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ABSTRACT

A studU wa.s carried out to 1investigate the rela-
tionship between the depth of root penetration and
drought resistance iIn three cultivars of common beans
(Phaseolus vulgaris 1,.), namely GLP 2 (Rosecoco), CLP
X-92 (Wi. teman ia) and GLP 1004 (Mwey, j Moja). The varie-
ties have been recommended for high, low to high, and
Jew rainfall areas, respectively. A technique which
involves herbicide placement at a given depth in the soil
and monitoring of the herbicide toxicity symptoms on the
above ground organs was used to evaluate root penetration.
The bean cultivars were studied and compared at three
different irrigation levels. Four experiments were carried

out, two in the glasshouse and two in the Tfield.

The glasshouse experiments showed that all the cul-
tivars were similar iIn their sensitivity to herbicide.
A bioassay test carried out showed that there was no up-
ward or downward movement of this herbicide in the field.
The glasshouse experiment agreed with the field experiment
*r> that, in both cases GLP 1004 had the highest root
penetration rate. In the field total amount of water
oj»p-Med was inversely related to the root penetra-

tion rate (RPR) 1in all the cultivates. Water stress

substantially  eoquced the dry matter accumulation,
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number of pods/plant ancl 100-seed weight. GLP 1004

outyielded GLP x-92 and GLP 2 at all watering levels.

Results
drought
drought
through

drought

further indicate that GLP 1004 which escapes
through early maturity can also employ other
resistance mechanisms, i.e. drought avoidance
high root growth rate if faced with periods of

during the season.



INTRODUCTION.

Kenya®s population is increasing at a rate
of 4% per annum. To maintain an adequate food sup-
ply food production would have to increase by about
two-fold from 1980-1989 (Anonymous, 1981 ). In Kenya
the semi-arid area with low agricultural potential
(rain/evaporation ratio less than 30%) comprises
about 75% of the total agricultural land
(Hombroek ct. al., 1982 ). Because of the increa-
sing shortage of high potential arable land there
iIs need to grow crops iIn these unfavourable areas
where rainfall 1is not only low but also uncertain.
Crop yields in these areas may be increased by
improving practices like careful tillage, using op-
timal plant population and use of improved and adap-
ted varieties. Adapted varieties are the ones that will
give high yields compared to others in the same en-
vironment. The development of such crops offers
considerable promise for increasing food production
in the semi-arid areas of Kenya. An understanding
of crops behaviour is of obvious iImportance when

seeking to iImprove their performance under semi-

arid conditions.



The common bean (Phaseo.lus vulgaris L.) is a sta-
ple food for most Kenyans. The per capita income
of most Kenyans does not allow the consumption of
animal proteins such as milk, eggs or meat but beans,
having a high protein content, can contribute sub-
stantially to the dietary balance of millions of e
Kenyans. Moreover beans are high in lysine and so
can supplement cereal proteins which are generally
low in lysine. The total area under beans in Kenya
is estimated to be between 300,000 and 500,000 hec-
tares per season with an average yield of about 500
kg per hectare (Mukunya, 1984). The yields are
low considering the yield potential of 1500 kg per
hectare as an average (Mukunya, 1984). Drought is
one of the most important factors responsible for
low bean yields in Kenya. Consequently any research
work on 1increasing bean production in the low rain-
fall areas will be a step towards improving food
supply in the country. The ability of a crop to
grow satisfactorily in areas subjected to periodic
water deficits has been termed as drought resistance
(May and Milthorpe, 1902). it Is generally recog-
nixed that plants are resistant to drought because
they either avoid the development of severe inter-

nal water deficits or tolerate them (May and



MI 1thorpe 1962, Levitt, 1972). Common beans, ul-
though not known to be drought, tolerant are usually
subjected to a high probability of water stress 1In
many environments where they are grown (Laing et.

al., 1983), Literature on resistance mechanisms e

in beans suggest that they are able to. maintain a
higher leaf water potential under conditions where

soil water supply 1is limited and/or under high evapo-
rative demand, (Laing £t,. ad. , 1983). This could
suggest that resistant cultivars have a deeper root
system which 1is better able to exploit available

water reserves during possible stress periods. In-
deed of the varieties surveyed by CJAT in 1980 dro-
ught resistance was associated with deeper rooting cha-
racteristics. While other physiological factors could be suggested
in explaining the differences iIn drought resistance

it seems clear that a priority area for research
should be the root systems. In the past lack of

suitable techniques for root studies has hampered

such investigations.



. B L ITERATURE REVIEW.

Drought stress, clue to luck of water, 1is the
second most iImportant yield limiting factor 1iIn beans
(Norman et. al., 1984). One of the solutions to
the problem would be the use of drought resistant
cultivars. Drought resistance iIn this case refers
to the ability of a crop to grow and yield satisfac-
torily iIn areas subjected to periodic water deficits
(May and Milthorpe, 19G2, Turner, 1979). Drought
resistance may be the resultant of many physiolo-
gical and morphological characteristics and It is
doubtful if any one criterion will be adequate for
selection. A combination of factors may need to be
selected for (Sullivan and Ross, 1979; Ahayoba et.
al., 1979). Attempts therefore must be made to de-
fine specific physiological and morphological charac-
teristics that are indicative of drought resistance.
Among these characteristics could be listed low sto-
mata), conductance (Sullivan, 1971; Masumba, 1984;
liegg and Turner, 1976) low leaf transpiration and
low leaf water potential (Turner, 1974; Coulson
1984) and different rooting depth (Robertson et.
il 1985; Markhart, 1985 Masumba, 1984 ). Low

stomatal conductance, though indicative of drought



ios i.s(ance 1l1luc l.ualgs considerably depend! hr oh the*
weather and rod, activity (-tones, |4,) thus making
it difficult to be used alone as a drought resistance
indicator especially where the differences between
the cultivars is small (Masumba, 1984). Leaf/air
temperature differentials have been used (Couison
1984; ldso et. al., 1981; Levity 1972) as indi-
cators of drought tolerance iIn plants. Direct mea-
surement of the required temperatures however are

not easy because different methods may give different
interpretation of the kind of resistance exhibited

(Couison, 19815; D" Souza and Couison, 1987 ).

traits such as low stoma Lal conductance though
theoretically indicative of drought resistance have
practical problems iIn their measurement because
they fTluctuate very much over a short time and also
may be associated with decrease 1iIn yield (Turner,
1979). Thus there 1is need to search for traits that
do not lead to reduction in yield. Some of the trait
that: have been suggested are development piasticity,
rapid phenological development, and maintenance of
water uptake by increased root density and depth.
Unfortunately increased root density and depth leads

to reduction in yield by preferential partitioning



of photosynthesis to the roots in some crops whereas
the major concern 1is for the aull, ivars to parti-
tion the photosynthates towards the economic yield
component. Developmental plasticity facilitates

the matching of crop growth and development to the
constraints of the environment especially in terms
of minimising the occurrence of the critical repro-

ductive phase during the drought periods.

2.1 DROUGHT RESISTANCE IN DEANS.

Drought resistance could obviously be an impor-
tant crop characteristic iIn beans grown iIn the semi-
arid zone of Kenya. Apart from little work by Floor-brees
(1083) limited attention has been paid to selec-
tion for drought resistance in beans using root
growth as a selection criterion. The reactions of
the promising varieties like GLP 1004 (Mwezi Moja)
to moisture stress iIn the soil combined with hot
and dry atmospheric conditions need investigation.

In addition to root growth (Floor-Drees, 1983, Robertson
ct. al. , 1985) plant characteristic such as vegeta-
tive development, flower and pod abscission, yield

and yield components have been given some attention
(Coulson, 1984; Jtulya, 1984). Attempts at selec-

tion for drought resistance has shown that there is con-



slderable genetic diversity (CIAT, 1979; J980;

11,ullya, 1984; Floor-Drees ,1983).

Beans arc particularly sensitive to water
stress during flowering (Dubetz and Mahalle, 1969}
Stoker, 1974). One explanation is that root growth
is retarded during anthesis thus water supply to
the root depends mainly on water movement through
the soil to the existing roots (EI Nadi et. al.,
1969; Norman et, al., 1984; D"Souza and Coulson,
1987). However this 1is iIn contrast to the findings
of Doorenbos (1979) that root growth continues even
after flowering. The major component of yield that
is affected by drought is the number of pods per
plant (Robins and Domingo, 1956; Stoker, 1974).
This suggests that podset is a prime TfTactor involved

in drought resistance.

