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ABSTRACT 

Field evaluations of cowpeas were made in order to investigate 

the effects of water stress on growth, reproductive organs, and certain 

physiological characters. In 1982, 'California Blackeye #5' (CBE 5), 

'Speckle Purple Hull' (SPH), and AZ-54 cowpeas and in 1983 CBE 5 were 

evaluated under different stress treatments. 

Cultivars in 1982 did not show significant differences in veg

etative growth and abscission of reproductive organs under all stress 

treatments. Prolonged stress in 1983 significantly reduced growth, num

ber of pods, and seed yield of CBE 5. 

In 1982, cultivars exhibited some significant differences in 

stomatal resistance, transpiration, and leaf temperatures. Diffusive 

resistance and leaf temperatures decreased and transpiration tended to 

increase under all treatments over the growing season. In 1983, pro

longed stress significantly affected these physiological parameters as 

well as leaf water potential. 
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INTRODUCTION 

One of the most important environmental conditions that deter

mines the success of crop production is rainfall or the availability of 

irrigation water. In many arid and semi-arid regions of the world, 

drought stress is the only important environmental stress that limits 

plant productivity and even in more favorable environments, rainfall may 

not occur at the right time plant need. Consequently, crop plants are 

often under some kind of water stress. 

Inhabitants of arid and semi-arid regions have used various 

means to tackle drought problems and produce food. Nomadic herding is 

a common practice in many tropical and sub-tropical lowlands where rain

fall is too small to support crop production. In wetter regions where 

rainfall is not reliable, farming practices that are more or less 

adequate for marginal lands are often used to grow food crops (Simpson, 

1981). These farming practices are in one way or another designed to 

manage drought. One of the oldest and most straightforward practices 

used to produce crops in drought susceptible areas is irrigation. This, 

however, can only be used successfully under certain developed economic 

and technological conditions. Other practices, like storing moisture by 

fallowing (Simpson, 1981) and terracing hillsides (Viets, 1971) have 

also been used. 

Although not initiated as a result of scientific methodology and 

not fully exploited, use of crop species that are adapted to dry regions 

1 



2 

has been the most important tool to fight drought. Through natural and/ 

or man's selection, certain -rop species that are adapted to drought 

stress dominate rainfed crop production in many semi-arid regions. 

Sorghum (Sorghum bicolor L. Moench), millet (Pennisetum typhoides), and 

barley (Hordeum vulgare L.) among annual cereals (Simpson, 1981) and 

grain legumes such as cowpeas (Vigna unguiculata (L.) Walp.) and pigeon 

pea (Cajanus cajan) (Rachie, 1978) are species commonly grown in areas 

where there is always a risk of drought. 

Cowpea has a wide range of climatic adaptation and probably is 

the only small grain legume (except pigeon pea) that can be grown in 

low rainfall regions with some success. The primary zone of adaptation 

being subhumid regions with 600 to 1000 mm of annual rainfall, cowpea 

can be grown in wetter (1000 to 1500 mm of rain) or drier (less than 

600 mm) regions (Rachie and Roberts, 1974). 

The world production of this important source of protein is con

fined largely to regions with inadequate and erratic rainfall patterns. 

During the period of 1971 to 1975, about 86.5% of cowpea's world produc

tion was estimated to be in four countries of western Africa (FAO, 1975) 

where the amount and distribution of rainfall is insufficient and un

desirable for the production of several other food crops. In one cow

pea producing West African country, Upper Volta, drought problems were 

mentioned at four out of the five cowpea and maize experimental sites 

(IITA/SAFGRAD, 1981). Cowpea production is therefore under some risk 

of drought stress in many of its production zones. To minimize such 

risks and to optimize and stabilize production, drought resistance 
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characteristics of this crop must be improved through breeding programs 

or through selection of genotypes with these characters. Therefore, a 

better understanding of the morphological and physiological character

istics of the crop under water stress conditions is of fundamental im

portance. 

In the past decade, many experiments conducted under both field 

and controlled environmental conditions were aimed at elucidating how 

water stress applied at various developmental stages would affect growth 

or yield. Although it appears that results from studies conducted in 

similar environments and using related cultivars are in agreement, most 

of the findings obtained from different regions (tropics vs. temperate), 

using unrelated cultivars appear to conflict. In addition, adequate 

physiological findings were not reported and response of reproductive 

processes to water stress were not adequately studied. 

This study is designed to investigate (1) a possible effect of 

water stress on the reproductive organs of cowpea, (2) the effect of 

water stress imposed at various developmental stages on growth and 

certain physiological aspects of the crop, and (3) the relation of 

these factors with final seed yield. 



LITERATURE REVIEW 

Within the last decade, studies on cowpea (Vigna unguiculata 

L. Walp.) with respect to water relationships and drought adaptation 

have concentrated on identification of growth stages most sensitive to 

water deficit. 

Stress and Agronomic Parameters 

Growth and Development 

Reduced vegetative growth is one obvious effect of mild and 

severe water stress under both field and controlled environmental con

ditions. "During drought stress", states Larson (1977), "Cell enlarge

ment is affected and is the primary cause of plant stunting commonly 

observed under field conditions." Both stem and leaf growth can be re

tarded by water deficit and reduction in leaf growth means reduced area 

of photosynthesizing leaf surface. Stress may also decrease the number 

of nodes that a plant can potentially produce which in turn can affect 

the yield (Stewart et al., 1980). 

In cowpeas, Hiler et al. (1972) noted that plant water deficits 

led to reduced plant growth rate during both vegetative and flowering 

stages. Significantly shorter main stems and reduced leaf area were 

also reported by Wien et al. (1979) when plants were stressed before 

stems ceased elongating. Comparison of three Vigna spp., which included 

4 
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cowpeas, and soybean (Glycine max (L.) Merr.) under irrigated and rainfed 

(stressed) conditions showed that rates of leaf elongation and new leaf 

emergence and leaflet area were reduced due to water stress (Lawn, 

1982b). Reductions were more severe on the Vigna spp. than on soybean. 

Leaf senescence was lowest for cowpeas. 

In their investigation of water stress effects on plant growth 

of two cultivars of cowpeas, Turk et al. (1980c) reported a slow ground 

coverage which remained below 20% of non-stressed plants when cowpeas 

were water stressed at the vegetative stage of growth. However, re

sumption of the moisture status of the soil resulted in rapid plant 

growth and recovery. Turk et al. considered these characteristics of 

cowpea, coupled with slow leaf development when stressed at vegetative 

stage, as some of the mechanisms of cowpeas adaptation to drought. 

Water stress at vegetative and flowering stages resulted in substan

tially lower dry matter and leaf area index. However, individual leaf 

weights increased due to drought conditions. Wien et al. (1979) also 

found a reduction of total dry matter yield due to moisture deficit but 

with inconsistent significance. 

Flower and Young Pod Abscission 

Many crop plants are known to abscise their flowers and young 

fruits before they reach maturity. This situation is considered to be 

one major factor for low yields of many crops. In cotton, for example, 

70% of the yield potential can be lost to premature shedding of squares 

and young fruits (Walhood, 1957). 
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Legume crops also abort flower buds, open flowers, and young 

fruits. In soybean, Wiebold et al. (1981) found a combined flower and 

young pod abscission of 11 cultivars varying from 67 to 82%. One of 

the difficulties in obtaining maximum yields in dry beans (Phaseolus 

vulgaris) is considered to be high abscission of flowers and immature 

pods (Subhadrabandhu et al., 1978). 

Cowpea (Vigna unguiculata) is also known to shed opened and un

opened flowers and young fruits. Citing Ojehomon (1968a, b), Rachie 

and Roberts (1974) pointed out that out of the 100 to 500 flower buds 

that one cowpea plant normally produces 70 to 88% are shed before they 

reach anthesis. Almost half of the remaining 12 to 30% abort as open 

flowers and immature pods, hence flower buds that reach maturity are 

only 6 to 16% of the total. This excessive abscission of reproductive 

parts is considered to be a factor which limits the crop's yield poten

tial (Ojehomon, 1972). Labanauskas et al. (1981) concluded that water 

stress reduced yield largely by increasing floral abscission. 

Inherent physiological flower and young fruit abscission is 

known to be further enhanced by environmental stresses such as high 

temperature, stormy rain, moisture stress, etc. Subhadrabandhu et al. 

(1978) reported more flower abscission of Phaseolus vulgaris grown in 

the field than those grown in the greenhouse which they attributed to 

greater variations of environmental conditions in the field. Cotton 

flower and fruit abscission was increased linearly as leaf water poten

tial decreased from -10 to -24 bars (McMichael et al., 1973). 
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In one of their two year investigations of cowpea's drought ad

aptation, Turk et al. (1980a) reported a "virtually total abscission of 

flowers" which might have been caused by both drought and high tempera

tures that occurred during the flowering stage. However, they observed 

new flower growth when irrigation was resumed. 

From his study of water relations of three cowpea cultivars, 

Babalola (1980) reported significant floral abortion with increased 

water stress, abortion being greatest following a heavy rain storm. 

Floral abscission, however, was not necessarily lowest at high soil mois

ture content. The investigator related this with problems of soil 

aeration. Citing Fukui and Ito, Salter and Goode (1967) stated that 

"a water shortage for 2 to 4 weeks immediately after flower-bud differ

entiation in soybean reduced vegetative growth and caused heavy flower 

and pod dropping." 

Under controlled environment, flower abortion was found to be 

high when plants were grown in warm rather than in cool temperatures 

(Stewart et al., 1980). This varied from 11.7% for plants grown in the 

coolest days and nights to 55% for plants grown in the warmest days/ 

coolest nights. Abscission of young pods, however, was highest in 

plants with lowest floral abscission. This may mean that limitations 

in assimilates are causing fruit drop. In this respect, Wiebold et al. 

(1981) found floral abortion for soybean to be highest in the lowest 

canopy of the plants. One hundred percent abortion was recorded for 

certain cultivars in the bottom one-third canopy of the plants where 

available light would be the lowest. Variation in irradiance, 
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therefore, would bring localized photosynthesizing capacity and thus 

the difference in abscission. 

Yield and Yield Attributes 

Conflicting reports on the effects of stress on cowpea yields 

may largely reflect differences in the cultivars used. In a greenhouse 

study in Texas, 'Burgundy' cowpea's yield was most sensitive to water 

stress of varying levels at the stage of flowering/early pod formation 

period. Water stress at vegetative stage was not harmful to the yield 

(Hiler et al., 1972). In another controlled environment study, seed 

yield of cowpea cultivar 'Prima' was significantly reduced when plants 

were repeatedly wilted only at the vegetative stage of growth. Plants 

were "unable to overcome an initial setback", at the vegetative stage; 

after this stage, however, plants appeared to be fairly resistant to 

the stress (Summerfield et al., 1976). The authors stated that such a 

response to wilting was due to inadequate nitrogen supply, since the 

moisture stress did not allow adequate root growth and nodulation. 

