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Abstract 
Present research was conducted to assess the performance of four cowpea genotypes (Fodder cowpea-1, 

konkansadabahar, ACP-109, PCP-9702-1) under moisture stress conditions, at research farm department 

of Agricutural Botany COA, Dapoli, DBSKKV, Dapoli (M.S.). The chlorophyll content showed 

considerable amount of variability. It was obsereved that chlorophyll content increased with advancing 

age of plants, upto 75 DAS after that it decreased. at 60DAS genotype konkansadabahar followed by 

ACP-109 showed less reduction in chlorophyll content under severe stressed (26.41%) and (31.93%) 

condition, than two other genotypes studied, indicated that genotype konkansadabahar and ACP-109 

recorded comparably higher photosynthetic rate along with lower transpiration rate which might have 

resulted in higher dry matter production and yield of cowpea. The proline accumulation was higher under 

water stressed condition than irrigated condition. Further genotype konkansadabahar and fodder cowpea-

1 accumulated (56.7%) and (48.3%) more proline under severe stressed condition as against zero stressed 

condition than two other genotypes studied. In other words inherently drought tolerant genotypes showed 

tendancy to generate great amount of proline under water stress condition. 
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Introduction 
Pulses have been recognized as a major source of vegetable protein with needed minerals and 

vitamins. They play a vital role in maintaining soil fertility by fixing atmospheric nitrogen. 

Among pulses, Cowpea (Vignaunguiculata (L.) Walp.) is most important legume crop in Asia, 

Africa, Australia and U.S.A. Water stress is the most common adverse situation which affects 

the production of agricultural crops all over the world. Konkan region of Maharashtra 

represents a typical contrasting situation of ample availability of water through assured and 

heavy monsoon rainfall (average 3,500 mm) occurring rigidly only during June to October on 

one hand and ever-increasing terminal water stress caused by a high infiltration rate (4.4 

cm/hr), poor water holding capacity (27.15 to 30.30 per cent at field capacity and 16.60 to 

18.10 per cent at P.W.P. (Dongale et al., 1987) on the other hand. Practically no rainfall from 

October to May accentuates the strength of water stress which limits the yield of field crops, 

commonly the grain legumes viz., cowpea, horsegram, lablab bean etc. which are grown on 

stored soil moisture in rice fallows during post monsoon season. It is well known fact that 

cowpea has greater developmental plasticity than some of the cultivated legumes which 

imparts it drought tolerance.The present study was studied to reveal the component traits 

responsible for developmental plasticity and mechanism of sustaining yield levels in water 

deficit conditions with support of growth analysis and biochemical investigation. To 

investigate the impact of moisture stress on morpho-physiological traits of cowpea genotypes. 

To study the impact of moisture stress on various growth parameters and biochemical 

parameters of cowpea genotypes.To find out moisture stress tolerant, high yielding and high 

biomass producing genotypes of cowpea.  

 

 Material and Methods  

The experimental material for the study consisted of 4 genotypes of cowpea. The seeds of four 

cowpea genotypes were collected from Research farm, Department of Agril. Botany, College 

of Agriculture, Dapoli.The experiment comprised of 4 genotypes of cowpea laid out in split 

plot Design with three replications provided with three different moisture stress levels.The 

experiment was conducted in Split Plot Design with three replications. The stress treatments 

were imposed at three different levels.  
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In first moisture stress treatment, crop was gron on control 

with zero stress from sowing to maturity. In second moisture 

stress treatment, cowpea crop was subjected to moisture stress 

from pre flowering to maturity, i.e. withhelding irrigations 

from 40 DAS; and third stress treatment was taken as cowpea 

crop was grown on available residual soil moisture from 

sowing to the maturity. 