Basal and taproot weights of beans have been
shown to increase upto seed initiation stage fTollowed
by a significant decrease during full pod fill (Stof-
folla et. al. , 1979; El Nadi et at., 1960; 1)"Souza, 1985;
b*Souza and CoulLson, 1987). This suggests that it
e not flowering that reduces root growth but prob-
ably fruit setting and fruit growth. A root study

by Stoffella et. al. (1979) showed that the tap root



and the bhasa’l. roots are the most 1iImportant
parts of the root system. Beans have an extensive
root system concentrated mainly in the first 80 cm of soil.
At flowering the root depth is 80-10 cm (Doorenbos,
1979). This implies that the lateral, root system

is most important in drought resistance because after
flowering root growth cease (@1 Nadi, 1969; D" Souza
and Cou.lson, 1987; Stoker, 1971) and it 1is during
this period that water requirement 1is highest (Door-

enbos, 1979).

The ability to recover from stress is found
particularly in indeterminate beans which have the
capacity to continue flowering after stress (Laing
ot. al., 1988). Norman et. al., 1984). The capacity
to do this is associated with delayed and uneven
maturity. Mid and late season drought is a feature
of the rainfall pattern of the bean growing areas
of Kenya (Mukunya, 1984) and therefore ability to

recover after drought 1is a significant advantage.

2.2 IMPORTANCE OF HOOTS IN DROUGHT RESISTANCE.

The most important characteristic of the root
systems of many crop plants is the ability to extend

sufficiently rapidly to maintain continual contact



with soil water. For example, tepary beans (Phaseolus
acut)lollu,s) which are known to be drought resistant
exhibit rapid root growth (Markhart, 1985. Masurnba,

1984) .

Tlie extent of root development within a species
Is governed by genetic as well as environmental factors
such as soil moisture and soil structure. Studies with
crop plants generally indicate greater root proliferation
near the soil surface in irrigated or moist environments
than in dry environments (Mayaki et. al.., 1976 ; Miller,
1986). However other studies show that water deficits
appear to affect water uptake by roots quicker than tt >

affects root elongation (Pearson, 196(5).-

The benefit of deep root systems in avoiding
water stress due to limited soil water has been documen-
ted by several studies (Kaspar et. al., 1984; Sul-
livan and Ross, 1979). Preferential relative develop-
ment of the root over the shoot can therefore be
considered an adaptive mechanism which enables the
r°eot to explore a greater soil volume for water (Hsiao
h-nd Bradford, 198.3). Although there is little quanti-
tative information, root development is enhanced

relative to the shoot development during stress

(Couleon, 1984; Salim et. al., 1965). if soil water
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Is available at lower soil depths 1,he development

of a deeper root system would clearly be a useful
adaptive feature in maintaining Tfavourable water
relations (Passioura, 1974). While root growth has
been used 1In screening for drought resistance (Atmon-
son , 1978 ), this approach js not popular because most
methods of root study are inaccurate and time consu-

ming (Bohm, 1979).

Varietal differences 1in rooting depth have
been demonstrated in wheat (Hurd, 1968; Derera et.
al ., 1969) beans (Laing et. al ., 1983 Floor-Drees, 1983)
soybeans (Raper and Barker, 1970) and tomato (Zobel,
1975). Thomas et. al. (1983 ) showed that deeper
rooting tepary beans yield better than the common
beans under drought stress. The genetic control of
root systems has been studied in much less detail
than shoot systems (Zobel, 1986). Roots of legumes
have been found to differ in their ability to branch,
thicken and elongate (Lawn, 1982) although genotypes
have been found to behave differently between the
field and glasshouse situation (Stol"fella et. al

1979; Waters et. at., 1980).



Studies to examine relationship between dro-

ught resistance and root systems among cultivars

have been performed with cowpeas (Robertson et.

Jo85 ), common

198 5 Masumba, 1984;
results

depth of the cultivars.

Thomas,
indicate genotypic differences

Genotypic differences

aj-,

beans and tepary beans (Markhart,

al Their

et. ~, 1983).

in rooting

in

the development of root systems are believed to be

of major importance

However,

in drought stress avoidance.

many methods for studying roots are unsul-

table for evaluating quantitatively the soil environ
mental effects on root behaviour (Pearson, 1974;
Taylor, 1986).

2.3 INDICES OF ROOT BEHAVIOUR.

In addition to root
root weight and root water
hy Bohm (1979) and Pearson
root mass density (grammes
root length density (cm of
Heen suggested as
environmental

luating soil

(Taylor, 1986).

(uL, difficulties are encountered

Though such

length, surface area,
extraction suggested
(1974) in their reviews,
of root/cm3 soil) and

root/can3)of soil have also

indices for quantitatively eva-

effects on root behaviour
indices seem quite use-

in theilr use. Root
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weight is not well-established as an index of water
absorbance capacity because of the assumption that

H 1s related to root activity in a direct and well
defined way. This however is not always true beca-

use roots grown 1in soil can never be all physically

recovered and the poorest recovery 1is -with the fra-

KH e and most acti ve roots.

There is a high correlation between water
depletion and rooting density (Bonnet and Doss, 19GO;
Doss et. al. , .1960; Davis et. al., 1965). There-
fore soil water extraction has been used to evaluate
root distribution of beans and maize in the field
(Longa, 1979, Mugah, 1984; Nyabundi, 1985). In fact
Jt appears the soundest way of measuring root distribu-
tion since it is non-destructive. However, some assump
"-lons must be made, for iInstance that there 1Is no app-
reciable transfer of water from one part of the soil
profile to another and there is no water loss except

bV transpiration.

During the last one and hall f decades an in-
creasing number of research workers have used root
Jcngth as a preferred measure iIn root studies. One

reason for this 1i1s the possibility for rapid deter-
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niJ.nat.ion (Robertson et. al., 1985). Other research
workers believe that root length per unit soil vo-
lume 1is the best parameter for calculation of water
uptake by plants ( Gardner, 1964; Molz, 1971; Tay-

lor and Klepper, 1973, 1975; Nye and Tinker, 1969).

It is generally accepted that increasing soil
water deficit in the surface layers of the soil in-
duces compensatory root extension to deeper tinexploi-
tod soil layers (Newman, 1966; Klepper et. al .,
1973). El Nadi ct. al. (1969), working with broad
beans (Vicia faba) grown 1in deep containers, found
that progressive soil drying promoted deeper root
growth although the total dry weight of the root
system was the same under wet and dry conditions.
1*his happened because root extension in the deeper
layers occurred at the expense of fTormation of new
roots in the layers close to the soil surface.
"though root length has been used in many agricul-
tural studios information on the crop rooting
characteristics (especially beans) that can be re-
lated to capacity to take up water is still scanty
( Mugah, 1984). This 1is because most quantitative
estudies on roots have used weight, as a means of as-

sessing the amount of roots in the soil. However

In the field this is not easvy because of the dlffi-



mll tios involvod in Lhe;ir recovery from the soil.
(HoiwJricW and Veihtneyer, 1931; Co Icyy and Watson,
J9o06) . It is generally accepted Unit the capacity
for a crop to take up water 1is more closely related
10 surface area or total length of the root system
than the root weight (Gardner, 1904). Therefore

a deep penetrating root system 1is a characteristic
which if incorporated into beans might increase

their drought resistance through avoidance (Markhart,
1983; Hall et. aj -, 1079) leading to increased pro-

duction iIn the semi-arid areas.

The foehn iques that, have been used to measure
root length are not only very fimo consuming but
vary in accuracy (Newinan, 1960 ). The main diffi-
culty in determining roof length arises from the
great length which can occur in even small volumes
of soil. For example 18 nelres/litre of soil and
90 metres/litre of soil have been reported in the
case of sugarcane and beans by Fvans (1938) and

Floor—-Drees (19R3)»respoctivoly.

The best approach to drought avoidance 1is

10 develop pimils with characteristics such as deep

roof systems which postpone doss icii.Lion . ™



mich screening there is need to examine large num-
bers of plants for root growth and unfortunately
many methods for studying root growth are not very
accurate. What 1is necessary is to have a reliable

field method for study of root growth*

A new indirect method of Robertson et. al.
(1985) 1involving herbicide placement at varying
depth in the soil and monitoring symptoms on the
leaves allows the rapid measurement of root length

thus allowing screening of large numbers of plant

cultivars.

2*4 OBJECTIVMS

() To assess the new method of root growth
analysis as proposed by Robertson et.

al. (1985) under Ken,ya.n Ffield conditions

(an To assess possible differences in root
penetration among bean cultivars which
have been found to react differently

to water deficits.