Babalola's (1980) field investigation of three cowpea cultivars 

showed a significant decrease in yield for two of the cultivars (32.9% 

for 'Adzuki' and 27.6% for 'Ife Brown') as a result of moisture stress 

during the vegetative stage and no yield decrease for the other culti

var ('New Era'). Yield decreases of 36.8% for Ife Brown and 5.1% for 

Adzuki were obtained when water stress was imposed during the flower

ing and podding stages. The other variety (New Era) had no yield re

duction. Except for Adzuki, Babalola reported that there was no 
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significant difference in yield when stresses were imposed at flowering 

and vegetative stages. 

From a two-year field investigation of two cowpea cultivar's 

('California Blackeye No. 5' and 'Chino 3') response to irrigation, Turk 

et al. (1980a) found a significant effect of irrigation withheld at dif

ferent stages of growth on yield as compared to optimum irrigation. 

Drought during flowering and podding stages reduced seed yield substan

tially. At flowering, drought reduced yield by 44% in one of the years, 

whereas in the other year plants did not show reproductive development 

because of a total floral abortion. Resuming irrigation after this 

stage, however, encouraged new floral development which gave a seed 

yield only 30% less than the treatment with optimal irrigation. Turk 

et al. (1980a) relates this response of cowpea to extreme drought at 

flowering to the indeterminate habit of the crop. Drought at vegetative 

stage did not significantly affect seed yield in one of the two-year 

studies, because the plants were able to resume growth when irrigation 

was started again. In the other year, however, a significant yield de

crease was observed because of slow growth recovery due to unfavorable 

weather conditions. 

A two-week moisture stress in the field did not significantly 

reduce seed yields of cowpea in Nigeria, whereas a similar stress con

dition reduced seed yield of soybean by 9 to 63% (Wien et al., 1979). 

A 44.5% (2-year average) seed yield decrease was observed by 

Shouse et al. (1981) when a cowpea cultivar ('California Blackeye 5') 

was water stressed at flowering stage which was the most sensitive 
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stage. In one of the years, water deficit at pod-filling stage reduced 

yield 39%. Highest yield decrease (68% of two year average) was found 

when water stress was imposed at both flowering and pod-setting stages. 

There was no significant effect on seed yield when stress was imposed at 

the vegetative growth stage. 

A result similar to that of Turk et al. (1980a) and Shouse et 

al. (1981) was obtained from a study made by Labanauskas et al. (1981). 

In this study, it was shown that flowering and pod-filling stages are 

the most sensitive stages to water stress. Withholding irrigation dur

ing flowering, podding, flowering and podding, or vegetative and podding 

stages gave significantly lower yields than irrigating with adequate 

amounts throughout the growing period. Reductions of 44 and 29% in 

seed yield were recorded for drought during flowering and pod-filling 

stages, respectively. The most severe effect, a yield decrease of 67%, 

was found when irrigation was withheld at both flowering and pod-

filling stages. Withholding irrigation during the vegetative stage, 

on the other hand, did not significantly affect seed yield. 

High or low yield can be determined by the number of fruits a 

plant can produce, by the number of seeds a fruit holds, the weight of 

individual seeds, etc. Three important yield attributes of cowpea are 

pod density, number of seeds per pod, and 100-seed weight. Water de

ficit during the physiological development of the plants can affect 

these attributes. 

Summerfield et al. (1976) found a significant reduction in seed 

number and fruit weight per plant when cowpea plants were water stressed 
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at the vegetative stage of growth during which the yield was signifi

cantly low. Subsequent pod production was reduced by half due to water 

stress from emergence to first flower appearance. Water deficit from 

flower appearance to mid pod-fill decreased the number of seeds per pod 

but didn't significantly reduce seed yield. 

Wien et al. (1979) found a reduction of the number of pods 

harvested as a result of a two-week moisture stress, but this was com

pensated for by an increase in seed size. Thus seed yield was not sig

nificantly reduced by moisture stress. Seed number per pod also was 

not affected by that two-week moisture stress. 

Results obtained by Turk et al. (1980a) indicated similar res

ponses of pod density and seed yield to water stress at different growth 

2 
stages with a linear regression of r =0.91. The effect of moisture 

stress on seeds per pod was not as high as on seed yield and pod den

sity. Seed weight was reduced by drought at pod-development stage. 

A significant reduction in pod density due to water deficits at 

either flowering or pod filling stages was reported by Shouse et al. 

(1981). The number of seeds that one pod could hold decreased when 

plants were water stressed at flowering. Low seed weight was obtained 

from plants either grown under optimum irrigation or water stressed at 

pod filling stage. 

Stress and Physiological Parameters 

Terrestrial plants have developed in their respective environ

ments in such a way that they possess some degree of resistance to 
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water deficits. Various mechanisms of plant resistance to drought 

stress have been identified and described (Levitt, 1980; Jones et al., 

1981, etc.). When water deficit occurs in the soil, plants may con

serve soil and tissue water by reducing loss through transpiration. 

Some may extract more moisture from the soil to maintain high tissue 

water status. Some desert annuals adjust their phenological develop

ment to escape drought (Mulroy and Rundel, 1977). 

Other group of plants species can survive low tissue water 

status by maintaining turgor through cell elasticity or solute accumu

lation (Jones et al., 1981). The mechanism by which plants maintain a 

favorable water status by avoiding loss, extracting more moisture from 

the soil, or adjusting phenological development is referred to as 

drought avoidance. The other mechanism which enables plants to survive 

reduced tissue water status is drought tolerance (Levitt, 1980; Larson, 

1977). 

Cowpea is reported to possess drought avoidance as its prin

cipal mechanism of resistance (Turk et al., 1980b; Wein et al., 1979; 

Hall and Schulze, 1980; Lawn, 1982a). In a field investigation in 

California, Turk et al. (1980b) reported an "extreme drought avoidance" 

characteristics of 'California Blackeye No. 5' (CBE 5) cowpeas because 

of its "developmental plasticity" and ability to maintain relatively 

high water potential. Lawn (1982a) also observed better "developmental 

plasticity" of cowpea when compared to two other Vigna spp. No such 

tendency was observed in soybean. Well-watered cowpea plants avoided 
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water stress by reducing water loss and by "efficient water transport 

system within the plants" (Hall and Schulze, 1980). 

Under extreme drought, the xylem water potential values of 

stressed plants was only 5 and A bars less than the non-stressed plants 

for pre-dawn and afternoon measurements, respectively (Turk et al., 

1980b). This water status was maintained throughout the growing period. 

The minimum average xylem water potential they could measure in the 

driest treatment and during the period of the day when the evaporative 

demand was high was only -15 bars. 

In an investigation made on cowpea and soybean in Nigeria, Wein 

et al. (1979) found that the decrease in leaf water potential of 'Vita-1' 

cowpeas with increasing water stress was not great. Leaf water poten

tial of soybean under similar stress conditions, in contrast, declined 

from -11 to -22 bars. A controlled environment study in West Germany 

also showed that the difference in xylem water potential of dry and wet 

treatments was small, and sometimes dry treatments had higher water 

potential values than wet treatments (Hall and Schulze, 1980). 

In an experiment conducted in Australia where the climate is 

subhumid with about 690 mm annual rainfall, comparison of soybean with 

three Vigna spp. which included cowpea showed that the leaf water 

potential of the Vigna spp. was in all cases higher than that of soy

bean (Lawn, 1982a). The variation in water potential over time and 

stress conditions was lower for cowpea than for the other crops. As in 

the findings of Turk et al. (1980b) and Shouse et al. (1981), Lawn 

(1982a) also found that the difference in leaf water potential of 

stressed and non-stressed plants at noon was very low in cowpeas; this 



14 

difference was high for soybean. The largest difference in leaf water 

potential of stressed and non-stressed plants of cowpea and another 

Vigna spp. was found to be at dawn and "almost non-existent at noon." 

The lowest leaf water potential ever recorded in the four crops was in 

soybean (-32 bars). The corresponding value for cowpea was only -15 

bars. These findings, in general, indicate that cowpea plants maintain 

relatively high water status in their tissues during periods of water 

stress. 

Various mechanisms by which cowpea maintains high water poten

tial and avoids drought have been suggested and identified. These in

clude transpiration "budget cut" by increasing stomatal resistance and 

reducing evaporative leaf surface, avoiding heat load by leaflet move

ments, and developmental plasticity. 

When soil water depletion results in reduced absorption rates, 

stomatal aperatures are adjusted to minimize water loss. Cowpeas ap

pear to close their stomata to maintain higher tissue water potential 

during stress periods. A two-week water stress of cowpea under field 

conditions resulted in decreasing stomatal conductance with increased 

stress (Wein et al. , 1979). Diurnal measurements also showed that 

stomata of stressed plants remain closed during the course of a day 

except for a short period in the morning. 

Comparison of cowpeas with soybean under similar stress condi

tions showed that the stomatal conductance of soybean was more rapid 

in the stress period than that of cowpea. The relationship between 

leaf water potential and stomatal conductance in cowpea was linear and 
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the decline was rapid. Leaf water potentials were not lower than -12 

bars. The relationship in soybean, however, was curvilinear "with leaf 

water potential decreasing further at very low conductance values." 

Lawn (1982a) found lower abaxial leaf surface conductance for 

cowpea than for three other crops. Under irrigated conditions, the 

crop species did not show consistent difference in conductance. During 

high evaporative demand periods, however, cowpea had lower conductance 

values. Under rainfed (stressed) conditions, cowpea tended to have the 

lowest conductance and soybean the highest. This indicates that cow

pea retains tissue water by closing the stomata whenever the evapora

tive demand of the air increases. 

Rapid closure of stomata due to water stress results in reduc

tion of transpiration. In a controlled environment study, Hall and 

Schulze (1980) found that transpiration of well watered cowpea plants 

progressively increased within a month of emergence. This increase was 

attributed to increased leaf area. Plants which did not receive water 

except during emergence had increasing transpiration for 2 weeks after 

the last watering. Plants not irrigated for 24 days and exposed to 

30C air temperature had a maximum transpiration of 8% of the well-

watered plants. 

With a leaf water potential of -9 bars or higher, Hailey et al. 

(1973) showed a linear relationship between transpiration rate and 

leaf water potential. They concluded that the internal tissue resis

tance to flow remains constant. Hall and Schulze (1980) found similar 

relationships within the range of transpiration rate Hailey et al. 

(1973) studied. At higher transpiration rates, howe/er, leaf water 
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potential was constant in the vicinity of -9 bars which shows that the 

resistance of well watered plants to water flow changes at higher 

transpiration rates. This might be of some advantage to the plant in 

preventing luxurious consumption of water. 

In addition to reducing transpiration rates by closing their 

stomata, there is evidence that cowpeas avoid drought by re-orienting 

their leaves. In both field and controlled environment studies, Shackel 

and Hall (1979) observed cowpea plants which were water stressed for 46 

days after emergence oriented their leaflets vertically in the after

noon. Un-stressed plants, which were irrigated one day before this 

observation, had almost horizontal leaflet arrangements throughout most 

of the day. In the case of droughted plants, leaflet angle change was 

correlated with xylem water potential. The non-stressed plants, on the 

other hand, had "a similar range of xylem pressure potential with 

little change" in leaflet angle. 

