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B U M M A k ..y

*» »-t! , lag ! i?p»wr u*r* related to inhibited root (proxU dM
to - -r.il -5- w n  taqrocUftK or -maor reduced t il in g *  p ractices.

Kiniaal tilla g e  as understood during those studios i s  
dofinod as the loast amount of surface ares cultivation 
necessary to prepare a seedbed for a good germination and 
plant establishment. Using th is  d efin ition  i t  is  clear that 
no single minimal t i l la g e  praotioe w ill be satisfactory  fo r -at
a l l  areas end cropwmeri for good germination sad eetatilsiew Bt la

sida by three iaefcag deep ea * 
The baslo advantages o f inareasod r e lia b il ity  o f y ie ld s, 

although o f the greatest economic importancef is  considered 
against a background of cultivation techniques achieving 
e ffic ien t s o il  and watar conservation.

"fWmmu ear s o il  etmaearvatios sa  the Hw1m i  s f  seal aad seder, low* 
The cultural aad economic problems of improved pasture 

establishment by conventional methods are discussed. ▲ b rie f 
review ef the development o f the direct-seeding technique is  
given tegether with i t s  possible advantages ovar the conventional 
system. O b serv a tio n s  on d irect d rillin g  of eoae improved pasture 
species into old pasture a t Tengeru using ths Howard Kotaseeder 
are described.

ib e lies  with sheet amsyearltg the e ffe c ts  ef eemventd^mal ead 
til la g e  HiU* asd witboei fa l l  swing at beat K i l ia i * ) a e  a re  

Various alternative systees of t i l la g e  under seal—arid  
conditions at Kosgwa are oompared in  an attempt to improvo 
cropping r e lia b il i ty  aad reduee land preparation expenditure.
Direct d rillin g  felled  in  the f i r s t  season due to the inherent’^ -  
physical propertiee e f the so il although sign ifican t improvements 
in  tha technique by wider end deeper seedbed preparation in  the *  
second season were achieved. The benefits of ripping together 
with inter-row mulehing on so il and aoisture conservation were 
demonstrated end suggestions mads for 'sonal t i l la g e ' incorporating



ripping of the seedbed for inproving root penetration. Differences 
in yield  and plant vigour were related to inhibited root growth due 
to mechanical impedance under reduced t il la g e  praotioes.

The necessity o f treating each so il according to i t s  individual 
structural c h a r a c t e r i s t i c s  is  shown by the resu lts of width and 
depth of t i l la g e  t r ia ls  over widely d ifferin g  so il types. The amount 
of cultivation necessary for good gemination and establishment in 
these t r ia ls  varies froa eight inohes wide by three inches deep on a 
compacted Kongwa so il to successful d irect d rillin g  into a one inch 
by two inches seedbed on a West Kilimanjaro B oil.

Observations and recordings of the e ffe c ts  of various rsooamended 
systems of so il conservation on the control of so il and water loss 
froa a 17 per cent slope are reported, iividence of so il structural 
and oheaioal changes due to erosion over an eighteen year period 
together with a progressive reduction in y ield  of aaise are presented. 
Trash aulching has been e ffectiv e  in  maintaining f e r t i l i t y !  structure 
and controlling so il and water movement.

Studies with wheat oomparing the e ffe c ts  of conventional and 
ainiaal t i l la g e  with and without fallowing at West Kilimanjaro are 
described. Ho sign ificant differences are evident in organic natter 
content or structure of the surface so il over six  seasons 
experimentation. In filtra tio n  rates are shown to be substantially 
improved under stubble aulching with chemical weed oontrol( a factor 
which has contributed to y ield  increases. The in it ia l  benefits 
during germination and establishment obtained with minimal tilla g e  
indicate that moisture conservation within the seedbed sone is  of 
paramount importance.



The p ractica l iap lication s of the acceptance of reduced 
t i l la g e  praoticee are discussed. This philosophy of maximum 
crop  production per acre with minimi* so il deterioration i s  
based on the concept that minimal U llag e conserves organic 
matter and that a mulch cover proteots the s o il  against erosion. 
The data to support these ideas is  in  mo way conclusive hut the 
trends are ten tativ ely  established. These preliminary resu lts  
are encouraging and seem to indicate that these duvolopmants 
are sound end that the future s i l l  eupport the ooaolusioa.
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I  I I T R O D O C T I O W

In the drier tropics there are vast areas of potentially  
valuable arable land where water is  the lim iting faotor for 
optim a plant growth* Rainfall nay appear to be su ffic ien t 
when c o n s id e r in g  annual to ta ls  but i t s  d istribution, in tensity  
and r e l ia b il i ty  are such that i t  becomes a main faotor of 
production* Many so ils  la  such areas having been subjected to 
continuous cultivation and extremes of temperature are lew in 
organic content and have a poor or unstable crumb structure.
With Intense short durstion ra in fa ll thsss so ils  produce an 
almost impervious cap whleh reduces in filtra t io n  and encourages 
run-off* Surface run-off means an equivalent lose in production 
potential* For many grain crops, which are very susceptible to 
drought at the tine of fe r t i l is a t io n , loss of water reserves can 
mean the differenoo between an economic y ield  and crop fa ilu re* 
Controlled measurements nade in Kant Africa of run-off ra tes 
during high intensity storms (Macartney 1968 b) have shown the 
extent to whieh s reduction in effectiv e ra in fa ll can e ffe c t  crop 
y ield s* The aim of any farming eyataa in marginal ra in fa ll  areas 
should be to u tilise  a ll  precip itation  for crop growth and ensure 
th at no run-off takes place*

Conventional methods of so il and watar conservation using 
contour banka, terraces, e tc .  can control water movement but must 
bo complementary to systems of cultivation designed for water 
in filtr a t io n  and etoraga within the p ro file* Previous studies 
(Macartney I 964 a) using the K.X.A*E* tropical cultivation 
equipment have shown that n system of ripping, ridging and tie in g , 
together with successive ripping with eeoh poet planting cultivation 
provides for vastly improved water storage and crop yields*
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There i s  a lac* of suitable implements available for 
cu ltiv ation  in the dry trop ics. Machinery designs* for tseparate 
regions is  generally used and is  often to ta lly  unsuitable. In 
Europe stress  is  laid  on the formation of a fine consolidated seed 
bed which under tropical conditions can be disastrous from the 
point of view of so il and water conservation. Manufacturers are 
not Keen to tackle the problems of the dry tropics as the in it ia l  
demand for th eir product ie  small and l i t t l e  basio information on 
optinun cultivation techniques are av ailab le .

Within recent years the setting up of se ttleeen t schemes and 
various forms of co—operative development on an extensive scale 
for arable or  animal production have presented problems to  the 
Research Divisions. With few exceptions the coste of production, 
particularly cultivation , have invariably bean high which together 
with transport costs and frequent crop fa ilu re  have absorbed tne 
p rofit margins expected.

At present within Tansania there ie  strong pressure on the 
agricultural services to considerably increase wheat production by 
imprevemente of ylclde within existing arena and by increasing the 
uUaat acreage to f i l l  the production d e fic it  for eelf-euffioiency 
alone. In Kenya the present policy is  to lower the coete of wheat 
production in an attempt to oompete on the world markets, both 
policies require eareful consideration of currant cultivation  costs 
before any measure of success can be expeoted.

surveys on cultivation expenditure in  west *i'rioa (d into, 
personal communication, 1 J6 J) show the necessity for e ith er more 
e ffic ie n t use of available equipment or alternatively  some radical 
change la  tha presently recommended systems of cu ltivation .
Overall cu ltivation  and send bed preparation by ploughing end 
harrowinge i s  invariably expensive especially in tha d rier areas
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where I n i t ia l  cultivations are carried out i s  the dry season.
This i s  particularly true for improved pasture establishment, 
heturns per acra/year are low by temperate standards which 
together with frequent fa ilu res  using current methods sake the 
whale question of ley establishment very doubtful as an economic 
en terp rise. 11 HV' '

deduction in the amount and in tensity  of cultivation has 
recently gained popularity in enny semi arid  aones of the world as 
a farming practioe. Acoeptanee of th is  has largely been baaed on 
reduced eoet of operation, improved soil/moieture re la tio n s , and an 
arresting of eo il structural d eterioration.

Progress in agricultural machinery development hae been 
eloeely related  ta  progress made in  the s o i l  and plant management 
f ie ld s . A growing in te rest and awareness on the part of agronomists, 
engineers and s a il sc la s t  l e t s  is  very evident on the question of whet 
ia  the optim a in t illa g e  and seed bad preparation.

the objectives of conventional t i l la g e  have been basically  to 
s t i r  »nd loosen the so il and to control weeds. Whilst th is  has been 
generally sffestiv e  in creating a satisfactory  medium fo r plant 
growth i t  haB also in  many instances resulted in n deterioration in 
ao il structure, reduced in filtr a t io n  oapaeityt increased 
su scep tib ility  to erosion and accelerated reduction of so il organic

In general, the aims of studying new concepts of t illa g e  
praetioes have bean directed at overcoming these die advantage* and 
yet providing an optimum t i l t h  for plant establishment by tending 
towards a reduction and often elimination of cu ltiv ation . These 
alternative systems are often referred to  ee "minimal t i l la g e " , e 
tern which la  easily  misinterpreted.
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With the a l u  of alternate tilla g e  d efin e*, practical 
cu ltiv ation  procedure can vary, i . e .
a) minimising the number of tripe* The le a s t  poaaible being one 

and often referred to as the "plough -  plant* system. ihia one 
operation nay well be essen tia lly  maximum, l .e *  overall cu ltivation .

b) Using the least energy input for seed bed preparation, rtiniaua in 
these terns being sero, no t i l la g e , or d irest d r illin g .

o) Minimal t illa g e  as understood during these studies ia  defined as 
the le a s t aaount of surfaoe area cu ltivation  necessary to prepare 
a seed bed neoeseary fe r  e goed germination and plant eatabliabsent. 
Using th is  defin ition  i t  is  clear th at no singls minimal tilla g e  
practice Mill be satisfactory for a l l  area* and crops.

fh* majority of previous studies on alternative cultivation methods 
have Involved the use of standard ploughs, discs or f ie ld  type 
cultivators in cither a modified form or In  aeu patterns af sequence or 
tia in g . These tr ia la  also included the e f fe c ts  of anlcheB upon so il 
struoture, temperature, nutritional balanoss and moisture relationships 
but contributed l i t t l e  to the machinery development side u ntil the 
acceptanee of the ain iaal technique.

I l l  Cultivation Koeearch in  Africa

The need for rapid ieproveaant in agricultural p ractices, 
particu larly  cultivation p ractices, has received increasing eaphaals 
of recent yearn (Odelola, 1965)• Concrete suggestions are invariably 
expected from so il management symposia and committees "which will a s s is t  
Member s ta tes  in their quest for a quick solutioa to th eir so il 
conservation and tilla g a  problems.* 1st the information available, 
within the African oontlnant p articu larly , and the current research 
leading to  a solution of th is  problsa has attracted low p rio rity .
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Previous research has been directed at methods of land 
preparation for water conservation of which the Tied bldgs or basin 
l is t in g  ejratea baa stimulated the widest in terest* (Farbrother 196C, 
Bowers 1965, Peat and iren tloe  1949, Cashaore and Hawkins 1957,
Of la id  1958, and Dagg and Macartney 1968*)

The f i r s t  successful attempts at aead bed preparation on 
compacted so ils  using minimal t illa g e  techniques was reported by 
Boshoff and Hill (1964) working in Uganda* Constructive suggestions 
as to the p rio ritie s  of t i l la g e  research ware la ter presented by

U 968).

The sp ecia list Committee on Agricultural Machinery of hast Africa
(1967) has rsooaasnded that th is  avenue of research be developed and 
fu lly  recognise ’•its v ita l ro le  in advising governments on the 
p racticab ility  of mechanisation in mast African agricu lture."

The reasons for this current lack of information are concisely 
explained by Odalola (1965) "Africa is  at present in a hurry to 
develop her natural reeouroea ao aa to enable the present and future 
generations to enjoy an improved standard of liv in g . Our p o litica l 
aastara cannot wait in d efin itely  for resu lts  of delayed experiments*
The challenge of our time i s  the demand from Governmental authorities 
that seisn tieta  and reaearoh workers should find quickly and 
immediately solutions which are applicable to the urgent problems of 
the sonant." The symposium in i t s  recommendations noted the United 
in terest by agricultural sc ie n tis ts  on ru n-off, erosion cultivation 
techniques. The study of alternative systems of cu ltivation  is  both 
complex and long tarn as s o i l  management constitutes ons of the more 
complex factors of productivity. The environment provided by the aoil 
has strong physical, chemical and biological interactions that in 
Africa particularly are far from completely understood. Soma valuable 
and relevant information i s  readily available from sub-tropioal 
oountriea where so il management has bean studied in association with
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atmospheric anvtronmeat of the plant and the relation  and affect 
of cu ltivation  on water storage, evaporation and transpiration
demand*

eli
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I I  S U I U  O F  L X T K R A T O B I
-----------  - » - - ■ -  .

1 * THIS Km,CT TILLaCb. ON SOIL STRUCTURE

The most widely used implements, the plough and the disc 
harrow, used for tha destruction of weeds, tha burying of raaiduaa 
and tha preparation of a aaad bad, owe th eir popularity to thair 
long and oonaiatant uaa by farnara, noted for thair reluotanoe to 
discard operations which have proved successful under paat concepts. 
Advances in tha ecienoa of farming outstrips tha practical 
acceptance because they require a change in the art of farming and 
often involve the substitution of oapital for labour and the purchase 
of d ifferen t equipment.

The old adage of t i l la g e  and aore t i l la g e  and the necessity of 
clean cultivation and fin e  seed beds were satisfactory when applied 
to virgin so ils  high in organic natter and increased yields were 
normally recorded for a t illa g e  operation. Yet i t  is  not always

OA ijpt tjf vwtv t \ i 01
possible to evaluate the success of an operation by the exactness 
with which i t  appears to meet i t s  obvious objectives.

Among the more important and obvious harmful resu lts developing 
with increased til la g e , Melsted (1954) discussed the (a) rapid loss 
of so il organic matter and loss of t i l t h ,  (b) excessive s o il  erosion 
resulting from lack of eover under dean cultivation and (o) the 
increased loss of water due to excessive evaporation from the bare 
surfaoe and poor penetration of rain  water where the structure of 
the so il has been affected .

Harvey (1944) observed the alteration  in so il structure 
resulting from two seasons of tilla g e  operation. The restric tio n  of 
water peroolation by sxoess tilla g e  was reported by farker and Jenny 
(1945)* Siddoway (1963) also noted the e ffe c t  of continuous
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c u lt iv a tio n  ou s o il  s tru ctu re ] a lso  c r i t i c i s e d  by kynasiewlea (1945) 
and A ld srfer and kerJcle (1941),

As cu ltiv a tio n  of the s o i l  continues there i s  s  gradual 
d e te rio ra tio n  o f stru o tu ra l q u a lit ie s  w h i oil has boon found to  vary 
with the in te n sity  of c u ltiv a tio n  and tb s  cropping system (hnderson 
and drowning 1949). Among tha s o r t  comprehensive surveys Anderson 
and. drowning (1949) id e n tif ie d  excess t i l l a g e  as being responsible 
fo r  decreased p o ro s ity f aggregation and organio n a tter  content 
together with an ln o reass l a  bulh density*

In crease  in  voluae weight through c u ltiv a tio n  was a lso  rsported 
by ftstso r and k u ss s ll (1941) and fags and H illard ( 1946) .  Tha 
changes in  bulk density ware observed to  bo not H a lte d  to  the 
ploughed layer but were recorded well beyond i t  to  three fo o t in

Parker and Jenny (1945) were able to  co rre la te  the e f f e c t  of 
heavy dittoing and the s ig n if ic a n t  in creases in  voluae weight and 
red uction  in  s o i l  p o ro sity  they obtained* B lia in a tio n  o f cu ltiv a tio n  
reduced re s is ta n ce  to  p en etratio n  and core weights and brought 
about a  narked improvement in  the ra te  and aaount of watar in f i l t r a t io n *

In  a s i l t  loaa  a f t e r  s ix ty  years o f cu ltiv a tin g  the decrease 
in  p o ro sity  froa s ix ty  to  f i f t y  par oent and a drop in  y ie ld  of 
s ix ty  bushels per acre was re la te d  by ir a d ile ld  (1936) to  be due to  
in ten siv e  cu ltiv a tio n

Tha temperate recommendations fo r the preparation o f a seed bed 
have in  genaral bean inoasipatlble with other aspects of good s o il  
management in  the tro p ica* frequent disturbance o f the a o il  and the 
p u lv e risa tio n  by d isc  implements exposes the organio fr a c t io n  of the 
s o i l  to  rap id  oxidation re su ltin g  in  a s tru c tu ra l d e terio ra tio n  
(biddoway 1963)* high in te n s ity  sto res  fu r  titer break down the oruaba 
and r e s u lt  in  capping with associated  water lo ss  end erosion

(k ll le o n  I 947 >)*_________________________________________________________
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1 ,1  the U latlon  of the .>ub-boll • •
to Water Inf iltro tio n

Tb« influence of doop tilla g e  ok ox*; }U U i  has boon a 
controversial subject for many years. la  seas few instances crop 
yields appear to bo bettor but generally raoulto ora aegatlvs*
Winters and Slaonaon (1951) suggested that dlacrepancioa in the 
e ffects  of deep tilla g e  nap be due to sufe»soll differences that 
wars not recognised or described* early work la  huasel
and Keen (1938) indicated that depth of t i l la g e  had l i t t l e  influence 
on crop y ield s* S ia ila r ly , dune (1943) found l i t t l e  or no benefit 
froa deep tilla g e  on yields of anise or wheat* crop yields sere aet 
sig n ifican tly  affected by deep tilla g e  on a aoil with an underlying 
heavy clay pan in I l l in o is  (Salth 1925)* Winters and Slaeasoa (1951) 
summarised the effectiveness of deep tilla g e  in breaking up pane near 
the surface, but pointed out that in aoet cases deep tilla g e  had te 
be repeated at frequent in tervals which wee both expensive and power 
oonauning*

The early theory that deep ploughing was necessary te  assure 
water penetration and storage was becked by l i t t l e ,  i f  any, 
experimental dots. Work by Chlleott end Cels (1918) end Velk (1947) 
stated that deep tilla g e  had been ef no benefit in overseeing drought, 
although in  tha Lvans and Lemon (1957) review of c o il  molaturo 
conservation, Daniil (1952) waa quoted ea having obtained b e tte r  
perooletion with both ehisel end deep ploughing in Oklahena* This 
a ffect waa n u llified  in the third year a fte r  treatment*

Tha nature of tha sub-soil undoubtedly exerts an important 
Influence on the moisture relatione of the entire so il profile* The 
capacity fo r storage of eoisturs has bean considered by Vsihmeyer and 
dendrlkson (1938)» Colo end Hat thews (1539) and fir owning (1946) who 
agreed that ty restrictin g  perooletion a fter  the surface s o il  has 
become saturated the sub-soil could influence In filtra tio n  rate  which
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resulted in run-off sad erosion together with reduction in yield
(Odell, 1950) h  ^

Kuagrave and Horton (1937) reported that a e i l t  loaa widely 
representative of North Missouri absorbed ra in fa ll seven to ten-Hi II <kd-A , A i .
t in e s  as rapid ly as Shelby a i l t  loan which had a more dense su b -so il*

the su b -so il often  a f fe c ts  the growth and p ro life ra tio n  o f rooto 
and ro o tin g  depth of the p lan t although n ost of the roots are growing 
in  the su rface  s o i l *  This o f f s e t  of the au b-so il on p lant growth was 
discussed by tioon (1938) who pointed out th a t root d is tr ib u tio n  and 
a o istu re  regimes depended as auoh on the c h a ra c te r is tic s  o f the sub­

s o i l  as on the su rface s o i l *  _ m ____

I t  ia  often not clear froa the litera tu re  whether claims for 
inproved in filtra tio n  and yield aa a resu lt of deep tilla g e  are due 
to t illa g e  induced or to naturally occurring so il conditions.

With the increasing nuaber of traotors end lia ite d  labour 
supplies, so ils are often cultivated before they reach the optiaua 
aoisture content for t i l la g e . This is  particularly pertinent in 
areas of marginal ra in fa ll where so il preparation aunt be carried 
out during the dry season to fu lly  u til is e  the short and variable 
ra in fa ll  (M acartney , 1964) .  The resultant fornation of plough soles 
or compact labors was studied by Huberty (1944) **Ho found that ; 01 e 
apace was reduced by aa auoh as f i f ty  per cent in the uppermost 
layers in  California* This ooapaetion seriously affocted ra in fa ll 

panatration* v f

lie aver (1950) snowed that ploughing at optimum aoisture 
contents in  Alabama produced a compact layer at nine inches* Frea, 
baab and Carlton (1947), barker and Jenny (1545) *“4 KaehinaJty (1927/ 
af.iywj# the early workers produced evidence of compaction and loss ol

thick on th e  s u r fs  ev e f  c e il  after U W set rain am bare s o i l  whiafe -
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p w  spaas due to excess t i l la g e . JBradfield (19X6) rap or tod results 
from  long taro tr ia l*  which oorrolatad years of cultivation with 
reduction in  para apaoat the chance* in  physical structure oaearrad 
Iran the surface to at le a s t three feat* hoover (1949) compared 
the percolation rates in  virgin aoil sad cultivated areas of the 
red-yellow lodsolie so il grouts and found striking differences in 
percolation ra t* and to ta l per eel ty down to  twenty four in cnee.
Lawe and i>ans (1949) quoted similar resu lts  working on tho Houaton 
black olay* Both author* reported decreases in yield with length 
of cultivation* \

la  general, aoil typo* with a medium textured sub-soil of a 
fr iab le  nature have produced higher yielda for a longer period of 
time under oontinuooa cultivation . This suggest* that sub-soil* 
of a favourable nature physically are le s s  likely to a ffect crap 
growth under intensive cultivation* Tho U nited date available 
suggests that currant ao il management practices era resulting in 
the develepaent of unfavourable eub-eoll conditions*

1(2 jhg +ch*nlQm of : e&nfal^. roslofl pfd the 1-ormation of

The leas of organic matter by the continual growing of so il-  
depleting crops and sxesss tilla g e  wee related  to decreasing 
perooletiea rates by Hsndrickeoa (19X4) sad Horton (193X)* Aggregate 
dispersion as a resu lt of tilla g e  prooeeded sore rapidly at the 
surfsee* This ares under cultivation was exposed to the besting 
action of raindrops in addition to exposure to other forces of 
structural decline. Crust fcreation following rainstorms tended to 
develop as dispersion of aggregates in ths surface layer continued* 
The s i l t  and ©lay in the run-off water sealed ths larger pore spaesa 
at the surface, a surface crust foraed and in filtra tio n  was retarded* 
duley and kelly (19X9) found a compost layer about three millimetres 
thick on ths surfaoe of s o il  after intense rain on bars s o il  which
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affeoted the absorption of water. The macroscopic per# space in 
the so il beneath th is layer was favourable for rapid moisture 
movement. keels at al (1943) found that beating rains formed an 
impervious layer on sandy loams quicker than on clay loams. This 
reduced rate  of water absorption through the compacted layer often 
rosmited in  excessive ra tes and amounts of surface rum-off regardless
of the structural and water holding capacities of the below surface

-itrue^mral ‘.atarioratiem mud <-c action of the Soil surface la
p r o f i le .

a ton.ter o f a isfpar tames fipam the standpoints of bate

The dieintergrating effeo t on tho eo il aggregates by the 
beating of the raindrops was asasured by Sllison (1944 *t 1947* 1540) 
and described by Bennett (1939) as the in i t ia l  phase of the water 
erosion process. Tbs dispersing aetlen of raindrop inpaot on bare

~ >,» r >4 . ut. i>JJ *; i yqy*j[ ?t Cxl2> . ‘ v • i jLo [ tf» . M-®*#
soil| rseu lting in crust formation, reduced in filtra tio n  and incraaaad 
surface ru n-off, has also bean demonstrated by Levina (1932) and 
McIntyre (1958) .

The height and distanoe of splash wee found by Mihara (1932) 
to depend upon the so il surface condition and the f e l l  velocity of/ m  ytil2f . ■ r- - •. is fir * {v j 1 SJ#
the drop. On compacted s o il the epleeh from Six mu. drops reached 
a height of 99 inches. Uhland (1947) compared the number of raindrop*, 
under controlled conditions, required to disperse so il aggregates from 
land under different cropping eequenoes. Land cropped annually with 
corn required six raindrops fe llin g  from 30 cme., and lend from one 
year ley required 37 drops of the same else  to completely disperse.

Epstein end Grant (1967) attempted to evaluate some of the 
factors which sffsctsd  the d ifferent erod ib ility  chsraoteristles of 
s o i ls . A linear relationship was obtained between clay content and 
so il lose during the f i r s t  five to tan ainutes of ra in fa ll application. 
The rate and extant of crusting was ths prims factor in run-off 
measurements. The bulk density of ths top 0 - 3  lsysr increased 
on one s o i l ,  s s i l t  loam, from 1.13 to 1*65 gr./o.o. Olsen and



Nischnelcr (1963) indioated that the erod ib llity  of median textured 
oelle  generally Increased as s i l t  content Increased.

The speed and severity with whieh crusting eocure was directly 
related to reduced in filtra tio n  and pence ab ility  by McIntyre 
(1958 a *  b) aad Tackett and Fearsea (1965).
tin  8#1X M it i t  to pfivtA t  ̂ \ po .cmt+t)'*

structural deterioration and ooapaction of the co il surface is  
a natter of consider able importance froa the standpoints of both 
crop production and water conservation* compacted surface layers 
and cruet foraatien say alas interfere seriously with seed gemination 
and eotyledon emergence (Maoartney 1967)*

The beneficial e ffaot of shallow surface cultivation on aoieture 
in filtr a t io n  by brooking tbe surface cap duriag crop eaargonca aad 
subeequsat growth has been recorded by Macartney and Oagg (1968 a}*

Although the e ffe c t of pleat oover on roduoing run-off and 
erosion was recognised by early workers, the mechanics of th is  
occurence was not fully understood for many years. The evaluation 
of each atop in th is  process was f i r s t  started by UendrioJcson (1934) 
and M illar (1936)* realisin g  that run-off waa caused primarily by 
the blocking of so il pores as a d irest re su lt of r e in fe ll  impostt 
they suggested plant cover so being necessary far tha prevention of 
th is  condition. Lews (1940) related the concentration of s e ll  in 
the run-off water to the raindrop energy, end the effaot of mulch 
in intercepting th is r a in fa ll  impact was f i r s t  recorded by Beret 
end hood burn (1942) as reducing erosion by 95 per oont* That i t  
was tha impact of the drops on bars so il and not tha run-off velocity 
that detached toe so il waa deaoastrated by raising tha mulch off the 
ground on a wire platforn with the sane control* Johnaton (1950) 
also recorded the offioxeney of a surface mulch of wheat ree l dues on 
a fins textured Texes s o il  in preventing excessive surface crusting.
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The importance of mulches in  crust retardation with subsequent 
improvement in emergence of snail grain was also pointed oat by 
Armj e t nl (1961).

A resu lt of studying in filtra tio n  rata  with reapeot to  ra in fa ll 
energy on three so ils  in  uaskatohewan, hi sal (1967) concluded that 
the surface so il aust be protected to prevent run-off and potential 
erosion.

The effectiveness of d ifferent crops at various growth stages 
in  intercepting ra in fa ll has been shown by Hayes (1938).

1*3 The Effect of Tillage on In filtra tio n  and S o il and Water Loss

Many comparisons of d ifferent t illa g e  aysteas on water 
in filtr a t io n  have been reported in the lite ra tu re tand in general 
minimal t illa g e  has given significant laproveaents ever conventional 
syateaa In the control of so il and water lose achieved. Free (i960 a) 
has explained these responses as being due to the layer aggregate or 
layer clod else resu lting froa ainiaal t illa g e  and also the decreased 
ooapaction*

A d irect ooaparison of plough, p lant, two discings and harrowing, 
on f i r s t  year land by tfeyer and bannering ( I96I) showad 63 per oent 
of run-off and 52 par oent of so il lo ss ,a fte r  e simulated ra in fa ll 
taat two waska a fter seeding, of that of conventional t i l la g e . After 
cultivation on both treatments to prevent surfaoe crusting, raduotion 
in  run-off and erosion on the minimum t i l le d  plot was s t i l l  apparsnt 
although the aagnitude of the benefits decreased sign ifican tly  with 
successive cultivation and increased vagatativa growth. Pun-off and 
erosion wars greatly increased as a resu lt af surfaoe crusting when 
no cultivation of the minimus tilla g e  plot wee carried out. A one 
year study designed to oompars the plough plant minimum tilla g e  
technique with conventional t i l la g e , ploughing and four disc
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harrowing* mu carried out by uvany hao e t  al ( i 960) • Their results 
sdONod that in filtra tio n  ra tes , olod i lM  distribution, weed control 
and root development Mara significantly better with nlniaal tilin g s . 
There was u  advantage in average plant heights of 16 inches but 
plant population was less  than conventionally t i l le d  se ise , believed 
to be due to variable depth of planting on an extremely rough seed 
bed.

All mar as s t  a l (1967) showed that Total Porosity increase and 
random roughness due to ploughing were each significantly  affected 
by the moisture content a t t i l la g e . In the three so il types studied 
the porosity decrease was more pronounosd by subsequent discing, 
hurwell e t  al (1J66) found that randos roughness and total poroaity 
account fo r  at l e u t  75 per cent of the variation in  In filtra tio n  
dua to t illa g a  Induced eo il structural conditions. They noted a 
large difference in  porosity between minimus tilla g e  and oonvaatianal 
t illa g e  which they attributed to the d ifferin g  amount of surface area 
packed by implement t r a f f ic .  In filtra tio n  measurements made on 
minimal t i l la g e  treatments following conventional cultivations la 
previous years showed strik in g  improvements in ths f i r s t  year which 
wore not maintained with continued minimum t il la g e . This inferenoe 
that some cultivation is  required was mainly derived from their 
findings that in it ia l  porosity increases a fter the f i r s t  ysar and 
random roughness d eclines. Mo comparisons of surfae# mulching and 
roughnsss of the bare seed bed on in filtr a t io n  were reported.

Soil lose and moisturs in filtra tio n  Aron corn,for rotations 
ranging in  intensity from corn after three year seadow to continuous 
corn, wore measured under simulated rainstorms by Hammering et al 
(1966) to determine (a) the relations of various sequences of sod 
crops and row cropa to In filtra tio n  and erosion and (b) the effects 
of crop sequence on so il physical properties that influence 
in filtra t io n  and so il loan. The beneficial e ffee t of ploughed
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grass land on structure was no loagar evident after the second corn 
crop. So il losses from f i r s t ,  second, th ird  and fourth year corn 
after meadow were $3* 83 , 90 and 97 per cent of that from continuous 
corn. Two or three years of ueadew were sore effective than one 
year in  maintaining high in filtra tio n  ra tes  on f i r s t  year com.
Water stab le aggregation was generally the best indicator of soil 
c re d ib ility .

Meyer and vlannering (1961) compared six  cultivation methods 
including conventional and plough plant treatments in Indiana. 
A r t if ic ia l  rain was applied at a 2.6 inches par hour intensity in 
three runsj dry at existing  soil nolsture conditions, wet on the 
second day and very wet immediately following the second application. 
Of the to ta l 9*2 inches of water applied 2.2 Inches in filtra ted  the 
conventionally t i l le d  treatment and 3 .3c inches on averagm for a ll 
the minimum tille d  p lo ts . This was related  to the rough mare open 
and le ss  compaot conditions produoed by the plough plant type of 
cu ltiv ation . The aeeond phase comparisons included conventional 
and minimal with and without cultivation. Corresponding figures for 
run-off were recondad' as 2 .4 , 1*8 and 2*9 inches.

Schmller and nVans (1954) concluded that tilla g e  methods had 
no e ffe c t  on to ta l porosity and pores occupied by a ir at sampling 
time but did influence pores drained by JO cm. of water tension.

1*4 s o i l .  Organic Matter and Mltrogen Loss from Footnoted and
Unprotected Soil

The litera tu re  contains a any catalogues of so il loss amount 
from unprotaotad cultivated eoll on various slopes and under 
d ifferen t ra in fa ll and cropping patterns and tha fa ct that "water 
has i t s  seat destructive action when the s e ll  is  bare" (sta llin g s 
1953) has bssn more than adequately established.
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Soil •region, due to r a in fa ll , la potentially more eerioun 
under £ast African conditions (Macartney l$61) than from other 
areas where aoat data is  available, particularly the U.8 .A.

McXay and Moss (1944) studied wheat production and s o il  loss in 
Idaho on land eubtilled with a l is te r  bottos which le f t  94 per cent 
of the 4 1300 pounds of atraw par acre on the surface* bo il lose was 
aeaaured at two tons per acre and 8*7 tons per acre on the ploughed 
treatnent. A similar t r ia l  was carried out by butt and fe e ls  (1947) 
who recorded so il losses of 17 per cent of that of ploughed land.

Hendrickson (1947) estimated a so il loss of over 28 tons par acre 
in  South Carolina on a so il planted to oontinnoua cotton.
Browning (1948) reported a change fron rotation to continuous corn 
whore the crop residues were maintained resulted in a s o il  loss of 
14 tons per sore* Land planted to continuous oorn in Iowa lo s t 
15*6 per cent of organic aatter in nine years and averaged over 
38 tons of so il lo s t per annua (Fierre and Browning 1945) •

In a study by bannering and Meyer ( I 96I )  simulated rain  was 
spplied a t twe and a h a lf inches per hour to various quantities of 
straw aulch spread evenly over freshly ploughed and disced wheat 
etubble. Soil lose of bare so il was 12 tons par acre, but with two 
tons per acre of aulch no run-off or erosion occurred.

Honor (1980) analysed fif te e n  years aoil lose measurements and found 
that the kind and amount of cover provided daring the winter season 
on s s i l t  losa at Fullaan, Washington, wss the dominant factor 
affecting run-off and erosion. Unprotected summer fallowing caused 
the largest srosion losses and the aoat rapid depletion of organic 
matter.

A heavy aulch of chopped aaise stover provided excellent eroalon
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nitrogen losses particularly  under certain e&jiugeaent p ractises. 
Lonsen from aurfsoe so ils  of 9 -  62 par cant of that present la  
the virgin so ils  have been reported for periods of cultivation 
ranging fron 25 -  41 years by Harper ( I 946) ,  Chang (1950) and Hobbs 
and irown (1957)*

T illage practices on these dryland s a ils  had a narked 
influence on so il nitrogen losses (H ill, 1954| Hhoades, 1956). 
i^xcess t i l la g e  in tensified  the deooapeeitioa ef s o il  organic natter 
with accompanying loss of nitrogen*

Of n to ta l of 42 lb s . par aera of nitrogen le s t .  Hays a t al 
(1948) recorded 90 par oent loss from two intense rains shortly 
a fter  planting. Hagers (1941) found yearly losses of 32 lb s . per acre 
on Ounaore s i l t  loan under wheat* Knoblauch at a l (1942) neasared 
67 lbs* lo s t  par ears per year which was reduced to 19 lb s . par acre 
under cover. A so il loaa ef 5195 lbe. par sera contained 99 lbs. 
nitrogen in  early work by Dulay and M iller (1923).

1*5 m p .Ipnttol ofL^urface Hun-off bubble Mulching

Kano arch workers era undivided in th e ir  opinions as to tha 
efficien cy  of ouloh oovera in  controlling run-off.

Hudson (1957) recorded run-off ratee of 30 par osnt of tha te ta l 
season's ra in fa ll from a three par cant slope under aunhenp la  
Hhodesla* In Central Tansaala run-off ra tes  of 40 par cant at 
aoderate ra in fa ll in ten sitie s  and up to 80 per cant at in ten sities  
of 40 on ./hour were observed ty Mantsur and Chaabera (1965) .  *>uloy 
and Millar (1923) coopered run-off losses fron uncultivated and plots 
ploughed to  four inches and eight inches depths in Missouri over n 
six  year period. He recorded 49, 31 and 28 per oent loss in  run-eff 
respectively, nuaaall (1950) recorded tha par cant run-off on a s i l t
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I omi over a nine year period with an avers,go ra in fa ll of 38 in c h e s .
f *

Tha e ffe c t of plant cover was quite mar iced, varying free lose under 
continuous anise of 40 per oent to  permanent grass of four per oent 
of the to ta l prseip ltation .

The eon par is  on of water lees froa conventional ly and niaiaal 
t i l le d  Raise was recorded by crowning (1945) aa being 38 and 18 
per cent respectively. Duley and Russel (1543) have also demonstrated 
the e ffe c t  of a mulch on run-off loess a . Their subtilled  trsotaent 
under mulch lost 1.27 inches of a 7*12 (8) inches monthly recarded 
ra in fa ll compared to 2 .83  inohss loot when the aulch had bean disced 
in , and 3*08 inches whore discing had been carried out in  the absence

1 k ;• *' || It
of a mulch cover. Kith controlled a r t i f ic ia l  ra in fa ll , in filtra tio n  
rates under various treatments wars measured by Kidder ot al (1943)* 
After an application of 1.75 inohss par hour far th irty  minutes tbs 
run-off froa unaulohsd p lots was 66 par cant, while on the straw 
mulched plots 20 par cent loas in to ta l ra in fa ll a fter n four hour 
period was recorded.

Bnlow and Musgrave (1938) in Iowa showed that the addition of 
organic matter to the aurfaoe reduced run-off froa 17$ inches to 
13 inches in  a fallow. A mulch cover waa reported by boron and 
Stauffar (1943) to inarsaae water absorption of 1.75 inches of applied 
ra in fa ll par hour to 1.67 inches, whereas bare p lots absorbed only
0*47 inches.

In Australia, Black (1963) calculated run-off froa a ooapaeted 
bare s o i l ,  a compacted ao il with a aulch cover, a cover orop and a 
perennial pasture. His averages froa replicated plots wore 1100, 730, 
490 and 30 gallons per acre respectively.

■ * ..5 j|M| *■ . ; ' tjL I ' ■The importance of a straw aulch oovsr in controlling intake of 
water and the formation of an impervious crust was demonstrated by
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Attley (1939;. The total water intake of hie straw auloh treataent 
was 66 per oent and on cultivated bare s o il  36 per oent of the 
to tal preoipitation. Hun-off loaaea froa mulched and ploughed 
surfaoea at three locations under differing crop sequences were 
reoorded by «ingg and Whitfield (1997)* Ploughing led to greater 
run-off conststaney.

Kain fa llin g  at the rate of three inches per hour caused 
l i t t l e  loss of s o il  on grassland' so il proteoted by a straw auloh 
or on wheat stuhhle where the crop had been coabine harvested 
(Daley and Doaingo, 1949)*

Horst and Russell (1942) observed l i t t l e  effeot on run-off by 
incorporation of the mulch. A mulch cover over an already ceapaoted 
s o il  contributed l i t t l e  in the prevention of run-off, in fa c t 
run-off increased. They further stressed the necessity for sub- 
t i l la g e  under auloh to obtain the fu ll benefit froa th is systea of 
farsin g .

1*6 burning of Crop Residue

The coamon praotloe of burning wheat stover after combining 
in  bast Africa aeets with l i t t l e  support from resu lts reoorded in 
the lite ra tu re .

Siddowuy (1943) found that there was a greater structural 
s ta b ility  and a higher proportion of non-erodible aggregates when 
straw was returned to the f ie ld , than when i t  was burnt or 
p artia lly  removed. Straw was best le f t  on the surfaoe rather than 
ploughed in .

Copley et a l (1944 a) measured the rate of run-off on burnt 
unburnt land on a ten per oent slope with an average ra in fa ll 

of 46 Inches. The average annual loss froa the unburnt land was
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0.02 in cnee and from the burnt land 5*38 inches. In Kansas 
(phepil, 1935) comparisons war* aada between burning atubbla and

tilla g e  operations that allowed residues to ranaln on 
tha aurfooe. Tha lnaraaaa in ra in fa ll aocsptanea during a atom 
Mas 0*71 inohaa on tha burnt treataant and 1*16 inches where straw 
protection was maintained. Burning tha atubbla raaidua reduced 
Mater absorption by nearly 50 par oant in  Zoning (Barnes and 
Bohaont, 1958)*

1*7 Organic Matter and Soil structure

Tha litera tu re  on tha relationship between so il t i l t h  and 
levels of so il organic natter is  voluminous and in  most eases tha 
olose relationship batwaan these factors and so il management factors 
i s  stressed .

I t  has bean shown by haver (1935) that a sign ificant correlation 
ex ists  between tha sisa of aggregates and tha carbon content of a 
wide variety of a o ils . His indications were that organic matter 
favours the formation of larger aggregates. Ths highest correlations 
resulted from so ils  containing less  than 25 por cant of d ay*

Tha theory that aggregation and structural s ta b ility  in 
cultivated so ils  require regular additions of organic matter has 
aueh support. HoCalla (1945) noted that structural s ta b ility  is  
temporary, lasting  only as long as the atab ilie in g  decomposition 
products oontinue to s x is t  in the s o i l .

Ths s f fs c t  of cultivated crops on s o il structurs has besn 
studied by Luts s t  s i (1946). Although i t  sssas reasonable to 
expect improvements in structure as a resu lt of root growth, this 
improvement wee n u llified  by the cultivation operations accompanying 
the growth of the crop*
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The loss of t i l th  with excessive cultivation and ths 
suggestion that raduood tilla g s  way bo an offaotlva rsstorstivs 
raoamure i s  described by Klingebiel and O'Heal (1932)* Tbay 
recorded greatest structural change with cropping In the upper 
nine inchest or cultivated layer*

Several short term tr ia ls  have shown that continuous corn on 
re la tiv e ly  f la t  land did not oauae a measurable decrease in soil 
organic natter when adequate nitrogen had been supplied* is lan d
(1952) in  a five year study et I l l in o is  found sligh t increases in 
so il organic natter when continuous corn waa provided with adequate 
nitrogen and extra reel dues wera returned to tho so il*  Unpublished 
work from the sane University also indicated that so il organic 
matter oan be increased faster when minimum tilla g e  techniques are 
imposed upon the continuous corn rotation* Adequate nitrogen alone 
was unable to maintain the levels of erganio se tter under clean- 
cultivation management.

A study also at I l l in o is  by Lee and firay (1949) showed that 
rotationa with one legume break in four years were depleting the 
organic matter reserves, so il nitrogen wan being used at tha expense 
of dacomposing so il humus* Their data oupport the concept that tha 
avaraga yearly losses of so il nitrogen and henoe aoil organic natter 
decreases aa higher yialda are obtained with increasing nitrogen use* 
high y ield s and adequate nitrogen use seen to be compatible with the 
maintenance of good c o ll physical conditions and organic matter* The 
work of Miller (1951) tends to support tha conclusion that tha 
beneficia l aetion of a legume in the rotation Is largely due te i t s  
nitrogen contribution.

Applied nutrients are generally leoa effective on an eroded 
aoil than on a non-eroded, friab le  so il containing adequate organic 
matter (Lamb at a l ,  1950). Yet experiments by Smith (1952) using
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nitrogen fe r t i l is e r  on nn infer t i l e  noU nith poor physical 
ch aracteristics , succeeded in  doubling the /laid of males bat 
generally with th is type of tr ia l  no measurement of the physical 
changes, i f  any, we reported, hevarthelean, the poor etrueture 
did not appear to be r e f  looted in  yields obtained under high 
f e r t i l i t y  lev els . Whether the added f e r t i l i s e r  promoted inoreeeed 
microbial activ ity  causing improvement in  the physleal conditione 
•f the s o il  or possibly the increased protection afforded by the 
greeter aaounts of residue le f t  an the a o ll had e sign ifican t e ffect 
i s  open to  discussion.

Martin (1942) eonpered various souroes of organic n atter and 
thoir o f foot on structure, he reported that oarn stover was a 
particularly  favourable type of organic notarial for ieprovoaaat of 
eo il structural conditions. The work of Motagor and Hide (193fi) and 
WaJcanam and Martin (193$) provided data in  agreement.

f  The general effaet of stubble auloh tilla g e  would seen te  
suggest an improvement in  the so il organic natter content, hell 
samples analysed far readily oxldisable organic n atterf per sent 
carbon and nitrogen by Naretadt end haCnlln ( i 960) shewed that e ll  
constituents were sligh tly  higher in  the surface inch of sub* t i l  led 
plots then on the ploughed p lo ts. The Bane trends were evident at 
lower depths but differences wore lees* Similar inprovenants in 
organic n atter content with stubble mulch lag have been reported by 
Stevenson and bohuntar (1945)* heals e t n l (1955) and Siagg end 
Whitfield (1$57)* heals e t  a l (1955) have suggested that th is 
higher organic natter oontant of etubhie mulch troatnoatn nay be 
due to e loan rapid decline in  organic n atter rather than n build ap.

« . %%. ; a w ^ . , 1 j^ Acs.: ■ 4MK
Maey abort term experiments indioato that straws end stovers 

supplemented with mineral far t i l l  ears w ill produce largo ^wnntitioe 
of co il organic n atter. Ireland (1952) preaanted graphic date to
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Thm t i l la g *  practices used at th is tine vara chdsfly those 
borrowed froa the acre humid regions, the mouldboard plough and 
the disc harrow being used almost exclusively. I t  was not until 
aany ja a ra  la ter that proainenee was given to the spring tine 
harrows, chisel ploughs and cultivators.

The danger of wind and water erosion by leaving tha surface 
so il too fine was aoon recognised (Severance, 1909)* Later resu lts 
from  tha dry land rseearch stations wars remarkably uni fora la  
indicating no benefit from any tilla g e  beginning the year that tha 
crop was harvested. Both Stephens at a l (1923) and Hunter (1927) 
esphaaised the importance of cultivating only to control weed. 
During these early days the handling of the wheat stubble created 
a serious problem and most was burnt. Later, lnorsasing 
recognition of the value of the stubble for erosion control and 
so il maintenance, ooupled with f e r t i l i t y  practices that improve 
yields on stores mulched land, greatly reduced stubble burning 
but the d etails of how boat te handle a mulch cover within the 
cultivation systos had yet to be worked out.

The f i r s t  real contribution of practloal isportance was made 
by Campbell (1930), widely known as the originator of the dry 
far sing systes. ils rsoomuended the alternate whent/fallow system 
and stressed the lsportanoe of s  rough seed bed as opposed to the 
Must mulch* for soisture in filtra tio n . Thors was at th is tine no 
concept of the actual quantities of water required by the wheat 
crop or that eould be absorbed by, and held in , the s e ll*  The 
practioe of fallowing was slaw to beeoss established and i t  was not 
until the drought of the aid th ir tie s  that i t  bsosas accepted. I t  
was during th is  erosion conscious era that the efficien cy  of 
anchored crop residues i s  keeping the s o il  la  pises was f i r s t  
demonstrated. Heferred te  as otubble mulch farming, the systes 
involved the managing of pleat residues os s year round basis in
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which h am aU B f, cultivation and planting operation* ware 
performed in n eh  a way an to fceop protective amounts of 
vegetative material on the surface of the noil u ntil the time 
of seeding the next crop.

The Duley and Russel team working nt the letraeka Agricultural 
Research Station were responsible for the in itia tio n  of the f i r s t  
resear oh work on stubble mulch fam ing in 1937 (Dslay, 1959). Their 
continuously subtilled  plots are s t i l l  in existence and the resu lts 
present sons of the most valuable data on the long tars e ffects  of 
the system on the chemical, biological and physical properties of 
the s o il  • A sim ilar and complementary programme in Canada sms 
carried out by Voble (1948) which resulted in the f i r s t  implements 
designed sp ecifica lly  for th is  type of farming, the floble Blade.
I t  was not until 1941 however that serious investigations ware 
commenced on the e ffe c ts  of atubbla mulching on or op yloldm (Poole 
e t s i  1946, rrowning e t  s i  1943* and linglehora 1946).



28

2 . m m * . MU1>WC AM) MAgdi BTtfUOk

Although the resu lts  obtained by stubble euloh farming shoe s 
decided improvement in erosion oamtrol, i t  i s  surprising to  rind 
eontrsdlstory evidenoe regarding improved in filtra tio n  end storage 
of water. Casporison* between conventional tilla g e  and stubble 
euleh farming shewed no increases in moisture storage in  work 
reported from Oklahoma (Daniel et s i ,  1956), North Dakota (Snglohorn, 
1946), Southern Idaho (McKay and Ness, 1944)i Montana (KTall et a l, 
1958) or Texas (Leson, 1956 and Wiese and Arny, 1958).

The beneficial e ffe c ts  of miloh cover on water storage has 
equally numerous supporters. A survey over a twenty year period in 
Saskatchewan by Staple e t  al ( i 960) showed that while 37 per cent of 
the winter ra in fa ll was oonserved en stubble aulch p lots, only nins 
per cent was retained by a bore fallow. The resu lts of anothsr 
sim ilar survey by Thysell (1938) gave s te lla r  figures of 34 per cent 
conservation with stubble and 11 par cant with bare c o ll .  Average 
moisture contents of the aoil profiles under various t i l  lege ays tees 
and at d ifferent s ite s  presented by 2ingg and Whitfield (1957) also 
showed lnareaaea in  storage in favour of stubble mulching. The 
early work that was carried out in Kansas over a th irty  s ix  year 
pariod has been reviewed and euanaarisad by Kuska and Matthews (1956). 
Their re su lts , presented in table I ,  add further weight of evidence
to the improvement in water storage possible by using undisturbed
Ax t>.*% i i’i J *  a ere themahmius*tae wheat yiTlau v«i
wheat stubble.
-bs. sera Veit a jatoe amd other arena ef sim ilar rain fall ,g«n*r Hy 
how that stubble mulching inprweh asistvre storage. Versa an§ 
rOLiSko iadlaatod that wheat or oer* etovor placed botme* %
toys ‘* rs rsms after the f i r s t  eultivetiom is  or  eased the 
ole Sere o*ut *st by as average ef 3® per sent ever test •» the
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TAMiiC I  Water Storage Within the Prof 11m Under Different 
Cultivation and Mulch Treatments. 

t l« ' iM  \t Proa KusJca and Matthews (1996)

m m - m u
la iM f "h«6* Watss stored frss 6.65" water stored free 3.24"

btubble undisturbed 5.52 1.44

y e ll lis te d 4.65 -

y ell ploughed 3*06 0.76

Milo stubble 3.67 0 .6?

Maine stubble 3*47 0.82

Green manured land 2.08 -

Barm fallow 1.66 0.29

ft-own (1956) found that stubble aulsh fallow land stored 
considerably sore water than ploughed or one-way disced fallowed 
land during a period when ra in fa ll was unusually heavy (7*5 inches 
in September). The additional 1*1 inch of water stored within the 
s ix  foot p ro file  nore than doubled the wheat yield* Hesearch fros 
the earn b e lt states and other areas of s ln lla r  rainfall,generally  
show that stubble mulching improves moisture storage. Versa and 
Kohnfce (1951) indicated that wheat or corn stover plaoed between 
soya bean rows a fter the f i r s t  cultivation increased the available 
moisture content by an average of 30 par cent over that of the 
miaulchad so il*  Aldsfer and Msrkle (1943) using various mulehss oa 
uncropped plots showed th at at no tine during the three year period
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of tbo tr ia l  did tha moisture content droj below 20 par cant.
Tha mulched plots contained significantly  aore to ta l aoiatura 
than did tha plata with incorporated reeldues.
■ j>*t «<•# • »~ip }/ • f A \nm% 'IT® ftTOrJi l̂ 1:‘ ••**’ PvU *

Duley and l usaal (1919) measure 1 tha to tal acousulatlon of 
water on a heavy s i l t  loan la  plata to whioh different treatments 
had bean applied to tha surface* fhe presence of a surface cover 
had the meat beneficial e ffect on the peroentage of aoiatura 
conserved, and also on the depth of penetration of water* Ploughing 
and discing showed l i t t l e  differences in  their influence on storage 
eith er with or without straw* (fable 2)

TABU 2 he influenoe of ourface Cover and l,lUan...flP
^ water storage and Depth of penaAratipa*

From Duley and itussal (1939)

Surface Treatment Rainfall Conserved depth of Conservation as
in inohes Penetration % of

_________________  __________________  ___________  Total Painfell

Strawf 2 tona on manta in taw mi
aurfaoa W o-' r» 9*72 6 f t 54.3

Straw, 2 tons
38*7disced la 6*92 5 f t

Straw, 2 tons 
ploughed in M l 5 f t 34*2

Basin lis te d 4.95 5 f t 27.7

Land ploughed,
3.71 20*7no straw 4 f t

Land diseod,
19.5no straw 3.49 4 f t

Decayed straw,
4 f t 1T.42 tons ploughed in 3.12
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rA» name worictri ( 1939) conelwdsd that a straw mulch prevented 
tha tormation of a so il crust and showed inereaeee in absorption of 
water froa C.24 Inches to  0.T4 inches per hour, and in la te r  
sxperlaenta (1942 b) found that moiature storage in the so il to a 
depth of s ix  feet under ploughed lead wee increased froa 3*71 to 
9e72 inches of water during a season of abundant rain  where two tons 
of straw was placed on the surface after ploughing. During two dry 
seasons 1 .96  lnohes aero water was stored in so il under s straw euloh 
cover as coopered with a ploughed uaumlehed ores.

dusgrev* ( I955) obtained sa in filtra t io n  rats of 2.10 lnches/hour 
for the f i r s t  hour a fter  cultivation of the top surfaca inch of soil 
and a co v er of two tons of straw per acre . Without euloh, but with 
surface cultivation , the in filtra tio n  ra te  dropped to 0.28 lnches/hour. 

tanelwded that the o ffse t of atarfae* eaucnaa oul.r e ffects  1* *
Meaults of tr ia ls  carried out by Larson at el (1940) in lews adds 

further evidence to the conclusion that straw on the surface sots sore 
e ffic ie n tly  than when i t  i s  ploughed in . His resu lts show that there 
wan l i t t l e  difference in  s o il  moisture In ths top s ix  Inches but wide 
differences were apparent between treatments in the soil moistures 
immediately below the surface.

Herat and Woodburn ( 1942) covered a fiv e  per cent slops with two 
tons of straw per acre nine weeka before applying a r t i f ic ia l  ra in fa ll 
and found that 97*9 par cent was absorbed compared with unmulched 
plots which absorbed 92 per cent. Although the difference in water 
absorption was not great the soil lose from the mulched plot was 
negligible whereas the bare plot lo s t s o il  at the rate of tea tone 
per cere , names and Bohaont (1958) found that comparative water 
intake a t the end of one hour for bore fallow , grassland end stubble 
muloh wan 0.3» 1*20 and 2*26 inofaee/hour. tfeCalla (1943) in 
emphasising the importance of aulohes on so il struoture elaiaod that 
a surface muloh wan more important than s o il  organic aattar in 
increasing water In filtra tio n  and etorage.
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te a l*  * t  al (1955) reported a gradual iaproyeaeat in the amount 
of water stable aggregates ewer 0*2 me. with mulch tilla g e  after the 
f i r s t  year* This inorease in water stable aggregates has also been 
evident in work by Stauffer ( 1946)1 Dawson (1943) and Stephenson and 
Sohuster (1943)* Decomposing mulches have also increased water 
s ta b ility  aggregate at the surfae* (MoCall 1939) tat Chepil (1933)

. v ‘ ’ ' \ a . 3  1 . I  f a. i-
concluded that although mixing the decomposing vegetative material
with the so il decreased ero d lb ility ,far greater protection was
afforded by keeping reeidues on the surface* Lane (1961) reported
double the amount of water in filtra tio n  under the t i l l  -  plant system
as oompared to conventional tilla g e  under irrigation* Plant eaergenoe
was also b etter, an advantage which was maintained until harvest*

1-rota the resu lts of their experiments army at al (1961) 
concluded that the e ffe c t of surfaoe mulches only a ffects  the 
immediate two inches of underlying so il*  Only i f  rains are frequent 
do the residues have any material e ffec t in increasing the depth of 
penetration and storage* t^arly evidenoe to support th is ooncept was 
produoed by Burr (1914)» again working under very marginal ra in fa ll 
conditions* His treatments lnoluded ploughing, discing and 
undisturbed so il where the weeda had been out by hand* He concluded 
that over a number of years the advantage of ploughing over disolng 
would be small providad tha weoda wera thoroughly killed* Data are 
available on the efficiency of water storage under summer fellow 
from 23 dryland stations over the Orest Plains, and wera summarised 
by Mathews and Cola (1938) who found an avarage storage e t the end 
of the fallow period of only 20 to 25 P«r cent of the preeipitation 
that f e l l *  An average over sixteen yeara fallowing in Berth Dakota 
ahowsd that water storage in the fallow varied from 1*01 inohes to 
9*07 inches undsr ra in fa ll varying from 16 to 32 inohss* In a 
comprehensive study of water intake under d ifferent summer fallow 
treatments by Barnes e t  al (1955) • chemically controlled etubbl* 
mulch gave beat re su lt* . The ploughed treatment absorbed water 
rapidly at f ir e t  but on the breakdown of tha oloddy structure
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In filtra tio n  rate slowed duo to surface sealing. Thysell (1938)
records the driest years as having above average storage and 
concluded that there was no dose relationship between total 
precipitation and aoleture storage* Low storage was due to the 
high proportion of the to ta l precipitation fa llin g  as small rains 
with a high water loss by evaporation. A sumary of ra in fa ll 
in ten sitie s  for Kansas in  that year by Robb (1938) showed that 
60 per eeat of the to ta l rain f e l l  in amounts of 0*25 inches or 
less* They conoluded that the solution to aelsture conservation 
ia  the fallow must be found in increasing the effectiveness of 
precipitation that fa l ls  in amounts less  than half an inch*

The curves presented by Duley and Kelly (1941) representing 
the ra te  of intake of water when the land was bare showed a rapid 
drop a fte r  run-off began* The second application of water oomlng 
soon a fte r  the f i r s t  gave a further reduction in the rate of Intake 
and the rate became nearly constant within a short time* The curve 
of intake rate when the so il was protected by a straw mulch showed 
a muoh more gradual drop end was msintalnsd at a high level for a 
considerable period* end oven then did not drop ee low me that for 
the bare s o il .  In theee studies the moisture content of the aoil 
was of very such less  importance than the condition of the surface*

The emerging faot that aha1low su b -tillin g , provided e mulch 
oovar i s  retained, is  more e ffic ie n t than any form of bars 
cultivation was further advanced by Whitfield at e l (1949)* 4 
su b -tilled  fellow with cover oontalned consistently nor# aoleture 
than a one-way ploughed (auloh p artia lly  incorporated) fallow, but 
with comtiauous wheat su b -tillin g  did not give any significant 
improvement in moisture storage* In a study of the relation of 
plant oover to in filtra t io n  and erosion, bcrtignao and Love (I960) 
concluded that under mulch the large pore apace of the upper two 
inches of soil and the quantity of dead organic materials were the
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two properties that accounted for moat of the varletion In
in filtra tio n  ra tes .

T rip le tt et al (1968) hare recently reported the reanlts of 
work designed to assess the s ffso ts  of three application rates of 
cornstalk mulch on yields of corn grown without t i l la g e , kith f i r s  
par oent cover (stover removed)t 45 po** cent oover (stover le f t  in 
place) and 80 per cent oover (double level of stover) yields were 
directly correlated with the amount of oover , the 45 P** oent level 
being equal to conventional t i l la g e . In an attempt to re la te  yield 
and some of the measurements made on the or op and so il, they were 
successful in showing correlation between plant cover, plant height 
and s o il  aoisturs oontent. Thaaa values, usad in a multiple 
regression programme, showed that par cant oover only was oignifleant. 
I t s  influence on so il moieture regime was probably the causative 
factor affecting y ield . At the end of the third year water in filtra tio n  
(determined with a sprinkling infiltrom eter) was signifioantly greatsr 
with an 80 per cent stover oover than for the other treatments.

ftQ |
The o ffset of mulching coffee et Moshi, Tanzania, was large 

enough for tho trooe to  be wilting on the clean weeded p lo ts , but 
growing wall on the mulched plots at the tie s  tho f i r s t  samp lee 

were taken by Gilbert (1945)*

Citing work on in filtra t io n  in a number of loaatlons in tho 
world, Jack* at al (1955) concluded that there seemed te  be l i t t l e  
doubt that mulching with plant residues increased water in filtra tio n .

The bulk of the litera tu re  studied points out vary d early  that 
a mulch cover applied to aa already crusted eurface w ill not iaprovo 
in filtra t io n  rataa . Kespansoo obtained from etubble i^uich ti^j . •
have invariably included sub-tillage to break up the surf see cruet.
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2 ,1  *vgi>«i>tlon and feoi«itur» Low from t he holl -u rfacs

1 unman (1948) has estimated evaporation from a continuously 
»st so il as 0*9 time8 that of an open water surface, and. ths 
evaporation from tu rf, varying with ssason, froa 0*6 to 0*8 times.
I t  might be expected that mulch cover would, reduce the amount of 
evaporation from the so il surfaoe.

■Different cultivation treatments of fallow land appeared to 
have l i t t l e  e ffec t on loss of moisture by evaporation from work by 
Miose and /*rmy (1958). Russell (1939) observed that the major effeot 
of a mulch on evaporation rate persists for about two days and makes 
an effectiv e  reduotion in  the evaporation rate of 0 .1  inches during 
the f i r s t  twenty four hours after wetting. I f ,  however, the period 
between rains is  such that evaporation proceeds until the surfaces 
of both mulched and bare plots are dry, than there may be a slightly 
higher to ta l evaporation from the mulched surfaoe.

Jacks et al (1955) proposed that evaporation was reduced where 
the so il surface was maintained at high moisture ooatent by frequent 
ra in s. Gardner (1959) admitted a lower in it ia l  evaporation rate 
with a surface mulch, but thought that there say be l i t t l e  long term 
benefit unless th is lower evaporation ra te  permitted greater 
downward peroolation of water.

In both Australia (Holmes et a l ,  I960) and ths U.S.bJt.(hurov,1952) 
recorded greater water loss with a coarse olod surface or with no 
t i l la g e . A fine crumb structure was most effective la  slowing down 
evaporation losses.

Mathews and Army (i960) attributed low moisture storage 
efficien cy  in the fallow to evaporation which was influenced by the 
amount of energy available to convert water to vapour, and also to 
the so il moisture properties. They postulated that, when the soil
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elaoat proportional to nett re lia tio n . Ae the e e il dried out 
evaporation was increasingly dependent on the factor* governing 
the upward flow of water to the surfaoo* Tillage or cheatoal 
control methods that leave residues on the surfsoe decrease the 
energy reaching the so il ae was evidenced by lower and lagging 
so il temperatures* ttesiduea were also e ffectiv e  in decreasing air 
Movement immediately above the s o i l .  I t  is  logioal to assume that 
muloh cover oould he a pertinent factor in minimising moisture 
losses and thereby increasing moisture storage at least until soil 
factors lim it ths evaporation ra ta .

2»2 Temperature under a Milch Cover

During spring and summar the temperature under a muloh eover 
was coolar than in  a ploughed so il (MoCalla,195S )• During the 
la tte r  part of the summer a reversal in tompsraturo bscame svidant.

Ths amount and hind of muloh were found to have ths mein 
influence on so il temperature* tfo&alla and Duley (1946) found the 
temperature under an sight ton straw muloh to bo mm much ms 
17 degrees centigrade lower s t the one lnoh depth than in ploughed 
so il*

With continuous temperature records from July -  October 
oomparing mulched and bars plots f Lemon (1956) showed that 
temperatures were lower a t the three inches level and higher at 
the six  to  twelve inches lsv e l with a mulch cover* Urn concluded 
that mulched plots conserved more hsst than ploughed plots* Lower 
temperatures in ths surface layers were also reported by J3orst end 
• ledereJci (1957) and Varma and kohnka (1951 )• *»«U temperature was
inversely related to the amount of muloh present in  work a t North 
Dakota by ihgleharn (1946)*



37

l ig h t  reflection  appeared, to toe an important factor influencing 
the taaperatur* of tha r a i l  under a auleh. McCall a (1947) found 
that up to  he par cant aaro ligh t wav raflaatad fro * a auleh cover 
thaa from a bare s e l l .  ...?'•••••*. < >

 ̂ J  i lk l t i& r  1 si*** V t i l

3. Yiaifl

3»1 hitroaan and Yield * « - U*

One of tha naia oritie iaaa  levelled a t the auleh far rain# system 
ie  that incorporation of the straw into tha aoil w ill deareaae the 
yield  of the aubaequeat crop* Anderson and hmaaell (1964) and Octalla 
and urmy (i960) both report depressions on yield and attribu te thle 
footer to  the ooapetltlon for available nitrogen by organisms 
decomposlng the atraw. Other anort tern experiments indicate l i t t l e  
e ffe c t on yield  in  Manitoba (lerguaen, 1997. end Ferguson aad Corgly, 
1964).

There ia  quite a l e t  of support for the theory that crop residuae 
on the noil aurfaoe generally depress n itra te  fornation (ooott 1921( 
Caable a t al 1943| delay and done 1944 i hoCalla and uuosell 194# i 
Jacks a t a l 1999). The immediate depreeeiea of n itrate  when residues 
were ploughed ia  wee not evident when nulohea were le f t  on the aurfaoe. 
miring spring; and suamer n itrate content was about 9 * 7  per cent loss 
on stubble aulohlng than on ploughing, and ia  tha wiatar months nitrate 
content may bo higher under mulch, boil temperature and decomposition 
stage e f the auloh would appear to  be the controlling footers.

