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Six genotypes were studied of which each three genotypes from 

blackgram and greengram. Drought has been found to decline the 

almost all the morphological characters including leaf area  in both the 

crops as compared to those of irrigated ones. The plant height is 

reduced, plants not having branches, even one or two plants having 

branches with shorter and  unproductive , number of pods per plant,  

pod length and number of seeds per pod also much reduced. The 

hundred seed weight (g), single plant yield and dry matter production 

(kg/ha) were reduced compared to irrigated condition.  The susceptible 

genotypes of Co 8 in greengram and Co 6 in blackgram were much 

reduced in all the biometrical characters compared to water stress 

tolerant genotypes VRM(Gg)1 and VMGG012-005 in greengram and 

VBN(Bg)4 and VBN(Bg)6 in blackgram.  Among the genotypes CO 8 

in greengram and CO 6 in blackgram had very low membrane stability. 

The reduction in photosynthesis under stress can also be attributed to a 

decrease in chlorophyll content in all the genotypes especially very 

high in Co 8 greengram and Co 6 in blackgram 

The increased proline accumulation in drought tolerant genotypes of 

VRM(Gg)1 and VMGG 012 -005 in greengram and VBN(Bg)4 and 

VBN(Bg)6 in blackgram are showed tolerance to drought. The 

correlation between the leaf proline content and soil moisture content 

was found to be negatively correlated at the same time correlation 

between chlorophyll Stability index (CSI) and soil moisture was found 

to be positively significant  in both greengram and blackgram. 
                   
 

               Copy Right, IJAR, 2017,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Some of the existing ruling greengram and blackgram varieties have given minimum yield under water stress 

condition. To test verify the real fact of these varieties, the experiment was started with greengram and blackgram 

varieties.  Water stress is abiotic factor affects plant's morphological, physiological and biochemical activities of the 

plant.  Crop production is completed affected by periodical, regular and continuous droughts. Agriculture is the 

biggest consumer of water. Water is the main source involving for all activities of plant growth throughout the life 

of the crop plants. A complete Agriculture means which includes of seed to seed. Without soil seed will germinate 

Corresponding Author:- M. Pandiyan. 

Address:- Agricultural Research Station, Virinjipuram, 632 104 Vellore. 

http://www.journalijar.com/


ISSN: 2320-5407                                                                                      Int. J. Adv. Res. 5(2), 489-496 

490 

 

but without water seed will not germinate. Water is essential medium for seed germination, seedling growth, 

vegetative period of the crops, flowering and translocate assimilate throughout the body of the plants from roots to 

top of the plants and leaf to bottom of the plants (Kijne., 2006) Food productivity is decreasing involved various 

factor such as drought, extreme temperature, cold, heavy metals, or high salinity, severely impair plant growth and 

productivity worldwide. But only Drought, being the most important environmental stress, severely impairs plant 

growth and development, limits plant production and the performance of crop plants, more than any other 

environmental factor (Shao et al., 2008).  Accumulation of proline in plants is a well known tolerance mechanism to 

drought stress which acts as cellular osmotic adjustor and also protects and stabilizes essential cell components like 

protein, photosynthetic apparatus and detoxify Reactive Oxygen Species (ROS) etc. Pulse crops green gram (Vigna 

radiata L.) and black gram (Vigna mungo L.) are two most important protein sources that are grown in all over India 

as well as in Tamil Nadu. In addition, it also plays an important role in sustaining soil fertility by fixing atmospheric 

nitrogen. Therefore in the present experiment we tried to evaluate the various, morphological , physiological and 

biochemical changes taking place in selected pulse genotypes under drought stress and normal condition. 

 

Aims and objectives:- 

1. To study the greengram and blackgram genotypes under water stress and normal condition to test verify the 

reality of tolerance and confirmation through morphological, physiological and biochemical parameters  

2. To observe the changes in these parameters during drought.  

3. To study the overall effect of drought on yield components. 

 

Materials and Methods:- 
A total of six genotypes taken for this study,  four genotypes already known for tolerant to drought and high 

temperature under normal cultivation at field level which are again test verify the real drought tolerance of the 

varieties  under irrigated and drought conditions.  The drought tolerant genotypes namely VRM(Gg)1 and  

VMGG012-005 in greengram and VBN(Bg)4 and  VBN(Bg)5 in blackgram were imposed to drought and irrigated 

situation along with check varieties of Co 8 in greengram and Co 6 in blackgram. This trials was laid out during 

January- March 2016 at TNAU Agricultural Research Station Virinjipuram, Vellore.  The seeds was sown in 4x3 m
2
 

plot, four irrigations were given as per the schedule of 1
st
 , 7

th 
, 25

th
  and 40

th
  DAS. During growth and reproductive 

periods no irrigation was given in drought imposed plot of both greengram and blackgram crops. The morphological 

characters were recorded in both condition of normal and drought imposed plots. The biometrical  characters namely  

plant height (cm),  No. of branches / plant, Length of branches (cm), No. of pods per plant, Pod length (cm), No. of 

seeds per pod, Hundred seed weight  (g), Seed yield / plant (g) and Dry matter production were recorded. The 10 

plants from each genotypes were taken for work out the mean. 