In both stressed and unstressed plants, the leaves were gen-

erally oriented towards the sun in the morning and evening and away 

from the sun in the afternoon. A manual change of vertically oriented 

leaves to horizontal orientation caused leaf temperature of stressed 

plants to be higher than air temperature by an average of 5.5 C. This 

change was lower for unstressed plants. 

Although leaf orientation parallel to the incoming radiation, 

paraheliotropy, may be seen in other legume plants, it appears that it 

is exhibited more in cowpeas (Lawn, 1982). Under irrigated conditions, 

comparison of four legume crops showed that cowpea and two other Vigna 
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spp. exhibited diaheliotropy. In contrast, soybean showed flaccidness 

during high solar radiation periods of the day. When plants were grown 

under rainfed (stressed) conditions, the Vigna spp. showed parahelio-

tropy which was more pronounced in cowpea than the other crops. This 

characteristic was not observed on soybean. 

One undesirable consequence of water stress is increase in leaf 

temperature which in turn may impair various metabolic activities in 

leaves. In cowpeas, Clark and Hiler (1973) found leaf temperature 

higher than air temperature when plants were water stressed. Well-

watered plants had leaves cooler than the air temperature. Leaf tem

perature of stressed plants were 2 to 3 C higher than those of well-

irrigated plants. 

In comparison between soybean and three Vigna spp. under irri

gated and rainfed (stressed) conditions, leaf temperatures for cowpea 

were higher than the other three crops (Lawn, 1982). This may be 

attributed to the observed low conductance values of cowpea under 

water stress. Later in the growth period, however, leaf temperature 

for soybean was higher indicating that cowpea was better in maintaining 

lower leaf temperature. The relationship between conductance and leaf 

temperature was inverse. 

Water Use Efficiency (WUE) 

Under limited water conditions, crop species and varieties 

within a species can differ in their efficiency to use water. Sorghum, 

for example, was found to have a water use efficiency approximately 



18 

three times greater than that of soybean (Fischer and Turner, 1978). 

Babalola (1980) reported a difference in WUE between three cowpea 

cultivars, the efficiency of the two low yielding cultivars being 1/3 

and 1/5 of the top yielding one. 

Until a certain limit, WUE increases with increased soil 

water. In cowpea, Hiler et al. (1972) found a high WUE at optimal 

water supply and at low deficit level during the vegetative stage of 

growth. Shouse et al. (1981) also reported a high WUE for stress at 

the vegetative stage than stress at any other growth stage including 

optimum irrigation. 

Photosynthesis 

Anything that impairs the supply of CO2 to the sites of photo

synthesis in leaves should affect rate of photosynthesis. Whenever 

water deficit exists in a plant as a result of higher transpiration 

rate than absorption rate, turgor of leaf cells including that of guard 

cells drops. As a result, stomata tend to close thereby reducing the 

supply of C(>2 to the leaves. Hiler et al. (1972) found cowpea's stom-

atal conductance decreasing rapidly as leaf water potential decreased. 

The reduction of photosynthesis due to a two-week water stress was 27%. 

Protein and Nutrient 
Concentration of Seeds 

Inadequate water supply to plants can increase or decrease 

nutrient concentration in the seeds and can also affect amino acid 

proportion. A significant effect on the concentrations of N, Ca, Mg, 

and Cu in the seeds of cowpea were found by Labanauskas et al. (1981) 
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as a result of water deficits at different growth stages. N-

concentration was highest when seed yield was lowest and lowest when 

seed yield was highest. Cowpea plants water stressed at the pod 

filling stage had seeds with the lowest calcium concentration. Mag

nesium concentration was lowest in seeds from highest yielding and 

lowest yielding treatments. Concentration of copper was lowest in 

seeds from plants water stressed at flowering and flowering and pod 

filling stages. 

Another study made by Labanauskas et al. (1981) shows that 

water stress at different growth stages of cowpea affects the concen

trations of protein amino acids. However, the effect was not consis

tent. When some amino acids were high for a certain treatment others 

were found to be low. Hence, the sum of protein amino acids was not 

affected by differential water stress treatments. Water deficit at 

flowering and pod development stages, however, increased the total 

amount of free amino acids in the seeds, and at the same time inhibited 

amino acid incorporation into protein chains. 

Soil Moisture Extraction 

Based on the soil moisture measurements using the neutron probe 

scattering device, Turk et al. (1980) reported 50 and 100 cm root 

depths for dry and wet treatments, respectively. In the study which 

involved three Vigna spp. and soybean, cowpea appeared to absorb mois

ture below the 70 cm root zone only in the most stressed treatment 

(Lawn, 1982). Moisture content in the AO to 70 cm root zone was lower 

for soybean than for cowpea and the other two Vigna spp. Under 
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stressed conditions, soybean absorbed moisture from the 70 cm root zone 

and below. 

Generally, water absorption rate was highest for soybean during 

the initial periods. Later, however, when the soil got drier the ab

sorption rate of soybean declined and was less than that of the other 

Vigna spp. From Lawn's (1982) results, the strategy of cowpeas is to 

maintain high tissue water potential and thus extract less moisture 

from the soil. This might be of some advantage in conserving soil 

moisture for later growth needs. In contrast, the strategy in soybean 

was to decrease plant water potential to the lowest possible degree so 

that more moisture held at higher tensions could be depleted. 



MATERIALS AND METHODS 

This study was conducted under field conditions for two seasons 

(1982 and 1983) at the Campbell Avenue Farm of the University of 

Arizona, Tucson. The soil is a very fine sandy loam with a moisture 

holding capacity of about 28% (volumetric) and a bulk density of about 

1.4. In both 1982 and 1983, the study was carried out at the same site 

and soil of the farm. 

Experiment I 

Three cowpea (Vigna unguiculata (L.) Walp.) cultivars 

('California Blackeye No. 5', 'Speckle Purple Hull', and 'AZ-54') were 

used for the study in 1982. California Blackeye No. 5 (CBE 5) is a 

white- and large-seeded cultivar commercially grown in California. 

The other two cultivars are relatively small-seeded and late maturing 

types. Both of these cultivars were considered to have some degree of 

heat and drought tolerance/resistance as observed in other preliminary 

studies. 

Seeds were planted dry on June 9, 1982 on both sides of a one-

meter-wide bed and received first common irrigation on June 10, 1982. 

Granular seed inocculant (Soil Implant Nitragin, Nitragin Co., 

Milwaukee, Wisconsin), was added to seeds during planting and no 

fertilizers or seed treatment chemicals were used. Seeds germinated 

two to three days after the first irrigation. To secure a reasonable 

21 
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seedling stand, one more common irrigation was given to all study plots 

on 25 June. Plants were then thinned to 7 to 10 cm spacing. 

After the second irrigation, plants were considered well estab

lished and the water stress treatments started thereafter. Four stress 

treatments were selected in this season (Figure 1) : 

1-1 = Minimum stress which was considered to be optimal irrigation 

scheduling. 

1-2 = Stress during pod-filling stage. 

1-3 = Stress during flowering and pod-filling stages. 

1-4 = Stress throughout the growing cycle except during seedling 

e st abli shment. 

Each of these four water stress treatments was applied to one 

unreplicated block; therefore, there were four blocks for the four treat

ments. Adjacent blocks were separated by four beds (4 m) along their 

width and by 7.6 m long beds at their ends (length) so that irrigation 

of one block would not affect adjacent un-irrigated ones. Within each 

block the three cultivars were replicated three times in a Randomized 

Complete Block Design. There were nine plots in each block and 36 plots 

in all four blocks. 

Plants under optimal irrigation treatment received a total of 

six irrigations during the growing cycle. Plots were irrigated every 

10 to 20 days depending on the weather conditions, and visually, it 

appeared that plant water stress for this treatment was minimum through

out the growing period. 
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After the second irrigation on 25 June, 1-2 received two more 

irrigations, and stress was maintained during the pod-filling stage. 

In addition to rainfall, plots for 1-3 received only three irrigations, 

which included the first two common irrigations. The other treatment 

(stress throughout the growing period) received no irrigation other 

than the two establishment irrigations. During this season, however, 

there was unusually high rainfall which seemed to have relieved plant 

water stress (Figure 2). This may have contributed to some complica

tions of the study. 

Soil Moisture Content Measurements 

A neutron probe (Campbell Pacific Nuclear, Model 503, Pacheco, 

CA) was used to estimate soil moisture content. In each irrigation 

treatment block, five access tubes were installed to a depth of about 

120 cm. Starting 37 days after planting (DAP), ten measurements were 

taken 1 day before and 2 to 3 days after every irrigation. Four read

ings were taken approximately at every 30 cm depth on every tube. 

Physiological and Morphological Data 

A steady state porometer Model LI-1600 (LI-COR, Inc./LI-COR, 

Ltd., Lincoln, Nebraska) was used to study the stomatal behavior of 

the crop under water stress. The instrument was used to measure trans

piration rate, diffusive resistance, leaf temperature, and cuvette 

temperature which is considered to be close to ambient temperature. 

Measurements were taken 1 day before and 2 to 3 days after irrigation. 

Physiological measurements were taken between 10:00 a.m. and 2:00 p.m. 
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Stomates are considered to be open and attain their maximum transpira

tion rate during this period of the day. Data collection when cloudy 

was avoided as much as possible. 

Three healthy leaves which were considered to be of the same 

age (youngest and fully expanded) and exposure were randomly selected 

2 from three different plants on each plot. A 2 cm -aperture of the poro-

meter was used. The porometer gives transpiration rate in ug H^O s ^ 

-2 -1 
cm leaf area, diffusive resistance in s cm , leaf and cuvette 

temperatures in °C, quantum in uE sec ^ m and relative humidity in 

percent all at the same time. Six such measurements were taken during 

the course of the study. 

Most of the vegetative, reproductive, and yield parameters were 

measured at the end of the experiment. Aboveground biomass production 

2 
was estimated by taking plant samples from an area of 0.5 m a few days 

to a week before harvest. The samples were dried until a stable weight 

was attained. As a measure of growth, the extent of stem extension was 

also measured during harvest time. Flower abscission, number of formed 

pods per peduncle, peduncle length, and number of seeds per pod were 

estimated from 20 peduncle samples taken from each plot prior to har

vest. Abscission was estimated by counting scars left by dropped 

flower buds, opened flowers, and young pods. Sometimes, counting 

scars on dry peduncles was difficult and did not seem to be accurate, 

therefore most of the counts were made on fresh peduncles. For seed 

yield, a 5 m row was harvested from the center bed (two rows). One-

hundred seed weight was determined from the yield seed lot. 
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Experiment II 

Experiment II was conducted at the same site as Experiment I. 

Since there was no way of making valid statistical comparison of water 

stress treatments during 1982, two of the late cultivars were excluded 

from this season's experiment, and the design was changed so as to 

accomplish valid comparisons between stress treatments. Five stress 

treatments were selected(Figure 1): 

S-l = Minimum stress throughout the growing period. 