3. MATERIALS AND METHODS.

Two glasshou-so, one laboratory and two field ex-
periments were carried out at Kabelo field station, Uni-
versity of Nairobi between July, 1986 and March, 1987.
These experiments were aimed at studying“"root penetration
of three cultivars of common beans (Phaseolus vulgaris L.)
Using the herbicide placement method. The cultivars used
wore CLP 2 (Rosecoco), GLP x-92 (w.i tomania) and GLP 1004
(Mvex,i Moja). These cultivars had been recommended as sui-
table for high, medium and low rainfall areas, respecti-

vely (MALD, 1983).
ol

The herbicide used was Metribuzin (4 amino-6(1,1-
dimethyl 9-3-(methythio)-1 ,2,4 Lriaz.in-5 (411)-one) a
member of the as-tri.azi.none herbicides which are hetero-
cyclic nitrogen derivatives (see Appendix 1 for structure),
the herbicide is usually soil-applied as a pre-emergence
herbicide in sugarcane, alfalfa and soybeans. It 1s
rapidly absorbed by roots and readily translocated through-
out. the plant iIn the transpiration stream. It 1s considered
&> be transported exclusively iIn the apoplast system

(Fedke, 1982).

In the leaf the herbicide 1is transported along the

Voinr; and tends to bo concentrated at the lamina margins.
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11 binds on the [I._liyJakoid surface and blocks electron
transport In photosystem Il thus inhibiting photosyn-
thesis as well as destroying chlorophyll. The

symptoms exhibited by the affected plant may vary de-
pending on the concentration of herbicide and the environ-
mental conditions (Fedtke, 1982). The"symptoms range

from necroses and bleaching along the leaf margins and
veins to drying up oi the plant. Ihe three bean cultfvars

are sensitive to the herbicide and exhibit symptoms when

i
the herbicide is applied.

2.J GLASSHOUSE/1.AHOKATOHY EXPKHI MF_NTSL

3.1,1 Sensltlvity and Symptom Characterisation

Test.

To assess 1f the cultfvars differed in their
sensitivity to the herbicide the three bean cultf-
vars were pre-germinated and grown in the [laboratory
In beakers containing Long Ashton (1978) formula
nutrient solution (Appendix 16). They were aerated
using the aeration pumps. The solution was maintained
at constant volume by addition of distilled water on
a daily basis. The solution was changed after every
three days during the experimental period. Three
weeks after germination the herbicide Metribuzin (dis-

solved in water) was added to the beakers containing
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the bean cultlvars. The herblc,ide was in varying
appl ication rates of 4, 6 and 9 kg/ha.. The time
taken for the appearance of the symptoms was recor-

ded as well as the symptoms themselves.

'1.1.2 Roof Growth.

The objective of this experiment was to verify
the assumption implicit in the herbicide placement
method of Robertson et. al. (1985) that the deeper
the placement the longer it would take the symptoms

to appear. The experiment was also used to verify

the symptoms.

Forest soil (eutric Nitosol) was mixed with
di—-ammonium phosphate (18% N, 4@k ~2n57~*  ~N1G GFldi-
valent fertilizer rate was 100 kg/Z/ha. The soil
was placed in twenty-litre plastic pots. This experi-

ment had three replications and was repeated twice.

The fTield capacity of the soil iIn the pot
had earlier been determined to be about 40/. (weight/
volume) by taking a known weight of soil and pouring
in a given volume of water until excess water just

started flowing out then weighing the soil.

During filling of the pots the herbicide
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was mixed with Ffinely ground soil and placed in

a thin layer at a depth of 10 cm in one set of pots
and 20 cm deep iIn another set of pots. Six seeds
were planted in each pot at a depth of 5 cnm. The
soil was then watered to fTield capacity. One week
after emergence the plants were thinned to three
per pot. They were watered twice a week with 700
mi of water (equivalent to an average of 500 mm
rain per season). The plants were monitored daily
for herbicide toxicity symptoms. The time for 50%
emergence was used as a reference time iIn iIndica-

ting the time iIn days taken for the symptoms to

appear.

Movement of the herbicide iIn the soil was
monitored twice during the growing period by taking
soil samples from 5 cm above and 5 cm below the
herbicide placement level and planting pre-germina-
ted beans on these soil samples to see if. herbicide toxicity
symptoms appeared. This was done to find out whether
water had any effect on the time of appearance of
the toxicity symptoms either by leac.hing oi upward capillary
action. Appearance of herbicide b ;:icity symptoms in the
beans grown on these soil samples would Indl-—

cate either downward movement by leaching
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or upward movement by capillary action.

3.1.3 Dry and Wet Absorption Tost

The objective of this experiment was to find out
if tho appearance of herbicide toxicity symptoms iIn the field was
dependent on soil moisture. Il the herbicide could
not be taken up by the roots under dry conditions
then under dry TfTield conditions it would not be
possible to tell if the roots had reached a parti-
cular depth since the herbicide toxicity symptoms

Would not appear 1if uptake had not taken place.

The three bean cultivars were planted in
plastic pots 8 cm in diameter and 10 cm high. The
pots were perforated at the base to allow toots
to grow through. After the roots had grown through
the base of the pots the pots were put on large
pots containing soil mixed with herbicide. lhe
soil iIn the larger pots was at fTield capacity or
quarter Tield capacity. The time taken for the

herbicide toxicity symptoms to appear was then recorded.

32 FIELD EXPERIMENTS.

Two TFfield experiments were conducted at the

University of Nairobi, Kabete Campus fTield station



situated at latitude 1° 1S, longitude 3¢° 4* E and an
alt ll.udo or 18H) m. Tim site has I,w rainy reasons, long
rains and short rains between which are dry spells. The
short rains start mid October and end early December
while the long rains commence in mid March and continue
upto the end of May. The soil is a Kikuyu friable clay

(NJ tosol) with a deep profile and high porosity.

Experiment 1 was carried out during the dry
period between July and October, 1986 and experiment 2
during the period December, 1980 and March, 1987. The
amount of rain that occurred during experiments 1 and 2 was

d and 110 mm respectively.

The land was ploughed, harrowed and left
for tw weeks to al low the moisture to evaporate before
Planting. To accommodate all the different treatments
the experiment was 1iaid out as a spl it—split—plot ran-
domised complete block design (kittle and Hills, 1974)
with three replications. The main plots were the Irri-
gation levels, the sub-plots each of which was arranged
Parallel to the line source sprinkler were the three
bean oultivars. The sub-sub-plots were the three
flliferent depths of herbicide placement. A sub-sub-

Plot was (2 x 2)m'x. The variable used for analysis
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w;is Llie numbor of plants which developed herbicide
toxicity symptoms. for herbicide placement two fur-
cows 10 cm wide, 2 m in length and 40 cm apart per sub-
pi fd, were dug manually. The depth of the furrows varied
ns fTollows; 20, 40 and 60 cm. Alter this the herbi-
cide Melribuzin at the equivalent rate of 9 kg/ha was
placed at the bottom of the furrows. The furrows were
then refilled with soil, compacting it in the process.
The bean cull.iva.rs, dressed wi th aldt in 40/ wettable
powder, were planted at a depth ol a cm and a spacing
of {0 x 40 cm in furrows 10 cm of the herbicide
farrows that had been dressed with di-ammonium phos-
phate (18% N: 46/ PoOr) at the rate of 100 kg/ha.

fliore was a uni form post—-planliug il iigation of 1lla

mm in the Ffirst experiment and 77 mm in the second ex-
periment to ensure crop establishment. the post-

plan Ling irrigation was less in the second experiment

because there was some natural *ain.

ihe cultural practices which included
weekly spraying of the plants with dimethoate 40/

(logor E) to control beanflies wore carried out as des-

enibed by Ac.land (1971).



The crop was irrigated using a line source
sprinkler system of 5 cm diameter alloy pipes with
sprinklers on 2 m risers. The pressure in the line
was controlled at about 1.8 kg/cma. Although higher
pressures could be used, previous work by Coulson elt
IVI- (1984) showed consistent gradient could be produ-
ced with this pressure which represented a frequent
minimum pressure in the line. With this method it
was possible to define three water levels ranging from
high 1, medium (M) and low (L) with increasing dis-

tance from the sprinkler line.
i

Irrigation was carried out as early as 6.00 a.m.

the morning to alleviate wind effects and to avoid
Pressure changes brought about by other users on the
system. Amount of water received by the plots was moni-
lcrod by means of catch cans supported on stands 50 cm
11Kb. Water rece ivod by the plots was applied so that

ground 4 m at right angles to the line received the
equivalent of the accumulated evaporation for a given
Period (measured by class A pan) minus any rainfall for
that period. Pan and rainfall data were obtained daily
f;,”om Kabete meteorological station Jlocated about 200 m

(fom the plot. The irrigation gradient produced zero



WATER APPLIED AC _f I\NPEAITNICR A~
sj. ;taxces from the SPEIXKLER LINZ.

