plants were observed in  the pruned p lo t (AFM1). while 

p la n ts  in the Mulched control p lot were as high as the former and much 

h igh e r  than those in  the Local control p lot (Fig. 88). In F ig. 89 we 

observe s l ig h t ly  shorter plants in the AF (AFL1 & AFL2) p lots than in  

th e  NAF Local control p lots but the plants in the Mulched control p lo ts  

were much higher than a l l  o f them.

4.1.6 (d) Maize biomass yields
Figs. 90 Si 91 and Table 33a present resu lts o f the intercomparison 

o f  maize biomass y ie ld s  fo r Li?94 as a ffec ted  by crop residue mulch from 

th e  previous season's intercrop. Generally there were higher y ie lds  in 

th e  lower parts o f p lo ts  with the exception o f rows 20-25 in AFL1 and 

11—TR2 in AFL2. This is  confirmed by Table 34. The average biomass 

y ie ld s  in the pruned Mulched plots (AFM1) was higher than in the pruned 

Local (AFL1) plot by 37.2% (Table 33a. Fig. 90). while in the unpruned 

p lo ts  (AFM2 & AFL2) application o f mulch once again  depressed the 

biomass y ie ld s  in AFM2 by 40.5% as compared to AFL2 (see Table 33a & 

F ig . 91).

Table 33. E ffects  o f  Mulched and pruning 
on maize biomass y ie ld s  fo r  Ii?94 
(a) Mulched (b ) pruning.

itreatments average biomass 
y ie ld s  (t/ha)

(a ) Mulched 
--------

AFL1
T . 5 9 ± 1 . 1 U

1 .96±1.07
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% increase 37.2

AFM2
AFL2

1.28±1.00 
2 .15±0.80

% decrease -40.5

(b ) Pruning e f fe c t
at Ml 
AFM2

Z.b9±l.lU -------------
1.2811.00

% increase 110.2

AFLl
AFL2

1.9611.07
2.1510.80

% decrease -8.8

Figs. 92 & 93 and Table 33b present resu lts o f the intercomparison 

o f  maize biomass y ie ld s  fo r ' LR94 as influenced by Grevillea robusta 

root-pruning in AF p lo ts . Again pruning was most e ffe c t iv e  in the mulch 

w ith  minimum t i l la g e  p lo t (AFW1). AFM1 had higher biomass y ie lds than 

the unpruned mulch (AFM2) o f 110.2% (Fig. 92 & Table 33b). However, 

between Local p lots (AFLl & AFL2). AFL2 had s l ig h t ly  higher biomass 

y ie ld s  than AFLl. by 8.8% (F ig . 93 & Table 33b).

Further comparison of AF maize biomass y ie ld s  with those o f the 

control p lots confirms the fa c t that AFNl gave the highest y ie lds  with 

average o f 2.69±1.10 t/ha and AFM2 was the next highest with 2.15±0.80 

t/ha (Table 34). In  the control p lo ts  the mulch gave higher y ie ld s  

r e la t iv e  to the Local by more than two and a quarter times. From Table 

34 we see that the lowest y ie ld s  in  the four AF p lots (AFM1. AFLl. AFM2 

& AFL2) were received  in the f i r s t  maize rows ( i . e .  interspace A-C) 

which may have been due to the channelling e ffe c t  by the deliberate gap 

and other protection  d ifferences (see section 4.3) from the strong 

southerly winds in to  the AF p lo t. Maize rows 15-28 l ie  in the lower h a lf
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c f  th e  AF where strong protective e f fe c ts  o f the southern hedge and 

w estern  hedge overlap to  give maximum shelter to  crops in AF.

i

4.1.6 (e) Beans biomass and seed yields
Table 35a & 35b present the e f fe c ts  o f Mulching and pruning on the 

beans biomass and seed y ie ld s  fo r  the LJ?94. We can see in Table 35a 

th a t mulching had a s l ig h t ly  suppressive e f fe c t  on bean biomass y ie ld s , 

as Mulched p lo ts  (AFM1. AFM2) had less  biomass y ie ld s  than Local p lo ts  

(AFL l. AFL2) by 5.6 and 42.4% respective ly . The mulch application had a 

s l i g h t l y  p os itive  influence on seed y ie ld s  in pruned p lots by 10.0% and 

a somewhat lower negative e f fe c t  in  unpruned plots o f 30%. This again 

i l lu s t r a t e s  our e a r l ie r  assertion that seed y ie lds  are inversely re la ted  

t o  biomass y ie ld s . An increase in biomass tends to resu lt in a decrease 

in  seed y ie ld s . This was a lso  true fo r  maize biomass and maize grain 

y ie ld s  as our resu lt herein have shown.

Table 35b shows that a combination o f root-pruning and mulch 

application on minimum t i l  lad land in an agrofor«mtry ayatam aa in AFMi 

was more e f fe c t iv e  as a control measure than other combinations

considered here (p a rticu la r ly  in AFM2 and appreciably less in AFLl & 

AFL2).

In the mulch (plus minimum t i l la g e )  p lo t. AFMI produced more 

biomass and seed y ie ld s  than AFM2 by 41.7 and 57.1% respectively (Table 

35b). AFLl produced less beans biomass than AFL2 by 14.3 but as much 

seed y ie ld s  as AFL2.

Comparing the biomass and seed yie lds from AF plots (Tables 36/37) 

we observe that the unpruned Local (AFL2) p lo t had the highest y ie ld s .

We notice from Tables 36 and 37 that the lower halves (between C-D and 

D-E) o f a l l  AF p lo ts  (see F ig. 9 ). except AFMI. obtained higher beans
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seed  and biomass y ie ld s  than the upper halves (between A-B and B-C). The 

in terspace B-C in the upper h a lf o f a l l  the p lots obtained the lowest 

bean seed and biomass y ie ld s .

Tab le 34. LR94 maize biomass in  pruned and unpruned 
Grevillea robusta r e la t iv e  to control p lots.

Between 
tree  rows

average
biomass
y ie ld s
(t/ha)

% o f  M % o f L

(a ) Root pruned Grev. + mulch -t minimum t i l l  (AFM1)
S=B-----------— O.BS+O .'57 31.3
B-C 2.51±0.39 40.0 89.3
C-D 3 .24±0.85 51.7 115.3
D-E 3 .50±0.67 55.8 124.6

A-E 2.69±1.10 42.9 95.7

(b ) Root pruned Grev. + Loca] + deep t i l laae (AFL1)
A-B 1.00+0.43 16.0 35.6
B-C 1.68±0.43 26.8 59.8
C-D 2.73±1.18 43.5 97.2
D-E 2 .64±1.00 42.1 94.0

A-E 1.96±1.07 31.3 69.8

(c ) Unpruned Grev. + mulch + minimum t i l (AFM2)
A-B 0.'50±0.29 8.0 17.8
B-C 0.49±0.24 7.8 17.4
C-D 1.52±0.44 24.2 54.1
D-E 2.7210.68 43.4 96.8

A-E 1.2811.00 24 24

(d) Unpruned Grev. + Local - deep t i l l a ge (AFL2)
A-B ~1733±5 706 2T72 47.3
B-C 2.1110.94 33.7 75.1
C-D 2.2010.42 35.1 78.3
D-E 2.9910.31 47.7 106.4

A-E 2.1510.80 34.3 76.5

(e) Control
p lots

Local (L) 2.8111.10 44.8 100
Mulch (M) 6.2711.77 100 223.1
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Tab le 35. E ffects  o f  Mulched and pruning on 
beans seed & biomass y ie ld s  (a) Mulched 
(b ) pruning for LR94

treatments average Average
seed (t/ha) biomass (t/ha

a) Mulched
-JZKL------------ 0.22+0.11 0 .17±0.07

AFL1 0.20±0.09 0 .19±0.10

% increase 
/decrease 

f o r  mulched

10.0 -5 .6

AFM2 0.14±0.08 0.12+0.08
AFL2 0.20±0.09 0 .21±0.08

% decrease 
fo r  mulched

-30.0 -42.9

(b ) Pruning e ffec t
AFM1 T .2 Z±u :rr 0. l'/iU. U7“
AFM2 0.14±0.08 0.12+0.08

% increase 
fo r  pruned

57.1 41.7

AFL1 0.20±0.09 0 .18±0.10
AFL2 0.20±0.09 0.21±0.08

i % increase 
j /decrease 
fo r  mulched

0.0 -14.3

There were more beans biomass and seed y ie lds -• 

control than from the Local con tro l. The control p io ts  pi educed >in 

cases appreciably) more both seed and biomass y ie ld s  than th~

4 .1 .7  Short Rains season 1994

4.1 .7  (a) Rain fall and evaporation climate during growing season

The intercrop o f  maize/beans fo r  SR94 was planted on the 10th

October 1994. a fte r  a cumulative ra in fa ll to ta l Oi 19.o nun ada l..............

pan evaporation o f 16.3 mm was received in 3 days ben-'i  ̂ plan.ing

day.
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Table 36. LR94 Beans biomass y ie ld s  
in pruned cud unpruned Gi - v illea  
robusta re la t iv e  to  contr „ p lo ts .

1
Between average - t --------------- f
tree  rows biomass 1

y ie ld s  (t/h<H)j % Of M J % o f  L
'a j Root pruned Grev. + mulch r minimum t i f i '  ;aM H — [

A-B OTIUiOTOB -----5 7 3 ---- 66.7
3-C 0.12±0.03 31.6 36.4
C-D 0.17+0.06 44.7 51.5
D-E 0 .17±0.05 44.7 51.5

A-E 0 .17±0.07 44.7 51.5

b) Root pruned Grev. + Local t- deep t i l la a e  (AFL1)
A-B 'tt:i 5±o .o7— ----- 45.5 1
B-C 0,08*0.03 21.1 24.2
C-D 0.19±0.10 50.0 57.6
D-E 0.3010.05 78.9 90.9

A-E 0.1810.10 47.4 54.5 1

Cc) Unpruned £ie v . + mulch minimum t i l l  (AFM2)
A-B 0.0810.06 2 l . l 24.2
3-C 0.0710.03 18.4 21.2
C-D 0.1H0.08 28.9 33.3
D-E 0.2210.05 57.9 66.7

A-E 0.1210.08 31.6 36.4

(d'< Unpinned + Local + deep t i l l aae (AFL2) |
A-B 0.24+0.6? 63.? 72.?
B-C 0.1210.06 31.6 36.4
C-D 0.19+0.07 50.0 57.6
D-E 0.2810.04 73.7 34.8

A-E 0.21+0.08 55.3 63.6 1

(e) Control
p lots

• i
Local (L) 0.33±0.12 86.8 1 100 1
Muloh (M) □ , 3®-fc0 , 13

_________ U.
U5.C j
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Tab le  37. LR94 Beans seed y ie ld s  in pruned and 
unpruned Grevillea robust a r e la t iv e  to  control 
p lo ts .

Between 
tre e  rows

average 
beans seed 
y ie ld s  
(t/ha)

% M % L

. a ) Hoot pruned Grev. + mulch t- minimum t i l l  (AFM1)
” A-ri o.29±o:i5— 67.4 67.9

B-C 0 .15±0.03 34.9 45.5
C-D 0 .20±0.08 46.5 60.6
D-E 0 .24±0.09 55.8 72.7

A-E 0.22±0.11 51.2 66.7

(b ) Root pruned Grev. + Local + deep t i l l acre (AFL1)
--------X=E---------- 0.21±0.10 ' ------ 63.6

B-C 0.13+0.05 30.2 39.4
C-D 0 .20±0.08 46.5 60.6
D-E 0.28+0.06 65.1 84.8

A-E 0 .20±0.09 46.5 60.6

(c )  Unpruned ^rev. + mulch + minimum t i 11 (AFM2)
A-B u: 09+0.05— 2d.$------ 27.3
B-C 0 .05±0.02 11.6 15.2
C-D 0 .16±0.06 37.2 48.5
D-E 0.21+0.03 48.8 63.6

A-E 0 .14±0.08 32.6 42.4

(d ) Unpruned c?rev. + Local + deep t i l l s je  (AFL2)
A—£ 35. .2 66.7
B-C 0 .11±0.04 24.6 33.3
C-D 0 .15±0.06 34.9 45.5
D-E 0 .30±0.04 69.8 90.9

A-E 0 .20±0.09 46.5 60.6

(e ) Control
plots

Local (L) 0.33±0.11 76.7 100
Mulch (Ml 0.43+0.18 100 130.3
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Su
UtE5
*

SR94 MAIZE GROWTH HEIGHTS

TIME IN JULIAN DAYS
□ AFM1 +  AFL1 X CONTROL LOC V CONTROL MULC

F i g .  94. A v e r a g e  m a i z e  h e i g h t s  i n  p r u n e d  M u l c h e d  (A F M 1 ) 
a n d  p r u n e d  L o c a l  (A F L 1 ) f o r  S R 9 4 ,  c o m p a r e d  w i t h  t h e  
c o n t r o l  pl o t s .

SP94 MA I Z E  GROWTH HEIGHTS

S

AFM2
TIME IN JULIAN DAYS 

AFL2 X CONTROL LOC V CONTROL MULC

Fig. 95. Average -maize heights in unpruned Mulched
(AFM2) and unpruned Local (AFL2) for SR94, compared with
the control plots.

»
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SR94 MAIZE GROWTH HEIGHTS

TlfcC IN JU L IA N  DAYS

D AFM1 o  AFM2 X CONTROL LOG V CONTROL MULC

F i g .  96. A v e r a g e  m a i z e  h e i g h t s  i n  p r u n e d  M u l c h e d  (A F M 1 ) 
a n d  u n p r u n e d  M u l c h e d  (A F M 2 ) f o r  SR94, c o m p a r e d  w i t h  t h e  
c o n t r o l  plots.

Fig. 97. Average maize heights in pruned Local (AFL1) and
unpruned Local (AFL2) for SR94, compared with the control
plots.
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- r:~ ra in fa ll to ta ls  in  two months out o f four, that is  October and 

November. 1994. in the SR94 season were above th e ir  long term means (see 

•fig . 14). The pan evaporation fo r  the four SP94 months were below then 

long term means. Fan evaporation fo r  October was 18.9 mm below it s  iong 

term mean. November with ra in fa ll deviation  o f 19.9 mm above its  long

term mean had the h ighest negative deviation  o f pan evaporation o f 20.1

mm below i t s  long term mean. January 1995 had the highest negative

aev ia tion  o f r a in fa l l  o f 38.4 mm above the iong term mean against a

p o s it iv e  pan evaporation o f 16.7 mm (see F ig. 14).

4 .1 .7  (b) Maize and beans phenology

In the control p lo ts . 20% o f the maize plants in Local arid 25% in 

Mulched, as well as 25 % in agro forestry  had emerged by 7 DAP. 3y 10 DAP 

35% in Local. 90% in Mulched arid 95% in AF had emerged. Emergence 

attained 100% level by 22 DAP. The maize plants attained 10% tassel ling 

by 65 DAP and 15% by 70 DAP. The plants were water stressed arid started  

w ilt in g  by 76 DAF ( i . e .  25/12/94) meaning that ta sse llin g  in the NAF

p lo ts  may have been induced by lack o f water. By 97 DAP there was a mere 

2% s ilk in g  in NAF control p lo ts  and none at a ll in  AF due to  increased 

competition between AF trees with the maize/bean intercrop when so il 

moisture is  low. Maize plants did not have problems with pests, diseases 

ard weeds. The plants in AF started drying up a fte r  tassel ling. We only 

harvested biomass and n eg lig ib le  (on the average less tnan 0.01 t/ha) 

grain y ie lds  NAF from the SR94 intercrop.

By 9 DAP 95 % o f the beans in  the control p lo ts  and 90% in AF had

^merged. By 11 DAP 100% in a i l  p lo ts  had emerged. By 48 DAF 20 % o f  the 

beans in control and 30% in  AF p lo ts  had flowered. Tr.e flowering phase 

ended by 76 DAP ( i . e .  25/12/94) as the plants started w ilting.

9
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SR94 Ma i ze  b i omass y i e I d s

□  AFM1 +  A FL1  o  Avg y i e ld s  In  AFM1 A A vg  y i e ld s  In  AFL1

F i g .  98. A v e r a g e  m a i z e  b i o m a s s  y i e l d s  p e r  r o w  in p r u n e d  
M u l c h e d  (A F M 1 ) a n d  p r u n e d  L o c a l  (A F L 1 ) for S R 9 4 .

M a ize  row s C E -* 0

□  AFM2 ♦ A F l 2 O A vg y ie ld s  In  AFM2 A A vg y i e l d s  In  AFL2

Fig. 99. A v e r a g e  m a i z e  b i o m a s s  y i e l d s  p e r  r o w  in 
u n p r u n e d  M u l c h e d  (A F M 2 ) and u n p r u n e d  L o c a l  (A F L 2 ) for 
S R 9 4 .
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We harvested both seeds and biomass on 109 DAP (27/1/95).

We again present the fo llow ing resu lts fo r th is  season: ( l )  maize 

heights in control (Local and Mulched) p lots arid AF. ( i i )  grain and 

biomass y ie ld s  o f maize and beans in each o f these p lo ts .

4 .1 .7  (c ) Maize heights fo r  SR94

Figs. 94 & 95 present intercomparison o f SR94 maize heights in  AF 

and NAF as influenced by mulching and Local treatments in the Grevillea  

roixista  root pruned (AFM1. AFL1) and unpruned (AFM2. AFL2) plots.

The pruned p lots  were compared within themselves and with the control to  

see the e f fe c t  of mulch application on maize heights growth rates (F ig. 

94 ). We can see in F ig . 94 that plants in Local control dominated the 

growth righ t from 25 DAP ( i . e .  319 days) to  97 DAP ( i . e .  351 days),

th erea fter those in  Mulched control took over. The plants in AFMi. AFL1
tf

and Local control had grown at the same rate from 11 DAP to 55 DAP ( i . e .  

349 days).

The situation  changed when AFM2 was compared AFL2 in Fig. 95 as 

AFL2 grew faster than AFM2 from 25 DAP. When compared with the control 

p lo ts  we see that Mulched control again dominated the la ter growth 

stages (F ig. 95).

Sim ilar resu lts  were observed when Mulched plots were compared 

within themselves and with the control p lots to establish the e ffe c t  of 

root-pruning on crop heights (F ig. 96). However, we see in Fig. 97 that 

when AFL1 was compared with AFL2 the two were growing at the same rate 

a l l  the way from day 351 ( i . e .  97 DAP), therea fter because o f having 

been root-pruned AFL1 overtook AFL2 (Fig. 97).

t
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^able 38. SR94 maize biomass in pruned and unpruned 
G rev illea  rvJxista r e la t iv e  to  control p lots.

Between 
t r e e  rows

average
biomass
y ie ld s
(t/ha)

% o f  M % o f L

(a; Koot pruned Gi'ev. + mulch + minimum t i l l  (AFM1)~ A-x Z.44+U.66---- 5U75----- ----- 537B-------
B-C 2.55±0.71 52.7 66.6
C-D 3 .13±0.71 64.8 81.9
D-E 2 .90±0.83 59.9 75.8

A-E 2 .75±0.78 56.9 72.0

(b ) Root pruned Gi'ev. + Loca 1 + deep t i l la a e  (AFL1)
A-E 1 .94±1.10 40.2 50.9
B-C 2 .00±0.65 41.3 52.2 '
C-D 2 .09±0.38 43.1 54.6
D-E 2.66±0.51 55.0 69.5

A-E 2 .17±0.77 44.9 56.8

(c ) Unpruned Gx,rev. + mulch + minimum t i l ] (AFM2)
A-E "1.34+U. 32---- — 2776------ 35.D
B-C 0 .46±0.30 9.5 12.0
C-D 1 .63±0.87 33.7 42.7
D-E 1 .84±0.30 38.1 48.2

A-E 1.32±0.75

(d) Ur.pruned Gi~ev, + Local + deep t i l la g e  (AFL2)
T.71±0.20 ----- 3574— 44^

B-C 1.50+0.37 31.1 39.4
C-D 2.43+0.41 50.2 63.6
D-E 1.68+0.33 34.7 43.9

A-E 1.83±0.49 37.9 47.9

(e ) Control
p lo ts

Local (L) 3.8211.14 126.4 100.0 *

Mulch (M) 4.83*1.83 100.0 79.1

4 .1 .7  (d) Maize biomass y ie lds

Figs. 98 & 99 (fo r  row d e ta ils ) and Tables 38 & 39 present 

results of comparing maize biomass y ie lds for SR94 as a ffected  by crop
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res idu e mulch from the previous seasons. Table 36 and Figs. 98 & 99 show 

that the upper ha lf o f  AF obtained less maize stover biomass y ie lds  in 

a l l  the four treatments. In the unpruned p lots  that gave lowest y ie ld s  

o v e ra ll the area BC gave again lowest y ie lds  and CD hicrhest. The control 

p lo ts  gave hiaher stover biomass y ie ld s  than the AF plots. Of the AF 

p lo ts  the highest s tover biomass y ie ld  o f 2.75±0.78 t/ha was obtained 

from AFWi. which was 43.1% less than Mulched control ( i .e .  56.9% o f M) 

but 28.0% less than Local control ( i . e .  72.0% o f L) (Table 39). The 

next highest average y ie ld  o f 2.17±0.77 t/ha came from AFL1 (Table 36 

&. 39. We see from Table 39 that the intercrop residue mulch contributed 

t o  increased biomass y ie ld s  in Mulched pruned plot in AF since AFMi aave 

more y ie ld s  than AFL1 by 26.7%. However in unpruned plots application of 

res idue mulch made no d ifference between AFW2 and AFL2 as biomass v ie ld s  

were only 0.5% apart in favour of AFM2 (Table 39a).

F igs. 100 & 101 and Table 38 & 39 present results o f the 

comparisons o f maize biomass y ie ld s  fo r SR94 as influenced by Grevi 1 lea 

ro busts root-pruning in AF p lots. Again pruning was most e f fe c t iv e  in 

combination with the mulch with minimum t i l la g e  treatment (AFMI). AFMi 

had higher biomass y ie ld s  than the unpruned mulch (AFM2) bv 49.5% < lable 

39). The same d irec tion  o f the pruning e ffe c t  was true fo r  the Locai 

P lo ts  as AFLX had more biomass v is  ids than AFL2 bv 18.6%. Thun an both 

cases in SR94 pruning had advantage over not pruning.

However, when compared to the control p lo ts . Mulched control aave 

the highest y ie ld  o f 4.83±1.83 t/ha followed bv Local control with 

3.82+1.47 t/ha and then onlv th ird  was AFMI. In the control p lo ts  the

mulch had higher y ie ld s  re la t iv e  to  the Local by 126.5%. From aable 39
»

we see that although c lea r ly  the lowest biomass yields in the four AF
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p lo t s  (AFM1. AFL1. AFM2 & AFL2) were received in the upper half l i .e .  

In terspace  A -C ). th is  was not as extreme as in LR94 when the channe 1 i ing 

e f f e c t  o f the strong southerly winds into the AF p lot, as a result o: 

th e  d e lib e ra te  gap. most lik e ly  caused crop damage through snaking, 

lo d g in g  and higher evaporation ra tes  from the s o il and plants isee 

s e c t io n  4 .3 ). Higher biomass y ie ld s  in a l l  AF plots were obtained in 

th e  lower h a lf of AF ( i . g .  D-C & D-E) than in the upper half (Table 

The h ighest y ie lds  in  the lower h a lf, interspace c-D . mav be du. 

g ra v ita t io n a l run on water, due to  the sloping land (at a slop 

where th is  area is  down slope, and to  protection from sti ova

Tab le  39. E ffects  o f Mulched and
pruning on maize biomass y ie ld s  

(a) Mulched (b) pruning fo r SR94

treatments Average 
biomass (t/ha>

AFM1 2.75i0.78
AFL1 2.172:0.77 _______

% increase 26.7
fo r  mulched

AFM2 1.3210.75
AFL2 1.8310.49 ,

% decrease -28
fo r  Mulched _______

“ArMl 2.7510./b
AFM2 1.8410.30* . ■ —

% increase 49.5
fo r  pruned

AFL1 2.1710.77
AFL2 1.8310.49

% increase 18.6
fo r  pruned _____________________
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'n e  reg ion  between 7.5 and* 15 m from the western hedge, where no** •>

in te r fe re n c e  o f roo ts  from the nearest hedge plants w ill cause 

d if fe r e n c e s .

4 .1 .7  (e ) Beans biomass and seed y ie ld s

Table 40a & 40b present the e ffe c ts  o f Mulched and pruning on the 

beans seed and biomass y ie ld s  fo r  the SR94. The Mulched treatment did 

not do w ell in th is  season. In the pruned plots AFLl had more biomass 

and seed y ie ld s  than AFM1 by 19.1 and 54.5% respective ly  (Table 40a). In 

th e  unpruned p lots AFL2 produced more seed y ie lds  than AFM2 by 54.5% but 

le s s  biomass a lb e it  by a mere 3.8%.

Even pruning was not any better with regard to  grain y ie ld s  as the 

treatm ents had equal y ie ld s  (Table 40a). D ifferences were observed with 

re sp ec t to  biomass production as pruned p lots  produced more than 

unpruned p lo ts . AFM1 Droduced more biomass than AFM2 by 40.7% while AFLl 

had more biomass than AFL2 by 80.8 %. Comparing the bean biomass and 

seed y ie ld s  from AF plots with the controls (Tables 41 and 42) we 

observe equal d ifferen ces  r e la t iv e  to  the controls as both Mulched ana 

Local controls received  equal grain  and biomass y ie ld s .

Table 40. E ffects  o f Mulched arid pruning 
on beans seed & biomass y ie ld s  (a) Mulched 
(b ) pruning fo r SR94

treatments averaae Average
seed (t/ha) biomass (t/ha)

a) Mulched
AFMi 0 .05±0.03 0.38*0.12
AFLl 0.11*0.06 0.47*0.12

% decrease -54.5 -19.1

AFM2 0.05*0.06 0.27*0.11
. AFL2 0.11*0.05 0.26*0.07
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% decrease -54.5 3.6

tb) Prunina e ffe c t
AFM1
AFM2

0.05+0.03 
0 .05±0.03

0.38±0.12 
0.27±0.11

% increase 0.0 40.7

AFL1
AFL2

0 .11±0.06 
0 .11±0.05

0.47±0.12 
0 .26±0.07

% increase 0.0 80.8

Comparison o f  the upper and lower half o f each plot in AF 

ind icates that in AFM1 they had almost the same biomass but its  lower 

h a lf  had more seed y ie ld s . AFL1 and AFM2 obtained more bean biomass and 

bean seed y ie ld s  in the lower than in the upper h a lf of AF plot, while 

in  AFL2 plots such a phenomenon d id  not occur.

4 .1 .8  Results o f on-farm liv e -fen ce  experiment a t Kiahuko-A

4 .1 .8  (a) R a in fa ll and evaporation climate during growing season

The maize/beans intercrop fo r  SR93 on-farm was planted on 17/10/93 

a fte r  a to ta l r a in fa ll amount o f 19.5 mm was received in four 

consecutive days preceding the planting day that marked the onset o f the 

short rains for 1993. The ra in fa ll continued fo r  one and a half months 

and then s o il moisture leve l had dropped and the intercrop could not 

survive. The ra in fa ll amounts fo r  November and December as read from the 

on-farm rain gauge in sta lled  on 2/10/93 were 104.1 and 78.3 mm. The 

intercrop emergence was observed on 24/10/93 ( i . e .  7 DAP). The crop grew 

well fo r some time whereafter s o i l  moisture le ve l had dropped arid the 

episode o f crop fa ilu re  followed.
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SR93 MAIZE HGT5 KIAHUKO-A: ON-FARM

□  < 1 2 0  cm aw ay 1 2 0 -3 0 0  cm a w a y  O 3 0 0 -6 0 0  cm a w a y

7  o p e n , m id d le  a r e a

F i g .  1 0 2 .  A v e r a g e  m a i z e  h e i g h t s  a s  a f u n c t i o n  o f  d i s t a n c e  
f r o m  p r u n e d  (left) a n d  u n p r u n e d  (right) p o r t i o n s  of 
Coleus barbatus l i v e - f e n c e  at K i a h u k o - A  o n - f a r m  p l o t  for 
S R 9 3 .

E
uV)
5
i

LR94 MAIZE HEIGHTS KIAHUKO-A ON-FARM

□ <120 cm away +  1 2 0 -3 0 0  cm away o
7 Open & m id d le  are a

9 0 0 - S 0 0  am away

Pig. 103. Average maize heights as a f u n c t i o n  of 
distance from pruned (left) and u n p r u n e d  (right) p o r t i o n s  
of Coleus barbatus l i v e - f e n c e  a t  K i a h u k o - A  o n - f a r m  p l o t  
f o r  L R 9 4 .
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1w
V i

S

SR94 MAIZE HEIGHTS KIAHUKO-A 1 ON-FARM

□  < 1 2 0  cm a w ay +  1 2 0 -3 0 0  cm a w a y O 3 0 0 -6 0 0  cm a w a y

V  O pen & m id d le  a r e a

F i g .  104. A v e r a g e  m a i z e  h e i g h t s  as a f u n c t i o n  of 
d i s t a n c e  f r o m  p r u n e d  (left) an d  u n p r u n e d  (right) p o r t i o n s  
o f  Coleus barbatus l i v e - f e n c e  a t  K i a h u k o - A  o n - f a r m  p l o t  
f o r  S R 9 4 .

SR93 MAIZE HEIGHT < IAHUKO-B ON-FARM

O  AG«OF MULCH

T IM E  IN  J U L I A N  DAYS 

A GBO F L0C O  N O N -A G O O F MULCH & NON-AGBOF LOCAL

P i g .  1 0 5 .  A vera ge  m a ize  h e i g h t s  i n  M ulched and L o c a l  
t r e a m e n t s  i n  AF an d  NAF p l o t s  a t  K ia h u k o -B  o n - fa r m  f o r  SR93.
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Table 41. SR94 Beans biomass y ie ld s  in pruned and 
unpruned G revillea  robusta r e la t iv e  to control 
p lo ts .

Between 
tree  rows

average 
biomass 
y ie ld s  (t/ha) % o f M % o f L

(a ) Root pruned Grev. + mulch + minimum t i 1 (AFM1)
A-B 0 .38±0.12 63.0 63.0
B-C 0.39±0.15 65.0 65.0
C-D 0 .40±0.09 1 66.7 66.7
D-E 0 .34±0.08 56.7 56.7

A-E 0 .38±0.12 63.3 63.3

(b ) Root prun<:5d Grev. + Local + deep t i l l (AFL1)
A-B 0.42±0.12 70.0 70.0
B-C 0 .40±0.09 66.7 66.7
C-D 0.55+0.10 91.7 91.7
D-E 0.53±0.11 88.3 88.3

A-E 0.47±0.12 78.3 78.3

(c ) Unpruned Sn?v. + mulch + minimum t i l l (AFM2)
A-B 0.22±0.11 67.7 36.7
B-C 0.23±0.11 38.3 38.3
C-D 0.28*0.12 46.7 46.7
D-E 0.34+0.07 56.7 56.7

A-E 0.27±0.11 45.0 45.0

, (d) Unpruned Grev. + Local + deep t i l l  (AFL2)
A-B 0.30+0.07 50.0 50.0
h < 0 .23±0.07 38.3 38.3
C-D 0 .26±0.04 43.3 43.3
D-E 0 .25±0.06 41.7 41.7

A-E 0 .26±0.07 43.3 43.3

(e ) Control
p lots

Local (L) 0 .60±0.2 100.0 100
Mulch (M) 0 .60±0.2 100.0 100
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Table 42. SR94 beans seed y ie ld s  in pruned and 
unpruned G revillea  robusta r e la t iv e  to control 
p lots.

Between 
tree  rows

average 
bean seed 

y ie ld s  (t/ha) % o f  M % o f L

a) Root pruned Grev. + mulch + minimum t i l l  (AFM1)
A-B 0 .03±0.00 15 15
B-C 0 .04±0.02 20 20
C-D 0 .08±0.02 40 40
D-E 0 .04±0.04 20 20

A-E 0 .05±0.03 25 25

— lb) Root Druned Grev. + Local + deep t i l l (AFL1)
A-B 6 .07±0.05 35 35
B-C 0 .07±0.05 35 35
C-D 0 .14±0.03 70 70
D-E 0 .16±0.03 80 80

A-E 0 .11±0.06 55 55

(c ) Unpruned Gi~ev. + mulch + uinimum t i l l (AFM2)
A-E 15 15
B-C 0.01*0.02 5 5
C-D 0.07*0.04 35 35
D-E 0 .10±0.06 50 50

A-E 0 .05±0.06 25 25

(d) Unpruned Gi~ev. + Local + deep t i l l (AFL2)
A-B 0 .10±0.04 50 50
B-C 0 .10±0.04 50 50
C-D 0 .14±0.03 70 70
D-E 0 .10±0.06 50 50

A-E 0.11±0.05 55 55

(e) Control
p lo ts

Local (L) 0 .20±0.10 100 100
Mulch (M) 0.20*0.10 100

___________
100

The on-farm intercrop fo r LR94 was planted on 25/4/94 and fo r  SR94 

i t  was planted on 22/10/94 and again these seasons' low so il moisture
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le v e l did not allow  the maize to  reach maturity. The ra in fa ll to ta ls  

and d istribu tions d id  not favour the intercrop (see Appendix Table A3).

4 .1 .8  (b) Maize heights

Figs. 102-104 g iv e  maize heights as measured from the farmers p lot 

at Kiahuko-A in the liv e -fen ce  experiment. The heights in the open part 

o f  the p lo t (GC-Garden Centre) are repeated in both parts o f each graph 

fo r  every season as a control. Other heights measurements are then 

gauged against i t .  The distances 0-120. 120-300 and 300-600 cm were 

determined with s o i l  moisture gradients in mind, as monitored weekly by 

the neutron probe in the access tubes insta lled  at 90, 180 and 360 cm 

from the liv e -fen ce .

We notice fo r  SR93 (F ig. 102) that the plants close to  the 

unDruned Coleus barbatus liv e -fen ce  and at i20 cm away were seriously  

depressed by competition fo r  water with the l iv e —fence. The plants in 

the same area near the pruned live-fen ce  were growing normally. In fact 

the plants near the unpruned l iv e —fence had outgrown those in the oper, 

by day 4 o f  January. 1994. but they a l l  ended up equally. The plants in 

the unpruned area beyond 120 cm were also growing at rates lik e  the 

others.

Sim ilar competition was observed fo r  the LR94 crop (Fig. 103). We 

further notice plants in the pruned plots at the distances of 120-300 

and 300-600 cm growing even t a l le r  than those in  the middle (GC) part. 

This was attribu ted  to  strong winds that a ffec t the exposed centre o. 

the on-farm p lo ts  during th is time o f the vear and to competition for 

water between the crop and a mature Ebcalvptus tree growing near the 

centre o f the farm. During 5R94 the winds were ligh t and plants in the
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GC (middle) area arew ta l le r  them the rest. Meanwhile competition 

between the crop near to the fence and the unpruned live -fen ce  was 

ev iden t fo r  the SR94 crop (F ig . 104).

4 .1 .8  (c ) Maize biomass (s tover) y ie lds

As we have already pointed out in section 3.1.1 ( f ) .  the stover 

biomass fo r  LR94 was taken by the farmer, before could taken 

measurements. We were therefore unable for LR94 to  determine whether the 

p ic tu re  o f the values o f r e la t iv e  height performance was returning in 

biomass y ie ld s .

Table 43(i ) presents resu lts  o f maize biomass vie ids fo r  3R93 as a 

function o f the distance from the Coleus barbatus live -fen ce . In the 

pruned area maize biomass y ie ld s  s lig h t ly  decreased (although erroi 

lim its  overlap) away from the l iv e —fence, that is  in the range 0—120 cm 

to  120-300 cm. and then increased fo r  300-600 cm away. The y ie ld s  in 

unpruned were the same every where. The height picture was not repeated 

in  the biomass y ie ld s  as a l l  were higher, in biomass, than GC arid only 

300-600 cm from the fence in the pruned area were the y ie lds  d if fe re n t . 

Given the error margins, the d ifferences are almost n eg lig ib le  but foi 

the to ta l areas there is about 0.5 t/ha more y ie ld s  in the area in front 

o f the pruned fence. Comparing the biomass y ie lds  closest to  the loleus 

barbatus live -fen ce  in the pruned area with the unpruned areas we found 

that pruning accounted fo r  0.4 t/ha or almost 10% increase in biomass 

y ie ld s , which must be considered a small increase, comparing i t  to  the 

e r ro r  margins concerned when rea l, th is increase, though smaii as fai as 

r e l i e f  measures are concerned, may provide to the farmer in such a drv 

environment as Matanya a bonus to  his livestock or provide mulching
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m aterials. Tnere was also an in. :-ase in biomass y ie ld s  o f 1.0 t/ha or 

^0 .3% in the area near the pruned fence over the area near the unpruned 

rence in the range 300-600 cm away, which might have been caused bv the 

crop residues the farmer had heaped in the pruned area as nis mulching 

m aterials. The biomass y ie ld s  in open General Control (GC) were lower 

than closer to the live -fen ce  due to  exposure to  the aerodynamic and 

evaporative e f fe c ts .  There was no windbreak e ffe c t  in th is part o f the 

farm and i t  was therefore exposed to  wind and other m icroclimatic 

stresses. A lso competition fo r  water between the crop and a mature 

Eucalyptus tree growing near the centre o f the farm, as mentioned 

e a r lie r ,  a ffec ted  the biomass y ie ld s .

The biomass y ie ld s  fo r  SR94 (Table 4 4 (i ) )  were much lower than 

fo r  SR93. This was due to  less ra in fa ll received during early  crop 

establishment and growth in SR94 than in SR93. However, we observe the 

same trend in SR94 as in SR93. In the pruned area the maize biomass 

y ie ld s  s l ig h t ly  decreased from the live-fence (in  the range 0-120 cm) to 

120-300 cm although error lim its  strongly overlap and then s lig h t ly  

increased in the range 300-600 cm away, but these d ifferences  are
i

marginal. In the unpruned area there was again iower y ie lds on average, 

by a b it  less than 0.2 t/ha or almost 25%.

Comparing the SR94 biomass y ie ld s  closest to  the Cclaus Par h it  us 

live-fence in areas near the pruned and the unpruned fence, we see that 

pruning accounted fo r  0.27 t/ha or 34.2% increase in biomass y ie ld s , 

which is  a substantial increase, although strongly over!apping error 

margins remain. The farmer would be very comfortable with such an

increase.
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General Control (GC) part otr ned th is  year the average highest 

y ie ld  o f 1.82*0.27 t/ha. R ela tive t GC the pruned area obtained 56.2% 

at 0-120 cm. 52.8% at 120-300 cm and 57.6% at 300-600 cm from the l iv e -  

fence while unpruned area had 43.4% at 0-120 cm. 51.1% at 120-300 cm and 

44.0% at 300-600 cm. These now r e la t iv e ly  lower y ie ld s  compared with GC. 

in  the worst ra in fa ll season are in line with the review o f Norman et 

a l . (1984) that under ra in fea  conditions long-term growth, water use arid 

p a r t icu la r ly  (grain ) y ie ld s  may depend on so il water a va ila b ility . The 

openness and the shade o f the Eucalyptus tree  nearby must have 

in fluenced plant growth d if fe r e n t ly  from the other plants, as F ig . 190 

confirms fo r  s o il moisture. Norman et a l. i 1984) contend that low maize 

(g ra in ) y ie ld  in the trop ics  is  attribu ted to dry matter d istribu tion  

w ith in  the crop and to  the s e n s it iv ity  o f both net photosynthesis am  

p a rtit ion in g  to environmental stress , particu la rly  water d e f ic i t .  Thus 

i t  is  not un likely  that therefore GC plants were shorter but had 

r e la t iv e ly  higher biomass y ie ld .

The beans in  Kiahuko-A were broadcast, as they nonnaily did before
i

we started  on-farm experimentation, and were not planted in rows nence 

we were unable to  quantify the y ie ld s .

4.1.9 Results of Mulching and pruning experiments at Kiahuko-B
4.1.9 (a) Maize and beans performance

Tne maize/beans intercrop fo r  SR93 on-farm was planted on 17/10 

/93. The intercrop fo r LR94 was planted on 25/4/94 and fo r  SR94 i t  was 

planted on 22/10/94. Like fo r  Kiahuko-A. the ra in fa ll to ta ls  and 

d istribu tions were expected not to  favour the intercrop (see appendix 

Table A3). but surprisingly the maize crop did much better in U?94 at
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Kiahuko-B compared to  Kiahuko-A.

4.1.9 (b) Maize heights

Fig. 105 g ives  maize SR93 heights independently from any distance 

to  trees, in Mulched and Local on-farm AF p lots, as comp>ared with the 

NAF control Local and control Mulched plots on-farm. We see in F ig. 105 

that Mulched had retarded growth o f plants, towards the end espec ia lly  

in  the AF p lots. The AF tre e  canopies were r e a lly  heavy and mulching 

could not improve that s ituation , although the fin a l height d ifference 

was only 10 cm. The plants in  the Local control grew the fastest

iab le  43. On-farm y ie ld s  (t/ha) (gra in  and biomass) at Kianuko-A and 
Kiahuko-B: ( i )  5R93 maize biomass from live -fen ce  experiment 
at Kiahuko-A. l i i )  y ie ld s  a t KianuKO-B: (a) SR93 maize biomass 
at Kiahuko-B. <b) LR94 maize biomass at Kiahuko-B. and (c) LR94 
beans yields at Kiahuxo-B.

( i )  SRS3 maize biomass from live -fen ce  experiment at Kiahuko-A
Distance from 

live-fence (cm)
avg y ie ld s  

pruned % o f GC
avg y ie ld s

unpruned % of GC

0-120
120-300
300-600

4.5*0.5 12 1 .6  
4 .2±0.2 113.5 
5 .3±0.8 143.2

4 .1±0.4 110.B 
4 .2±0.4 113.5 
4 .3±0.4 116.2

GC 3.7+0.9

( i i )  Maize y ie lds  at Kiahuko-B

(a) ok93 maize biomass at Kianuko-B

Mulch (AF) 
Local (AF)

Druned % o f M % o f  L unpruned % o f M % of L
1.4±G. 4 50.0 36.8 
0 .7±0.3 25.0 18.4

1.010.2 35.7 26.3
1.411.2 50.0 36.8

Local contr 
Mulch contr

(L) 3.8±0.6 73.7 100
(M) 2.810.3 100 135.7
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ib ) LR94 maize biomass at Kiahuko~B

Mulch (AF) 
Local (AF)

pruned % of M % of L unpruned % of M % o f L
0.11+0.08 5.4 9.2 
0.13+0.09 6.4 10.9

0.03+0.02 1.5 2.5 
0.09±0.03 4.5 7.6

mulch contr (M) 2.02±0.44 100 169.7 
Locai contr (L) 1.19+0.35 56.9 100.0

(c ) LR94 beans y ie ld s  at Kianuko-B.

Loc cont (L) 
Mui cont (Mi

Seed Biomass % of L % o f  H
0 . 1 1 +0.02
0.09+0.02

0.09+0.02
0.14+0.18

100 61.8 
122.2  100

fo llow ed  by those in the Mulched control p lots, that, however, ended up 

very  c lo se iy  to  the Local one.

The e f fe c t  o f muiching (F igs. 106 (pruned) & 107. (unpruned)) 

ind icates Mulched p lo ts  in AF and NAF were the slowest, in growing as 

compared to th e ir  Locai neighbours. I t  is  d e a r  from Fig. 106 that, for 

LR94. in pruned area maize heights in muiched p lots decreased while 

those in Local area increased with the distance from the tre es . Maize 

plants for LR94 (F ig . 107) in Locai unpruned p lo t are somewhat higher 

than those in Mulched unDruned D lot. In Mulched p lo t (see F ig. 108) only 

at 200 cm from trees  do pruned and unpruned d i f f e r  but in opoosite 

d irec tion  to  what we would expect. Only for pruned do heights d i f f e i  

with tne distance. For unmulcned AF Diot isee F ig. 1091 maize heights in 

unpruned are less than the Druned with respect to  distances, the heights 

at 200 cm are s l ig h t ly  higher.

We can see in Fig. 110 fo r  SR94 that in the area with pruned 

Gi'evilleas. at 90 cm ( l e f t )  maize in the Locai pruned grew ta i ie i  than 

in the mulched pruned, while they attained same fin a i heights at 90 cm 

( l e f t )  ana 180-270 cm (r ia n t ). In  the unoruned area (Fig. i l l  fo r  3R94i
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LR94 MAZ HGTS KIAHUKO-B: MULCH EFFECT
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T  I ME IN  JU L IA N  DAYS

□  MUL C 9 Q . 1 8 0 -2 7 0 ) +  LOCAL C90. 1 8 0 -2 7 0 ) X LOC CONTROL 7 MULCH CONTROL

2 d i s t  t r e e  M ulch e d v» L o c a l p r u n ed

F i g .  1 0 6 .  A v e r a g e  m a i z e  h e i g h t s  at d i s t a n c e s  of 90 cm 
a n d  1 8 0 - 2 7 0  c m  f r o m  r o o t  p r u n e d  Grevillea robusta trees 
i n  M u l c h e d  a n d  L o c a l  t r e a m e n t s  in A F  a n d  in N A F  plots at 
K i a h u k o - B  o n - f a r m  f o r  L R 94.

_ c f 90 cm and
Fig. 107. A v e r a g e  m a i z e  h e i g h t s  at AiBtVlhusta trees in 
1 8 0 - 2 7 0  c m  f r o m  u n p r u n e d  Grevillea t o o  plots at
M u l c h e d  a n d  L o c a l  t r e a m e n t s  in AF a nd 
K i a h u k o - B  o n - f a r m  for LR94.
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L R 9 4  MAZ H G T S  K I A H U K O - B :  PRUNING EFFECT

TIM E IN  JU L IA N  DAYS
3  ► u n  ( 9 0 ,  1BO-27C3 +  u n p ru  C 9 0, 1 8 0 -27Q) X LOC CONTROL V MULCH CONTROL

F i g .  108. A v e r a g e  m a i z e  h e i g h t s ,  at d i s t a n c e s  of 90 cm 
( l e f t )  a n d  1 8 0 - 2 7 0  c m  (right) f r o m  p r u n e d  a n d  u n p r u n e d  
Grevillea robusta trees i n  M u l c h e d  p l o t s  in A F , and in 
N A F  p l o t s  a t  K i a h u k o - B  o n - f a r m  f o r  LR94.

LR94 MAZ H GTS  K I A H U K O - B  PRUNING E F F E C T

3
i

'un C93. 190-S50J
t i m e  i n  j u l i a n  d a y s

.n c r u  CEO, 1B0-87O3 x  LOC CONTROL V MULCH CONTROL

Fig. 109. A v e r a g e  m a i 2 e h e i g h t s ,  at d i s t a n c e s  of 90 cm 
(left) a n d  1 8 0 - 2 7 0  c m  (right) f r o m  p r u n e d  a n d  u n p r u n e d  
Grevillea robusta trees in L o c a l  p l o t s  in A F  a n d  in NAF 
p l o t s  at K i a h u k o - B  o n - f a r m  f o r  LR94.
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110. A v e r a g e  m a i z e  h e i g h t s  at d i s t a n c e s  of 90 cm 
(l e f t )  a n d  1 8 0 - 2 7 0  c m  ( r i g h t )  f r o m ,  p r u n e d  Grevillea 
robusta trees in M u l c h e d  a n d  L o c a l  treeuments in A F  a n d  in 
N A F  p l o t s  a t  K i a h u k o - B  o n - f a r m  f o r  SR94.

Fig. ill. Average maize heights at distances of 90 cm 
'left) and 1 8 0 - 2 7 0  cm (right) f r o m  u n p r u n e d  Grevillea 
robusta trees in M u l c h e d  an d  L o c a l  t r e a m e n t s  in AF a n d  in 
NAF p l o t s  a t  K i a h u k o - B  o n - f a r m  f o r  SR94.
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S R 9 4  MAZ H G T S  k i a h u k o - B :  P R U N IN G  E F F E C T

Days o f  th e  y e a r

□  p r u n  C 9 0 , 1 8 0 -2 7 0 )  ♦  u n p r  C 9 0 . 1 8 0 -2 7 0 )

F i g .  1 1 2 . A v e r a g e  m a i z e  h e i g h t s  at d i s t a n c e s  of 90 cm 
(l e f t )  a n d  1 8 0 - 2 7 0  c m  (right) f r o m  p r u n e d  a n d  u n p r u n e d  
Crevillea robusta trees in M u l c h e d  p l o t s  in A F  a n d  in NAF 
p l o t s  at K i a h u k o - B  o n - f a r m  f o r  SR94.

Fig. 113. A v e r a g e  m a i z e  h e i g h t s  at d i s t a n c e s  of 90 cm
(left) a n d  1 8 0 - 2 7 0  c m  (right) f r o m  p r u n e d  a n d  u n p r u n e d  
Grevillea robusta trees in L o c a l  p l o t s  in A F  a n d  in NAF 
plots at K i a h u k o - B  o n - f a r m  f o r  SR94.
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naize in the Local unpruned, grew t a l le r  than in the muiched unpruned at 

the two distances, that is  90 cm ( l e f t )  and 180-270 cm (r ig h t ). Prom 

- ig .  110 (pruned) and 111  (unpruned) we see that maize heights in 

wui-Jned p lo ts  increased with the distance from the trees while those in 

Local p lo ts  attained the same heights at the two distances.

In the mulched AF p lo ts  (F ig . 112 fo r  SR94) maize in the pruned 

mulched grew ta l le r  than in the unpruned mulched at 90 cm ( le f t )  and 

180-270 cm (r ig h t ) .  The same trend was observed in the Local AF plots 

f r ig .  113 fo r  SR94) although the Local AF plots attained higher fin a l 

y ie ld s  than the mulched AF p lots. From F ig. 112 (mulched plot) we see 

tnat maize heights increased with the distance from the trees. Maize m 

the bocal AF p lots  attained the same heights at two distances from the 

trees  (F ig. 113).

The mulch e f fe c t  in the SR94 therefore showed that in 

unpruned (F ig . I l l )  p lots plants in  the Local p lo ts  grew ta lle r  than 

those in Mulched p lots. In Mulched plots the plants near the trees, at 

90 cm ( l e f t )  in  the unpruned area were adversely a ffected by tree 

competition. The pruning e ffe c t  (F igs. 112 & 113) also confirmed th is .

4.1.9 (c ) Maize biomass y ie lds
i

Table 4 3 ( i i )a  presents resu lts  o f maize biomass y ie lds  fo r  SR93 » 

in the on-farm experiments at Kiahuko-B as a ffected  by crop residue 

mulch from the previous seasons, in both AF and the controls, and by 

G revillea  root pruning in AF.

A comparison o f maize biomass yie lds in pruned Muiched p lots in 

AF with those in  Mulched control plots fo r SR93 (Table 4 3 ( i i )a ) )  gives 

a y ie ld  reduction o f 1.4+0.7 t/ha in pruned Mulched p lots . Tins 

substantial reduction in y ie ld  can be attributed to  shading by the AF
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.rees and th is  makes tree  root pruning appreciably less e ffe c t iv e  under 

such conditions. The comparison o f y ie ld s  in Mulched control p lots with 

those in unpruned Mulched p lots  in AF gives a reduction of 1.8±0.5 t/ha. 

which again is  a substantial decrease we a ttribu te  to shading by the 

trees and competition fo r  water between the crop arid unpruned trees.

The comparison o f  y ie ld s  in pruned Mulched with those in unpruned 

Mulched p lo t in AF gives a reduction of 0.4±0.6 t/ha. Here there was

only a s ligh t improvement, i f  any. in y ie lds gained by root pruning in
>

Mulched AF p lots, possib ly due to  heavy shading that out played actors.

The comparison o f  y ie ld s  in Local controls with those in pruned Local 

p lo t in AF g ives a reduction o f 3.1±0.9 t/ha. Again the d ifference  is  

substantial and is  due to heavy shading in AF which reduced the e f fe c ts  

o f other factors such as pruning.

Table 4 3 ( i i )b  presents resu lts  o f maize biomass y ie lds fo r  LR94 

at Kiahuko-B on-farm in the control and AF plots.

A comparison o f maize biomass yie lds fo r  LR94 in piuned Mulched

plots with those in  Mulched control p lots shows the latter gave more 

y ie ld s  by 1.91±0.52 t/ha. This was a large d ifference, given the error 

margins, which we again a ttr ibu te  to  heavy shading, which reduced the 

e ffe c t  o f root pruning in the pruned Mulched p lots in AF. The comparison 

o f y ie lds  in Mulched control with those an unpruned Mulched p lo t in AF 

fo r  LR94 shows that the unpruned Mulched plots have hardly any y ie ld , 

and th is  substantial d ifferen ce  is  again due to  heavy tree  canopy 

shading, worsened by competition fo r  water between the crop and unpruned 

trees.

The comparison o f y ie ld s  in pruned Mulched in AF with those in 

unpruned Mulched p lot g ives  a reduction o f 0.8+1.0 t/ha. Here there was 

substantial improvement in y ie ld s  gained by root pruning in Mulched AF
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p l° t s -  both y ie ld s  remained low due to heavy si ng that out played 

other actors.

comparison o f  y ie ld s  in Local controls with those in pruned Local 

p lo ts  in AF g ives  a reduction o f 1.06±0.44 t/ha. Again the d ifferen ce  is  

substantial and is  due to heavy shading In AF. The comparison with the 

~ocal unpruned y ie ld s  g ives an almost identical resu lt.

As we have already pointed out. the previous seasons did not 

produce grain . An average grain y ie ld  o f 0.61±0.39 t/ha was obtained 

from pruned Mulched plots in AF in SR94 while the pruned Local had 

0.69±0.42 t/ha which gave a decrease o f 0.08 t/ha and an error margin of 

u .8l  t/ha. Given the error margins, which are large, no or only s ligh t 

improvement occurred when mulching (fo r  the pruned maize grain y ie ld s ).  

In the unpruned p lo ts  grain  y ie ld s  fo r SR94 were 0.07±0.07 t/ha in 

Mulched compared to  0 .12±0 .11  t/ha in Local p lo ts , again a s ligh t 

decrease when mulching in biomass y ie lds  o f 0.05 t/ha with an error 

margin o f 0.18 t/ha. so with l i t t l e  agronomical importance.

The reduction in grain  y ie ld s  in SR94 was also observed r e la t iv e  

to  the control p lo ts  (Table 4 4 ( i i )a ) .  The control p lots produced 

1.43+0.59 t/ha fo r  the Mulched and 1.60±0.50 t/ha fo r  the Local control 

p lo ts .

Among the control p lots Mulched controls gave 0.17 t/ha more the 

loca l controls. Given the error margin o f 1.09 t/ha. we see here that no 

d ifference  with a rea l meaning importance in grain  y ie lds  was obtained 

by mulching.

Table 4 4 ( i i )b  shows c lea r ly  that no improvement in cob sp lin t 

y ie lds fo r  SR94 was obtained by both pruning and mulching in AF p lots, 

and control p lo ts  with respect to  mulching. S im ilarly the resu lts  for 

the maize stover biomass in Tables 4 3 (i i )c  and 4 3 (ii )d  have ia ig e  erroi
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margins which covers a l l  y ie ld  d ifferences in both control p lots and AF 

p lo ts . The y ie ld  d iffe ren ces  between and within plots are therefore 

marginal which proves that pruning and mulching gave no improvements in 

biomass y ie ld s  in AF and the control p lots.

The above analysis is  strengthened by fu l ly  identical trends in 

SR94 cob sp lin t (primary) y ie ld s , stover y ie ld s  and then o f course to ta i 

biomass y ie ld s  as g iven  in Tables 44 ( i i )  b. c arid d.

4 .1 .9  (d) Beans seed and biomass y ie ld s  at Kiahuko-B on-farm

Table 4 3 ( i i )c  presents resu lts  of bean seed and biomass y ie ld s  

fo r  LR94 at Kiahuko-B on-farm in the control p lo ts  only, as seedlings 

in  the AF did not germinate, possibly due to  la te  planting, rodents 

!ra ts  eating seeds before they germinated) and heavy shading. These

.ab le 44. On-farm y ie ld s  (t/ha) (gra in  and biomass) at Kiahuko-A and 
Kiahuko-B: ( i )  S1R94 maize biomass from live-fence experiment 
at Kiahuko-A. ( i i )  maize y ie ld s  at Kiahuko-B on-farm: (a/
SR94 maize gra in  y ie ld s , (b) 3R94 maize cob splin t or shelled 
cob), (c ) SR94 maize stover y ie lds  and (d) 5R94 to ta l dry 
matter y ie ld s .

( i )  SR94 maize ]Diomass from live -fen ce  experiment at Kiahuko-A

Distance from avg y ie lds avg y ie lds
live -fen ce  (cm) pruned % o f GC 1 unpruned % of GC

0-120
120-300
300-600

1.06+0.35 58.2 
0.96*0.20 52.8 , 
1.05*0.24 57.6

! 0.79±0.47 43.4 
0 .93±0.28 51.1 
0.80*0.37 44.0

GC 1.82+0.37 |



( i i )  Maize y ie ld s  at Kiahuko-B 
(a) SR94 maize grain y ie ld s
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Mulched (AF) 
Local (AF)

pruned % o f M % o f L unpruned % o f M % o f L
o !61+0.39 42.7 
0.69±0.42 48.3

38.1 0.07+0.0'/'
43.1 0.12±0.11

----T X -----
8.4 7.5

% o f  M % o f L
Mulch contr (M) 1.43+0.59 100 112
Local contr (L) 1.60±0.50 89.3 100

(b) SR94 maize cob sp lin t y ie ld s

Mulch (AF) 
Local (AF)

pruned % o f M % o f L1 unpruned % o f M % o f L
0.11l0.07 37.9 26.8 
0.14+0.09 48.3 34.11

0.02±0.03 6.9 4.9 
0.03±0.02 10.3 7.3

% o f M % o f L
mulch contr (M) 0.29±0.12 100 70.7
Local contr (L ) 0.41±0.12 141.4 100.0

(c) SR94 maize stover y ie ld s

pruned % o f M % o f Li unpruned % o f M % o f L
Mulch (AF) 
Local (AF)

1.69+0.80 30.9 32.6 
2.40±0.73 43.9 46.2 |

fc).73+0.42 13.3 14.07 
1.94±0.58 35.5 37.33

% o f M % o f L 
mulch contr (M) 5.47±2.20 100 105.4 
Local contr (L) 5.19+0.93 94.9 100.0

(d) SR94 to ta l biomass y ie ld s

Mulch (AF) 
Local (AF)

pruned % o f M % o f L unpruned % o f M % of L
2.42+1.23 33.7 33.6 
3.23+1.16 44.9 44.8

0.82±0.50 11.7 n . y “  
2.0810.63 28.9 28.8

% o f M % o f L

mulch contr (M) 7.19±2.20 100.0 99.7 
Local contr (L) 7.21+1.36 100.3 100.0

control p lo ts  performed disastrously.

A comparison o f bean seed yie lds in Mulched control p lo ts  with 

those in Local control shows that the former gave n eg lig ib ly  more y ields 

by 0.02+0.04 t/ha. A comparison of bean biomass y ie ld s  in Mulched
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control p lo ts  with those in Local control shows that the la tte r  gave 

aore y ie ld s  by 0.05±0.20 t/ha which again is  n eg lig ib le .

4.1.10 Intercomparison o f y ie ld s  in the on-farm (Kiahuko-A & B 

and on-station (Matanya).

From Tables 43, 44 and Appendix Table A2.1 we can only compare 

resu lts  fo r  SR93. LR94 and SR94. For the e ffe c t  o f Grevillea rohusta 

root pruning we compare y ie ld s  in pruned and unpruned trees. From Tables 

4 3 ( i i )a  and Appendix Table A2.1 we see that for 5R93. the d ifferen ce  an 

i*aize biomass y ie ld s  between pruned Mulched p lo t (AFM1 i at Matanya 

x.54±0.68 t/ha) and pruned Mulched at Kiahuko-B (1.4±0.4 t/ha) was 

0.i4±1.08 t/ha. which was appreciably less than the error margin arid 

therefore two locations have supposed to have equa 1 y ie lds . The 

d ifferen ce  in the unpruned Mulched plots (0.47±0.33 and 1.0±G.2 t/ha) in 

the two locations was 0.53+0.53 t/ha which means that error margins of 

two locations ju st tough, so Kiahuko-B produced more biomass ir. the 

order o f twice as much maize biomass in SR93 (Tables 4 3 (i i )a  arid 

Appendix Table A2 . 1 ) .

The d ifferen ces  in the pruned and unpruned Local p lots in the two 

locations (fo r  pruned: 0.83±0.37 and 0.7+0.3 t/ha; fo r unpruned: 

0.8+0.27 and 1.4±1.2 t/ha) for 5R93 were resp ective ly  0.13+0.67 t/ha and 

0.6+1.47 t/ha which due to large error margins means that the two 

locations must be supposed to have equal maize biomass in 5R93, with a 

tendency fo r  higher on-farm biomass in the unpruned case, like in the 

mulched comparison.

The d ifferences in the Mulched control and Local control p lo ts  in 

the two locations for SR93 (fo r  mulched: 1.97±0.76 and 2.8±0.3 t/ha: for
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J-^cal: 2.0±0.74 cind 3.8±0.6 t/ha) were respective ly  0.83+1.06 t/ha and 

-*••6+1.34 t/ha which again, although with large error margins, show a 

tendency o f higher biomass y ie ld s  on-farm in SR93. These d ifferences  

were almost equal to  those with the control p lo t (GC) at Kiahuko-A 

(Local control y ie ld s  3.7±0.6 t/ha). This shows that the SR 1993 low 

s o il  moisture a ffe c ted  Matanya and Kiahuko areas rather equally, but 

with a tendency o f higher on-farm biomass.

From Tables 43 ( i i ) b  and Appendix Table A2.1 we see that fo r  LR94. 

the d iffe ren ce  in  maize biomass y ie lds between pinned Mulched p lot 

(AFWl) at Matanya (2.69±1.10 t/ha) and pruned Mulched plot at Kiahuko-3 

(0.11±0.08 t/ha) was 2.58+1.18 t/ha which was remarkably in favour o f 

Matanya. Thus Matanya pruned Mulched plots produced a mulch higher maize 

biomass y ie ld  than Kiahuko-B. This d ifference may be attributed to  

heavier G rev illea  shading at the Kiahuko-B AF than at Matanya. The 

d iffe ren ce  in the unpruned Mulched plots (1.28±1.00 and 0.03±0.02 t/ha) 

in  the two locations for LR94 was 1.25±1.02 t/ha which again remarkably 

in favour o f Matanya.

The d ifferen ces  in the pruned (1.96±1.07 and 0.13±0.09 t/ha) ard 

unpruned (2.15±0.80 and 0.09±0.03 t/ha) Local p lo ts  in the two locations 

fo r  LR94 were resp ec tive ly  1.83±1.16 t/ha and 2.06±0.83 t/ha which were 

again remarkably in favour o f Matanya (Tables 43 i i i ) b  and Appendix 

Table A2 . 1 ) .

The d ifferences in the Mulched control (6 .27±1.77 and 2.02±0.44 

t/ha) and Local control (2.81±1.10 ard 1.19+0.35 t/ha) p lo ts  in the two

locations fo r LJR94 were respective ly  4.25±2.21 t/ha ard 1.62+1.45 t/ha
>

which are not n eg lig ib le . We can therefore in fe r  here that now Matanya 

had certa in ly  higher maize biomass y ie lds in LR94 than Kiahuko-B. due to 

heavy shading in  AF at Kiahuko-B. This is  opposite to  the trend o f SR93.
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-••is already proves that even over a small distance, o f a few 

kilometres, ra in fa ll  and therefore (biomass) y ie ld s  can vary g rea tly  

under Laik ip ia  conditions.

From Tables 44 ( i i ) a  and Appendix Table A2.1 we see that fo r SR94. 

there was maize gra in  y ie ld s  at Kiahuko-B while Kiahuko-A and Matanya, 

p lo ts  produced on ly maize biomass. We therefore compared the to ta l 

y ie ld s  (including s tover and unshelled cobs) at Kiahuko-B to  the biomass 

at Matanya and Kiahuko-A. A comparison o f maize biomass y ie lds  in pruned 

Mulched p lo t (AFM1) at Matanya (2.75±0.78 t/ha) to  the pruned Mulched 

p lo t at Kiahuko-B (2.42±1.23 t/ha) shows that there was a small 

d ifference  o f 0.33±2.01 t/ha o f biomass y ie lds  in favour o f Matanya. 

This was r e a lly  a n eg lig ib le  increase, given the error margins, 

indicating that the two locations had almost the same biomass in  the 

mulched pruned AF p lots. Heavy G rev illea  shading at Kiahuko-B may have 

reduced the biomass y ie ld s  to a level where i t  equalled the biomass 

y ie ld  at Matanya despite a supposedly good season at Kiahuko.

A comparison o f maize biomass y ie lds  in  unpruned Mulched plot 

(AFM2) at Matanya (1.32±0.75 t/ha) to the unpruned Mulched p lot at 

Kiahuko-B (0.82±0.50 t/ha) shows that there was a d ifference o f 0.5±1.25 

t/ha y ie ld s  in favour o f Matanya. This was r e a lly  a s ligh t d ifference 

given the error margins but heavy shading a ffected  Kiahuko-B biomass.

The d ifferences  in the pruned Local (2.17+0.77 and 3.23+1,16 t/ha) 

and unpruned Local (1.83+0.49 and 2.08±0.63 t/ha) p lots in the two 

iocations for SR94 were resp ective ly  1.05±1.94 t/ha and 0.25±1.12 t/ha 

which d ifferences  are n eg lig ib le  in the unpruned case but in favour of 

Kiahuko-B for the pruned case, be i t  that the erro r  margin is very large 

(Tables 44 ( i i ) d  and Appendix Table A2.1).
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The d iffe ren ces  in the Mulched control (4.83+1.83 and 7.19+2.20
U

t/ha) arid Local control (3.82+1.47 and 7.21±1.36 t/ha) plots in the two 

locations fo r  LR94 were respective ly  2.36±4.03 t/ha arjd 3.39+2.53 t/ha. 

The d ifferen ces  in  control p lots at the two locations were cleai :y in 

favour o f  the on-farm y ie ld s , the large error margins notwithstanding. 

Kiahuko-A controls had less biomass y ie ld  d ifferences with Matanya. 

nevertheless appreciably less biomass y ie lds  than both Matanya ai<d 

Kiahuko-B. To th is  comparison should be added that only Kiahuko-B on- 

farm maize y ie lded  actual grain y ie ld s , o f very much importance to  ^ne 

farmer.
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4.2 Results of s o il moisture

4.2.1 Relationship between observed and calculated volumetric soil 

moisture content (VSMC, 0 %).

4.2.1 (a) Results o f calibrations o f neutron probes for Matanya so ils .

The simultaneously obtained ca libration  resu lts fo r  the two 

instruments (CPN 501 and CPN 503) done for dry and wet seasons on 

19/2/92 and 18/6/92 respective ly  are presented in F igs. 114 and 115 and 

regression  equations 22 & 23.

®c*ic“7 0 • 37 * C r -2 .14, (r = 0 .982 )

and

0caic“ 27 • 2 0 *C r -1 0 .74 , (r -0 .9 6 3 ) 23)

where 0caiXc is  calculated VSMC and

Cr is count ra tio , that is  the ra t io  o f the probe 

reading to  the standard count.

These ca lib ra tion  equations were used to convert the weekly probe 

readings to  VSMC. CPN 503 and i t s  ca libration  equation (Eq. 23) were 

used only when CPN 501 broke down.

Tables 45a & 45b present observed and calculated so il moisture 

during dry and wet ca librations in 1992 using CPN 501 and 503. The 

rela tionsh ip  between observed and calculated VSMC were very high (r -

98.2 % fo r  CPN 501 and r  -  96.3 % for CPN 503). The positive per cent 

deviations o f observed from calculated VSMC indicated that the 

ca lib ra tion  equation fo r  CPN 501 (r -  98.2 %) s lig h t ly  underestimated 

VSMC under dry conditions at 30 cm depth and below. The surface layers
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le r t  with few fre e  hydrogen atoms a fte r  evaporation hut there are 

those bound to  the c lay  pa rtic les .

The two ca lib ra tion  equations overestimated 0 in wet conditions at 

r'G cm depth and below (Tabie 45a & 45b). Negative per cent deviations 

were observed in comparison o f calculated values below 90 cm during wet 

ca lib ra tion  and p o s it iv e  values in the shallower depths.

Table 46 was obtained by regressing gravim etric so il moisture on 

piobe reading ra tio s  at each o f the seven measuring depths given above 

(section 4.2.1 (a ) ) .  The equations in Table 46 were used to  estimate 0 

fo r  each measuring depth in the s o il  p ro file . The equations gave more 

accurate 0 than the s ing le  ca lib ration  equation (Eq. 22 or 23) used for 

tne whole p ro fi le .  The corre la tion  coe ffic ien ts , r .  were very high. The 

highest r  o f 0.995 was obtained near the surface at 18 cm depth, a 

condition which was possible only during wet seasons when the c lay  so il 

swelled arid sealed the shrinkage cracks. The r  values were decreasing 

s lig h t ly  with depth from 0.995 at 18 cm to  0.957 at 150 cm depths (Eq. 

22 or 23).

The ava ilab le  0 at each depth in Table 47 was obtained from the 

dry and wet ca lib ration  data as in Tables 45a & 45b. The W.P. was taken 

as the lower lim it o f 0. taken under extremely dry conditions when the 

s o il surface lost a l l  its  vegeta tive cover o f mainly grass and the F.C. 

was considered as the upper lim it. The d ifference  between the upper arid 

lower lim its was the availab le s o i l  water capacity (Gardner. 1988).

We notice from Table 47 that the layers 0-75 cm contain more than 

o f availab le water fo r  the crop between the uncorrected maximum and 

minimum values o f ava ilab le  water at the time o f ca libration . The buik 

of the plant roots reside in th is  layer. The ca lib ration  curves (Eas. 22 

& 23 and Figs. 114 & 115) could therefore with reasonable accuracy
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Table 45. Comparison o f o b se rve  and calculated per cent 
VSMC (0) and the radius o f sphere o f the importance.
Qj (Eq. 3 ). fo r  the range o f calculated VSMC (0).
(a) fo r  CPN 501. (b) fo r  CPN 503

Calib Depth 
dates (cm) Cr

% deviat.
Obe. Calc Obs from 0 0 ca lc Qj (cm)

(a ) for CPN 501

Dry 18 0.361 21.95 23.26 -5.97 26.84
.9.2. '92 30 0.423 28.52 27.62 +3.14 24.02

60 0.385 26.35 24.95 +5.31 25.67
90 0.384 25.34 24.88 +1.82 25.72

120 0.441 28.62 28.89 -0.95 23.32
150 0.438 29.48 28.68 +2.72 23.43
170 0.451 30.93 29.59 +4.32 22.94

Wet 18 0.706 49.44 47.54 +3.83 16.25
.8.6.'92 30 0.712 50.77 47.99 +5.47 16.13

60 0.593 39.72 39.60 +0.31 18.66
90 0.577 35.53 38.40 -8.21 19.07

120 0.614 39.56 41.04 -3.73 18.17
150 0.622 39.50 41.66 -5.47 17.97
170 0.587 37.63 39.18 -4.13 18.80

(b) for CPN 503

Dry 18 1.251 21.95 23.27 -6.01 26.83
19.2.'92 30 1.446 28.52 28.59 -0.26 23.48

60 1.340 26.35 25.70 +2.45 25.19
90 1.369 25.34 26.48 -4.50 24.70

120 1.484 28.62 29.63 -3.53 22.92
150 1.370 29.48 26.52 +10.05 24.68
170 1.406 30.93 27.50 +11.09 24.10

Wet 18 2.101 49.44 46.42 +6.12 16.55
18.6.'92 30 2.132 50.77 47.25 +6.94 16.33

60 1.883 39.72 40.46 -1.87 18.36
90 1.837 35.53 39.21 -10.35 18.79

120 1.885 39.56 40.52 -2.44 18.34
150 1.920 39.50 41.47 -4.99 18.03
170 1.877 37.63 40.31 -7.11 18.41

estimate water requirement by the intercrop at every stage o f its  

development.

The complications due to  shrinkaae cracks, as the Verto-luvic 

Phaeozem so ils  dry up durina hot—drv seasons cause heterogeneity o f the
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s o i ls  by reducing hydrogen atoms in the cracks as they become r i l le d  

with a ir . I t  should be noted that a correction fo r  constitutional

Table 46. Regression constants for observed and 
calculated V3MC (0) at the measuring depths 
at Matanya. a * Cr + b ) .

Depth
(cm) b

std err 
o f r

No
obs. a

std err 
o f  a

18 -9.62 1.58 0.995 6 83.77 4.12
30 -2.30 1.53 0.992 6 74.04 4.68
60 -0.55 1.43 0.988 6 70.30 5.3S
90 -5.32 2.28 0.970 7 77.03 8.62

120 2.27 0.81 0.992 7 61.79 3.52
150 3.17 1.88 0.957 7 62.81 8.52
170 -0.07 1.58 0.973 7 69.69 7.40

Table 47 Calculations of ava ilab le  water from
(a) observed (ring samples) and (b) calculated 
(regression lin e , Eq. 22 fo r  CPN 301) s o il moisture.
(NB: 1 % v o l . water -  1 mm o f water per 10 cm soil depth).

(a ) Observed (%)

Depth thick. F ie ld W ilt. Avai 1 mnj cumul

% vol 
o f tota l 
available

(cm) (cm) capac point water water water water

0-25 25 49.4 22.0 27.4 69 69 26.9
25-45 20 50.8 28.5 22.3 45 114 17.4
45-75 30 39.7 26.4 13.3 40 154 15.7
75-100 25 35.5 25.3 10.2 25 179 10.0

100-130 30 39.6 28.6 11.0 33 212 12.9
130-160 30 39.5 29.5 10.0 30 242 11.8
160-180 20 37.6 30.9 6.7 13 255 5.3

-----
Total 100.0
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(b) Calcu la t ed (%)

Depth
(cm)

th ick . 
( cm)

F ie ld
capac

W ilt.
point

Avai1. 
water

mm
water

cumul
watei

%
v o l .

0-25 
25-45 
45-75 
75-100 

100-130 
130—i60 
160-180

25
20
30
25
30
30
20

47.5
48.0
39.6 
38.4
41.0
41.7 
39.2

23.3
27.6 
25.0
24.9
28.9
28.7 
29.6

24.3
20.4 
14.7 
13.6 
12.2 
13.0
9.6

61
41
44
34
36
39
19

61
101
145
179
216
255
274

ti2. . 2
14.9
16.0
12.4
13.3
14.2
7.0

. • Totai 100.0

hydrogen was not applied because the montmorilIonite content o f our clay 

soils was not known. However, th is  correction is  snail fo r  our type of 

soil ( Ibrahim. 1992). The only correction  applied was that for a change 

of fculk density with depth, which «ppe«u-ed alec* to be email (eee l*low).

4.2.1 (b) Relationship between bulk density (Bd) and so il moisture at

Matanya

We could propose the fo llow ing from the resu lts obtained by 

d ir e c t ly  regressing bulk density (Bd) on so il moisture using ca libration  

data (see Figs. 116-122 and Table 48):

( i )  that on average the higher scatter o f drv hulk density at lower 

VSMC (0) than at higher VSMC (0) must be due to  contraction of the 

Verto-luvic phaeozem s o ils  on drying thereby forming shrinkage cracks 

and lumps (clods) which get f i l l e d  with a ir  thus inducing heterogeneity 

in dry seasons and r e la t iv e ly  more homogeneous s o il  under wet 

conditions.

( i i )  drv bulk density s lig h t ly  decreases with increasing VSMC 

0) due to sw elling o f the v e r t is o ls . For example, the change in  bulk 

density at 18 cm and 170 cm with so il moisture content was r e la t iv e ly
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BULK DENSITY VS SOIL MOISTURE

GRAVIM ETRIC M O ISTURE *  VOL 

O OBSERVED M O ISTURE. -----------  O —  0 . 0 1 6 5 * S * »1 .83 *

Fig. 116. B u l k  d e n s i t y  v e r s u s  soil m o i s t u r e  at 18 c m  
d e p t h

Fig. 117. Bulk density versus soil moisture at 30 cm
depth
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BULK DENSITY VS SOIL  MOISTURE

?
i

GRAV I h/ffTR I C M O ISTURE «S VOL 

OBSERVED M O ISTURE. -----------  D —  0 .0 1 1 2 * S M »1 .577

F i g .  118. B u l k  d e n s i t y  v e r s u s  soil m o i s t u r e  at 60 cm 
d e p t h

BULK DENSITY VS SOIL MOISTURE

ORAVIM BTRIC M O ISTURe »  V tX 

a OBSeRVCD MOISTURB, ----------  O «0 . OOSBX8M.1. *19

Fig. 119. Bulk density versus soil moisture at 90 cm
depth
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i

£

BULK DENSITY VS SOIL  MO I S'i -RE

ss 27 2s ai aa as 37 39 41 4 a 45

GRAVlfcCTRIC MO I STUR E *  VOL 

O O 6SBTVE0 M OISTURE. -----------  O —  0 .0 0 4  B* SM* 1 .4 0 0

Fig. 120. B u l k  d e n s i t y  v e r s u s  soil m o i s t u r e  at 120 cm  
d e p t h .

BULK DENSITY VS SOIL MOISTURE

GRAV IM5TRI C MOISTURE * VOL 

O OBSERVED MOISTURE. ---------  0 —  0 .00??*$M* 1.5*3

Fig. 121. Bulk density versus soil moisture at 150 cm
depth
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BULK DENSITY VS SOIL MOISTURE

*1.3 

-1.43 

*1 .4

& 1 ss

°  1.3
>- £
z  *1.23S
U

s
*1.13 

4 .4  

4 .0 3

F i g .  122. B u l k  d e n s i t y  v e r s u s  soil m o i s t u r e  at 170 cm  
d e p t h

G R A V I k G T O | c  M O IS TU R E  C O N T E N T  A T  170 CM

GRAY INCTRIC MOISTURE *  VO.
O  OBSERVED M OISTURE. -----------  0 —  0 .0 1 4 * S U .1  -762

S<u
*>

SR92 and CD s o i l  m o i s t u r e  CSQ a t  7 . 5  cm

30 

45 

40 

33 

30 

25 

20 

1S 

10 

3 

0

Weekly s o i l  m o isture  C t r l  end AF p lo ts

!

21/8/92 12/3/92 02/ 10/92 13/11/92 4/ 12/92

Tim* in  w**ks

O w t r a l  Loo* I A F L 1 AFL2 N ' n.I  AFM1 E 2  AFW2

F i g .  123. W e e k l y  V S M C  (%) f o r  the cool d r y  se a s o n  a n d  
S R 9 2  o b t a i n e d  f r o m  s o i l  s a m p l e s  a n d  o v e n - d r i e d  at. a 
t e m p e r a t u r e  o f  110° C t a k e n  a t  7.5 c m  d e p t h  i n  AF a n a  t n e  
c o n t r o l  pl o t s .
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240% and 180% more than at 120 cm.

( I l l )  there ex is ts  poor rela tionsh ip  between drv bulk density and 

VSMC (ft) in  the layer 30-120 cm.

( iv )  dry bulk density s l ig h t ly  increases with VSMC ift1 at 90 cm 

depth due to  lime and manganese concretions in th is  layer, because they 

contain low concentration o f hydrogen atoms and high pH (e .g . L in iger. 

1991. EUROCONSULT. 1989).

4 .2 .2  Choice o f  depth to  s ta rt measurements with neutron probe.