 

Soil Analysis:- 

The collected soils were processed and analyzed for soil pH, EC using standard methods at the beginning of the 

experiments. Soil moisture was recorded immediately after second day of irrigation at middle of the plot in each in 

the irrigated plot and as same day soil moisture was also recorded in drought imposed.  Soil moisture content was 

determined by gravimetric method at regular interval.  

 

Plant morpho-physiological analysis:- 

Leaf membrane stability index:- 

Membrane stability index (MSI) was determined according to the method of    Premchandra et al., 1990) as 

modified by (Sairam, 1997). Leaf materials (0.1 g) were thoroughly washed in running tap water at 40 ºC for 30 

min. After the expiry of the period their electrical conductivity was recorded by conductivity bridge (C1). 

Subsequently the same samples were placed in boiling water bath (100 ºC) for 10 min and their electrical 

conductivity recorded as above (C2). MSI was calculated with the following equation:  MSI= [1-(C1 / C2)]×100  

 

Leaf area index:- 

Leaves from 10 plants in each genotype were cut and leaf area was measured in cm
2
 by green leaf area meter (OSK-

Model GA-5).  

 

Plant biochemical analysis:- 

Chlorophyll-a, chlorophyll-b and total chlorophyll were determined. The carotenoid content were also estimated as 

per the procedure. Chlorophyll stability index was also calculated periodically using the following formula: (CSI %) 

= (Total Chlorophyll under stress/Total Chlorophyll irrigated condition as control) × 100. 



ISSN: 2320-5407                                                                                      Int. J. Adv. Res. 5(2), 489-496 

491 

 

 Proline:- 

Determination of free Proline was estimated using the method of Bates et al. (1973). Samples were homogenized in 

10 mL 3% (w/v) sulfosalicylic acid, and proline was assayed by the acid ninhydrin method. The absorbance was 

measured spectrophotometrically at 520 nm. Proline was calculated based on µM. g-1. FW. The Leaf proline content 

was analysed at 20
th

 DAS and 40
th 

DAS. The obtained data were analyzed using the statistical package PASW 

statistics. 

 

Results and Discussion:- 
In the present study which included six genotypes for the experiment and  three genotypes from each crop of 

blackgram and greengram. During the crop period temperature and rainfall were recorded (Table 1.a).  Soil moisture 

content was analyzed at four stages of the varietal plots and every time samples were taken for analysis at second 

day after irrigation (Table 1.)  at both the conditions of Irrigated (Table 2)   and drought  (Table 3). There is no 

rainfall received during the entire period of the crop growth. 

Table :- .a Weather data - January  15
 
.1.2016 – March 31.3.2016 during the crop period  

Sl.No Weekly Interval Min Temp ( 
o
C) Max Temp (

o
C) Rainfall (mm) 

1 January -15.1.2016 13.0 30.0  

 

 

 

 

No 

2 22.1.2016 13.0 30.0 

3 29.1.2016 13.0 30.57 

4 5.2.2016 13.0 32.14 

5 12.2.2016 13.0 32.71 

6 19.2.2016 13.43 32.86 

7 26.2.2016 14.0 35.0 

8 4.3.2016 14.0 34.0 

9 11.3.2016 14.0 34.29 

10 18.3.2016 14.0 36.57 

11 25.3.2016 14.0 38.57 

12 March-31.3.2016 14.0 36.17 

 

Table  1:- Irrigation schedules for  greengram and blackgram genotypes 

Genotypes First  irrigation 

DAS 

Second  

irrigation 

DAS  

Third  

irrigation 

DAS 

Fourth 

irrigation 

DAS 

Fifth  

Irrigation 

DAS 

Normal condition   

All varieties greengram and 

blackgram 

1.0 7.0 25.0 40 0.0 

Drought condition   

All varieties greengram and 

blackgram  

1.0 7.0 0.0 0.0 0.0 

 

Table 2:- Soil moisture content (%) under irrigated condition 

Greengram 

 2 DAS 8 DAS 26 DAS 41 DAS 

VRM(Gg)1 92.50 95.20 88.32 87.35 

VMGG 012-005  92.80 95.50 87.45 86.88 

CO 8 92.30 95.60 87.80 87.76 

Blackgram 

VBN(Bg)4 93.25 97.25 86.85 85.25 

VBN(Bg)6 94.55 92.13 87.28 86.28 

CO6 93.50 94.16 88.20 86.52 
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Table  3:- Soil moisture content (%) under drought imposed condition 