 

Experimental Results 

Chlorophyll content plays vital role in the process of 

photosynthesis, thus having direct influence on grain 

production. In the present investigation, total chlorophyll 

content was estimated periodically amongst the 4 different 

genotypes. It was observed that the chlorophyll content 

increased with advancing age of the crop upto 75 DAS, after 

that it decreased. The chlorophyll content from 60 DAS 

onwards was however, more or less steady. At 60 DAS 

genotype Konkansadabahar, followed by ACP-109 showed 

less reduction in chlorophyll content under severe (26.41%) 

and (31.93%) stressed condition than two other genotypes 

studied. These genotypes viz; Konkansadabahar and ACP-109 

recorded comparably higher photosynthetic rate along with 

lower transpiration rate which might have resulted in higher 

dry matter production and yield of cowpea. 

A wide range of variability was observed amongst the 

genotypes for total chlorophyll content. The varietal 

differences for chlorophyll content in cowpea crop were also 

reported by Reddy et al., (2000), Garget al., (2005) and Nair 

et al., (2006).  

The phenomenon of proline accumulation by plant tissues 

during water deficit has attracted considerable attention. 

There are evidences which suggest that proline accumulation 

provides protection to enzymes against dessication. It has 

been suggested that the proline accumulation is likely to occur 

in short time at cellular level against water stress (R. 

Seerajet.al; 2004).  

In current investigation, a clear picture has been revealed 

about the proline accumulation and drought resistance. In all 

three different water stress treatments the magnitude of 

proline content was higher under severe and strong stressed 

conditions than under zero stressed condtion.The present 

findings also followed the earlier findings of Chandrashekhar 

et al., (2000) in green gram, where in, they stated that 

accumulated proline possibly contributed towards osmotic 

adjustment and played a major role in maintaining turgor at 

fluctuating soil water potential. Further, genotypes 

Konkansadabahar and fodder cowpea-1 accumulated 56.7 % 

and 48.3% more proline under severe stressed condition as 

against zero stressed condition than two other genotypes 

studied. In other words inherently drought tolerant genotypes 

showed tendancy to generate great amount of proline under 

water stress condition. From above discussion it is clear that 

genotypes varied significantly for accumulation of proline 

under water stress condition.These results are in accordance 

with, Schen et al; (1990), Purushottam et al., (1998), 

Chandrashekhar et al., (2000) and Narshimha, (2003)  

Thus, from the above biochemical studies, it could be inferred 

that chlorophyll and proline content could be taken as one of 

the parameters while screening for drought tolerance. 

 

Varietal Differences 
At 45 DAS, the highest mean total chlorophyll content was 

observed in genotype Konkansadabahar (10.818 mg/g), 

followed by fodder cowpea-1 (10.768 mg/g). The lowest total 

chlorophyll content was found in genotype ACP-109 (9.972 

mg/g) and PCP-9702-1 (7.518 mg/g).  

At 60 DAS, the maximum total chlorophyll content was found 

in genotype fodder cowpea-1 (13.505 mg/g), which was 

significantly superior over all the genotypes. The minimum 

total chlorophyll content was found in genotype PCP-9702-

1(9.385 mg/g) which was significantly lowest over all the 

genotypes. 

At 75 DAS, the highest total chlorophyll content was found in 

genotype fodder cowpea-1 (12.082 mg/g), followed by ACP-

109 (10.767 mg/g) and Konkansadabahar (10.766 mg/g) 

which were at par with each other. The lowest total 

chlorophyll content was found in genotype (8.205 mg/g) 

which was significantly lowest over all the genotypes. 

At harvest, the highest total chlorophyll content was found in 

genotype fodder cowpea-1 (9.112 mg/g), which was 

significantly superior over all the genotypes. The lowest total 

chlorophyll content was found in genotype PCP-9702-1 

(7.441 mg/g). 

The chlorophyll content showed considerable amount of 

variability. It was observed that the chlorophyll content 

increased with advancing age of the crop upto 75 DAS, after 

that it decreased. At 60 DAS genotype Konkansadabahar, 

followed by ACP-109 showed less reduction in chlorophyll 

content under severe (26.41%) and (31.93%) stressed 

condition than two other genotypes studied. These genotypes 

viz; Konkansadabahar and ACP-109 recorded comparably 

higher photosynthetic rate along with lower transpiration rate 

which might have resulted in higher dry matter production 

and yield of cowpea. 