IXG

Experiment Irrigation level and(distance from line)
L (12 m) 1 (S m) i Vit
1 145 mm IS 7 mm 240
Y 105 mm 099 m 340

TABLE -« PERCENT SOIL MO ISTERE CONTENT AT DIFFERENT

IRRIGATION LEVELS AND DEPTH PURIXC-
EXPERIMENT 2.

cation level

Dept h r ) i
10 cm 20 .9 24.0 26.55
30 cm 24.9 27 31

Lsp §¥ for 10 cm = 1.9s

LSD 5% for 30 cm = 2.29

CV (10 cm) —.7.41%
CV (30 cm) - 5.41%



i} i} , ahnllt 14 m from the line and the
water application at about

) ) .or from the line was essentially linear
increase in water 1irom
v - I uhin The mean soil and air
0.88) (Figure 2 and table 2)-

} .. 4,.,n pxneriments were different
temperatures during the two expcr

(figures la a.nd]b).

The effect of diffeFeRt irrigation levels on
3 ) nni)nred once every week just before
soil moisture was monit

. = ,, 1hp soil moisture content
irrigation by determining
} e n(ric method (Table 2). This involved
using the gravimetiic
L _ mri drving thom to constant
weighing the wet samples and dryin
11floCi Percent moisture content
iweight in an oven at it

was calculated as:

Weiah g f weight of dry sample;v iqq
gt gt wehpiarele—-

) i r (he herbicide toxicity symptoms
Monitoring of
_ ,, rInnP on the two centre rows
in each sub-sub-plot was done o

+hree centre rows 1In experiment

in experiment 1 and th-
r beans were planted 10 cm off the
2. These rows of bean
., burrow. This was done to avoid
centre of the herbicide
,- M plant leaves were obser-
the disturbed "sort"™ soil. p
post-emergence) of appea-
ved daily and the time
, m mis noted. Differences among
ranee of toxicity sympto
lament of symptoms were assumed
Plants in time ol development
. lime for roots to reach the
to indicate differences m
o , lor depth. Greater root pene-
herbicide at a particular cleP
-ironld increase the probability
tration or root densi Y



Mean weekly temperature

F'g Hal
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Moan air temperal...
1 and 2.

, (°C) during experiment



O

=N

Time in weeks from planting

) 20 cm depth during
Mean soil temperature n

r>g. Kb] .
experiments 1 fic® ~*
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11

Distance from sprinkler 1m)

pp] iod/hr and

2. lationship between lino at 1inn
r In.neo from the irr./
¢(RRINT OF 1.8 kK/rm *
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of root-herbicide contact at any one point in the

soil. Time of 50? emergence was used as the reference

time.

Prom the time of emergence the plants were oh-

) .. A0 started when the Tfirst
served daily. Recording

L oo cnnpared. 19 days in the
herbicide toxicity sympto

} } , 17 fmvs iIn the second experiment,
first experiment and "m

_ ,11 mn lErity e After this it was
and was continued until nx

L N u"”g herbicide symptoms from na-
difficult to differentiate hero

tural senescence.

_ emergence when flowering had
Thirty days post-emorg

_r GLP 1904, five plants per
started iIn the case of Gk

o ) n ivnr were harvested and total
irrigation level per cUivai

, —hove ground dry matter were de-
number of leaves and abo p

termlned.

) m 1 maturity ten plants per sub-sub-
At physiologich
) - nlimber of pods per plant, total
Plot were harvested nnd nu
a «,pisrhit were determined. Mean
seed welght gnd 100-geed weig

ion was done By Tpncf  fsjni. Ai.cant difference (1,.S<D.)

method.
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4 . RESULTS

It, nrPgented here are from the glass-
The results pren™""

vnpriments and the two field
house and laboratoiy e P - =

experiments.

_ _ , IMrATOBY EXPERIMENTS.
4., rj,AssnousrjW J ABI9N~" ——————-

Compared to the control (no herhtclde, the

_ .,nrosis starting along the
herbicide caused lea c - .r ieaf

outwards to cover the entire leaf
veins then progressing
started on the young-
lamina. The symptoms goner,

nves. About 5 days after the
est fTully expanded *(r
Hip leaves developed les-
appearance of the symptoms -
I11nK Up and drying. Following
ions ultimately curl g
, - - Nn The symptoms were
this the whole plant T,,f
. HirPe cultivars. There was no
similar for all the th

disease or pest infestal -

cienifleant difference among
There were no sig

cpnsitivity to the herbicide
the mi Mvars 1In their sensi -
" u took about 72 hours
(Table 4 ) .For the three ruUn 1 ~ - T
, appear under the conditions
for the symptoms to 3Pi

the experiment(Table 31 \



TABLE 3: AVERAGE TIME IN DAYS TAKEN FOR THE SYMPTOMS TO APPEAR ON THE PLANTS

AFTER ADDITION® OF HERBICIDE TO THE HYDROPONIC BEAN CULTURE.

Cult ivar Time (days) fTor 50% of plants
to show symptoms.

GLP 2 2.8

GLP x-92 29

GLP 1004 2.9

LSD 5% = 2.43
CVv = 21.7%.

TABLE 4: NUMBER OF DAYS TAKEN FOR 50% OF THE
THE GLASSHOUSE EXPERIMENT.

PLANTS TO SHOW SYMPTOMS DURING

Cultivar Depth of herbicide
10 cm 20 cm
(days) (days)
GLP 2 12.67 16 .50
GLP x-92 8.33 14.78
GLP 1004 10.22 14.11
LsSD 5% (10 cm) = 1.12
LSD 5% (20 cm) = 0.82
CV (10 cm) = 19.18%
CV (20 cm) = 9.77%
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4.1.2 Root: Penetration.

Based on the time taken for appearance of

the symptoms on 50% of the plants, the cultivars were

significantly different (P = 0.05) in the time taken

for their roots to reach 10 cm and 20 cm (Table 4).
There V/aS no significant difference between GLP 1004

and GLP x-92 iIn the times taken to reach 10 and 20 cm

but GLP 2 took significantly longer than the other two

varieties at both depths (Appendix 3 and 4).

Using the average time in days, taken by 50%
mof the Plants to show the toxicity symptoms and the
depth of herbicide placement, the root penetration in

cm/day was calculated as depth of herbicide placement

divided by the average time taken for 50% of plants to

show toxicity symptoms (Table 5). GLP x-92 and GLP

1004 had similar rates of root penetration. GLP 2 had

a significantly lower rate of root penetration than

the other two cultivars.

4-1_3. Dry nnd wet absorption test.
There was no significant difference 1in

appearance of symptoms at different water
levels (Table Lb)



TABLE 5a.  THE RATE OF
EXPERIMENT.

Depth

10 cm

20

TABLE 5b. DRY AND_WET TEST_(G2)

Cult ivar

GLP x-92

GLP 1004
GLP 2

CV =0 4.6%
LSD =2.5

Cultivar

GLP 2
GLP x-92
DLP 1004

GLP 2
GLP x-92
GLP 1004

Field capacity
2.75

2.75
3

Penetration rate

0.87
0.95
0.99

1.11
1.32
1.42

1

ROOT PENETRATION OF THE THREE BEAN CULTIVARS DURING THE GLASSHOUSE

Ccm/day)

- Field caoacitv
2.25

2.5
2.5



4.2 FIELD EXPERIMENT.

4.2.1 Root Penetration.

r of plant h n
The cumulative nuhe’ ©F Plants showing

... +Hmp linto flowering. After
symptoms increased wtfh t

) ,, further increase iIn the num-
flowering there was no fu

) ,» (Figures 3 - 8. More
ber of plants showing symptoms ig-

., - U case of irriga-
plants reached 60 cm depth iIn -

il (Figures 5 and 8).
tion L compared to irriga t°

i /in cm however this diffe-
At depths of 20 cm and 40 cn,
, finure 3 and 4 show
tence was not very apparen

, + nleast 40 cn. At the lowest irri-
that roots grew to at

1 ionic; grew down to 60 cm
Ration level (L) all P
i

_ - , ation level (H) only 70%
while at the highest

-al fi0 cm depth in experiment
of the plants reached

, onf 1 (Figures 5 and 8).GLP 1004 generally
2 and about 60X in experiment 1 (rm>

nr olants which ultimately
had the greatest number of F

i hv GLP 2 and lastly GLP x-
reached 60 cm followed by

a o lower number of plants
92. Although GLP 2 had a

aon GLP 10°4 during experiment
shOW|ng symptoms than

. ,r-irant difference between them
2 there was no S|gn|fy -

(Appendix 8a and 8b).