The causes o f n itra te  depression under a nalch cover have been 
expressed no look of aeration by idkreoht and Uhl aad (1929) wd due 
ta  the soluble organio compounds in  tha mulch by deoera a t  al (1946 •
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Studies on the tine of cultivation and I ts  e ffect on /laid has 
been reported by Moorhouse (1905)» Cell (1J13) ead Sslaee and 
Throokaorten (1922), who claimed yield response* with early ploughing. 
Later work indicated that these Increases la  yield were related te 
precipitation fa llin g  between harveat and planting. faarly cultivation 
encouraged the storage of ra in fa ll after harveat and provided 
conditions favourable to n itrate formation, la areas where acre 
moisture was stored by early aa opposed te  la te  tilla g e , th is 
aoisture was sufficient to  u tilise  the n itra te  formed, where less 
ra in fa ll and consequently lass stored aoisture could be expected, the 
excess n itra te  prodnoed by early tilla g e  was as likely  to be injurious 
resulting in  sore serious drought Injury and lower yields* Hallsted 
and Matthews (1936) found that i t  required a season of fallowing to 
provide su ffic ien t aoisture to ensure crop prospects comparable with 
those under early tilla g e  in the higher ra in fa ll areas. Salmon at al
(1953) also  recognised the advisability of early tillag e  i f  rain fa lls  
after harvest to oontrol weed growth whioh i f  le f t  unchecked will 
dissipate stored aoisture*

The use of nitrogen fe r t i l is e r  under stubble nulehlng has been 
responsible for materiel improvement in wheat yields in certain areas 
particularly those with a relatively  high ra in fa ll*  wslaen at si 
(1953) eum up the resu lts obtained within the wheat belt end oonclude 
that nitrogen is  bensfiolel on most so ils  unless moisture is  the 
lim iting factor* These areas they define as having lass than 12 -  14 
inches ef precipitation, below th is level reeponecs are variable and 
usually unprofitable* Where the average ra in fa ll in 14 -  18 inches 
and where fallowing la  practiced the uae of nitrogen peraite 
retaining the straw ea the surface for erosion oontrol without 
depressing the yields* Applications of nitrogen have generally beam 
unprofitable on fallow land with more than 18 inches of rain* With 
continuous wheat in the higher ra in fa ll belt nitrogen responses have 
raised yields te the level whioh aaka fallowing unnecessary.
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A ewprthtoaivi study of the long to r*  e ffects  of atraw 
application on yield waa undertaken by Ferguaon (1966), Mina 
combinations of straw and nitrogen fa r t i l ia e r  warn applied annually 
to a Manitoba aandy loan* The addition of nitrogen fa r t i l ia e r  waa 
found to  inoreaee yialda (P < *05) whereae tha atraw applications 
tended to daeraaae yialda although not a lgn lfioantly . The amount of 
nitrogen nineraliaed during incubation waa increaaed by repeated 
atraw application, an e ffeo t which declined rapidly when the 
treatnenta were discontinued. These resu lts  confined his previous 
reports that rather than depress y ield s, straw application had a 
residual effeot whioh resulted in increaaed yields of cereals*

Two tons straw per acre applied to corn after planting in 
I l l in o is  decreased corn yialda over a three year period froa 92*7 
to 76*3 bushels* The ease treatment resulted in increaaed yields 
of soya bean (Van Doren and ntauffsr, 1944)* *rea at al (1946) 
obtained corn yields in Maw York ntats of 54*9 bushels on ploughed 
land, 40*8 bushels on aub-surfaoe ti l le d  p lots, and 28*8 bushels 
on disoed plots* The application of traah resulted in poorar 
populations and d ifficu lty  of wood control*

Duley and Russel (1941) reported no yield differences whan corn 
residues wars l e f t  on tha surface or ploughed in* An increase of 
about three bushela par acre of wheat waa obtained whan wheat atraw 
was l e f t  on tha surface* In 1949 ih»lcy and Russel summarised some 
averages of yialda of oorn, wheat and oata under Nebraska conditions 
but no fixed  pattern of y ield  Increases or decreases waa evident* 
Browning and Horton (1947) accumulated evidence over 52 t r ia ls  on 
eleven c o il types in Iowa and avaraga figurea for corn produotion 
with ploughing wars 7C*8 bushels while au b-tilled  land produced 
63*6 bushela*

Unpublished data by Cox and Tucker (195®—1959) recorded 
coop or i s  on of yields of wheat with no nitrogen application on olean
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tilla g e  as 10*3 buehsle/acrs higher than stubble mulching. With 
40 lba. of nitrogen application to oontlnaeuo stubble arulch tillag e  
wheat yields were improved tgr 1J bushele/acre cospared to an iaorease 
of 6*4 huahels/aore with nitrogen oa dean tilla g e* The case workers 
applied 0 t 20, 40 and 80 lbs* of nitrogen to stubble uulch and clean 
tilla g e  and obtained yield s of 10*2, 14*9* 16*7 and 23*1 bushels/aere 
oospared with 17*5* 21*2, 21*6 and 22*7 bushels/aare for dean 
tilla g e *  These resu lts  are in agreement with those of Minterlin et al 
(1558) and Parker et al (1997) who both reported yield increases 
orer unmulohod, lo ts  with nitrogen application.

The reduction in n itra te  oontent with stubble sulohing, regardless 
of the causative facto rs, undoubtedly accounts for seas of the adverse 
e ffec ts  of stubble mulching on crop y ie ld s, particularly under higher 
ra in fa ll conditions* „

Their trsa tsests  ts o lttM  ea average c f  6,(&Q lba* wheat residue 
* ' *  ^

A s  residue m s  uppreelieetely JO per a sst lying as tha s o il  surface
In the Aaerioan dryland work, there i s  s good overall

relationship between the amount of water stored in the s o il  at 
planting and the ultimate crop yield* This relationship i s  better 
on fallowed lend than on continuously cropped land, as stored water 
makes up s larger proportion of the available soisture on the former*

Halleted end Matthews (1936) related  yields to moisture storage 
and found that when winter wheat was seeded in so il without available 
moisture in  the p ro file , i t  yielded four bushels per acre and lees,
71 per cent of the time* Soil et f ie ld  oapaolty to three feet or 
more et planting yielded in excess of 20 bushels per acre, 70 per 
cent of the time* . . . .  .

A comparison of y ield s obtained in the Northern Plains, over 
275 etetion/yeere between fallowing end continuous cropping wee
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summarised by Colo TIm average /laid of fallow was quoted
•• 18*54 Vuihtii and froa continuous cropping 11*14 bushels par 
aero respectively. Cola and Hath#we (1923)* grouping to ta l 
biological yield into 1,000 lb* increments, produoad resu lts  to 
show th at the water required to produos one pound of dry matter 
progressively decreased as the yield increased. With yields less 
than 1,000 lbs* per sere , 2,163 lb s . of eater sere required to 
provide each pound ef dry matter, in ooaparisea with 734 lbs* of 
eater fo r  each pound of dry matter for to ta l crop weights within 
the 4*000-3,000 lb s . increment. In south Saskatchewan, harass 
( 1933) found that 2,000 lb s . of water was required for each pound 
of grain produced under continuous cropping, but only 1,330 lbs* 
for wheat grown on fallowed land*

anlka and * b itf ie ld  (1966) have stressed the importance of 
water storage in the p ro file  on yields of wheat and grain sorghum. 
Their treataents included an average of 6,000 lbs* wheat residue 
both on the surfaoe and incorporated by n 24 inch one-way disc.
The residue was approximately JO per oent lying on the so il surfaoe 
and the remainder standing stubble 18 inches high* Soil neistures 
were determined using a neutron probe a t 12 inch intervals to six 
fee t in  depth and crop yield/seil aoisture relationships were 
based on available s e ll  moisture at seeding* the resu lts  showed an 
inoreaoe of two to six  bushels per aero per one inch of moisture 
stored* th is  yield increase, per inoh e f stored water, Increased 
rapidly with decreasing to ta l precipitation between seeding and 
harvest* when available so il aoisture a t seeding was increased 
from nine to tea inches with a ra in fa ll of 17 lnohea, a two bushel 
yield increase was to be expected. I f ,  however, available aoisture 
was increased from four to five inohes and growing season 
precipitation was less than seven inches, grain yields may be 
expected to increase bf s ix  bushels per sere for each additional 
inch of stored moisture*
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la  Texas, Mathews and homes (1*4C) obtained a correlation 
coeffio ient of 0*75 between (rain sorghum yields and available 
so il moisture at planting*

Further evidence on the importance of etored so il aoisture 
and i t s  e ffe c t on yield has been preeented bar Cell and ulkted 
(1515). Halletod and Cole (1930) and Unlisted and Mathews (1*36). 
however, aoisture d ifferen tia ls  compared in these studies were 
between continuous cropping and fallow aysteas.

Differences in yield  of wheat on stubble sulohed land versus 
ploughed land have been related to oliaate by 41ngg and -h itfleld  
(1557)* They reported that the ra tio  of yield  from etubble 
mulching to that froa ploughing was related to the Thornthwaites* 
P-S index (preetpitation/evaporation)• This ratio  exceeded one, 
where the P-1 index wae lees than 32, and was less than one where 
the P-S index exossdsd 32.

4* IMPUMSBT DBSICB FOR BTUMLM MULCH AID KIM XM L T H U C d

oinoe 1*50 the study of alternative tilla g e  techniques has 
received much attention* The ooaparieon of various forms of sulch 
t i l la g e , trash ploughing, minimal t i l la g e , plough -  plant techniques 
with conventional systems of seed bed preparation have been 
summarised by Cook and Peikert (1930), Baugh at al (1930), -oody 
e t  al (1932), Cohaller and vans (1934) t Huohsls a t al (1933 **6 ), 
Jacks a t a l (1933)« Willard at al (1936)1 Aldrich (1936), McCalls 
(1938) and many othara*

I t  waa tha erosion hazard of summer fallowing that f i r s t  
stlau latsd  thought on alternate eysterna of tilla g e *  Intensive 
cultivation with disc harrow and plough for weed oontrol pulverised 
the so il to an ideal texture for wind erosion* I t  was in these areas
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that equipment designed to replaoe conventional tilla g e  f i r s t  
originated* These inpleaenta sere need te  replaee disc harrowing* 
and to encourage the format ion of surfaoe aulahss hjr eue-auriao* 
t illa g e  for weed control. The duokfoot tine was f i r s t  need far 
cultivation* a fter ploughing but la ter i t  was found te be 
successful on stubble land to replaee ploughing as the f i r s t  
operation*

' ■*‘4 l tfceefn ra p id !/ fbmaft edn>bstlc a* lusrt &-} the
lap laments such as the one-wa/ dine and chisel plough were 

developments of th is principle e f  providing s cheaper method of 
in i t i s l  end subsequent breaking* Over the lust twenty years aany 
suggested cultivation praotioes and u range ef iapleeents to carry 
thaa out have been introduced on an arporinantal basis. Ths 

eneral priaoiplas of those techniques has been to reduce the 
amount end intensity of tilla g e  and to encourage the build up of 
a protective so il oovur in the fora of a living or trash nuloh 
with the objectives of erosion control, organic natter build up, 
weed control and optimum noil t i l th *  Theme Implement* have one 
ch aracteristic  la  common, that of leaving the ao il surface rough, 
covered,and as undisturbed as possible*

The basic engineering problem of maintaining orop residues on 
the surface and providing a satisfactory  scad bed has been discussed 
in d eta il Woodruff and Chepil (1954). Chepil sad eedruff (1955). 
Krall e t  a l (1958). (1949) Ky«reea (1950).

A detailed description of ths inplsments that aay be used with 
stubble mulching and th e ir  effeotivanmma under d ifferen t conditions 
has besn dsscribed by *7soke s t  a l (1955). iyersoa (1950). Daisy 
(1954), Daisy and Fuassl (1941. 1941 • ). Paals (1947).
A oka man and iibersola (1945) Psnster (196C b ).

Ths problems of ooping with large amounts of strew under hard
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1  conditions h m  resulted in the produotiou of undersetting 
non operating parallel with ths surfsoo so as to provide far 
ninsa nixing of ths so il and sulsh sad ■inissni pulvsrisstios 

ths s o il*  I t  was soon evident that breaking of ths straw 
•idee into worksbis lengths was nsosssarj, and various bsstsrs 
heavy design and high slsaranos soon aade thsir appearance, 

wsp ploughs, rod wssdars snd Tarisas types of fls ld  saltiTstors 
uipped with soil shanks rapidly found adaptation. Moat of ths 
osps wars detachable and oould be rsplaosd with units of 
fforont shapes and slaas depending on ths results required, 
y nodi f t  oat ion through interchange with other iaplsasnta wes 
raieeib le as long as i t  did not conflict with the general 
inoiplss.

Ths depth of working for the f ir s t  operation depended so the 
1 eture content of the so il and the intensity of the auloh sowar, 
nerally, the drier the aeil and the heavier the auloh,the 
eater the depth ef cultivation. A five to air inch f i r s t  tilings 
oration waa usual. I f  unusually heavy sulohes ware pranaat the 
e-way dieo plough waa often used to cover port of the residue 
d hastes deooapositlon. stubble pulverisers or buetera ware alas 
ed with heavy reaiduas (Toaster et a l, 195®)*

Draught and horsepower requirements ware reoorded aa being 
nerally lone far stubble aulehlug than far ploughing a t oenpareble 
ptha ef cultivation. Throwning ot al (1944) (<"• oooparatlvo 
gurus of 100 for ploughing and 7 t for stubble aulohlng, taking 
to aoaount the relative labour and power input. Daaial at al 
994) reported that the draught for a plough end o blade t i l le r  
a 7.20 and 9*67 pounds per square lash respectively.

Aa extensive study on power repair sweets of various eaohiaes 
‘rower obey or end Trott (199®) indies ted that a aeuldboard plough 

orating to five to seven inches ia slay eoils required 11.4 to 12*4
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dry conditions have resulted in the production of undercutting 
tines operating p arallel with the eurfaoa so as to provide for 
•'iniama airing  of the s o il  and mulch end alniaua pulverisation 
of the s o i l*  I t  was soon evident that breaking of the straw 
residue into workable lengths was neoeasary, and various beaters 
of heavy design and high clearance soon aade their appearanoe*
Sweep ploughs, rod seeders and various types of f ie ld  cultivators 
equipped with eoil shanks rspidly found adaptation* Host of the 
sweeps were detachable and could be replaced with unite of 
d ifferen t shapes end sisas  depending os the resu lts required*
Any codification through interchange with other iaplsaents was 
p e r m is s ib le  as long as i t  did not co n flict with the general 
principles*

The depth of working for the f i r s t  operation depended on the 
moisture oontent of the so il and the in tensity  of the mulch cover* 
Generally, the drier the so il and the heavier the aulch,tbe 
greater the depth of cultivation* A five  to six inch f i r s t  tilla g e  
operation waa usual* I f  unusually heavy mulches were present the 
one-way d isc plough was oftsn used to eover part of the residue 
and hasten decomposition* Stubble pulverisers or busters wsrs also 
used with hsavy rssiduss (Fenster s t  s i ,  1998)*

Draught and horsspowsr requirements wars rsoorded as being 
generally lass for stubble mulching than for ploughing at comparable 
depths of cultivation. Browning s t  s i  (1944) g»*o coaparstivs 
figures o f 100 for ploughing and 71 for stubbla mulching, taking 
into account tha re la tiv e  labour and power input* Daniel at al 
(1996) reported that the draught for a plough and a blade t i l l e r  
waa 7*20 and 9*67 pounds par square inoh respectively.

An extensive study on power requirements of various machines 
by Kronersbeyer and Pratt (1938) indicated that a mouldboard plough 
operating to five to seven inches in clay so ils  required 11*6 to 12*t
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hersspowsr hear* P«r ware. The comparative figure for the ioble 
blade operating at six to  ton and a half lnoheo issp required 
3*8 to 7*2 horsepower hours per acre*

4*1 &T.M1.How qrepa

The Interpretation of a la iaa l t illa g e  la  the early tape was 
to H a lt  seed bed preparation for row crops to ploughing and light 
harrowing. The plough plant spates, ( le t  arson at a l, 1938) was 
dare loped as s variation of this and consisted of planting directly 
a fter ploughing, using the tractor wheel to eoepaot and saooth the 
lnmsdiat* seed bed. t r a i le r  type planters and planting sa lts  
aeuntod on the plough francs were developed and described by 
Hus grave e t  al ( 1955) «n4 Aldrloh and Seagram (1933) • *bs 
importance of accurate planting and depth of aood cover wee 
stressed. These studies were again baaed on the see of the 
commercially available conventional t i l la g e  equipment which often 
lia lto d  the application of the aystoo under praotloal farslag  
conditions. Fsnstsr (i960 b) planted successfully with a plantar 
equipped with farras openers or with llo to ra  at shallow depth.
The furrows wars deep enough for a dean need bed and the residue 
between rows was le f t  uncovered. Poynor (195©) baa described 
e ff ic ie n t weed control with rotary hose and sweeps to keep the 
residue on the surface.

Early mulch tilla g e  work with row orope reported by Nutt 
(1950 a) had to make do with aodlfiod conventional type laploaenta. 
Meat studies involved the use of standard ploughs, discs and 
cu ltiv ators, often in now patterna or saquanoo or tle in g . Although 
agronomic comparisons of the different treatments ware possible, 
the p ractical application of the systs* on a f ia ld  scale eas often 
d if f ic u lt .  The general principles wars la te r  incorporated into 
a commercially ovailabla muloh planter described by foynor (1950)• 
Thia heavily constructed aachine u tilised  a eerias of sweeps and



rotary ho* eeetiome to replace planting farrows. High power 
requirements and problems of maintaining adjustment war*
•noountarad. >'i . ~

When the proceeding crap supplying the suloh sas perennial, 
the conventional under out ting by a weeps as used by Dulay (1948,1954) 
on annual grain stubblea sas net e ffectiv e* The regrowth of the 
sods and used problems eausad in many eases s  sharp decline in crop 
yield whan barblaides wars not used*

To overcome this re  growth problem 'i l l  lard a t al (1950) seed 
the double out plough prioolple* The plough see adjusted to elioe 
free  and invert the top nod end nt tha same time t i l l in g  the four 
inches below the plough base* After drying, the inverted aod sas 
broken sp with n fie ld  cultivator without incorporation of the 
humic matter* Tide principle was further developed by /roe (1953) 
using modified standard ploughs* *\-j  ̂ v

standard implements used in  a modified form prompted aany 
important studies os the o ff sots of mulches on s o il physical 
relationships, bat contributed l i t t l e  on the nnehinery development 
elds*

H Ay. ft y M - An . sttlniJ SI i

4>2 Seeding

With the advent of stubble nuloh farming the aethods ef 
planting cereal grains ohaaged from broadcasting and harrowing 
into d irect seed placement! surface aoieture wee usually lashing 
and tha seed had to be plased a t a controlled depth under the auleh. 
The furrow d r i l l ,  and the increases in yields obtained by using 
th is  implement, have been demonstrated by Jfrandem and Mathews (1944)* 
These d r il ls  whieh incorporate hasty dies openers effectively  
planted the seed in e dean furrow through a heavy trash cover.
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A development of th is  p rin c ip le  resu lted  in  the production by 
* le n t P ro tectio n * of • t r ip le  d ice p lan tin g  unit with a forward 
single d ice  fo r  opening and two follow ing o ffs e t  disea fo r  
plaoeaent and ooverlng. Many of these p la n te rs  are e s s e n tia lly  
standard d r i l l s  th a t have been aade heavier and equipped with 
la rg e r dime openers and a  higher olearanoe.

Ctf re ce n t pears hoe d r i l l s  have beeoee popular and as 
described V  Robins and Blakely (I960) th e ir  wider spaeings and 
stagg erin g  of spouts has considerably reduced the p o s s ib il ity  of 

dogging*

favourable comments on the use of ro ta ry  p lan ters have been 
reoerded by Cleeeon ( I 964) end Douglas (1965) under United Kingdom 
cond itions fo r  d ire c t  d r i l l in g  in to  previously uncultivated land*
I t  was f e l t  th at l i t t e r  incorporation by the ro to r aetlon  acted as 
e moisture re ta in in g  la y e r . Other advantages claimed werei

(a) good seed s o i l  oontaot
(b) obtaining e good t i l t h  under d i f f i c u l t  conditions 
(e ) the remaining weed growth or deed weed ( a f te r

spraying) vers incorporated 
(d) spraying end p leatin g  i a  one operation wee 

advantageous to  overcome quick recovery end 

o o ap etitlo a*

I t  should be pointed out th a t under temperate oondltiona the 
moisture re te n tio n  and auloh coverage aepeots ere o f l e s s  importance.

4*3 Whyd

l a  euaaer fa llo w in g , te  obtain most favourable noietu re storage, 
i t  i s  ab so lu te ly  necessary to  control wood growth e f f i c ie n t ly .

• riant Protection, ferahnrst, Haalaoere,
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t qynor (1950) reported shallow tilla g e  with a blade tinee mm 
givlad good control of annuel wood growth during dry weather.
In wot condl t  loan the undercutting notion won not successful 
an without inversion tho noil ronalnod In ooutoet with tho roots. 
Tito longer roots wore oovorod hat with following rain  regrowth 
occurred. Tho show troador, somewhat sim ilar to a rotary hoe 
run with tho tongues reversed! wan asod successfully for breaking 
stubblef spreading bunched stubble( breaking surface crusts and 
controlling weeds under wet conditions.

Doth Aashela (1949) end Aaglehorn (1944) have indicated that 
weed control can he wore d iff ic u lt  with stubble nulohisg prectloes.

4 possible alternative for wood oontrol under nulch faming 
oould bo by flame oontrol. Although coma attantion has been given 
to tho uno of fla m  cultivators in  cotton (Stanton, 1954 and 
Ulanton and Tavernetti, 1954)» no information io available on mod 
control in  cereal fallow s.

4*4 Mintonanoo of Mulch Cover

In any management syaton deterioration of the nulch io  
inovitable. Tho residue reduction hr using vsrlous implements has 
boon summarised by heCalla and Army (1941) from data by Anderson 
(1953)* Woodruff and Chapll (195&) and hmnatar (1940 b)» and shows 
that up ta  70 par cent of the residue oan bs covered by a one-way 
dLLao working at a ir  inohss, while a  blade imp 1 seent will oever l e u  
than tan par cant, banning of machinery over residues causes 
fragmentation and hastens decomposition.

Other faetore reported by undersea (1953) to affeot the 
conservation of a residue ere stubble height end depth and speed of 
operation.
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5 - fMKOttl  W CHEMICALS U  U M * A l  TlbUOd iRiCTIC^I

With the continuously «eM lertU l|  agricultural technical 
revolution, i t  has bow baooM possible to  proscribe chemical 
treatments which oaa k i l l  woodB completely without any cultivation.

■ L VW9 mM PnJ!<4i t  ̂ SJ oi i V9Uv
The abandonment of tilla g e  must necessarily load to changes 

la  the s o il  physical oonditioa. da understanding of the iwpertaBoe 
of the offoeta of bo t i l la g e  or a ia iaa l tillag e  la  ooooatial to a 
eoeprehenaive consideration and possible adoption of crop 
production with the ninimua of cultivation, which la  ooBaldored 
oaooBtlal for reasons of so il and water conservation ooahinod with 
horbidde use*

In hie review of t illa g e  and crop environment, Hawkins (1967) 
concluded that the Boat iaaedlate practical applloatisa of the 
oatahllshaoBt of relationships between so il physical properties 
and crop growth would probably bo in the specification of adequate 
minimum tilla g e  techniques.

J l l  The Effect of  Reduced Tillage on Hood Ropulatlgao
Kŵ tiagOTp vheat, 116 B illie K  under wheat sad 111 ®1illMvodyo ruder

I t  has been claimed that by reduced or no tilla g e  wood 
populations show a progressiva rsduotion. Roberts (1963) 
ooneludsd that whan the so il was allowed to remain undisturbed for 
a period of years i t  would bo expected th at, due te  exhaustion of 
the population of nen-darmaat seeds within 'strik in g  dlstanoe' of 
ths surface, and partly bs cause of oaf or oe sent of dormancy following 
compaction of the surface s o il , wood populations would daeliao.

Ths nsad for wood control measures, and henos the costs of crop 
production, was shown to  progressively diminish by Day hocarty j 
(1957) with non-disturbanos of the s o i l .  Roberts (1963) also points 
out that herbicide applications in short torn arable crops auot load
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to a cumulative decrease in  the viable seed reserves of the s o il , 
provided no seeding ooourrod during tbs inter-crop period.
Harper (1957) also commented that provided only shallow tilla g e  of 
tho surface was carried out for seed plaoement, the dormancy-breaking 
stimuli being aost e ffe c t lv o lj encountered at the surface, a rapid 
decrease la  seed populations of the surfaos, disturbed, layer would 
be expected* With no cultivatioa and a so il surface compacted by 
ra in fa ll Bibbey (1935) a lso  recorded reduced gemination of weed seeds* 
la  the Wellesbourne vegetable experiments described ty Roberts (1963) 
a four fold  Increase in weed seed numbers occurred during one wet 
season when cleaning cultivations were rendered ineffective* A 
frequent occurrence, particularly  under hast African conditions, is  
for an early break in the reins a fter which the land l ie s  so wet that 
seed bed preparations and planting have to  be delaysd with associated 
serious weed probleas (Macartney 1964)* The study of doreant weed 
seed populations in  the so il has been somewhat neglected sspeot of 
ecology, possibly beoeuee the aethods of aeseeenont are laborious and 
time consuming (Brenchley and narlngton 1930, î yda and Suckling 1953)) 
estimates are however available froe soma countries to show the 
appreciable quantities which arc present within the plough layer* 
weed populations have bean found to vary from 138 million/acre under 
continuous wheat, 116 o i l l lo a  under wheat and 121 silllon/aere under 
barley (Brenchley and uarington 1933)* Other figures given show 
populations varying from 17 — 229 B illio n  (Roberts 1958) under 
d ifferent crops*

The balance of weed eeeda in the s o i l , their survival or deoay, 
depended on thoir v ia b ility  (Darlington and btsinbauer, 1961) which 
was shown to vary between speeies of 5 -  8® yaera* Tho variation 
between dormancy of the seed and in th sir germination requirements 
defined the differences with which viable seeds w ill deollae under 
dean cultivation* Under fallowing at Wellosbouras, ivenohley and 
wnrington (1933) found considerable differences between species.



An 6 to 65 per cent survival in viable seed neabera dependent on 
species m s s  raoordad by loberts (19)6) during the f i r s t  yaar of 
a vegetable rotation. I t  alas aaaaa reasonable ta  auppane U at 
because e f frequent oultivation th is  astlaa ta  is  a fa ir  raflaotioa 
on tha aaxiorao axpaotad rata  of raduatlon in  a weed population.

5«* Tha bipyrldyl herbicides

Tha davalopaant of tha blpyrldyl harbioldaa (Brain a t al 19)6 
and Flaldan at a l 19) ) )  haa aada poaaibla a ohallonging nav approach 
to tha ganaral prinoiplaa on whiah waad aontral hava boon founded.
Tha chemistry and aada of action of paraquat (l»l*-d inethyl“4»4'- 
bipyridyliun-2A) and dlquat (9t10-dlhydro-8af10a-diasoniaphenanthrene-2A) 
tha oesmier e ia lly  available preparation^ has baan dasorlbad by Boon 
(19)6)• I t  haa baan shorn by Noaa (I960) that lig h t la  eeaential 
for a rapid k i l l  of vagatatlon and that thay aaffar virtually 
i anadlata inactivation in  oontaat with noat ao ila . Thana charsoter- 
ia tloo  hava aada paaaihla a substitution of harbloida vaad control 
fa r  t i l in g s f and share crops can ba established ianediately into a 
pravioualy sprayed vaad growth with no raaidual a ffect* Tha harbiaidao 
dasaie&ta tha aeria l growth of plantsy leaving tha root ayatans intaot 
thereby helping ta  a tab ilisa  tha s a il against ra in fa ll and wind erosion. 
Rain fa ll in g  shortly a fte r  tha application of paraquat was reported 
by Brian at al (19)6) to  hava had no offoot on harbieidal activity 
whereas dsbinson (1963) claiaad batter resu lts  with rain  fa llin g  20 

alnates a fte r  applleatlea*

M  Chenier b lowing

Zt i s  often recorded that a raaidual harbialdSy which is  non- 
tax is  to  tha fa l l  awing aropa, giving waad control throaghaut the 
fallow period deserves consideration within ths stubble nuloh ayetea.
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beneficial e ffe c t of Burner fallowing on conservation of 
■olsture, accumulation of n itra tes , reduced weed population and 
eaeier preparation of a good aeed bed, was realieed in Western 
Canada a t the end of the laat century; a t preaeat approximately 
27»UK),OCO acres (34*6 per cent of iaprovad land) are aunoier 
followed. The aain sin of cheaieal fallowing in the Canadian and 
An or loan work la to reduce tilla g e  for the purpose of nuleh 
maintenance. <'<v>'

The Canadian Government recommendation for ooaplete protection 
of noderately erodlble ao ila  is  tram 500 -  1,000 lb s . etraw/aore.
The Boil Conaervation Service, U.S.D.A., technical standards and 
specification  states that 790 lbs of wheat straw per acre is  the 
minimus amount required to prevent so il erosion.

In the semi-arid parts of the prairies four cultivations are 
usually necessary to control weeds during n summer fallow. Hay
(1968) has described the preferred implements which undercut the 
weeds 3 - 4  in s. below the surface but estimates that aoae 
20 par oent of the trash la  turnsd over by the heavy duty cultivator 
and ten par cant with n rod-weader • Ha also olaiaa a 20 -  90 par 
cant degradation of straw during the cummer fallow period by the 
natural breaking down processes.

Studies to deteralne methods of u tilis in g  horbioidss for weed 
control during fallow periods have been underway since 1948. In 
1996 Baker at al concludad that whsra chemicals controlled weeds in 
fallows, grain yields were tha same as those obtained from  
conventional t i l la g e . Yields were usually raduoad whan weeds wore 
not e ffectiv e ly  controlled. 8inee this work, ohonieal fallow 
research has bean expanded to inveatigata tha affects  of cheaieal 
fallowing on aolsture storage, production costa and aoll structure.
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Allay and Bohnont (1957) and Bernes at al (195?) working in 
Montana shoved that chaaloal fallow with or without chiaal 
ploughing Inaraaaad In filtra tio n  rataa over convantlonal t i l i n g .  
Further work carried out using harbleldaa aa a partial or 
ooaplete substitute for t illa g e  during tha fallow period gave 
inconclusive raaults (Allay at al 1962* Arajr at a l 1961, Baker at 
a l 1996, ih llllp o  1994 • and b, and deles and dray 1958)* The 
herbicide used waa Invariably 2 .4 ,9  (the eater of 2,4-diohloro- 
phenoxyacetie acid) which gave good control of noat broadleaved 
waada but fa iled  to control grasses. Aray at al (1961) did however 
report oh ami cal fallowing and atubbla mulch tilla g e  l .a .  su b -tillin g , 
to be equally affaativa in aoietura conservation. Jilack and Power
(1969) la te r  compared ooaplate chemical fallow and oeablnatlona of 
oheaioal and aaohanloal tllla g a  and reported l i t t l e  difference In 
aoietura conservation. With oheaioal fallowing they reported a 
tea per oent inereaee in  the aurfaoe residua oovar. This was aloe 
in agreeaant with raaulte obtained by Wiese and Aray (1998) •*>* 
McCalls at al (1997)*

Further svidaaoe that method of t i l la g e  or cheeioal fallow did 
not a ffe c t moisture storage was produced by Vises and Aray (I960) 
and Wiese a t al (i960) again working under low intensity ra in fa ll 
conditions.

In recant work on tha value of oheaioal fallows oarried o u t  bj 
Ford at e l (i960) in Saskatchewan no attempt wee aede to lim it the 
nuaber of herbicide applications, their objective being to compare 
a non-cultivation regiae with the farmers• cultivation in order to 
determine ths response in so il aoietura conservation, erosion 
control and crop y ield . They reported a reduction in the nuaber 
of operations for fallow control from four to five aaohanloal 
weedings to three to four oheaical applications. Although trash 
nalntenaace waa much better with chenioal fallowing no eignifioant 
differences in so il aoisture to four fa c t were recorded.
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hoi berg et *1 (1967) described • eo-operative prejaot at mv«  
Canadian stations to dataraiao the oiBlown number of t i l  logo 
operations required to give adequate wood control in  the follow*
They concludad that oonplete ollolnation of tilin g s moo not poooiblo 
with tho herbicides too tod, 2 ,4 -9 , TCA . (triohloronootio acid), 
dalapoa (2,2-dlchloropropionio noil) and aaitrolo  (3-aa ln o-l,2 ,4 - 
tr ie so le )*  They la ter included so il noting herbicide* which with 
one application i t  woo hoped would control woods during tho swaaor 
fallow year, and have no phytetoxio e ffe c t on tho following crop*
A 90 per coat wood control wan obtained but d ifficu lty  wan experienced 
over tho surviving weeds which required opot treatment with paraquat*

The case for ooektail mixtures of paraquat plus a residual
herbicide for weed control iu  tho fallow has boon otatod by Darter
U 962). ^  At 9m ifi C m i t  ^  Aafi+mm { ! * * )  no d iff ls u lV  « *

Slack and Power (196)) achieved good wood control in  tho fallow 
by using an in it ia l  spray of 2,3,6-TBA (2,3,6-trichlorobemooio acid) 
and d&lapon and by subsequent appliestione of 2 ,4-9  whan required*
However, further applications of TCA or dalapoa failed  to provide 
season long control of graao typo woods in  years of above overage 
precip itation . Wises a t a l (1947) ouecoonfully olioinotod one 
tilla g e  operation by use of propaaine (4«6-blaisopropylaaiae-2- 
oh loro-l,3 ,3 -trian iao) in  the fallowing period*

T rip le tt (1964) in  an investigation of niusarouo horbioidal 
mixtures concluded that tho moot e ffectiv e  application must depend 
on the oaapoaltfaa of tho wood fla re  or sword* lone of the individual 
herbicides used controlled a l l  tho vegetation and hie recoamednationa 
showed on atraeine (2-ehlero-4-ethyleoino-6-iaopropylanino-l,3,5- 
triaxiae)/paraquat combination as being moot effective ogolnat grosses, 
and a peraquat/2,4-9 or aaitrolo  mixture for broad leaved woada*
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A c l  MB tallow was maintained by hlaekmore ( I 96I ;  using a 
dalupon/amitrole mixture followed by a croes spraying with 
paraquat* After tike f i r s t  spraying there was considerable weed 
recovery* The need for residual herbieidal control is  s is a l bulbil 
nurseries has been pointed out (Anon* I 96I )  and prelisinary testing 
has shown some measure of auocess using low dosage rates of dalapon, 
aainotriasole or simasine (4 »6-binathylnmi»#-2-ch lo ro -l,3f 5-triasin a) 
in  mixture with paraquat*

The re la tiv e  efficiency of chemicals and cultivations for weed 
control was discussed by Xolberg (1967) who recorded 47 weeds/a2 on 
the chemioally oontrolled plots and 196 weeds/s2 in  the cultivated 
plots 37 days after treatment*

In work at Swift Current by Anderson ( I 968) no d ifficu lty  was 
encountered by seeding into trash remaining at the end of the

f «„•> summer fallow* Ha reported improved eetabllahmont due to 
the firmer aeed bed resulting from chemical as compared to cultivated 
fallow and also to tha insulating a ffect of the standing stubbla om 
tha germinating wheat.

In th eir review of chemical fallowing research, Ford et al (19*>̂ / 
considered that re lia b le  benefits from the system have not been 
consistently demonstrated. In some oases so il acting materials have 
remained inactive under semi-arid conditions or large doses have been 
neoessery to give adequate weed control |evidence of the c a r r y - o v e r  ot 
phytotoxic residual herbicides was presented. Jioiwresidual as well as 
soaa residual harbleidss lacked the wida spectrum of wood control 
necessary for maintaining a wsad fraa anvironment.

The adoption of chemical fallow to raplaea a l l  or soma oultivetion 
in tha fallow w ill be eventually ddarained lqr coet, an aspaot which has 
raoslved scant attantion . Phillips (1964) .however, has produoad



firm*®* to show 8 narked Increase i s  sorghum crop nett return by 
oslnf atraslne far weed control at the expense of t i l la g e . In '« 
Regina (Anon. 1951) animal weed snsoeptlbla to 2,4-D were eueoeaafully 
controlled In a tea t on mummer fallow. Comparative eoata using 2 ,4-0  
and t il la g e  made by the Manitoba Department of Agriculture (Beamish, 
personal coot uni oat ion, 1967) showed that the oost of the ehemioal 
treatment made I t  a very acceptable substitute for t i l la g e . In 
addition to better conservation of trash, the herbicide was sore 
e ffectiv e  on susceptible weeds than cultivation In wet weather.

6 . THR PROBCCTieW OF CROPS WITHOUT TILLAPR
Mill net earn the high Meet Wt <m>ti vat lams and seed {&*•,

There is  l i t t l e  doubt that a large proportion of both hand and 
mechanical cultivation carried out In crops la  for tho sain purpose 
of eliminating weeds. Tho p ossib ility  of obtaining a 'weed free ' 
environment with the use of chemicals has bean discussed and th is 
situation opens up avenues of research for oareful investigation of 
Integrated systems of no tilla g e  and crop production.

In the litera tu re  covering the use of herbicides, la  land 
preparation systems tho minimal cultivation techniques described can 
be divided into three groups*

(1) Where chemicals are used in  place of cultivation in 
keeping down weeds in perennial crops,

(2) where chemicals are used in piece of cultivation to 
control weeds in growing arable crops,

(3) Where chemicals are used aa a substitute far eultlvatlons 
a fter harvest and In preparing the ground for cropping.

Mb ure particularly  concerned with the third where paraquat can be 
applied regardless of what orop has to be planted, and th is  research 
eonaldera two aspeota i . a .  using the ehemioal as a substitute for
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ploughing in tho renovation of fraaeland, and secondly n l a ;  the 
ei*osioal in tm  arable rotation tm  tho establishment of row oropo 
(mats#) and taroadoast cereals (wheat).

6*1 Pasture *stabllshaont and Renovation bar Direct deeding

?)m improvement of pastures by re-seeding ia aa expensive and 
tlme-oonaumlng oparation using conventional cultivation aathoda 
involving aavaral operation* with diae or mouldboard plough*, harrows 
and ro lle r  for aaad had preparation. Largo areas of natural grassland 
ia  Taasania and other parts of Bast Africa have remained unimproved 
because the generally low returns per aero for eany animal products 
will not oovar the high ooat of oulti vat ions and scad (Owen, 1962).
Ia  addition| the terrain  and nail typo any nitlgato against the use 
of conventional overall cu ltivation . Attempts to re-seed by 
traditional methods have often failed  duo to euoh factors so 
in su fficien t moisture a t establishment, particularly  in the drier 
areasv or excessive wood growth which smothered tho emerging pasture 
plants* Loss of moisture from tho seed bad by cultivation for wood
control immediately before cowing aay oonaidsrably roduoe the ehanoaa 
of suooasafnl establishment. Nsveh and Anderson (196b, 1967) and 
Mavofc (1966) noted tho generally slew development of many improved 
pasture grasses and legumes in their work at Tengeru and axparianoad 

liderable trouble and ooat in controlling woods. Poor germination 
oatabllahaent in soaaons of low ra in fa ll resulted in the necessity 

for re-sowing, often with irrig a tio n . Higher seed rates (30 lb s . par 
sore or more) wore recommended by Anderson (1968) for tho drier 
to overoome establishment problems, but tho cost of the seed of 
approximately two hundred (K.A.) sh illin g s per acre would not be 
economically aoceptable under these conditions (Mukurasl, 1967)*
Using conventional cultivation methods, the eeet of establishing 
46 acres of osnohruo c i l ia r i *  pasture at Koagwa was estimated at
S.Adh 64/70 par acre. This was almost certainly on tho low aide asThis
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i t  included ■ subaidiaad seed prioa (wigg, personal ooaaunloatioa, 
1986)* The nett return from the neighbouring ranch uaa 4s 5/10 par 
acre and the conclualon being that sven with the above ooatings the 
e con oral oe of sown pastures was doubtful in  that area. The production 
of a fin e  t i l th  and shallow planting reoomaendad by Anderson (1968) 
could be disastrous where, under intense ra in fa ll conditions, the 
potential danger frora s o il  erosion say seriously o ffset establishment, 
particu larly  on sloping land which is  unsuitable or of limited use 
for arable cultivation, but is  often c lass ified  under permanent 
pasture. The snail sca le , hand-managed experiments of Anderson and 
tfaveh (1966-68) have at best daaonstratsd some of the potential of 
many introduced pasture species, but the problea of e cheap and 
re lia b le  large-scale method of eetablishsMnt for the very variable 
environments remains. I'oet leys which have been planted in  Tansania 
have been of the pure Rhodes grass (ohlorla Parana) type as ths 
local selections are vigorous in establishment and the sead coat la 
not prohibitiva. They have usually bean la f t  down for long periods 
and there has been l i t t l e  attempt at alternate lay/arable rotations 
as th is involves additional capital for fencing and water supplies.

The advent of the non-residual bipyrldyllum herbicide paraquat 
has provided a substitute for those cultivations which era nainly 
necessary to k i l l  and/or bury inferior grassland prior to re-aeedlng. 
The opportunity for eradication of the old sward and d irect rs-aeedlng 
of new epeoies in  e single operation has therefor# been realised .
From the lite ra tu re  i t  would appear th at!

(a) Capital expenditure on machinery may be reduced and 
also working costa since only one operation la  
required.

(b) I t  la aasier to achieve the optimum planting date. 
Where ra in fa ll  is  e rra tic  th is is  particularly 
advantageous considerably reduoes the chanos of 
fa ilu re  due to drought.
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’ * (•) ChMietl «m 4 control and direst H M lif involving
*5 i ths minimum af sail disturbance aaana that

r t l a l l v t l /  weed-free oondltloaa ara maintained 
during aatabliahaant.

(d) The eld award provides a auleh whiah will aiaiaiaa 
soil erosion and alee improve rainfall infiltration*

In itia l research an grassland 'renewal* in Britain was esnsenoed
an Welsh upland pastures in 19$0-61  by Douglas s i  si (19*5) "bo 
demonstrated that grass swards oeuld be suppressed by paraquat sad 
new grass/legume mixtures established by aimiaal cultivation. The 
soepe of the programme was further extended by Bougies (19*5) to 
include lowland permanent pastures using an overall spray refine 
followed by rotary cultivation. These experiments demonstrated the 
p ossib ilities of s  technique whioh is  the early stages was net 
invariably successful* Difficulties wars enseuatared with gattlug 
the eaed into oontaot with sufficiently consolidated sail and with 
regeneration of undesirable species* Nevertheless, this work was 
invaluable in defining the type and extent of seed bed preparation 
required for euoosssful pasture establishment.

The value s f  paraquat sad rotary cultivation compared with 
rotary cultivation almas wss challenged by kvans (19*5) ukils Douglas 
(1969) showed a sore favourable award composition by using the former.

I t  sight bs said that n satisfactory pasture renewal technique 
had bean established by the end of 1963* A tillage operation 
following paraquat application was required but the machine neoeeenry 
to do the Job wan net available. In consequence the 'nod seeding' 
technique praetloed successfully in Bow inland by Iraniey (1961/ 
and Jflaoknore (1964) "«* investigated. The procedure eonnleted of 
drilling direetly into the sprayed vegetation by cutting a slot and 
placing the essd. Machinery used wss progressively developed from
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tb« conventional corn disc d rills  to the Pernhuret Triplo Disc Drill 
(Alloa, 1967) and achieved moot suecoss by tho eventual production 
of tho Howard Rota Soodar In 1964* Tho advantages of tho la ttor  
war# that tha trash or mat prohlsa waa avoided, soil distarbaaoo was 
ainlawm and adequate aoil/aaad contact was achieved.

In Now Zealand, Australia and tho U.S.A. eoaploaontarj experiment- 
atlon by Ross (1962 and 1963), Robinson and Cross (1963),Blaeknoro 
(1962), 'Twenty a an (1962) ,  and Kay (1966) addad further fundaaontal 
information on tha stab ility  of tho syatsa and particularly in tha 
development of machinery eapablo of carrying i t  out. Cay (1966) 
dascrlbad a diso-aeodor with aountod spray equipment spoaially designed 
for wood control, fe rtilis in g  and seeding in one operation on rough, 
stoop or atony terrain .

In Tansanla, sod-seeding of Louisiana Whits Closer into natural 
pasture at Cltulo using a chisel-seeder has been successful (Williams,
1966) and prosed cheaper than conventional methods. In contrast, 
attoapta to establish Cenohrua c llla r ls  using alniaua cultivation at 
fongwa have usually failed ( ftraostowsJd, 19621 Owen, 1965) and this 
any be duo to tho extreme oeheslseness of the soil preventing root 
development (Kaoartney and fterthwood, 1969)* S®D* succoaa has bean 
achieved by broadcasting Olyelno iavanioa onto a previously burnt 
natural award at West Kilimanjaro (Owen, 1967). Trampling of tho 
seed by aheep either before or after seeding did not appear to improve 
establishment.

61* Direct Drilling ef Cereals

Tha technique of dlreet drilling, Into either killed pasture 
land without ploughing or into sprayed stubbles has been successfully 
carried out in many parts af tha world* Crops havo bean drilled into 
undisturbed seed beds under condition® that would not allow tha
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preparation of conventional seed bods. Many d a le s  for a ooro *• 
widespread scoop ton os of tk la priaoiplo hira boss oads sad or# 
reviewed. .... c -pm*- -n»

la  1£61 tr ia ls  wars oooasnood ot Je a lo tts ' H ill la  an at loop t 
to d r il l  a nuabar of erope into psraanont grassland without 
cultivation . Hood ot a l (1961) have described the d iffic u lt?  of 
d rillin g  into u ntil led ground and the regeneration of the previously 
sprayed grass* In it ia l1? a standard wheat d r i l l ,  heavily weighted, 
was used hut penetration of the heavier s a i ls  was reported fcqr Hood 
ot al (1964) to he a H altin g  fa s te r .

The Howard Betaseeder was developed, followed bgr the Plant 
Protection tr ip le  dies d r i l l  in an attempt to ovaroaae the seed 
plassnent d iff ic u lt ie s  encountered with oenpaeted so ils  end heavy 
traah covers.

Je a te r  and hcXlvenny (1969) reported on the continuation of 
thla work by saooeaafully d rillin g  oereals into weed sprayed pastures 
and atuhbla and compared direct d rillin g  with seraal cultivation at 
varioua levels of nitrogen application. Individual t r ia ls  showsd 
sign ifican t yield differences hut there was no consistent advantage 
la  favear of either techniques. Generally the advantages e f 
ploughing end d rillin g  over direct d rillin g  declined with increasing 
nitrogen applications (Hood s t  s i ,  1961)*  They concluded however that 
although satisfactory  orops eoald he grown by d irect d rillin g  there 
wee no suitable machinery available for n practical application of the 
technique. The lash af a satisfactory d r i l l  for establishing cereal 
crops on heavy clay a waa also reported fron the Bon worth hxperiasntal 
Pars (inen* 1964). Standard d r ills  did not aohleve satisfactory 
penetration or seed coverage and i t  was stated that entirely new 
deaijpw would he neoeaeary.
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Arnott and Clement (1963) danlad any evidence that yields on
unploughed land Mare lim ited by raduoad mineralisation of nitrogen• ■  w*-
or by ao ll compaction*

^ m g } ,  n i l m  fe.°w.i£2£&

Tha affaot of non cultivation on aroaion control has haan 
raviawad by Steele (1966)* 8a apaoulataa that under tropical 
eonditiona herbicides could ba of great assistance in solving 
erosion probiana by naintaining a surface cover to break tha foroe 
of tha rain* He has compered minimal tilla g e  to atrip cropping in 
i t s  a ffe c t  on controlling erosion*

l / t  9?  ^  1 .*
Thera is  much information in  favour of minimal tilla g e  aa an 

erosion control measure. Lana (1961) reports control of wind,
Mater and weeds in Nebraska; Mayor and bannering (196I ) have 
described the beneficial offsets of th is  method of t illa g e  on 
in filtra t io n  and erosion* Witness and Swanson (1964) have also 
shown how minimum tilla g e  can reduce so il loss* The general 
opinion 1 however, amongst these workers is  that some degree of 
cultivation assisted conservation by increasing in filtra tio n *

Many detailed investigations have been made on the s a il  
properties under minimal and conventional tilla g e  (Shelby end 
Andrews 1$62, Arnott and Clement 19621 Treanor and Andrews 1S^5» 
and Arnott and Clement 1963) but the objeots were nearly always to 
try and rela te  yield  with cultivation, a procedure strongly 
c r it ic ise d  by Hawkins (1967)*

i y. * *W eil t a >tb mi at l^aat ^ ins* Me
Meanwhile the system of n o -tillag e , t i l l  plant, sero tillag e

and chemical tilla g e  was being investigated for row crop ,, particularly 
establishment in  the United States* As early as 1954 Davidsoncorn,
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and Barron* reported satisfactory corn production using herbicide* 
rathar than til la g e . Barron* and Pitsgorald (19)2) mpartad 
aneoaaa with growing soya baan* and flan  In a aad killed  aaad bad, 1 
and during tha same period For tar (1999) grew strawberries la  a 
aad k llla d  with dalapon. lataraat la  no tillag e  corn production 
developed rapidly and further valuable contribution* ware aada by 
free a t a l (1963)* Moody at ai (1961 aad 1964) and T rip lett at al 
(1964)* Moat af thaaa evaluation* involved son* tilla g e  and many 
uaeful advance a war* aada in the development af tillegm iaplaaenta 
apeoifioally designed for alnlmal cultivation techniques.

Jones (1961) working in Ontario diaoardod tha system of plough- 
plant and supported the trend toward* ti l la g e  praotloas such aai

(1) Once over priaary ti l la g e  with a heavy duty offset 
disc harrow or heavy cu ltivator.

( 2) One* over rotary cultivation.
(3) Kero t i l la g e  planting from sod.

Tha benefit af saro planting froa sod with bu ilt in  desirable 
t i l th  conditions was alee atrasaad by s hear and tfoschlcr (1968).
11* compared sod planting with conventional tilla g e  on aany different 
s a il*  varying free  clay loan and s i l t  loan to sandy loan,and coerrented 
on the f le x ib i l i ty  of the ay*tea. Covers ether than sod wars 
investigated and i t  was determined that provided they produced an 
adoquatsly persistent mulch and oould be readily k lllad  tqr herbleida 
tha origin  was unlaportant.

Martin at a l (1966) defined the most favourable s a i ls  for aod 
planting as uneroded with a t least s ix  to nine in s . of so ft friable 
top s o il  and a permeable subsoil to a depth of at least 18 ins. Me 
recommended a 14 -  20 in s . band of completely k illed  sod. Maximum 
yields ware not to be axpaeted on ao ils  which had baan savaraly 
compacted. Jones (1966) also stressed the importance of a wall
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drained far t i l *  'good structure' so il i f  tho equivalent production to 
conventional t i l l 04* woo to bo obtained* Mo racogniaad Uo asod for 
atudiea on root distribution ood development 00 there woro indications 
that root rootrlotion woo H alting yields*

7 . , £

Kali a tola aatioataa of nsehanioal iapodano* or* of groat iaportanca 
when at toasting to oooooo the rolo of ninlnal or reduced cultivation* 
undar oonditioaa where on* or aoro of tb* aoil structural iadioaa aro 
Halting* , •••:» -

‘ if t i ft(tu  -jt|f fW l VftlSI 92 vJMI gUl W ib  r r  9  W*'* :

baooooiv* coapaotioa duo to geaotlMlly dorivod soil condition* 
(winters and Siaonson, 1951) or to loo* of wat*r stability  duo to 
cultivation of virgin ooil* io b*li*v*d to cauo* decreases la  
productivity* Tho increased aoil density and r*duo*d par* apaoa 
resulting baa boon shown by Contain* (1956) to severely affoot r*ot 
growth* Moohanloal iapodanoot reduced aeration, altered ooil aoiatwr# 
availability aro a ll factara that aay beooaa critica l for plant growth.

I t  in generally aeoaptod that aoil coapaotlon can have advara* 
affaoto by (•) inoraaning tb* aaobanioal inpadano* to tho growth of 
reotai and (b) by altaring tba ax taut and configuration of tb* par* 

apooo* ,f* (par* 4 -n il * ' j  1 '•** ^

** Jr* ^
Pam talas (1959) at*tod that aeasuremaats of propartioa amob as

p o ro sity  or aggregate stab ility  war* valooloaa unless calibrated
against plant growth*

The throe physicul p rop artioa, per cen t oxygon, o o il toaporaturo 
taken a t  ibo four inab la y e r , and a o il noistw ro, woro aot s t a t i s t i c a l ly  
d if fe re n t  duo to  various coop sot ion trootnonta and did not o ffo o t y ie ld
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la  work by Phillip* and ilrkhaa (1962)* Mechanical iapedanoe, 
ms a sure 1 by neadla penetration,and bulk density) ware however 
strongly oorralated with yield* Soil compaction also reduced the 
stand* of oorn*

A copious litera tu re  describing tha advert* a ffect of axca**lv* 
•oil compaction ha* baan ravlewad recently by Rosenberg (1964)*
Many of the experiment* deeoribed demonstrate eaplrical relations 
between bulk density and growth, but do not explain why growth is  
affected* Th* growth of root* and underground shoot* at a given 
temperature was influenced strongly by tho physical faotorsi eeohanical 
resistan ce, so il noisturo and aeration* These factor* w*re theaselv** 
interdependent and also the response of tho plant to *  change in on* 
factor may modify i t s  response to another.

Although tho simple correlation of maohanloal properties and 
plant growth as described by Culpln (1936) waa useful in diagnosing 
physically adverse so il conditions, correlation did not identify tho 
particular factor* controlling growth. I t  was often possible however 
to detect mechanical s ffso ts  by visual observation, examples of whieh 
have been given by Taylor and Burnett (1964)*

Circumstantial evidence that mechanical impedance nay b# limiting 
is  often presented.(Phillips end Kirkham, 1962) by shewing that other 
physical factors are unlikely to be lim iting* Saving found a simple 
correlation between probe resistance end oorn y ield , they proceeded to 
show that so il tonporaturo end oxygen content of bulk samples of tho 
so il a ir  wmr# similar a t th* various lev els  of compaction.

7*1 Maohanloal Impedance and Root Growth

Tho very high pressures which can be exerted by the root tip 
were f i r s t  described by Pfoffer (1893, 19<>4 ) «nd translated and
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suaasrimed toy O ill and Molt (1955)* but i t  mm not until quit# 
recently that 0111 and M illar (1996) extended thaaa early 
i to m tifa t io t t  by measuring the aeehanioal reeietance that eould 
ha overcome toy young roots. Thalr data alearly deaonatratad that 
roots wars only abls to psastrato a pora whiah had s disaster 
exoeeding that of the young root. Tha rig id ity  of the para structure 
mm shoun to  ha iaportaat toy thasa Morfcars who Mara the f i r s t  to 
daaoastrata tha a b ility  of roots to fares their way through pores 
smaller than tha roots by pushing aside tha ob a trusting p artic les.

Tha nature of substrata uae in tha investigation of tha farose 
exerted toy roots has bean shown to ho a r itio a lly  important by 
Voihaoyor and Mendriokaea (1946)* Thoy described f i t ld  oasorvationa 
in whieh further penetration by roots was provoatod by h ■oil density 
of 1*8 g/eo or a ore. la  their eoooad publication Veihmoyer and 
deadrioksoa (1948)however, shewed that the l i a i t  for sand any bo 
1*79 and for oluy 1.46 -  1.63 g/eo. Sim ilar obasrvations have boon 
aado by -bertrand and Kohaha (1999) she showed that M ia s  roots did 
ast penetrate a s ilty  clay lean subsoil eempaeted to 1.9» but grow 
profusely in  a subsoil of 1 .2  g/oc.

Although under favourable conditions s plant any davelop • aara 
or lean aharaotarlstio re s t systea, unfavourable conditions la  tha 
noil oan bring about aarkad alteration in  the fora of tha root systea. 
Shallow rooting oan be tha oensequeaee of a number of d ifferent factors 
of which Miereua (1997) olalaa maohenla a l rasietanaa of tha noil to be 
not infrequently responsible far re str ic tio n  ef root penetration.
Ha pointed out tha d ifficu lty  in  evaluating this factor das to tha 
aloes sim ilarity  of tha affaeta of so il density, excess moisture and 
poor aeration.

The marly work on tha off sots of aeehanioal laps dance, root 
penetration and plant growth, is  tha aubjset of a review by huts (1992).
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roapoaas of plants to a wide rssgs of so il densities wee 
discussed end 'threshold densities' for rest penetration of 
d ifferent orops were given.

Trous* and Humbert ( I 96I) surrounded compacted cores with loose 
so il and measured sugar cans root penetration into a compacted soil 
within the range of bulk density from O.50 -  1.92 g/oc. They 
established e ritlo a l densities where no root penetration took place.
A 00re s f  1*52 g/00 did not allow penetration and inoorporated trash 
was undeooaposed after a two year period, indicating that biological 
activ ity  waa daprossad in  the coop acted cores. Thus on • low humus 
la to eo l, bulk densities of 1.02 or below did not r e s tr ic t  root 
devslopSMBt, at 1.12 root distribution in the compacted cores was 
slig h tly  reduoed, hut a t 1*25 wss s t i l l  reasonably satisfactory 
although branching of roo tlets revealed a tendency to angular turning 
and s a ligh t flattening* At a bulk density of 1*36 g/co root 
d istribution  in the cares was rsduesd and rootlst distortion bsoaae 
evident. Root penetration was seriously redueed s t  1*46 end penetration 
•eased s t  1.52 g/co. At a bulk density of 1.05 the aeon growth rate 
was 1 .75  oa/day and thin was reduoed to 1.23 om/day and 0.25 os/day by 
increasing bulk density to 1.20 and 1.45 respectively. There wars so 
s ig n ifican t variations in  root penetration when so il cores compressed 
to s  high bulk density were kept s t  d ifferen t moisture content.
Similar experiments on other so ils  demonstrated that root growth in 
hydrol humic latosols wss reduoed with bulk densities of 0*56 end 
above, root penetration ceasing a t a bulk density of 1.05 g/co. On 
gray hydroararphie clays root penetration was severely restricted  at
1 . 75» while root growth in alluvial s o ils  was similar to that in low 
huaio la to so ls .

Timmerman and Xardos (1961) reported a highly significant 
nagatlva correlation between bulk density and penetrating root weight 
for soya beans and Uudaa grass on four s o il  types. 3a a clayey s ilty



loaa and on a s i lty  clay, root penetration nan completely arrootod 
a t 1*8 and on a sandy d ay  loaa no roota penetrated at 1*9 g/cc.

Bunt (1961) found that any degree of oenpaetiea of a substrate 
of poor stracturo ( for example, fine sand oorios) doaroaood trash 
weight and internode lengths of toaato, while coderate ooapaetion 
of a substrate of good structure sign ifican tly  In ore seed growth.
Hooker end Meaery (i960) also noted root branching by tosiatooo to 
have boon restric ted  to the top inch in pota of s o il  compacted to 
bulk density 1*79 and to the four to oix inch layer at bulk density 
1*49 £/oe. Borden (1961) found that o bulk density of 1*4 to 1*9 
limited tomato root growth in one soil while la another a bulk density 
of 1*6 g/oc was needed to  r e s tr ic t  growth. Hooker and Nielson ( i 960) 
doMonstratod how, In two so ils  a t rsrioua levels of bulk density and 
s o il aoieture tsneion or a combination of both, growth of tomateoo 
woo affooted whereas a ir  apace had l i t t l e  o ffset ot the levels explored. 
I h illip s  and U r khan (1962) working with anise seedling* and a slay 
so il at bulk dsnsltioa of 0.94t 1*10 and 1.30 g/oc found that a 
regression of growth rata  on bulk density was closely lin ear. Nsoonburg 
and N illlta  (1962) described experiment* in whioh various levels of 
compaction were obtained by means of a vibrating probs. The response 
to  ooapaotion varied according to the crop end so il type and 
correlations wars not consistent from one co il to another and from eae 
crop to another.

Pendleton (1950) found that sugar bast roots failed  to penetrate 
either a sandy loan or a s i l t  loam compacted to 1.95 But ot l .b  g/oc 
the main root alsns usually penetrated. At 1.5 M/Oo root penetration 
and distribution was unrestricted sad ha related these responses to 
capillary and non-capillary porosity aeasursments.

Meredith and Patrick (1961) noted a fa ir ly  cloaa linear 
relationship bstwaca bulk density and penetrating roct weight bat the 
slopes of the ourvss wars steeper for two s i l t  loams thaa far a day*
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F«r a clay loam oompeoted to bulk dsuaitlea ires 1*10 to 1.60 «/oo 
tiM slope aaa -0 .5 4  and far a a i l t  loaa m r  the range 1*90 to 
1*75 c/oc the alope mm -1*64*

f  h i l l  ip a and kirkhaa (1962) m m ut«4 phyaloal proper tloa 
Maooiatod Mith a o il ooapaetion aad reported bulk density and oeodlo 
penetration m  being the phyaloal propertiea aoat highly oorralatad 
Mith the reduction in growth and yields of corn*

7<a

JCulota Md Williams (1967) rooordod lower goraiMtlon on their 
acre coapaoted treatments and obtained a close correlation between
eotabliahaent and degree of coapnotion*

The need for aolaturo daring germination and eaergenoe hae long 
been rooogniaed and the apeolfie requirements of aaay spooios hare 
been determined. Hunter and krlkaea (1952) have reoordad the ainiaea 
need aoisture content for germination o f oorn, soya and eager beet la  
t w o  of so il aolaturo tension. Hanks and Tharp (1956# 1957) reported 
that tha ultimata seedling eaergenoe of wheat# sorghum and a^ya mm 
tho same whan tha aoll aoisture content was maintained between fie ld  
capacity and permanent wilting percentage provided the other factors 
wore optiaua. The rate  of oaorgoneo# however# was related directly 
to tho ao ll aoisture oonteat. Stout (1955) 1° Assigning precision 
planting equipment stressed the point that Mod bod preparation and 
planting should promote maximum capillary flow of water to tho seed.
He alas pointed out (Stout ot al# 1956) that rapid eaorgoMS was 
doslrahlo in  that i t  reduced the p M Slb llity  of arratlo  stands 
raaulting from surface crusting following ra ise . Ha concluded that 
retention and conservation of ao ll aolaturo during seed bod properatlon 
wm of paraaount importance and suggested minimal t illa g e  m  tha aoat 
e ffectiv e  moans of achieving optiaua conditions.
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Tha importance of nwohaniool impedance, ■•ration and M il 
moisture in so ils  with difforsnt lorols of moisture sad oonpeotloa 
on the growth of seedling roots has boon closely studied by ha vie 
(1965) who noted that the growth of the radical la  length, fresh 
weight and volane was inversely proportional to the level of 
nechanioal imped an oe when the other growth controlling factors 
were kept optimal and constant*

0MN ' l i  wcoHk i m l i i

P h illip s  and Kir khan (1962,b) showed that the growth of primary 
and secondary corn seedling roots decreased as bulk density increased* 
The low growth rate  at the high bulk densities was due to nechanioal 
impedance and not aeration* This oonelusion did not imply that 
aeration would not lim it the corn growth during the la ter stages of 
i t s  physiologioal development*

7 0  Soil Cospaotlon and Tleld

The behaviour of crop species grown in compacted so il cannot be 
characterised simply* This b rief review of some major economic spoeloo 
il lu s tra te s  the uncertainty that sxlsta in  th is area ef so il research. 
Cereals ' r*

In a fie ld  campaotion experiaent by rh illlp a  and kirkhan ( l962; 
oarn y ield s deoraasad with increasing bulk density* Plant height 
and quantity of roots were also reduoad and tasssllin g  and silking 
dates delayed* Grain yields were d irectly  proportional to the weight 
of roots in the top two foot layer of s o il  in both compacted and 
unconpected plots*

Adana at al ( i 960) recorded a 7*5 P«* cent reduetion in com 
yield  on a s ilty  day loam with surfacm compaction and 14*5 per cent 
when both subsoil end surface were compacted by vehicular tra ff ic *  

urfaoo co il density rose from 1 .0 7  to  1 .1 9  g/cc and p e r m e a b i l i ty
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end p e n e tra b ility  war* a la *  leduoed. Cora g w a i u t i a i  and population 
ware decreased wad m aturity was e l ewer. jw uimo  and J aio t— i (1956) 
found th a t corn y ie ld s  over a three year period were co rrela ted  with 

surface hardness o f the s o i l .  Da Saodt a t  a l (1953) studied the 
e f fe c ts  o f  cu ltiv a tio n  w ithin a crap ro ta tio n  and recorded y ie ld  
decreases in  a l l  cases with inareasin^ ta lk  d e n s it ie s . Oat y ie ld s 
wars s ig n if ic a n tly  higher oo unoompsoted treatm ents in  work carried  
oat by dour get e t  e l  (1 9 6 1 ) . * ' ’ *ed eaayix.uee

In a study of tho fao to ra  a ffe a tin g  the see of ainlaal t i l la g e  
fo r  ooro, Van Dorea and Ryder (1962) recorded a 66 bushsl y ie ld  of 
corn on th e ir  high compaction traatn an t ooapared to  112 hashels per 
acre with no a r t i f i c i a l  eompaotioa.