The depth a t which we start to  take so il moisture measurements with 

a neutron meter (prche) depends on the sphere o f  importance. Qj. o f the 

probe. From Eq. 3 the radius o f  the sphere o f importance is  inversely 

proportional to  ft. Tables 45a Si 45b (columns 5 and 7) show that during 

very dry conditions in Matanya there was more s o il moisture in the 

deeper than in shallower layers, with exceptions at 30 cm depth (see 

ca lib ra tion  resu lts  of 19.2.92 in Tables 45a & 45b). The reverse was 

true (in  the f i r s t  30 cm) in the case o f the very wet conditions (see 

ca lib ra tion  resu lts  o f 18.6.92 in Tables 45a & 45b ). This suggested that 

the deeper layers could not s u ff ic ie n t ly  reach dryness even during the 

dry periods. Qj was therefore larger near the surface than in the deeper 

layers. Again the reverse was true for the wet period.

From Table 45a. we see that when the calculated ft near the sui face 

dropped to  23.3% (smallest value in dry season) during a drv season, as 

occurred in February 1992. the minimum depth we could get a<.cuiate so il 

water measurements was 26.8 cm below the surface. The la igest Oj of 

about 26.8 cm could be obtained during extremely dry conditions only, 

when the s o i l  surface would lose a ll its  vegetation cover made up or 

mainly grass. In fact the w ilt in g  of such grass indicates the w ilting
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txdnt in the layers in winch they r o o t .

During the wet ca lib ration  exercise, we simulated an extremely wet 

seasons, which, though extremely rare, occurs in  1 out of 5 years, 

according to  the loca l farmers. The lowest 0 calculated under such very 

wet conditions was 38.4% (sm allest value in wet season) at 90 cm depth, 

.ne Qj calcu lated fo r  th is VSMC was 19.1 cm. The minimum depth the CPN 

:0 i  could measure accurately, had such conditions occurred, could be

19.1 cm below the surface.

iab le  48. Relationship between dry bulk density <Bd) 
and VSMC (0) obtained during ca lib ration  exercise. 
10 samples at each depth ( i . e .  5 for dry and 5 for 
wet ca lib ra tion s ). (Bd = c * 0 + d ) .

Depth
(cm) Bd

std  err 
o f BcL„t r

std
c

e r r . 
o f c

18 1.85 0.098 0.897 -0.017 0.003
30 11.61 0.104 0.626 -0.011 0.005
60 1.58 0.068 0.781 -0.011 0.003
90 i 1.22 0.086 0.351 0.006 0.005

120 1.40 0.066 0.469 -0.005 0.003
150 1.54 0.067 0.747 -0.008 0.002
170 1.76 0.102 0.504 -0.014 0.009

0-170 11.64 0.101 0.6-36 -0.011 0.002

The shallowest depth used by LRF in routine so il moisture 

measurement at th e ir stations, including Matanya was i6  cm. This wouid 

be equivalent to  a 0 o f 41.56 %. i f  the sphere o f importance wouid touch 

the surface. In a semi-arid area lik e  Matanya. th is  could be aDproached 

during a very good rainy season, when the s o ils  are verv wet. Otherwise, 

fo r most o f the seasons th is would not be correct. The neutron probe 

measurements taken at 18 cm depth were therefore subjected to 1.9% and 

20.3% errors fo r  wet and dry conditions respective ly .
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For continu ity and convenience we continued taking neutron probe 

oata from 18 cm depth and making appropriate adjustments in the 16 cm 

lepth data fo r weekly s o il  sampling in the AF and NAF plots. In ract we 

should have used 30 cm in the dry season arid 20 cm in the wet season.

4.2.3 So il moisture sampling at Matanya

4.2.3 (a) VSMC at d iffe ren t depths and distance from 

Grevillea robusta trees.

( i )  Variations o f weekly VSMC with depth and distance from 

Pruned trees  fo r  1992.

We examined VSMC fo r  d iffe ren t  years and s ix  seasons, each fo r  the 

seven depths already mentioned above and came to  the conclusion that 

LR92 represents the d ries t season while SR92. the only season wnen we 

harvested maize grain y ie ld s  and had the highest beans y ie lds, 

represents the wettest season o f our studv period. For the biager part 

o f th is section we present resu lts  o f these two seasons but wnere 

desirable, we do make reference to  the other four.

Fig. 123 g ives  weekly VSMC at a depth of 7.5 cm (surface) for the 

cool dry season (CD) and Short Rains o f  1992 (SR92) as obtained from 

so il samples that were taken in experimental p lo ts  m AF and control and 

oven dried at a temperature o f 110° C. The general picture here shows 

that the s o il  at 7.5 cm depth was very dry during CD and as expected 

Quite wet during SR92. We can notice from th is  fiaure that the control 

plots were d r ie r  than the AF p lo ts  during CD. but became wetter during 

early periods o f  SR92. The drvness during CD may nave been due to  strong 

winds which desiccated the top so il in the unsheltered control plots. 

This also made CD have lower s o il moisture at the surface than the hot
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dry season (January-early March) HD. This was a lso  observed in 1993 data 

presented in Appendix F ig . A4 and Appendix Table A4. R elative weekly 

v'SMC in  AF show that pruned AF p lo ts  (AFM1 & AFL1) had less VSMC than 

unpruned. I t  should be noted here that s o il samples were taken at the 

edges o f  each AF p lo ts  to  avoid perforating the s o il next to the trees 

and therefore in te r fe r in g  with the whole exercise. Pruning e f fe c ts  at 

th is  edges were not noticed.

F igs. 124-129 g ive  valuations o f weekly VSMC with days o f the year 

and distance from pruned G. robusta trees for the year 1992. These cover 

a lso  weekly VSMC fo r  LR92 and SR92 and two dry seasons ( i .e .  hot dry 

season (HD) o f January-early March. LR92 and cool dry season (CD) from 

mid-June to  end o f September fo r  the four depths o f agronomic importance 

which have highest concentrations o f bean arid maize roots, namely 18. 

30. 60 and 90 cm. From clim ato logica l estimates (e .g . Oteng’ i .  1982) we 

here take HD to  be DOY: 1-75. CD to  be DOY: 168-274. LR to  be DOY: 76- 

167 and SR to  be DOY: 275-366. Calibration eqs. 22a 6 22b were used to 

obtain calculated VSMC. Note that there were no data on DOY 276 as our 

neutron probe broke down and had to  be repaired.

We see in F ig . 124-129 that at 94. 188 arri 376 cm from pruned tree 

PT1, in  upper part o f AF. the VSMC was low at a l l  the depths except 30 

cm. The highest VSMC at 18 cm depth was recorded during LR92 between 

DOYs 122 and 157. At th is  time the intercrop which was planted on DOY 83 

was in flowering phase (see section 4 .1 ). The VSMC having passed the 

peak on DOY 129 was sharply dropping causing water stress which was 

evident on the plants bv DOY 153. VSMC at 30 cm depth continued to be 

high fo r  the three distances from PT1. The VSMC at 30 cm deviated very 

l i t t l e  from i t s  mean values p r io r  to DOY 280 even during LR92 rainy
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F i g .  124. 1992 w e e k l y  V S M C  (%) for 18 t i l l  90 cm d e p t h s  
t a k e n  a t  t h e  d i s t a n c e  of 94 c m  f r o m  G. robusta trees, 
P T 1 ,  in p r u n e d  p l o t  (AFM1).

Fig. 125. 1992 weekly VSMC (%) for 18 till 90 cm depths
taken at the distance of 188 cm from G. robusta trees,
PTl, in pruned plot (AFM1).
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PT1, in p r u n e d  p l o t  (A F M 1 ).

Fig. 127. 1992 weekly VSMC (%) for 18 till 90 cm depths
taken at the distance of 94 cm from G. robusta trees,
PT4, in pruned plot (AFM1).
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VSMC w i t h  Depth  a t  188 cm f rom  PT4:1992

□  18 cm de ep +■ 30 cm Peep o  60 cm deep A 90 cm deep

Fig. 128. 1992 w e e k l y  V S M C  (%) fo r  18 t i l l  90 cm d e p t h s  
t a k e n  at t h e  d i s t a n c e  o f  188 c m  f r o m  G. robusta trees, 
PT4, in p r u n e d  p l o t  (A F M 1 ).
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Pig. 129. 1992 weakly VSMC (*) for 18 till 90 cm depths
taken at the distance of 376 cm from G. robusta trees,
PT4, in pruned plot (AFM1).
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season most l ik e ly  because of high constitutional hydrogen in the clayev 

Traction at 30 cm depth. VSMC values espec ia lly  in the shallow layers 

'•i.e . 18 and 30 cm) increased considerably during SR92. At the depth of 

90 cm there was hardly any increase over the previous weeks.

Figs. 127-129 show varia tions o f weekly VSMC with depth ana 

distance (at 94. 188 and 376 cm) from prune! from FT4. in the lower pare 

o f AF. I t  should be noted here that a l l  the access tubes in the lower 

AF. that is  around trees PT4. PI'S. UT4. UT5 were insta lled  la ter in year 

1992 a fte r  DOY 73 in  readiness fo r  LR92 and la te r  seasons. Like in the 

upper part o f AF very high VSMC values were recorded at 18 cm depth 

during LR92 between DOYs 115 and 143 which peaked on DOY 136 and 

suddenly dropped. Six weeks p rio r to  the period o f hignest values the 

weekly VSMC were very low and continued that wav but with considerable 

fluctuation therea fter. High fluctuations at 18 cm were maximum values 

at the distance o f 188 cm from PT4. Hie weekly VSMC at 30 cm depth was 

s t i l l  the highest except during the two weeks wnen the values at 13 cm 

depth superseded them which continued even durina SR92 and d iffe red  

minimally between each succeeding week. The weekly VSMC espec ia lly  in 

the shallower layers ( i . e .  18 and 30 cm) increased considerably durina 

SR92. This time in the lower part o f AF there was considerable 

fluctuations in weekly VSMC at 188 cm and 376 cm from pruned PT4 in the 

deeoer layers represented here by 90 cm depth. (ii)

(ii) Variations of weekly VSMC with depth and distance from unpruned 
trees for 1992.

Figs. 130-135 g ive  variations o f weekly VSMC as above but for 

Unpruned G. robust a trees. We see in F ig. 130-132 that at 94. 188 and
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F i g .  1 3 0 .  1992 w e e k l y  VSMC (%) f o r  18 t i l l  90 cm d e p t h s  
t a k e n  a t  t h e  d i s t a n c e  o f  94 cm from G. ro b u s ta  t r e e s ,  
UT1,  i n  u n p ru n e d  p l o t  ( AFM2) .

s

9b

i

8
9

VSMC w i t h  Depth a t  188 cm from  UT1:'1992

□  18 cm  d e e p  3 0  cm d e e p  o  6 0  cm d e e p  A 9 0  cm deep

Fig. 131. 1992 weekly VSMC (%) for 18 till 90 cm depths
taken at the distance of 188 cm from G. robusta trees,
UTi, in unpruned plot (AFM2).
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VSMC w i t h  Depth  a t  94 cm from  UT1: 1992
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i 32 -
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O 27>
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I n c l u d r n g  LR 9 2  ft. S R 92  U n p ru n e d  U T1

I a'i I s'a I aV ] ite I ii3 I 1->1 I 1$9 I 2b  I 2$s I I
17 4 5  73 1 A 1  129 157 l4 s  313 a l l  389 30l

18 cm d e e p

D a ys o r  t n e  Y e a r  COOYD 

30 cm  P e e p  o  6 0  cm d ee p 9 0  cm  d e e p

F i g .  1 3 0 .  1992 w e e k l y  VSMC (%) f o r  18 t i l l  90 cm d e p t h s  
t a k e n  a t  t h e  d i s t a n c e  o f  94 cm from G. ro b u s ta  t r e e s ,  
UT1,  i n  u n p r u n e d  p l o t  (AFM2) .

Fig. 131. 1992 weekly VSMC (%) for 18 till 90 cm depths
taken at the distance of 188 cm from G. robusta trees,
UTi, in unpruned plot (AFM2).
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VSMC w i t h  Depth  a t  376 cm from  UT1:1992
I nr I ir ll nn 1(3 47 R. • llnnr.in«H lfT-1
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□  *18 cm d e e p  -4- 30 cm d e e p  o  6 0  cm d e e p  A 9 0  cm d e e p

Fig. 132. 1 9 9 2  w e e k l y  V S M C  (%) for 18 t i l l  90 cm d e p t h s  
t a k e n  a t  t h e  d i s t a n c e  of 3 7 6  c m  f r o m  G. robusta trees, 
UT1, in u n p r u n e d  p l o t  (A F M 2 ).
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Fig. 133. 1992 weekly VSMC (%) for 18 till 90 cm depths
taken at the distance of 94 cm from G. robusta trees,
UT4, in unpruned plot (AFM2).
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VSMC w i t h  Depth a t  188 cm f rom  UT4:1992

18 cm de ep 30 cm deep o  60 cm d M p 90 cm deep

Pig. 134. 1992 w e a k l y  V S M C  (*) for 18 t i l l  90 cm d e p t h s  
t a k e n  a t  t h e  d i s t a n c e  of 1 8 8  c m  f r o m  a. robusta trees,
UT4, in u n p r u n e d  p l o t  (AFM2).

in wnerwned plot (afms).
till 90 am depeha 
tt. robuatm treat*,
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^76 cm from unpruned tree UT1, In upper part o f AF. the weekly VSMC at 

18 and 30 cm depths prior to SR92 fluctuated more than in the pruned 

tree case. The 30 cm depth values continued to  be the highest except at

94 cm from UT1 on DOY 122 when i t  was overtaken by the 18 cm value. The

weekly VSMC around th is unpruned UT1 at 94 cm in  the upper part of AF 

attained minimum values during HD and CD seasons and nigh values during 

DR92 and SR92 (F ig. 130). P r io r  to  SR92 there were very high

fluctuations o f  weekly VSMC at 376 cm from UT1 at a l l  the depths

considered. During SR92 these fluctuations were mainly confined to  the 

surface depths ( i . e .  18 and 30 cm).

F igs. 133-135 show varia tions o f weekly VSMC with depth and 

distance (at 94, 188 and 376 cm) from unpruned from UT4. in the lower 

part o f AF. Like in the upper part o f AF the very high VSMC values were 

recorded at 18 cm depth between DOYs 101 and 150. hence included the 

period experienced under UT4. Tne highest VSMC were aaain recorded at 30 

cm throughout the year' except the DOYs 108-136 in LR92 at 94 cm from UT4 

when the values at 18 cm overtook them (see F ig . 130). Depth 90 cm 

recorded the lowest most o f the year.

We observe from Figs. 124-129 and 130-135 that the weekly VSMC

values at 188 cm from both pruned and unpruned trees and 30 cm were

always the highest even during SR92.

( i i i )  Weekly VSMC in pruned and unpruned trees  fo r 1992.

Figs. 136-138 compares weekly VSMC around pruned (FT1 & FT4) with that 

Ground unpruned (ITT1 & UT4) G. robusta trees at 94. 188 and 376 cm

distances in Mulched p lots  (AFM1 & AFM2). We can see in Fig. 136 that

weekly VSMC at 94 cm from pruned PT1 was the highest fo r  most o f  the
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fig. 136. 1992 w e e k l y  V S M C  (%) f o r  18 cm d e p t h  taken at 
t h e  d i s t a n c e  of 94 c m  f r o m  G . robusta t r e e s  (PT1, P T 4 , 
UT 1  & UT4) in p r u n e d  and u n p r u n e d  p l o t s  (A F M 1  & A F M 2 ).

Weekly  VSMC f o r  1992 a t  18 cm d e p th
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Fig. 137. 1992 weekly VSMC (%) for 18 cm depth taken at
the distance of 188 cm from G. robusta trees (PT1, PT4,
UT1 & UT4) in pruned and unpruned plots (AFM1 & AFM2).
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year except a month in LR92 (DOYS 108. 115. 122 & 129) and two weeks in 

3R92 (DOYS 283 & 290) when i t  was overtaken by unoruned UT4. Durina LR92 

and SR92 there was r e la t iv e ly  more s o il water due to  rains and the 

e ffe c t  o f  pruning could not e a s ily  be delineated. This was also observed 

at 376 cm (Fig. 138) away from the trees. The lowest weekly VSMC during 

HD were observed at 376 cm from PT4.

Average VSMC values, in addition to the weekly data we gave 

above, may be considered an in tegration  o f s o i l  moisture behaviour for

the period concerned at the depths o f measurement. This means that their 

averages as given in Tables 49 and 50 are g iv in g  indications o f average

s o il  moisture as a function o f distance to the trees. Accuracy lim its 

are those combinations from the values averaged, where each value has a 

maximum error o f ±10%. but o f course each measurement done in one weekly 

sampling is independent o f the others. Therefore standard deviations 

would only be a measure o f fluctuations over time, including those due 

to  measuring errors , but not a measure o f  accuracy.

4.2.3 (b) Average VSMC in pruned G revillea  robusta trees 

in AF p lots  AFM1 & AFL1 during LR92.

Table 49a presents average VSMC for each tube in the AF for the 

experimental period 20/3/-29/3/92 during Long Rains growing season 

(LR92) at three distances, namely; ( i )  94 cm. ( l i )  188 cm. and ( i i i )

376 cm. from the pruned G ievil lea robusta trees.

We see in Table 49a ( i )  that, at 94 cm ^rom the pruned trees, the

largest average VSMC o f 33.11 was observed a t 170 cm depth in  tube A3 

around G rev illea  tree PT3 in the middle part o f the agroforestry plot .. 

(AF). The soil moisture in such a depth may not be o f any use to  the
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Intercrop whose maximum rooting density hardly goes below 60 cm. PT3 was 

situated  on the border between mulched (AFM1) and Local (AFLi) plots 

isee F ig . 9 ). The smallest VSMC o f 24.78 was observed at 18 cm depth in 

tube M2 in  the lower part o f AFLI.

Intercomparisons o f the tubes at 94 cm from the pruned trees in 

the f i r s t  four layers, that is  18. 30. 60 and 90 cm depths (see Table 

4 9 a (i ) )  we notice that the largest VSMC o f 32.78 was recorded in tube A3 

around PT3 at 30 cm depth at the AFM1/AFL1 border while the smallest 

>/SMC o f 24.78 was recorded at 18 cm depth in tube M2 around pruned PT5. 

Tube A1 at PT1 had generally high average VSMC. that is  32.05 at 18 cm 

depth. 32.66 at 30 and 30.17 at 60 cm depths. In comparison M2 had 

gen era lly  the lowest VSMC values espec ia lly  in the f i r s t  four depths 

which had maximum intercrop root density. Considering a ll the seven 

depths higher values were found in the f i r s t  four depths and at below 90 

cm depth which was beyond the beans rooting depth and only reached by 

few maize roots . The lowest VSMC values were at 90 cm depth. On the 

whole we observe from Table 49 that at 94 cm from the pruned G revillea  

trees VSMC was higher at the deeper layers fo r  M2 but not per se fo r  the 

other trees. The surface layers above 90 cm, except 30 cm depth with an 

average VSMC o f  31.37. had lower VSMC than the deeper layers. The 

maximum average VSMC o f 31.96 was observed in the deeper layers at 120 

cm depth, the minimum at the top.

We see in Table 4 9 a (ii) that at 188 cm from the pruned trees  the 

average VSMC o f 33.03 recorded at 30 cm depth^in tube B1 around PT1 was 

the largest fo r  that distance in pruned area at the f i r s t  four depths. 

The smallest VSMC at 188 cm was recorded at 18 cm in tube N2 around PT5 

in AFLI. Tubes Bl. B2 and B3 in the upper part o f AF had genera lly  high 

VSMC values in the f i r s t  three depths. In comparison tubes around PT4
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and FT5 tended to  have lower values in the upper layers than those tubes 

around PT1. PT2 and PT3. Aaain fo r  the seven depths high averaae VSMC 

values were found in the f i r s t  three depths and below 90 cm depth which 

was o f l i t t l e  agronomic value to  the intercrop especia lly  beans. The 

lowest VSMC values were at 90 cm depth. On the whole we observe from 

Table 4 9 a (ii )  that at 188 cm from the pruned G rev illea  trees the deeper 

layers had more s o i l  moisture than the shallower layers. Again, and even 

more pronounced, the exception was 30 cm depth with an averacre of 

32.18. The same inference may be observed in F igs. 124-129 arid 130-135. 

The other values are close to  the average with 60 and 90 cm somewhat 

lower. The lower VSMC in the layers 60-90 cm depths are due to  so il 

texture. We e a r l ie r  pointed out in chapter 2 that these layers are 

composed o f a lka lin e  s o ils  mainly of lime. These so ils  have a tendency 

to  reta in  fewer hydrogen atoms and drains f a i r ly  fast during dry rainy 

seasons, hence more useful to crop in terms o f s o il water conservation.

We observe in Table 4 9 a (m ) at 3?<9 cm rrom the pruned trees that 

both the la rgest and smallest averaae VSMC of 33.60 and 28.61 

respectively  were recorded in tube 01 around G revillea  tree PT4 in the 

lower part o f mulching p lot (AFM1) at 120 and 90 cm depths respectively  

(see F ig. 9 ). Intercomparisons o f the tubes at 376 cm from the pruned 

trees fo r  the f i r s t  four depths shown in Table 4 9 a (in ) the highest VSMC 

o f 33.25 was recorded at 18 cm depth in tube Cl. The smallest VSMC of 

28.61 was recorded at 90 cm in tube 01 around PT4 in AFM1. Most tubes 

recorded average VSMC o f more than 30% in the^ depths shallower than 90 

cm. Most s o il  water had drained grav ita tion a lly  into the deeper layers 

where i t  was o f l i t t l e  aaronomic value. Of the four depths o f agronomic 

importance the 18 and 30 cm depths had higher moisture content than 60 

and 90 cm depths. The tubes around PT4 and PT5 had hiaher VSMC at 18 and
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60 cm depths than In the layers 90 and 150 cm deeper.

4 .2 .3  (c ) Average VSMC In unpruned G rev illea  robusta trees 

in AF p lo ts  AFM2 & AFL2 during LR92

Table 49b presents average VSMC fo r  each tube for LR92 at the same 

three distances, namely; ( i )  94. ( i )  188. and ( i )  376 cm. from the

unpruned G revillea  robusta trees.

We see in Table 49b ( i )  that, at 94 cm from the unpruned trees  the 

average VSMC o f 34.14 recorded at 30 cm depth in tube D2 was the largest

to r  the f i r s t  four layers shallower than 90 cm inclusive. The so il
>•

moisture at 60 cm and above is  o f great agronomic value fo r both maize 

and beans. The smallest VSMC in the f i r s t  four layers was 25.77 observed 

a t 90 cm depth in tube PI around UT4 in the lower part o f AFW2. Again 

average VSMC less  than 30 was recorded at 60 and 90 cm depths in a l l  the 

tubes. On the whole we again observe from Table 49b(i) that at 94 cm 

from the unpruned G revillea  trees  VSMC was higher at the deeper layers 

fo r  a l l  the tubes.

We see in Table 49b ( i i )  that at 188 cm from the unDruned trees 

the average VSMC o f 34.16 recorded at 30 cm depth in tube 01 around UT4 

was the largest fo r  that distance in unpruned area in the f i r s t  four 

depths. The smallest VSMC at 188 cm was recorded at 90 cm in tube E3 

around UT3 in AFM2. In comparison tubes around UT2 and UT3 had generally 

lower values in  the upper layers than the res t o f the tubes. Again 

higher VSMC values were found below 90 cm deaths although such values 

have l i t t l e  agronomic value to  maize/beans intercrop, espec ia lly  the 

beans. Again r e la t iv e ly  low VSMC values were found at 60 and 90 cm 

depths. On the whole we observe from Table 4 9 b (ii) that at 188 cm from
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uhe unpruned G rev illea  trees the deeper layers had more so il moisture 

than the shallower layers.

We observe In Table 49b( i i i ) at 376 cm from the unpinned trees 

that the largest and smallest average VSMC o f 33.40 and 28.25 

resp ec tiv e ly  were recorded In tubes R2 at 30 cm depth and R1 at 90 cm. 

*ne two tubes were at 376 cm from G rev illea  trees UT5 and UT4

resp ec tiv e ly  (R2 same tube as F3 around UT3). Again most tubes recorded
>

average VSMC o f more than 30.00% in the depths o f  agronomic significance 

shallower than 90 cm.

:ab le 49. Average VSMC at d iffe ren t  depths and distances
from G revillea robusta trees , (a) pruned (AFM1 & A rL i). 
(b ) unpruned (AFW2 & AFL2) p lots fo r  LR92 
(period: 20/3/-29/5/92).

(a ) Pruned AF (AFM1 & AFL1)

( i )  Average o f tubes at 94 cm____________________
— - Depths - ■■

tube 18 30 60 90 120 150 170
A1 avg 32.05 32.66 30.17 29.79 32.10 30.90 31.18
A2 avg 31.13 31.93 29.14 29.76 31.11 31.24 30.51
A3 avg 29.13 32.78 29.73 30.12 31.64 30.73 33.11
Ml avg 30.01 31.91 30.13 30.22 32.48 30.38 27.67
M2 avg 24.78 27.57 28.71 29.61 32.49 29.19 31.22

Avg tub 29.42 31.37 29.58 29.90 31.96 30.49 30.74

( i i )  Average o f tubes at 188 cm_________________
tube Is  ’ 30 60 $6 HC T5U TTo
B1 avg 30.62 33.03 28.78 27.66 32.04 30.68 30.96
B2 avg 31.78 32.37 29.13 29.74 30.18 30.86 29.95
B3 avg 30.54 31.85 30.01 30.05 32.64 30.31 31.29
N1 avg 29.50 32.23 31.02 30.08 31.97 29.84 30.34
N2 avg 27.94 31.43 30.52 29.40 31.97 30.17 31.64

Avg tub 30.08 32.18 29.89 29.38 31.76 30.37^0.84
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(b) Unpruned AF (AFM2 & AFL2)

(1) Average o f tubes at 94 cm____________________
------------------------ Depths -------------------

tube 18 30 60 90 120 150 170
D1 avg 31.16 33.58 30.42 30.82 30.80 30.68 30.21
D2 ava 32.61 34.14 29.72 29.70 30.72 31.39 29.88
D3 ava 32.58 32.99 28.44 29.17 29.62 29.71 31.75
PI ava 32.57 33.02 28.90 25.77 29.09 28.63 30.61
P2 ava 33.60 33.85 28.37 29.55 30.58 29.81 28.17

Ava tub 32.50 33.52 29.17 29.00 30.16 30.04 30.12

(11) Average o f tubes at 188 cm
tube 18 ‘  30 BO 90---- HO---- 150---- 1 7 0 -
El avg 30.05 33.14 30.23 29.72 30.41 29.91 30.80
E2 ava 29.47 32.25 28.19 29.75 29.06 29.86 29.41
E3 ava 27.52 32.59 28.64 24.95 24.89 28.99 31.78
Q1 ava 30.69 34.16 29.59 28.19 30.01 29.19 30.59
02 ava 31.33 33.53 29.04 30.88 29.36 29.91 29.86

Avg tub 29.81 33.13 29.14 28.70 28.75 29.57 30.49

( i l l )  Average of tubes at 376 cm________________
tube 18 30 60 90 120 150 170
FI avg 30.09 32.50 29.15 30.88 29.05 29.82 31.51
F2 aver 31.29 32.34 28.52 29.52 29.75 30.04 29.84
F3* ava 32.84 33.40 27.92 31.35 29.83 30.16 31.17
R1 avg 33.82 32.88 28.70 28.25 29.04 29.98 31.46
R2* avg 32.84 33.40 27.92 31.35 29.83 30.16 31.17

Ava tub 32.18 32.90 28.44 30.27 29.50 30.03 31.03

* same tube serving two tree  rep lications UT5>Snd UT3

Because averages are c lose to each o th er. and standard deviations 

meaning that fluctuations and errors remains (see ea r lie r  remarks).
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4 .2 .3  (d ) Average VSMC In pruned G revillea  robusta :rees 

In AF p lo ts  AFM1 & AFL1 during SR92

Table 50a presents seasonal average VSMC fo r  each tube m  the AF 

as discussed above but th is  time fo r  the experimental period 9/10/92- 

29/1/93 within the SR92.

W* see m  Table 5Ga<i) that, at 94 cm from the pruned tree*, the 
la rgest aver acre VSMC of 40.26 was recorded at 30 cm depth in tuDe Ai

around G rev illea  tree  PT1 in the mulched plot. We can see in F ias. 124-

129 ana Figs. 130-135 that the 30 cm depth had the highest so il moisture

throughout the year in dry as well as wet seasons at a l l  distances from

the trees. except a few weeks in LR92 as pointed out above. Hie

sm allest VSMC o f 28.25 was observed at 150 cm depth in tube M2 m the

lower part of AFL1 around PT5.

As fo r  LR92 we genera lly  observe low a verag e  VSMC values In SR92 

at 90 cm depth and high values at 30 cm depths. Tubes Al at PTi and Mi 

at PT4 had genera lly  high average VSMC at a l l  depths. In compar ison M_ 

had generally the lowest VSMC values espec ia lly  at 60-90 cm laver and 

150-170 cm layers. Considering a l l  the seven depths higher values were 

found in the f i r s t  four depths and also below 90 cm depth. Depth 90 cm 

had the lowest VSMC values. The f ir s t  four depths had hianer averaae 

VSWC than the deeper layers with 30 cm depth recording the hiahest or 

36.80 followed bv 18 cm depth which had 35.52 and then 60 cm deDth witn 

32.10. This was unlike the LR92 when the deeper layers had more so il 

water than the shallower layers. No wonder t^en that we haa the best 

season in SR92 since more s o il  water was confined to  the shallower 

layers.

We see in  Table 50a ( i i )  that at 188 cm from the pruned trees the 

average VSMC o f 41.39 recorded at 30 cm depth in tube N1 around PT4 was
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-he largest fo r  that distance in  pruned area in  the f i r s t  lour deoths. 

The sm allest average VSMC at th is  distance from the trees was or z8.u3 

recorded at 90 cm in tube B1 around PT1 in  AFMi in  the upper part of AF. 

Like fo r  the other cases a l l  the tubes recorded then ' highest VSMC at 30 

cm depth. Like a t 94 cm distance the lowest VSMC values were at 90 cm 

depth. Again unlike LR92 we observe from Table 50a ( i i )  that at i88 cm 

from the pruned G rev illea  trees  the shallower layers had more so il 

moisture than the deeper layers. Again 30 cm depth with an average of 

35.98 was more pronounced than any other depth.

We observe in Table 50a ( n i )  at 376 cm from the pruned trees that 

both the largest average VSMC o f 41.19 was recorded at 30 in tube Ci 

around G rev illea  tree PT1 in the upper part o f mulching piot (AFMI). 

The smallest value of 28.91 was recorded at the 90 cm depth in tube 02 

around PT4 in lower part o f AFL1 (see F ig. 9 ).

In general we observe that the tubes a t 376 cm from the pruned 

trees fo r  the f i r s t  four depths of more agronomic s ign ificance nad 

nighest VSMC fo r  SR92 in the layers above 90 cm. This are the layers oi 

more agronomic importance fo r both maize and beans.

4.2.3 (e ) Average VSMC in unpruned G revillea  robusta trees 

in AF plots AFM2 & AFL2 during SR92

Table 50b presents averages o f VSMC fo r  the tubes in AF plots 

having root unpruned Grevillea robusta trees (AFM2 & AFL2). during the 

SR92.

At 94 cm from unpruned Gravillea robusta the largest VSMC o f 40.50 

was observed at 30 cm in tube PI around unpruned tree  UT4 in mulched 

Plot (see Table 5 0 b (i ) ) .  The smallest VSMC o f 25.66 was observed also in



321

tube Pi but at 90 cm depth. The layers above 60 cm had more so il 

moisture than those below, the 30 cm depth as again being pronounced 

lik e  in the case o f the pruned area.

When we compare the whole unpruned area (APT̂ 2 & AFL2) at 94 cm the 

la rges t average VSMC of 39.23 o f  a i l  tubes was recorded at 30 cm depth. 

The smallest value o f 27.98 was recorded at 90 cm depth. Both o f these 

depths are agronomical ly  important to  the maize/beans intercrop 

p a rticu la r ly  maize as i t  can root down to  past 90 cm depth.

The resu lts  o f averages o f  tubes in AFM2 and in AFL2 of 32.09 and 

31.90 respective ly  indicate that there was more soil moisture in AF 

mulched than in the AF Local p lo ts  at 94 cm from the unpruned Grevillea  

robusta trees.

On the whole there was more so il moisture in the shallower 1 ayeis 

a t 94 cm from the unpruned trees  than in the deeper soil layers.

At 188 cm from unpruned Grevillea robusta trees the largest VSMc 

o f 39.26 was again recorded a t 30 cm but in tube 01 around unpruned tree 

UT4. in  the lower part o f mulching p lot (AFM2) (see Tabie 50b( i l ) ) .  The 

lowest value o f 27.13 was observed in tube E2 around unpruned tree  l ; -  

in  the upper part o f the Local p lot AFL2. For the whole unpruned aiea 

(AFM2 & AFL2) at 188 cm the largest VSMC of 38.59 was aaain recorded at 

30 cm depth. This time the smallest value o f VSMC of u8.18 was lecoraec 

at 150 cm depth, the depth o f least agronomic importance to  the 

intercrop. The averaaes o f tubes in AFM2 and in AFL2 o f 3i.96 and -;1.1 - 

respective ly  indicate that there was more s o n  moisture in AF mulched 

than in  the AF Local p lots at 188 cm from the unpruned Grevillea robusta 

trees although these values are marginally d iffe ren t and may not explain 

y ie ld  d ifferences in the mulched and Local treatments. This diffeien<-e
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is  so small that I t  must be considered n eg lig ib le . In such cases y ie ld  

d ifferen ces  may be explained through s o il moisture d istribu tion  within 

the growing season as given in section 4 .2 .3  (a ), in response to 

ra in fa ll occurrences.

At 376 cm from unpruned Grevillea robust a trees the la rges t VSMC 

o f 38.99 was obtained in tube R1 around UT4 in mulching p lot (AFM2) and 

the smallest o f 28.38 in tube FI around UT1 a lso  in mulching p lo t (AFM2) 

(see Table 5 0 b m i ) ) .  Again fo r  the whole unpruned area 30 cm depth had 

the largest VSMC o f 38.39.

From the foregoing we learn that SR92 tubes had more s o il moisture 

than the LR92 tubes at a l l  the three distances from the Grevillea 

rotusta  trees. The 30 cm depth had most pronounced so il moisture am-Hints 

throughout the year 1992. The marginal d ifferences in average VSMC 

between pruned and unpruned seemed to be am plified in y ie ld  d ifferences 

between the two treatments.

Table 50. Average VSMC at d iffe re n t  depths and distances
from Grevillea robusta trees , (a) pruned (AFM1 & AFL1). 
(b) unpruned (AFM2 & AFL2) plots for SR92 (period: 
9/10/92-29/1/93) and (a ) Pruned AF (AFM1 & AFLl).
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A ll tubes 35.71 38.69 33.91 29.45 31.76 29.42 30.02

(111) Average o f tubes at 376 cm
tube 18 30 60 90 120 150 170
Cl ava 40 77 41 19 33 58 30 .73 32.28 29 43 29 88
C2 ava 34 01 36 72 34. 43 29 .73 32.14 30 14 31 58
01 ava 37 06 38 71 34 74 30 .24 32.87 30 50 29 77
02 avg 34 70 39 02 33. 09 28 .91 33.60 30 11 29 62

A ll tubes 36 63 38 91 33. 96 29 .90 32.72 30 04 30 21

(b) Unpruned AF (AFM2 & AFL2)
( l ) Average o f tubes at 94 cm

Depths —  
90 120tube 18 30 60 90 120 150 170

D1 ava 35.34 38.63 35.19 28.82 31.04 29.24 29.28
D2 ava 36.34 39.59 36.31 28.76 30.13 27.94 26.97
PI ava 37.95 40.50 33.61 25.68 28.22 26.46 29.35
P2 ava 35.16 38.22 30.01 28.66 30.28 29.31 28.93

Avq tub 36.20 39.23 33.78 27.98 29.92 28.24 28.63

T7U"111) Averaae o f tubes at 188 cm
t u b e 18----- 30™' oi.i-------90---- TID---- I5IT
El ava 34.72 39.12 33.33 29.13 31.20 27.84 29.54
E2 ava 34.63 37.31 30.23 28.68 29.27 28.92 27.13
Q1 ava 34.74 39.62 33.00 28.44 29.14 27.34 30.22
02 ava 34.65 38.30 31.17 29.71 28.96 28.63 28.78

Ava tub 34.68 38.59 31.93 28.99 29.64 28.18 28.92

i l l )  Average o f tubes at 376 cm
tube 18 30 60 90 120 150 170
FI ava 35.59 38.72 32.28 31.19 30.83 28.38 29.58
F2 ova 35.01 37.02 31.26 28.55 29.24 29.81 29.17
R1 ova 37.65 38.99 31.81 28.58 30.33 29.39 30.33
R2 avg 35.62 38.83 30.89 30.87 30.46 29.40 30.16

Avg tub 35.97 38.39 31.56 29.80 30.22 29.25 29.81

4.2.4 Intercomparison of the VSMC in the mulch and Local AF in the 
whole soil profile for the six seasons

4.2.4 (a) Soil moisture distribution in the whole soil profile
Table 51 presents averages o f tubes in  the ( l )  mulched and Loca: 

pruned (AFM1 & AFL1); and (n >  mulched and Local unpruned (AFM2 & AFU.
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G rev illea  robusta tree  p lo ts  fo r  the en tire s o il  p ro file  (16-170 cm) for 

the s ix  seasons already discussed above.

We see in  th is  Table 51 that, with the exception o f few seasons.
»

the mulch p lo ts  had more s o il moisture than the Local p lo ts  in the AF at 

a i l  the three distances from e ith e r  pruned or unpruned Grevillea robusta 

trees , even though Table 51 includes VSMC at the deeper layers o f l i t t l e  

agronomic importance and hence should be considered together with Fias. 

124-129 and 130-135 to explain y ie ld  d ifferences.

We can therefore notice that in pruned p lots  (AFM1 & AFL1) 17 out 

o f  18 ( i . e .  94.44 %) o f the cases ( i . e .  mulching versus Local) the 

mulched area had more s o il moisture than the Local area. In unpruned 

area 10 out o f 18 ( i . e .  55.56 %) o f the cases the mulch area had more 

s o i l  moisture than the Local in  AF.

Table 51. Intercomparisons o f VSMC averages in AF mulched 
with AF Local p lo ts  fo r  the 18-170 cm s o il  p ro file  
and distance from G revillea robusta tj-ees fo r  the s ix  
seasons.- (a) pruned (b) unpruned trees.

Treatments
seasons

LR93
(a) Pruned
---------------LR92 3R92 SR93 LR94 SR94

( i )  94 cm distance

Mulching (AFMl) 30.83 
. Local (AFL1) 30.27

33.28
31.15

34.34
31.31

30.41
29.47

31.16
29.70

33.93
31.77

( i i )  188 cm distance

Mulching (AFMl) 30.62 
Local (AFL1) 30.65

33.49
31.92

35.49
32.66

30.80
30.20

31.41
30.42

33.07
33.04

( i i i )  376 cm distance N

Mulching (AFMl) 31.12 
Local (AFLl) 30.92

33.70
32.70

35.68
34.23

30.77
30.20

31.72
31.51

33.90
33.70
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(b) Unpruned

( l ) 94 cm distance

Mulching (AFM2) 
Local (AFL2)

30.45
30.78

32.09
31.90

31.85
32.40

29.90
30.14

30.63
29.91

33.16
32.99

( i i ) 188 cm distance

Mulching (AFM2) 30.48 31.96 32.74 29.69 29.84 33.24
Local (AFL2) 29.58 31.17 33.24 29.85 29.61 31.73

( i i i ) 376 cm distance
»

Mulching (AFM2) 30.51 32.40 33.42 30.21 30.26 34.42
Local (AFL2) 30.70 31.88 33.13 30.21 30.40 33.48

Tnere was apparently more s o il moisture In LR93 and SR94 (columns 

3 & 6 in Table 51) than SR92. However, the LR93 and SR94 so il moisture 

was mainly confined to  the deeper layers as periods between each 

ra in fa ll occurrences were large and gave enough time fo r  the s o i l  water 

to  be used up in the layers holding the roots (see section 4 .2 .4  (b )). 

Hence agronomically the two seasons could not produce crop y ie ld s  makina 

SR92 stand out as the only season we had maize grain y ie lds.

The above ehowa that our ea r lie r  exercise (section 4 .2 .3  (a l) on 

agronomical ly  important depths and the agronomical 1y important 

deviations was giv ing a picture in which the consequences o f ra in fa ll 

d istribu tion  were correctly  covered. The calculations with averages over 

the whole p ro f i le  and season are masking wnat is  available to  the crops. 

However, i t  also shows that va r ie t ie s  of maize with hiaher rooting 

depths would do better In seasons with irregu lar r a in fa ll that 

Percolates in to  deeper layers.
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4.2.4 (b ) E ffe c ts  o f mulching on VSMC

Figs. 139 & 140 present the resu lts on the e ffe c t  o f muich on VSMC 

at 94. 188 and 376 cm from pruned and unpruned Grevillea robust a tiers

during the s ix  seasons.

As expected the pruned mulch plot (AFWl) (F ig . 139) had moi - VSMC 

than the pruned bocal p lo t (AFL1) at a l l  distances from the Grevnlea 

robusta trees during the s ix  seasons. There was a lot or moisture in 

s o i l ,  mainly confined in  the deeper layers where i t  cuuid not be 

by intercrop roo ts  during LR93. hence there was no maize y ie ld s . This 

points to  the fa c t that ra in fa ll  d istribu tion  was not even throughout 

the season as i t  gave a lo t o f  time fo r  deep percolation to take 

In fa c t 36.7 and 17.3 mm o f rain f e l l  on 18/4/93 and 19/4/94 

respective ly  th erea fter there was no ra in  u n til 21/5/93 when 61.3 mm was 

received and then 12.0 mm on 11/6/93. For the intercrop p la t e d  on 

14/4/93. these showers were rather fa ir ly  heavy but e i .a t ic  and

not help crop growth.

S im ila rly  high VSMC were recorded during SR94 tu t no grain  - . r i d s  

fo r  mane in  the in tercrop. Rain fall was not evenly d is t r ic t e d  to 

support maize growth to  maturity. The intercrop o f for SR94 was planted, 

as already mentioned, on 10/10/94. A look at weekly s o il moisture for 

the years 1993 ard 1994. o f the type discussed above in section 

4 .2 .3 (a ). showed the response of s o il moistuie ._naroe- 

occurrences w ithin LR93 ard SR94. Reasonably heavy rains o f  14.o. o.o 

ard 35.5 mm f e l l  oh 20/10/94 . 21/10/94 and 22/10/94 respective ly . Ihese 

were followed by fa ir ly  heavy rains between 27/10/94 and 4/11/94 or 23.8 

on 5/11 and 11/11/94 each and 43.8 md on 13/11/94 ra is ing people s hopes 

o f a good season which it  never became as long dry sp e ll which followed
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W e e k l y  VSMC f o r  1992 a t  18 cm dep th
•45 In c lu d in g  LR92 «. 3B 9 2: A F -M u lc h »d  p lo t *

I * I sta I a1? I -iJis | I 1-Jt I its I a4? I ais T ada | aAn i sis |
T7 4 5  73 1 6 1  l i g  1±7 -Ids 213 3*1 269 3 6 0  323 353

P T 1 : C1 « t  378 cm
Do ye o f  t h e  Y e a r CO C O  

♦ U T1 : F 1  a t  378 cm 
& l/ M : R1 a t  378 cm

P T 4 : 01 a t  378 cm

Fig. 1 3 8 .  1 9 9 2  w e e k l y  V S M C  (%) for 18 c m  d e p t h  t a k e n  a t  
t h e  d i s t a n c e  o f  376 c m  f r o m  G. robusta t r e e s  (PT1, P T 4 , 
UTl & U T 4) in p r u n e d  a n d  u n p r u n e d  p l o t s  (A F M 1  & A F M 2 ).

Fig. 139. M u l c h  e f f e c t  o n  s o i l  m o i s t u r e  in p r u n e d  p l o t s  
(AFM1 & A F L 1 )
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M u l c h i n g  e f f e c t :  on a v e r a g e  VSMC 94 cm

O LR92- AFV(1 ♦ LR92 -  AFL1 O SR92 -  AFV1 & SR92 -  AFL1

_ . N
Fig. 141. M u l c h  e f f e c t  o n  soil m o i s t u r e  at 94 cm f r o m  
Grev. in L R 9 2  & SR92 in p r u n e d  plots.
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d ispe lled  these hopes. We can see here that LR92. SR93 and LR94 were 

very dry seasons with respect to  soi 1 moisture status in the soi 1.

In unpruned plots (F ig. 140) at 94 cm V5MC was higher under 

mulched s o il  in SR92. LR94 and SR94 than under the Local s o il.  High V5MC 

could a lso  be observed under the mulch in LR92 at 188 cm and an 3R92. 

LR93 and 3R94 at 376 cm. In th is  whole section the same reasomna given 

at the end o f the previous section  applies.

4.2.4 (c ) Mulch e f fe c t  on v e r t ic a l s o il moisture d istribution

The mulch e f fe c t  on s o il moisture d istribu tion  in pruned area was

obtained by comparing the s o i l  moisture in pruned Mulched p lo t (AFM1)
1

with that in the pruned Local (AFL1) as given in Table 48 and 49 the 

averages o f a i l  tubes in  each treatment for LR92 and SR92. In that case 

root pruning being common in the two p lots was taken as a constant and 

the only thing that varied was mulch and no mulch. Figs. 141-144 piesent

the resu lts o f the e f fe c t  o f mulch on so il moisture d istribu tion  with

depth at 94 and 376 cm in the pruned (AFWi & AFL1. Fias. 130 & 131) and

unpruned (AFM2 & AFL2. F igs. 143 & 144) plots fo r the chosen

representative dry and wet seasons ( i . e .  LR92 and SR92).

We see from Fig. 141 that at 94 cm from the Grevillea robusta 

trees average VSMC was very high in the pruned mulched plot (AFMi) from 

depths 18 to  60 cm during SR92. The s o il moisture in these depths is of 

great agronomic s ign ificance as the root o f the intercrop components 

reside in these layers. The d r ie r  season (LR92) had higher average VSMC
"N

in the deeper layers than the wetter season SR92. although the 

d ifference was small. The high moisture in the deeper layers is  o f 

l i t t l e  agronomic value to crop like beans with shallow roots. Tne so il
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Mu l c h i n g  e f f e c t  on a v e r a g e  VSMC 376 cm

Fig. 142. M u l c h  e f f e c t  on s o i l  m o i s t u r e  a t  376 c m  f r o m  
G r e v  in L R 9 2  & S R 9 2  i n  p r u n e d  plots.

Fig. 143. M u l c h  e f f e c t  o n  soil m o i s t u r e  at 94 cm f r o m  
Grevillea robusta t r e e s  i n  L R 9 2  & SR92 i n  u n p r u n e d  p l o t s .
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Fig. 144. M u l c h  e f f e c t  on s o i l  m o i s t u r e  at 376 c m  f r o m  
Grevillea robusta t r e e s  G r e v .  in L R 9 2  & S R  92 in u n p r u n e d  
p l o t s .

seasons
0  P ru n td  + unpruntd a p m j

Fig. 145. P r u n i n g  e f f e c t  o n  soil m o i s t u r e  in m u l c h e d  
p l o t s  for s i x  s e a s o n s  at 94, 188 & 376 c m  from Grevillea 
robusta t r e e s .
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moisture was higher nearer the surface in the wetter season than in the 

d r ie r  season. In  the lowest layers, the mulched plot (AFM1) had higher 

VSMC than the Local p lot (AFL1). but the d iffe ren ce  are s ign ifican tly  

small. At 376 cm from the G re v il le a  robusta trees , the mulched p lot 

again had higher VSMC in the layer 18-90 cm than the local fo r the

wetter season (SR92. F ig. 142). but only at 180 and 30 cm which was

rea lly  substantial. In the lower layers below 120 cm depth t ie  d rier 

season had higher values o f VSMC. tu t with l i t t l e  exceotion the 

d ifferences were too small to  be meaningful. At 376 cm from the 

Grevillea robusta trees AFL1 had higher VSMC than it  had at 94 cm. at 

most o f the two lowest depths.

Sim ilar trends could be observed in unpruned plots (AFM2 & Aru2)

(Figs. 143 & 144) although the VSMC in the two plots were for each

season rather comparable throughout, with at 94 cm the hianest 

d ifferences th is  time at some deeper layers.

4.2.4 (d) G revillea robusta root pruning e f fe c t  on 

v e r t ic a l s o il moisture d istribution

Figs. 145 & 146 present the results on the pruning e ffe c ts  on the 

VSMC at 94. 188 and 376 cm from Grevillea robusta trees :n mulched and 

Local p lots.

The e f fe c t  of pruning on so il moisture distribution in mulched 

area was obtained by comparing the averages at each depth o f so il 

moisture recorded by access tubes in pruned Mulched Dlot (AFMx) with 

averages o f the tubes in the unpruned Mulched (AFM2) as weie worked out 

from Tables 49 and 50 (see F ig . 9) fo r  a l l  tubes in each treatment fo r 

LR92 and SR92. In that case mulching is  common in the two p lo ts  and was
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G revillea  robusta trees AFL1 had higher VSMC than it  had at 94 cm. at 

most o f the two lowest depths.

Sim ilar trends could be observed in unpruned plots (AFM2 & AFL2) 

(F igs. 143 & 144) although the VSMC in the two plots were for each 

season rather comparable throughout, with at 94 cm the hiahest 

d ifferen ces  th is  time at some deeper layers.

4 .2 .4  (d) Grevillea robusta roo t pruning e f fe c t  on 

v e r t ic a l so il moisture d istribution

Figs. 145 & 146 present the results on the pruning e f fe c ts  on the 

VSC at 94. 188 and 376 cm from Grevillea robusta trees in muiched and 

Local p lots.

The e f fe c t  of pruning on so il moisture d istribution  in muiched 

area was obtained by comparing the averages at each depth o f so il 

moisture recorded by access tubes in pruned Mulched plot (AFMI) with 

averages o f the tubes in the unpruned Mulched (AFM2) as were worked out 

from Tables 49 and 50 (see F ig . 9) fo r  a l l  tubes in each treatment for 

LR92 and SR92. In that case mulching is  common in  the two p lo ts  and was



333

P r u n i n g  e f f e c t  on a v g  VSMC in "18-170 cm

Fig. 146. P r u n i n g  e f f e c t  o n  s o i l  m o i s t u r e  in L o cal p l o t s  
f o r  si x  s e a s o n s  at 94, 1 8 8  & 376 c m  f r o m  Grevillea
robusta t r e e s .

Fig. 147. M u l c h  e f f e c t  o n  s o i l  m o i s t u r e  in c o n t r o l  p l o t s  
for L R 9 2  & S R 9 2  s e a s o n s
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taken as a constant.

Higher VSMC were observed in the pruned mulched (AFM1) than the 

mulched unpruned (AFM2) p lots (see Fig. 145) in a l l  seasons and at the 

three distances from the G revillea  robusta trees , althouah d ifferences 

were sometimes very small, and only occasionally larger (in  LR93. LR94. 

SR94 in reducing o rd e r ).

Again LJR93 and less pronounced. SR94 had higher VSMC than 3R92 

(the only season that produced very good maize y ie ld s ) due to 

in su ffic ien t s o i l  moisture in the intercrop root zone because of the 

problem of r a in fa l l  d istribu tions already discussed above.

A comparison of Local p lo ts  for a l l  the seasons reveaied that AFL1 

had lower VSMC than AFL2 espec ia lly  closer to  the Grevillea robusta 

trees at 94 cm (F ig . 146). The same was re fle c ted  at 166 cm in LR93. at 

376 cm in LR93 and SR93. The high VSMC at 94 cm shows that bv v irtu e or 

unrestricted rooting pattern o f unpruned Grevillea robusta trees in the 

AFL2 they e a s ily  get water from more s o il layers, and save i t  in the 

surface layer. The lower values o f VSMC in the pruned Local. AFL1. was 

due to  (?. robusta root behaviour that brings unpruned roots or the 

pruned trees to  the surface beyond 50 cm from the tree trunk. I t  goes 

without saying that in th is whole section the same reasoning given at 

the end o f the previous section  applies.

4.1.4 (•) Sffeots ©f mulehing en vertical so il moisture

distribution in the control plots

Fig. 147 presents the results o f the e ffe c ts  o f mulching on

vertica l s o i l  moisture d istribu tion  in the control non-aoroforestry
*

Plots for the representative seasons (LR92 & SR92J. Comparing LR9~ and
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-H92 which behaved d if fe r e n t ly  with respect to so il moisture 

—stribution we see that VSMC was highest at 30 cm depth and quite low 

at 18. 90 and 120 cm depths in both the seasons. Here again, as 

expected, there was more moisture in the s o il under the mulch than in 

the unmulched (L oca l). As we have already seen, the wetter season nad 

higher VSMC values nearer the surface than the d r ie r  season while an the 

deeper depths the mulched p lo ts  among each other and the Local among 

each other become rather equal, the mulched plot being higher in 

moisture content. This has been explained already several times above.

4.2.4 ( f )  Root pruning e f fe c t  on s o il moisture d istribution with 

depth

For th is  part we present only resu lts fo r  the 94 and 376 cm 

distances from the G revillea trees . We d e lib era te ly  le f t  out resu lts  for 

188 cm distance from the trees as we noticed that the variations there 

were within the lim its fo r 94 and 376 cm distances.

Figs. 148-151 present the resu lts o f the e ffe c t  o f Grevillea 

rotusta root pruning on so il moisture d istribu tion  with depth at 94 and 

376 cm in the mulched (AFM1 & AFM2. Figs. 148 & 149) and Local (AFL1 & 

AFL2. Figs. 150 & 151) p lots fo r  the chosen typ ical dry and wet seasons 

( i .e .  LR92 and SR92).

We could observe a small positive  e f fe c t  o f prunina at 18 cm and a 

larger e f fe c t  from 90 cm depths t i l l  150 cm at the distances o f 94 cm 

from the Grevillea robusta trees in the wetter season (F ig . 1481. In 

the drier season the hiaher positive  e ffe c t  o f prunina could be f e l t  in 

the 90 and 120 cm depths as the VSMC were higher in the AFM1 than in tne 

APM2. but a smaller negative e ffe c t  occurred at 18 and 30 cm. At 376 cm
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Hrun i ng e f f e c t  on a v e r a g e  VSMC 94 cm
F o r  M e s o n s  LR92 enO 6R92

J_____I____ I_____L _
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-  AFW1 O LP92 -  AR42 A
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Fig. 1 4 8 .  P r u n i n g  e f f e c t  o n  soil m o i s t u r e  at 94 c m  f r o m  
G r e v  i n  m u l c h e d  p l o t s -  L R 9 2  & SR92. A F H 1  in the p r u n e d  
p l o t  a n d  A F M 2  i n  the u n p r u n e d  plot.

Fig. 149. P r u n i n g  e f f e c t  o n  soil m o i s t u r e  at 376 cm f r o m  
G r e v  i n  M u l c h e d  p l o t s  - L R 9 2  & SR92. A F M 1  is t h e  p r u n e d  
p l o t  a n d  A F M 2  is t h e  u n p r u n e d  plot.
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P r u n i n g  e f f e c t :  on a v e r a g e  VSMC 94 cm
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Heasunng depths (c i)
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F o r  M flfionc LP92 and SR92

Fig. 150. P r u n i n g  e f f e c t  o n  soil m o i s t u r e  a t  94 c m  f r o m  
G r e v  i n  L o c a l  p l o t s  - L R 9 2  & SR92. A F L 1  is t h e  p r u n e d  p l o t  
a n d  A F L 2  is t h e  u n p r u n e d  p l o t .

Fig. 151, P r u n i n g  e f f e c t  o n  soil m o i s t u r e  at 376 cm f r o m  
G r e v  in L o c a l  p l o t s  - L R 9 2  & SR92. A F L 1  is t h e  p r u n e d  
p l o t  a n d  A F L 2  is t h e  u n p r u n e d  plot.
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in the SR92 the VSMC was higher in the AFM1 than in the AFM2 a l l  the way 

- i l l  150 cm in c lu sive  (F ig . 149). The VSMC fo r  LR92 for the pruned plot 

(AFM1) was p a rticu la r ly  higher a t 120 cm depth, and a b it  less higher at 

60 and 170 cm.

In  the Local p lots (F igs . 150 & 151) the unpruned Local plot 

(AFL2) had by fa r  the highest VSMC at 94 cm from Grevillea robusta 

trees in  the layer 18-60 cm depths and the lower in the layer 90-170 cm 

in the SR92 (F ig . 150). A s im ila r trend was observed in the LJ?92 as the 

unpruned Local (AFL2) had higher values o f VSMC at 18 and 30 cm than the 

P*~uned Local (AFL1), but the opposite was true at 120 and 170 cm depths.

At 376 cm from the Girevillea robusta trees (Fig. 151) the 

s itu ation  changed as the AFL2 had comparable VSMC with AFL1 at 30 cm but 

exceeded i t  at 18 cm in both seasons, while i t  was lower at 60 cm also 

in both seasons, with the exception o f 90 cm. In a dry season the pinned 

p lots had higher moisture at hioher depths. In the wet season, bevond 

60 cm only at 90 cm the pruned p lot was appreciably higher and at 170 cm 

also with a non-negligible amount. Of course agronomically important 

conclusions fo r  the present intercrop) were already drawn e a r lie r  wnen 

lim itin g  ourselves to depths o f  importance to  the present crop.

4.2.5 Soil moisture deviations
4.2.5 (a) VSMC deviations from pruned area for the whole soil profile

Figs. 152-155 present the results o f analysis o f deviations o f 

each tube from the average o f  tubes in pruned (AFM1 & AFLi. F igs. 152 & 

153) and unpruned (AFM2 & AFL2. Figs. 154 6, 155) fo r the whole so il 

p ro fi le  fo r  the representative seasons (li?92 & SR92). In the forthcoming 

presentation i t  is  understood that only depths t i l l  90 cm inclusive were
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R O O T P R U N I N G  I N F L U E N C E  ON S O I L  M O I S T U R E
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Fig. 152. L R 9 2  V S M C  d e v i a t i o n s  f r o m  t h e  m e a n s  in p r u n e d  
p l o t s  (AFM1 & A F L 1 ) f o r  w h o l e  p r o f i l e

SR92 VSMC d e v i a t i o n s  f rom Pruned means
In AFM1 4 AFL1 at B4. 1N A 378 Cm

T in e  iace is in  Druned a f  o io ta  
B 8 S8 1  O a v i a t io n a

Fig. 153. SR92 VSMC dev iations from means in pruned p lo ts  
(AFM1 & AFL1).
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ROOTPRUN I NG INFLUENCE ON SOIL MOISTURE
UNPRUNED P L O T- Tu be s  a t  94. 168. 3?6 cm

TUBES LABELS In  p ru n e d  G ra v l I laa t re e *

Fig. 1 5 4 .  L R 9 2  V S M C  d e v i a t i o n s  f r o m  th e  m e a n s  in u n p r u n e d  
p l o t s  (A F M 2  & A F L 2 )

SR92 VSMC d e v i a t  f r o m  u n p r u n e d  means
in APM2 t APL2 at 94, 109 A 378 cm

Tu b a  iaba ta in  prun ed AF p lo t s  

6 S S 3  D e v ia t io n .

Fig. 155. S R 9 2  V S M C  d e v i a t i o n s  in u n p r u n e d  p l o t s  (A F M 2  f i t  

A F L 2 ).
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agronomically important in  our experiments.

We see from F ig. 152 that during LR92 tubes Al. Nl. Cl and 01 in 

mulch p lo t (AFM1 see Table 3 part i i i )  had p os it iv e  VSMC deviations. Tne 

highest p o s it iv e  deviation  was obtained from C2 and the highest neaative 

deviation  was obtained from M2 (see Table 3 part i i i ) .  Ml and B1 were 

the only tubes in  the AFM1 that had negative deviations from the pruned 

average (AFM1 and AFL1). A ll the deviations were within 2:1.0%.

Thus fo r  the LR92 we could not t e l l  the e ffe c t  o f mulchina m 

retain ing more s o il  moisture than the average in the pruned p lo ts . All 

tubes at 376 cm had VSMC small values above the mean.

From F ig . 153 we see that at the three distances from the pruned 

Grevil lea robusta trees a ll the tubes ( i . e .  A l. Ml. Bl. Nl. Cl & 01) in 

the mulched p lo ts  registered  VSMC values t i l l  a maximum of 1.5% above 

the p ro fi le  averages fo r  the pruned area during SR92. In contrast a il 

the tubes in the Local plot (AFL1) had VSMC values below the mean for 

pruned area, t i l l  a maximum o f 2.5%. We could therefore discern the 

e f fe c t  of mulching in the pruned area during SR92 season, although these 

e ffe c ts  do not seem to  be large enough to make considerable d iffe ien ce  

in fin a l biomass y ie lds.

In LK92 (Fig. 154). a t three distances from unpruned Grevillea  

robust* trees , o f the tubes in mulched plot IAFM2) only D1 and 01 had 

values above the mean t i l l  a maximum o f 0.9% fo r  the unpruned area. The 

rest had VSMC values below the mean t i l l  a maximum o f 1.0%. I t  was once 

again d i f f i c u l t  to t e l l  the e ffe c t  o f mulching in the LR92 season in 

unpruned area.

In SR92 (Fig. 155). 5 out of 6 tubes in  mulchina p lot had vaiues 

above the average fo r the unpruned area, but the deviations are around
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0.5% at maximum (AFM2 & AFL2). The 5 tubes were Di. Ei. 01. FI arid R1 

=ee F ig . 7 and Table 3 ). Only PI in mulching area had negative value. 

Host tubes which had VSMC values below the mean were in the Locai ;or 

unmulched) p lo t (AFL2).
>

we therefore in fer from the resuits or the two seasons (LRy^ and 

SR92) that durina the period o f high ra in fa ll  the croo residue muich 

e f fe c t iv e ly  conserved some s o i l  moisture out could not do so durina tne 

dry season in  the unpruned p lo t . This was due to  the fact that during 

tne dry period the crop residue muich could not cover the son 

s u ff ic ie n t ly  since some of i t  was eaten by term ites and ants whereas 

some was e a s ily  blown away by wind arid got red istributed. More-over. lr 

idin-off prevention is  with th is  type of mulch more important tnan 

evaporation reduction, r a in fa ll  d istribu tion  is again the meet 

determining fa c to r.

4.2.5 (b) VSMC deviations from the means at each depth during LR92 and 

SRS2

We r e l ie d  here mostly on the benaviour o f the access tubes n .e . 

above or below the mean values) in the mulching Diots as c r it e r ia  for 

the success o f  crop residue mulch to  conserve so il moisture in th is 

environment. Tne pos itive  per cent deviations from the mean values at 

the concerned depth in mulching was considered as a basis for muicn 

effectiveness.

F ias. 156-158 & 168-170 present resu lts  o f analysis o f  oei cent 

deviations o f VSMC from the mean values at three distances: 94. 186 arid

376 cm from the pruned and unpruned Grevillea robust a trees, and tne oer 

cent deviations of the tubes in the pruned area from the means of the
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en tire  AF p lo t at each depth.

We see from Figs. 156-158 that during LR92. or the tubes in cne 

pruned area at 18 cm depth, a l l  those in mulched plot (AFMi: A i : Mi: Bi: 

t l :  01) had per cent VSMC amove the mean values except tube Ml isee 

Fig. 9 arid Table 3). At 30 cm depth a l l  the tubes in AFMi. except 01. 

were above average. At 60 cm depth a i l  the tubes in AFMI. except Bi. 

were above average. At 90 cm tubes A l. BI and 01 nad small, large and 

medium negative per cent deviations respective ly .

At 94 cm from pnined G revillea  robusta trees the largest p os itive  per 

cent deviation  o f +8.9 was reg istered  around PTi by tube Ai at 18 cm 

depth. The largest negative per cent deviation  or -15.8 was recorded 

around tree PT5 by tube M2 at 16 cm depth. The lowest deviations weie 

generally reg istered  at 90 and 120 cm depths.

At i88 cm from pruned G revil lea robust a trees tne largest positive 

per cent dev ia tion  ox +5.8 was registered around PT2 by tube B2 at 16 cm 

depth wnile the largest negative deviation or -7.2 was recorded around 

tree PT5 by tube N2 again at 16 cm depth. The iowest deviations were 

again reg is te r  e l  at 90 and 120 cm depths.

At 376 cm away the largest positive per cent deviation o f +o.t> was 

registered around PTI py tube Cl at 18 cm depth while the largest 

negative value o f -6.0 was recorded around tree  PT2 bv tune C2 again at 

18 cm depth.

This confirms that, as expected, mulching was more e f fe c t iv e  in 

the layers closer- to  the surface than in the deeper depths. We notice 

here that tube M2 at 94 cm rrom PT5 nad been consistent in register ing 

negative deviations at a ll depths except, thougn marginally, at 120 cm 

depth.
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% d e v i a t  VSMC f r o m  a v e r a g e s  i n  P r u n e d
At 94 cm in  1 8 - 150 cm o«Dtr»s

T  ut>e i or»e i s

18 cm d e p t n  3 0  cm C o p t h  V//A  60 cm d o p t n  [ V X l  SO = m °®“ tn

| \ \ t  130 cm d e p t h  \ / A  150 cm d e p th

. 156. LR92 per d e v ia t io n  o f  VSMC in  pruned.

% d e v i a t  VSMC f r o m  a v e r a g e s  i n  P r u n e d

T  uC»e i o D * i »

18 cm d e o th  30 cm d e p th  V77Z>, 60 cm de pth  C z 0 3  9 0  c"  •3*o t '’
[ \ \ ~ 1  1 2 0  cm a « p t h  r / / \  150 cm oeptn

Fig. 157. LR92 per cent deviation in pruned plots
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% d e v i a t  VSMC f rom a v e r a g e s  in Pruned
At 376 cm in  1 8 -1 5 0  cm de pth s

18 cm d e p th  3 0  cm d e p th  V ///A  60 cm de pth  9 0  cm <^«Pt n

|\X * l *«20 cm d e p th  r V x l  150 cm  depth

. 158. LR92 p er c e n t  d e v ia t io n s  in  pruned .

% d e v i a t  VSMC f rom  a v e r g  in Unpruned

Tuoe ifipeie
IS555 1B cm  M o t n  30 cm a . p t n  V77A 60 cm a .p t n  S 3  9 0  c "  °*o t

I W 1  120  cm a « p t r >  r V ^ ' l  150 cm o » p t n _________________ ______

Fig. 1 5 9 . LR92 per cent deviations in unpruned
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% d e v i a n  V5MC f r o m  a v e r g  i n  U n p r u n e d

T  ur»e i erne » »

E S 3  10 cm  c to p th  3 0  cm d e p t h  V / / / \  60 cm d e p t h  f V N f l  9 0  cm d e p th

I X X I  120 cm d e p th  f X X I  150 cm de pth

F ig . 160. LR92 per cen t  d e v ia t io n s  in unpruned.

Fig. 161. LR92 per cent deviations in unpruned.
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We see from Figs. 159-161 that during LR92. of the tubes m the

unpruned area at 18 cm depth, three tubes in mulched p lot (AFM2: Dl; FI;
>

rx) nad somewhat neaative per cent deviations o f VSMC from the means 

values at each deoth (see Fia.. 9 and Table 44) . At 18 cm depth tunes Di 

ana Fi rea is tered  neaative per cent deviations. At 30 cm depth tunes FI 

and P i had negative per cent deviations. At 60 cm depth only PI had 

negative per cent deviations.

At 94 cm from unpruned GreviIlea robusta trees in muiched plot the 

per cent deviations varied from +6.01 in tube Dl at 90 cm depth to -

11.02 in tube PI again at 90 cm. Values in unmulched plots were lower.

At 188 cm from unpruned Grevi Ilea ixibusta trees the per cent 

deviations varied  from -13.89 in tube E3 around UT3 at 120 cm to  +7.6 

in tube Q2 around UT5. At 376 cm it  varied from +5.23 in tube Ri at 16 

cm to  -6.9 aaain in tube Rl at 90 cm depth.

4.2.3 (c ) Per cent VSMC deviations o f tubes in pruned (AFM1 & AFL1)

from the means o f en tire  AF p lo t fo r LR92

We see in Figs. 162-164 that the per cent deviations o f  the tubes 

in the pruned area from the mean values at each deDth for the entire AF 

Plot (AFL1. AFL2. AFM1 & AFM2) fo r  LR92 gave a somewhat d ifferen t 

picture from that fo r  the individual pruned/unpruned areas.

At 18 cm depth tubes Ml and N1 in AKM1 reaistered negative per 

cent deviations with respect to  the en tire  AF plot means, the rest in 

AFM1 ana AFW2 had positive  per cent deviations. At 30 cm depth a il tne 

three tubes around PT4 ( i . e .  Ml. N1 and 01) at 94. 186 and 376 cm and 

Cl at 376 cm. from PT1 (F igs. 159-161) had (r e la t iv e ly  sm ail) neaative 

per cent VSMC with respect to  the entire AF piot. At y0 cm depths tune
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01 around PT4 rea is tered  negative per cent deviations.

Lim iting ourselves to the surface layers, we notice nere that two 

tubes around FT5 ( i . e .  M2 & N2) have consistently recorded large 

negative per cent deviations in the 18 and 30 cm depths. A comparison 

with the tubes in unpruned area we see that fewer tubes in pruned 

mulched (that is  13) than in unpruned mulched (that is 17) had negative 

per cent deviations. Again fewer tubes in mulched than in Locai plots 

(that is  17 against 21 for unpnined arid 13 against 17 for pruned) had 

negative values. This is  a lso  true fo r  18 and 30 cm depths. Thus muich 

enabled the tubes in mulched plots to  record more s o il moisture at 

higher depths them the average values fo r the en tire p lots.

4.2.5 (d) Per cent deviations from the means in pruned AF plots 
(AFM1 and AFL1) for SR92

Fios. 165-167 168-170 present resu lts  o f analysis or per cent

deviations o f VSMC from the mean values o f eacn depth during ok9_ at 

three distances: 94. 188 and 376 cm from the pruned (Figs. 165-i6/ i ar*-i

unpruned (F igs . 176-178) Gi~evil lea rolDusta trees . Figs. 171-1/3 present 

the VSMC per cent deviations o f the tubes in  the pruned area from the

means or the en tire AF plot a t each depth.

Vie see from Figs. 165-167 that a l l  the tubes in pruned AFMi (A l. 

Bl. Cl. Ml. N1 & 01) around PTl and PT4 had registered pos itive  per cent 

VSMC deviations with respect to  mean values at 18 cm deptii. At 3u cm 

depth tuoe 01 recorded per cent VSMC below the average value. Tube 51 

(F ig . 166) had negative values at 60 arid 90 cm while Cl. (F ig . 16 ) had 

negative values at 90 cm with respect to  the entire AF plant, though

neg lig ib ly  small.
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% dev  PRUNED VSMC f r o  a v e r g  i n ENT I RE
A t 94 cm in  1 8 -1 5 0  cm oaotna

T  ut>e l ot>a I s

1B cm  d e a t h  3 0  cm d e p t h  V ///A  SO cm d e p th

m  120  cm d e p t h  r / X I  "ISO cm d e p th

9 0  C*n <J*pth

Fig. 162. L R 9 2  p e r  c e n t  d e v i a t i o n s  of p r u n e d  in E n t i r e  a t  
94 c m  f r o m  G r e v i l l e a  r o b u s t a  trees.

% dev PRUNED VSMC f r o  a v e r g  in ENTIRE

Tut>* lobalft

E S 3 3  1 0  cm d e p t h  C 5 5 S  30 cm d e p t h  V Z ffi 60  cm d e p th  [ Z 5 3  90 cm ° * e t H  
[ \ \ 1  120 cm d a p t n  X/ / [  150 cm d a p t h _______________

Fig. 163. L R 9 2  per c e n t  d e v i a t i o n  of p r u n e d  in E n t i r e  at 
188 cm.
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TuE>« i oo e  i «

ft& S g  19 cm  d a p t h  30 cm d e p t h  V ///A  60 cm d e p t h  [ W ]  9 0  cm d e p th

f x V I  1 2 0  cm d e p th  f X / l  150 cm depth __________________________

Fig. 164. L R 9 2  p e r  c e n t  d e v i a t i o n s  of p r u n e d  in E n t i r e  a t  
376 c m

Fig. 165. S R 9 2  p e r  c e n t  d e v i a t i o n s  o f  p r u n e d  m e a n s  of 
p r u n e d  a t  94 c m  f r o m  G r e v i l l e a  r o b u s t a  trees.
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Again most tubes (that is  10} in the Local (AFLi. around FT2 c* F75) had 

negative values. The tubes around FT5 ( i . e .  M2. N2 41 02) read mostly 

below the average values with tube M2 reading negative a l l  througn 

except m arginally p os itive  at 120 cm depth. Even at 186 cm tube N*. read 

negative values in the 16-30 cm depths. At 376 cm tube 02 read negative 

values in the depths 18—90 cm with a marginal positive  at 30 cm depth.

A sim ilar p ic tu re  could be seen fo r tubes around PT2 ( i . e .  tubes A2. EL 

& C2).

>

4.2.5 (e) Per cent deviations from the means in unpruned AF p lot 

(AFM2 and AFL2) fo r  SR92

From F ig . 168-170 we see that: o f the tubes in unpruned mulchina 

p lot (AFM2) tube D1 had negative deviations at 16 and 30 cm deptns while 

tube FI nad negative values at 18 and 150 cm depths. The tubes ai ound 

UT4 ( i . e .  P I. 01 & R l) had p os it ive  per cent deviations in the layer 18- 

90 cm except P I which had negative values below 90 cm and ftl which naa 

a l l  p os it iv e  values, save fo r  the 90 cm depth. At 60 cm aeptn an  tuoes 

in AFM2 read above the average.

Intercomparison of three tubes ( i . e .  Bl. Cl & 01) in pruned

mulched (AFM1) against f iv e  ( i . e .  Dl. FI. P I. Ql & Rl> in the unpruned

mulched (AFM2) recorded negative per cent deviations. We weie therefore

Justified  from these re su lts  to  in fer that pruning with mulching wa~

superior in  as fa r as s o il  moisture conservation was concerned. Both

methods seemed superior to  the Local with or without pruning as meet
■*«

tubes in the Local read below the average values.
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SR92 % d e v  PRUN VSMC f r o  avg  PRUN p i t
A t 188  cm i n  1 8 -1 5 0  cm d e p th ®
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| \ \ 1  120  cm d e p t h  X /  S \ 150 cm d e p th

90 cm d e p th

Fig. 166. S R 9 2  p e r  c e n t  d e v i a t i o n s  o f  V S M C  in p r u n e d  
p l o t s  f r o m  t h e  a v e r a g e  of t h e  p r u n i n g  t r e a t m e n t  at 188 c m  
f r o m  G r e v i l l e a  r o b u s t a  t r e e s .

SR92 % dev PRUN VSMC f r o  avg  PRUN p i t
A t  376 cm I n  1 8 -1 5 0  cm d e p t h s

T u b e  lo b e 's

10 cm (M o t h  30 cm d « p t n  V77A *0 cm a t c t x  E S I  90 e "  “ • o '"

- a -----------------------------
1 IS O  cm o » V X  \ / A  ’ 5 0  cm M P t n

Fig. 167. SR92 per cent deviations of VSMC in pruned
plots from the average of the pruning treatment at 376 cm
from Grevillea robusta trees.
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4 .2 .5  ( f )  Per cent VSMC deviations o f tubes in pruned fAFM1 & AFL1) 

from the means o f en tire  AF p lot fo r  SR92

From F igs . 171-173 we see that the during SR92 deviations of a il 

the tubes in  AFM1 from the average o f the en tire  AF Diet were positive 

m the depths 18-60 cm. Only B1 read below the average at 90 cm depth. 

in is  confirmed the observations already pointed out above.

.rour tubes ( i . e .  Dl. E l. Q1 & F I) in AFW2 (unpruned mulched) read 

below the averaae o f the en tire  plot for the 18 cm depth. At 30 cm a ii

tubes in the mulched unpruned plot read above the average fo r that

depth. At 60 cm two tubes ( i . e .  FI & R l) read beiow the average for tnat 

depth and a t 90 cm 5 ( i . e . D l. P I . E l, Q1 & R l) out o f 6 tubes read

below the averaae for the depth. Only FI read above the average fo r this

depth .

From the foregoing we conclude that crop residue mulching was more 

e f f e c t iv e  as a water conservation method when applied in AF p lo ts  that 

had been root pruned and under the minimum t il la g e . Apparently in 

combination with minimum t i l la g e  is  necessaiy for s o il  moisture 

conservation in semi-arid agroforestry systems.

4 .2 .6  D ifferences among equivalent access tubes for LR92 and SR92

4 .2 .6  (a) General

In section  4.2.5 we learnt that the per cent deviations o f some 

access tubes from the mean values at various depths and distances from 

Gz~evil lea txxbusta trees were often e ith er positive or negative. For 

instance the tubes around PT5 ( i .e .  M2. N2 & 02) recorded geneia lly  

VSMC values below the means in the shallower depths, that is . at 90 cm 

and above. Those tubes around PT1 ( i . e .  A i . Bi & C l) and UT1 ( i . e .  D l.
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SR92 % dev  UNPR VSMC f r o  avg  UNPR p 1t
At 94 cm In  1 8 -1 5 0  cm o s o tn *

T u b e  la b e ls

19 cm  d e p t h  3 0  cm d » p t h  V ///A  60 cm d e p t h  f > f y 1  90 cm d e p th

r \ 1  1 2 0  cm d e p t h  t / A  150 cm  d e p th

Fig. 168. S R 9 2  p e r  c e n t  d e v i a t i o n s  of V S M C  in u n p r u n e d  
p l o t s  f r o m  t h e  a v e r a g e  of t h e  u n p r u n e d  t r e a t m e n t  at 94 c m  
from G r e v i l l e a  r o b u s t a  t r e e s .

SR92 % dev UNPR VSMC f r o  avg  UNPR p i t

Tub* iat>s is
ESgga 19 cm  d e p t h  E S S 5  30 cm d e p t h  V 7 7 A  6 0  cm d e p th  [ 5 5 2  9 °  « •  

120 cm a e p t n  T/ / \  ^5 0  Cfn ^

Fig. 169. SR92 per cent deviations of VSMC in unpruned
plots from the average of the unpruned treatment at 188
cm from Grevillea robusta trees.
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SR92 % d ev  UNPR VSMC f r o  avg  UNPR p i t
A t 376 cm in  1 8 - 150 cm d ^o tn *

Tu d e  I et>t I •

y & A A  18 cm d a p t h  30 cm a » t h  V ///X  60 cm o a p th  rvvl 90 cm a » t n

l \ \ l  1S0 cm d e p t h  \ / A  150 cm d e p t*

F ig . 170. SR9 2 p er c e n t  d e v ia t io n s  o f  VSMC in  unpruned 
p lo t s  from  th e  a v e ra g e  o f  th e  unpruned tre a tm en t a t  376 
cm from  G r e v i l l e a  rob u s ta  t r e e s .

t
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SR92 % dev  PRU VSMC' f r o  avg  ENTIRE p i t
A t 94 cm in  1 8 -1 5 0  cm d «D tn *

Tub* laMU
18 cm d * o t n 30 cm P777X 60 cm o*Dth 9 0  °*o t "

[ X 'O  130 cm o « p t n  f / /  150 cm o »p tn

Fig. 171. SR92 per cent deviations of VSMC in pruned
plots from the average of Entire AF at 94 cm from
Grevillea robusta trees.
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Fig. 172. S R 9 2  per c e n t  d e v i a t i o n s  o f  V S M C  in p r u n e d  
plots f r o m  t h e  a v e r a g e  o f  E n t i r e  A F  a t  188 c m  f r o m  
G r e v i l l e a  r o b u s t a  tre e s .