4. Cumulative number of plants showing toxicitv C+ an ~ i
i

taken 1iIn days during experiment 1. N  symptoms at 40 cm, irrigation H, M and L versus time
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Fig. 5.

5a

Cumulative number of
taken 1iIn days during

5b
5¢c

Time taken for herbicide toxicity symptoms to appearm[days]

g)l(ggg?mésrt:towirzg herbicide, toxicity symptoms at 60 cm irrigation H, M and L versus time
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Fig. 6.

Time taken for herbicide toxicity symptoms to appear [days]

Cumulative number of plants showing
in days during experiment 2.

herbicide toxicity systems at 20cmizirrigation Il

M and L versus time
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N M M N
Time taken for Hglrgi'ccn'.%% Jtroxicity symptoms to appear [days]

NZeTT Ve
at 40 herblClde CtePtiV irrisatl®°ns

Fig. 7.



Cumulative number of plants

Fig. 8.

Cumulative number of
irrigations H, M and

plants showing herbicide toxicity systems at 60 cm herbicide depth and
L versus time taken in days during experiment 2.
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Average rate of root penetration
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penetration
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9[b]. Average rate ol* root penetration (cm/day)
versus soil moisture during experiment 2.
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Irrigation x cmtivar and irrigation x depth inter-

actions were highly significant (Appendix 9a and 9b).
GLP 1004 roots penetrated the soil faster at low irri-

gation compared to GLP x-92 and GLP 2 (Figures 3 - 8)

AS the depth of the herbicide was i1ncreased the number

of plants which showed symptoms decreased. The diffe-

rence in root penetration was even more explicit when the

footgrowth rate was calculated. GLP 1004 had the hig-
hest root penetration rate followed by GLP X-92 and

lastly GLP 2 (Table 6). Root penetration was inversely

related to soil water status in all the cultivars

(Figures 9a and 9b).

4.2.2. Above Ground Dry Matter Accumulation
The total above ground dry matter accumulated

30 days post-emergence for each of the cultivars was
not significantly different at a particular irrigation

level (Table 7). However, biomass decreased with dec-

reasing irrigation level so that lowest irrigation

resulted iIn a significant reduction in shoot dry matter
At 30 days post-emergence 1irrigation level
showed very significant (P =0.05 ) effect on the

number of leaves formed per plant (Table 8).



TABLE 6 *

CULTIVARS AT DIFFERENT

EXPERIMENT 1

EXPERIMENT 2

Cultivar
GLP 2

GLP x-92
GLP 1004

Cultivar
GLP 2

GLP x-92
GLP 1004

the AVERAGE PENETRATION RATES (-CM/DAY) QF THE tupvv
IRRIGATION LEVELS.

Irrigation

L M
1.22 1.11
1.27 1.17
1.31 1.24

Irrigation
L M
1.38 1.21
1.36 1.24
1.47 1.29

bean

1.05
1.09
1. 12

1.13
1.11
1.19



TABLE /: ABOVE GROUND DRY MATTER ACCUMULATE 30 DAYS POST-EMERGENCE

2
Cog/m PURING 1987 EXPERIMENT.

Irrigation

Cultivar L y

H
GLP 2 122 166 o
GLP 1004 150- 1n ran
GLP x-92 124 70 -

LSD 5% within rows = 12.07
CV (Irrigation) = 85.7%
CV (Cultivar) 15.4%



TABLE 8: - - s
total number of LEAVES PED AN T 30 DAYS POSTAniimm"if]j

DURING THE 1987 EXPERIMENT.

Cultivar
GLP 2
GLP 1004

GLP x-92

LSD 5% = 2.44.
CV (Irrigation) = 19.36%
CV (Cultivars) = 18.77%

Irrigation

L M
/ 9.3-
10 1
14.3 19.3

10.7

16. 7

33
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The cultivars also had significantly different

numbers of leaves and the irrigation x cultivars

interaction was also significant. (Appendix 10b).

4.2.3 Seed Yield.

The yield data presented here is only for

the 1987 experiment because the 1986 one was adver-

sely affected by too much rain after flowering.

In terms of seed yield the cultivars were
significantly different from each other (Table 9 )

GLP 1004 was highest yielding followed by GLP X-

92 and lastly GLP 2. However, the difference be-

tween GLP x-92 and GLP 2 was not significant. Re-

duced irrigation significantly (P =0.. 09 reduced

the seed yield in all the cultivars and there was

a significant difference between cultivars in this

respect (Appendix 11).

Irrigation did not have a significant effect

on number of pods per plant (Table 10). The culti-

vars were however significantly different from each

other i1n terms of number of pods per plant (Appendix

12).
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Reduced water application significantly re_
duced total seed yield and 100-Seed weight (Tables

9 and 11).

4.2.4 Relationship Between Economic Vioin nnrl

the Parameters Measured.

A linear regression was computed with general

assumption 1in the order of:

Y = a + bX

Where Y = Economic yield estimate (Q)
a = Constant
b = Coefficient of parameter X

(i) Root growth: (cm/dayj versus irrigation.

The coefficients, r of root pene-

tration were negative. The relationship was significant

for GLP 1004 and GLP x-92.(Append!x 17)

Equation 1

GLP 2: y = 1.66 - 0.05x r2 =0.8
GLP x-92 Y = 3.79 - 0.10x r2 = 0.7
GLP 1004 Y = 7.47- 0. 03x r2 = 0.75

The negative regression coefficient suggests

a negative influence of root penetration over eco-



TABLE 9:- TOTAL SEED YIELD(Q/m2)FQR THE 1987 ypER|MENT

Cultivars

GLP 2
GLP 1004

GLP x-92

LSD 5% within rows = 12.1
CV (Irrigation) = 18.121
CV (Cultivars) = 18.26%

378.6
444

438

Irrigation
M

392 "
630
482

484

692

528 "

CD



TABLE 102 1y NUMBER OF PODS PER PLANT
PLOT DESIGN.

Cultivar
GLP 2
GLP x-92

GLP 1004

LSD 5% within rows = 5.26

CV (Irrigation)
Cv (Cultivar)

18.26%
52 .35%.

FOR EXPERIMENT 2 ANALYSED Aq A spLIT-

Irrigation level

L M H

8 & 3 7.6

16. 33 14.33 13
- 12.67 9 12 .33

[¢]



TABLE 11 THE EFFECT OF IRRIGATION LEVEL ON 100-—SLED WEIGHT.. DURING EXPERIMENT 2

Irrigation

Cultivar L M E

GLP 2 38.22 43.8 49_.34
GLP x-92 32.76 32.46" 32.24"
GLP 1004 37.08 39.71 41 .51

LSD 5% within rows = 2.26

CV (Irrigation) = 1.15%
CV (Cultivar) = 21.98%.
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nomic yield. That is the highest root penetration
occurred at irrigation L and it is here where the

seed yield was lowest.

(ii) Shoot dry matter 30 days post-emergence versus
economic yield.

GLP 2: Y = 1168.2 + 25.54X r2 - 0.39
GLP 1004 Y = 1368.05 + 9.96X P2 _ 4 4,
GLP x-92: Y = 1953.32 - 0.02X r2 _ ¢ o3

The coefficients above are low possibly be-
cause the roots had not translocated dry matter to the
stem which would later be translocated to the seed.

This led to low correlation between the parameters.

Relationship between root growth and economic

(iin)
yield.
GLP 2: Y = 1831.37 - 33.42X r2 = 0.613
GLP x-92 Y = 1949.56 - 18.81X r2 = 0.4
GLP 1004: Y = 2564.0 - 3_.31IX r2 = 0.66

The correlation coefficients are comparatively
low and negative. This implies that increasing root

growth had a negative influence over economic yield. The

relationship Is not significant for CLP 2 but significant

for GLP 1004 and GLP x -92_Appendix 17
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5. "DISCUSSION

In this study the root penetration rate (RPR)

had a similar pattern in all the experiments (Figures

3-8). Experiment 2 had a higher RPR than experi-

ment 1. Only about 30? of the plants penetrated to

60 em In 1986 compared to 75% in 1987. These dif-

ferences could be attributed to environmental condi-

tions. Air and soil temperature and evapotranspira-

tion were higher in 1987.(Figures 1 and aj-The higher soil te”era-

tures may have encouraged root growth and thus pene-

tration. The higher evaporation could have made the

soil drier and encouraged downward growth of the

roots.