The re la t io n  between y ie ld  of wheat, s e l l  fao tora  sad r a in fa l l  
was studied by M illington (1 9 6 1 ). la  found marked seasonal ahaagea 
in  balk density  measurements associated  with r a in f a l l  amount a f te r
sowing. High bulk d e n s it ie s  were eoeempanied by a reduction in  

seed lin g  establishm ent and y ie ld s . 
s e t  craps

Barar sad J arneworth (1940) noted a f i f t y  per sent decrease in  
y is ld  on a heavy clay whore tho asm -aaplllary  porosity was reduced 
ta  twa par caat o f the s a i l  volume. The deleterious o f f s e t  of 
e<Mpaetlon on sugar boat yiolda was alas demonstrated by Smith and 
took (1946)* Kxeeas usisturs a lso  reduced yields but not to tho 
sane extent as ooapaotion. Cook (1950) also recorded a reduction 
in  sugar boat yields of approximately e ig h ty  per se a t  by oeapariag 
the aoil from a relume weight o f 1*0 ta  1 .43 . freuae and Humbert 
(1961) noted how yio ld a a f  auger declined from 88.4 tens per aero 
ta  60 tons par acre a f t e r  two years a f mechanic a l  harvesting. The 
y ie ld s  o f  auger ware d ir e c t ly  re la ted  to  the depth of the plough j  

pan by soarebroek (1 9 9 2 ).
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Th« reduction in yield  of potstess with coil cospaction m i  
thought by bushnsll (1935) to be due to reduosd c e il  porosity.
Soil compaction also depressed yield and quality of potatoes in 
work by Flocksr e t al ( i9 6 0 ). Dunn and Tyford (1946) reported 
that th e ir  most dense trestasnt produoed the lowest yields of 
potatoes whereas the next aost dense treataent (with an a ir  spaoe 
of 12.6 per cent) gave higher yields than any of the other less 
dense treatments. Potatoes grown in t r a f f i c  lnduoed ooapaction 
plots by Adams e t al (1961) shewed yield  decreases of up to 
54 per cent when bulk density was increased from 1.07 to 1.19 g/cc.

52132a
Reduction in  cotton yield as a resu lt of growing under 

controlled oxygen re str ic tio n  and ooapaction was attributed largely 
to the farmer by Jameson and Ooaby (1956). The authors considered 
that although root extension was affected by compaotlont except at 
very high densities the influence of the pan arose a ore from air/ 
water relationships than from physical resistance to root penetration. 
Hubbell and Staten (1951) reported yield  increases with compacted 
treatments while Randolph et al (1940) found that an Increase in 
bulk density was highly correlated with reduction in ootton y ield s. 
Where sp ecific  so il densities are not reoorded i t  is  often d iff ic u lt 
to  in terpret the resu lts  presented as being due to soil compaction 
or to seed bed consolidation.

7*4 Soil Coapaotlon and Organic flatter

The e ffec t of so il compaction upon plant growth has more often 
than not been demonstrated and atudiad under laboratory or 
a r t i f ic ia l ly  compaetad fia ld  treatmenta. The natural oocurranoe of 
oompacted co lls  influencing root growth has been reoorded from the 
southern plains of the United States of America by Beeson and Murphy 
(1922) f Randolph at al (1940) end Tsylor e t  al (1964)* This problem 
reoognieed for some forty  yeero has become mere relevsat sad serious
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with the i lM n u i l f  BN of laergenie f o r l l l i M n ,  pcatloidss u r fr  
now crop n r lB t iN .

Although so il ooapaotioa has boon r t o t p l i N  an m plant growth 
lim itation , bo gonoral theory has boon ndvanoed th a t adequately 
axplnins i t s  origin or in ten sity . Taylor et al (1964) 1b a detailed 
•tody of tho ohoaioal and physical proportion of aeveateea Southern 
Plains s o i ls ,  worn unable to define tho origin of both tho genstie 
and t illa g a  induoed condition. y*

Davidson ot a l (1967) studied tho dovolopaont of th is eondition 
under normal cultivation praotlcoa and showed that nuxisun oompaotloa 
waa extremely sonaitivo to aaall ohangoa in  organic aattor oontont 
caused by different or opping practices. Tho work of Lookm ot al 
( i 960) ahowa a similar relationship existing between cultivation! organic 
aattor and compaction. They effectively  demonntruted tho deleterioua 
e ffe c t of deep ploughing on organic matter content and i t s  relation 
to increasing bulk densities through a rotation , tn rtia  and Post 
(1946) found a similar relation  between bulk density and arganlo aattor. 
Sim ilarly Klute and Jacobs (1949) »hd ftree s t  al (1947) roaordad 
roductiona in bulk density with fie ld  applications of organic n atter.

The relation  of organic aattor to eompsetion at the time of 
cultivation has been described by Davidson e t al (1967)* 4 decrease
in  organic matter content due to excess t illa g e  aade i t  naoassary for 
so ils  to  bo worked at lower so il water contents than when the se ll 
was f i r s t  cultivated i f  eo il compaction was to bo prevented. They 
conclude that their studies *aay show additional benefits to the 
present minimal t illa g e  practices which Involve the incorporation of 
orop residues*•

The use of swoops and subsurface t i l la g e  in stubble mulch 
farming raises the question of whether the physical condition of tho 
surface so il is  improved or otherwise. Page at al (1946) in Ohio
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TIm  oaxiana depths reported froa Europe MM to bo generally loos 
than those froa Aaerloa hut the aparaity of date sake comparisons 
unreliable* Rooting depth of whaat to uI m  feet (2$0 cm) woe 
reported by Hast (1934) working in Australia*

Hurd (1964) in  • study of the rooting habits of three varieties 
of wheat observed that in  a ll  treataeuts roots ceased to psaetrate
the so il a t heading tin e , and that the depth of penetration was 
reduosd by in it ia l  so il dryness* Lalass (1954) was of the opinion 
that cereal root growth continued right up to harvest and this was 
supported by the resu lts  of booh (I960)*

In the evaluation o f individual root systems, Boatwright end 
ferguson (1967) devised a technique whereby pleats could be grows 
with coaplote root systems, with primary only and with adventitleus 
roots only* Grain yields were sign ificantly  greeter when pleats 
developed both root systems but adventitious roots were found to 
be physiologically sore active than primary roots* In general, 
incoaplete root eysteas decreased grain yields sere than strew 
yields* Transloeatlon of to tal nitrogen was greater with both 
root aysteas well developed*

x"- The root behaviour of seven v arie ties  of sprlsg wheat grows at 
two moisture levels was observed by H»rd (1968) end the to ta l weight 
of roots at eaoh depth recorded* Considerable varietal differences 
in  rooting proliferation  and depth wore related to drought resistance 
and yield  c f  the v arie ties* He pointed out that correlation between 
yields end total rest length or to ta l dry weight see invalid as 
wster could be wastefully passed through the plaate se that dry 
natter production would not bo dirootly rolatod to water use >of to 
the extent of the root eystea* The advantages of having a larger 
proportion of the roots at depth during periods of moisture stress 
was noted*
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8*1 Root Growth and Available Water

7n a aeries of aarly experiments with whoatv oat* and barlay, 
Sselhorst (1902) showod that within oartain l ia i ta  th* graatar tha 
supply of molsturs in tha so il tha graatar tha root growth* Nora 
raeant workers have contributed l i t t l e  to  th is ganaral oonolunion.

Tha depth of penetration waa influenced by a nunbar of 
environment factor* of which tha moat important appeared to be soil 
moisture (Kmooh at a l,l$ 5 7  and Goedawaagen and Sohuuianaa,1936)« 
Russell (1937) and Heaver (1926) have both related tha uptake of 
water by wheat to tha extant and dapth of root growth* Tha growth 
of oat roots waa found by Leishout (1937) to be graatar whan tha 
so il contained 40 par cent of i t s  moisture holding oapaoity than 
whan the so il contained 20 par cent or more than 40 par cant*
Harris (1914) concluded that the application of largo quantities 
of water to wheat from sowing to the fiv e  lea f stage had more affect 
in reducing tha percentage of tha plant waight in th* roots than 
applying water after th ia stag*.

Bengmann (1934) observed that root length and Polio (1910) that 
root level of sent varied inversely with available moisture*

Th* relationship between root length and depth of moiaturo 
panatratlon has been studied by Niig* (1938), Singh (1922) and 
Cloodewaagan (1933)* generaly root length inereaeed with water
av a ilab ility  at depth* Surface application of Irrigation water or 
heavy continuous ra in fa ll increased the proportion of roots in the 
•urfaoe so il and decreased depth of penetration* In the prairies 
Weaver (1926) reported th* depth of rooting and the length of etrnw 
varied d irectly  with the amount of ra in fa ll*  When th* subsoil van 
dry, root depth of wheat wan rsduoed and la tera l spread, degree of 
branching and absorption from tha ■ urfaoe Boil wore greatly increased.
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The extent of root growth was correlated with ee il aoieture content 
hgr S a il*  e t el (196)) who, together with Roberteea et e l (1934) 
showed that wheat roota oould not penetrate into soil which had 
been depleted of ita  moisture reserves to wilting point or below*

The need for adequate available water to enable the nodal roota 
to beeone established was etreeeed by Kravteon (1928), The wheat 
plant wee particularly eeeoeptlble to drought injury before nodal
root production and the advisability of early planting under 
marginal ra in fa ll conditions was sentionad.

r |tvy t&s T & ' J mrtr I t  f t  t  'y€ I

8*3 Root Growth and Nitrogen

within certain U n ite  root growth of oaroale has been increased 
by the addition of nitrogen fe r t i l is e r s  (ft-enohley and Jackson 1921, 
nippel and Royer 1933,and Kao oh ot al 19)7)*

In herbage grasses i t  waa found that aaoh succeeding increment 
la  the level of nitrogen supply produced smaller inoreaaea in root 
growth until a point was reached whore further increase resulted In 
a retardation of growth (Troughton 19)7)* Similarly, high levels 
of nitrogen have effectiv ely  reduced root weight of eoroals under 
a variety of eondltiona (Mulder 1994)* This reduction waa sore 
notioeable la  the lower (20 -  100 on) so il layers (Ooedewaagen 1999)* 
rohne and Grelffenberg (1994) n r *  unable to distinguish any affaot 
of nitrogen application on root growth although the aerial parts a f 
the plants showed strik in g  responses.

A nun bar of workers have reported increased root weight with 
the addition of organic matter (Livingstone 1906, Corisks 1946, and 
;<pahr I9 6 0 ), J'ehrenbaeber and binder (1994) studying the e ffect of 
plant nutrient level on root penetration, found that in a well 
fe r t il is e d  rotation the roots of corn penetrated considerably deeper
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than without fe r t i l is e r *  With fe r t i l is e r  application there wee one 
inoh of ttvialble water in  the top 42 ins* of s o il , and with no 
fe r t i l i s e r  there was 4*5 ins* of available water* however, on the 
well fe r t i l is e d  plot the Mount of water needed per bushel of oorn 
wae 5,600 g a l ls * , , while on the low f e r t i l i ty  area the requirement 
was 21,000 ca lls*

f  K' v.'*-'?' i l a :*a a # •*
8(4 The.effect, of lurfft^e, M^yh ?n

pw tlie A! 1 tbiM  f t o t o n  i f i  o f  m y  r o i l  rtX triD O i to E n t  A fric to  
A comprehensive review, Jacks et a l (1955)» concluded that with

heavy mulches roots tended to accumulate e t  the surface of the soil
and beneath the jauleh* This was attributed to sore favourable j t

eolsture conditions at th is  level* ,jth in  the farming areas from sea

U v a l t o  over 10 ,0 0 0  f e e t  r a i n f a l l  p r o b a b il i t ie s  vary f r o *  b elow t er 
Unpublished data from  Montana i,beamish, personal communication,

1968) indicated that surfaee residues delayed the in itia tio n  of
adventitious roots la  winter wheat and with some varieties enoouragsd
the development of the crown near the moil surface* Adventitious
roots oftan did not develop normally during dry periods, particularly
early in  ‘yowth* I t  was sugt eeted that th is  influence of eurfaee
mulch on root development and distribution say be a factor in the
reduced grain yields sometimes experienced with stubble mulch farming*

tad to very severs 
id maxima annual r
the Wide variety 1

also
o f

to  f t



I l l DISCUSSION

From the review o f lite ra tu re  i t  i s  apparent that reduced t i l la g e  
p ractices have certain  agronomic advantages over the trad itio n a l systems 
of ploughing and harrowing for seed bed preparations. These advantages 
quoted from parts of the world other than East Africa often claim control 
of erosion , improved penetration o f  r a in fa l l ,  negative y ie ld  responses 
from deep t i l la g e ,  b en e fic ia l e ffe c ts  o f surface cu ltiv atio n , good 
correlation s between water stored at planting and yield  and improved root 
growth. A ll these facto rs  are o f  very re a l relevance to East African 
arable farming.

The c lim atic  facto r o f greatest economic significance in East 
Africa is  r a in fa l l .  With a ltitud es within the farming areas from sea 
lev el to  over 10,000 fe e t  r a in fa ll  p robab ilities vary from below ten 
inches to  over 100 in . Further there i s  a wide variation in the time 
of year when the rain f a l l s .  Nearly two-thirds o f the area suffers a 
drought o f s ix  months o r more while only two per cent of the country has 
reasonable ra in fa ll  (over two inches) in every month. The original work 
(Manning 1956) shows th a t the percentage of the land area receiving les3 
than 20 in . annual r a in fa l l  in four years out of fiv e  is  35 per cent; only 
four per cent receives an expected 50 in . annually. The effectiveness 
o f th is  r a in fa l l  is  c lo se ly  related  to i t s  d istribu tion , which is  strongly 
seasonal. In a rea lly  wet season the whole countryside is  overloaded 
with water whilst during the dry season many of the lower areas are 
subjected to  very severe droughts. In East A frica many station s have 
recorded maximum annual ra in fa ll  o f more than four times the minimum.
Due to  the wide variety in  climate and the drought hazard, study of the 
water economy o f a region i s  fundamental to  the formulation of any good 

land use p d lic ie s .

I t  i s  also unfortunate from an agricu ltu ral viewpoint that over much 
of East A frica , as the annual ra in fa ll decreases so an increasing prop­
ortion tends to f a l l  in  e rra tic  and often violent convectional storms
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and a t the same time evaporation rates from an open water surface tend 
to r i s e .  Intensity o f  ra in fa ll  generally varies with a ltitu d e , the 
lower a ltitu d es having a higher in ten sity . This is  particu larly  true 
of the low d rier areas where the vegetative cover tends to  be poor and 
although r a in fa l l  is  low, in ten sity  is  high resulting in s o i l  erosion.
Man has also had a profound influence by the indiscriminate removal o f the 
vegetative cover, poor land management and over grazing and cu ltivation . 
The processes o f erosion have been accelerated leading to  truncated s o ils .

The s o i l  types se lected  for these experiments are widely different 
yet representative of a large proportion o f  East Africa. They are 
described under the separate sections but do have certain features in 
common being r e l ic s  o f the Pluvial Era during which the gneisses and 
sch ists  o f the Basement Complex and the Massive Tertiary and Quarternary 
lava flows have been converted in s itu  to  give s o il  depths from ten fe e t 
to over 60 fe e t . They are a l l  highly erodible.

In p ractice  i t  has not yet been possible to devise a system of 
cu ltiv atio n  that w ill preserve the s o il  structure and allow a l l  the rain 
to percolate through the s o i l .  Results reported in the review of 
lite ra tu re , should they be o f relevance to  East African conditions,would 
enable p o lic ie s  fo r in tensifying ag ricu ltu ral production to  be 
formulated which would allow the optimum lose of the s t r ic t ly  limited 
amounts o f rain that most o f the region receives.
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IV OBJECTIVES

(a) To c r i t ic a l ly  examine the re la tiv e  e ffic ien cy  o f the 
accepted methods of s o i l  conservation in Tanzania. Measurements o f 
s o i l  and water loss and y ie ld  o f maize from controlled ^ lots w ill 
be taken and changes in s o i l  chemical constituents and physical structure 
noted under different erosion control methods. The e ffe c t of stubble 
mulching on s o i l  and water movement w ill be investigated to  provide 
an indication of any b en efits  which could resu lt from accepting the 
mulching princip le for wheat growing at West Kilimanjaro.

(b ) To attempt the renovation of unproductive pastures by d irect 
d r illin g  o f recommended legumes using a s tr ip  rotary cu ltivator (Howard 
Rotaseeder). I f  su ccessfu l, overall spraying and d rillin g  o f pasture/ 
legume mixtures w ill be investigated.

( c )  To observe the effectiveness o f the tr ip le  d isc , designed to  
f a c i l i t a te  trash planting, in the establishment of maize and sorghum.

(d) To investigate the e ffe c ts  o f d ifferen t cultivation  techniques
ranging from conventional t i l la g e ,  baaed on disc ploughing as trad itio n ally
practiced in East A frica , to  d irect d r illin g  into undisturbed s o i l  a t

•

Kongwa, Central Tanzania. Recordings w ill be made on the physical 
ch a ra cteris tics  of the s o i l ,  plant populations and yields achieved.
Moisture status of the s o i l  p ro file  w ill be plotted using e le c tr ic a l 
resistan ce units together with gravim etric s o i l  moisture samplings at 
p lanting, flowering and harvest. The o v era ll aim being to  ascertain 
what in ten sity  o f cu ltivation  is  p ra c tica l on th is  s o il  noted for i t s  
d if f ic u lt  structure. The rooting depth and plant vigour under each 
cu ltiv ation  treatment w ill be recorded.

(e )  To investigate the optimum width and depth of cu ltivation  
under the zonal t i l la g e  pattern using four very d ifferen t but widely
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representative s o i l  types o f Tanzania. Plant vigour w ill be recorded 
in terms o f population achieved^plant heights, and grain y ie ld s . An 
attempt w ill be made to c la ss ify  these s o i l  types by a stru ctu ral index 
re la tin g  to th e ir  su ita b ility  for reduced forms of t i l la g e .

( f )  To compare the e ffe c ts  o f a range o f t i l la g e  in te n sitie s  from 
conventional to  minimum with and without fallowing on s o il  moisture 
penetration and a v a ila b ility , s o i l  stru ctu re , and the growth and 
yield  o f wheat a t West Kilim anjaro, Tanzania. Other factors to  be 
investigated w ill include the e ffe c ts  o f t i l la g e  on organic matter sta tu s. 
Plant population, t i l l e r in g ,  plant height and root growth. Direct 
d r illin g  w ill be by Howard Hotaseeder; the testin g  and observational t r ia ls  
on i t s  effectiveness fo r wheat establishment w ill be described.

The resu lts  w ill be c r i t ic a l ly  examined in an attempt a t determining 
the optimum technique fo r  wheat farming a t West Kilimanjaro with reference 
to agronomy and economic cost. A comparison of the expenditure between 
conventional and minimal t i l la g e  w ill be made over an extensive acreage.



V. OBSERVATIONS OK THE EFFICIENCY OF SPEC RECOMMENDED METHODS OF 
SOIL AND WATER CONSERVATION

1. Introduction

A programme of research cm s o i l  and water conservation was 
commenced in 1950 at the Northern Research Centre, Tengeru, to  
investigate the e ffec ts  o f various recommended systems for erosion control

on sloping land.

The early work showed that mulching with maize stover controlled 
water and s o i l  loss although the resu lts o f  th is  practice on yields 
were inconclusive (Anon 1959). In the f i r s t  year the mulch was 
incorporated and yield was depressed by 27 per cent. No s o i l  was lo st 
compared to  15 tons washed from the co n tro l, clean, weeded p lo t. In 
the following year the addition of l j  cwt. o f sulphate of ammonia 
(35 lb . N) per acre arrested the depression in maize yield . In 1955 
an application of 3 cwt. per acre o f the same fe r t i l iz e r  together with 
a surface unincorporated mulch was recorded as giving sig n ifican tly  
higher y ie ld s . The conclusion reached was that 'th e  short term e ffe c t 
o f the application of a mulch, surface or buried, tends to depress 
the y ie ld  o f maize. While a response to  Nitrogen is  generally 
achieved, the increased y ie ld  of maize would not appear to be economic.' 
Further experimentation comparing the y ie ld s o f maize when stover was 
buried, burnt or removed suggested that a f te r  the th ird  year there was 
a b e n e fic ia l cumulative e f fe c t  when maize trash wa3 le f t  on the 
surface or incorporated by shallow cu ltiv a tio n .

2. Experimental Layout and Methods

The run-off plots were recorded from 1950 u n til the closing down 
of the Researcn Centre in  1968 during which period the changes in 
the s o i l s '  physical and chemical properties under various s o i l  
conservation measures were investigated.
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The t r i a l  con sisted  o f eight p lo ts each SO x 145 f t .  ( 0 .1  acre) 

i s  s iz e  la id  out across a 17-19 par cant a lope. Each was surrounded

by a nine inch high w all to  prevent la te r a l  s o i l  and water movement. 

C alibrated  s o i l  and water traps were constructed a t tbs bottom o f 

each p lo t .

The conservation treatm ents comprisedi

(1 )  Ho s o i l  conservation .
(2 )  Elephant grass ( Pennineturn purpuraurn) contours at 

nine foot V e rtic a l In te rv a l.

(3 )  Elephant grass contours a t seven foot V .I .

(4 )  Maize tra sh  bunds a t nine foot V .I .

(5)  Maize tra sh  bunds a t seven fo o t V .I.

(6 )  An estab lish ed  ley o f Rhodes grass ( Citlorla gay ana)

(7 )  Clean weeded coffee  a t nine foot by s ix  foot spacing.

(8 )  bananas a t  nine by nine foot spacing.

In  the 1968-3 ra in s  Treatments Hoe. 1 and 7 were replaced with 

one and two tons per acre  o f  wheat straw mulch re sp e ctiv e ly , t**e 

co ffe e  having been removed in Treatment 7 .

The volume o f ru n -o ff  was determined by msasuring the depth o f 

water in  the tanks reg u larly  during tha rainy seasons and by removing, 

drying and weighing the s o i l  in each tank a t tha end of each month. 

R a in fa ll  records were recorded d aily  on tha s i t e  using s  standard fiv e  

inch M eteorological p a ttern  raingauge. Haize was planted each year 

in both tha long and sh o rt ra in s on tha a rab ls  p lo ts  using the 

v a r ie ty  H6 at a th ree fo o t by one foot spacing across the slope.
From 1960 onwards tha maize trash  from Treatments Nos. 4 and 5 was 

spread as a surface mulch and no longer added to  the already

84
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The triad  consisted of eight plots each 30 x 145 f t .  (0 .1  acre) 
in s iz e  la id  out across a 17-19 per cent slope. Each was surrounded 
by a nine inch high wall to  prevent la te r a l  s o i l  and water movement. 
Calibrated s o il  and water traps were constructed a t the bottom of 
each p lo t.

The conservation treatments comprisedt

(1 ) No s o il  conservation.
(2 ) Elephant grass (Pennl3etum purpureun) contours at 

nine foot V ertical In terv al.
(3 ) Elephant grass contours at seven foot V .I.
(4 ) Maize trash bunds at nine foot V .I.
(5 ) Maize trash bunds at seven foot V .I.
(5 ) An established ley of Rhodes grass ( Chloris gayana)
(7 ) Clean weeded coffee at nine foot by s ix  foot spacing.
(8 ) bananas a t nine by nine foot spacing.

In the 1968-3 rains Treatments Nos. 1 and 7 were replaced with 
one and two tons per acre o f wheat straw mulch respectively , tne 
coffee having been removed in Treatment 7.

The volume of run-off was determined by measuring the depth of 
water in the tanks regularly during the rainy seasons and by removing, 
drying and weighing the s o i l  in each tank a t the end of each month. 
R a in fa ll records were recorded daily on the s ite  using a standard five 
inch Meteorological pattern raingauge. Maize was planted each year 
in both the long and short rains on the arable plot3 using tne 
variety  M6 at a three foot by one foot spacing across the slope.
From 1960 onwards the maize trash from Treatments Nos. 4 and 5 was 
spread as a surface mulch and no longer added to the already
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consolidated bunds or rworad.

U s 1961 season, sarJad differences in tbs (roiith of u i u  
tstsM B and wlthia treatments wars evident. Terraoe o ffsets  ss tbs 
bunded p lots rssultsd  la  poor, medium sad good plant vigour from 
tbs back to tbs front of tbe terrace* Soil saaples within tbs 
0-15 S«« range wars therefor# taken froa representative arena 
between the bunds and anal/sad with a view to ascertaining tbe 
e ffe c t of d ifferen tia l noil wash between tbe physical barriers end 
froa tbe plots as a whole, boil ooree vers sampled la  1965 by tbe 
method described by Hesegoed (1956) to eeapsre the physical 
structure of the so il between treatnante.

0 27*0  10*0 '12*4 | 6.6
it Basalts

t 130*9 i a6 *5  . B*7 1 4 .2  J  4.7 1 0,5 1*9  , 2 4
Tbs avarage ra in fa ll  s t  Tengeru Is  42 in . fa llin g  in  two

d istin ct periods between Mar oh and May, and Novaebar end January.
The man ra in fa ll intensity  over the period of the t r ia l  was
rocordod as 1 .2  in ./hr. (29nn./hr.) Bally records and other 
relevant olinatologiaal data have been reported elsewhere
t > * - -  lQ&t. *nd lQ6hs and L, •

s )  Soil end Water loss
°*°5 ‘ 0.C02

Tbe reenltn are presented far three yeera froa 1956-60
inclusive, and for tha fin a l yaar which included the stubble
aulsh treatments (Table 3 ) *  By 1J5® the various treatments nad 
fu lly  entabllnbad, i^a* grama lay , hanaaaa and tbe elephant grama 
bunds■ and ware considered to have reached their optima potential_ a . 1«C — — — t'.Uj
for control ling ru n-off. __ ____ _

- ■- •



TA2LB 3  SOIL AMD NATES LOSS FROM I 958- I 96O AJiS I 968 
^TEMOiSU RUN-OFF PLOTS

........  -
Mater loss in  1,000 gal/acre , 1

Soil loss in tons/acre

1— • *  
Jotml

Rain-

ment .

1958 1959 1940 
(42.7w)|(35.0*)(43*2m)

1968 1958

»*t«4 t

1959

1 Table

I960 |

5  •

1968 1

1
I2LBS C 
38.0

P RAZ2I 
48.5 32.5 as 14.4 15.9 19.5 -

31.0 27.0 10.0 12.4 6 .0 0 .4 6.6 5.2

3 V * 24.5 8.7 fi 5 4*7 o*5 3*9 2-89
-

1

4 29.0 28.5 7 .4 3.0 5.4 0 .5 1 .2 1.1

|

; 29.5 25*0 6.8 1.6 1.2 0 .2 0 .4 0 .3

28.0 10.0 2.2 1.5 0.01
! . ...

0.05 0.002 MIL

lf» 3 59.5 72.5 72*2
m~ n ’ I

-  29a 22.4 29*0 —

O 1 c

—

. A 7 A O A AAJ n.nj0 3o o 17*5 l.> - w. 1

1. with 1 ton
wheat straw mulch
par sera - - 1.8 - - 0.03

7 .  w ith  2 ton  
wheat straw  mulch 
par sera 0.4 - - NIL
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b) Tie^JpO uV 1960-42

The yields of the lone reins crops of sals# recorded froa 1958 
to 1965 are given in Table i f *  No account has been taken of the 
area of land physically occupied by the elephant grass and trash
bunds in  calculating yields* Sample areas were harvested duringl
1560-1962 froa the back, aid and front of terraoe on Treatments 
Nos. 2 to  5 and yields of grain are presented in Table 5  •

TABLE i f  YIELDS OP MAXES I I  lb./acre PROM RUN-OFP PLOTS 1956-65
LONG RAIIS CROPS ONLY

Treatment
Year

‘•>ail

Me so il 
Conserv­

atism

Elephant
graam

9 ft .V .I .

Elephant

7ft#Y*I.
: •_ „

r
Trash 

9 f t .v .I .

Trash 
1 Band
7 ft .V .I .

Total rein 
during 
growing 
season

1958 2395 1560 1985 2215 2000 30.5"

1959 2260 1830 1600 210C 2280 24.5"

I960 1400 1312 1205 1420 1340 34*0"

1961 970 1570 1660 1750 1500 23.2"

1962 943 rs  940 ha « 902 i ,< 1245 980 20.8*

1963
£ -J,

170 163
1 -~Lj

175
.

350 410 30.3"

1964 555 540 503 745 710 33.0*

1965 ' 630 575 54© 980 824 15*5"

MEAM 1 1165 1061
1

1074
■ ,1

1351 1256

L .S .D . (Treatm ent ) a t  5 *  -  206



TULA £  TIlfiLD OP MAIZS I I  lb ./ a c re  FROM KXBfcD PLOTS 
T&MCbRU 1960-62

Tear Conservation
Treatment

Back
Terrace

' Hid
Terraoa

—

front
Terrace

Naan Control with 
Conservation

Urass at 9 f t  V .l . 1080 1296 1487 1288
Grass at 7 f t  T .I . 1014 1285 1490 1263

I960 Trash at 9 f t  T .I . 1173 1295 1631 1368
Trash at 7 ft  V .l. 1156 1320 1541 1339 1400

Grass at 9 ft  V .l. 480 1323 2025 1276
dress at 7 ft  V*I. 454 1317 2012 1274 j

1961 Hash at 9 f t  V .l. 520 1672 2394 1529
Trash at 7 f t  V .Ii 518 1686 2140 1448 970

Caress at 9?t V .l. 580 1468 1879 1309
Grass at 7 f t  V .l . 543 1329 1902 1258

1962 ft*ash at 9 f t  V .l . 695 1450 1883 1343
\ mi sa lb a sh  at 7 ft  V .l. 690 1440 1921 *353 943

, ■ -  ■ ___1

. ate 1 Bo corrections wore aade for the area occupied by ths 
barriers In tin  calculation of yield*

o) ^oil Chemical Analysis

the analysis carried out in 1961 on Plots Noe* 2 to 5 the
top, middle and bottom of eaob terrace and on Flota Nos. 6,7 and 8 
w itl no so il conservation measures are given in Table (o •



TABLE b  fcOIL ARAL1CIS J)ATA HOI RUK-OIT PLOTS (0-15ea.C«^>osit« Samples 
TEHCERU 1961

PUS
Mo* TreatmentMMI Si (Mil date
teg etter «R.th the

f oei-f pM 
tion (CaClg)

i w t L e F
1

Or garni0
Carbon

*  !
Pat d if4

Avail.
r (rPMj

Extract­
able la
o .3 i  Ha

Total
P

(PPM)
are «lv

Organic

(PPM)
•* 1M

i
Organic 
P in 
Total t

1* Control Paisa 
( Mo
Conservation

Measures)

Top 5.82 
Middle 9*76 
Bottom 5.96

3.24
3.47
3.60

377
560
605

4188
4813

845
1000

501

20.2
20.8
9.9

5.85 3*44 514 4fflt H 2 17.0

2 . Male* with
Elephant

Top
Middle

5-96
5.87

2.90
3.38

362
388

4563
4563

885
188

19.4
4.1

Grass Banda
•t 9 * v * l.

Bottoe 6.07 3.31 395 4625 500 1C.8_
Mesa 5T9I 3.20 382 45&4 524 11.4

3* '-alee with 
Elephant 
Oreee Bond* 
a t 7* V .I.

Top
Middle
Bottom

5.89
6.00
5.96

3.29 
3.08
3.30 __

427

%

3750 
3063 
5750 .

375
375
437

10.0
12.2

7.6 H
Mean 5.95 3.22 451 4166 9.9

------  ~4* Maine with 
Sraeh Bunds 
at 9 ' V .I.

Top
Middle
Bottom

5*76
5.99
6.22

3.44 
2.84 
2eI3 J

376 
345 
376 U

4563
3813
3875

813
1038

925

17.8 
27.2 

-  2 3 .t
5l?9 3.00 366 40A4 925 23.0

5* Maine with Top 5*94 3.26 387 4250 1300 30.5 J
Trash Bunds 
at 7* f . I .

Riddle
Bottom

6.06
6.21

3.31
3.08

430
419

3875
4063

312
1125

8.1
27.7

Roan 6.070 - S t - 412 » 4orf 912 22.1

6* Rhodes Grass
(Chioris 
g*,v at**)

Top
Middle
Bottoe

6.09
6.14
5.79

3.60
3.65
3.44

352
464
545

4873
5063
5750

1900
2363
31P0_

39.0
46.7
53.9

Mean 5.99 3.54 454 .  ̂ 5229 2454 46.5

7 . Coffee 
(Clean 
weeded)

Tap
Middle
Bottom

6.03
5.80
5.74

3*20
2.59
2.50

463
395
425

2750 
3625 
3250 _

300
775
275

10.9
21.4

; 8 » i J
Mean 5.86 2.76 320^ 450 L f A l J

8* Bananas

--------------3

Top
Kiddlo
Bottom

6.04
6.02 
5*S4 .

2.85 
2.78 
3.08 .

387 
405 
415___

7375
6250

3975 
1950 

___ 4C7

53.9
'  31*2 

10.7 !
Mean 1 6.00 2.90 | 402 | 1 2111 L * - ± J



n or— so il coros per treatment were sampled in  July 1965 after 
tho t r ia l  had been down for tan years* The results for the three 
aaia physical determinations that describe the so il structural s ta te , 
together with the least sign ifican t differences, are given is  Zable 7  •

TASLh 7  PHX3ICAL CHARACTi>RISTICS OF SO ILL SmJCFLLD FROM RUK-OFF PLOTS 
TRMCbSU 1965

f - T - .  1 l l ’ITT

KEAN OP 3 SAMPLES
fa l ls *  p la ts  sad t r

ZRJUTNhNTS L.S.D. at

1 j l  2 \  3 • *  t i >
6 7 8 P.0.05 P-0.01

M uller slopes. Dm 
Total Pore Spaoe 
as % Of Total 
Valwssr or i t s  rrli

61.1

d j g l

63.2 64.O
, - X ^

66.6 6 5 .3

ire  I j

« . 8
« —1

1 tene<

63.2 65.6

—  ,

* t J

3.6 I .S .

Free Draining pore 
spaes a t  20 ea. 
water tension as % 
to ta l Toluae

17*0
a i r ,

7

18.2 22.2
duotlea ii

1

24*3 22.2
> Will

23.6
1 the

15.4 25.0

Ata Uf

4.4
>r * .

6.1

h a i n f a l l  accept­
ance froa a 1 in* 
application In  
10 aiastes

0.62

nal «

0.50 0.57 « . « 0.97 0.61
a n a

MB3 * 

0.50 0.66 0.09 0.12

iJulk Density
0.98 0 .83  0.91 0.87 0.89

ta rn

0.89

g in

0.93

a i 

0 .89



V

4* OiscuaBlon

The greatest so il and. water loss was recorded from both the olaaa 
weeded treatments although the to tal aaoaata loot ara aucb below that 
recorded for a ia ila r  slopes tagr Tan hensburg (1954) working at Mpvapwa. 
This ia  dua to both the length of tha p lots ,whi oh p artially  control* 
tha ahaat aroaion potential, and alee to tha relatively  non-erodibl* 
nature o f tha Tengeru s o i l .  Tha redaoed losaaa from tha aaiaa plot with 
no aoll conservation compared to tha clean weeded coffee i s  probably daa 
to tha p a rtia l protection afforded by the developing; aaiaa crop iai
intercepting ra in fa ll impact. A sim ilar reduction la  both aoll and 
water loaa was recorded by Van fienaburg (1954) between hi a clean weeded 
fallow p lo ts and from bullruah m illet (Penninetan trphordonn) grown on 
similar alopaa. Damage waa observed to be more intense i f  heavy etorma 
were experienced at the onset of the rains whan the vegetation cover
was poor or non-existent. Under bananas the canopy together with tha

r ; ▼ I \wimr -•* m of*
trash from leaves and pruning* again exercised some measure ef protection.

With phyaioal barriers the water loaa during 195&-59 was considerable 
but showed sign ificant raduotlon in  I960 with the spreading of the 
previous season's crop residua as a surface mulch. Both elephant grass 
and trash bunding e ffectiv ely  controlled ao ll movement but by virtue 
of their defin ition  as a s o il  conservation measure are designed for 
the controlled disposal of 'excess' water. Both elephant grass and 
trash bunding at seven foot v ertica l interval have given better oontrol 
of so il and water movement which i s  in agreement with that interval 
recommended far an 16 per cent slope on tha basis of a for malar adopted 
empirically by the boil Conservation bervioe and quoted by Pereira 
et al (1966). Klephent grass bunds have long been recommended by the 
advisory servioe based on information and design of tsrraoes from the 
U.S.A. in  complete absence of any c r i t ic a l  data for looal conditions.
Tha deleterious effects  on so il f e r t i l i t y  by terraoe formation under



these conditions demonstrates ths iaportancs of a anrfsoo mulching 
system to  complement physical barriers and thus prevent th is  so il
movement. *6 8otl U  *** 1°W*#t wglDic “att#r “ owlng •

continuous clean wooding (organic carbcn 2.76%) can bring about

Ths strik ing rosults obtained in the fin a l year of the tr ia l  by
rn<|ap v -inAmm r «;o) Total Phosphorus is  highest under the bananas superimposing a wheat straw nulch formed the basis of a comprehensive

m-flss with over one th ir d  a t  th e  t o t a l  lo s t  from the coffee p lo t 
programme on the effeot of stubble nulch farming rsported la ter* 

a ten  y ears The sm^ i g re a te r  content o f  organ ic phoephoroe and With two tons of whsst straw par acre the erosion oontrol was 
the h ig h e r je rcan ta jze  o f  organ ic P to  Total P under the former comparable with that achieved by the hhodes grass ley* Both so il 
treatment? in d ic a te  t h e i r  e f f ic ie n c y  in  p reven tin g  soil and n u trie n t and water loss was recorded on four occasions during the year under 
loss*. Assuming the g ra ss  and banana s o i l s  as s rough stAdard o f 

a one ton per acre cover when ra in fa ll intensity resorted 1*7 in./hour 
th e original 3o i l  s t a t u s ,  about th re e  q u a rte rs  o f  the organic phosphorus 

or over*
'ias been lost from ths coffss and elephant grass bund treatments. this

i l l u s t r a t e s  He r erosion markedly depletes so il humus as i t  is  always 
The highest mean yields over an sight year period were given by

the trash bunding treatments which at nine foot was significantly
better (P>0.05) than any other treatment with the exception of trash
bunding a t 7 foot T .I .  This is  s general reduction ia  yield  with• • . . . • ' .1
duration of cropping although with surfnoe mulching biannually the

.er o f  these fact ore an* limiting for growth •  .
decrease is  lsss  pronounced* Mo correction was mads for the area of

typical o f  those obtained  on the v o lca n ic  s o i l  s e r ie s  VHossgooo ajoa;
land occupied by the barriers which with ths ssvsm foot V*I. barrlsrs

— ------------ --- — - • « ^  " * *  mmain treatment wit a no On a l l  bundsd plots a tench
the ^ ----was estimated as moms 30 psr osnt<

terrace had developed by 1961 with plant growth mere vigorous oa ths
showing sii/ns •i.t* f i i i iM t i i *  i_r. .'tru c t 'ir f ii  

so il accumulate lowedlately above each bund* Yield differences
were quite markedly affected by th is loss of nutrient by aoll creep

X ijL pore ip so i o r tho proportion o
or by decline in structure* . A . U i J  + i_ —A

wnlch d ra in  rap id ly  dem onstrates the s o u . 3 aou j-xy

f rafU'r \ T riiilif (i i # IrloUlXB ul) S* 1 llH1 Ol” all •
Chemical analysis data provided further information on the

level but again the clean »weded treatments are snowing 
e ffe c t of continuous cropping with no s o il  protection on so il
f e r t i l i t y *  Whilst there was no guarantee that the so il under each
treatment was uniform from the s ta r t  the differences were eo marked
that they oould only be explained in terms of eoll and water losses
and the return of crop residues to the trash bunded p lo ts . Both seisegWBhwyf tm- iMIl By vOV nUIlIaiJL *^***v*#
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with no s o i l  conservation and clean weeded coffee have the lowest 
mean pH which is  in accord with th e ir  higher s o il  and water lo sses.
The co ffee  s o il  i s  the lowest in organic matter showing that 
continuous clean weeding (organic carbon 2.76%) can bring about 
a marked loss o f organic n atter in a few years ( c . f .  organic carbon 3.54%) 
under Rhodes grass). Total Phosphorus is  highest under the bananas 
and grass with over one th ird  of the to ta l  lo s t  from the coffee plot 
in ten years. The much greater content o f  organic phosphorus and 
the higher percentage o f organic P to T otal P under the former 
treatments indicate th e ir  e ffic ien cy  in preventing s o il  and nutrient 
lo ss . Assuming the grass and banana s o ils  as a rough standard of 
the o r ig in a l s o i l  s ta tu s , about three quarters of the organic phosphorus 
has been lo s t  from the coffee and elephant grass bund treatments. This 
i l lu s tr a te s  how erosion markedly depletes s o i l  humus as i t  is  always 
the r ich  top s o il  which i s  lo st f i r s t .

The Toted Pore Space measurements which record the degree o f 
aeration and conversely give an indication of compaction, show that 
n either o f these factors are lim iting fo r growth and resu lts are 
ty p ica l o f  those obtained on the volcanic s o i l  series  (Hosegood 1361).
The main treatment with no conservation measure has a s ig n ifican tly  
lower Total Pore Space value with the clean weeded coffee also 
showing signs of deterioration in stru ctu re.

Free draining pore space or the proportion of the large pores 
which drain rapidly demonstrates the s o i l 's  a b ility  to reta in  and 
transmit r a in fa l l .  The resu lts obtained are a l l  above the c r i t ic a l  
lev el but again the clean weeded treatments are showing sig n ifican t 

reductions.

The fa c t that continuous cropping with no s o il  conservation 
measure and no return o f  crop residue has caused a steady deterioration 
in s o i l  structure is  shown by the r a in fa ll  acceptance re s u lts . The



ratea of acceptanoe ara generally poor with tha exception of the 
trash aulchad treataents, plots 4 and 5 , which giro s significantly  
higher ra te  at a level shore run-off would not bo expected to oocur.

5* Conclusion plots of app
tr ia l  establishaont of different tropical legumes in an unproductive 

Those studios show that grass ley, bananae and traeh salehing 
hare a d istin ctive e ffe c t in  Maintaining f e r t i l i t y ,  structure and 
controlling noil and water looa. linoo ns erred so il under maisa and 
coffee has becoae notiooably a ora sold and aa auoh as one third of 
the to ta l phosphorus and three quarters of the organic phosphorus 
has bean loot as a resu lt of erosion* Continuous arable cropping 
has reduced the rate of ra in fa ll acceptance although aajor erosion 
has bean successfully controlled by the elephant grass and trash 
bunding* The aaount of run-off has bean aarkedly affected by the 
conditions of the surface layer. Trash mulching has be as nost 
e ffectiv e  in preventing so il and water covenant with couplenantary 
physioal barriers. Tha efficiency of both typos of bunds for 
erosion control is  undeniable but tha resulting bench terraoo 
tarnation has a delotorlons a ffect on yield  and s t i l l  eone so il io
always loot which in the long torn is  an amount which is  unacceptable.

centres wore used, which at tan inches above the ground gave a spray

With no surfaoe aulching there is  a definite lim it to the 
arable break and i t  is  open to conjecture that by leaving crop 
residues as an added protection the v ertica l interval between 
barriers could be Increased without detracting fro * the efficiency 
of conservation achieved. Stubble sal chi ng is  an inte&'al part of 
land Management under slopes of th is  nature to obtain sa v in s  
in filtra t io n  consistent with arable dropping requirements.

:<73
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VI PASTURE ESTABLISHMENT AMD RENOVATION BY DIRECT SEEDING

1. Methods and Equipment

Observation plot3 o f approximately 1/3 acre each were used for 
t r i a l  establishment of d ifferent tro p ica l legumes in an unproductive 
sward by d irect reseeding. Complete replacement o f the old sward 
with a grass/legume mixture was attempted on a J acre p lot. The 
work was carried out on the farm o f the Northern Research Centre, 
Tengeru, during the 1967 Long Rains. The s o i l  type chosen was an 
’ Mbuga* (V ertiso l) of good f e r t i l i t y ,  su b ject to seasonal water­
logging and d if f ic u lt  to  cultivate by conventional methods. The 
natural sward consisted mostly o f Sporobolus sp. and Bothriochloa sp. 
and was o f low nutrient value.

Following a dry season lastin g  four months, the indigenous sward 
was burnt at the end o f February 1967. Regeneration of the grass 
started  and was enhanced with the onset o f the Long Rains on 9 March. 
Band-spraying o f the grass on four o f the observation s ite s  with 
'Gramoxone’ * using a modified tractor-mounted Hassey-Ferguson boom 
sprayer was carried out on 11 March. Three nozzles at twenty inch 
centres were used, which at ten inches above the ground gave a spray 
band approximately seven in s. wide, leaving a between-rov unsprayed 
area o f  13 in3 . (P late 1 ) .  The sprayer wa3 calibrated to  apply 
50 g a l ls ,  o f solution/acre at two pounds/square inch pressure. 
Gramoxone was applied a t  three pints/acre sprayed or ju st over one 
pint/acre overall a3 l i t t l e  more than one th ird  of the pasture was 
sprayed. By using a low spray pressure a large droplet s ize  was 

achieved and d r if t  minimised.

* Active ingredient Paraquat, marketed by Plant Protection Ltd. 
(Im perial Chemical Ind ustries, Ltd.)



An excellent k i l l  *»e obtained and on 14 Mar oh d rillin g  of 
the leguneo took place using the Howard Hotsseeder with throe sets 
of hi ados spaeed at 20 in s . intervals following the sprayed strip s 
(Plate 2 1) .  Pour plots (Al-4) were established using a seed rate 
of s ix  pounds/acre.

Al. Olyotno
A*, ^e.saodlas l jto r ju s  ljr *
A3. Uesmodius saadwlscnso
A4. He&.CjW J i l i n  lerwrian)

The Ivaaodiun speeies and Aodlcaxo estiva were treated with a 
standard Rhlsebius ineeelun prior to planting. I t  was considered 
vnneoessary to treat the Olyclne Javanioa as i t  i s  indigenous to the 
area.

On 16 March another plot (B l) of Clyoine lavanica was established 
by spraying and planting on the case day.

r T.V-'% j i c ft©wW w* - w  * . .•* f . .• .h * » ' a *

On 27 April a further observation plot (Cl) of half an sere was 
established in an sttaept to e<*pletely replace the natural award 
with an iaprovsd graea/leguse mixture. By th is tine the existing 
herbage was nine to ton inches high. I t  was therefers sewed to s 
height s f  three to four inchoc and then sprayed overall with four pints 
of Graaoxeno in 50 g a lls , wet or/acre. A total k i l l  was obtained and 
on 3 May d rillin g  took place with the Howard fcotasoeder using the 
fallowing mixture planted in five inch rowot

Panieua ooloratnn 
soterie sphacelate 
Glycine javanloa 
Btrlocanthoo hnsilic

l i  lb  per acre 
£ lb  per acre

5 lb  per acre
1 lb  par sore

The seed bed prepared by the Retancadcr for a l l  treataeats was



a a l i i  4  la * wide and 4 - 1  la .  deep depending on the undulation of tha 
ground. This gay* good aoll/aaad contact but at tha aaaa tlaa  tha 
aaad van covered by only a vary email amount of noil which waa
considered ideal for good germination.

Tha aaad rates used are fa ir ly  generous for ecus apeeiea la  
terns of ooat but the mala object of the work at th is  stage wae te 
become fam iliar with the technique and c r it ic a lly  ezaaina i t s  potential 
under local conditions.

I .  haaulta

Fairly  dry conditions followed the eowlag of plote Al-d and H 
and the few ligh t shower a that f a l l  ware insu fficient to germinate 
the seed. I t  was not u ntil 12 April a fter  four days effectiv e ra in fa ll 
that garmination commenced.

The legumes ia  plots A l-J and Bl germinated and established well, 
except in  localised  depressions where waterlogging occurred (note J ) .  
The seedling population waa i f  anything too high la  some places.
The luoerae in p lot A4 geminated poorly, only a few pleats being 
counted.

Ten days a fter gemination had started the Piscina .iavanipe in 
plot Al was severely attacked by the leaf-eating beetle Ootheoa 
•v-Us b i l l s , and by the tin e control meeauroa (two piata/aare of 25 P«* 
cent D.D.T. la  aix  gallons of water) oould be applied on the following 
day only about 20 per oent of the plants survived, the Deeeodiua 
species were not attacked.

Growth of the legunea was steady (P late |) *« t a l i t t l e  alow.
The Clrclne ievenioa and Deem odium intortun wars three to  four inches 
high a fte r  seven weeks but the Jeemodlum sandwloanae was slightly

9 t
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shorter (P la ta  5 ) . Hardly any of the luoerno plant* had survived*
At this stag* tha indigenemm grass batman tha raws of lagunas on 
plot n  had grown to sight -  nlno lnohos ta l l  and. was a tar ting to 
shads tha logaaao.  Tha grass oa half tha p lat was toppad to tha 
aaas height aa tha njysina whiah wan observed to hslp tha subsaquant 
davalapasaat of tha leguse* hast of tha aaapatition was froa tha 
grass bstwass tha raws as tha spray ad bands rasainad surprisingly 
fra* fra s  ragsnarating grass* Tha sprayed strip s war* s t i l l  visible 
aas ysar la ta r , probably daa to ths fa s t  that tha iadlgsnous grasses 
war* mostly tuftad and la ta ra l apraad was slaw*

Ro fwrthar sasagasant of tho plots was pssaihls duo to tha 
elosura of tha Kaaaorah Station towards tha asd of tho yaar*
iiowover, many of tho loguaoa wore s t i l l  praaaat 13 months la tar 
(Plata 6) daapita tha intonso grass competition.

On tha cssplotaly rssasdsd plat Cl* in it ia l  ganalastloa was 
poor awing to  heavy rains fallowing planting through to tha and of 
Hay* At tin s* tha plat was a lasst cosplotaly aubsarged, bat as 
oandltions bacawa driar during Jana furthar plants astabliahad and 
after s is  months tha iaprovad ape alas aovarad sasa 5 0 - 5 5  P «  oast 
of tha ground (Plata 7)» bat tha lagunas wars rather aparaa. Vary 
l i t t l a  of tha natural grass had raganaratad but annual waada 
ocoupiad about 20 par osnt of tho ground oovar*

3* Discussion I  - 'ikf

Tha so observations show that iaprovad pasture species will 
astabliah with d irect drilling,and considering ths d iff ic u lt  soil 
type ohoasa and problems ef water legging these in it ia l  e ffo rts  ©an 
ba counted aa quits susoesafml. Tha rather slow davelspasat of tha 
la  gams a although eharaotaristis of tha spaaiaa ha* bean aggravated 
t s  a considerable extent by tha wat co n d itio n *  and oobasivanaas of 
tha s o il*  As additional retarding factor say have boon n itro g en



shortage up to the time of effective nodulation. Slower 
development of Louisiana White Clover established by direct 
d rillin g  compared with conventional cultivation and planting 
methods was noted a t Kitulo (Williams, personal communication,
1964) end with d irect-d rilled  cereals (Jones, 1968), but hen 
not been recorded with d irect-d rilled  wheat at Meat Kilimanjaro 
(Macartney and Korthwoed, 1969)* The ra te  of developaent of 
d irect-d rilled  pasture plants and other crops will depend mostly 
on so il type* With so ils  of favourable structure and fe r t i l i ty  
whioh allow free root growth, i t  la  probable that no retardation 
at establishment would scour* On tha other hand with eolla of 
extreme cohesiveness aa a t Kongwa, l i t t l e  eucoesa may be expected 
and in such oases consideration should be given to wider and 
deeper cultivation*

Germination of the Glycine and Deem odium species was 
exosllsnt and is  probably duo to the firm seed bed and thin so il
covering provided by the Rotaseeder* Also the dead grass mulch 
and the s lo t made for the seed has probably provided a favourable 
micro-environment for establishment* There does therefore seem 
some prospect of being able to establish adequate plant populations 
with reasonably low seed rates whioh is  so important from the 
economic point of view*

The fa ilu re  of the luoerne to establish  was sxpectsd as 
conditions wars entirely unsulted for th is  spseiss* however i t  
was thought worthwhile to inoluds i t  as an observation at this 
in it ia l  stage.

There la a need now for this work to be expanded to include 
establishment of d ifferent pasture speoles on a range of so il 
types and under varying ra in fa ll conditions* Attention should be 
given to determination of optimum seed ra tes  and post-establishment 
management* The effeot of paraquat in controlling regeneration of

<?7*
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the natural pasture species was encouraging but the cost i s

considerable, p articu larly  for complete renovation of swards. The 
cost o f  the chemical fo r  the complete renewal treatment was E.A. Sha.
80.00 per acre and for the band spraying E.A. Shs. 20.00 per acre. 
Despite The high cost o f the overall renovation treatment i t  is  probably 
less than that o f conventional establishment methods but has additional 
agronomic advantages. The cost o f conventional cu ltivation  methods 
is  continually risin g  but the chemical may well become cheaper.

There are large areas o f natural grassland in Northern Tanzania 
and other parts o f the country which have s o ils  of excellent ?"ructure 
and f e r t i l i t y  but are producing considerably less than th e ir  p oten tial. 
They are capable o f improvement by direct-reseeding and with suitable 
refinements of the technique i t  could w ell become economic to  do so.
I t  i s  in  the direction o f  elimination o f  unnecessary operations and cost 
cutting with the establishment o f d ifferen t crops that farmers must 
look fo r  maintenance o f  p ro fits  and fu l l  development of land p oten tia l.
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VII OBSERVATIONS OH SORGHUM AND MAIZE ESTABLISHMENT BY DIRECT
DRILLING

The Fernhurst t r ip le  d isc coulter (P late  8) was designed and 
developed by Plant Protection for the placement of cereal grains 
through a protective trash mulch. The coulters were produced to  replace 
the planting units on a standard wheat d r i l l .  Later i t  was found necessary 
in th e ir  in i t ia l  development work to rebuild tne d r i l l  i t s e l f  on a heavier 
frame to  achieve adequate penetration. I t  was planned to  obtain a 
complete prototype d r i l l  but when th is  proved impracticable a series o f 
observations were carried  out using the coulters alone mounted on a 
• Tropiculteur' o*r drawn toolbar at 24 in . centres and pulled by tra cto r.
A 'Tropicana' 3eeder was modified to  f i t  the tr ip le  disc. The seeder 
was driven by a connecting rod from the crank on the toolbar wheel. Two 
seed tubes were attached to  convey seed by gravity to  the disc units.

I n i t i a l  attempts to  plant sorghum in to  a lig h t fr ia b le  volcanic loam 
at Tengeru (Plate 9) were successfu l. There was a very lig h t trash cover 
and weed growth which had been sprayed with Gramoxone the previous day. 
Germination and establishment were ex ce llen t. A further spraying was 
carried out three weeks la te r .  Hand weeding was necessary a fte r  five 
weeks (P la te  10) when th s crop had covered in the rows.

A la te r  attempt to  estab lish  maize on the 14 June using the same 
technique was unsuccessful. The ground was covered with a heavy maize 
trash from a previous crop and tne unit3 fa ile d  to  penetrate. An uneven 
stand was obtained due to  the coulters rid in g  over the trash cover. I t  
wa3 evident that the t r ip le  disc technique had p ractica l p o s s ib ilit ie s  for 
seed placement on these s o ils  but a frame or toolbar of considerable weight 
would be necessary to  ensure adequate penetration through a mulch cover.
The re su lts  of la te r  work at Kongwa showed that successful d irect d rillin g  
would be lim ited to the volcanic s o i l  types o f Northern Tanzania and 
would have l i t t l e  or no application on the compacted g ran itic  so ils  o f the 
Central maize and sorghum growing areas. These observational t r ia ls  were 

therefore suspended.
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A. THE EFFECT OF DIFFERENT CULTIVATION TECHNIQUES ON SOIL MOISTURE 
CONSERVATION AND THE ESTABLISHMENT AND YIELD OF MAIZE AT KONGWA. 
CENTRAL TANZANIA

1 . Description o f the Area and Experimental Site

The Kongwa Plain l i e s  in the Central Region of Tanzania at approxi­
mately 6 ° S . , 37° E. I t  is  at the southern end of the Nasal Steppe and 
to  the north of the Kiboriani Mountains and consists of gently undulating 
country between 3000 -  *+000 feet a ltitud e with occasional steep-sided

inselbergs.

The climate is  classed as sem i-arid, there being a single rainy 
season from November to  A pril; most of the rain fa llin g  between mid- 
December and mid-April. The long-term average ra in fa ll i s  approximately 
22 i n s . ,  with a mean of 53 rain days as recorded at the Pasture Research 
S ta tio n , Kongwa. The lowest ra in fa ll recorded in a season was eight 
inches. Most o f the rain  comes in the form of intense, lo ca lised , short- 
duration storms. Simple p robabilities o f ra in fa ll  r e l ia b il i ty  (Table 8) 
showed th at less than 16 in s . would be expected one year in  five and th is  
would be in su ffic ien t to  support most arable crops. Glover e t a l (1954) 
have shown the expectation of 20 in s. or more ra in fa ll  to be le ss  than 

seven years out o f ten.
TABLE 8 RAINFALL PROBABILITIES KONGWA (Owen, 1965)

V III E X P E R I M E N T S

Total R ain fall 
(Inches per annum)

Probability 
(Per cent)

Less than 20 40.9

19 35.2

18 29.8

17 25.2

16 20.6
15 16.6
14 13.2
13 10.4
12 8.0
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Mean monthly maximum and minimum temperatures are approximately 
90.5°F ( Motember) and 50#5*P (Ju ly ). The average open-water 
evaporation from a four fe e t diameter sunken insulated pan was 80 in s . 
per annum and reached a monthly to ta l of 11 in s . in November.

The natural vegetation of the upland s o ils  i s  mostly deeidaous 
Commiphora thicket with an admixture of species of Acacia. Cassia. 
Alblasia and Euphorbia. Baobabs ( Adanaonia d igitate L.)  are 
common on so ils  with a high Calcium statu s. The low-lying 'Stags' 
so ils  carry mostly short grass with scattered shrubs and trees .

The so ils  have been farmed from rooks of the Lower Basement 
Complex. At JCongwa successive strata  of quarta-granulita, add gnsisa 
and plagioolaae-amphibolite outcrop ea bends running roughly east -  
west. The noils do not shew signs of th is  banding, probably beeausa 
the weathering produots of the strata  have been mixed into e fa ir ly  
uniform 'mantle* ae a resu lt of h ills id e  'c re e p '. (Andersen, 1957)*
A so il 'ohemioal catena' has been formed owing to the different 
in ten sities  of the soil forming procaasea at different positions on 
the h ills id e s . Leaching of bases has been severe in the upper pert 
of the catena, whilst at the foot of the slope deposition of Caloium 
and Hagneaium carbonatee ooour as concretions in the p ro file . The 
lower s o ils  art usually rioher in nutrients than the upper so ils  due 
to th is movement of bases and th eir formation from oolluvium 
consisting of ungraded deposits washed from the upper elopes.

Anderson (1957) has c lass ified  the eo ile  of Kongwa under four
main headingst

**•  * * * * ! •  Red E arth s
2. P allid  Soils (Degraded Upland Colls)
3. Calcareous Talley So ils
4. S o ils  derived, at le a s t in part, from lake-bed 

limestone (Travertine)extra ted the 
err s  t i es la  1



These groups wore fu r th e r  divided in to  s o i l  s e r ie s  and in  

some oases su b -se r ie s *  The Chamaye s o i l s  o f the experim ental s i t e  

a re  red e a r th s  and are probably th e most u se fu l a ra b le  s o i l s  o f  the 

uplands* The to p s o il  i s  norm ally s l ig h t ly  so ld  a t  the su rfaee 

decreasing: to  a minimum pH o f about 5*0 a t  50 cm. depth* The to p so il 

o f  10 — 12 am* oontains one to  two per ce n t organ ic n a tte r  and about 

20 per oent olay oontent in c re a s in g  to  as much as 40 per oent a t  

depth* S o i l  depths cheeked by digging p i t s  round th e experim ental 

a re a  showed uniform p r o f i le s  with no v i s ib le  h oriron s other than a 

stone l in e  a t  s ix  f e e t *  Good crops o f a a i s e f sorghum, sunflow er, 

soya beans and groundnuts have been obtain ed  in  seasons o f  adequate 

r a i n f a l l *  F e r t i l i s e r  t r i a l s  have in d ica te d  only sm all responses to  

n itro g e n  and phosphorus (La Mare, 1933)*

These s o i l s  a re  f a i r l y  easy to  work when s o l s t  but on drying 

out c u lt iv a t io n  i s  extrem ely d i f f i c u l t  and th e wear on aaohl nory due 

to  ab rasio n  i s  aevers* The lsw and e r r a t i c  r a i n f a l l  combined with 

th e d i f f i c u l t  s o i l  type p re se n ts  a p a r t ic u la r ly  harsh a g r ic u ltu ra l 

environm ent* In a d d itio n  the sh o rt ra in y  season produoes cond itions 

where th e re  i s , a t  the m o st,th ree  weeks in  which seed  bed p rep aration  

and p la n tin g  may be c a r r ie d  out i f  some chance o f reasonable y ie ld s  

a re  to  be obtained*

In 1947 the O verseas Food C orporation groundnut sohsme commenced 

c le a r in g  o f  the Kongwa a re a  and by 1993 had p a r t ly  c leared  some
1 0 0 ,000  mares o f land fo r  c u lt iv a tio n . Crop f a i lu r e s  due to  drought 

and the d i f f i c u l t y  and expenditu re Involved in  c u lt iv a t io n  led  to 

th e  abandonment o f  the o r ig in a l  prod u ction  prograsne in  favour of 

ran ch in g * The s o i e n t i f l o  team b u i l t  up by the 0*F*C* a t  Kongwa 
during t h i s  e ra  co n trib u ted  much in form ation  on crop re sea rch  but 

l i t t l a  i f  axgr attam pt waa made to  in v e s t ig a te  water r e la t io n s  o f crops 

o r a lte r n a t iv e  c u lt iv a t io n  tech n iqu es* Work by P e re ira  e t  a l  (1958) 
dem onstrated the value o f  fa llo w in g  in  a l te r n a te  yeara fo r  water 

co n serv atio n  in  improving the r e l i a b i l i t y  o f  cropping, but the system
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proved impractical both from tho so il conservation and economic 
points of view* The deterioration in so il structure with both 
conventional systems of cultivation and bars fallowing was also 
demonstrated*

Tillage research has top priority in th is arsai so widely 
representative of much of the Central Region of Tanaania which,
although marginal for r a in fa l l ,  has vast potential for the 
production of the staple food crops maise and sorghum* Characterised 
by frequent crop failu res under the present peasant shifting 
agriculture, the development of the area la  dependant ea the 
recommendation of a viable tilla g e  technique which takes cognisance 
of se ll and water conservation and which provides for satisfactory 
gemination and establishment at a greatly reduced cost compared 
to the conventional t illa g e  practices.

The t r ia l  was laid out as a randomised block with five treatments 
and two rep lications on an approximate three par cant slope* The plot

The cultivation treatments were as follows!

A* Conventional tilla g e  using the disc plough to a depth 
of four to five inches followed Igr diao harrowing and 
planting on the f la t*

£• Kipping from eight ta ten inches at three foot centres 
prior to the onset of the rains followed by disc 
harrowing after affective rain  and planting on the f la t*

0* Kipping as in  fi, followed by ridging using Xo 1 l is te r  
bottoms mounted on the X*I*A*S* toolbar and planting on

2*

the ridge



h. kipping as ia  h. followed by pleating into » half inoh 
wide by two inoh desp aicroaaodbad prepared using the 
Howard Kotaseeder. In tha second season the aeadbad was 
increased to eight inches wide by four inches deep.
Weed control within the inter-row uncultivated area was 
of footed by the use of p raw ox one spray with the object 
of maintaining a dead weed aulch cover to a ssis t wster 
in filtr a t io n  and prevent so il erosion (H ate 11)

It. Kipping followed by tie  ridging using the h.I.A.K. t ie  
ridging equipaent and planting on the ridge

The M.I.A.K. Tie Ridging ocuipsent

This cultivation sytstea has boon described by Cashaore and Hawkins 
(1957). The subsequent modifications to the equipaent (Macartney 1968) 
wore used in this work. The ridging treatnent C. was sot up with the
same equipaent except that the ridges were not tied and no ripping of 
the furrow bettoas was carried out (Plato 12).