Greengram 

 2 DAS 8 DAS 26 DAS 41 DAS 

VRM(Gg)1 91.20 93.10 40.12 22.20 

VMGG 012-005 93.50 92.30 42.15 21.15 

CO 8 92.30 95.60 47.20 20.35 

Blackgram 

VBN(Bg)4 91.88 94.11 42.72 21.14 

VBN(Bg)6 92.65 95.15 40.23 20.81 

CO6 92.52 94.18 38.15 19.22 

 

Effect of drought stress on plant growth parameters:- 

In the present study, plant growth parameters in terms of height and all biometric characters including leaf area were 

observed and are presented in Table 4, Table 5 and Table 6. Drought stress has been found to decline the almost all 

the morphological characters in both the crops as compared to those of irrigated ones. The plant height is reduced, 

most of the plants not having branches, even one or two plants having branches with shorter and  unproductive , 

number of pods per plant,  pod length and number of seeds per pod also much reduced. The hundred seed weight, 

single plant yield and dry matter production were reduced compared to irrigated condition.  The susceptible 

genotypes of Co 8 in greengram and Co 6 in blackgram were much reduced in all the biometrical characters 

including leaf area compared to water stress tolerant genotypes which shows susceptible to water stress.  This 

reduction in plant growth in terms of all quantitative characters are  due to the loss of cell turgor which greatly 

suppresses cell expansion and cell growth thereby inhibiting the linear growth of shoot observed more in drought 

susceptible genotypes. Stress tolerant genotypes somewhat better than the susceptible genotypes towards yield. 

(Tahir and Mehid 2001) and Kamara et al., 2003.  

Table  4:- Morphological characters of greengram and blackgram genotypes under normal condition 

Genotypes  Plant 

height 

(cm)  

No. of 

branches 

/ plant  

Length 

of 

branches 

(cm) 

No. of 

pods 

per 

plant 

Pod 

length  

(cm) 

No. of 

seeds 

per 

pod 

Hundred 

seed 

weight  

(g) 

Seed 

yield / 

plant 

(g) 

Dry matter 

production  

(g) 

Greengram  

VRM(Gg)1 35 3.2 27.5 28 9.8 10.2 3.2 8.0 28 

VMGG 012-

005 

21.0 1.5 13.0 18.0 8.0 8.1 3.2 7.5 15 

CO 8 20.0 1.2 12.0 15.0 8.0 8.0 3.2 7.5 12 

Blackgram 

VBN4 30 3 28 45 6.0 7.3 4.2 9.0 25 

VBN6 25 3 21 35 5.5 5.5 4.0 8.0 21 

CO6 27 3 18 25 5.5 5.0 4.1 7.8 20 

 

Table  5:-  Morphological characters of greengram and blackgram genotypes under drought condition 

Genotypes  Plant 

height 

(cm)  

No. of 

branches 

/ plant  

Length 

of 

branches 

(cm) 

No. of 

pods 

per 

plant 

Pod 

length  

(cm) 

No. of 

seeds 

per 

pod 

Hundred 

seed 

weight  

(g) 

Seed 

yield / 

plant 

(g) 

Dry matter 

production  

(g) 

Greengram  

VRM(Gg)1 22.0 1.0 15.0 12.0 7.5 6.0 2.8 3.0 15.0 

VMGG 012-

005 

15.0 0.0 0.0 7.0 5.6 5.0 2.2 2.2 7.0 

CO 8 13.0 0.0 0.0 5.0 5.0 6.0 2.2 1.5 6.0 

Blackgram 

VBN4 20 1.0 13.0 15 5.0 5.0 4.0 5.0 13.0 

VBN6 18 0.0 0.0 10 4.1 4.0 4.0 4.5 9.0 

CO6 15 0.0 12. 3.0 4.5 4.0 3.8 3.5 8.0 
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Table  6:- Effect of drought stress on leaf area of greengram and blackgram genotypes 

Greengram                     Irrigated Drought 

 2 DAS 8 DAS 26 DAS 41 DAS 2 DAS 8 DAS 26 DAS 41 DAS 

VRM(Gg)1 - 0.70 8.5 9.5 - 0.71 6.8 5.9 

VMGG 012-005  - 0.68 6.5 8.3 - 0.65 4.8 4.6 

CO 8 - 0.65 6.8 8.2 - 0.64 4.1 3.3 

Blackgram                     

VBN(Bg)4 - 0.53 5.5 7.5 - 0.54 4.2 3.5 

VBN(Bg)6 - 0.52 5.4 7.3 - 0.56 4.1 3.4 

CO6 - 0.59 5.2 7.6 - 0.53 3.5 3.1 

 

Hence it can be inferred that the slow decline in this growth parameter might be due to lack of adequate moisture 

decreased day by day in plant root zone which can be evidenced from the positive correlation between soil moisture 

and height of the plant which is in confirmatory with the findings of earlier workers (Baroowa and Gogai 2012). 