In both experiments a greater number of plants

penetrated at irrigation L, fewer at M and even less

number at H. All the cultivars penetrated upto 40

Irrigation

cm irrespective of the 1irrigation level.

had a great effect on the number of plants whose

roots penetrated to 60 cm. At irrigation L and M

nearly 100% of the plants reached 60 cm, but at ir-

rigation Il only 70% reached this depth. An increase

of 7% soil moisture caused a reduction of 30% iIn the

number of plants penetrating to 60 cm. There was

a significant cultivar difference iIn root penetra-

tion. Addition of the herbicide to hydroponic bean

culture and the bioassay, test showed that the diffe-



in time taken for herbicide toxicity symptom

expression was not due to differences iIn herbicide

uptake between cultivars or the upward or downward mo

vement of the herbicide In the field or differences In

uptake between wet or dry conditions but was due to dif

ference in root penetration rate of the cultlvars. Thls

showed that this technique portrayed the true depth of

root penetration into the soil. The average penetration

rates achieved in the field by this technique were

lower than those reported by Markhart (1985) using tubes.

High rates of root penetration in plastic tubes have

Also been observed by Coulson ((unpublished) and would

seem to be due to roots being artificially contained

m narrow tubes or loose soil packing. GLP 1004 had

the highest root penetration in both the glasshouse

and fTield experiment, TfTollowed by GLP x-92 and lastly

GLP 2.

Root penetration was 1inversely related to soil

water status in all cultivars (Figures 9a and 9b) both

field experiments the number of plants showing herbicide

increased with increasing time. After

toxicity symptoms
flowering no new plants showed herbicide toxicity symptoms

indicating that root growth had ceased. This proposition

is supported by the work of D"Souza and Coulson (1987),

Roots absorb and translocate water and nut-



rients, synthesize and transport some organic com-
pounds, are a sink for carbohydrates and support

the plant. The extent of their development and func-

tioning is governed by genetic as well as environmen-

tal factors such as moisture. Plants, however, have
mechanisms to combat stress conditions. With res-

pect to water stress it has been observed that plants

root deeper in an attempt to maintain continual con-

tact with water (Kaspar et al ., 1984; Sullivan and

Ross, 1979). Ilhis is likely to be achieved by prefe-

rential partitioning of photosynthates towards roots

Under mild stress roots have the ability to adjust oano-

tically. Whereas preferential partitioning towards

roots might iImprove water status of the plant it

might reduce crop yield. D"Souza and Coulson(1987 )

have observed that bean yield is slightly dependent

on remobilisation of dry matter from the roots and
stem to the developing seeds and that such remobilisation is less

efficient under dry conditions compared to wet conditions.

Since all the cultivars were exposed to the same

environmental conditions it is possible that the

differences observed were a manifestation of their

genetic makeup. The cultivars are adapted to dif-

ferent environmental conditions. GLP 1004 is developed



for areas of limited water supply, GLP 2 for areas
with adequate water while GLP x-92 1is developed for
a wide range of water supply (MALD, 1983). The hig_
her RPR of GLP 1004 could account for this. iIn fact
fast root penetration has been correlated with early

maturity (Atmonson, .1978) and GLP 1004 1i1s an early
maturing cultivar. Derera et al. , (1969) also observed
that early maturing cultivars of wheat developed

a large root system early in the season and were
better suited to the dryland conditions. The high
RPR at irrigation L was probably because the photo-
synthates were preferentially distributed towards

the roots leading to greater root penetration.
Doorenbos, (1979) and Lenga (1979), working with
beans found that roots generally grew deeper than

40 cm and that seasonal variation iIn rooting depth
occurred depending on the rainfall. The weather
condition differences during experiment 1 and 2

could be the cause of the difference iIn rooting

depth between them. evapotranspirational demand

and temperature were higher in 1987 than 1986.

This adverse environmental conditions iIn 1987 might

have caused more stress. Roots ceased penetrating

deeper at flowering probably because root growth

had ceased. Root growth cessation at flowering has



been reported by EI Nadi et al. (1969), Norman et aU

(1984) and D"Souza and Coulson (1987).

The results of the field experiment were similar and cons-
istent with those of the glasshouse experiment i.e. GLP 1004 had
a greater root penetration compared to other cultivars. This is in
agreement with the finding of Kaspar et al., (1984 tend Sullivan and
Ross (1979)that deep rooting is a mechanism of drought avoidance

and that of Robins and Domingo (1956), Norman et al. (1984), D"

Souza (1985) that root growth cease at flowering.

Dry matter production was influenced by water application.
The dry matter at 30 days post emergence when GDP 1004 and GLP x-92
had reached 50% flowering, showed that irrigation had a significant
effect. Reduction iIn applied water decreased the dry matter accu-

mulated. Reduction in applied water significantly reduced the

number of leaves produced. Leaves being the primary photosynthetic

organs are important for dry matter production. The process most

sensitive to water stress in most crops is leaf expansion (Hsiao,

1973). Apparently this is a consequence of the critical role of

turgor in the growth processes. Stress too mild to close stomata

and inhibit photosynthesis has been shown to readily reduce leaf

area development (Hsiao et al ., (1976). Prolonged suppression of

cell expansion could however have a negative feedback on cell di-
vision which could lead to slowing down of rate of leaf iInitiation.
The decrease in number of leaves formed is likely to be the result

of prolonged water stress. The dry matter produced was directly

related to soil moisture. The number of leaves, iIn addition to

leaf area, have been reported to play an Important role in deter-

mining the pod number per plant (Ishag, 1973). Thus a decrease



in leaf number and leaf area might have been the

cause of decrease iIn dry matter accumulation at the

lowest irrigation level. Above ground dry matter

contributed directly to the increase 1In economic

yield. The recression coefficients were low,

positive, probably because little photosynthates

was being retranslocated from the roots at this time.
Root growth and economic yield were negatively corre-

implying that roots were growing at the expense
in the case of GLP 1004

lated
of economic yields, except

where the correlation was low.

A decrease 1In the amount of 1irrigation water

resulted In a decrease iIn economic yield in all the

cultivars. There was a significant difference iIn

yield between the cultivars. GLP 1004 was the high-

est yielding followed by GLP x-92 and lastly GLP

2. Economic yield consists of dry matter. Dry matter

production and distribution between the plant parts

is of prime concern in considering effects of water

stress on yield. Water stress occurring during vegeta-

tive growth phase has been observed to reduce leaf area
*

leaf initiation and may close stomata and thus inhibit

photosynthesis. During the reproductive phase, in

addition to decrease in dry matter accumulation water

stress brings about poor fertilization, abortion of
fertilized ovaries and fruit/flower abscission (Norman

et al., 1984; Dubetz and Mahalle, 1969). Hsiao et al .,

however although

Al
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(1976) observed that during water stress fruit or

grain yield can be reduced while total dry matter

production remains relatively constant. The key con-

iIs the partitioning of assimilates a_

1974). Many

sideration here
"eng Plant parts (Milthorpe and Moorby,

researchers have reported relationships between plant

dry matter and economic yield. D"Souza (1985). D ’Souza

and Coulson (1987), working with beans, reported that

a retranslocation of dry matter occurred from the roots,

stems and leaves to the reproductive organs and that

water stress can reduce the retranslocation rate.

It 1s possible that the low yields experienced

at i1rrigation Lwere a result of decrease iIn dry matte

production accompanied by decrease iIn the rate of re

translocation of photosynthates from the roots. The

yield difference between the two experiments might have

in environmental conditions. Mean

been due to difference

day/night air temperatures varied significantly (Figure

lIa). Average soil temperatures at 10 cm depth were higher

in 1987 (19.2°C) compared to 1986
was also higher in 1987 (Appendix 14 and 15). Seed yield In cow-

(17°C). Evapotranspiration

Peas has been correlated with accumulated day degrees (Heat unit-

(Turk et al., 1980). Temperatures greater than

25°C and water stress have been reported to be the
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major causes of fTlower abscission and failure to set
and fill pod In beans (Norman et al., 1984j Dubetz
and Mahalle, 1969). It Is therefore possible that

temperature and water stress were manifesting thema
selves through low yields iIn 1987. Such seasonal va-

riations have also been reported by Stansell and Smi-

tHe (1980) when they planted beans during spring and
fall. They attributed the difference to environmental

conditions.

There was a significant difference in number

of pods per plant among cultivars (Table 11). However

there was no significant difference among irrigation

levels. GLP x-92, a semi-determinate cultivar had the

highest number of pods per plant followed by GLP 1004

and lastly GLP 2. There was a significant difference

among the cultivars and irrigation in 100-seed weight.
GLP 2 had the highest 100-seed weight followed by GLP

1004 and lastly GLP x-92. Water stress significantly

reduced the 100-seed weight.