S-2 = Stress during pod-filling stage. 

S-3 = Stress during flowering. 

S-4 = Stress during both flowering and pod-filling stages. 

S-5 = Stress throughout the growing cycle. 

The experimental design was a Randomized Complete Block with 

four replications (5 treatments x 4 reps. = 20 plots). Each of the 20 

plots consisted of four one-meter-wide rows (beds) and had a length of 

2 
7.62 m to make an area of 30.48 m . This time, adjacent plots and 

replications were separated by a four-meter or more unplanted buffer 

zone. Since the stress treatments had to be randomized, means of 

separating continuous plots had to be sought. The alternative used 

was constructing two or more bunds (borders) on all unplanted spaces 

that separate plots or replications. Although this required consid

erable work, it appeared to have protected seepage and/or water flow

ing from one irrigated plot to an adjacent unirrigated plot. 
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Seeds were planted on May 25, 1983 in one row on top of each 

bed after a pre-irrigation and herbicide application. One irrigation 

was given to all plots on the second day after planting to assure uni

form emergence. Seedlings emerged 3 to 4 days after planting. Twelve 

days after emergence, one more common irrigation was applied to assure 

seedling establishment. Thereafter, irrigations were scheduled for 

every 10 to 12 days, and almost everything went according to schedule. 

Including the two establishment irrigations, treatments 1, 2, 3, 4 and 

5 received 6, 5, 4, 3, and 2 irrigations, respectively. 

Compared to the 1982 experiment, this season's initial and even 

final plant stand was not satisfactory. In addition, emerged plants did 

not appear to be healthy and strong. Several factors could have been in

volved in this: heavy initial irrigation,, insect pests, diseases, and 

even nutrient deficiencies. An insect pest, seed corn maggot, which 

bores plant stems at the soil level was identified. During the seed

ling stage, this pest was the major cause for the low initial stand. 

Later, a nutrient deficiency symptom which was svispected to be iron 

deficiency also appeared. Two kinds of root rot diseases suspected as 

Macrophomina and Rhizoctonia root rots were other factors that contri-

£ 
buted to stand reduction. A granular insecticide (Diazinon 14 G) was 

used to alleviate the insect pest problem, and a foliar application of 

iron chelate was used to correct the micro-nutrient deficiency. 

Soil Moisture Content 

A neutron probe was used in 1983 to estimate moisture content 

and water potential of the soil. Depths and frequencies of measurements 
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were similar as in Experiment I, except that, in this season, one access 

tube was installed in each plot. 

Field calibration of the neutron probe is shown in Figure 3. 

Undisturbed core samples were taken using the Madera sampler from the 

same holes where the tubes were installed. Four samples at 30 cm in

terval were taken from each hole to a depth of 120 cm. Such samples 

were taken from 8 sites. After installing the tubes, probe readings 

were taken at the same depths where soil samples were taken. The rela

tionship between the volumetric moisture content of the samples and the 

probe readings was used to convert neutron probe readings taken during 

both study periods to soil moisture content. 

Physiological and Morphological Data 

A steady state porometer was used in this experiment to deter

mine transpiration rate, stomatal diffusive resistance, leaf and 

ambient temperature estimations. Six such measurements were taken 

during the growing season. In order to determine the best time of 

making these measurements, porometer readings on maximum and minimum 

stressed plants were taken starting 8:00 a.m., until 6:00 p.m., at an 

interval of 30 minutes to 1 hour. 

In addition to the other physiological parameters, water poten

tial measurements were included, and a pressure chamber (PMS Instrument 

Company, Corvallis, Oregon) was used to estimate leaf water potential. 

Since the difference in leaf water potential between wet and dry 

treated cowpea plants was found to be large early in the morning (Turk 

et al., 1980b; Shouse et al., 1981; etc.), measurements were taken as 
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early in the morning as possible (before 8:00 a.m.)- Measurements were 

made on two to three leaf samples (from different plants) which were 

the same kind of leaves used for the porometer regarding age and ex

posure. 

Morphological data taken during 1983 were different from those 

of 1982. As the final plant stand didn't appear to be adequate to base 

such data as above ground biomass production, yield and its components 

on unit ground area, individual plants were used to determine the mor

phological characters. Ten fairly healthy and normally developed 

plants were marked during harvest time. Stem length and number of pods/ 

per plant were recorded from five plants on each plot. Peduncles were 

counted on each ten plants to estimate the number of peduncles each 

plant could produce. 

For flower abscission, pod count, and other characters three 

plants out of the ten were randomly selected and their peduncles 

collected. Peduncles that originate from different locations of the 

plant were collected separately: lower, middle, and upper canopy. 

Later, formed pods on each peduncle, scars which could have occurred 

due to abscission of flower buds, flowers, and young pods, number of 

seeds per pod, and peduncle length and dry weight were determined from 

these samples. Pods on remaining plants were picked and threshed by 

hand after they dried. The remaining plant parts were collected and 

dried for dry above ground biomass estimation. All plant parts from the 

ten plants were dried, weighed and summed up. Seeds from all plants 



were also weighed and summed up. Finally, seed yield, biomass produc

tion, etc. were expressed on a per plant basis. 



RESULTS AND DISCUSSION 

Experiment I 

Comparison of three cultivars, California Blackeye No. 5 (CBE 

5), Speckle Purple Hull (SPH), and the experimental line, AZ-54, under 

four unreplicated irrigation conditions resulted in no statistically 

significant differences in aboveground biomass production under all 

irrigation conditions (Table 1). The mean dry weight was, however, 

lower for AZ-54 than the other cultivars under irrigation treatments 1 

(I—1), 2 (1-2), and 3 (1-3). However, dry matter production of AZ-54 

was higher under irrigation 4 (1-4), the most stressed condition. Al

though no valid statistical comparisons could be made among stress 

treatments, the above ground dry matter production of CBE 5 and SPH 

appeared to decrease with a longer stress period. AZ-54, however, 

produced as much or more biomass under the most severe stress (1-4) 

than under the two medium stress treatments (1-1 and 1-2). 

Except under the most stressed condition, main stem growth of 

cultivars did not significantly differ (Table 1). Under 1-4, however, 

CBE 5 had significantly (P < 0.05) shorter main stems than the other 

two cultivars. The above ground dry matter weight under 1-4 was also 

lower, although not significant, for CBE 5. 

The substantial decrease in main stem extension and dry matter 

production of CBE 5 when water stress was imposed at all growth stages 

could be attributed to the more severe water stress effect on CBE 5 

33 
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Table 1. Dry matter production, main stem growth, and peduncle length 
of California Blackeye #5 (CBE 5), Speckled Purple Hull (SPH), 
and AZ-54 under four levels of water stress. 

Main Peduncle 
Water Stress Dry Matter Stem Extension Length 
Treatment Cultivar 0.5 m2 (gm) (cm) (cm) 

CBE 5 419.6 N.S. 217.0 N.S. 41.0 N.S. 
1-1 SPH 515.0 205.4 39.6 

AZ-54 447.6 248.9 36.2 

CBE 5 320.3 N.S. 157.3 39.0 a** 
1-2 SPH 295.0 194.5 32.9 b 

AZ-54 248.6 144.4 29.7 b 

CBE 5 281.0 N.S. 104.9 N.S. 34.4 a** 
1-3 SPH 279.6 115.0 31.2 a 

AZ-54 249.0 106.6 23.6 b 

CBE 5 153.6 N.S. 46.0 a* 31.8 N.S. 
1-4 SPH 238.3 81.6 b 33.0 

AZ-54 296.3 86.6 b 29.2 

x = 1-1 = No stress, 1-2 = stress at pod-filling, 1-3 = stress at flower
ing and pod-filling, 1-4 = stress after seedling establishment. 

N.S. = Cultivars are not significantly different. 

* = Means followed by the same letter within a column and stress treat
ment are not significantly different at the 0.05 level according to 
the Least Significance Difference test. 

** = Means followed by the same letter within a column and stress treat
ment are not significantly different at the 0.01 level according to 
the Least Significance Difference test. 



than on the other two cultivars. However, this could also be an in-

dication that CBE 5 avoids drought by reducing growth and, therefore, 

prolonging survival more than the other two cultivars. Lawn (1982) con

sidered effective soil moisture extraction capability and maintenance of 

growth of soybean during stress as an unfavorable strategy of drought 

tolerance since this might lead to depletion of soil moisture later 

during seed initiation and filling stages of development. Cowpeas can 

conserve soil moisture by reducing water loss and avoid extreme drought, 

but this takes place at the expense of growth and development (Turk et 

al., 1980b; Lawn, 1982a). CBE 5 may typically have this characteristic. 

Cultivars did not show any significant difference in the ab

scission of reproductive organs as determined from scar count of ped

uncles (Table 2). Average abscission, however, was highest for SPH 

in all treatments. Mean pod number per peduncle was lowest for SPH 

under all irrigations, and was significantly lower than CBE 5 in 1-3 

and 1-4, which were the most stressed treatments. CBE 5 had formed 

more pods per peduncle than the other two cultivars. Compared to that 

of SPH, AZ-54 also had a high number of pods per peduncle under all 

stress conditions. Cultivars showed no differences in the numbers of 

flower buds initiated per peduncle (sum of abscised buds and formed 

pods), but SPH retained the lowest fraction of initiated buds as mature 

pods (Table 2). 

Mean peduncle length of CBE 5 was higher than the other two 

cultivars under 1-1, 1-2, and 1-3 but was only significantly higher 

under 1-2 and 1-3. Water stress appears to decrease peduncle length 



Table 2. Reproductive organ abscission and pods formed per peduncle and length of peduncles of 
California Blackeye #5 (CBE 5), Speckle Purple Hull (SPH), and AZ-54 under four irriga
tion treatments. 

Abscission Number of Total Floral % of Formed 
Water Stress per Pods per Buds Initiated Pods per 
Treatment Cultivar Peduncle Peduncle per Peduncle Peduncle 

CBE 5 6.8 N.S. 2.5 N.S. 9.3 N.S. 26.5 
1-1 SPH 10.3 1.4 11.8 12.2 

AZ-54 6.4 2.1 8.5 24.5 

CBE 5 6.2 2.9 9.2 N.S. 32.1 
1-2 SPH 9.0 1.1 10.1 11.2 

AZ-54 6.2 2.2 8.4 25.3 

CBE 5 8.2 N.S. 3.1 a** 11.3 N.S. 27.4 
1-3 SPH 9.0 1.5 b 10.6 14.3 

AZ-54 6.8 8.2 b 8.9 24.4 

CBE 5 7.8 N.S. 2.6 a** 10.4 N.S. 25.2 
1-4 SPH 8.4 1.2 b 9.3 10.9 

AZ-54 6.6 2.1 a 8.7 24.2 

x = 1-1 = No stress, 1-2 = stress at pod-filling, 1-3 = stress at flowering and pod-filling, 1-4 
= stress after seedling establishment. 

N.S. = Means are not significantly different. 