In the f i r s t  season the M.I.A.h. ripping tineo were used for 
primary cultivations on trsataents B#- £• Although a good shattering 
action was achieved i t  was oensidered beneficial to lesvo the surface 
of the r ip  aark more open and in 1967-68 a blade was attached to tne 
ripper shank for th is purpess (Plate 1 3>. The results obtained 
shown in  Plata 14«

3* experimental Methods

a) eo ll .lolBture oaapllng

Tha to ta l a v a ila b la  aoiatura within the root range was measured 
by gravimetric so il moisture samplings a t flowering and harveat.
Jaaplea wars takes at ona foot intervals using tha four inch



Australian Ja rre tt auger and eolleoted in  two ounoe airtigh t 
tobacco t in s , fresh weights being recorded as soon as possible 
after sampling* In the laboratory the t in  lid s were resowed and 
the sanples plaoed in a drying oven for 48 hows at 100 C* The 
oven dry weight was reoorded after cooling and the moisture content 
calculated as a per cent oven dry so il* The gravimetric resu lts of 
moisture were converted into volumetric measurements and expressed 
as inches of water by the use of a conversion faotor derived from 
volume weight* The so il moisture expressed on a volune basis gave 
a measure of the actual quantity of water in the known depth of 
so il*  Water at wilting point was subtracted to give the available 
water within the p ro file*

Two p rofiles were taken at each sampling from one replioate of 
each treatment* These determinations were combined with frequent 
records from e le ctrica l resistance units to give continuous 
information on tension and fluctuations in  the so il moisture content*

b) K lectrioal Resistance Units f

Cylindrical gypsum blocks supplied by JS*A*A*F*K*0* and based 
on the Bouyouoos (1940) design modified by Pereira (1951) w0re asGil 
to provide continuous information on the so il moisture tension, 
depth of moisture penetration and the av a ilab ility  of so il moisture 
to the growing plant. A *Soiex* ohm-meter with a log-ohm scale 
was used for reading the resistance* When the blocks were coi tailored 
to have come into equilibrium with the surrounding soil they were 
read twice weekly. All readings were plotted on a working graph 
which included daily ra in fa ll*

c) Placement of Units rj »

A hole was drilled  by auger to the required depth and 500 ml. 
of water poured in and allowed to Boak away. i*oh unit was slowly
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saturated fay lowering in to  s  bucket of water as lnoh at a tiae  and 
eventually l e f t  submerged for five minutes. A saturated reading 
was taken with the oha-aeter to oheok that the unit wan working
s a tis fa c to r ily . . The blook was then lowered into position and 
another reading taken. The lead was held taut while the hole was 
r e f i l le d ; the so il being returned in the sane order as i t  was 
excavated. The so il was taaped back into the hole and about 
one inch above the unit i t  waa reamed hard to form a plug and 
prevent free  drainage down the p ro file . A fin a l reading was taken 
to oheok that the leads had not been damaged during re f ill in g .
The connecting wires wars channelled a t a depth of 18 in s . to avoid 
damage during oultivation. 

wae reoorded.
d) F ie ld  and Laboratory Techniques Used in S o il  Cora Anal y s e

*) I M M L  VmttlV  M  S^ll Coras f0 m
For determination of in filtra tio n  ra ta , total pore apaoa and

pore apaoa drained at auocasaive tensionst undisturbed samples of
so il wars required. Three six  foot p ita  were core sampled in the
range 0 - 6  in s * ( l v2 ( 3 f4 t5  end 6 fe a t  on the 15 hgy 1968. i
in the dess ice  tor wee slowly raised to withia one cm. of the top 

For the collection of th is type of core, specially adapted 
samplers have bean designed ly the Coil Ihysios Division, S.A.A.F.R.O. 
and are described fay bagg and Hosegood (1962). Tina of standard 
alas with elip-on lids a t  both ends wars used for storage. The aiaa 
of core taken wea four inches in diameter, three inches deep and hed 
a volume of 597 cc»

w\ T>fvrm crafia ru»mv»4Bitlttfli H$ld ClDtCity ttfd
e) C o llectio n  of Undisturbed Cores o f Topsoil

Ust-tiT was illovtA  drsin iuuUf ^rsvity fros »n<* l r/8T porss
before the oollsotion of a sample the cutting ring was removed

from + sampler end the numbered tin or aleeve fitte d  in  end the 
cutting ring replaced. The loaded sampler waa driven v ertica lly
into the so il by means of the sliding hammer. After the so il had

Mil t i i



been dug away from around the sampler the oore of s o i l  in  the 
sleeve was s jeo ted  by pushing the p is to n , the s o il  out o ff  le v e l 
with the sleeve and lid s  placed on both ends* I f  the t in  was not 
completely f u l l  *  volume co rrectio n  was made in  the laboratory*

type f ie ld  capacity tension tables (hcssgeod lyfcly were seed for
f ) Laboratory Preparation of S o il Cores

The bottom l i d  of the core was removed and replaced by a 
coarse c lo th  membrane* Those cores req u irin g  a correction  for 
volume were re-measured and, a fte r  a l l  determ inations had been 
completed, re —checked by rapid ly flooding the oore while s t i l l  
wet* The amount o f water required to  f i l l  the space unoccupied

by so il was reoordsd. repeated om til e q u ilib r ia *  wes
'cashed a t th is tension* The moisture content was than eal sals ted

g) I n i t i a l  Wetting o f S g jl. Cores

The cores were placed c lo th  down on the stage of a large 
d e ssica to r and the pressure reduced by means of a f i l t e r  pump*
When the pressure had dropped to about ^ atmosphere the water lev e l 
in  the d easicato r was slowly ra ise d  to w ithin one cm* of the top 
rim of the core* The cores ware thus gently  wetted by water 
p e rco la tin g  up through the c lo th  membrane* When the so il on the 
top of the core was thoroughly saturated re -en try  of a ir  was 
slowly perm itted a f te r  f iv e  minutes. The water was then siphoned 

out of the d essica to r*

h) Fo re  hpace i)e te rm ina tion*  F ie ld  C ap a c ity  and 'd a t in g  j o in t

termini ions the pores »ere transferred te  s iUohaer fennel for
Water was allowed to  drain under g rav ity  from the la y e r  pores

u n til the system had reached the p re -se t  tension of 20 cm. ol water*  

This proportion of pore apuoe drained i s  e useful measure of 
Btruoture fo r  surface soI I b and of the drainage p ro p erties of 

su b so ils*

F ie ld  capacity and moisture content a t w iltin g  point were



Interallied in tie  laboratory by the use of 'preseure p la te * '*
A ten*ion of 33© orn* of water baa been shown to correspond to 
f ie ld  capacity for weae Janet African n o ils , (Pereira 1955)* At 
th is tension drainage under gravity bad beeowe slew enough to ., ^  
regard the remaining so il water as 'stored*• Tbs 'Ceramic t i l s '  
type f ie ld  capaoity tension tables (hosegood I 96I)  were used for 
the determination* b

The cores having been placed on the low tension tables were 
l e f t  for 24 hours to drain before weighing* After the f i r s t  
weighing the cores were replaoed on the partially  reflooded tension 
table* The cores were re—weighed every 24 hours until equilibrium 
warn reached and were then transferred to the tension tables set at 
■fa atmosphere Mrui the procedure repeated until equilibrium was 
reaohed a t th is tension* The moisture content wae then calculated 
for the equilibrium weight of the core at each tension as a 
percentage of the oven dry weight of so il and also as a proportion

of to ta l (reciprocal e f ' the specifie  gravity) is
usually fa ir ly  eomatamt and i t  warn only nsoessnry for a limited

Wilting point was determined by use of pressure plates using
compressed nitrogen nt 15 atmospheres* An assessment of wilting 
point was also aada in the f ie ld  hy so il moisture sampling in so#g 
conjunction with the gypsum units which record a tansion of 
4*8 log-ohms or over mt 15 atmospheres*

mm f l pi j l i / w f l l ' t t f  INM|£> fO T  t i T i  r i l l  ' t i l l

i )  Determination of Percolation hats

After thorough slatting during the course of tension pleoe 
determinations, the cores were transferred to s Buchner funnel for 
percolation under a s ta tio  hydraulic head* A wide rubber ring 
fixed to a spars tin  was fitte d  to the sleeve of the core to form 
a watertight upward extension* A I«’o*l grade f i l t e r  paper was plsosd 
on the so il surface of the core and flooded to a depth of one cm*



The depth wee maintained toy e cons tent level eiphon end when the 
flow of water through the core became steady four ooneeoutive 
two minute readings were taken* The water pereolated through the 
core was measured aa a l .  of water/2 min* and for fin a l presentation
as inchea/hour*

j )  Rainfall Acceptance

The ra in fa ll acceptance test developed hy Pereira (1956) was 
carried out hy applying the equivalent of one inch of rain at a 
standardised drop-sine in ten ainutes, with a suction of 20 on*
applied a t the base of the care* After th is  period the core was 
allowed to drain under suction for five ainutes when peroolation and 
run-off was measured*

T« vlev of Uio oxtx*OM# f i f l iM I  i& th t rai& fcll pot tom oTor
k) determination of heal Volume »• penv.sont . 4e-

The apecifio volume (reciprocal of the epeeifio gravity) is  
usually fa ir ly  constant and i t  was only neosssary for a limited 
number of samples to be taken for th is measurement*

- * .. i oh/ — Xv
A 100 gm. sample from the pulverised so il of the core was plaoed 

in a 900 ml. graduated fla sk  quarter f i l le d  with water* The flask 
wan shaken and more water added to oover the so il*  A suction of 
4 atmosphere was then applied by f i l t e r  pump for five  minutes*
Mater was than added to f i l l  the flask*

take -  weight of flask  in gu.

W2 .  weight of flask  ♦ so il (100 ga.sample ♦ water)

Vol. of flask  (in  ml.) “  «2 “ <W1 + 100) *  H,V# f °r  100 ***
of so il*
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1) Bulk Density Measurements

Balk density measurements were aade on eaoh replicate of each 
treatment after the f i r s t  year's harvest a t the 0 -  1& in* Md 
1 * -  3 in . depth and fro* uncultivated s o il around the experimental 
area. The d etails of the sampler used cure shown in F ig .l .

■) Root Washings

The roots of plants representative of each treatment ware exposed 
by washing with a small hand sprayer and photographed.

n) Rainfall

In view of the extreme v ariab ility  in  the ra in fa ll pattern over 
the area ra in fa ll records were averaged from three permanent s ites  
equidistant from the t r ia l  from which records were available from

1953*

4 .  F ie ld  Operations 1966 -  61

The five  acre experimental s ite  was cleared and stumped during 
early November. The indigenous regenerating Aoacia/Comiphera 
fifte e n  foot high thicket was raked off and piled on the perimeter 
of the t r ia l  es a p artia l protection against game animals. There 
was l i t t l e  perennial grasu cover with the exoeption of isolated 
patches of star grass ( Cynodon daotylon).

F e r t iliz e r  Application. An overall dressing of two cwts/acre 
of single Super Phosphate (21* PgOj) and one cwt/acre of Ammonium 
Sulphate Nitrate (26* M) was broadcast >y hand before cultivation.



FIGURE 1.

Han£ Sampling to o l  “or ta'rin^ un’i^turoai s o i l  cores
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Ripping. Hipping of treatment* B,C,D and £ waa f ir a t  attempted 
using two rippers at six foot centres on the 3 Baoeabar. The bodies 
fa iled  to penetrate. Using one ripping body with an offset Barker 
a reasonable standard of work was obtained with a penetration of 

between eight and ten inches. . throughout. On a l l  treataea

i lou^Ring. Treatment A was ploughed on the 3 Deceaber using a 
single furrow disc plough pulled by a MF 35 tractor, kith no rain 
since the 23 November conditions were dry and d iffic u lt . I t  was 
necessary to heavily weight the plough bean to achieve a penetration 
of four to six  inches.

XT) J apv t ijr y  ;d pOLl..* *• * O'Jii v 15 OH A. j  r f aT #
Ridging. In it ia l  ridge building on treataents C and B was 

oarried out on the 6 December using three Mo.l l is te r  bottoms on the 
N.I.A.K. 15 f t .  toolbar pulled by • Fordson Super Major tractor.
The standard of work was only moderate as the ridging bodies tended 
to jump over the hard patches of s o i l .  A certain amount of lateral 
swing on the toolbar made accuracy of building d iff ic u lt . Tying of 
the ridges on treatment B was omitted at th is  stage as large olods 
le f t  in the furrow bottom would have made the operation virtually 
impossible. I t  was also considered that the clods would act as a 
phycioal barrier to water movement down the ridge.

Placement of Gypsun blocks. The two profiles of blocks at
one foot intervals on eaoh plot were in sta lled  on the 17 December. 
Soil moisture tensions were read twice weekly throughout ^he 
growing season.

F in a l Seedbed Preparations and P la n tin g . 21 Deceaber.
i .  The ploughed plots were disc-harrowed twice and planted,

i i .  The ripping and harrowing treatment plots were disc 
harrowed three tiaes and planted.

i i i .  The ridges in  the tie-ridge and ridge treataents were 
sp lit back, ‘ rubbed up' and planted.



i r .  The direot d rilled  plot* were sprayed with •Graaoxone W' 
at • rate of l£  pints par acre in 20 galls* of water and 
the seedbed prepared with the Howard Rotaseeder •

The variety M6 maise, a short tern drought resistant seleotion, 
was used a t a three by one foot spacing throughout* On a l l  treatnents 
the planting operation was satisfactory with the seed well covered 
and accurately plaoed.

Post Planting Operations* Aldrin was applied on 27 Deoeaber at 
one pound aotive ingredient/acre on the surfaoe for the control of 
tera itea  and aillip ed ea. Hand weeding and thinning were carried out
on 30 January and population counts recorded on 15 February.

Cravimetric so il moisture samplings were taken on the 9 February 
(flowering) and on the 12 Hay (harvest)*

lifjl

5* hesuits

a v i r t S l  the ripped and direst d rilled  treatment.

The preoipitation recorded in inches during the 1966-67 season

ra in fa ll.s ln a la  were m pre-planting

Yields were generally good f«  
i well d istributed ra in fa ll thros  ̂

oob end grain weights are close 
Planting to harvest

November 1966 1.55 (3)

December 1.50 (5)

3.05 (8)

Deoeaber 1966 g a v e l.94 (5)
January 1967 3.14 (10)
February 3.29 ( i i )

March 2.35 (8)

April 6.94 (22)

May 0.86 (6)

18.52 (62)
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The season could be described as 'average' with a to tal of 
18.32 in . compared to the 14 year averse* of 22 in . Kffective rain 
f e l l  immediately a fter planting and continued to give favourable 
moisture conditions during the establishment period, while the a b o v e 6' 
average April ra in fa ll helped to boost the fin a l yields obtained.

b) rian t Populations and Yields
P I  g a t  1 w 'l U l l t i C M L  a 1 H f l l A

Population count of to ta l number of plants per 23 rows and plant 
population per acre calculated after thinning to one plant on the 
13 February are given together with yields in Table 9* Rainfall 
(O.49 in .)  immediately a fte r  planting on the 22 Decern bar was followed 
by 1.32 in . in four days by the end of the month. The large differenoee 
in plant counts can therefore be attributed to the different treatments 
used in seedbed preparation.

The best establishment was obtained on the ploughed and harrowed 
p lot, followed closely by the ripped and ridged and ripped t ie  ridged 
treatments. A sharp decrease in population was recorded with 
decreasing depth of cultivation i . e .  ripping and disc harrowing with 
a virtual fa ilu re  on the ripped and direct d rilled  treatment.

{ K j u 1 p1' P j 1 44 w JL J j f v
Harvesting was carried out between 2 — 19 June. Because of 

la te  season ra in fa ll plants were cut and stooked and later cobbed.

Yields were generally good for this area which was largely due 
to well distributed ra in fa ll throughout the growing season. Results 
of 00b and grain weights are closely comparable with population 
establishment. The ripped and t ie  ridged treatment gave the best 
yield although the plant population on th is  treatment was sligh tly  
below that of ploughing and discing. I 1 .... ..... .........



TABLK %> TIv MJSAN PLANT POPULATIONS AND CRAIN YItSLDS (lb) PER ACRE
. 1.- ' KOROMA 1966-47

^ ' ' ■ p
to be 1lairing to

Plant Populations Grain Yields

Treatments per acre % of to tal 
population

per acre shelling i>

A. Disc plough 8,887 61.2 1,653 83.5
and harrow »

£• Rip and diao 6,111 42.1 905 84.0
liar row 1*1$ 1*2

1

C. Rip and ridge 8,401 57.9 1,067 82.5
Bt Rip did diio 

hArrnk
1*39 1.4

D. Rip and 671 4*6 28 -

d ire c t d r i l l

£• Rip and 8,517 58.7 1,147 83*4
t i e  ridge
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The bulk density of tho top soil Mas recorded at 1$ in* and 
3 in* on sash cultivation troataent after harvest and also froa 
four sites  on a non cultivated area adjacent to the tria l (Table IP) • 
The high bulk densities recorded on uncultivated soils would appear 
to be U niting for noise root penetration as recorded by Veihaeyer 
and Hendrickson ( 1948) ,  Kohnke (1957) and Trouss and Humbert (1961).

presumably due to  raindrop compaction* The rip and disc harrow

TABUS 10 MEANS OF BULK DENSITY (g.co) MEASUREMENTS TAKEN AT HARVEST 
FROM THE EXPERIMENTAL TREATMENTS AND FROM UK CULTIVATED SOIL

d ietribu ti on* .
Volume of sampling cylinder 69*48 <*



The bulk density is  lowered with increasing 'intensity* and 
depth of cultivation* Tield of grain also appears to be related  
to the final bulk density readings* On the rip and direct drilled  
plots the bulk density reoorded is  within the range where naise 
seedling root penetration would be inhibited (Kulota and Williams,
1967).

M G tS r u f f t  RCCO tfD S  r w o w  R m t U M C I

Bulk density is on the average higher In the surfaoe l£ in ., 
presumably due to raindrop compaction. The rip and diso harrow 
treatment shows a slightly higher density in the l£ -  3 in* layer 
which nay be due to the consolidating effect of the discs working 
at that level. a

d) Distribution of Soil l o l .U r .
hi

T if
The distribution of available noisture with depth and tine

« *1 ■ .3 . <4
by plotting the log resistanoe of the gypsun blocks is summarised
in Figs. 2 and 3* The shaded areas show with useful accuracy the
time and depth at which the soil moisture tension reaohed the
approximate limits of one and fifteen atmosphere. The curves
Joining these points outline the conditions of water availability
between these lim its ,,th e relation of log-resietanoe to p .f . being
linear (Pereira and Jones, 1954)•

The 1966-67 season was not particularly suitable for 
demonstrating moisture difference within the profile due to the 
various tillage treatments which could be expected to be reflected  
in the final yields. Good establishment rains were followed by 
sufficient rain pre-flowering to maintain crop growth and were 
followed by heavy end of season precipitation which recharged the 
profiles to six f t .  by harvest. Differences were evident however 
in the in itia l and subsequent in filtration  and percolation rates 
between treatments, although the effeot of this on yield was masked 
by good rsinfall distribution.





T ase The ploughing and discing treatments showed good in itia l  
In filtration  to the two f t .  level with the early rain tout rapid 

bcapping of the surface soil affeoted the rate of water penetration 
thereafter. It waa not until the March — April rain that the four 
te  six f t .  levels showed field  capacity. The available moisture at 
two and three f t .  was utilised  during drought periods in mid-January 
and mid-February showing good root growth to four f t .  by the latter  
period. The rapid reoharging to the three f t .  level on the 
21 February may wall be due to the breaking of the surface cap by -— 

hand weeding. 1966-6" saw on 1967-66 <>n

There were no apparent differences between in itial infiltration  
rates on the ploughing and ripping and ridging treatments but there 
ia evidence of better moisture regimes existing s t depth with the 
ridging treatments as the season progressed. This was backed up by 
observations of run—off on the ploughed plots while rainfall waa 
readily absorbed on the ridged plots.

Both the ripped and disoed and'ripped and direct' drilled  
treatments showed excellent in itia l in filtration  and percolation. 
However, poor root development with the former and crop failure  
with the la tte r has rather distorted the moisture withdrawal pattern.

diraot d rilling ! *  T # ! 5#“  !
There is good agreement in the benefit of ripping in the 

improvement of water in filtration  in a ll the ripped treataents when 
compared with ploughing. Full profiles by the end of March ware 
recorded hut i t  was only on the tied ridge treatment that roote ware 
beginning to withdrew water from the five f t .  level.

a)  Gravimetric Boll Moisture Samplings

The mean total available soil moisture to six  f t .  for both 
seasons given in Table / 1. The individual saapling data ara too



numerous to set out in fu ll and are included under Appendioee 1 - 4 *  
These figures afford useful confirmation of the soil aoisture 
availability described )ay Figs. 2 and 3 and in particular the 
beneficial effects of ripping on percolation of water to depth.
The apparent high water availability on the ripped and disoed plots 
is  due to stored water at depth below the rooting sone.

148

TABLE II MBA* TOTAL AVAILABLE MOISTURE IN INCHES WITHIN THE

POTENTIAL ROOT RANGE (SIX FEET)

Treatment on 

Means

15)66-67 season 1967-68 season

Flowering 
9 February

Harvest 
12 May

Flowering 
6 March

Harvest
19 May

Disc plough 
and harrow 1.16 2.4 2 5.17 4.66

Rip and disc 
harrow • n eaW terfc 1 3.23 6.54 5.07

Rip and
dirsot d rillin g • * 5.99 9*12

Rip and 
ridge 1.38 4.34 6.13 4.83

Rip and 
t ie  ridge I .64 3.84 7.62 6.19

* Crop failu re , plots were not saaplsd
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As a resu lt of the complete fa ilu re of the direct 
d r illin g  treatment during the 1966-67 season, a 
complementary programme of research was oontmenoed 
to investigate the reasons for th is  occurrence* 
The resu lts of th is  work are reported in Section D* 
The width and depth of cultivation used in the 
minimal tilla g e  treatment during the 1967-68 Kongwa 
season was increased to eight hy four inches in 
accordance with the findings of th is  interim work.

The Howard Kotaseeder was modified (Pig*4) during 
the dry season to work the increased width and 
depth of cultivation*
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6* Field Operations 1967 -  66

Land Preparation* The alt*  wan Land ol*ar*d of snail 
regenerating bosh and ploughing of plate 1 and 6 carried out oa 
8 jNovenber using a single diao mounted on a MF 35 tracto r. The 
depth of ploughing varied from three to a in inches, averaging 
about in . The se ll ana dry and working conditions were 
d ifficu lt with the plough set for maxiaun penetration.

1 All ridged plots were ripped along the furrow bottons of the 
previous season's cultivation using twe ripper tines set at 
six  feet centres. During the dry season the insulation fro* the 
wiring of the gypsun blocks was renoved by tern ites. The block
profiles were replaced and Aldrin applied to the trenches carrying
the w i r e s p l o t s  n n r* hand needed a

F e rtilise r Application. One cwt. single super Phssphat* and 
one cwt. Ana onion Sulphate hltrate per acre was applied by hand on
12 December. On* pound active per acre 40 per oent Aldrin was also 
given as a top dressing and later incorporated by cultivation for 
termite contael* continued to harvest* flrarinetrio sell moisture

Herbicide Application. The direct drilled plots were sprayed 
with Gramoxone at two pints/acre on 12 December• These plots were 
carrying a heavy weed cover and results of spraying were generally
snfhmfmdfcfdPg the oobs were renoved to store for threshing sru

Pro-Plant in, Cultivations. The ridged and tie-ridged plots 
were 'rubbed up* using three No.l lie ter bottoss. Light but 
penetrating rein on tho previous dsy le ft  oonditions ideal and 
exoellent results were obtained with this cultivation.

On the ripped snd disced plots three separate dlscings were 
necessary to control a heavy weed cover. The previously ploughed
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plots required, only one harrowing for seedbed preparation*
s • Rtiui t i

The direot drilled treatment was cultivated using the Rotaseeder 
carrying eight inch blade combinations at 35 centres* Strips 
were cultivated to four inches depth and a further hand spraying of 
Oraaoxone at one pint per sprayed acre was applied to the inter-row 
growth after cultivation*

Planting* The tr ia l  was planted with the variety M6 on the 
16 December using IF planters on the M*I*A*E* toolbar* Between
final cultivation and planting 1*58 in* of continuous rain falling  
in 14 hours was recorded* Conditions at planting were ideal and 
excellent germination and establishaent was achieved* \-j,

Vhinnin/c and i opulation Counts. All plots were hand weeded and 
thinned to one plant per h ill on the 27 ~ 29 Deoember* Further 
weedings were necessary on the 8 January, 19 January and 10 February* 
Plant population counts were recorded on the 20 February.• TOvCfit ‘.T THXXi IlCipOC- b- £'i V 0 A  ̂■ JiDiiru VA luA

_ —   t . J | _ _ M « 1 A J » _ _ |

Soil Moisture Recordings. Block recordings commenced on the 
1 December and continued to harvest* Gravinetrio soil moisture 
determinations were made on the 6 March (mid-flowering) and the 

19 lay (harvest)*

P a i t ~  an couitAM r aoTB iht ptrotBiftli #f th# totftl
Harvest* The maize was out and stooked on 10 -  12 April and

after drying the cobs were removed to Btore for threshing and

weighing. .. „, . . *4^  ridxed treatments which
ygag al htlv o Mac p i w t Nl'ilMKl CHI X 9 J ‘

Plant Heights and Root Washings. Kepresentative plants from 
each treatment were photographed at harvest (Plates 16 -  19) ond 
root washings oarried out after harvest (Plates 20 — 23)*
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7 . Results

a) Rainfall

P r--planting rains November 1967 2.42 (4)
Ia1 December 8.84 (*)

11 *26 112 J

Planting to harvest December 1967 4.35 W liM *
J anuary 1968 7.67 U4)

• February 6.13 (7)
March 10.29 (19)

- VS | April 3.17 (6)

31.61 <»>

This season Mas the highest rainfall on record at Koagwa.
Karly November rain helped to give a good standard of in itia l  
tillage preparation and continuous effective daily reiu after 
planting resulted in good gemination and establishment#

r id g e  j 10 ,379 • 71*5 ^4J o i* y

b) Riant Populations and Yields

Population counts per acre and the percentage of the total 
optimum population together with yields are presented in iablel2* 
L ittle  differences sere evident in these counts taken nine ueeka 
after planting, with the exception of the ridged treatments which 
were slightly lower. This waB due to plants being washed out of the 
ridge during heavy intense January storms. Leaching of nitrogen 
through the profile resulted in visual nitrogen deficiency in all
treatments
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TAHJS 1 1 , HkJLH PLANT POPULATIONS AND GRAIN TINLPS (lb) PNK A CRN
T„ M  n .  variety n l  K6. M i n t e d  for lt#ONOW A 19

Treatments

Plant Populations Crain Yields

psr acre % of to ta l 
population

per acre sh e llin f %

A. Disc plough 
and harrow

B. Rip and disc 
w harrow g aira

C. Rip and 
ridge

D« Rip and
d ire c t  d r i l l

B. Rip and • r i  
t i e  ridge

11,129

11,054

10,379

11,227

10,579

76.6

76.1

71.5

77.3

72.9

740

623

646

590

745

80.7

82.9

81.5

83*6

79.6



Average grain yields Mere lees than the 1957-58 season which 
was primarily due to the excess ra in fa ll throughout the growing 
season. The aaise variety used, M6, seleoted for i t s  dwarf, drought 
resistan t ch aracteristics, was quits out of environment during this 
season* The ploughing and tied ridge treataents gave the best yield 
with minimal tilla g e  producing over 100 lb . lass grain per acre 
although with a higher grain/oob ratio*

«) Distribution of Soil Moisture —

The water d istribution within the p ro file  is  presented in 
Figs. 5 and 6* The well above average ra in fa ll recorded resulted in 
a ll  p ro files  remaining a t  fie ld  oapacity from tho end of December 
until the end of April. There were however differences between the 
various treataents in the recharging period during December.
Effective rainfall, was recorded on 18 and 24 November and when the 
readings were commenced on 1 Deoember the one and two foot levels 
were showing available moisture. This was particularly true of the 
ploughed plots where the top two feet were saturated by 1 Deoember. 
The delayed in filtra tio n  beyond th is level was again evident which 
together with observations of severe run-off on th is treatment bears 
out the previous critioism  of poor subsequent ra in fa ll acceptability 
onoe random roughness has been lo s t and surfaoe sealing oocurs*

All the ripped treataents showed rapid recharge to the five foot 
level with the ridged treatments slig h tly  more favourable in this 
resp ect. Tie ridging was, as would be expected under th is  ra in fa ll 
condition, the most e ff ic ie n t treatment for water absorption and i t  
was on these plots and those of the rip and direct drilled  treatment 
only that surfaoe run-off was well controlled.

The ripped and disced plots again showed reduoed in filtra tio n  
rates a fte r  good in it ia l  absorption while the e ffec t of surfaoe 
cultivation remained. Sealing of the rip  narks was observed at an

OOOU Moisture
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early stag* with resultant loss of permeability down the p ro file .

Insu fficient data was available to plot the log-ohm records of 
Keplioate I I  of the tie  ridged treatment.

* )  Quantitive boil Moisture Ja»pling»c _ farth#p f -------

%AO dlaiCirM tlil OX CultlT^tlOL SrSSXBUK»#
The mean to ta l available water within the profiles recorded at

one foot intervals at flowering and harvest (Table H) again confira 
the general picture given by the resistance units. In addition they 
support the observations made on rooting depth with evidence of water 
withdrawal at differing depths for the various treatments. Although 
roots were observed at 80 cm. in the tied ridge p lo t, the available 
water in th is  treatment as a mean of the rep licates was lfc in . more 
than ridging, the second best treatment for water storage. This 
increase in available moisture was not only a reflection  of better 
storage a t depth but also within the two to three fee t level where 
the roots were withdrawing water.

The comparatively poor av ailab ility  of moisture under the 
ploughed treatment at depth is  shown. This affeoted the to tal 
a v a ila b ility , within the p ro file , averaging five inches as compared 
to 7*6 in . under t ie  ridging.

s) Observations on Root Growth and Plant Vigour

In a year of well above average ra in fa ll  where the plants were 
never under moisture s tre ss , i t  was expeoted that rooting depth 
would be limited compared to that reported by Jereira  (195®) under

a^JC fog reLrfflli|w  saturated hwweat lp6&. may be parti

The root systems of the maise on the ploughed plots showed good 
development to the depth of ploughing only (Plate 20). Similarly 
on the disced plots main roots were concentrated in the top ten cm.,
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the depth of disc cultivation (Plata 21). Tha aama was true undar 
minimal t i l la g e  where roots wars conoantratad in tha top 13 cm.
(Plata 22 ). The root systems undar the tied  ridge cultivation 
showed tha beneficial e ffec ts  of ripping together with deeper 
cultivation (Plate 23)•

4 *1 2  4 • JO 4*̂ 7 i 4 *2-0< 4*̂ 3 4*44 •
Tha plant growth at harvest (Plates 16 -  19) further demonstrates

the d ifferen tia l e ffect of cultivation treatment.'

f )  Water Storage Capacity of the S o il P ro file

The physical characteristics of the Kongwn so ils  are presented 
in Table 1^. The resu lts obtained for each foot in depth ware used to 
concert the moisture sampling data into equivalent inches of rain .

The cores showed very l i t t l e  variation in the real and apparent 
so il densities of successive horizons. The soil is  rela tively  free 
draining which is  shown by the velume/weight ra tio . The bulk densities 
are Mgh and decrease slig h tly  with depth which is  also reflected  in 
the to ta l pore space d istribution.

The tension determinations on the s o i l  cores wettsd under reduosd 
pressure showed that 6^ ft»  of so il could hold a maximum o f  2 1 ■§■ in . of 
water at a tension of 20 cm. This would drain very rapidly to about 
23 in* a t f ie ld  capacity.

fj*1* * 4 18.2 13.4 | 16-8 I 11 .3 J 11.* j 10.3J 12.T
s .The water holding capacity calculated from f is ld  capacity and 

wilting point showed that the profile oould hold 12f in .or 1.9in.per foot* 
These are lim iting maximum values which the soil moisture sam plings 

subsequently showed to be substantially beyond those reached in the l i e l d  

when p rofile  was saturated daring harvest lytxi. This may o*. partly 
das to entrapped a ir  preventing the so il from reaching fu ll  saturation 
and also to the fa c t that the so il p ro file  does not reaoh equilibrium

i in l#  - 1 _____ L—  ---------------------------------------------------------— J
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TABLii/3 PHYSICAL CHARACTHKISTICS OP KOROMA SOILS
tt fie ld  c u M ity  • ( Haaaa of 3 p ita  and 2 ooras par alia  )

' SM W ftM  .
Surfaoe 
0-3 in . 1 f t . 2 f t . 3 f t . 4 f t . 5 f t . 6 f t . TOTAL

Moisture, 
in . o f water at
20 on. 1 .6 4 4.12 4.30 4.29 4.26 4.53 4.44 27.58

Moisture, av. 
In . of water at 
330 c». t in *  t< 1.23 3.12

r  oast 
3.48 3.61 3.54 3.90 3.95 22.83

Moisture,
In . of water at 
wilting point 
(15 atmoopharas)

0.92 I .46 1.48 1.96 1.55 1.63 1.82 10.42

Apparent volume 
of 100 grm. 
dry s o i l 73.1 75.1 74.4 74.5 74.5 76.0 78.4

Sulk den sity
in g ./ cc . 1.37 1.33 1.34 1.34 1.34 1.32 1.28

P erco la tio n  
ra ta  in  
in ./hr. 25.6 19.8 12.8 17 .3 7.4 13.2 10.9

Pora space 
drained a t 
20 on. as 
i T.V .

18.2 13.4 10.8 11.3 11.6 10.3 12.7

Pora spaca
drained at 
330 cm. as
i T .V .

24-9 21.8 17.3 17.1 17.6 15.5 16.9

R a in fa ll 
acceptance of 
ijt i n .  of rain  
in 10 minutes

0.382 LX 1a XAitf stuo/ rob w « n  11 u n i t



armed a t*  seedbed instead o: 118  en rows t h i s  cc.reaction  «i

at least hare baan partially enrooM, as shown by Stout (19S9) 
a t  f i e l d  c a p a c ity  a t  a l l  d ep th s s im u lta n e o u sly •

. .The s u r fa c e  s t a b i l i t y  o f  th e  s o i l  under s ia u la te d  r a i n f a l l  

c o n d itio n s  l a  shown to  be p o o rf and d e s p ite  th e  food p e r o o la t io a  

r a t e s  r u n - o f f  i s  t o  bo e x p e c te d  due to  s u r fa c e  capping. a

v-  j r u j i u v  to  •

The p o re  apaoe d ra in ed  a t  20 a s .  aa e  p e rce n ta g e  o f t o t a l  

volume l a  w ell above th e  n in e  per oent l e v e l  where a e r a t io n  can 

become H a l t i n g  t o  p la n t grow th* * t i ^ t  the sone t i l l a g e  s

8 *  D is c u s s io n

At th e  o u ts e t  the a l a  o f  re d u cia g  c u l t iv a t io n  exp en d itu re  under 

Kongwa c o n d it io n s  u sin g  d i r e c t  d r i l l i n g  te c h n iq u e s  was baaed on lo c a l  

o b s e rv a tio n  o f  p easan t a g r ic u l tu r e  p roced u res fo r  a a is e  grow ing* The 

land  1b c le a r e d  and a t  th e  o n se t o f  th e  r a in s  the Mine la p la n te d  in  

sh allow  h o le s  prepared  w ith  a hand hoe* The m ech an isatio n  o f  t h i s  

system  u s in g  th e  Howard R o ta sse d e r  and op en ing  a m icro seedbed r e s u lte d  

in  com plete f a i l u r e  o f  th e  crop t o  g erm in ate* The p r ia a ry  r o o t  was 

unable to  p e n e tr a te  the bottom  o f  th e  a l i t  and w ith  ra p id  d ry in g  and 

w e ttin g , th e  seed  r o t t e d .  The p h y s ic a l a n a ly s is  o f  th s s o i l  shows 

t h s t  th e  rea eo n  f a r  t h i s  f a i l u r e  i s  undoubtedly due to  th e  h ig h ly  

ooapaoted s o i l .  In c r e a s in g  th e  w idth and depth o f th e  seedbed in  th e  

second se a so n  overcame t h i s  com paction problem  s u f f i c i e n t l y  to  en ab le  

good e s ta b lis h m e n t*  C ra in  y ie ld B  were however l e s s  than th o se  

o b ta in ed  w ith  th e  o v e r a l l  c u l t iv a t io n  tre a tm e n ts  and i t  would appear 

from th e  r o o t  grow th th a t  th e  amount o f  c u l t iv a t io n  was e t i l l  

i n s u f f i c i e n t  fo r  t h i s  s o i l  w ith  such an ad v erse  p h y s ic a l n a tu r e .

Too muoh em phasis was p laced  in  p ro v id in g  f o r  optimum 

i n f i l t r a t i o n  in  th e  o v e r a l l  system  in  t h i s  study and th e re  i s  l i t t l e  

doubt t h a t  had th e  r ip p in g  o p e ra tio n  been c a r r ie d  out under th e
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immediate seedbed in stea d  o f  between rows t h is  compaction problem could 

a t  l e a s t  have been p a r t ia l ly  overcome, as shown by Stout (1 9 5 9 ) in  h is  

work on sugar b e e t emergence. Maintenance o f  a dead weed and crop residue 

mulch between th e  rows has been shown to  Improve m oisture i n f i l t r a t i o n .  

Burw ell e t  a l  (1 9 6 8 ) r e f e r  to  t h is  system as 'cone t i l la g e *  and define i t  as 

providing s a t is fa c to r y  seedbed requirem ents while allow ing a proportion 

o f the f i e l d  su rface  a re a  to  be managed to  s a t is f y  in f i l t r a t i o n  needs by 

mulching with crop re s id u e s .

The f a c t  th a t  c u lt iv a t io n  a t Kongwa has a d e le terio u s e f f e c t  on s o i l  

s tru c tu re  (P e r e ir a  e t  a l  1958) suggests th a t  the zone t i l l a g e  system 

would have an advantage over the t i e  r id g in g  system as s o i l  d isturbance 

i s  l e s s .  T h e o re tic a l power requirem ents and th ere fo re  c o s t  o f  c u ltiv a tio n  

shoudl a ls o  be reduced. I t  should be noted  th a t maintenance o f  mulch 

a t Kongwa i s  dependent on te rm ite  ( Hicroterroes 3p)co n tro l which can be 

e f fe c te d  by applying A ldrin  to  th e  seedbed (B ig g er 1 965 ).

The b e n e f ic ia l  e f f e c t  o f  rip p ing  on m oisture in f i l t r a t i o n  i s  shown 

by th e  amount o f  w ater a v a ila b le  a t  p lan tin g  and h arvest during the dry 

season o f  1966-7  (T ab le I I ) .  A ll the ripped treatm ents had more water 

a v a ila b le  a t  flow ering than  the d is c  ploughed p lo t .  B e t te r  in f i l t r a t io n  

to  depth by rip p in g  i s  w e ll demonstrated by th e  gypsum b lo ck s (F ig s . 2 - 4 ) .  

The d e s i r a b i l i t y  o f  r ip p in g  was r e a lis e d  during th e  f in a l  s ta g e s  o f  the

O .F.C . scheme (M into, p erso n al communication, 1 9 6 8 ). Compacted regions at 

ploughing and d isc in g  depth s e r io u s ly  r e s t r i c t e d  w ater movement down the 

p r o f i l e .  This red u ction  in  i n f i l t r a t i o n  not only in creased  th e  opport­

unity f o r  su rfa ce  water ru n -o ff  and s o i l  ero sio n  but could bocome a fu rth e r 

l im it in g  fa c to r  to  crop growth in  a y ear o f  average o r below average ra in ­

f a l l  where w ater sto rag e  i s  o f  prime im portance. The d iffe re n c e  in  run­

o f f  observed between treatm en ts in d ica te d  th a t  an operation  which pro­

motes w ater en try  must be an in te g r a l p a r t  o f  the system .

The heavy ra in y  season  in  1967-8 provided con d ition s where 

m oisture was a t  no tim e lim itin g  fo r  growth y e t the m echanical 

impedance to  ro o t development w ith reduced t i l l a g e  was e q u a lly



e v id e n t a s  ooapared to  th e  p rev iou s se a so n . The ploughing and d iso in g  

tre a tm e n t*  e x h ib ite d  low er I n f i l t r a t i o n  r a t e s  as  a r e s u l t  o f  su rfao e  

s e a l in g  and a lth o u g h  g e m in a t io n  and e s ta b lish m e n t was good, l a t e r  

r o o t  developm ent was r e ta r d e d , a f a c t o r  which would r e s u l t  in  crop 

f a i l u r e s  i n  a dry y e a r  when m o istu re  would be withdrawn from th e  

f i v e  to  s i x  fo o t  ran g e ( P e r e ir a  1 9 5 8 )*  The r o o t washings tak en  a t 

h a rv e s t showed th e  re d u c tio n  in  a d v e n tit io u s  r o o ts  a t  depth under 

p lo u g h in g  and d lso  harrow in g . The p h y s io lo g ic a l  im portance o f  th ese  

r o o ts  in  r e l a t i o n  to  f i n a l  y ie ld  was s t r e s s e d  by B oatw right and 

Fergu son  (1967)* P lou ghing  a t  Kongwa, d u rin g  wet or dry c o n d itio n s , 

le a v e s  a s u r fa c e  w ith  a  low le v e l  o f  random ro u g h n ess, th e  im portance 

o f  which f o r  m o istu re  i n f i l t r a t i o n  1b s t r e s s e d  by B u rv e ll (1968) .
I n i t i a l  i n f i l t r a t i o n  i s  good but t r a n s i t o r y  as  dem onstrated by both 

th e  r e s i s t a n c e  u n i t s  and s o i l  sam p lin g s.

T h is  p re se n t work has attem pted  to  m inim ise c u l t iv a t io n  

e x p e n d itu re  and ae  a r e s u l t  has more c lo s e ly  d e fin e d  the In h e re n t 

d i f f i c u l t i e s  o f  crop  p ro d u ctio n  on t h is  s o i l  under a  p a r t i c u la r  

environm ent where t i l l a g e  re se a ro h  h o p e fu lly  could a m e lio ra te  a 

s e r io u s  p h y s ic a l  p rob lem . The evidenoe p re se n te d  su g g ests  th a t  

m echanioal impedance shou ld  be regard ed  a s  having a w idespread 

in f lu e n c e  on the growth o f  r o o ts  r a th e r  th an  a f a c t o r  th a t  o p e ra te s  

on ly  in  u n u su a lly  s tro n g  s o i l s .  ' * *

The p h y s io s l p r o p e r t ie s  o f  th e  s o i l  whioh in flu e n c e  th e  

beh av iou r o f  p la n ts  are  r e l a t i v e l y  few b u t t h e i r  in t e r a c t io n s  are  

so  com plex a s  to  make i t  a lm ost im p o ss ib le  to  re a ch  q u a n tit iv e  

c o n c lu s io n s  w ith r e s p e o t  to  th e s ig n i f i c a n c e  o f  in d iv id u a l f a c t o r s .

Some, though c e r t a in ly  n o t a l l ,  o f  the co n fu sio n  and non r e p r o d u c ib i l i ty  

o f  the r e s u l t s  s b s t r a e te d  from th e  l i t e r a t u r e  i s  due to  th e  la c k  o f  

u n ifo rm ity  in  th e  methods whereby s o i l  p h y s ic a l  c o n d itio n s  a re  a l te r e d  

f o r  ex p erim en ta l p u rp o ees . The i n t e r p r e t a t io n !  o f  r e s u l t s  o f  th e se  

many and v a r ie d  exp erim en ts in  term s o f  one v a r ia b le  a lon e i s  only 

v a l id  i f  ‘ su b -o p tim al* l e v e l s  o f  o th e r  f a c t o r s  are  shown to  be ab sen t in
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a l l  t r e a tm e n t* , These c o n d itio n s  can be s a id  to  b e , fo r  a l l  

p r a o t io a l  p u rp o ses , f u l f i l l e d  under f i e l d  c o n d itio n s  a t  longw a.

The s t a t u e  o f  our u n d erstan d in g  o f  th is  problasi does p e r n i t  th e  

r e s e a r c h  worker w ith  a c c e s s  to  in fo r a a t io n  on s o i l  t e x tu r e ,  pore 

s i s e  d i s t r i b u t io n ,  a v a i la b le  w ater e to *  to  a n t ic ip a te  i n t e l l i g e n t l y  

where com paction p ro b le a s  a re  l i k e l y  to  a r i s e  and to  d iagnose the 

e x is te n c e  o f  s o i l  c o n d itio n s  u nfavou rab le  to  p la n t growth because 

o f  com paction*

The a p p l ic a t io n  o f  t h is  work and i t s  minor c o n tr ib u tio n  to  

p la n t~ a o i l~ c lim a ts  r e l a t i o n s  o f th e  Kongwa a re a  should h elp  to  d e fin e  

th e  ^ob th a t  a  t i l l a g e  to o l  a u st do* The f a o t  th a t  s o i l  m echanics 

has b een  th e  d oaain  o f  th e  en g in eer has been a handicap i s  a ttem p tin g  

to  ap p ly  th e  s u b je c t  to  agronom ic p roblem s, the s o lv in g  o f  whioh o u st 

preoede th e  d ev elop aen t o f  a g r ic u l tu r a l  m achinery cap ab le  o f  over­

coming such f a c t o r s  as  m ech anical inpedanoe in  th a  growth o f crop s*

9» C o n clu sio n s

The r e s u l t s  in d ic a te  th e  im portance o f  th e s o i l  p h y s ic a l 

p r o p e r t ie s  in  d e te rm in in g  th e  growth o f  m aise and th e  n e c e s s i ty  fo r  

c u l t iv a t io n  a t  aoae l e v e l  o f  in t e n s i t y  to  e l l s v i s t e  th s com paction 

problem * D iso p lo u g h in g  and harrow ing combined w ith  p la n tin g  on the 

f l a t  h as been shown to  be i n e f f i c i e n t  i n  term s o f  s o i l  and water 

c o n s e rv a tio n *  The o p e ra tio n  i s  ex p en siv e  and in e v ita b ly  in v o lv es  

a d e la y  in  p la n t in g  w h ile  the lan d  i s  b e in g  prepared*

R ip p in g  p r io r  to  th e  commenceeent o f  th e  r e in s  has been shewn 

to  be e f f i c i e n t  in  co n se rv in g  e a r ly  r a i n f a l l .  One subsequent o p e ra tio n  

whereby a l l  n ao essary  seedbed p re p a ra tio n  end p la n tin g  i s  done as  a 

combined o p e ra tio n  would make optiaum u se  o f  r a i n f a l l  and improve th e

r e l i a b i l i t y  o f  crop p in g  to g e th e r  w ith e  re d u ctio n  in  c u l t iv a t io n  c o s ts *



The developm ent o f  e zo n al t i l l a g e  system  h o ld s p o te n t ia l  

ad van tages over th e  t ie d  r id g e  system  In  term s o f  reduced 

c o s t  and s o i l  s t r u c t u r a l  d e te r io r a t io n .

Y>. THE EFFECT OF DIFFERENT WIDTHS AMD DEPTHS OT COLTIVmOW OS
TIP' FKOtfTH AKP YIELD 0T MATES OTTPHt THE ZOWAL mLA<» SYBTEM

amme ametL c a n  till in —1 natl ***i With changing tilla g e  iiToneduree1 . Background

The f a i l u r e  o f  d i r e c t  d r i l l i n g  a t  Xongwa and th e  ou tstan d in g  

su o ce ss  o f  th e  same te e h n lq u e  w ith  wheat e s ta b lis h m e n t, d e scrib e d  f 

l a t e r ,  a t  West K ilim a n ja ro  p resen ted  an i n t e r e s t i n g  problem on the 

amount o f  t i l l a g e  n e ce ssa ry  on d i f f e r e n t  s o i l s  to  ach iev e  y ie ld B  

com parable w ith th o se  f * o a  o v e r a ll  t i l l a g e  in  the f i r s t  se a so n .

Prom a  c r i t i c a l  a p p r a is a l  o f  the Kongwa d ata  in c lu d in g  p la n t 

p o p u la t io n , ro o t  growth and s o il/ m o ie tu re  r e la t io n s h ip s ,  i t  was 

ap p aren t th a t  m ech an ical impedance to  r o o t  growth was m ainly 

r e s p o n s ib le  f o r  i n i t i a l  crop f a i l u r e  and reduced y ie ld s  in  th e  

second s e a so n . There appeared to  be two se p a ra te  c o n s id e ra t io n s , 

f i r s t l y  th e  p re p a ra tio n  o f  a  seedbed s u f f i c i e n t  f o r  germ ination  

and e s ta b l is h m e n t , and seco n d ly  t o  overcome th e  s o i l  com paction 

e x i s t i n g  to  depth which in h ib i te d  su bsequ en t development and 

in flu e n c e d  y i e l d .

S o i l  tem p e ra tu re , m oistu re  and a e r a t io n  are  r e la te d  in  vary in g  

d eg rees  w ith in  a com pacted s o i l  and have some b e a rin g  on the 

r e s i s t a n c e  met by r o o ts  in  the s o i l  and on t h e i r  a b i l i t y  to  overcome 

i t .  Any d ep a rtu re s  from  th e  range o f  optimum v a lu e s  f o r  th e se  

p r o p e r t ie s  w il l  redu ce th e  a b i l i t y  o f  r o o t s  to  p e n e tra te  (Hawkins 

and Brown, 1 9 6 7 ) .  The c u rre n t thought t h a t  la c k  o f  y i e l d  resp o n ses



using minimal t illa g s  practices elsewhere (Austin, personal 
communication, 1969) «ay ba due to seohaaioal impedance as a 
resu lt of too l i t t l s  t i l la g e  is  beooaing mere prevalent*

Mew agricultural teoimiques often resu lt in the need for a 
reappraisal of trad itional praotioes. tilth reduced tilla g e  the 
capacity of the s o il  to conduct and reta in  air and water and the 
requirements of the roots to be free to explore the whole so il 
sons need careful exam nation* tilth changing tilla g e  procedures 
there i s  a growing appreciation of the signifioanoo of tho influence 
of the physical condition of ths so il on plant growth* For such s 
broadly defined property as so il structure,however, weny evaluating 
procedures have been developed which d iffe r  not only in prooodural 
d etails but in tho identity of the particular characteristics that 
are measured* A complete physical description of the structural 
condition of the aoll i s  essentially  impossible although measurable 
factors that servo as indicators of so il structure have been 
described in  the review*

In ouch of tho litera tu re  indirect measures of soil physical 
oharactsristies have boon employed as independent variables in 
regression equations* These are based on penetrometer readings, 
haamer blows etc* and can be used (Tomedal 1957) to predict the 
e ffe c ts  to be expected with the so il tasted , for a particular crop 
■nri under identical weather conditions as obtained during tho 
ST|iei I H I M  periods* Obj active was to be able to gxw sm

Those empirical aeasurcs of mechanloel resiotanoo have in the
past contributed l i t t l e  towards a real understanding of ths reason 
for inhibited growth and provide l i t t l e  scops for generalisation! 
nevertheless their value in diagnosis of a compaction condition

is  undisputed*



Tha literatu re  reviewed has described, the anxious forces which 
can be exerted by roots, and c r it ic a l values of balk density have 
been established for various crops* I t  i s  certain that under 
conditions which inhib it root growth there can be no doubt about 
the need for increased s o il disturbance* What is  much less d ear 
ia the e ffe c t  on root growth function and yiold of noil roaistancee 
below tho U niting value and hence the level at which tilla g e  
becones essential (Hawkins and brown, 1967)* There also ex ists  s 
certain  confusion ns to the difference between noil compaction and 
seedbed consolidation.!i Tho resu lts reported shew e general increase 
in yield  with increasing bulk density or a r t i f ic ia l  oeapaetion 
(Haath 1937, Stranak 1968) to an optimal value followed by *  narked 
doersaae in  yield*

Many f ia ld  experiments reviewed have demonstrated significant 
roduotion in  yiold with lnareanee in bulk density. The level of 
bulk density which Mused reduced yields on one so il night not 
c r i t ic a l  on a d ifferent s o il  an there are other contributory factors*
The n olle  are typical of most of Dodoma and Siagida regions, being

The plant in compacted so il msjr respond to alterations in 
mechanical impedance, aeration snd Moisture availability  within a 
c r it ic a l  density range fo r  a given set o f olimatic conditions. 
Kosonburg (1964) has stated  that the relationship of plant response 
to compaction, i f  expressed over s  wide enough range, is  * c-r^Lol
o ff the highlands by rivers aad surface wash* Rainfall* (Macartney

In thie work the objective was to be able to give some guidance 
on the umount of t illa g e  necessary on four widely representative 
•oil types of Tansania through obssrvations on plant

2 . dxperimsntal Frocedars

The f i r s t  two t r ia ls  oarrisd out mi iengsru and kongwa during 
the dry aeaaon wars pursly obssrvational in an attsspt to ascertain



w hether re d u e tio n  in  t i l l a g e  was in  f a c t  a  p r a c t i c a l  p o s s i b i l i t y  

on th e s e  two high bu lk  d e n s ity  s o i l s  which both  showed symptoms 

o f  com paction* The Howard R o taseed er was m od ified  to  g iv e  

1 i n . ,  4  i n * ,  6 i n * ,  12 i n .  and 18 in *  w idths o f  c u l t iv a t io n  

(F ig *  7) w ith  v a r ia b le  d ep th s o f  c u l t iv a t io n  p o s s ib le  by ad ju stm ent 

o f  th e  w orking d epth c o n t r o l .  As a r e s u l t  o f  the d if fe r e n c e s  in  

p la n t  p o p u la tio n  and p la n t  h e ig h t observed between the d i f f e r e n t  

t r e a tm e n ts , fu r th e r  t r i a l s  were l a i d  down a t  Kongwa during th e  

fo llo w in g  ra in y  seaso n  and a ls o  a t  Saabwa and West K ilim a n ja ro .

These ex p erim en ts  w ith th e  sane tre a tm e n ts  were f u l l y  r e p lio a te d  

and more com prehensive p la n t  v igo u r re c o rd in g s  were aade*

3* axperini.ntul Soil Types

The Kongwa s o i l  has been d e sc r ib e d  in  th e  p rev io u s s e c t io n *

The West K il in a n ja r o  s o i l  i s  d e scrib e d  l a t e r  in  th e  t e x t .  Sambwa, 

a s u b - s t a t io n  o f th e  M in is try  o f  A g r ic u ltu r e , l i e s  on th e w estern  

f r in g e  o f  M asalland a t  th e  fo o t  o f  th e  Kondoa Highlands escarp m en t.

The s o i l s  a re  ty p io a l o f  most o f  Dodoma and S in g id a  r e g io n s , b eing  

red d ish -b row n  sandy lo a n s , l i g h t  te x tu r e d , and c o n ta in in g  about 

80 p er c e n t  sand in  th e  s u r fa c e  h o riso n * They a re  d erived  from 

g n e i s s e s ,  q u a r t s i t e s  and s c h i s t s  o f  th e  Basement Complex and would 

f a l l  in t o  th e  F e r r a l l i t i c  Groups a s  d e s c r ib e d  by D'Hoore (1964)*
The a r e a  i s  ex trem ely  e r o d ib le  w ith  sandy m a te r ia l brought down 

o f f  th e  h ig h lan d s by r i v e r s  and s u r fa c e  w ash. R a i n f a l l ,  (Maoartney 

1966, 1967) has averaged  26*9 i n .  (683 mm.) over f iv e  growing 

se a so n s  where re c o rd s  were a v a i la b le .

The Tengeru s o i l  i s  d e s c r ib e d  as a T ro p ic a l V e r t is o l  or ' Mbuga’ 

c o n ta in in g  about 60 p er c e n t d a y  sod 20 p er cen t s i l t  in  the 

s u r fa c e  h o r is o n s . T h is  compact oloddy c la y  e x h ib i t s  ty p io a l 

v e r t i c a l  c ra c k in g  d u ring th e  dry seaso n  and althou gh o f  h ig h  f e r t i l i t y
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i s  n o to r io u s ly  d i f f i c u l t  t o  work when w et.
lyoT-oo using the sees treatments hut with three replioatei

sim!  treatments randomised . Helse was pleated os the 16 Jhcssber 
C irc u m sta n tia l ev id en ce  o f  s o i l  com paction e x i s t s  fo r  th e

t s  eee pleat at M ern ao i• Papulation m r t i i  were recorded 
Kongwa, Sambwa and Tengeru s i t e s .

wm sms 2 3  and 27 moesher sad 2 January. Plant heights whra
* * * * * *  * *  3 **d 11 Jamaary. The t r ia l  was harvested ea the

4 .  F ie ld  O perations
o  MW Ihd grain weights being reoerded. he nappies*atai

T en geru . The o b s e rv a tio n a l t r i a l  was la id  out on a B la ck  Rbuga 

s o i l  which had been under Rhodes g ra s s  ( C h lo r is  gay a n a ; le y  fo r  th ree

y e a r s .  P r io r  to  c u l t iv a t io n  a hay cu t had been ta k e n . Band spraying
'f lM tju y L£M u are. The saaa width treatments each at 1 1ti» and 

w ith  Cranoxone W a t  th re e  p in ts/ s j. ray ed  a c r e  was c a r r ie d  out on the

27 June 1^67 fo llo w ed  by c u l t iv a t io n s  two days l a t e r .  F iv e  ru n s each

o f 40 y d . u sin g  d i f f e r e n t  depth s e t t in g s  gave 13 d i f f e r e n t  tre a tm e n ts

co m p risin g  th e  f iv e  w idths a t  depths o f  l i  and 2$ i n .  to g e th e r  w ith

an a d d it io n a l th re e  w idths a t  3 j  i n .  The 3| i n .  deep c u l t iv a t io n ,

at the 4 i n .  and 18 i n .  w idths was not attem p ted  due to  th e  s t r a in

which would r e s u l t  to  th e  R o taseed er b e a r in g s .

R a iz e  v a r ie ty  M6 was p la n te d  by hand on the 29 June and 

p o p u la tio n s  were reco rd ed  on the 25 Ju ly *  fo u r weeks a f t e r  p la n t in g .

Koi^.wa dry se a so n .  The e xp erim en ta l a re a  was sprayed o v e r a ll  

w ith  Gramoxone W a t  th re e  p in ts / a c re  and c u l t iv a t io n s  c a r r ie d  out on 

11 J u ly  1967 u sin g  th e  Howard R o ta se ed er with th e  same width 

s e t t i n g s .  Depth o f c u l t iv a t io n  acttarsd  waB two and four in c h e s , 

g iv in g  te n  n o n -r e p lic a  te d  tre a tm e n ts . R a is e  was p lan ted  a t  a  one fo o t 

sp acin g  on the fo llo w in g  day and i r r i g a t e d  fr o a  a w ater bowser 

c a rry in g  a two fo o t  wide spray r e s e r v o i r .  At a predeterm ined  t r a c t o r  

speed th e  spray d e liv e re d  was 178 g a l ./ p lo t  e q u iv a le n t to  one a c re / in c b . 

f a r t h e r  i r r i g a t i o n  was c a r r ie d  ou t as and when i t  was co n sid ered  

n e c e ssa ry  to  m aintain  optimum growing c o n d it io n . T hinning was c a r r ie d  

out on th e  18 J u l y .  For re c o rd in g  p u rp oses th re e  s u b -p lo ts  each  38 yd . 

lon g  wars pegged out and p la n t p o p u la tio n  counts tak en  on 2 0 , 2 4 , and 

27 J u ly  to g e th e r  w ith p la n t  h e ig h t measurements on th e  25 J u ly  and

1  i u m a t .



Ill

Kongwa wet season. This tr ia l  was repeated during tha rainy 
season of 1967-68 using the saae treataents but with three replioatea 
and treataents randomised. Raise was planted on the 16 Deceaber and 
thinned to one plant at emergence. Population counts were reoorded 
on the 23 and 27 December and 2 January. Plant heights were 
measured on the 3 and 11 January. The t r ia l  was harvested on the 
25 April 1 both 00b and grain weights being recorded. No suppleaentary*1 I
irrig ation  was necessary during a heavy and well distributed ra in fall

»a |season*

Meet Kilimanjaro. The same width treataents each at 2 in . and 
3& in . depth of cultivation were included in a replicated tr ia l  and 
planted with M6 maize (P late 24) after spraying with Graaoxone on 
the 23 January 1969. Due to the early arrival of the long rains

went or cement <o« t n e ic i i

i t  was not necessary to irr ig a te . Plant heights and populations
were re c o rd e d  on th e  19 F e b ru a ry , 4 March and 20 March.

Saabwa.  An e x a c t  r e p l i c a t e  o f  the West K ilim an jaro  t r i a l  was 

e s ta b l is h e d  a t  Sanbwa on th e  28 Jan u ary  1969* P o p u la tio n  a f t e r  

th in n in g  a t  one, two and th re e  weeks to g e th e r  w ith p la n t h e ig h t 

m easurem ents a t  tw o, th r e e  and fo u r  weeks were re co rd e d .

— -* !«*■— «• st«i
5. K e s u lts

.e<* see**

The p la n t  p o p u la tio n  reoorded  a t  fo u r  weeks a f t e r  p la n t in g  fo r  

d i f f e r e n t  w idths and d ep th s a t  Tengeru i s  p resen ted  in  F ig u re  8 .

Although this t r ia l  was not designed to give an indication of 
optimum width and depth of cultivation for seedbed preparation for 
th is s o i l ,  certain d efin ite trends are evident on the re lativ e  
importance of the amount of cultivation. The 1 in . x l i  in . 
treatment which fa iled  completely at Kongwa during 1966-67 gave 
only 50 per cent of the optimum population under the less rigorous 
climate of Tengeru. Seed germination and establishment appeared to
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c u lt iv a t io n  eave only a mn^<nii . 1.1 . — -----

be closely related to depth of cultivation with a steady improvement 
from  1$ in* to 3£ la .  at a l l  cultivation widths. I t  was anfortuaate 
th a t  the 4 in* and 18 la . width using deep cultivation was net 
included but nevertheless i t  appears that 6 la .  by 3$ in. is
necessary to give an accsptabls population.

At JCongwa during the dry season tr ia l  plant populations and la 
heights were recorded during the f i r s t  three weeks o f the establishment 
period and are presented in Figure 9 and Table /fy..

p r a c t ic a l  significance, as under marginal rainfall co n d itio n s early,

TABLE 11+ AVERAGE HEIGHT MKAbURfiHSHTS (cm.) OF MAIZfi AT KOMGMA 1967

139

Depth of 
cultivation 2" 4N

/Oats 25/7/67 3/8/67 25/7/67 3/8/67

1* <̂=ing ar act11*69 rac 21*93 8.78* 19*69

4" 11.11 16.41* 9.73* 20.90
: .ant u>..

8*v«n in Figuri .  i i V u  t 23.83 11.01 22.65IM Table 15.
12" 9.72* 19.67* 14*80 25.20

18" Duritl 13.35 23.60 14.61 24.20

Kean t ‘Jr'°bl 11.75 21.09 d* 1; 11.79 22.53
hioUt 4 nrh/*<t

1 fo c t  not* s o  ,)ronouQc^ ’ with x. ns f .ic o c r  c'/ Lt
• P lo t s  a f f e c t e d  by t r a c to r  wheal com paction during w atering

0 f  width Of CUitiVStiOfl pfl pOpUl4tioU OOUDT d fttr  17 is js  i# Highly 
At th e  f i r s t  stan d  cou nt nine days a f t e r  p la n tin g  th e r e  was a
riWolT \ r /  evUi/ AHu OX QipTn \* / /

ra p id  improvement in  p o p u la tio n  reoord ad  a t  th e  fo u r  in ch  d epth ol 

c u l t iv a t io n  w ith ra p id  in c r e a s e s  in  w idth up to  e ig h t  in o h e s . Wider
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cu ltiv ation  gave only a marginal b en efic ia l e f fe c t . The increase 
in  population at the four inch width of cultivation  compared with the 
one inch was marked at both depths. At the 18 in . width the estab­
lishment was good at both depths but b etter with deeper t i l la g e .  
Increasing the width of cu ltivation  would appear to compensate somewhat 
for the lack of depth.

A la te r  recording a t  th irteen days a f te r  planting showed l i t t l e  
d ifferences between treatm ents. The delay in germination a t the one inch 
and four inch width of cu ltivation  la quite s tr ik in g . This has a 
p ra c tica l s ig n ifican ce , as under marginal r a in fa ll  conditions early , 
even germination is  esse n tia l to reduce the p o ssib ility  of e r ra tic  stands 
resu ltin g  from surface crusting following ra in . The resu lts are very 
variable in some cases due to  wheel compaction over the rows during 

watering.

Plant height measurements three weeks a fte r  planting show a gradual 
and consistent improvement up to the 12 in . width of cu ltivation  at the 
four inch depth. S ta t is t ic a l  analysis was not possible due to  five 
plots being affected  by tra c to r  wheel compaction during watering.

Plant heights and y ie ld  for the Kongwa 1967-8 rainy season are 
given in  Figures 10 and 11 together with plant populations Table 15 .

During the 1967-8 season ra in fa ll was well above average with a 
good d istribu tio n  and the s o il  p ro files remained at or near f ie ld  
capacity throughout the season. The delay in germination ia  again 
marked fo r  widths less than eight inches a t the two inch depth of 
cu ltiv a tio n . This e f fe c t  is  not so pronounced with the deeper c u lti­
vation. At both depths of cu ltivation there is  a r ise  in the number of 
plants established up to  the eight inch width treatments. The e ffe c t 
of width of cultivation on population count a fte r  17 day* i s  highly 

s ig n ifica n t ( P ^ .001) and of depth (P 7 0 .05)
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TABUS 16* POPULATION COUNTS, KOBOWA 1967-66

Depth Width Total Population of Three Replicates
7 days 11 days 17 days

1* 174 209 217

ngure ; 4 "bv 169 183 194

2" 8" 238 s it  251 297
occurro 12" 1 th o u g h t i

239 260
depth a

18" 230 .  w x M 254

rt» * £ * 1" 218 .-MY (226 229

4* 213 218 223
oca;3r* O" - 240 253

12" M*k j251 257 263 h.t.(Depth)»0.6
at 17 days

18" 253 255 257 c.v . .  9*

Figure 10 shows clearly the importance of increasing depth of 
cultivation on plant vigour during the establishment phase* Width 
of cultivation appears le ss  c r it ic a l at th is  stage although the 
e ffect ie  s t i l l  highly sign ifican t s ta t is t ic a lly  (P>0*001). There 
is  no sign ifican t interaction between width and depth*
f l i  T 3}•» v */■ 33*^ *7.7 i 1 *1 J5«P 3-’*8 j ^

Plant heights recorded after 26 days show that growth is  checked 
at the one and four inch widths of cultivation even at the 3j* in . 
depth* With the two inch depth the graph levels out at the eight inch 
width level but continues to r ise  with the deeper cultivation . The 
sain e ffe c ts  of width and depth are highly significant (P>0.001). The 
interaction  between width and depth is  also significant (P>0.05).

dean 8 l . l  79«® *4*7 84.8 83.0



iM

The main effects  of both width and depth of cultivation on yield 
are highly sign ificant (P>0.00l). Width of cultivation is  moot 
important over the range of widths and depths included. The 
sign ifican t interaction (P>C.G1) indicates that for a given depth 
there is  an optimum width of cultivation.