The grain yield of food legumes can be represented

as:

Yield per plant = Number of pods/plant * number of

seeds/pod * seed weight. (FAO 1977). Most studies



61

indicate that number of pods is influenced most by

different factors followed by grains per pod and

lastly seed weight (Turk et al.. 1980; FAOj 1977)

This 1s not iIn agreement with the results arrived

at during the experiment where irrigation did not
have a significant effect on the pods per plant.

IMs difference could have arlsen because dur.ng fiQ_

wering there was some rain. This must have amelio-

rated the stress built during the vegetative stage

and provided conducive conditions for podset. There-

fore the number of seeds/pod and seed weight must
have been responsible for the yield difference. This
N e

agrees with EI Nadi et al. (1969) who reported that

beans can recover from stress which occur during

vegetative stage provided subsequent environmental

¥ =

conditions are conducive to rapid recovery of growth

and efficient podset. The significant decrease in

100 seed weight when 1irrigation was reduced might

have resulted from a limitation in photosynthates

source. Source limitation has been cited as the

cause of seed weight reduction. D*Souza and Coul-

son (1987) working with beans observed that leaves /

have little direct contribution to the seed dry mat-

ter accumulation and a small amount of deflowering

or removal of pods did not affect seed yield (Wein,

1973). Photosynthate from the leaves primarily
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(1976)observed that during water stress fruit or
grain yield can be reduced while total dry matter
production remains relatively constant. The key
consideration here 1iIs the partitioning of assimila-
tes among plant parts (Milthorpe and Moorby, 1974)
Many researchers have reported relationships between
plant dry matter and economic yield. D"Souza

(1985), D"Souza and Coulson (1987), working with
beans, reported that a retranslocation of dry matter
occurred from the roots, stems and leaves to the
reproductive organs and that water stress can reduce
the retranslocation rate. It is possible that the
low yields experienced at irrigation L. were a re-
sult of decrease 1in dry matter production accompanied
by decrease in the rate of retranslocation of photo-
synthates from the roots. The yield difference be-
tween the two experiments might have been due to
difference iIn environmental conditions. Mean day/
night air temperatures varied significantly (Fig.
la). Average soil temperatures at 10 cm depth were
higher in 1987 (19.2°C) compared to 1986 "17°C).
Evapotranspiration was also higher in 1987 (Table 1). Seed
yield In cowpess has been correlated with accumulated day de-
grees (Turk £t al ., 1980). Temperatures greater than

25°C and water stress have been reported to be the

x£r

Pth
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6* CONCLUSION

Decreased water application leads to deeper

rooting. The rate of root penetration 1is inversely

related to the water availability. GLP 1004 has a

relatively higher RPR compared to GLP 2 and GLP X-

92. Fast RPR appears to be one of the mechanisms utilised by

GLP 1004 to avoid drought. Reduced water applica-

tion substantially reduces dry matter accumulation.

In addition to high RPR of the cultivars developed

for areas of limited rainfall they are probably able
to retranslocate more dry matter from the root to-

wards the seed.

These results further indicate that crop va-

rieties which escape drought through early maturity

can also employ other drought resistance mechanisms

(e-g- drought avoidance) if faced with periods of

drought during the season. Given the erratic nature

of rainfall in semi-arid tropical areas such drought

avoidance and tolerance mechanisms need further stu-

dies so that they can be incorporated in crop iImpro-

vement programs for marginal rainfall areas.
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7. APPENDICES

APPENDIX 1. STRUCTURE OF METRIBUZIN.

Source: Fedke C. Biochemistry and physiology of herbicide action
Springer-Verlag, Berlin Heldenberg, New York.

Metribuzin 1i1s an as-Triazinone herbicide.

It"s chemical name is 4 amino-6(1,1-dimethyl 9-3-
(melthythio)-1>2,4 triazin-5 (4ll)-one). It is highly

inhibiting photosyn-

soluble iIn water and acts by

thetic election transport. Toxicity symptoms are

visually expressed as necroses and bleaching along

the leaf margins and leaf veins.



APPENDIX 2.

analysis

of variance table

of the

percent soil

2 ANALYSED AS A COMPLETELY RANDOMISED DESIGN.

10 cm depth
Variation DF SS
Total 35 765 .99
Irrigation 2 1924
Error 33 566.7
= Significantly different at 5y
CV = 17.41%
30 cm depth
Variation DF SS
Total 35 982 .33
Irrigation 2 229.33
Error 33 75.3
* = Significantly different at 5%
CVv = 5.41%.

MSS

99.62
- 17.17

MSS

114 .67
2.28

moisture of

5.02*

EXPERIMENT



APPENDIX 3. ANALYSIS OF VARIANCE TABLE FROM ANALYSIS OF THE GLASSHOUSE EXPERI

MENT AS COMPLETELY RANDOMISED DESIGN.

Depth 10 cm

Source of variation DF SS MSS =
Cultivar 2 84.96 42 .48 10.67*-
Error 24 95.52 3.98

Total 26 180.48

E -

-* = Significantly different at P = 5%.
CV = 19.18%.



APPENDIX 4. ANALYSIS OF VARIANCE TABLE OF THE GLASSHOUSE EXPERIMENT AS A
COMPLETELY RANDOMISED DESIGN.

Depth 20 cm*

Source of variation DF « SS

MSS F
Cultivar 2 28.74 14 .37 6.54"
Error 24 52.56 2.19
Total 26 81.3

* = Significantly different at P = 5%.

CV "= 9.7 7%.



APPENDIX 5. ANALYSIS OF VARIANCE TABLE FROM ANALYSIS OF THE SENSITIVI

TEST AS A COMPLETELY RANDOMISED DESIGN.

Source of Variation DF SS MSS =
Treatment 2 3.822 1.911 1.26ns
Error 43 1404 .81 32.67

Total 45

1408.63



APPENDIX 6. ANALYSIS OF VARIANCE TABLE OF THE PERCENT MOISTURE OF FIELD

EXPERIMENT 2 ANALYSED AS A COMPLETELY RANDOMISED DESIGN.

10 cm depth

Source of Variation DF SS MSS F
Irrigation 2 19.24 99.62 5.8
Error 33 566.75 17.17

Total 35 982.33

CV = 17.41%

* —

= Significant at 5%.



APPENDIX 7. ANALYSIS OF VARIANCE TABLE OF PERCENT SOIL MOISTURE OF THE FIELD

EXPERIMENT 2 ANALYSED AS A COMPLETELY RANDOMISED DESIGN.

30 cm depth

Source of Variation DF SS MSS F
Irrigation 3 229.33 114 .67 5.02*
Error 33 75.3 22.82
Total 35 982.33

* = Significantly different at P = 5.
Cv = 5.411.

8r



Appendix 8a.-MEAN NUMBER OF PLANTS SHOWING SYMPTOMS UNDER DIFFERENT

IRRIGATION

LEVELS AND HERBICIDE DEPTH 66 AND 55 DAYS POST-EMERGENCE.

Cultivar

GLP 2

GLP x-92

GLP 1004

LSD 5% in the rows

66 Days post-emergence (Experiment 1)

is 2.3.

Depth

20
40
60

20
40
60

20
40
60

34
27
24

27
27
11

41
31
22

Irrigat ion
M

34
20

15

19
25
11

SO
30
18

34
10
11

19
14

37
25
12



Appendix 8b.

Cultivar

GLP 2

GLP x-92

GLP 1004

LSD 5% within rows

CV (lIrrigation)
CV (Cultivar)
CV (Depth)

55 Days post-emergence (Experiment 2).

is 2.18.

6.23%
6.83%
8.51%

Depth

20
40
60

20
40
60

20
40
60

cm

cm
cm

cm
cm

cm

cm
cm

cm

59
59
59

57
57

53

59
59
58

Irrigat ion
M

57
57

57

55
52
53

57
58
54

57
49

33

48
47
41

53
52
51



APPENDIX 9A. ANALYSIS OF VARIANCE TABLE OF FIELD EXPERIMENT 1 (NUMBER OF

PLANTS SHOWING SYMPTOMS)

Source of Variation DF
Sub-subplot 80
Subplot 26
Main plots 8
Blocks 2
Irrigation 2
Main plot error 4
Variety

Irrigation x variety 4
Subplot error 12
Depth 2
Irrig x depth 4
Var x depth 4
Irrg x var x depth 8
Sub-subplot error 38

* - Significantly different at P = gy.

ns = Non significant,

difference at P

SS

9334.
3713.
-469

1766

412.
999.
353.

1321.
51.
.59

573

3568.
317.
618.
194.

.34

922

= 5%.

47
13

76

73
98

32

58

12

MSS

206.
499 .
.49

88

660.
12.
47 .

1784.
79.
154.

24

24 .