** = Means followed by the same letter within a column and stress treatment are not significantly 
different at the 0.0 level according to the Least Significance Difference test. 



of the three cultivars. However, no consistent effect of water stress 

was observed on flower abscission. None of the cultivars under any 

irrigation treatment showed abscission as severe as reported by Turk et 

al. (1980a). This could be due to the difference in the degree of 

stress to which plants were exposed. It appeared that stress was 

occasionally relieved by rainfall in this study. A consistent trend of 

response was not observed in the number of pods and percent formed pods 

per peduncle with increasing stress. 

2 
Seed yield was determined from an area of 5 m of the center 

bed (two rows). Although CBE 5 matured earlier, it was consistently 

the highest seed yielder under all irrigation treatments (Table 3) and 

was less affected by stress than the other 2 cultivars. SPH and AZ-54 

were not significantly different in seed yield under any irrigation 

treatment. 

Seed yield of all three cultivars consistently decreased with 

increased water stress, except that AZ-54 yielded higher under 1-4 than 

1-3. The yield decrease due to water stress was less for CBE 5 than the 

other two cultivars. SPH showed the greatest decrease (85%) when stress 

was imposed throughout the growing period. Percent decrease in yield 

of CBE 5 was 27, 35 and 59 for 1-2, 1-3 and 1-4, respectively. SPH 

had a decrease of 58, 77 and 85% and the experimental line AZ-54 de

creased 63, 82 and 73% for 1-2, 1-3 and 1-4, respectively. The decrease 

in seed yield of SPH and AZ-54 due to water stress might be an indication 

that these two cultivars are more susceptible to drought than CBE 5. 

Except under optimal irrigation, variation among cultivars in 

seed number per pod was not statistically significant (Table 3). With 
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Table 3. Yield and yield components of California Blackeye #5 (CBE 
5), Speckle Purple Hull (SPH) and AZ-54 at four irrigation 
conditions. 

Water Stress 
Treatment Cultivar 

Number of 
Seeds per 

Pod 

100-Seed 
Weight 
(gm) 

Seed^Yield/ 
5 m (gm) 

CBE 5 8.9 a** 23.2 a** 1376.3 a* i—1 1 W SPH 11.0 b 15.7 b 967.7 b 
AZ-54 9.5 a 12.2 c 1065.7 b 

CBE 5 8.1 24.4 a** 1013.0 a** 
1-2 SPH 10.3 16.3 b 405.3 b 

AZ-54 7.2 11.0 c 394.7 b 

CBE 5 5.6 N.S. 25.6 a** 900.7 a** 
1-3 SPH 6.5 15.9 b 226.0 b 

AZ-54 6.6 11.0 c 187.3 b 

CBE 5 5.7 N.S. 25.6 a** 564.0 a** 
1-4 SPH 9.3 16.9 b 142.7 b 

AZ-54 7.7 11.8 c 292.0 b 

x = I-l = No stress, 1-2 = stress at pod-filling, 1-3 = stress at 
flowering and pod-filling, 1-4 = stress after seedling establish
ment. 

N.S. = Cultivars are not significantly different within the indicated 
water stress treatment. 

* = Means followed by the same letter within the same water stress 
treatment and column are not significantly different at the .05 
level according to the Least Significance Difference (LSD) test. 

** = Means followed by the same letter within the same water stress 
treatment and column are not significantly different at the 0.01 
level according to the LSD test. 
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adequate irrigation, SPH had significantly (P < 0.01) higher number of 

seeds per pod than either CBE 5 or AZ-54. When stressed, however, SPH 

did not form significantly more seeds per pod than the other two culti-

vars. These results indicate that SPH can form more seeds under normal 

conditions and that seed formation of this cultivar was affected more 

than the other two cultivars when stress was imposed at flowering and 

thereafter. 

Seed number of CBE 5 consistently decreased with prolonged 

water stress. A similar response appeared to have occurred for the 

two cultivars, but the number of seeds of SPH and AZ-54 under 1-4 was 

higher than under 1-3. The high seed number under 1-4 could have 

occurred due to fewer pods per plant. Since this parameter was not 

measured, no relationship could be made between pods per plant and 

seeds per pod. Shouse et al. (1981) found that when pod density was 

reduced due to soil water deficit, seed size increased but seed number 

per pod was also reduced. 

Large differences in 100-seed weights occurred among culti

vars, CBE 5 being large and AZ-54 small-seeded cultivars (Table 3). 

No consistent trend of response in seed size due to water stress ap

peared to have occurred, but the 100-seed weights of CBE 5 and AZ-54 

were higher under the driest than under the wettest treatment. Shouse 

et al. (1981) attributed larger seed sizes to lower pod density and/or 

small number of seeds per pod due to water deficit during flowering. 

Correlation of the agronomic parameters indicated that seed 

yield was not related with above ground biomass production, indicating 
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that the yield difference among cultivars may not be explained by veg

etative growth differences. Correlation with mean flower abscission 

per peduncle was also very small. However, seed yield appeared to have 

some relation with the percent pods per peduncle, although the corre

lation coefficients were low (R = .73, .56, .59, .76 for 1-1, 1-2, 1-3 

and 1-4, respectively). It also appears to be related to the seed 

weight (R = .69, .85, .90, .66 for 1-1, 1-2, 1-3, and 1-4, respec

tively). The difference in seed yield among cultivars, therefore, 

might be explained partially by the differences in percent pods and 

seed sizes. 

The correlation between seed number per pod and pods per 

peduncle was negative (R = -0.87, -0.77, -0.73 for 1-1, 1-2, and 1-4 

respectively). This indicates that when the number of pods formed 

per peduncle is reduced by factors such as water stress, more seeds 

tend to form in each pod. Assimilate source should be the limiting 

factor in this case. 

Soil Moisture Status 

The mean percent moisture content of soils under four of the 

irrigation conditions and four depths is shown in Figure 4. The 

moisture content of the 30 cm root zone under 1-1 and 1-2 was main

tained above 15% (by volume) approximately 47 days after planting (DAP). 

The water content declined below this level for 1-2 later in the pod-

filling stage. Percent moisture by volume of 1-3 and 1-4 under this 

same depth was maintained below 15% throughout the measurement period. 
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Figure 4. Volumetric moisture content of soil at four 
depths and four irrigation treatments during 
the 1982 growing season. 
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Only small fluctuations in soil water content at the 30 cm 

depth occurred under 1-3 and 1-4. This may have occurred for two 

reasons: less extraction from this zone and/or replenishment by rain

fall. It is likely that roots were absorbing moisture from this root 

zone some time prior to flowering; but the soil moisture status could 

have been maintained by the small and relatively frequent rainfalls. 

Because of the irrigations and rainfalls, more fluctuations in soil 

moisture content occurred at the 30 cm root zone for 1-1 and 1-2. 

These fluctuations in soil moisture content indicate that more mois

ture extraction had occurred at this root zone, although there may have 

been some evaporative losses. 

Soil moisture contents at 60, 90 and 120 cm depths of 1-2, 

1-3 and 1-4 progressively decreased almost throughout the measurement 

period (Figure 5). Progressive decrease of soil moisture also occurred 

for 1-1 at these same depths until 70 DAP; later, however, percent 

moisture increased at all depths. Percent moisture declined below 10% 

65 DAP at only 90 cm depth of 1-1, 45 DAP for 60 and 90 cm depth of 1-3, 

and 55 DAP for 90 and 120 cm depth of 1-4. No decline occurred below 

11% in the case of 1-1. 

Much of the water extracted until 45 DAP seems to have occurred 

at the 30 and 60 cm depths (Figure 5). Later, 60 DAP, absorption ap

peared to have occurred at 90 and also 120 cm root zones. Similar 

extraction patterns occurred for 1-2; however, later in the pod-

filling stage when stress was imposed, more depletion occurred at the 

90 and 120 cm root zones. 
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Soil moisture of 1-3 and 1-4 up to 50 DAP was progressively de

pleted at 30, 60 and 90 cm depths, but the depletion at 90 cm zone 

appears to be very small. Under both irrigation conditions, more de

pletion up to this date seemed to have occurred at the 60 cm zone. 

There should have been considerable extraction at the 30 cm root zone, 

but this is not clear from these data probably due to rainfall. Mois

ture extraction extended to the 90 and 120 cm depths 55 DAP. Moisture 

depletion at the 90 and 120 cm depths increased more than 1-4 and 1-3. 

Rooting depth and moisture extraction pattern of cowpeas, in 

general, appear to be as deep as 120 cm even when adequate moisture is 

supplied by irrigation. When moisture in the upper 60 cm is depleted, 

however, roots seem to extract more moisture from lower depths and 

these depths can be the major source of moisture. These results con

flict to some extent with what Turk et al. (1980) and Lawn (1982) have 

reported. Turk et al. (1980) estimated root zones for dry treatments 

to be 50 cm and for wet treatments to be 100 cm. Lawn (1982b) reported 

that moisture below 70 cm depth could not be utilized by cowpeas under 

a medium stress condition. When stress was more severe, however, he 

stated that "there was some evidence of extraction below this depth". 

Physiological Responses 

Five to six measurements of transpiration, stomatal diffusive 

resistance, leaf and cuvette temperatures were taken during the season 

using a steady state porometer. Statistical comparisons were per

formed separately for each sampling date. The analyses show that, 
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except in occasional cases, cultivars did not differ significantly in 

these physiological parameters. However, one of the cultivars had a 

consistently higher transpiration rate and lower diffusive resistance. 

The porometer calculates diffusive resistance of stomata from 

such factors as volume of dry air pumped into the cuvette, sampled 

leaf area (which is the porometer aperture), boundary layer resistance 

(assumed to be 0.15 s cm "*"), and the water vapor densities of cuvette 

air, internal leaf tissue (assumed to be 100%), and dry air pumped 

into the cuvette. SPH had significantly (P < 0.05) lower diffusive 

resistance values than CBE 5 or AZ-54 40 DAP under 1-1, and 42 DAP 

under 1-3 only. The difference in stomatal resistance of CBE 5 and 

AZ-54 was not significant in those two days. Measurements taken during 

the remaining sampling dates indicated no significant differences in 

stomatal resistance to water vapor diffusion values of cultivars. 

However, SPH had consistently lower resistance than the other two 

cultivars, especially when adequate moisture was available in the soil 

(Figure 6). When the soil dried out later in the growth stage, SPH 

tended to close its stomata more than the other two cultivars. 

When optimal moisture was applied (1-1), CBE 5 had higher stom

atal resistance than AZ-54 throughout most of the growing period 

(Figure 6). Under drier conditions (1-4), however, AZ-54 had higher 

diffusive resistance than CBE 5 (45 DAP). This indicates that the 

response of AZ-54 to water stress was more rapid than that of CBE 5. 

Later, 60 DAP, the diffusive resistance of SPH increased above that of 

CBE 5. 
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Stomatal resistance of all cultivars under all irrigation con

ditions tended to decline over the season. The highest diffusive res

istance on the first sampling date was 17.66 s cm-"'" in CBE 5 under I-l. 

Values above 20 s cm ^ were measured under other irrigation treatments. 