Fig. 173. SR92 per cent deviations of VSMC in pruned
plots from the average of Entire AF at 376 cm from
Grevillea robusta trees.
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•“1 & F I )  from the G revillea  robusta trees in order that the soil

moisture d istr ibu tions  in the agroforestry p lo t could be properly mapped 

out.

The e n t ire  experimental f ie ld  at Matanya has a gradient or 4-5% 

s lop in g  westward. I t  therefore follows that g rav ity  could confine soil 

moisture to  the lower ( i . e .  western) parts o f  the AF during dry season.

From the resu lts we have already seen th is  was the case except the 

area around PT5 in the lower part o f AF which consistently nad a 

moisture d e f i c i t  shown by tube M2. N2 & 02. On the other hand PTi and 

'JTi on the upper part o f AF tended to  be in the moisture surplus area. 

■Local d iffe ren ces  near the access tubes that are not representative for 

that part o f p lots in which they were mounted may be a reason out in 

th is  case y ie ld s  show that th is  moisture d istribu tion  may be very real.

4 .2 .6  (b) LR92 pruned G revillea robusta trees  (PTI. PT2. PT4 & PT5) 

F igs . 174-176 and Tables 52a-52c & 54a-54c present resu lts  of tne 

ana lys is  o f  the d ifferences between access tubes equidistant from the 

pruned (F igs . 174-176) Grevillea robusta trees in the AF fo r  LR92. Of 

the pa irs  o f access tubes being subtracted negative d ifferences 

ind icated  more VSMC fo r  the second than fo r  the f ir s t  tubes in  the oair. 

These d ifferences  genera lly  decreased with depth, being larger in the 

shallower ( i . e .  above 90 cm) than in the deeper ( i . e .  below 120 cm) 

layers .

(i) 94 cm distance from pruned Grevillea robusta trees
We notice from Fig. 174 and Table 52a that during LR92 at 94 cm 

the largest positive  d iffe ren ce  was that o f A1 and M2 which gave tube
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d iffe ren ce  o f  VSMC of +7.25 at 18 cm. indicating more moisture in Ai 

located in the mulched area than in M2, in the Locai p iots. A ll these 

d iffe ren ces  w ith mulched p lots  are high in the surface layers. The 

largest negative d ifferen ce  o f -3.55 was between Mi arid M2. Here tune 

M2 in  Locai had at 170 cm depth more moisture than Ml in the muicned 

p lo ts . This w i l l  have l i t t l e  agronomic consequences. The averacre o f the 

d ifferences  o f  pair o f tubes fo r the whole s o il  p ro file  between Ai ana 

was +2.16, which is  mainly due to  the surface iayer. so remarhable 

agronomically. This value is  almost three times the grand average ( i .e .  

average o f d ifferen ces  o f tubes in prunea and unpruned AF at that 

distance from the trees ) d iffe ren ce  in VSMC o f 0.82. These d ifferences 

were mainly p os it ive  in a l l  s o i l  depths except 90. 120 and 170 cm where 

negative values dominated. The d ifferences mainly aecreased witn depth 

fo r  the two distances, that is . 94 and 186 cm. At 376 cm (F ig . 176) 

th is  trend broke down as mixed higher and lower values could be round 

even fo r  lower depths. Fig. 174 results in higher moisture up slope ana 

a lso  towards the mulched p lo ts , particu larly  in the surtace layers.

>

( i i )  188 and 376 cm distance from pruned Grevillea robust a

Figs. 175 & 176 and Tables 52b & 52c show that, for LR92 the tubes 

were on the average at the same s o ii moisture levels, because as tne 

average d ifferences fo r a l l  the pairs at 168 cm was 0.03 ana at 376 cm 

was 0.19. Like for the 94 cm distance, the ansoiute values o f the 

d ifferences  at 186 cm decreased with depth. At 168 cm (F ig . 175- the 

iargest p o s it iv e  d ifferen ce  o f 3.85 was between B2 and N2 in the surface 

layer. The largest negative d ifference o f -2.42 was; between Bi arid Ni in 

the 90 cm layer: both tubes were in mulched plot (AFM1) near PTi and
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L R 9 2  d i  f  ■ T e r e n c e s  a m o n g  E q u i v a l e n  t u b e s
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F ig .  174. LR92 d i f f e r e n c e s  in  VSMC among e q u iv a le n t  
a ccess  tu b es  a t  94 cm from  G r e v i l le a  rob u s ta  t r e e s  in  
pruned p l o t s .

Fig. 175. LR92 differences in VSMC among equivalent
access tubes at 188 cm from Gr&villea robusta trees in
pruned plots.
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Fig. 176. L R 9 2  d i f f e r e n c e s  in V S M C  a m o n g  e q u i v a l e n t  
a c c e s s  t u b e s  a t  376 c m  f r o m  Grevillea robusta t r e e s  in 
p r u n e d  p l o t s .
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Fig. 177. LR92 differences in VSMC among equivalent
access tubes at 94 cm from Grevillea robusta trees in
unpruned plots.
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LR92 d i f f e r e n c e s  among E q u i v a l e n  t ube s
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Fig. 178. L R 9 2  d i f f e r e n c e s  in V S M C  a m o n g  e q u i v a l e n t  
a c c e s s  t u b e s  a t  188 c m  f r o m  Grevillea robusta t r ees in 
u n p r u n e d  p l o t s .
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Fig. 179. LR92 differences in VSMC among equivalent
access tubes at 376 cm from Grevillea robusta trees in
unpruned plots.
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PT4 resp ec tiv e ly . The Fig. 175 confirms more moisture up-slope in the 

surface layers and p a rticu la r ly  down-slope, somewnat more moisture in 

the muiched p lo ts . However, espec ia lly  in the 60-120 cm iayers trends 

are o ften  opposite. Agronomically th is couid mean l i t t l e  overall 

d iffe ren ce  a t least fo r  maize but most l ik e ly  also fo r beans moisture 

a v a i la b i l i t y ,  but lack o f knowledge on root density d istribu tion  snouid 

inake the y ie ld s  the best ind icator o f a l l  parameters.

At 376 cm (F ig. 176) the VSMC d ifferences did not on ly decrease 

with depth tu t have no orderly  trend. The largest positive d ifference of 

+3.90 was between Cl and C2. again a mulching e ffe c t being noticed. Ihe 

la rgest negative d iffe ren ce  o f -3.01 was between Cl and 01 but at 120 

cm. which is  agronomical ly  not re a lly  important. At 376 cm in the 

surface layers the mulched plots have more moisture, but th is  is up- 

slope much more s ign ific a n t. Between up-slope and down-slope in the 

agronomical ly  important layers there are no very s ign if leant 

d iffe ren ces . Overall at the three distances trends are certa in ly  not 

id en tica l but any ex is tin g  trends give more moisture in the mulched 

p lo ts  and. up-slope more moisture closer to  the trees. At 30 cm and 60 

cm given that we work with seasonal averages, more than 2% difference 

may be taken as meaningful agronomically.

i

4.2.6 (c ) LR92 unpruned Gr&villea robusta trees (UT1, UT2. UT4 & UT3)

( i )  94 and 188 cm distance

F igs. 177 & 178 and Tables 53a & 53b^how that, fo r  LR92 the

overa ll p r o f i le  d ifferences between any pa ir of tubes at 94 and 188 cm

were genera lly  low and lay between -0.77 and +1.37 fo r  the foimer and -

0.84 arid +0.90 fo r the la tte r  distances from Grevillea i-obusta trees.
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There were no orderly decreasing trends as fo r  the pruned Grevillea 

robusta p lo ts . The largest p os itive  d ifferen ce  between any two pair o f 

tubes at 94 cm distance was 5.05 at 90 cm depth between D1 and PI. The 

largest negative was -3.79 between PI and P2 again at 90 cm depth. The 

largest p o s it iv e  d ifferen ce  at 188 cm was +2.04 at 60 cm depth between 

£1 and E2 and largest negative was -2.69 between Q1 and Q2. again at 90 

cm. There was therefore more moisture around UT1 (at 188 cm) and UT5 (at 

54 cm pa rticu la rly ) than the rest o f the trees  (see Figs. 185 & 186). 

However, outside these exceptions the moisture in d ifferen t layers shows 

opposite d ifferen ces , making them agronomically most lik e ly  unimportant.

( i i )  376 cm distance

F ig. 179 and Table 53c show the d ifferences between pairs o f 

access tubes at 376 cm from Grevillea robusta trees fo r  LR92. The 

resu lts  show that the largest positive d ifference at 376 cm was-. +2.63 

which occurred at 90 cm depth between FI and Rl. The largest negative 

was -3.73 again between FI and Rl at 18 cm depth. There was therefore

more moisture around UT4 & UT5 at th is  distance than for the other trees
»

(see F ig. 179). These d ifferences were particu larly  strong in the 

surface layer (18 cm) and l i t t l e  or no compensation in the deeper 

layers. Overall thee moisture around (JT4 is  surprising, and the position 

down-slope could be the main reason. Also particu larly surprising are 

such consistently high values at 90 cm fo r  P2. 02 and R2. This can be no 

incidental picture, but the reason would be Utore a so il physical one 

than an agronomic one or have to do with tree root density in such a 

layer, in combination with less crop roots.
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4.2 .6  (d) SR92 pruned G revillea  robusta trees (PT1. FT2, PT4 & PT5)

F igs. 180—182 & 183-185 and Tables 54a-54c & 55a-55c present results 

-f the analysis o f the d ifferen ces  between access tubes equidistant from 

^ne pruned (F igs . 180—182 and unpruned (F igs. 183-185 Grevillea robust a 

trees  in the AF during SR92. We want to  note that generally, when 

comparing F igs . 174-176 and 177-179 as well as the Tables 52 and 54. 

there is  much s tr ik in g  s im ila r ity  between general trends. Crops have 

changed but trees  and s o il much less. I t  appears as i f  we can see the 

crop water a v a ila b il ity  as a function o f depth and distance being in 

f i r s t  instance determined by pre-sowing tree  root and s o il watei 

conditions and the presence of mulch. As a fina l decis ive factor 

ra in fa ll  d is tr ib u tion  is  subsequently determining crop development and 

y ie ld s .

(i> 94 cm distance

We notice from Fig. 180 and Table 54a that for SR92 at the

distance o f  94 cm the largest positive d ifferen ce  was between A1 and M2
>

which was +9.38 at 18 cm depth, exactly the same position as in LR92. 

The largest negative d iffe ren ce  of -2.54 was between A2 and Ml at 30 cm 

depth, as the tube A1 in the mulched plot had more moisture. The largest 

average o f the d ifferences o f pair o f tubes fo r  the whole s o il p ro file  

was +3.63 which was between A1 and M2, again the same was true in LR92. 

These d ifferences were mainly positive when the f i r s t  tubes of the pair 

o f addends were in mulched plots, ind icating more s o il moisture in 

mulched than in the Local plots. The d ifferences mainly decreased with 

depth fo r  the two distances, that is . 94 and 188 cm. This trend again 

did not extend to 376 cm from the trees, where only d ifferences in the



365

surface layer were r e a lly  important. The same conclusions on moisture 

d is tr ib u tion  hold here as found fo r 94 cm in LR92. the la tte r  being 

somewhat sm aller in range.

( i i )  188 and 376 cm distance

F igs. 181 & 182 and Tables 54b & 54c show that fo r SR92 positive 

d iffe ren ces  between pairs o f tubes almost equalled the negative ones as 

the average o f  +0.20 was c lose  to  zero, comparable to LR92. The largest 

p o s it iv e  d ifference  o f +5.41 was between N1 and N2 at 30 cm in mulching 

and Local p lo ts  respective ly . The minimum o f -6.68 was between B2 and N1 

at 60 cm depth. Here again we find that tube N1 in mulched p lot had a 

higher VSMC value. The absolute values o f the d ifferences at 168 cm fo r 

SR92 actu a lly  increased somewhat with depth with 60 cm having generally 

larger d ifferences between pairs o f tubes than other depths. Compared to 

F ig . 172 the d ifferences in  F ig. 178 are la rger, for which a higher 

moisture range over that wet’ season must be responsible. Up-slope the 

s itu ation  in the Local p lo ts  is  again wetter in the surface layers but 

th is  is  no longer true in the mulched p lots , where o f course the surface 

layer must be d iffe ren t from the previous season. There is less 

compensation between moisture in d iffe ren t layers as in LR92. 

P a rticu la r ly  N1 has a lo t more moisture r e la t iv e ly  than N2 arid the so il 

around B2 is  r e la t iv e ly  much d rier at agronomically important depths.

At 376 cm (F ig . 190) the largest p os itive  d ifference of +6.76 was 

between mulched Cl and Local C2. as in the cas» of LR92. Both tubes were 

on the upper part o f pruned AF. The largest negative d ifference at 376 

cm was -3.05 between Local C2 and Mulched 01 but here at 18 cm depth, 

where a lso  a large d ifferen ce  occurred in  LR92. D ifferences are again 

generally larger in  SR92.
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SR92 d i f f e r e n c e s  among E q u i v a l e n  t ube s
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Fig. 180. S R 9 2  d i f f e r e n c e s  in V S M C  a m o n g  e q u i v a l e n t  
a c c e s s  t u b e s  a t  94 c m  f r o m  Grevillea robusta t r ees in 
p r u n e d  p l o t s .

Fig. 181. SR92 differences in VSMC among equivalent
access tubes at 188 cm from Grevillea robusta trees in
pruned plots.
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SR92 d i f f e r e n c e s  among E q u i v a l e n  t ube s
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Fig. 182. S R 9 2  d i f f e r e n c e s  in V S M C  a m o n g  e q u i v a l e n t  
a c c e s s  t u b e s  a t  376 c m  f r o m  Grevillea robusta t r e e s  in 
p r u n e d  p l o t s .
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Fig. 183. SR92 differences in VSMC among equivalent
access tubes at 94 cm from Grevillea robusta trees in
unpruned plots.
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Table 52. D ifferences between pairs o f access tubes at 
the measuring depths and equidistance trom the 
Grevillea robusta trees in pruned AF plots iAFMI 
& AFL1) at (a) 94, (b) 188. and 376 cm for LR92. 

(a ) 94 cm. D ifferences o f more than 2.0% ana hence
high agronomic consequences are indicated with *

(a) 94 cm
tubes 18 30 60 90 120 150 170 aver
A1-A2 0.92 0.73 1.03 0.03 1.00 —0 34 0.67 0.56
Al-Ml 2.04* 0.75 0.03 -0.43 -0.37 0 53 3.51* 0.86
A1-M2 7.25* 5.09 * 1.46 0.18 -0.39 1 71 -0.04 2.18*
A2-M1 1.12 0.02 -1.00 -0.47 -1.37 0 87 2.84* 0.29
A2-M2 6.35* 4.36 * 0.42 0.15 -1.38 2 05*-0.71 1.61
M1-M2 5.24* 4.34 * 1.42 0.62 -0.01 1 .19 -3.55* 1.32

average 3.13 2.04 0.38 -0.02 —(1.43 0.66 0.07 0.86

(b) 188 cm
tubes 18 30 60 90 120 150 170 aver
B1-B2 -1.17 0.66 -0.35 -2.06* 1.86 -0 19 1.01 -0.03
Bl-Nl 1.11 0.80 -2.24* -2.42* 0.06 0 84 0.62 -0.17
B1-N2 2.68* 1.59 -1.74 -1.74 0.06 0 51 -0.68 0.10
B2-N1 2.28* 0.14 -1.89 -0.34 -1.80 1 02 -0.39 -0.14
B2-N2 3.85* 0.93 -1.39 0.34 -1.80 0 70 -1.69 0.15
N1-N2 1.57 0.79 0.50 0.68 0.00 —0 33 -1.30 0.27

average 1.58 0.66 -1.07 -0.76 -0.38 0 41 -0.35 0.01

iC ) 376 cm
tubes 16 30 60 90 120 150 170 ava
C1-C2 3.90* 0.56 -0.61 0.29 -0.73 -2 12 -2.41 -0.16
Cl-Ol 1.22 0.54 -0.49 1.26 --3.01* -0 07 0.14 -0.06
Cl-02 2.59* -0.38 1.20 1.24 --2.07* —0 90 0.68 0.34
C2-01 - 2.68* -0.03 0.12 0.97 --2.28* 2 05* 2.55* 0.10
C2-02 - 1.31 -0.95 1.81 0.95 --1.34 1 22 3.09* 0.50
01-02 1.37 -0.92 1.69 -0.02 0.94 “ 0 83 0.54 0.39

average 0.84 -0.20 0.59 0.78 --1.29 -0 25 0.72 0.31

4.2.6 (e) SR92 unpruned Grevillea robusta trees (UT1. UT2. UT4 & UT3)
(1) 94 and 188 cm distance

At 94 cm the s im ila r ity  between SR92 and LR92 is appreciate  less 

strik ing though not completely absent. I t  is  again bettei at 188 cm. arid 

somewhat in between at 376 cm. I t  appears as i f  pruning o f the .ree_ 

makes s im ila r ity  between moisture patterns for contrasting seasons
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S R 9 2  d i f f e r e n c e s  am o n g  E q u i v a l e n  t u b e s
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Fig. 184. S R 9 2  d i f f e r e n c e s  in V S M C  a m o n g  e q u i v a l e n t  
a c c e s s  t u b e s  a t  18 8  c m  f r o m  Grevlllea robusta t r e e s  in 
u n p r u n e d  p l o t s .

Fig. 185. SR92 differences in VSMC among equivalent
access tubes at 376 cm from Grevillea robusta trees in
unpruned plots.
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L R 9 2  VSMC a t  9 4 ,  -188 & 3 7 6  c m  f r o m  G r e v

Tut>e i ebe i s
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Fig. 186. LR92 VSMC grad ients from pruned Grevillea 
robusta t r e e s .
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Fig . 187. LR92 VSMC grad ients from unpruned Grevillea 
robusta t rees .
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higher. The c iea r ly  higher s o il moisture d ifferences in SR92 an the 

pruned p lo ts  are not returning either an the unpruned cases. However, 

the mulched p lo ts  remain moister in the surface layers compared to LR92.

Figs. 163 & 184 and Tables 55a & 55b show that fo r  SR92 the 

average o f a l l  the d ifferen ces  between pairs of tubes for various depths 

fo r  the whole so il p ro fi le  at 94 cm from the GreviIlea roJbusta trees 

were comparable to  the LR92 orders o f magnitude. These averages ranged 

from +0.17 (sm allest), for tube PI and P2. to  +0.99 (la rg e s t ), ror D1 

and P2. so across the Local p lot, while i t  occurred id en tica lly  across 

the mulched p lo t in LR92. The largest p os it ive  d ifference at 94 cm was 

+6.30 recorded at 60 cm depth between D2 and P2 and the largest negative 

one was -2.98 between PI and P2 recorded at 90 cm. exactly the same 

situation  as in LR92 (see F ig . 175).

At 188 cm the averages o f the d ifferences  at tne measuring depths” »

fo r  the whole so il p ro fi le  ranged from -0.91, for tubes E2 and Ql. to 

+1.25. fo r  tubes El and E2. The largest p os itive  d ifference  between any 

two pair o f  tubes at 188 cm distance was +3.11 recorded at 60 cm depth 

between El and E2. as th is  was also the case m LR92. The largest 

negative was -3.10 between E2 and 01 recorded at 170 cm depth isee Fig. 

184). which has no agronomic consequences. The opposite directions 

within the surface layers as found fo r  LR92 are also s t i l l  there, 

assisted by opposite d irection  with agronomically important depth at the 

same distance. However, the muiched p lots  remain moister in the surface 

iayers. >* (ii)

( i i )  376 cm distance

F ig . 185 ana Table 55c show for SR92 the d ifferences between pairs
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o f access tubes at 376 cm from Grevillea robusta trees■ The results 

show the largest p os it ive  d ifference at 376 cm to be ->-2.64 recorded at 

9U cm depth between FI and F2. but the one between Fi and RI with +2.61 

is  also c lose and that one is  the same as the maximum fo r LR92. The 

largest negative d iffe ren ce  was -2.64 between F2 and Ri recorded at 16 

cm depth, which was a lso strongly negative In LR92. Trie averages of the 

d ifferen ces  at the measuring depths for the whole s o il p ro file  ranged 

from -1.00, fo r  tubes F2 and RI, to  +0.93, for tubes FI and F2. showing 

again moister mulched p lo ts . There was therefore more moisture at 376 cm 

from UT5 than the other trees  (see Fig. 1321, again in lin e  with LR92 

s itu a tion . The same surprising result as in LR92 occurs in 3RS_ with 

respect to  the moisture around UT5. Exactly the same high values occur 

here at P2. 02 and R2 at 90 cm depth. These are no coincidences but show 

the s im ila r it ie s  between moisture p ro file s  in these two contrasting 

seasons. I t  should, however, remain in mind that seasonal averages 

obscure consequences of r a in fa ll d istribu tion  that agronomically can be 

disastrous and lead to high y ie id  d ifferences and even y ie ld  behaviour 

(yes gra in , no gra in ).

4.2.7 S o il moisture gradients from the Grevillea robusta trees

F igs. 186& 187 and 188 & 189 and. Tables 56a & 56b show the

behaviour* o f so il moisture (VSMC) with the distance ( i . e .  94. 16b and 

376 cm) from the G rev illea  robusta trees  in the AF p lot for the 

representative seasons LR92 and 3R92. These indicate the gradients of

soil moisture from the Grevilleas trees for the access tubes installed

at 94. 188 and 376 from these trees (see Fig. 9 & Table 3).
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Table 53. D ifferences between pairs o f access tubes at 
the measuring deptns and equidistance from tne 
Grevillea robusta trees in unpruned AF piots 
(AFM2 & AFL2) a t (a) 94. (b) 138. ar*i 376 cm 
fo r  IR92. D ifferences o f more than 2.0% and 
hence high agronomic consequences are indicated 
with -

(aj 94 cm
tubes 18 30 60 90 120 150 170 ava

D1-D2 -1.45 -0.56 0.70 1.12 0.08 -0.71 0.32 -0.07
D l-Pl -1.40 0.57 1.52 5.05* 1.71 2.06* -0.40 1.30
D1-P2 -2.44"" -0.27 2.05* 1.26 0.23 0.87 2.04* 0.53
D2-P1 0.04 1.12 0.81 3.93* 1.63 2.76* -0.72 1.37
D2-P2 -0.99 0.29 1.34 0.15 0.14 1.58 1.71 0.60
P1-P2 -1.03 -0.84 0.53 --3.79* -1.49 --1.18 2.44* -0.77

average -0.96 0.23 1.11 1.34 0.53 1.07 -0.45 0.41

(b) 188 cm
tubes 18 30 60 90 120 150 170 ava

E1-E2 0.58 0.89 2.04* -0.03 1.35 0.05 1.40 0.90
El-01 -0.63 -1.02 0.64 1.53 0.40 0.73 0.22 0.27
El-02 -1.28 -0.39 1.19 -1.16 1.06 0.01 0.95 0.05
E2-01 -1.22 -1.91 --1.40 1.57 -0.95 0.68 -1.16 —0.63
E2-02 -1.86 -1.28 -0.85 -1.12 -0.30 -0.04 -0.45 -0.84
Q1-Q2 -0.64 0.63 0.55 -2.69* 0.66 —0.72 0.73 -0.21

average -0.76 -0.54 0.20 -0.15 0.23 0.14 0.14 -0.10

(c) 376 cm
tubes 16 30 60 9b 120 IbO- 170 avg

F1-F2 -1.20 0.16 0.63 1.36 -0.70 -0.22 1.67 0.24
Fl-R l -3.73- -0.38 0.45 2.63* 0.02 -0.16 0.04 -0.16
F1-R2 -2.75* -0.90 1.23 -0.46 -0.77 -0.34 0.34 —u. 5^
F2-R1 -2.53* -0.54 -0.18 1.27 0.72 0.06 -1.62 -0.41
F2-R2 -1.54 -1.06 0.60 -1.83 -0.07 -0.12 -1.33 -0.77
R1-R2 0.98 -0.51 0.78 -3.09* -0.79 -0.18 0.30 —0.36

average -1.60 -0.47 0.45 0.07 -0.17 -0.13 -0.19 -0.29
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Table 54. D ifferences between pairs o f access tunes at 
the measuring depths and equidistance rrom the 
&~evillea l-olbustct trees in pruned AF plots (AFMi 
& AFLi) at (a) y4. (b) 168. and 376 cm for SR92.
(a ) 94 cm. D ifferences o f more than 2.0% arid
hence high agronomic conseauences are indicated

'N
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Table 55. D ifferences between pairs of access tubes at 
the measuring depths ana equidistance tree the 
Grevillea robusta trees in unpruned AF clots 
(AFM2 & AFL2) at (a ) 94. (b) 188. and 376 cm 
for 3R92. D ifferences of more than 2.0% and 
hence high agronomic consequences are indicated 
with *

(a) 94 cm
tubes 18 30 60 90 120 150 170 avg

D1-D2 -1.01 -0.96 -1.12 0.06 0.91 1.29 2.31* 0.21
Dl-Pl -2.62* -1.87 1.57 3.13* 2.82* 2.78* -0.07 0.02
D1-P2 0.16 0.41 5.17* 0.15 0.76 -0.08 0.35 0.99
D2-P1 -1.61 -0.91 2.70* 3.08* 1.91 1.48 -2.38* 0.61
D2-P2 1.19 1.37 6.30* 0.10 -0.15 -1.37 -1.97 0.78

-E1-P2 2.80* 2.28* 3.60* -2.98* -2.06* -2.85* 0.41 0.17

(b) 188 cm
tubes 18 30 60 90 120 150 170 avg
E1-E2 0.08 1.81 3.11* 0.45 1.94 -1.08 2.42* 1.25
El-Ql -0.02 -0.50 0.33 0.69 2.06* 0.50-0.66 0.34
El-02 0.07 0.82 2.16* -0.58 2.24* -0.79 0.77 0.67
E2-Q1 -0.11 -2.31* -2.78* 0.24 0.12 1.58 -3.10* -0.91
E2-02 -0.01 -0.99 -0.94 -1.03 0.31 0.29 -1.65 -0.57

Q1-Q2 0.09 1.32 1.84 -1.27 0.18 -1.29 1.45 0.33

tC) 376 cm
tubes 18 30 60

F1-F2 0.58 1.69 1.02
Fl-Rl -2.06* -0.27 0.47 
F1-R2 -0.02 -0.11 1.39 
F2-R1 -2.64* -1.97 -0.55 
F2-R2 -0.61 -1.81 0.37
R1-R2 2.03* 0.16 0.92

90 120 
2.64* 1.59 
2.61* 0.50 
0.32 0.37 

-0.03 -1.09 
-2 .33*-i.22 
-2.30*-0.13

~T5o 175"
-1.42 0.40 
-1.00 -0.75 
-1.02 *0.58 
0.42 -1.16 
0.40 -0.96 

-0.02 0.18

avg
0.93

-0.07
0.05

- 1.00
- 0.88
0.12
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4.2.7 (a) Pruned Grevillea robusta trees (PT1, PT2, PT4 & PT5) for LR92
and SR92
F igs . 186 & 188 and Table 56a display the VSMC behaviour in pruned 

p lo ts  (AFM1 & AFL1). We consider here general d irection  of moisture with 

distance from the trees . The d ifferences between tubes at 94 and 188 and 

between 188 and 376 cm had to  be more than 1.5% fo r  LR92 and 2.0% for 

SR92 to  be considered o f agronomic consequences. Again considering the 

rooting depths of beans and maize the surface layer. 18 . 30 . 60 . 90 and 

m arginally 120 cm become agronomically important. Here again we find 

general s tr ik in g  s im ila r ity  between general trends for LR92 and SR92.

(i) PT1 (i.e. tubes Al. B1 & Cl)
For LR92. at 18, 60 and 90 cm depths the VSMC decreased somewhat 

between the distances 94 and 188 cm from PT1 and then increased between 

188 and 376 cm to  the same level for 90 arid 60 cm and to  the highest 

leve l fo r  18 cm depths. Only at 90 cm and 18 cm were there trends 

numerically important (F ig . 186 & Table 56a).

The SR92 trends were the same in  the acrronomicaily important 

layers (F ig . 188 & Table 56a). (ii)

(ii) PT2 (i.e.tubes A2. B2 & C2)
For LR92. at 18 cm depth there was decrease o f VSMC with distance 

from the PT2 beyond the 94 cm level while at 60 cm a general increase 

was observed. The trends at 30 and 90 cns, depths were unimportant 

agronomically as they were smaller than ± 1.5% lim it (F ig . 186 & Table 

56a).
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The SR92 trends fo r  18 cm and 60 cm were the same as for LR92 

above, except that the two depths had large d ifferences at 94 cm and 188 

cm but attained the same moisture status at 376 cm (Fig. 188 & Table 

56a). Again other trends in agronomically important layers were smaller 

than +2.0% and therefore not useful agronomically.

( i i i )  PT4 (i.e .tu bes  Ml. N1 & 01)

For LR92, at 18 and 150 cm depths the VSMC decreased between 94 

and 188 cm from PT4 and then increased between 188 and 376 cm for 

agronomical ly  important depth o f 18 cm and marginally important depth of 

120 cm. The trend at 30 cm was too small to be o f any agronomic

consequence while the trend was generally decreasing at 90 cm depth 

between 188 and 376 cm distances from PT4 (F ig . 186 & Table 56a).

The SR92 VSMC behaved sim ilar to LR92 for the 30. 60 and 120 cm 

depths. The trend at 18 cm was very small and had no agronomic

consequences but increased between 94 and 376 cm. For the 90 cm depth it  

increased between 94 and 188 cm but decreased at 376 cm to  it s  level at 

94 cm (F ig . 188 & Table 56a).'

( lv )  PT5 (i.e .tu bes  M2, N2 & 02)

For LR92. at 18 and 30 cm depths the VSMC increased between 94 cm 

to  376 cm from PT5 with the 30 cm being the most strik ing  increase. At 

90 cm depth there was decrease in VSMC between 94 and 376 cm hut had 

l i t t l e  agronomic consequences. At 60 cm depth t îe VSMC increased between 

94 and 188 cm from PT5 and then decreased at 376 cm to i t s  level at 94 

cm. Other changes in VSMC trends with distance from P75 had neglig ib le 

agronomic consequences (F ig . 186 & Table 56a).
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The SR92 VSMC behaved sim ilar to  LR92 at a li depths except 120 cm 

depth where i t  increased between 94 and 376 cm from PT5 as opposed to 

LR92 trend o f a decrease followed an increased (Fig. 180 & Table 56a).

4.2.7 (b) Unpruned Grevillea robusta trees (UT1. UT2, UT4 & UT5) 

fo r  LR92 and SR92

Like in the case o f the pruned trees F igs. 186 & 187 and Table 56b 

d isp lay the behaviour of VSMC in unpruned p lots  (AFM2 & AFL2).

( i )  UT1 (i.e.tubes Dl. El & FI)

Most o f the trends fo r  the VSMC around UT1 in LR92 were o f l i t t l e
»

agronomic importance. This condition may nave come about as the result 

o f  depletion  of moisture in the upper layers by the unpruned trees. 

Nevertheless though of l i t t l e  value aaroncmically the most trends 

decreased between 94 and 376 cm from UT1. with 30 cm being c leariy  the 

highest (F ig . 187 6k Table 56b).

The decreasing trend observed in LR92 could only oe repeated at 60 

cm depth in SR92. Utnerwise the picture for the SR92 was somewnat 

d iffe ren t from the LR92 one. (F ig. 189 & Table 56b).

( id) UT2 (i.e.tubes D2. E2 & F2)

In LR92. at UT2 except fo r  the 90 cm depth. VSMC generally 

decreased between 94 and 188 cm and then increased from 188 to  376 cm at 

a l l  agronomically important depths. At 90 cm depth it took the ODDosite 

trend by increasing from 94 to 188 cm and then decreasing thereafter to 

376 cm from UT2 (F ig. 187 & Table 56b).
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SR92 VSMC a t  94. 'IBB & 376 cm from Grev

T  ube I ot>©Is

□  10 cm d * p ih  +  30 cm ctopth © 60 cm d© pth © 90 cm d « o t  r
X 120 cm cf*ptr> ? 150 cm d « p t h

F i g .  1 8 8 .  S R 9 2  V S M C  g r a d i e n t s  f r o m  p r u n e d  Grevillea 
robusta t r e e s .

SR92 VSMC a t  94. 188 & 376 cm from Grev

□  10 c m  d « o t h  +  30 c m  d a p t n  © 60 cm  d « p t h  © 90 cm  d * p t *

X  120 c m  c t o p t h  V 150 cm  d © p t b

Fig. 189. SR92 VSMC gradients from unpruned Grevillea
robusta trees.
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SR92 VSMC a t  94, 188 & 376 cm from Grev

T  ut>e l BDe i a

□  18 cm depth 30 cm d e p th  O 60 cm d e p th  £ 90 cm d e p th

X 120 cm d e p th  y  150 cm d e p th

Fig. 188. SR92 V S M C  g r a d i e n t s  f r o m  pr u n e d  Grevillea 
robusta t r e e s .

SR92 VSMC a t  94, 188 & 376 cm from Grev

X 120 cm d e p th  y  150 cm d e p th  ^ ^ __

Fig. 189. SR92 VSMC gradients from unpruned Grevillea
robusta trees.
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The trends observed fo r  LR92 in the agronomical ly important deptns 

18. 30 and 60 cm were repeated in SR92. From 90 to 150 cm depths things 

were d iffe re n t , as at 90 and 120 cm depths the VSMC decreased between 

94 and 376 cm from UT2 (F ig . 189 & Table 56b).

( i i i )  UT4 (i.e .tu b es  P I. Q1 & Rl)

The trends o f agronomic importance were observed in LR92 at 18, 30 

and 90 cm depths. At 18 cm depth the VSMC decreased between 94 and 188 

cm and then increased from 188 to  376 cm from UT4. Both increases were 

more than ±2.0% and agronomical ly  important. At 30 cm there was a 

pos itive  trend and a decrease to almost i t s  in it ia l level a t 376 cm from 

UT4. At 90 cm the VSMC had a steep increase between 94 and 186 cm and 

then n eg lig ib le  increase a t 376 cm (Fig. 189 & Table 56b).

The trend observed fo r  SR92 at 18 cm depth was s tr ik in g ly  similar 

to  the LR92 one except o f magnitude o f the increase between 188 and 376 

cm. The 90 cm depth trend was repeated in SR92. but less prominently. 

N eg lig ib le  increase were observed at 30 and 60 cm depths UT4 (Fig. 189 

& Table 56b).

( iv )  UTS (i.e .tu bes  P2. Q2 & R2)

During LR92. at 18 and 120 cm depths the VSMC decreased between 

94 and 180 cm from UT5 and then increased from 188 to 376 cm. At 30 cm 

depth i t  decreased between 94 cm and 376 cm while at 60 i t  increased 

between 94 to  188 cm and decreased 188 and 376Ncm from UTS. At 90 cm it

increased a ll the way outward from the tree  (Fig. 187 & Table 56b).

There were l i t t l e  s im ila r it ie s  in the trends between SR92 and

li?92. as the VSMC increased a ll the way from 94 to  376 cm from 18 to  90
>

cm depths. The trend o f LR92 was repeated fo r 90 and 120 cm depths only
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lob ie  w'D. D irections o f s o i l  moisture with distance from the
Cj ev il lea raixista trees fo r  LR92 and ,a pruned
(b; unpruned. Note that (-  +) means VSMC decreasing with 
aistance oetween 94 and 163 cm and then increasing between 
i3o and 37o cm. (+ - )  means VSMC increasing with distance 
oetween 94 and 168 cm and then decreasing between 16b 
and 376 cm. (+ +) or ( -  - )  means VSMC increasing or 
decreasina a l l  the way rrom 94 to  376 cm. Trends that 
wouid g iv e  s ign ifican t aoronomic consequences are shown 
with bold signs ( -  or + ).

(a) Pruned
16 30 60 90 120 150 170

PTi: LR92 -  + + — — 4- -  + 4- — — _ — _
SR92 -  + 4- 4" — 4- -  + + - 4- — -  +

PTC: LR92 + — + — + + 4- — — 4- — 4- — T
3R92 — + — + - 4* — -  + -  4- 4* 4-

PT4: LR92 -  + + — +■ - — — -  + — 4» 4* 4*
SR92 + + - + - + - — 4- 4- — 4* 4-

PT5 LR92 + + + + + - — — — 4- + 4- 4- —
SR92 + + 4- + + - — + + + -t- 4- —

(b) UnDiuned
16 30 60 90 120 150 170

UTi: LR92 4* 4-
SR92 -  4- + — — - + + 4* — — 4* 4- 4-

LTT2: LR92 -  + -  + — 4* 4* — — 4* -  4* — 4*
SR92 -  + -  + -  + — — — — 4* 4- + +

UT4: LR92 -  + + — 4- — + + + - + + 4- 4*
SR92 -  + — — — — + + + + 4* 4-

UT5 LR92 -  + — — 4- - + + — 4- 4* 4* 4» 4*
SR92 4* 4- 4* + + + 4- 4* — 4* 4* — — 4*

(F ig . 189 & Table 56b).

4.2.8 On-farm s o i l  moisture experimentation at Kiahuko-A 

and Kiahuko-B fo r  SR93. LRS4 and SR94 

4.2.0 (a ) E ffects of Coleus hsrhatus live fence root pruning on 

Soil moisture d istribution  in cropland at Kiahuko-A

F igs . 190 & 191 present resu lts o f ariaiysis o f s o i l  moisture 

varia tions with distances from ta> pruned (b* unpruned Coleus b&rbatua 

live fence at Kiahuko-A during the tnree seasons ( i . e .  SR93. Sc 3R94) 

or the on-farm experimentation.
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VSMC a t  90^ 180 & 360 cm f ro m  pruned

□  SB93 ■» LR9« O SR94

f i g .  1 9 0 .  VSMC g r a d i e n t s  from p r u n e d  l i v e f e n c e  a t  
K i a h u k o - A  o n - f a r m  i n  SR 93,  LR94 & SR94

P i g .  1 9 1 .  VSMC g r a d i e n t s  from unpruned  l i v e f e n c e  a t  
K i a h u k o - A  o n - f a r m  i n  SR93, LR94 & SR94.
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K i a h u k o - B  VSMC a t  90 & 200 cm PRUNED

□  SR93 ♦ LR94 o SR9*

Fig. 192. V S M C  g r a d i e n t s  f r o m  p r u n e d  G r e v i l l e a  t r e e s  
( A G M 1  & A G L 1 )  at K i a h u k o - B  o n - f a r m  i n  SR93, LR93 & S R 9 4

K i a h u k o - B :  VSMC a t  90 & 20 0  cm PRUNED
P lo t*  AGM1 ft AGL1. 3 **s*on* O r*v l n a a

Q SR93 +  LR94 O SB 94

Fig. 193. V S M C  g r a d i e n t s  in u n p r u n e d  Grevillea robusta 
t r e e s  a t  K i a h u k o - B  o n - f a r m  in SR93, L R 9 4  & SR94.
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( i )  So il moisture varia tions in root pruned portions

We can see from Fig. 190 that the s o il  moisture (VSMC) was most 

o ften  highest in the tubes closest to  the pruned portions of the 

live fence ( i . e .  tubes: A l. A2 & A3). The VSMC in a ll the tubes decreased 

or remained close th erea fter with the distance from the livefence. In 

portion ALF tube B1 read the ieast o f the three tubes for seasons SR93 

and LR94 and then rap id ly  increased between 180 and 360 cm from the 

liv e fen ce .

Comparison o f seasons showed the VSMC at portions ALF. BLF and <TLF 

was highest during SR94 followed by SR93 fo r  portions BLF and CLF. The 

three tubes o f portion ALF ( i . e .  A l. B1 & Cl) read lowest VSMC durina 

SR93 only.

( i i )  S o il moisture varia tions in unpruned portions

I t  should f i r s t  be noted from F igs. 190 and 191 that the only 

Para lle l between pruned and unpruned cases occurs for LR94 and SR94 

between Al and B1 as well as between D1 and El respective ly . There is 

s im ila r ity  between places for d iffe ren t seasons among Druned and 

unpruned respective ly  w ithin the treatments like on-station. There is  no 

s im ila r ity  between pruned and unpruned live-fences, with the exception 

o f SR94 arid LR94 at 90 cm distance, between Al and B1 arid between Di and 

El respective ly . The measurement places have reproducible patterns (to  a 

reasonable high extent) as observed on-station. This is equally true for 

pruned/unpruned data. ^

From Fig. 191 we see that the s o il  moisture s ituation  in the 

unpruned portions o f the livefence was indeed d iffe ren t. A ll tubes 

closest to  the live fence  ( i .e .  tube Dl. in position DLF. tube D2 in 

portion ELF and tube D3 m  portion FLF) showed tnat there was the ieast
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s o i l  moisture at 90 cm from the unpruned livefence compared to  the otner 

two distances away from i t .  Comparing ELF. ELF. CLF. and ILF. any 

important trends in unpruned were opposite to  their pruned equivalents. 

In  these portions (ELF and FLF) the farthest tubes ( i .e .  tubes F2 and 

F3) had the highest VSMC. particu larly SR93 (fo r  F2) and LR94 (fo r 

b o th ). I t  is  only in comparing plots ALF and DLF that the pruned plot 

appears c le a r ly  to  have more moisture. Comparing BLF and ELF only A2 was 

s ig n if ic a n t ly  larger than D2 in LR94. but F2 s ign ifican tly  larger than 

C2 fo r  the three seasons while E2 was larger than B2 fo r  5R93 only. 

Comparing CLF and FLF A3 was s ign ifican tly  larger than D3 only for 3R94. 

no where was B3 larger than E3 with any sign ificance, and even F3 was 

larger than C3 for LR94 only with some sign ificance.

I t  should be noted that for DLF. fo r  LR94 and SR94. the VSMt was 

highest closest to  the live fence. because the farmer had neaped dead 

vegeta tion  he had weeded from the f ie ld  on th is  part of the livefence to 

compost i t .  Tins in terfered  with the s o il moisture status o f the so il by 

increasing moisture c loser to  the hedge. This strengthens the influence 

o f pruning on the s o il moisture close to the hedge.

Comparison o f VSMC in the unpruned p lo ts  during the three seasons 

show that again there was most so il moisture fo r SR94 at DLr and n F  

portions and a iso at the control tube (GC). which was in the open centie 

o f the p lo t . These seasons (Figs. 190 & 191) show that LS94 was the 

d riest season of the three with respect to  moisture status in the so il 

in on-farm plot. However, as for ALF. a lso  in ^LF that season was ingner 

in moisture than SR93. be it  not at 360 cm. Of course again, the 

averaaing or seasons g ives  only a lim ited picture, roi the ru ii pictui^ 

the influence or ra in fa ll d istribution  only follows from data biCKen

down over the season.
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4.2.8 (b) E ffects  o f G revillea robusta tree  root pruning on Soil 

moisture d is tr ibu tion  in cropland at Kiahuko-B

r ig s .  192 & 193 present results o f s o i l  moisture variations witn 

the distance from the Grevillea robusta trees under the on-rarm 

conditions at h'iahuko-B fo r  the three seasons ( i .e .  SR93. LR94 & 3R94).

The two distances ( i . e .  90 and 200 cm) from the Grevillea robusta 

trees a t which access tubes were in sta lled  gave us the two data points 

per lin e  that appeal' in F igs. 192 & 193. The f i r s t  point from the le ft  

was the tube closer to the tree at 90 cm while the second point was the 

tube fa rth er from the tre e  at 200 cm.

( i )  S o il moisture varia tions in root pruned Grevilleas

We can see from F ig . 192 in the root pruned Grevillea robusta 

trees that V5MC was higher in same tubes nearer to  the trees  ( i .e .  tube 

A3M at tree  P7. tube AIL at R6 and (unimportant) A2L at Q6i than those 

farther away ( i . e .  tube B3M at tree P7. tube B1L at R6 and B2L at Q6). 

However, pruning did not seem to  work fo r some other trees: (very 

unimportant) T7 ( i . e .  AIM & B1M) and (with only one s ign ifican t season) 

R8 ( i . e .  A2M & B2M) as the VSMC was lower c loser to  the tree than 

farther away for a l l  the three seasons, while at P6 ( i . e .  A3L arid B3L) 

pruning was marginally e ffe c t iv e  during SR94 only. I t  must be 

appreciated that only in  three cases an appreciable d ifference ( larger 

than 1.5%) occurred because of pruning and marginal d ifferences in two 

cases. Opposite to  expectation was one case.^with one marginal case as 

wel 1.

Comparing s o il moisture in the three seasons we see VSMC was for

a ll cases highest fo r  SR94 and lowest fo r  LR94 (see F ig. 192). The
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highest e f f e c t  of pruning on so il moisture (between 3 and 3.5%) was 

however rea liz ed  in SR93 and LR94 near one tree oniy. as i t  was very 

high only next to the pruned tree (R6) at 90 cm (tube AIL) and was; lower 

farther away at 200 cm (tube B1L). The a l l  over assessment must be that 

there is  on the average a small e ffe c t .

We see in F igs. 192 and also Fig. 193 that there is  reasonable 

symmetry between seasons. In most cases where either moisture is  higher 

or lower near the trees, th is is  true fo r  a i l  seasons. Only where a l l  

distances are small or marginal th is is  not true in a ll cases.

( i i )  S o il moisture varia tions in unpruned Grevilleas

From Fig. 193 we notice that a ll unpruned Grevillea robust a trees 

had the same e f fe c t  on s o i l  moisture with the distances from them, as 

the tubes closer to  the trees (at 90 cm) read lower VSMC than those 

further away (at 200 cm). This is  larger than 1.5% in more cases. The 

highest e f fe c t  (o f 3.5%) was rea lized  fo r  tubes D1L and E1L at tree 32. 

I t  should be observed that pruning appeal's more successful when 

comparing i t  with the opposite trend in moisture with distance to the 

trees in  unpruned p lots.

Comparison or VSMC fo r  d iffe ren t seasons shows that overall SR94 

had the highest s o il  moisture status while LR94 had the lowest.

From these resu lts  we were not able to discern the e ffe c t  of 

mulching on so il moisture status of the s o il.  F inally the spacing 

between adjacent Grevillea  rows enabled the ^canopies to  close up ana 

almost completely shade the ground, thereby reducing d irec t evaporation 

from the ground, reduce s o il temperatures considerably and decreasing 

th is way the e ffe c t  o f mulching. Secondly the Grevillea robusta trees
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tnemseives shea th e ir  leaves and therefore added substantial iea f muicn 

to  the unmuicnea (Local) p lots arid to  the mulched ones too. aaain 

deci'easing any ex isting  d ifferences. This can be seen m Fia. 194 wnicn 

compares pruned and unpruned mulching (AGM1 & AGM2) with pruned arc 

unpruned Local iAGLi £1 AGL2). The pruning e ffe c t  was only pronounceo m 

the mulched plots as AGM2 had the least VSMC.

However, one finding we observed here as weii as at Matanya AF 

was that unpruned mulching with minimum t i l la g e  had iess s o il moisture 

than unpruned (as weil as pruned) Local with deep t i l la g e . This nndina 

came up repeatedly for most of the Matanya data. Tne seasonal averaging 

does not show th is c iea r ly  as i t  does not indicate whether this was 

mainly the case towards the end of the season (where i t  couia be a 

consequence of both vegeta tive growth ea rlie r  in the season or 

throughout the season). Termites could be involved also.

Tne VSMC in the agroforestry plots was appreciably iess than mat 

in the control p lo ts  (CTRL-MULi and CTRL-LOC). The Muiched plot in the 

control had n eg lig ib ly  higher VSMC than the Local p iot. In line with the 

otner p lo ts . Sk94 had aaain the hiahest VSMC in tne control plots. AGM2 

appeal's to  be iess than marginally d iffe ren t from a l l  ocneis. apart from 

three cases with respect AGL1. So th is indeed means no mulch e ffe c ts  in 

acrroforestry treatments nor in control. I t  looks as i f  pruned mulched is 

most successful with respect to unpruned mulched, but the Local pruned 

and unpruned d i f f e r  l i t t l e  among each other and l i t t l e  with prunea

mulched.



369

K i a k u h o -B  A v e r a g e  s e a so n a l  VSMC 3 s e a s
200 & 90 cm fro m  G r s v l l  loo & c o n t r o l s

su
i

□  SR93 90 4. CTRLS

Treattents
4- SR93 200 O LR94 90 fc CTRLS A LR94 200 

SR94 90 4. CTRLS V 5R94 200

Fig. 194. A v e r a g e  V S M C  f o r  t h r e e  s e a s o n s  at K i a h u k o - B  on - 
f a r m  f o r  90 and 200 c m  f r o m  G r e v i l l e a  trees an d  C o n t r o l  
p l o t s
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4.3 Wind resu lts : Calibration  at Bnbori and strong winds at Matanya

4.3.1 Calibration o f  Wind system at Bnbori

4.3.1 (a) Wind speeds and d irections during calibration periods

F igs. 195-197 show hourly wind speeds averaged from fif te e n  minute 

records a t Bnbori measured with WAU e le c tr ic a l cup anemometers Sr Nrs 

10. 15 and 15 & 38 fo r  f i r s t ,  second and third calibrations

re sp ec tiv e ly . These ca librations periods were ea r lie r  re ferred  to as 

Cbl. Cb2 and Cb3 resp ec tive ly  (see Chapter 3 ). We notice in Figs. 195 & 

197 that during Cbl and Cb3 the high wind speeds more than or equal to  4 

m/s occurred in Cbl from 08h00 to 20h00 (and sometimes even beyond) and 

in Cb3. with some exception, between the same times. We further notice 

that highest winds ranged from between 7 m/s and more than 8 m/s during 

Cbl and Cb3. A ll the WAU e lec tr ica l cup anemometers displayed similar 

trends.

During Cb2 the winds at Embori were generally ligh t, below 4 m/s 

(see F ig . 196). These ligh t winds were mainly influenced by local 

topography, espec ia lly  the nearby Mt. Kenya slopes and also valleys 

around the ca lib ration  s ite .  The r e la t iv e ly  high winds more than or 

equal to  2 m/s occurred between lOhOO and 16h00 during daytime and from 

20h00 to  06h00 during nighttime (Fig. 196). The nighttime high winds 

were as a result o f increased katabatic flow down the cold Mt. Kenya 

slope on the south east (S.E.) o f the ca libration  s ite .

F igs. 198-207 present the r e la t iv e  per cent frequency wind 

d irec tion  roses for Bnbori worked out froqp hourly wind directions 

recorded with the W oelfle anemograph Sr. Nr. 31587, hereafter referred 

to as WB. during the ca libration  periods. These wind d irection  rosee 

showed that the wind at Bnbori fo r  the Cbl (Figs. 198-201 and Cb3
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W i n d  s p e e d  F e b - M a r  1993 Emor i

x
*

*
i

Tim e C h r s }

----------  c u p  10 +■ u ■ 4 m/s

F i g .  195. H o u r l y  w i n d  s p e e d s  f o r  E m b o r i  for D O Y  5 5 - 5 9  of 
1 9 9 3  as r e a d  w i t h  c u p  a n e m o m e t e r  10.

s

w

wind s p e e d  May 1994 -  cup  15

■ ■ cup 15 ♦ u ■ 2 m/n

Fig. 196. H o u r l y  w i n d  sp e e d s  for E m b o r i  f o r  DOY 1 3 4 - 1 4 6  
o f  1 9 9 4  as r e a d  w i t h  c u p  a n e m o m e t e r  15.
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D a i l y  wind s p e e d s  a t  E m b o r i - C a l i b  1995

Fig. 197. H o u r l y  w i n d  s p e e d s  a t  E m b o r i  for D O Y  3 2 -34 of 
1 9 9 5  as r e a d  w i t h  c u p  a n e m o m e t e r s  15 a n d  38.
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Wind Calib. in Feb 1993
Embori: Day Sr. No. 31587

Wind Calib. in Mar 1993
Ertibori: Day Sr. No. 31587 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ i_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

imbr

Wind Calib. in Feb 1993
Embori: Night Sr. No. 31587

Ifeb

___ TiS:.ML

Wind Calib. in Mar 1993
Embori: Night Sr. No. 31587

F igs . 198-201 Day- and n igh t-tim e r e la t iv e  per cent wind d ir e c t io n  
frequencies taken a t 2.0 m during cal it*-ati<n periods a t F M m r j  
in February—March 1993.
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Figs. 202 & 203. Day- and night-time relative per cent wind direction 
frequencies taken at 2.0 m during calibration periods at Embori 
in May 1994.

'i
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Wind Calib. in Feb 1995 

Embori: Day Sr. No. 31587

- Fig. 20b

Wind Calib. in Feb 1995
Embori: Night Sr. No. 31587

Fig. 207

ifeb

Figs. 204-207. Day- and night-time relative per cent wind direction
frequencies during calibration periods at Embori in January- 
February 1995.
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(Figs. 204-207) blew mainly from north east (NE) (with the frequency of 

up to 90%) during the day and from the north east to the south east 

(with the frequency o f east o f up to about 65%) during night-time. 

During Cb2 the wind was mainly northerly (o f about 30% frequency) with 

seme NW, NE, SE and SW components (o f between 10 and 20% frequencies) 

during the day and wholly SE (o f up to 100 % frequency) during the night 

(Figs. 202 & 203). Results from Woelfle anemograph Sr. Nr. 341836 (to  be 

re ferred  to  as 'WA') were a l l  sim ilar to  WB ones as the distance between 

the two instruments was only 5.1 m.

4.3.1 (b) IntercomparIsons of WAU electrical anemometers during daytime
(07h00 - 20h00) winds

( i )  Comparison with the substandard (cup 40) during Cbl

For the Cbl the WAU e le c tr ic a l anemometers (as dependent 

variab les) were compared with the substandard anemometer (cup 40) (as 

independent variab le ) fo r  100 firs from day 55 to  day 62 during high 

daytime wind speeds. The scatter plots o f  two pairs o f outer cups, that 

is cups 10 and 11 (NNW o f cup 40) and cups 44 and 55 (SSE o f cup 40), on 

the substandard cup 40 are given in F igs. 208-211 and Table 57. The cups 

were arranged in descending /ascending order starting with cup 10 close 

to WA and ending with cup 55 close to  WB. Throughout this f ir s t  

ca lib ra tion  the cup anemometers were kept in the same sequence (order 

also g iven  in Table 57).

We can see from Table 57 that the intercept values decreased in 

magnitude the nearer the anemometers were to the substandard (cup 40). 

The intercept values were positive on the north and negative on the 

south o f cup 40. These two observations suggest that the nearby valley 

influenced the behaviour o f the wind f i e l d .  The values ranged from -0.06
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C a l i b r a t i o n  o f  cup  anemo Embori Feb.  93

2
9
U

b
n9
1

w I nd S D M d l  Cu, m/s3 f o r  cuo No 40

Fig. 208. T h e  s c a t t e r  p l o t  a n d  1:1 l i n e  of h o u r l y  w i n d  
s p e e d s  f o r  W A U  e l e c t r i c a l  c u p  a n e m o m e t e r  10 a g a i n s t  
s u b s t a n d a r d  40 f o r  t h e  d a y - t i m e  p e r i o d  (0 7h 0 0 - 2 0h 0 0 ) at 
E m b o r i  f o r  55- 6 2  of 1993.

F i g .  209 .  The s c a t t e r  p l o t  and 1*1 l i n e  o f  h o u r l y  wind 
speeds f o r  cup anemometer 1 1  a g a i n s t  s u b s t a n d a r d  40 f o r  
t h e  d a y - t i m e  p e r i o d  ( 07h00-20h00) a t  Embori f o r  5 5 - 6 2  o f  
1993.
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Cal  i b r a t  i o n  o f  c u p  anem o E m b o r i F e b  93

£
§

»
*

w lna apaecis C u . m/s3 f o r  cuo No « 0

Fig. 210. T h e  s c a t t e r  p l o t  a n d  1:1 W A U  e l e c t r i c a l  c u p  
a n e m o m e t e r  44 a g a i n s t  s u b s t a n d a r d  40 for t h e  d a y - t i m e  
p e r i o d  ( 0 7 h 0 0 - 2 0 h 0 0 )  a t  E m b o r i  for 5 5 - 6 2  of 1993.

Ca l i b r a t  . o f  c u p  anem o E m b o r i F e b . 92

Fig. 211. Th e  s c a t t e r  p l o t  a n d  1:1 line of h o u r l y  w i n d 
s p e e d s  fo r  W A U  e l e c t r i c a l  c u p  a n e m o m e t e r s  55 a g a i n s t  
s u b s t a n d a r d  c u p  40 f o r  t h e  d a y - t i m e  p e r i o d  (0 7 h 0 0 - 2 0 h 0 0 )  
at E m b o r i  for 55-62 o f  1993.
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Table 57. Intercomparison o f WAU e le c tr ic a l cup anemometers 
with the substandard (cup 40) at HIGH (daytime: 07h00- 
20h00) wind speeds fo r  days 55-62 o f 1993.

cup
const

a
std e r r  

Y . . t
coe ff
b

std err  
b

corr 
coef, r

10 0.28 0.18 0.99 0.01 0.9888
11 0.21 0.24 0.98 0.02 0.9808
12 0.13 0.12 1.00 0.01 0.9946
13 0.11 0.05 1.01 0.00 0.9992
14 0.12 0.04 0.99 0.00 0.9994
15 0.05 0.03 1.01 0.00 0.9997
38 0.08 0.02 1.01 0.00 0.9999
39 0.06 0.01 1.01 0.00 1.0000
40" 0.00 0.00 1.00 0.00 1.0000
41 -0.03 0.03 1.02 0.00 0.9998
43 -0.02 0.03 1.02 0.00 0.9997
44 -0.01 0.04 1.01 0.00 0.9995
55 -0.06 0.06 1.01 0.00 0.9989

1{ = a + b * X

Table 58. Intercomparison of WAU electrical cup anemometers 
with the middle oup (oup 38) at HIGH (daytime i 07h00- 
20h00) wind speeds for days 25-32 of 1995. * is middle
cup

t- ■
const std e rr coeff std err corr

cup a V u t b b coef. r

55 -0.168 0.048 1.047 j  0.004 0.9992
161 -0.095 0.036 0.966 0.003 0.9995
i 43 -0.066 0.036 1.034 0.003 0.9995
13 -0.040 0.020 1.037 0.002 0.9999
14 -0.108 0.017 1.041 0.002 0.9999
15 -0.152 0.011 1.019 0.001 1.0000
38* 0.000 0.000 1.000 0.000 1.0000
60 -0.096 0.016 1.039 0.002 0.9999
40 -0.157 0.020 1.029 0.009 0.9998
41 —0.084 0.024 1.049 0.002 0.9998
12 -0.055 0.028 1.011 | 0.003 0.9997
11 -0.123 0.030 1.019 0.003 0.9997

10 -0.155 0.037 1.021 0.003 0.9995

y - a + b= 3SSSSSS38* X
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to  0.28.

We can also see from Table 57 and Figs. 208-211 that the gradient 

o f the lin ea r re la tion  between individual cups (dependent variable) and 

cup 40 (independent va riab le ) was within a range o f 1.01 ± 0.01. The 

co rre la tion  co e ffic ien ts , r . between individual cups and the substandard 

were very close to  1.000 and somewhat decreased with the distance from 

cup 40 to  0.9808 fo r  cup 11. On the whole, a l l  the cup anemometers 

s a t is f ie d  equation Y -  a + b * X with intercept a' close to  zero and 

the c o e ffic ien t  'b ' c lose to  one. The r  values were a ll c lose to 1.00.

( i i )  Comparison with cup 38 during Cb3

F igs. 212 & 213 present scatter diagrams and 1:1 lines for day

time high wind speeds fo r  cups 10 and 55 on cup 38 (cup 38 was the 

middle cup anemometer) fo r  two arrangements, namely; ( i )  before 

exchanging s ix  outer cups three on e ith e r side o f the horizontal bar 

(22/1/—1/2/95 fo r  90 hrs) and ( i i )  a fte r  exchanging the outer cups 

(1/2/-3/2/95 fo r 28 hrs) (see f i r s t  columns of Tables 58 & 59).

F igs. 212 & 213 and Tables 58 & 59 and 62 & 63 show that intercept 

values d id not now decrease in magnitude the nearer the anemometers were 

to the middle cups as observed in Cbl. There was also no cnange in sign 

for the cups on the northern or southern sides o f the central cup. The 

intercept 'a ' values however approached zero in both cases. The 

corre la tion  c o e ffic ien t between cups was very high. This suggests that 

the topographic influence which we in i t ia l ly  suspected to  be due to  the 

nearby va lley  during Cbl calibration was now eliminated by halving the

distance Figs. 212 & 213 over which cup anemometers were insta lled . The
»

gradient o f the lin ear rela tion  between individual cups (dependent 

variab le ) and cup 38 (independent variab le ) was within a range o f 1.022
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±  0 .022.

4.3.1 (c ) Comparisons o f  WAU e lec tr ica l anemometers during night-time

(21h00-06h00) winds

( i )  Comparison with the substandard (cup 40) during Cbl

F igs . 214-217 show the resu lts o f  the comparison o f individual 

anemometers 10. 11. 44 (la te r  replaced with 61 fo r  Cb2 and Cb3) and 55 

to  the substandard cup anemometer (cup 40) fo r 70 hrs from day 55 to  62 

in the LOW night-time (21h00-06h00) wind speeds. Here the nighttime 

conditions (Table 60) were the reverse { in  sign) o f intercepts compared 

to the day-time ones (Table 59). The intercept values were negative on 

the north and p os it ive  on the south o f the substandard. The values 

ranged from -0.34 to 0.23. We can also see from Table 59 and Figs. 214- 

217 that the gradients o f the linear rela tions between individual cups 

(d«p#nd«nt variable) and cup 40 lindependent variable) were within a 

range o f  1.03 t  0.05. The correlation coe ffic ien ts , r . between 

individual cups and the substandard were very close to 1.00 tut varying 

between 0.832 and 1.00 with the distance from cup 40. Again, a ll the cup 

anemometers sa tis fied  equation Y - a + b * X with intercept 'a ' close 

to zero  and the c o e ffic ie n t  ’t>' close to  unity. However, here, in 

nighttime conditions . 'a ' and 'b ' were respectively, further from zero 

and from one than in  day-time conditions reported in section 4.3.2 

above.

The higher wind speeds within the nighttime range scattered a b it 

above the 1:1 diagonal line and more so fo r  the cup anemometers north of 

the substandard (see F igs. 214 & 215). This aspect o f the scatter was 

also attributed to more topographic influence fo r  the slower nighttime
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Cal i b r a t  cup anemomet Embori Jan 1995
cpa 10 & 55 v s  38, HIGH w in , 25 -3 2  1995

Wind s p e e d s  fo r  c u p  38 in  m/s 

□  c u p  55 ♦ cup 10

Fig. 212. T h e  s c a t t e r  p l o t  a n d  1:1 l i n e s  of e l e c t r i c a l  
c u p  a n e m o m e t e r s  10 & 5 5  a g a i n s t  m i d d l e  cup 38 for d a y 
t i m e  (0 7 h 0 0 - 2 0 h 0 0 ) c o n d i t i o n s  a t  E m b o r i  for D O Y  2 5 - 3 2  of 
1995.

Fig. 213. T h e  s c a t t e r  p l o t  a n d  1:1 lines of e l e c t r i c a l  
cup a n e m o m e t e r s  10 & 55 a g a i n s t  m i d d l e  c u p  38 d a y - t i m e  
( 0 7 h 0 0 - 2 0 h 0 0 )  c o n d i t i o n s  at E m b o r i  f o r  DOY 3 2 -34 of 1995.
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c‘ Bi UBfiAfY

Ca l  i b r a t  i o n  o f  c u p  a nemo E m b o r i F e b  93

w lno s o e e d s  C u , m /*} f o r  c u d  No  *0

Fig. 214. T h e  s c a t t e r  p l o t s  a n d  1:1 l i n e  of h o u r l y  w i n d  
sp e e d s  f o r  W A U  e l e c t r i c a l  c u p  a n e m o m e t e r  10 a g a i n s t  c u p  
40 for n i g h t - t i m e  (2 1 h 0 0 - 0 6 h 0 0 ) c o n d i t i o n s  a t  E m b o r i  for  
D O Y  5 5 - 6 2  o f  1993.

Fig. 215. The s c a t t e r  p l o t s  and h o u r l y  w i n d  s p e e d s  for 
WAU e l e c t r i c a l  c u p  a n e m o m e t e r  11 a g a i n s t  s u b s t a n d a r  cup 
40 for n i g h t - t i m e  (2 1 h 0 0 - 0 6 h 0 0 )  c o n d i t i o n s  a t  E m b o r i  for 
days 5 5 - 6 2  of 1993.
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Fig. 216. T h e  s c a t t e r  p l o t s  a n d  1:1 l i n e  of h o u r l y  w i n d  
s p e e d s  f o r  W A U  e l e c t r i c a l  c u p  a n e m o m e t e r  44 a g a i n s t  
s u b s t a n d a r d  c u p  40 fo r  n i g h t - t i m e  (2 1 h 0 0- 0 6 h 0 0 ) 
c o n d i t i o n s  at Erobori f o r  DOY 55-62 o f  1993.

Cal iDrat  ion of  cup anemo EmPori FeP 93

Fig. 217. Th e  scatter plote and 1:1 line of h o u r l y  wind 
speeds for W A U  electrical cup anemometer 55 against
s u b s t a n d a r d  c u p  4 0  for n i g h t - t i m e  (2 1 h 0 0 - 0 6 h 0 0 ) 
c o n d i t i o n s  at E m b o r i  f o r  E m b o r i  f o r  55-62 of 1993.
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Table 59. Intercomparison o f WAU e le c tr ic a l cup anemometers 
with the middle cup (cup 38) at HIGH (daytime: 07h00- 
20h00) wind speeds fo r  days 32-34 o f 1995.

cup
const

*

1---------------------
std err 

Y . . t
coeff
b

std e rr  
b

corr 
coef. r

10 -0.228 0.041 1.029 0.005 0.9996
11 -0.164 0.025 1.012 0.003 0.9999

12 -0.085 0.015 1.012 0.002 1.0000
13 -0.046 0.018 1.037 0.002 0.9999

14 -0.103 0.015 1.039 0.002 1.0000
: 15 -0.150 0.014 1.018 0.002 1.0000

38- 0.000 0.000 1.000 0.000 1.0000
60 -0.098 0.023 1.037 0.003 0.9999
40 -0.146 0.014 1.025 0.002 1.0000
41 -0.032 0.026 1.040 0.003 0.9999
43 -0.066 0.036 1.037 0.005 0.9997
44 -0.078 0.036 0.928 0.003 0.9998
55

—
-0.129 0.048 1.022 0.006 0.9995

Y -  a + b * X

Table 60. Intercomparison o f WAU e le c tr ic a l cup anemometers 
with the substandard cup (cup 40) at LOW (nighttime: 

21h00-06h00) wind speeds fo r  days 55-62 o f 1993.

cup
const
a

std err  
Y .„ t

i coe ff
b

std  err 
b

corr 
coef. r

lo “ S7T4" " 1714 “ 079832
11 -0.26 0.12 1.10 0.02 0.9863
12 -0.28 0.11 1.10 0.02 0.9886
13 -0.23 0.09 1.09 0.01 0.9917
14 -0.15 0.07 1.06 0.01 0.9943
15 -0.14 0.05 1.06 0.01 0.9969
38 -0.05 0.03 1.04 0.01 0.9987
39 -0.02 0.02 1.03 0.00 0.9996
40* 0.00 0.00 1.00 0.00 1.0000
41 0.04 0.02 1.00 0.00 0.9993
43 0.11 0.04 1.00 0.01 0.9980
61 0.18 0.06 0.97 0.01 0.9950
55 0.23 0.08 0.94 0.02 0.9911

|
Y - a h► b * X

winds than fo r  the fa s te r  daytime ones. The r  values were close to 

1.000. There appear to  be no cups that dot not f i t  a picture due to the

environmental conditions.
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(ii) Comparison with cup 38 during Cb3
F igs . 218 & 219 present scatter diagrams and 1:1 lines of wind 

speeds fo r  cups 10 and 55 on cup 38 (the middle cup anemometer) for 

night-time LOW wind speeds during two cup arrangements (22/1/-1/2/95 for 

7C hrs and 1/2/-3/2/95 fo r  20 hrs. see section 4.3.1 (b) ( i i ) )  in Cb3. 

These show night-time conditions fo r section  4.3.1 (b) ( i i )  above (see

f ir s t  column of Tables 61 & 62).

Again we see in Tables 61 & 62 that there was no decrease in the 

intercepts towards the middle cups, as observed during Cbl. There was a 

marked trend o f the intercepts towards zero (o r ig in ) in both 

arrangements. The corre la tion  coe ffic ien ts  (r) between cup anemometers 

was again very high. This confirmed the absence o f va lley  topographic 

influence. This influence was eliminated by reducing the distance over 

which cup anemometers were insta lled  to  half of that in Cbl. The 

gradients ‘b' o f the lin ear relations between individual cups (dependent 

variab le) and cup 38 (independent variab le) were within a range o f 1.019 

i  0.023 fo r days 25-32 and 1.000±0.029 fo r  days 32-34.

Tables 63 and 64 show the bulked (day-time plus night-time) wind 

speeds fo r  days 25-32 and 32-34 during Cb3. We observe very high r 

values even fo r the bulked as well as fo r  the individual day/night-time 

periods. The gradients 'b ‘ of the linear relations between individual 

cups (dependent valuable) and cup 38 (independent variable) for the 

bulked data were w ithin a range o f 1.024+0.022 for days 25-32 and 

1.017+0.031 fo r days 32-34. This indicated legs influence o f the local 

topographical features with decrease in  distance over which the cups 

were in sta lled  fo r ca lib ration , as observed for unbulked data.
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CaI  i b r a t  c u p  anem om et Embor i J a n . 1995
c p s  10 a. 5 5  VS 38, LOW wi n , 2 S - 3 2

w in d  cpoA ds fo r  cup 38 In  m/c

□  c u p  55

Fig. 218. T h e  s c a t t e r  p l o t  a n d  1:1 l i n e  of h o u r l y  w i n d  
s p e e d s  f o r  W A U  e l e c t r i c a l  c u p  a n e m o m e t e r s  10 & 55 a g a i n s t  
m i d d l e  c u p  38 f o r  n i g h t - t i m e  (2 1 h 0 0- 0 6 h 0 0 ) c o n d i t i o n s  at 
Em b o r i  f o r  DOY 2 5 - 3 2  o f  1995.

CaI i b r a t . cup anemomet Embor i Feb

W ind sossd s fo r  c i «  39 ^  

O  c u p  55 ♦ cup 10

F i g .  2 1 9 .  The s c a t t e r  p l o t  and l s l  l i n e  o f  h o u r l y  wind 
s p e e d s  WAU e l e c t r i c a l  cup anem om eters  10 & 55 a g a i n s t
m idd le  c u p  38 f o r  n i g h t - t i m e  ( 21h00- 06h00) c o n d i t i o n s  a t  
Embori f o r  d a y s  32-34  o f  1 9 9 5 .
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lable 61. Intercomparason o f WAU e le c tr ic a l cup anemometers 
with the middle cup (cup 38) at LOW (nighttime: 21h00- 
06h00) wind speeds fo r  days 25-32 o f 1995.
P-------- -

const std e r r coeff std err corr
cup a Y«art b b coef. r

55 0.020 0.071 0.982 0.009 0.9969
61 0.002 0.044 0.953 0.006 0.998843 -0.029 0.036 1.021 0.005 0.9993
13 0.217 0.028 1.012 0.004 0.9995
14 -0.061 0.013 1.021 0.002 0.9998
15 -0.169 0.013 1.018 0.002 0.9999
38* 0.000 0.000 1.000 0.000 1.000060 -0.111 0.022 1.036 0.003 0.9997
40 -0.153 0.021 1.020 0.003 0.9998
41 -0.070 0.034 1.040 0.004 0.9994
12 -0.080 0.039 1.020 0.005 0.9991
11 -0.191 0.045 1.035 0.006 0.9989
10 -0.245 0.053 1.046 0.007 0.9985

Y =* a + b ' X .

Table 62. Intercomparison o f WAU e le c tr ic a l cup anemometers 
with the middle cup (cup 38) at LOW (nighttime: 21h00- 
06h00) wind speeds fo r  days 32-34 o f 1995. N-20 hrs

const std e r r coe ff std err corr
cup A Y b b coef. r

|
10 0.014 0.C85 0.947 0.027 0.9927
11 -0.028 0.035 0.966 0.011 0.9988
12 -0.054 0.017 1.002 0.005 0.9998
13 0.079 0.025 0.992 0.008 0.9994
14 -0.017 0.015 1.007 0.005 0.9998
15 -0.146 0.054 1.014 0.006 0.9997
38* 0.000 0.000 1.000 0.000 1.0000
60 -0.019 0.023 1.007 0.007 0.9995
40 -0.116 0.017 1.009 0.005 0.9998
41 0.026 0.024 1.010 0.008 0.9995
43 -0.044 0.023 1.040 0.007 0.9995
61 -0.037 0.035 0.923 0.011 0.9987
55 -0.064 0.030 1.025 0.009 0.9992
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Table 63. Intercomparison o f WAU e le c tr ic a l cup anemometers 
with the middle cup (cup 38) for bulked data (nighttime 
plus daytime) wind speeds for days 25-32 o f 1995.
N*160 hrs

cup
const

a
std e r r  

Yent
coeff
b

std err 
b

corr 
coef, r

55 -0.148 0.071 1.040 0.004 0.9988
61 -0.031 0.040 0.964 0.002 0.9955
43 -0.064 0.037 1.033 0.002 0.9967
13 -0.044 0.029 1.036 0.002 0.9998
14 -0.119 0.023 1.041 0.001 0.9999
15 -0.173 0.013 1.022 0.001 1.0000
38* 0.000 0.000 1.000 0.000 1.0000
60 -0.129 0.021 1.044 0.001 0.9999
40 -0.182 0.023 1.032 0.001 0.9999
41 -0.099 0.099 1.051 0.002 0.9998
12 -0.056 0.033 1.012 0.002 0.9997
11 -0.154 0.039 1.024 0.002 0.9996
10 -0.185 0.046 1.027 0.003 0.9995

Y = a + b * X

Table 64. Intercomparison o f WAU e le c tr ic a l cup anemometers
with the middle cup (cup 38) fo r bulked data (nighttime 

plus daytime) wind speeds fo r  days 32-34 o f 1995.
N=48 hrs

cup
const

a
std e r r  

Y « a t

coeff
b

std  err 
b

corr 
coef. r

10
11
12
13
14
15 
38* 
60
40
41 
43 
61 
55

-0.212
-0.152
-0.078
-0.045
-0.105
-0.151
0.000

-0.106
-0.165
-0.065
-0.030
-0.041
-0.072

0.072
0.036
0.016
0.030
0.021
0.016
0.000
0.027
0.019
0.032
0.032
0.031
0.044

1.025
1.009
1.011
1.035
1.038 
1.018 
1.000
1.038 
1.027 
1.044
1.032 
0.922
1.032

0.006
0.003
0.001
0.003
0.002
0.001
0.000
0.002
0.002
0.003
0.003
0.003
0.004

0.9991 
0.9998 
1.0000 
0.9999 
0.9999 
1.0000 
1.0000 
0.9999 
0.9999 
0.9998 
0.9998 
0.9998 
0•9997

-----------------------------------T

{ -  a + b * X
_ i ■■ ---
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4.3.1 (d) Intercomparison o f Woelfle anemographs and the WAU cups 

( i )  Calibration during Cbl

F igs. 220 & 221 show comparisons o f Woelfle anemographs on the 

north and south of the e le c tr ica l anemometers during daytime and 

nighttime in Cbl. WA was installed  on the northern side o f the 

horizontal bar o f anemometers at 1.0 m from cup 10. WB was installed on 

the southern side at 1.0 m from cup 55 (see P late 13). We can see from 

Fig. 220, which re la tes  the two instruments during daytime (07h00- 

20h00), that the two were very highly correlated with each other (with 

r=0.9795) they were on ly 9.2 m apart. This r  value is , nevertheless, 

smaller than among the e le c tr ic a l cup anemometers, but in the same order 

o f magnitude as a comparison between the outermost e le c tr ica l cups would 

be a t n ight. IXiring the low night-time winds (Fig. 221) the relationship 

was s t i l l  good but the correlation  was re la t iv e ly  low (with r-0.9510). 

This is  appreciably sm aller than for the e lec tr ica l cup anemometers at 

night. The bulked data (day-time plus night-time) winds were also 

h ighly correlated (with r-0.9818) but the regression constants remain 

influenced by the loca l terrain . We derived the linear regression 

equations between WA and WB. These are given below;

(a) high daytime winds (07h00 -  20h00):

WB -  0.04 + 0 .97*WA. r  - 0.9795

(b) low nighttime winds (21h00 -  06h00):

WB -  0.57 + 0.87*WA. r  - 0.9510

(c) bulked (day & night times ) data (OTljOO -  06h00):

WB -  0.23 + 0 .95*WA. r  = 0.9818

The two instruments correlating better in the high daytime winds 

than in the low night winds, at night the intercept values receded from 

zero and the gradient from one. as in (b ) . The bulked data equation was
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Influenced by the conditions o f low wind speeds, which was in turn 

influenced by the loca l terrain . We therefore in fer that the high 

daytime winds were favourable fo r  the two instruments to  re la te  to each 

other. The low night-time winds suffered more of local terra in  (e.g. the 

nearby va lle y  on the east of the ca lib ration  s ite )  influence on the 

instruments. Thus the daytime conditions su ffice  to compare the two 

W oelfle anemographs, g iven  that hourly average wind speeds did not get 

lower than 2.5 m/s.

( i i )  Calibration during Cb3

F igs. 222-225 show comparisons o f Woelfle anemographs (WA & WB) on 

the north and south o f  the e lec tr ica l anemometers during day-time and 

nighttime fo r  two arrangements in Cb3 mentioned above ( i . e .  25/1/-1/2/95 

and 1/2/3-3/2/95). WA was insta lled  on the northern side o f the 

horizontal bar o f anemometers at 0.75 m from cup 10 fo r the f ir s t  

arrangement and from cup 55 fo r the second arrangement and vice versa 

for WB. (P late 13). We can see from F ig. 222, which is a day-time 

(07h00-20h00) sca tte r p lot and regression o f WB on WA. that the 

closeness o f readings from the two instruments had improved by reducing 

the separation distance between them from 9.2 m during Cbl to 5.1 m 

during Cb3.

The two W oelfle cup anemographs were highly correlated with each 

other (F igs. 222 & 223) during daytime, with r  -  0.9784 fo r  f ir s t  

period and r  = 0.9807 for the second. Th*s correlation  is . again 

nevertheless, smaller than among the e le c tr ic a l cup anemometers and also 

smaller than fo r  a comparison between the outermost e le c tr ic a l cups at 

night. During the low night-time winds (Figs. 222 & 223) the 

relationsh ip  was s t i l l  good but the correlations were much lower but
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Fig. 2 2 2 .  T h e  s c a t t e r  p l o t s  a n d  1:1 l i n e  of h o u r l y  wind 
s p e e d s  f o r  W o e l f l e  a n e m o g r a p h  (WB, S e r . Nr. 31587) 
a g a i n s t  a n e m o g r a p h  (WA, 3 4 1 836) fo r  d a y - t i m e  for D O Y  25- 
32 of 1 9 9 5 .

DOY 3 2 - 3 4  Of 1995.
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Cal  i b r a t .  cup anemomet Embori Jan.  1995
WB v s  WA. LOW WINOS, 2 5 - 3 2  o f  1 995

Fig. 2 2 4  . T h e  s c a t t e r  p l o t s  a n d  1:1 of h o u r l y  w i n d  s p e e d s  
f o r  W o e l f l e  a n e m o g r a p h  (WB, Ser. Nr. 31587) a g a i n s t  
a n e m o g r a p h  (WA, Ser. Nr. 341836) f o r  n i g h t -  time f o r  DOY 
2 5 -32 o f  1995.

for D O Y  32-34 of 1 9 95.