Data pertaining to mean proline content, as influenced by 

different water stress treatments are given in Table 20 and 

illustrated in fig. 20. Table indicated significant differences 

amongst 4 genotypes studied at 45, 60, 75 DAS and at 

harvest. Mean values of proline content recorded in over all 4 

genotypes were 0.540, 0.665, 0.754 and 0.893 µmol/g at 45, 

60, 75 DAS and at harvest respectively. 

 

Main effect of moisture stress 

From 45 DAS onwards, the difference in proline content in all 

varieties due to stress treatments became more and more 

prominent. 

At 60 DAS, the pattern of variation in proline content was as 

in zero stress (0.413), strong stress (0.614) and in severe 

stress (0.806). At this stage zero, strong and severe stress had 

distinct influence on proline accumulation. 

Whereas, at 75 DAS, it was in zero stress (0.465), strong 

stress (0.778) and in severe stress (0.967). At this stage 

Severe stressed plants accumulate heaviest proline followed 

by strong stressed plants whereas plants under zero stress 

accumulate lowest proline. 

 

b) Varietal Differences 
At 45 DAS, the highest mean proline content was observed in 

genotype fodder cowpea-1 (0.568 µmol/g), followed by 

genotypes, Konkansadabahar (0.471 µmol/g) and PCP-9702-1 

(0.469 µmol/g), which were at par with each other. The 

lowest proline content was found in genotype ACP-109 

(0.368 µmol/g). 

At 60 DAS, the maximum proline content was found in 

genotype fodder cowpea-1 (0.745 µmol/g), followed by 

genotype Konkansadabahar (0.624 µmol/g). The minimum 

proline content was found in genotype ACP-109 (0.599 

µmol/g), followed by genotype PCP-9702-1 (0.504 µmol/g). 

At 75 DAS, the highest proline content was found in genotype 

Konkansadabahar (0.836 µmol/g), followed by genotypes 
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fodder cowpea-1 (0.808 µmol/g) and ACP-109 

(0.737µmol/g). The lowest proline content was found in 

genotype PCP-9702-1 (0.604 µmol/g) which was significantly 

lowest over all the genotypes. 

At harvest, the highest proline content was found in genotype 

Konkansadabahar (1.004 µmol/g), which was significantly 

superior over all the genotypes. The lowest proline content 

was found in genotype PCP-9702-1 (0.689 µmol/g).The 

Proline accumulation was higher under water stressed 

conditions than irrigated condition. Further genotypes 

Konkansadabahar and fodder cowpea-1 accumulated 56.7 % 

and 48.3 % more proline under severe stressed condition as 

against zero stressed condition than two other genotypes 

studied. In other words inherently drought tolerant genotypes 

showed tendancy to generate great amount of proline under 

water stress condition. 

Conclusion  
In conclusion, it is to be stated that, a wide range of variability 

existed for the different growth and yield parameters among 4 

cowpea genotypes. Among four genotypes of cowpea studied, 

under three different water stress conditions genotypes, fodder 

cowpea-1 followed by konkansadabahar recorded high yield 

under severe stressed condition, owing to their higher 

efficiency to accumulate more proline, chlorophyll content. 

This showed attributed to better yield. This information may 

be helpful for better understanding of concepts of critical 

stages of vegetative and reproductive growth and its 

applications to the effect of drought on various aspects of 

growth and yield of cowpea. It can be employed for crop 

improvement programme as well as efficient management 

practices for cowpea production in drought prone conditions. 