The lowest diffusive resistance values for all cultivars occurred later 

in the growth stages. Both SPH and AZ-54 had resistance as low as 0.6 

s cm 1 77 DAP under I-l. 

As with diffusive resistance, transpiration rates of cultivars 

were significantly different only occasionally. SPH, which had lower 

stomatal diffusive resistance than the other cultivars, had signifi

cantly higher transpiration rates 40 DAP under I-l and 1-2, and 42 DAP 

under 1-3 and 1-4. The cultivars did not significantly differ in this 

parameter throughout the remainder of the sampling dates. SPH had 

higher transpiration rates than the other two cultivars under all 

irrigation conditions, although the differences were not all statis

tically significant (Figure 7). The higher transpiration values of 

this cultivar appeared to be more consistent under adequate irrigation 

application. 

In many instances, transpiration rates of CBE 5 were less than 

AZ-54 especially when adequate water was applied. When no irrigation 

was applied throughout the season, however, CBE 5 maintained a higher 

transpiration rate than AZ-54. The variations in transpiration rate 

and diffusive resistance due to water stress was less for CBE 5 than 

for AZ-54. 
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Figure 7. Transpiration rates for California Blackeye No. 5 (CBE 5), Speckle 
Purple Fiull (SPH), and AZ-54 under optimal (Irrig. 1) and non-irrigated 
(Irrig. 4) conditions. 
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The overall trend of transpiration rate of all cultivars under 

all irrigation conditions seemed to increase with time (Figure 7). 

Fluctuations in the overall trends can be attributed to soil moisture 

and weather conditions. Less transpiration rate fluctuations occurred 

under the driest than under the wettest condition. CBE 5 grown under 

dry conditions showed a constant increase in transpiration rate over 

the season. 

Figure 7 shows the transpiration rates of all cultivars grown 

under the wettest (1-1) and driest conditions (1-4). Transpiration 

rates of all cultivars were consistently higher under unstressed than 

stressed conditions. 

Leaf temperature responses of cultivars were similar to the 

stomatal diffusive resistance responses (Figure 8). Cultivar differ

ences in leaf temperature were significant only in one case. Under 

optimum irrigation, leaf temperature of CBE 5 was higher than that of 

SPH by 0.87 and 0.44 C for 40 and 42 DAP, respectively. Thereafter, 

leaf temperatures of these two cultivars was almost equal; sometimes 

CBE 5 had lower leaf temperatures. The transpiration rate of CBE 5 

under this irrigation (1-1) condition was always less than SPH and 

AZ-54. 

Under this same irrigation (1-1), leaf temperature of CBE 5 was 

higher than that of AZ-54 by 0.69 C (40 DAP) and 0.51 C (42 DAP). 

Thereafter, CBE 5 had consistently lower leaf temperature than AZ-54. 

Under the most stressed condition (1-4), leaf temperature of 

CBE 5 was higher than that of SPH by 0.48 C (40 DAP) and 0.13 C (42 

DAP). Later, leaf temperature of CBE 5 decreased below that of SPH 
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although SPH had higher transpiration rates. In some instances, leaf 

temperature of CBE 5 was lower than that of SPH by 0.96 and 0.70 C. 

CBE 5 had also lower leaf temperatures than AZ-54, but the transpira

tion rate was higher for CBE 5. 

Under optimal irrigation, leaf temperatures of all cultivars 

were consistently lower than under the most stressed condition (Figure 

8). Obviously, this is the result of stomatal closure and reduced 

transpiration due to water stress. 

Leaf-cuvette (air) temperature differentials indicate that leaf 

temperatures were higher than cuvette (ambient) temperature until 60 

DAP for all cultivars and irrigation conditions. Later, however, leaf 

temperature decreased below that of the cuvette temperature for 1-1 

and 1-2. Under irrigations 3 and 4 which were the most stressed treat

ments, leaf temperature of all cultivars remained above cuvette temper

ature. The general trend of leaf temperature over the growing season 

seems to follow that of stomatal diffusive resistance: i.e., decreasing 

over the season. The highest leaf temperatures recorded for all culti

vars, 41.35, 40.87, and 40.75 C for CBE 5, SPH and AZ-54 respectively, 

were at the first date of measurement on the driest treatment. Leaf 

temperature declined progressively under all soil moisture conditions 

to values as low as 30 C. Lawn (1982) reported a mean leaf temperature 

of an unreleased CPI 28215 cowpea grown under optimal irrigation to be 

33 C. Under the most stressed condition, leaf temperatures of this 

cultivar was only 37.7 C. 
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There are no definite explanations as to why the leaf tempera

tures and stomatal diffusive resistances decreased and the transpira

tion rates increased over the season. However, changes in such 

factors as stomatal density and weather conditions could have occurred 

and could have been involved in the declines of diffusive resistances. 

It is likely that stomatal density on leaves that appear later in the 

season could be more than on those that appear earlier. Since meas

urements were based on unit leaf areas, such increases in stomatal 

densities can lead to lower diffusive resistances and higher transpira

tion rates. 

Increase in the evaporative demand of the air can also bring 

about increase in transpiration. Hall and Schulze (1980) found that 

both total transpiration per plant and per unit area increased with 

increasing vapor pressure deficit which was mainly due to increased 

temperature. Although other factors that affect vapor pressure deficit 

were not available, air temperature changes during the dates of samp

ling in this study were not great. 

Decrease in leaf temperature is probably due to increased 

transpiration rate. One remarkable observation, however, is the rela

tionship between leaf temperature and transpiration of these cultivars 

under stressed and unstressed conditions. CBE 5 which had lower trans

piration rate than SPH and AZ-54 under optimum irrigation did not show 

higher leaf temperatures. Leaf temperature of this cultivar was, in 

fact, lower than that of AZ-54 and was as low as that of SPH. Under 

stress conditions also leaf temperature of CBE 5 was less than that of 
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others. This indicates that CBE 5 has leaf temperature regulating 

mechanisms that are either lacking or less expressed by the other two 

cultivars. Shackel and Hall (1979) observed leaflet reorientation of 

cowpeas in response to drought and solar radiation conditions. It is 

likely that the strategy of avoiding drought by leaf angle change due 

to water stress and direction of solar radiation could have been more 

used by CBE 5 to avoid the sun than the other cultivars. 

Relationships of the physiological parameters (transpiration, 

diffusive resistance, leaf and cuvette temperatures) were determined 

by correlation. Transpiration rate was negatively correlated with the 

diffusive resistance. However, there was no kind of dependence of 

transpiration on cuvette temperature. The correlation of transpiration 

with leaf temperature was also low. Leaf temperature, in contrast to 

transpiration, was highly correlated with cuvette temperature. 

Experiment II 

California Blackeye 5 (CBE 5) which showed better responses to 

water stress than the other two cultivars (SPH and AZ-54) was selected 

for further study in Experiment II. In this experiment five water 

stress treatments were imposed at different developmental stages. 

These treatments resulted in highly significant differences of several 

agronomic and phyiological parameters. 

Water stress reduced above ground biomass and stem extension 

when imposed during active growing periods. Mean above ground dry 

matter weight and stem length of individual plants were significantly 

(P < 0.01) reduced due to water stress imposed at flowering stage or 
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throughout the growing period (Table 4). Main stem length and dry 

matter weight of plants under optimal irrigation (S-l) were higher 

than any other treatment but were significantly (P < 0.01) higher than 

only S-3 (stress at flowering) and S-5 (stress after seedling estab

lishment) . When plants were subjected to water stress throughout the 

growth period (S-5), dry matter yield was reduced by about 70% as com

pared to optimum irrigated plants. Main stem elongation was reduced 

by 59% of well-irrigated plants. 

Significant reductions of pods per peduncle, pods per plant, 

and peduncle length due to water stress have also occurred. Mean pods 

produced by peduncles or plants subjected to water stress throughout 

the growing cycle were significantly (P < 0.01) lower than plants 

under optimal irrigation or stressed only during pod-filling (S—2) 

stage (Table 5). Differences in pod number per peduncle or plant due 

to stress during flowering (S-3), both flowering and pod-filling (S-4), 

or all growth stages (S-5) were not significant. Mean peduncle lengths 

of S-5, S-4, and S-3 were significantly (P < 0.01) lower than S-l 

(Table 4). Generally, these agronomic parameters tended to decline 

with increasing severity of water stress. 

Although there was a slight increase in mean flower abscission 

per peduncle and a decrease in peduncle number per plant with in

creasing stress, differences between treatments in these parameters 

were not statistically significant. Percent abscission of reproductive 

organs increased with increasing water stress (Table 5): 82% for opti

mum irrigation to 91% for no irrigation treatments. Percent pods 
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Table 4. Dry matter production, peduncle and main stem growth of 
California Blackeye 5 under five water stress treatments. 

Water Stress 
Treatment 

Stem Length 
(cm) 

Dry Matter 
Weight 
(gm) 

Peduncle 
Length 
(cm) 

S-l 74.4 a** 142.5 a** 23.2 a** 

S-2 64.6 ab 118.9 ab 20.7 ab 

S-3 38.1 be 68.9 be 16.0 be 

S-4 51.8 abc 93.0 abc 18.1 be 

S-5 30.5 c 42.2 c 13.6 c 

x = S-l = No stress, S-2 = stress at pod-filling, S-3 = stress at 
flowering, S-4 = stress at flowering and pod-filling, S-5 = 
stress after seedling establishment. 

** = Treatment means followed by the same letter in a column are 
not significantly different at the 0.01 level according to the 
Least Significance Difference (LSD) test. 
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Table 5. Mean abscission of flower buds, opened flowers and young pods 
per peduncle, percent abscission and formed pods of total 
initiated flowers of California Blackeye 5 under five water 
stress treatments. 

Abscission 
Water Stress per Percent % Formed 
Treatment Peduncle Abscission Pods 

S-l 8.17 N.S. 81.66 18.34 

S-2 8.17 84.64 15.36 

S-3 8.59 88.20 11.80 

S-4 8.72 88.06 11.94 

S-5 8.99 90.81 9.19 

x = S-l = No stress, S-2 = stress at pod-filling, S-3 = stress at 
flowering, S-4 = stress at flowering and pod-filling, S-5 = stress 
after seedling establishment. 

N.S. = Treatment means are not significantly different. 



formed declined from 18% for optimum irrigation to about 9% for stress 

throughout the growing period. These results appear to agree with what 

Ojehomon estimated for cowpeas in general. Ojehomon (1972) stated that, 

under normal conditions, only 6 to 16% of the potential cowpea flowers 

reach maturity. Percent abscission of this cultivar in Experiment I 

(1982) was lower even under the most stressed condition. This could 

be due to the differences in rainfall that occurred during the growing 

periods. Obviously, however, water stress imposed at any growth stage 

when plants form flower buds, opened flowers, or young pods increases 

abscission of these reproductive organs. 