Fig. 225. The scatter plots and 1:1 line of hourly wind
speeds for Woelfle anemograph (WB, Ser. Nr/ '
against anemograph (WA, Ser. Nr. 341836) for night-time
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better than during Cbl (with r  = 0.9339 now fo r  f ir s t  period and r  * 

0.9646 fo r  the second). The correlation coe ffic ien ts  (r = 0.9481 for the 

f ir s t  and r  * 0.9778 fo r  second arrangements) between Woelfles for the 

bulked (daytime plus nighttime) winds data was less for Cb3 than fo r  Cbl 

(with r  -  0.9818), but the two instruments were s t i l l  very highly 

correlated . The linear regression equations between WA and WB were found 

to  be;

( i )  high daytime winds (07h00 -  20h00):

(a ) f i r s t  arrangement (25/1/-1/2/95);

WB = 0.0681 + 0.984*WA, r  -  0.9784

(b) second arrangement (1/2/-3/2/95);

WB -  0.0344 + 0.9986*WA, r -  0.9807

( i i )  low nighttime winds (21h00-06h00) ;

(a ) f i r s t  arrangement (25/1/-1/2/95);

WB -  0.2814 + 0.9136*WA. r  -  0.9339 

(b ) second arrangement (1/2/-3/2/95):

WB -  -0.0084 + 1.0085*WA. r  -  0.9646

( i i i )  bulked (day & night times) data (07h00-06h00):

(a ) f i r s t  arrangement (25/1/-1/2/95);

WB -  0.3383 + 0.9157*WA. r  -  0.9481

(b) second arrangement (1/2/-3/2/95);

WB -  0.0327 + 0.9942*WA. r  -  0.9778

4.3.1 (e ) Comparison o f Woelfle anemographs wi£h e le c tr ic a l anemometers 

at Qnborl

( i )  Comparison o f WA & WB with WAU cups during Cbl

Tables 65 (a & b) and 66 (a & b) show the comparisons of 

e le c tr ic a l anemometers with the Woelfle anemographs at Embori during
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iab le 65. Intercomparison o f WAU e le c tr ic a l cup anemometers 
with W oelfle anemographs during HIGH (daytime: 07h00- 
20h00) winds at EmborKdays 55^62 o f 1993). (a) w oelfle  
(WA) as independent variable. N- 98 hrs and 
(b ) w oelfle  (WB) as independent variable. N- 76 hrs.

(a ) WA (Sr. Nr. 341836) as independent variable

const std e r r coeff std err corr
cup 1 a Y .„ t b b coef, r

10 0.120 0.28 0.83 0.02 0.9715
11 0.040 0.31 0.84 0.02 0.9661
12 -0.002 0.27 0.84 0.02 0.9749
13 0.018 0.28 0.85 0.02 0.9728
14 0.038 0.28 0.83 0.02 0.9723
15 -0.051 0.28 0.85 0.02 0.9727
38 -0.018 0.28 0.85 0.02 0.9728
39 -0.031 0.28 0.85 0.02 0.9728
40 -0.094 0.28 0.84 0.02 0.9727
41 -0.131 0.29 0.86 0.02 0.9721
43 -0.119 0.29 0.85 0.02 0.9720
44 -0.102 0.29 0.85 0.02 0.9714
55 -0.149 0.30 0.85 0.02 0.9697

-  a + b * X

(b ) WB (Sr. Nr. 31587) as independent variable

const std err coeff std  err corr
cup a Y— t b b coef. r

10 0.332 0.173 0.813 0.014 0.9892
11 0.286 0.162 0.805 0.013 0.9900
12 0.225 0.164 0.817 0.013 0.9901
13 0.226 0.165 0.823 0.014 0.9901
14 0.232 0.161 0.812 0.013 0.9903
15 0.138 0.159 0.830 0.013 0.9910
38 0.165 0.157 0.829 0.012 0.9912
39 0.147 0.154 0.828 0.013 0.9915
40 0.077 0.152 0.822 0.013 0.9915
41 0.038 0.149 0.843 0.012 0.9923
43 0.048 0.147 0.843 0.012 0.9925
44 0.051 0.141 0.836 0.012 0.9931
55 -0.013 0.139 0.839 0.011 0.9932

>{ -  a + b * X
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Table 66. Intercomparison o f WAU e le c tr ic a l cup anemometers 
with Wofclfle anemographs during LOW (nighttime: 21h00- 
06h00) winds at Etabori (days 55-62 o f 1993). (a) w oelfle
(WA) as independent variab le. N= 70 hrs and (b) w oelfle
(WB) as independent variable. N* 50 hrs.

(a ) WA (Sr. Nr. 341836) as independent variable

const std e r r coeff std err corr
cup a Y . .* b b coef. r

10 0.340 0.228 0.771 0.030 0.9526
11 0.425 0.221 0.738 0.029 0.9515
12 0.417 0.223 0.737 0.029 0.9508 |
13 0.476 0.223 0.730 0.030 0.9495 i
14 0.552 0.221 0.708 0.029 0.9475
15 0.580 0.224 0.698 0.029 0.9447
38 0.675 0.226 0.686 0.030 0.9422
39 0.705 0.226 0.674 0.030 0.9401
40 0.715 0.226 0.653 0.030 0.9366
41 0.772 0.236 0.653 0.031 0.9317
43 0.840 0.239 0.642 0.031 0.9277
44 0.913 0.249 0.625 0.033 0.9919
55 0.963 0.254 0.604 0.033 0.9099 i

Y -  a + b * x j

(b) WB (Sr. Nr. 31587) as independent variable

cup
const

a
std err  

Y «„ t
coe ff
b

std err 
b

corr 
coef. r

10 -0.012 0.293 0.865 0.049 0.9307
11 0.045 0.278 0.834 0.047 0.9323
12 0.015 0.275 0.837 0.046 0.9345
13 0.045 0.268 0.835 0.045 0.9371
14 0.103 0.257 0.816 0.043 0.9392
15 0.089 0.248 0.812 0.042 0.9426
38 0.152 0.236 0.805 0.040 0.9456
39 0.167 0.230 0.797 0.038 0.9485
40 0.180 0.220 0.774 0.037 0.9495
41 0.190 0.217 0.782 0.036 0.9519
43 0.248 0.212 0.773 0.036 0.9529
44 0.300 0.212 0.759 0.035 0.9515
55 0.326 0.208 0.742 0.035 0.9508

= = = = = = = =
Y = a + b * X

»=======*=*

day- and night-time respectively . The correlation  co e ffic ien ts  between 

anemometers and anemographs were generally again higher fo r  the daytime 

than fo r  the night time winds. A ll anemometers were more highly
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corre la ted  with the southern Woelfle (WB). (with an average r  o f 0.9914 

± 0.0011) (Table 65b) than with the northern Woelfle (WA) (with an 

average r  o f 0.9719 ± 0.0021) fo r  the day time winds (Tables 65a).

Table 66a & 66b show r  fo r night-time wind speed data during Cbl. 

As expected the anemometers closer to  WA were more correlated with the 

former than those fa rth er away (r  = 0.9526 for cup 10 to  r  * 0.9099 for 

55 nearest to WB) (see Table 66a). Conversely the anemometers closer to 

WB were more correlated  with WB (r  = 0.9529 for cup 43 to  r  = 0.9307 for 

cup 10) than those fa rth er away. The conditions were more pronounced 

during night- than day-time.

( l i )  Comparison o f WA & WB with WAU cups during Cb3

Tables 67a & 67b and 68a & 68b show the comparisons of 

e le c tr ic a l anemometers with the W oelfle anemograph (WA) at Emfcon 

during day- and night-time respective ly  for the f i r s t  arrangement 

(25/1/-1/2/95) and fo r  second arrangement (1/2/-3/2/95) as indicated in 

section  4.3.1 (b) ( i i )  Here again the correlation  coe ffic ien ts  between 

anemometers and WA were generally higher for the daytime than for the 

nighttime winds. However, the values o f the correlation  coe ffic ien ts  

between WAU cup anemometers and the w oelfle  anemographs were lower for 

the Cb3 than fo r  Cbl. when the cup anemometers were barely four months 

old . The reduction in  correlation values between the e lec tr ica l cup 

anemometers and the W oelfle anemographs was more therefore due to ageing 

o f the anemographs which have been in use much longer before they were 

deployed fcr th is  exercise. The ageing o f anemographs seemed more lik e ly  

than other factors such: instrument type, shape o f cups, round-off 

errors , e ffe c ts  o f threshold and dynamic zeroes of the la tter with also 

g iv e  same response. The comparison o f WAU e lec tr ica l anemometers with
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iable 67. Intercomparison o f WAU e le c tr ic a l cup anemometers 
with W oelfle anemographs (WA) during HIGH (daytime: 
07h00-20h00) winds at Qnbon (a) fo r  the period 
25-32 o f 1995, N= 87 hrs and (b) fo r  the period 
32-33 o f 1995, N= 31 hrs.

(a) HIGH: fo r  the period 25-32 of 1995.
1

N= 87 hrs

const std e r r coe ff std err corr
cup a Y .„ t b b coef. r

55 -0.218 0.340 0.996 0.032 0.9595
61 0.086 0.305 0.920 0.028 0.9616
43 0.072 0.329 0.984 0.031 0.9611
13 0.097 0.333 0.987 0.031 0.9604
14 0.030 0.336 0.990 0.031 0.9601
15 -0.019 0.328 0.970 0.031 0.9603
38 0.129 0.321 0.952 0.030 0.9605
60 0.040 0.336 0.989 0.031 0.9599
40 -0.019 0.334 0.978 0.031 0.9595
41 0.058 0.344 0.997 0.032 0.9587
12 0.017 0.328 0.962 0.031 0.9596
11 0.012 0.332 0.968 0.031 0.9591
10 -0.018 0.336 0.970 0.031 0.9585
WB 0.068 0.242 0.984 0.023 0.9784

Y - a + b *
= = = = = = =

X
==s= = = = 9 = _ ------±

(b) HIGH: fo r the period 32-34 o f 1995. N- 31 hrs.

cup
const

a
std e rr  

V*M
coe ff
b

std  err 
b

corr 
coef. r

10 -0.249 0.418 1.007 0.054 0.9601
11 -0.230 0.416 0.995 0.054 0.9596
12 -0.107 0.412 0.990 0.054 0.9600
13 -0.068 0.427 1.013 0.056 0.9589
14 -0.121 0.429 1.015 0.056 0.9587
15 -0.160 0.423 0.993 0.055 0.9581
38 -0.012 0.412 0.976 0.054 0.9588
39 -0.100 0.433 1.011 0.056 0.9577
40 -0.160 0.423 1.001 0.055 0.9588
41 -0.049 0.425 1.016 0.055 0.9595
43 -0.089 0.437 1.013 0.057 0.9571
44 -0.005 0.401 0.898 0.052 0.9542
55 -0.063 0.416 1.003 0.054 0.9601
WB 0.034 0.284 0.999 0.037 0.9807

= a + b * X



420

the WB gave average corre la tion  co e ffic ien ts  (r ) fo r  daytime conditions 

o f 0.9549+0.0017 for N=87. fo r the f i r s t  arrangement in Cb3 before the 

outer cups were interchanged and 0 .9578±0.0025 fo r  N-31, fo r the second 

arrangement Cb3 a fte r  the outer cups were interchanged. The average r 

between cup anemometers and WB fo r  night-time conditions were obtained 

as 0.8949 ± 0.0025 fo r  N=64. for the f ir s t  arrangement in Cb3 and 

0.8468±0.0062 fo r  N=26. fo r  the second arrangement in Cb3 (Tables 66 and 

67).

When the day-time and night-time data were bulked (pooled) the 

average r  o f cup anemometers with WB anemograph were 0.9468 ±0.0013 for 

N*=151, fo r  the f i r s t  arrangement and 0 .9509±0.0020 for N=57. for the 

second arrangement both in Cb3. Tables 69a & 69b present comparisons of 

WA with cup anemometers fo r  the bulked wind speed data during the two 

periods indicated above. We again observe high correlations during this 

period. As already pointed out the e le c tr ic a l cup anemometers were 

corre la ted  better with the Woelfle anemographs during daytime than 

during nighttime.

Intercomparisons o f WAU e le c tr ic a l cup anemometers (Table 70; 

shows the ra tios  of cup anemometers to  the substandard (cup 40) during 

Cbl fo r  day (D) and night (N) conditions to l ie  in the range 1.02 + 

0.01. On the mean, cups read 2% more than the substandard (cup 40). 

This range also app lies to  a ll individual cups (Tables 70). The 

intercomparisons with extreme cup 10 during Cb2 (Table 70) show the 

ra t io s  to  l i e  between 0.99+0.02 and 1.03±0.Q?. Most cups were reading 

w ithin 2% of cup 10. The intercomparisons with the middle cup (cup 38) 

during Cb3 Table 68a & 68b show the ra tios  to l ie  between 0.99±0.01 and 

1.01+0.01 fo r  most cups for day and nighttime conditions. On the whole 

the e le c tr ic a l cups were very close to  each other, within a range o f 1%.



421

Table 71 shows the ra tios  o f anemographs to  the mean hourly wind 

speeds during the ca lib ration  periods Cbl. Cb2 and Cb3 (a & b). The 

anemographs compare reasonably well with the WAU e lec tr ica l anemometers. 

The mean ra tios  show that cup anemographs were reading 10-11% more than 

the WAU e le c tr ic a l anemometers. Kainkwa (1991). working under Indian 

Ocean beach conditions in Dar es Salaam, found also that anemographs 

read 10% more than e le c tr ic a l anemometers, although he used Bottemanne 

conical cups o f 21 cm diameter. In our case we have used WAU conical cup 

anemometers o f 15 cm diameter.

The e le c tr ic a l cup anemometers which we used here, as well as the 

Bottemanne anemometers o f Kainkwa. were made by the Mechanical Workshop/ 

Laboratory o f the Physics and Meteorology Department o f Waaeningen 

Agricultural University (The Netherlands). They were calibrated in the 

same wind tunnel. The nature o f terra in  used by Kainkwa (1991) was very 

d iffe ren t from our Embori s ite . In the Bnbori case there was inevitably 

a la te ra l d ifference in the loss o f  momentum close to the va lley 

foreground ©specially at lower wind speeds during night time. Of course 

cup anemometers measure wind speeds at angles upto about 45° with the 

horizontal without errors. The main reason for the ra t io  is  a higher 

speeds in m/s. Our ca librations show that no corrections were necessary 

to  individual e le c tr ic a l cup anemometers during periods between or 

otherwise close to the times o f ca librations and acceleration and a 

lower deceleration o f the cups o f the Woelfle anemographs. Also the 

anemographs have higher s ta llin g  speeds. >«

Smaller reasons fo r  higher readings with anemographs as compared 

to  e le c tr ic a l anemometers (a lso observed by Kainkwa. 1991) are round

o f f  or su b jectiv ity  errors when manually evaluatina the hourly wind 

speeds from the s tr ip  charts o f the W oelfle mechanical wind recorders
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Table 68. Intercomparison o f WAU e le c tr ic a l cup anemometers 
with Woelfle anemographs (WA) during LOW (night-time: 
21h00-06h00) winds at Qnbori (a) fo r  the period 
25-32 o f 1995, N- 64 hrs and (b) fo r the period 
32-34 o f 1995. N- 26 hrs.

(a ) LOW: for the period 25-32 o f 1995. N= 64 hrs

cup
const

a
std err  

Y , «
coeff
b

std err 
b

corr 
coef. r

55 0.030 0.390 0.933 0.062 0.8865
61 0.013 0.375 0.904 0.060 0.8878
43 -0.016 0.404 0.969 0.064 0.8869
13 0.048 0.400 0.957 0.064 0.8860
14 —0.OoO 0.405 0.963 0.064 0.8852
15 -0.131 0.405 0.960 0.064 0.8645
38 0.042 0.398 0.939 0.063 0.8838
60 -0.059 0.414 0.971 0.066 0.8823
40 -0.103 0.409 0.957 0.065 0.8820
41 -0.003 0.412 0.969 0.066 0.8804
12 -0.010 0.411 0.950 0.065 0.8794
11 -0.116 0.416 0.962 0.066 0.8797
10 -0.160 0.422 0.969 0.067 0.6783
WB 0.281 0.280 0.914 0.044 0.9339

Y = a + b * X

(b) LOW; for the period 32--34 o f 1995 N= 26 hrs

const std err coeff std err corr
cup a Y ,„t b b coef. r

10 —0.095 0.402 0.948 0.087 0.9117
11 G .il3 0.414 0.883 0.090 0.6950
12 -0.053 0.431 0.966 0.094 0.9033
13 0.138 0.429 0.936 0.093 0.8991
14 0.069 0.437 0.941 0.095 0.8966
15 -0.032 0.438 0.940 0.095 0.8962
38 0.097 0.435 0.930 0.094 0.8954
60 0.009 0.437 0.960 0.095 0.9002
40 -0.042 0.441 0.946 0.096 0.8962
41 0.039 0.436 0.968 0.095 0.9009
43 0.165 0.456 0.930 0.099 0.6869
61 ~0.4i3 0.413 1.016 0.090 0.9179
55 0.055 0.446 0.945 0.097 0.6959
WB -0.008 0.259 1.008 0.056 0.9646

i -  a + b ‘ X



423

Table 69. Intercomparison o f WAU e le c tr ic a l cup anemometers 
with Woelfle anemographs (WA) fo r  BULKED data (daytime 
plus nighttime) winds at Embori (a ) fo r  the period 
25-32 o f 1995, N“  151 hrs and (b) fo r  the period 
32-34 o f 1995. N = 57 hrs.

(a) BULKED: the period 25-32 o f 1995, N- 151 hrs

eenet ■ td e r r Qomtt atd err oarr
cup a Ym b b coef. r

55 -0.042 0.444 0.956 0.025 0.9534
61 0.071 0.410 0.884 0.023 0.9536
43 0.048 0.442 0.947 0.025 0.9530
13 0.071 0.445 0.948 0.025 0.9526
14 -0.001 0.449 0.953 0.025 0.9523
15 -0.057 0.441 0.935 0.025 0.9521
38 0.115 0.432 0.914 0.024 0.9519

*• 60 -0.006 0.454 0.954 0.025 0.9513
40 -0.060 0.450 0.943 0.025 0.9510
41 0.027 0.460 0.960 0.026 0.9506
12 -0.066 0.443 0.924 0.025 0.9505
11 -0.029 0.450 0.934 0.025 0.9501
10 -0.059 0.453 0.937 0.026 0.9498
WB 0.338 0.451 0.916 0.025 0.9481

_____  Y * a + b * X

(b) BULKED: fo r  the period 32-34 o f 1995, N- 57 hrs

const std err coe ff std  err corr
cup a Ym « b b coef.  r

10 -0.315 0.415 1.016 0.037 0.9660
11 -0.252 0.423 0.994 0.037 0.9634
12 -0.167 0.422 1.000 0.037 0.9638
13 -0.140 0.433 1.022 0.038 0.9635
14 -0.197 0.438 1.024 0.039 0.9629
15 -0.237 0.433 1.004 0.038 0.9622
38 -0.084 0.426 0.987 0.038 0.9623
60 -0.197 0.437 1.025 0.039 0.9630
40 -0.256 0.436 1.014 0.038 0.9626
41 -0.161 0.437 1.032 0.039 0.9637
43 -0.117 0.450 1.015 0.040 0.9603
61 -0.106 0.414 0.909 0.037 0.9529
55 -0.172 0.437 1.018 0.039 J?. 9626
WB 0.033 0.325 0.994 0.029 0.9778

Y -  a + b * X
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Table 70. Ratios o f  mean wind speeds recorded with WAU e le c tr ic a l 
cup anemometers to  substandard (cup 40), to extreme cup (cup 
10) and to  middle cup (cup 38), during calibration periods 
(Cbl, Cb2 & Cb3a & Cb3b) at Embori. Cbl is  ca libration  done 
from 28/2-6/3/1993, Cb2 is ca lib ration  done from 4-28/5/1994, 
Cb3 is  ca lib ration  done from 25/1-3/2/1995 (a & b are f ir s t  
and second arrangement for Cb3 see Text), D is  daytime (07h00- 
20h00) and N is  nighttime (21h00-06h00).

ratios cups/cup40 cups/cuplC cups/cup38
La u p . periods ----- C5I------ ---- CE2------- — CE35 c 33b
Day/night-time D N D N D 1 N D N averg
ratios 
std dev

1.02
0.00 o

 t-
*

o
 o

t->
 M TFW

0.02
1.03 , 
0.02

1.01 0.99 
0.00^ 0.01

1.00
0.01

0.99
0.01

1.01
0.06

Table 71. Ratios of mean wind speeds recorded with Woelfle anemographs 
(WA & WB) to  those recorded with WAU e le c tr ica l cup anemometers 
during ca librations at Bnbori. Cbl is  calibration done from 28/2 

-6/3/1993, Cb2 is  ca lib ration  done from 4-28/5/1994. Cb3 is 
ca lib ra tion  done from 25/1 -3/2/1995 (a & b) are f i r s t  and 
second arrangement see Text), D is  daytime (07h00-20h00) and 
N is  nighttime (21h00-06h00).

ra tios Cbl Cb2 Cb3a Cb3b averg
bay/night-time N D N D N D N
WA/cups 1.19 1.21 1.08 1.26 1.01 1.06 1.03 1.07 1.11
std dev 0.06 0.08 0.14 0.17 0.02 0.03 0.01 0.02 0.06

VB/cups T T S “ 1.21 " 0 3 1.16 1.02 1.06 1.04 1.08 1.10
std dev 0.04 0.07 0.15 0.25 0.01 0.04 0.03 0.05 0.08

AVerage ra tio T H E ” T7ZTT U T t ^ t 1.02 1.06 1.04 1.08 1.11
std dev 0.05 0.08 0.14 0.20 0.02 0.03 0.02 0.04 0.07

(anemographs). Kainkwa (1991) used a datalogger which read wind speed 

data a fte r  every 30 minutes in printed form to  two decimal places. In 

our case the CR10 read 10 sec wind speed data and stored th e ir 15 minute 

averages fo r future r e t r ie v a l . The data were then la te r  retrieved  with 

the Lap-top computer and imported into the LOTUS work-sheet. Experience 

has shown that when using e le c tr ic a l cup anemometers to  measure wind 

speeds one should pay particu lar attention  to:

( i )  the type o f instruments to use with regard to manufacturers.

( i i )  the shape o f  the cups (conical or hemispherical or otherwise).

( i i i )  the threshold and the dynamic zero o f the anemometers.
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( iv )  the sampling period,

(v ) the type o f te rra in .

In the actual f i e ld  measurements we used Woelfle anemographs 

mainly as wind d irec tion  indicators and WAU anemometers to  measure wind 

speed.

4.3,2 Strong winds at Matany a

4.3.2 (a) Experimental periods fo r  wind measurements

Table A6 (Appendix) gives the experimental periods: 93P1...........

93P10 fo r  1993 and 94P1.........  94P10 fo r  1994 at Matanya. The calendar

dates and days o f the year (DOY) corresponding to these experimental 

periods are a lso given  in Table A6. These periods cover the seasons of

strong winds o f June-3eptember. The WAU cup anemometers were in it ia l ly  

■•t to 1.00 m at the planting time. The anemometers were tnereafter

adjusted as the maize plant increased in height, to remain at 0.20 m 

above the ta lle s t  plant element in the v ic in ity . The heights to  which 

WAU cup anemometers were adjusted and dates are given in Appendix Table 

A5. F ig. 8 g ives  the set up o f the en tire  Matanya sta tion  during the 

periods o f  oui' experiments, including positions o f cup anemometers in 

agroforestry (AF) and non-aaroforestry (NAF). F ig. 10 arid Appendix Table 

A7 g iv e  the layout o f  WAU e lec tr ica l cup anemometers and a Woelfle cup 

anemograph (WB) in the AF plot at Matanya. The AF p lot bordered fru it 

trees in the north. The remaining three sides were fenced with a nedge 

of a shrub Known as Coleus tarbatus. which we •''refer to  as a live-rence. 

Cups in positions A i. A2. A3 and A4 ( i . e .  cup 10. 11. 12 and 13) were

irista lied  at 2H (where H is  the height o f the Coleus barbatus l iv e -  

fence) from the western side (WH) o f the live-fence (F ig . 8) arid 3.5 m
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from nearest tree row (shown in F ig. 9 as D(TR3)). Cups in positions A5. 

A6. A7 and A8 ( i . e .  cups 14. 15. 38 and 39) were insta lled  in the 

central part o f AF p lo t between Grevillea i~obusta trees  at 7H from 

e ith er the western (WH) or the eastern (EH) sides o f the live-fence. 

Each cup was insta lled  at 2.5 m from the nearest Grevillea robusta tree. 

Cups A9. A10, A ll and A12 (cup 40. 41. 43 and 44. la te r 61) were 

in s ta lled  at 2H from the eastern (EH) side of the live-fence and 3.5 m 

from nearest tree row (shown In Fig. 9 as B(TRl)). WAU cup anemometer 95 

was in sta lled  in the open area at 60 m (or 30H) from the eastern hedge 

and 68.8 m (or 34.5H) from the nearest WAU anemometer in the AF (Fig. 

8 ). The within cup anemometer row spacing was 3H and the between cup row 

spacing was 5H.

F ig . 10 shows f iv e  small gaps (GP1.........GP5 ) and one bigger gap

(DGP) in the live -fen ce  around Grevillea ix>busta trees. Table 72 give 

the r e la t iv e  s izes o f the gaps in the live-fence. GP1 was in the western 

side o f the live-fen ce  (WH). GP2 was a small gap at the corner between 

3H arid WH. These two gaps could play a ro le  in a irflow  into the AF . 

According to Table 72. we think the gaps were too small to have had any 

major impact on general protection by th is  side o f the live-fence.

Table 72. Relative s izes  of gaps in the live-fence 
around Matanya AF. (WH. EH and 5H re fe r  to  the 
western, eastern and southern sides of the live  
-fence. The northern side borders the fru it  trees 
and has no ro le  in the AF Grevillea  s id e ).

H is  the hedge height which is  about 2.0 m.
—

Gaps width area
WH “GP1 U73H-------- 0.3H X lH
WH GP2 0.2H 0.2H X 1H
EH GP3 0.2H 0.2H X 1H
EH GP4 0.4H 0.4H X 1H
EH GP5 0.3H 0.3H X 1H
SH DGF 2H 2H X 1H
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GP1 measured 0.3H wide while GP2 had a width o f 0.2H. Other three small

gaps (GP3........... GP5) were on the eastern side (EH) o f the live-fence.

which had lodaed due to  the strong outflow o f a ir  from the AF. which 

lowered a part or EH toy 0.25H tor a width or 1H on the lee. This side 

was leeward o f the approaching wind and i t  was obvious that these gaps 

and the lodging only influenced the a ir flow  out of the AF but not the 

in flow . The gap o f main importance that caused major tunnelling e ffec ts  

into the AF was the de liberate gap (DGP). which we nad le f t  for access 

in to  the AF plot. The farmers in Matanya area also leave such gaps for 

access into their sm all-scale farms. When such caps become problematic 

because o f persistent strong winds the farmers seai them up and open new 

ones on the leeward sides, as long as these new ones do not lead to 

th e ir  neighbours farms. The DGP measured 2H wide. The area o f DGP 

exposed to  the southerly winds was therefore 2H X 1H. The smaller gaps 

became re la t iv e ly  wider in the dry season (la te  January to early March, 

which was not In the season of strong winds) when there was less 

fo lia g e , because the leaves dried and f e l l  o f f  due to lack o f water. The 

gaps p a rt ia lly  f i l l e d  up in rainy seasons (LR & SR) as the new fo liage  

grew, thereby reducing porosity of the live-fence. The DGP was generally 

unaffected even in the dry seasons.

4 .3 .2  (b) Monthly wind directions

The resu lts o f  re la t iv e  per cent wind d irection  freguency roses 

at Matanya. taken at a height o f 2.0 m. are given in Figs. 226-231 & 

238-245 in the open (control) area and in Figs. 232-237 & 246-253 in the 

AF p lo t. The resu lts include the period o f strong destructive winds that 

blew from between south and south-east from June to  September o f 1993 

and 1994. Sometimes strong winds blow from south-westerly directions, as
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in July o f 1994 (see F ig. 239).

The resu lts presented here were worked out from the strip  charts 

o f the two W oelfle cup anemographs (WA & WB). These two instruments were 

a lso  used in the ca lib ration  exercises at Embon.

We learn from 1993 results (F igs. 226-231 & 232-237) that the 

winds which blew over Matanya from June to September were predominantly 

southerly, with rather small south-easterly components. The 1994 results 

fo r  the NAF ( i . e .  with WA. Sr. Nr. 341836) show that the strong winds 

blew mainly from between south and south-west in June (Fig. 246). In 

July 1994 the strong winds blew from between south-west, south and 

south-east (F ig. 239) and mainly from south-east with frequencies of up 

to  100% in August and September (F ig . 240 & 241). I t  continued blowing

from south-east in October and November, a lb e it with variable frequency 

as i t  reversed to  become northerly and then north-easterly components 

from December through January (Figs. 244-245). The 1994 results for the 

WB ( i . e .  Sr. No. 31587) AF show that in Matanya AF the strong winds were 

blowing predominantly from the south between June and October (Figs. 

246-250). with a small south-easterly component in July. The strong 

winds continued to  blow from between south-west and south-east in 

October and November as i t  changed d irection  to become northerly and 

north-easterly from December through January (F ig . 251-253). The 

southerly, south-easterly and south-westerly winds which blow over 

Matanya area from June to September, as already discussed above, were 

very strong and therefore very destructive. They orig inate from the 

south-east monsoon winds which normally blow from the Indian oceai 

towards the Arabian desert (G r iffith s . 1972. see appendix F ig. A5 ). A: 

they pass over the Kenyan highlands they get channelled between Mt 

Kenya and Aberdare Mts. becoming very strong over eastern parts of
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Figs. 226-229. Relative per cent monthly wind direction frequencies for 
April till July 1993 at Matanya taken with WA at 2.0 m height in 
the open (NAF).
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Figs. 230 & 231. Relative per cent monthly wind direction frequencies 
for August and September 1993 at Matanya taken with WA at 2.0 m 
height in the open (NAF).



W ind in Apr1993 
HT. 2.0 Matanya Sr.No.31587

100
NW\60 

\ai » 4 r'

i
 

■

/
sv\r 

Fig. 232
5

[ "apr j

Wind in Jun 1993 
HT. 2.0 Matanya Sr. No. 31587

Wind in May 1993 
HT. 2.0 Matanya Sc No. 31587

Wind in Jul 1993 
HT. 2.0 Matanya Sr. No. 31587

»i"i I

Fiqs. 232-235. Relative per cent monthly wind direction frequencies for
April till July 1993 at Matanya taken with WB at 2.0 m height Af.
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Figs. 236 & 237. Relative per cent monthly wind direction frequencies
for August and September 1993 at Matanya taken with WB at 2.0 m
height AF.
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Laik ip ia d is t r ic t  around Matanya area. Compared to  Ficrs. 226-229 there 

was a s lig h t sh ift  in  westward in F igs. 232-237 and a sligh t sh ift 

eastward in F igs. 236 & 237. Compared to  Figs. 238-241) there is  in 

June/July a slicrht s h ift  in eastward in Figs. 246-253 but in 

August/September the s h i f t  is c learly  westward (from SE to  S dominance). 

Compared to  F igs. 242-245 there is a s ligh t westward s h ift  continued for 

October and November. In December no s h if t  shows up and in January, i f  

any. i t  is somewhat eastward. These sh ifts are nevertheless so small 
that measurements in the control would have been su ffic ien t fo r wind 

d irections.

4.3.2 (c) Choice of representative experimental periods
We have already seen in Figs. 226-253 that the strong destructive 

winds from between south to south-east occur in Matanya area between 

June and September. These winds start to build up as ea riy  as mid-May. 

The resu lts o f the analysis o f representative windy conditions in 

Matanya presented here cover the windy seasons of June-September 1993 

and 1994 (see appendix Table A6). F igs. 254-256 & 257-259 and Tables 73 

& 74 show mean da ily  wind speeds for experimental periods at 09h00-08h00 

(loca l time) the fo llow ing day to  coincide with the da ily  Piche 

read l rigs.

As we have seen in section 4.1 the LR93 and LR94 maize crops were 

planted on 15/4/93 and 14/4/94. The plants attained their maximum 

heights in the fourth and third weeks o f June respective ly  for 1993 and 

1994 crops (appendix Table A5). Due to  pocr ra in fa ll d istribution the 

plants could not grow ta lle r  than 2.4 an! 2.2 m in LR93 and LR94 

respective ly . The strong winds from Jun-- to  September dry the s o il 

further and lodge the plants, tear and snap the v -  i l y  drying leaves
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Figs. 242-245. Relative per cent monthly wind direction frequencies for
October 1994 till January 1995 at Matanya taken with WA at 2.0 m
height NAF.
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Figs. 246-249. Relative per cent monthly wind direction frequencies for 
June 1994 till September 1994 at Matanya taken with WB at Z.V m 
height AF.
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and stems and remove and re-d is tr ibu te  mulch materials in mulched 

p lo ts .

The maize biomass which was le f t  in the f ie ld  to dry was harvested 

at the end of August on both occasions. In the months o f June to August, 

these strong winds overlapped with the late stages o f maize growth and 

maize biomass stubble le f t  in the f ie ld  to dry before harvesting. 

According to the c r it e r ia  of Heisler and Dewalle (1988). Seginer (1975) 

and Sturrock (1969) only cups in row 1 were e f fe c t iv e ly  protected by the 

liv e - fen ce  wind-break as their protective e ffe c t . E. was greater than 

0.2 ( i . e .  EzO.2). This can partly explain the d ifferences in biomass

y ie ld s  in AF fo r  1993 and 1994. The LR maize crop in the lower half of 

AF were ta l le r  and yielded more biomass than in the upper half. 

S im ila r ly  in AFM1 p lo t (section 4.1. Figs. 74-77 and Figs. 90 & 92). 

Maize rows 17-29 (F ig . 9) in a l l  the four plots AFM1. AFM2. AFL1 & AFL2) 

were in the lower h a lf o f AF. The maize biomass were higher than those 

an the upper ha lf o f the AF. The sheltering e ffe c ts  o f sparse G revillea  

roJxista tree stems and the canopies o f these trees and other high maize 

plants cumulatively decreased wind speeds from line 1 (positions Al, A5 

& A9) downwind to lin e  4 (positions A4. A8 & A12) (Table A5 ). Position 

A12 recorded the lowest wind speeds as compared to positions A9. A10 and 

A12. S im ilarly positions A8 recorded the lowest wind speeds compared to  

positions A5, A6 and A7 in row 2. The plants in th is parts of the f ie ld  

(low er half and in AFM1) had higher biomass y ie lds as we can see in 

section  4.1. This was the time when maize was growing and had not 

reached the maximum height o f 2.4 m in 1993 and of 2.2 m in 1994.

To determine the e ffe c ts  o f strong winds on the maize crop we 

chose three representative experimental periods (93P4. 93P7 & 93P10) in



A v e r g  w / s p e e d s  f o r  e a c h  e x p  I p er  i o d  93
A n i m o T i t t f i  '’ ••O i n g «  in  AP r o w  1

93P1 93P2 9 3 P 3  9 3P «  93 p 3 93P6 93P7 93P9 93PS

E x p « r  Im tn tfii p* r I o d » C93p * ,n  D O O

a  1 Ccuo  105 A 2  CCUP 1 1 5  E g )  A3 c c u e  12) E 2  44 ccue
r / y l  C o n tro l Ccuc 535 _______________________

93P10

135

F i g .  2 5 4 .  I n t e r c o m p a r i s o n  o f  mean d a i l y  wind s p ee d s  
r e c o r d e d  by c u p  anem om eters  (c u p s  1 0 ,  1 1 ,  12  & 1 3 )  i n  row 
1 i n  AF and c o n t r o l  d u r i n g  w in d y  s o a s o n  a t  Matanya in
1993 ( F i g .  1 0 2 b ) .

F i g .  255. In te rco m p a r is o n  o f  mean d a i l y  w ind speeds 
r e c o rd e d  by cup anemometers (cups 14, 15, 38 & 39) in  row 
2 in  AF and c o n t r o l  d u rin g  w indy season a t Matanya in  
1993.
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A v e r g  w/ s p e e d s  f o r  e a c h  e x p  I p e r i o d  93
A n e m o m e t e r s  r e a d i n g s  I n  A F  r o w  3

E x p e rim e n ta l p e r io d s  C93p * ,n  0 C*O 

I (c u p  4 0 ) E 5 5 S  A10 CC'JP 4 1 ) E223 A11 c c u p  4 3 ) [ S S I  A 1 2  cCUP **
XAy\  C o n tro l Ccup 5 5 )

Fig. 256. Intercomparison of mean da ily  wind speeds 
recorded by anemometers (cups 40, 41, 43 & 44) in row 3 
in AF and control during windy season at Matanya in 1993.

F ig. 257. Intercomparison of mean da ily  wind speeds 
recorded by cup anemometers (cups 10, 11, 12 & 13) in row 
1 in AF and control during windy season a t  Matanya 
Matanya in 1994.
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F i g .  2 5 8 .  I n t e r c o m p a r i s o n  o f  mean w in d  s p e e d s  r e c o r d e d  by 
cup a n e m o m e t e r s  ( c u p s  1 4 ,  1 5 ,  38 & 60) i n  row 2 i n  AF and 
c o n t r o l  d u r i n g  w in d y  s e a s o n  a t  Matanya  i n  19 94.

A v e r g  w / s p e e d s  f o r  e a c h  e x p  I p e r  i o d  94
Anemometer re a d in g s  in  AF r o *  3

9 4P 1  94P2 9 « P 3  9-»P* 94P3 9*p 6 9 « p ? 9*p S 9<p9 9‘,p 1 0

E M P V In w n ta l £9 * P I *n 0 O O

* 9  c c u p  40i * 1 0  Ccue * ID V777X *11 C c > »  * »  G G 3  A 1 2  Ccu p  4 “ :)
f*Xyl C o n t r o l C c u p 5 5 ) ________________

F i g .  259.  I n t e r c o m p a r i s o n  o f  mean d a i l y  w in d  s p e e d s  
r e c o r d e d  by cup a n em o m eters  ( c u p s  40, 4 1 ,  43 & 6 1 )  i n  row 
3 i n  AF and c o n t r o l  d u r i n g  w i n d y  s e a s o n  a t  Matanya xn 
1 9 9 4 .
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LR93 and three (94P1. 94P2 & 94P4) in  LR94 (see appendix Table A6). 

These periods were chosen on the basis o f: ( i )  early June when maize 

plants had not attained maturity. The anemometers were at the heights of

1.0 and 1.2 m t i l l  June 4th 1993 and June 10th 1994 respectively . They 

were on these dates adjusted to 1.4 & 1.5 m (th ew h o le o f 93P4 & one 

week in to 94P1) respective ly  in 1993 and 1994. to  be always 0.2 m above 

the ta l le s t  maize elements (Table 2 .1 ). ( i i )  At the end o f June the fast 

growing maize attained fina l heights o f 2.2 m and 2.0 m 1993 and 1994. 

which therefore was va lid  for July (93P7 & 94P2): and ( i i i )  maize 

biomass was harvested at the end o f  August. The plants were s t i l l  at 

heights they attained at the end o f June (93P10 & 94P4) (see also Figs. 

254-259).

4 .3 .2  (d) Average wind speeds during strong wind season.

( i )  Daily wind speeds and wind d irection .

We can see in  Figs. 254-259 and Tables 73 & 74 that the cups in 

row 1 ( i . e .  in positions A l. A2. A3 & A4) recorded lower wind speeds 

than those in row 2 ( i . e .  in positions A5. A6, A7 & A 8 ). Row 3 cups

( I . e .  in positions A9. A10, A ll & A12) read the highest wind speeds. A ll 

cups in row 1 recorded less wind speeds than cup 55 in the open (see 

F ig . 8 ). The wind d irection  during the whole o f 1993 windy season was 

E&ainly southerly with S.E. component from June to August in the strong 

winds period as indicated above (F igs . 228-230 and 234-236). The wind 

d irec tion  during 1994 windy season in NAF was southerly with south west 

in  June (F igs. 238) and both southwest and southeast components in July 

(F igs . 239). From August to November the winds were generally south 

easter ly  which sh ifted  to become north-easterly in November and mainly 

Northerly in December (F ig. 240-245). In the AF the wind d irection  in
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1994 was mainly southerly from June to  October. November was transition 

period  as the wind d irec tion  seemed to  be d iffu se and la ter in December 

and January blew from mainly north with north easterly component in 

January (Figs. 246-253).

We learn from the resu lts presented here that WAU cup anemometers 

were progressively protected from the southerly and south-easterly 

winds by the Coleus barbatus live-fence sides SH and WH (Fig. 10) and 

G rov illea  robusta tree  stems. Row 1 cups were most protected, with 

l i t t l e  d ifference among them, followed by row 2 position A8 becoming 

progress ive ly  somewhat more protected during periods o f strong winds and 

then row 3 position  A12 becoming somewhat better protected than the 

others during periods o f strong winds. The intercomparison was done 

using cup 55 as the con tro l. The cups on the leeward side of each row o f 

Omevillea robusta trees  were add itiona lly  and progressively protected by 

tr e e  stems and canopies, but that influence appears to  have only l i t t l e  

d iffe ren ce  among the places monitored.

We can see from Figs. 8 & 10 that positions A l, A5 & A9 in line 1 

were located in unpruned local p lo t, AFL2. Positions A2, A6 and A10 in 

l in e  2 were located in unpruned mulched plot, AFW2. Positions A3, A7 & 

A l l  in line 3 were located in pruned Local p lo t. AFL1. while positions 

A4. A8 and A12 in line 4 were located in pruned mulched p lo t. AFM1. 

During th is period wind speeds in the open did not run higher than 4 m/s 

in  1993 and 4.5 in  1994.

The microclimate on the leeward side o f the windbreak shelter 

d if fe r e d  s ig n ific a n tly  (maximum o f 1.1 m/s fo r  a wind speed near 4 m/s 

fo r  1993 and o f 2 m/s a wind speed near 4.5 m/s in  1994) from that o f 

Unsheltered areas. At the larger DGP gap. largest changes occurred in
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Table 73 Average wind speeds and standard deviations at Hatanya for experimental periods of 1993. 
(/-cup 40 kept in field office to act as substandard during calibration)

"Posi :ions of WAD cup ane«o«et<;rs in the AF plot

row 1 row 2 row 3 control

period DOY A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 All 112 avg 55

93P1 119-126 1.63 1.65 1.59 1.57 2.16 2.11 2.03 2.15 2.27 2.15 1.98 1.69 1.70 2.05
0.37 0.38 0.39 0.39 0.60 0.56 0.54 0.64 0.68 0.65 0.61 0.83 0.47 0.56

93P2 133-147 1.52 1.52 1.47 1.46 2.01 2.09 2.03 1.91 2.15 2.25 2.10 1.88 1.60 2.42
0.40 0.41 0.41 0.40 0.57 0.62 0.60 0.54 0.63 0.68 0.64 0.58 0.46 0.74

93P3 148-153 1.70 1.70 1.63 1.54 2.24 2.37 2.25 1.70 / 1.70 1.63 1.54 1.43 2.24
0.75 0.79 0.71 0.67 0.85 0.92 0.90 0.75 / 0.79 0.71 0.67 0.61 0.85

93P4 154-165 1.41 1.38 1.35 1.31 1.89 1.94 1.85 1.67 1.99 2.00 1.86 1.58 1.44 1.81
0.60 0.59 0.53 0.50 0.70 0.74 0.71 0.63 0.73 0.75 0.70 0.60 0.55 0.79

93P6 165-175 2.04 1.96 1.90 1.88 2.64 2.71 2.54 2.31 2.82 2.77 2.56 2.19 2.02 2.69
0.54 0.52 0.48 0.46 0.60 0.64 0.61 0.55 0.65 0.67 0.61 0.53 0.49 0.81

93P6 175-182 2.44 2.37 2.37 2.38 3.11 3.09 2.96 2.78 3.41 3.20 2.99 2.81 2.42 3.37
0.49 0.47 0.44 0.44 0.62 0.63 0.61 0.57 0.68 0.64 0.58 0.62 0.48 0.96

93P7 182-209 2.27 2.22 2.24 2.27 2.95 2.91 2.78 2.59 3.26 3.01 2.81 2.65 2.28 3.20
0.22 0.21 0.20 0.20 0.31 0.30 0.28 0.25 0.35 0.32 0.28 0.28 0.23 0.33

93P8 209-216 2.79 2.71 2.70 2.69 3.53 3.56 3.34 3.11 3.93 3.63 3.40 3.24 2.76 3.88
0.32 0.30 0.27 0.27 0.42 0.42 0.39 0.36 0.46 0.41 0.40 0.38 0.31 0.46

93P9 216-225 2.06 2.02 2.08 2.07 2.62 2.62 2.48 2.30 2.93 2.72 2.54 2.44 2.06 2.95
0.38 0.37 0.36 0.36 0.51 0.52 0.48 0.44 0.58 0.53 0.49 0.49 0.39 0.63

93P10 229-236 2.24 2.19 2.22 2.20 2.78 2.82 2.68 2.50 3.12 2.87 2.72 2.65 2.21 3.25
0.67 0.64 0.61 0.58 0.74 0.77 0.72 0.68 0.85 0.81 0.75 0.74 0.61 0.90

avg 2.01 1.97 1.95 1.94 2.59 2.62 2.49 2.30 2.88 2.63 2.46 2.35 2.01 2.79

_____ std 0.47 0.47 0.44 0.43 0.59 0.61 0.58 0.54 0.62 0.63 0.58 0.57 0.47 0.70
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Table 74. Average wind speeds and standard deviations at Hatanya for experimental periods of 1994.

"Posil ions of HAD cup aneaoaetc;rs in the IF plot

row 1 row 2 row 3 control

period DOY A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 All A12 avg 55

94P1 155-174 1.11 1.16 0.96 1.02 1.73 1.71 1.63 1.33 1.73 1.82 1.74 1.45 1.24 1.75
std 0.58 0.59 0.51 0.49 0.83 0.83 0.80 0.26 0.80 0.8) 0.88 0.74 0.59 0.88

94P2 185-1% 1.70 1.73 1.73 1.70 2.50 2.39 2.23 2.01 2.65 2.67 2.50 2.25 1.86 2.62
std 0.69 0.66 0.62 0.59 0.90 0.88 0.80 0.76 0.91 0.95 0.90 0.84 0.68 0.93

94P3 196-215 1.72 1.72 1.73 1.66 2.51 2.39 2.24 2.01 2.66 2.67 2.53 2.34 1.87 2.64
std 0.67 0.64 0.61 0.57 0.89 0.87 0.82 0.75 0.92 0.95 0.93 0.88 0.68 0.%

94P4 216-235 1.65 1.63 1.66 1.60 2.39 2.27 2.13 1.93 2.58 2.57 2.43 2.31 1.80 2.71
std 0.60 0.57 0.54 0.51 0.79 0.77 0.72 0.66 0.82 0.84 0.82 0.78 0.60 0.94

94P5 235-243 2.20 2.16 2.17 2.08 3.21 3.07 2.90 2.64 3.47 3.48 3.32 3.17 2.42 3.79
std 0.63 0.60 0.57 0.54 0.74 0.73 0.69 0.68 0.78 0.80 0.79 0.77 0.59 0.94

94P6 256-258 1.37 1.37 1.42 1.37 1.89 1.82 1.75 1.64 2.12 2.07 1.99 1.88 1.48 2.49
std 0.65 0.63 0.62 0.60 0.82 0.81 0.77 0.72 0.90 0.89 0.90 0.83 0.65 1.15

94P7 264-271 2.26 2.25 2.33 2.32 2.95 2.88 2.90 2.82 3.34 3.32 2.82 3.08 2.38 4.29
std 0.75 0.74 0.75 0.73 1.00 1.00 0.97 0.94 1.13 1.14 1.55 1.05 0.84 1.45

94P8 271-284 1.33 1.35 1.37 1.33 1.61 1.60 1.63 1.61 1.68 1.74 1.19 1.62 1.29 1.98
std 0.73 0.74 0.76 0.74 0.87 0.90 0.91 0.89 0.93 0.96 1.09 0.93 0.75 1.20

94P9 284-291 1.30 1.36 1.37 1.34 1.72 1.77 1.81 1.78 1.81 1.96 1.92 1.81 1.43 2.34
std 0.73 0.75 0.76 0.74 0.93 1.00 0.99 0.99 1.01 1.13 1.14 1.08 0.80 1.46

94P10 292-311 1.02 1.04 1.06 1.03 1.30 1.31 1.35 1.34 1.32 1.43 1.38 1.33 1.07 1.66
std 0.55 0.57 0.58 0.55 0.69 0.75 0.74 0.74 0.75 0.84 0.86 0.83 0.60 1.12

avg 1.57 1.58 1.58 1.55 2.18 2.12 2.05 1.81 2.59 2.37 2.18 2.12 1.69 2.(3
std 0.66 0.65 0.63 0.61 0.85 0.85 0.82 0.74 1.00 0.94 0.99 0.87 0.69 1.10
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wind structure and furthest away from WH turbulence which extended some 

distance on the lee o f the southern (SH) and the western (WH) side o f 

the Coleus barbatus l iv e —fence. The cups which were d irec tly  opposite 

DGP (A9; A10; A ll positions in that order as well as A5: A6: A7

positions in that order and particu larly  ea r lie r  in the measuring 

periods) read occasionally even higher wind speeds than the control (cup 

55 in  the open). A12 was again most protected. The fa c t that A5. A6 and 

A7 were indeed protected shows that a lso  WH protection must be involved. 

The high speeds resu lted  from the tunnelling and turbulent kinetic 

energy that was created at the DGP. The re la t iv e ly  calm areas with wind 

speeds below the open must have benefitted  somewhat the plant water 

re la tion s  (e .g . Baldy. 1963: Radke and Hagstrom. 1976). As we have

already pointed out in the introduction, ra in fa ll was a major lim iting 

fa c to r  in Matanya area. The p rotective  ro le  provided by the live-fence 

must have increased water use e f f ic ie n c y  (WUE) somewhat. Higher wind 

speeds at DGP resu lted in induced turbulence, negatively a ffecting maize 

plant nearest the gap where maize plants were more bent than away from 

the DGP. (ii)

(ii) Spatial variations of wind speeds within and between rows.
In th is  section  we have chosen the month o f July fo r the period in 

Table A6 as the central month o f the season with strong winds to  present 

the resu lts of spatia l variations o f average da ily  wind speeds within 

and between rows in AF in 1993 and 1994. The resu lts  for the other 

months o f the strong winds season were sim ilar to the July ones.

Figs. 260 & 261 and 258 & 263 show variations of wind speeds 

w ith in  and between rows 1. 2 & 3 in  July 1993 and 1994. At th is stage we
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take a d ifference o f  0.5 m/s (which is  twice more than the error limit 

of the instrument). We observe in F ig . 260 unimportant differences 

w ith in  the rows and between row 2 and row 3. In both Figs. 260 & 261 

(in  1993) we see that row 1 was d iffe ren t from rows 2 and 3 but 

s ig n if ic a n t ly  d if fe re n t  only in lin es A l. A5. A9 and A2. A6. A10. and

marginally in lin e  A3. A7. A l l .  The middle row (row 2) was taken as an 

average para lle l row measured at the distances of 6H. 9H. 12H and 15H

from the southern hedge (SH). We again observe in 1994 (Figs. 262 & 263) 

unimportant d ifferen ces  within the rows and between rows 2 and 3. Row 1 

was d iffe ren t from rows 2 and 3 but s ign ifican tly  d iffe ren t only in 

lin e s  A l. A5. A9 and A2. A6. A10. and marginally in other lines. The 

transect lines 1, 2. 3 & 4 shown in Figs. 261 and 263 confirm the above 

observation.

(iii) Mean hourly wind speeds
Figs. 264-267 & 268-271 present resu lts o f hourly wind speeds fo r  

the same periods o f  July 1993 (93P7) and 1994 (94P2) respectively. For

comparison purposes the resu lts o f  the wind speeds in the control were 

a lso  p lotted  in each graph along s ide  the AF ones. The wind speeds were 

recorded with cup anemometers in row 1 (Figs. 264 & 268), row 2 (Figs. 

265 & 269) and row 3 (Figs. 266 & 270). We can see from Figs. 264-271 

that the winds atta ined th e ir  maximum values at 17h00 and th e ir minima 

a t 22h00 local time, in both years.

As in our previous explanations the wind speeds recorded in the 

open were also diurnal ly always the highest in comparison to  the wind 

speeds recorded by positions A l. A2. A3 and A4 in row 1 (Figs. 264 & 

268). Positions A5. A6, A7 and A8 in row 2 recorded higher wind speeds 

than those recorded in row 1, although they were s t i l l  lower than those
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Average da i ly wind speeds from SH

O iS ta n c e  from  SH ( X  H )

□  A 1 . A2. A 3 , A4 ♦ A5, A 6 . A 7, A8  O A9. A 10, A 11. A12

F i g .  260.  I n t e r c o m p a r i s o n  o f  mean d a i l y  wind s p e e d s  in  
row 1 ,  2 & 3 a t  2 . 4  m h e i g h t  i n  AF as  f u n c t i o n  o f  th e  
d i s t a n c e  from SH f o r  J u l y  1993 (DOY 1 8 2 -2 0 9 )  d u r i n g  windy 
s e a s o n  a t  M a ta n y a .

F i g .  2 6 1 .  I n t e r c o m p a r i s o n  o f  mean d a i l y  wind s p e e d s  i n  
l i n e s  1 ,  2 ,  3 & 4 a t  2 . 4  m h e i g h t  i n  AF as  f u n c t i o n  o f  
t h e  d i s t a n c e  f ro m  SH f o r  J u l y  19 9 3  (DOY 1 8 2 -2 0 9 )  d u r i n g  
w i n d y  s e a s o n  a t  M a ta n y a .
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A v e r a g e  d a i  ly wind s p e e d s  from  SH

D i s t a n c e  f r o m  SH  ( X  H )

□  A 1 ,  A 2 . A 3 ,  A4  +  A 5 , A 6 .  A 7 ,  A 8  O  A 9 . A1Q , A 1 1 ,  A12

F i g .  2 6 2 .  I n t e r c o m p a r i s o n  o f  mean d a i l y  wind s p e e d s  i n  
rows 1 ,  2 & 3 a t  2 . 2  h e i g h t  i n  AF a s  a f u n c t i o n  o f  th e  
d i s t a n c e  from SH f o r  J u l y  1994 (DOY 1 8 5 - 1 9 6 )  d u r i n g  windy 
s e a s o n  a t  M a ta n y a .

A v e rage  da i  ly wind s p e e d s  from  WH

D i s t a n c e  f r o m  WM W)

□  A 1 ,  A 5 . A 9  ♦  A 2 .  A 6 . A1Q © A 3 .  A ? ,  A11 A  A4. A 0 .  A 1 2

F i g .  263.  I n t e r c o m p a r i s o n  o f  mean d a i l y  wind s p e e d s  i n  
l i n e s  1 ,  2 ,  3 & 4 a t  2 . 2 m  h e i g h t  i n  AF as  f u n c t i o n  o f  
t h e  d i s t a n c e  from SH f o r  J u l y  1994 (DOY 1 8 5 - 1 9 6 )  d u r i n g  
w i n d y  s e a s o n  a t  M a ta n ya .
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recorded in the open (Figs. 265 & 269). Positions A9. A10. A ll and A12 

in row 3 recorded higher wind speeds than those recorded in row 2 (Figs. 

266 & 270). Position  A9 recorded almost the same wind speeds as the 

control and occasionally even higher while positions A10. A ll and A12 

recorded lower than the control. Cups in line 4 particularly in 

positions A8 and A12 are confirmed to  be best protected. Figs. 267 & 271 

compares the overa ll average wind speeds in the AF with the control. We 

see here that on the average AF had lower wind speeds than the open 

area, indicating sheltering e ffe c t  provided by the live-fence to the 

intercrop in AF against strong winds. The channelling e ffe c t  occasioned 

by the wide de libera te  gap (DGP) (see Fig. 10) was the main cause o f 

the high windspeeds which a ffected  rows 2 and 3 in the AF as observed 

above, but the reduction o f shelter o f WH must have played a ro le as 

w e ll, otherwise row 2 would be protected better. Again we observe that 

the cups in  row 1 were the most sheltered. Position A9 in row 3 was the 

leas t sheltered as i t  was d ire c t ly  in  front o f DGP. The southerly winds 

reaching position A12 and position  A8 were reduced by a ll  the elements 

mentioned above. The maize plants around the more sheltered cups ( i . e .  

row 1 and line 4) were therefore somewhat protected from the d irect 

e f fe c t  of the strongest winds by these elements.

4.3.2 (e) Sheltering (protective) e ffe c t against mean daily wind speeds 

in rows and transect lines

The protection provided by Coleus barbatus live-fence and 

G revillea  robusta trees against the strong seasonal southerly winds, 

with south-easterly and south-westerly components, was the main reason 

fo r  wind measurements at Matanya and forms the core results in th is
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F i g .  264.  I n t e r c o m p a r i s o n  o f  h o u r l y  wind s p e e d s  r e c o r d e d  
b y  c u p  anemometers  ( c u p s  1 0 ,  1 1 ,  12 & 1 3 )  i n  row 1 and 
c o n t r o l  a t  2 . 4  m h e i g h t  i n  AF f o r  J u l y  1993 (DOY 182-209) 
d u r i n g  w in d y  s e a s o n  a t  M atan ya .

A v e r g  W/ s p e e d s  i n  AF r o w  2 a n d  c o n t r o l
M onth o f  J u l y  1993 Cd ays 182 -  209)

900 1100 1300 1500 1700 1900 2100 2300 100 300 500 700

Tirr^a o r  Day C TO O ) in  hr©

Cup 15 O cu p  38 £k Cup 39 V c o n tr o l C cu p  5 5 )

F i g .  265 I n t e r c o m p a r i s o n  o f  h o u r l y  wind s p e e d s  r e c o r d e d  
by c u p  anemometers  (c u p s  1 4 ,  1 5 ,  38 & 39) i n  row 2 and 
c o n t r o l  a t  2 .4  m h e i g h t  i n  AF f o r  J u l y  1993 (DOY 182-209)  
d u r i n g  w in d y  s e a s o n  a t  M a ta n y a .
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A v e r g  W/s p e e d s  in AF row 3 and c o n t r o l
M onth o f  J u l y  1993 C<*«y» 102 -  2 0 9 ) _____

900 1100 1300 1500 1700 1900 2100 2300 100 300 500 700

Tim a  Of Day CTO 0) in  hr®

cup 40 Cup 41 p  cup 43 a  c u p  44 7  c o n t r o l  Cci4> 5 5 )

F i g .  2 6 6 .  I n t e r c o m p a r i s o n  o f  h o u r l y  wind s p e e d s  r e c o r d e d  
b y  c u p  anem om eters  ( c u p s  40, 4 1 ,  43 & 44) i n  row s  3 and 
t h e  c o n t r o l  a t  2 .4  m h e i g h t  i n  AF f o r  J u l y  (D0Y 182-209)  
d u r i n g  w in d y  s e a s o n  a t  M atan ya .

F i g .  267.  C o m p ar iso n  o f  o v e r a l l  a v e r a g e  h o u r l y  wind 
s p e e d s  i n  AF w i t h  c o n t r o l  f o r  J u l y  19 93 (DOY 182-209) 
d u r i n g  w in d y  s e a s o n  a t  M a ta n y a .
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Hr-I y w/ s p e e d s  in AF row 1 and c o n t r o l

T i m ©

a  cup 10 c u p  11 o  cup 12 A c u p  13 O Cup 55 ( o r c o n t r o l )

F i g .  2 6 8 .  I n t e r c o m p a r i s o n  o f  h o u r l y  wind s p e e d s  r e c o r d e d  
b y  c u p  anem om eters  ( c u p s  1 0 ,  1 1 ,  12 & 13) row 1 and 
c o n t r o l  a t  2 . 2  m h e i g h t  i n  AF f o r  J u l y  1994 (DOY 18 5 -19 6 )  
d u r i n g  w in d y  s e a s o n  a t  M atanya.

*u

Hr Iy w /speeds  in AF row  2 and c o n t r o l
P e rio d  94P2; 18 5-19 6 o f  1994

T  Im©

□  cup 14 + c u p  15 O C u p  38 A  C u p  6 0  V Cup 55 C o r c o n t r o l )

F i g .  269. I n t e r c o m p a r i s o n  o f  h o u r l y  wind s p e e d s  r e c o r d e d  
b y  c u p  anem om eters  (c u p s  1 4 ,  1 5 ,  38 & 60) i n  row 2 and 
c o n t r o l  a t  2 .2  h e i g h t  i n  AF f o r  J u l y  1994 (DOY 1 8 5 - 1 9 6 )  
d u r i n g  w in d y  s e a s o n  a t  M a ta n y a .
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Hr I y w/ s p e e d s  in AF row  3 and c o n t r o l

T i m *  ( [ n r c )

Cup -*0 ♦ C u p  A 1 o cup A 3 £  cu p  61 V Cup 55 C O'" c o n t r o l )

F i g .  270.  I n t e r c o m p a r i s o n  o f  h o u r l y  wind s p e e d s  r e c o r d e d  
b y  c u p  anem om eters  (c u p s  40, 4 1 ,  43 & 6 1 )  i n  row 3 and 
c o n t r o l  a t  2 . 2  m h e i g h t  i n  AF f o r  J u l y  1994 (DOY 1 8 5 - 1 9 6 )  
d u r i n g  w in d y  s e a s o n  a t  M a ta n y a .

Hr l y  w /speeds  in o v e r a  I I AF and c o n t r o l
P e rio d  9AP2. 1 8 5 -1 9 6  o f 1 9 9 4

Tim® ( h r s )
O v e r a l l  AF a v n ra je  V Cup 55 Cor c o n t r o l )

F i g .  2 7 1 .  I n t e r c o m p a r i s o n  o f  o v e r a l l  AF a v e r a g e  o f  h o u r l y  
w i n d  s p e e d s  w i t h  c o n t r o l  f o r  J u l y  1994 (DOY 1 8 5 - 1 9 4 )  
d u r i n g  wind y s e a s o n  a t  M a t a n y a .
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section . The main sh e lterin g  elements that a ffected  these WAU cup 

anemometers during th is  strong winds season were southern (SH) and 

western (WH) sides o f the Coleus barbatus live-fence. G revillea  robusta 

ti~ee stems and canopies, and upwind plants a ffe c tin g  downwind plants 

(roughness e f fe c t  o f the crop i t s e l f ) . These are discussed in chapter 3. 

The sheltering e ff ic ie n c y , variously called protection e ffe c t  or 

p ro tec tive  e ff ic ie n c y  o f the sheltering elements (see Eq. 7) is  defined 

as the e ffic ien cy  by which a sh elterbe lt or windbreak can reduce wind 

speeds on its  leeward side to  a fraction  of those in the open area. I t  

was mentioned in chapter 2 that t i l l  a certain minimum permeability, 

r e la t iv e ly  denser windbreaks are more e f f ic ie n t  as windbreak than the 

less dense ones.

Jensen (1954) and Bean et a l. (1975) suggested the use o f E>0.1 

( i - e .  reduction ra t io .  R<90 % o f the wind in the open see eq. 7) as a 

c r it e r ia  to determine the e ffe c t iv e  distance (in  m ultiples o f shelter 

height. H) from the shelter to  the down-wind point where shelter e ffe c t 

ends (or begins in case o f wide gap in the sh e lte r ). H e is ler and Dewalle 

(1988) and Sturrock (1969) suggested the use o f EL>0.2 ( i . e .  reduction 

ra t io . R<80 % of the wind in the open) rather than E>0.1 as a better 

a lternative .

We have d ivided  the shelterina e ffe c ts  provided by the live-fence 

around Matanva AF p lot into three categories, that is  ( l )  strong 

protection area: where the p rotective e ffe c t .  E. exceeded 0.35 ( i . e .  

E i0.35). ( i i )  medium protection area: where E lay between 0.2 and 0.35 

( i . e .  0.2i_E<0.35). and ( l i i )  low protection area: where Ei0.2. We are 

below quantifying s ign ificance of protection as qu an tita tive ly  already 

handled in previous sections.
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( i )  Experimental periods in June 1993 (93P4) and 1994 ( 94P1)

On the protection provided by the western hedge (WH) (Fig. 10) we 

learn here that transect line 4 (cups in positions A4. A8 & A12) had the 

h ighest protection as i t  was also remote to and might also have been 

protected by the G revillea  tree stems and the upwind maize plants 

(p lan ts in AFL1. AFM2. AFL2 & AFM3 and buffer -  see F ig . 10) in AF.

Figs. 272 & 274 present resu lts  o f the protective e ffe c ts  of the 

Coleus live -fen ce  against destructive strong winds which occurred during 

experimental periods 93P4 and 94P1 o f June 1993 and June 1994 (see Table 

A6) . We observe here very high protection provided by the live-fence, 

w ith p rotective e f f ic ie n c ie s , E. higher than 0.35 (E> 0.35) as recorded

by the cup anemometers in row 1 in June 1994 (Fig. 274). The positions 

A9, A10. A ll and A12 in row 3 situated in the upper part of AF recorded 

the lowest protection in AF. espec ia lly  in June 1993 (Fig. 272 & 273) 

which extended to  include positions in row 2 except A8. Only position A4 

in  lin e  4 and row 1 had EX).2 had high protection while positions A8 & 

A12 (in  1993 & 1994) had E less than 0.2 in both years indicating low 

protection  against strong winds in the pruned AFM1 where they are 

located (Figs. 273 & 275).

We can in fe r  here that for the month o f June 1994 the positions. 

A l. A2. A3 & A4, in row 1 were in the well protected zone (Fig. 275. 

position  A2 m arginally). Positions A5. A6, A7 and A9. A10 & A ll were 

influenced by turbulent flow resu lting from the DGP and other 

turbulence provoking plant elements during June. 1993 and 1994. They a l l  

read close to the same wind speeds as cup 55 in the open (F igs. 273 & 

275). I t  should be noted that cups can pick up only partly  the turbulent 

components, which means that damage may occur in AF fo r  winds speeds not
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P r o t e c t  e f f e c t  a l o n g  row s  from SH

O 's t a n c e  from  s o u th e rn  hedge £X H}

□  A 1 ,  A 2, A 3 ,  A 4  +  A 5 .  A 6 .  A 7 ,  A 8  O  A 9 .  A 1 0 , A 1 1 ,  A 1 2

F i g .  2 7 2 .  I n t e r c o m p a r i s o n  o f  G r e v i l l e a  r o b u s t a  t r e e s  and 
C o l e u s  b a r b a t u s  l i v e - f e n c e  p r o t e c t i v e  e f f e c t ,  E,  f o r  rows 
1/ 2 & 3 a s  f u n c t i o n  o f  d i s t a n c e  from WH f o r  June  (DOY 
1 5 4 - 1 6 5 )  1 9 9 3 .

P r o t e c t  e f f e c t  from w e s te rn  hedge

D is ta n c e  fro m  w e s te rn  hedge C* K )

□  A 1 ,  A 5 ,  A 9  ♦  A 2 ,  A 6 .  A 10 O  A 3 .  A 7 ,  A 1 1  A  A 4 .  A 8 .  A 12

F i g .  2 7 3 .  I n t e r c o m p a r i s o n  o f  G r e v i l l e a  r o b u s t a  t r e e s  and 
C o l e u s  b a r b a t u s  l i v e - f e n c e  p r o t e c t i v e  e f f e c t ,  E, f o r  
l i n e s  1 ,  2 ,  3 & 4 a s  f u n c t i o n  o f  d i s t a n c e  from WH f o r  
J u n e  (DOY 1 5 4 - 1 6 5 )  1993.
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D is ta n c e  from  Sm C x  w)

□  A 1 ,  A 2 ,  A 3 ,  A 4  A 5 .  A 6 ,  A 7 „  A 0  O * 9 ,  A 1 0 ,  A 1 1 ,  A 1 2

F i g .  2 7 4 .  I n t e r c o m p a r i s o n  o f  G r e v i l l e a  r o b u s t a  t r e e s  and 
C o l e u s  b a r b a t u s  l i v e - f e n c e  p r o t e c t i v e  e f f e c t ,  E, f o r  rows 
1 ,  2 & 3 a s  f u n c t i o n  o f  d i s t a n c e  from SH f o r  June  (DOY 
1 5 5 - 1 7 4 )  1 9 9 4 .

F i g .  2 7 5 .  I n t e r c o m p a r i s o n  o f  G r e v i l l e a  r o b u s t a  t r e e s  and 
C o l e u s  b a r b a t u s  l i v e - f e n c e  p r o t e c t i v e  e f f e c t ,  E, f o r  
l i n e s  l ,  2 ,  3 & 4 a s  f u n c t i o n  o f  d i s t a n c e  fro m  WH f o r  
J u n e  ( 1 5 5 - 1 7 4 )  1 9 9 4 .



459

yet equally damaging because o f lack o f protection in the control. 

Pos itions A5. A6 and A7 situated at 7H from WH and 6H. 12H. 18H from SH 
th ere fo re  at increasing distances in the leeward o f SH and equally 

leeward o f WH but also influenced by some trees, where the resulting 

wind speed in  AF almost equalled that in the open (E<0.1). Similarly, 

cups 40. 41 and 43 (positions A9. A10 and A l l )  in row 3 situated 12H 

from WH read also E values close to  zero in June 1993 and June 1994 

(F ig . 273 & 275).

( i i )  Experimental periods in July 1993 (93P7) and 1994 ( 94P2)

Figs. 276 & 277 and 278 & 279 present the same way results on the 

e f f e c t  o f mean d a ily  wind speed protective e ffe c ts  in rows 1 .2  & 3 

during the month o f  July 1993 and 1994 which are mirror images of wind 

speeds in F igs. 260 & 261 and 262 & 263. Again positions Al. A2. A3 and 

A4 in  row 1 situated in the lower part o f AF indicated the highest 

protection  in AF o f EX).2 fo r July 1993 and July 1994. None of the

positions in AF did sa t is fy  the c r ite r ion  o f EX).35 fo r  strong

protection , implying that the whole o f the p lot was low to  medium

protected (Figs. 277 & 279). Positions A5, A6. A9 and A10 had EiO.l 

which was unimportant for wind protection.

( i i i )  Experimental periods in July 1993 (93P10) and 1994 (94P4)

Figs. 280—283 respectively  present the e ffe c ts  o f the sheltering 

elements on the mean da ily  wind speeds fo r  the August periods 93P10 o f 

1993 and 94P4 o f 1994 (see Table A 6 ). Here again the protective e ffe c t .  

E, was very high in row 1 in both years with E>0.35 in 1993 and E>0.35 

in 1994. This implied r e la t iv e ly  high wind reduction by the protective 

elements in the lower half of AF. A ll positions had E<0.35 in 1993 which
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P f o t e c  e f f e c t  f r o m  s o u t h e r n  h e d g e

s
o
£

0 i s ta re *  f  *“om Sh  ( X  H)

A 1 .  A 2 ,  A 3 ,  A4 +  AS . A 6 .  A 7 .  A9  O A 9 . A 10, A l t .  A12

F i g .  2 7 6 .  I n t e r c o m p a r i s o n  o f  G r e v i l l e a  r o b u s t a  t r e e s  and 
C e l u s  b a r b a t u s  l i v e - f e n c e  p r o t e c t i v e  e f f e c t ,  E,  f o r  rows 
1/ 2 & 3 a s  f u n c t i o n  o f  d i s t a n c e  o f  d i s t a n c e  from SH f o r  
J u l y  ( 18 2 - 2 0 9 )  1 9 9 3 .

P r o t e c  e f f e c t  f r o m  w e s t e r n  h e d g e

D is ta n c e  f r o m  wm  C X  w )

□  A 1, A 5 ,  A 9  ♦ A2, A 6 .  A 10 O A 3 .  A 7 ,  A 11  A  A 4 ,  A « _  A 1 J

Fig. 277. Intercomparison of Grevillea robusta trees and
Coleus barbatus live-fence protective effect, E, for
lines, 1, 2, 3 & 4 for July (DOY 182-209) 1993.
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F i g .  278. I n t e r c o m p a r i s o n  of G r e v i l l e a  r o b u s t a  t r e e s  and 
C o l e u s  b a r b a t u s  l i v e - f e n c e  p r o t e c t i v e  effect, E, for rows 
1/ 2 & 3 as f u n c t i o n  of d i s t a n c e  from S H  for J u l y  (DOY 
1 8 5 - 1 9 6 )  1994.

F i g .  279. I n t e r c o m p a r i s o n  of G r e v i l l e a  r o b u s t a  t r e e s  a n d 
C o l e u s  b a r b a t u s  l i v e - f e n c e  p r o t e c t i v e  e f f e c t ,  E, for 
l i n e s  1 - 4  a s  f u n c t i o n  of d i s t a n c e  f r o m  W H  fo r  J u l y  (185- 
1 9 6 )  1994.
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again implied that the whole of AF was low to medium protected. In 1994 
all positions (Al. A2. A3 & A4) in row 1 had strong protection as they 
experienced E>0.35. Only positions in A9 and A10 were not protected in 
1994 as they had E<0.1.

4.3.2 (f) Daily wind fluctuations in AF during strong winds season
After identifying areas that had strong, medium and low (no or 

even endangered) protection in the AF plot, from the strong June- 
September winds, we now proceed to find variations in wind directions as 
well as serious differences in wind speed redistributions. Such variable 
winds appreciably move protective and other plant parts differently, 
that are in turn influencing such values. Just ordinarily turbulence 
does not affect these averages. This was done to confirm, or otherwise, 
these observations by presenting our findings using wind normalized 
standard deviations (Rsd) of average daily wind speeds worked out using 
Eq. 8 in chapter 2.

Table 75 presents the results of the wind speed anomalies referred 
to above. From the averaged values of the three seasons presented in 
Table 75 we see that cups in row 1 (positions Al. A2, A3 & A4) Figs. 278 
& 279 registered the highest wind fluctuations as assessed from the
normalized standard deviations (Rsd) on a daily basis in 1993 and 1994. 
We can see in this Table 75 that the average Rsd for individual 
experimental periods do not differ very much from the overall average 
Rsd in AF. Rsd values for 1994 were generally higher than those for 1993 
just as the E were also higher for 1994 than for 1993. This was due to 
the influence of stronger winds in 1994 than 1993 and also the 
increasing density with time of sheltering elements due to growth. The 

average Rsd values for cups row 1 were the highest in the plot. The Rsd
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for positions A3 and A4 (cups 12 and 13) were 0.32 and 0.35 in 1993. and
0. 58 and 0.64 in 1994 respectively. This implied that for the AF plot 
the highest daily fluctuations were often found around row 1. with 
positions A3 and A4 registering even larger daily fluctuations. In row 2 
positions A7 and A8 had relatively higher fluctuations in this row (i.e. 
ftsd of 0.12 for position A7 and 0.19 for position A8 in 1993 and 0.17 
for position A7 and 0.42 for position A8 in 1994). In row 3 position A12 
had the highest Rsd in both years although still lower than those in row
1.

The southerly flow met the SH. where the DGP was located, most 
regularly at right angle. This induced strong streamlined flow similar 
to that in the open area up to 12H along row 3 and 9H along row 2. This 
affected the cups at these distance as we have already mentioned, with 
RsdiO.l.

The daily relationship of fluctuations differs little, in the 
sense that for nearly constant direction no protection means constant 
relationships between daily fluctuations in the open and in the AF and 
therefore low Rsd's. However, many things mechanically influence daily 
average wind speeds with trends (increasing biomass, changing biomass 
influence wind speed and wind angle) that increase the Rsd-values.

The positions A7, A3 and A4 have many changing influences because 
of influence of SH. WH. gaps and trees. Such changes even include 
differences in maize height because of long (changing) wind paths before 
the air reaches these positions.

Aerodynamic features of flow around live-fence. Grevillea tree 
stems and canopies could induce fluctuating air movement and formation 
of turbulent eddies down-stream of these obstacles which then might have 
been picked up by the cup anemometers, thus registering relative higher



Table 75. Nonalized standard deviations for average daily wind speeds for six 
representative periods during strong winds season in 1993 and 1994.

YEAR 1993
"Positions of WAD cup anewoieters in the A’ plot "

row 1 row 2 row 3

period DOY A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 All A12 avg

93P4 155-174 0.24 0.26 0.35 0.39 0.08 0.04 0.08 0.17 0.05 0.03 0.08 0.21 0.14
93P7 185-196 0.16 0.18 0.19 0.18 0.02 0.03 0.07 0.11 -0.02 0.02 0.05 0.06 0.08
93P10 196-215 0.34 0.39 0.43 0.48 0.20 0.15 0.23 0.29 0.05 0.11 0.19 0.20 0.22

average 0.24 0.28 0.32 0.35 0.10 0.08 0.12 0.19 0.03 0.05 0.11 0.16 0.15

YEAR 1994 row 1 row 2 row 3

period DOY A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 All A12 avg

94P1 155-174 0.47 0.44 0.67 0.66 0.05 0.05 0.09 0.81 0.08 -0.01 0.00 0.17 0.25
94P2 185-196 0.38 0.42 0.46 0.53 0.04 0.06 0.15 0.23 0.02 -0.01 0.03 0.10 0.17
94P3 196-215 0.44 0.49 0.54 0.62 0.07 0.10 0.17 0.27 0.04 0.01 0.03 0.09 0.21
94P4 216-235 0.56 0.62 0.65 0.73 0.17 0.20 0.28 0.39 0.12 0.10 0.14 0.19 0.30

average 0.47 0.49 0.58 0.64 0.08 0.10 0.17 0.42 0.06 0.02 0.05 0.14 0.23
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anomalies (as assessed via Rsd). This benefitted the plants by 
excluding lodging and respirational losses from strong destructive flow 
that was channelled into the plot through DGP. The maize in the areas 
with larger Rsd grew taller and had higher biomass yields. This gave 
high correlation between high Rsd-vaiues. strong protection and high 
biomass yields.

4.3.2 (g) Shaded Piches with cup anemometers at Matanya: Comparison of
shaded Piche with WAU electrical cup anemometers.
We present in Tables 77 and 76 the comparisons of tne weexlv wind 

speeds derived from daily evaporation data from shaded riche 
evaporimeters with weekiv wind speeds from WAU electrica* cup 
anemometers at Matanya for June-August 1993 and 1994 respectively. This 
covered only the time of overlap of the strong winds (June-September» 
season with Long Rains; iLR) crop season (Apn i-August ). WAU electrical 
cup anemometers were paired with shaded Piches on the same masts but on 
the opposite sides of the masts at the same heights. The main aim or 
comparing shaded Piches with the more accurate WAU electrical cup 
anemometers was to test the adaptability of shaded Piches as auxiliary 
anemometers for interpolation and extrapolation purposes in 
inhomogeneous agroforestry conditions (Kainkwa. 1991: Kainkwa and
Stigxer. 1994).

In this section we refer to some of the findings from Kainkwa 
(i99i) and Kainkwa and Stigter (1994) on their work in Lyamungu and 
Set chat. Tanzania, wmcn we find Dertinent under Matanya conditions. 
Kainkwa (1991) compared the evaporation from shaded Piches with the 
square-root of average wind speeds for Lyamungu and Setchet as given in 
Eg. 24.
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P r o t e c  e f f e c t  from so u th e rn  hedge

O*

D is ta n c e  from  SH ( X  H )

□  A 1 ,  A 2 ,  A 3 ,  A 4  ♦  A5, A 6,  A 7 ,  A 8  O  A9. A 1 0 ,  A 1 1 ,  A 1 2

Fig. 2 8 0 .  I n t e r c o m p a r i s o n  o f  G r e v i l l e a  r o b u s t a  t r e e s  and 
C o l e u s  b a r b a t u s  l i v e - f e n c e  p r o t e c t i v e  effect, E, for rws 
1 - 3  a s  f u n c t i o n  of d i s t a n c e  f r o m  S H  for A u g u s t  (229-236) 
1 9 9 3 .