4
86

66
94
79

29

53

3

73.
.27

73.
27
.36*

o W

ANALYSED AS A SPLIT SPLIT PLOT DESIGN

.65n

82

43



APPENDIX 9b. ANALYSIS OF VARIANCE TABLE OF THE FIELD EXPERIMENT 2 (NUMBER OF PLANTS
SHOWING SYMPTOMS) ANALYSED AS A SPLIT-SPLIT-PLOT DESIGN.

Source of variation DF SS MSS F
Main plots 8 1512.89

Blocks 2 14.296 7.148

Irrigation 2 1453.56 726.78 64 _.56*
MPE 4 45.03 11.26

Variety 2 244 .22 122.11 9.05*
Irrg x var 4 195.26 48.82 3 .6:2¢"
SPE 20 269.85 13.49

Depth 2 337.85 168.93 8.05*
Irrig x depth 4 250.59 62.65 2.99*
Var x depth 4 74.37 18.59 0.89&S
Irrig x var x depth 8 262.82 32.85 1.57NS
SSPE 36 754.37 20.95

** = Significant different at P = 1%.

*
1]

Significantly different at P = 5%.

NS Non significant, difference at P = 5%.



APPENDIX 10a.THE ANALYSIS OF VARIANCE TABLE FOR
ACCUMULATED DURING EXPERIMENT 2.

Source of variation DF sS
Subplots 26 1792
Main plots 8 1363
Blocks 2 81
Irrigation 2 1126
MPE 4 156
Variety 2 62
Var x Irr 4 147
SPE 12 218
* = Significantly differently at P = 5%.

ns Non significant difference at P = 5I1.

THE TOTAL

.02

.962

.84

.612

.51

.32

.47

.27



ABOVE GROUND DRY MATTER

MM F
40.92 1.05NS
562.81 14 .38*
39.13
31.16 1.71NS
36.87 2.0 3NS

18.18



APPENDIX 10b. ANALYSIS OF VARIANCE OF TOTAL NUMBER OF LEAVES PER PLANT 30 DAYS

POST-EMERGENCE DURING THE 1987 EXPERIMENT.

Source of variation

Main plots
Blocks

Irrigation

MPE
Cultivars

Irrigation Xx
cultivar

SPE

> Highly significant.

df

0

12

SS

479.19

445 .85

31.93

842.74

212 .6

89.99

MSS F
0.71
222 .93 27 .94**
57.98
421 .37 56 _2**
53.15 7.09**
7.5



APPENDIX 11.
MANALYSIS OF VARIANCE OF THE YIELD (GM/M2) EXPERIMENT 2 ANALYSED AS

A SPLIT-PLOT DESIGN.

Source of variation DE sSS MSS

F
Sub plots 26 8755.47
Main plots 8 3204.53
Blocks 2 242 .906 121.45 0.67
Irrigation 2 2232.943 1116.47 6 .13NS
MPE 4 728 .68 182.17
Cultivar 2 2989.32 1494 .66 8.08*
Irr x var 4 769.93 1.04
SPE 12 2219.38 184 .95

oSignifticantly different at P = Sh.
= Significantly different at P = 5%.

NS = Non significant difference at P = 5%.



APPENDIX 12.  ANALYSIS OF VARIANCE TABLE OF THE AVERAGE NUMBER C

EXPERIMENT 2 ANALYSED AS A SPLIT PLOT DESIGN.

Source variation DF SS MS F
Sub plots 26 335.63

Main plots 8 44 .96

Blocks 2 12.52 6.26 1.47*
Irrigation 2 15.41 2.71 1.81
MPE 4 17.03 4.26

Variety 2 193.41 96.71 2_8NS
Variety x Irrigation 4 26.81 6.71 0.19
SPE 12 70.46 35

* - Significantly different at P = 5%

NS - Non significant difference at P = 5%



APPENDIX 13. ANALYSIS OF VARIANCE TABLE OF THE 100 SEEDWEIGHT (@l... OF EXPERIMENT 2

ANALYSED AS A SPLIT PLOT DESIGN.

Source of Variation DF SS MSS F
Main plots 8 139.24
Blocks 2 2.646

Irrigation 2 135.8 67.9 342*
MPE 4 0.794 0.198
Varieties 2 614.5 307.25 4-25*
Irrigation X variety 4 832.56 208.14 2.89**
SSPE 12 866.94 72.245

* Significant difference at P = 5%,

** = Highly significant.

- -



RAINFALL (mm) AND EVAPQTRANSPIRATION (Eto mm)

DURING THE SEASON (EXPERIMENT 1).

APPENDIX 14:
AUGUST
Day Rain ETo
1 0 4.5
2 0 3.0
3 0 2.5
4 0 3.0
5 0 3.0
6 0 4.5
7 0 5.5
8 0 4.5
9 0 4.0
10 0 3.5
11 0 4.0
12 0 2.5
13 0 3.0
14 0 4.5
15 0 4.0
16 0 0
17 1.0 2.0
18 0 2.5
19 0 2.0
20 0 4.5
21 0 2.0
22 0 4.5
23 0 4.0
24 0 4.0
25 0 5.5
26 * 0 -5
27 0.3 3.3
28 0 3.5
99 0 4-0
30 0 4-5
31 1.0 2.5
o o Tin 3

SEPTEMBER

Rain ETo
TR 3.5
TR 1.5
0 1.5
0.3 3.3
0.5 4.5
0 4.5
0 6
2.9 4.9
0 3

0 3.5
0 3

0 5.0
0.1 4

0 3
TR 2.6
0.1 2

0 4
0.4 1.0
0.0 4.6
0 3.5
0 4.9
0 5.0
0 5.5
0 6.0
0 6.5
0 5.5
0 6.0
0 6.0
0 6.0
0 6.0
0 6.0

4 3 127 3

OCTOBER

Rain

o

I

w

N N

O O U1 © U1 O W © O O W © © O O O 0O O 0O O 0O 0O O O o o o
()]

o
w

11.2

ETo

4.0
4.5
6.0
5.0
4.0
7.0
5.0
7.0
6.5
4.5
7.4
4.0
5.5
4.5
7.0
5.0
5.5
2.3
5.0
5.0
5.5
5.3
5.2
2.2
6.0
3.0
6.0
4.0
5.3
4.5
1.2

40.4 158.9

NOVEMBER

Rain ETo
4.8 4.8
2.5 4.0
5.3 2.8
4.2 5.1
17.5 4.0
14.0 3.5
0.05 2.6
0 4.1
0.3 5.3
32.4 6.4
28.1 6.6
3.1 i.i
62 1.7
90 3.5
0 2.5
1.2 4.2
4.9 1.9
0 2.5
0.5 2.5
0 4.0
20.2 3.0
22.0 5.2
2 4.0
33 4.0
1.3 2.3
7.6 4.8
4 2.1
2.7 __1.4
9.9 0.7
0.5 _ 0.4
4.5
202 101.2
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APPENDIX 15: RAINFALL (mm) AND EVAPQTRANSPIRATION (Eto mm)
DURING THE SEASON (EXPERIMENT 2).

JANUARY FEBRUARY MARCH
Day Rain ETo Rain ETo Rain ETo
1 0 5.0 0 5.5 0] 5.0 ~
2 22.1 4.6 0 5.5 0 6.0
3 13.8 3.8 0 6.0 0 8.0
4 0 3.5 0 6.5 0 5.0
5 22.0 6.5 15 4.5 0 4.5
6 TR 3.5 0 3.5 0 7.5
7 6.0 0 6.0 0 5.5
8 0.2 3.7 0 5.0 0 6.0
9 4.5 0 3.0 - 6.1
10 7.5 0 5.5 4.1
11 0 2.5 0 5.5 0 6.0
12 0 5.5 0 5.5 0 7.0
13 13.7 6.0 0 6.0 0 5.0
14 0 4.2 0 6.5 0 6.5
15 0.6 6.1 0 6.0 7.6 6.3
1G 0 2.6 0 6.5 5.5
17 0 4.0 0 6.5 4.5
18 0 4.5 0 5.5 0.1 4.4
19 0 5.5 80 0 1.4 3.9
20 0 4.0 8.3 0 5.0
21 0 4.2 2.5 0 4.5
22 0 6.0 4.8 0 5.5
23 0 5.0 0 6.0 0 8.0
24 0 5.0 0 6.0 0 7.0
25 0 4.5 0 5.5 0 4.0
26 0 3.5 0 6.0 0 6.0
57 0 6.5 0 6.0 0 6.0
o8 0 4.5 0 6.0 0 6.1
29 0 5.0 6.5 0 5.5
30 0 3.5 0
31 0 4.0 0 6.5
72 4 146.5 95.5  149.6 9.4  177.9
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