Mean seed yield and yield components of individual plants are 

presented in Table 7. These parameters were affected by water stress 

imposed at various growth stages. Dry seed yield per plant was signif

icantly (P < 0.01) reduced due to all stress treatments. Seed yield 

was significantly reduced when irrigation was withheld at flowering, 

both flowering and pod-filling, or all the developmental stages. Seed 

yield of plants when irrigation was withheld later in the season (pod-

filling) was lower than optimum irrigated plants, but the difference 

was not significant. 

Seed yield reduction when plants were subjected to water stress 

at all growth stages was approximately 78% of that of the optimum irri

gated plants. Seed yield reductions for S-2, S-3, and S-4 were 25, 53, 

and 43%, respectively. Yield reduction of plants under the most stressed 

conditions was higher in 1983 than in 1982. This may be attributed to 

less rainfall during the growing period of 1983. 
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Table 6. Mean peduncle and pod number per plant and pods per peduncle 
of California Blackeye 5 under five water stress treatments. 

Water Stress 
™ x 
Treatment 

Peduncles per 
Plant 

Pods per 
Plant 

Pods per 
Peduncle 

S-l 29.1 N.S. 41.0 a** 1.84 a** 

S-2 25.4 33.1 ab 1.47 ab 

S-3 24.7 21.9 be 1.14 be 

S-4 26.2 25.0 b 1.18 be 

S-5 17.5 10.6 c 0.91 c 

x = S-l = No stress, S-2 = stress at pod-filling, S-3 = stress at 
flowering, S-4 = stress at flowering and pod-filling, S-5 = stress 
after seedling establishment. 

N.S. = Treatment means are not significantly different. 

** = Treatment means followed by the same letter within a column are 
not significantly different at 0.01 level according to the Least 
Significance Difference test. 
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Table 7. Mean seed yield and yield components of individual plants 
of California Blackeye 5 subjected to five water stress 
treatments. 

Water Stress Seeds per 100-Seed Weight Seed Yield 
Treatment Pod (gm) gm/plant 

S-l 7.19 a** 22.79 N.S. 54.15 a** 

S-2 6.23 ab 22.88 40.38 ab 

S-3 5.46 abc 22.23 25.64 be 

S-4 5.50 abc 23.50 31.00 b 

S-5 4.09 c 23.55 11.73 c 

x = S-l = No stress, S-2 = stress at pod-filling, S-3 = stress at 
flowering, S-4 = stress at flowering and pod-filling, S-5 = stress 
after seedling establishment. 

N.S. = Treatment means are not significantly different. 

** = Treatment means followed by the same letter within a column are 
not significantly different at the 0.01 level according to the 
Least Significant Difference test. 
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Mean number of seeds per pod was also significantly (P < 0.05) 

reduced due to water stress imposed at flowering, both flowering and 

pod-filling or at all growth stages. Subjecting plants to water stress 

later in the pod-filling period did not significantly reduce this 

number. 

Differences in 100-seed weights among the treatments were in

significant. CBE 5 tended to have larger seeds when grown under water 

stress in Experiment I. These results do not agree with data reported 

by Shouse et al. (1981) who reported that relatively excess assimilates 

due to sink limitation by water stress can bring about increased seed 

size. Manual reduction of pod load under normal conditions has been 

shown to result in larger seeds (Ndunguru et al., 1978). 

Many of the agronomic parameters observed during the course 

of the experiment of CBE 5 showed significant relationships. Seed 

yields of individual plants were positively correlated to the above-

ground dry matter production, peduncle length, number of pods per 

plant, and number of peduncles per plant. Since water stress tended 

to decrease these parameters, reduction of seed yield with prolonged 

stress can be attributed to the effect of water stress on these para

meters. Therefore, higher values of these agronomic parameters under 

water stress can be used as indicators of better drought resistance. 

The above-ground biomass production of plants also showed posi

tive correlations with such parameters as peduncles and pods per plant, 

peduncle length, and seeds per pod. These relationships, in general, 

indicated that the better the plants can grow under water stress condi

tions the higher the seed yield will be. 
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Soil Moisture Extraction 

Moisture status of the soil over most of the 1983 growing season 

is shown in Figure 9. The volumetric percent soil moisture under opti

mum irrigation (S-l) was maintained above 15% throughout the season. 

Soil moisture of S-2 also was maintained above 15% for the 60 cm and 

lower profiles. Moisture content of the 30 cm root zone decreased below 

15% 65 DAP, during which time stress was imposed. Later, this increased 

again due to rainfall. 

The soil water content of the 30 and 60 cm root zones of S-3, 

S-4, and S-5 dropped to below 15% 45 DAP and remained between 10 and 

15% after this period. The soil moisture content of S-3 increased 65 

DAP when irrigation was resumed. Percent soil moisture of the 90 and 

120 cm root zones of S-l and S-2 were higher than those of S-3, S-4, 

and S-5. 

Figure 10 shows soil moisture content of treatments by profile 

for all measurement dates. Generally, moisture extraction by plants 

under S-l appears to be primarily at the 30 and 60 cm root zones. 

Some extraction also occurred at the 90 cm root zone later in the 

growth stage. Percent moisture at 120 cm depth of this treatment was 

maintained at about 22% during most of the growing cycle. This indi

cates that very little or no extraction by roots has occurred at this 

depth. 

The moisture extraction of S-2 was similar to that of S-l until 

about 65 DAP. Plants were adequately supplied with irrigation up to 

this time. After irrigation was withheld, however, plants appeared to 
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have depleted moisture at 90 and 120 cm. This indicated that when soil 

moisture deficit occurred, roots grew deeper and extracted more moisture 

from the lower undepleted profiles. 

The water extraction pattern of plants under S-3 was similar to 

that of plants under S-l. Much of the extraction occurred at the 30 

and 60 cm root zones. Depletion at the 90 and 120 cm root zones was 

very small. This may be an indication that water extraction from the 

90 and 120 cm profiles occurs later in the growth stage depending on 

the availability of moisture in the upper profiles. In this treatment, 

water was supplied by irrigation, thus roots did not have to grow deep

er. It could also be due to the low plant density. Plants under S-3, 

S-4, and S-5 were less dense, and this could have led to depletion of 

moisture only in the upper 60 cm root zone. 

The pattern of soil water extraction of S-4 and S-5 is similar. 

Under both treatments, depletion occurred from all profiles. Plants 

under S-4 extracted more moisture from the 30 and 60 cm root zones 

until 55 DAP. Extraction from the 90 and 120 cm depths occurred later 

(70 DAP). Similar extraction patterns hold for plants under S-5. 

However, less water extraction from the 30 and 60 cm root zones occurred 

for S-5 than for S-4. It seems that equal amount of water was extracted 

from all depths by plants in S-5. The reduced water absorption from the 

30 and 60 cm root zones of S-5, compared to other treatments, could 

have occurred due to less water availability, which in turn resulted 

in a very small vegetative growth. 

Soil moisture extraction by plants in 1982 occurred down to 

120 cm depths under all irrigation conditions. However, no water 
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absorption occurred at this depth when sufficient was available in the 

upper profile in 1983. Differences in plant densities may be an ex

planation for the differences in extraction patterns. In 1982, each 

bed was planted with two rows which resulted in a rapid vegetative 

cover of the ground and very dense plant population. In addition to 

the single row planted on each bed in 1983, such factors as soil incrus

tation due to heavy initial irrigation, insect pests, and root diseases 

which did not appear in 1982 resulted in a poor stand even under opti

mum irrigation. The dense plant population and vigorous vegetative 

growth in 1982, therefore, should have resulted in rapid water consump

tion and depletion in the upper profile thus causing deeper root growth. 

Generally, these results indicate that under normal growing 

conditions, cowpeas absorb moisture principally from the 60 cm soil 

profile. Some extraction also occurs at the 90 cm depth. When water 

is depleted in the upper 60 cm root zone, however, more water appears 

to be exploited from the 90 and even the 120 cm root zones. 

Physiological Responses 

Transpiration rate, stomatal diffusive resistance, and leaf 

temperature values for five of the water stress treatments are shown 

in Figures 11 and 12. Five to six measurements of these parameters 

and seven measurements of leaf water potentials (Table 8) were taken 

throughout the season. Measurements for each day were analyzed 

separately. The analyses indicate that water stress imposed at any 

growth stage significantly affected these parameters. 
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Figure 11. Transpiration rate and stomatal diffusive resistance of California Blackeye 
No. 5 under five water stress treatments (S—1 to S-5). 
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Table 8. Leaf water potentials (negative bars) of California Blackeye No. 5 cowpea under five 
water stress treatments. 

Water Stress Days After Planting 
X. 

Treatment 38 43 48 53 57 67 73 

S-l 3.8 a* 3.7 N.S. 3.1 a** 3.9 a* 3.0 a** 3.2 4.0 a** 

S-2 4.0 a 3.8 2.9 a 4.3 a 2.9 a 2.5 4.6 a 

S-3 4.1 a 3.8 4.7 ab 4.3 a 3.3 ab 4.1 4.4 a 

S-4 3.7 a 3.9 4.4 a 4.9 b 5.0 be 4.5 5.7 ab 

S-5 5.6 b 4.3 6.3 b 5.6 c 5.2 c 5.5 7.1 b 

x = S-l = No stress, S-2 = stress at pod-filling, S-3 = stress at flowering, S-4 = stress at 
flowering and pod-filling, S-5 = stress after seedling establishment. 

N.S. = Treatment means are not significantly different. 

* = Treatment means followed by the same letter within a column are not significantly different 
at 0.05 level according to the Least Significance Difference (LSD) test. 

** = Treatment means followed by the same letter within a column are not significantly different 
at 0.01 level according to the LSD test. 
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Thirty-eight days after planting (DAP), during which plants 

started initiating flower buds, transpiration rates for S-l, S-2, S-3, 

-2 -1 
and S-4 varied only between 11.63 to 12.36 ug cm s while that of 

-2 -1 
S4 5plants was 8.5 ug cm s . The transpiration rate of S-5 was not 

significantly lower than the other treatments. Irrigation was applied 

to four of the treatments (except S-5) one week ahead of the measuring 

date. S-5 was not irrigated for 22 days. 

The stomatal diffusive resistance and leaf temperatures of S-5 

plants were higher than in the other treatments 38 DAP. Leaf tempera

ture on this day was higher than air temperature for only S-5 plants. 

Leaf temperatures of the other treatments were lower than the air 

temperature obviously because plants had relatively high transpiration. 

When plants were at peak flowering (48 DAP), water stress for 

18 days reduced transpiration rate of S-3 and S-4 plants to about 60% 

of S-l and S-2 (unstressed) plants. Stress for 32 days reduced trans

piration rate of S-5 plants to 44% of the adequately irrigated plants. 

S-3 and S-5 plants had significantly lower transpiration than S-l 

plants. 

Sixty-seven DAP, during which plants were in the pod-filling 

stage, transpiration rates of S-3 and S-4 plants was still 60% of S-l 

and S-2 plants. S-5 plants were also transpiring as much as S-3 and 

S-4 plants. Differences between treatments were not significant on 

this date of sampling. The lack of significance can be attributed to 

the reduction of transpiration of S-l and S-2 plants since this meas

urement was taken before irrigation and S-l and S-2 plants appeared to 

have been stressed to some extent. 
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Measurements after irrigation (73 DAP) indicated significantly 

(P < 0.01) lower transpiration rate in S-5 than in S-1 plants. At 

this time, irrigation of S-3 plants which were stressed for 37 days 

was resumed. S-2 plants by this time were not irrigated for 19 days. 