S'
•a

o
4

P ro t e c  e f f e c t  from w e s te rn  hedge

L n l  A 1 ,  A 5 .  A 9

D is t a n c e  fro m  WH ( X  H )

Lr>2 A 2,  A6, A10 O L n 3  A3,  A?. A*M LD4 A 4 , AB. A12

F i g .  281. I n t e r c o m p a r i s o n  of G r e v i l l e a  r o b u s t a  t r e e s  and 
C o l e u s  b a r b a t u s  l i v e - f e n c e  p r o t e c t i v e  e f f e c t ,  E, for 
l i n e s  1-4 as f u c t i o n  of d i s t a n c e  f r o m  W H  f o r  A u g u s t  (229- 
2 3 6 )  1993.
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P r o t e c t  e f f e c t  from s o u t h e r n  hedge C ShQ

o4

D i s ta nc e  fr om  SW C x  *0

□  A 1 ,  A 2 ,  A 3 ,  A 4  +  A 5 ,  A 6 .  A ? ,  A 8  O  A 9 ,  A 1 0 .  A 1 1 ,  A 1 2

Fig. 282. I n t e r c o m p a r i s o n  o f  G r e v i l l e a  r o b u s t a  t r e e s  and 
C o l e u s  b a r b a t u s  l i v e - f e n c e  p r o t e c t i v e  effect, E, fo r  rows 
1-3 f o r  A u g u s t  ( D O Y  2 1 6 - 2 3 5 )  1 9 9 4

Fig. 283. I n t e r c o m p a r i s o n  of G r e v i l l e a  r o b u s t a  t r e e s  and 
C o l e u s  b a r b a t u s  l i v e - f e n c e  p r o t e c t i v e  e f f e c t ,  E, for 
l i n e s  1-4 a s  f u n c t i o n  of d i s t a n c e  from W H  for A u g u s t  (DOY 
2 1 6 - 2 3 5 )  1994.
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Ep-aju+b (24)

where Ep (in mm) is evaporation from shaded Piche, u is average wind 

speed in m/s and a and b are regression constants with b  close to zero 

under ideal conditions. Kainkwa (1991) demonstrated that periods with 

relatively higher wind speeds gave higher correlation coefficients (r) 

between the square root of mean wind speeds and the shaded Piche 

evaporation than those with lower wind speeds. For a period of nearly 

one day. in which maximum and minimum wind speeds were respectively 1.36 

and 0.79 m/s he obtained the correlation coefficient of 0.98. For two 

periods of about two days in which the ranges from maximum to minimum 

wind speed were very comparable to above case he obtained r of 0.99 and 

0.95 respectively. For two sets of data of four day periods in which 

mean wind speeds ranged from 1.11 to 0.64 and 0.95 to 0.53 m/s he 

obtained r to be 0.96 and 0.83 respectively. He observed that factors 

such as rainfall, temperature and humidity which affected evaporation 

from Piche evaporimeters also affected the correlation coefficient 

values. He pointed out that for periods of more than one week it was not 

advisable to adapt Piche as auxiliary anemometers as the possibility of 

incorporating rainfall periods was high, which would give splash on the 

exposed Piche discs, thereby interfering with the correlations. Piche 

was therefore weak in this regard as auxiliary anemometers, but wind 

speeds are normally not very important during rainfall, so periods 

between such events can be used. High atmospheric humidities, as a 

result of low wind speeds approaching zero (very calm conditions 

especially at night), lead to very low evaporation from the Piche.
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slowing down to a halt. The zero wind speeds correspond to zero 

evaporation values from the Piche. At high relative humidities and small 

temperature gradients between Piche surface and the air the zero wind 

speed correspond to the zero evaporation values from the Piche. 

Inclusion of this point increased r-values. except in the open area 

(control) where very little decrease was observed for 1993 data. The 

same observation was also made by Kainkwa (1991) for Lyamunau and 

Setchet in Tanzania.

In determining airflow at point X relative to a reference point, 

r, say in the open (or at a point in AF). the interest is on ratio. 

R(x). of u(x) to u(r). We assume here that the square root of mean wind 

speed relation of Eq. 24 holds. If u(x) is known, the ratio. R'(x). of 

the square of piche evaporation (mm) data at X to the square of the same 

at r. that is (Ep(x))a to (Ep(r))a can be used to estimate the wind at a 

point X relative to that at r. if a and b can be worked out. Basically 

this is true for simultaneously measured data.

R(x) was correlated with R'(x) for average weekly wind and piche 

evaporation data with cups 55 and 38 (position A7 in row 2) as reference 

points. Cup 55 was used on the basis that it was exposed to appreciably 

different air movements and conditions of air temperature and humidity 

from the cups in AF. Cup 38 (position A7) was taken on the basis of 

similarity in exposure to the same conditions as other cups in AF.

The weekly data in AF and in the open were subjected to a number 

of manipulations to test piche atmometers as auxiliary anemometers in 

agroforestry situations. These are reported here as case 1 till case 8. 

The results are given in Table 76 for 24 weeks (i.e. June-August) for 

pooled data of LR93 and LR94.
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Case 1: R(x) = u(x)/u(r) was correlated with R'(x) = (Ep(x))2/

(Ep(r))2 taking cup 55 as reference for all cups in AF.

Case 2: R(x) - u(x)/u(r) was correlated with R'(x) - (Ep(x))2/

(Ep(r))2 taking cup 38 (position A7 in row 2) as reference 

for all cups in AF.

Case 3: case 1 was repeated with row 2 left out.

Case 4 case 2 was repeated with row 2 left out.

Case 5: case 3 was repeated for odd numbered weeks.

Case 6: case 3 was repeated for even numbered weeks.

Case 7: case 4  was repeated for odd numbered weeks.

Case 8: case 4  was repeated for even numbered weeks.

We see in Table 76 that reasonably high correlation coefficients 

(r) were obtained for the correlation of R(x) with R'(x). for cup 55 

used as reference (rX).830. except case 1) without point (0,0). and very 

high r values (rX).990) after point (0.0) was added. The r's associated 

with cup 38 as reference (identical exposure) were always higher than 

0.990, even when the zero point was not added as data point. This is 

despite the fact that weekly average periods included varying air 

temperatures and air humidities from week to week. These factors affect 

evaporation from piche evaporimeters as found by Kainkwa (1991).

We can see in Table 76 that for all the 8 cases the relative wind 

reduction ratios (R(x)) are highly correlated with the piche evaporation 

reduction ratios (R‘(x)) during the strong winds overlap period, with 

higher correlation values obtained for cup 38 (position A7) than for cup 

55 in the open.

In case 1. taking cup 55 as reference, the averages of all cups 

gave correlation coefficient (r) between R(x) and R ‘(x) as 0.762. For 

the same averages and cup 38 as reference (case 2) r was 0.920. When
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Table 76. Regression coefficients of comparison of weekly wind
speeds for 1993 and 1994 recorded by WAU electrical anemometers 
during overlap period with those derived from Piche atmometers. 
a is the slope of the regression line and b is the intercept. EY 
is the standard error of Y estimate. EX is the standard error of X 
coefficient, r is the correlation coefficient. N is number of 
weeks in the period the June-august. Italics values are regression 
coefficients where point (0.0) was added as a measuring point. 6r 
is the per cent increase/ decrease in r when point (0.0) is added. 
Cup 55 in the open and cup 38 (position A7) in AF were taken 
as reference anemometers.

b EY r a EX <5r%

L Case 1: Cu d  55 as reference all rows included
0.39 0.03 0.762 0.53 0.14
0.02 0.03 0.991 0.97 0.04 +30.1

1 Case 2: Cu d  38 as reference all rows included
0.11 0.01 0.920 0.86 0.12
0.00 0.02 0.998 0.99 0.02 ->8.5

Case 3: Cup 55 in the open as reference -  row 2 excluded
1 For all twenty four weeks (N=24) rows 1 & 3

0.38 0.02 0.832 0.57 0.12
0.01 0.03 0.993 0.98 0.03 +19.4

Case 4: cup 38 in AF as reference - row 2 excluded
For all twenty four weeks (N—24) row 1 & 3.

0.10 0.01 “ 0.951"' 0.87 U.U9
0.00 0.01 0.999 0.99 0.01 +5.0

Case 5: case 3 but for odd weeks (wkl. wk3. .. .. wk23) N-12
0.44 0.02 ---------------0 5 5 “ 0.45 0.40
0.01 0.03 0.996 0.98 0.04 +17.9

Case 6: case 3 but for even weeks (wk2. wk4. .... wk24) N-12
0.27 0.02 0.849 0.66 0.21
0.01 0.03 0.997 0.99 0.04 +17.4

Case 7: case 4  but for odd weeks (wkl. wk3, .. . wk23) N-12
0.22 0.05 0.98b 0.72 0.06
0.00 O.Ol 1.000 0.99 0.07 +1.4

Case 8: case 4 but for even weeks (wk2. wk4. . . . wk24) N-12
-0.03 0.01 0.960 1.04 07T5
-0.00 0.01 0.999 1.00 0.01 +4.1

point (0,0) was added, r for case 1 increased by +30.1% to 0.991 while 

that for case 2 increased by +8.5% to 0.998.

In cases 3 and 4. row 2 was emitted and the correlation of R(x) 

with R'(x) obtained for rows 1 and 3 as explained above. The correlation 

coefficient of R(x) with R'(x) for cup 55 as reference before point
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(0,0) was added increased as compared to case 1. r for cup 55 as 

reference was now 0.832 which increased by +19.4% to 0.993 when point 

(0,0) was added. In case 4 also there was a slight increase compared to 

case 2 and small increase of +5.0% was obtained when point (0,0) was 

added.

In cases 5 and 7 odd numbered weeks (wkl, wk 3 ...... wk23) were

used to correlate R(x) with R'(x) as explained above. The r values for 

cup 55 as reference again increased slightly (r - 0.845) compared to 

case 3. When point (0,0) was added r  again leapt by +17.9% to 0.996. For 

case 7 cup 38 as reference r was 0.986 which marginally increased by 

+1.4% to 1.00. In fact for cup 38 there was no need to add point (0.0) 

as r  values were even very high without inclusion of the zero point.

In cases 6 and 8 even numbered weeks (wk2, wk4.......... wk24) were

used to correlate R(x) with R'(x) again this is explained above. Again 

r for cup 55 as reference was lower than r for cup 38 as reference (case 

8). The r values for cup 55 as reference again increased by +17.4% from 

0.849 to 0.997. Again for case 8 there was a slight increase in r by 

+4.1% when point (0.0) was added.

We find in case 5 and 7 for cup 55 as reference that r increased 

slightly when a sample size was reduced, say by using only odd or even 

numbered weeks. In such cases the intercepts decreased markedly while 

the gradient increased to approach 1 fairly fast with addition of point 

(0.0). The results in Table 76 are indicative of very high correlations 

between shaded piche evaporation and wind speeds, which makes the shaded 

piche a good instrument for use in anemometry from which to extrapolate 

and interpolate wind speeds, especially under strong wind conditions in 

semi-arid agroforestry systems. Under conditions o f a shaded Piche. 

evaporation from this atmometer is solely a function of air movement.
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temperatures and humidity and there is little influence of related and 

other environmental radiation (Ibrahim etal.. 1989). The correlations 

were more stable for cup 38 than in the open area position. The largest 

shift in r values obtained by including point (0,0) was +8.5%. This was 

less than half of the smallest shift for the open area position of 

+17.4%.

The regression coefficients in Table 76 obtained by regressing 

observed wind speed reduction ratios (R(x)) on the piche evaporation 

reduction ratios (R‘(x)) were used to calculate wind reduction ratios 

as in Eg. 25.

R(x) ~a*R'(x) +b (25)

where a and b are regression constants and R ’(x) - (Ep(x) )a/(Ep(r) )2 

gives the evaporation reduction ratios for piches in positions A5, A6. 

A7 & A8 in row 2. R(x) are the calculated wind reduction ratios and a 

and b  are constants for cases 1 till 8 in Table 76. Once R(x) is known 

we then use R(x)-u(x)/u(r) to calculate weekly wind speeds for each cup, 

where u(r), the wind speed of the reference cup (cup 55 or cup 38), is 

known, u(x) can be calculated.

Tables 77 and 78 present the results of wind speeds and wind 

reduction ratios for cup anemometers in row 2 (positions A5, A6. A7 and 

A8) calculated using the above approach. The measured wind speeds and 

the associated wind reduction ratios for cup 55 as reference are 

presented in Table 77(i) and (ii). Appendix Tables A9 & A10 give the 

same, but for smaller samples taken as odd and even numbered weeks, 

whose regression coefficients were as presented in Table 76. The over-
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a ^ ^ i^ s a a ra a s !
froB calculated wind speeds with 11 / !°- Wlnd reduction ratios froir z-  ■ *
24 weeks and (2) is staSdlrtfevfctioS* (3M s li) * * * 15 "*“ ?  ̂  Speeds of ** 
average of the calculated fro. tho 3 “  ^  cent difference of the 
» is lissing dat! “ * Jvera*  of speeds.

li)
speed reduction ratios 
leasured wind speeds 
as refence

capH cupl5 cup38 cup39 
0.98 1.02 0.97 0.89 
0.« 0.95 0.90 0.81 
0.93 0.95 0.90 0.81
1.01 1.02 0.96 0.89 
0.91 0.90 0.87 0.81 
0.93 0.91 0.88 0.82 
0.92 0.90 0.86 0.80 
0.91 0.90- 0.85 0.79 
0.90 0.91 0.86 0.80 
0.09 0.89 0.84 0.78 
0.05 0.86 0.82 0.76 
0.84 0.85 0.81 0.76 
0.99 0.95 0.85 0.00
1.00 0.98 0.86 0.00
1.00 0.98 0.89 0.00 
0.98 0.92 0.85 0.77 
0.95 0.90 0.85 0.76 
0.96 0.91 0.86 0.77 
0.95 0.90 0.85 0.77 
0.93 0.88 0.82 0.74 
0.87 0.83 0.78 0.70 
0.86 0.82 0.77 0.70 
0.86 0.83 0.78 0.71
L0j4 0.81 0.76 0.69

(ii) (iii)
calculated wind speeds

Measured wind speeds point (0,0) not included
case 1 -0

cupl4 cupl5 cup38 cup39 cupl4 cupl5 cup38 cup39
2.13 2.22 2.11 1.93 2.00 2.04 2.00 1.84
1.83 1.87 1.78 1.59 1.71 1.81 1.72 1.59
2.58 2.66 2.50 2.24 2.26 2.28 2.40 2.21
3.01 3.03 2.84 2.65 2.75 2.76 2.66 2.66
2.89 2.85 2.75 2.58 2.74 2.68 2.68 2.56
2.78 2.72 2.61 2.43 2.68 2.52 2.52 2.45
3.08 3.02 2.88 2.68 3.06 2.85 2.89 2.80
2.95 2.92 2.76 2.57 2.60 2.58 2.77 2.54
3.14 3.17 2.98 2.79 3.16 3.16 2.91 2.95
2.69 2.70 2.55 2.36 2.65 2.66 2.52 2.44
2.78 2.81 2.66 2.47 2.76 2.59 2.71 2.54
3.10 3.13 2.98 2.80 3.07 3.04 3.01 2.88
1.73 1.75 1.57 * 1.36 1.60 1.55 1.50
1.46 1.42 1.25 * 1.26 1.35 1.22 1.06
2.36 2.31 2.10 * 2.44 2.18 2.06 1.65
2.74 2.62 2.44 2.21 2.84 3.00 2.42 2.39
1.92 1.84 1.74 1.55 2.03 1.91 1.77 1.76
2.70 2.58 2.42 2.16 2.65 2.54 2.46 2.47
2.48 2.37 2.22 2.01 2.28 2.36 2.22 2.10
2.46 2.33 2.18 1.97 2.25 2.04 2.21 2.07
2.68 2.55 2.40 2.17 2.52 2.39 2.45 2.27
2.20 2.08 1.95 1.78 2.10 2.09 2.01 1.92
2.96 2.83 2.67 2.43 2.82 2.82 2.72 2.47
3.12 2.99 2.82 2.57 3.05 2.91 2.93 2.90

(1) 2.57 2.53 2.38 2.28 
1 (2) 0.47 0.46 0.46 0.36 

* - lissing data

(1) 2 2.42 2.37 2.25
(2) 0 0.46 0.46 0.48

(3) 4 4.27 0.67 1.48

(iv)
Calculated reduction rat 
point (0,0) not included 
case a=0.53 b=0.39 
cupl4 cupl5 cup38 cup39
0.92 0.94 0.92 0.85
0.87 0.92 0.87 0.81
0.81 0.82 0.86 0.80
0.93 0.93 0.90 0.90
0.86 0.84 0.84 0.81
0.90 0.85 0.85 0.82
0.91 0.85 0.86 0.84
0.80 0.80 0.85 0.78
0.91 0.91 0.84 0.85
0.87 0.88 0.83 0.80
0.85 0.80 0.83 0.78
0.83 0.83 0.82 0.78
0.74 0.87 0.84 0.81
0.87 0.93 0.84 0.73
1.03 0.92 0.87 0.70
1.00 1.05 0.85 0.84
1.00 0.94 0.87 0.87
0.94 0.90 0.87 0.87
0.87 0.90 0.85 0.80
0.85 0.77 0.84 0.78
0.82 0.77 0.79 0.73
0.82 0.82 0.79 0.75
0.82 0.82 0.80 0.72
0.82 0.78 0.79 0.78
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Table 77- continued.

(V)
Calculated reduction ratios

(vi)
calculated wind speeds

case 1 +0 a=0.97 b=0.02 case 1 +0 a=0.97b=0.02
cupl4 cupl5 cup38 cup39 cupl4 cupl5 cup38 cup39
0.99 1.02 0.99 0.85 2.15 2.22 2.15 1.85
0.90 0.99 0.90 0.78 1.77 1.95 1.78 1.54
0.79 0.81 0.88 0.76 2.21 2.24 2.46 2.12 1
1.00 1.01 0.95 0.95 2.98 2.99 2.82 2.81
0.88 0.85 0.85 0.78 2.80 2.70 2.71 2.49
0.95 0.86 0.86 0.81 2.84 2.55 2.55 2.42
0.98 0.86 0.89 0.84 3.28 2.89 2.96 2.80
0.77 0.76 0.87 0.74 * 2.50 2.47 2.83 2.39
0.97 0.97 0.84 0.86 3.37 3.38 2.91 2.99
0.90 0.91 0.82 0.78 2.73 2.76 2.50 2.36
0.86 0.76 0.83 0.73 . 2.79 2.49 2.70 2.39
0.83 0.82 0.80 0.74 3.06 3.01 2.95 2.71
0.66 0.90 0.84 0.79 1.22 1.66 1.55 1.46
0.89 1.01 0.84 0.64 1.29 1.47 1.22 0.93
1.20 1.00 0.90 0.58 2.83 2.35 2.13 1.37
1.13 1.23 0.86 0.84 3.22 3.52 2.44 2.39
1.14 1.02 0.90 0.89 2.31 2.08 1.82 1.81
1.02 0.95 0.90 0.91 2.89 2.68 2.54 2.56
0.89 0.95 0.86 0.77 2.35 2.49 2.25 2.01
0.86 0.71 0.84 0.74 2.28 1.89 2.21 1.95
0.80 0.72 0.76 0.65 2.47 2.23 2.34 2.01
0.82 0.81 0.75 0.69 2.07 2.07 1.91 1.75
0.81 0.81 0.76 0.63 2.79 2.79 2.61 2.15
0.81 0.74 0.75 0.74 3.01 2.75 2.78 2.74

(1) 2.55 2.48 2.38 2.17
(2) 0.56 0.49 0.45 0.51

(3) 0.86 1.86 0.09 5.10
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Table 78. Cup 38 as reference, (i) case H); c a l ^ ^  »i»ds^e& w  
with zero excluded, (ii) case 2 -0: calculated wind dth 
point excluded, (iii) case 2 +0: wind reduction ratios c^cdatod 
(iii) case 2 +0: wind reduction ratios froi caiculated̂ wind speeds 
i S  iero point included: (iv) case 2 +0: calculated wind speeds 
with zero point included:

(i)
calculated reduction ratios 
point (0,0) not included 
case 2 -O a=0.86 b=0.11 
cup 38 as refence
cupl4 cupl5 cup38 cup39

0.97 1.00 0.97 0.85
0.97 1.05 0.97 0.85
0.88 0.89 0.97 0.85
1.02 1.02 0.97 0.97
1.00 0.97 0.97 0.90
1.07 0.97 0.97 0.93
1.06 0.95 0.97 0.92
0.87 0.86 0.97 0.83
1.11 1.11 0.97 0.99
1.05 1.06 0.97 0.92
1.00 0.90 0.97 0.87
1.00 0.99 0.97 0.90
0.78 1.03 0.97 0.92
iii i:J5 iii 8:3
1.25 1.36 0.97 0.95
1.21 1.10 0.97 0.96
1.09 1.02 0.97 0.98
1.01 1.07 0.97 0.88
1.00 0.84 0.97 0.87
1.02 0.93 0.97 0.85
1.04 1.04 0.97 0.89
1.03 1.03 0.97 0.62
1.04 0.96 0.97 0.96

(ii)
calculated wind speeds 
point (0,0) not included 
case 2 -0 a=0.86 b=0.11
cup 38 as refence 
cupl4 cupl5 cup38 cup39

(iii)
calculated reduction ratios 
point (0,0) included 
case 2 +0 a=0.99 b=0.00
cup 38 as refence 
cupl4 cupl5 cup38 cup39

0.99 1.02 0.99 0.85
0.98 1.09 0.99 0.86
0.89 0.90 0.99 0.85
1.05 1.05 0.99 0.99
1.02 0.99 0.99 0.91
1.11 0.99 0.99 0.94
1.10 0.97 0.99 0.93
0.87 0.86 0.99 0.83
1.15 1.15 0.99 1.02
1.09 1.10 0.99 0.93
1.02 0.91 0.99 0.87
1.03 1.01 0.99 0.91
0.77 1.06 0.99 0.93
iii i:88 0.99

0.99 8:3
1.31 1.44 0.99 0.97
1.26 1.13 0.99 0.98
1.13 1.05 0.99 1.00
1.03 1.10 0.99 O.SI
1.02 0.84 0.99 0.87
1.05 0.94 0.99 0.85
1.07 1.07 0.99 0.90
1.06 1.06 0.99 0.81
1.08 0.98 0.99 0.97

(iv)
calculated wind speeds 
point (0,0) included 
case 2 +0 a=0.99b=0.00 
cup 38 as refence 
cupl4cupl5 cup38 cup39

2.09 2.16 2.09 1.80
1.76 1.94 1.77 1.53
2.22 2.26 2.48 2.13
2.98 2.99 2.82 2.81
2.82 2.72 2.72 2.50
2.89 2.59 2.59 2.45
3.16 2.79 2.86 2.70
2.41 2.39 2.74 2.30
3.42 3.43 2.95 3.03
2.77 2.79 2.52 2.38
2.72 2.42 2.64 2.32
3.06 3.00 2.95 2.7C
1.21 1.66 1.55 1,1
Mi i.w i.M
3.20 3.50 2.42
2.19 1.97 1.72 1.1'
2.73 2.53 2.39 2.4
2.29 2.44 2.19 1.9
2.23 1.83 2.16 1.9
2.51 2.27 2.38 2.0
2.10 2.09 1.93 1.7
2.83 2.83 2.64 2.1
3.04 2.76 2.80 2.1

(1) 2.53 2.47 2.36 2..'
(2) 0.56 0.50 0.45 0.1

(3) 1.64 2.63 1.00__6.

2.05 2.11 2.05 1.79
1.72 1.88 1.73 1.52
2.21 2.24 2.43 2.12
2.90 2.91 2.76 2.75
2.75 2.66 2.67 2.47
2.80 2.53 2.53 2.42
3.07 2.74 2.80 2.66
2.40 2.38 2.68 2.30
3.30 3.31 2.89 2.96
2.68 2.71 2.47 2.35
2.66 2.40 2.58 2.31
2.98 2.94 2.89 2.68
1.22 1.61 1.52 1.44
i:8$ iii iii 8:88
3.05 3.31 2.37 2.32
2.09 1.90 1.69 1.67
2.64 2.46 2.34 2.36
2.23 2.36 2.18 1.95
2.18 1.83 2.11 1.89
2.45 2.23 2.33 2.03
2.04 2.03 1.89 1.74
2.75 2.75 2.59 2.18
2.95 2.71 2.74 2.70

(1) 2.46 2.40 2.31 2.12
(2) 0.53 0.47 0.44 0.49

(3) 4.37 5.07 3.00 7.04
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4.4 Results on radiation and Grevillea robusta shading in AF 

4.4.1 General

Although agroforestry systems may be considered a feasible
alternative in dry-land farming, competition between crop and trees for

resources such as soil moisture, sunlight and nutrients affects seed 
and biomass yields of the crop component. The aim of quantifying the

shade effects of two representative Grevillea robusta trees (UT1 & PT2) 

on the under-crop at Matanya was to identify sectors around the trees 

where their shades concentrate for most of the maize (and bean) crop 

growing season and to mathematically relate the yields in that sector(s) 

to radiation received there. This may enable us to better understand the 

role of tree shading in yield reduction or yield improvement in an 

agroforestry system. We hypothesize that in dry months under semi-arid 
conditions, such as in Matanya. tree shades may have beneficial 
(protective) effects for growing crops with respect to reducing

excessive water loss through evaporation and decrease water stress. The 
Grevillea tree shades may protect the intercrop from too high radiation 
load and accompanying high temperatures leading to yield improvement in 

shaded areas. However, in wet months we suspect that shade may be too 

heavy and plants may not be able to receive all the PAR that it can use 

which may lead to growth impairment. We need to establish which of the 

two (yield reduction or yield improvement) was stronger in the case of 

Matanya AF. We started by first standardizing the radiometers by 

intercomparing them in the open.
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4.4.2 Comparison of thirteen tube solarimeters and two Kipp 

solarimeters in the open in October. 1991

Figs. 284-286 show daily tube and Kipp solarimeter readings 

during the intercomparison period (i.e. 20/10/91-31/10/91) in the open. 

We can see from Figs. 284-286 that the tubes for 94. 188 and 376 cm from 

UT1 gave almost identical radiation readings with Tb & kp2. All 

solarimeters were giving similar readings within ±0.2% of the average.

using the calibration constants of tha manufacturer*.
Figs. 287 & 288 present regression constants of Tb (Sr. Nr. 2087) 

and kp2 (Sr Nr. 2091) on kpl (Sr. Nr. 3080) of the daily solar radiation 

data. Regression equations derived during calibration exercise for the 

solarimeters for use in open as standard and substandard (in case of Tb) 

were as follows: Tb on kpl was Tb- -0.22+ 1.01*kpl (r-99.96%): kp2 on

kpl was kp2- -0.31+1.01*kpl (r-99.93%) while 1b on kp2 was

Tb-0.10+1.00*kp2 (r-99.89%). The gradients of the two equations were the
>•

same but their intercepts differed by 28.2% (Fig. 287). That meant that 

kpl responded to solar radiation at a lower initial value than both Tb 
and kp2 radiometers. Fig. 288 shows that Tb is directly related to kp2i
by the ratio 1:0.998 * 1:1. The Tb responded to solar radiation at a 

lower initial value than kp2. by 0.1 Mwm-a. The Tb was fairly more 
sensitive to radiation in its off-set value but closer to kp2 than kpl.

The canopy of the tall UT1 tends to intercept PAR before it can 

reach the shorter maize/beans intercrop. This has negative yield 

implications, as long as other resources like water: nutrients are not 

limiting. However, the shade beneficial effect, that is a protective 

(for the intercrop) or complementary (tree yield) effect to the

maize/beans intercrop may be expected to be high in the sector where 
tree shading was maximum because of limiting water and nutrients
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maize/beano intercrop may be expected to be high in the sector where 
tree shading was maximum because of limiting water and nutrients



resources. The isolated trees such as those in AF in Matanya cast 

shadows that move over a sunny ground. Since, under limiting water 

conditions, the tree shades protect under-crops from excessive high 

temperatures and high atmospheric evaporative demands, crop yields in AF 

therefore are expected to reflect more a protective effect of shade than 

competition for light.

We have already seen in section 3.1 that maize total biomass 

harvesting was done row-by-row. The separation distance between maize 

rows was 94 cm. The maize yields obtained in the first row on either 

side of the tree rows were taken to correlate with light that was 

representatively measured in a straight line 94 cm from UT1. Similarly 

for the maize yields at 188 cm and the third and fourth rows at 282 and 

376 cm respectively from the tree rows. The effect of radiation falling 

on a straight line passing 94 cm from the tree therefore were matched to 

the yields. The TSLs were installed at 94. 188 and 376 cm. Because 
radial yields could not be taken, the effect of radiation falling on a

circle 94 cm from the tree was therefore correlated with the yields of 

the row passing at 94 cm as the best approximation of yields depending 

on shade.

4.4.3 Solar radiation received by intercrop under UT1 during SR91:

Effect of UT1 shade on daily radiation totals.

Variations of daily total radiation, that is at 94 cm from UT1 

((NE) 1. (SE)1. (SW)1 and (NW)1). at 188 cm from UT1 ((NE)2. (SE)2. (SW)2 

and (NW)2 and at 37« cm from UT1 ((NE)3. (SE)3. (SW)3 and <NW)3) are 
displayed in the Appendix Figs. A6-A26. for the periods of November and 
December 1991. April and May 1992 and October-November 1992. We observe

from the variations in these figures that total radiation was affected
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by the UT1 canopy shade and its position with respect to the tree stem 

in different seasons, superimposed on the seasonal and daily 

fluctuations of incoming solar radiation.

We here below deal in detail with the effect of radiation totals 

on the maize under the UT1 canopy and PT2 canopy using the radiation 

received by maize plants at 94, 188 and 376 cm as fraction of the 

radiation in the open, herein referred to as fractional radiation.

4.4.3 (a) n*«etionai radiation raoolvad toy tha intar-orop in Novaabar
Reifsnyder (1989) contends that transmission of solar radiation through 

tree canopies in the middle latitudes is not linear when looked at as 

function of crown closure or tree density but near linear (or nearly 

linear) in the tropics. He found that a stand with 50% crown closure
i

transmitted less than 20% of the incident solar radiation, a rather open 

stand with only 10% crown closure reduced radiation reaching the ground 

by about 25%. From these findings he concluded that sparse stands would 

offer considerable protection from excessive radiation loads. On the 

other hand a crown closure of only 1/3. a rather open stand, would 

reduce radiation by 2/3 (to be precise roughly 60%) which might result 

in too little radiation for some crops.

The solar radiation which was recorded by the tube solarimeter in 

the open (Tb) is equal to that which fell on the top of the Grevillea 
canopy. Total solar radiation transmission (penetration) to the under

crop was taken to be the sum of radiation which missed the trees 

completely to reach the ground (or intercrop) and that which passed 

through the tree canopies according to Eq. 13. The total fraction was 

the radiation read by the tube solarimeters (TSLs) under the tree
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Fig. 284. S o l a r  r a d i a t i o n  r e a d i n g s  d u r i n g  c o m p a r i s o n  of 
T SLs i n  t h e  o p e n  i n  O c t o b e r  1991 f o r  TSLs to be i n s t a l l e d  
a t  94 c m  f r o m  e x p e r i m e n t a l  Grevillea robusta tree.
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Com parison  o f  s o l a r ,  t u b e s  in open 91
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Fig. 286. S o l a r  r a d i a t i o n  r e a d i n g s  d u r i n g  c o m p a r i s o n  of 
T S L s  in t h e  o p e n  i n  O c t o b e r  1 9 9 1  for T S L s  to b e  i n s t a l l e d  
a t  3 7 6  cm f r o m  e x p e r i m e n t a l  Grevillea robusta tree.
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F i g .  287. A s c a t t e r  and a 1:1 line of T b  a n d  k p 2  on kpl 
d u r i n g  c o m p a r i s o n  in t h e  o p e n  in O c t o b e r  1991.
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Com par ison  o f  s o l a r ,  t u b e s  in open 91
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F i g .  288. A  s c a t t e r  p l o t  a n d  1:1 line of T b  on k p 2  during 
c o m p a r i s o n  in t h e  o p e n  in O c t o b e r  1991.
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F i g .  289. Average monthly radia^ ° n *®L“ “"tnen^areafractions of radiation read with Tb i” *he °P
(fractional radiation) during November 1991.
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divided by the radiation read by 1b in the open (i.e. TSLs/Tb). The 

fraction TSLs/Tb may be taken as parameter f in Eq. iO and used to 

relate solar radiation to total dry matter produced in the AF system. 

The degree of canopy shade concentration was reflected in relative 

n*agnitude of the fraction that was read by the sensors. The higher the 

shade concentration the smaller was the fraction.

Fig. 289 presents a November. 1991. bar-chart of fractional 

radiation in each sector with respect to UT1. We see from Fig. 289 that 

at 94 cm from UT1 the shade was concentrated in NE and NW. Sector (NE)1 

received 0.80 of radiation recorded bv Tb. whereas <NW)1 had 0.81. while 

the other sections received 0.88. Maximum fractional radiation reduction 

to 0.82 for the tubes at 188 cm was observed in sectors (SW)2 and 

(NW)2. but here (SE)2 and (NE>2 remained also with 0.83 and 0.84. The 

highest radiation reduction to 0.82 for the tubes at 376 cm was 

observed in sectors and (SE)3.

From Ficr. 289 therefore we can see that in November 1991 on the 

averaae the UT1 canopy shade was highest in the NE sector at the thr ee 

distances together (94. 188 and 376 cm) from ITT!. following rather 

closely by SE and NW and again relatively closely to that by SW.

4.4.3 (b) Fractional radiation received by the inter-crop in December

Fig. 290 presents a bar-chart of fractional radiation in four 

sectors: NE. SE. SW and NW of UT1 in December. 1991 (see Fig. 11). We 

see from Fig. 290 that at 94 cm the highest reduction to 0.76 of that in 

the ocien was in <NW)1 of UT1 which also had a similar reduction for 

(NW)2 at 188 cm. NE received 0.80 of radiation in the open through the 

canopy. Thus the canopy shade was concentrated mainly in area between NE 

and NW. SW Sector also received low radiation rates only at 188 cm. In
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SHADE EFFECT OF UNPRUNED GREVILLEA- UT1
F r a c t i o n  r a d ' a t  r e c e i v e d  b y  TS L s  Dec 91
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F i g .  290. A v e r a g e  m o n t h l y  r a d i a t i o n  for T S L s  u n d e r  UTl as 
f u n c t i o n  of f r a c t i o n a l  r a d i a t i o n  during D e c e m b e r  1991.

SHADE EFFECT AT UNPRUNED GREVILLEA -UT1
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F i g .  291. A v e r a g e  f r a c t i o n  r a d i a t i o n  of S h o r t  R a i n s  1991 
( S R 9 1 )  for T S L s  u n d e r  UTl.
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ail the UT1 canopy reduced solar radiation by between 0.09 and 0.24. 

The least reduction at 94 cm was 0.09 which occurred in the SE sector.

From Fig. 290 therefore we can see that, with more emphasis than 

in November, in December 1991 the UT1 canopy shade was rather 

concentrated in NW and NE sectors at the three distance (94. 188 and

376 cm) from UT1 together. At 188 cm shading is heavier than at 94 cm.
>

and the overall 376 cm falls in between.

4.4.3 (c) Fractional radiation received by the inter-crop during SR91

Fig. 291 gives the fractional radiation during the maize crop 

growing period. The growing period does not cover January since the crop 

will have stopped growing as it will have reached maturity. At that 

stage radiation will have no effect on dry matter accumulation. The 

October data were not available as that was the month when calibration 

in the open took place. We can see from Fig. 291 that the fractional 

radiation received by the TSLs at 94 cm from UT1 ranged from 0.78 in 

<NW)i to 0.89 in (SE)1. At 188 cm it ranaed from 0.79 in (NW)2 to 0.83 

in (SE)2 and at 376 cm the reverse was the case as it ranged from 0.82 

in (SE)3 to 0.86 in (NW)3.

The canopy shading for SR91 was therefore concentrated in NW up to 

188 cm from UT1. and in NE. Particularly (SE)1 and (SW) 1 receive 

somewhere less shade, making overall shade at 188 cm higher than at the 

two other distances.

4.4.4 Solar radiation received by intercrop under UT1 during LR92

4.4.4 (a) Fractional radiation received by the inter-crop in April

Fig. 292 shows a bar-chart of fractional radiation in each sector 

of UT1 in April. 1992 (Fig. 11). We see from Fig. 292 that at 94 cm the
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F i g .  293. A v e r a g e  m o n t h l y  r a d i a t i o n  for TSLs u n d e r  UT1 as 
f u n c t i o n  o f  f r a c t i o n a l  r a d i a t i o n  d u r i n g  M a y  1992.
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highest radiation reduction to 0.76 of that in the open occurred in 

sector CSE) 1 of UTl. The next hiahest reduction, to 0.78 of that in the 

open, occurred in the (SW)1 sector. The least canopy shading at 94 cm 

occurred in sector NW. which Sector had the highest shading in SR91. The 

fraction received at 94 cm from UTl was therefore between 0.76 in sector 

(SE)1 and 0.88 in sector (NW)1. The radiation received at 188 cm rrom 

UTl was between 0.83 of that in the open in sector (SW)2 and 0.66 in 

sector (NE)2. At 376 cm the tubes recorded radiation fraction between 

0.87 and 0.92. This was a smaller reduction range than that recorded 

for this distance overall in SR91.

Thus the Grevillea ix>txista (UTl) canopy shade was heaviest in the 

area between SW and SE sectors (Fig. 292). and clearly heaviest at 94 

cm. followed by 188 cm and 376 cm in that order.

4.4.4 (b) Fractional radiation received by the intern-crop in May

Fig. 293 shows a bar-chart of fractional radiation in each sector 

of UTl in May. 1992 (Fig. 11). We see from Fig. 293 that at 94 cm the 

heaviest radiation shading resulted in reduction to 0.80 of that in the 

open in sector (SE)1 of UTl. Sectors (NE)1 and (SW)1 each received 0.86 

of the radiation in the open. The least canopy shading occurred at 94 

cm. resulting in receipt of 0.96 of the radiation in the open, again in 

sector NW. Fraction received at 188 cm from UTl was between 0.85 of that 

in the open in sector SW and 0.89 in sector NE. At 376 cm the tubes 

recorded radiation between 0.87 and 0.89 in sectors NW and SE 

respectively.

In the month of May. 1992 the Grevillea robusta (UTl) canopy shade 

was overall heavier in the SE sector between 94 and 188 cm. followed by
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S W  (over all distances) (Fig. 293). Differences between distances were 

overall very small, with 188 cm getting a bit more shade than the other 

two distances.

4.4.4 (c) Fractional radiation received by the intern-crop in June

Fig. 294 presents the results of fractional radiation received m  

each sector of UT1 in June. 1992. We see from Fig. 294 that at 94 cm the 

heaviest radiation shading resulted in reduction to 0.81 of the 

radiation in the open in sector SE of UT1. The least canopy shading 

averred at 94 cm. resulting in receipt of 0.92 of the radiation in the 

open, again in sector NW. Fractional radiation received at 188 cm rrom 

UT1 was between 0.81 of that in the open in sector SE and 0.89 in sector 

NW. At 376 cm the tubes recorded radiation between 0.87 in NE and 0.91 

in sectors SW and SE.

In June. 1992 the UT1 canopy shade was heavier in the SE and NE 

sectors at the distance of up to 188 cm from the tree (Fig. 294), with 

188 cm getting somewhat some share.

4.4.4 (d) Fractional radiation received by the inter-crop during LR92

Fig. 295 gives the fractional radiation during the maize crop

growing period in the LR92 season. We can see from Fig. 295 that the 

fractional radiation received bv the TSLs was the lowest in sector SE at 

94 cm from UT1. The fractional radiation received ranged from 0.79 in SE 

to 0.92 in NW sectors. At 188 cm it ranged with little chancre rrom 0.84 

in both SE and SW to 0.87 in both NE and NW. At 376 cm aaain the 

reverse was the case as the fractional radiation of 0.90 in SE was the 

highest while lowest of 0.87 was recorded in NW. but differences were

small again.



492
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Fig. 294. A v e r a g e  m o n t h l y  r a d i a t i o n  for TSLs as function 
of f r a c t i o n a l  r a d i a t i o n  u n d e r  u n p r u n e d  Grevillea robusta 
t r e e  (UT1) d u r i n g  J u n e  1992.
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F i g . 295. A v e r a g e  m o n t h l y  r a d i a t i o n  for TSLs a s  func t i o n  
of f r a c t i o n a l  r a d i a t i o n  u n d e r  u n p r u n e d  Grevillea robusta 
t r e e  (UT1) for t h e  e n t i r e  LR92.
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The canopy shading o f so la r radiation fo r LR92 was therefore 

concentrated in SE followed by SW. both up to  188 cm from UT1. At 376 cm 

the shade was c le a r ly  less, while i t  was identical overa ll at 94 cm and 

188 cm.

4.4.5 Solar rad iation  received by intercrop under UTl during SR92

4.4.5 (a) Fractional radiation received by the intei^-crop in October

Fig. 296 shows a bar-chart o f fractional radiation in each sector 

o f UTl in October. 1992. We see from Fig. 296 that at 94 cm from UTl the 

heaviest shading sh ifted  to  sector (NE)1 resulting in a 

receipt o f 0.76 o f the radiation in the open. Sectors (NW) 1 and (SE) 1 

received 0.80 and 0.64 o f the radiation in the open. The position o f 

least canopy shading at 94 cm a lso shifted to SW which received 0.88 of 

that in the open. Radiation received at 188 cm from UTl lay between 0.80 

o f that in the open in both NW and NE and 0.82 in both SE and SW. At 376 

cm the tubes recorded radiation fractions between 0.84 and 0.89 in 

(NE)3 and (SW)3 sectors.

In the month o f October. 1992 the Grevillea i-obusta (UTl) canopy 

shade was concentrated mainly in the northern part o f UTl between NE and 

NW (see F ig. 296), with 188 cm receiving a b it  more shade than 94 cm but 

both comparably more than 376 cm distance.

4.4.5 (b) Fractional radiation received by the inter-crop in November

Fig. 297 shows a bar-chart o f fractional radiation in the four 

sectors o f UTl in November. 1992. We can see from F ig. 297 that at 94 cm 

from UTi the heaviest radiation shading was in the NE sector, wnich had 

0.84 o f its  value in the open. Other sectors had much ligh ter canopy
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Fig. 296. A v e r a g e  m o n t h l y  r a d i a t i o n  for TSLs u n d e r  UT1 as 
f u n c t i o n  of f r a c t i o n a l  r a d i a t i o n  during O c t o b e r  1992
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Fig. 297. A v e r a g e  m o n t h l y  r a d i a t i o n  for T S L s  u n d e r  
f u n c t i o n  of f r a c t i o n a l  r a d i a t i o n  d u r i n g  N o v e m b e r

UT1 as 
1992.
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shading, with SW receiv ing even 0.96 o f i t s  value in the open. Radiation 

received at 188 cm from UT1 lay between 0.81 of that in the open in SW 

and 0.90 in NE. At 376 cm the tubes recorded sectoria l radiation o f 

between 0.89 and 0.92. In the month of November. 1992. the Grevillea 

robusta (UT1) canopy shade was heaviest overall in the NW part of UT1. 

but also at 188 cm in the between SW and NW of UTl (see Fig. 297).

There was overa ll more shade at 188 cm.

4.4.5 (c ) Fractional radiation received by the inter-crop in December

F ig. 298 displays a bar-chart o f fractional radiation in the four 

sectors o f UTl in December. 1992. We can see from Fig. 298 that at 94 cm 

from UTl the heaviest radiation shading was in the NE sector which had 

0.83 o f its  amount in the open. We notice from Fig. 298 that the centre 

o f UTl canoDy snading has moved to 188 cm NW and SW and extended to 

cover 376 cm in those sectors. Sectors SE and SW had very ligh t canopy 

snading at 94 cm distance, with SW receiving the highest fractional 

radiation of 0.93 o f its  value in the open. Radiation received at 188 cm 

from UTl lay between 0.80 in NW (and 0.82 in SW) and 0.92 in SE. At 376 

cm the tubes recorded sectoria l fractional radiation o f between 0.78 in 

(SE)3 and 0.93 in (NE)3. There was therefore a reduction of between 0.07 

and 0.22 o f i t s  value in the open.

We can therefore conclude for December. 1992. that the Grevillea  

robusta (UTl) canopy shade was heaviest in the northern and western 

parts o f UTl between 188 and 376 cm (see F ig. 298). which overa ll 

received close to  the same shade.
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Fig. 298. A v e r a g e  m o n t h l y  r a d i a t i o n  for TSLs u n d e r  UT1 as 
f u n c t i o n  of f r a c t i o n a l  r a d i a t i o n  d u r i n g  D e c e m b e r  1992.
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Fig. 299. A v e r a g e  m o n t h l y  r a d i a t i o n  f o r  T S L s  as function  
of fr a c t i o n a l  r a d i a t i o n  u n d e r  u n p r u n e d  Grevillea robusta 
t r e e  (UTl) f o r  t h e  e n t i r e  S R 92.
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4.4.5 (d) Fractional radiation received by the inter-crop during SR92

Fig. 299 g ives  the sectoria l fractional radiation during the maize 

crop growing period in the SR92 season. We can see from Fig. 299 that 

the fractional radiation received by the TSLs at 94 cm from UT1 was 

lowest in sector NE. The fractional radiation received at 94 cm ranged 

from 0.81 in NE to  0.92 in SW sectors. The fractional radiation received 

at 188 cm ranged from 0.81 in NW to  0.87 in both SE and NE sectors. At 

376 cm the fractional radiation received was between 0.85 in SW and 0.90 

in NE.

The canopy shading o f solar radiation for SR92 was again heaviest 

between NE through NW and SW. with NW being most shaded overall among 

them. For the whole season, lik e  in (October and November, the 188 cm 

distance received more shade.

4.4.6 Comparison o f th irteen  tubes (Tb & TSLs) and one Kipps (kp2) 

solarimeters in the open in Apri1-May. 1993

Comparison o f the radiometers in the open and calibration of 

Delta-T solar integrators and tube flushing was done from 14/4/ to 

31/5/93. Figs. 300-302 displays these comparisons at a short time 

interval of s ix  days, that is from 19/4/-24/4/93. The short period data 

plots in Figs. 300-302 were meant to  show c la r ity  o f comparisons. During 

th is comparison we also calibrated Delta-T solar integrators and removed 

some tubes whose painted white sensinc elements had cracked paint on 

their surfaces and were beginning to show erroneous readings when 

compared in the open to  Kipp solarimeter. The th irteen  tube (one Tb & 

twelve TSLs) and one Kipp (kp2) soiarimeter (since kpl had been removed 

and i t  could not be repaired) were installed at 50 cm above the ground 

in an open area, without trees nearbv to  cast shadows on them. As in
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1991. ca lib ra tion  o f the 12 TSLs consisted o f 4 (E l. Wl. SI & Nl) which 

were to  be in sta lled  around the unpruned Grevillea robusta tree 1 

(marked UT1) a t 94 cm. 4 (E2. W2. S2 & N2) at 188 cm and 4 (E3. W3. S3 & 

N3) at 376 cm from the tree trunk (see F ig. 11). We can see from Figs. 

300-302 that the tubes fo r  94, 188 and 376 cm from UT1 gave almost 

identical rad iation  readings with Tb & kp2 to within about ±0.1% on the 

average.

4.4.7 Fractional radiation received by the inter-crop in June, 1993

A fter calibration  o f the instruments in the open, as presented in 

section 4.4.5. the tube solarimeters (TSLs) were taken back and 

in sta lled  in AF under UT1 as in Fig. 11. while the Tb and kp2 were 

in sta lled  in the open as before.

F ig . 303 presents resu lts o f fractional radiation received above 

the maize crop under UT1 in the four sectors (see Fig. 11) during the 

middle o f LR93. in June 1993. which was the only month of data for th is 

LR93 season. We can see from F ig . 303 that UT1 canopy had grown thicker 

than i t  was in SR92. as there was generally quite substantial reduction 

( i . e .  16-39%) in solar radiation transmitted to  the sensors. The cold 

and cloudy period in Kenya, when most non-precipitating clouds cover the 

sky thereby shielding the ground, begins in June and ends in September. 

This a lso might have contributed to  low radiation reaching the sensors, 

but would a ffe c t  even Tb and kp2 and the fraction  would be unchanged. 

Hence leaving us with the f i r s t  mentioned reason fo r reduced fraction. 

I t  means nevertheless that to ta l solar radiation is  an important input 

next to  the fractions when correlations with biomass take place. The 

region o f heaviest radiation canopy shading had moved further from tree 

stem and a ffected  mainly the area around 188 cm and beyond.
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Compar i son  o f  s o l a r  t u b e s  in open 93
T  u D « s  ( T S L )  f o r  94 cm  I n  t o p * n
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F i g .  300. D a i l y  r a d i a t i o n  t o t a l s  f o r  TSLs f o r  94 cm 
d u r i n g  p a r t  o f  c o m p a r i s o n  i n  t h e  open:  1 9 / 4 / - 2 4 / 4 / 9 3 .
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Fig. 301. D a i l y  r a d i a t i o n  t o t a l s  f o r  TSLs f o r  188 cm 
d u r i n g  p a r t  o f  c o m p a r i s o n  i n  t h e  open:  1 9 / 4 / - 2 4 / 4 / 9 3 .
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At 94 cm from UT1, sector NE received 0.79 of the radiation in the 

open which was the lowest at that distance. Sector SW received the 

highest fraction  o f 0.84. Sectors SE and NW received 0.01 and 0.82 Figs, 

resp ec tive ly  of the amount in the open.

At 188 cm from UT1. sector SE received 0.63 o f the radiation in 

the open which was the lowest at that distance. Sector NW received the 

highest fraction  o f 0.74. Sectors SW and NE received 0.69 and 0.68

respective ly  o f the amount in the open.
>

At 376 cm from UT1. sectors NW and SW each received 0.61 of the 

rad iation  in the open which were the least overall indicating tnat the 

canopy shade at distance 376 cm was somewhat heavier west of UT1.

For June 1993 as a whole there are hardly any differences between 

sectors in shade received. The shade at distances 188 and 376 cm were 

again much heavier than the shade at 94 distance, with 376 cm having 

most.

4.4.8 Solar radiation received by intercrop under UT1 during SR93

4.4.8 (a) Fractional radiation received by the inter-crop in October

Fig. 304 presents resu lts o f fractional rad iation  received above 

the maize crop under UT1 in the four sectors (see Fig. 11) durina 

October. 1993. We can see from F ig. 304 that UT1 canoov had grown even 

th icker than in  June 1993 as the ranae of the reduction in solar 

rad iation  transmitted to the sensors had increased ( i . e .  0.16-0.47). So 

the canopy shading in October 1993 was heavier than in June 1993. The 

region o f heaviest canoDy shading had now sh ifted  to  the northern and 

western part o f  UT1 to a ffe c t NE and NW sector, especia lly  at 94 cm 

(where in fact a l l  sectors are involved in the heaviest shade as SW and 

even SE have appreciable shade). At 188 cm distance from the tree stem.
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Fig. 303. Average radiation as a function of fractional
radiation for TSLs under UT1 during LR93, June.
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i t  is  particu la rly  the NW and a b it  less NE sector, but overall shadina 

a t 396 cm is  equal to  that o f 188 cm be i t  more evenly spread over 

sec to rs .

4.4.8 (b) Fractional radiation received by the inter-crop in November

Fig. 305 presents resu lts fo r  November. 1993. We can see from 

F ig . 305 that the UT1 canopy had reduced compared to  October 1993 as 

among other things the range o f the reduction in solar radiation 

transmitted to the sensors had reduced ( i .e .  0.15-0.42). So the 

canopy shading in  November was somewhat ligh ter than in October 1993. 

The region o f heaviest canopy shading was s t i l l  in the northern part or 

UT1 and a ffec ted  most heavily the NE and NW sectors, and most serious at 

188 cm distance from the tree stem, where the other sectors received 

more radiation . Overall, particu larly 376 cm distance received less 

shade.

At 94 cm from UT1 sector SE received 0.68 o f the radiation in the 

open which was the lowest and 0.05 higher than the October 1993 value at 

that distance from the tree in the same sector. Sector NW received the 

highest frac tion  o f 0.75 which again was 0.17 higher than the October 

value. Hence the canopy shading had reduced. Sectors NE and SW on the 

average received close to  0.70 respectively of the amount in the open.

At 188 cm from UT1 sector NW received 0.38 o f  the radiation in the

open which was the lowest at that distance. This was higher than the
>

October 1993 value by 0.05 in that sector and at that distance from the 

tree. Sector SE received the highest fraction  o f 0.81 which was 0.03 

lower than October 1993 value in that sector.



503

Shade e f f e c t  o f  unpruned Grev i I l e a -  UT1
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4 .4 .8  (c) Fractional radiation received by the inter-crop in December

F ig. 306 presents resu lts fo r  December. 1993. The solar radiation 

transmitted was from 0.19-0.39. The area of the heaviest canopy shadina 

was s t i l l  in the northern part o f UT1 and affected  mainly NW and NE 

sectors, e sp ec ia lly  at 188 and 376 cm distance from the tree stem. The 

other sectors had re la t iv e ly  more shade at 94 cm. Overall there was 

l i t t l e  d iffe ren ce  between distances, but at 94 cm i t  was more uniformly 

over the sectors.

At 376 cm from UT1 sector NW received the lowest fraction of 0.64. 

less than in November, and sector SE received the highest fraction, of 

0.76, appreciably less than in November. Sector 5W received 0.75 while 

NE received 0.66 o f the amount in  the open, together also less than in 

November.

4.4.8 (d) Fractional radiation received by the inter-crop during SR93

F ig . 307 g ives  the sec to ria l fractional radiation durina the maize

crop growing period in the SR93 season. We can see rrom Fig. 307 that 

the fractional radiation received by the TSLs at 94 cm from UT1 was 

lowest in sector NE where 0.65 o f  radiation in the open was received and 

0.69 in SW sectors. This was less than the fraction  received in SR92 

(see F ig. 299) which ranged from 0.81 in NE to  0.92 in SW sectors, 

indicating than that UT1 canopy had grown in thickness, thereby reducina 

the fractional radiation received at 94 cm by between 0.16 and 0.23 in 

these two sectors.

The fractiona l radiation received at 188 cm in SR93 ranged from 

0.57 in NW to  0.82 in SE sectors. This was less than that received in 

SR92 (see F ig . 299) which ranged from 0.81 in NW to  0.87 in SE and NE 

sectors confirming that the UT1 canopy had grown in thickness thereby



505

F i g .  306. A v e r a g e  m o n t h l y  r a d i a t i o n  as a f u n c t i o n  of 
f r a c t i o n a l  r a d i a t i o n  f o r  T S L s  u n d e r  U T 1  d u r i n g  D e c e m b e r  
1 9 9 3 .
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Fig. 307. Average radiation as a function of fractional
radiation for TSLs under UT1 during SR93.
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reducing the fraction a l radiation received at 188 cm by between 0.05 anc 

0.24. fo r  the sectors SE and NW.

At 376 cm the fractional radiation received was between 0.65 in NW 

and 0.77 in  SE. This was again less than that received at 376 cm in SR92 

which within 0.85 in SW and 0.90 in NE so again with less radiation 

received by the sensors at that distance.

The canopy shading o f solar radiation for SR93 was concentrated 

mainly between NE through NW. with SW following at some distance. At 94 

cm shading was hicrh throughout and at 186 cm particu larly in the NW 

sector. This was followed again here by NE. The comparable overall 

shading a t 376 cm was more evenly distributed over the sectors.

4.4.9 Solar rad iation  received by intercrop under PT2 during LR94

4.4.9 (a) Fractional radiation received by the inter-crop in May

As mentioned in section 4.4.1. solar radiation measurements for 

LR94 and SR94 were done under the canopy o f the root pruned OreviIlea 

iX)Jbusta tree  marked FT2 according to  the layout presented in Fig. 11.

The position o f  FT2 in re la tion  to  other Grevillea roixjsta trees in the 

AF plot at Matanya may be seen in Fig. 9. The two Grevillea trees, one 

root pruned (PT2) and another root unpruned (UT1). were planted at the 

same time in 1986. However, the root-pruned PT2 had a smaller canopy 

than the unpruned UT1 and consecruently transmitted more radiation than 

tm . although the tree sectors affected by the canopy shades are o f 

course the same.

F ig. 308 presents resu lts fo r  May, 1994. Note that the data for 

April o f that year were not availab le. We can see from Fig. 308 that the 

PT2 canopy had transmitted appreciably more fractional radiation than
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SHADE EFFECT OF PRUNED GREVILLEA- PT2
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Fig. 308. A v e r a g e  m o n t h l y  r a d i a t i o n  as a f u n c t i o n  of 
f r a c t i o n a l  r a d i a t i o n  f o r  T S L s  u n d e r  PT2 d u r i n g  M a y  1994.

Fig. 309. Average monthly radiation as a function of
fractional radiation for TSLs under PT2 during June 1994.
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UTi in  December 1993 and in June 1993. where i t  varied from 0.19Figs. 

re sp ec tiv e ly  0.16 to  0.39 in both months. The fractional radiation 

received  by the sensors in May 1994 ranged from 0.74 to  0.91. The PT2 

canopy therefore reduced the fractional radiation that fe l l  on it  bv 

between 0.09 and 0.26. The area o f the heaviest canopy shading had 

sh ifted  to  a f fe c t  the NE part o f PT2 most heavily, followed by SE 

sector at 94 cm (evenly d istribu ted ) and particu larly at 188 cm distance 

from the tree stem. Shading at 376 cm was less, particularly the 

compared to  188 cm distance.

Comparing UT1 and PT2 canopies we find that NW and NE are the 

sector o f heaviest canopy shading by the UT1 in December and there was 

an even d is tr ibu tion  in June 1993 while the heaviest shading had sh ifted  

in May 1994 to  NE. Overall the shading the was much ligh ter under the 

PT2 canopy than under the UT1 canopy, while the shading had also sh ifted  

towards the stem now.

4.4.9 (b) fraction a l radiation received by the inter-crop in June

Fig. 309 presents resu lts fo r  June. 1994. We can see from Fia. 

309 that the FT2 canopy had transmitted even more fractional radiation 

in June 1994 than in May 1994 in a l l  sectors except SW at 94 and 376 cm. 

The solar rad iation  received by the sensors ranged from 0.68 to 0.92. 

The PT2 canopy therefore transmitted more fractional radiation that f e l l  

on i t  in June 1994 by betweer 0.01 and 0.06 compared to Mav. 1994. in

a l l  sectors except SW. The highest overall transmission was in SE in

June. 1994 compared to SW in May. 1994. For the heaviest overa ll shading

fo r  June was in the SW sector while i t  was NE in May. The shade becomes

again r e la t iv e ly  heavier towards the stem.
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4 .4 .9  (c ) Fractional radiation received by the inter-crop during LR94

Ficr. 310 g ives  the sectoria l fractional radiation durina the maize 

crop growina Deriod in the LR94 season. We can see from Fig. 310 that 

the fractional radiation  received by the TSLs at 94 cm from PT2 was 

lowest in sector SW where 0.76 o f radiation in the ODen was received. 

The fractional rad iation  received in LR94 at 94 cm ranged to 0.66 in the 

NW sector. This was more than the fraction received in SR93 (see Fig. 

315) which ranged from 0.65 in NE to  0.69 in SW sectors indicating that 

the PT2 canopy was now thinner than the UT1 canopy and hence transmitted 

more fractional radiation at 94 cm. The fractional radiation received at 

188 cm in LR94 ranged from 0.80 in NE to 0.90 in SW sectors. This was 

much more than that received in SR93 (see Fig. 306) which ranged from 

0.57 in NW to  0.82 in SE sectors again indicating that the PT2 canopy 

was thinner than UT1 canopy and allowed in more fractional radiation at 

188 cm.

At 376 cm the fractional radiation received was between 0.84 in SW 

and 0.89 in NE and NW. This again was more than that received at 376 cm 

in SR93 which was within 0.65 in NW and 0.77 in SE resulting in increase 

in  fractional radiation received at 188 cm. The canopy shading of solar 

rad iation  fo r LR94 was heaviest in the SW. where 94 cm and 376 cm had 

th e ir  lowest fraction , followed by NE. where 188 cm has its  lowest 

fraction . Overall most shade was received at 94 cm distance from the 

tree, followed by 188 cm.

4.4.10 Solar radiation received by intercrop under PT2 during SR94

4.4.10 (a) Fractional radiation received by the inter-crop in October

As mentioned in section 4.4.8. so lar rad iation  measurements for
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LR94 and SR94 were done under the canopy o f the root pruned Grevillea 

robusta tree  marked PT2 according to the layout presented in Fig. 11. 

F ig . 311 presents resu lts of fractional radiation received above the

maize crop under PT2 in the four sectors during October. 1994. We can
%

see from Fig. 311 that PT2 canopy had grown thicker as it  had 

transmitted r e la t iv e ly  less solar radiation in October 1994 than it  did 

m  June 1994. The range transmitted in October was between 0.64 in NW 

to  0.81 in  the SW sectors. However the canopy shadina was somewhat more 

overa ll d istribu ted  in October than in June 1994. There was a sh ift of 

the shaded area to  the NW and NE sectors o f PT2. particu larly at 94 cm. 

but fo r the NW sector also at 188 cm and fo r  the NE sector also at 376 

cm distance.

At 94 cm from PT2. sector NW received the lowest fractional 

rad iation  o f 0.64 o f its  value in the open. This was 0.24 lower than the 

June 1994 value in the same sector. Sector SE received the highest 

fraction  at 94 cm of 0.78 which was 0.09 lower than that received in 

June 1994 in the same sector. Sectors SW and NE received fractional 

rad iation  of 0.74 and 0.68 respectively , which was 0.06 higher and 0.19 

lower than fo r June 1994 respectively . Hence the canopy shading under 

PT2 in October. 1994 was heavier than in June 1994 by about 0.12 at 94 

cm. on the average.

At 188 cm from PT2. sector NW received 0.70 o f the radiation in 

the open which was the lowest at that distance in October. 1994 and 

again lower than the June 1994 value by 0.16 in that sector and at that 

distance from the tree. Sector SE received the highest fraction  at 188 

cm of 0.79 which was lower than the June 1994 value by 0.11 in that 

sector. There was therefore a net decrease in canopy shading by about
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F i o g .  310. A v e r a g e  r a d i a t i o n  a s  a f u n c t i o n  of fractional  
r a d i a t i o n  f o r  T S L s  u n d e r  PT2 d u r i n g  LR94.
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Fig. 311. A v e r a g e  m o n t h l y  r a d i a t i o n  as a function of 
f r a c t i o n a l  r a d i a t i o n  for T S L s  u n d e r  PT2 d u r i n g  O c t o b e r  
1994.



513

0.13 o f that in the open. Sectors NE and SW received 0.75 and 0.74 

resp ec tive ly  o f the amount in the open. 0.10 and 0.18 lower than in 

June.

At 376 cm from PT2 the NE sector received 0.69 which was the 

lowest a t that distance from PT2 in October. 1994. Sector SW received 

the highest value o f 0.81 o f the amount in the open. On the averaae the 

fraction  was much lower than in June.

A comparison with October 1993 (UT1 canopy) confirms the shadino 

to  be ligh te r  under PT2. particu larly  in the sectors SW and NW, with an 

overa ll average o f 0.08. the d ifference being higher at 94 cm.

4.4.10 (b) Fractional radiation received by the inter-crop in November

F ig . 312 presents results o f fractional radiation under PT2 in the

four sectors during November. 1994. We can see from Fig. 312 that the
>

PT2 canopy had become r e la t iv e ly  thinner than in November 1994 in 

October 1994 as i t  had transmitted re la t iv e ly  more fractional radiation 

in November 1994 than i t  did in October 1994. The range transmitted in 

November was from 0.72 in SE and SW at 94 cm to  0.89 in the SW at 376 

cm sectors. So the canopy shading in October was heavier than in 

November 1994. and i t  was heaviest around the tree trunk at 94 cm 

distance from PT2. throughout a l l  sectors.

At 94 cm from PT2 sectors SE and SW each received the lowest 

fractional rad iation  o f 0.72 o f its  value in the open. This was 0.06 and 

0.02 respective ly  lower in sectors SE and SW than the October 1994 

values in these sectors. Sector NE received the highest fraction at 94 

cm of 0.74 which was 0.06 higher than that received in October 1994 in 

the same sector. Sector NW received fractional radiation of 0.73. 0.09 

higher than the previous month. Hence the canopy snading under PT2 in
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November. 1994 was a very l i t t l e  b it  ligh ter than in October 1994 bv 

about 0.05 on the average.

At 188 cm from PT2 sector NW received 0.76 o f the radiation in the 

open which was the lowest at that distance in November. 1994 but more 

than the October 1994 value by 0.08 in that sector and at that distance 

from the tree . Sector SE received the highest fraction  at 188 cm of 0.61 

which was higher than the October 1994 vaiue by 0.02 in that sector. 

Sectors NE and SW received 0.'80 and 0.79 respectively  o f the amount in 

the open, both 0.05 higher than October. There was therefore a net 

decrease in canopy shading at 188 cm by about 0.05 o f that in the open 

on the average.

At 376 cm from PT2 the NW sector received 0.81 which was the 

lowest at that distance from PT2 in November, 1994. Sector SE received 

the highest value o f 0.89 o f the amount in the open. A ll values were 

again higher than in October.

A comparison with November 1993 (UT1 canopy) gives the same 

average overa ll picture o f 0.08 more fractional radiation received under 

PT2, here particu larly , in the NE and NW sectors, but now with the least 

d ifferen ce  at 94 cm from stem.

4.4.10 (c) Fractional radiation received by the inter-crop in December
Fig . 313 presents resu lts o f fractional rad iation  under FT2 in the 

four sectors during December, 1994. We notice from Fig. 313 that the PT2 

canopy had grown re la t iv e ly  th icker in December. 1994 than i t  was in 

November 1994 in the NE and SW sectors but had become thinner in SE and 

NW sectors, be i t  tota l shade increased overa ll. The range transmitted 

in December 1994 was from 0.49 in SW at 94 cm to  0.97 in the SE at 3/6 

cm.
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Fig. 313. Average monthly radiation as a function of
fractional radiation for TSLs under PT2 during December
1994.
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At 94 cm from PT2. sectors SW received the lowest fractional 

rad iation  o f 0.49 o f its  value in the open. This was 0.23 lower than the 

November 1994 value in the same sector. Sector SE and NW each received 

the highest fraction  at 94 cm o f  0.77 which was 0.05 and 0.04 higher 

than that received in November 1994 in the respective sectors. Sector NE 

received fractiona l radiation o f 0.73, only 0.01 lower than in the 

previous month. Hence the canopy shading under PT2 at 94 cm in 

December. 1994 was comparatively heavier than in November 1994 by about 

0.04 on the average.

At 188 cm from PT2. sector SW received 0.73 o f the radiation in 

the open which was the lowest at that distance in December. 1994 and 

lower than the November 1994 value by 0.06 in that sector and at that 

distance from the tree. Sector SE received the highest fraction  in 

December 1994 at 188 cm o f 0.82 which was higher than the November 1994 

value bv 0.01 in that sector. There was therefore only a meager net 

increase in canopy shading at 188 cm by about 0.01 o f that in the open. 

Sectors NE and NW received 0.76 and 0.81 respective ly  of the amount in 

the open, respective ly  0.09 lower and higher than in November.

At 376 cm from FT2 the NE sector received 0.69 which was the 

lowest at that distance from PT2 in December. 1994. The highest fraction  

o f 0.97 was received in the SE sector. This was 0.08 more than the 

November vaiue received in that sector, but overa ll at th is distance the 

d ifference was neg lig ib le . Concentration o f shade was in the SW, 

followed at some distance by the NE. while lowest radiation was received 

at 94 cm throughout with an exception in th is  NE sector at 376 cm 

distance.

A comparison with December 1993 (UT1 canopy) shows a 0.065

f  K f l o t "  1 i'M 'IA  1 r a H i a t  i n n  i  n r r o a c m  i D T 'P  i e  a n n v o r ' i f l h l  v  1 m c c  o H a H c
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In  the NW sector but appreciably more shade in the SW sector. Overall 

most additional rad iation  is  received at 376 cm.

4.4.10 (d) Fractional radiation received by the inter-crop during SR94

Fig. 314 g ives  the sectoria l fractional radiation received by the 

sensors under PT2 in SR94 season. We notice in Fig. 314 that the 

frac tion a l rad iation  received by the TSLs at 94 cm from P72 was lowest 

in sector SW where 0.65 o f radiation in the open was received, ranging 

to  0.76 in  the SE sector. This was less than the fraction received in 

LR94 (see Fig. 310) which ranged at this distance from 0.76 in SW to  

0.86 in NW sectors, indicating that the FT2 canopy had grown much 

between the two seasons. This is  true throughout the comparison of these 

two seasons but particu larly  heavy at 94 cm.

The fractiona l radiation received at 186 cm in SR94 ranged from 

0.76 in NW to 0.81 m  SE sectors. This was again less than that received 

in LR94 which ranged from 0.80 in NE to  0.90 in SW sectors again 

ind icating that the PT2 canopy had arown between the two seasons at that 

distance.

At 376 cm the fractional radiation received was between 0.73 in NE 

and 0.86 in SE. This again was less than that received at 376 cm in LR94 

which ranged from 0.84 in SW and 0.89 in both NE and NW. resultina in 

decreased fractiona l radiation received at 376 cm by the sensors. The 

overa ll canopy shading o f so lar radiation for SR94 was again heaviest in 

the SW. particu larly  at 94 cm.

We also confirm here that the canopy o f the pruned PT2 as expected 

allowed in more radiation o vera ll, to reach the sensors than the canopv 

o f the unpruned UT1, as we may see from a comparison with SR93 tFig. 

307). The same intercomparison learns that particu larly  more radiation
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reached the NE and NW sectors under the root pruned tre e . ana 

p a rticu la r ly  at distances 188 cm and 376 cm from the tree more radiation 

was received by the inter-crop under root pruned conditions. Thus, root 

pruning enhances radiation reaching the inter-crop, which may benefit 

from rad ia tive  enrichment as long as the increased radiation does not

cause higher temperatures which are lethal to the plants, or increase
»

evaporation s ign ifica n tly  under dry conditions.

4.4.11 Shading e ffe c ts  o f Grevillea robusta canopy on maize dry 

matter y ie ld  at Matanya

4.4.11 (a ) General

We have h itherto  presented the fractional radiation received by 

the intercrop under the Grevillea robusta trees (UT1 & PT2) with respect 

to  that in the open. In the fo llow ing sections we use this fractional 

rad iation  to re la te  radiation interception in the dominant sector(s ) 

with the to ta l maize biomass y ie ld s  for the season studied. The maize 

biomass y ie ld s  used have already been presented in section 4.1. We did 

not deal with bean yie lds as radiation intercepted by bean plants had 

been transmitted by the tree and maize plant canopies before reaching 

the beans. Hence tracking such radiation amounts was a complex matter 

that we did not have the capacity to deal with. Only with ceptometers 

th is  can these da vs be done with a reasonable speed.

The fractional radiation at TSL levels  in sta lled  at a neioht o f 2 

m under UT1 and PT2 were used to  re la te  total maize y ie ld  ( i .e .  to ta l 

dry matter) produced to  intercepted radiation by the maize ctod a fte r  

transmission through the tree canopy fo r the two plots in which these 

trees stood that were se lected  fo r radiation measurements. The
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frac tion a l rad iation  may be taken as f  in Eq. 10. We have already seen 

that according to  Eg. 10 the to ta l dry matter. DM. produced, wnen water 

is  not lim itin g , depends on: the amount o f dry matter formed per unit 

rad ia tion  intercepted (a lso known as conversion e ffic ien cy , e>. the 

to ta l PAR rad iation  (mean of d a ily  to ta ls ). S. and duration of crop 

growth t .  The two components o f temporal radiation interception are 

therefore the duration o f the crop cycle and the rate of leaf area 

development between emergence and attainment o f an adequate value oi 

le a f area index (to ta l iea f area over total area o f ground) to intercept 

most lig h t . According to Keating and Carberry (1993) the leaf area index 

o f 3 marks the lowest lim it (L>3 Eq. 13) as an adequate value for crop 

interception o f ligh t.

By regressing maize tota l dry matter (biomass plus grain ), in th is 

case per row o f 5 m in the treatments where the selected trees were and 

as a function o f  distance to the trees, produced on the to ta l radiation 

fo r  a crop season in the selected sectors, we obtain a gradient o f the 

regression lin e  which is  a function o f S. e and t and an intercept which 

depends on other factors like temperature, ana evaporation. Net biomass 

accumulation ( i . e .  gross photosynthesis less respiration ) under optimal 

growth conditions has been lin early  related to  cumulative ligh t 

interception fo r  a number o f crops (Warren. 1969: Kiniry et a i..  1989: 

S in c la ir  and Horie. 1989). The slope of th is relationship, the amount of 

DM produced per unit o f intercepted solar radiation is also termed the 

crop radiation-use e ffic ien cy  (RUE) (Keating and Carberry. 1993). For 

our purpose RUE is calculated using above-ground biomass and the 

fractional rad iation  intercepted by the maize crop. Consequently the 

da ily  increase in above-ground biomass (YLD) can be estimated using Eq.
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26 below

YLD*E*Rdl+C (26 )

>

where YLD is increase in above-ground biomass over time.- E. the 

gradient o f the lin e , is  RUE; Rd is  fractional radiation intercepted by 

maize crop and C is  the intercept o f the regression line.

The resu lts  in Figs. 315-325 re la te  tota l biomass to fractional 

rad iation  incident on the maize plants a fte r  transmission through UT1 or 

FT2 canopies, as a function o f distance to  the trees. We have already 

mentioned elsewhere in section 4.1 that harvesting o f LR92 biomass was 

done in the area enclosed by PQRST and P 'Q 'R 'S 'T ' in Fig. 9. The maize 

biomass on the eastern side of UT1 was not harvested fo r  LR92. This gave 

us fewer points than expected fo r  LR92 to re la te  to the radiation 

received  by the maize plants, but did not a ffec t accuracy.

4.4.11 (b) Maize dry matter y ie ld  estimated from so lar radiation at 

Matanya fo r  LR92-SR93

Figs. 315-317 present linear relations between fina l maize 

biomass y ie ld s  per row in the APW2 p lot and fractional radiation 

transmitted by the UT1 canopy a t 94. 188 and 376 cm. We observe in F ig. 

315 that at 94 cm from the UT1 stem there was a rather low correlation 

co e ffic ien t (r~63.C8s) between dry matter produced by the maize crop and 

radiation measured by the FSL, which was assumed equal to the radiation 

received by the maize canopy. High ' r 1 would mean that radiation ra ilin g  

on TSL was v ir tu a lly  the only determining factor fo r the maize crop to 

produce dry matter. Based on the cr iterion  o f low r we may in fer
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In e ff ic ie n t  use o f the captured radiation resource by the maize. We 

observe a wider scatter o f the data at higher radiation, for SR92. than 

at lower values fo r  SR93 and LR93 (Fig. 315). There was higher dry 

matter production at higher radiation in SR92, when we had enough 

r a in fa l l ,  than in any other seasons. From Table 79 we see that the 

errors  o f  estimate (err o f YLD®«t = 1.69 t/ha and Rd coeffic ien t - 6.44 

t/ha) in y ie ld s  are quite high, indicating high va r ia b ility  of biomass 

produced per unit o f radiation resource captured. This was expected as 

dry matter production depends on many production factors (or resource 

capture a b i l i t y  o f the crop), so la r radiation being only one of them. 

Keating and Carberry (1993) b e lieve  that the issue o f capture and use 

o f  resources in an intercropping system is  essen tia lly  one o f a manaaed 

degree o f competition between component crops. We know that e ff ic ie n t  

use o f resources is  the major reason for intercropping.

We can see in F ig. 315 that calculated dry matter generally increased 

with increase in fractional radiation towards that observed in the open. 

A lte rn a tive ly  dry matter production decrease with decrease in fractional 

rad iation  until about 0.65 where i t  v ir tu a lly  stopped. Radiation below 

that ra t io  at 94 cm from the tree  stem was found to  be too l i t t l e  for 

maize to produce any dry matter. However, there was also a case of very 

low y ie lds  and r e la t iv e ly  high radiation, were another factor must have 

been lim iting.

We observe in Fig. 316 that at 188 cm from UT1: stem, the 

corre la tion  co e ffic ien t (r*52.2%) decreased compared to  94 cm distance 

from the tree. We see in Table 79 that the errors o f estimate (err o f 

YLEW  = 1.69 t/ha and Rd co e ffic ien t = 8.37 t/ha) in yields have

remained (r e la t iv e ly ) the same. The scatter was even wider here for SR92 

than at 94 cm fo r  higher radiation values. At 188 cm from the UT1 stem.
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SHADE EFFECT OF UNPRUNED GREVILLEA- PT2

M6 $6 sir MW

D i r e c t i o n  o -f  T S L «  a r t  P T2

94 a n  f r o m  t r  *«• |SsX\1 '8 8  cm f r o m  t r —  Ps'Ss'J 37ft cm f r o m  tr a

F i g .  314. Average  r a d i a t i o n  as a func t i on  of  
f r a c t i o n a l  r a d i a t i o n  f o r  TSLs under PT2 du r ing  SR94.

E f f e c t  canopy i n t e r c e p .  on maize  y i e l d
At W  cm o f  I/T1 e a n o o v  L W 2 - S P 9 3

F r a c t i o n a l  r a d i a t i o n

□  L R 9 2  -----------C a l c u l a t e d  y i e l d s  O SP92 ft LR93 X  S « 9 3

F i g . 315. The effect on maize dry matter yields o f
t r a n s m i t t e d  r a d i a t i o n  through UT1 canopy at  94 cm from
the t r e e  d u r in g  LR92-SR93 seasons.
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O 66 0 e e  0 7 0 7 2  0 74 0 76 0 78 0 8 O 82 0 84 0 86 

F r a c t i o n a l  r a d i a t i o n

□  LB 92 -----------  C a l c u l a t e d  y i e l d *  o  SB92 a L B 9 3  x  S B 9 3

Fig. 316. T h e  e f f e c t  on m a i z e  dry m a t t e r  yields of 
t r a n s m i t t e d  r a d i a t i o n  t h r o u g h  UT 1  c a n o p y  at 188 cm from 
t h e  t r e e  d u r i n g  L R 9 2 - S R 9 3  s e a s o n s .

E f f e c t  canopy i n t e r c e p  on maize y i e l d

Fractional raaiatton
□  i_P9 2  -----------  C a l c u l a t e d  y t e i o a  O  SP92 A  LP 93  x  SP93

Fig. 317. T h e  e f f e c t  on m a i z e  d r y  m a t t e r  y i e l d s  of 
t r a n s m i t t e d  r a d i a t i o n  t h r o u g h  UTl c a n o p y  a t  376 cm from 
t h e  t r e e  d u r i n g  LR9 2 - S R 9 3  seas o n s .
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dry matter production decreases with decrease in fractional radiation 
until also about 0.65 where it virtually stopped. Again, radiation below 
that ratio (TSLs/Tb) was found to be too little for maize to produce dry 
matter at 186 cm from the tree stem. Again cases with other limiting 
factors are clear.

We observe in Fig. 317 that at 376 cm from UTl’s stem, the 
correlation coefficient (r=65.4%) increased slightly compared to 94 cm 
distance from the tree. This slight increase was also reflected in the 
regression coefficients 'a' and 'b' and in the error of estimate (say 
err of YLD®ot = 1.47 t/ha and Rd coefficient = 5.53 t/na) of yields 
(see Table 79j. The scatter in higher values, in which hign biomass 
produced at high radiation in SR92. was still wide. At 376 cm from the 
tree stem, shading was less and direct solar radiation was higher. At 
376 cm from UT1 stem dry matter production decreased with decrease in 
fractional radiation until about 0.65 again it virtually stopped. Aaain 
radiation below 0.65 at 376 cm from the tree stem was found to be too 
little for maize to produce dry matter.