Figure 11 shows the rapid r is e  in yield which resulted from increased 
width of cultivation up to eight inches. As no increase in yield 
occurred beyond the eight inch width at eith er depth, increasing the 
depth of cu ltivation  toy ripping nay well give improved yield responses 
a t 12 in . or possibly Id in . width.

TAHLE lfc MEAN PLAIT HEIGHTS (cm.) RECORDED AT 4 WEEKS, WEEKS 
AID 8 WEEKS. WEST KILIMANJARO 1969

N.9.
C.V. m $.1%

N.S. 
C . V .  m

N.S.
C.V. -  1 .1*

1 ---------------- r\ M id th 1" 4" 8" 12H 18" MEAN
■ A *  \

Depths

2" 22.0 21.2 22.1 20*3 22.7 21.7

4 Weeks 22.0 20.8 22.3 21.7 21.3 21.6
O S  1 1 • Nona 22.0 21.0 OO O 22~0

5* Weeks

2* 35.8
[ : 12 .1  

36.2 37.7 37.5
14*.

37.4 36.9

31" 36.4 35.9 37.7
I 1X2«C

38.1
I 1 j f l

35.8 36.8

Mean 36.1 36.1
” * T

37*8 36.6

- :2Q.< i | i « M 23*1
: ■J. . - 4

2" 79.8 79-0

80.5

85.4
1 - —

83.4 85-7
■ — —

82.7
■—4

8 Weeks 82.4 84.O 86.1 80.3 82.7

_______________________

Mean 81.1
—

79.8
1

84.7
—

84.8 
---------- J

83.0
_____ ___________1



Th* mean plant heights for the width and depth treatments at 
West Kilimanjaro are given in Table )6 . Rainfall recorded during 
the growing season was more than adequate to  maintain a satisfactory 
moisture statu s. There were no significant differences between 
width or depth of cultivation and plant vigour. There la a 
suggestion that increasing the width to eight inches has assisted 
growth a t the two inch depth. Populations remained oonstant and 
optiaua froa the f i r s t  recording.

The mean plant heights from the Sambwa tr ia l  during the f ir s t
four weeks of growth are presented in Table 17«

TABUS 17 MKAh PLjlNT HEIGHTS (cm.) RECORDED AT 2 HUSKS, 3 HBEKS 
AMD 4 KEEKS. SAMfiHA 1569

\Width

\  ' 
Beptk^

1" 4M 8" 12M 18" NEAR

2" 9.6 9.6 9.4 10.5 10.4 9.9

2 Weeks 31" 9.6 10.4 9.0 9.9 10.0 9.8

Kean 9.6 10.0 9.2 10 .2 10.2

2- 12.4 12.7 12.2 13.8 14.3 13.1

3 Weeks 31- 13.0 14.3 12.9 13.8 14.4 13.7

ttean 12.7 13.5 12.6 13.8 14.4

2" 18.2 19.1 18.1 19.8 21.4 19.3

4 Meeks 31" 20.7 20.4 18.9 22.0 23.7 21.1

Mean 19-5 19.8 18.5 20.9 22.6

H.S.
c .v .
S.E .

C.V. -  6 .5* 
S.E.(Width)«0.4 

(Depth)-0.:

C.V. .  10.6ft 
S.E.(Wldth)-0.! 

(Depth)aO.1
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There are no significant differences in plant heights at two 
weeks. After three weeks the effecte of both width and depth of 
cultivation are significant (PVo.05). There ia  a suggestion that 
increasing the depth has had sore e ffect at the narrow widths of 
cultivation but the overall interaotion is  not sign ifican t. At 
four weeks the depth of cultivation only has a significant e ffe c t 
(PX)## A *etatiea  of r%milXm la  of M chemical ispedanoe alone

Bulk density Measurements were taken from  a l l  s i te s . Eight
A V v V l u  e t  I M t f A i l f  o f  I Q J l s  •  • * *  * “  “  *  •

cores were sampled at random over the experimental area at 0—5 end 
5-10 cm. in  depth. The means are presented in  Table IS .

nine per cent of the to ta l volume, th is  Is  the c r i t i c a l  value 
TABLE 16 MEAN BULK DENSITIES IN Crm./cc. TAKEB IlOH EIGHT SITES

OVER TEE EXPERIMENTAL AREA The f.,taBrai Cv - a .  1

SITE alu ati 
is t  anti

TENÔ RO

KONOHA

HBSt KILIXANJAEO

SAMBWA
0 Xu so1X

BULK DENSITY (grm ./ce.)

0 - 5

1.49

1.37

0.85

1.48

5 - 1 0  cm.

1.33

1.33

0.87

1.45

00ting. 
1 Shle

to
hum 19621

spsadsat 
t  growth 
960) .

It



6 . D iscu ssion

At thres s its s  Tengeru, Kongwa and bambwa, both the width and 
depth of cultivation have at sons period had a significant e ffe c t 
on plant population and growth. These so ils  are very d ifferent in 
texture and f e r t i l i ty  but a l l  have a high bulk density. The 
interpretation of resu lts in terns of neohanloal impedance alone 
is  only valid  i f  sub-optimal levels of other faotors are shown to 
be absent. During these t r ia ls  the plant moisture relationships 
were not lim iting and resu lts  of so il structural analysis showed 
that on a l l  so ils  the pore space drained a t 20 ca. was more than 
nine per cent of the to ta l volume. This i s  the c r itic a l value 
below whioh aeration may become lim iting (Hosegood 195^» O ill and 
Miller 1956, Phillips and kirkham 1962). The general overall 
reductions in plant vigour with reduced til la g e  do therefore suggest 
mechanical impedance as being the causal agent. There is  strong 
support in  the literatu re  for the use of bulk density measurements 
as c r ite r ia  for the evaluation of physioal resistance to rooting.
In these t r ia ls  circumstantial evidence is  consistent with th is 
assumption. The so il density above which roots do not penetrate

1 • i111 ^
is  not necessarily the same for a l l  so ils  (Veihmeyer and 
Hendrickson, 1948) but for a particular s o i l ,  above a certain bulk 
density le v e l, the growth of seedling roots have been shown to 
decrease with increasing bulk density (P h illip s and Kirkhaa 19^2, 
Rosenburg and W illita 1962) ,  a relationship which held independently 
of free pore space. In so ils  with a high bulk density root growth 
was restric ted  to the topmost layers (Plocker and Manary i 960) .

The populations obtained at Tengeru and in both kengwa tr ia ls  
show that the depth of cultivation is  more important than width 
provided a certain minimum width i s  cultivated. Responses to 
increases in width greater than eight inches were small. Depth of



cultivation was also more important than width at Sambwa although 
overall responses to cultivation intensity ware lower than those 
obtained a t Kongva. Both Sambwa and Kongva exhibit high bulk 
deneitiee but the pore epaoe drained at 20 cm. on the Saabwa so il 
is  approximately twice that of the Kongwa s o il .  0 *

a X l l l B  v X O B > ' . ‘ O C t t l Q i .  f  t f X V n  O U J l t l T B  e i B I l e

With seedbed preparation limited to the one inch by two inch 
deep level on the compacted s o ils , i t  was observed that the 
developing root system was unable to penetrate easily the walla and 
bottom of the cultivation * s l i t * .  Reduced germination in compacted 
so ils  has also been noted by Phillips and Klrkham (1962) and Kulota 
and Willlame (1967)* The la tte r  also showed a close correlation 
between establishment and compaction using bulk densities. The 
delayed emergence factor with minimal seedbed preparation was also 
noted by Flocker and Nenary (I960) and Morton and Buchele ( i 960) 
who stated that the energy required for seedling emergence increased 
with increasing bulk density. Compacted s o ils  low in organio matter 
are generally more widely representative of marginal ra in fa ll araae 
(Russel 1964) where early and rapid establishment are of prime 
importance (Macartney 1964)* With satisfactory  moisture regimes 
during these t r ia ls  the plants were able to establish but the delay 
observed could cause eventual crop fa ilu re .

When the maise plants have become established i t  would appear width 
Of cultivation assumes more significance than depth} a a tag e  whioh 
corresponds with the development of the la te ra l roots. At -.ongwa 
plant height at 26 days a fter germination showed a defin ite reduction 
below the four inch width of cultivation even at the 3$ in . depth.
The interaction between width and depth was also s ig n ifican t.

I d Q f l g  p l S v  r O T  4  w w »  p o l i o  ft  » 1 V Q  Q w W w T 'M  |  •  t  tW  • "  *  ■ '  T *  *** **

Although only one t r ia l  was continued for yield estimations, the 
bulk of the literatu re  records yield reductions caused by compaction. 
Tlold decreases with increasing bulk density above certain levels 
have been reported by Adams St al (I960), Flocker e t al (1959)1



Barar and Farnsworth (1940) and Blake at al (i960) working with h I m .
At Koneva width and dapth of oultlration and their interaction have 
had a Bignificant affaot on /laid. The optima width of cultivation 
appears to bo tha eight inch level and there sooaa l i t t l e  to bo
gained by increasing this except possibly with deeper cultivation.

plant growth the pons lb i l l  ty of ripping or ci.iee* piavpuai 1 •

The cocapaoted so ils  of Kongva, Sambwa and Teageru are d ifficu lt 
and expensive to cultivate. When dry, the power requirement ie 
uneconowically high for the ploughing operation. Overall tillag e  has 
been shown at Kongwa to oause further aerloue structural deterioration,
a rapid oxidation of the organio faotion and reduoed aggregate 
s ta b il ity . I t  is  on soils of this type that tha niniaal cultivation 
principles have the greatest praotlcal applioatioa. Direct drilling 
using the absolute wininuw of tillage for aeed placement has beea 
shown to be unsuccessful. At tha other extrewe, i t  ie of no benefit 
to consider a cultivation width greater than 18 in. which, with a 
three foot row crop such as sal is , gives 50 P*r °*B* *^s surface
cultivated, bearing in mind the advantages of neiateining an inter-row 
b u t face nulch for erosion control and water in filtration .

3« The seedbed environwent required for plant awargenoa has not yet 
been described in precise terns for factors ouch as soil woioture 
content, seedbed tilla g e , depth of planting, nwount and position of 
compacting pressure, aeration and aechanioal impedes©# to rooting.

m  r * Mr lj^ r t ' 1

There Is  clearly a lim it to the resistance that plant roots can 
overcome. When so il conditions which prevent root growth oocur there 
can be no doubt about the need for tilla g e . Below these c r it ic a l 
densities for root penetration howemr, i t  1 . not e l - V  c l e r  when 
increased tillag e become advieeble. Any tillag e  ep er.tio . which bring, 
about a reduction in  re .i.ten oe would almoet o ^ t.in ly  ensure that the 
other important .o i l  proparti., - r e  within tha d a .lr .b l. range a . far 
as external factor, p sn lttsd . The e ff .o t of t i l le g . U  Ime.mimg m il



is  generally considered desirable in that physical conditions necessary 
fo r germination, emergence and early growth are produced.

On the three compacted so ils  described i t  is  evident that for 
good germination and optimum plant populations i t  is  necessary to  t i l l  
to  at le a s t  three inches during seedbed preparation. For subsequent 
plant growth the p o ss ib ility  o f ripping or ch ise l ploughing at three 
foot centres should be considered. S ignificant increases in yield have 
been reported from ch ise llin g  compact so ils  during the dry season by 
Doneen and Henderson (1953), Savenson et a l (1958) and Raney e t a l (195*0 
A response to  rooting depth by ripping was also recorded by Carter et a l 

(1965).

7. Conclusions

(a) The resu lts of th is  work show that direct d rillin g  o f maize 
can be unsuitable on s o ils  which show mechanical impedance to  root growth 
This fa c to r  has been shown to be overcome by using both wider and deeper 

cu ltiv a tio n .

(b) On the ’ compacted s o i ls ’ , Tengdru, Sanbwa and Kongwa a 
seedbed o f eight inches in width by four inches in depth was necessary 
to  give optimum population and vigour. West Kilimanjaro s o i l  with i t s  
lower bulk density was id eally  suited to the d irect d rillin g  techniques.

(c )  Depth o f cu ltivation  assumes greater importance during 
germination. With d irect d rillin g  on compacted so ils  reduction in 
population together with delayed emergence can have a serious e ffect 
on plant vigour. Width o f cu ltivation  becomes important during the 
establishm ent phase with la te r a l  root development.

(d) S o il compaction problems are very relevant in Tanzania where



a largo proportion o f the s o ils  are formed from aged, intensely 
weathered rock under low r a in fa l l  conditions. With the lim ited 
application o f the d irect d rillin g  technique and the expense and 
in effic ien cy  o f overall cu ltiv atio n , there is  a need fo r the 
acceptance of a mechanised zonal system with i t s  economic and agronomic 
advantages.

(e) The minimum amount o f cultivation necessary w ill vary with 
the s o il  type and probably also  with the crop planted. I t  w ill be 
necessary to  investigate the e ffe c t  o f t i l la g e  on a wide range of so il 
types and crops by observations on plant growth.
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C. STUDIES ON COMPARISONS OF DIFFERENT CULTIVATION TREATMENTS OH YIELD. 
POPULATION. DISTRIBUTION OF SOIL MOISTURE. ROOT GROWTH ETC. WITH 
WHEAT AT WEST KILIMANJARO

1. Agriculture and Soils

The western slope of Mt. Kilimanjaro which l ie s  between **,500 -
7,000 f t .  a ltitu d e is  a major wheat producing area in Tanzania.

Most o f the present arable area o f about 25,000 acres was opened 
up in  1951 since when wheat has been the p rincipal crop. During the 
1950's stem ( Pucclnia gramlnls var. t r i t i c a e ) and le a f rust ( Puccinla 
recondita) became so serious on the susceptible wheat v arie ties available 
at that tin e  that many farmers were forced out o f wheat into mixed arable/ 
livestock fanning. The advent o f wheat breeding and the a v a ila b ility  of 
more rust re s is ta n t m aterial resulted in a owing back to  continuous wheat, 
two crops per year, by 1957/58. In recent years there has been a 
tendency to  a ltern ate fallowing and a t present about 80 per cent o f 
the wheat land is  fanned in th is  manner.

In th is  zone the so ils  are derived from volcanic lava3 with some 
ash addition; the majority would f i t  into the group of Entrophic Brown 
S o ils  (D'Hoore 1965) and the remainder into the Ferruginous Tropical 
group. Phosphorus and potassium are normally adequate for wheat, and 
responses to  application o f these nutrients have not so far been obtained. 
The s o ils  are loams or clay loams containing about 30 per cent s i l t  and 40 
per cent fin e  sand, usually with l i t t l e  coarse sand. In consequence, 
they are su b ject to rapid surface sealing and are very susceptible to  

erosion.

The inherent lev els o f carbon and nitrogen in these Montane 
Forest S o ils  are much higher than those under Tropical Rain Forest 
(Cunningham 1963). These high lev els  are due not only to the
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considerable elevation but also to the base richness of the parent 

material. Tflj laUi, xhm f i l l  uriag «rop. IMe y r t w  m i  aritiedmed

The physical and chemical properties of these so ils  bar* baa*
,nfifoi<)j ialluanoad by climate and cultivation* aithin similar 

clim atic and so il sonas Anderson has racordad oonaidarabla
variations in  nutriant status largely as a resu lt of differences in 
cropping b istory . Anderson's (1965) la ter examination of tbe Hast 
Kilimanjaro so ils  in  tbe lig h t of their cultivation dietary shoved 
the deleterious e ffe c t on y ield  of continuous cropping using 
conventional ploughing and disc harrouing techniques. He recognised 
the rapid decline in  structure and ra in fa ll aoceptanoe ra tes, the 
la tte r  causing reduced moisture av ailab ility * The number 01 ^earo 

cultivation sas oleaely related to the decline in organic 
carbon, to ta l nitrogen and exchange capacity* irom his study of tae 
s o il  samples taken each cropping sens on following e six  year lay 
there was a reduction of about 0*5 P«r oant organic carbon and 
G.05 per cent nitrogen per annua* between the penultimate arui linal 
samplings th is  decline increased end i t  wee suggested that thie da& 
due to low moisture and higher so il temperatures promoting greeter 
oxidation. The r ise  in base saturation to  100 per cent was favoured 
^  the reduced exchange capacity resulting from organic matter 
decomposition. bcott (1?62> hna elec shown that within the JO -  45 im* 
ra in fa ll areas of Ji4»at Africa organic matter i s  closely re la tes  to 

base saturation*

b*om Anderson's analytical data i t  im evident that extractable 
pnosphorue, organic oar bon and total nitrogen ere much lower in eoile
cultivated for over eight years. The differences ere to o  o t o

be due to the alight variation in olimnte and elopes.



rr-t Anderson, Houston, Uortlunod and Fatal (196$) working in  tan 
•aaa aroa found that fallowing lnoroanod both the nitrogen and 
■olotaro available to tho following crop. Thin system wan aritioiood 
an ' i t  i s  probably worno than a wheat crop in  accelerating 
decomposition of orgaaio natter and release of banes. This is  
because o f the higher so il teaperatures on here s o i l . '  The results 
of their loag-tera f e r t i l i t y  tr ia ls  suggested that the physical 
deter!oration which occurred in these erosion-prone nolle as a 
resu lt of cultivation wan probably sore serious than nutrient lessee. 
The progressive reduction in yield due to continuous cultivation far 
eight year s  was recorded as 264 lb./acre.

Anderson (1964) recommended the establishaeat of productive leys 
for the nsintananoe and inproveaent of s o il  structure, a conclusion 
which ia  a t variance with the findings of Pereira, Chenery and K ills
(1954) who stated that the e ffeet of grass leys on so il s tructure 
lusted l i t t l e  acre than one year) neither does the work of Closest 
and Williams (1964) load much hope of a rapid build up of organic 
matter with ley farming under similar conditions.

2 . D escrip tion  of the Experimental jg a g

Tho location of tho mxporiaental s ite  a t 3° 00* S, 37° 05' *• 
and. an a ltitu d e of 6,000 f t .  oould bo described an representative 
of tho * average' conditions o f Wont Kilimanjaro in relation  to se ll 
type sad clim ate.

Tho s i te  was oloarmd from forest in 1951 end cropped with 
cereals u n til 1956 when i t  was planted with Rhodes grass (Chlorjfe 
gay an*) .  The 1966 Long Haims crop (tho f i r s t  of the experiment) 
was the seventh continuous wheat crop a fte r  ploughing out tho ley . 
Cospooito so il sample* wore taken in April 1966 from the t r ia l  area 
and an analysis is  given in Table 19* The resu lts  i llu s tra te  the 
fe r t i le  nature of tho s o il  j of tho major plant nutrients responses to 
applied nitrogen only would be expeoted.
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TAHJS 19 ANALYSIS Of COMPOSITE SUKFACH SOIL SAMP LAS -
MAST KILIMANJARO, AXPK&IMUHTAL SITS, APRIL I 966

Depth of pH PH Conduct- Avail Total Total
Sanpls Water CaCl2 ivity P P Organic

P

0-15 os. 7.11 6.18 61.8 96.9 3140 1000
* 1 • ̂

1--------------

Cm «C Ha • 7.3 -
%

Organic
Carbon

*
Total

Nitrogen

25.64 6.12 0.03 2.56 0.013 3.55 0.27

METHOD Ob' ABALYSIS

1 . Lxchangeable basts -  atwnoniua acetate leaching a t pH ■ 7 .0 .
2. Caloin* -  by tbs oxalats asthod.
3. Magneaiua -  by precipitation with 8- hydroxy-quinoline.
4« Manganese -  oo lori*strioa lly  a ftsr  oxidation with potaaaina 

psriodats.
5. Potaaaina, Sodina -  by M  flaws photo os to r .
6. ’ Available' phosphats -  by extracting with 0.3N Hoi for 3 ainutss.
7* Organic Carbon -  Walkley and Blaok osthod (1934) aaausing 80*

rsoorsry of C.
8 . pH -  1*2.5 •oil* Yoo CaC12 •»“ P«“*lon using a glass slsotrods.
9. Axchangs Capacity -  by rssowal of absorbsd assoala using noraal

potasaiu* sulphats and d is tilla tio n  of ths 
. 1... ... . Alsplaosd anaonia.

10. Total Hitrogon -  by Brenter (i960).
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TABLE 20 RAINTALL CONFIDENCE LIMITS, EXPERIMENTAL SITE,WEST KILIMANJARO 
2 z 10 day Moving Totals la  millimetres. 75? Laval (P-0.5)

Standard Period Laver Limit Upper L ia l t

01 9*4 54.9
02 6*5 43*8
03 6*4 53.1

' 04 7*8 56.5
05 6*1 52.5
06 2-5 38.0
07 1.0 17.6
08 6.4 44.O
09 22.6 92.1
10 44.7 103.2
l l 37.3 116.3
12 50.4 140.5
13 57.9 141.7
14 26*9 106.8
15 12.2 57.4
16 10.3 30.0
17 0 .4 16.5
18 V il 6.5
19 N il 6.2
20 Nil 4 .9
21 Nil 4 .9
22 Nil 3.7
23 Nil 4 .5
24 Nil 6 .6
25 Nil 4 .9
26 0.1 6.5
27 111 11.9
28 1 .3 16.8
29 5.8 26.8
30 18.3 68.9
31 15.5 87.0
32 29*7 116.1
33 54.5 174*6
34 41.3 138.3
35 17.6 73.5
36 11.7 52.8

Tha ra in fa ll haa a bimodal distribution with peaks in  November -  
December (Short Rains) and March -  April (Long Rains)* Tha annual 
average precipitation on the s ite  over 18 years was 29 i®» s ith
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ap p roxim ately  equal amounts f a l l i n g  in  'both seaso n s* An a n a ly s is  

o f  th a  d a l ly  re c o rd s  u sin g  th a  laau lon ge R a in f a l l  C onfidence L la i t a  

prograame (Manning 1956) wan c a r r ie d  oat on a  b a a ls  o f  20 day t o t a l s  

moving a t  tan  day in t e r v a ls  on an X .C .f .  1500  computer (T a b le  2 0 ) .

Tha a n a ly s is  in d ic a t e s  th a  r a i n f a l l  w hich oaa be exp ected  to  

f a l l  betw een th e  upper and low er H a l t s  tw io e  in  every  fo u r y e a rs  

and shows th e  extrem e v a r i a b i l i t y  An th e r a i n f a l l  p a t te r n *

3* a x p e r is e n ta l  Layout and D esign

The a x p e r ia e n ta l  d e s ig n  in clu d ed  f iv e  main tre a tm e n ts  ran d oaised  

w ith  two r e p l i c a t i o n s .  P lo t  s i  as was 9 2 f t *  x  1 2 0 f t *  (Approx. $  a c re )  

g iv in g  a  t o t a l  t r i a l  a re a  o f  2 }  a c r e s *

The t r e a t a e n t s  were a s  fo llo w s !

1 .  C onventional t i l l a g e  as  p r a c t ic e d  in  the a re a  u sin g  th e  d is c  

* , *  plough and d is c  harrow  f a r  land p re p a ra tio n  and weed c o n tr o l*  

Two crop s were ta k e n  an n u ally  (d o u b le  cropping) l a  th e  Long 

and 6 h o rt R a in s . 5 ® ' ^ *

2* T ie - r id g in g  (d ou ble  crop p ed ).

3 . C onven tion al t i l l a g e  as  in  T reatm ent 1 .  b a t  cropping in  the 

S h o rt R a in s  o n ly . The Long R a in s  fa llo w  was kep t c le a n  by 

d i s c  harrow ing o r  p lou gh ing  as n e o e ssa ry *

4* X ln la a l t i l l a g e  u s in g  th e  Howard R o ta se ed er fo r  p la n t in g . Heed 

c o n tro l was by th e  use o f  P araqu at ( Oramoxone » ) .  Two crops 

were ta k e n  an n u a lly *
throughout the thru# year caperimeatal period*

5* Minimal t i l l a g e  ae  l a  Treatm ent 4 b u t cropping i n  th e  Short 

R a in s o n ly . The Long R ein s fe l lo w  wee k ep t c le a n  by the 

a p p lic a t io n  o f  P araq u at*
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The tie-ridge tru tM n t wu included bccaus* of the proves 
efficiency of thin method of oultlvatlon for water in filtra tio n  
end therefore in th is  rsupsot I t  eoted es en excellent control
treatment against which the effectiveness of the other treatments

•••* • »  trim  n w a m i f  *m *

Each of ths fiv e  maim plot treatments was sp lit for nitrogen 
f e r t i l i s e r  application. A top-dressing of 43 1\/mctm of nitrogen 
as Ammsniam Sulphate l i t r e  to was given at the four to five leaf 
stage to one of the sub-plota, whilst the other sub-plots acted as 
a control end did net receive any fe r t i l i s e r *

The experiment ran fo r  s ix  seasons from the 1944 Long tains 
u ntil the 1968/69 Short Rains.

a no am 1 fro rf I xjQ iV ftdf& tt o f ftt&  M u m  fo o t l i h f l l  n  -lio s  w l I m x  

4* Bxporiaental Methods '•**'* P** ■»V-tr*et*e»

Laboratory procedures end sampling techniques followed in this 
work have been described under Section C (Kongwa).

Soil Moisture Cesplinxe. One profile  from eseh treatment 
replieate wee sampled e t planting, flowering and harvest within 
the 0~ 6 in .,6 -12 in *,12-l8 in .,l8 -241n . ranges and at the 3,4 and 5**» 
lev els . Results are presented in to ta l inches of available water 
within the 5J f t .  p rofile*

E lectrica l Insistence Units. A p ro file  of these unite at one foot 
intervale down to five fe e t depth wes In stalled  la  a ll  sub-plots on 
24 February 1966* Moisture tension readings oosmenoed on ths 14 March
1966 and wars rsad thrss times weekly. Ths singls control hand 
generator ohm-meter constructed by Ripley and Hosegood (1965) "as used 
throughout the three year experimental period.
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S o i l  P h y s ic a l A n a ly s is .  B o l l  c o re s  were sampled on i l l *

6 Ju ly  1966 froa two six  foot doop pita adjacent to tha a lto*
A lator sampling of eurfaoe ooraa waa earriod out on tha 
29 February 1969 froa each aub-plot and froa surrounding araa.

Qraanio Matter Sampling. Two plat oomposite samples ware 
taken froa the top 2&om., 2^-10oa., 10-20ca. and 20-30oa. of 
each aub-plot on the 31 January 19*9 during the fin a l season of ^  
tha t r ia l*  Snaplea were analysed for pH, organic carbon and nitrogen 
index as described by Robinson (1968)*

Plant Populations, T iH er ,Counts and Plant  Heights. Plant 
populations and number of viable t i l l e r s  were reoorded each 
season from 100 quadrats of one square foot taken at random within 
each sub-plot. Average plant heights per su b -treatment were 
reoorded by measuring the main t i l l e r  of 100 random plants at heading.

hoot The depth and rooting behaviour of the crop
between the different cultivation and fe r tllb a r  treatments was 
observed by digging p its  6 ft  by 4** within one replicate and washing 
the roots free from the p it  faoe using a hand operated sprayer.
Hoots were photographed a t harvest of the Long Rains crop in  1968 
and at the ear emergenoe and harvest stage of the 1968/69 Short Rains

cro p * . ^ *  (wfttfc meed) mad re m a n s  *

, rater Table Measurements. Four two inch galvanised pipe lengths 
were sunk, one at eaoh corner of the t r ia l , t o  a depth of s ix  feet to 
measure the water table should i t  r ise  to within the rooting sone.

R a in fa l l . Daily r a in f a l l  was reoorded on the s i t e  using a 

standard f iv e  lnoh rain -gauge.
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5* a e r a t i o n  1fc»

The 'Rotaseeder' has beer? developed for d irect •••ding into 
previously uncultivated s o il*  The tnpleasnt le  hosed en the 
K berles I I I ,  Mounted Hotavotor uith e ■edified rater fitte d  with 
15 flange* at five inch oentrea. Ike bladea, s ix  per flange, are 
of the reduced *L* type having a hooked cutting edge -Jin. vide 
and are noun ted on alternate aide* of the flanges. Rotor speed has 
been increased to 290 r .p .a *  a t a standard P.T.O. spaed of 540 r.p .n .

The nounted seed hex with a capacity of 4§ hue he Is  ban an
external force-feed type nechanien driven from  a spoked land wheel. 
The seed coulters ars lig h tly  sprung ts  ensure that they run in tbs 
n lot opened by tbs blades* Depth central wheels are f it te d  on each 
side of the machine in lin e  with the retor giving adjnetable depth 
control between £ and 4in .

The to ta l surface area cultivated la  about 15 par cent of the 
width of the eachine whan sowing in five inch rows. The working 
ra ts  is  spproxlnately two ears* per hour. Ths sssd i s  covered by 
s o il  thrown back by the action of ths ro to rs . Blanking o ff  plates 
can be f i t te d  to give row widths of 10, 15 or 20 in*

Ths implement weighs about 17 ou t. (with seed) and rsquiroe n 
tractor with Category 2 linkage and at lsn et 40 ?•*•<>• horsepower.

A Howard Rotasssdar was loaned to the Northern Research Centra 
in  Koveaber 1966 by Plant Protection. Observational tr ia ls  on wheat 
establishment were carried out at West -Kilimanjaro prior to  ths 
equipment being used in ths faraal replicated t r i a l .
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•) n t i i n  m  ^  WU1 ^  ^
( l )  An area which had bean cropped daring the previous 

season and waa carrying a heavy straw oover was 
selected. I t  waa immediately obvious that the 
equipment oould not oope with a concentrated 
undecayed stover residue. The unohopped atraw waa 
thrown baok from the blades completely clogging the 
planting attachment* The problem was partially  
overoome by removing the tension springs on the 
individual planting brackets thus allowing the 
shoes to ride over the stover* Subsequent gemin­
ation was patchy due to uneven covering of the seed.

( i t )  An area which had been fallowed during the previous 
season and was carrying a seal-decayed matt of 
wheat atraw was suooesefully planted. The blades 
ware capable of cutting through the mulch leaving 
an undisturbed oover between planting rows*

b) Hugo’ s lam
( i )  The selected area with a six  par cant slops at 

7 ,000ft* waa planted as a demonstration of the 
machine for wheat farmers in the northern Region*
The f i r s t  planting waa carried out on a plot that 
had beon cropped with wheat in the previous season. 
About half the crop residua had bean removed by
raking* Gramoxone 4 a t jt pint/acre had been appliedIdy The an oh 1ms S u m * wan muss uoo aeavy —  /
with a tractor mounted sprayer on the previous day.necessary, a powerful fraeihvmme require* im  —a ••
During planting the tension springs were again 
removed and an e ffio ien t plant was obtained* Tho 
surface after planting (Plate 25) *aa oonaidered 
ideal from the point of view of subsequent se ll 
conservation and water in filtra tio n .
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(11) Ah adjoining plot whoro tho to ta l proviouo crop 
rooiduo wao spread orsr tho surfaoo was also 
suooeasfully planted. However, tho stover from 
the previous crop was much leas than at Nduimot.

A farther observation area was selected 
representative of the lower altitude wheat areas.
At planting there was a heavy growth of nutgrass 
(Cyperua rotundus), which had been sprayed with 
Graaoxone W on the previous day* together with a 
thick matt of semi-decoaposed straw lying in 
windrows. Complete blockage of the Botaseeder 
during planting occurred and the operation was 
abandoned (Plate 26). «0*A

froa these general observations i t  appeared that

(e) With a heavy straw cover the tension springs on the coulters 
should be renewed. .................. ..

(b) The aachine will not cope with an unde comp owed straw cover is  
windrows, i . e .  as l e f t  by a combine under continuous dropping.

(c) When the straw is  apresd over the surfaoo pleating 
d iff ic u lt ie s  and blockages are not so serious. Further 
improvements in planting efficien cy  would resu lt from a 
straw chopping attachment on the ooabine.

(d) The aachine i t s e l f  was much too heavy and more robust than is  
necessary. A powerful tractor was required for working on 
slopes a t this a ltitu d e .

c) Sinba Far

id double or 
twine twice

till'
by the use
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6* Z a t t  OptrttioM

Land P w iw tlQ B . The wheat crop prtrioos to the i w m i M r t  
of the t r ia l  mo combine harvested an the 5 February 19*« and U * 
straw burnt* Aftar «aeh subsequent harvest tha straw was l e f t  on the 
minimal t i l l a f t  p lats bat on tha oenventlanally tI lia d  and tied-ridged 
plots was burnt to oonfera with looal praotioa* Tha eonventianally 
t i l la d  double crop treatments ware cultivated by ploughing and dieo 
harrowing twioe a year at tha aaae tine as the surrounding fie ld *
Tha nuaber of operations required ta  produce a conventional type 
seedbed varied fron season to season. The conventional t illa g e  
fallowed p lots were disc harrowed when weeds beease established sad 
again the nuaber of operations required varied with the season* Both 
mini sal t i l la g e  with fallow and double cropped plots were kept clean 
by the use of Paraquat (Qramoxone V) at dosage rates varying froa 
one to three pints per acre depending on the intensity of the weed 
grewih a t  ***** harrswlagB. The cultivated

Planting. The Howard Rotaseeder wee used for each planting 
operation with the exception of the tie-ridged plots which sere 
planted by hand* The eeed coulter® were reseved and the seed 
broadoast and covered by the so il thrown back fron rotors* The 
variety N 1915 was used in  the f i r s t  sessoa and thereafter fioaeiy 
(tf 3455) .  Seed was dressed with an organo-nercurial end planted at 
90 lb./aore on a l l  treatments. Depth of planting due to the 
broadcasting technique followed was an even one inch throughout*

F e r t ilis e r  Application. Ammonium Sulphate l i t r a te  was applied 
a t the ra te  of 1$  owt (43 lb . nitrogen) per sore to the appropriate 
sub-plots s t  the 4 -  5 la a f stage each cropping  season.

Aerial b ow in g . The whole t r ia l  was aerial sprayed each season 
with 2»4-D according to normal farm praotioe.
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■  >k 4 , 1  ' f
Harvesting. Saaple areas of 40 aq.yd. froa each sub-plot 

were hand oat and threahed separately to obtain to ta l crop weights. 
The reaainder of the t r ia l  was ooabine-harveated and grain weights 
reoorded. Sanplea of grain wars retained for baking quality teats.
In the fin a l season the weight of grain froa a 500 head saaple and 
froa the combine were weighed to give a biological and eoaaereial 
yiold ostlaate  respectively.

7 .  R e su lts  f it

A. 1966 LOW BAliS
h.«  given s lig h tly  better grain and total crop yields than 
or During the course of th is t r ia l  the single crop per year 

treatnenta ware fallowed during eaoh long rains.
1 anta/nppp w aft hah )gnn

oc The conventional t i l la g e  double cropped treatment was ploughed 
on the 14 March followed by two diac bar rowings. The cultivated 
fallow was sim ilarly treated on the 24 June. The a lalaal plots 
cropped th is  season were sprayed with three pints/acre of Oraaoxone M 
on the 4 April, and tha chemical fallow raoeivad two e ia ila r
treatments on the 4 hay and 7 Ju ly . Planting wan carried out on tha• ■ *
5 - 6  April with the variety W 1915f the nitrogen tep-droooing was,rj 
given on tho 3 Hoy and tho crop aorial sprayed on the 9 hay.• 111 T iH I vjr Wf’Wf
Harvesting waa completed by 8 September•

Rainfall

Tha early s ta r t  to tho Long Rains on tho 1 February resu lted  
in  wall above average ra in fa ll  before planting. A fa l l  of 0.88 in . 
immediately a fter pleating together with 0 .J7  in* one wash la ter 
resulted in good oven germination, ho ra in fa ll waa raeardod after 

1 June.
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rre-pl anting February 2966 6.67 (12)

,  j t e w i  U tU o  *U  9«18 U *)

Total 15»85 (26)

P la n tin g  -  H arv est A p ril 6.01 (10)

I p l l t w l Mny 4.42 (10)

votive*. V- oiial Tilings double seep
■»

an

♦ Tota

u.*co V - f  - —  ■

1 10.69 (21)

Y ields, Populations and Quality
"

R e s u lts  e r e  p re se n te d  in  T a b le s  21 and 22* C onventional t i l l a g e

has g iv en  s l i g h t l y  b e t te r  g r a in  and t o t a l  crop  y ie ld s  than t ie - r id g in g  

o r ein ieal tilla g e *  The application of nitrogen has Increased t o t a l

crop  w e ig h ts , p la n ts  and t i l l e r i n g ,  but d e cre a se d  g ra in  w eights* More 

p la n ts / a o re  were reo ard ed  w ith  m i  s a l  t i l l a g e  but l a s s  t i l l e r s  by 

com parison w ith  th e  o th er t r e a t a e n t s .

■ aBLB a YIELDS AND POPULATIONS, WEST KILIMANJARO -  LOMC RAINS I 966

p r a s * C onventional t i e  Ridge M in iaal
T i l la g e double crop T i l la g e Moans

LYhu W3 double crop ... -1
P la n t  P o p u la tio n 75* 1 684 778 738

W ithout T i l l e r  Counts 1,364 1,435 1,327 1,375
I . T o ta l  Crop 10,806 9,701 8,456 9,654 j

Q ra la  H e ld 2,730 2,589 2,514 2,611 1

---- —■ AfLfi 007 i i ir i a n t  p o p u la tio n T*« yw.
P With T i l l e r  Counts

— - u  I r a i  *' 1,999 1,590 1,780

T o ta l Crop 12,087 10,627 9,°9® 10,604
G rain  Y ie ld —  2,552 2,453 2,472 2,492

P la n t  P o p u la tio n 806 723 842

- T i l l a r  Counts 1.558 ;; i ,7 ir 1,458
Means T o ta l Crop 11,447 J 10,164 1,777

G rain  Y ie ld 8(641 J 2,521 2,493
_ ______ 1

P la n t  p o p u la tio n s  and t i l l e r  counts p a r  s s a p ls  e r a s  

G rain  and t o t a l  crop w eights in  lb ./ a c r e .
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Baking quality test re su lts , carried out on grain sasplss froa eaoh 
sain treatment, shoved l i tU a  differences in  the f i r s t  season. Tears i s ,  
however, a positive effect on protein with the application of nitrogen.

TABLE 22 BAXIMO QBALITT TBST RSSULT3 (VARIETY V l j l j )
 ̂ M WEST KILIMANJARO -  LQBG RA IES 1?66 . j , t

[ *f-‘ac TTeatnent C Witrogen Bushel
Weight strength L / f Protein

Conventional Tillage •double crop .1 —-» in 65 42 13.0
‘ *”  '  “* r "“ "a w e

* *4 36
L.  . {

0 .73 ; 13.7

Tie Ridge -double erop 65 1 36 0.69 13.3
•I m ♦ 65*

i 47
1.01 13.4 |

Animal T illage -double crop 65 40 0.44 11.8
« M ♦ 65 33 0.76J 13.0 |

SBSt ia P & if iJ & l  jt°l»ture bgagjLiag.

The ooaprehenaive resu lts  of the so il moisture samplings at 
planting (21 April 1966), flowering (U  Ju ly ) and harvest (13 Sap ten bar) 
are given in  Appandioes 9 * 7  and sumsarised in  Table 23.

TASJC 23 SOMMAET OF TOTAL AVAILABLE WATER ( in .)  WITHH THE 9| f t .  PROFILE 
WEST KILIM/KJARO -  LQBG RAZES 1966

j ^ 1

Treatment Naas of Roplleatoa 
Planting Flowering Harvest

Conventional Tillage -double crop 1.63 1.60 0.49

Tie Ridge -double crop 2.60 3.52 1.57

Cultivated Fallow 2.89
— .................. -

3.91 2.56

Chemical Fallow 3 - » 5.32 3.55

1nisei T illage -double crop
_______________ _____ ____________________________________________________________J

2.21 2.99 1.00
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The minimal t i l l a g e  double crop tre a tm e n t ■ ho wed so re  fav o u rab le  

s o i l  m oistu re c o n d itio n *  e x i s t in g  throughout th e seaso n  than th e 

co n v e n tio n a l t i l l a g e  double c ro p .  The d i f f e r  anoe between th e  f a l l e n  

tre a tm e n ts  were vary such i n  favour o f  o h e e io a l fa llo w in g *  The 

o f  f o o t  o f  th e  d i f f e r e n t  c u l t iv a t io n  methods on i n f i l t r a t i o n  o f  th e  

p r e -p la n t in g  r a in s  i s  w ell d em onstrated . A v a ila b le  n o is tu re  reoarded 

a t  th e  f iv e  f o o t  depth on p l o t s  1 and 10 (b o th  con v en tion al t i l l a g e )  

was w ell above th a t  ex p ected  and l a t e r  shown to  be a  water ta b le  

e f f e c t  a t  th e  low er end o f  th e  t r i a l *

d is t r ib u t io n  o f S o i l  w clatu re

The s e a s o n a l av ailab ility  o f  water to  th e  crop throughout th e 

so il p rofile  la  presented in  fc'igo* 12 and 13*

On th e  s i x  p lo t s  which were cropped th lu  seaso n , a l l  had 

reach ed  f i e l d  c a p a c ity  by th e  end o f  March* T h is  s ta tu s  was 

a a in ta in s d  u n t i l  th e  end o f  th e  r a in s  when th e or op began to  

u t i l i s e  th e  s to re d  m oistu re  w ith in  th e  p r o f i l e *  There i s  a 

c o n s ie ta n t  p ic tu r e  showing t h a t  w ater waa used  e a r l i e r  and to  a 

g r e a te r  d epth  where n itro g e n  had bean a p p lie d . The w ater w ithdraw al 

p a t te r n  f o r  a l l  c u l t iv a t io n  tre a tm e n ts  i s  s im i la r  although i t  does 

appear th a t  r o o t in g  depth on th e  t i e d  r id g e  p lo t s  was lim ite d  to  

th re e  f e a t .  T h is  waa p ro b ab ly  due to  th e p ro p o rtio n  o f the crop 

c a r r ie d  on th e  r id g e  o ra a t  which i s  an e x t r a  f o o t  above th e  le v e l  

o f  th e  o th e r  tre a tm e n ts .

T here i s  a su g g e stio n  o f  more ra p id  w ater use a t  a  g r e a te r  dap th

w ith  th e  m inim al t i l l a g e  tr e a tm e n t. Thie wee a ls o  r e f l e c t e d  in  crop 

v ig o u r ob served  in  th e  f i e l d  and y ie ld s  sh o u ld  have fo llo w ed  t h i s

p a t t e r n .

Both th *  c a l t l T . t a d  and o h ra lo a l f a l l o w  r a p id ly  raaohad f l a l d  

o p a c i t y  which a w  - a l h t a l w d  w i l l  t h .  and o f  th *  r a w r d ln *  p w la d .
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In rep licate  1. of the herhioide fallow, lot# spraying of wood 
growth boa roaultod in  Motor withdrawal from the ana foot lev e l.

0 4  aioovtBQ^on fi . ru . • a

V i  a w  I B  m M I  * O p  « T M  i a  ■ O l i W T t l  W ®  • * * ^ * * »

H old responses to t illa g e  treatments wora not expected in tha 
f i r s t  season particularly with ra in fa ll above average and well 
distributed* Moisture waa not lim iting to plant growth up to 
flowering on the 10 Juno* Tho variety M 1915* aelected for i t s  
rust tolerance, waa considered to have reached i t s  optima /laid 
potential daring thia aeaeon*

On both minimal t illa g e  plota sligh tly  aero moisture was 
u tilised  by the onset of flowering than with the other treatments.
At f a l l  flowering the minimal treatments were under greater moisture 
stress which could account for the slig h tly  lower yield  due to a 
redueed grain set per ear, assuming sim ilar populations and bushel

" * i * ^ l f e e « b o *  a n d  the n t t r e p m  top d r e s s i n g  a p p l i e d  o a  16 Pe samb w .
Thn sMP vaa aerial sprayed for weed eentrel on the 5 leeeeAer md

A grain yield  response to applied nitrogen was expeoted on a ll
treataenta which had bean double cropped* There was an increase la
to ta l crop weight but grain yields were lower. The reasons for this
ere not d e a r  bet there are several p o s s ib ilitie s !

(a) A la te r  application of f e r t i l i s e r  at tha five cr six 
lea f stage may have had leas o ffset on the straw and 
more an the grain.

(b) liitrogan has increased both plant and t i l l e r  number 
which nay be above the optimum lev el.

(e) The greet or water use with nitrogen application would 
resu lt in a greater comparative water stress during 
the grain settin g  phase, although with sim ilar bushel 
weights throughout th is  i s  unlikely.

(d) With good distribution of wetting and drying periods 
during the season conditions were ideal for nitrogen
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The laproved moisture retention on the ohamloal fe llo w  
compared to the cultivated fa llo w  i s  ahow by the gravimetric 
ooil samplings. Theae differences oen only ho due to the
cultivation neoeeaary for need control dissipating eterod eoiatare
within the top layers. The lose of eoiature fron the oheeioel 
fallow shown by the gypsum blocks demonstrates the importance of t ,
timely spraying to control weed growth i f  the fu ll benefits of
fallowing are to be achieved.

B. 1966-67 SHOUT BAHTS CUaXI— I'll Iom

The double ereppad treatments were ploughed on the 5 October 
and disc harrowed throe tines before planting. Two sprayings of the 
■4wieal double-cropped trentnent nt 2 pints/nero Granoxone W sore 
necessary on tha 25 October and 5 November while the sininal fallaw 
plots required one spraying on the 18 October nt 1$ pints/aare to 
Maintain adequate weed control• The variety Konany was planted on 
the 5 Nov saber and the nitrogen top dressing applied on 16 Deconbor. 
The crop was aerial sprayed for weed oontrol on the 5 December und 
harvested between the 2 5 - 2 8  February.

■  — ------------------------------- -----  ------ i  — w ■ —  — i  — — —  I I * i  — —  —

The l$66-67 Short Reinn were n v irtual failure with sligh tly  
over two inches fu llin g  during tha growing season. A fa ll  of 0.25 *»• 
im ediately a fter pleating was auffieiant to give reasonable
germination by the 11 November.

Pre-planting October 1966
Nevamber

l * 12 (3)
0 . 6S (1

Planting -  Harvest

Total 1.77 (4)

November O.42 (5)
December 1.46 (5)
January 1967 MIL

(2)February 0.37

Total 2.25 ( 12 )
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Tlolde, Populations and Plant Heights * ‘ • *
. Irn n r  .... j  i AIVAMA n|MT ALa - • •*** * -f m ™ J * ' .4 • *>.»• WwW» *•*• v •

TIm populations and yields rooardod aro presented In Table 24 
to g e th e r  with plant height a n ear uaturlty (Table 29).

TABLE 24 YIELD* AMD P0PULATI0M8, WEST KILINAMJARO -  SHORT MAIMS 1946-67

The a p p l ic a t io n  o f n itr o g e n  has r e s u lt e d  l a  a  s l i g h t  re d u c tio n  

in  p la n t  p o p u la t io n . Both a la ln a l  t r e a te e n t e  and th e  co n v en tio n a l 

fa llo w  gave h ig h e r  p la n t p o p u la t io n s . T i l l e r  cou n ts fo llo w e d  th e

tr e n d .



best y ield  was given by tbs aln laal tilla g e  treatment after 
chealeal fallowing with a 50 per oeat Increase over the corresponding 
conventionally cultivated treataoat (Plstee 27, 26). In th is  dreaght 
year the application of nitrogen haa had a depressing e ffec t on yield .

The total crop weigttte free both conventional treatments wee again 
substantially greater ooaparod with the a ln laal treataenta.

Kean plant heights also shewed a reduction with fe r t i l is e r  
applioatlon. The conventionally t i l le d  crop after fallow was aore 
vigorone up to flowering.

TABLi> 25 PUOT HEIGHTS (fe e t)  AT HEADIXC, WEST KILIMANJARO -  
SHORT RAIXS 1966-47

166

y - «||Convan- Conran— n s*issr Minimal Tie Ridge
tional tional | Tillage Tillage Double

c.'nwtU â stres Tilings Tillage Double with crop Means
Double with Crop Chealeal

Crop Cultivated Fallow
Fallow

Rep. I 1 .39 1 .6 3 1 .0 3 1 .5 9 1 .3 3
[without 

. Mm Rep.II 1.11 1 . 8 0 1 .1 5 1 .6 4
lataeate ii

1 .30
1 A

Hess 1 .2 5 1 .72 1 .0 9 1 . 6 2 • * 1 .3 2 1 .40

mm mmm Rap. I 1 .26 =i^ r 3 1 .1 0 hly 1 .60 1 .25
With Hep.II 1 .04

— ~ 
l.<h 1 .0 6 1 .2 5 1 .1 6

X.
fVtkfth

MeanSWaBW 1.151
-

' - -| 
1.81

......J
1 .0 9

__________
1 .43 1.21 1 .34

HiOflB 1 .20 1.77 1 .0 9 1 .5 3 1 .27
__________ ______ i I _____ 1
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Distribution of Soli

Moisture tensions for the different treatnents throughout the 
season are presented la  F ig s . 14 and 1$.

The gypsun bloeks recorded fu ll p ro files at planting on both 
fallow treatnents. With l i t t l e  oontrlbutism froa precipitation i t  
i s  shown that a satisfactory  crop of wheat can be grown on abent 
10 la . of available stored moisture.

With the double-cropped treatnents moisture In filtra tio n  to 
one foot was recorded on the alninal t i l la g e  treatment but not on 
the conventionally t i l le d  p lo ts , la  a ll  double-cropped treatments 
the two and three foot levela remained a t er below wilting point 
throughout the season. Roots were unable to penetrate through this 
layer of dry so il resu lting In a virtual crop failure due to 
moisture s tre ss .

a

■ m i> t . i i s e c  11* *

Discussion

i -
The differences In the yields of grain harvested from  the 

previously fallowed and the double-cropped treatments is  a direst 
resu lt of moisture stored within the p ro file  from the previous 
rainy season. Double cropping failed  but the fallowed treatments gave 
an economic return on a ra in fa ll su ffic ien t only for germination.
The large increase in y ield  resulting from chemical fallowing is  
probably dan to the avoldanoe of moisture leas through cultivation 
of the seedbed.

C. 1967 LOW HAIRS

The conventional double-cropped plots were ploughed on 31 Kerch 
and disc harrowed twioe before planting. Chsaioally fallowed plots 
were sprayed with Granoxone M et l i  pints/acre on the 10 April (
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Figure 15 * A ssist ncc unit records rho’̂ in*- per.rtrat ion of ra in fa ll in  
the top f f t*  for i-he 1766-67 '  'tort n-air.r soa?nn.
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18 May, 12 Jana n i  1 Auguet. The double-cropped ainiaal
treatment m i  treated onoa at tha same ra ta  on tha 10 April 
insnedlntely before planting. Conventionally cultivated 
f a l l  owe vara ploughed on tha 13 Ju l y a fter  two diac harrowinge 
had fa iled  to keep the weeds in check. Tha tr ia l  was planted 
on the 10 April and top-dressed with nitrogen on the 5 May after 
aeria l apraying on tha 26 April. Harveeting wae carried oat an 
tha 3 October.

Rainfall^ .

♦ it In  1 * r‘
The Long Raina commenced on tha 31 March and fiva inches

- •
were recorded before planting. Over one inch of rain f a l l  
iM ediately a fter planting fellewed by m U  distributed A p ril -
May precip itation . Late seaaoa ra in fa ll la  May oontributad to 
the excellent yialda obtained. D ifficu lty  wae experienced 
with the cultivated fallow weed control due to the continuous 
early ra in . * . , ,, ' ... -

P r e -p la n t in g March 1967 0.53 (1)
April . 5*19 (9)

Total 5.72 (10)

Planting -  Harvest April 4-96 (12)
May 7.47 U5)

Tha ovenill yialda obtained 1 June ware e 0.12 ( 3)
cede wa.igfcte ware net affected  hj July ipplAea1 0.44 ( 3)
cay cadi ar*c ah owe a peeitivi August 0.73 ( 4)
■** ■ cat# a lightly  hotter aaa Septem ber 1.72 ( 4)

«ha t i c  t i d g ihg  t r e a ta a c t  L a i Total 15.46 (41)

.-arte aad reduced grain
%a paMCtlaa) d ifflan lty
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Y ield *, Populations and Plant Heights
® "**  P A M  iMlFA

Yields, populations and plant heights are prasestad in
T a h lA P ifU IM p M a  ta t  t ille r in g  « « ' a itghtlj  better under siaiae

TAILS 2d YIELDS AMD P0PULATI01S, MSST K1L IMAM J ARC -  LMG HAIMS l jt7

— — Conventional
Tillage

Tie Ridge"1 
double crop

Minimal 
Tillage 

double crop lea»s

Plant Population — = f - 788 907- IltAJkJa:/D 853
Without T ille r  Coasts *,393 1.901 2,794 2,363

X. Total Crop 9.W9 . 6.904 9,354 8.476
2.166 2,727 2,578 )Groin Yield 2,843

Plant population 919 640 680 806

With T ille r  Count* 2,378 1,649 2,261 2,096

M. Total Crop 10,575
2,716

8,034 
—  2,091

9,810
2,636

9,473
2,481Grain Yield

Plant Population 892 714 884&*«*■*-•:* v|
T ille r  Count* 2,386 1,775^*1 2,528

Mean* Total Crop 3.5 * 9.872 7,469^1 9,582

Grain Yield 2,779 2,129 2.682 J—
Plant populations and t i l l e r  counts per aaapl* area. 
Grain and to ta l crop weight* in  lb./acre.

The overall yield* obtained thia season were a t a high level.
Grain weights were not affooted by nitrogen application but total 
crop weight* have shown a positive response. Conventional cultivation 
haa given only sligh tly  batter scan yields of grain and to ta l crop.

p The tie  ridging treatment haa given lower plant populations, t i l l e r  
counts and reduced grain and to ta l crop yield  which is  largely due to
the praotioal d ifficu lty  in cetabliBhing wheat on ridges.
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hitrogen has again depressed population and t i l le r in g . Thsrs 
no differences 1b population between the conventional and 

a in ia a l t i l le d  plots but t i l le r in g  was sligh tly  hotter under ainiaal
t i l la g e . I t  i s  surprising to  note the lower t i l l e r  number per plant 
with t ie  ridging considering tbs lower plant populations. F ertilise r
application has had no e ffe c t on pleat height i 
ie  e noticeable e ffect between cultivation trm

neaaureaente but there

TABLE 27 PLAIT HEICHTS (foot) AT KBA9II0, MUST QLIMABJARO -
LOW RAIN* 1967

<fr«T*»«tus-boiA a w rti—  ■1'

The comprehensive resu lts  of the s o il  aoisture samplings before 
planting ( 1 April) and a t harvest ( 28 Leptenber) are given in 
Append!oes 8 and 9 and suaaarised in Table 26*
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TAJBLS 28 SUMMARY OF TOTAL AVAILABLE WATSK ( in .)  tfITHIl TUB 
5 i f t .  PRQFIL1, HBST QLIHAUABO -  LOMC RAII3 1967

1 H ■ ■ ' 1Treatment lean of laplioatea 
Planting Harvaat

Conventional Tillage -  double crop 1.68 2.81

Tie Ridge -  double crop 2.50 3.85

Cultivated Fallow 1.82
r

3.47

Chenisnl Fallow
WC ) '  * I U « jW ) » S O  » O M

1.71 6.15

-inirnal Tillage -  double crop 3.20 4-13
,

The double-cropped treatments show a aore favourable moisture 
status a t planting than the fallowed p lo ts . This i s  due to the 
■cloture remaining at depth which was not u tilised  during the 
previous season owing to or op fa ilu re . The fallowed plots wore 
a t wilting point from  the two foot level and moisture recorded at 
planting mss a resu lt of water in filtra tio n  to th is  level froa the 
pre-planting ra in s.

jfy harvest both the s i  n isei tilla g e  treatments were showing 
considerably sore available soiature stored at the four and five 

foot le v e ls .
■ e I . . . .

-» .  — e  I

Distribution of So il Moisture _  ^
mm «S e» m  mm

Readings fros the eypeue reslstanoe units (Figs. 16 and 17) 
show the advantages of oheoloal fallowing over cultivation for weed 
control in a season of good r a in fa ll . Recharging of the profile  
during heavy April ra in fa ll  was such sore rapid on the stubble

plots which roast nod at f ie la  cap acity  throughout the season.
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Figure 1 6 1 9o a i» tan o e  vxn.it re co rd s  S io - in *  p en etra tio n  o f r a i n f a l l  In 
t lie  to p  5 f t .  to r  th o  196^ lo a f  * ln a  s e a rc n .
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tho top *> f t .  for tha T967 leap  Trina 3caooo.
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U n con tro lled  wood growth on tho c u lt iv a te d  fa llo w s withdraw water 

in  one r e p lio a te  to  th ree  f e e t  where n itro g e n  had been ap p lied  in  

th e  p reviou s season and not u t i l i s e d .
, nAwai sb4, tte  ilii-M j , .%r •MwytA tflik H  yliti/ M Pt

The a in ia a l  t i l l a g e  double-caropped p lo ts  a lso  showed a aors 

fav ou rab le  rech arg in g  o f  th e p r o f i le  ooapared with the e o n v sn tie a sily  
t i l l e d  double-sropped p l o t s .  The withdrawal p a tte rn  was s im ila r  fo r  

a l l  cropped t r e a ta e a ts ,  more a o la tu re  being  used under n itrog en  

appl l o s t  ion ae would be exp ected . At flo w erin g  on the 24 June e l l  

p r o f i l e s  were a t  or naar f i a l d  ca p a o ity .

D iscussion

l a  t h is  th ird  ssaaon tha s f f a c t  o f  s tu b b le  Mulching on watar 

I n f i l t r a t i o n  i s  becoming e v id en t. O bservation* in  the f i e l d  during 

th e heavy and o ften  in te n se  A p ril -  day r a i n f a l l  su b sta n tia ta d  theaa 
re c o rd in g s . Run-off and e ro sio n  were record ed  on th e con v en tion ally  

t i l l e d  p lo ts  as a r e s u lt  o f  su rfa ce  capping e a r ly  in  tha r a in s .

The con ven tion ally  t i l l e d  fe llo w  p lo ts  la y  wet u n t i l  th e  end o f  

Key when th e f i r s t  c u lt iv a t io n  fo r  weed o on tro l wan p o s s ib le . The 

r e s u lt  o f  water withdrawal by th e  weed growth end v o lu n teer wheat, 

to g eth er w ith th e  n o is tu re  l o s t  by t h is  ploughing o p era tio n , i s  

recorded by the gypeon b lo c k s . In  seasons having th is  s o r t  o f 

r a i n f a l l  d is tr ib u tio n  p la n tin g  in  o ften  delayed due to  th e early  
o n set o f  th e  r e in  and w aterlogging  o f th e  overc u ltiv a te d  and ' f l u f f y  

seedbed. With a  d i f f i c u l t  p la n tin g  season fa llo w  c u lt iv a t io n s  are 

a lso  delayed  end the v alu e  o f  the eye ta n  aa a watar storag e  reserv e  

la  open to  doubt.
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D. 1967-68 SHORT HAIRS
iB»JE 2$ TUBJK AID POmJSI<OSf W»T KU.UARJAXO -  8BCK7 IAXX 

The c o n v e n tio n a lly  t i l l e d  p lo t s  wore ploughed and d is c  

harrowed and the a l a l a a l  t r e a ta e n t e  sprayed w ith 1 $  p ia te / a c re  

Gramoxone V on th e  26 O cto b e r . A ll  p lo t s  were p lan ted  on th e  

28 O ctober and n itro g e n  a p p lie d  f o a r  weeks l a t e r .  The erop 

was a e r i a l  sprayed oa th e  30 Bovaaber and h a rv e ste d  on the 

1$ g* * f f f T *  ■ : ( - - | — » i -*-•

R a in f a l l  r ■ v i  » W  . ■ -« , **+ *
m ia t  • \ 7 M l ^-jj. Crep 4«Ofl  ̂ «

The S h o rt R a in s commenced on th e  8 O ctober aad over th r e e  

In c h e s  o f  w e l l - d ls t r lb a t e d  r a i n f a l l  were reco rd ed  b efo re  p l s a t i a g .

A f a l l  o f  0 .3  i n .  the day a f t e r  p le a t in g  was s u f f i c i e n t  f a r  s  

g oo d ,ev en , g e r a ia a t io n  o a  a l l  tre a tm e n ts . R ain  record ed  d u rin g  

November and Deoeaber was w ell below average and a a rg in a l f o r  

crop grow th . A fte r  f lo w e r in g  on th e  16 D eoeaber on ly  0.65 in .
of e ffect!v s  ra in fa ll waa raeerded up to harvest. m &

1 T il le r  Counts 8*453 •443
(6)Pre-planting Oeteber 1967 3.38

1*572 T 2,065 2 ,186
o iPlanting -  Harvest Ootohar, , 0.30

■ g g g g B a m m i W W M M o *  • •  A n a s  — •  ■ 1

November 3.71 (5)
Plant pepulstion Deoeaber 1.60 (4)
drain end total January 19 68 111

February 0.44 (2)
m - . - i  -------------------------- “ “ “

Total 6.05 (16)thdr treataente In the fourth tees cm. The • s i i i r H j j j j j *

>1

as intent jv  indnosd sligh tly  lass (

The erop yields end plant popnlationa are given ia  Table 25 and 
plant height neaaureaoats ia  Tabla 30. The resu lts of baking quaU*y
t e s t a  o e r r ie d  ou t oa th e  h a rv e ste d  g r a in  a r e  g iv en  in  T ab le  31*

»  • 1 bag of 20o lb . grain
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TABU 29 TIiSLDS AID POPULATION, IfiSST ULIKAIJABO -  SHORT JtAUS 1967-48

—

1
i ----------------1—  |

t io n a l  
T i l  la g *

doubl*
crop

—  * * <

lid g a
double

crop

-

i n n i Coavaa-  
t io n a l  

T i l la g a  , 
w ith  

c u l t i ­
v a ted  
fallOW  ;

Raana

»MMaJ

T il la g e
double

crop

• - * •  **«

T il la g e
w ith

in ,.

P la n t  P op u latio n 1,068 989 733 *  492
711 1

Without
’■•C ■

T i l l a r  Counta 2,489 2,116 1,422 1,388 1,501 1,783
I . T o ta l  Crop 4,871 5,339 6,413 7,291 6,081 5,999

G rain  Y ie ld 1,786 1,582 2,125 2,076 1,898 1,893

P la n t  P o p u la tio n 1,033 1,031 718 483 1,009 S5J
With T i l l a r  Counts 2,417 2,069 1,572 1,537 1,279 1.775

V* T o ta l Crop 5,929 5,415 6,322 6,988 6,609 6,253

G rain  T ia ld 1,849 1,562 2,004 2,295 1,745 1,891

| P la n t P o p u la tio n 1,050 1,010 726 488 860 ----—— l

Moan*
T i l l a r  Counta 2,453 2,093 1,497 1,463 1,390

T o ta l Crop 5,400 5,377 6,368 7,139 6,345 ■ J
G rain  T ia ld 1,818 1,572 2,065 2 ,1 8 6 1 ,8 2 2

( ' i  - - ‘ -  ' ■. i  . ■, J

Plant population* and t i l l a r  counta par aaapl* araa. 
Grain and total crop weight* In lb./near*.

M inim al t i l l a g e  w ith  p rev io u s o b a a io a l fa llo w  has o u ty ie ld a d  a l l  

o th a r  t r a a tn a n t *  In  tha fo u r th  aaaaon» Tha doubla- cropped o in in a l 

tre a tm e n t produoad s l ig h t ly  la a a  g r a in  th an  th a  o h a a lo a l fa l lo w  

c u l t iv a t io n  but haa g iv en  o v er a  bag*/a«n*o o f  g ra in  n o r* th an  both

th a  c o n v e n tio n a lly  t i l l e d  t r o a ta a a ta *

I S  *  1 bag o f  200 l b .  g ra in
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A grata /laid rasponaa to nitrogen wea avidant with tha alnlaal 
t i l  lag* a fte r  fallow traataant oal/. Both fallow traataaato raoordad 
considerably higher to tal crop weights a t harvest.

Application o f nitrogen has lnaraaaod plant popalatloaa slightly 
hat not t i l l e r  num bers. fho a ffe c t of oultlwaUaa haa been striking 
on both plant population and tille r in g . Both a iaiaal treataeato showed 
a marked reduction in plant naahera which haa been ooapanaatad for ky 
t i l le r in g . Thar* is  l i t t l e  doubt that the plant populations on both 
double-oroppod treatments wore affected by volunteer wheat froa tha 
previous season.