In addition, S-4 and S-5 plants had not been irrigated for 43 and 57 

days, respectively. The prolonged stress resulted in transpiration rate 

reductions in S-5 plants to 20% of S-1 plants and that of S-2 and S-4 

plants to about 45% of S-1. Resumption of irrigation in cowpea (S-3) 

stressed for 37 days did not result in transpiration as high as un

stressed (S-1) plants. 

Stomatal diffusive resistance and leaf temperatures were in

creased by water stress, and in many cases the increases were signifi

cant. Diffusive resistance values of optimum irrigated plants were 

always lower than stressed (non-irrigated) plants. Diffusive resis

tances of S-1 plants were, sometimes, as low as 8% of the driest treat

ment . 

Leaf temperatures of irrigated cowpeas were also always lower 

than non-irrigated plants. Measurements taken after irrigation indi

cated a difference in leaf temperatures of up to 4 C between the driest 

and wettest treatments. Leaf temperatures of irrigated plants were 

always lower than air temperature. Depending on the level of soil 

moisture and transpiration rate, leaves of irrigated plants were 

cooler than the air temperature by 1 to 3.5 C. Leaf temperatures of 

stressed plants, on the other hand, were not higher or lower than the 

air temperature by more than 0.5 C. Leaf temperature of S-5 plants ex

ceeded air temperature by 1 C only in one case. 
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There was no consistency in trends of transpiration, diffusive 

resistance, or leaf temperatures over the season in 1983. In 1982, 

transpiration tended to increase and leaf temperature and diffusive 

resistance values tended to decrease over the season. This was not 

observed in 1983. However, S-l plants had the highest transpiration 

and the lowest diffusive resistance values late in the season. The 

variation in transpiration for S-5 plants over the season was not 

-2 -1 large. This was maintained between the range of 6 and 9 ug cm s 

-2 -1 
with the exception of 15 ug cm s late in the season when there 

were several rainfall events. 

Physiological parameters measured with the Li-Cor 1600 steady 

state porometer showed close relationships with each other. Transpira

tion was negatively related with stomatal diffusive resistance and 

leaf temperature. The relationship between transpiration and diffusive 

resistance was curvilinear. Correlation coefficients of the log 

transformations of both parameters measured at various growth stages 

varied from -0.95 to -0.99. The correlation of transpiration with 

leaf temperature was also negative (R = -0.67 to -0.77). Unlike the 

diffusive resistance and leaf temperature, cuvette temperature does 

not appear to be closely related to transpiration. This may be an in

dication that factors that control transpiration such as the stomatal 

aperture are affected more by environmental factors other than the air 

temperature. 

The relationship between diffusive resistance and leaf tempera

ture was also curvilinear. Log resistance was positively correlated 



72 

with leaf temperature (R = 0.74 to 0.86). Cuvette temperature did not 

show any relationship with diffusive resistance. However, it seemed to 

be positively related to leaf temperature (R = 0.48 to 0.75). 

Leaf water potentials measured with the pressure chamber were 

significantly different for water stressed and unstressed plants 

(Table 8). Mean water potentials for S-5 plants were significantly 

(P < 0.01) lower than optimum irrigated (S-l) plants when measurements 

were taken two to three days after irrigation. Water potentials of S-3 

and S-4 plants were significantly (P < 0.05) lower than S-l and S-2 

(adequately irrigated) plants only in some instances. Measurements 

one or two days before irrigation showed differences which are either 

significant only at the 0.05 level or are not significant at all. 

Differences in leaf water potentials of stressed and unstressed 

plants taken early in the morning were not great, although values for 

the most stressed plants appear to be high. The greatest difference in 

the water potential of the most stressed and unstressed plants was only 

3.3 bars which was not far from what Turk et al. (1980) found for pre

dawn measurements. Decrease in water potential due to progressive 

stress was also small. 

These results indicate that cowpeas can maintain high tissue 

water status even under extreme water stress conditions. Such main

tenance of high water potential could have been due to stomatal closure 

(Lawn, 1982), small evaporative surface area (Turk et al., 1980; Hall 

and Schulze, 1980) , and even due to leaf angle movements in response 

to the direction of solar radiation (Shackel and Hall, 1979). Although 
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no numerical measurements were made, leaves of stressed plants, in con

trast to unstressed plants, were obviously in vertical arrangements and 

therefore seemed to avoid the sun during the hottest part of the day. 



SUMMARY AND CONCLUSIONS 

Agronomic and physiological responses of the cowpea crop to 

water stress were field studied during the summer of 1982 and 1983 at 

the Campbell Avenue Farm of the University of Arizona, Tucson. Growing 

conditions were more favorable in 1982 than in 1983. 

In 1982, comparison of three cultivars, California Blackeye 

#5 (CBE 5), Speckle Purple Hull (SPH) and AZ-54, under four unreplicated 

irrigation treatments did not show significant differences among culti

vars in vegetative production. Increased severity of water stress, how

ever, progressively reduced vegetative growth. Under the most severe 

stress treatment, vegetative growth of CBE 5 was reduced more than that 

of SPH or AZ-54 which can be a strategy of avoiding water stress. 

Differences among cultivars in reproductive abscission were not 

significant. However, SPH had consistently higher abscission under all 

irrigations and had significantly lower number of pods per peduncle 

under the two most stressed treatments. Besides, the percent formed 

pods of SPH was the lowest, while the number of potential flowers of 

this cultivar was the highest. These results indicate that SPH is in

herently characterized by excessive abscission of reproductive organs. 

Large differences in seed size among cultivars occurred. Culti

vars did not differ in the number of seeds per pod when water stressed, 

but stress appeared to decrease seeds per pod of all cultivars. 

Differences among cultivars in these parameters were reflected on the 

7 4 
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seed yield. CBE 5, which had less abscission, more pods per peduncle, 

and larger seeds significantly yielded higher than the other two culti-

vars. Percent yield decrease due to water stress was less for CBE 5, 

although reduction of vegetative growth due to stress was more for 

CBE 5 than SPH or AZ-54. 

Soil moisture content measured with the neutron probe device 

at four depths indicated that cowpea plants absorb water from the soil 

profile as deep as 120 cm. Such an absorption occurred under both 

stressed and nonstressed treatments. However, it appeared that more 

water is extracted from deeper profiles when plants were stressed. 

Cultivars appeared to be different in stomatal diffusive resis

tance, transpiration and leaf temperature, but differences were signif

icant only in some instances. With optimal irrigation, stomata of SPH 

remained more open and transpired more water than CBE 5 or AZ-54. 

When water stressed, however, stomata of SPH were more resistant to 

water vapor diffusion than that of the other two cultivars. Diffusive 

resistance decreased and transpiration rate tended to increase for all 

cultivars under all irrigation treatments over the growing season. 

Variation in transpiration rate between stressed and nonstressed plants 

was smaller for CBE 5 than for SPH or AZ-54. 

Leaf temperatures of cultivars when adequately irrigated were 

highest for AZ-54. Leaf temperature of CBE 5 which had the lowest 

transpiration rate was as low as that of the high transpiring cultivar, 

SPH. When water stressed, CBE 5, which was intermediate in transpira

tion, had the lowest leaf temperature. This indicates that CBE 5 has 
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leaf temperature regulating mechanisms that are either lacking or less 

expressed in the other two cultivars. 

In 1983, CBE 5 which showed some desirable responses to water 

stress was further evaluated under water stress imposed at various 

developmental stages. Water stress significantly reduced vegetative 

growth when imposed during periods of active plant growth. Mean pods 

per peduncle, pods per plant, and peduncle length were also signific

antly reduced by water stress. Reduction of peduncles per plant and 

increase of reproductive organ abscission due to water stress were not 

significant. Mean seed yield of individual plants, on the other hand, 

was substantially reduced. 

Soil water content of stressed treatments was generally less 

than that of nonstressed treatments. Cowpea plants in this soil type 

appeared to extract water from the upper 60 cm profile when adequate 

was available in this zone. When soil water deficit occurred, roots 

appeared to deplete moisture from deeper profiles. Water extraction 

patterns observed in 1982 and 1983 were not in complete agreement which 

can be attributed to the differences in growth and planting density. 

Statistical comparison of treatments indicated that water stress 

significantly affects transpiration rate, stomatal diffusive resistance, 

and leaf temperature. Trends observed over the growing season of 1982 

were not observed in 1983. However, the highest transpiration rates 

and the lowest diffusive resistance of well-watered plants occurred 

late in the season. Stress also significantly reduced leaf water 

potential measured with the pressure chamber. The differences in 
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leaf water potential between stressed and nonstressed plants was not 

large. 

In general, the drought resistance mechanism of cowpeas appeared 

to be avoiding stress by maintaining high tissue water status. Although 

some water absorption from deeper profiles occurs as a result of soil 

water deficit, reduction of transpiration loss appears to be the prin

cipal strategy of maintaining high tissue water status. Increased 

stomatal resistance to water vapor diffusion (CC>2 diffusion as well) 

in turn seems to be the main strategy of cutting transpiration. Re

duced vegetative growth, which can be attributed partly to stomatal 

closure, also contributes to the reduction of total transpiration. 

Transpiration reduction by mechanisms that regulate leaf temperature 

such as leaf angle change also appear to be considerable. 

Strategies that regulate leaf temperature such as the leaflet 

rearrangement in response to water stress may be more desirable than 

stomatal closure, since these help to keep leaves cooler. Cooler 

leaves are more favorable for the photosynthetic apparatus including 

CC>2 exchange. 

Stomatal closure, on the other hand, is undesirable in that it 

limits the photosynthetic productivity of leaves and consequently 

growth and development of the whole plant. The ultimate consequence 

of reduced growth is reduced economic yield. This characteristically 

happens to cowpeas. However, it appears that there are genotypic 

differences in the water stress avoidance strategies. CBE 5 in this 

experiment, for example, showed less variation in stomatal resistance 
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as well as transpiration under stressed and nonstressed conditions. 

It also had leaf temperature regulating mechanisms that are less ex

hibited by the other two cultivars. CBE 5 grew less but yielded (dry 

seeds) more than the other two cultivars when severely stressed which 

may be an indication that more partitioning of assimilates to develop

ing seeds has occurred for CBE 5. 

Despite the uncertainties of the success of breeding programs 

geared towards developing drought resistant plants (Bidinger, 1980), 

such genotypic variabilities can be utilized to improve crop produc

tivity under drought. Cowpea particularly has some encouraging 

features such as its indeterminate growth habit (Summerfield et al., 

1974) and developmental placticity (Turk et al., 1980; Lawn, 1982). 

It is therefore quite possible that the drought adaptability and 

productivity of cowpea can be improved by selecting for genotypes with 

favorable physiological and agronomic features. 
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