From the bulked data of the three distances from UT1 we observe in 
Fig. 318 that the correlation coefficient was ciose to 60%. Tne scatter 
in higher values was less wide in the bulked picture, but there was 
higher biomass produced at high radiation in SR92 and lower biomass at 
high radiation in LR92 and also in two of the six cases in LR93. The drv 
matter production for the bulked data decreased with decrease in 
fractional radiation until about 0.65. as measured for all distances 
individually, when no more production could occur. Fractional radiation 
below about 0.65 for the three distances from the tree stem was found 
to be too little for maize to produce much dry matter.
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From the foregoing results it is obvious that the maize crop under 
Matanya conditions would not produce any crop if heavy tree shade 
resulted in fractional radiation dropping below about 65% of that in the 
open area. The gradients and intercepts of the rearession lines for the 
three distances from UT1 were conservative and averaged 11.28±0.42 t/ha 
and -7.40+0.30 t/ha respectively. This suggested that dry matter 
produced per unit increase in intercepted radiation was a conservative 
quantity under UTl-type shading.

4.4.11 (c) Maize dry matter yield estimated from solar radiation 
on the eastern and western sides of UT1 in LR92-SR93

The gradient of the regression line for the eastern side of UT1 
was 17.23 t/ha (Fig. 319) which widely differed from that for the 
western side, which was 7.47 t/ha (Fig. 320 and Table 79). The dry 
matter produced per unit radiation intercepted in the eastern side of 
UTl was different from the western side. The eastern side of UT1 
produced more dry matter per unit of radiation intercepted than the 
western side by 9.76 t/ha. This meant maize plants on the eastern side 
of UTl were more efficient in utilization of radiation than the western 
side by a factor of 10 t/ha. These differences were reflected in their 
intercepts which also differed by 7.02 t/ha.

The reason is likely to be that on the western side of UTl there 
was crop height depression (see Plate 11), which led to an open 
intercrop canopy whose likely causative factors have been discussed in 
sections 4.2 and 4.3. The plants there did not develop optimum canopy 
structure to intercept radiation, convert absorbed energy into 
photosynthate and partition assimilates between plant components to give 
total dry natter yields. In otner words the crop canopy in the depressed
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area west of UT1 did not develop adequate canopy to cover the around 
that would intercept optimum amount of incident radiation. For this 
matter the result for the western side is considered inaccurate, hence 
no inference may be drawn from it.

4.4.11 (d) Maize dry matter yields estimated from seasonal solar 
radiation in LR92 & LR93 and SR92 & SR93
The gradients of the regression line for Long rains period (LR92 & 

LR93) was 0.81 t/ha (Fig. 321) which greatly differed from that for 
Siort rains (LR92 & LR93) period of 19.96 t/ha (Fig. 322 and Table 79). 
The amount of dry matter formed per unit radiation intercepted (also 
known as conversion efficiency, ej . was much higher during the seasons 
of Short rains than during the seasons of Long rains. The Short rains 
crops produced more dry matter per unit of radiation intercepted than 
the Long rains crops by 19.15 t/ha. The Short rains maize crops were 
more efficient in utilization of radiation than the Long rains crops by 
a factor of about 20 t/ha. The correlation coefficient between radiation 
and dry matter produced was also very high during the Short rains 
seasons (r=93.6%) than during Long rains (r-40.0%). These differences 
were also reflected in their intercepts as -13.35 t/ha for the Short 
rains and -0.39 t/ha for the Long rains seasons. The intercepts 
therefore differed by 12.96 t/ha which was again very high.

The r for the eastern side, only for the Short rains, was 0.926 
while that for the western side only was 0.940. When the dry matter 
produced in the control under full radiation load was included, r 
reduced to 0.545 in the eastern and to 0.638 in the western sides of UT1 
(see Figs. 322 & 323 and 324 & 325). This shows that full radiation load 
was counter-productive with regard to dry matter production. The plants



527

F i g .  318. T h e  e f f e c t  on m a i z e  dry m a t t e r  yields of 
t r a n s m i t t e d  r a d i a t i o n  t h r o u g h  UT1 c a n o p y  f o r  all the 
t h r e e  d i s t a n c e s  ( b u l k e d  data) f r o m  the tree d u r i n g  LR92- 
S R 9 3  seas o n s .
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E f f e c t  canopy i n t e r c e p  on maize y i e l d

f r a c t i o n a l  r a d i a t i o n

-----------  C a l c u l a t e d  y i a i a a  o S B 92 a  l B93 x  S » 9 3

Fig. 319. The effect on maize dry matter yields of
transmitted radiation through UT1 canopy on the eastern
side of UT1 during LR92-SR93 seasons.
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Fig. 320. T h e  e f f e c t  on m a i z e  dry m a t t e r  yields of 
t r a n s m i t t e d  r a d i a t i o n  t h r o u g h  UT1 c a n o p y  on t h e  western 
s i d e  of UT1 d u r i n g  L R 9 2 - S R 9 3  seasons.

E f f e c t  canopy i n t e r c e p  on maize y i e l d

2*

□  LP92

F r a c t i o n a l  r a d i a t i o n  

---------- C a l c u l a t e d  y i e i d »  & LR93

Fig. 321. The effect on maize dry matter yields of
transmitted radiation through UT1 canopy during two Long
Rains seasons (LR92 & LR93).
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in the control may have succumbed more to higher radiation load than 
those in the AF plot. The gradients of the regression lines for the 
eastern and western sides before inclusion of the dry matter produced in 
the control under full radiation load were respectively 22.01 and 17.78 
t/ha isee Table 79). We may therefore infer that the dry matter 
produced per unit increase in intercepted radiation was higher in the 
eastern side of UT1 than on the western side. This again points to the 
fact that the intercrop on the western side of UT1 aid not develop 
enough canopy to adequately cover the ground to intercept radiation (see 
in Plate 9). However, the was still a relatively high r of 0.940 between 
dry matter production and radiation received by the intercrop.

The intercepts for the eastern and the western of UT1 were -14.98 
and -11.68 t/ha which shows that the eastern side lost more dry matter 
to respiratory processes at nil radiation. The standard error of 
estimate Y®„t**0.94 for the eastern side and Y»«t~0.72 for the western 
side. When dry matter at full radiation load in the control was included 
there was more scatter on the eastern (Y»«t-1.72) than on western side 
(Y««t=l .33). The intercepts for both western and eastern sides remained 
relatively close, that is -4.37 on the eastern and -4.10 t/ha on the 
western sides.

The following reasons were likely to be the cause of these 
differences: (i) Matanya received more rains during Short rains seasons 
(i.e. SR92 & SR93) than during the Long rains seasons (i.e. LR92 &
LR93). The plants in the Short rains seasons therefore developed better 
canopy structures to intercept radiation, convert absorbed energy into 
photosynthate and partition assimilates between piant components which 
gave higher total dry matter yields in the Short rains seasons than in 
the Long rains seasons, (ii) Matanya had stronger wind speeds in the
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Fig. 322. T h e  e f f e c t  on m a i z e  dry m a t t e r  yields of 
t r a n s m i t t e d  r a d i a t i o n  t h r o u g h  U T 1  c a n o p y  d u r i n g  two Short 
R a i n s  s e a s o n s  ( S R92 & SR93).
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6 

5 

A

3 

2 

A 

0
0 65 0  75  0  05 O 9 5

P r e c t i o n a i  r a d i a t i o n

--------- ■ C a l c u l a t e d  y i e l d *  o  AFM2 S » 9 2  a  M u lc h  c o n t r o l  5 09 3  x  APM2  SO93

V  M u lc h  c o n t r o l  5092

S 0 9 2 - S 0 9 3  w r t  t o  U T 1  p l u s  C o n t r o  l

Fig. 323. T h e  e f f e c t  on m a i z e  d r y  m a t t e r  y i e l d s  of 
t r a n s m i t t e d  r a d i a t i o n  t h r o u g h  U T 1  c a n o p y  and full 
r a d i a t i o n  in M u l c h e d  c o n t r o l  (M) d u r i n g  S h o r t  R a i n s 
s e a s o n s  (SR92 & SR93).
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Long rains seasons (LR92 & LR93) than in the Short rains seasons (i.e. 

SR92 & SR93). We have mentioned elsewhere above that high frequency of 

leaf flutter In relation to the strength of the wind speeds affects 

light capture and enzyme kinetics effects as explained by Alien et al. 

(1976). Apart from bending the plants thereby increasing the rates of 

plants respiration, the strong winds also mechanically tear the leaves 

thereby destroying the photosynthesizing cells. The strona winds also 

increase rates of transpiration and evaporation from plants and soiis.

4.4.11 (e) Maize dry matter yield estimated from solar radiation 

under PT2 in LR94 & SR94

The pruned Grevillea robusta tree (PT2) had a more open and smaller

canopy (or crown) than the unpruned Grevil lea robusta tree (UT1).
>

although the two were adjacent (in positions Tr3 and Tr4) and on the 

same tree row. B(TR1) (see aDpendix Table A8 and Fig. 9).

The gradient of the regression line for SR94 under PT2 was 4.93 

t/ha (Fig. 325) which was a little more than that for LR94 of 3.08 t/ha 

(Fig. 324 and Table 79) by 1.85 t/ha. The same trend under UT1. where 

the short rains crop produced more biomass than the Long rains, was also 

observed under PT2 for same reasons given above in section 4.4.10 (c). 

However under the PT2 canopy the maize plants were more efficient in 

utilization of radiation in SR94 than in LR94 by this small margin 

indicating that their conversion efficiency, e. had dropped 

under PT2 as compared to under UT1. In both cases (i.e. SR94 & LR94) the 

fractional radiation was higher under PT2 canopy than under UT1. The 

high radiation loads under the PT2 canopy may have lowered the 

efficiency of conversion to dry matter. The correlation coefficients
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E f f e c t  canopy i n t e r c e p  on maize y i e l d

F r a c t i o n a l  r a d i a t i o n

□  AFM2 SP92 ----------- C a l c u l a t e d  y i e l d s  o  AFM2 SR9 3

Fig. 324. T h e  e f f e c t  o n  m a i z e  d r y  m a t t e r  y i e l d s  on the 
e a s t  of U T 1  o f  t r a n s m i t t e d  r a d i a t i o n  t h r o u g h  UT 1  can o p y  
d u r i n g  t w o  S h o r t  R a i n s  s e a s o n s  (SR92 & SR93).
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E f f e c t  canopy i n t e r c e p  on maize y i e l d
SAfl2*s na a e e e t  o f  U T 1  p i w t  C o n t r o l

□  AFM2 S P 92

F r a c t i o n a l  r a d i a t i o n  

C a l c u l a t e d  y i e l d s  o  AFM2 SP93 
X M u lc h  C o n t r o l  5093

A M u l c h  c o n t r o l  S » 9 2

Fig. 325. T h e  e f f e c t  on m a i z e  dry m a t t e r  y i e l d s  on the 
e a s t  of UTl of t r a n s m i t t e d  r a d i a t i o n  t h r o u g h  UT1 c a n o p y  
a n d  f u l l  r a d i a t i o n  in M u l c h e d  c o n t r o l  d u r i n g  two S h ort 
R a i n s  s e a s o n s  (SR92 & SR93).
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E f f e c t  canopy i n t e r c e p  on maize  y i e l d

f r a c t i o n a l  r a d i a t i o n

□  AfM2 SP92 --------  Calculated yi e ld s  o afm2 Sfl93

Fig. 326. T h e  e f f e c t  o n  m a i z e  d r y  m a t t e r  y i e l d s  on the 
w e s t  of UT 1  o f  t r a n s m i t t e d  r a d i a t i o n  t h r o u g h  UT1 canopy 
d u r i n g  t w o  S h o r t  R a i n s  s e a s o n s  (SR92 & SR93).

E f f e c t  canopy i n t e r c e p  on maize y i e l d
SR92*SP93 west  O f  U T 1  p l u s  C o n t r o l

□  A FM 2- SR92

F r a c t i o n a l  r a d ' a t  ion  

C a l c u l a t e d  y i e i o e  o  a p m 2 SP93  

X  M u lc n  C o n t r o l  S «9 3

6 M u l c n  c o n t r o l  S « 9 2

Fig. 327. T h e  e f f e c t  on m a i z e  dry m a t t e r  y i e l d s  on the 
w e s t  o f  UT1 o f  t r a n s m i t t e d  r a d i a t i o n  t h r o u g h  UT1 c a n o p y  
a n d  f u l l  rad iation  in Mulched control during two short 
R a i n s  s e a s o n s  (SR92 & SR93).
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t f f e c t canopy i n t e r c e p  on maize y i e l d

F r a c t i o n a l  r a d i a t i o n

----------- C a l c u l a t e d  y i a i d a  o  A F L 1  L » 9 4  a  A F L 1  S »9 4

Fig. 328. T h e  e f f e c t  on m a i z e  dr y  m a t t e r  y i e l d s  on the 
e a s t  of P T 2  o f  t r a n s m i t t e d  r a d i a t i o n  t h r o u g h  PT 2  canopy 
d u r i n g  t w o  r a i n y  s e a s o n s  of 1 9 9 4  (LR94 & SR 9 4 ) .

F r a c t i o n a l  r a d i a t i o n

O  Loco * C o n t r o i - S 0 9 4  ----------  C a l c u l a t e d  y i a ' d a  O A F l 1 l « 9 4  a  a f l i  S094

x  L o c a l  C o n t r o l  l RQa

Fig. 329. T h e  e f f e c t  on m a i z e  dry m a t t e r  y i e l d s  on the 
e a s t  of PT2 o f  t r a n s m i t t e d  r a d i a t i o n  t h r o u g h  PT2 c a n o p y  
and full r a d i a t i o n  in Loc a l  c o n t r o l  (L) d u r i n g  two rai n y  
s e a s o n s  of 1 9 9 4  (LR94 & S R 9 4 ) .
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E f f e c t  canopy i n t e r c e p  on maize y i e l d

F r a c t i o n a l  r a d i a t i o n

----------- C a l c u l a t e d  y i e l d s  O A F L 1 LPSM a A F l  1 SP94

Fig. 330. T h e  e f f e c t  o n  m a i z e  dry m a t t e r  y i e l d s  on the 
w e s t  of P T 2  o f  t r a n s m i t t e d  r a d i a t i o n  t h r o u g h  PT2 canopy 
d u r i n g  t w o  r a i n y  s e a s o n s  of 1 9 9 4  (LR94 & SR94).

E f f e c t  canopy i n t e r c e p  on maize  y i e l d
B u l k e d  C L 094* SP 943 w ee t  o f  PT2

F r a c t i o n a l  r a d i a t i o n

□  L o c a l  C o n t r o i - S P 9 4  ----------  C a l c u l a t e d  y i e l d s  o a f l i  l B94 a  a Fl *1 S «9 4

x  L o c a l C o n tr o l  L »94

Fig. 331. T h e  e f f e c t  on m a i z e  dry m a t t e r  y i e l d s  on the 
w e s t  of PT2 o f  t r a n s m i t t e d  r a d i a t i o n  t h r o u g h  PT2 c a n o p y  
a n d  f u l l  r a d i a t i o n  in L o c a l  c o n t r o l  (L) d u r i n g  two r a iny  
s e a s o n s  of 1 9 9 4  (LR94 & S R 9 4 ) .
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jable 79. Regression coefficients of calculation of maize total 
biomass yields from solar radiation data for LR92-SR93 under 
LTT1 and LR94 & SR94 under PT2. YLD..t is calculated maize 
biomass yield. Rd is fractional radiation, a is an intercept 
of the regression line, b is the gradient of the recrression 
line. Other regression terms have already been met in 
earlier sections and their meanings are the same even here. 
The coefficients satisfy a linear equation of the type:
YLD»st - a+b*Rd

positionwrtSeasons tree control YLDconst
std err
ofN YLD..

coeff
ofRd

std err coeff 
Rd corrcoeff (r)

1 LR92-SR93: under UT1 canopy(i) 94 cm -(ii) 188 cm - 
(li i) 376 cm -
(iv) Bulked -
(v) East
(vi) West

- 7.49
- 7.72- 6.99
- 7.03 
-11.73- 4.71

7 1.69 
7 1.69 
7 1.47 
21 1.47 
9 1.45. 
12 1.41

11.6811.46
10.70
10.85
17.237.47

6.44 8.37 
5.53
3.44 
5.73 
4.10

0.630
0.5220.654
0.586
0.751
0.499

LSR92 & SR93: under JT1 canoPV(l) East &
West (ii) East(iii) East + M (iv) West - 

1 (v) East + M

-13.35-14.98-4.57-11.66-4.10

•12 0.73 6 0.95 8 1.72 6 0.72 8 1.33

19.9( 22.01 8.22 17.76 7.37

2.374.495.163.233.63

0.9360.9260.5450.9400.636
LR92 & LR93: under lJT1 cano ._________________(i) East

& West - - 0.39 12 0.20 0.81 0.69 0.400
L  Year 1994: LR94 & £jR94: uncler PT2 canopy(l) SR94: East & West - 

(ii) LR94: East 
L & West -

- 1.99
- 1.27

6 0.91 
6 0.31

4.93
3.08

6.56
4.54

0.351
0.321

L LR94 & SR94:
(i) East
(ii) East +L 
(iii) West(iv) West +L
(v) Bulked

-7.35-8.47
4.86-4.68
2.34

6 0.46 
8 0.48 
6 0.27 
8 1.05 
12 0.56

10.34
11.73
-5.10
7.18
-0.98

3.99
1.88
1.67
3.57
2.79

0.792
0.931
0.836
0.635
0.110

under FT2 were very low indeed (r-32.1% for LR94 and r-35.1% for 5R94) 

(see Table 79). Low conversion efficiencies, e. under PT2 (Fias. 3j4 &

325) meant that very higher fractional radiation and therefore very niah
>

radiation amounts were needed to attain lowest cut-off limit, which may
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lead to high radiation loads and crop physiological damage unaer such 

canopies. However, in Matanya water as a major limiting factor may have 

drastically influenced e. The bulked data in Figs. 326 & 327 snowed 

even gloomier picture than each of the season values. The open canopy 

under PT2 allowed in more radiation than the level necessary which may 

have led to increased respiration and destruction of dry matter with 

every added unit of radiation, hence the negative gradient. -0.98. The 

correlation between dry matter produced (or destroyed) and radiation was 

very small (i.e r- 11.0%).

Examining the dry matter produced on the eastern and western sides 

of FT2 with and without control plots data (Figs. 326 & 329 and 330 6. 

331) we see that r for the eastern side of PT2 was 0.792 which increased 

by 17.6% to 0.931. However, r for the western side of PT2 (which also 

did not develop full intercrop canopy cover) was 0.836 which dropped by 

16.8% to 0.635 when dry matter data for the Local control were included. 

The latter, decrease in r when data in the control were added, was 

consistent with the findings for the SR92 & SR93 seasons discussed 

above. Again this suggested the effect of open canopy of the solar 

radiation received by the plants.

We observe in both for the LR94 and SR94 that there was higher dry 

matter produced per unit radiation intercepted in the eastern than in 

the western sides of PT2 before and after adding data in the control 

plots. The gradients of the regression line for the eastern side was 

10.34 t/ha which slightly improved to 11.73 t/ha when data in the 

control were added. However, on the western side every added unit of 

radiation decreased dry matter by 5.10 t/ha. This nevertheless changed 

the trend which increased when the control data were included. This 

change of the trend points to the fact that other factors such as water
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are much more important. Higher radiation -hen water is available, an

for the SR92. increased dry matter production.

We may conclude here that only Short rains seasons have a chance

for a sensible correlation between radiation and biomass yields n  no 

depressions, for other reasons other than radiation, ocas-. A part trcm 

SR92 other seasons suffered from drought.
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CHAPTER POUR

4.5 Results on soil temperature at Matanya

4.5.1 Results of thermistor calibration

We car see from the results of calibration in the Calibration 

Chamber as given in Fig. 332 that the two sets of instruments were very 

close. The correlation coefficient (r*0.999) of the resistances was very 

high and close to one. The gradient of the regression line of TM2 on TM1 

was 1.05 while the intercept was -0.25. They responded very closely to 

the thermostat temperature in the calibration Chamber. Fig. 333 shows an 

asymptotic inverse quadratic curve of thermistor resistance versus the 

chamber temperatures.

The high relationship between the sensors implies that 

temperatures measured are nearly the same and any irregularity is not 

because of differences in the sensors but other factors.

4.5.2. Average weekly soil temperatures (AWT) at Matanya

Soil temperatures, like other parameters, respond to between 

season changes in the factors that influence surface and near-surface 

temperatures and temperature gradients (e.g. Mungai, 1991. Bissiere and 

Cellier. 1994). Hence, interpretation of soil temperature data for an 

experimental area may require a knowledge of these factors. The factors 

include: atmospheric conditions, soil moisture content and soil

porosity, soil as well as surface cover. Others are soil albedo (be it 

as a minor factor), long wave radiation emissivity, volumetric heat 

capacity and thermal conductivity, all of the near surface soil and the 

surface cover, such as mulch.
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4.5.2 (a) AWT In agroforestry plot (AF).

Soil temperatures under mulched minimum-tilled and Local deep- 

tilled soil are examined in the context of the distance from the root- 

pruned/ root-unpruned Grevillea i-obusta trees in the intercrop of 

maize/beans in AF in comparison to bare soil and the control plots for 

SR91. LR92, LR93 and SR93.
>

(i) Short rains growing season of 1991 (SR91)

All plots were mulched with 3 t/ha crop residue and deep tilled 

for SR91 as reported in section 4.1. A surface mulch of relatively 

large, non layered elements loses intercepted water rapidly and only 

somewhat limits the heat and water vapour exchanges between the soil and 

the atmosphere. The kind of mulch existing of maize stalks is expected 

to prevent more run-off than evaporation. The mulch and kind of tillage 

used affect all components of the energy balance and so net radiation, 

soil heat flux, as well as the sensible and latent heat fluxes at the 

soil and mulch surfaces.

Fig. 334 presents average weekly soil temperatures (AWT) for SR91 

for thermistors ATM2 and ATM4 at 7.5 cm depth and ATM1 and ATM3 at 15 cm 

depths at 94 (in positions AMI) and 376 cm (in positions BM1) from 

pruned tree PT1 (see appendix Table All). PT1 was located in the upper 

tree row (see Figs. 8 and 11) in pruned plot (AFM1). From week wkl to 

wk9 the average weekly temperatures (AWT) remained relatively stable at 

around 18.7*C after which they started increasing as January approached. 

AWT in AMI and BM1 were sometimes highest at 15 cm depth, but the 

temperature differences are initially small. We can see from Fig. 334 

that AWT in positions AMI and BM1 were generally on the upward trend
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after wk9. AWT in position BM1 decreased rather more rapidly after wk6 
than AWT in AMI. AWT in position AMI increased somewhat faster after wk9 
than AWT in BM1.

The increase after wk9 was associated with expected high 
temperatures during the hot dry season (HD) which occurs from late 
December to early March before the onset of the Long Rains season 
(March-June) (see section 4.1). High AWT in week wk3 were associated 
with a drier (more sunny) week while low AWT in WK9 were associated with 
a less sunny wetter one. The AWT at AMI decreased rather slowly with 
time after wk5 because the tree canopy impeded radiative exchange 
between the sky and the soil surface with respect to both long wave 
radiation, most important during night-time, and short wave radiation 
during day-time. This exchange affected differently the heat balance of 
the soil next to FT1 in position AMI and further away in position BM1. 
Thermistors in BM1 were further from PT1. hence heat loss to the 
atmosphere through radiative cooling, evaporative cooling and sensible 
heat loss (surface cooler or warmer than air above it) tend to be more 
in position BM1 than in position AMI.

Fig. 335 presents average weekly soil temperatures (AWT) for 
thermistors ATM5, ATM6. ATM7 and ATM8 in positions ALi and ELI from PT2 
for SR91 (see appendix Table All). FT2 was located in pruned (AFL1 > plot 
in the same tree row as PT1.

AWT for PT2 behaved in a similar way to AWT for PT1. However AWT 
in wk9 was still lower at 7.5 cm compared to those at 15 cm. but then 
the ones at 94 cm were more. Again wk3 had generally hicrh AWT while wk9 
had low AWT for the same reasons already advanced.

AWT in the lower part of AF (Fig. 336) at unpruned tree UT4 in 
plot AFM2 had similar trend to AWT at tree PT1 although the temperatures
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Fig. 334. W e e k l y  a v e r a g e  s o i l  t e m p e r a t u r e s  a t  t h e  depths 
o f  7.5 a n d  15 c m  at t h e  d i s t a n c e s  of 94 an d  376 cm from 
p r u n e d  t r e e  P T 1  in M u l c h e d  p l o t  (A F M 1 ) d u r i n g  SR91.

Aver dye  week ly so i  I temperat  f o r  SR91
T w o  s o  * I d ept***  a t  9 4  a  3 6 5  cm f r o m  P T  2
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Fig. 335. Weekly average soil temperatures at the depths
of 7.5 and 15 cm at the distances of 94 and 376 cm from
pruned tree PT2 in Local plot (AFL1) during SR91.
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decreased less in wk9 than in the earlier weeks. Radiative heating ana 

cooling was minimal here compared to PT1 and PT2 in the upDer part or 

A F . This may have been because in the lower part of AF the western hedge 

iWH) and nearby staff houses influenced the surface heating negatively, 

especially in the afternoon when their shadows tended to fall on this 

part. As result the AWT at BM2 ( 376 cm from LTT4) increased almost at the 

same rate as the AWT at AM2 (94 cm from ITT4). Also wind reduction was 

appreciable near UT4 compared to PT1/PT2 (see section 4.3). This 

explains the higner temperatures gradually reached. In unpruned area 

(AFL2) (Fig. 337) there was more evidence of radiative neating and 

cooling at BL2 than at AL2 (thermistor ATM16 for 7.5 cm was faulty, so 

we did not instal it in the field). The behaviour of AWT at 15 cm depth 

(ATM15) pointed to more radiative cooling at BL2 than at BM1. For the 

equally treated plots of SR91. the variables were Drunina/ not pruning 

and wind reduction /non wind reduction. The soil moisture status in the 

periphery of the pruned tree was supposed to be higher than in the 

unpruned area as the snallow root of the unpruned trees take more water. 

The thermal capacity of the soil next to pruned soil would be higher 

resulting in higher temperatures according to Eq. 16. The opposite 

appears to be true when comparing Figs. 342-345. This must be due to the 

important role of wind reduction in the area of the unpruned trees (see 

section 4.3). It should well be reminded that all plots had been 

created equally with mulch and soil temperature differences had to come 

rrom differences in shading, pruning and reduction of wind.

(ii) Long rains growing season of 1992 (LR92)

For LR92 the AF plot was sub-divided into four strips running 

East-West, two of which were mulched and minimum tilled to a depth of
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4.0-5.0 cm while the other two were unmulched and deep tilled to a deDtn 
of 20.0-25.0 cm as we have already seen in section 4.1.2. The 
thermistors were installed before land preparation for tne comma 
growing season and remained in piace througnout that season and tne dry 
season that tollowed. Initialization problems, however, resulted from 
frequent removal of the Grants to download the data and chance the 
batteries. Tms somewhat caused some instability in temperature 
fluctuations as it would taxe one to two days before tnese fluctuations 
wouid tabilize aaain. We did soil temperature measurements in four 
experimental periods: PI. P2. P3 and P4. Weeks wki-wkj were in PI. wk4 -  

wkS were in F'2. wk9-wkli were P3 and wk1 2 -wk15 were in P4 (see appendix 
Tabie A12 for the dates of these weeks).

Fig. 336 presents AWT for LR92 at PTi in oruneo. now Muiched ana 
minimum-til red plot lAFMl). Periods PI and P4 had generally lower AWT 
than periods P2 and P3. In Pi higti AWT were observed at 15 cm aeptn in 
oositions AMI and BM1. In positions AMi and BM1 we obseive smaii 
temperature differences, nighest AWT at 15 cm depth and the lowest at
7.5 cm deptn. with the nianest differences even at 94 cm. The lowest 
temperatures at 7.5 cm were most likely due to a difference in mulch 
effect, differences in soil moisture between the two distances and 
differences in damping depths discussed. Comparina Fias. 346 am 347 
both the above arouments are strengthened. Under non-muiched conditions 
and deep tiliaoe 94 cm remains below 376 cm at both depths Ixit 
particularly at 15 cm. We also exoect influence from an mass 
temperatuies due to south east monsoon, tnat flows in from tne Indian 
Ocean durina this time of the .year, as seen in Fia. A5 (Griffiths. ..9/2) 
and from day time radiation as shown by strona reactions in wk7. In P- 
(Wk4 - wk6 ) the situation was verv different. High AWT were observed
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Fig. 336. W e e k l y  a v e r a g e  s o i l  t e m p e r a t u r e s  a t  the depths 
of 7.5 a n d  15 c m  at t h e  d i s t a n c e s  of 94 a n d  376 cm from 
u n p r u n e d  t r e e  UT 4  in M u l c h e d  p l o t  (A F M 2 ) d u r i n g  SR91.

A v e r a y e  weekly  so  i I temperat  f or SR91

Tim© C » n
□  D P  15 a t  94 cm  ♦ D p ?  5  a t  9 4  cm o  D p i*  a t  3 ? 6  cm

Fig. 337. Weekly average soil temperatures at the depths
of 7.5 and 15 cm at the distances of 94 and 376 cm from
unpruned tree UT5 in Mulched plot (AFL2) during SR91
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Fig. 338. W e e k l y  a v e r a g e  s o i l  t e m p e r a t u r e s  a t  t h e  depths  
of 7.5 a n d  15 c m  at t h e  d i s t a n c e s  of 94 an d  376 cm from 
p r u n e d  t r e e  P T 1  in M u l c h e d  p l o t  (A F M 1 ) d u r i n g  LR92.
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Fig. 339. Weekly average soil temperatures at the depths
of 7.5 and 15 cm at the distances of 94 and 376 cm from
pruned tree PT2 in Local plot (AFL1) during LR92.
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closer to pruned tree (PT1) in position AMi at both depths (7.5 and 15 
cm).

This suggested that there was heavier PT1 canopy cover in P2 than 
in period PI as the same was increasing in density since new foliaae 
continued to develop with the progression of the Long rains. This might 
have reduced radiative cooling thereby making the 7.5 cm warmer than 15 
cm. In position BL1 radiative cooling dominated. This was more what 
could be expected with respect to comparison of 94 cm and 376 cm.

The general increase of average weekly soil temperatures P2 was 
due to among others higher cloud cover, which impeded radiative heat 
ioss to the atmosphere and increased long wave counter radiation from 
the clouds, even though there was some radiative input during day-time. 
Mulching assisted in keeping the soil warmer and moister. Rainfall 
during wk7 and night-time air mass (katabatic winds) from the 
surrounding high mountains (Mt. Kenya and Mts. Aberdares) and also cool 
south-easterly winds must have caused lower AWT. The strong, mainly 
southerly winds also enhance latent heat (or evaporative) cooling. The 
delayed effect in the soil of cloud cover on radiative cooling showed up 
in P4 (wkl2-wkl5).

As Fig. A5 shows the high temperatures may not have resulted from 
warmer air mass which normally originates from the Arabian desert in

i

December till early March. Hence, we find that the only plausible reason 
for high AWT in P3 <wk9-wkll). was thickening of non-precipitating low 
level strato-cumulus clouds that cover the whole of East Africa from 
June to early August of each year (Griffiths. 1972). These clouds come 
with S.E. winds that blow from the Indian ocean during this time, but 
not deep enough to precipitate (Griffiths, 1972). Such clouds impede 
long wave radiation loss to the atmosphere.
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Fig. 340. W e e k l y  a v e r a g e  soil t e m p e r a t u r e s  a t  th e  depths 
of 7.5 a n d  15 c m  at t h e  d i s t a n c e s  of 94 a n d  376 cm from 
u n p r u n e d  t r e e  U T 4  in M u l c h e d  p l o t  (AFM2) d u r i n g  LR92.

0
?P

\-*

s1

Average weekly  soi  I temperat f o r  LR92
Two » o  1 • c i w o t a t  94 a  376 cm f r o m  UT S

□  O p 16 a t  94 cm ♦ Do7 6  cm 94 cm O C p l 5  a t  376  cm

Fig. 341. Weekly average soil temperatures at the depths
of 7.5 and 15 cm at the distances of 94 and 376 cm from
unpruned tree UT5 in Local plot (AFL2) during LR92.
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Deep-tillage resulted in big clods which evaporated and dried up 

quite fast as observed in Fig. 339. The soil at ALi was cooler than at 

ELI. Now everywhere AWT at 94 cm were lower than at 376 cm. showing a 

trend of increasing and then decreasing radiation with distance from 

trees.

In the lower part of AF. like in Fig. 338, we see from Fig. 340 

that AWT at UT4 in AFM2 were higher at 15 cm depth than at 7.5 cm depth 

at both distances from the tree. Both AFM1 and AFM2 were mulched and 

Minimum-tilled, though AFM2 was in unpruned area in tree row D (TR3) 

(see Fig. 9). The common treatments PT1 and UT4 were mulch cover and 

minimum tillage. Lower AWT at 7.5 cm at both trees (PT1 & UT4) and 

distances (94 and 376 cm) were therefore due to these common treatments, 

particularly mulch cover.

The pictures are roughly identical, but 15 cm depth at 376 cm is 

the only exception, where the AWT were relatively higher throughout, 

while at 7.5 cm they remained low. Again there was a delayed reaction 

to cloudiness especially at 376 cm. We can see in Fig. 341. like in Fig. 

339, lower AWT at 376 cm than at 94 cm associated with a delayed cooling 

effect of the soil from increasing cloud cover.

(ill) Long rains growing season of 1993 (LR93)

Figs. 342-345 show results of AWT taken during two experimental 

periods of LR93. The first period included weeks wkl-wk5 and the second 

weeks included vk6-wk9.

We can see from Fig. 342 that at the pruned tree (PT1) in Mulched 

and minimum-tilled plot (AFW1) there was a general drop in AWT from wkl 

to reach minimum in wk2 as hot dry season receded and the Long Rains 

season of 1993 (LR93) set in. In the first period (wkl-wk5) the highest
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A v e r a g e  weekly s o i l  temperat f o r  LR93

□  D p 1 5  O t  94 err
T ut®  C I n * « » < c g  j

Dp7 5 a t  94 cm o  D p i 5  at 376 cm A D p 7 5 a t  376 cm

Fig. 342. W e e k l y  a v e r a g e  soil t e m p e r a t u r e s  at th e  depths  
o f  7.5 a n d  15 c m  at t h e  d i s t a n c e s  of 94 a n d  376 cm from 
p r u n e d  t r e e  P T 1  in M u l c h e d  p l o t  ( A F M 1 ) d u r i n g  LR93.

A v e r a g e  weekly  soi  I temperat  f o r  LR93
Two a oi  ' oa otr»a  a t  94  a  37g cm f r o m  PT2

□  D p l 5  a t  94 cm  ♦ D p 7 5 a t  94 cm p  0 p l 5  a t  376  cm a  0 p 7  5 a t  376 cm

Fig. 343. Weekly average soil temperatures at the depths
of 7.5 and 15 cm at the distances of 94 and 376 cm from
pruned tree PT2 in Local plot (AFL1) during LR93.
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A v e r a g e  weekly so  i I temperat  f o r  LR93
Two SO' ' o e o t n s  « t  94 6 376 Cir» f r o m  UT4

19 5

□  Do15 a t  94 err

T im e  C • *

♦ Dp7 5 a t  94 cm o  Do 15 a t  376 cm a  Do 7 5 a t  376 cm

Fig. 344. W e e k l y  a v e r a g e  soil t e m p e r a t u r e s  a t  the depths 
o f  7 . 5  a n d  15 c m  at t h e  d i s t a n c e s  of 94 and 376 cm from 
u n p r u n e d  t r e e  U T 4  in M u l c h e d  p l o t  (AFM2) d u r i n g  LR93.

Fig. 345. Weekly average soil temperatures at the depths
of 7.5 and 15 cm at the distances of 94 and 376 cm from
unpruned tree UT5 in Local plot (AFL2) during LR93.
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AWT were obtained at 15 cm depth in position BM1 (i.e. 376 cm). The

lowest AWT were observed at the same depth but 94 cm PT1. All 

differences are less than 1*C. At 7.5 cm depth AWT in position AMI were 

higher than AWT in position BM1. AWT were highest in AMI in wk2 and

continued to be the highest through the period. After wk3 the AWT
>

nearer to the tree (PT1) in position AMI continued to be higher than in 

position BM1 (i.e. 376 cm). .This was associated with a combination of 

surface maize straw mulch, Grevillea robusta canopy, now fully developed 

intercrop canopy cover and low cloud coverage over Matanya. The combined 

effect of these factors impeded radiative cooling and resulted in the 

high temperatures in the second period as they affected radiative, 

sensible, latent heat exchanges. In the second period <wK6-wk9) the AWT 

at 94 cm and at 376 cm had very small differences but with a tendency to 

increase.

At the pruned tree (PT2) in the Local deep-tilled plot (AFL1) we 

observe only that for a short while 7.5 cm at 94 cm was more than 0.5*C 

lower (Fig. 343). There was faster cooling at 94 cm surface near to 

trees than at 15 cm depth as a result of sensible and latent heat fluxes 

between the surface immediately in contact with the air. whicn are 

exacerbated by unmulched deep-tilled soil conditions. This was because 

of more neat exchange closer to the tree due to wind reduction effect of 

the trees and less radiation received closer to the trees. The generally 

high AWT in the second period (vk6-wk9) were again associated with a 

combination of deep tilled ground with high clods that acted as surface 

mulch and miniature wind breaks. Grevillea robusta canoDy. now fully 

developed intercrop canopy cover and low cloud coveraae over Matanya. 

Tnese factors combined impeded radiative cooling and resuited in the
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high temperatures in the second period (wk6-wk9). The AWT nearer PT2 {at 

94 cm) continued to fall whereas those at 376 cm (position BL1) 

continued to rise after wk7. The cooling next to PT2 was as a result of 

thickening tree canopy as new leaves emerged and expanded laterally. The 

canopy then impeded more than before radiative but because of strong 

wind through the deliberate gap (DGP. see Fig. 8) building up latent and 

sensible heat flux exchanges with the atmosphere were little affected. 

The temperature in control Local plots (Fig. 352) were negligibly small 

just as in agroforestry Local (AFL1) where PT2 is situated. In both 

cases there were slight increases in the AWT differences. The actual 

temperatures for AFL1 increased in the last half of the measuring 

periods while in the control Local they decreased. All other things 

being equal this points to the fact that tree canopy develop and cut-off 

out going long wave radiation which effect reduced radiative heat 

exchange with the atmosphere, causing higher temperatures.

At unpruned UT4 in the lower part of mulched AFM2 (Fig. 344) in 

position BM2 at 376 cm the AWT from wk2 to wk5 in the first period at 

15 cm higher than those at 7.5 cm. The AWT at 7.5 and 15 cm at 94 cm 

distance (at AM2) were close to those at 15 cm depth and 376 cm from 

PT2. In second period both the AWT at both sites were very close but 

those at AM2 significantly differed from those at BM2. This may be 

associated with wind protection in this part of the plot, differences in 

soil moisture conditions and the influence of the tree shades. The 

slight variations of AWT at UT4 in unpruned from AWT in PT1 in pruned 

may be associated with differences in soil moisture conditions at both 

sites due to root pruning of PT1. The AWT at 376 cm had dropped faster 

than at 94 cm as the LR93 approached lower temoeratures near the surface 

further from the trees, while temperatures first fell then rose, in a
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mulched plot, which must be falling/ rising temperatures above the 

mulches. These plots are wind protected, making radiation exchange 

relatively more important than in the upper part of the plot. At 376 cm 

more radiation may reach the soil in day time and leave the Dlot at 

night. The AWT at both sites had dropped sharply between wkl and wk2 due 

to a factor associated more with instrument initialization problem than 

with changes in the thermal properties of the soil.

At unpruned UT5 in the lower part of Local AFL2 (Fig. 345) AWT 

dropped suddenly between wkl and wk2 and started rising but stayed very 

close till wk3. With the same exposure, the differences must come from 

surface treatments only the 376 cm are having some differences between 

each other of some significance. After all only the 376 cm differ in 

reaction, the one at the surface (7.5 cm depth) remaining higher from 

wk3 onwards till wk9. This is a normal reaction against a possible 

change in the energy balance.

(iv) Short Rains growing season of 1993 (SR93)

Fig. 346 shows AWT for Short Rains growing season of 1993 (SR93) 

in pruned Mulched plus minimum tillage plot at tree FT1. We see here 

that in position AMI (94 cm) higher AWT were observed at 7.5 cm depth 

than at 15 cm while the reverse was the case in position BMi (at 376 cm) 

(although they come together in the end). These differences all remain

within one degree. The AWT generally decreased from wkl in October to
>

December. The AWT values were lowest in November and but higher in 

December as the hot drv month ,(HD) approached. In wk4 these values were 

slightly higher than the preceding weeks or later weeks. This may have 

been due to the PT1 canopy cover playing a part in reducing the escape 

of long wave radiation into the sky. However, due to the wetness of the
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Fig. 346. W e e k l y  a v e r a g e  s o i l  t e m p e r a t u r e s  a t  th e  depths  
o f  7.5 a n d  15 c m  at t h e  d i s t a n c e s  of 94 a n d  376 cm from 
p r u n e d  t r e e  P T 1  in M u l c h e d  p l o t  (A F M 1 ) d u r i n g  SR93.

A v e r a g e  weekly  so i  I temperat f o r  SR93

a mx 9* cm  ♦ 0d *> 5 mx cm o  O p l5  • ! 3?8  cm £  Qd  ? 3 a t  3^6 cm

Fig. 347. Weekly average soil temperatures at the depths
of 7.5 and 15 cm at the distances of 94 and 376 cm from
pruned tree PT2 in Local plot (AFL1) during SR93.
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ground because o f ra in fa ll, s o i l  temperatures generally proceeded to 

drop.

In Fig. 347 we see that AWT in the pruned Local plot at PT2 were 

r e la t iv e ly  stab le  in position AL1 (at 94 cm) throughout th is

experimental period at both depths, differences between depths remaimncj 

within 0 .5“C. In position BL1 (a t 376 cm) the highest AWT were observed 

in October, wkl and wk2, which dropped within two weeKS to attain near 

stab le values that remained between wk4 and wk8. In position AL1 the AWT

were higher at 15 cm than at 7.5 cm. but never more than 0.5*C. The

stab le temperatures at 94 cm from PT2 were due to  the tree canopy whicn 

shielded the unmuicned deep -tilled  so il from excessive heat load. As 

SR93 progressed the wetter conditions caused a drop of temDeratures. 

which was fo r  BL1 faster at 7.5 cm. so nearer the surface. We have 

already discussed above higher AWT at 15 cm than at 7.5 cm.

We can see from Fig. 348 that AWT were hian at both depths in the

so il a t AL2 from UT4. There was a aeneral decrease o f AWT between

October and the f i r s t  week o f December, as in the ea r lie r  figures of 

th is season. The d ifferences in AWT between the two depths was 

n eg lig ib le  from wkl to  wkb. In position BL2 (a t 376 cm from UT4) 15 cm

depth s t i l l  had hioner AWT than 7.5 cm depth, but this remained within

l'C . The AWT in position BL2 were on the overa ll generally lower than

those at AM2. but maximum differences were in the order o f 2’ C.

We again observe general decrease of AWT under unpruned UT5 on 

Local plus d eep -tilled  s o il between October and early December in Fia. 

349. The p icture is close to  that of F ig. 347. maximum d ifferences, with 

oniy one exception, remaining within 1.5*C. The decrease in position AMI 

(at 94 cm from UT5) was gradual at both depths wmle that at BM2 (376 

cm) was more sudden, espec ia lly  between wk3 and wk4. We have seen tnat
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Fig. 348. W e e k l y  a v e r a g e  s o i l  t e m p e r a t u r e s  a t  th e  de p t h s  
of 7.5 a n d  15 c m  at t h e  d i s t a n c e s  of 94 a n d  376 cm from 
u n p r u n e d  t r e e  UT 4  in M u l c h e d  p l o t  (A F M 2 ) d u r i n g  SR93.

*Vj

ft

A v e r a g e  w e e k l y  s o i  I t e m p e r a t  f o r  SR93
Two d » p t n s  a t  9* e. 376 cm fro m  U T 5

T9 6

19

18  5

17 ^ 3
T ima C • n

□  Do 15 a t  9-4 cm  *. Dp7 5 a t  94 cm  O  0 p15 a t  376  cm a  D p i  5 a t  376 cm

Fig. 349. Weekly average soil temperatures at the depths
of 7.5 and 15 cm at the distances of 94 and 376 cm from
unpruned tree UT5 in Local plot (AFL2) during SR93.
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the area around UT5 is  a wind protected area, hence radiation is more 

lik e ly  to  influence so il temperatures in addition to  the general trend, 

due to  a ir  mass temperatures.

4.5.2 (b) AWT in non-agroforestry (NAF) control p lots and bare so il 

( i )  Short Rains growing season o f 1991 (SR91)

The old  control plots were used fo r this season, see section 4.1. 

The p lo ts  were treated equally fo r  SR91. as presented in section 4.1. 

although the e f fe c t  o f the previous mulch application inow incorporatina 

t i l l in g )  was s t i l l  showing in most results, including so il temperatures. 

The bare s o il however remained as such. I t  had just oeen created as bare 

s o i l .

F ig. 350 presents AWT fo r  SR91 fo r  the old  control plots. The AWT 

were as expected highest in the bare s o il (BS) followed by Locai control 

(L ) . The Mulched control (M) had the lowest AWT o f a l l  p lots. The 

Mulched control had higher AWT at 15 cm depth than at 7.5 cm depth, 

apart from the start. This was due to warmer conditions in October 1991 

than in November. These made the so il temperatures at 7.5 cm warmer 

than at 15 cm due to surface heating. November is  normally the central 

month o f the short rains season, which makes the s o il surface moister m 

November than in October, leading to a drop in AWT values. The second 

ween o f the experiment (wk2) had some ra in fa ll episodes resu lting in 

general f a l l  in AWT. but only at 7.5 cm. The Mulched so il remained 

somewhat coo ler tnrougnout the experimental period <wkl-wk4).

( i i )  Long Rains growing season o f 1992 (LR92)

Fig. 351 presents AWT in  the control p lo ts  fo r  the months o f June 

and July 1992. Althouoh June and July fa l l  outside the desicmatea Lona
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Wk Iy s o i l  temp in NAF f o r  SR91

T  • rm* £ t r» *< •*»**)

O  Lo co  i 15 cm  4- LOCO I 7 5 cm O M u icn e O  15 cm & M u lc r ^ d  7 5  cm 

x  B S  15 cm  o  B S  7 5  cm

Fig. 350. W e e k l y  a v e r a g e  s o i l  t e m p e r a t u r e s  at the depths 
of 7.5 a n d  15 c m  in the c o n t r o l  a n d  b a r e  soil plots 
d u r i n g  SR91.

Fig. 351. Weekly average soil temperatures at the depths
of 7.5 and 15 cm in the control and bare soil plots for
June and July 1992.
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Rains period these months demonstrated fa ir ly  wel 1 the behaviour of the 

s o il temperatures with regard to  increasing cloudiness and other factors 

(minus tree shades) as discussed in section 4.5.2 (a) above. However, 

again a l l  d ifferences are within 1.0’ C. and at the end even within 

0 .5 ’ C. This means that they are agronomically of no importance.

The AWT values at 7.5 cm fo r  June and July were always somewhat 

higher than at 15 cm depths, except fo r mulched s o il ,  but differences 

are small. These AWT generally rose from wkl to  reach maximum in wk3 

and then gradually dropped to minimum values in wk7 because of ra in fa ll 

occurrence in that week. As expected Mulched p lots  had lower AWT values 

than the Local. In wk3 the Mulched controls had AWT values at 7.5 cm of 

21.7± 0 .6 ’ C (that is average s o il  temperature plus standard deviation as 

error margin) while BS had 22.1± 1.0’ C. This suggested that under cloudy 

windy conditions when net long wave radiation cannot escape to the outer 

atmosphere, the mulched s o il is  less than a degree lower than the bare 

s o il at 7.5 cm depth.

(iii) Long Rains growing season of 1993 (LR93)
We can see from Fig. 352 that, lik e  the AWT fo r  June/July o f LR92 

discussed above, the AWT fo r  LR93 dropped as the same approached and 

reached minima in wk3 and wk5 o f the f ir s t  experimental period (wkI -  

wk6). This was followed by a r is e  in wk5. AWT fo r  BS was th is time much 

higher than the AWT for the controls p lots, which shows that radiation 

must have been involved. Mulched control had the lowest AWT at both 

depths, but the d ifferences were generally w ithin i.O ’C. The d ifferences 

between AWT at 7.5 and those at 15 cm were v is ib ly  also very small. In 

the second experimental period (wk7-wkl0) the d ifferences between depths 

had very s lig h t ly  widened espec ia lly  in the Mulched control p lots as the
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Fig. 352. W e e k l y  a v erage s o i l  t e m p e r a t u r e s  at the depths 
o f  7.5 and 15 c m  in the c o n t r o l  a n d  b a r e  soil plots 
d u r i n g  LR93.

o

Wkly so i  I temp in NAF f o r  SR93

□  LOCOI 15 cm  ♦ L o c a l 7 5  cm O  M u lc n a d  15 cm O M u lc n a O  7 5 cm 

X BS 15 cm d  BS 7 5  cm

Fig. 353. W e e k l y  a v e r a g e  s o i l  t e m p e r a t u r e s  at the d e p t h s  
of 7 . 5  a n d  15 cm in th e  c o n t r o l  an d  b a r e  soil plots 
d u r i n g  SR93.
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shallower layer responded faster to the heat exchange forcing factors 

already discussed. These d ifferences were too small to be o f agronomical 

s ign ifica n ce .

( iv )  Short Rains growing season o f 1993 (SR93)

F ig. 353 shows s lig h t ly  higher but fa llin g  AWT in October (wki- 

wk3) than in November and December (wk4-wkl2). a fte r  which i t  s lig h t ly  

rose. From Table 8. section 4.1. we learnt that October was the ra in iest 

o f the three SR93 months, causing the drop in temperature. Fig. .353 also 

shows a c lea r  delineation among the treatments from wkl to almost wklu 

and fo r  BS throughout. The BS had s t i l l  the hiahest AWT at both depths, 

because o f d ire c t solar heating on a clean weeded so il,  although this 

must have resu lted  in large latent heat fluxes during ana a fter rainy 

days. The Mulched plot nad the lowest temperature at both deptns from 

wkl-wklO.

4.5.3. Soil temperature characteristics at Matanya

4.5.3 (a) Maximum, minimum, average monthly s o il  temperatures and 

th e ir  amplitudes

Figs. 354-365 and Appendix Tables A13 and A14 present monthly 

diumai va r ia tion s  and so il temperature s ta t is t ic s  fo r SR91. LR92. LR93

and SR93 in AF, NAF and bare s o il plots. In Tables A13 & A14 the e f fe c t  

of mulcn application and minimum t i l la g e  in comparison to  Local deep 

t i l la g e  on s o il  averaae, maximum and minimum temperatures at 94 cm from 

pruned trees PT1 and PT2 is  demonstrated by comparing the resu lts in the 

f i r s t  column under AFMi ( i . e .  in position AMI) with those in the f i r s t  

column under AFL1 ( i . e .  in position AL1). S im ilarly  at 376 cm from the 

trees the e f fe c t  o f mulching is  demonstrated by comparing the resu its
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F i g .  3 5 4 .  M o n t h l y  d i u r n a l  p a t t e r n s  o f  s o i l  t e m p e r a t u r e s  
a t  15 and 7 . 5  cm d e p t h s  a s  a f u n c t i o n  o f  d i s t a n c e s  (94 
and 376 cm) fro m  pruned PT1 i n  Mulched p l o t  (AFM1) f o r  
March 1 9 9 2 .

F i g .  355.  M o n t h ly  d i u r n a l  p a t t e r n s  o f  s o i l  t e m p e r a t u r e s  
t o  show mulch e f f e c t  in  AF a t  15 and 7 . 5  cm d e p t h s  and a 
d i s t a n c e  o f  94 cm from PT1 i n  AFM1 and PT2 i n  AFL1 f o r  
March 1992.
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in the second column under APMi i i .e .  in position EMI) with those in the 

second column under APL1 ( i .e .  in position BL1) and so on.

The e f fe c t  o f a G revillea  canopy shading. such as o f PTi. is 

demonstrated by comparing the results at 94 cm isay position AMI) with 

those at 376 cm (say position BM1) under the same tree land same 

treatment e .g . AFMi) in Appendix Table A13.

We find from Appendix Table A13, fo r  equally treated plots o f 1991 

Short rains period (SR91). a t 94 cm from G revillea robusta tree, that 

the maximum s o i l  temperatures in  both future mulcnea pruned and future 

mulched unpruned plots were lower than in the future Local pruned anu 

future Local unpruned plots respectively, while the reverse was true at

376 cm. A few exceptions to the above rule include: ( l )  at 94 cm in
*

December 1991 in pruned p lots at 7.5 cm. ( i i )  at 376 cm in October and 

November in unpruned plots at 7.5 cm and ( l i i )  at 376 cm in December in 

pruned p lots  at both depths. These exceptions mav have arisen from 

unevenness in mulch spread and also from t illa a e .

The maximum s o il temperatures fo r  October 1991 (a l l  p lots were 

treated equally in SR91 see section 4.1) in future pruned Muicned in 

AFMi at 94 cm from PTI and 15 and 7.5 cm depths were 19.7 and 20.1’ C. 

The corresponding values in the future pruned Local in AFL1 were 20.23 

and 23.0‘ C. Differences in maximum s o il temperatures between the two 

pruned trees  o f 0.6 and 2.9*C were observed at respectively 15 and 7.5 

cm depths. We attributed th is  to general d ifferences in the G revillea  

tree canopy densities to which possibly d iffe ren t influences of pruning 

contributed. At 376 cm from the same trees the values at i5 and 7.5 cm 

depths were 19.6 and 20.4*C in AFMI and 19.2 and 20.1*C in AFL1. The 

l i t t l e  d ifferences mav have been due to  d ifferences in rad iative cooling
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or the equally treated so il at th is distance from the trees, due to 

canopy d iffe ren ces  o f the trees and perhaps unevenness in muich spread 

at the two s ite s ,  which we found to he common with larae maize stovei 

residue mulches. In future unpruned Mulched in AFM2 at 94 cm from PT1 

and 15 and 7.5 cm depths maximum so il temperatures were 19.5 and 20.4'C. 

The corresponding values in the future unpruned AFL2 were 19.9 ana 

21.1*C. The d ifferences were 0.4 and 0.7‘ C at 15 and 7.5 cm depths which 

again we attribu ted  to d ifferences between the two trees and unevenness 

in maize s tover muich. A larger difference fo r  tne pruned tree case 

above was attribu ted to canopy d ifferences which also were observed in 

unpruned trees .

In comparison with SR91. d iffe ren tly  treated plots o f 1993 Short 

rains period (SR93). in Appendix Table A13 (d) at both distances from 

Gi~evillea robusta tree (94 and 376 cm), the maximum so il temperatures in 

both minimum t i l le d  mulched pruned and minimum-tilled mulched unpruned 

p lots were lower than in the deep -tilled  Local pruned and deep -tilled  

Local unpruned respective ly . Acrain few exceptions to the above lu ie  

include: ( i )  at 94 cm in October 1993 in unpruned piots. and (n )  at 94 

cm in November in unpruned p lo ts  at 15 cm depth.

For the d iffe ren tly  treated plots in AF and NAF the maximum so il 

temperatures, say fo r October 1993 (Tables A13d & A14). in the pruned 

Mulcned minimum—t i l  le a  so il in AFM1 a t  94 cm from PT1 and 15 ana 7.5 cm 

depths were 19.0 and 19.1*C. The correspondina values in the oiunea 

unmulched d eep -tilled  (AFL1) were 20.0 and 21.0*C. We attributed the 

reductions o f 1.0 and 1.9*C at 15 and 7.5 cm depths to muich depressing 

e f fe c t  on maximum so il temperatures. However, acrain tree canopy 

d ifferen ces  may be involved, as the same was true in SR91 fo r equally
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treated p lots . At 376 cm from the same trees the values at 15 and 7.5 cm 

depths were 20.2 and 21.1 *C in AFWi and 21.9 and 24.3’ C in AFLi. Again 

the reductions o f 1.65 and 3.2*C at 15 and 7.5 cm depths may be 

attributed to  mulch depressive e ffe c t  on so il temperatures. The Octobei 

1991 maximum temperatures for bare so il were at 20.0 and 20.2*C at 15 

and 7.5 cm depths. The November 1991 maximum temperatures for bare son  

were at 20.2 and 20.9'C at 15 and 7.5 cm depths. The October 1993 

maximum temperatures fo r bare s o il were at 22.6 and 20.0*C at 15 and 7.5 

cm depths. The November 1993 maximum temperatures for bare so il were at

21.7 and 28.7*C at 15 and 7.5 cm depths. The maximum temperatures for 

376 cm distance from AFM1 and AFLI were therefore higher than the 

maximum s o il  temperatures in the bare so il fo r  October but lower in 

November in SR91 and SR93.

From Table A13 (b) we observe in LR92 that maximum so il 

temperatures were higher at 94 cm in pruned Mulched plots than in pruned 

Local p lots at 15 cm depth, although d ifferences were small, and lower 

at 376 cm. where differences, were between 0.5* and 2’ C. At 7.5 cm the 

reverse tended to  be the case.

For instance in March. May. June July and August 1992 maximum so il 

temperatures in position AMI ( i .e .  at 94 cm from PT1) at 15 cm in the 

Mulched p lo t were 22.2*. 24.i * .  22.4*. 25.1* and 22.3*C respectively. 

The corresponding values in position AL1 at the same depth were 22.0*. 

23.8*. 21.6*. 24.8* and 22.3*C which were s l ig h t ly  lower than those in 

position  AMI. Similar resu lts  were obtained fo r  LR93 in the same 

positions a t 15 cm depth in Ap ril. June. July and August.

In the same months as above the maximum so il temperatures in 

position AMI for LR92 ( i . e .  at 94 cm from PT1) at 7.5 cm in the Mulched 

p lo t were 24.5*. 28.1*. 25.0*. 29.4* and 25.4*C respective ly . The
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corresponding values in position ALi at the same depth were 24.75.

28.8 . 23.3” . 31.5’ and 26.9*C which witn the exception o f June were 

higher than those in position AMi. The maximum so ii temperatures in 

position  BM1 fo r  LR92 ( i . e .  at 376 cm rrom PT1) a t 7.5 cm in tne Muicned 

p lot were 22.2*. 24.1*. 22.4*. 25.1* and 22.3'C respectively. The 

corresponding values in position BL1 at the same death were 23.i ' .  

24.0*. 22.8*. 24.8" and 22.6*C which with the exception o f June were 

nigher tnan those in position AMI. For BMi/BLl comparison at 15 cm 

depth fo r  376 cm distance resu lts  in LR92 and LR93 are the same in that 

the Mulched p lo ts  nad maxima below that o f the Local p lot. For 7.5 cm 

the LR93 resu lts  are the same as the for 15 m. without exceptions.

Tne resu lts  for LR93 g iv e  opposite picture from the LR92 at 7.5 

cm. Now higher maximum so il temperatures were observed in position AMI 

than in position  ALI. up t i l l  2.5*C.

The s l ig h t ly  lower maximum so il temperatures in the Local p io ts  at 

94 cm durina LR92 ana LR93 (Appendix Tables A14 (bi & (c )) may be 

attributed to  canopy d ifferences of the trees and increased evaporation 

from the unmulched d eep -tilled  s o il,  assisted by hiaher wind speeds in 

the course o f the Long Rains. At 376 cm the reverse was the case as the 

Mulched p io t reaistered lower values than the Local ror botn LR92 and 

LR93. In tne unpruned area there were generally lower maximum so ii 

temperatures than the Local. June 1992, however, was an exception in 

that at a l l  depths and distances from the trees the maximum so il 

temperatures were higher in the Muicned than in the Local plots, except 

BM1 and BLi at 15 cm depth, where the reverse was the case. June 1992 

had the lowest ra in fa ll amount o f the season, o f 5.2 mm and the highest 

oan evaporation of 180.9 mm (Table 8 ). Tms indicated that evaporation 

rrom the unmulched d eep -tilled  plot was at i t s  highest since i t  was
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assisted by the net radiation balance ana canoDy differences o f the 

trees in the strongly protected AF zone, especia lly  at 376 cm away from 

-iT4. Bv the end of June the maize/beans intercrop was s t i l l  in the 

r ie id . as beans harvesting was done one week la ter (7-9th July. 1992). 

The maize plants were 2.4 m high and bent by strong winds. The bean 

leaves were dryina up and were blown away by strong winds, thus exposing 

the unmulched so il to atmospheric evaporative demands (see section 4.1.2 

on resu lts  on crop). Lower maximum so il temperatures, in the other 

months, in Mulched than in Local plots (in  Tables A13 ana A14) may have 

oeen due to  shading by the mulch, taking the intercrops as a common 

factor in both cases.

Pruning a ffec ts  the rates o f s o il moisture extraction by the 

trees. I t  may well be that deeper roots compensate for these losses, 

because the evaporative demand from the leaves basically does not 

change. When there is  enough water in the deeper layers th is may be 

(partly ) the case. Under water lim iting conditions, the situation is  of 

course d iffe ren t. Tne pruned trees lose the contribution o f the roots in 

the shallow layers ( t i l l  30 cm deep) that have been cut o f f .  These in 

turn may a ffe c t  s o il temperatures in the periphery o f the roots when 

more water remains. The maximum so il temperatures in the same p lots  but 

at d iffe ren t distances from the trees show that at PT1 maximum 

temperatures were lower at 376 cm than at 94 cm from the trees fo r a ll 

the seasons and plots.

We can see in Tables A13 & A14 that high minimum temperatures were 

observed at depths where low maximum temperatures were observed, with 

d ifferen ces  between treatments at egual distances from the trees . In 

Short Rains seasons the maximum temperatures tended to be higher in 

December than in October, and November. Tne hot dry season (HD)
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approached. while minimum temperatures tended to  lower. This resulted in 

nigh monthly diurnal so il temperature ranges in  December. However, in 

the Long Rains seasons the diurnal so il temperature ranges tended to  be 

smaller as the windy cold season o f June-September approached.

On the other hand average so il temperatures were mostly lower in 

the Local p lo t than in Mulched plot at the same distance from the trees 

fo r a l l  the seasons except SR93. The d ifferences between temperatures 

near the trees  under the same wind regime must have been due to geometry 

d ifferences  o f canopies o f the trees, o f  crops or o f mulch.

The s o il  temperature amplitudes are a ffec ted  in the process of 

moderation by the mulches and tree canopy shading. In Tables A13 & A14 

and Fias. 354-365 we observe lower so il temperature amplitudes in 

Mulched p lo ts  (AFM1 & AFM2) than Local plots (AFLi & AFL2).

For the months o f 5R9i (Table A14) the respective maximum 

temperatures for October 1991 at 15 and 7.5 cm depths in the Local 

control were 20.1* and 21.1*C and in tne Mulched control were 19.5* and 

20.1*C. The maximum so il temperatures for the bare so il were 20.0* and 

20.2’C. The maximum temperatures were therefore lowest in the Mulched 

control and highest in the Local control at 7.5 cm. while at 15 cm depth 

the bare s o il  temperatures were the highest. The same was true for 

November 1991 temperatures.

For the months o f LP92 (Table A14) the maximum temperatures for 

June 1992 at 15 and 7.5 cm depths in the Local control were 24.0* and 

26.2’ C and in the mulched control were 23.0 and 23.5*C. The respective 

maximum s o il  temperatures fo r  the bare s o i l  were 23.9 and 25.9*C. 

Therefore, for June maximum temperatures were lowest in the Mulched 

control and nignest in the Local control a t both depths. For July and 

August, however, the bare s o il had tne nighest maximum temperature at
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A v e r a g e  d i u r na l  s o i  I temp Apr 1993

D15 a t  94 4FM 1 0 7  5 B t  9 4  A FM 1 O  D 1 5  a t  3 7 6  A FM 1 a  0 7  5  a t  376 AFM

Fig. 356. Monthly diurnal patterns of so i l  temperatures 
at 15 and 7.5 cm depths as a function of distances (94 
and 376 cm) from pruned PT1 in Mulched p lot  (AFM1) for  
Apr i l  1993. * 16
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Fig. 357. Monthly diurnal patterns of  so i l  temperatures 
to show mulch e f fe c t  in AF at  15 and 7.5 cm depths and a 
distance of 94 cm from PT1 in AFM1 and PT2 in AFL1 for  
Apri l  1993.
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A v e r a g e  d i u r n a l  S o i l  temp June 1992

O 0 1 5  a t  9 «  A F V 1 t  07 5 a t  9 «  AFM1 o  0 1 5  a t 376 AFM1 a  0 7  5 a t  376 AFM1

F ig .  358. M on th ly  d iu rn a l p a tte rn s  o f  s o i l  tem peratu res 
a t  15 and 7 .5  cm depths as a fu n c tio n  o f  d is ta n ce s  (94 
and 376 cm) from  pruned PT1 in  Mulched p lo t  ( AFM1) fo r  
June 1992.
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F ig .  359. M onthly d iu rn a l p a tte rn s  o f  s o i l  tem pera tu res  
t o  show mulch e f f e c t  in  AF at 15 and 7 .5  cm depths and a 
d is ta n c e  o f  94 cm from PT1 in  AFM1 and PT2 in  AFL1 f o r  
June 1992.
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Fig. 360. M o n t h l y  d i u r n a l  p a t t e r n s  of soil tem p e r a t u r e s  
a t  15 a n d  7 . 5  c m  d e p t h s  a s  a func t i o n  of d i s t a n c e s  (94 
a n d  3 7 6  cm) f r o m  p r u n e d  P T 1  in M u l c h e d  p l o t  (AFM1) for 
J u n e  1993.

0
1

A v e r a g e  d i u r na l  Soi I temp June 1993
Sol I ton© a t  9-* cm fro m  p t i  & p t ?

O  015  a t  Q4 APM1 0 7  5 a t 94 APM1 O 0 1 5  B t  94 A P l 1 A  0 7  5 a t  94 APt 1

Fig. 361. M o n t h l y  d i u r n a l  p a t t e r n s  of s o i l  t e m p e r a t u r e s  
to s h o w  m u l c h  e f f e c t  in A F  at 15 an d  7. 5  c m  d e p t h s  and a 
d i s t a n c e  o f  94 cm from PTI in A F M 1  an d  PT2 in A F L 1  f o r  
J u n e  1993.
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both depths, followed by the Local plot.

For the months o f LR93 (Table A14) the maximum temperatures for 

April 1993 at 15 and 7.5 cm depths in the Local control were 21.6* and 

23.1*C and in  the Mulched control were 19.9* and 21.4"C. The respective 

maximum so il temperatures fo r  the bare so il were 23.4* and 24.2'C. 

Therefore, fo r  April the maximum temperatures were lowest in the mulched 

control and highest in the bare so il at both depths. In June, the Local 

control had the highest maximum temperature at 15 cm while the Mulched 

control had the highest at 7.5 cm depth. For the July and August 

however, the Local control had the highest maximum temperatures at both 

depths followed by the bare s o il p lo t. The main reasons for these 

d ifferences ( fo r  SR91. LR92 & LR93) have been the radiative balances and 

the weather situation in each period and the surface cover of these 

treatments. As a result the s o il temperatures in the Mulched control 

were the lowest.

F igs. 354-365 present monthly diurnal s o il  temperatures at the 

distances o f  94 and 376 cm from PT1 and PT2 and the depths o f 15 and 7.5 

cm ( i . e .  Dpl5 & Dp7.5) for LR92 and LR93 which demonstrate diurnai so ii 

temperature changes with depth, distances from the trees and in 

Mulched/Local plots. All the figures show s ign ifican t decrease o f so il 

temperature amplitudes with depth between 7.5 and 15 cm depths.

From Figs. 354-365 we observe that the time o f attainment o f maximum

temperatures at 15 cm depth lagged that at 7.5 cm by approximately 4
>■

hrs. This time tended to be constant. The time o f attainment o f so il 

temperature minima fo r  at 15 and 7.5 cm depths d iffered  by 1-3 hrs. The

fa c t that these times were d iffe ren t shows that other factors other than
»

sky conditions were involved.
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F i g .  36 2 .  M o n t h l y  d i u r n a l  p a t t e r n s  o f  s o i l  t e m p e r a t u r e s  
a t  1 5  and 7 . 5  cm d e p t h s  a s  a f u n c t i o n  o f  d i s t a n c e s  (94 
and 376 cm) fro m  pruned PT1 i n  Mulched p l o t  (AFM1) f o r  
J u l y  1 9 9 2 .

A v e r a g e  d i u r na l  Soi I temp J u l y  1992

G
f
u

*

□

33 
32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18

D 15 a t  94 APM1 ♦ 07 3 a t  94 AFM 1 o  013 a t  » 4  A F L 1  a  0 7  3 a t  94 a * l i

S o l l tan-© a t  9 4  cm fro m  P T 1 *  P T2

F i g .  363. M o n th ly  d i u r n a l  p a t t e r n s  o f  s o i l  t e m p e r a t u r e s  
t o  show m u lc h  e f f e c t  i n  AF a t  15 and 7 . 5  cm d e p t h s  and a 
d i s t a n c e  o f  94 cm from PT1 i n  AFM1 and PT2 i n  AFL1 f o r  
J u l y  1 9 9 2 .
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A v e r a g e  d i u r n a l  So i l  temp Ju l y  1993
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F i g .  3 6 4 .  M o n t h l y  d i u r n a l  p a t t e r n s  o f  s o i l  t e m p e r a t u r e s  
a t  1 5  and 7 . 5  cm d e p t h s  a s  a f u n c t i o n  o f  d i s t a n c e s  (94 
and 376 cm) f r o m  pruned PT1 i n  Mulched p l o t  (AFM1) f o r  
J u l y  1 9 9 3 .

0
I\J
ts
*4
0

\

A

□

A v e r a g e  d i u r na l  Soi I temp: Ju l y  1993
S o l l tamo a t  9 4  cm f r a n  PT1 i  PT3

r 0 5  0  SS 4  bs I 0 05 I 13 OS
22 05 2 05 6 05 10 05

0 1 5  a t  9 4  AFM1 + 0 7  5 a t  94 AFM1 O 015  a t  94 A F L 1  a  0 7  5 a t  94 AFL1

1 2  05 16 05 20
14 05 18 05 22

T im a  C i n  n o u r s )

F i g .  365.  M o n th ly  d i u r n a l  p a t t e r n s  o f  s o i l  t e m p e r a t u r e s  
t o  show m u lc h  e f f e c t  i n  AF a t  15 and 7 . 5  cm d e p t h s  and a 
d i s t a n c e  o f  94 cm from PT1 i n  AFM1 and PT2 i n  AFL1 f o r  
J u l y  1 9 9 3 .



577
4.5.3 (b) S o il temperature damping depths (D)

( i )  Damping depths in AF

In terpretation  and forecasting o f so il temperature patterns is 

only possib le i f  the s o il is  thermally homogeneous or has such layers. 

This means homogeneous with respect to  so il thermal properties (so 

moisture content) and constant average temperatures under each treatment 

or average temperature being a linear function o f depth. Within the

error margins given by the standard deviations, the average so il

temperatures a t Matanya at each depth (15 cm and 7.5 cm depths) are 

constant. The damping depth values presented here are obtained from 

monthly averaged diurnal temperature patterns under a maize/beans 

intercrop in  an agroforestry system.

Average monthly and seasonal damping depths (D) (e .g . S tig ter.

1984c; 1985a) are summarized in Table 80. Table 80 shows D for each 

treatment fo r  Short and Long Rains seasons: SR91, LR92. LR93 and SR93. 

We can see from Table 80a(i) that average D fo r  SR91 in AF in positions 

AMI, AL1, AM2 and AL2 at 94 cm from PT1. PT2. UT4 and UT5 were 

respective ly : 8.1±0.5. 6.7±0.7. 8.6±0.4 and 7.6±0.5. The corresponding

D values in positions EMI. ELI and BM2 (note that position BL2 missed a 

thermistor as the same were not enough in SR91) at 376 cm from PT1. PT2

and UT4 were 7.3±0.1. 8.6±0.5, 8.4±1.7. Taking the error margins into

account we see that D varied rather l i t t l e  between treatments and hence 

may be considered constant in space and time during SR91 season. The 

magnitudes o f D did not r e f le c t  the e f fe c t  o f G. rotusta shading on so il 

temperature patterns at 94 cm from the trees compared to  376 cm during 

SR91, because there is  no . systematic d iffe ren ce  between the two

distances.
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We can see from Table 8 0 a (ii) that average D for LR92 in AF in 

positions AMI. AL1, AM2 and AL2 at 94 cm from PT1. PT2. UT4 and UT5 were 

resp ective ly : 7.0±0.5. 8.9±3.2. 12.7+3.4 and 12.4+2.3. The

corresponding D values in positions BM1. BL1. BM2 and BL2 at 376 cm from 

PT1, PT2. UT4 and UT5 were 9.7±2.2. 11.4±1.8. 6.5±0.6 and 6.9±3.5. Here 

we see a pattern where the D values at 94 cm from pruned trees (PT1 and 

PT2) are sm aller than the D values at 376 cm and these 94 cm values are 

larger fo r  unpruned trees at 94 cm (ITT4 and UT5). but the values at 376 

cm a t the unpruned trees are smallest of a l l .  With respect to  so il 

surface cover D values in pruned mulched at 94 cm from PT1 (position 

AMI) are sm aller than those in pruned Local (position  AL1) and the same 

applies at position BM1 compared to BL1. S im ilarly in unpruned p lots D 

values in unpruned Mulched (position AM2) are smaller than those in 

unpruned Local (position AL2). We observe here that mulch cover reduced

D. but only below pruned trees .

Table 8 0 a (iii )  shows that average D fo r  LR93 in AF in positions 

AMI, AL1. AM2 and AL2 at 94 cm from PT1. PT2. ITT4 and UT5 were 

resp ec tive ly : 6.9±0.2. 8.7+0.4. 10.8±0.4 and 6.9+0.4. The corresponding

D values in  positions BM1, ELI, BM2 and E12 at 376 cm from PT1. PT2. UT4 

and UT5 were 9 .2±1.5. 10.1±2.6. 4.3+0.9 and 8.7±2.1. Again we see a

pattern where the D values at 94 cm from pruned (PT1 and PT2) and 

unpruned (UT5) trees are smaller than the D values at 376 cm. Unpruned 

tre e  (UT4) then had a malfunctioning thermistor at 15 cm. that was later 

replaced, so the value 4 .3  is  not used. Again with respect to  so il 

surface cover. D values in  pruned mulched at 94 cm from FT1 (position 

AMI) were found to be smaller than those in pruned Local (position  AL1). 

The same applies at 376 cm. S im ilarly in unpruned plots D values in 

unpruned Mulched (position  AM2) for 376 cm are smaller than those in
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unpruned Local (position AL2). Here again the e f fe c t  o f mulch cover an 

reducing D was observed.

Table 80a(iv ) shows that average D for SR93 in AF in positions 

AMI, AL1. AM2 and AL2 at 94 cm from FT1. PT2, UT4 and UT5 were 

resp ec tive ly : 10.5H.2, 8.6±0.5. 10.9±1.9 and 10.0+0.9. The

corresponding D values in positions BM1. BL1, BM2 and HL2 at 376 cm from 

PT1. PT2, UT4 and UT5 were: 7.9±0.1. 7.5±0.5, 6.4±0.3 and 10.2±1.3. SR93 

did not seem to  have any d e fin ite  pattern in D values with respect to 

distance from the trees and the e ffec t o f mulch cover as did LR92 and 

LR93. I f  any trend, D values tended to be higher at 94 cm than at 376 cm 

and also higher in mulched than in Local treatments. which is 

appropriate to  the LR seasons. D varied between 6.4+0.3 and 10.9±1.9 and 

had an o ve ra ll average o f 9.0+1.5.

( i i )  Damping depths in NAF

We can see from Table 80b(i) that average D fo r SR91 in NAF in the 

Mulched control (M). Local control (L) and Bare Soil (BS) p lo ts  were 

resp ec tive ly  9.3+0.3. 9.2±2.8 and 9.3+0.8. The old control p lo ts  were

used fo r  s o i l  temperature measurements during preliminary exercises and 

then the measurements were transferred to the new control plots fo r  LR92 

and la te r seasons. The D values in SR91 were nearly the same, except for 

the larger error margin fo r  L than e ither BS and M plots. This proves 

that the s o il  in NAF was homogeneous.

Table 80b ( i i )  shows average D fo r  LR92 in NAF in the new control 

p lo ts . The D values for Mulched control (M), Local control (L) and Bare 

S o il (BS) were respective ly  14.4±2.3, 12.9+3.4 and 9.4+0.3. The D values 

fo r  LR92 fo r  the bare s o il  was s t i l l  the same as for SR91. However, high 

D values were found fo r the newly opened control plots. The s o i l  o f the
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newly opened control plot had a lo t of humus and was s t i l l  easy to work. 

The BS s it e  had been opened up ea r lie r  in the experimental period in 

SR91 and since the surface was kept bare i t  se ttled  easily. The s o il of 

the newly opened control p lot was s t i l l  dispersed due to a lo t of humus. 

Hence homogeneity was s t i l l  observed in the new plots, but they were 

d iffe re n t  from the old ones.

Table 80b ( i i i )  shows that average D fo r  LR93 in NAF in the new 

control p lo ts : Mulched (M) control. Local control (L) and Bare Soil (BS) 

were resp ec tiv e ly  7.7±1.3, 18.5±8.5 and 8.3+0.5. The D values for LR93 

fo r  the bare s o il had not changed much from the SR91 and LR92 values. 

The s o il  under the mulch in the newly opened up plots had settled  quite 

f i r s t ,  g iv in g  re la t iv e ly  lower D than previously. However, the control 

p lo t s t i l l  had very high D values.

Table 80b (iv ) presents average D fo r SR93 in NAF in the new 

control p lo ts . D values fo r  M. L and BS were respectively 8.1+1.5, 

7 .5±0.3 and 5.3±0.9. The D values for SR93 fo r  the bare s o il had dropped 

a b it  from the SR91, LR92 and LR93 values. The so il under the control 

p lo ts  had now settled  and were proving to be thermally homogenous. Their 

values were in the same order of magnitude (between 8 and 10) as the 

s o il  in the agroforestry p lo t.

The drop o f  D in the BS may be due to extreme dryness o f very bare so il 

which received d irect so la r heating and very high evaporative losses 

while NAF and AF had vegetative cover during th is  time o f the year.

4 .5 .3  (c ) Phase sh ifts

Table 81 presents phase sh ifts  (+) o f monthly diurnal so il 

temperature waves during SR91-SR93. We see in  Table 81a ( i )  that the $ 

values fo r  SR91 range from 3.4±0.9 to  4.7±1.2 hours. We did not notice
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Table 80. Damping depth (D) in cm for each treatment and each 
month during SR91, LR92. LR93 and SR93. D was calculated 
by the method of reducing amplitudes of the temperature 
wave between 7.5 and 15 cm depths In the s o i l .

(a ) agroforestry, (b) non-agroforestry p lots.