Plant heights recorded a t heading have shown a notioeabls rasponaa
to applied nitrogen. The nlninal tilla g e  a fter  fallow treatment haa 
given the aost vigorous growth. , *

TAELS 30 PLAIT MIGHTS (fa c t)  AT HBADIMO, WJS8T JCILIMAMJARO -  
SHORT RAIBS 1967-68

C on ven -! Tie Ridge Mini sa l Minimal 
tional Double 1 Tillage Tillage 

Tillage Crop i Double with
Double Crop Cheaioal

Crop Fallow

Conven­
tional

KKABSw ith
CultiwaUd

l * * 1™ --------
Without 

I .
Hap. I , 
H ep .II

2.85
2.21

-

2.73
2.70

2 .91

t .5 1
2.71
2*79

2.68

2.80



TABLE 31 BAKUQ QjUALITX TEST BXSULTS (VARIETY HORARY) 
WEST KILIMANJARO -  SHORT HAIRS 1967-68

Treatment Titrogen Weight Strength L/P Proteii

Conventional Tillage -double crop -
« 33 3*12 12.2

ft. n o m >  v a st * ♦ 64 H 3 8  U 4.70 12.6

Tie Ridge -double crop 64 39 3-56 13.4
99 * ♦ 63 _ 2 L _

3.70 15.0

Ainimal Tillage -double crop “ I T — 1" 39 3.78 11.9
dsriMLg crop « » .%»6f 63.5 39 3.46 13*5

Minimal Tillage with chemical 63.5 39 4.15 14*4
I __________ double m fallow

63.5 ^ 4 9 > 3 8  3® 15.3

Conventional Tillage with
—

f l ,  J+& J 64
 ̂a

36•>*
A  h

3.58- 13.0
C f\ X 1 X_ 9CttltifAttd IlllOV 

> ----------------------------------------- *
WQ' 1 *

L I 3—
> ;.(

Eitrogen Am  In a l l  oases given an inoreMe In grain protein 
content. The increase i s  larger in the Minimal than the conventional 
treatments. The highest strength and protein values were recorded 
from the minimal after fallow with applied nitrogen treatment.

Oravinetrio Soil Moisture Samplings

Ih s rfPftM  U ock* T irrlfr th t
Results of samplings taken at plM ting (31 Oeteber), flowering 

(24 January) and harvest (20 February) are given in Appendices 10 -  12

and summarised in  Table 32. ^  oomvemtiemal t i l  la g s  and t ie d

7*1 dir6 u io te  n  tum t ftit lir ff  Zb* i n i n l  t l l la x i
At planting the cultivated fallow wu s t i l l  showing the effect

of the uncontrolled weed growth during the provisos rains. The
doable-cropped niniaal treatment in particular Am  a more favourable
moisture status a t flowering due to control of run-off by the surface
auloh. At flowering time the minimal treatments are showing three
and two inohea of available water at the four and five  foot levels
respectively which is  v irtu ally  exhausted by harvest.
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Available water at harveet la  the lower p ro file  levela of the 
conventionally t i l le d  double-cropped treatment indioatee that the 
ro o t*  have not penetrated below the three to four foot lev ela .

TABLE 32 SUMMARY OF TOTAL AVAILABLE MATES (in .) WITHIN THE
5 t PROFILE, NEST KILIMANJARO -  SHORT MAINE 1967-68

Treatment Mean of Replloa 
Planting Flowering harvest

Conventional Tillage 
double crop 5*69 1.31

----------------- 1

1.20

p ie Ridge
double cropL

—*■ I«H «*• -ee

4*76 1.65 1.36

Conventional Tillage
with cultivated fallow 3*85 1.52 0.34

Idiniaal Tillage
with cheaieal fallow 7*34 1.94 0*41

IMiniaal Tillage
double crop

L 1
6.27 3.12 0.44

a ttr ib u tio n  °.L. M S M l

The gypsua bio oka records (M gs. 18 and 19) verify the graviestrie 
noieture sampling reeulta in deaonstrating the better storage of the 
cheaieal fallow at planting. Recharge of the aininal double-cropped 
plots was nore rapid oesg>ared to the conventional tilla g e  and tied 
ridge p lo ta . At flowering the aoisture a t depth on the aininal tillag e  
double-cropped plot is  recorded together with i t s  u tilisa tio n  by 
harvest. The water withdrawal picture supports the theory of a 
difference in rooting depth between conventional and aininal tilla g e .
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The d ifficu ltie s  experienced in achieving • satisfactory 
seedbed using conventional cultivation in  a year of early and 
heavy ra in fa ll  under the fallow farming system have been evident 
la  th is season. Heed growth was excessive mad resulted in  water 
loss from the fallow. I t  is  also lik e ly  to be responsible far 
reduced pleat populations on tho minimal treatments due to planting 
through an excessively heavy aulch of k illed  weed. The nitrogen 
response on the minimal fellow plots say also be e result of early 
u tilisa tio n  of available nitrogen by weed growth.

Improved and more rapid in filtra tio n  rates recorded on the 
minimal double-cropped treatment has certainly been a contributory 
factor to tho high yields obtained from these p lo ts.

This is  the f i r s t  indication of bettor rooting at depth by the 
use of minimal t i l la g e . I t  is  probably due in pert to the rather 
in ferior seedbeds produced by the conventional cultivation system 
which have resulted in poorer root growth and consequent in ability  
to tap tha deeper moisture reserves la te r  in the season. I t  would 
appear that e good s ta rt is  essential for deep rooting*

B . 1966 LOOT RA1M3

Straw from the previous harvest wee burnt on the conventional 
and t ie  ridge plots (Plate 29) but was l e f t  on both minimal 
treatments (Piste 30).

The conventional t i l la g e  plots were ploughed and dlse harrowed 
on tho 29 February, heploughing and harrowing waa neeaasmry on tho 
30 March before planting. Am a resu lt of heavy ooatiauemm rein i t  
wea not poasiblo to r»-cu ltiv ate  the fallows before 14 June.
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Another disc harrowing followed on tho 12 August. Both tho nlninal 
treatment a wore sprayed with Graaoxone V a t 2 pinta/ecre on tho 
30 Maroh and spot sprayed a t the i i m  dosage on the 2 April at 
1 pint/ncre. The aininal fallow waa again treated with 1 pint/acre 
on the 30 April, 16 May and 13 August. The tr ia l  waa planted on the 
6 April, topdresaed with nitrogen on the 11 May and aerial apra/ed
on the 29 April* Harvesting waa ooapletad by the 16 bepteaber*
>4.0 wi (M e V fe e *  nuder e e n tre a  ( P l a t e *  j l  a n a  y f j *

ita ln fall
Xaiiy-.txuJ!

The well above average and out of aeaaon preplanting raina 
caused great d ifficu lty  in land preparation of the conventionally 
t i l le d  treatments. Conditions were ideal at planting and with 
0*9 in* e f rain fa llin g  on the day a fte r , excellent gemination and 
eatabllshnent was achieved* S tr iking visual responses to nitrogen 
were recorded on a ll  treataenta* Flowering was completed by the 
26 June a fter  which only 0*5  i»* effectiv e  ra in fa ll waa reoarded 
until harvest*

fro-planting February 1968

4,568 
_ 755

April
3.994

3 .35  (4 ) 
12 .39  (I®) 

3 .1 5  (4 )

Total 28 .89  (26)
j Plant Population 1,81? 1*622

bit fcfc 1 I 1 l*ywee«t+ffLj laW weMt fA’ Jf * J • 3 , 29»
6 .2 6  (7 )Planting -  Harvest April

■•y 7 .4 6  (a ) 
3 .1 2  (1 2 ) 
0 .0 9  (2 )

June
” 1 ,909July

August 0 .2 2  (1 )
Saptanbar MIL

Total 17*15  (43 )

a * 1
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Control

raft d f ta r  two i m m m  o f  heavy r a in fa l l  where wood oontrol bgr
c u lt iv a tio n  hod boon both d i f f ic u l t  and la rg e ly  in e ffe c t iv e  dee to
the lead  ly in g  n e t , a heavy in fe s ta tio n  o f  cleavers ( P allin n  speriun) 
had es ta b lish e d  in  the conventionally t i l l e d  p lo ts . Successive
sprayings with Qraeoxone V on the n ln lnal t i l l e d ,  ch ea ica lly  treated 
p lo ts  had kept the need under oontrol (P la te s  31 and 1 * ) .
s te a  ru st , flw b eet y ie ld  nee given by th e ata lu al t i l la g e  treetneal

Crain y ie ld  has ahem a positive response to nitrogen particularly e 
tha The populations and y ie ld s  recorded are  presented in  Table 33 
together with p lan t halghta a t  heading (Table 34) and the r e s u lt s  of 
baking q u a lity  t e s te  on harvested grain  (Table 3 9 ). -op r

TABU* 33 TIKLDS AND POPULATIONS, WEST KILIMANJARO -  LONG RAMS 1948
eaULM U __VLAlff BJlIC W  <

Conventional T la Ridge
T illa g e  double crop T illa g e  

double crop
Jleaao |

P lan t Population 1,269 i V  1,388 2,232 1,630 j

2,839without T ille r  counts E$WfW Cf X v
^  J  r  j -

I . Total Crop 4,568 | 3,594 5,855 4,806

Grain Y ield 755 628 1,093. 825 I

P lant Population 1 ,8 1 7 .^  1,622 2,012 1,817

with T i l la r  Counts 3,171 6 j 3,299 3,444 3,305
w W. Total Crop % 77 6,564 5,219 5.733 5,839

________
Grain T l« ld  

—

855 646 1,312 938 j

P lan t Population 1,543 4 *  3,505 2 ,I K
| • . .v

T i l le r  Counts 2,924 . 2,813 3,479
Means ‘ -m

Total Crop 5,567 4,607 5,794
Oraim Y iald 805 637 1,203

■i

Flant populations and t i l l a r  counts par sanplc a r s s .

Grain and to ta l crop weights in  l b . /acre.



181

la  th is  w«1 year the response t *  nitrogen application la  ahous 
\iy the increase la  both pleat populations and tille r in g , both 
recordings shoe a large increase over previous seasons.

? • 1 wiWWl * ?* a a. '.'£*•<* *vOSllf GT*;* • ’ ’ X/ | £*j X »v4 | 10*lj

The highest populations and aost vigorous tille r in g  has been 0*4 
produced on the niniaal t illa g e  treatsents.

" ♦ 10*4 
The overall yields were quite severely affected by an outbreak of

a tea ru st. The W st yield  was given hy the a ln lssl tilla g e  trestaent
which outyialdad the conventional tille d  p lots fay over 30 per oeat.
Grain y is ld  has shown a positive reeponse to nitrogen particularly on
the minimal p lo ts . The mesa e ffect e f nitrogen nay have been greater
but for stun n e t  which was sere severe on the nitrogen applied p lots.
The application e f  nitrogen has Increased the seas total crop weight
by ooee twenty per cent. 1- * * '

TABLE 34 PLAIT HEIGHTS (Feet) AT HKADISO, WEST KILIJUW ARO -  
LOVO HAIRS 1^48

1 j ŜSST*
P *  «lv: i  double crop

Tie Ridge
Double crop
15 « d

*± *i**L  tlabar) 
Tillage Bsm b  

double crop £  _ ^ J

-t  out 1 ■ j thout * *
10:3-47

3.45
3.53

3.06
l ( iv T y iW lP  9KB 

3*09
h. I"

Keans
M 3

3.49 3.09 3*34
- ■ '■ — 4 y —y  

i Hop. 1 4.01 3.58^ 3.90
W“ h B.p.11 « r  ; 3.93 3.89 J__

... ------------
Means 3.89 3.76 3.90 | 3.85

MEABS 3.66 3.63 3 . 5 0 I l .4 *25

hitrogen application has increased the naan plant heights, the 
■ost noticeable e ffect being on the alniwal tilla g e  treatment.
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TABLE 35 BAJCIRO QUALITY TEST RESULTS (VARIETY ROMARY) 
WEST KILIK1RJARO -  LORO HAIRS 1968

At f lc  *  : vj t iw i  a rt l i t t l t  l if fa r tM a i u  > N iw a  • v u u u u

* Baking quality testa carried cut on the harvested grata mho* the 
positive response of protein content to nitrogen application.
Strength and bushel weight were not affected hy either cultivation 
treatment or applied f e r t i l i s e r .

dra vine tr io  Soil Moistu re  Samplings

The comprehensive resu lts  of tits so il aoieture samplings a t 
planting (24 A pril), flowering (8 July) and harvest (12 September)
are given in Appendices 13 -  15 and summarised in Table 36.

TABLE 36 SUJOUHT OF TOTAL AVAILABLE WATER ( in .)  W1TUIR THE 
rid  fit* f t .  PROFILE, WEST EILIMAHJARO -  LORO HAIRS 1*68

...... .. — --------—■—
Treatment

Mean of Replicates 
FI anti me Flowering Harvest

Conventional Tillage -double crop
.

8.08 6.17 5.09 1

Tie Ridge i -double crop 9»91 ? 1 »te 5.07 4.78 r l

Cultivated Fallow 6.8 6
'

5 .7 J 4 . »

Chsnioal Fallow *  •* 1
1 ---------— ~  --------- ---  --------

8.55 6.42 5-42

Minimal Tillage -double crop 8*72 5.83
-

3.45
- ', „ . .  . .  .
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The t ie  ridged treatment has stored approximately ten lnohes 
of available water at planting compared to the 6.8 in . of the 
cultivated fallow where moisture was observed to be loot by run-off.
The p ro file  on th is fallow showed poor in filtra tio n  to depth and 
loan from the top foot due to excessive weed growth. The faot that 
the water table had risen  to five fee t in plot number 1C (conventional 
t illa g e  with fallow) during March -  April, has substantially affooted 
the true water av ailab ility  picture on th is  treatment.

At flowering there are l i t t l e  differenoss in moisture availability 
between the cropped treatments, but the ohemieal fallows show better 
retention which is  maintained until harvest. The d ifferential 
rooting depth between minimal and conventional tillag e  is  again 
reflected  in the harvest recordings.

Distribution of Soil Moisture

The av a ilab ility  of water throughout the season as recorded by 
the gyp mum blocks i s  presented in f ig s . 20 and 21.

In th is  year with continuous ra in fa ll the effiolency of t ie  
ridging for water storage is  evident from the rapid recharge recorded 
by the gypsum blocks. Rooting on this treatment was limited to 
one foot where no nitrogen had been applied! the three to five foot 
p rofile  remained a t fie ld  oapaolty or above during the growing season.

The minimal tilla g e  p rofile  showed complete recharge by ald-Maroh 
the conventionally t i l le d  treatments Iqr the end of Karoh. The 

in it ia l  withdrawal pattern between these treatments was sim ilar but 
la ter u tilisa tio n  on the minimal plots was much more rapid and to a 
greater depth than on the conventional t i l le d .

The extraetioa of moisture by weeds is  recorded by the blocks
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Figure 201



F ig u re  21» r e s is ta n c e  u n it  r e c o r i t  thawing o e re tra ti^ n  e f  r e i n f a l l  in
the top 5 f t .  f c r  the 79*8 Lan" TUdna uea^oc.



ob the conventionally cultivated fallow twioe during the season.
Haliifall waa more than adequate to produoe saturated profiles 
ob both fallow treataeata by harvest* There la  however a 
difference in  the rate of recharge at the five foot level la  
favour of the ehealoal fallow*

Root Growth

Root waahinge of one replloate of the elniaal and conventional 
tilla g e  treatments, with and without nitrogen, were photographed 
a t narveat (Plates 3 3 -  36) .  "*** chisel >1

The rooting behaviour in the conventional tilla g e  plot showed 
l i t t l e  laproveaent with nitrogen application. Both treataents had 
poor root distribution to 10 in* depth with the concentration of 
roots in  the top two inches*

the roots of the ainlaua tilla g e  treatment with nitrogen 
were profuse and conoentrated to 24 1b*

Discussion

The populations and t il ls r in g  recorded this season on the 
miniaal treatnent ware substantially better than on the conventional 
treataeat* The foraer had a heavy seal-decomposed straw and dead 
weed cover which controlled water aoveaent o ff the plot during the 
establlshaent phase. The gerainating seed had no d ifficu lty  in 
eaorging through the trash cover (Plats 37)*

The large grain yield  increase with ainimal tillag e  plus nitrogen 
could be due to the increased rooting depth ooaponeatiag for the 
more rapid leaching of nitrogen under well above average ra in fa ll
conditions
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aoil/water relationships ware reoorded with stubble 
auleblng both in the control of run-off and In tho profile 
recharge reoorded by the gjrpsua blocks.

He '•  PHOKT *A 1» ^  ^  ^  ^

The wheat straw after ooabinlng the previous crop was burnt 
on the conventionally t i l le d  and tied  ridge p lo ts. Couch grass
^1x1 tar la  scalaruaj which had boon spreading on theee plots was 
dug out by hand and afterwards they were chisel ploughed,following 
normal fa re  practice, to a depth of seven inches on the 4 October 
leaving an exceptionally rough surface.

b oth  th e  a lp la a l  t i l l e d  a f t e r  fa llo w  ur.x double^cropped plots 
wero scarified  to  a depth of two inches. Conventional t i l le d  and 
tied  ridge plots wore disc harrowed on the 9 October and the la tte r  
remade by hand. Only one sp ray in g  was necessary on the s in iea l 
p lo t s  a t  l £  pints/acre Crasoxone W before planting with variety 
Romany on the 5 November. F e r tilis e r  was applied to the eeb-plots 
en th e  12 Lsceaber and aeria l spraying carried out with a mixture 
o f  2,4-S and Caabilene* to control cleavers on the 19 Deoeaber. 
Harvesting was ceeplsted by the 19 March•

R ainfall . ; uiary 1 6J 2.96 v i )

This Short Rains produced aors than adequate to tal precipitatien 
for a good crop but the distribution was very unfavourable. After

•Caabilene a mixture e ft  dloaaba (3 ,6-dichloro-2-»sthoxy bsnsolo sold)
HCPA ( 4- o h lo r o - 2-«eth y lp h en oxy  a o e t lo  a c id )  
2 ,3 ,6 -T B A  ( 2 ,3 .6 - t r io h lo r e b a n s o io  a d d )

U«|da atid^e eeooprop (dl2- ̂ 4-chloro-2-»etnylphsnoxy)
, . w  _ propionic acid (2-(MCPP)))

kstad by Fisone Ltd.
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p la n t in g  a  f a l l  o f  0.23 I n .  on th a  7 Movoaber was s u f f io ia a t  to  

g e m in a te  b o th  a i n i a a l  t i l l a d  t r a a ta a n ta .  Tha seed  an tha 

o o n v an tio n a l and t ia d  r id g a  p lo ts  la /  dry u n t i l  tha 21 Aovoaber 

when g e m in a t io n  too k  p la o a  a f t e r  0 .7 1  i n .  A t o t a l  o f  5.5 i n .  

d u rin g  th a  l a t t e r  p a r t  o f  Hoveaber gave good a a ta b lia h a a n t grow th. 

Mo r a in  f a l l  f r o a  th a  19 December u n t i l  th a  23 Jan u ary  by which 

t i n e  b o th  th a  o o n v an tio n al t r a a ta a n ta  ware se v e re ly  droughted and 

ware co n s id e re d  to  bo a  v i r t u a l  orop f a i l u r e .  L ata Janu ary  and 

e a r ly  F eb ru ary  r a i n f a l l  o f  sooa s i x  in ch es a l te r e d  th a  o v e r a ll  

p ic tu r e  c o n s id e ra b ly  to  th a  b e n e f i t  o f  th a  co n v en tio n a l t i l l a g e  

t r e a t a e n t a .  ______

Throughout th a  seaso n  tha s in io a l  t i l l a g e  p lo ts  a a in ta ln e d  tha 

advantage o f  e a r ly  g a r a in a t io a .  P o p u la tio n , t i l l e r  co u n ts, p la n t  

h e ig h ts  and h a r v e s t  ware a l l  reco rd ed  two weeks e a r l i e r  on th e s e  

t r a a ta a n ta  compared to  th e  oon vantional and t ie d  r id g e  p l a t e .

ire-planting October 1968 
Movoaber

Total

1.11 (3)
0 .  53 (3)

1 . «4 (6)

Planting -  Harvest Movoaber 10.01 (17)
Deceaber 10.47 (14)
January 1$69 2.96 ( 6)
February 4.48 ( 9)
March -** •••* P 0.05 ( 2)

Total 27.97 (48)

I t e l d s ,  P o p u la tio n s  and P la n t H eights

Y ie ld s  and p o p u la tio n s  a r e  p re se n te d  i n  T able  37 to g e th e r  w ith 

p la n t  h e ig h t a e a su re a e n ts  (T a b le  3 8 ) .
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TABUS 37 TI ELDS AND POPULATIONS, WEST KILIMANJARO -  SHORT RAINS I <,68-6954 i>wsr vita t i t  douri«-crorn«i t r M i M B N  U m  M m r t l o M i  '.<■

The p t r l r r l  a f t e r  t a l

herease o f  792 lt/aere (3 
i l l s !  M ftfc a p p lie a t lo n  ad

Convsn-
tional

Tillaga
double

crop

Conven­
tional

Tillaga

cu lti­
vated

fallow

Tie
Ridge
double

aro»

raaee o f

Minisei 
Tillage 
double

drop
ventleas
980 lb /

Tillage
with

ohenloal
fallow

MTS (57

Means

Plant Population 
Without T ille r  Counts 

N. Crain Held *
L  *>traw Weight , th

1.461
2,251
1.547
3.473

1.594 
2,269 
1.529
3.594

1,327
1,983
1,263
2,493

1,415
1.839
1,378
2,499

1,256
2,149
2,321
4,992

1,411
2,098
1,608

,3,410

* With
.»7s*e
M.

Plant Population 
T ille r  Counts 
Crain Yield • 
Straw Weight

1,587
3,066
1.949
4.544

1,481
2,653
1,727
3.355

1,491
2,587
1,601
3,068

1,448
2,325
1,766
3,240

1,194 1,440 
2,592 2,645 
2,707 11,950 
4,901 3,822

■
'allow t r

Means
*

,_______

Plant Population 
T i l la r  Counts 
Oraln Tiald * 
straw Haight 968

1,524
2,659

,1 ,748
4,009

1_______ 1

1,538
2.461
1,628
3,475

1,409
2,235
1,432
2,781

1

1,432
2,082
1.572
2,869

1,225
2,371
2,514
4,947

*  Crain Tialda corrected to 15 P«» oont moisture.
Plant populations and t i l l a r  counts par sample araa.
Grain and atraw weights in lb ./acre.

JtSP’e Z 2 i4T 2a 2av2
B #  A ?  L a 3 v  s  - * * ' —

Nitrogen has Mad no overall e ffe c t on neaa populations hut Mas 
increased tille r in g  on a l l  treatments. Plant survival vas higher on 
the fe r t ilis e d  double-cropped plots with naan plant oeuata loser for 

the minimal treatments.

In th is  the final season, the aininal tilla g e  a fter ohenloal 
fa llen  treatment has given a large, increase in grain yield  over the
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other treatment#, haring outyielded the conventional fallow by 660 lb/acre 
(54 P**“ c a n t). With the double-crop pod treatments the oonventional *>+■ 
given an increase of 176 lb/acre over the ■ in iaal.

The minimal a fter  fallow without aitrogen treatment has given an 
increase of 792 lb/aore (52 per oent) over the oonventional equivalent 
whilst with application of nitrogen aa increase of £80 lb/acre (57 per 
oent) was achieved. There ia a suggestion of a slightly  better 
response to  nitrogen with minimal t i l la g e .

Comparing the conventional tilla g e  double-cropped with the minimal 
t illa g e  double-cropped, there ie  an inereasa of 169 lb/aora (12 par cent) 
in the abeenoe of fa r t i l i s a r  and an increase of 163 lb/aora (10 per oent) 
with nitrogen applied, a further indication of a better nitrogen 
response with minimal t i l la g e .

There are increases in  straw weight on the double-cropped plots 
with applied fe r t i l i s e r  but no responses were obtained with the

... : .. ■ -----  --------- . ,

TABLE 38 PLANT HEIGHTS (fe e t)  AT HEADINC, WEST KILIMANJARO -  
SHORT RAINS 1968-69
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Nitrogen has increased plant height in a l l  nain traatnanta 
but toe differences ara largar Hitt tba double—cropped traatnanta* 
The minimal tilla g e  after falloN has produced the aoat vigorous 
growth in both the presence and absence of f e r t i l i s e r .

(iraviaetrio Soil Moisture

The comprehensive reeulta of the soil moisture samplings at 
planting (12 November,1968) ,  flowering (25 January,1969) and harvest 
(14 March, 1969) are presented in Appendioes 16 -  16 and summarised
in Table 39*

TABLE 39 SUMMARY 01 TOTAL AVAILABLE WATER ( in .)  WITHIN TUS
f t .  PROFILE, WEST KILIMANJARO -  SHORT HAIMS 1968-69

Treatment Mean of Replicates

Conventional Tillage -double crop 1.98 5.50 4.87

Tie Ridge -double crop 4.24 5.78 4.47

Conventional Tillage with
cultivated fallow

2.21* 5.35 4.54
i

■inimal T illage with
ohemioal fallow

4.09 3.87 2.34

Miniaal T illage -double crop
---  ^ ---------«--------------

3.00
_____________

5.88
_____________

3.90

*  1.72 in . of available water was reoorded at 5 f t .  on plot 10 
affected bjr water tab le .

The Moisture samplings again indicate the more e ffic ie n t u tilisa tio n  
of stored so il moisture to depth by the minimal fallow treatment. At 
planting both minimal treatments and the t ie  ridged had substantially 
more moisture stored at depth froa the late  ra in fa ll during the previous 
season. The particular advantage of mulching and reduoed so il 
disturbance is  shown by the moisture stored a t the 6 - 1 2  in . sons on
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both minima l treatments. Seedbed preparation by ploughing and disc 
harrowing resulted in the top 18 in . being at or near w ilting point 
a t planting -  hence the overall two weeks delay in growth commencing.

At flowering the minimal fallow contained two inches le ss  
available water due to water withdrawal in the two to  three foot zone.

D istribution of s o i l  moisture

The water a v a ila b ility  picture as recorded by the gypsum blocks 
i s  presented in Figs. 22 and 23.

The poor root development on both cultivated treatments is  shown 
by the moisture withdrawal pattern and the importance of the la te  
r a in fa ll  in saving these crops is  evident.

During la te r  growth the minimal fallow treatment was withdrawing 
moisture from four fe e t.

Root ‘Growth

Root washings were made and photographed during th is f in a l  season.
The root growth o f both conventional and minimal a fte r  fallow and double­
crop a t flowering are presented in Plates 38 -  **1 showing the top one 

foot p ro file  only.

Grain yield  compononts from harvest samples

The resu lts o f head and grain weights from 500 random head samples 
and 1,000 grain weights from each treatment are presented in Table W.
With the exception of the ridged treatm ent, minimal t i l la g e  with fallowing 
hats produced the highest number of grains per head. This treatment also 
shows the harvest mean grain weight. The minimal t illa g e  double crop 
has given a reduced grain se t in the absence o f nitrogen. Harvested 
sample weight end graded cotunerclal sample agree fa ir ly  c lo se ly , indicating 
good grain f i l l in g  conditions due to  the la te  rain .



TABLE 40 GRAIN YIELD COMPONENTS FROM HARVEST SAMPLES, WEST KILIMANJARO SHORT RAINS 1968-9

YIELD FROM 500 HEAD
RANDOM SAMPLE

1,000 GRAIN WEIGHTS 
(gms) BUSHEL

TREATMENT NITROGEN Mean
Grains/
Head

Mean
Weight
Grain/
Head
(gms)

Mean
Grain
Weight

Harvested
Sample

Graded
Commercial

Sample

WEIGHT

Conventional Tillage 27.5 1.05 .038 38.2 38.3 62.1
double crop + 27.4 0.99 .036 36.1 38.5 61.4

Tie Ridging _ 30.8 1.23 .040 39.9 39.3 61.1
double crop + 29.9 1.14 .038 38.2 40.0 62.8

Conventional Tillage - 24.9 1.01 .040 40.5 CO•o 64.6
with cultivated
fallow + 25.7 1.03 .040 ■p o • CO 41.0 64.3

Minimal Tillage _ 28.8 1.23 .043 42.9 43.0 64.2
with Chemical fallow + 29.0 1.19 .041 40.9 41.5 64.3

Minimal Tillage _ 19.4 0.72 .037 37.2 37.3 62.8
double crop + 25.4 1.01 .040 39.9

i_______ ______
36.5 62.1

- _
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TABLE 41 SUMMARY OF YIELD DATA FROM WEST KILIMANJARO OVER SIX SEASONS

Year - N
-----1

+ N
and

' Season
ireatmenz

1 2 3 4 5 1 2 3 4 5

p.p . 752 - 684 778 - 859 - 762 907 —
1966 Tillers 1364 - 1435 1324 - 1752 - 1999 1590 -
L.R. Total C 10806 - 9701 8456 _ 12087 - 10627 9089 -

G.Y. 2730 - 2589 2514 - 2552 - 2453 2472 -
C.Index % 25.2 “ 26.7 29.7 — 21.1 — 23.1 27.2

P.P. 672 853 618 748 764 663 746 557 762 721
1966- Tillers 1191 2039 1191 1924 2066 1142 1787 989 1929 2123

Total C 475 2486 312 332 2249 528 2326 491 343 194067 G.Y. 132 802 73 78 1232 136 779 150 97 1121
S.R. C .Index % 27.8 32.2 23.4 23.5 54.8 25.8 33.5 30.5 28.3 57.8

P.P. 865 - 788 907 - 919 - 640 680 -
1967 Tillers 2393 - 1901 2794 2378 - 1649 2261 -

L.R. Total C 9169 - 6904 9354 - 10575 - 8034 9810 —
G.Y. 2843 - 2166 2727 - . 2716 - 2091 2635 -
C. Index % 31.0 - 31.4 29.2 25.7 26.0 26.9

s P.P. 1068 9 89 733 492 711 1033 1031 718 483 1009
1967- Tillers 2489 2116 1422 1388 1501 2417 2069 1572 1573 1279

68 Total C 4871 5339 6413 7291 6081 5929 5415 6322 6988 6609
S.R. G.Y. 1786 15 82 2125 2076 1898 1849 1562 2004 2295 1745

C.Index % 36.7 29.6 33.1 28.5 31.2 31.2 28.8 31.7 32.8 26.4

P.P. 1269 __ 1388 2232 - 1817 - 1622 2012 -

1968 Tillers 2676 - 2326 3514 - 3171 - 3299 3444
Total C 4568 - 3994 5855 - 6566 - 5219 5733

L. K. G.Y. 755 — 628 1093 - 855 - 646 1312 —
C.Index % 16.5 - 15.7 18.7 - 13.0 12.4 22.9

_ _  1 ____ _— — —

p.p. 1461 1594 1327
1968- Tillers 2251 2269 1983

69 Total C 5020 5123 3756
S.R. G.Y. 1547 1529 1263

4
1

C.Index % 30.8 29.8 33.6

1415 1256 1587 1481 1491 1448 1194
1839 2149 3065 2653 2587 2325 2592
3877 7313 6493 5082 4669 5006 7608
1378 2321 1949 1727 1601 1766 2707
35.5 31.7 30.0 34.0 34.3 35.3 35.6
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G. YIELD DATA

All relevant yield  data for six  seasons is  summarised in Table m .
1. Conventional t i l la g e  double crop

2. Conventional t i l la g e  with cultivated fallow
3. Tie ridge couble crop
<4. Minimal t i l la g e  double crop
5, Minimal t i l la g e  with chemical fallow.

The minimal double cropped treatment has given the highest crop 
index per cant in 1966 p articu larly  in the presence of nitrogen. In 
the dry season of the 1966-7 siiort rains the minimal fallow treatment 
show crop index per cants o f  nearly double that o f the other treatm ents.

Low crop index per cents resulted in the 1968 long rains with 
heavy preplanting rains stimulating heavy vegetative growth, although 
again, the minimal double cropped treatments have given more favourable 

percentages.

The comparison of grain yield from the fiv e  cultivation treatments 
over three short rains seasons is  summarised in Table *tl.

TABLE 42 MEAN YIELDS (lb/acre) OVER THREE SEASONS WITH ALL 
TREATMENTS CROPPED. WEST KILIMANJARO.

Nitrogen

Conven­
tio n al

T illage
Double
Crop

Tie
Ridge
Double

Minimal
Tillage
Double

Crop

Conven­
tio n a l

T illage
with

C u lti­
vated
Fallow

Minimal
Tillage
with
Chemical
Fallow

Means

—

1,155 972 1,193 1,410 1,876 1,321

t 1,311 1,104 1,289 1,417 2,041 1,423

Means 1,233 1,038 1,241 1,414 1,958

o f difference between means (nitrogen) 3 36 lb/acre

—

(cu ltiv a tio n s) - 57 lb/acre



The analysis of variance shows both seasonal and cultivation 
d ifferences to be s ig n ifican t at the P = 0.001 level and the e ffe c t  
o f nitrogen application a t the P = 0.01 le v e l. The interaction 
between season and cultivation  and season and nitrogen are also

s ig n ifica n t (P > 0 . 0 1 ).

Over these three seasons the minimal a fte r  fallow treatment has 
given a 5h0 lb/acre mean increase over the comparative conventional 
fallow . No differences are evident in the mean yields of both 

double cropped treatm ents.

Nitrogen has given a sign ificant difference for the main e ffe c t 
but there has been no cultivation/nitrogen in teraction . The season/ 
nitrogen interaction shows that nitrogen response is  very dependant on 
r a in fa l l  distribution during the growing season. There has been a 
suggestion of a nitrogen response on the minimum a fte r  fallow treatment 
but not with conventional t illa g e  a fter  fallow . The reason for th is is  
possibly due to the return of straw to the p lo ts . As the yields of 
the conventional fallow without nitrogen are sim ilar to the yields with 
nitrogen i t  would appear more lik ely  that the structural/aeration/moisture 

aspect is  more lim iting with th is treatment. I f ,  as is  postulated, 
the surface environment is  improved by minimal t i l la g e  then nitrogen 
may become lim iting at the higher yield lev els  achieved.

The coup arisen between grain yields per annum for the five 
cu ltivation  treatments over the entire experimental period are 

summarised in Table h3.

The conventional t i l la g e  double cropped has given an annual mean 

increase o f 6} bags per acre over minimal t i l la g e  a fte r  fallow . The 

implications of th is  re s u lt  are discussed la te r .

I t  is  in terestin g  to  analyse the e f fe c ts  of straw disposal of
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t'a« previous crop on the responses of grain yields to nitrogen in the 
following season. Nitrogen gave no response in the f i r s t  season after 
a l l  straw on the t r i a l  had been reroved. In the Short Rains 1966-7 the 
amount o f straw produced due to the drought was low and again no 
nitrogen response was recorded in the following crop. A gradually 
increasing response however was observed on the minimal plots from the 
1967-8 Short Rains season u n til the fin a l season with three good crops

grown under a heavy mulch cover.



TAEL*. A S UKAlN YIELDS (lb/acre> fcer annum fOK VIVE CULTIVATION 
TKLATMSETS OVER SIX SEASONS. VEST nLIMAMJAHO

Convan- Convex Minimal
tional Minimal Tie tional Tillage

Tillage Tillage Hidge Tillage with
T «v Mtrogen Double Double Double with Chemical

Crop Crop Crop Culti­
vated

fallow

/allow

- 2,862 2,592 2,662 802 1,232
1966 ♦ 1 2,688 2,569 2,603 • 1 779 1,121

Eeans 7 2,775 2,581 2,633 791 1,171

- 4,629 4.852 3.748 1,898 2,076

1967 ♦ 4,565
4,597

4,640 3,653 1,745 2,295
Means 1 a 4,746 3,701 1,822 2,186

— -----
2,302 2,471 1.891 1,529 2,321

1968 ♦ 2,804 3,078 2,247 1,727 2,707
. — Means 2,553 2,775 2,069

-

1,628 2,514

—
■ a

5,629Total* _ 9,793 9,915 8,301 4,229
i « * * f  M 10,057

©1
10,287 8,503 4.251

V  releo*
6,123

(/•eight

. cans
r ,  a ,,oa  

3,264 3,305 2,767 1,410 1,876
~ 7 •0 gave t  ̂l v 3 1
-■jr* n  
Year ♦ 3,352 3,429 2,834 1,417 2,041 

■ ------
D iffer-

F» lw»H
♦ 891
ft *tfl_ .

-  466 *m m  4
ence •: ■j' i ♦1,388 ♦1,429
frail t i i  
iinimal ‘ -♦ ♦1,311 ♦1,388 ♦ 793 -  624

1 allow
- J _________ , _________1



H. PHYSICAL PROPhHTIbS OF THai SlfhElMaMTAL SOIL

sA<xu 4$  T̂aeLAO* CAPACITY JfOB MATSU AVAJLLakU. TO C*04 •
The resu lts  of the physical determinations recorded in the 

f i r s t  year of the tr ia l  are summarised la Table 4t*

TABLK M l. TORU-SFACS KILaTIORSHITS Of iiOYL (WEST XIUMARJA*0) 
6 JULY 1966. (Mean of teo p its)

Depth
fiolk Density 

in ga/oe.
Vol. of 100 gm. 

of O.D. Soil (eo.)
Total Fore tpace 

BS % Total Volume

0-3" 0.92 108.4 1 . * 62*9 4

at 1 f t 0.98 102.7 62.0

2 1.00 100.2 61.6

4 1.02 97.5 60.5 6

4 1.03 95*6 - • >• 60.1

5 1.03 .23 3.5»
61.9

6 1.14k ■ ■........... . 1 ' "
87.7 [______55*1

The bulk density is  remarkably constant throughout the profile 
with no sign of compacted layer* due to previous cu ltivation .
The f*ee  draining nature of the so il is  V  voluse/veight
figu res. Total pore space expressed as a percentage of the total 
volume also gave no fluctuations Kith depth.

The broad uniformity and lou variab ility  of th is  in it ia l  
physical description should make the detection of any change, due 
to cultivation procedure relatively  easy.
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TAhU. 45 3T0RAC*. CAPACITY f'UK iiaTCJt AVAILaMLL TO OKU’
WhST KILIMANJARO -  6 JULY 1*66. (Kean of two pita)

Depth
Range

in
field  Capacity 

in inohes 
(£ ataoaphere)

Wilting Point 
in inohes 

&5 ataospheres)

------------  ■■
Capacity for 

available
inohes water (inches;

SURPACJi 0-6 2.27 1.33 0.94

at 1 f t 6-18 4*45 2.69 1.76

2 18-30 4-60 3.36 1.24

3 30-42 4.90 « *
1.37

4 42.54 5-04 3.78 1.26

5 54-66 5.01 3.52 1.49

6 66-78 5-23 3,58 1.65

Total 6$ f t  
____________ ___________

31.50 21.79
______________

9-71
----------- 1

The available water stored in the 6£ f t *  at fie ld  capacity 
averaged $.71 in . which agrees closely with the fie ld  samplings 
taken at f ie ld  Capacity, i . e .  Long Rains planting 1968. The 
distribution of th is storage in the p ro file  is  summarised in 

Table 45".
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An attempt was made t o  estimate the crop water use over the 

fiv e  seasons where data was available. The summary i s  presented in 
Table 46. These calcu lation s take no account o f drainage through the 
p ro file  or o f loss o f water by run-off. I t  was thought that regression 
analyses between water available to the crop at various 3tuges of growth 
and y ield s obtained would provide further proof o f the more favourable 
conditions ex istin g  under the minimal t i l la g e  treatment.

The following analyses were made.
1 .  Yield and moisture within the 5$ f t .  p rofile  at planting
2 # n h « m m »i " a t  flowering
3  ̂ n n it w w ii " a t  harvest

»• •» »* in the top s ix  inches at planting
5. Yield and precip itation  between planting and harvest plus water 

use from the p ro file  as indicated by the gravimetric s o il  

moisture samplings.
6 .  He an to ta l crop and mean of the water use over five seasons.

The resu lts obtained provided l i t t l e  o f value to add to  the 
comments made on moisture/yield relationships described previously 
within the resu lts of each season. Trom the data available i t  was 
not therefore possible to  derive an equation defining any of these re­
lationsh ip s due to  the complexity o f many variables p articu larly  climate.

The situation  has arisen where the minimal t illa g e  double crop 
treatments fa l l  outside the relationship mainly due to  what appears to 
be higher water use (1967, 1968 and 1968-9) during crop growth without the 
expected yield response. This feature is  more Ukely to be a result 
o f iimproved drainage through the p ro file  due to the more vigorous and 
deeper rooting in previous seasons. This conclusion is  borne out by the 
gypsum block diagrams p articu larly  in the wet season o f 1968 and 

1968-9.
Tne f i r s t  season aa expected showed l i t t l e  treatment response on



P L A N T  
H EIG H T ( f t )
A N D
MATURITY

P R O F I L E
DEPTH (ft.) a - - ~  
AND
ROOTING 3 - -

1

4  - 1

, - y

1 *
DECEMBER

FLOWERING
M IN IM A L  C O N V E N T I O N A L

_ _ _ _ _ _ _ _ _ _ _ ^ J j
JANUARY FEBRUARY

D A T E S

F ig u re  21+ Growth o f  wheat in  r e l a t i o n  to  s o i l  w ater a v a i l a b i l i t y ,  r o o t in g  depth 
and r a i n f a l l  s h o r t  r a in s  1 9 6 8 -9  com paring minim al and c o n v e n tio n a l 
double cro p p in g .



TABLE 1+6 ESTIMATE OF CROP WATER USAGE OVER FIVE SEASONS WEST KILIMANJARO
201

Year Rainfall & Water in Profile Estimate of water usage
and Period (in. ) U n . )

Season 1 2 3 4 5 1 2 3 4 5

Pre P 15.85
P-H 10.69 •

1966
At P 1.63 2.89 2.60 2.12 3.39 P-H 10.69 10.69 10.69

L.R.
At F 1.60 3.91 3.52 2.99 5.32 water 1.14 1.03 1.21

• used
At H 0.49 2.56 1.57 1.00 3.55 Total 11.83 11.72 11.90

Pre P 5.72

1967 P-H 15.46 ■

L. R. at P 3.68 1.82 2.50 3.20 1.71 P-H 15.46 15.46 15.46
at F - - - - - water 0.87 -1.35 -0.93

used
at H 2.81 3.47 3.85 4.13 6.15 Total 16.33 14.11 14.53

. Pre P 3.38
1967- P-H 6.05

68 at P .5.62 3.85 4.76 6.27 7.34 P-H 6.05 6.05 6.05 6.05 6.05
S.R.

at F 1.31 1.52 1.65 3.12 1.94 Water 4.42 3.51 3.40 5.83 6.92
used

at H 1.20 0.34 1.36 0.44 0.41 Total 10.47 9.56 9.45 11.88 12.92
— • - ■ ■ . --

Pre P 28.89 .

1968 P-H 17.15

L* R« at P 8.08 6.86 9.91 8.72 8.55 P-H 17.15 17.15 17.15

at F 6.17 5.73 5.07 5.83 6.42 Water 2.99 5.66 5.27
• used

at H 5.09 4.25 4.25 3.45 5.42 Total 20.14 22.81 22.42

Pre P 1.64
P-H 27.97

1968- at P 1.98 2.21 4.24 3.00 4.09 P-H 27.97 27.9727.97 27.97 27.9

69 at F 5.50 5.35 5.78 5.88 3.87 Water -2.89 -2.33-0.23 -0.90 1.7
S.R. used

29.7at H 4.87 4.54 4.47 3.90 2.34
_____

Total
___

25.08 25.5427.74 27.07
1- — —

P -  Planting, H -  Harvest, F -  Flowering
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TABLii 4 7  FHTSICAL PROPSRTIiiS OF SOIL (U£ST KlLIXAKJAFO) 
r i a v  FkO* bUUACJi COtthh 28 FtUKLAKY 1968

Treatment A of 
Mean of 8 Samples

Bulk
Density

in gm/oo.

Free
Draining 
Fore Space 
at 20 00. 

tension 
as % t

reroolatlon 
ra te  in in . 

per hour

Kaiufall 
Acceptance 
of 1 in . & 

rain
in 10 nin.

Conventional Tillage 
Double Crop'1 0.89 ! 26.5

g T  1 - - |

107.3 0.74
L . . . n  ' .< 4.1

n  i 9 .0  | |

Double Crop 0.80 6.« 29.0 ,3 96.6 0.87

• onvontional Tillage
1 „ Hi Xh r

Cultivated Fallow

* 6.fl 
0 .86

1 ; 2.i
23.9

4 2.i

U < 
90.0

\y 1
0.81

5.6

Xiniaal Tillage
with r ____ 1

3-9
0.62

9 2>|2 4 
27.0 104.7 0.80

Chemical Fallow
t - i V S* r*  1

M " '  3
F.ininal Tillage 1 

Double Crop *
t * 5 -  10 H
_ lii , -  ee. *J

----------------------- -

0.84 26.5
4 3*i

!06 .3 0.80

20 -  JO cj•• 5«S3 T lei
■wfaunaiBg mrmm

f©: 0 .86 26.8

--------------------------- a
“

-  r m  x v -----------1
c '  0.70

i

After six seasons o f cultivations the physical condition of the 
uurfaoe co ils  for a ll tre a tosnts is  sunaarised in Table 47* studies 
were also undertaken to provide supplementary evidence of the ability



of tho so il to accept ra in fa ll . Bo significant differences wars 
recorded and the resu lts show the excellent surface structure 
for a l l  t i l la g e  treataents despite the well defined differences 
visually in  their surfaoe appearance.

I .  soil Cubical analysis

The analyses for pll,organic carbon and nitrogen index fron samples
taken at the end of the experiaental period are given in Table 48.

TAHLh 46 ChbMICAL ANALYSES AT &MD OF iJUkhl^TaL JAKIQD 
n _ 9 e— M S  WiST JCILIJUNJAHO

Main Treataent E ffects Qrganlo C.** N. Index***

jstraw burnt (1 A 3) 6.00 2.77 64.1
Straw not burnt (4 & 5) 6.10 2.77 69.0

Conventional Tillage 6.03 2.93 66.1Double Crop
Conventional Tillage 
with Cultivated Fallow : .  6.01 2.62 d 62.1

tfinioal Tillage 
with Chemical Fallow 6.24 2.83 75*6

f  ' r
Minimal Tillage 5*99 2.72 62.4double Crop

Bitrogen 6.06 2.72 72.0
Mo Nitrogen 6.08 2.83 61.1

Depth 0 -  2*5 oa. 6.06 3.65 81.1
6.14 1 3.42 74.6?•) • lU Ote

L 1 0 - 2 0  oa. | 6.16 2.33 62.3
20 -  30 oa. 5.93 1.69 48.2 1

rh# f . L.S.D » 0.12 ■ 0 .23  ,m i 6.7
M

• pH in K B  Cacl,, 1 1 2 .5  so il to oaalg ra tio .

h  Qrgani t .  ty  Walkley -  Black net hod, unoorr acted  fo r  reoovery
(Jt over dry s o i l ) .

m  Bs Index by hot water h yd rolysis, ppa MH+ -  I  over dry s o il*
(Ccnti • •••)



These r e s u l t s  are a l l  n o n -s ig n if ic a n t  and i t  would e sse  th a t  

th e t r i a l  p e rio d  was too s h o r t  to d e te o t s ig n i f i c a n t  d i f f e r e n c e s  

o f  a ch em ica l n a tu re .

The in t e r a c t io n  between s o i l  depth and n itro g e n  f e r t i l i s e r  

f o r  n itr o g e n  index o n ly  was s ig n i f i c a n t .

Depth ♦ N -  11 Mean

0 -  2. 5e s .
■1

90.8 71.5 81.1

2.^ -  10 a s . 81.1 68.0 74.6

1 10 -  20 oa. 68.6 56.0 62.3
20 -  30 os. 47.5

—

48.9 48.2

(--------------------------
Mean 72.0 61.1

L .S .D . within I  treatments a t  d ifferent
depths • 9*5

between II treatments at the same
depths ■ 18.7

J .  WEED CONTROL

An assessment of weed cower and weed species present was aade 
a t the end of the Long Rains 1969, one season after the conclusion
of the t r i a l .  The resu lts  are given in Table 47•

The following weeds were found to be present on some or a ll

of the treatments*
-s tart Amaranthus s p .

Calinsoga parviflora 
‘ Callus spurius

(C o n t. a . . . )
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th«

Kslva v e rtic illa ta  

Chenopodiua ap.
)k» o ttild  Bp o r  iA trodvi'^roi) o f  _

Polygonum conyolrulua
r^C* r(*ft i l A  t - iB  A u A G IO ^  i j f  » i) 1

Setaria v ertio illa taserious attsap t wu aada to  l i a l t  1 ■ m
_ Cyperus bulboausOt raraquat epreys • The prlae object was

Over t ie  si: ide

>lar  w w * * * •  w viiiill f l V u v  e
With the exception of Cyperua (a perennial Sedge) and Sataria

(an annual grama) a l l  the weeds present were annual broad-leaved
i t  i s  H i  valid to o o ^ v t  the sawber a f ahemioal and species. i u  nutuw  ox one 

fo r  fa llo w  weed rir<

TABU; 4f PKHCtsJTAaS MUD COVKli AS A MSAJf OF SIGHT SAMPLd
ASUKSCMfflfTS I JH ThiJAWLJIT, WBfcT KILIMANJARO -  12 MAT 1^69

TKJtAXitSWT

WSSD

LorvcntlORsl conventional 
Tillage Tillage with 

Double Crop Cultivated 
Fallow

 ̂ Niniwal
Tillage
Double

Crop

Minimal T
Tillage with 

Chemieel 
Fellow

mar an thus sp. 8.25 7.75 0.50 .. ♦ ,

Gaiinso^a B p . 10.73 21.25 3.25 3.13

Callud sp. 3.0 1 4-0 the IfcreeeU

ihal va ap .  __, Aft to*ha daJ +
♦

- . ..Jii.aa s p . >f for mnt ♦ cf tajoed- leaved wteds A ik

Chenopodlw sp. 1̂ tion ^a oceipU% io4 t .  t>| 0 0

Poljrgonue ap. o ♦
i w  w  n p »

0 0 !

Cyperus sp. 0 0.50 0 0

Tataria sp. ♦ ♦ erbie^dee «ai1 • ©.50

T O T A L  j 22.0 j 33.0 3.75 3.63

0 -  not present
♦ ■ < 0 . 25> cover
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Over the six  seasons there has hssa considerable reduction in 
the general weed flo ra  with successive applications of Paraquat, 
ho build up or introduction of perennial grass speoies was 
recorded in  the absenoe o f cu ltiv ation . During this work no 
serious a tteap t was aade to  l i n i t  the nunber or concentration 
of Ja r  squat sprays. The p rise  object was to naintain as near as 
possible weed-free conditions, onpubl. data) showed that a ll the

. _ a i l  * ■ AMOWtUrOO
I t  i s  not valid  to conpare the nunber of ahenioal and 

cultivation operations required for fallow weed eo n tre l. Prequently 
during heavy rains i t  was ispoesible to get the ispleaonts on the 
ground with the resu lt that seed growth reaalaed uncontrolled os 
these occasions. On ths double cropped plots the ra tio  of 
aechanloal cu ltivations to  chesdoal sprayings averaged about 2*1 

bo for a planting. m  eoueiiered insufficient.

In an atteapt to reduce the nunber of herbioide applications 
neoeesary during ths fallow period, consideration was given to  
the use o f oooktail nixtures of Paraquat plus residual so il acting  
h erb icid es. Conoern has been shows over the increasing iaoideaoe 
of grasses p articu larly  Setaria ep. in  the Wert Kilimanjaro
araa> This increase is  thought to be due in  somu measure to the 
widespread use of 2,4-D fo r  control of broad-leaved weeds with 
oonsequent reduotion in competition to the annual grasses. To be 
e ffe c tiv e  a oooktail mixture should therefore be capable of 

controlling  these grasses.

The in i t ia l  screening of proaising h e r b i c i d e s  was curried out 
and reported by Sorter and Terry (1968). Recording. w«*. -a d . on 
the various parameters of the early growth of the weeds, of the
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to ta l  weed f lo ra  and o f the sp ecific  types. As a result five herbicides 
which showed a good spectrum o f weed control and se le c tiv ity  to wheat 
under West Kilimanjaro conditions were incorporated in two further 
rep licated  t r i a l s ,  the object being to observe the period of weed control 
exercised under fallow conditions.

The re s u lts  (Macartney 1968, unpubl. data) showed that a l l  the 
chemicals in  combination with Paraquat, namely Fluometuron (N -(3 - t r if l -  
uonaethyl-phenyl)-It1 ,NX -nethylurea), Linuron (N1- (2 ,H-dichloropheny 1)

-K methoxy-Nx-methylurea), Diuron (H1-(3,U-dichlorophenyl)-N1-diroothylurea), 
C 6989 and GS 1H260 were successful in fallow weed contro l, the period of 
control being dependent on the season. All herbicides were considered 
to have some relevance to the control o f annual grasses in wheat and 
none had any e ffe c t  on the y ie ld  of the following crop. Nevertheless, 
the period o f a c tiv ity  of up to  three months was considered in su ffic ie n t.
The fallow period extends froa May -  November fo r the Long Rains and from 
September -  March for the Short Rains fallow. To achieve complete weed 
control with a single dosage o f herbicide mixture over a rainy season is  
not fe asib le  a t present with the materials availab le. Tor optimum water 
storage the fallows must be kept v irtually  weed fr e e , moisture withdrawal 
being p articu larly  disadvantageous a fter the rains have ceased. I t  is  
at th is  time th at an early herbicide application would no longer be 
activ e . Therefore i t  i s  also at th is  stage when eith er cu ltivation  
at the expense o f mulch maintenance or further application o f Paraquat 
would have to be decided.
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8.  D is c u s s io n

oe«d i^;ier>.enoe

Th« fundam ental re a so n  given fo r  c u l t iv a t io n  ia  th a t  i t  

p rov id aa  th e  prop er a o i l  p h y e io a l oon d itiona f o r  seed 

g e rm in a tio n , emergence and ro o t d evelop aen t, although th e  id e a l  

seedbed environm ent has n o t y e t  been d efin ed  in  p r e c is e  te rm s.

.'.o is tu re  s t r e s s  w ith in  the immediate top la y e r s  i s  b e lie v e d  

to  cause o r ,  a t  l e a s t ,  to  be r e la te d  to  d i f f e r e n t ia l  s e e d lin g  

em ergence. I t  i s  however very ev id en t from th e  l i t e r a t u r e  th a t  

growth r e s u l t s  from i n t r i c a t e  com binations o f  many p h y s io lo g ic a l  

p r o c e s s e s , p rob ab ly  not a l l  e q u a lly  a f fe c te d  by changes in  th e  

in te r n a l  w ater b a lan ce  o f  c e l l s  and t is s u e s  when m oistu re s t r e s s  
i s  in c r e a s e d .

I t  i s  g e n e ra lly  agreed (s to u t  e t  a l ,  i 960) th a t  a good s e e d -  

■ o il c o n ta c t  i s  needed to  o b ta in  rap id  flow o f  m oistu re  to  th a  

seed  from th e  s o i l  im m ediately surrounding i t .  Under m arginal 

r a i n f a l l  c o n d itio n s  th e  ra p id  emergence o f s e e d lin g s  i s  d e s ir a b le  

to  reduoe th e  p o s s i b i l i t y  o f  e r r a t i c  stands r e s u l t in g  from s u rfa o e  

c r u s t in g  fo llo w in g  r a i n s .  S to u t e t  a l  ( i 960) a ls o  observed th a t  

in  s o i l s  w ith  a m oistu re c o n te n t le s s  than th e  c r i t i c a l  le v e l  

re q u ire d  f o r  em ergence, many seed s germ inated bu t f a i l e d  to  em erge. 

Sm all q u a n t i t ie s  o f  added w ater produced marked in c r e a s e s  in  th e  

emergence p e rc e n ta g e .

The emergence o f  wheat u lt im a te ly  showed no d if fe r e n c e s  when 

the s o i l  m o istu re  oon ten t was m aintained between f i e l d  c a p a c ity  

and w ilt in g  p o in t ,  provided o th e r  f a c t o r s  were optimum, in  work by 

Hanks and Thorpe (1 9 5 6 )*  They d id  however em phasise th a t  the r a t e  

of emergence was more rap id  w ith  a h ig h e r s u r fa c e  s o i l  m oistu re  

c o n te n t .



In th is  work differences in plant populations achieved varied 
considerably between treatments and seasons, natter establishment 
was recorded using minimal tilla g e  in seasons with poor ra in fa ll 
distribution at planting (1966-67 Short ksins) and also during 
seasons with above average pre-planting rains ( Long Rains 1966 and
1 9 6 8 ) when concentrated cu ltiv a tio n s were neoessary for weed control 
and seedbed preparation.

I t  is  not d iff ic u lt  to find supporting evidence of the 
beneficial effeots of surfaoe mulching in producing more favourable 
conditions during germination and which could account for better 
establishment achieved with minimal tillag e  in poor relay seasons. 
Weiee and Army (1956) noted the delayed drying under a mulch »vear 
compared to disoed plots a fter rain , and Army e t al (196I )  also 
reported that surfaoe residues signifioantly improved moisture 
conditions in the seedbed sous* Their fie ld  and laboratory studies 
showed that the drying rate of the f i r s t  i  in . of so il was greatly 
reduced under mulch but below two inches the available so il moisture 
was not affected* There is  good reason to believe that evaporation 
is  reduced from the protected so il surface (Mathews and Army, I960) 
by both lower so il temperatures and a reduction in a ir movement 
above the s o i l .  Surface moisture availability also appears to be 
comparatively better under frequent ra in fa ll conditions by using 
stubble mulching (Jacks et a l, 1955). p ^  m m xlr t lw t t w  under

There is  no doubt that excess cultivation prior to planting 
both dissipates surfaoe moisture and encourages rapid surfaoe 
capping due to so il pulverisation, as was demonstrated during the 
fin a l season a t West Kilimanjaro. The early and rapid germination 
with minimal t illa g e  compared to the conventional could wall have x 
made the difference between an eoonoaio yield and crop failure but 
for the unusually la ts  rains.
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* * * * *  and Mhltflsld (1966) aalntala that snrfsoe .o i l  
aoistur* av ailab ility  at siedlng tiaa m i tha baaia for 
pradloting tha auooeaa or fallura of tha wheat orop. Tha 
oorralationa between yields and aaadbad aoiatura content have 
also bean reported by Thonaa at al (1958), Cola and Mathewo ( I 940) 
and Array and Hanson ( i 960)

*  .. *v /I. s d l v  ^ r o c l p l i '  s i o n  Tfir un

* Tina of Planting f0, y o ljr f iH

There is  a aubstantial body of avidaaoa in imat African 
agriculture which shown raduoad yields as a raanlt of lata  
planting* Pereira (195®) has described the two main contributory 
factors to  orop failure as h ,«

(•) •» early gap in the rains soon a fter
as d i r e c t  d r I l ia d  treatm en t w e^lintth gi while waiting fo r  land 

reparatiam of th e ~1— t l  t~ r) jp j t l  n  r il p lots, th ere to  partially^ .

ndvsnta/’oa (b) tha premature oessatiaa of the rainy 
season*

I t  ia  natural for the farmer to hesitate to commit his 
planting material until enough rain has fa llen  to minimise ,-h 
hazard (a ) , but this delay in  or eases directly hazard (b>. Of these 

the greater danger is  from an early and to the raina* P ereira 's  
calculations on moisture requirements throughout tha seaaon have 
presented a oonvineing pattern in favour of early planting under 
unreliable ra in fa ll conditions*

Akshuret and Sreedharan (1965) investigated the problem of 
raduoad yield  with la te  planting in Tansanie mud reported i t  to be 
dependant on footers other than water stress or the leaching of 
nutrients by the early raina* Holds were found to decline rapidly
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t o *  to  l o t *  p la n tin g  even i n  seasons o f  good t o t a l  r a i n f a l l .  That 

th e  M o istu re  s t r e s s  d u ring c e r t a in  p erio d s o f  growth may bo 

r e s p o n s ib le  f o r  t h is  phenomenon was b r ie f ly  n o te d , i  l K _s 2 )

a lth o u g h  B ister  and Carlton (1538) pointed eat that l o s d e 
r e s u l t  i e  e t  p la n t in g  t h a t  minimal t i l l a g e  and h a rb io id a l wood t io  

o o n tro l h a s  shown to  g r e s t e e t  advantage. ir e q u e n tly  whan th e  r e in s  

break  th ey  do so  w ith  e f f e c t i v e  d a ily  p r e c ip i t a t io n  f o r  up to  th r e e  

M ake which le a v e s  th e  la n d  u n s u ita b le  fo r  p loughing o r d iso  

harrow ing . Wood growth b u ild s  up ra p id ly  th u s red u cin g  th e s to r a g e  

e f f e c t iv e n e s s  o f  t a l e  e a r ly  r a i n  by t r a n s p ir a t io n  and in c r e a s in g  

fu r th e r  th e  m echanical p ro b le a s  o f  p rep arin g  a seedbed.

The d e s ig n  and o b je o tn  o f  tho Wont Kilimanjaro t r i a l  ,

s im ila r  p la n t in g  d a te s  betw een tre a tm e n ts . In  th e  w etter se a so n s  

the d i r e c t  d r i l l e d  tre a tm e n t wan delayed w hile w aitin g  f o r  le w l k 

p re p a ra tio n  o f  th e  c o n v e n tio n a lly  t i l l e d  p l o t s ,  th ereby p a r t i a l l y  * .

n u l l i f y in g  th e  advantages to  be gained fro a  e a r ly  p la n tin g  by 

d i r e c t  d r i l l i n g .  >as )nW f  c n ;  ̂ t a

llie  r e s u l t s  shown hjf gypsum blooka and g ra v im e tr io  s o i l  ,* t r «ni 

sam plings d em onstrate  th e  more fa v o u ra b le  m oistu re  regim es which ». 

e x i s t  in  th o  p r o f i l e  in  th e  ab saao a  o f  ex ossa seed bed  c u l t i v a t i o n .  

Minimal t i l l a g e  w ith weed c o n t r o l le d  by c h e a io o ls  p re s e n ts  the

p o s s i b i l i t y  o f  optimum t im e lin e s s  o f  p la n tin g  v i r t u a l ly  i r r e s p e c t iv e  

o f  w eather c o n d itio n s  owing t o  th e  b e t te r  working c o n d it io n s .

bi reasons w ith heavy pre-planting r a i n s .  Under these condition 
O rganio Ihtta*. y disappeared by five weeks a fte r  planting, 

transitory vales of the Stubble nay have made email contribution 
to  T hat th e  o rg a n ic  m atter c o n te n t o f  th e n o i l  v a r ie s  w ith 

c u l t iv a t io n  trea tm en t and th a t  t h i s  f r a c t io n  i s  im p ortan t in  

s t a b i l i s i n g  and ag g reg a tin g  n o i l ,  has mu oh su p p o rt in  th e  j

stab ility * th e  s t a b i l i s i n g  d ecom p osition



lite ra tu re  (Stallings 1953, Slater end Carlton 1938) .  The decline 
in organic carbon with continuous cropping has been stressod
Norstadt and MoCalla ( i 960) and JQingebiel and O'keal (1952), 
although S la ter and Carlton (1938) pointed out that losses 
resulted largely from erosion of topsoil rather than froe oxidation 
of the organic fraction . The rate of decline appears to be 
influenced by the crop grown (Hobbs and Drown, 1957), crop rotation 
(van Bevel and Schaller', 1951), disposal of crop residues (Oveson 
1966), climate (Carney at a l ,  1929), soil characteristics (Anderson 
and browning, 1950), f e r t i l i s e r  application (Dodge and Jones, 1948) 
and t illa g e  practices (Johnson 1950)J* •Stained under a U nited 

period of axpsrimentatlea are net adequate te predict vr« 01

Many workers have given evidence of an improvement in organio 
eatter content with stubble mulching. This improvement would seem 
to be in the immediate surface sone, the amount depending on the 
quantities of residues returned end the period under experimentation.

After s ix  seasons of cropping at best Kilimanjaro the so il 
analysis shows no sign ifican t differences between treatments in 
organic carbon or nitrogen index. There is  however a definite trend 
Indicating a re lative improvement under ainisal tilla g e  practices.
The nitrogen index was higher in the top 2.5ea. on treatments where 
straw was not burnt, particularly on the minimal fallow p lots.