 

Table 1: Influence of various degrees of water stress on proline content (µmol/g) in cowpea genotypes at various phases of plant growth 
 

Genotypes 
Degrees of water stress 

SE  CD at 5% 
Zero Strong Severe Mean 

45 DAS 

Fodder Cowpea -1 0.550 0.545 0.763 0.619 V. 0.0074 0.0217 

PCP 9702-1 0.461 0.582 0.578 0.540 S. 0.0070 0.0271 

Konkansadabahar 0.428 0.546 0.670 0.548 S × V 

0.0223 

 

 

0.0722 

 

ACP -109 0.322 0.413 0.616 0.450 

Mean 0.440 0.521 0.657 0.540 

60 DAS 

Fodder Cowpea -1 0.662 0.794 0.866 0.774 V. 0.0112 0.0327 

PCP 9702-1 0.471 0.479 0.705 0.552 S. 0.0100 0.0384 

Konkansadabahar 0.510 0.684 0.863 0.686 S × V 

0.0336 

 

 

0.1080 

 

ACP -109 0.420 0.662 0.859 0.647 

Mean 0.516 0.655 0.823 0.665 

75 DAS 

Fodder Cowpea -1 0.502 0.850 1.152 0.835 V. 0.0103 0.0301 

PCP-9701-2 0.441 0.608 0.832 0.627 S. 0.0124 0.0474 

Konkansadabahar 0.660 0.864 0.903 0.809 S × V 

0.0309 

 

 

0.1033 

 

ACP -109 0.473 0.843 0.922 0.746 

Mean 0.519 0.791 0.952 0.754 

90 DAS 

Fodder Cowpea -1 0.640 0.886 1.441 0.989 V. 0.0105 0.0384 

PCP 9702-1 0.494 0.781 0.946 0.740 S. 0.0080 0.0306 

Konkansadabahar 0.970 1.045 1.049 1.021 S × V 

0.0316 

 

 

0.0999 

 

ACP -109 0.585 0.872 1.010 0.822 

Mean 0.672 0.896 1.112 0.893 

 
Table 2: Influence of various degrees of water stress on total chlorophyll content (mg/g f.w.) in cowpea genotypes at various phases of plant 

growth: 
 

Genotypes 
Degrees of water stress 

SE  CD at 5% 
Zero Strong Severe Mean 

45 DAS 

Fodder Cowpea -1 12.59 10.66 9.36 10.77 V. 0.0471 0.1378 

PCP 9702-1 9.33 7.87 5.56 7.52 S. 0.0448 0.1720 

Konkansadabahar 12.64 10.42 9.40 10.82 S × V0.1415 0.4587 

ACP -109 11.81 9.48 8.72 9.97 
  

Mean 11.57 9.53 8.21 9.77 

60 DAS 

Fodder Cowpea -1 15.73 13.78 11.10 13.51 V. 0.0233 0.0683 

PCP 9702-1 11.37 9.49 7.50 9.39 S. 0.0157 0.0603 

Konkansadabahar 14.43 11.30 10.62 12.11 S × V 0.0701 0.2186 

ACP -109 14.85 11.10 10.18 12.00 
  

Mean 14.15 11.38 9.82 11.75 

75 DAS 

Fodder Cowpea -1 13.72 11.45 11.18 12.18 V. 0.0240 0.0702 

PCP-9701-2 9.24 8.22 7.26 8.21 S. 0.0091 0.0351 

Konkansadabahar 12.46 10.63 9.32 10.77 

S × V 0.0721 
0.2160 

 
ACP -109 12.62 10.79 9.00 10.77 

Mean 11.98 10.25 9.14 10.5 
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90 DAS 

Fodder Cowpea -1 10.16 9.70 9.09 9.11 V. 0.0443 0.1296 

PCP 9702-1 9.02 8.09 6.07 7.44 S. 0.0691 0.4608 

Konkansadabahar 10.02 7.24 7.79 8.92 
S × V 0.1331 

 
 ACP -109 10.16 8.96 7.14 8.63 

Mean 9.73 8.33 7.52 8.53 
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