(a) Aqroforestry: Mulched and Local AF plots

\JY5PT1 PT2 UT4
------ P lo ts !---------- EFRT AFL1 AFM2 AFL2

Positions: AMI BM1 AL1 BL1 AM2 BM2 AL2 HL2
94 376 94 376 94 376 94 376

( i )  SR91: A ll  plolLs simil a r ly treated
Oct 8.0 7.5 7.2 9.3 8.4 10.5 8.2 -
Nov 8.7 7.3 7.2 8.1 9.1 8.4 7.6 —
Dec 7.6 7.2 5.8 8.5 8.3 6.3 7.0 —
Averacre 8.1 ---- 7 7 T 6.7“ 8.6 8.6 8.4 7.6

±0.5 ±0.1 ±0.7 ±0.5 ±0.4 ±1.7 ±0.5 —

( i i )  LR92 - From this season plots treated d iffe ren tly ----
Mar 7.7 12.4 9.1 10.4 10.0 6.9 11.3 -
May 6.6 10.1 6.8 9.6 16.7 7.0 12.9 5.2
Jun 6.2 11.6 14.9 14.9 17.0 5.4 16.7 13.0
Jul 7.1 6.9 6.6 11.0 10.1 6.4 10.9 5.1
Aug 7.2 7.6 6.9 11.3 9.7 6.7 10.1 4.4
Average 7.0 9.7 8.9 11.4 12.7 6.5 12.4 6.9

±0.5 ±2.2 ±3.2 ±1.8 ±3.4 ±0.6 ±2.3 ±3.5

( i i  i 1 LR93 ------------------- ----------------------
Apr 6.8 11.7 7.9 13.8 10.2 5.8 6.2 10.7

Jun 7.2 8.1 9.0 9.1 11.2 4.2 7.3 10.9

Jul 6.7 8.8 8.9 6.8 11.0 3.7 7.2 6.3
Aug 7.0 8.2 8.8 10.8 10.7 3.5 7.0 6.9

Average 6.9 9.2 8.7'“ “IU7T 10.8 4.3 6.9 8.7

±0.2 ±1.5 ±0.4 ±2.6 ±0.4 ±0.9 ±0.4 ±2.1
(iv )  SR93

6.7 11.4Oct 11.7 7.8 9.1 7.0 8.8 9.0
Nov 9.3 8.0 8.1 7.9 12.7 6.1 10.9 8.9

Aver. 10.5 — T 7 T 3 .5 " 773" 10.9 6.4 10.0 10.2

±1.2 ±0.1 ±0.5 ±0.5 ±1.9 ±0.3 ±0.9 ±1.3

fbi Non—arrm forestrv: Mulched and Local control plots

( i )  SR91; A ll  plots s im ila rly  treated
P lots: L M BS
Oct 8 ,8±2.7 8.8±0 .1 8.5±0.1
Nov 9 .6±2■9 9.8±0.7 10.0±0.2

Average s.z±z.B 9.3±U.3 9.3±0.o
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P lo ts : M BS
(11) LR92 -  From this season plots treated d iffe ren tly

Jun 13.7±4.8 14.9+5.5 ■ ~ o ? o —
Jul 12.7+4.9 13.9±5.1 9.110.1
Aug 12.1+6.0 11.5+0.8 9.4+0.4

Average 12.9±3.4 14.4±2.3 9.410.3

P lo ts :
( i i i )  LR93 

L M BS
Apr 19.6±9.6 9.8+3.5 7.9+0.4
Jun 19.0±8.4 7.3±1.1 9.110.5
Jul 17.9±8.0 7.1+1.1 7.810.1
Aug 17.5±8.1 6.5+0.5 8.3+0.2Average 18.5±8.5 7.7±1.3 8.310.5
( iv )  SR93 
P lo ts : L M BS

Oct 7.0+1.4 6.2±0.4 6.610.5
Nov 7.7±1.5 8.2±1.6 4.8+0.7
Dec 7 .8±1.8 9.8±1.7 4.6+0.8
Average 7 .3±0.3 8.1±1.5 5.310.9

any pattern rela ted  to  eventual differences in tree  shading. We likewise 

did not fin d  a pattern related  to  mulch cover because a ll had same cover 

in SR91. Table 81a ( i i )  shows that t  values LR92 range from 4.0+0.4 to 

4.6±1.5. Table 81a ( i i i )  shows that 4 values LR93 range from 3.4+1.0 to 

4.9±0.3 while those for SR93 range from 3.8±0.4 to 4.3±0.3 (Table 

8 1 a (iv )).  In a l l  these seasons we did not notice any pattern re la ted  to 

tree  shading nor mulch cover. The AF $ values were comparable to  the NAF 
values (Tables 81b (i). ( i i ) ,  ( i i i )  and ( i v ) ) indicating thermal

homogeneity o f the v e rt iso ls  in the control and AF plots at Matanya. It  

could perhaps be observed that the high v a r ia b ility  (error margins) of 

the phase sh ifts  point towards large irregu lar interventions o f e ith er 

clouds or other changing shades over the p lots, in long term and short

term periods.
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Table 81. Phase sh ift  ($) in hours for each treatment during 
SR91. LR92. LR93, SR93. LR94 & SR94. + was calculated by 
knowing the time the temperature wave attains its  maximum 
and minimum temperatures at 7.5 and 15 cm depths in the 
s o i l ,  (a ) agroforestry, (b) non-agroforestry plots (see 
F ig . 13)

(a) Aaroforestrv: Mulched and Local AF plots

UT5
AFL2

AL2 BL2 
94 376

PT1 PT2 UT4 
P lo ts : AFM1 AFL1 AFM2 

Positions: AMI BM1 AL1 ELI AM2 m2 
94 376 94 376 94 376 

( i )  SR91: A ll  p lots s im ilarly  treated
Average 4.7 4.6 3.4 3.8 3.9 4.0 3.9 -

±1.2 ±0.9 ±0.9 ±0.8 ±0.8 ±3.8 ±0.9 -

( i i )  LR92 -  From this season plots treated d iffe ren tly
Average 4.6 4.4 4.0 4.3 4.1 4.3 4.1 4.6,

±0.4 ±0.4 ±0.8 ±0.5 ±0.5 ±1.4 ±0.2 ±1.5j
d i i )  LR93
Average 4.9 4.3 4.3 4.0 3.9 3.9 3.9 3.4

±0.3 ±0.4 ±0.9 *±0.6 ±0.5 ±2.0 ±0.4 ±1.0

( iv )  SR93
f

Average 4.1 4.3 4.1 3.8 4.3 4.2 3.9 4.1
±0.4 ±0.3 ±0.7 ±0.4 ±0.8 ±0.9 ±0.7 ±0.7

(b) Non-agroforestry: Mulched and Local control plots

( i )  SR91: A ll plots s im ila rly  treated

P lo ts : L I L3 Ml M3 BS
Average 5.1 4.9 3.9 4.3 4.4

±0.5 ±0.8 ±0.6 ±0.8 ±0.7

P lo ts : AL4 BL4 AL5 BL5 AM4 BM4 AM5+BM5 BS
( i i )  LR92 -  From th is  season plots treated d iffe ren tly
Average 4.1 4.1 4.4 3.9 4.5 4.5 4.5 4.4

±0.4 ±0.6 ±0.7 ±0.3 ±0.7 ±0.5 ±0.4 ±0.5
( i i i )  LR93
Average 3.7 3.8 4.1 4.4 3.9 4.2 3.8 4.4

±0.4 ±0.4 ±0.6 ±1.2 ±0.9 ±0.7 ±0.2 ±0.7
( iv )  SR93
Average' 4.8 3.7 4.0 4.1 3.9 4.1 3.9 3.8

±0.2 ±0.3 ±0.6 ±0.9 ±0.7 ±0.9 ±1.1 ±1.3

4.5.3 (d) S tig ter 's  ratios (R »ti)

S t ig te r 's  ra tios as calculated from Eq. 20 were used to estimate 

the thermal e ffe c t  induced by intercrop residue mulch and G. robusta
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canopy shading that altered s o il temperature amplitudes and averages, 

hence the intercrop response to  these changes. The monthly diurnal so il 

temperatures used for calculating R.t i were chosen according to S tig ter 

et a l. (1984): temperature d ifferences in the bare so il and the test

p lot a t the same depth must be iarger than 1*C although in our cases 

evaporation from the so il was not n eg lig ib le  as per the second 

requirement, even not in mulched so il, because ( i )  maize stalks mulch 

used was more e ffe c t iv e  in run-off control rather than evaporation form 

the s o i l ;  ( i i )  so il temperature data used covered strong winds season 

which increased evaporation from the s o il.  Only the data for 7.5 cm 

depth s a t is f ie d  th is c r ite r ion  fo r a ll the seasons chosen. The data for 

15 cm depth d id not, hence we did not use them.

( i )  S t ig te r 's  ratios (R ,t i) in Mulched AF (AMI. AM2) and control

Mulched (M) plots

Table 82a(i) presents average R»t i values for SR91 in Mulched 

p lo ts  (AFM & AFM2) in AF. Average R .*i in position  AMI at 94 cm from 

PTl was smaller than the R»t i in position BM1 at 376 cm from the same 

tree . S im ila rly  average R.t i in position AM2 at 94 cm from unpruned UT4 

was smaller than the R «ti in  position BM2 at 376 cm from the same tree. 

Here G. robusta tree canopies must have influenced R «ti.

Table 8 2 a (ii) presents ' average R « i  values for LR92 in Mulched 

p lo ts  (AFM1 & AFM2) in AF. Again R -ti in position  AMI at 94 cm from 

pruned PTl was smaller than the R .ti in position BM1 at 376 cm from the 

same tree . However th is time in average R «t i in position AM2 at 94 cm 

from unpruned UT4 was larger than the R »ti in position BM2 at 376 cm 

from the same tree. Again G. robusta tree canopies had influence on
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average R«,t l .

Table 82a (111) presents average R.t l  values for LR93 in Mulched 

AF p lo ts  (AFM1 & ATW2) in AF. Again Reti in position AMI at 94 cm from 

pruned PT1 was s ign ifican tly  smaller than the R .t i in position BM1 at 

376 cm from the same tree. Again in average R .* i in position AM2 at 94 

cm from unpruned UT4 was larger but not s ign ifican tly  than the R*t i in 

position  BM2 at 376 cm from the same tree. Again G. robusta tree 

canopies must had influence on average R*t i. The SR93 results present 

the same p icture as the SR91 although the surface cover for the two 

seasons was d iffe ren t as the p lots during the la tte r  season were equally 

treated while fo r  the la tter were d iffe ren tly  treated.

The r e la t iv e  magnitudes o f R.t i with distance from trees show that 

tree  canopy shade can be s ign ifican t in modifying so il temperatures 

c losest to  the trees. R «ti values were higher in SR93 than in previous 

seasons studied. Tables 83b ( i - iv )  fo r  mulched NAF plots a lso show 

higher average R.t i than the previous seasons studied with the highest 

o f 3.23±0.95 being comparable to  that o f AF in position AMI at 94 cm 

from PT1 o f  3.04±0.59. This was due to  higher s o il  moisture in SR93 than 

in the other seasons as more ra in fa ll was received in the la tte r  than in 

the previous seasons studied and higher s o il moisture conserved nearer 

to  the pruned trees (see in Tables 7 & 8 of section 4.1 ).

(ii) Stigter's ratios (R«ti) in Local AF (AL1. AL2) and control

Local (L) plots

Table 83a(i) presents average R .t l  values for SR91 in Local AF 

p lots  (AFL1 & AFL2) in AF. Average R .t i for SR91 in position AL1 at 94 

cm from PT2 was smaller than the R.t i in position  BLi at 376 cm from the
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same tree . This was also true fo r  LR92 but not fo r LR93 and SR93. In 

SR91 the average R.t l  in position  AL2 at 94 cm from unpruned UT5 was 

r e la t iv e ly  la rger than the R ^ i  in position BL2 at 376 cm from the same 

tree . The same picture was seen in LR92 and LR93 while in SR93 R.r.t at
i

94 cm from UT4 was smaller than at 376 cm away although not

s ig n if ic a n t ly  d ifferen t. Again G. robust a tree  canopies must had

influence on average R«rei.

Like fo r  the Mulched case R«*i values were higher in SR93 than in 

previous seasons studied. Tables 83b (i-iv ) for Local NAF plots also show 

higher average R»t i than the previous seasons studied with the highest 

o f 2.62±0.94 being 0.06 smaller than the highest in AF o f 2.68±0.94 

experienced in position BL2 at 376 cm from UT5. Again as pointed out 

above higher ra in fa ll in SR93 caused th is  d ifference.

-  The damping depths, in th e ir  variations but also in th e ir consistency 

under same conditions, confirm the modifications due to the treatments 

as well as the d ifferences due to  e a r lie r  induced and natural 

inhomogeneity (e.g. slope e tc . )  of the AF plots and the change in

control p lo ts . Although certa in  consistent d ifferences between seasons 

may be due to  the d i f f ic u lt y  to  determine shallow depths in worked so il 

surfaces, d ifferences in s o i l  moisture are c lea r ly  the most determining 

fa c to r  fo r  between season and within season differences in damping 

depths. Another factor confusing the picture is  variable shading 

as fa r  as i t  does not average out as an environmental constant over 

longer periods. Many factors were met in the previous section that 

induced such changes, such as mulch blown over plots, wind induced 

movement o f  tree crowns and crops, as well as the annual growth o f the

la tte r .
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Table 82. Thermal e ffe c t  o f G. roJXista canopy shades and crop 
residue mulch plus minimum t il la g e  as estimated from 
S t ig te r 's  ratios R.t l : R .t l  -  Ihm/br* where Dr. and Dr. 
are d ifferences between the monthly and actual averages 

o f  diurnal temperature pattern at the same depth for bare 
s o il and the Mulched s o il  respectively, (a ) agroforestry 

(b) non-agroforestry Mulched plots, and the bare so il.

(a ) Acrroforestry: Mulched AF plots (AFM1 & AFM2)
R«t i = BS/AFM1 - BS/AFM2

Position  AMI BM1 AM2 BM2
(94 cm) (376 cm) (94 cm) (376 cm)

( i )  SR91 -  A ll p lots s im ila rly  treated
October 0.99+0.07 0.8i±().06 0.77+0.14 0.8210.13
November 0.96±0.05 1.36+1.08 0.74+0.22 0.7810.19
Average 0.98±0.02 1.09±0.28 0.7610.01 0.8010.02

"1 1 1 ) LR92 -  From this season plots treated d iffe ren tly
March 0.6810.48 0.7710.39 0.9910.41 1.07+0.42
June 1.1310.17 1.2710.31 1.2810.45 0.7210.81
July 1.0910.91 1.3010.84 1.58+0.76 1.2010.82
August 1.19+0.38 1.1710.63 1.51+0.93 1.2910.73
Average 1.0710.12 1.1310.21 1.3410.23 1.0710.21

( l i i )  LR93
April 0.9810.51 1.33+0.54 1.20+0.57 0.8810.41
June 0.8710.19 0.9910.26 0.9010.17 0.6710.50
July 0.96+0.09 0.9210.30 0.9910.09 0.54+0.26
August 1.0010.30 0.9210.31 1 .2U0.27 2.06t0.92
Average 0.9510.05 1.0410.15 1.0810.13 1.0410.60

(iV)  SR93
October 4510.63 2.0010.87 1.7410.87 1.9710.84
November 3.6311.52 2.87tl.04 2 .50±1.19 2.63±x.04
Average 3.0410.59 2.4410.44 2.1210.38 2.4010.43

(b) Non—aoroforestry: Mulched control plots

Position
BS/M

( i )  SR91 - Old control p lots
October —

November 0.8010.05
P lo ts  treated d iffe ren tly  from LR92 to  SR93

BS/M
(ai )  LR92 ( i i i )  LR93
March Apn 1 1736i0.41
June 1.96+0.56 June 1 .6810 .73
July July 1.5010. 62
August 1.1710.15 August , 1.43i0.59
Average 1.67i0.30 Average 1.4910.12

( i v )  SR93
October 1.95+0.09
November 3.5210.21
December 4.2210.43
Average 3.2310.95
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Table 83. Thermal e ffe c t  of G. robusta canopy shades and
not mulching plus deep t i l la g e  estimated from S tig te r 's  
ra tio s  : R .t i = Dt »/ I> n , where I> r . and Dt l  are 
d iffe ren ces  between the monthly and actual averages of 
o f diurnal temperatures patterns at the same depth for 
bare s o i l  and the Local p lot respectively.
(a ) agroforestry (b) non-agroforestry Mulched plots, 
and the bare soi 1.

1 (a) Aqroforestry: Mulched AF plots (AFM1 & AFM2)

R*m -  BS/AFL1 Rani - BS/AFL2
Position  AL1 ELI AL2 BL2

(94 cm) (376 cm) (94 cm) (376 cm)

( i )  SR91 -  A ll p lots s im ila rly treated
October 0.50±0.10 0 .78±0.10 0.65+0.07 0 .34±0.07
November 1.04±0.98 0.94±0.16 0.63+0.24 0.6110.40
Average 0.77±0.27 0 .86±0.08 0.64±0.01 0.4810.14
f n )  LR92 -  From th is season plots treated d iffe ren tly
March 0.85±0.50 0 .96i0.57 0.69+0.34 0.6310.43
June 1.33±0.18 0.91±0.58 1.84+0.84 0.93+0.58
July 1.00±0.98 2 .25l0.83 1.03+0.88 1.16H.05
August 0.93±0.21 2.06+0.88 0.70+0.11 0.6310.47
Average 1.Q3l0.18 1 .55tQ.61 1.07±0.47 0.84±0.22

I (111) LK93
April 1.00+0.51 1.27+0.78 1 .14±0.39 0.7310.45
June 1.06+0.23 1.04+0.69 1.61+0.18 0.7510.47
July 1.14+0.10 0 .60±0.26 1.31±0.26 0.4710.22
August 1.54±0.18 0 .73±0.64 1.65±0.46 0.4610.28
Average 1.19±0.21 0 .91±0.26 1.43±0.21 0.6010.14

' ( iv )  SR93
October 2.00±0.93 1 .58±0.76 1.65+0.75 2 .04i0.78
November 2.39i0.98 2 .75±1.87 2.58+1.11 3.3111.45
Average 2.20±0.20 2 .17±0.59 2 .22l0.37 2.6810.64

(b) Non-agroforestry: Local control plots

R -ri: BS/L
( i )  SR91 -  Old control plots

October — n o s i o e r
November 0.61+0.02

L Average 0.84±0.23
1 New control p lots used from LR92 to SK93

R - t i : BS/L
( i i )  LR92 ( i i i ) LB93
March April 0.89+0. 19
June 1.14±0.23 June 1.11±0. 39
July July 0.95±0.35

August 1.26±0.27 August 1.01+0. 17
Average 1.20±0.60 Average 0.99±0.08
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( iv )  SR93
October 1.40±0.23
November 2.78±0.38
December 3.69±0.16
Average 2.6210.94

I t  is  these fluctuations and variations that somewhat spoil the 

use o f  S t ig te r 's  ra t io  as an indicator o f thermal e ffic ien cy  af 

mulches' under shade. However, the strong reaction o f the R.t i: values 

under moisture, as shown in SR93. is revealing, but with th is trend in 

mind the d ifference between pruned and unpruned plots cannot be 

understood. The d ifference between Mulched and Local plots should give 

lower values fo r  the non-mulched plots, which is  fu lly  true for SR91: 

where R^ti reveals residual e ffec ts  from former use. o f which the 

existence is  th is way independently confirmed. I t  is  true for LR92 for 

the unpruned situation only, and for LR93 only fo r the 376 cm in the 

same situation . For SR93, however, i t  is  only true fo r  the pruned 

situation . For the NAF p lots  i t  is true everywhere, apart from SR91 

where i t  is  equal and no d iffe ren t residual e ffe c ts  occur. The fact that 

NAF plots and SR91 g ive  R ,t i values that can be understood, while the 

other seasons give changing variations, indeed points to  local factors, 

residual as well as environmental, that influence the values too much in 

an unknown way. In combination with the e a r lie r  mentioned fluctuations 

and varia tions this leads to  inconsistencies that cannot be explained 

from other data that we took. The inconsistency is larger in Local 

p lo ts , which is  very understandable because the "mulch" is  the deep 

t i l la g e  treatment and inhomogeneity with depth and horizontally occurs. 

The data obtained from Mulched plots are much more consistent, 

pa rticu la rly  under dry conditions fo r  which R»t i was developed. Under
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the la tte r  conditions the re la t iv e ly  l i t t l e  variation  between seasons, 

even more so under pruned situations, reveals that even our mulches even 

with our tre e  canopy treatment differences, contributed together with 

pruning, to  a thermal homogenization not found in other plots. This is 

an important finding.
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CHAPTER FIVE

3 Discussions and conclusions

3.1 Maize and beans intercrops

5.1.1 Comparison within and between seasons

Table A2.1 shows that fo r  the equal treatments of SR91. a rather 

dry season apart from the very beginning, the future mulched control 

p lot (M) had 0.34 t/ha more maize y ie lds than the future Local (L)
i

control p lo ts  and 0.27 t/ha and 0.36 t/ha more than future pruned AFM1 

(fo r  SR91: AFM1 plus AFL1) and future unpruned AFM2 (for SR91: AFM2 plus 

AFL2). fo r  y ie ld s  in the order o f 1 t/ha. These differences, themselves, 

s im ilar w ithin the error margins, were bigger than any standard 

deviation  error margins associated with each mean yield , but the lower 

error margin o f M was either close to  or just within the upper error 

margins o f the other. For bean seeds a rather similar y ie ld  picture 

occurred with only the pruned plots doing better than in the case of 

maize, now coming halfway the mulched controls and the others, with its  

lower error margin only just lower than the lowest two averages. The 

b etter resu lts  in beans fo r  plots with pruned trees is due to 

competition o f maize and neighbouring fn i i t  trees t i l l  SR92 inclusive.

The d ifferences between M and L control plots are due to  their 

h istory as respectively mulched and unmulched treatments, under which 

they were placed by the host institu tion  prior to  our experiments and in 

which ro le  thev continued. In the AF plots the d ifferences must be due 

to pruning versus unpruning o f Grevillea rotusta  trees plus, possibly, 

inhomogeneous clim atic parameters associated with agrofc*restrv system;

such as ours.
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As ea r lv  as SR'91. when trees were s t i l l  young, results from UT1 

show that shading was mainly concentrated in NW. This, and the roots 

from the neighbouring fru it trees, may have s ligh tly  contributed to 

reduction in  yields in AF p lots in contrast to  the control plots. The 

tunnelling e f fe c t  o f the mainly strong southerly winds by the deliberate 

gap in  the southern hedge (SH) for LR92 had not yet been introduced. The 

SH was planted in LR92 and the problem of tunnelling e ffec t came only 

when the hedge had grown ta l le r  (by 5R93). Termite infestation also may 

have exacerbated the problem but was less severe than these other 

factors. However, pruning is  lik e ly  to  be the most important factor 

w ithin the AF plots.

Maize and beans y ie ld  measurements for LR92. which was the d riest 

(in  to ta l r a in fa ll )  o f the seven growing seasons o f the study period, 

gave lowest yields for a l l  seasons throughout the control p lots, as 

indicated in  review Table A2.1 (a ). This tab le also shows that the

minimum t i l l e d  pruned mulched plot (AFM1) had the highest maize biomass 

y ie ld  c lo se ly  followed by Local control (L) while the minimum t i l le d  

unpruned mulched p lot (AFM2). the deep t i l l e d  pruned Local and the 

Mulched control had the lowest. This driest season is the only one where
h

the Mulched control maize g ives  substantial lower yields than the Local 

control although also have lower and upper error margins that overlap.

This coincides with the only season in which beans biomass and
i

seed y ie ld s  are both substantially higher fo r the mulched plots than for 

the Local p lo t3 . be i t  that also these y ie lds are the lowest o f a i l  the 

seasons. I t  is  very lik e ly  that beans took much of the early fa llin g  

p rec ip ita tion  but then also re la tive ly  fa iled . That is why beans biomass 

y ie ld s  are substantially higher than seed y ie ld . The Mulched control 

p lo t had the highest bean seed and biomass y ie ld  shared in beans seed



593

y ie ld s  by the mulched pruned plots, while AFM2 had the lowest among AF 

p lots  (see Table A2.1 (b )).  In beans biomass Local control shared these 

low y ie ld s  while the bean seed yields were far the lowest of a il the 

Local con tro l. In NAF more moisture was conserved in the mulched 

control p lo t than in the Local control. This difference between H and L 

was substantial and was apparently so il moisture driven. This led to  a 

b it  more seed yie lds but less maize yie lds.
i

Y ie ld  comparisons between upper and lower halves of the AF plots 

in LPJ92 indicated consistently higher values, from 2C% to z5% higher in 

pruned p lo ts  t i l l  35% to 45% higher in unpruned plots, the higher values 

belonging to  the mulched p lots , the error margins being in the order of 

magnitude or smaller than the differences. We w il l  come to the causes o f 

these d ifferences  la ter on.

The conclusions to be drawn from the above results in the driest 

season o f a l l  suggest that in so il moisture conservation by the two 

methods o f  mulching and root pruning, only one was operatively e ffe c t iv e  

in LR92. that is  mulching in NAF beans and in pruned AF maize and beans, 

in the la t te r  for seed only. For LR92 pruning was not yet operatively 

e f fe c t iv e  in the quality o f AF yields, pruned and unpruned, while only 

mulch gave a d ifference between pruned and unpruned. In the NAF mulching 

in maize was not e ffe c t iv e  because o f competition from beans. 

Competition (in  th is season between beans and maizei may induce water 

stress to  which bean plants are not to leran t: as stomates close at a 

moderate lea f moisture d e f ic i t  of -0.5 MPa (Norman et a !.. 1964). An 

additional e ffe c t  o f rad ia tive  heating may be suggested by the very low 

value o f bean seed y ie ld  in NAF Local p lot. Results show that a high 

biomass may not necessarily produce a higher seed yield  as under these
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drying up conditions more dry matter may remain in the vegetative phase 

than may go to  fru it (or seed) parts. Norman et al. (1984) contend that 

more lea f area (or increased biomass) does indeed not necessarily 

increase seed y ie ld . Seed y ie ld  is  correlated with the number o f pcds 

per plant and number o f plants surviving to maturity (Norman et al . .  

1984). both negatively influenced by increasing water stress.

For SR92. the wettest o f  the seven growing seasons o f this study, 

apart from the very beginning, the results o f maize biomass and grain 

y ie ld s , and bean biomass and seed y ields presented in Table A2.1 (a) 

show that with no exception the AF yields were the highest obtained, 

only in AFL1 shared fo r  beans with SR94. The e ffe c t  on maize and beans 

biomass y ie ld  and grain respectively, bean seed yields o f mulching 

existed, although only large for maize biomass and perhaps for beans 

biomass in unpruned AF as well as fo r grains and seeds in NAF control 

p lo ts .

I f  we may in fer a pruning e ffec t from the comparison o f Local 

y ie ld s , fo r  maize biomass the e ffec t is opposite to that fo r bean 

biomass and perhaps o f maize grain and bean seed yield , tut a ll e ffe c ts  

are small compared to  the error margins. I t  seems that under the wetter 

conditions again mulching is  more operative than pruning, but the la tter 

additional e ffe c ts . This is  confirmed by the comparison of mulched AF 

p lo ts .

The resu lts o f the weights o f cobs in AF (see Table 19) show that 

low weights obtained for cobs from plants next to  unpruned trees  also 

suggest that there was some competition for s o il  water between unpinned 

Grevilleas  and maize plants during the period o f adequate ra in fa ll like 

SR92.
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The e f fe c t  of mulch on water conservation are well known (see 

chapter 2 ). The competition fo r  so il moisture between trees and crops 

brought about by the overlapping o f depletion zones (root system 

sorption zone and root surface sorption zone) o f the intercrop and tree 

root systems. The 'root system sorption zone re fers  to the volume of 

s o il occupied by roots as determined by using a segment of a sphere with 

a mean radius o f root spread and depth o f rooting (Armson. 1977). This 

g ives a quantitative approximation o f the to ta l so il volume o f root 

exp lo ita tion . Root surface sorption zone' is the volume o f so il within 

one centimeter o f any root surface determined by calculating the volume 

of s o i l  associated with root lengths by diameter classes. This is  an 

indirect measure of rooting intensity. This according to. for example. 

Palaniappan (1985) may cause over-crowding o f the roots (from the two 

systems) in the so il where the surface area o f the root system becomes 

larger than that of the shoot, resulting in higher competition fo r so il 

resources. The uptake o f water and nutrients by the roots from the so il

establishes a concentration gradient along which these substances
>

d iffu se  or move by mass flow to  the roots. These movements soon depletes 

the s o il around the roots o f these substances resulting in slowed down 

growth. Experience has learnt that the depletion zone for water for a 

s in g le  root extends to a radius o f 25 cm. This applies to  the 

"additional e ffe c t"  o f pruning that we observe. Root pruning, which 

a ffe c ts  30 cm of the upper s o il layer only, helps to reduce la tera l 

competition within these layers. However, when roots have to go beyond 

30 cm in search o f s o il resources, th is depth becomes too shallow to  be 

e f fe c t iv e .

The results o f the measurements o f the per cent y ie ld  components 

o f maize ( i . e .  cob. grain and biomass weights) fo r  SR92 in both AF and
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NAF suggest that the ra tio  by weight o f cob. grain and biomass in the 

to ta l weights produced per row were on the average nearly 1:3:6. The cob 

and grain weights per row were d irec tly  related  to  each other and 

inversely re la ted  to the biomass weights. An increase in stover biomass 

tends to  resu lt in a corresponding reduction in the weights of cob and 

grain components. The cob weights per row tended to be more stable 

around th e ir  mean values than the grain and biomass weights. This and a 

quantita tive idea o f the enormous fluctuations in yields in AF plots per 

row and w ithin rows were among the most important results obtained from 

SR92 data and could be used to  model maize y ie lds  for the semi-arid 

areas from weather parameters.

Results for LR93. which was particu larly  dry in the f i r s t  two 

months, maize biomass and bean biomass and seed yields presented in 

Table A2.1 show that there was more o f each y ie ld  in the NAF than in AF 

p lo ts . This w ill repeat i t s e l f  from now onwards in a ll seasons. The 

e f fe c t  is  now more substantial because o f root pruning o f the 

neighbouring fru it trees from LR93 onwards. Within the NAF plots yie lds 

were more or less equal. given the error margins and the d ifferences 

concerned. I f  anything, a s ligh t depression in maize biomass is  noticed 

fo r  the mulched plot, but th is  does not repeat i t s e l f  in the seasons of 

the same kind. This may have been due to physical damage by termites 

which res id e  in and eat mulch materials and sometimes small roots o f the 

intercrop plants during the time when there is  l i t t l e  moisture availab le 

even fo r  the termites. The f ir s t  two months were re la t iv e ly  d r ie r  in 

LR93 than in the other two seasons. The term ites were often absent in
I

unmulched plots and in mulched plots during rainy periods.

The fru it  trees comprising loquats and guavas were bordering the 

pruned mulched plot (AFM1) on one long s ide and by the pruned Local
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(AFL1) on the other side. We demonstrated th is bv digging durina land 

preparation fo r  LR93. We dug 50 cm deep trenches at the borders between 

AFM1 and the fru it  trees and between AFL1 and AFM2 to exclude the roots 

frc® the loquat and guava fru it  trees and unpruned Grevilleas in the 

adjacent p lo ts  from invading the pruned Grevilleas area o f the AF plot.

In AF plots pruned mulched with minimum t il la g e  (AFMI) had most 

maize and bean y ie lds. Only fo r  maize biomass th is  w ill repeat i t s e l f  in 

a l l  further coming seasons, differences becoming more and more 

substantial with time. They show the trend and cumulative advantage of 

mulch application and pruning with time (tree roots becoming more and 

more developed) to increase yields, be i t  in it ia l ly  small, whose 

cumulative e ffe c ts  makes such increases important. For maize the e ffe c t  

o f pruning on the Local control plots appears not to remain as strong as 

in LR93 but a depressive e f fe c t  In the mulched unpruned plots is  also 

returning in  a l l  the seasons a fter LR93. This has slowly built up from 

the beginning of the experiments and was fo r example also already 

v is ib le  in maize gram  y ie ld s  o f the previous season. I t  occurs a lso  in 

bean y ie ld s , be it  not always as strong as in LR93 and there i t  occurs 

p a rticu la r ly  in bean seed y ie ld s . The reasons fo r this y ie ld  depression 

in AFW2. that particu larly occurs in the upper ha lf of p lots may be due 

to  aging o f trees that expand their roots (which decrease re la t iv e  

y ie ld s  in both AFM2 and AFL2) and the e ffe c t  o f higher turbulence and 

wind. The la tte r  e ffe c t  comes from two sources e ffe c t iv e  in the upper 

h a lf o f p lo ts . The increased turbulence due to  the environment outside 

the AF p lo ts  v isu a lly  disturbs plant growth particu larly  in AFM2. during 

LR where th is e ffe c t  was largest. This combined more and more with the 

e f fe c t  o f the growing southern hedge (that was planted early  in the
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experiment (LR92). the gap in which increasingly necratively influenced 

the upper parts o f both AFM2 and AFL2. I t  also should be recalled that 

from L£93 onwards AFM1 and to  a lesser extent AFLl yields increase 

because o f root pruning of the neighbouring fru it trees. For SR seasons 

i t  must be the same increased wind/turbulence e ffects  acting before 

sowing, decreasing the available soil moisture before the rainy season 

actually  s ta rts . In AFW2 an e ffe c t  o f termites adds to the above, but 

given the resu lts in AFM1. they must in that case have had more 

influence on otherwise weakened plants. In both unpruned AF plots a b it 

more shading may also be an additive factor but the difference between 

Local p lo ts  do not confirm this. Throughout the last four growing 

seasons, pruning has very l i t t l e  e ffec t on bean seed production arid only 

occasionally  on bean biomass production. Also the influence of mulching 

on bean biomass and seed y ie ld s  reduces a fter LR93. This appears to  be a 

prove that in AF conditions maize competition is  e ffe c tiv e  in the upper 

layer, where most bean roots are. That th is  competition apparently 

occurs less  in NAF p lots, given the overa ll higher yields there 

throughout, must be due to  the higher s o il moisture in NAF plots. 

Apparently, although a ll indications g ive  higher yields due to more so il 

moisture (and other e ffe c ts ) in the lower parts o f AF plots, there is 

s t i l l  s o i l  moisture running o f f  the AF plots, a fte r  which less is  le ft  

fo r  which competition between beans and maize is  particu larly strong.

From the resu lts o f  LR93 and a ll seasons beyond we can also 

conclude that competition between the intercrop (maize and beans) and 

the AF trees  with increased root growth for so il moisture, resu lting in 

overa ll lower y ie lds in AF than in NAF. is  evident during a season with 

less r a in fa l l .  Plant residue mulching as applied is more e f fe c t iv e  in 

pruned and minimum t i l le d  s o il than in NAF in particularly the driest
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seasons, which must be due to  the slope of the AF land. After new 

control p lo ts  were added any residual e ffe c ts  appeared small.

The SR93 season is  covered by the above. Results fo r LR94 maize 

biomass y ie ld s  as presented in Table A2.1 show th is time exceptionally 

large d ifferences  in maize biomass within the NAF themselves, where M 

had more than twice more biomass than L. The differences within NAF 

p lo ts  showed how the NAF y ie ld s  in Matanya can fluctuate even within the 

seasons themselves. I t  is indeed particularly the mulched control that 

is  out o f tune in the between season and within season comparisons. It  

is  c lea r from Table A2.1 that both last seasons. LR94 and SR94. are the 

b e tte r  ones a fter SR92. which is confirmed by the ra in fa ll data. 

Mulching in  NAF plots therefore becomes overwhelmingly important. The 

p icture fo r  the other treatments, in AF. remains re la t iv e ly  the same for 

these two seasons as before, with mulching not e ffe c t iv e  fo r  beans in AF 

p lo ts  in SR94.

The decrease in bean yields over the last three seasons due to 

strong competition with maize and related water stress may have been due 

to  plant m ortality and fa ilu re  o f flowers to produce mature pods, due to 

th is  water stress which occurred at d iffe ren t stages o f their 

development as reported in the phenology sections o f th is thesis. This 

may have resulted in abscission of flowers and fa ilu re to  set and f i l l  

pods (Norman et a l . 1984). Also here tree roots from farms or wood lot 

may cause interference in neighbouring farms. For s o il  water 

conservation measures to succeed, one should try  to exclude the threat 

o f invasion o f tree roots from the neighbouring plots.

From the monitoring of phenological phases of maize hybrid H511 we

used in this study, we can only draw conclusions from the SR92 results.

For the remaining six other seasons the maize crop failed and therefore
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*u ll phases were not reached. SR92 was a good year although plant growth 

was Interrupted in the ea r lie r  stages as ra in fa ll disappeared only to 

come la te  and salvage the intercrop. The ground was wet and the 

atmosphere was cold. The plants, which were planted on 4th October were 

harvested 176 days la ter on 23th March when the LR92 crop would have 

been in the ground. This interfered with land preparations fo r the LR92 

season although even here ra in fa ll came rather late. In this regard 

perhaps hybrid H511 is  not appropriate as i t  takes too long before 

reaching maturity when conditions such as experienced in SR92 prevail. 

The periods from planting to harvesting o f beans (Table Al) ranged from 

104 days fo r  LR93 and LR94 to  110 days fo r SR91 and generally tended to 

be somewhat longer during SRs than during LRs. However these 

d ifferences were agronomically not marked.

In the on-farm situations the small-scale farmers trv other 

hybrids such as H626 which they do dry-plant one (or twoi month (si 

before the main rains in the hope that should such conditions as SR92 

come the crop w ill mature just before the onset o f the next season. They 

often  lose th e ir  seed through such tr ia l and error methods.

A conclusion to  be drawn from these overa ll results is  that well 

planned water abstraction and rain water harvesting would be a solution 

for lim ited  irr iga tion  to  grow maize va r ie t ie s  that require less 

ra in fa ll arid can grow faster than the H511 that is  currently being used.

I t  has been pointed out in Chapter 2 that water stress in maize 

influences both vegetative and reproductive growth resu lting in 

lim itation  o f  maize y ie ld . Even with more abundant vegetative growth, 

drought can prevent grain y ie ld s  to occur. I t  should also be considered 

that where water stress cannot be avoided maize should be replaced by
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sorghum and pearl m ille t, the two crops which according to Norman et al. 

(1984) have lower water requirements than maize. The problem, however, 

with such a statement is that food habits w il l  for the time being 

prevent such changes.

5.1.2 Comparisons of on-station and on-farm resu lts

5.1.2 (a) On-farm results 

( i )  Kiahuko-A

The resu lts  fo r Kiahuko-A on-farm for SR93. the comparison o f the 

biomass y ie ld s  in the pruned part of Coleus barbatus live-fence with the 

unpruned part, show that closest to the fence pruning accounted for 10% 

increase in biomass y ie lds, which increase though small as far" as r e l i e f  

measures are concerned, may provide the farmer in such a dry environment 

as Matanya a bonus to  his livestock or provide mulching materials. The
i

biomass y ie ld s  in the open General Control p lot (GC) were lower than 

c loser to  the live-fence due to exposure to the aerodynamic and 

evaporative e ffe c ts  in th is  part of the f ie ld  which has no windbreak 

e f fe c t .  Add itionally competition for water between maize and a mature 

Eucalyptus tree growing nearby may have a ffected  the yields negatively.

The maize biomass y ie ld s  for SR94 were much lower than fo r  SR93 

due to less ra in fa ll received during early crop establishment in SR94 

than SR93. However the same trends are observed. Comparing 5R94 maize 

biomass c losest to the live-fen ce  in pruned and unpruned fence, we see 

that pruning accounted fo r  34.2% increase in biomass y ie lds, which is  a 

substantial increase, although error margins strongly overlap. The 

farmer would be very pleased with such an increase, although he would 

s t i l l  need grains to  avert hunger. The GC obtained the highest biomass
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y ie ld s  although i t  had shorter plants: which according to Norman et a l. 

(1984) is due to  dry matter distribution within the crop and to  the 

s e n s it iv ity  to  water stress o f both net photosynthesis and partitioning 

o f assim ilates.

(ii) Kiahuko-B

The resu lts  o f the comparisons o f maize biomass yields in pruned

and unpruned plots with those in mulched control plots for SR93 and LR94
)

g ive  substantial y ie ld  reductions attributable to shading by the 

Grevillea robusta trees in the Kiahuko-B on-farm (see Table A2.2). which 

made root pruning appreciably less e ffe c t iv e  under such conditions and 

competition fo r water between the unpruned trees and the crop less 

operative.

S im ila rly  comparisons o f Local plots in AF with the Local control 

g iv e  y ie ld  reductions which again we attribute to heavy shading which 

reduced the e ffe c t  o f other factors such as pruning and mulching.

The same conclusions can be drawn fo r LR94 seasons as shading by 

the trees became heavier with the age o f the trees, pruning and mulching 

became less  e ffe c t iv e .

SR94 as the only season that produced seme maize grain was again 

a ffec ted  by shading, which reduced the y ie ld  differences between 

d iffe ren t treatments thus nu llify in g  the positive e ffe c ts  o f these 

treatments in both AF and the control plots (see Table A2.2). The error 

margins indeed overlap although the d ifferences are always in the same 

d irec tion . Only the e f fe c t  o f mulching seems fu lly  n u llif ie d  by the 

heavy shading. but the e ffe c t o f pruning, although numerically 

appreciable and within the large error lim its , is  certain ly diminished



603

and does not bring su ffic ien t re lie f (a** ;

The same conclusions hold for the bean , ,

there were no y ie lds in AF plots due to «• ■
¥ M l %

substantial d ifferences among treatments in M}

5.1.2 (b) On-farm and on-station comparisons

A comparison o f the e ffec t of Grevillea robus*« . . .

at Matanya (Table A2.1) with that at Kiahuko-B (>  • ‘

indicate that the d ifferences between two a u lc - :  t ** •«-

its  error margins, which showed that the two plots r> -  

unpruned mulched p lots Kiahuko-8 produced more bi 

d ifferen ces  in the pruned and unpruned Ucal

locations nn^duced eoual maize
biomass yields g i™  '

margins.
in  pnmed «rriIn LR94 the d ifferences in pruned 

pruned and unpruned Local plo.-' 

produced markedly higher maize bio

the lower y ie ld s  in the la tter was a'

^  in maize W
Tables A 2 .1  & A 2 . 2 ) . The differences • •

7 “  'W *  ̂ ^  1 ^

Matanya because the heavy shade
T oq4 was opc'

y ie ld s . The situation  roi c * a
__.il dis18̂

ra in fa ll varia tions over a sm K

in ’turn manifests in variations



604

Comparisons o f d ifferen t treatments in Matanya AF (Table A2.1) and 

Kiahuko-B AF (Table A2.2) show that in SR94. a supposedly good season at 

Kiahuko-B. shade reduced the biomass yie lds in the on-farm to a level 

where i t  equalled the biomass yields in Matanya. The biomass yields 

d ifferen ces  in the control p lots at the two locations were c learly  in 

favour o f the on-farm yie lds. Only Kiahuko-B on-farm maize gave actual 

gra in  y ie ld s  o f paramount importance to  the farmer.

The on-farm results compared to  the simultaneously obtained on- 

s ta tion  resu lts  for yields therefore show that appreciable differences 

may occur between the control plots at the d iffe ren t s ites. For the best 

on-farm season (SR94) heavy shading in Kiahuko-B reduced these 

d iffe ren ces  and for the worst on-farm season the already bad on-farm 

resu lts  were c lea rly  worsened by this heavy shading. One may therefore 

conclude that with the shading reduced the remarkable biomass and other 

y ie ld  d ifferences observed over very 3hort distances would have come out 

in AF p lo ts  as well.

5 .2 S o i1 moisture

Results from the ca libration  o f neutron probes at Matanya show 

that on average there was a higher scatter o f dry bulk density at lower 

values o f volumetric s o il moisture content. VSMC (0) . than at higher 

values, which was due to  contraction o f the Verto-luvic phaeozem so ils  

on drying, thereby forming shrinkage cracks and lumps (clods) which get 

f i l l e d  with a ir . thus inducing heterogeneity in dry seasons and becoming 

r e la t iv e ly  more homogeneous under wet conditions. The conclusion that 

may be drawn from th is is  that in the dry season, when the v e r t ic  so ils  

become too dry. such that they form shrinkage cracks, the neutron probe 

may not measure s o il moisture accurately as the radius o f sphere of
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importance o f the meter becomes very large. The cracks also exposed 

somewhat deeper so il to desiccating strong winds during the LRs anl 

stiong rad ia tive  heating which depleted the s o il o f moisture in the 

upper layers even more, as shown by so il moisture results during drv 

seasons and in LRs more than in SRs. for example LR92. when top so il 

layers had less moisture than the deeper layers.

From resu lts o f s o il moisture measurements from gravimetric 

samples fo r  1992 we learn that the so il surface (at 7.5 cm depth) became 

very dry during the cool dry season (CD) and very wet during SR92 that 

followed. The control p lots were drier than the AF plots during but 

became wetter during SR92. The dryness was caused by strong winds which 

desiccated the top so il in the unsheltered control plots.

Results for VSMC near pruned and unpruned AF trees show that 

during the seasons o f maize crop fa ilures (a l l  seasons except SR92) the 

s o il  water was mainly confined to  the deeper layers. Deeper percolation 

occurred during a short number o f days that the whole p ro file  was above 

f i e ld  capacity, which was followed by direct evaporation at the very top
l

o f the p ro f i le  and through plants. The periods between ra in fa ll 

occurrences were large and allowed enough time fo r  the water to  be used 

up in the layers holding the roots. The wetter season had more 

permanently higher VSMC values nearer the surface, when ra in fa ll 

d is tr ib u tion  was not skewed, than the drier seasons (or wetter seasons 

with skewed ra in fa ll d is tr ibu tion ). Hence the s ix  seasons could not 

produce maize yields, making SR92 stand out as the only season that gave 

maize gra in  yields.

Average VSMC measurements with the neutron probe during SR92

indicated more s o il moisture than during LR92 at a l l  the depths and
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distances from the Gi~evi 1 leas. The 30 cm depth had most pronounced so il 

moisture amounts during both LR92 and SR92. The marginal differences in 

average VSMC during SR92 between pruned plots (AFM1 & AFLi) and unpruned 

p lo ts  (AFM2 & AFL2) and M and L were in the AF plots amplified in small 

y ie ld  d ifferen ces  between the treatments, with pruned Mulched minimum 

t i l l e d  p lot (AFM1) and unmulched deeply t i l l e d  Local plot (AF12) havina 

the highest maize biomass and in the former the hiahest beans biomass 

and beans seed y ie lds of the AF plots in SR92. as indicated in Table 

A2.1. The y ie ld  differences are higher in beans because the top s o il has 

highest fluctuations of and competition for s o il  moisture, particu larly 

between maize and beans, o f which the la tter are susceptible. AFM1 and 

AFLI are almost equally wind protected during strong winds which occur 

in the course o f LRs.

Results o f agronomically important deviations o f so il moisture 

from averages and d ifferences between access tubes o f d iffe ren t 

agronomical ly  important depths show that so il moisture in the AFMi had 

genera lly  hiahest pos itive  deviations while AFL2. our supposed worst 

case, particu larly  for beans, had generally highest neaative deviations, 

although rather some deviations were too small to  be of agronomic value. 

I t  may be noted that s o il moisture averages over the fu ll so il p ro file  

t i l l  170 cm. over the fu l l  season gave fo r  example in LR93 arri SR94 

values that indicate that maize varieties  with deeper roots would have 

had more chance to  y ie ld  grain as su ffic ien t water s t i l l  was available 

in  layers bevond the present rooting depths. The resu lts of 

agronomical ly  important d ifferences o f so il moisture show that in SR9*. 

between up-slope and down-slope in the agronomical ly important layers 

there are not very remarkable d ifferences. Overall, at the three
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distances from trees trends are certainly not identical but any existing 

trends g ive more moisture in the Mulched Druned plots and. up-slope, 

more moisture closer to  the trees. Again a confirmation of somewhat more 

y ie ld s  in AFM1 as influenced by increased moisture due to pruning, 

mulching and minimum t i l la g e  in AFM1. although the roots of the fru it 

trees have certa in ly  reduced these e ffec ts  because these roots were only 

pruned in the LR93 season.

We therefore conclude here that crop residue mulch was more 

e f fe c t iv e  as a water conservation method when applied in the somewhat 

sloping AF plots that had been root pruned and minimum t i l le d .  

Apparently as combination o f minimum tilla a e . mulching and root-pitimng 

th is method is  ideal fo r  so il moisture conservation in semi-arid 

agroforestry systems. However, for the last four seasons the depressing 

e ffe c ts  o f  maize on bean y ie ld s  in AF plots (and in NAr this apD lied 

also to  SR92 for beans) and the hioher yields in a ll NAF plots show that 

with the small amount o f crop residue that we used so il moisture was 

s t i l l  lost through run o f f  beyond the AF plots.

We can conclude from the results o f analysis o f equivalent access 

tubes for LR92 and SR92 that at the three distances from the trees due 

to  grav ity  more s o il moisture was found down-slope in the lower ha if of 

AF than in the upper half and within AF this phenomenon was stronger in 

mulched p lo ts  than in the Local plots. Up-slope more s o il moisture is 

found c loser to  the trees. There was surprisingly very l i t t l e  d ifference 

in so il moisture trends between the d riest season (LJ?92) and the wettest 

season (SR92).

From the results o f s o il moisture trends with the distance from 

the pruned Grevilleas (PT1 & PT4) in the Mulched and minimum t i l l e d  plot
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(AFM1) we observe a general decrease o f so il moisture with the distance 

from the trees  between 94 cm and 188 cm and then an increase between 188 

cm and 376 cm in the agronomically important layers ( i . e .  18-90 cm

depths) fo r  both LR92 and SR92.. Soil moisture trends with distance from 

the trees  (FT2 and PT5) in the pruned Local p lot (AFL1) show that so il 

moisture increased between 94 cm and 188 cm and then decreased beyond 

188 cm. with most strik ing increase being at 30 cm depth. For unpruned 

cases the s o il  moisture was lowest closer to  the trees arid increased 

with the distance from the trees although very inconsistently so in the 

layers o f agronomic sign ificance. Integrating these opposite trends it  

would support the finding that low yields were found closer to  the 

unpruned trees  where moisture was low and high yields closer to  the 

pruned trees  where moisture was rather high, the differences in seasonal 

d is tr ibu tion  notwithstanding.

The LR94 and SR94 resu lts  for the on-faim live-fence experiment 

at Kiahuko-A show that competition fo r  so il moisture between crop and 

fence roots  may be substantially reduced by root pinning. There was 

s im ila r ity  between places for d ifferen t seasons among pruned and 

unoruned respective ly  within the treatments lik e  for the Gi'&vi 1 J&ss in 

the on-station. A ll tubes closest to  the live-fence in the unpruned area 

showed that there was least so il moisture at 90 cm from the unpruned 

liv e - fen ce  compared to the other two distances away from i t .

The conclusion on our hypothesis with respect to the so il moisture 

w il l  be given  a fter the y ie ld s  results are a lso  concluded on.

The LR94 and SR94 resu lts  for the on-farm GreviJlea experiment at 

Kiahuko-B show that pruning on the on-farm was marginally important 

agronomically as the trees were very close together. The small sDacing
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between adjacent Grevillea  rows and within such rows enabled the 

canopies to  c lose  up and almost completely shade the ground, thereby 

reducing plant photo-synthesis, d irect evaporation from the ground and 

s o il  temperature gradients, aided by lea f mulches that f e l l  on a ll 

p lots, thus making the e ffe c t  o f our intervention with mulch 

in e ffe c t iv e . The so il moisture in the agroforestry plots was appreciably 

less than that in the control plots but mulch did not improve the 

control s itu ation . Also here within season distributions could change 

the p icture but given the canopy influence this is  not very lik e ly  here.

The application o f our hypothesis for s o il water conservation 

implied that increased final y ie ld s  could be obtained by application of 

crop residue mulch at 3 t/ha. by pruning o f agroforestry trees and liv e -  

fence and by minimum t i l la g e .  This was proved wrong for a l l  but the 

d r ies t and the wettest seasons, in the latter only the maize grains
i

aithouerh the AFM1 p lot, which was minimum t i l l e d  and mulched and had 

trees that were pruned, had hiaher fina l yields than the other AF plots 

(AFLl. AFM2 and AFL2). The combination o f the mentioned r e l ie f  measures 

resulted in higher y ields in the NAF plots fo r  those seasons. Remaining 

competition fo r  water must be the spoiling factor in our set-up. 

However, fo r  maize grain in the wettest season SR92 high and low y ie lds 

are comparable in AF and NAF plots and the same applies to  maize biomass 

in LR92. And fo r  beans biomass (lowest values) and bean seeds (highest 

values) in LR92.

5.3 Strong winds at Matanya

I t  is  important that we could conclude from the three ca libration

exercises that no corrections were necessary to  individual e le c tr ic a l
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cup anemometers during periods between or otherwise close to the times 

of ca lib ra tion s , because the instruments did not deteriorate with time 

during experimental periods at Matanya.

We may conclude from the results o f wind d irection  studies fo r the 

period o f strong winds (June-September). that these winds blow over 

Matanya from mainly southerly direction, and have rather small south

easterly  and southwesterly components.

From the results o f protective e ffec ts  o f the elements in the AF 

we find that according to the c r ite r ia  of Heisler and Dewalle (1980), 

Seginer (1975) and Sturrock (1969), only crops in the lower part o f AF 

(row 1) were e ffe c t iv e ly  protected as the protective e ffec t o f the 

hedge. E, was measured to be greater than 0.2 there ( i . e .  E>0.2). The 

sh e lterin g  e ffec ts  o f the Coleus barbatus hedge. assisted by Grevillea 

stems and canopies and the roughness o f other maize plants, cumulatively 

decreased in AFM1 wind sDeeds from the f ir s t  tree line ( i .e .  west to 

east from near SH) downwind to  the last tree. This may partly explain 

the d ifferen ces  in biomass y ie ld s  in AF for 1993 and 1994. The LR maize 

crops in the lower half o f AF were ta l le r  and yielded more biomass than 

in the upper half. We learn from the results presented here that the 

crops were progressively protected from the southerly and south

easter ly  winds. The crops on the leeward side o f each row of Grevj 1 lea 

were add itiona lly  and progressively protected by tree stems and 

canopies, but that influence appears to have only l i t t l e  d ifference 

among the places monitored.

The results from normalized wind speeds (Rsd) in AF show that the 

highest fluctuations were experienced in the protected areas, depending 

on the degrees o f protection, with the highest Rsd observed for the
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positions with the hicrhest protection and therefore lowest wind speeds. 

Many things mechanically influence daily average wind speeds with trends 

that increase the Rsd-values: increasing biomass of the protective

elements, that is  increasing biomass o f hedge, the canopies and maize 

plants during rainy periods, when there is increase in fo liage, cnange 

biomass influence with wind sp>eed and wind angle.

I t  is  important that resu lts for the use o f Piche evaDorimeters as 

au x ilia ry  anemometers gave very high correlation coeffic ien ts  (r ) 

between wind speed reduction ratios and Piche evaporation reductions. 

The o ve r-a ll picture is that calculated values o f wind speeds were very 

c lose  to the measured values, thus confirming the Piche as a cheap 

a lte rn a tive  fo r  wind speed extrapolation and interpolation in semi-arid 

agro fo restry  systems. Differences between the calculated and measured 

wind speeds were mostly less than 5%, even in what appeared as the worst 

case, without point (0 .0 ). The results also show that the method o f 

using a reference point in an open area (lik e  cup 55) was for a 

s u ff ic ie n t  sample in fe r io r  to  using one o f the positions in the AF as 

reference ( l ik e  cup 38 position  A7). which had similar micro-climatic
i

conditions o f a ir  temperature and a ir  humidity as most other Piches.

The application o f our hypothesis for protection o f the AF plot 

from strong winds implied that AF trees and live-fence (and nearby 

structures) provided su ffic ien t protection to  cropped lana and nence 

increased intercrop y ie lds . This could be proved although y ie ld s  was 

higher in the well protected lower part o f AF and in the areas occupied 

by AFM1 and AFL1. where protection from the strong June-SeDtember winds 

was adequate. I t  is .  however, very lik e ly  that without root competition 

wind protection would have shown up as being e ffe c t iv e .
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5.4 Solar radiation

I t  is  important that the tube solarimeters between themselves and 

an comparison with two Kipp solarimeters were very close to  one another 

with corre la tion  coe ffic ien ts  of nearly 100%. although the tube 

solarim eters appeared more sensitive to  low amounts of radiation in 

th e ir  o f f - s e t  values than the Kipp solarimeters.

From the results on solar radiation received by the intercrop we 

ieam  that the decree o f canopy shade concentration was well re flected  

in the r e la t iv e  magnitude o f the fractional radiation recorded. The 

magnitude and direction  o f concentration of tree  canopy shade of course 

fo llow s the sun's declination (position o f the sun with respect to  the 

equator).

P rio r to  LR94 UT1 canopy shade was measured, in LR94 PT2 canopv 

shade during the SRs. the region o f heaviest canopy shading a ffected  

oa rticu la r ly  NW and NE sectors of the tree canopy with the former 

ge ttin g  the highest degree o f shading. This picture was clear in SR92. 

where d ifferences were a lo t  smaller, while in SR93 and SR94 the SW 

sector had also a lo t  o f shade, in SR94 even most o f a il sectors. Lairing 

LRs the region o f heaviest UT1 canopy shading affected SW and SE 

sectors o f the tree  canopy somewhat more in LR92. but in LR93 (June 

only) and LR94 the shade d istribu tion  was more even, with the SW having 

more shade in LR94. As to  re la t iv e  shade with distance to  the stem, from 

SR91 t i l l  LR93 inclusive, shade was overall highest at 188 cm. shared 

with in LR93 by 94 cm and in LR93 by 376 cm. From SR93 onwards 94 cm 

took over as being the distance where most shade occurred. The PTz 

canopy shading was ligh ter than the UT1 shading, so more radiation was 

received by the inter-crop under root pruned conditions. This shows that 

pruning enhances radiation reaching the inter-crop, which may benefit
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from rad ia tiv e  enrichment by increasing PAR resulting in higher maize 

biomass y ie ld s , i f  other lim iting ractors do not interfere, close to the 

v ie  Ids received  in NAF plots, which had hiaher maize biomass yields most 

o f the seasons. Of course less wood comes from pruned trees.

From the results o f biomass yields (YLD) correlated with 

fraction a l radiation received by maize plants, we learn that YLD 

decreased with decrease in fractional radiation until about a fraction 

o f 0.60 t i l l  0.65. below which dry matter production v irtu a lly  stooped. 

In SR92 there was higher YLD produced at higher radiation levels because 

r a in fa ll  was adequate to produce maize biomass and grain yields. We also 

learn that gradients and intercepts of the regression lines fo r the 

three distances from the trees were conservative, suggesting that the 

dry matter produced per unit increase in intercepted radiation was a 

conservative quantity. The conversion e ffic ien cy , e. in which other 

lim itin g  factors radiation are hiding as well, was much higher during SR 

than during LR. The SRs crops produced more dry matter per unit of 

rad ia tion  intercepted than the LRs crops.

We may conclude from the results of comparing of yields in AF and 

NAF. that fo r  Matanva low radiation leads below a fraction of about 0.6 

o f  the open area tota l radiation were more harmful to maize plants in AF 

than high radiation loads with a fraction  above th is value. The 

app lica tion  o f our hypothesis for plant protection by shade from AF 

trees  implied success only with no reduction o f final y ie lds bv cutting 

o f  PAR. This could not be proven right or wrona althoucrh the NAF control 

p lo ts  (p a rticu la rly  Mulched control. M) gave consistently higher yields 

than the AF plots, suggesting the shade leve l was too high. However, 

matching o f PAR and ava ilab le nutrients only comes in i f  s o il moisture 

is  adequate. Therefore management asDects o f pollarding and lopping may
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increase y ie ld s  by Increasing the PAR that fa l ls  on the intercrop canopy

only in cases o f adequate s o il moisture and nutrients.
>■

5.5 Soi 1 temperature

We may conclude from the results of the analysis of extreme 

temperatures that although mulching at 3 t/ha was light i t  was useful in 

moderating extreme so il temperatures by a ffec tin g  the temoerature 

amplitudes and time to respond (phase sh ifts ). The canopy differences, 

esp ec ia lly  closer to the trees, and higher wind speeds in the course of 

the LRs. which results in changes in so il water status, were a ll 

involved to  produce differences in s o il temperatures o f at least ±2.0* 

C. This might have brought about differences in the number of t i l l e r s  

produce per p lot, which in turn could have influenced grain f i l l in g  

(Norman e t a l . .  1984). However, because such influences are superimposed 

on d irec t s o il moisture e ffe c ts , i t  is  unlikely that temperature has 

been o f influence in other than extreme cases such as in the occurring 

(cumulative) drought periods.

E arlie r  work on mulches at Matanya indicated that 3 t/ha muichina 

ra te  did not have s ign ifican t influence on the average s o il temperature 

although i t  s ign ifican tly  influenced in fi lt ra t io n  and so il moisture 

status (L in iger. 1991). Given the above, th is  depends on whether the 

s o i l  was wet or dry and on the apparent albedo o f that surface. I t  also 

depends on tree/hedge shading, which reduced the e ffe c ts  o f additional 

mulch and a ir  movement. I t  is  lik e ly  that the temperature e f fe c t  for 

shaded r e la t iv e ly  wet s o ils  was small and the muich e ffe c t  o f run-off 

diminishing was appreciably more important.

The damping depths confirm the modifications due the treatments as 

well as the differences due to ea r lie r  induced (residual) and natural
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lnhomogeneity o f the AF plots and the change in control plots. The 

fluctuations and valuations that the damping depth values show are also 

somewhat sp o ilin g  the use o f Stigter s ratio . However, the R.t l values 

independently confirm the existence o f non-negliaible differences in 

residual e f fe c ts .  The fact that NAF plots and SR91 give R.t l  values that 

can be understood confirm the damping depths resu lts. It  is  nevertheless 

possible to  draw one important conclusion, mulching as well as Drunina. 

even with our mulches and tree  canopy d ifferences, induce strong thermal 

homogenization e ffe c ts  not found in other plots.

So il temperature changes at Matanya as obtained from our study may 

well be managed through the r e l ie f  measures proposed in the weather 

advisory (section 5.6 ). The application of our hypothesis for seedling 

protection  by crop residue mulch and tree shade, through moderating so ii 

temperature thereby resulting in better plant performance, could be 

proved r igh t for mulch. The plants in Mulched NAF plots and AFM1 grew 

t a l le r  and had higher y ie ld s  as well compared to their unmulched 

variants. I t  is  lik e ly  that i t  would be proven right for tree shade as 

well in case of ample water in AF plots.

5.6 Weather advisories and further research

5.6.1 Weather advisories

Weather advisories are policy recommendations for actual farming 

conditions issued as resu lts o f the id en tified  weather related problems 

that are solved through f ie ld  research.

From the s c ie n t if ic  point of view most parts of Laikipia d is tr ic t  

including Matanya area are not suitable for agriculture. But the small- 

scale farmers moved in to  th is  area because o f land scarcity in the high 

potentia l areas where they originated. They do not want to move again
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and our ro le  is  therefore to  heip them through sc ien tific  research to 

survive on th e ir  parcels o f land.

Given the cropping systems that the farmers o f the area know well, 

and the r e la t iv e ly  low temperatures during good rainy seasons, fo r the 

time being no alternatives w ill be easily  introduced, unless 

supplementary irriga tion  would be available. In any design within the 

lim its  o f the system we researched, it  w ill ne necessarv:

-  to  root prune agroforestry trees and hedges:

-  to  plant agroforestry trees with suitable economic returns and 

with canopy spacings and crown densities (a fte r  pruning o f roots and 

even tually  branches) that comDromise between crop protection throucrh 

shading from too strong so lar radiation and throughr'all of su ffic ien t 

ligh t to  match in the best rainy seasons the rate of photosynthesis 

allowed by the f e r t i l i t y  o f the farmer s p lots. CXir data indicate that 

well spread shade o f 30 to  40% would be optimal. Pruning should have
4

more influence on so il moisture improvement than shading (other than 

from mulch);

-  to  prevent run o f f  by a l l  means: which points to  more conservation 

on steeper slopes, even when we talk about slopes smaller than 10%;

-  to  use (residue) mulch, o f  preferably more than 3 t/ha. for s o il 

moisture improvement, particu larly on somewhat sloping land, where 

runoff prevention appears essential. More mulch would also mean a 

higher contribution fo r s o il f e r t i l i t y :

-  to  combine mulching with minimum or low t i l la g e  to improve physical 

s o il properties near the surface:

-  to  desion hedge and tree  configurations that maximize wind Drotection 

preferably i  35%. and do not introduce tunnelling through caps. The 

plot environments should not generate turbulence that can narm the
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crops and/or hedges and trees:

to  u t i l i z e  the observed spatial differences in seasonal ra in fa ll over 

short distances (o f a few kilometres):

~ to  try  drought resistant maize varieties  with shorter crowing seasons, 

that are acceptable to the local farmers.
j

-  to  try  maize varieties  with higher rooting deDths that would use 

percolated water in deeper layers in seasons with irregular ra in fa ll.

5 .6 .2  Further research

In the context o f the weather advisories developed, the follow ing 

future research w ill  be necessary together with as many participating 

farmers as possible:

-  to  find more suitable agroforestrv trees, in addition to  the suitable 

Gr&villeas. that combine economic returns from their products with 

optimal properties for root and branch pruning to obtain the shading 

compromise we indicated to  be necessary:

-  to  find ways of obtaining additional mulch from outside the system or 

other means to prevent run o f f  (and so il evaporation where the shade 

is  low) and moderately improve so il f e r t i l i t y :

-  to  find  the most suitable t i l la g e  method fo r  improvement o f top so il 

physical conditions in combination with d iffe ren t levels of mulching:

-  to  find  hedges that optimize wind protection while root pruned and do 

not contribute to  forming o f harmful turbulence. Hedces with 

additional economic advantages should be tr ied  out f i r s t :

-  to  fin d  stra teg ies, to u t i l iz e  the observed spatial d ifferences in 

seasonal ra in fa ll over short distances, o f e ither a community type or 

an individual lard d istribu tion  type. Also improved storage or
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marketing systems could be part of such strategies.

-  to  find ways or on-farm researcn in the reaion in which the history of 

y ie ld  varia tions o f plots can play its  own positive  role, without 

attempts to  n u llify  such differences at the beginning o f experiments.

-  to  find drought resistant maize varieties, with shorter growing 

season, that can withstand cold conditions in the study area during 

growing seasons and are acceptable to  the local farmers.
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Fig. A l. A sketch o f a root-pruned Grevillea robusta 
tree illu s tra tin g  it s  geometry including i t s  

cone-shaped canopy used in wind protection and 
radiation  shading e ffe c ts  (see Table A8 fo r  
meanings o f abbreviations used).
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L- -L (Ĵ GCi—  iI— I - W  I — I 
1 . * I I
iHTLT ~r ~ f 

- ; pt6“ J  " :- i  -‘ P' r-  ------- r - i
— J____J____J

_  "i 1 ■— f---- T----- -

• J L J

It 111 IV

1 - - - « © ■  4 -i ' V i

v
■»pio

El5 ‘  :

'< h Z L "

I
_  +  _  j. _  j

_  j
01 /

I Z & L V - l

P1
[*—• unpruned — *| 
h----- DLF --------J

prune d 
- A LF —

Fig.  A2. A layout o f  on-farm experiment on the e f f e c t  
K i « h . i k o - r ' ’ ce r o o t  pruning on ao i l  moisture a t

G
AT

E 
F

oo
tp

at
h



E G E N 0

© pruned

o unpru ned

trench dividing 
pruned and un pruned

-..... direction of sowing

\

Fig. A3. A layout o f  on-farm experiment on the
e f fe c t  o f  G rev illea  robusta root pruning and 
mulching on s o i l  moisture at Kiahuko-B.



VS
M

C 
C*

D
641

- □

1993 so i I mo i s ture  at 7 5 cm
50 r- 

45 -  

40 -

35 -  

30 -  

25 -  

20 -  

15 -  

10 -  

5 —

C o n tro l

woofciy s o i l  m o i t t u r #  C tr l  and ap  p l o t s

F i g .  A4. 19 9 3  s o i l  m o i s t u r e  c o n t e n t  a t  7 . 5  cm d epth
o b t a i n e d  f r o m  s o i l  s a m p l e s .



so

le*-

N

o* -

18*  -

Fig. A5. Mean wind patterns over Africa for July (a) and October (b) . 
Note: North-easterly and south-easterly winds over Kenya during 
the two months (After Griffiths. 1972).



O
A

JL
Y

 
R

A
£

*A
T1

0
M

 
(K

W
 

/
 

S
O

 U
 )

. 643

8
V
Iw

, !
1
s
5
I

2

SHADE EFFECT AT U N PR U N ED  GREVILLEA —UT1

D (N Q l

Fig. A6
TIME IN DAYS (1 /1 1  -  3 0 / 1 1 / 9 1 )  

CSE)1 o  (SW)1 A (NW)1 v TUBE IN OPEN

SHADE EFFECT AT UNPRUNED GREVILLEA -UT1
RAD 1 88 all doctor* it Tb In Nov 1991

TIME IN DAYS (1/11 -  3 0 / 1 1 / 9 1 )
a  (N Q 2  +  (SE)2 <► (SW)2 a  (NW)2 ▼ TVIBE IN OPEN

Fig. A7

Figs. A6-A8. Comparison o f d a ily  radiation in the four 
(NE, SE, SW. NW) o f G rev illea  tree (UT1) a t 94. 188 
and 376 cm from the tree  stem and in the open in 
November. 1991
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SHADE EFFECT AT UNPRUNED GREVILLEA —UT1

CNQ3Fig. A8
TIME IN DAYS (1/11 -  30/11/91) 

($E)3 O (SW )3 A (M*)3 V TUBE IN OPEN

SHADE EFFECT OF UNPRUNED GREVILLEA- UT1

TIME IN OATS (1 / 1 2  -  31/12/91)
a (NE)1 ■*. (S£)1 O (SW)1 A (NW)1 »  TUBE IN OPENFig. A9

Figs. A9-A11. Comparison o f d a ily  radiation in the four 
(NE. SE. SW, NW) o f G rev illea  tree (UT1) a t 94. 188 
and 376 cm from the tree  stem and in the open in 
December. 1991
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SHADE EFFECT AT UNPRUNED GREVILLEA —UT1
RAO 94 all aoctor* *  1b In April 1992

10O 102 104 106 108 110 112 114 116 118 120

TIME IN DAYS (1 / 4 / -3 0 / 4 / 1 9*2) 
(SE)1 o  (SW)1 A (NW)1 * TUBE IN OPEN°  (NE) 1 +

Fig. A12

SHADE EFFECT AT UNPRUNED GREVILLEA -UT1

(NED2
Fig. A13

TIME IN DAYS (1 / 4 / — 30/4/1992) 
(SE)2 «  (SW)2 A (Mtf)2 TUBE IN OPEN

Figs. A12-A14. Comparison o f d a ily  radiation in the four 
(NE. SE, SW. NW) o f G revillea  tree (UT1) at 94. 188 
and 376 cm from the tree stem and in the open in 
A p ril, 1992
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SHADE EFFECT AT UNPRUNED GREVILLEA -U T 1

TIME IN DAYS (1 / 4 / - X / 4 / 1  9 9 2 )
a  (N Q 3  4- (SE)3 © (S W )J A (NW )J v  TUBE IN OPEN

Fig. All*

SHADE EFFECT AT UNPRUNED GREVILLEA '92
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Fig. A15

TIME IN DAYS (1 / S / -3 1 / S / 9 2 ) 
(SE)1 © (SW)1 © (KMOI v  TUBE IN OPEN

Figs. A15-A17. Comparison o f d a ily  radiation in the four 
(NE, SE. SW, NW) o f G rev illea  tree 0/T1) at 94. 188 
and 376 cm from the tree stem and in the open in 
May. 1992
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SHADE EFFECT AT UNPRUNED GREVILLEA '9 2

TIME IN DAYS ( 1 / 5 / -3 1/9/92)
D  (N Q 2  +  (SE)2 o  (SW )2 A (NW)2 * TUBE IN OPEN
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Fig. A16

SHADE EFFECT AT UNPRUNED GREVILLEA '92

TIME IN DAYS (1 / 3 / -3 1/5/92)
O (NED3 ■+• (SEW O (SW)3 A (NiY)3 * TUBE IN OPEN

Fig. A17
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SHADE EFFECT OF U N PR U N ED  GREVILLEA —UT1

TIME IN DAYS (1 / 1 0 / -J 1 / 1 0/92)
n  (NE)1 +  (SE)1 o (SW)1 A (NW)1 v  T iix » In op«n

Fig. A18

SHADE EFFECT OF UNPRUNED GREVILLEA -UT1

TIME IN DAYS (1/1 0/—31/10/92)
°  (NE)2 ♦  (SE)2 o  CSW)2 A (N#)2 *  TU>* In opon

Fig. A19

Fags. A1&-A20. Comparison o f d a ily  radiation in the four 
(NE. SE, SW. NW) o f G revil lea tree (UT1) at 94. 188 

and 376 cm from the tree stem and in the open in 
October. 1992
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SHADE E F F E C T  O F (JN PR UN ED  GREVILLEA -U T 1

TIME IN DAYS (1/10/-31/10/92)
D (NE)3 + (SE)3 o  (SW)3 A (NW)3 V Tut*> In cp«n

Fig. A20

SHADE E F F E C T  O F UN PRUNED GREVILLEA -U T 1

TIME IN DAYS (1/1 1 / -3 0 / 1 1 / »2 )
O (NEJ1 +  (SE)1 O (SW)1 A (NW)1 V Tut>« In op«n

Fig. A21
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SHADE E F F E C T O F U N P R UN ED  GREVILLEA — UT1

TIME IN DAYS (1/11/-30/1 1/92)
a  (NE)2 + ($E)2 o (SW)2 A (NW)2 *  TU>« In cp«n

Fig. A22

SHADE E F F E C T O F  UN P R UN ED  GREVILLEA -U T 1

TIME IN DAYS (1/1 1/-30/11/»2)
a  (NE)3 ♦  (SE)3 o  (SW)3 A (NW)3 V TO>« In op«n

Fig. A23

Figs. A21-A23. Comparison o f  d a ily  radiation in the four 
(NE, SE. SW, NW) o f G rev illea  tree (UT1) a t 94. 188 
and 376 cm from the tree  stem and in  the open in 
Novemer, 1992
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SHADE E F F E C T OF UN PRUN ED  GREVILLEA — UT1

TIME IN DAYS (1/12-31/12/92)
a  (NE)1 + (SE)1 O (SW)1 A (NW)1 V TUtxj In open

Fig. A2U

SHADE E F F E C T  O F UN P R UN ED  GREVILLEA -U T 1

TIME IN DAYS (1/1 2-31/12/92)
a  (NQ2 + (SE)2 «  (SW)2 A (NW)2 V TiAra In open

Fig. A25

Figs. A24-A26. Comparison o f d a ily  radiation in the four 
(NE. SE, SW, NW) o f G rev illea  tree (ITTl) a t 94. 188 
and 376 cm from the tree stem and in the open in 
Decemer, 1992
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SHADE E F F E C T  O F  UN PRUN ED  GREVILLEA -U T 1

TIME IN DAYS (1/12-31/12/92)
a  (NE)3 +  (SE)3 o (SW)3 A (NW)3 V Tub* In op«n

Fig.  A26
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Table Al. Sowing and harvesting dates (in DOY) o f beans 
in on-station at Matanva for the seven experimental 
periods indicating duration beans crop cycle.

operation

\ L_ — 7
SR91 LR92 SR92 LR93 SR93 LR94 SR94

Sowing
Harvesting

206 83 278 94 289 103 283 
33 189 20 206 31 207 26

Duration 110 106 108 104 107 104 108
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Table A2.1. On-station y ie ld s  (t/ha) -  review table: Maize and beans 
biomass and bean seed yie lds (t/ha) at Matanya for seven 
experimental periods in AF and NAF plots, (a) Maize biomass yields 
(note that the values in ita lic s  are maize grain yields for SR92) 
(b) beans biomass y ie ld s , (c) beans seed yields.

(a) Maize biomass y ie ld s  (t/ha)

___________ _________________AF NAF
Pruned Unorunea Control Dlots

seasons AFM1 AFL1 AFM2 AFL2 M L

SR91 1.00±0.23 -  
LR92 0.54±0.13 0.35±0.06 
SR92 2 .93±0.75 2.64+0.60 
SR92 1.54+0.39 1.42+0.40 
LR93 1.52x0.54 0.87±0.58 
3R93 i . 54+0.68 0.83+0.37 
LR94 2.69+1.10 1.96±1.07 
SR94 2.75+0.78 2.17±0.77

0.9i+0.24 -  
0.33+0.08 0.42+0.16 
2.45+0.52 3.03+0.63 
1.18+0.26 1.30+0.33 
0.42±0.48 0.62x0.29 
0.47i0.33 0.60x0.27 
1.28+1.00 2.15+0.80 
1.32+0.75 1.83+0.49

1.27x0.10 0.93+0.19 
0.37+0.08 0.50+0.11 
2.42+0.40 2.36+0.46 
1.60+0.37 1.30+0.34 
2.55x0.85 2.93x0.28 
1.97x0.76 2.00x0.74 
6.27+1.77 2.81+1.10 
4.83+1.63 3.82+1.47

(b) Beans biomass y ie lds  (t/ha)

/(F NAF
Pruned Unpruned Control Diets

seasons AFM1 AFL1 AFM2 AFL2 M L

SR91 0.58X0.17 -  
LR92 0.24x0.04 0.25x0.03 
SR92 0.66+0.20 0.46+0.09 
LR93 0.41X0.12 0.33x0.16 
SR93 0.29X0.09 0.34x0.11 
LR94 0.17x0.07 0.18x0.10 
SR94 0.38x0.12 0.47x0.12

0.54x0.16 - 
0.18x0.04 0.23x0.03 
0.50x0.26 0.38x0.16 
0.19X0.14 0.31x0.11 
0.22x0.12 0.24X0.08 
0.12x0.08 0.21x0.08 
0.27x0.11 0.26x0.07

0.70x0.12 0.52x0.05 
0.33x0.07 0.19x0.02 
0.98x0.26 0.96x0.30 
0.61x0.27 0.67+0.25 
0.66+0.46 0.93+0.33 
0.38x0.13 0.33x0.12 
0.60x0.20 0.60x0.20

(c ) Beans seed y ie lds (t/ha)
AF

Pruned Unpruned
NAF

Control plots

seasons AFM1 AFL1 AFM2 AFL2 M L

SR91 0.37x0.13 -  
LR92 0.16X0.03 0.12x0.02 
SR92 0.71x0.10 0.63x0.12 
LR93 0.53x0.16 0.39+0.15 
SR93 0.15x0.07 0.12+0.05 
LR94 0.22x0.11 0.20X0.09 
SR94 0.05x0.03 0.11+0.06

0.26x0.03
0.10x0.02 0.11x0.04 
0.63+0.18 0.57x0.26 
0.20x0.14 0.37+0.12 
0.08x0.06 0.10x0.05 
0.14x0.08 0.20x0.09 
0.05x0.06 0.11x0.05

0.29x0.03 0.44x0.04 
0.14x0.04 0.03x0.03 
1.10+0.21 1.02+0.24 
0.64+0.20 0.60+0.2i 
0.31x0.16 0.26x0.13 
0.43x0.16 0.33x0.11 
0.20x0.10 0.20x0.10
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Table A2.2. On-farm yields (t/ha) -review table: Maize biomass yields 
(t/ha) at Kihuko-A (a ) & maize biomass yie lds b ( l j .  maize grain 
y ie ld s  b (11) and seed yields b ( i i i ) .  at Kihuko-B.
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Table A3. Monthly seasonal ra in fa ll tota ls (mm) for 
SR93. LR94 and SR94 fo r  the two on-farm gauaes (at 
Kiahuko-A and Kiahuko-B) and Matanya station.