Very rapid breakdown of the mulch was observed, particularly 
in seasons with heavy pre-planting rains. Under these conditions 
tho straw had mostly disappeared by five weeks a fter planting. The 
transitory value of the stubble may have made email contribution 
to the chemical statue but indirectly contributed to the awintenance 
of organio matter in the surface soil by oontrol of run-off.
McCalls (1945) also noted the temporary nature of ’ structural 
s ta b ility ' which lasted only as long as the s tab ilis in g  decomposition
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product* continued to • * !.*  *a th.  , oil#

* * "  * * * * * *  .  M * ,  ouuiiibrluu U M  of
“ '***,iC ' “" ' r  “ *  ““ "« • «  “ I d  U  M t.t l l .k M  ln , oU

roBklt o f  klklkkl t i l lo g .  proetioo. » .  p o M im it ,  of 
hhlutoihihg o r*M t. M U M  M  M a -o g w  i *  th .  .  ,

0Ok.lot.kt kith  high crop , 1. 14,  t ,  Mln€ u

lk Y .o tlg .t .4  f u r th e r .  To kohlor. „  i .p r o . .d  . t u ,o t u r u l  . t . t u .  1 . 
t h .  k k rf.0.  ..1 1  k i l l  n n d o o b to d l, d .p .ud ok t h .  . f  r , . Wu.
r .u ,  n,d kkd f o r  khkt p e r io d . T h . d .« «  o b tU k ed  u od .r .  l im ite d  

PMiod o f  . x p . r i M k t . t i . h  o r e  h o t r t p , .  ,o  p r M lo t  o h . ,  o r  . t
"hot l .k .1  .o i l  orgenio Bettor would b e n ,  e t .h m .e d .
that, vith ita b U t Mulchinr i M # p  v~‘ >f v ;  iOAi aim l i g h t  r i i i  prod u ce#  a

In filtra t io n  sad Stubble Mulch
_effect ln increasing th* depth wad

Tha •"try of water into the soil and its  retention in tha
rooting zone has been shown to b* #f paraaount agricultural
im portance i n  the hydrological qjrole. Th* aaount o f  w ater th a t

actually .n tara  the so il depend, on i t .  porosity (Mannariag at m l,
1S6S ) , previous Bolster* content (Meyer and Mannaring, 1961) and '
intensity and duration of preeipitation (Dul^y and fe lly , 1939) ^ 0.
humorous workers have recorded tha value of stubble aulching in
inei-eaaing the in filtra tio n  and storage of high intensity ra in fa ll
h j controlling run-off and reducing surf see seeling. I f  the rains
are Infrequent the ouaulatlve moisture loss on a mulched so il a ay
lag behind a bar# M il but eventually will reach approximately tha
same moisture content in the to ta l p ro file . aulte that th*

Run-off was observed from the conventionally tille d  plots during 
intense r a in fa ll . The protection afforded by the auloh cover on the
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minimal p l o t .  . . .  s u f f i c i e n t  to  .h o .  isprovad r a t e .  o f  i n f i l t r a t i o n  
presum ably due m ainly to  d e lay ed  s u rfa c e  s e a l in g .

f i iw l  # o f vo ric  oa l t s t  u t t k lo  s o i ls  t k a .  tkoE* . .
T h . e f f i c i e n c y  o f  chem ical fa llo w in g  compared to  bare fa llo w in g  

f o r  m o ie tu re  s to ra g e  i s  sup ported  ty  the re co rd in g s  o f  b ta p le  e t  a l  

(1 ^ 6 0 ) , Thy . e l l  (1 9 3 8 ) and Zingg and W h itfie ld  (1 9 5 7 ) . T h e ir  

c l im a t io  c h a r a c t e r i s t i c ,  were s im ila r  in  term , o f  r a i n f a l l  amount 

and i n t e n s i t y  to  th o se  reco rd ed  a t  West K ilim a n ja ro . The p e rce n ta g e  

o.t a v a i la b le  w ater con served  a t  depth bears a c lo s e  s im i la r i t y  to  
the r e s u l t s  o b ta in ed  in  s tu d y .

The c o n c lu s io n  reach ed  by Aroy e t  a l ( 1961}  and Burr (1914) 

t h a t ,  w ith  s tu b b le  m ulch ing, in fre q u e n t and l i g h t  r a in  produces a 

t r a n s i t o r y  advantage in  th e  s o i l  s u rfa c e  and th a t  freq u en t and 

in te n s e  r a i n  has a s i g n i f i c a n t  e f f e c t  in  in c r e a s in g  th e  depth and 

p e n e tr a t io n  o f  s to r a g e , was co rro b o ra ted  by th e  r e s u l t s  p re se n te d  

fo r  the extrem e seaso n s o f  l$ 6 6 - 6 7  and 1968-69 S h o rt R a in s .

wetgnt per grain, useful snd necessary as th is bohr af work has 
b o il  S tr u c tu r e

^w icroastsg ly  obvious that these 00&peasets acre mot
Ik ts r l tp a ^ k t  hat a lso  of doubtful phy siolsghssl

th e  w ell d e fin ed  v is u a l d if f s r s n c a a  in  the appearance

o f  th e  s u r fa c e  s o i l  between th e  v a rio u s  t r e a t a e n t s ,  th e p h y s ic a l

a n a ly se s  d id  n o t w holly s u b s ta n t ia te  th ese  o b s e rv a t io n s . Although

th a r s  i s  s  s l i g h t  low erin g  o f  th e  bulk d en sity  snd s  sm all in c r e a s e

in  th e  r a i n f a l l  accep tan ce  r a t e  w ith a in ia a l  c u l t i v a t i o n ,  th ese

improvements would n o t accou n t f o r  the vary much b e t te r  i n f i l t r a t i o n

r a t e  observed  in  the f i e l d .  The core sam pling r e s u l t s  show th a t  the

s o i l  has an s x c a l le n t  s t r u c tu r e  and la  h ig h ly  p o ro u s . The f r e e

d ra in in g  p ora  sp ace a t  20 om. te n s io n  averages a t  over 26 par c a n t

Of th e  t o t a l  volum e. At t h is  le v e l  th e re  could be no a e r a t io n
* 7 . /  f ' 1 1 [ •  •  tp • flLI ■ J % 1  % i  j T

problem .



Th* evid*a®« prooentsd by « « m r (1950), Parker and Jenny (1945) 
add hradfield (1936) of structural deterioration dua to tilla g e  with 
aasooiated reduction ia  percolation rata and total porosity , vara tha 
resu lt of work  on loan atable nolle than those represented at boat
Kilimanjaro«:n Lave and brans (1949) ooaduded that asdiua textured 
so ils  of a fr ia b le  nature ears able to withstand the effeota of 
continuous cultivation for a longer period of tia e .

During these t r ia la  th s seed ra te  has boon constant throughout 
Tleld s. feaa la tlssa . Malshta eta , have shown wide variation 

from  reason to  season and between cu ltiv ation  treatments within s  
e« during the la st decade a narked ohaage has taken place in tha 

•tudjr of y ield  determinations in the oareala. Previously research 
work was aimed at identifying tha components of yield and on the 
basis of a very thorough study of the crop in the fie ld  i t  was hoped 
to interpret the neohaaisas controlling yield Bagledov and Wadhaa, 
1923)* 1 Detailed ooaparlsons of varieties led to the resolution of 
yield into i t s  four major ooapnents t the nuaber of plants per unit 
areaf the number of ears per p lant, the nuaber of grains per ear and 
the weight per grain* Useful and necessary as th is body of work has 
been i t  has beoona increasingly obvious that these components are not 
only highly interdependent but else of doubtful physiological 
significance. Longer (1967) has reviewed recent major achievements 
in the fie ld  of wheat physiology in  an attempt to isolate factors 
determining y ie ld  and hna supported the dsainent role of moisture 
a v a ila b ili i ;  nt e l l  otagea of growth in i ts  affeet on fin a l y ield , 
the nature end extent o f ro o t development are however an jo r fo o te rs  

v<In studise where bettar moisture status has been reported through 
stubble aulch farming, ths reooirds of plant growth invariably show 
improved vigour in tarns of t i l le r in g , plant heights, rooting depth 
and biologioal yields (Lwasjr Kao i 960, Phillips 1968, Asplaall a t  al La 
1944t Joakar 1939 and fr ip le tt  at ml 1968)* I t  ia  not within tks t



oonfines of this researeh to beoome involved with the body of 
information which exists as to reaction of the plsnt to soisture 
stresses a t various periods of growth} auffioe to sv  that any 
system which atteapts to provide optinua availability  of aolstare 
as far as possible during the entire l i f e  of the crop mast also 
provide fo r improved y ield s.

, . ft m  o u r r ^ d  CCOl'6 V A  n a r i i i i l n  i . .

fallowing than in a »  other treatment. Deeper root ins with an
During these tr ia ls  the seed rate has been constant throughout

yet the populations and t i l l a r  counts have shown wide variation
from season to season and between cultivation treatments within a
season. Plant density under these conditions is  primarily a resu lt
of seedbed moisture at time of planting and following r a in fa ll .

it fMi (tttth Q{ TCf J r
Before optimum population densities can be considered i t  is  neoessary 
to f i r a t  establish  a seedbed preparation technique giving optimum 
plant survival and also to provlda for available moisture within the 
profile  particularly during flower In itia tion .

m o +  (  . f . o r ,  i  ,  •. . . » , • , > * .

Growth
root length aarw ltk total dry weight, nevertheless aa inhibited
rooting system together with limited moisture within the p ro file  will 

The root washings made during the final seasons have shown.
considerable differences both in extent and depth in favour of
minimal t i l la g e , from the litera tu re  i t  la d iff ic u lt  to establish
an exact ro le  that root growth could play in the determination of
growth. The great number of factors which can influence root
development at any stage sake the interpretation of results d if f ic u lt .
The nature and extent of root development are however major factors
governing plant response to moisture conditions and are highly
responsive to the physical property of the s o i l .

a in  Iha lap . am Id be I usees ‘.b* ini•> root.
I t  is  generally accepted (Sails  et al 1965) that there is  l i t t l e  

' j**Tj*Ut on. u s  It t i l le d  treatment* lard w >04/ recorded
root penetration ty the wheat plant into soil a t or below permanent
reduetlon im root pemetratlom with in it ia l  s e l l  dx/aeas.
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wilting point a* was evidenced during the 1966-67 bhort bains. Tha 
•ztont and proliferation of roota la also encouraged by the amount 
of moisture within tba p ro file  and tba tanaion at which i t  is  
available to tba plants* boot growth ie encouraged between 20 ifnî
40 par cant moisture content of the so il (ieiahomt 1957) , a atataa 
which occurred a ore frequently and for longer periods under oheaioal 
fallowing than in any other treatment. Deeper rooting with an 
increase in  available water at depth was also recorded by Kmooh at al 
(1957).

I t  i s  also generally accepted that the uptake of water by wheat 
depends considerably on the extent and depth of root growth (Weaver 
1526)* This factor could explain the heavier water u tilisa tio n  
recorded by minimal tillag e  and the advantage gained by this treataent 
with i t s  more extensive root systea whan moisture became lim iting.

O H  d O U i *  C 4 V h' . 4 I wi t w  ig . • I d V  t V U  rkMM

One cannot expect y ield  to be directly correlated with to ta l 
root length nor with total dry weight, nevertheless an inhibited 
rooting syntes together with H alted moisture within the p ro file  will 
adversely a ffe c t photosynthesis thereby lowering yields (Russell 1957).

The more effioent root eystea developed by the chemical fallow 
at flowering during the fin a l season was undoubtedly e prise factor 
in determining the fin a l y ield  increase. An extensive root system at 
flower in itia tio n  was quoted by Hurd (1967) *• producing conditions 
for optisum carbohydrate movement towards grain f i l l in g .

Pre-planting cultivation , resulting in lens favourable moisture 
conditions in the top so il oould be e reason for the inhibited root 
growth on the conventionally t ille d  treatment. Hurd (1964) recorded 
reduction in  root penetration with in it ia l  s o il  dryness.



‘('he batter root growth and increased height measurements 
recorded with minimal tilla g e  end nitrogen application are 
substantiated hy the work of Trougkton (1957) ud  Knock ot al (195?} 
who reported that both root and shoot growth increased, with the 
addition o f nitrogen* Conversel/ depth of rooting and hsight of 
straw variad diraotly with the depth of ia filtra tio n  (Wqavar 1926).

finality
Hood CuntfA)
Concern has been expressed in the past over the progressive 

deterioration of the baking quality of Tansanla wheat (horthwood 
1966). 'i‘he work of hiagg and Whitfield (1957) showed a dsterioration 
in the protein oontent of the grain harvested from stubble mulch 
treatments as compared to that from ploughing! the relationship 
between cultivation and baking quality being indireotly due to the 
effeo t on moisture availab ility  and nitrogen. Crain protein has 
also been found to be highest under conditions of periodic wilting 
(Sosulski s t  al 1963* hutcheeon and Paul 1966). Protein contents 
higher than 16 per oent were found only where aoisture was below 
optimum fo r maxianm yield s.
“dfl ■ 1. OASIDLpf 0

A vast body of information is available on the interaction 
between nitrogen and protein oontent which suggests that lata  
application of nitrogen only is  effective in raising protein oontent 
(Alexinaky end Cole 1955)*

,c> The resu lts  of this current study have shown more favourable 
moisture condition* during crop growth with minimal t i l la g e . This 
improvement in moisture av ailab ility  could be expected to have a 
deleterious effeot on grain quality according to previous work.
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Tha te s t resu lts  in fact show vary l i t t l e  diffaranca la  quality 
between cultivation treatments. In tha flo w  average ra in fa ll 
season o f 1967-68 Short Kains thara was an inar.a.a in grain prot.in  
from tha miniaal aftar fallow traataants. Tha battar in filtra tio n  
rates recorded with minimal fallowing have probably also been 
e ffectiv e  in  leaohing nitrogen to the lower root none where la te r  
u tilisa tio n  has been posaihle. This would be expeoted to have a 
beneficial e ffect on grain protein percentage*

■«'eed Control

Both chemical fallowing and fallowing by cultivation have 
much support in the literatu re*

The advantages claimed for the use of herbicides are mainly 
the maintenance of muloh oover (Hey 1968), tha raduotion in weed 
populations through minimal so il disturbance (fioberts I 563) ,  an 
increase in in filtra tio n  rates (Alley and Bohaont 1957) and better 
plant establishment with a firmer seedbed (Blaokmore l 96 l) .  These 
claims have been substantiated in the present study together with 
advantages of yield Increases and more favourable soil/moisture 
relationships•

A straight comparative costing of the Paraquat applioation 
against cultivation for weed oontrol does not enoourage widespread 
use of the herbicide* The improvements gained from ohemioal 
fallowing are progressive which makes the inclusion of the 
Increased crop return d iff ic u lt  as a factor in o ffsettin g  the 
increased expenditure* How fa r  yields are lik e ly  to increase with 
continued use of ohemioal fallowing has not been established. I t  
would however appear from the comparative densities of the weed 
flo ra  after s ix  seasons with the two fallow oontrol methods that
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progressively lower dosage rates and rsduoed number of applications 
would be necessary for chemical control as also shown by AcCarty
(1957).

The advantages resulting from the use of eheaioal fallowing 
in terms of timeliness of weed control and planting under wet 
conditions, have proved to be of great importance in achieving the 
yields obtained. The rapid build-up of weed under conditions when 
cultivation has to be delayed has also been reoorded by Roberts snd 
Black (1963) and Power (19^5). During wet weather, chemical control 
has been observed to be much more effective with susceptible weeds 
than cultivation .

In support of cultivation during the fallow several workers 
have advooated at least one shallow cultivation for the control of 
resistan t weeds and to break the surface crust. Although crust 
formation under muloh is  delayed i t  has been reoorded to effectively  
reduce in filtra tio n  rates (Alley snd Bohmont 1957* Barnes et al 
1955) .  Ford et al (1968) also supports the theory that consistent 
benefits from ohemical fallowing with complete elimination of 
cultivation have not generally been aohieved.

From a general analysis of a ll contributory factors i t  appears 
that the theory of a combined chemical/cultivated fallow (Arayr et al 
1961) should be supported. Shallow cultivation can be carried out 
at the end of the previous rainy season with l i t t l e  loss of moisture 
from the p ro file . Final weed control before planting should be with 
herbicide to ensure conservation of the early rain  in the seeding 
sons.

stubble Mulching and Disease

There is  s t i l l  a considerable lack of information on the 
influence of stubble mulching on fungal disease carry-over. Brooks
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and Dawson (1968) working in ths United Kingdom reported • reduction 
in tbs inoidsncs of take-all (Ophlobolua gramlnls) and ey .p o t 
(Csroosporella herpotricholdee) whan whaat was diract drillad 
compared to establiahment by ploughing and harrowing. Thara was 
a progressive improvement in the plant vigour and health over thair 
fiv e  year experimental period. The significantly higher level of 
fungal disease from the ploughed plots is  surprising sinoa the long- 
ot t.ibl iuned reconunedation for the control of these diseases is  early 
ploughing to  enoourage decomposition of infected plant residues, 
i^urther investigations showed that this reduction in plant disease 
was auaooiated with fuotors resulting from the dlreot d rillin g  
technique which limited the spread of the fungi in undisturbed s o il .

Dhipton and Tweedie (1967), on the other hand, found stubble 
mulching had a marked deleterious effect on seedling emergence in 
West A ustralia. The products of plant decomposition were reported 
to be responsible for the stunted and distorted seedling growth.

Mo visual differences were observed in the incidenoe of other 
diseases between cultivation treatments. The most common diseases 
are the Rusts and hlotohes (heptorla sp. and Helmlnthosporium sp.) 
of which the blotches only are carried over on plant debris, tfith 
continuous wheat cropping the Inoculum potential is  high whatever 
methods of cultivation and straw disposal are used, lielainthosporiua 
sp. can also exist independently in the soil for long periods.

Continuous cropping and follow ing -  Yields

The comparisons recorded between grain yields ter annum from 
the d ifferent treatmente appear at f i r s t  sight to weigh strongly 
in favour of double cropping. The mean yields achieved from the 
two double-cropped treatments were 6& bags per year better than



from minimal tilla g e  after chemical fallow and 9 bags more than froe 
conventional tilla g e  after fallow. However th is advantage is  not
so great as i t  would appear.

The double crop system requires extra machinery due to d ifficu lty  
in the timing of operations, as harvesting, seedbed preparation and 
indeed planting will be going on simultaneously. Unseasonal weather 
at harvest m*y cause delays resulting in late  planting. The schedule 
of operations therefore invariably becomes progressively la ter each 
season. Weed growth due to inefficient and hurried land preparation, 
and which is  oostly to eradicate subsequently, has also been shown 
to beoome a major problem.

The acoeptanoe of the possibility  of cheaioal weed oontrol would 
further encourage a consideration for reverting to double cropping 
on a percentage of the acreage. However, the threat of complete crop 
failure in years of poor ra in fa ll would s t i l l  be a deterrent and some 
land will probably always be fallowed to ensure cash return in suoh 
years.

9 . Conclusions

Minimal tilla g e  with surface mulching has been shown to control 
surface run-off and to achieve a considerable improvement in the 
penetration of ra in fa ll into the so il.

Progressive yield increases were recorded over six  seasons by 
the use of chemical fallowing. The introduction of effective herbicide 
for weed oontrol presented extensive advantages in soil management 
practices.
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M fP  ro o t  growth and more v igorou s e stab lish m en t aro
re p o rte d  t o  bo duo to  ooro fav o u rab le  saodbod co n d itio n s under 
reduced U l l a g e  p r a c t i c e s .

eoata together w th equal or lnproved agronomic advantage* Accepted
T h ere e x i s t s  a p o s s i b i l i t y  o f  d e cre a sin g  weed p o p u la tio n s by 

minimum s o i l  d is tu rb a n c e  and s u b s titu tio n  o f  c h e n ica le  fo r  c u l t iv e t io n  
during th e  fa llo w  p e rio d *

OOmvf T?iff ftTiTViiMBtl tO th$ MM/LrXSh W k o rs  K»f I# 41  ̂ y

i. j.iim ri< n o 9i  in  g ra in  quality o r d ise a se  incidence were evident 
by using stubble mulching.

The case put forward fo r  a ln io a l tilla g e  in based on a sound theore­
t i c a l  .-Ackgraond of soil/plant/w ater relatio n sh ip s hut the lty ro w a nts 
achieved ■ v ■ been gradual and a fa cto r which an courages
scopticlass among farmers. Za addition reooumadat 1 «i» resulting from 
replicated cu ltiv a tio n  experim ent* are as o ften  a* not classified as 
'th eo re tica l'. Attenpte were th erefore made to  stimulate the results of 
th is work in th e f ie ld  using nore modem widely adaptable each inary which 
although available, i s  u su ally  without the budget of the researcher. 
During th is programme e x ce lle n t co-operation was received - o* e aechl ner 
-Tcmrvony la  the provision o f  c a p ita l equipment designed for ninltanl 
techniques. O bse rva tiona l tr ia ls  were carried out to dmtemi >* the 
arfloleney of t h is  equipeant in  ach iev ing  the effect* d*.ii r le, as shown 
by the results obtained from year to  year in  the no a programs.

To present
tilla g e  i t  was necessary to attempt an analysis o f  ultivotioo expendi­
ture in the Meet K iliasnjaro area and to compare tfc • modified system la 
its  zoot  practically acceptable fore.

Prom the survey of aachiaery utilisation in taros of work

I IX PRACTICAL COMSU



IX PRACTICAL CONSIDERATIONS AND ECONOMICS OF THE ACCEPTANCE OF AN
ALTERNATE TILLAGE SYSTEM AT NEST KILIMANJARO----------------------------

Any new or modified cu ltivation techniques w ill be accepted by the 
farmer only i f  i t  can be proven to be economically sound. I t  must be 
shown th at there i 3  a reduction in either or both fixed and variable 
co3 ts  together with equal or improved agronomic advantage. Accepted 
farming p rin cip les are steeped in tradition so that any changes from con­
ventional p ractice  must be gradual ones indeed. To discard the basic farm 
implement, the plou^i, and expect a substitution of chemical w«ed control 
may have convincing arguments to the research workers but is  unlikely to 
be en th u siastica lly  received by the farmer.

The case put forward fo r  minimal tilla g e  is  based on a sound theore­
t i c a l  background of soil/plant/water relationships but the improvements 
achieved have been gradual and progressive, a factor which encourages 
scepticism  among farmers. In addition recommendations resulting from 
rep licated  cu ltivation  experiments ere as often as not c la ss ifie d  as 
'th e o r e t ic a l '. Attempts were therefore made to  stimulate the resu lts  of 
th is  work in  the fie ld  using more modern widely adaptable machinery which, 
although av a ilab le , i s  usually without the budget o f the researcher.
During th is  programme excellent co-operation was received from a machinery 
company in  the provision o f cap ita l equipment designed fo r minimal t illa g e  
techniques. Observational t r ia l s  were carried out to determine the 
e ffic ien cy  o f th is  equipment in achieving the e ffe c ts  desirable, as shown 
by the resu lts  obtained from year to year in the main programme.

To present a comprehensive picture o f the advantages o f  minimum 
til la g e  i t  was necessary to  attempt an analysis of cultivation expendi­
ture in the West Kilimanjaro area and to  compare the modified system in 

i t s  most p ra ctica lly  acceptable form.

From the survey of machinery u tiliza tio n  in terms o f work 
ra te , ca p ita l input and cu ltivation  operations, the ultimate
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coot fo r  the production o f ana bag of wheat (laoertcey 1969 
Unpubl. data) showed such variation that the figures were the 

a re n tu a lly  ignored. As a comparative guide the ooetings for the 
most e ff ic ie n tly  managed farm ware accepted. » fo r  t  1 c

ft&d v 0\uAta B Bpttd 0* i t  JliiSt 4 • 5 VAB HilltliAAd| th

re= On th is  unit some 5»000 sores of wheat are grown using the 
alternate arop/fallow system and yields are above average for a 
the area* The plough, dieo harrow and conventional planter 
were replaced fay implements designed for shallow sub-eurfuoe 
tilla g e  and oapable of working through a heavy mulch cover.

o a . (-onnor-fchaa b car i f  i  or

tresA A Connor-ihsa Opring Release £ oarifier (Plate 44) *®8 1®»* 
by the Connor»bhea (Company of Australia for t r ia l  at Mast 11er frta
i3.1 Isas ja r  o . The working width of the iaplesient was 14* 7*» n*  
carrying 25 spring loaded tines bolted between high tensile 
forged pivot pistes and held in piece with one inch steel pine 
pressed in to  the faraoket side meaber. the heavy duty release 
springs were adjustable to varying ground oonditions. Both manual 
screw l i f t  and hydraulic l i f t  wera assem bled . The alternative 
eight inch 'A* blade scarifying points were used for te s t  as i t  
was agreed that they would have the wider application for modified 
minisal t i l la g e  practioe a t West Kilimanjaro. Later in the season 
the chisel ploughs were a lso  modified for scorifying by the f i t t in g  
*£ .# JftM m *s  (Plate 4 3 ). tin g  of the previou4i*hart talim crop had

C O J K l f i X f l t f l d  i ft  o  I > T U i L T  . a • ^  • f l A d  b O f U  O A f r i A A

oat ; P isld  1. This area had carried a lig h t volunteer crop of 
wheat in the previous Long Kains. Harvesting had been carried out 
about two months previously. The so il was baked hard with a 
relatively  heavy wemd and lig h t undecomposed straw cover. The



I n t e r n a t io n a l  806 tractor (110 H.P.) was hard pushed to carry out 
an e f f e c t i v e  cultivation under undulating conditions. At the 
working altitu d e of 6,000 f t .  the lose in power was estlaated at
CUT - v U  v e

some 23 par cent. Six tin es were reaoved to coapensate for th is  
and provided a speed of a t least 4 - 5  m.p.h. was aaintained, the 
resu lts were excellent. A depth of 3& in. gave hast resu lts for
complete weed control. I t  was obvious that the working depth aitdlf
to v .a  large clearance o«tweea t im * (26 ia .1  and is*
speed were of prisw importance. These conditions wore the nost 3
d if f ic u lt  i t  was envisaged would be coped with in this arsa.

Field  2. This f ie ld  was in fallow and carried a heavy cover 
of ev en ly  spread straw with light weed growth. The Implement was 
worked at a three inch depth and at a speed of 4 -  5 * .p .h . the 
trash mulch was cleared e ffic ien tly  (Pitt# 45)• At lower epeeda 
a build-up occurred which was sufficient to l i f t  the s c a r if ie r  froa 
i t s  w orking depth} an increase in speed resulted in rapid clearing 
of the tin aa . The results of this observation were aoet encouraging

iU.i fCf fuip j1 it' i  «il v i. 1 h . 1 ^   ̂ . . .
in that previously i t  had been accepted that straw chopping would be 
necessary for e ffic ien t tine cultivation. ‘Weed control was complete 
and the surface mulch was le f t  as an ideal cover for ra in fa ll 
in filtr a t io n . The International 806 had l i t t l e  or no d ifficu lty  in 
pulling the complete complement of tines with th is slightly  
shallower working depth and easier so il conditions.

1‘le ld  3. Thes# conditions wePe typical of most fallows at 
th is time of year. Harvehting of the previous Short Rains crop had 
been completed in February and two disc harrowings had been carried 
out for weed control leaving the straw p artia lly  ohopped and 
incorporated. The fallow had extensive outcrops of couch grass 
(D igitaria sp.^ which would have necessitated ploughing and 
c u l t iv a t in g  for grass control alone.



wrjtt ?%• » c v » f ia r , sat to work at four inches, g m  exoellent 
•ootroi oX thin pereanial gross, twe run. i s  .p p o a i* d irection . 
\VQUth% Mix ths stolons to the surfsos *nere they eubeeguantlj lin
dried. out* M iiM t  this alas m s  -*■___ * »mA • _________ .

D ifficu lty  was experienced Is  turning st the *-H1irrwlT whioh oould 
to l^fc* ovw**il offioiency of thin implement in dealing with and 

Maintaining a trash cover was most impressive. This was due mainly 
to the large elearanoe between tines (26 in .)  and the high wertioal 
eloaraacelCqfc^tafciMMt. I t  was considered that i t s  see would he 
limited to  the in it ia l  omliivutiaa i s  the f i r s t  year o f a  change 
over to i iold  A. rn This s i t e  had been disc harrowed twice and was >wth 

ready for planting. The area was badly fouled with nut-grass »ed 
(jar par us rotundas;. The present aethod of control is  further disc 
harrowing a fte r  rain and before planting when the outlets have 
germinated. The soarifier brought the sprouting nutlets to the 
surface unbroken. .After germination of the wheat i t  was estlmatsd 
that a 70 per cent control had been achieved. Working conditions 
a fte r  rain  were decidedly easier and the value ef tale tool in  fin al 
seedbed preparation and weed central was evident.
of stubble mulch farming i t  was sonnidared ideal te heap the surface 
rowgft* fcgnnor^bea iJne-Usy lleuafl This posed cartel d iff ic u lt ie s
at planting due to look of anitable Machinery. The Super Harrow 
(t -; Observations were carried out using the twenty two diso one-way 

Plough giving a cut of from 12 to f t*  depending on the angle o fJl 
s e t . The independently noun ted die os (22 in . x 86 gauge) were 
connected ty 2i in . solid jump arms. Pitted with stationary disc 
axles the to ta l weight was sligh tly  ovar 2& tons.

% « j_  % imii-i ef ̂  artAil fllttf AfiOt vTil/DCd 1.Y
wi f ; The plough was used on undulating lend oarrylag e  heavy annuel *h. 

weed cover and the previous crop's uadeooaposed straw lying In *c ss 
windrows. The undulations resulted In an uneven depth of work and 
the discs also tended, to rid s over the straw lin e s . The power



required mu lass than the scarifier too the International 80*
tractor had U tt la  troubla in palling the completely offset 
complement of dlaoa. hud control mu excellent bat where a thin 
covering Of straw was present, thin also was chopped and incorporated 
D ifficu lty  was experienced in turning at the headlands which could 
be impractical with narrow stripe.

p i B Q T  d r i l l  • Th# B IbI bIAI OWi i

¥ha incorporation of the otnbble aulch was an undesirable 
feature of the lapleaent. I t  was considered that ita  use would ba 
l a  i  '.«d to tho in it ia l  cultivation in  the f i r s t  year of a change 
over to stubble aulch farming, or conversely where heavy weed growth 
was present in  tho fallow a fte r  a particularly wat season, hoed 
control could ho achieved nt the expense of losing of the 
aulch cover.

» , - t o r  C o t i f i

o. Connor-bhea Saper Barrow (Stump Jma>) . }

This implement was assigned and recommended for the breaking 
down of fallows after plonghiag or chisel ploughing. In the oyotoa 
of stubble aulch farming i t  was considered ideal to keep the surface 
rough and maintain the straw cover. This posed certain d iff ic u lt ie s  
at planting due to lack of suitable machinery. The ^uper Harrow 
(threw sections of four fa s t  each; was tharsfors attached behind a 
13 f t .  Conn or-She a seed d r i l l  (Plata 46) with a l l  ooultare and spouts 
removed. The tines were in  gangs of four, with a la ts ra l clearance 
of one fo o t, and were staggered to work in three inch rows.

The 13 in . long tines gave good clearance and tripped easily  
with a build-up of straw. Ths combination waa worked up to 12 a.p .h . 
and altogather 1,580 acres were planted at an averaga of sight acres 
per hour. A good even plaoaaent of the seed and axcellant 
germination establishment was achieved.



Pop t h .  th ro , o .u io o ., 1967-68 Short K .loo , 1968 Lon* Enin .

“ *  1968- 65 S W * R,1“ . • « ■  o tto ^ to d  on th . o o .p T .t lv .
o n lt lT .t io n  .xp .n d itu p . o f  n ln lM l and cony.ntion.1 cu ltiv a tio n  
on a 2 f 500 acrea per aaason b a sis .

Conventional cu ltiv a tio n  included ploughing, four d i.o  harrowing, 
and seed placomant by d r i l l .  The minimal system omitted the 
ploughing operation and su bstitu ted  tine t i l la g e  for d isc  harrowing.

O perational co sts are low compared to generally accepted 
standards throughout bast A frica . The e ff ic ie n c y  U ti l is a t io n  is  
due to both management backed with sound tech n ical a b i l i ty  and to 
the larg e acreage farmed.

T ractor Costs

(») In tern ation al Harvester Co. 806 Type

Fuel per hour 3$ gallons d iese l 
Purchase p rice *  BA 85,000
Vorked fo r 10,000 hours

hit|  I.M .C . §06 and 1 JU C . 1*5 plough a t  
fieaale value hi KA 25,000
In te re s t  at hi EA 8,000

^b.' sc, i,c
Replacements hi LA 18,300 
O il, 4 gals./lOO hours hi LA 4 ,800 
Lioenos and Insurance hi LA 500 per annua 
Major engine overhaul ha LA 12,000 
d r iv e r 's  wage hi LA 200 per nonth 
Operating oost per hour hi LA 35

(l j l . pj ■> j  ft p j

Wth H»f« 175 Cobdoi^ ; i4t« Su*>%r 3««d«r with

2<Uj

AA 2/70
per acre

V.



H»asejr-i-ergueon 175

r'ixad «o«tf

Cw tii 
SMd a

Thm
t a b l e  5®

t r r

i l ia i  per hour i j t  p 4 i n». d i,

I urchase prioe *  S i  32,000 
Worked, for 10,000 hour* 

s resale  value Ai HA 8,000 
In terea t a t *  LA 3,000
heploceiaeats *  £A 14,500 

O il , 2 gals./lOO hours *  ha 2,400 
Licence and Insurance At £A 300 per annua 
d r iv e r 's  wage *  BA 200 per month 
Operating coat per hour ii LA 17/50■tiv< _____________ |_________H  _____ g

L otei Total operating coata/heur include aaiatenanoe, 

rep air and. workshop charges together with F ie ld  
Management and supervision*^  P  8HS. K .A .

Cultivaliea>e iLor . tonal Cult!eat
Operations

Vloug&lagl
b i e c  Harr.

W ill in g t-!
f c o a i  ify in g  X , 

[Broadcast eee<

(a) Roughing !•/-

costa

>tal

Average H eld  over 
3 s e a s o n s , bags/ac

With l.H .C . 806 and l.H .C . 195 plough a t  
2 acres/hour d  LA 16 per sore

(b) Dlso Harrowm,;

With l.H .C . 806 and l.H .C . Al, 12 f t .  harrow 

— ,  a t  6 I rr T ** nA 7 par acre
(o) Seeding bar D rill 75C

With M.F. 175 and Connor-Lhea Super Seeder 13 f t .  
at 2b acres/hour At KA 8 per ears

> 1 dwctieu
.»* *  * «  ,

(d) Broadcast H unting
With M.F* 175 and Connor—Shea hupar Seeder with
no oou lters and followed bar Connor-Shea Super 

barrow a t 8 acres/hour ' 1



• re s u lts  o: (•) lo s in g  # efficiency of acme curr-
reo .dad petbods o: 606 end Conner-Chea wanted k
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X DISCUSSION

The re s u lts  of the observations on the efficiency of some currently 
recommended methods o f s o il  and water conservation presented a background 
of information to suggest th at tne stubble mulch system may well have 
d irect application fo r  wneat growing in Tanzania.

I t  is  a lso  interesting to  note the agreement with Anderson and 
Russell (1964) that incorporation of the mulch depresses yield . This 
factor was a lso  recorded from work at Oljcro in Tanzania (Macartney 1964a) 
where the competition fo r available nitrogen by organisims decomposing the 
straw resulted in severe nitrogen deficiencies during the early growth 
of tiie crop.

j/ '
r

Results of so il and water loss from bare s o i l  a t Tengeru agree with 
the overall picture presented by the review. Physical barriers control 
the movement o f water o ff  the area but produce a terrace e ffe c t with 
resultant depression in yield  due to s o il  movement. Run o ff  from bare 
s o il  on slopes o f th is nature is  inevitable regardless of the in i t ia l  
structure and water nolding capacity of the s o i l .  Run o ff  and s o i l  loss 
over th is  ten year period na3  also given reductions in y ie ld , to ta l pore 
space, r a in fa l l  acceptance ra te  and organic n atter as previously recorded 
by Anderson and Browning (1949), together with an increase in bulk density. 
The control afford by a surface mulch in buffering the force of r a in fa l l  
impact and controlling run-off velocity is  considered to be an in teg ral 
part o f minimal t i l la g e  proposals for cereal row crops and wheat growing 
in Tanzania.

The need fo r  improved, more productive pastures is  becoming a subject 
o f increasing p riority  in East A frica. This has been stimulated by 
the opening o f export markets fo r  beef and the emerging peasant dairy 
industries in  a l l  three te r r i to r ie s . The introduction of exotic type 
c a tt le  with th e ir  higher n u tritio n a l requirements has also stimulated
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In terest in  the improvement o f  the natural pastures. There seems l i t t l e  
doubt that tne nigh costs o f establishment using conventional t i l la g e  
techniques w ill continue to in h ib it any development. The success o f the 
legume and pasture establishment tr ia ls  at Tengeru suggests that 
improvement of pasture composition is possible by direct d rillin g  even on 
th is  d if f ic u lt  to cu ltivate adhesive black cotton s o il.

The Kongwa area was selected  for the f i r s t  o f the t illa g e  t r ia l s  as 
i t  was considered to nave the most problom so il type in Tanzania due 
primarily to  i t s  compacted and abrasive ch aracteristics. Tne princip le 
factor governing the physical properties would appear to be the amount of 
quartz present in the parent m aterial giving a sandy s o il .  Structure and 
downward movement of water through the s o il  is  largely controlled by i t s  
texture. From fie ld  observations i t  appeared that the presence o f  sand 
gives greater compaction. This s o il  at low altitud e characterised by 
heavy intense unreliable r a in fa ll  is  highly erodible.

I t  is  in  areas such as th is  that reduction in cultivation expenditure 
and control o f s o il  and water movement is  of prime importance. The current 
practice o f deep ploughing a f te r  rain results in a delay in planting and 
evaporation o f moisture from an already wetted land surface by c u lt i ­
vation. The alternative suggested, of ripping instead of ploughing has 
given vory encouraging re su lts . Whilst ploughing has given good in i t i a l  
penetration o f ra in , random roughness is  rapidly lo s t  and capping occurs 
leading to greater run-off consistancy also noted by Zingg and W hitfield 
@L957) and Barnes e t a l (1955V Later percolation rates are severely restr ic ted . 
With disc harrowing the porosity decrease is  even more pronounced due 
presumably to  a fin er surface which seals more read ily . Water moving 
down the p ro file  carries with i t  the fine p artic les from the t i l la g e  layer 
and deposits them when slowed up further reducing permeability.

Both seasons at Kongwa were very atypical o f expected ra in fa ll 
d istribution and amount. In 1966-7 to ta l ra in fa ll  and distribution was 
ideal for maize thus nu llify in g  the expected responses from e a r lie r  stored



moisture in the p ro file  with ripping. Also 1967-8 produced the highest 
ra in fa ll on record under whicn at no time was water lim iting for crop 
growth. This factor doos not however detract from the improved penetration 
of r a in fa ll  on a l l  the ripped treatments particularly the ripped and direct 
drilled  p lo ts with an inter-row mulch. The effectiveness of th is mulch 
has been noted by many workers (Kohnke 1951) and has been described by 
Steele (1966) as being comparative to strip  cropping in i t s  e ffe c t in 
controlling erosion.

A most in terestin g  feature o f these experiments was the fa ilu re  of 
the d irect d r ille d  treatment in the f i r s t  season. The general consensus 
of opinion o f other workers i s  th a t, whilst a l l  are agreed on the 
desirability of an inter-row mulch, most evaluations with cereal row crops 
showed that 30me intensity  o f t i l la g e  was necessary for optimum estab lish ­
ment (Free e t  al 1963, Moody e t a l 1961 and 196h). They recognised the 
need for studies on root d istribution  a fte r  indications that maximum yields 
were not obtained on compacted s o ils  where root growth wa3 inhibited.
Without ripping at Aongwa the roots of the ploughed and the d irect d rilled  
(ripping inter-row ) treatments ware limited to 10 and 13 cm. respectively .
In a dry season th is  would have represented crop fa ilu re  due to  the very 
lim ited area from which the plant would be extracting moisture.

Many f ie ld  experiments have demonstrated sig n ifican t reductions in 
yield  with increases in bulk densities (P h illip s and Kirkham 1962, Adams 
et a l 1960). Such resu lts havo a very limited application as the bulk 
density which caused reduced y ie ld  orTsoil might not do so on others o f a 
d ifferen t stru ctu ra l constitu tion . What is  much le ss  clear from the 
lite ra tu re  is  the e ffe c t on root growth function and crop yield  of s o i l  
resistances below the lim iting values. (Rosenburg 196H) and hence the level 
o f s o i l  resistances at which increased t il la g e  becomes esse n tia l. This 
is  p articu larly  pertinent to  an intororetation of re su lts  from temperate 
d irect d r illin g  t r ia ls  where cereals w ill often give lower yields than 
ploughed treatm ents,but,vitb extra  nitrogen application yields can be
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comparative. The obvious conclusion that t i l la g e  in some way augments 
the supply o f  nitrogen to the roots is  not necessarily true. I t  is  
ju st as l ik e ly  that the absence o f tilla g e  resulted in physical conditions 
which e ith e r  re s tr ic te d  root growth so that the crop could not explore 
as much s o i l  in search of n itr a te s , or reduced root efficiency  in some 
way caused a reduced uptake o f n itra tes .

At Kongwa there i s  no doubt that with bulk densities o f up to  1.55 gm/ 
cc. in  the surface layer excessive compaction due to  genetically derived 
so il conditions does e x is t . Even with intensity o f t illa g e  increased 
to eight in . by four in . in the second season, the impedance to root 
growth at depth has had an e f fe c t  on yield . 5est establishment and yield 
were achieved with ploughing and ripping and ridging. The former 
treatment was in fe rio r in terms o f water storage and control of run o ff .

A recommended system of t i l la g e  must therefore include ripping as a 
primary cu ltiv a tio n . To overcome the deleterious e ffec ts  o f so il 
compaction a t  depth th is  operation should be carried out under the 
immediate seed-bed thus giving a combination of a l l  the advantages ass­
ociated with an inter-row mulch, and reduction in cultivation  expenditure. 
The plough plant system (ploughing only to an 8 in . width) with th is  
previous ripping would, i t  is  suggested, provido the ideal combination.
I t  is  in terestin g  to note th a t, since these t r i a l s ,  a sot o f adjustable 
tin es which cu ltiv ate  between fiv e  and nine in . have been incorporated 
into the rotaseeder by the iioward Rotavator Company for use on compacted 
s o i ls .

The four s ite s  selected fo r  the width and depth o f cultivation 
studies were considered to  represented a large proportion o f the arable 
farming s o il  types in Tanzania. On three of the four s o ils  the d irect 
d r illin g  tecimique was not acceptable in providing optimum conditions 
fo r  germination and establishment of maize^yet i t  i s  on these so ils  that 
minimal t i l la g e  presents the beat p o s s ib ilit ie s  fo r  more e f f ic ie n t  and
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re lia b le  cropping. Those t r ia l s  aimed at creating an environment suitable 
for germination and for root growth and function. The various widths 
and depths o f  cultivation used give some guidance as to the amount of
t il la g e  necessary on these s o i ls .

The Tengeru, Sambwa and Kongwa so ils  have structural properties which 
make conventional t i l la g e  impracticable in terms of costs and erosion.
The other extreme represented by direct d rillin g  has resulted in 50% 
populations a t Tengeru and seriously delayed establishment at Kongwa.
I t  was shown, however, that by t i l l in g  an eight by four in . seedbed these 
d if f ic u lt ie s  could be overcome, at least during early plant growth.

At Kongwa the relationship between width of cultivation and 
population achieved is  highly s ig n ifica n t. Plant height during estab lish ­
ment and depth o f cultivation i s  also sign ificant and fin a lly  yield  and 
both width and depth o f seed bed preparation has a highly s ig n ifican t 
re lation sh ip . The resu lts from. Sambwa show more favourable so il 
stru ctu ral conditions ex istin g  as indicated b y  no significance of varying 
widths and depths of cu ltivation  on establishment a fte r  two weeks. Later 
in growth both variables become sig n ifican t whilst at four weeks only 
depth o f cu ltivation  is  having an e f fe c t . At Tengeru plant populations 
respond more activ ely  to  depth o f  cultivation provided a minimum width o f 
eight in . is  cultivated.

The low bulk density s o il  o f  West Kilimanjaro appears to be ideally  
suited to the d irect d rillin g  or minimum tilla g e  technique.

Minimal t i l la g e  practice i s  increasingly accepted in many parts o f 
the world and not least in  tro p ica l East A frica, due mainly to certain  
shortcomings in the trad ition al systems and also because s c ie n t if ic  
advancements have allowed a b e tte r  understanding o f  the requirements o f 
d ifferen t crops in relation  to s o i l  conditions. There is  no doubt that 
the conventional system o f cu ltiv ation  involving s o i l  inversion with a
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disc or mould-board plough (and developed largely under temperate world 
conditions) i s  not only unnecessary in terms of crop growth and y ie ld  but 
is  a lso  b a s ic a lly  unsuited to  large areas of the tropics haring intense 
ra in fa ll and therefore high erosion potential. So il inversion and trash 
burial followed by d isc harrowing results in a fine textured or completely 
pulverised, bare seed-bed which ‘ caps' readily and provides optimum 
conditions fo r  r a in fa ll  or wind erosion. I t  was th is  system which 
resulted in  the North American ‘ dustbowlo’ of the 1930's and i t s  destructive 
e ffe c t  i3 to  be seen in Tanzania today even in areas whero mechanised 
agriculture has only very recently  been introduced. With further 
development o f large p o ten tia l wheat area3 planned, i t  is  essen tia l that 
these dangers be avoided and they may be by using a minimal t i l la g e  system, 
which, in th is  discussion i3 interpreted as the le a s t amount of c u l t i ­
vation ( le a s t  s o i l  disturbance) necessary for good crop establishment and 
yield  with a p articu lar s o il .  This implies reducing to a minimum the 
depth of cu ltiv a tio n , number o f  operations, power requirement, time and 
expense needed. On most s o i l  types a eurprisingly small amount o f 
cu ltivation  i s  needed, certa in ly  less than is  commonly believed. The 
ultimate p o s s ib ility  is  ju st the one operation o f 'd irec t d r illin g ' into 
the undisturbed stubble of the previous crop and use o f herbicides for 
weed control (chemical ploughing).

The use o f direct d rillin g  at West Kilimanjaro has resulted in 
s ig n ifican t and progressive increases in yield over conventional t i l la g e .  
Whilst i t  is  often dangerous to  evaluate t illa g e  treatments solely in terms 
o f crop yield  (Hawkins and Brown, 1967) i t  is  safe to say that in these 
t r ia ls  minimal t illa g e  has modified the s o il  properties to give improve­
ments in the most important variables affecting plant growth in Tanzania 
i . e .  water in f i l t r a t io n , root growth and plant emergence. Over the 
three double cropped seasons seasonal and cu ltivation  differences are 
highly s ig n ifica n t. I t  is  reasonable to  expect th a t these improvements 
would have been even greater but fo r the above average ra in fa ll recorded
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in 1966 ( 26.54 in .)  1967 (21 .18  in .)  and 1968 (46.04 in .) .

Improved in filtra t io n  o f ra in fa ll with resultant moisture available 
at lower tensions and to  a greater depth is  claimed to he the main 
reason fo r these yield increases. Many workers have 3hown a strong re­
lation botwean water stored and yield  (Brown, 1956, Hallsted and Matthews 
1936, oimika and Whitfield 1966). In th is  work regression analyses were 
attempted between the water available to the crop at d ifferent stages of 
growth and crop y ie ld . Other variables in a ll  cases masked the re la tio n ­
ship an example o f which is  presented in Figure 24. In th is  short rain 
season 1968-9 a l l  the advantages o f minimal t i l la g e  are represented, 
more rapid rechange of p r o f i le , greater u tiliza tio n  with deeper rooting, 
better i n i t i a l  s t a r t ,  e a r lie r  flowering under b etter moisture a v a ila b ility  
e tc . Although yield  improvements with minimal t i l la g e  were achieved, 
both rust in fe c tio n , more serious on the ea rlie r  minimal double cropped 
p lots, and la te  season ra in , which benefited only the la te r  maturing 
conventionally t i l le d  p lo ts , severely affected the overall picture.
From the same data i t  is  obvious that major yield differences are being 
brought about as a resu lt of reduced number of grains per ear head which 
would indicate that treatment e f fe c ts  occur early in the crops l i f e ,  
probably between flower in it ia t io n  and flowering. However there is  also 
evidence from the t i l l e r  count3 (Table 37) that some treatment e ffe c t has 
occured even e a r l ie r  than th is  i . e .  between establishment and in it ia t io n .

S u ffic ien t data ha3 been presented to postulate that s o i l  conditions 
during planting, germination and emergence are more favourable with 
minimal t i l la g e  and straw mulching there is  no doubt that s o i l  inversion 
fo r weed oontrol prior to planting considerably d issipates the available 
moisture. Thera is  also a considerable body of evidence to show that 
rates of emergence are related d ire c tly  to s o i l  moisture content (Hanks 
and Thorp 1956, 1957). Seed-bed preparation should promote maximum 
cap illary  flow to  the 3eed (Stout 1959) lack of which has been shown to  have
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a d eleteriou s e ffe c t  on yield  Hallated and Matthew* (1936). In the dry 
seasons o f  1966-7 and 1967-8 disc harrowing fo r weed control has resulted 
in surface moisture loss as shown by both the blocks and noisture sampling*. 
Decreased y ie ld s  are a feature o f this pre planting cultivation. Also 
with heavy rain  before planting 1966 and 1968 heavy weed growth and wet 
s o il  have delayed primary cultivations resulting in delayed planting, and 
has in 1967-8 e ffec tiv e ly  delayed germination by two weeks due to  dry 
surface s o i l  (Figure 24). During this la tte r  season the cultivated 
fallow was s t i l l  showing the e ffe c ts  of previous uncontrolled weed growth 
on moisture storage during the pre planting period. All through th is  
t r i a l  b e tte r  water storage h«3 resulted from chemical fallowing and 
minimal s o i l  disturbance which certainly in part explains tha y ie ld  
increases obtained.

The e f fe c t s  o f stubble mulch on water storage within the p ro file  
would seem to  depend on r a in fa ll  in tensity . Results quoted in the review 
would suggest th at only i f  rains are frequent (Army et a l 1961) w ill 
responses be obtained. In much o f the previous work a high proportion 
of the r a in fa l l  nas fa lle n  in small amounts (Thysell 1938), and stubble 
mulching has not given sig n ifican t improvement in water in f i lt r a t io n . I t  
is  in terestin g  to  compare the WeBt Kilimanjaro ra in fa ll  amounts and rain 
days with those quoted by Robb (1938) in Kansu where 60 per cent o f the 
to ta l rain f e l l  in  amounts o f le s s  than 0.25 in . giving l i t t l e  i f  any 
advantages with stubble mulch on moisture a v a ila b ility  but v ita l fo r  
control of wind erosion. There is  also a body o f evidence to show that 
stubble retained on a crusted seed-bed has no e f fe c t  on improving 
moisture s ta tu s . At ke3t Kilimanjaro the crust formed was e ffe c tiv e ly  
broken by the action of the Rotaseeder during planting. In the f in a l  
year the stubble mulched plots required scarify ing to  overcome the 
crusting problem, and maintain the high in f iltr a t io n  rates recorded during 
previous seasons. The neoessity fo r  su b -tillin g  under surface mulch has 
been noted by many workers (Jacks e t  al 1955 and Borat and Russell 1942).



Th« application o f  nitrogen haa given sig n ifican t yield  responses.
Thera is  a suggestion that b a tte r  responses have bean obtained with 

■ in i-a l fallow  treatments which nay be due to none incorporation o f the mulch. 
The season, nitrogen in teraction  is  significant which is  undoubtedly due 
to r a in fa l l  fa llin g  during crop growth. Generally i t  has been agreed that 
nitrogen application  is  of value only in years o f heavy r a in fa ll . balmon 
et a l 1953 quotes figures o f to ta l  ra in fa ll between 12 and lh in . as 
giving unprofitable responses whilst 1* to 18 in . permits straw retention 
with nitrogen application. These parameters would also seam to apply 
at West Kilimanjaro where yield  increases resulted with nitrogen appli­
cation in 1967 (15 in .)  1968 (17 in .)  and 1968-9 (27 in .) .  Mo y ia ld  
a ffe c ts  from nitrogen were obtained in 1966 (10 i n . ) ,  1966-7 (2 in .)  and 
1967-8 (6 i n . ) .

The g reater rooting dopth and vigour of the minimal cultivation 
treatments was one outstanding feature and undoubtedly contributed to  the 
increased y ie ld s obtained from th is  treatment. b e tte r  rooting is  claimed 
to be due to  more favourable moisture conditions during the early stages 
o f plant growth. burd (135*0 has claimed that depth of root penetration 
is  reduced by in i t i a l  s o i l  dryness. I t  is  also generally accepted from 
the resu lts  quoted in the review that the greater the supply o f moisture 
in the s o i l  the greater the root growth. Swarny Rao (1960) also records 
improved root growth under minimal t i l la g e .

Stubble mulching is  claimed by many workers to  improve the organic 
matter status o f the s o i l  which did not occur at West Kilimanjaro from 
compar is  ions made in the f i r s t  and fin a l seasons. He Calls (19H5) how­
ever explained that stru ctu ral s ta b il i ty  is  temporary, lastin g  only as long 
as the s ta b ilis in g  decomposition products continue to  ex ist in  the s o i l .
At 'West Kilimanjaro the breakdown o f the mulch was extremely rapid and wa3 
scarcely  v is ib le  s ix  weeks a fte r  planting. I t  was nevertheless invaluable 
to  contain r a in fa l l  of which the bulk fa l ls  during early  plant development.



During the twenty years continuous wheat cultivation at West 
Kilimanjaro yields have progressively fallen from the 3,000 lb per acre 
lev e l to current averages o f 1,400 lb per acre. Whilst th is  in part may 
be due to the use of rust re s is ta n t varieties with a lower yield 
p oten tia l there is  l i t t l e  doubt that over-cultivation ia one of the main 
reasons fo r  th is  decline. The practical implicationa of thase studies 
suggests th at sig n ifican t improvements can be made by an acceptance 
of the reduced t illa g e  prin cip les.

whilst d irect d rillin g  i s  s t i l l  in the development stage and may 
not in any caso by applicable to a l l  s o il  types and conditions, i t  is  
suggested th at a less extreme form of a minimal cultivation haa wide 
adaptability  and is  well suited to  Tanzanian wheat growing conditions.
The system d iffe rs  from the trad itio n al being the substitution o f tined 
implements such as the ch ise l plough or s c a r if ie r  fo r the disc plough. 
Instead o f inverting the s o i l ,  a straightforward s tirr in g  or undercutting 
e f fe c t  is  achieved and a protective mulch of trash and dead weeds is  main­
tained on tha surface. The depth of cultivation is  normally res tr ic ted  
to 2-4 inches except fo r deeper working in occasional seasons i f  shown to 
be necessary. With some cohesive so ils  there may be a need to a s s is t  
root development by deeper working to 5-6 inches before each planting.

Secondary cultivations are as few as possible and are related more 
to  achieving weed control than t i l t h  formation. Tha f it t in g  of a chopper/ 
spreader to the combine harvester would help to achieve an even straw cover 
and f a c i l i t a te s  the passage o f tined implements. Where trash cover Is  
very heavy such that germination o f the crop might be impaired then an 
extra cu ltiv atio n  might be required to achieve more incorporation.
Normally however there i s  d if f ic u lty  in maintaining a complete protective 
cover, p articu larly  in the wetter areas where several weed control 
operations nay be required, consideration could be given to  the use o f a 
herbicide to  a s s is t  weed control p articu larly  fo r f in a l weed control 
operation before planting.



XI CONCLUSIONS

1. Over a ten year experimental period bare s o il  on a 17 per cent slope 
under continuous maize has become more acid and has lo st approximately one 
third o f the t o ta l  phosphate and three quarters of the organic P as a 
direct resu lt o f erosion.

2. Rate of r a in fa l l  acceptance, to ta l pore space and free draining pore 
share has bean reduced in the absence of s o il  surface protection.

3. Trash mulching has given excellen t control of s o il  and water movement 
when compared with grass leys. This system 1& an integral part of .iyuiri 
management on slopes of th is  nature to maintain optimum in filtra tio n  and 

protection from erosion.

■*. Direct d r il l in g  o f legumes in to  unproductive pastures ar.d pasture 
renovation by o v erall seeding on a black cotton s o i l  has interesting 
p o s s ib ilitie s  in  East A frica. The technique is  considerably less expensive 
in terns of cu ltiv atio n  and seed expenditure and the added advantages of 

erosion control and moisture retention .

5. S o il properties which are most important in th e ir  e ffe c ts  on plant 
growth at Kongwa are moisture a v a ila b ility  and resistance to penetration 

by roots.

6. T illage has a large influence on the proportion of ra in fa ll  which 
becomes available to crops due to  i t s  e ffe c t on rates o f in f i ltr a t io n .

(a ) Ploughing has given good in i t ia l  penetration but rapid surface 
sealing  has resulted in run-off and poor percolation to depth.

(b) Moisture a v a ila b ility  throughout the season and to deeper lev els 
of penetration has resultod from ripping as the primary c u l t i ­

vation operation.
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(c )  Disc harrowing has produced the moat rapid aad serious surface 
se a lin g .

7. Maintenance of an inter-row aulch together with ripping, under the 
inmediate seedbed, is  recommended as the optimum system for water con­
servation and overcoming the restric tio n  to  root penetration in th is  high 

bulk density s o i l .

8. S o il res istan ce  to  penetration by roots can bring about marked 
responses in  germination, establishment plant vigour and y ie ld . R esist­
ance to  penetration is  controlled in the main by t i l la g e .

9. On the compacted so ils  o f Tengeru, Sasfava and Kongwa conventional 
t i l la g e  has the disadvantage o f high cost together with the accelerated 
loss o f s o i l  and water through the processes of erosion. I t  is  on these 
so ils  that reduced t i l la g e  would have the greatest advantages.

10. Wider and deeper cu ltivation  to  the 8 in . by h in . level nas shown 
that the cosipactive e ffe c t  o f the s o il  on germination establishment and 

yield  can be s a tis fa c to r ily  overcome.

11. Over a twanty year period of continuous wheat cultivation at West 
Kilimanjaro y ields have progressively fallen due to  over cu ltiv atio n . 
Excessive cu ltiv ation  has lad to  decreased percolation rates and rapid 

surface sealing a fte r  rain .

12. The low bulk density s o i l  lends i t a e l f  to t.w direct d rillin g  .Tech­
nique which has given s ig n ifica n t increases in y ield  over conventional 

t i l la g e .

13. Yield differences have been brought about by modification o f tne
s o i l  properties to give improvements in water in f i l t r a t io n , root growtn and



emergence. Results show th is  t illa g e  treatment to have a b en efic ia l 
e ffe c t  early  in the crops l i r e .

14. Conditions at planting, with no s o il  inversion, by chemical weed 
control are more favourable fo r rapid establishment.

15. Responses to nitrogen application with stubble mulching were evident 
only with r a in f a l l  o f above 14 in . during the growing season.

16. Stubble mulching gave no improvement in the organic matter status 
of the s o i l .  Under West Kilimanjaro conditions the break down o f the 

mulch is  very rapid.

17. Considerable reduction in the weed flora were achieved by chemical 

fallowing.

18. A system is  described by which ch isel ploughing, scarifying and 
seed broadcasting has the agronomic advantages shown by d irect d r illin g  
and i s  considerably more economic compared to conventional t i l la g e .
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APPEND I I  1«

Cii AVI METRIC SOIL MOISTURE SAMPLING KONCWA 1966-67

FLOWERING

| No, TREATMENT DEPTH
R H P . I R E P . I  I

% M.C. INCHES
OF

WATER

INb.AT
W.P.

AVAIL­
ABLE

MATER

*  M.C. INCHES
OF

WATER

INS.AT 
W.P.

AVAIL­
ABLE

WATER

! 6 o*-i» 10.96 1.80 1.46 0.34 12.84 2.11 1.46 0.65

l '- 2 * 10.62 1.70 I .48 0.22 11.59 1.85 1.48 0.37

Plough Disc 1•<M 10.90 1.75 1.56 0.19 10.23 1.65 1.56 0.09
Harrow and
Plant on 3. - 4 . 10.49 1.69 1.55 0.14 10.19 1.64 1.55 0.09
F la t

4 . - 5 . 10.43 1.68 1.63 0.05 11.27 1.81 1.63 0.18

5 ’-6 ' 10.21 1.59 1.82 0.00 11.67 1.82 1.82 NIL

Tot.Wat* 10.21r 0.94 ,ro t. Mat*] ,10.88 1.38

I? 0 * -l* 12.33 2.02 1.46 0.56 14.31 2.35 1.46 0.89

l '- 2 * 10.80 1.73 1.48 0.25 12.66 2.03 I .48 0.55

Rip, Disc 2 '-3 ' 10.36 1.67 1.56 0.11 11.56 1.86 1.56 0.30
Harrow and
Plant on 3*-4* 9.31 1.50 1.55 NIL 11.16 1.60 1.55 0.25
F la t

4*-5 ' 9*54 1.54 1.63 NIL 11.04 1.7 8 1.63 0.15

5 '-6* 11.33 1.77 1.82 NIL 11.76 1.83 1.82 0.01
r 10.23 0.92 [!ot.Wat« i n s s 2.15

1
^ot.Wat^

1[



APPEMDH 1« (Oonu;)

r Ho. TREATMENT Dî PTH
K E F . I R E F ’. I I

% M.C. INCHES
or

WATER
INS.AT 

W.P.
AVAIL­

ABLE
WATER

% M.C. INCHES
or

WATER

INS.AT 
W.P.

avail­
able

WATER
k 9 O '- l ' 10.33 1.69 1.46 0.23 12.04 1.97 I .46 0.51

1 *—2* 10.84 1.73 1*48 0.25 12.97 2.08 1.48 0.60

2*-3* 11.11 1.79 1.56 0.23 11.79 1*90 1.56 0.34

kip & hidg* 3 . - 4 . 10.02 1.61 1.55 0.06 11.88 1.91 1.55 0.36

4 ’-5 ' 10.06 1.62 1.63 NIL 11.08 1.78 1.63 0.15

5*-6 ' 11.23 1.75 1.82 NIL 11.62 1.84 1.82 0.02

Tat.Water 10.19 0.77 , 'ot.Wata [.11.48 1.98

8 0 » - l ' 12.59 2.06 1.46 0.60 13.86 2.27 1.46 0.81

l ’-2 ' 11.58 1.85 1.48 0.37 13.22 2.12 1.48 0.64

2 '-3 ' 10.70 1.72 1.56 0.16 11.15 1.80 1.56 0.24

Rip and 3*-4 ' 10.38 1.67 1.55 0.12 9.92 1.60 1.55 0.05
Tia-Ridge

4 . - 5 . 11.28 1.82 1.63 0.19 10.04 1.62 1.63 NIL

5»-6» 12.27 1.91 1.82 0.09 10.94 1.71 1.82 NIL

T

— 1

>t.Watar 11.03 1*53 , 'ot.Wata .11.12 1.74



A p p a r o i x  2 1

GRAVIMETRIC SOIL MOISTURE SAMPLING KONGWA 1967-68 
MID FLOWERING

R E P. I R E P. I I
Ho TREATMENT DEPTH % M.C. INCHES

OF
MATES

INS.AT 
W.P.

AVAIL­
ABLE

WATER
i  M.C. iNCHKS

OF
HATER

INS.AT 
M.P.

AVAIL­
ABLE

MATER

6 O '- l ' 12.52 2.04 1.46 0.58 11.88 1.95 1.46 0.49
l i - 2 ' 12.92 2.07 1.48 0.59 13.56 2.17 1.48 0.69

2 '-3 ' 14*23 2.29 1*56 0.73 15*26 2.46 1.56 0.90

Plough Disc 
Harrow and

3*-4 ' 14*37 2.31 1.55 0.76 16.95 2.73 1.55 1.18

Plant on 
Flat

4 . - 5 . 16.58 2.67 1.63 1.04 17.80 2.86 1.63 1.23

5 ' - 6 ' 17*12 2.67 1.82 O.85 19.92 3.11 1.82 1.29

Pot.Mato .14.05 4.55 'ot.Mat« ,15.28 5 .78

7 0 '- i» 12.97 2.13 I .46 0.67 14.40 2.36 1.46 0.90

l ' - 2' 15*11 2*42 I .48 0.94 15.26 2.44 I .48 0.96

2 '-3 ' 15*10 2.43 1.56 0.87 16.21 2.61 1.56 1.05

Rip, Dine 
Harrow and

3 '-4 ' 18.02 2.90 1.55 1.35 17.54 2.82 1.55 1.27

Plant on 
Flat

4 . - 5* 17*50 2.82 1.63 1.19 19*18 3.09 1.63 1.46

5 ' - 6* 19*30 3.01 1.82 1.19 19.52 3.05 1.82 1.23

Pot* Mata: t15.71 6.21 Fot.Watw 16.37 6.87

I _______ 1—
1



i g r a - 3 «

<IC SOIkJPlCTW l »W U M  HUHOtU !W 7 -a

I t t B B



1i 'octiM J

r
TBSATXESY s u m

R 1 P. X 1 ■ r. I X
9 lUCt ttcttaa

or
MATHR

iia . iv
M.P.