Season Month Kiahuko-A Kiahuko-B Matanya
station

SR93
(XT 104.1 105.0 65.2
NOV 118.0 109.2 117.2
DEC 78.3 62.1 48.3
JAN'94 4.5 5.2 3.1

LR94
i
'

MAR 26.5 29.3 29.5
j APR 119.1 174.9 190.5

MAY 37.8 50.0 73.7
JUN 42.1 42.6 47.5

SR94
OCT 99.2 121.2 98.0
NOV 150.6 184.7 155.2
DEC 59.3 35.1 60.3
JAN'95 17.7 44.6 13.9
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Tabie A4. Volumetric s o li moisture content (%) obtained from 
oven dried  gravimetric samples taken at various sites in trie 
AF and control p lots at 7.5 cm depth. Ctrl M & Ctrl L are 
control Mulched and control Local plots respectively. Other 
terms are already defined in the text. means data missing 
data.

1993
dates DOY Ctrl M Ctrl L AFL1 AFL2 AFM1 AFM2

1/1 1 
8/1 8 

15/1 15 
22/1 22 
30/1 30 
6/2 37 

12/2 43 
20/2 51 
26/2 57 
5/3 64 

19/3 78 
2/4 92 
9/4 99 

17/4 107 
23/4 113 
30/4 120 
7/5 127 

14/5 134 
21/5 141 
28/5 148 
4/6 155 

11/6 162 
18/6 169 
25/6 176 
2/7 183 
9/7 190 

16/7 197 
23/7 204 
30/7 211 
6/8 218 

13/8 225 
20/8 232 
27/8 239 
10/9 253 
24/9 267 
1/10 274 

22/10 295 
29/10 302 
5/11 309 

12/11 316 
19/11 323 
26/11 330 
3/12 337 

10/12 344 
______-__________

26.4
36.2
40.4
34.6
37.0
30.6
36.4
29.4
26.6
21.4 
11.8 
26.9
20.7
22.1
30.2
23.4
23.0
23.7 
26.6
28.1
20.3 
18.6 
18.2
15.8
12.3 
9.8 
7.1
9.0
6.5 
9.7
7.0
8.5

10.9 
10.7
12.9 
23.6
21.9
18.5
29.6
28.9 
26.0
28.9
27.7 
27.2

27.9
40.0
40.2
37.2
43.4
27.3
41.8
31.0
28.5
20.5
13.6
28.8
17.4 
24.8
32.7
29.0
24.4 
22.2
27.4
29.2
20.4 
18.6
16.8
17.4
11.0 
9.4
7.9 
9.7 
6.0
7.9
7.0
8.1

10.7 
9.3

15.7
17.3
18.5
15.7 
30.1
33.6
22.7 
31.0 
29.5
28.8

23.6
41.0
43.0
39.0
43.0
28.0
40.9
31.9 
21.1
28.9 
16.1
33.1
25.9
16.9
33.6
26.6
23.4
26.7
26.9

22.6
22.5
12.6 
15.6
10.2
13.4

8.5
6.6 

16.2
7.6 
9.9

15.3 
10.1
18.9
17.0
9.7

12.9
31.1
28.8
22.5
34.4
35.0
27.1

29.6
40.0
39.0
32.0
40.0
30.5
42.8
21.6
25.2
26.0
14.0
36.2
21.3
22.5
34.1
31.2
27.9
25.4
26.5

21.7
25.7
16.8
17.9
9.1

10.2

8.3
8.2 

10.8
5.7

10.7
11.7
12.3
15.6 
18.2
13.7
17.8
37.9
34.3
24.9
33.5
34.6
28.6

30.6
41.0
33.0
43.0
41.0 
28.2
42.9
24.1
22.2 
28.3
15.2
30.3
21.7
29.6
30.7
25.9

21.3 
27.5

30.4
20.8
27.8
19.4
13.3
10.5

6.5
5.1
7.5
7.2 
9.8

12.7
10.3
17.9
27.4
19.5
16.8
34.0 
29.7
23.0
33.1
35.1
23.5

33.4
41.0
33.0
41.0
41.0
29.1
42.3
26.5 
28.8
25.3
19.3
36.8
31.6
27.0
29.1
29.6

22.3
29.4

27.8
24.1
20.1
16.5
10.7
14.2

8.9
9.5 
8.3 
9.0

12.4
15.9
9.6

19.6
20.7
25.2
17.6
22.3
37.7
28.7 
34.1
31.4
32.5
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Table A5. Heights to  which cup anemometers were adjusted
in the f ie ld  at Matanya in the course or strong winds 
periods (June-September) during the LR growing season 
(maize s t i l l  growing). (a) Long rains 1993 (LR93)
(b) Long rains 1994 (LR94). Note that Cup anemometers 
(both Woeifle and WAU were to be at 20 cm above the 
highest maize element.

la) LR93

I date DOY height (cm)

in it ia l 100
4/6/93 155 140

117/6/93 168 200
1 26/6/93 177 240
1 Due to  poor 
1(b) LR94

ra in fa ll the crop could not go beyond 220 cm

1 in it ia l 100
29/5/94 149 120
10/6/94 161 150
14/6/94 165 170
19/6/94 170 220

| Again due to poor ra in fa ll the crop could not go beyond 200 cm
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Table A6 Experimental periods covering strona wind speeas 
at Matanya during: (a ) 1993 and (b) 1994.

(a ) in 1993

Experimental calendar Days of the year (DOY)
periods dates (Julian days)

93P1 29/4/-06/5/93 119-126
93P2 13/5/-27/5/93 133-147
93P3 28/5/-02/6/93 148-153
93P4 03/6/-14/6/93 154-165
93P5 15/6/-24/6/93 165-175
93P6 24/6/-01/7/93 175-182
93P7 01/7/-28/7/93 182-209
93P8 28/7/-04/8/93 209-216
93P9 06/8/-13/8/93 218-225
93P10 17/8/-24/8/93 229-236

(t>) in 1994

94P1 04/6/-23/6/94 155-174
94P2 04/7/-15/7/94 185-196
94P3 15/7/-03/8/94 196-215
94P4 04/8/—23/8/94 216-235
94P5 23/8/-31/8/94 235-243
94P6 13/9/-15/9/94 256-258
94P7 21/9/-28/9/94 264-271
94P8 28/9/-11/10/94 271-284
94P9 L1/10/-18/10/94 284-291
94P10 L9/10/-07/11/94 292-311
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Table A7. WAU cup anemometer layout in the AF plot at 
Matanya sta tion  iFigs. 8 & 10) and their 
distances from western and soutnern hedges 

ithe two windward sides of the live-fence") in 
metres (m) and in the hedge heights (H).(Note 
that the heights of the live-fence siae3 were: 
western (WH) 2.1 m: southern iSH) 1.9 m: ana 
eastern 1.9 m. AF bordered fru it  trees in the 
northern s id e ).

distance
from

(cups 10...44 in positions A1..A12) southern side
(m) (H)

row 1 row 2 row 3

lin e 1 A1 10 A5 14 A9 40 12.3 6H
lin e 2 A2 11 A6 15 A10 41 17.5 9H
lin e 3 A3 12 A7 38 A ll 43 22.7 12H
lin e 4 A4 13 A8 39* A12 44- 27.9 15H

from western (m) 4 15 26
hedge (H) 2 7 12

cup 55 was 60 m or 30 .8H from eastern side EH.
* -  replaced by cup 60 during 1994 

** -  replaced by cup 61 during 1994
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(included are three Grevillea rows B(TRl). C(TR2) & D(TR3n 
in pruned and unpruned area in AF (Fig. 9 ). ITT is root 

unpruned trees; PT is  root pruned trees: -  is data not
taken: lb is height o f the whole tree: Bah is the height of 
the lowest branch: Crh is  the height o f the crown or cone: 
Cch is  the canopy centre or centre of the circular base of 
the cone: Cdl and Cda are canopy widths measured aiong ana 
across the crop rows respectively: Tr is  tree: Cd- (Cdl+Cda) 
/2 is  mean canopy diameter: Circ is the circumference o f the 

tree  trunk measured at 0.2 m above the ground. Appendix 
Fig. A1 illu stra tes  a Grevillea robusta tree geometry. Ail 
measurements are in m.

Table A8. The geometry of the G rev illea  robust a trees

Th Bsh Crh Cch cdl Cda Cd Circ
Tree No. (m) (m) (m) (m) (m) (m) (m) (ml

( i )  row A

T rl _ _
Tr2 — — — — — — —

Tr3 6.4 2.1 4.2 4.9 2.5 2.3 2.4 0.4
Tr4 7.4 2.8 4.6 6.0 4.0 3.9 3.9 0.5
Tr5 8.0 2.9 5.1 5.4 3.2 3.4 3.3 0.5
Tr6 — — — — — - -

Average 7.3 2.6 4.7 5.5 3.2 3.2 3.2 0.4
std  dev 0.7 0.3 0.4 0.4 0.6 0.6 0.6 0 . 0

( i i ) row B

T rl __ __ _ — — — —

Tr2 UT2 — — — — — — - -

Tr3 UT1 9.1 3.1 6.0 7.1 3.8 3.6 3.7 0.5
Tr4 FT2 9.0 3.5 5.5 7.0 3.6 3.2 3.4 0.5
Tr5 PT1 10.3 3.8 6.6 7.2 4.9 4.6 4.7 0.6
Tr6 - — — — - - - -

Average 9.5 3.5 6.0 7.1 4.1 3.8 4.0 0.5
std dev 0.6 0.3 0.4 0.4 0.6 0.6 0.6 0.1

( i i i )  row C

T rl - - — — — —
Tr2 - — — - - — - -
Tr3 UTS 8.6 3.6 5.0 6.6 4.1 3.9 4.0 0.5
Tr4 8.4 3.5 5.0 6.5 3.6 4.2 3.9 0.5
Tr5 PT3 8.1 3.1 5.0 6.0 3.8 3.6 3.7 0.5
Tr6 — — — — • — •

Average 8.4 3.4 5.0 6.4 3.8 3.9 3.9 0.5
std dev 0.2 0.2 0.0 0.2 0.2 0.2 0.1 0.0



( iv )  row D

Trl — __ _
Tr2 UT5 - - - - — —
Tr3 UT4 9.4 3.4 6.0 5.9 4.0 4.2 4.1 0.5
Tr4 FT5 9.4 3.0 6.4 5.9 3.0 2.9 3.0 0.5
Tr5 FT4 4.3 1.9 2.4 3.0 1.6 1.1 1.3 0.3
Trb — — - - — -

Average 7.7 2.3 4.9 4.9 2.9 2.7 2.6 0.4
sta dev 2.4 0.6 1.8 1.4 1.0 1.3 1.1 0.1

(v ) row E

T rl - - - - - — - —

Tr2 - - - - - — - —

Tr3 8.1 2.9 5.2 3.9 3.7 3.4 3.6 0.4
Tr4 7.7 2.7 5.0 3.0 2.7 3.1 2.9 0.4
Tr5 8.1 2.9 5.2 3.6 3.9 3.6 3.7 0.4
Trb — — — — — — — —

Average 8.0 2.9 5.1 3.5 3.5 3.3 3.4 0.4
std dev 0.2 0 . 1 0 . 1 0.4 0.5 0.2 0.4 0 . 0



Table A9. Cup 55 as reference: Calculated wind speeds and wind
reduction ra tios  fo r: (a) a ll 24 weeks case 3 with point (0. 0) 
not included (case 3. -0 ) and with point (0. 0) included (case 3 
+0) and odd numbered weeks (b) case 5 with point (0. 0) not 
included (case 5. -0) and with point (0. 0) included (case 5 >0) 
and (c ) case 7 with point (0. 0) not included (case 7. -0) and 
with point (0. 0) included (case 7 +0): a and b regression 
co e ffic ien ts  given in Table 76. Note that (1) is  average wind 
speed of the 24 weeks and (2) is  standard deviation and (3) is per 
cent d ifference o f the average o f the calculated from the average 
o f measured wind speeds as given in Table 77 (a ) .

(a) case 3

665

(i)
calculated wind speeds 
point (0,0) not included 
case 3 -0 a=0.57b=0.38
cup!4 cupl5 cup38 cup39
2.06 2.10 2.06 1.89
1.77 1.87 1.77 1.63
2.32 2.34 2.47 2.27
2.84 2.85 2.75 2.74
2.82 2.76 2.76 2.63
2.84 2.55 2.55 2.42
3.16 2.93 2.98 2.88
2.49 2.47 2.82 2.38
3.26 3.26 2.99 3.03
2.73 2.74 2.59 2.51
2.84 2.66 2.79 2.60
3.16 3.12 3.09 2.95
1.39 1.65 1.59 1.54
1.29 1.40 1.25 1.08
2.53 2.25 2.12 1.68
2.94 3.12 2.49 2.46
2.11 1.97 1.82 1.81
2.74 2.62 2.53 2.54
2.34 2.43 2.29 2.15
2.32 2.09 2.28 2.12
2.59 2.45 2.51 2.32
2.16 2.15 2.06 1.96
2.90 2.90 2.79 2.53
3.14 2.98 3.00 2.98

(ii)
Calculated reduction ratios 
point (0,0) not included 
case 3a=0.57b=0.38 
cupl4 cupl5 cup38 cup39
0.95 0.97 0.95 0.87
0.89 0.95 0.90 0.83
0.84 0.84 0.89 0.82
0.96 0.96 0.93 0.92
0.89 0.87 0.87 0.83
0.93 0.87 0.87 0.85
0.94 0.88 0.89 0.86
0.82 0.82 0.88 0.80
0.94 0.94 0.86 0.87
0.90 0.90 0.85 0.82
0.87 0.82 0.86 0.80
0.86 0.85 0.84 0.80
0.76 0.90 0.86 0.83
0.89 0.96 0.86 0.74
1.07 0.95 0.90 0.71
1.03 1.09 0.87 0.86
1.04 0.97 0.90 0.89
0.97 0.93 0.90 0.90
0.89 0.93 0.87 0.82
0.87 0.79 0.86 0.80
0.84 0.79 0.81 0.75
0.85 0.85 0.81 0.77
0.85 0.85 0.82 0.74
0.85 0.80 0.81 0.80

(iii)
Calculated reduction ratios 
point (0,0) included 
case 3a=0.98b=0.01 
cup 14 cupl5 cup38 cup39
0.99 1.02 0.99 0.85
0.90 0.99 0.90 0.78
0.79 0.80 0.88 0.76
1.01 1.01 0.95 0.95
0.88 0.85 0.85 0.78
0.95 0.86 0.86 0.81
0.98 0.86 0.88 0.84
0.77 0.76 0.87 0.73
0.97 0.97 0.84 0.86
0.90 0.91 0.82 0.77
0.85 0.76 0.83 0.73
0.83 0.81 0.80 0.73
0.66 0.90 0.84 0.79
0.89 1.01 0.84 0.63
1.20 1.00 0.90 0.58
1.13 1.24 0.85 0.84
1.14 1.03 0.90 0.89
1.02 0.95 0.90 0.91
0.89 0.95 0.86 0.77
0.86 0.71 0.83 0.73
0.80 0.72 0.76 0.65
0.81 0.81 0.75 0.68
0.81 0.81 0.76 0.63
0.81 0.74 0.75 0.73

(iv)
calculated wind speeds 
point (0,0) included 
case 3 +0 a=0.9b=0.01 
cupl4 cupl5cup38cup39 
2.15 2.22 2.15 1.85
1.77 1.95 1.78 1.54
2.21 2.24 2.45 2.11 
2.98 2.99 2.82 2.81 
2.80 2.70 2.70 2.48
2.84 2.55 2.55 2.42
3.28 2.89 2.96 2.80 
2.49 2.47 2.82 2.38 
3.37 3.38 2.91 2.99 
2.73 2.76 2.49 2.35
2.78 2.48 2.70 2.38
3.06 3.00 2.94 2.71
1.21 1.66 1.55 1.46
1.29 1.47 1.22 0.92
2.84 2.35 2.13 1.36
3.22 3.53 2.44 2.39 
2.32 2.08 1.82 1.81 
2.89 2.68 2.54 2.56 
2.34 2.49 2.25 2.01
2.28 1.88 2.21 1.95
2.46 2.22 2.33 2.00
2.07 2.06 1.91 1.74
2.78 2.78 2.60 2.14
3.01 2.74 2.77 2.73

(1) 2. 2.49 2.43 2.30
(2) 0. 0.47 0.47 0.49

(3) 1. 1.81 -2.03 -0.52

(1) 2.55 2.48 2.38 2.16
(2) 0.56 0.49 0.45 0.51

(3) 0.95 1.98 0.27 5.38



Table A9. continued
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(b) case 5

(i)
calculated wind speeds 
point (0,0) not included 
case 5 a=0.45 b=0.44
cupl4 cupl5 cup38 cup39
1.93 1.96 1.93 1.80
1.67 1.75 1.68 1.57
2.23 2.24 2.34 2.18
2.66 2.66 2.58 2.58
2.67 2.62 2.63 2.52
2.84 2.55 2.55 2.42
2.96 2.79 2.82 2.74
2.49 2.47 2.82 2.38
3.06 3.06 2.85 2.88
2.58 2.59 2.47 2.40
2.70 2.56 2.66 2.51
3.01 2.98 2.96 2.85
1.36 1.56 1.51 1.47
1.23 1.31 1.19 1.05
2.33 2.11 2.00 1.65
2.72 2.86 2.36 2.34
1.95 1.84 1.72 1.71
2.56 2.46 2.40 2.40
2.22 2.29 2.17 2.06
2.20 2.02 2.17 2.05
2.48 2.37 2.41 2.26
2.06 2.05 1.98 1.91
2.77 2.77 2.68 2.47
3.00 2.87 2.89 2.87

(1) 2. 2.36 2.32 2.21
(2) 0. 0.45 0.46 0.47

(3) 6. 6.62 2.47 3.16

(ii)
Calculated reduction ratios 
point (0,0) not included 
case 5a=0.45b=0.44 
cupl4 cupl5 cup38 cup39
0.89 0.91 0.89 0.83
0.85 0.89 0.85 0.79
0.80 0.80 0.84 0.78
0.90 0.90 0.87 0.87
0.84 0.82 0.83 0.79
0.87 0.83 0.83 0.81
0.88 0.83 0.84 0.82
0.79 0.78 0.83 0.77
0.88 0.88 0.82 0.83
0.85 0.85 0.81 0.79
0.83 0.78 0.82 0.77
0.82 0.81 0.80 0.77
0.74 0.85 0.82 0.80
0.84 0.90 0.82 0.73
0.99 0.89 0.85 0.70
0.95 1.00 0.83 0.82
0.96 0.91 0.85 0.84
0.91 0.87 0.85 0.85
0.85 0.87 0.83 0.79
0.83 0.76 0.82 0.77
0.80 0.77 0.78 0.73
0.81 0.81 0.78 0.75
0.81 0.81 0.78 0.72
0.81 0.77 0.78 0.77

(iii)
Calculated reduction ratios 
point (0,0) included 
case 5 +0 a=0.98b=0.01
cupl4 cupl5 cup38 cup39
0.99 1.02 0.99 0.85
0.90 0.99 0.90 0.78
0.79 0.80 0.88 0.76
1.01 1.01 0.95 0.95
0.88 0.85 0.85 0.78
0.95 0.86 0.86 0.81
0.98 0.86 0.88 0.84
0.77 0.76 0.87 0.73
0.97 0.97 0.84 0.86
0.90 0.91 0.82 0.77
0.85 0.76 0.83 0.73
0.83 0.81 0.80 0.73
0.66 0.90 0.84 0.79
0.89 1.01 0.84 0.63
1.20 1.00 0.90 0.58
1.13 1.24 0.85 0.84
1.14 1.03 0.90 0.89
1.02 0.95 0.90 0.91
0.89 0.95 0.86 0.77
0.86 0.71 0.83 0.73
0.80 0.72 0.76 0.65
0.81 0.81 0.75 0.68
0.81 0.81 0.76 0.63
0.81 0.74 0.75 0.73

(1)
(2)

(iv)
calculated wind speeds 
point (0,0) included 
case 5 +0 a=0.9b-0.01 
cupl4 cupl5cup38cup39 
2.15 2.22 2.15 1.85
1.77 1.95 1.78 1.54
2.21 2.24 2.45 2.11 
2.98 2.99 2.82 2.81 
2.80 2.70 2.70 2.48
2.84 2.55 2.55 2.42
3.28 2.89 2.96 2.80 
2.49 2.47 2.82 2.38 
3.37 3.38 2.91 2.99 
2.73 2.76 2.49 2.35
2.78 2.48 2.70 2.38
3.06 3.00 2.94 2.71
1.21 1.66 1.55 1.46
1.29 1.47 1.22 0.92
2.84 2.35 2.13 1.36
3.22 3.53 2.44 2.39 
2.32 2.08 1.82 1.81 
2.89 2.68 2.54 2.56 
2.34 2.49 2.25 2.01 
2.28 1.88 2.21 1.95 
2.46 2.22 2.33 2.00
2.07 2.06 1.91 1.74
2.78 2.78 2.60 2.14 
3.01 2.74 2.77 2.73

2.55 2.48 2.38 2.16 
0.56 0.49 0.45 0.51

0.95 1.98 0.27 5.38
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Table A9. continued

(c) case 7

(i)
calculated wind speeds 
point (0,0) not included 
case 7 a=0.7 b=0.22
cupl4 cupl5 cup38 cup39
2.04 2.09 2.04 1.82
1.72 1.85 1.72 1.55
2.21 2.24 2.39 2.14
2.82 2.83 2.70 2.69
2.73 2.66 2.66 2.50
2.84 2.54 2.54 2.41
3.12 2.84 2.89 2.77
2.49 2.46 2.82 2.37
3.21 3.22 2.87 2.93
2.65 2.67 2.48 2.38
2.74 2.51 2.68 2.44
3.03 2.99 2.95 2.77
1.28 1.61 1.53 1.46
1.26 1.39 1.20 0.98
2.59 2.23 2.06 1.50
2.98 3.20 2.40 2.36
2.13 1.96 1.77 1.76
2.72 2.57 2.47 2.48
2.28 2.39 2.21 2.03
2.24 1.95 2.19 1.99
2.47 2.29 2.37 2.12
2.06 2.06 1.94 1.82
2.77 2.77 2.64 2.30
3.00 2.80 2.82 2.79

(1) 2. 2.42 2.35 2.18
(2) 0. 0.46 0.45 0.48

(3) 3. 4.37 1.46 4.42

(ii)
Calculated reduction ratios 
point (0,0) not included 
case 7a=0.72b=0.22 
cupl4 cupl5 cup38 cup39
0.94 0.96 0.94 0.84
0.87 0.94 0.87 0.78
0.80 0.80 0.86 0.77
0.95 0.95 0.91 0.91
0.86 0.84 0.84 0.79
0.91 0.84 0.84 0.81
0.93 0.85 0.86 0.83
0.78 0.77 0.85 0.75
0.93 0.93 0.83 0.84
0.87 0.88 0.82 0.78
0.84 0.77 0.82 0.75
0.82 0.81 0.80 0.75
0.70 0.87 0.83 0.79
0.87 0.96 0.83 0.68
1.10 0.94 0.87 0.64
1.04 1.12 0.84 0.83
1.05 0.97 0.87 0.87
0.96 0.91 0.87 0.88
0.87 0.91 0.84 0.78
0.85 0.73 0.83 0.75
0.80 0.74 0.77 0.69
0.81 0.81 0.76 0.72
0.81 0.81 0.77 0.67
0.81 0.75 0.76 0.75

(iii)
Calculated reduction ratios 
point (0,0) included 
case 7 +0 a=0.99b=0.00
cupl4 cupl5 cup38 cup39
0.99 1.02 0.99 0.85
0.89 0.99 0.90 0.78
0.79 0.80 0.88 0.76
1.01 1.01 0.95 0.95
0.88 0.85 0.85 0.78
0.95 0.85 0.85 0.81
0.98 0.86 0.88 0.83
0.77 0.76 0.87 0.73
0.97 0.97 0.84 0.86
0.90 0.91 0.82 0.77
0.85 0.76 0.83 0.73
0.83 0.81 0.80 0.73
0.66 0.90 0.84 0.79
0.89 1.01 0.84 0.63
1.20 1.00 0.90 0.57
1.13 1.24 0.85 0.84
1.14 1.03 0.89 0.89
1.02 0.95 0.90 0.91
0.89 0.95 0.85 0.76
0.86 0.71 0.83 0.73
0.80 0.72 0.75 0.64
0.81 0.81 0.75 0.68
0.81 0.81 0.76 0.62
0.81 0.74 0.74 0.73

(1 )
(2)

(iv)
calculated wind speeds 
point (0,0) included 
case 7 +0 a«0.9b*0.00 
cup 14 cupl5cup38cup39 
2.15 2.22 2.15 1.85
1.77 1.95 1.77 1.53
2.20 2.23 2.45 2.11 
2.98 2.99 2.82 2.80
2.79 2.69 2.70 2.47
2.84 2.54 2.54 2.41
3.28 2.89 2.96 2.79 
2.49 2.46 2.82 2.37 
3.37 3.38 2.90 2.98 
2.73 2.76 2.49 2.35
2.78 2.47 2.69 2.37
3.05 2.99 2.94 2.70
1.21 1.65 1.55 1.45
1.29 1.47 1.22 0.92
2.84 2.35 2.12 1.35
3.23 3.53 2.44 2.39 
2.32 2.08 1.82 1.80 
2.89 2.68 2.54 2.56 
2.34 2.49 2.24 2.00
2.28 1.87 2.20 1.94 
2.46 2.22 2.32 1.99
2.06 2.06 1.90 1.73 
2.77 2.77 2.59 2.13 
3.00 2.73 2.76 2.72

2.55 2.48 2.37 2.15
0.56 0.49 0.45 0.51

1.04 2.10 0.44 5.66
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Table A10. Cup 38 as reference: Calculated wind speeds and wind 
reduction ra tios  fo r : (a) a ll 24 weeks: case 4 with point 
(0. 0) not included (case 4. -0) and with point (0. 0) 
included (case 4 +0) and even numbered weeks: (b) case 6 
with point (0, 0) not included (case 6, -0) and with point 
(0. 0) included (case 6 +0) and (c ) case 8 with point (0,
0) not included (case 8. -0) and with point (0. 0) included 
(case 8 +0): a and b regression coeffic ien ts given in Table 
76. Note that (1) is average wind speed o f the 24 weeks and 
(2) i s  standard deviation and (3) is per cent difference of 
the average o f the calculated from the average of measured 
wind speeds as given in Table 78 (a ) .

(a) case 4

(i)
calculated reduction ratios 
point (0,0) not included 
case 4 -0 a=0.87 b=0.10
cup 38 as refence
cupl4 CUpl5

C
O

C
O cup39

0.97 1 . 0 0 0.97 0.85
0.97 1.06 0.97 0.85
0 . 8 8 0.89 0.97 0.85
1.02 1.02 0.97 0.97
1.00 0.97 0.97 0.90
1.07 0.97 0.97 0.92
1.06 0.95 0.97 0.92
0.87 0.86 0.97 0.83
1 . 1 1 1 . 1 1 0.97 0.99
1.05 1.06 0.97 0.92
1.00 0.90 0.97 0.87
1.00 0.99 0.97 0.90
0.78 1.03 0.97 0.92
1.02 1.15 0.97 0.76
1.26 1.06 0.97 0.65
1.25 1.36 0.97 0.95
1.21 1.10 0.97 0.96
1.09 1.02 0.97 0.98
1.01 1.07 0.97 0.88
1.00 0.84 0.97 0.87
1.02 0.93 0.97 0.84
1.04 1.04 0.97 0.89
1.03 1.03 0.97 0.81
1.05 0.96 0.97 0.96

(ii)
calculated wind speeds 
point (0,0) not included 
case 4-0 a=0.87 b=0.10
cup 38 as refence
cupl4 cupl5 cup38 cup39

2.05 2.11 2.05 1.79
1.72 1.88 1.73 1.52
2.20 2.23 2.43 2.12
2.90 2.91 2.76 2.75
2.75 2.66 2.67 2.47
2.80 2.53 2.53 2.42
3.07 2.74 2.80 2.66
2.40 2.38 2.68 2.30
3.31 3.31 2.89 2.96
2.69 2.71 2.47 2.35
2.66 2.39 2.58 2.31
2.99 2.94 2.89 2.67
1.22 1.61 1.52 1.44
1.28 1.44 1.21 0.95
2.65 2.23 2.04 1.37
3.06 3.32 2.37 2.32
2.10 1.91 1.69 1.67
2.64 2.46 2.34 2.36
2.23 2.37 2.15 1.94
2.18 1.83 2.11 1.89
2.45 2.23 2.33 2.03
2.04 2.03 1.89 1.74
2.75 2.75 2.59 2.17
2.95 2.71 2.74 2.70

(1) 2.46 2.40 2.31 2.12
(2) 0.53 0.48 0.44 0.49

(3) 4.30 5.02 3.00 7.14

(iii)
calculated reduction ratios 
point (0,0) included 
case 4 +0 a=0.99 b=0.00
cup 38 as refence
cupl4 cupl5 cup38 cup39

0.99 1.02 0.99 0.85
0.98 1.09 0.99 0.86
0.89 0.90 0.99 0.85
1.05 1.05 0.99 0.99
1.02 0.99 0.99 0.91
1.11 0.99 0.99 0.94
1.10 0.97 0.99 0.93
0.87 0.86 0.99 0.83
1.15 1.15 0.99 1.02
1.09 1.10 0.99 0.93
1.02 0.91 0.99 0.87
1.03 1.01 0.99 0.91
0.77 1.06 0.99 0.93
1.05 1.20 0.99 0.75
1.32 1.10 0.99 0.63
1.31 1.44 0.99 0.97
1.26 1.13 0.99 0.98
1.13 1.05 0.99 1.00
1.03 1.10 0.99 0.88
1.02 0.84 0.99 0.87
1.05 0.94 0.99 0.85
1.07 1.07 0.99 0.90
1.06 1.06 0.99 0.81
1.08 0.98 0.99 0.97

(iv)
calculated wind speeds 
point (0,0) included 
case 4 +0 a=0.99b=0.00 
cup 38 as refence 
cupl4cupl5 cup38 cup39

2.09 2.16 2.09 1.80
1.76 1.94 1.77 1.53
2.22 2.26 2.48 2.13
2.98 2.99 2.82 2.81
2.82 2.72 2.72 2.50
2.89 2.59 2.59 2.45
3.16 2.79 2.86 2.70
2.41 2.39 2.74 2.30
3.42 3.43 2.95 3.03
2.77 2.79 2.52 2.38
2.72 2.42 2.64 2.32
3.06 3.00 2.95 2.70
1.21 1.66 1.55 1.46
1.32 1.50 1.24 0.93
2.78 2.30 2.08 1.33
3.20 3.50 2.42 2.37
2.19 1.97 1.72 1.71
2.73 2.53 2.39 2.41
2.29 2.44 2.19 1.96
2.23 1.83 2.16 1.90
2.51 2.27 2.38 2.03
2.10 2.09 1.93 1.76
2.83 2.83 2.64 2.17
3.04 2.76 2.80 2.75

(1) 2.53 2.47 2.36 2.14
(2) 0.56 0.50 0.45 0.51

(3) 1.64 2.63 1.00 6.20
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Table A10. continued

(b) case 6

(i) (ii) (iii) (iv)
calculated reduction ratios calculated wind speeds calculated reduction ratios calculated wind speeds
point (0,0) not included point (0,0) not included point (0,0) included point (0,0) included
case 6 -0 a=0.66 b=0.27 case 6 -0 a=0.66 b=0.27 case 6 +0 a=0.99 b=0.01 case 6 +0 a=0.99b=0.01
cup 38 as refence cup 38 as refence cup 38 as refence cup 38 as refence
cupl4 cupl5 cup38 cup39 cupl4 cupl5 cup38 cup39 cupl4 cupl5 cup38 cup39 cupl4cupl5 cup38 cup39

0.93 0.95 0.93 0.84 1.96 2.01 1.96 1.77 1.00 1.03 1.00 0.86 2.11 2.18 2.11 1.82
0.93' 1.00 0.93 0.84 1.65 1.78 1.66 1.50 0.99 1.10 1.00 0.87 1.78 1.96 1.78 1.54
0.86 0.87 0.93 0.84 2.16 2.18 2.33 2.09 0.90 0.91 1.00 0.86 2.25 2.28 2.50 2.15
0.97 0.97 0.93 0.93 2.76 2.76 2.65 2.64 1.06 1.06 1.00 1.00 3.01 3.02 2.84 2.83
0.95 0.93 0.93 0.88 2.62 2.55 2.56 2.41 1.03 1.00 1.00 0.92 2.85 2.74 2.75 2.53
1.01 0.93 0.93 0.90 2.63 2.43 2.43 2.34 1.12 1.00 1.00 0.95 2.92 2.61 2.61 2.48
1.00 0.91 0.93 0.89 2.89 2.64 2.68 2.58 1.11 0.98 1.00 0.94 3.19 2.82 2.88 2.72
0.85 0.85 0.93 0.83 2.36 2.34 2.57 2.28 0.88 0.87 1.00 0.84 2.44 2.42 2.76 2.33
1.04 1.04 0.93 0.95 3.09 3.09 2.77 2.83 1.16 1.16 1.00 1.03 3.45 3.46 2.98 3.06
0.99 1.00 0.93 0.89 2.53 2.55 2.37 2.27 1.10 1.11 1.00 0.94 2.79 2.82 2.55 2.40
0.95 0.88 0.93 0.85 2.53 2.33 2.48 2.27 1.03 0.92 1.00 0.88 2.75 2.45 2.66 2.35
0.96 0.94 0.93 0.88 2.84 2.80 2.77 2.61 1.04 1.02 1.00 0.92 3.09 3.03 2.98 2.73
0.78 0.98 0.93 0.89 1.23 1.53 1.46 1.40 0.78 1.07 1.00 0.94 1.23 1.67 1.57 1.47
0.97 1.07 0.93 0.77 1.22 1.34 1.16 0.96 1.06 1.21 1.00 0.76 1.33 1.51 1.25 0.95
1.15 1.00 0.93 0.69 2.42 2.10 1.95 1.45 1.33 1.11 1.00 0.64 2.80 2.32 2.10 1.35
1.14 1.23 0.93 0.92 2.79 2.99 2.27 2.24 1.32 1.45 1.00 0.98 3.23 3.53 2.44 2.39
1.11 1.03 0.93 0.92 1.93 1.78 1.62 1.61 1.27 1.14 1.00 0.99 2.21 1.99 1.74 1.72
1.02 0.97 0.93 0.94 2.47 2.34 2.25 2.26 1.14 1.06 1.00 1.01 2.75 2.55 2.42 2.44
0.96 1.00 0.93 0.86 2.13 2.22 2.06 1.91 1.04 1.11 1.00 0.89 2.31 2.46 2.22 1.98
0.95 0.83 0.93 0.85 2.07 1.81 2.03 1.85 1.03 0.85 1.00 0.88 2.25 1.85 2.18 1.92
0.97 0.90 0.93 0.83 2.33 2.16 2.23 2.01 1.06 0.95 1.00 0.86 2.54 2.29 2.40 2.06

0.99 0.98 0.93 0.87 1.93 1.92 1.82 1.70 1.08 1.08 1.00 0.91 2.12 2.11 1.95 1.78

0.98 0.98 0.93 0.81 2.61 2.61 2.48 2.17 1.07 1.07 1.00 0.82 2.86 2.86 2.67 2.20

0.99 0.92 0.93 0.92 2.79 2.60 2.63 2.60 1.09 0.99 1.00 0.98 3.07 2.79 2.82 2.78

(1) 2.33 2.29 2.22 2.07 (1) 2.55 2.49 2.38 2.17

(2) 0.48 0.44 0.43 0.46 (2) 0.56 0.50 0.46 0.51

(3) 9.42 9.68 7.00 9.30 (3) 0.71 1.69 0.00 5.16
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Table A10. continued

(c) case 8

Table A10. continued.

(i) (ii) (iii) (iv)
calculated reduction ratios calculated wind speeds calculated reduction ratios calculated wind speeds
point (0,0) not included point (0,0) not included point (0,0) included point (0,0) included
case 8 -0 a=1.04 b=-0.03 case 8 -0 a=1.04 b=-0.03 case 8 +0 ad.00 b=-0.00 case 8 +0 a=1.00b=-0.00
cup 38 as refence cup 38 as refence
cupl4 cupl5 cup38 cup39 cupl4 cupl5 cup38 cup39

1.01 1.05 1.01 0.87 2.13 2.21 2.13 1.83
1.00 1.11 1.01 0.87 1.79 1.99 1.80 1.55
0.90 0.92 1.01 0.86 2.26 2.30 2.53 2.16
1.07 1.07 1.01 1.01 3.05 3.06 2.87 2.86
1.05 1.01 l.Ol 0.92 2.88 2.77 2.78 2.54
1.13 1.01 l.Ol 0.96 2.96 2.64 2.64 2.50
1.12 0.98 1.01 0.95 3.24 2.84 2.91 2.75
0.89 0.88 1.01 0.84 2.45 2.43 2.79 2.34
1.18 1.18 1.01 1.04 3.51 3.52 3.01 3.09
1.11 1.12 1.01 0.95 2.83 2.86 2.57 2.42
1.04 0 . » l l.Ol 0 . 6 9 2.78 2.46 2.65 2.36
1.05 1.03 1.01 0.92 3.12 3.06 3.01 2.75
0.78 1.08 1.01 0.95 1.22 1.69 1.58 1.48
1.08 1.23 1.01 0.75 1.35 1.54 1.26 0.94
1.36 1.12 1.01 0.63 2.86 2.35 2.12 1.33
1.35 1.48 1.01 0.99 3.29 3.61 2.46 2.41
1.29 1.16 1.01 1.00 2.25 2.02 1.75 1.74
1.16 1.07 1.01 1.02 2.79 2.58 2.44 2.46
1.06 1.13 1.01 0.90 2.34 2.50 2.24 1.99
1.04 0.85 1.01 0.88 2.28 1.86 2.20 1.93
1.07 0.96 1.01 0.86 2.57 2.31 2.43 2.07
1.10 1.09 1.01 0.92 2.15 2.14 1.97 1.79
1.08 1.08 1.01 0.82 2.89 2.89 2.70 2.20
1.10 1.00 1.01 0.99 3.11 2.82 2.85 2.81

(1) 2.59 2.52 2.41 2.18
(2) 0.57 0.51 0.46 0.52

(3) -0.55 0.54 -1.00 4.59

I

cup 38 as refence cup 38 as refence
cupl4 cupl5 cup38 cup39 cupl4cupl5 cup38 cup39

1.00 1.03 1.00 0.86 2.11 2.18 2.11 1.82
0.99 1.10 1.00 0.86 1.78 1.96 1.78 1.54
0.90 0.91 1.00 0.86 2.25 2.28 2.50 2.15
1.06 1.06 1.00 1.00 3.01 3.02 2.84 2 . 8 3

1.04 1.00 1.00 0.92 2 . 8 5 2.74 2 . 7 6 2 . 9 2

1.12 1.00 1.00 0.95 2.92 2.61 2.61 2.48
1.11 0.98 1.00 0.94 3.20 2.81 2.88 2.72
0.88 0.87 1.00 0.84 2.44 2.41 2.76 2.33
1.16 1.16 1.00 1.03 3 . 4 6 3 . 4 7 2.98 3 . 0 6

a
1 . 1 1
0.92

1 . 0 0
1.00

0 . * 4
0.88

i . n
2.75

1.0
2.44

1.0
2 . 6 6

• i 4 0
2.35

1.04 1.02 1.00 0.92 3.09 3.03 2.98 2.73
0.78 1.07 1.00 0.94 1.22 1.67 1.57 1.47
1.06 1.21 1.00 0.75 1.33 1.51 1.25 0.94
1.34 1.11 1.00 0.64 2.81 2.32 2.10 1.34
1.33 1.45 1.00 0.98 3.23 3.54 2.44 2.39
1.27 1.15 1.00 0.99 2.21 1.99 1.74 1.72
1.14 1.06 1.00 1.01 2.76 2.55 2.42 2.44
1.04 1.11 1.00 0.89 2.31 2.46 2.22 1.98
1.03 0.85 1.00 0.88 2.25 1.85 2.18 1.92
1.06 0.95 1.00 0.86 2.54 2.29 2.40 2.06
1.09 1.08 1.00 0.91 2.12 2.11 1.95 1.78
1.07 1.07 1.00 0.82 2.86 2.86 2.67 2.19
1.09 0.99 1.00 0.98 3.07 2.79 2.82 2.78

(1) 2.56 2.49 2.38 2.16
(2) 0.56 0.50 0.46 0.51

(3) 0.65 1.65 0.00 5.25



671

Table All. Soil temperature measuring positions in 
agroforestry plot (see Fig. 11). (i) pruned and 
(ii) unpruned. Note that we use (1, 2), (3, 4),..., 
(15, 16) to represent (ATM1, ATM2), (BTM3, BTM4),..., 
(BTM15, BTM16) for clarity in Fig. 11.

Distance fro* the Grevillea robust a trees

------------------- ,----- 94_£fl!----- -----376 cm

- - - - - - - - - T r e e  J io __ d e p t h _ fc m ) ' 7 .5  15 7 .5 _ _ _ _ _ _
(i) Pruned

PT1
.position AMI BM1

ATM2 ATM1 BTM4 BTM3

PT2
position JLL BL1

ATM6 ATM5 BTM8 BTM7

(ii) Unoruned ___________ _ . J

UT4
position AM2 ______ m ____

ATM10 ATM9 BTM12 BTM11

UT5
position AL2 _ELI ,

ATM14 ATM13 BTM16 BTM15
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Table A12. Weeks of soil temperature data in Matanya plots 
for (i) SR91, (ii) LR92, (in) LR93, (iv) SR93.

(a) Agroforestry (AF) plot______
i. SR91

wkl: 18/10-21/10/91
wk2: 23/10-29/10/91 
wk3: 30/10-05/11/91 
wk4: 06/11-11/11/91 
wk5: 12/11-18/11/91 
wk6: 19/11-25/11/91 
wk7: 26/11-03/12/91 
wk8: 04/12-09/12/91 
wk9: 10/12-16/12/91 
wklO: 17/12-19/12/91 
wkl1: 20/12-26/12/91 
wk12: 27/12-02/01/92 
wkl3: 03/12-09/01/92

iii. LR93
wkl: 22/03-28/03/93 
wk2: 29/03-04/04/93 
wk3: 05/04-11/04/93 
wk4: 12/04-18/04/93 
wk5: 19/04-25/04/93 
wk61 17/06-23/06/93 
wk7: 24/06-30/06/93 
wk8: 01/07-06/07/93 
wk9: 07/07-13/07/93

JL LR92 '
wkl: 21/03-28/03/92
wk2: 29/03-04/04/92
wk3: 05/04-11/04/92 
wk4: 13/05-19/05/92
wk5: 20/05-26/05/92
wk6: 27/05-03/06/92
wk7: 04/06-10/06/92
wk8: 11/06-15/06/92
wk9: 18/06-25/06/92
wklO: 26/06-02/07/92 
wkll: 03/07-09/07/92 
wkl2: 30/07-05/08/92 
wkl3: 06/08-12/08/92 
wk14: 13/08-19/08/92 
wkl5: 20/08J6/08/92 

iv. SR93.
wkl: 
wk2: 
wk3: 
wk4: 
wk5: 
wk6 i 
wk7: 
wk8:

T l/1 0 -17/10/93 
18/10-24/10/93 
25/10-31/10/93 
01/11-07/11/93 
08/11-14/11/93 
l l/ l l- l l/ H / i*  22/11-28/11/93 
29/11-06/12/93

WKy: u//U/-U/U//90 ____
lb) Hon agrof orestry_[NAf )_ j>Tots

wkl
wk2
wk3
wk4

1. JSR91
02/11-07/11/91
08/11-14/11/91
15/11-21/11/91
22/11-28/11/91

iii. LR93___________
wkl: 20/03-26/03/93
wk2: 27/03-02/04/93
wk3: 03/04-09/04/93
wk4: 10/04-16/04/93
wk5: 17/04-23/04/93
wk6: 24/04-30/04/93
wk7: 18/06-24/06/93
wkS; 89/06-01/07/93 
wk9: 02/07-07/07/93
wklO: 08/07-13/07/93

ii. LR92 
June & July 1992. 

wkl: 03/06-09/06/92
10/06-16/06/92 
17/06-23/06/92 
24/06-30/06/92 
01/07-07/07/92 
08/07-14/07/92 
15/07-21/07/92 
22/QUS/QZ/92 

iv^_SR9‘

wk2: 
wk3: 
wk4: 
wk5: 
wk6: 
wk7: 
wkSi

05/10-11/10/93 
12/10-18/10/93 
19/10-25/10/93 
26/10-01/11/93 
02/11-08/11/93 
09/11-15/11/93 
16/11-22/11/93 23/11-29/11/93 
03/12-09/12/93 
10/12-16/12/93 
17/12-23/12/93 
24/12-30/12/93

wk 1 3 l
wkl4: 07/01-12/01/94

wkl: 
wk2: 
wk3: 
wk4: 
wk5: 
wk6: 
wk7: 
wk8: 
wk9: 
wklO 
wkll 
wkl 2:
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Table A13. Soil teiperature characteristics in Natanya agroforestry plot for (al SMI fhi two 
(c) LR93, (d) SR93 (see also Table All S Fig. 12) ' ' 1 ’ 2

1, _______ r —l----------------------------------------tt-------------- -

• plot: 
Pruned Grevil

AFH1
ea tree PT1

plot: AFL1
Pruned Grevillea tree PT2

plot: 
Onpruned Grev

AFH2
Ilea tree UT4

plot: A 
Onpruned Grevi

FL2
Ilea tree UT5

Soil
teipera
paraie-
ters

AMI 
94 ci

BM1
376 ci

AL1 
94 ci

BL1
376 Cl

1X2 
94 ci

BN2
376 Cl

AL2 
94 Cl

BL2
376 Cl

ATH1 ATH2 
depl5 dep7.5

ATH3 ATH4 
depl5 dep7.5

ATH5 ATH6 
depl5 dep7.5

ATH7 ATH8 
depl5 dep7.5

ATH9 ATH10 
depl5 dep7.5

Afflll ATM12 
depl5 dep7.5

ATH13 ATM14 
depl5 dep7.5

ATM15 ATM16 
depl5 dep7.5

1. SR
(a) S

91: October 
depl5 dep7.5

bort Rains groi 

depl5 dep7.5

ving season of 

depl5 dep7.5

1991: SR91 

depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 deplS dep7.5

Average 
Std dev 
UI

r
ie

Aiplitu

19.16 18.80 
0.35 0.88 

19.65 20.11

IW i M l
3.15 2.15 
0.51 1.29

19.06 18.80 
0.42 1.12 

19.64 20.43 
14.15 10.16 
18.48 17.28
4.15 1.15 
0.58 1.57

18.76 18.31 
1.01 2.77 

20.23 23.02

» :8  f f l

1.15 21.15 
1.43 4.02

18.33 17.99 
0.60 1.35 

19.15 20.11

it'll ;l:il
2.15 22.15 
0.85 1.91

18.68 18.21 
0.59 1.42 

19.50 20.40

till! J:B
3.15 23.15 
0.83 2.03

18.78 18.71 
0.57 1.22 

19.60 20.52 
It.18 10.II 
17.93 17.12
3.15 0.15 
0.83 1.70

19.07 18.82 
0.61 1.54 

19.93 21.14 
Hill io.ii 
18.20 16.14
3.15 0.15 
0.86 2.15

18.70 15.88 
0.60 3.55 

19.50 22.32 
11,11 till 
17.58 11.49
1.15 0.15 
0.96 5.41

2. SR<1: Hoveiber 
depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 d«pl5 dip7.5

Average
Std dev
Max
Tin
Kin
rise
Aiplitu

19.46 19.37 
0.40 0.94 

20.00 20.72
23.25 19.25 
18.84 17.97
12.25 10.25 
0.58 1.38

19.03 18.80 
0.39 1.10 

19.59 20.48
21.25 17.25 
18.41 17.17
11.25 8.25 
0.59 1.65

18.82 18.57 
0.97 2.66 
20.28 23.27
18.25 14.25 
17.39 15.06
9.25 7.25 
1.44 4.11

18.55 18.35 
0.39 0.94 

19.07 19.81
20.25 17.25 
17.93 16.92
10.25 8.25 
0.57 1.44

19.58 19.31 
0.67 1.49 

20.53 21.67
19.25 17.25 
18.56 17.16
11.25 8.25 
0.99 2.26

19.27 19.37 
0.53 1.32 
20.02 21.35
20.25 17.25 
18.44 17.48
11.25 8.25 
0.79 1.94

19.90 20.10 
0.74 1.96 
20.94 23.17
20.25 16.25 
18.76 17.35
11.25 8.25 
1.09 2.91

18.90 16.39 
0.51 3.92 
19.63 23.32
20.25 12.25 
18.13 11.35
11.25 6.25 
0.75 5.99

3. SR91: Deceiber 
depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5

Average 
Std dev 
Rax 
Tiie

&
Aiplitu

20.81 20.97 
0.57 1.48 

21.60 23.17
22.02 18.02 
!».•« ll.fl
13.02 10.02 
0.83 2.23

19.94 19.94 
0.60 1.65 

20.72 22.35
22.02 17.02
it.*• if.<k
11.02 9.02 
0.86 2.45

20.48 21.19 
1.68 5.60

23.00 23.09
18.02 14.02
II.*4 14.11
9.02 7.02
2.48 8.97

19.62 19.73 
0.83 1.87 

20.78 22.76
20.02 17.02
U.4I IV.M
11.02 9.02 
1.18 2.86

21.68 21.56 
1.02 2.38 

23.11 25.33
20.02 17.02
H.ll 11.•»
10.02 1.02 
1.48 3.65

21.56 22.41
0.90 2.86

22.78 27.03
20.02 16.02 
Mill II.II
11.02 9.02 
1.31 4.25

21.66 22.26
I. 11 3.13

23.24 27.46
20.02 17.02 
It.il If.to
II. 02 9.02 
1.63 4.78

20.45 17.34 
0.78 5.96 

21.47 26.43
20.02 14.02 
It,If 10.11
11.02 6.02 
1.10 8.14
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Table A13. continued

(b) Long Rains growing season of 1992: LR92
1. LR92: Karch

depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 deplS dep7.5 deplS dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5
Average
Std dev
Rax
rise
Min
71ie
Aiplitu

20.88 20.03 
0.97 2.63 

22.21 24.53
19.45 14.45 
19.37 16.31
10.45 7.45 
0.92 2.84

20.75 20.31 
0.83 1.96 

21.89 23.41
18.45 15.45 
19.48 17.57
9.45 7.45 
1.62 2.97

20.61 20.24 
0.98 2.63 

21.96 24.75
19.45 15.45 
19.10 16.59
10.45 7.45 
1.03 2.36

21.29 21.33 
1.22 2.26 

23.08 24.87
18.45 16.45 
19.48 18.15
9.45 8.45 
0.85 1.74

21.01 20.74 
0.88 1.72 

22.17 23.16
18.45 16.45 
19.59 18.11
10.45 8.45 
0.64 1.34

17.99 20.54 
0.69 2.52 

19.32 24.45
18.45 15.45 
16.11 17.02
12.45 7.45 
5.30 3.71

21.07 21.15 
1.56 3.05 

23.32 25.81
17.45 14.45 
11.70 16.85
1.45 7.45 
2.31 4.48

21.16 18.35 
0.82 4.30 

22.29 25.71
19.45 11.45 
11.11 13.04
10.45 4.45 
1.20 6.32

2. LR92: May 
deplS dtp7.$ depi5 d«p7.5 depl5 dep7.5 deplS dep7.5 deplS dep7.j dtplS d«p7.} deplS dep7.5 deplS dep7.|

Average
Std dev
Xu
Tile
Din
Tiie
Aiplitu

22.44 22.34
1.06 3.15 

24.05 28.11
19.18 15.18 
20.95 18.37
10.18 7.18 
1.55 4.87

21.30 21.11 
0.64 1.62
22.18 23.58
19.18 16.18 
19.93 18.83
11.18 8.18 
1.13 2.38

21.89 22.19 
1.25 3.64 

23.76 28.76
18.18 15.18 
20.08 17.71
10.18 7.18 
1.84 5.52

22.36 22.43 
1.08 2.29 

24.01 26.22 
18.18 16.18 
20.81 19.26 
9.18 8.18 
1.60 3.48

21.36 21.32 
0.85 1.31 

22.47 23.31
19.18 17.18 
19.94 19.37
10.18 9.18 
1.26 1.97

21.60 20.88 
0.64 1.81 

22.52 23.89
19.18 17.18 
20.64 18.42
11.18 7.18 
0.94 2.74

21.67 21.61 
1.33 2.38 

23.63 25.47 
17.18 16.18 
19.65 18.36 
8.18 8.18 
1.99 3.56

m m m m m m m m m rnm m m

21.77 17.48 
0.85 3.71 
23.07 23.40 
18.18 12.18 
20.54 12.78 
11.18 6.18 
1.27 5.31

3. LR<32: June 
depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5

Average
Std dev
MU
TiN
Nil
Tin
Aiplitu

21.41 21.12 
0.70 2.24 

22.36 25.04
19.25 17.25 
20.34 16.27
11.25 10.25 
1.01 3.39

19.47 19.39 
1.01 2.02 

20.79 22.84
18.25 15.25 
17.50 16.57
10.25 10.25 
1.65 3.14

20.41 20.30
I. 04 1.87 

21.(2 23.33 
20.25 16.25 
18.22 17.70
II. 25 10.25 
1.70 2.82

20.45 17.39 
1.56 1.92 

22.79 22.22
17.25 14.25 
17.74 13.78
10.25 23.25 
2.52 4.22

20.13 20.13 
1.29 2.11 

21.93 23.77
18.25 17.25 
17.68 17.18
10.25 10.25 
2.12 3.30

19.57 19.78 
0.99 4.27 

20.12 28.30
19.25 14.25 
17.61 15.40
11.25 6.25 
1.60 6.45

20.05 20.41
I. 27 0.96 

21.79 21.50 
18.25 20.25 
17.86 18.30
II. 25 11.25 
1.96 1.60

19.01 20.16 
1.17 3.37 

21.98 26.61
15.25 14.25 
16.16 16.27
14.25 7.25 
2.91 5.17

4. LRS2: July 
depl5 dep7.5 deplS dep7.5 deplS dep7.5 depl5 dep7.5 deplS dep7.5 deplS dep7.5 deplS dep?.5 depl5 dep7.5

Average
Std dev
Max
Tiie
Kin
Tiie
Aiplitu

23.15 23.13 
1.25 3.49 

25.07 29.44
18.17 15.17 
21.38 18.90
10.17 8.17 
1.84 5.27

22.47 22.85 
0.82 2.47 

23.78 27.06
19.17 15.17 
21.33 19.75
10.17 8.17 
1.22 3.66

22.60 23.42 
1.44 4.37 

24.84 31.48
18.17 15.17
20.61 18.20
10.17 7.17 
2.12 6.64

22.98 23.41 
1.18 2.32 

24.83 27.21
18.17 17.17 
21.34 20.31
10.17 8.17 
1.74 3.45

22.28 22.28 
0.76 1.58 

23.45 24.84
19.17 17.17 
21.19 20.13
10.17 9.17 
1.13 2.36

22.58 22.41 
0.81 2.49 
23.77 26.69
19.17 17.17 
21.41 19.12
11.17 8.17 
1.18 3.78

22.97 23.50 
1.77 3.47 

25.76 29.61 
17.17 16.17 
20.48 19.08 
9.17 8.17 
2.64 5.27

22.43 17.27 
0.89 3.77 
23.81 23.89
18.17 14.17 
21.20 12.60
11.17 6.17 
1.31 5.64

5. LR92: August 
depl5 dep7.5 depl5 dep7.5 depl5 dep7.S depl5 d*p7.5 deplS dep7.S deplS depT.S deplS dep7.5 deplS dep7.5

Average 
td dev 

Xax 
l ie  

Kin 
T iie  
A ip litu

20.82 20.52 
1.01 2.78

22.30 25.42
19.42 16.42
19.30 16.91
10.42 7.42 
1.50 4.26

20.76 20.55 
0.92 2.42 

22.11 24.86
18.42 16.42 
19.41 17.57
9.42 7.42 
1.35 3.65

20.48 20.74 
1.21 3.40 

22.29 26.89
19.42 15.42 
18.76 16.50
9.42 7.42 
1.76 5.20

21.16 21.26 
0.97 1.85 

22.58 24.25
18.42 17.42 
19.71 18.66
10.42 8.42 
1.44 2.80

20.69 20.77 
0.94 2.04 

22.03 24.05
19.42 16.42 
19.24 18.01
7.42 8.42 
1.40 3.02

20.97 20.47 
0.77 2.29 

22.06 24.35
19.42 17.42 
19.79 17.43
10.42 8.42 
1.13 3.46

21.47 21.31 
2.13 4.10 

24.86 28.97 
17.42 16.42 
18.53 15.62 
8.42 8.42 
3.17 6.67

21.08 21.00 
1.00 5.87 

22.63 31.80 
11.42 14.42 
19.48 14.25 
8.42 (.42 
1.57 8.78
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Table A13. continued

1. u
(c)

R93: April 
depl5 dep7.5

x>ng Rains grot 

depl5 dep7.‘

ling season of 1993: LR93 

depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.‘

Average
Std de\
Hai
Tiie
Min
Tiie
Anplitu

18.71 17.98 
0.61 1.87 

19.61 20.92
20.54 16.54 
17.79 15.46
10.54 9.54 
0.91 2.73

18.20 17.65 
0.57 1.13 

18.98 19.29
19.54 16.54 
17.30 16.10
10.54 9.54 
0.84 1.59

18.47 18.00 
0.73 1.84

19.47 20.89
20.54 16.54 
17.42 15.59
10.54 9.54 
1.02 2.65

18.71 18.50 
1.06 1.82 

20.27 21.38 
18.54 16.54 
17.20 16.10 
9.54 8.54 
1.53 2.64

19.21 18.65 
0.66 1.44 

20.19 20.64 
18.54 16.54 
18.26 16.60 
8.54 10.54 
0.97 2.02

18.79 17.97 
0.58 2.30 

19.61 21.42
19.54 14.54 
17.92 15.30
11.54 6.54 
0.85 3.06

18.59 19.14 
1.30 1.65 

20.47 21.40
17.54 14.54 
16.66 16.90
8.54 7.54 
1.90 2.25

18.50 19.23 
1.64 3.48 

20.97 24.80 
16.54 13.54 
16.06 14.94 
7.54 6.54 
2.45 4.93

2. LR93: June 
depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 d«pl5 dep7.i

Average 
Std dev 
Hax 
Mm
Kin
Mae
Anplitu

21.38 21.21 
0.76 2.19 

22.46 25.04
21.25 17.25 
20.06 18.27
11.25 9.25 
1.20 3.39

19.60 19.52 
0.79 1.92 
20.79 22.84
18.25 15.25 
18.54 17.15
10.25 8.25 
1.13 2.85

20.55 20.43 
0.80 1.77 

21.62 23.33
20.25 16.25 
19.28 17.95
11.25 8.25 
1.17 2.69

20.58 17.49 
1.38 2.06 

22.79 22.95
17.25 14.25 
18.76 13.78
9.25 23.25 
2.01 4.59

20.26 20.26 
1.10 2.03 

21.93 23.77
18.25 17.25 
18.73 17.51
10.25 8.25 
1.60 3.13

19.70 19.96 
0.77 4.33 

20.82 28.32
19.25 15.25 
18.66 15.40
11.25 6.25 
1.08 6.46

20.18 20.55 
1.10 0.70 

21.79 21.48
18.25 19.25 
18.61 19.40
9.25 11.25 
1.59 1.04

19.12 20.31 
1.73 3.39 

21.98 26.61 
15.25 14.25 
16.77 16.27 
8.25 7.25 
2.60 5.17

3. LR<'3: July 
depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.‘

Average 
Std dev 
Mu 
Tim 
Min
Ti*
Anplitu

21.01 20.52 
0.57 1.64 

21.85 23.49
21.05 17.05 
20.22 18.49
12.05 9.05 
0.82 2.50

19.72 19.88 
1.32 1.97 

21.15 23.58
18.05 15.05 
16.00 17.61
10.05 8.05 
2.58 2.99

19.68 19.28 
0.54 1.36 

20.55 21.48
20.05 17.05 
18.82 17.47
12.05 9.05 
0.86 2.01

20.77 21.61 
1.23 3.46 

22.83 29.39 
18.05 20.05 
19.10 18.07 
9,05 8.05 
1.87 5.66

20.14 20.14 
0.83 1.59 

21.43 22.97 
19.05 17.05 
18.96 18.07
9.05 8.05 
1.24 2.45

19.96 19.86 
0.64 4.43

20.97 30.39
20.05 14.05 
19.09 19.46
12.05 7.05 
0.96 7.47

20.42 20.89 
1.20 0.66 

22.37 21.85 
18.05 21.05 
18.77 19.80 
9.05 12.05 
1.80 1.03

20.02 21.02 
1.51 4.63 

22.46 30.77 
17.05 15.05 
18.07 16.35 
9.05 7.05 
2.19 7.21

4. LR93: August 
depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.!

Average
Std dev
Hex
7lM
Kin
Tiie
Aiplitu

20.09 19.59 
0.80 2.18 

21.28 23.46
19.58 16.58 
18.95 16.66
10.58 7.58 
1.17 3.40

19.52 19.49 
1.04 2.44 

21.15 24.03
17.58 15.58 
18.12 16.50
9.58 7.58 
1.51 3.76

19.04 18.74 
0.55 1.29 
19.85 20.77
20.58 16.58 
18.20 16.91
10.58 8.58 
0.82 1.93

20.62 20.08 
1.46 2.67 
22.99 25.72
17.58 16.58 
18.68 17.09
9.58 7.58 
2.15 4.32

19.32 19.38 
0.87 1.76 
20.65 22.16
11.58 16.58 
18.07 16.95
9.58 7.58 
1.29 2.60

19.57 19.11 
0.72 5.16 

20.60 30.75
19.58 12.58
18.57 13.62
10.58 5.58 
1.02 8.57

20.23 20.54
I. 47 0.91 

22.45 21.86
17.58 19.58
II. 08 19.14
9.58 10.58 
2.19 1.36

20.53 ;
2.12

23.95
15.58 1 
17.77 1!
9.58 6 
3.09 9.L.
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Table A13. continued

1. SR 

_ _

(d) S
93: October 

depl5 dep7.5

bort Rains gra 

depl5 dep7.5

wing season of 

depl5 dep7.5

1993: SR93 

depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5

Average
iStd dev
Rax
Tiie
Rii
Tiie
Aiplitu

18.25 17.53 
0.52 1.03 

19.00 19.07 
18.29 16.29 
17.40 16.03 
9.29 7.29 
0.80 1.52

19.40 18.79 
0.53 1.42 

20.20 21.05 
18.29 15.29 
18.61 16.88 
9.29 7.29 
0.79 2.09

19.12 18.76 
0.62 1.47 

20.03 20.97
19.29 16.29 
18.17 16.73
10.29 8.29 
0.93 2.12

20.64 20.07 
0.81 2.41 

21.85 24.29
18.29 15.29 
19.39 17.05
9.29 7.29 
1.23 3.62

20.29 20.28 
0.92 2.10

21.59 23.55
17.29 16.29 
19.01 17.49
10.29 6.29
1.29 3.03

19.32 18.67 
0.42 1.33 

19.95 20.73
19.29 15.29 
18.68 16.86
10.29 7.29 
0.63 1.94

19.56 19.91 
0.72 1.63 

20.60 22.59
19.29 16.29 
18.49 17.72
10.29 8.29 
1.05 2.43

20.10 20.27 
0.56 1.01 

20.83 21.69
21.29 19.29 
19.21 18.71
11.29 10.29 
0.81 1.49

2. SR<3: Koveiber 
depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5 depl5 dep7.5

Average 
Std dev 
tor 
fit*
Kin
!iie
Aiplitu

18.18 17.60 
0.42 0.93 

18.76 19.03 
18.29 16.29 
17.49 16.20 
9.29 7.29 
0.63 1.42

18.46 17.94 
0.49 1.19 
19.15 19.99
19.29 17.29 
17.69 16.26
10.29 8.29 
0.73 1.86

19.14 18.86 
0.65 1.60

20.06 21.37
19.29 16.29
18.14 16.52
10.29 8.29 
0.96 2.42

19.24 17.20 
0.86 1.93 

20.51 21.61 
17.29 16.29 
17.99 15.11 
9.29 10.29 
1.26 3.25

19.32 19.59 
0.91 1.67 
20.63 22.15
17.29 17.29 
17.93 17.26
10.29 8.29 
1.35 2.44

18.84 18.11 
0.38 1.34 
19.39 20.26
20.29 15.29 
18.22 16.26
10.29 7.29 
0.59 2.00

19.16 20.46 
0.70 1.45 
20.18 22.63
18.29 16.29 
18.14 18.56
10.29 9.29 
1.02 2.04

18.99 18.87 
0.51 1.24

19,72 21.06
21.29 18.29 
18.23 17.61
11.29 10.29 
0.74 1.72

)
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Table A14 Soil teiperature characteristics in Hatanya nonagroforestrv plot for (at sni ibi
(c) LR93, (d) SR93 (for LR92-SR93 see also Fi<Tl3) '

Soil

Local
control (L)

Mulched 
control (M) Bare soil (BS

Local
control (L)

Mulched 
control (N) Bare soil (BS)

teiperat
-ure

paraie-
ters

1. SR< 

Depl5 Dep7.5

(a) SR91 
1: October

Depl5 Dep7.5 Depl5 Dep7.5 Depl5 Dep7.5

(c) LR93 
1. LR93:April

Depl5 Dep7.5 Depl5 Dep7.5

Average 18.93 18.16 18.60 17.88 19.60 19.23 19.36 19.36 19.01 18.94 21.38 21.49Std dev 0.83 2.07 0.66 1.50 0.33 0.77 1.53 2.40 0.62 1.63 0.74 1.86Max 20.05 21.10 19.48 20.05 20.00 20.20 21.64 23.12 19.87 21.40 22.38 24.24
Tine 19.50 23.50 17.00 20.50 18.5 21.5 17.25 16.00 20.25 16.58 21.25 17.25
Min 17.65 15.13 17.58 15.60 19.07 17.95 17.17 16.04 18.08 16.62 20.26 18.75
Tine 11.00 13.00 9.50 11.50 9.5 11.5 8.75 8.00 10.25 8.58 11.25 9.25
Amplitude 1.20 2.99 0.95 2.22 .0.47 1.12 2.24 3.54 1.16 2.13 1.06 2.74

2. SR91: Moveiber Bare soil 
Depl5 Dep7.5 | Depl5 Dep7.5 | Depl5 Dep7.5

2. LR93: June
Depl5 Dep7.5 | Depl5 Dep7.5 | Depl5 Dep7.5

Average 18.89 18.73 18.47 18.27 19.62 19.55 20.06 19.79 19.16 18.77 21.62 21.74
Std dev 0.88 1.97 0.65 1.39 0.43 0.90 1.78 2.06 0.69 1.37 0.75 1.81
Max 20.16 21.83 19.39 20.44 20.18 20.86 23.23 23.40 20.16 21.05 22.65 24.50
Tiie 18.88 16.38 18.88 15.88 21.38 18.38 17.90 16.90 19.07 17.07 21.4 17.4
Min 17.61 16.02 17.51 16.34 18.91 18.18 17.83 17.26 18.14 17.05 20.36 19.24
Tine 9.88 7.38 9.88 7.88 11.38 9.38 9.15 8.40 10.07 9.07 11.4 9.4
Aiplitude 1.27 2.90 0.94 2.05 0.64 1.34 2.70 3.07 1.01 2.00 1.15 2.63

(b) LR92 
1. LR92: June 

Depl5 Dep7.5 | Depl5 Dep7.5 Depl5 Dep7,5 Depl5 Dep7.5
3. LR93: July 
Depl5 Dep7.5

BS
Depl5 Dep7.5

Average 21.75 21.95 21.48 21.42 22.17 21.83 20.65 20.68 19.58 19.25 21.00 21.18
Std dev 1.43 2.64 0.99 1.32 1.16 2.48 1.71 2.06 0.65 1.41 0.65 1.56
Max 23.99 26.22 23.00 23.52 23.93 25.92 23.59 24.33 20.60 21.58 21.90 23.67
Tiie 18.75 16.75 20.33 18.00 20.00 17.00 17.58 17.08 19.00 17.66 21.33 17.33
Min 19.79 18.59 20.14 19.64 20.49 18.54 18.55 18.14 18.67 17.52 20.12 19.00
Tiie 10.25 8.75 11.67 10.00 11.00 9.00 9.08 8.33 10.33 9.00 11.33 9.33
Aiplitude 2.10 3.81 1.43 1.94 1.72 3.69 2.52 3.10 0.97 2.03 0.89 2.33

2. LR92: July
Depl5 Dep7.5 | Depl5 Dep7.5 | Depl5 Dep7.5 Depl5 Dep7.5

4. LR93: August 
Depl5 Dep7.5 | Depl5 Dep7.5

Average 21.32 21.52 21.34 20.91 21.78 21.63 20.32 20.67 19.81 20.16 20.08 20.65
Std dev 1.44 2.82 1.14 1.30 1.27 2.89 4.50 4.68 4.06 4.67 4.09 4.56
Max 23.63 26.30 23.13 22.97 23.75 26.44 23.30 24.28 21.10 23.52 21.18 23.65
Tiie 19.00 17.00 20.33 18.33 20 17 18.38 17.38 19.80 17.80 22.13 19.13
Hin 19.35 17.95 19.75 19.15 19.97 17.85 17.89 17.70 18.46 17.31 18.80 17.78
Tiie 10.25 8.75 11.33 10.00 11 9 9.38 9.13 10.46 9.80 11.13 9.13
Aiplitude 2.14 4.17 1.69 1.91 1.89 4.30 2.70 3.29 1.32 3.10 1.19 2.94
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TaWe AM- continued

3. LR92: August
Depl5 Dep7.5 | Depl5 Dep7.5 | Depl5 Dep7.5

Average 20.55 20.63 20.23 20.38 21.30 21.01
Std dev 1.38 2.93 0.83 1.67 1.35 3.00
Max 22.77 25.67 21.51 23.09 23.39 26.10
Tiie 17.79 16.04 18.96 17.29 18.29 16.29
Min 18.66 16.96 18.93 18.14 19.37 17.17
Tiie 9.29 7.79 9.62 8.29 9.29 7.29
Aiplitude 2.05 4.36 1.29 2.47 2.01 4.46

Local Mulched
control (L) control (H) Bare soil (BS)

Soil
teiperat (C) SB93
-ure 1. SR93: October

paraie-
ters Depl5 Dep7.5 | Depl5 Dep7.5 | Depl5 Dep7.5

Average 20.73 20.68 19.36 19.39 21.50 21.58
Std dev 0.94 2.25 0.47 1.54 1.00 3.06
Max 22.12 24.28 20.02 21.92 22.95 26.63
Tiie 18.75 16.25 19.92 16.25 18.25 15.25
Min 19.38 17.69 18.65 17.32 20.04 17.59
Tiie 9.75 8.25 10.92 7.58 10.25 7.25
Aiplitude 1.37 3.30 0.69 2.30 1.45 4.52

2. SR93: Noveiber
Depl5 Dep7.5 Depl5 Dep7.5 Depl5 Dep7.5

Average 19.31 19.12 18.63 18.38 20.19 20.19
Std dev 0.82 1.80 0.49 1.24 1.06 5.20
Max 20.45 21.82 19.29 20.20 21.68 28.86
Tiie 19.25 16.50 18.58 17.25 19.25 12.25
Min 18.06 16.50 17.87 16.52 18.53 13.62
Tiie 9.75 8.25 8.92 8.58 9.25 6.25
Aiplitude 1.20 2.66 0.71 1.84 1.57 7.62

3. SR93: Deceiber
Depl5 Dep7.5 Depl5 Dep7.5 Depl5 Dep7.5

Average 19.30 19.30 19.05 18.83 21.32 21.77
Std dev 0.69 1.54 0.44 1.00 1.21 6.30
Max 20.26 21.63 19.64 20.30 23.04 32.20
Tiie 20.43 17.43 21.18 18.18 19.18 13.18
Min 18.25 17.06 18.37 17.22 19.46 13.97
Tiie 10.43 8.93 8.18 9.18 10.18 7.18
Aiplitude 1.00 2.29 0.64 1.54 1.79 9.11
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Abbreviations and acronyms

a- X/C
A

dL
DLF
DOY
DM
e

-  thermal d iffu s iv ity
-  Area of a horizontal leaf assumed to be perpendicular 

to  the sun's rays (or amplitude of the temperature 
wave)

-  positions o f WAU electrical cup anemometers in AF 
plot

-  a pruned portion of on-farm live-fence ( I f )  marked A
-  Area of shadow of leaf
-  diurnal amplitude of the temperature wave at the so il 

surface
-  Agroforestry plot
-  Agroforestry unmulched deep t i l l e d  sub-plots
-  Agroforestry mulched minimum t i l l e d  sum-plots
-  unmulched deep t i l le d  pruned G. robusta trees on- 

farm plot
-  unmulched deep t i l le d  unpruned G. robusta trees on- 

farm plot
-  mulched minimum t il le d  pruned G. robusta trees on- 

farm plot
-  mulched minimum t i l le d  unpruned G. robusta trees on- 

farm plot
-  horizon o f the plough surface s o il
-  Arid and semi-arid lands
-  Average weekly soil temperature(s )
-  Biomass oven dry
-  so il bulk density
-  a pruned portion of on-farm live-fence ( I f )  marked B
-  wind aaressiv ity  (or erosiv ity  also thermal capacity)
-  degrees centigrade
-  calcium

Cb2 & Cb3 -  wind system calibration periods 1. 2 & 3 at Bnbori
-  commission fo r Technical Cooperation in Africa
-  cool dry season (July -  September)
-  carbon exchange capacity
-  carbon dioxide exchange rates
-  Cob plus grain weights per plant
-  Centro Intemacional de Agriculture Tropical 

(International Centre for Tropical Aoriculture)
-  a pruned portion of on-farm live-fence ( I f )  marked C
-  Calibration ra tio
-  coe ffic ien t o f variation of wind speed
-  density o f live-fence or barrier or windbreak
-  so il temperature damping depth
-  Days a fte r  planting

differences between the daily temperatures at time 
and depths and actual averages at the same time and 
depths o f the bare and mulched so ils  
a small increment in leaf area
unpruned portion of on—farm liv e —rence ( I f )  marked D 
Leys of the year (or julian days) 
plant dry matter (t/ha)
radiative conversion e ffic ien cy  (or the amount o f dry 
matter formed per unit of radiation)

Al. A2..........A12

ALF
Ah
Ao

AF
AFL1 6. AFL2 
AFM1 & AFM2 
AGL1

AGL2

AGM1

AGM2

Ap
ASALs 
AWT(s) 
BOD 
Bd 
BLF 
C 
*C 
Ca 
Cbl. 
CCTA 
CD 
CEC 
CER 
CGP 
CIAT

CLF
Cr
Cv
d
D
DAP
Dh. & Dml



E
ELF
ET
ETP
f

F

FAO
F.C.
FLF
GC
GOD
H

HD
I
Io
ICRAF
ICRISAT

ITK
k
K
kg/ha
L

LAI
Local
LR(s)
LR90. LR91. 
LR93. LR94 
LRP 
M
m .a.s.1.
mCi (or C i)
Maha_i
MPTS
mrem
Mt.
Mts
NAF
N
NCP
NPH
6 (cm3 cm-3 )

e .
6* (cm3 cm-3 
P

PI. P2. . . .
PAR
PE
PPFD

’SWEBSriY CF ,Wfi08) u m ,

direct evaporation free the expoeeci soil surface 
unpruned portion of on-farm live-fence ( i n  marked E 
canopy evapotranspiration

-  actual evapotranspiration
rraction of mean daily insolation intercepted bv the 
canopy

-  the fraction of light intercepted by the tree canopy 
alone

-  Food and Agriculture Organization
-  Field Capacity
-  unpruned portion of on-farm live-fence ( I f )  marked F
-  a general control treatment fo r  liv e—fence experiment
-  Grain oven dry weight
-  height o f shelterbelt or liv e—fence or barrier or 

windbreak
-  hot dry season (January -  early March)
-  total irradiance at a depth o f the canopy
-  the radiation arriving at the top o f the canopy
-  International Centre for Research in Agroforestry
-  International Crops Research Institu te for the 

Semi-Arid Tropics
-  Indigenous technical knowledge
-  extinction coeffic ien t of radiation
-  potassium
-  kilograms per hectare
-  Local or unmulched control p lo t (or accumulated lea f 

area index)
-  Leaf area index
-  used here fo r  'unmulched deep t i l l e d  p lo t(s )
-  Long Rains Season(s) (mid March -  late May)

LR92.
-  Long rains seasons for 1990 t i l l  1994
-  Laikipia Research Programme
-  Mulched control plot
-  metres above mean sea level
-  m illicu rie  >(or curie): unit o f rad io -activ ity
-  megagram per hectare
-  multipurpose trees
-  a unit o f ionizing radiation such as gamma radiation
-  mount
-  mountain ranges
-  non-agroforestry p lo t(s )
-  nitrogen
-  Number of cob per plant
-  Number o f plants per hole
-  volumetric water content of free  water iwater 

released on drying at 105*C fo r  12 hours)
-  Constitutional hydrogen or equivalent water.

) -  to ta l hydrogen content
-  phosphorus (P also used for precip itation  or 

experimental period)
-  experimental period 1. 2. ...
-  Photosyntheticaily active radiation
-  potential evapotranspiration
-  Photosynthetic photon f lux density

680



681
j  PT1. PT2, PT3. 

PT4. PT5

(P. )  w.p. 
q 
♦
♦o “ 0>to
Qj
r
R

Rev
Rsd
R«n 1 —
S

SAT
Sd

SR(s)
SR90, SR91. SR92, 
SR93. SR94
T
Sdt
T

TBY
t/ha
TR
TR1. TR2. TR3 
TSL(s)
TD4I 
U (or u)
UTl. UT2. UTS,
UT4. UT5

VSMC 
V  ,
WA\ WB
WAU
wk(s)
wkl, wk2. . . .
WMQ 
WUE .

1

YLD
Zn

Root pruned Greviilea rob^ ta  trees i  t i l l  5
for on-station agroforestry p lo t marked thus.
(Permanent) Wilting point
water (g/kg) extracted In producing dry natter
pnase sh ift  of soil temperature wave
a pnase constant determined by the tine scale
the radius of sphere of iaportar.ee
correlation coefficient
wird 8peed reduction ra tio  (or wind speed ra tio  or 
horizontal wind speed ratio  or wind d e f ic it  radio or 
wind ra tio )
normalized coefficients of va ria tion  of wind speed 
normalized standard deviations o f wind speed 
S tla ter 's  ra tio
Sulphur (or sunfleck parameter or so lid  component o f 
the so il or total radiation <Mjm-a .) 
semi-arid tropics
saturation d e fic it  (in  kPa) (a lso  standard deviation 
or saturation d e fic it )
Short* Rains Season(s) (early October -  late December)

Short rains seasons for 1990 t i l l  1994
leaf transpiration to radiation
the duration of crop growth in days
the 24-hr average so il temperature for the day in
question.
Total biomass yields 
metric tonnes per hectare 
tree row
tree row 1. 2. 3 
tube solarimeter(s)
Traditional Technique of Microclimatic Improvement 
monthly average wind speed (m/s)

Root unpruned Greviilea robust a trees 1 t i l l  5
fo r  on-station agroforestry p lo t marked thus.
Volumetric so il moisture content
radial frequency
woe 1 f ie  anemographs marked thus
Wageningen Agricultural University
week(s)
week 1. 2. . . .  of experimental period
World Meteorological Organization
water use e ffic iency  o f crop
to ta l penetration of light to  the undercrop
ligh t which passes through the tree  canopy
ligh t which misses the trees completely to reach
the undercrop
gamma partic les in the rays 
thermal conductivity 
biomass y ie ld s  
Zinc