AVAIU-
AJJL8

HATiSR
I  M.C. boots

OP
MATW

1*3.AT 
M.P.

aVaIu-
MATS*

|io m * 9.86 1.62 1.46 0.16 11.56 1.39 1.46 0.43

i '- a * 12.U7 1*93 1^ 8 0.45 11.35 1.85 I .48 0.37

2 '-3» 15*08 2.43 1.56 0.87 12.72 2.05 1.56 0.49
lip  n d

3*-4* 17.30 2.79 1.55 1.24 14.07 2.27 1.55 0.72

Drilling 4*-5* 19.10 3.08 1.63 1.45 19.10 3.08 1.63 1.45

5»-6 ' 20.84 3.25 1.82 1*43 19.23 3.00 1.82 W

pot.^ata ,15.10 5*60 Tot. Walk,13 .37 4.64

t r ©•-!• 12.01 1.97 1.46 0.51 11.72 1.92 1.46 0.46

!•—1* 12.08 1.93 1.48 0.45 12.10 1.94 1.46 O.46

2»-3» 13.53 2.16 1.56 0.62 13.47 2.17 1.56 0.61

14# wd 3'-d* 14.71 2.69 1.55 1.14 15.76 2.54 1.55 0.99
lidfp

4 . - 5* 16.56 2.66 1.63 1.03 17.63 2.84 1.63 l . t l

5#-4» 18.24 2.84 1.82 1.02 19.10 2.98 1.62 1.16

1tot.tfat* .14*27 4.77 Fat.Mati r14.39 4*89

a o*-x» 12.07 1.96 1.46 0.52 12.25 2.01 1.46 0.55

l* -2 * 18.96 3.04 . 1.46 0.56 16.70 3.00 1.4& 0.52

2*—3* 16.15 2.60 1.56 1.04 16.78 2.70 1.56 1.14

Rip and 
Tia-ftldia 3*-4* 18.68 3.01 1.55 1.46 16.13 2.89 1.55 1.34

4 *•5' 19*38 3.12 1.63 1.49 19*66 3.19 1.63 1.56

5 '- 6 ' 19.01 2.97 1.82 1.15 18.35 2.66 1.82 1.04

1tot. Mata .16.72 6.22 fat.Mata rl6 .65 6.15

1_______ l _ _ t _



PP^u-U L i

GRAVIMETRIC SOIL MOISTURE SAMPLING KONCWA 1966-67
HARVEST

R K P . I R K P . 1 1

So. TREATMENT DEPTH T T C INCHES INS.AT AVAIL- % x .c . INCHES INS.AT AVAIL-
OF W.P. ABLE OF W.P. ABLE

WATER WATER WATER WATER

6 O '- l ' 11.30 1.85 1.46 0.39 10.27 1.68 1.4 6 0.22

l '- 2 * 11.58 1.92 1.48 0.44 12.67 2.03 1.48 0.55

2 '-3* 12.51 2.01 1.56 0.45 13.01 2.09 1.56 0.43

Plough DiBC 3 '-4 ' 13.29 2.14 1.55 0.59 13.69 2.20 1.55 0.65
Harrow and 
P lan t on Fla t4 f—5* 13*01 2.09 1.63 0.46 12.03 1.94 1.63 0.31

5 '-6 ' 13.93 2.17 1.82 0.35 10.87 1.69 1.82 NIL

ot.Wata , 12.18 2.68 Tot.W ati 11.63cr_____
2.16

7 O '-l* 10.01 1.64 1.46 0.18 12.08 1.98 1.46 0.53

l»-2» 13.21 2.11 1.48 0.63 15.42 2.47 1.48 0.99

2*-3 ' 14.40 2.32 1.56 0.76 13.00 2.09 1.56 0.43

RiPi Disc 3 .- 4 . 12.59 2.03 1.55 0.48 16.32 2.63 1.55 1.08

Harrow and 
P la n t on 4*-5 ' 11.69 1.88 1.63 0.25 15*16 2.44 1.63 0.81

Flat
5*-6» 11.31 1.76 1.82 NIL 13.63 2.13 1.82 0.31

[ot.W ata 11.74 2.30 Tot.W at* 13.74r 4.15



p ^ v in m ic  m il. WISTOB a **fu »0  1966 LOW uadis

m m n

TRNATRfcJfT DEPTH
K K 1 I R I P '. IX

i  M.C. INCHES
OF

MATES

1*3.AT 
M.P.

AVAIL­
ABLE

WATJUt

i  N.C. INCHES
OF

WATER

tits. AT 
M.P.

AT1IL-
ABLI

MATER
0 * - * " 28.6 1.57 1.33 0.24 27.7 1.52 1.33 0.19
6 M 2 * 29-1 1.72 1.45 0.27 32.3 1.91 1.85 0.46

«nv.ntion«l 12*-l8« 26.2 1 .52 1.56 MIL 25.8 1.52 1*56 IIL
11 lag# 
oubl* Crop l8 H- 2 f t . 26.$ 3.18 3.29 *X1 ] 28.8 3.46 3.29 1*0.17

3ft 30.8 3.79 3.53 | 0.26 28.8 3.54 3.53 0.01
4 ft 33.3 4.20 3.78 0.42 32.7 4.12 3.78 0.34
5 ft 35.3 4.36 3.52 0.86 28.6 3.55 3.52 0.03

T o ta l Mat lr(5 *ft; 20.34 2.05 (5 * « ) 19.62 1.20

K 29.6 1.63 37.7 2.07

01 30.3 1.79 28.3 1.67

02 35.5 2.06 29.1 1.69

0 "-4 " 31.6 1.74 1.33 0.36 27.0 1.49 1.33 0.45

6"-12" 30.0 1.71 1.45 0.30 30.1 1.78 1.45 0.28

Ti# Kidging 12*-18" 28.6 1 .66 1.56 0.30 28.8 1.67 1.56 0.12
Doubl* Crop

l8 " -2 f t 26.2 3.14 3.29 NIL 33.6 4*03 3.29 0.74

3 ft 32.1 3.95 3.53 0.42 30.9 3.80 3.53 0.27

4 ft 31.7 4.00 3.78 0*22 35.3 4.45 3.78 0.67

5 ft 32.1 3.98 3.52 0.46 33*3 4.13 3.52 0.61

Total Hat« (5 if t ) 20.37 2.06 (5 ift) 21.60 3.14

___________ j 1_________ .



u m s n  5 (ObnUZ)

TRSATWBKT 3LPTH
*  *  P. I S I P .  1 1

5 M.C, cuts
OP

WATS*

IMS.AT 
W.P.

AVAIL­
ABLE

WATS*

9 M.C. IMCHS3
OP

WATS*

IMS, AT
W.P.

AVAIL 
A Bll 

WATKB

0"—6" 36.0 1.98 1.33 0.65 34.5 1.90 1.33 0.57

6"-12

12«-18

1 30.2 

1 30.1

1.78

1.75

1.45

1.56

0.33

0.19
30.8

30.0

1.82

1.74

1.45

1.56

0.37

0.18

Conventional 
Til lag* Witl 
Tallow

Crov |

l8 " -2 f

3f

4*

U  5f 
Total Wat

> 23*8 

29.2 

> 29.0 

I 22.0

r M t t ]

2.86

3.59

3.15

2.73

17.84

3.29

3.53

3.78

3.52

MIL

0.06

m w

0 .2 1

1.44

33.3 

36.1 

33.9

37.3 

< 5 * 0

4.00

4*44

4.27

4.63
22.80

3.29

3.53

3.78

3.52

0.71

0.91

0.49

1.11

4.34

0 "-6 "

6*-12

12"-18

30.4 

’ 32.4 

> 28.4

1.67

1.91

1.65

1.33

1.45

1.56

0.34

0 .4 6

0.09

35.5

28.8

27.8

1.95

1.70

1.61

1.33

1.45

1.56

0.62

0.25

0.05

Minimal 
i l l  age witl 

Tallow

l8 * -2 f

y

4 f

1 5 f 

Total Wat<

i 28.4 

> 32.1 

i 38.5 

i 35*2

3.41

3-95

4 .85

4 .36

21.80

3.29

3.53

3.78

3.52

0.12

0.42

1.07

0.84

3.34

26.7

30.4

40.0

37.3

( 5 * t )

3.20

3.74

4.98

4.63

21.81

3.29

3.53

3.78

3.52

MIL

0.21

1.20

1.11

3*44

Minimal 
Tillage 
Double Crop

_ _ _  _ a

0«-6"
6 * -12

12"-l8
l8**-2f

3f
4f

i 1  5* 

»tal Watai

36.2 
» 31.4 
1 30.1 
l 22.7
> 29*0
> 31.6

34.3

• (&  «

1.99
1.85
1.75
2.72
3.57
3.98
4.25

20.11

1.33
1.45
1.56
3.29
3.53
3.78
3*52

0.66 
0.40 
0.19 

MIL 
0.04 
0.20 
0 .73  

2.22

34.6
33.3 
30.5 
28*3 
29*8
33.3 
28.8

( 5 * * )

1.90
1.96
1.77
3*40
3.67
4.20
3*57

20.47

1.33
1.45
1.56
3.29
3.53
3.78
3.52

0.57
0.51
0.21
0.11
0.14
0.42
0.05

2.01

I



ORaVIMKTRIC soil. H0I3TPRB SAMPLING 1966 LQ»Q RAlIB
PLOWKHIHO

L _ R I  1K X I I P . X Z
TREATMENT DEPTH ” p M.C. ~II8.A!r

W.F.
AVAIL-
ABL*

5 * .c .
OP

IMS,AT 
M.P.

TTEC
ABU

WATER WATER WATER WATE1
o --4 - 23.4 1.29 1.33 MIL 24.5 1.35 1.33 O.Oi

4--12 - 23.9 1.41 1.45 citil 27.8 1.44 1.45 0.1!

12--18- 25.2 1.44 1.54 MIL 28.7 1.44 1.54 0.1(

Conventional 18 " -2 f t 27.8 3.34 3.29 0.05 30.4 3.47 3.29 0.3i
Tillage
Double Crop 3ft 33.8 4*14 3.53 0 .43 35.2 4.33 3.53 C.8<

4 f t 25.1 3.14 3.78 NIL 34.1 4.55 3.78 0.7'

6 5 ft 21.8 2.70 3.52 MIL 37.8 3.78 3.52 0.2(

T Xml Water ,5 *ft) 17.52 0.48 (5 *ft) 20.98 2.5J

H 24.6 1.35 22.5 1*24 ]

m  t 23*4 1.39 27.7 1.43

ut * 25.4 j 1.47 24*9 1.54

O "-4 " 25.9 1.42 1.33 0.04 24.5 1.4 4 1.33 0.02

4--12- 29*8 1.74 1.45 0 .13 30.2 1.78 1.45 0.24

Tie Ridging 12"-i8 " 30.7 1.78 1.54 0.07 30.9 1.79 1.54 0.12
Double Crop

18- -2 f t 31.7 3.80 3.29 o .5 i 31.4 3.77 3.29 0.48

1*.<’ « I f t 34.1 4*44 3.53 0.91 34.7 4.27 3.53 0.74

| 4 ft 35-7 4*49 3.78 0.71 37.5 4.73 3.78 0.95

5 ft 34.4 4.51 3.52 0.99 37.2 4.41 3.52 1.09

1total Water [5*ft) 21.84 3.38 <5*ft) 22.12 3.46

1[ -



£ 2 jP. I ■ 1 r . xzTRHATĤ NT DEPTH ji ^*c» INCHES INS.AT AVAIL- % N.C. INCHES INS.AT ata!
water

H .P.
WATER

OP
MATER

M.P. ail
MATE

0 "-6 " 31*0 1.71 1.33 0.38 32.7 1.80 0.47

6"-12" 30*4 1.79 1.45 0.34 32.9 1.94 1.45 0.49

12"-18" 32.1 1 .3 6 1.54 0.30 32.0 1.86 1.54 0.30

Conventional 
Tillage With

l8 " -2 f t 30.7 3.68 3.29 0.39 34.8 4.18 3.29 0.89

Pillow 3ft 33.0 4*06 3.53 0.53 37.9 4.66 3.53 1.13

* 4 f t 38.7 4.88 3.78 1.10 38.9 4.90 3.78 1.12

5 ft 29*0 3.40 3.52 0.08 38.8 4.81 3.52 J . 2 9
v n |i Petal Weteir(5*ft) 21.58 2.12 <5*ft) 24.15 5.69

0 "-4 " 25*1 1.38 1.33 0.05 24.2 1.44 1.33 0.11

6"-12" 33.7 1.99 1.45 0.54 30.2 1.78 1.45 0.33

12"-18" 33.5 1*94 1.96 0.38 32.1 1.86 1.54 0.30

Minimal 18 " -2 f t 36.3 4.34 3.29 1.07 32.7 3.92 3.29 0.63
T illa g e  With 
Pillow 3 ft 34.3 4.46 3.53 0 .93 37.5 4.61 3.53 1.08

4 f t 39-4 4*96 3.78 1.18 38.8 4.89 3.78 1.11

5 ft 40.2 4*98 3.52 U 44 40.2 4.98 3.52 1.46

tl ta l Water (5 * ft ) 24.07 5.41 5|ft) 23.48 5*02
'

0*-4* 25.5 1.42 1.33 0.09 22.6 1.24 [ 1*33 III

6 " - i r 24.7 1.54 1.45 0.11 25.0 1.47 ie45 0.02

12"-18" 28.9 1.48 1.54 0 .12 25.5 1 .4 8 1.54 NIL

1 id e a l 18" -2 f t 31*4 3.79 3.29 0.50 29.8 3.58 3.29 0.29
lllage 
•able Crop 3 ft 34-0 4.18 3.53 0.65 30.4 3.76 3.53 0.23

4 ft 40.2 5.07 3.78 1.29 34.9 4.40 3.78 0.62

5 ft 38.2 4.74 3.52 1.22 35.2 4.34 j 3.52 0.84

[5*ft)
"

3.98 5 *ft) iC.29 2.00t  Hta l Water 22.42

i 1



. _____
^TTPII 7 1

CKAVIXrmC g m  HQISTUKE ZtfJZZllS 1?6C L « J J |
r I Z!A \  r . H A K T & S T

THKATMiuHT
R i f > X R 1  F<. n

ii&Fi'U > M.C. “ S P
j

■ w *J— .
AVAIL-

m

i  ju c , IICHKS

j j J L

US.AT 
M .

AVA
AllWAT!

O M * 14.5 0*91 1.33 MIL 1 18 .0 0.99 1.33 i n
l&JTMltl OUJ 6 * - l 2« 22.7 1.34 1*45 ! MIL ' j 22.9 1*35 1*45 i n

U N l * 24.6 1.43 1.56 MIL 25.2 ; 1.44 1.56 i n

Conventional l8 * - t f t 24.8 2.98 3.29 j MIL 24.2 1 .9 0 3.29 i n
f i l in g *
Doable Crop 3ft 24.7 3.04 3.53 MIL 26.5 3.24 3.53 NIL

4 ft 30.3 3.82 3.78 0.C4 28.3 3.56 [ 3.78 m

t ’ 5 f t 3 2 .6 4*04 3.52 0.52 31.8 3.94 3*52 0.42
1total v'ato: ( 5 i f t ) 17.56

1 - 4 c j
0.56 (5*ft) 17.46 0.42

1 ^ 14*0 0 .77 14.3 0.79

U1 17.6 1.04 22.5 1.33n l l t i *  i * i t i
riU w U2 23*8 1.38 25.0 1.45

0*-4"* 18.8 1 .03 1.33 m 16.2 0.89 1.33 i n

6*-i2" 22.0 | 1*30 1.45 in . 22.7 1.34 1.45 i n .

12«-18" 24*4 1.41 1.56 m 27.3 1.58 1.56 BXL
I* Ridglnf l8*W2ft 24-7 2 *9 6 3 .2 9 HL 26.8 3.46 3.29 H 0.17
•able Crop

$* 3ft 26.8 j 3.29 3.53 Hi. 32.9 4*05 3 0 3 0*52

* r  4 ft 30.8 3.88 3.78 0.10 36.7 4.62 3.78 0.84

^  5ft 32.4 4.02 3.52 8.50 36.5 4.53 3.52 1.01

Te tal Water( * f t ) 17.61 je * ̂ 0.60 (5 4 f t ) 10.36 2 .5 4

_______ 1
L



krruaax 7 1 (oonu;)

T ------------------
| TRhATMi3JT

R I P , 1 REP. XXuas m M.C.
Of

WATER
” S :J r AVAIL­

ABLE
WATER

TV.d. Niches
o f ^

WATER ■“ B f
AVAI1
AELj

WATH
o "-4" 13.9 0 .76 1.33 NIL 27.7 1.25 1.33 NIL
6"-12" 25.5 1.62 1.45 0.17 27.4 1.62 1.45 0.17

12"-18" 29.0 1.66 1.96 0.12 33.2 1.93 1.56 0.37
Conventional 18" -2 f t 32*6 3.94 3.29 0.65 31.1 3.73 3.29 0.44Tillage With
Fallow 3ft 31.1 3*82 3.93 0.29 32.7 4.02 3.53 0.49

4 ft 32.1 4.04 3.78 0.26 35.5 4*47 3.78 0.69

1 5 ft 33.8 4.19 3.9* 0.67 34.7 4.32 3.52 0.80
1otal Watai (5 *ft) 20.09 2.16 ( 5 i« ) 21.34 2.96

0"—6" 23.7 1.30 1.33 NIL 22.7 1.25 1.33 NIL

6"—12* 30.5 1.60 1.45 0 .35 28.0 1.65 1.45 0.02

12*Vl8" 29.7 1 .72 1.56 0.16 32.2 1.87 1.56 0.31

liniaal 18" -2 f t 30.5 3.66 3.29 0.37 35.0 4*20 3.29 0.91
'illage with
allow 3ft 33.9 4.17 3.53 | 0.64 34.3 4.22 3.53 0.69

4*t 34*2 4*31 3.78 0 .53 38.9 4.90 3.78 1.12

5 ft 34*4 4*26 3.52 0.74 38.5 4*77 3.52 1.22
T >tal Water (5 *ft) 21.22 2.79 (S ift) 22.86 4.30

1 0"-6 " 16.4 0 .90 1.33 1 XL 13.9 0.76 1.33 NIL

6"—12" 23.1 1 .36 1.45 NIL 20.9 1.23 1.45 NIL

12"-l3" 23.6 1.37 1.56 NIL 23.5 1.36 1.56 NIL

liniaal l8 " -2 f t 26.3 3.16 3.29 NIL 25.9 3.11 3.29 NIL
illage 
ouble Crop 3ft 28.5 3.51 3.53 NIL 27.1 3.33 3.53 NIL

4 ft 31.4 3.96 3.78 0.18 32.4 4.08 3.78 0.30

5 ft 35.3 4.38 3.52 0.86 33.8 ±21 3.52 0.67

L U jal Water 5 *ft) 18.64 I .04 5|ft) 8.06 0.97



hssm ii

c ^ T iu m t ic  s o il  y o i« T g a  1<H7  wm n n a

TREATMENT P.7PTU a a P. I 1 1 P. I  I
Ui-*t in

t o : IBCHB3
or

Ht3*AT
W.P.

A TAIL. T i T c T “
ABUS OF W.P. ABUS

WAT38 WA7SR AT9̂

0«-6* 34*3
0

1.89 1433
0

0456a 33.2
0 -

ti63• 1.33• 0.50•

6 M 2 » 33.6 1.99' • 1.45• m
0.54

04 ■
33.9• 2.01• 1.45ft. w 0.56 • #

12M 8- 35.4* 2.06• 1.56• 0.90• 34.2• 1.99• 1456
t 9

0.43• _̂

Cnvmtions L 16*-2ft 34.0 4.06 3.29 0479• 33.7• 4.05. 3.29• 0.76
Ullage 
Dwble cref 3ft 34.1• 4.19

9
3.53 0466• 34.2• 4421• 3.53 0.6£• —

4ft 30i9 3.92• 3.76• 0414• 32.0• 4404• 3.76• 0.2f•

5 ft 3^.5 4.03 3.52 0451 32.2 3499 3452 0.4*3

'total Vfctei (5J«: 22*16 3.70 22412 3.6*

i a 34.3•

* .
1.96• 37.3•

9

2413
9

w 35.2• 2*01• 31.1
0

1.78•

B2 31.1ft
34.4

1*77 29.4 1.68

0«4*

.
1490•

•
r.33•

0

0*606̂ 3345• 1.84• 1.33e 0.64[ ft

6M 2" 34.3 2*03 1.45
0

0.97
9

3349. 2.00e 1.45ft 0.4J•

T2M 6" 34.6 2.01 1.56 0.33# 32.5• 1.89• 1.56• 0.2•

He RUfin, 
Q»uble Crej

td’̂ aft 27.5 *31 0402 3440• 4408_ •_ 3.29, • t 0.7•
-

3ft 28.2 3.47 3.53• NIL 29.5•. 3.63• 3453 0.1'

4ft 29.6 3.74 3.71• NIL
0

26.3• 3.57 3.78# • *1•

5ft 33.5 4415 3.52 0.63 33.5 4.16
•

3.52 0.6•

] * U l « ~ r (5 jlt

l
i 2.15 21.11 2 .6



« d h  a » (cbou ;)

!S»warr - D3WH r m
Z R E
n r

OP
WATER

T  T"
IrrJtT

W.P.
i m -

ABIZ
WATER

T O T
f. i  i

IRCHEB
OP

EW.AT i 
W.P.

m
ABI»
'ATJ

0̂ -6" 31*2 1,72 r 1*33 0,39 40,1 2,21 M 3 0,8
6*-12" 33,6 $ * 1*45 0,53 34,1 2,02 tiij 0,5

12*-18« 27,9 1,62 $ * 0,06 33,2 1*33 1*56 0.5

Omvrttio^l 1 31.6 5.79 3^9 0.50 23,3 2,80 3,29 pXX
Ullage «dth 
Mlaw f  3ft 18,3 • 2,26 3,53 T O 22,5 $77 3,53 |

, 4ft 19,0 2,40 3,78 m 25,8 3,26 3,78 |, *
5ft 15.1 1,88 3.53 31.1 3,86 3.53 2il

Ittal Wafcei (jiit) 15.65 1.48 <a*t) 18.85 2.1

OM* 36.6 2.02 H33 0,69 36;5 $ o r 1,33 0,6t
6M2* 32.4 n9i 1,45 0.46• 32.4 1.91u •' 1.45 o.v

12M8" 32.0 1,86 1,56 o;3o 30,4 $76 $56 J0.2t
ttnlaml l8*-2ft 23̂ 9 2,88 3,29 HZL 25,0 3,00 3,29 BE
Tillage I'dth 
ftllaw 3ft 24,6 !j$03 3,53 T O  I *5*2 3J10 3*53 BE

| * 4ft 27,5 3,47 3,78 T Oa 28.1 3,54 $78 BE•
5ft 28.9 3.59 3.53 0.06 33.0 $10 3.53 0,5,

Hatal Watt •<jiit) 8 .76 1.51 19.42 1.91
1,1 . ™' - e •

0**-6» 37i5
0

2.06• 1.33• o;73• 34.6,, • 1.90• $33• 0 .5

6M2» 33,6 2,00 1*45 o;55 31,1 1,84 $45 o,s
12M8" 35,7 2,08 i;56 0,52 33,6 1.95 $56 0*35

W M b.1 t8*-2ft 3$9 4,07 3,29 0.78 34,5 4;u 3j29 o;«
Ullage 
Bauble Crop 3ft 2T,C 3,33 5,53 y a 34,2 4*22 $53 C.6<

4ft 31,6 3,98 3,78 c ,2C 23,8 3;oi 3.78 nil•
32-8 4-07 3.53 0,54 10.0 3.72 3.53 0,1f.

►tel vaster (Ji«) 21.59 3.32 (5i it) ao.78 3l«



APPSKDIa 9 a

CRAY]liUllU
m sSST

KMt! ]SSa Loan s u r e

wttwar o ris
1 B P. I R B I I I

" T O T t m t r
o r

WAT®

T E i n r
* . r .

TVEfET 
; avu
WATBB

iTi.d .
or

WAT^
w .r . ABLS

ifATBR

0«-4« 28.1 1.55 1.33 0.22 34.4 1.89f U33• 0.5*0

6M2* 30.2 1.79 1.45 0-.34 2T.8 i:w• 1.45• o :z

i2M 8» 25.5 m i• * 1.54o MIL 24.4• 1.42■*e*- i 1.56• NT

mrflntional 18"-*ft 25.9 3i12 1.29 NIL 24.0 2.89 3.29 nr
n*f9
able Oap 3ft 29i3 3i61 3.53 0.08 38.3 4.71®r » 3.53• i.ii

4ft 35.3 4.45 3;78 o;6? 37.2 4.58• 3.78. 0.8C

5ft 34.4 JteSZ 3.52 SsZ1 34.4 4.28 3.5* 0.71
Tttal Water ( 55ft) 20.27 2.06 21.47 3.5!

U1 3o;9 U76 25.3 i i u•

IB 34.2 U95o 27.4• i;56 e •

0*4" 32.8• 1.81 1.33 o;48• 29.4 1.62 i;33e 0.29•

6 M2* 30.3 r.79 1.45 o;33 30.3 1.79 1*45 0.17
le M.d«lnf 
table crop 12M8" 27.3 1.58 1.56 0.21 26;5 1.54• U56# NIL

18Mft 28.2 * 3 9 3.29 0.10<# 2T.3S 3.28• 3.290 NIL■

1 j 3ft 35.2 4.34 3i53 0.81• 3T.7 4.64• y.n0* 1.11•

I n  4ft 36.6 4.87 3.78 U09 37;6 4i74• 3:78. 0.96

> 5ft 34.0 4.47 3.52 o;95 3C1 4,72 3.52 1,20

1 1

T*tal ’* * 22.43 ~TT7 (5H*> 22J7 3.73





AHkiiCIS TC»
cnkTDW TKIC ?0IL EOISTtPra SfflTO S 1967-68 ~HDRT t t l j

plantiip

WSAWSHT DSPTH
— s n r P. I " ' F T n — r r

"TK 57

•

iw ik B 1 
OF

WAXES _

Tffl'Jf
W.F. ABLS

. » X g L

T WcMS ‘
OF

,w £IS .^

Tf*,7XT"
w. p . ABU

QBvantltns

Dwble Crcj

0"-6"
6M 2'

l ie ^ f t  

3fl 

4f1 
5ft

TBtal watai

49.0 
46,*>

39.0
32.9

34.6

36.7
31.9

(5*ft)

2,70 

2.75 
2.31 
3;96 i 

4.26

4.63
3.96

1,33
1.45
1.56
r.29

3,53
3.78
3.52

1,37
1,30

0.75
0,67

0,73
0.85
0.44

45.4
46.4 
39.2
32.7
29.8

35.4 
31.8

(tfft)
a

2,58
2,86
2.26
3;93
3̂ 67

4.47
3.94

1,33
1,45
1.56
3,29

3,53
3.78
3.52

1.2!
1,41
0.72
0,61
0,11

0.6?
0.42

24.57
•

6.11 23.73
.

J5£5

U1 40.5• 2.31 45.3• 2.58a
IE 46.0 2.67• • a 33.2• a 1.90a • p

0«-6" 44.9• 2.47 1433a 1.14• 4624a 2.98• 1.33• 1.21a
6*-12« 36.3 2.26• 1.45• 0.64• 25.7a 1.52a 1.45a 8.6C•

12M 8" 39.6 2.31•a ' 1.56a 0.93• 35.4a 2.05« 1.56• 0.42a
!U Hldj-liur i8«-aft 30.5 3.67 3.29 0.36 28.1 3.17 3.29 0.0f
Dwble Crop • .. • • •

3ft 30.6 3.77• 3.53 0.24 32.5 4.00. 3.53a C.4'/a
4 ft 35.5 4.46 3.78 0.70 35.4• 4.47 %78• 0.6?

5ft 31.6 3,94 3.52 0,42 39.2 4,27 3.52 1,35

Total vfctar ( f t * ) 23;11 4.65 <?n) 23.32 4.86



Arisen t.o» (o»u.)

reawarr DEPTH
— n " T T — n m r T i

 ̂K#C« INCHSS
or

WAT®
nfa.A1

W.P
«

r u n c
ABLE

WATW
i  k.c.

*

or
HATa

BK.at
W.P.

•

rm r
ABL

V<7!5

QcmWEtioru
niiBc« v*ii 
hU m i

6 M 2 « 
12*M8  

1 18V2f
* 3* 

0  

5 r
Total tefc

A 5

3 8 .3

3 2 .1  

~  36U 
3 1 .0

2 6 .9  
r (5i*tJ

*;«
2 .2 6

t;9 8

3 .0 0

U48

31*
3*34

2 1 .0 9

U33

1 .45

T.5 6

3 .2 9

r.5 3

3i78

3 .52

o;7 fi
0 .61

0 .4 2

m
Oi95

o;i3
m

J &10

40 ,7

38?4

36.9

32;5

3i :2

37.6

36.7

2 ,2 4

2 .2 6

2 .1 4

3.01

3i84

i ;7 4

4*55
22.78

1,33

U45

1,56

3.29

3?53

3,78

3.52

0 ,9

o;t
0.5
KT

; o;3

o;7

no-
X 5

0 "-6 » 1 2 ;6 W 1 .3 3 t; oa 4057 2 .2 4 i ;33 o;9

6 M 2 3 8 .3 2 .2 6 1 .45 0 .81 3T.6 2 .3 4 U45 0 t 8

12*«-18 3 7 .0 *;u 1 .56 0 .5 8 36i9 2 ,1 4 t;56 0 ,5

XLalaol 1EMM 3 4 .9 4 .2 0 3 .29 0 .91 35,3 4 ,2 4 3 ^ 9 o;9
TUltfe VS. 
ftllwv h 3* 36 ;5 4 .9 0 3 .53 c;9 7 M?1 5.31 3,53 i ;t

4* 3 6 .8 4 ,6 4 3 .76 0 .6 6 41 ;o 5 .1 7 3.78 1.3
5* ir .4 5 .1 4 3 .52 1 .6 2 39:7 V W 3.52 1.4

fatal Vbfcr OJtt 2 5 .2 3 6 .7 7 26.36 7.9

0 *-6 " ir.o 2 .5 9 1.33 U26 40:7
•

2 .2 4
•

i ;33
•

0.5

6<M2 • u ;7 2 .6 4 1*45 1*.198̂ a 3813. . a 2 .2 6a 1.45 0 u  
•

i2 Ma ' 3 4 .9 2 .0 3 U 56 0 .4 7 33.9 1 .9 7 U56• . 0.1t

k 33.1 3 .9 7 3.21 0 .6 8 34.3 4i 12 3,29 0*.l
WUh *
Dn&la Craj . * k 4 0 .7 5.01 3.5! 1 .4 8 4o;8 5 .0 0 3 .53 *

i t k 3 7 .6 4 .7 4 3.7* 0 .9 6 31.0
•

3.91 3.78
•

0.1
•

5 f i 3 8 .4 4*77 3.52 1*25 33t8 4*20 3.52 0*<
faUl HtU * (5fft » £5j75 7 .2 9 (5*ft 2 3 .7 0 5U



7 li <*1 :c "oil laa’TO? n iv ,i - viit
m x rn m

n a m r DBTO T ? f 7
R B p. I . a b p. i iINCH®
OF

-  **P ?

UB.AT
K.P. III rfVr.C.

or
WAT®

t o o t
w ...

m e
ABU

WATTS
0*-6» 16.0• 0.88• 1.33• KXL• 11.5• 0.60e 1.33 NIL
6M2« 24.6 1.46% 1.45• 0.01 26.1• 1.55• * 1.45 0.10

12M 8" i 24.0___  e 1.39 1.56« NIL 24i9. 1.45 1.56 NIL
Qmventiena: t8*H2£t 26.3 3.16 3.29 NIL 24.7 2.97 3.29 NILUllage • • 0 • •
Drible Qvp rt 3a 2?;i• 3.34• 3.53• NIL• » 24.C• 2.960 3.53• MLe

4 a 32.62• 4.11• 3.76 0.33 34.0e 4.29
0

3.78• 0.51•
5 a 33.5 J a i l 3.92 - 2 l * 36.7 J * 2 L 3.52

TWUl VMM' (5 i» ) 18.50 0.98 « * » ) 18.37 1.64

ui 18.8•

•

1.C7• 14.7•

9o

02 22.8 1.30e et 20.0w 1:14• •

0*-6" 22.2 1.22• 1.33• NIL 23.7• 1.31e U33. NIL•

4M 2* 26.5 1.57• 1.45# NIL 47.8• 2.82• 1.45• 0.38

i2*-i8» 26.1 1.40. 1.56# NIL
0

* .8_•_ 1.50• i;56• NIL

Tie Iddaftnc id -  m 28.1 3i38 3;t9 0.09 26.6 3.30 3.29 NIL
Qwble crep •

I 3 a 31.0• 3.82• 3.53• 0.29• 25.80 3.17 3.53• [ NIL•
4 a 33.6

0
4.23• 3.78• 0.45• 31.7• 4.00e 3.78• 0.22•

I 5,1 39.4 6*39 3.52 0*87 36.3 6*51 3.52 0,99

Total VJatei e»<t) 12*21. 1.70 » ! » ) i £ u 1.59
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fRBAttWT DKPTH R 5 K  I P, I I
T x l cl IHCH3S

Of
WATffl

IBS .41 
W.f,

AVAIL-
ABLS

WATBR

i  w.c. morffl
or

WATSR

re .at 
w.r.

AVAIL-
ABLS

WAT2!

OM" 1U7 0,64 1.33 PL 21,6 1,19 1 #33 PL
6M2* 25,5 1,51 1,45 0.06 25,9 1,53 1,65 0.08

12M8" 24,6 1.43 1,56 WIL 26,2 1,52 1,56 WIL
Oerrentlanal 18"-2ffc 24,7 2,97 3,29 WIL 24,0 2,89 3f?9 WIL
Ullage With 
frllew 3ft 28,5 3J51 3,53 1 p t 25,0 3;o8 3,53 f a

a t 35,6 4,49 3,78 0,71 34,7 6,38 3,78 | 0,60
5ft 34*1 4,23 3.52 0,71 35.4 6,60 3.52 0.88

ifctal vtates (sift) 18.78 1.48 «  » ) 18.99 1.56

0 + 4 * 23,8 1,31 1,33 WIL• 22.6e r.25 1.33• WIL
6 M2" 24,9 ti47 1,65 0,02 21,0 1̂ 24 1,65 PL

12M8" 27i6 1,60 1,56 0.04 27*.6• 1,60 f,56 0.04
ttniMl 18"-2ft 30.3 3.63 3.29 0:34 26.6 3.20 3.29 WIL
Ullage With
FU1ew 3ft 31.5 3,88 3,53 0,35 26,2 3,22 3.53 PL

a t 36,0 4,54 3,78 0,76 31,1 3,92 3,78 0,14
5ft 37.2 4.61 3.52 8.09 37.2 4.61 3i52 1.09

Tetal VHtea (5Jft; 21.04 2.60 (5ift) 19;04 1.27

0*-6" 23.7• 1.31 1.33 WIL• 15i3• 0.84• 1.33• wne
6M2" 26,4 1.56• 1.45• 0.11• 26.6e U57• 1.65 0.12

12*-18" 29;2 1.70• 1.56• 0.14 24.3• 1.41• U56• HL•
ttninal 18M ft 30.1 3.61 3.25 0.32 29.0 3.48 3;29 0.19
Ullage • • • • • « • «.
DWhle Qnep 3ft 31.5 3.88 3.5:• 0.35• HU• 3.86• 3.53• 0.33I X ♦

at 39.6 4i99• 3i7!• U21 37; 1• 4.67# 3.78• 0.89•
5ft 39.5 4i 90 3; 52 1.38 38.1 4.73 3.52 1.21

Tetal Wfctaj (Sift 21.95 3.51 (Sift) 20.56 2.74
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TH5MKEHT 4  DBMS : ________ R S P. I L  1I R P. 1 1
f  k .C . . I pJCHTd O S *  AT 

v . p
A t l l L

ABLE
WATFR

T O T - w : i t i f
ABLE 1 

VJAT"3R
CF

KATBR
CF K .P.

OV6« 2 1 .5 1 .2 5

•

1 .3 3 FIL
-  *

16.2 0:69 1.33 -  FIL
|L*r 1 3 *1 4 m j  m • • .

6 M 2 * 2 2 .7 K 3 4• i ;4 5•
FIL 20 .9* 1.2 3 1.45j FIL

12*-18» 2 3 .5• U 3 7 1 .5 6• n L
• _ ;

23 .8• I 1 .3 8. 1.56
.  • I t. PH*

Onvantisns.1 l8*» -2 ft 2 7 ; i %  35 3 .2 9 0 :0 6 25i2 3 .0 3 3i29 FIL
« n » — • • I • • •
11 ii
Dvoble Crtp 3 f t 26 .1 £ 2 1 3 .5 3* FIL 28.81 * • I 3 i54• 3.53' "4 0.01

)
6«-15 O t 3 4 .4 4 .3 4 £ 7 8-M 0 .5 6 32.7_• | 4 :1 3^  J  I

3178 0 .3 5•

W M lS f fc 3 1 .5 T.91 3 .52 0&39 36 .7 4 ;5 6 £ 5 2 n o 4

< r t « ) 1 8 .7 7 n o i ( S i f t ) 18;76 r .40

91 u ; 3
•

Oi82f 3

“ u-
18.6
V *

1 .0 6

i ®  , 2 2 .4
•

1 .2 8•
21 *.1 1 .2 0• 53f

0 ^ 6 * 14*6 0 .0 0. 1 .33 R1L 18.1 1 .0 0 1 .33

4' »ff

i
FIL

WTT6*»12" 2 2 i3it • f  « | i ; 3 2■►* * t ;4 5 KIL ZEfBflHB * 1 4 T . ^» T.43
i f  -<

lUii

1 2 ^ 1 3 " 2 5 ;o 1:45 1 .561 .«• MIL 24*2 U 11A 1.56
.  . > FIL

**• HUginr i 8 * - m 2 4 .7 2 .9 7 3*29 FIL 24 :5 2:95 3;29 MIL I
BW jla 0 « p * •» •

3 f t 2 7 .4
•

3 .3 7A#* 3 .5 3
•

m_ .w *
30 .9j. •

3.81
#• -•

3.53. •
0 .28  . m

U t 3 3 .2
»

4 .1 9
A i *

3 .7 8
A <â 0 .4 1

•
33.3

» «
4.21• —, s 3 .78

*  ■#
0 .4 3

5 f t 4 .2 7 3 .5 2 0 .7 5 35.1 4 .3 6 3 .52 p ;64

T t t a l  * « t « ( S i f t ) 18 .04 1 .1 6 < 5 *ft) 18.95
l i s - i j

1.55

I
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APPENDIX l i t  (O bn U .)

TREATMENT ^  DEPTH H I p. 1 K - . I I
i  fc.c. ihghK ins. AT A fx iu

ABLE
WATER

n u t : lrJGHff;
OF

WAT®

n u f i T u rn
ABUS

WAT®
op

WATER
W.P< w > .

0*-6" 38,A 2,12 1333 0.79 4530 23A8 1313 1 .1C

6M2* 3A|5 2,0A 0359 A0,0 2?36 W 0^1
12M8" ao;s ! 2?37 1?56 0381 *038 2J37 1{56 0,81

OKtvonfcicnaC i8"-2ft J9fl A»7A 3i*9 t,A5 3936 A307 3329 0378
Tillage WLtl •
F k llw 3ft A035 A.96• 3353e 1,A5 39*f7 A,69 *53 1336A

| 11 Aft | » t3 3,83 3,78 0JO5 1 A233 5333 r,?8 1355
5ft 3031 . £ 2 3352 *2.8 5331 r.52 1,79

Tetal **fcei ( J i » ) 5336 ( » i t ) 26381 8335

0"-6" A5j1 2.A8 1,33 i;i5 3731 2305 1»33 0372

6 M2" AO.A 2.36• 13A5• — 0393• 3930• 2331• 13A5e 0.86•
12 M S " * . 7 2J13 1,56 o;57 *036 2336 1356 O38O

Wniaal IS M f t 3938 A378 3329 13A9 39.5 A37A 3.29 13A5
Tillage Wit* a • e a e e
ROlev ; 3 ft A0.8e 5.02• 3353• 1.A9 3938• A390• 3353e 1337e

A ft A3.6• 5J30• 3378• 1.72a A132• 5320• 3378• 1.42•

5 ft A133 3352 1.60 *037 5305 3352 ■1.53

Tetal Water ( j u t ) 2t :a i < 5 i» ) 26361 -g a s

O M ” A2.3 2*33 1333 1300• All 5e 2328• 1.33e 0.95. A

6 M 2 " 37.S• 2323• 13A5e 0778• -«• 3838e 2329• 13A5• m 038Ae
12M 8" 39*1# 2i27• 1356• 03f1• 3839e 2.26e 1356e OTTOe

MLnljeal 18 "-2 ft A iti 4 .9* 3329 1.65 *235 5t11 r.29 1.82
Tillage
Deuble Crep • 3 ft

e
At:7

•

5313a

•
3353•

•
1360• 3938• A389• 3.53e 1.36•

L a " 1 A ft AA*8 5365 3378 1387 37.9a 4377 3378e 0399e
4

« 5 ft A533 _ S “ 3352 -£ 2 £ m o - h » 3352 1.CW

T eta l water (5 jf t ) as. 17 9.71 ( J i l t ) aft;i9 7.7S



APHSTOIX 11:

GRATIMi^IC 3011, HOISTURB SAMSUNG 1968 I/RP 8MIB
Fixiwroac

rmwarr DEPTH a s p. I R I P . I I ,
T O T 'INfciES

OP
WATER

ite>f
W.P.

“flfiCET
ABIE

WAT®
% M.C. ilo®  

. or
WAT®

IRS.AT 
W.P.

ATAH*
ABIE;

WAT®*

0*-6" 28,6 t;57* 1:33 0.2A 36:7• 2:02• U33• Oi69•»> I
6*«-i2'' 30.6 1.81• 1.45 ; 0:36 36 52• 2:u• — 1U5 o:69,•

12<M8« 35.2• 2iOA• 1i56 o;a8•
33&• 1.96• r.56* * * 0*.AO• I

Oanvwtienal 36.3 A;36 3.29• U07• 3A.A ASIA• __ ̂ 3.29
. • 0*.851' •nrug. 

Dauble Crep --------3ft 36.9 A.5A 3.53•
1.01• 37.6• A. 62

• 3.53• 1.09•

Aft ao;6 5.13 3578• r.35•
ao: ia • 5:06• 3:78

• [ (,r U28 
• (

5ft AU3 5.13 3.52 1.61 3051 3r7A 3:52 1,22

Tetal Uatad (sift) 2A.58 6.12 (Sift) 23^8 6.22

U1 2A.0•

•

Ii37•

•

28.A
j 9

1J62

C 29.9• ♦571• • •
29.2

• 1.67• • 9 _

0*-6" 29.0• i;^o• 1.33 0:27•
28.1• It55

9
r.33•

0:22!
1 9

6M 2" 33.5 U98 i;.A5 op»3 30:3• H79• r.A5•
0126 • 1

12«M8» 3A.6•
2.01•

1.56 0:30
9

32:1• r.87
•

r.56a •
o;2i. •

tl«  Ridging 18 "-2ft 36;1 A532 3;«9 1.03 33:9 407 3:29 0'.78•
Dauble Crep

Sft
•

37S6• A;63• 3*53•
ft 10• 36.9• a ; 5a

9
3:53r •

noi, •

Aft 39:8 «02•
. 3578• 1Z2A• 3? : a

•
; At72

• •
3:76
• •

0I9A
• ;

5ft 39*.3 u es 3552 U36 37i9 U70 3:52 1.18

 ̂ «•
Tvtal V*teo (5ift) 23:72 5553 (5$ f t ) 23:06 A.60 

— ,



O S P. I 1  \1 P. I
raiATrarr

A 4
B •» DEPTH ^ W.C. ITfCHna i V .  c . indtes T S D T T K E

OF W.P. ABLE OF W.P. ABLE
WATHR WAT* WAT* WATER'

0 * -6 * , 3559 1598 1533 o;65 34,2 r,88 1.33 0555 ‘
6 *-12* m 1,97 1,45 o ;52 3653 2,14 1545 o;69

Onvsntienal

1 2 M 8 * 3 6 ;i 2509 r.56 ( fr 53 36.0 2J09 1*,56 o i5 J (

J 1 8 * ^ f t 3453 4  13 3.29 0:84 3759 4,56

4T68•

3.29 ^ 2 7
TUi*?e with 
N l w

M JC * I
3 f t 35.8• 4541• 3553• ot’88• 3850, • 3553• r . i 5•
4 f t 36.6• 4 .62• 3578• 0 .8 4• 39.5• 4599 T.78 , • 1*521a
5 ft 3316 4 ,2 0 3.52 0 ,6 8 37.4 4 ,6 4 3552 1,12

T eta l Hata ( S * t ) 235*0 4 :9 4 (5| tl) 24.98 6552

0 * -6 * j 36;9 8 ,0 3 1,33 0570 30J7 1569 U33 0.36

6 M 2 » 33i3 1'.97 t j* 5 0,52 35J8 » ; i2 *545 <^67

12"-18* 335*1 f',96 t ,5 6 0540 35^1 2',04 l|36 OJ48

WnlMLl 
Tillage With

i8 * - 2 f t 3653 4*37 3529 i;o 8 34J9 U ; i 9 3J29 0,90

Fallow 4--------  3 ft 3559• 4543 3553• 0:90» 3855• 4574• 3553• 1.21•

4 f t 39.1• 4593• 3578• i ; i 5a 41 .̂9• 5528• 3778e 1550•

5 ft *0 .3 5.01 r .52 1.49 *0 .3 5 ,00 r.52 1.48
1 T ata l Water

C. f£_.̂  i*
C 5 i» ) 24570 ■6 2̂4 25506 6560

9 , 0 « -6 " 30.5• 1.68 1.33 0 ,35• 29.0V a 1,60i • 1.33a 0.27a
1 6*-12" 32,4 1,92 1*45 0*47 31**9 1,88 1*45 0,43

12*U|8" 33*7 1,96 1,56 0540 34,9 2J03 1,56 0,47

HLnimal 1SV2fb 35.8 4530 3429 r.0 1 35.9 4.30 3.29 1501
TULag®
Deubla Crap 3ft 37.6 4.63

• -
3:53• t ; io• • 37.8a

4566• 3553• M > 1513. . 1

4ft 3953m 4596• 3578• m 8• 37.2• * 4.69L m 3578a 0591* •,

1 r 5ft 41.1 5.10 3,52 1.58 3953 4.87 3.52 1.35

f
f a t a l  Water (5*ft>

4 '
24.55 6509 ( S i f t ) >4.03 5557



Appatpg 1S1

auvn^ngc soil mdigtoc saxpubg ittfl urn ayns
H A T H



ATOTOU 1 5 1 (O u aU .)

trsawhit

U lla g e  v a t i
MLew

Mnieel 
Ullage WU 1 
fcllew

M nlxnl
Ullage 
Deuble Qrep

, a  a p 1 a * P. T T
DEPTH *  H.c,

" ” 5 1
m . W

W.P.
jl/juSt-

ABLE
WATER

£ INCHS
OF

WATER
W.F.

0 * -6 " 25,7 1.41# 1,33 0 .06 30,6 1,68• 1533•

6*-1 2 * 32,3 1,91 T,45 0 ,46 34,1 2 ,02 1,45

12*^16" 35,2 2 ;0 4 1,56 0 ,46 35,6 2;07 1,56

1 8 * * f t 3 5 ;i 4522 3,29 o ;9 3 3453 4?13 £ 2 9

4 * .: 3 f t 31,7 X 91 3553 a ;3 6 38;1 4 .69 3,53

32,5 4 ,0 9 3,78 o ;3 i 36,2 j ,4^56 3j78

5 f t 3U 9 3597 3.52 o;45 38.0 4.72 3552

T ete l Watea ( 5 i* t 21i55 r.w (5 i f t ) 23.67

0 *-4 » 3059 i;? o i ;3 3 OJ37 3 i;5 t m « 5 »

6 ‘W12» 33*2 1,96 1,45 0,51 32J9 . W

12 *-18" 34,0 i ;9 6 1,56 0J42 35;i 2504 U *

1 8 * -2 f t 34,6 4J16 3J29 0 ;8 7 34,2 4,11 £29

3 f t 39,5 * ; * 3,53 1,33 3T,4 I 4J61 I £ 5 3

4 f t 39,5 4 .9 6 3.76 i » > 35i9 4 .52 3778

5 f t 3652 j m 3:52 U 22 3577 _ & 2 £ 5 2

T ete l Vfate ' (5 * ft I 24 .38 5592 (5 if t ) 23C36 |

•
0 * -6 " 21 ,5 1,16 1,33 HZLe 22,9 1,26 1,33

6 *-12" 28f6 1 ,69 1*4? 0 ,2 4 25,2 1J49 « * ?

1 2 M 8 " 29 ,9 1 .73• 1.56e 0 :1 7•-4
26.7• 1.66e 1556e

l8 * - 2 f t 32.5• 3 :90 3529• o ;6 i• 30;2• 3.63• 3.29e 4

3 f t 2953e 3:61• 3:53• cr.o8• 33,5• 4513 
• .

3.53•

4 f t 36.6 4 .99 3.76 1.21 38.5 4.86 3.78

5 f t 39 .3

•
4 ,8 6

•

r .  52

•
1,36

•
36.9 4556 3.52

1%U1 VMta • C5*n, 2U 96 3567 ( 5 i t t ) 21,61

ini
ABl

WATS

0 . 3' ; 

0ff I
o;5*
o;ftj
m
0~t7l

1. a
5.4‘

0fV

0J4‘ 
Oitl I 
o;s 

i ra  

0,71

. a z

4.95

jttl

0JQ4
0,10

•

0.34

o;6c

1.06
•  —

1,06

3*22



AffiSNPIl 1/j«

G M m m iC  LOiL KQI3TURE SAMPUIC 1*6-69 SHOP m itt

r o w a n DEPTH < R B P. I R I  P. X X • ■ ■ ■

T T u c T t o t t i
OF

WAT©
W.F.

H R E T
* ABU
WAT©

O . c . hi'V;i.-v|B
W.F.

m r c
ABUS

WAT©
OF

WAT©

0 * -6 « 15*7 1 .0 8i 1 .3 3a | HZL

•

24 .4a 1.35a 1.33• 0.02a
6*M 2« 1 7 .4a 1 :0 3 1 .45a NIL 25.9a 1 .53a— 1.45a 0.08•

12*M 8" 1 8 .2• 1 .0 5• 1 .56| a NIL• 27 .9• 1.62a U56• 0.06•
to m tiM A 1 8 * -2 f t 2 9 .8 3 .5 8 3 .2 9 0 .2 9 34.5 4 .1 4 3.29 0 .85
CUlaga • • ̂ • • - . • a a ,k — t
Dwble Crap 3 f t 2 9 .5 * 5 .6 4 3 .5 3 0 .1 1• 30.1• 3.71a 3.53a' 0.18a

j 3 5 .7• 4 .5 0
9 r

3 .7 8a 0 .7 2 32.5• 4.10a 3.78j  •* « 0.32•'
5 f t 3 4 .3 4 .2 6 3 .5 2 0 .7 4 33.1 4.11 3.52 0 .5 9

fatal 'feter I f i t t ) 19’.1 4 1 .8 6 <a * ) 20.56 2 .10

U1 \J&
9

0 .8 1• 22.6• 1 .29a
02 1 8 .2 1 .0 4ta . • 18.4

9
1.05a a a

0«-6« 2 2 .9
9

1 .2 6» 1 .33 h l 33.4a 1 .84• 1.33
9

0.51

6 M 2 * 2 9 .3 1 .7 3 1.45 NIL 24.6 1.45 1.45 MIL

1 2 M 8 » 2 6 .5•

•
1 .5 4

> •
1.56• l NIL•

•
25 .3•

a
1.47

a
1.56. a NILa, ,

l *  RUging 1 8 " -2 f t 30.2 3 .6 3 3 .2 9 0 .3 4 3 0 J 3.62 3.29 0 .33
fcabla Crap • a • • • a a .

j  3 f t 32.1 3 .9 5• 3 .5 3• 0 .4 2• 37.5• 4.62a 3.53a 1.09a
4 f t 40.3 5 .0 9• 3 .7 8I 9

1.31. 43 .9a 5 .53a 3.78a 1.75a

5 f t 3 7 .6 4 ,6 7 3 .52 Jill 41.1 5 ,10 3 .52 1>58

f a t a l  Viator ( 5 * f t ) 2 1 .1 4 3.22 ( 5 j f t ) 23.34 5.26



ATOPIX 16« (ODNTD.)
TRSATVfflff fMfPfU « k a  i ’• A *  *  p. 1 1

W | V | INCHES
OF

WAT*
W.P.

WA7K1

AVAIL­
ABLE

WAT*

n r j ; 7WTH
c op
NATO

PB.AT
W.P.

r m
ABU r 

*ATO

0 " - 6 -

•

2 7 i4

•

1^51 1?33 0 .1 8
a * * * 1.29 1,33 Nil 1

6 * -1 2 - 30v4 1t79 1*65 0*34 26 ,4 1 ,56 1,45 0,11 .*

1 2 - -1 8 - 2 9 ,2 1*69 | 1 ,56 0 *1 3 3o;7 ; 1 ,78 1,56 0 ,22  >
1 8 - - 2 f t 2 9 .6 3 .5 8 3 .29 0 .2 9 29 ,9 3,60 3,29 0*31 |

Ovraotlenal 3 f t 2 7 .5 3 .3 9 3.53 N it 33.1 4 .07 3.53 0 .54  *
Ullage With 
t l la v 4 f t 2 3 ,5 2 ,9 6 3 .78 NIL 34,5 4 ,35 3,78 “ ! 0 .57  |

5 f t 25 .6 3 .1 7 3.52 NIL 42.2 5 .24 3.52 1.72
T otal water ( s i n ) 18 .09 0 .9 4 W i t ) 21.89 3.47

OH-6- 87,0 \ 4 9 1*33 0 f 16 27,5 1,58 1,33

I 
^

 
M

 < 
—

 
O

6  * -1 2 - 56.7 2 .0 4 1 ,45 0 ,5 9 34,8 2 .06• j 1.45• 0,61

1 2 --1 8 - 5U 3 1 .8 2 1.56 0 .2 6 32.2 1.87 1.56 0.31 V;

In in al 1 8 " - 2 f t 50,3 3 ,6 5 3 ,29 0 ,3 6 29 ,9 3,60 3,29 0,31 j

llla^ e .a th i *>

U lM 3 f t 53.6 6 .1 3• 3 .9 8 0 .6 8 'i 36.8
9

4 .53
9

3.53a
1.00

•

4 f t 51.1
[ •

3 .9 2 3.78 0 .1 4
•

38.6
a

4.87
•

3.78
a

1.09
a —

5 a 59.1 4 .8 6 j  3.52 1 .3 4 37i7 6 .68 3.52 1.16

Total Mater <5i<*> 21.91 3 .45 5 i l t ) 2 3 J9 4 .7 3  U

OH-6" 2 6 .8
.

1 .4 7
•

1 .3 3
* %

0 . U
a

26.7
•

1.47
• '

1.33
•

0.14
9

6 M 2 « 2 7 .6 1 .6 3 1 .45 0 .1 8
4

30.9• 1.83• 1.45a __ 0 .3 8•
1 2 H -ti« " 2 9 .2' • 1 .6 9 1.56• 0 .1 3# 31.1

9
1.81• 1.56• 0 .25  I

a

8-nlaal 18- - 2 f t 2 9 .5 3 .5 4 3 .29 0 .2 5 28.6 3 .34 3.29 0 .05
U la«e • • a • •
lluble Crop |* 3 f t 3 6 .3 4 .4 7• 3.53 0 .9 4a 31.1

a
3.83• 3.53• 0.30

a

4 f t 3 9 .5 4 .9 8• 3.78 1 .2 0
a

55.6r • 4.461 • 3.78
a

0.68
a

5 a 3 4 .8 4 .3 2 3 .52 0 .8 0 32.8 4 .0 ? 3.52 0.55
Potal Mater C J jf t ) 2 2 .1 0 3 .6 4  1t e a ) K i r 2.35



fR' YTI TT.IC 3QIL MOISTURE VT^LIN.. ^XP-T R.‘- I i r .

O BffiD K
1 i

TRSAWEIT DBFTH
a  s P. 1 ■ 9. I  X

r # .d . MSBe ’ r . ? AftlL. TWT5T I 8 s ? s r * 1“  • ‘ *
OP W.P. ABLE 0? W.P.

WAT® WATER WATER WATS*

0>v4« 22.7?
•

1.25
•

o
1.330 KCL

•
28.5

•
1.57• 1.33•

» \ 
0 .24

• 3
6 M 2 " 29.6 1.75 1.45 0.30

•
28.7• 1.69• 1.45•

12*-18« 31.4• 1.82*• 1.56 0.26• 29.7» 1.72• 1.56• 0 .1 6■
Oanvmtlorxi ► 18«-2ffc 33;* 3.97 3.29 0 .68 36.6 4 .39 3.29 t ; i c
Ullage 
Double Crop

o
34.0• 4 .29• 3.53• 0.76 39.3• 4 * a• 3.53• 1.31)0 m_

4 ft 40 .9• 5.16 3.7? 1.38• 43.0• 5.42f 3.78• 1.64•

5 ft 42.1 5 .23 3.52 1,71 38.1 4 .73•
3.52 I f  21

"
ToUl Vftte > e j t t ) 23.47 5.C9 ( S W 24.36 ! 5 .90

m 29 .9- 0 1.71 28.5
•

1.62•

K 32.8 1.870 • • 25.5
•

1.45• •, •

0 ^ 6 ” 30.1 1.86i 1.33
•

0 .33
•

29.50 1.62
•

1 .33
o

0 .2 9
•

6 n-12* 29.0* 1.71 1.45• 0 .26• 24.4• 1.35• 1.45• 0 .04

12«-18* 33.3• 1.93. 1.56 0.310 26.1• 1.54• 1.56
• *

Nil•

Tie Sldpln; 18 "-2 ft 34.1 4 .10 3.29 0.81 33.2 3.99 8.29a 0 .7 0•
Double Croj

3ft
0

42,6 W. 3.53• 1 .74• 37.0• 4 .56• 3.53. 1.03* • 0 —

4ft 4C.6• 5 .12 ̂•' 3.78• 1.34• 40.7• 5 .1 4• 3.78• 1.36•

5ft 41.1 5.10 3.52 1.58 42.7 5 .2 9 3.52 1.77

Vital. v*t< r <5*ft 24.83 6.37 < a*t> 23 .5 9 5.19



^ , 'ft (Oanu;)

wawBff DEPTH ■
R E F .  I R  S P. X X

r o r

•

INCHES
or

WAT»

fife .AT 
W.P.

XIAi l -
ABLS

W T « _

* * . C . TR3BBP
or

WATW

fife .AT 
W.F.

T fxn
A B U

0*-6" 30.0 1,65 1,33 0,32 1 29.0a 1,66 1.33a 0,33
6 M 2 " 31.7 1,87 1.45 0,42 31 ; i 1,88 1.45 ^ 0,43

12 M i " 30.5 1.77 1.56 0.21 29.4 1.71 1.56 0.15
O a r v e n t i o n & l 18*-2ft 34.1 4,10 3,29 0,81 34,0 4,09 3^9 0,80
nn»*« with

3ft 37,2 4.57 3,53 1,04 36,4 4,48 3,53 Or95
4 ft 37.3 4.69 3,78 0,91 38,9 4,90 3.78 1.12

5 ft 41.7 5.17 3.52 1.65 40.9 5,07 3.52 1.55
fe ta l Vtotar c a r t ) 23.82 5.36 (5$ft) 23.79 5.33

O M " 31.0 1.71 1.33 0,38 26,2 1,45 1.33 0,12
6 M 2 " 27.4 1.62 1.45 0j17 25,5 1,51 1,45 0.06a

12 M i " 30,6 1,78 1»56 0,22 30,9 1,79 1.56 ! 0,23
K l n i a a l 18M2ft 30.4 3.65 3.29 0.36 30.0 3.60 3.29 0.31
n i l a r t j  W i t h

f e l l a * 3ft 35.0• 4.31 3.53• 0.78• 35.0a 4.31
a

! 3.53a 0.78
a

4 ft 40.4a 5.01• 3.78a 1.23a 39.9a 5.03
a

3.76
a

1.25
a

5 ft 36.1 4,48 3.52 0 ,9 6 35.4 4,40 3.52 -0,88

feta l attar (S ift) & 2 k J b i o (S ift)

0 « - 6 » 30. 7• 1.69a 1.33• 0.36
a

32.9a 1.81
a

1.33a
0.48

a

6 M 2 " 30,3 1?79 1,45 0,34 ; 28,1 1,66 1,45 0,21

12M 8" 31.1 1,80 1,56 0.24a 30,5 1.77a 1.56a
0.21a

Mai M l 1£*-2ft 34.5 4,14 3.29 0,85 35,5 4,27 3,29 0',98
nila«e 
frukle Crap 3ft 42.8 5.ZT 3.53a 0.74a 36.5

a
4.50a 3.53a 0.97f

4 ft 45.5• 5.74a 3.78a 1.96a 40.5a 5.11a 3.78
a

1.33a

5 ft 42.7 3.52 1.78 3 8 . 8 4.82 3.52 1.30
feta l Watar (S ift) 25.73 6.27 (S if t) 23.94 5.48



ifpaiDU 1Bi

TLLlape

m̂ T̂ arr

h . irmsntis :cil  r c r i n r  1 9 ^ 9  *f PWIAH!
1 ‘.  I Ir — ' 1' " t

..M ill . . ' I

''in ■ • *
s z a s s i r , ? A7IIL. SCH.5. 

k̂ fUS M W l " • * • 1

nrnvu

*n—— «—

1 B;:'5 P. I
h -— —

I5~1 11 S ?. 1 1[• liMU
■ M M *DEPTH T 7 Z 7 TJWiV ? r f . c . K#:,t

OP1 w.p. a&ls o r * .p . »HLS
- « a  - £ Z B Jf lg g . . - -

0*u6» 18J2
•

i; o o C33
•

Hit . # 10:9•

•

0:60•

•

1:13 Hit
6*M2* 2718^  *•• ‘ 1*64 1.45 n h sf p5 j 28.8• 1I70 1̂ 45# 0^5•

31.1 i.e o 1456 9*26« 36|1• 2.09• 1.56 0*53•
L 18*v^ft 33ifl 4 J « 3ir29 0777• 35f9 4130 3429 17)1•

3ft 35.6 4,38 3;53• 0.8$ 3?.? 4.78 3553 1.25
4ft 40.4 5;09» 3.78

w r m
1.31 37.,• 4.76 r.7e• 0.96

5 f t 40i7 5;05 3i52 1433 » ; i U35 3:52 0.85

T o t a l V frta r ( 5 i» ) 23:02 C5*ft) 2S58
«
4.85

If f ‘ 15:5

! 2 24;9 * 5 * 3 W 2U5
m •

0 * 4 * *  I 2h l h t ; i ? 1:33 m• 23;9 1.08• •  1 1:33• Hit.

6 M 2 " 31 .* 1.66 1.45 0,21 26,6 1.51• 1.45• D.064

28.1 1.63 1.56 0.07 33.5
• l# P »  I• t;56• 0.16•

l8*-2 ft 32i9 3i95 3.29 0i66* 4.15. 3.29• ).86•

3ft 36.2• 4*46 3.53* 1 0.93 37.1• 4.56• 3.53 1.03«

4 ft 37.2 4 .65. 3.78. 0.91 | 39.5• 4.96• 3.78•
1.20

•

5ft 37it 4.6C 3.52 1.03 4C.S $.06 3.52 1.54

btal . ater 22;16 3.86 J3.28
t T ?.07



AFPgyjgX 18: (contd;)

TREA1KSHT DEPTH
3 5 P. I 3 B ?. I I

<1 ft p« TStSffK
OF

WATER
w X

iifAIb
A9W

WATS?

7W.d.
or

VfTER

H5,Af
W.P.

WT
AML 

V* TB
» 0«-6" 2313 1.28 1.33 MIL 1611 0488 1133 MIL

6*-12fl 2?;o 1.59 1145 0.14 34.3 2.02 1145 0.5-
3316 1J95 ! 1,56 0439 3346 1495 1456 0,3!

Otaveationa] 2944 3,53 3,29 0,24 35,6 4127 3,29 0 ; *
Ullage vgLtl
Cultivated }• 3ft 31 ;6 3,89 3.53 Oj3o 38;o 4,68 5153 i ;u
Fillers 4ft 3948 r.oo 3178 1*22 39,8 5,01 3,78 1 ,2:

5ft 4047 5404 3152 1152 3548 4141 3452 018!

Tbtal -ate • (5 ift; 22.2? 3*87 (5*ft) 23.22 5.21

0*'-6" 20.1 1 :11 1,33 MIL 23,1 1,27 1133 MIL•
6*M2" 22.1 1,31 1,45 MIL 2713 1461 W 0116

12'W18'» 2649 1,56 1*56 njL 28,0 1,62 ! 1456 0106

Wniiral 18»<-2ft 2?;6 3.32 3.29 0403 2416 2195 3129 MIL
Tillage Witt
Charicel 2848 3154 3153 0,01 3017 3,78 3453 0;25
FUlOVJ *

4 ft 3717 4176 3 .78 0.98 37.3 4169• 3778• 0.91

5ft 3948 5101 3452 1.49 34.8 4.32 3152 0180

?btal Watte * (5*ft) 20.61 2*51 (5 ift) 20.24 1118

Ot-6" 2447 1436 1433 0103 19,‘3 1406 U33 MIL

t;« -i2 » 30,0 9777 1,45 0132 2513 1,49 1145 010*

12»w18» 33f5 1194 1156 0138 30,6 1*97 1456 0,21

ttnimal l8 *-2 ft 3345 4.02 3129 0.73 34.3 4112 3.29 0.83
Tillage * •
DbubleCrop 3ft 33.9 4.17 3.53 0.64 3111 3.82 3.53• 0.29•

4ft 38.7 4.88 3.78 1.10• 37.3 4.69 3.78
9

0.91•

5ft 39.0 4.84 3.52 1.32 36.5 4152 3.52 1.00

Total Watc (5 *ft) 22198 4152 ( 5 i« ) 21.47 3.28