 

The reduction of leaf area was more prominent in all the varieties that faced longest period of water deficit (55 

days).  Even reduction in complete drought imposed situation and the tolerant genotypes has considerable yielding 

capacity been observed in the all four varieties when same situation imposed in the drought and susceptible 

genotypes completely lower in all the characters.  But these drought tolerant varieties are having capable of the 

osmotic adjustment to cell alive to protect for longevity and maintain the cell turgor.  In susceptible genotypes show 

reduction in cell division resulting in reduced cell number and stop cell elongation inhibiting leaf expansion.  This 

study agreed with many authors, cell elongation of higher plants can be inhibited by interruption of water flow from 

the xylem to the surrounding elongating cells (Nonami, 1998). Drought caused impaired mitosis; cell elongation and 

expansion resulted in reduced growth and yield traits (Hussain et al., 2008). This modification in leaf anatomy is one 

of the basic causes which lead to reduction in average leaf size under water limiting situation (Bhaswatee Baroowa 

and Nirmali Gogoi 2012.). Plant height is a function of cell division, enlargement and differentiation (Hussain et al., 

2008) and in redgram (Nam et al., 2001 and Kavar et al., 2007 and Sairam et al., 1997 and Saliendra et al 1995, 

Kaiser et al., 1981. 

 

Effect of drought stress on cell membrane stability:- 

The genotypes shows a considerable decrease in the membrane stability in the plants grown under drought stress 

condition as compared to the irrigated plants for both the crops (Table 7). Plants kept under more than 55 days of 

water deficit had the lowest membrane stability value compared to the plants grown irrigated condition. Among the 

genotype Co 8 in greengram and Co 6 in blackgram had very low membrane stability. The decrease in cell 

membrane stability was found to be more in greengram. The Membrane stability index was found to be positively 

correlated with soil moisture content for both black gram and green gram cultivars (Baroowa and Gogai 2012).  The 

lower MSI of Co 8 greengram and Co 6 blackgram accompanied with the greatest seed yield loss of this genotype. 

While other had highest value of MSI with normal seed yield may indicate the underlying physiological mechanisms 

that contribute in water deficit tolerance.  (Yeilaghi et al., 2012). 

 

Effect of drought stress on biochemical parameters:- 

In the present study, chlorophyll-a and chlorophyll-b content of both blackgram and greengram plants showed a 

decreasing trend with the increasing duration of drought which proved that these photosynthetic pigments are 

sensitive to water deficit condition Table 7.  A continuous decrease in chlorophyll stability index was observed 

during the drought period more in CO 8 greengram and CO 6 blackgram. Chlorophyll Stability Index (CSI) is an 

indicator of the stress tolerance capacity of plants. A higher CSI helps plants to withstand stress through better 

availability of chlorophyll by maintaining more dry matter production and higher productivity. The drop down of 

CSI in greengram was faster than that of blackgram (Kiani et al., 2008) and (Baroowa and Gogai 2012) and Chaves 

(2002) and Cornic G.,Massacci, (1996). 

 

The reduction in photosynthesis under water deficit stress can also be attributed to a decrease in chlorophyll content. 

Water deficit reduced the chlorophyll content in water deficit susceptible genotypes and increased in water deficit 

tolerant genotypes. These results are in agreement with those of other oilseed crop (Sesamum indicum) (Abraham et 

al., 2008). Differences in leaf chlorophyll content can be as an indicator of plant vigor and its capacity for 

photosynthesis, strongly dependent on chlorophyll content (Carter and Spiering, 2002). The significant variation for 
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Chl a, Chl b and carotenoid content has also been reported by other researchers (Jonson et al., 1993). and Sharma 

and Hall 1991 and Nam et al.,2001 and kavar et al., 2007 and Long et al., 1994. and Kolyorea 1958. and Rahman 

and Ahmad 2004 and Zhang  et al.,2008. 

 

Table 7:- Membrane stability index (%) , Chlorophyll a ,  Chlorophyll b , Chlorophyll a/b and carotenoid of 

blackgram and greengram genotypes under normal and  stress condition. 

Genotypes Membrane 

stability index 

Chlorophyll  a Chlorophyll b Chl a+b Chl a/b Carotenoid 

 Irrig* Drgt* Irrig Drgt Irrig Drgt Irrig Drgt Irrig Drgt Irrig Drgt 

Greengram 

VRM(Gg)1 60.79  48.92 1.01  0.89 0.36  0.27 1.37 1.16 2.80 3.29 0.20  0.17 

VMGG012-

005 

59.30  55.24 0.88  0.64 0.18  0.16 1.06 0.8 4.88 4.0 0.22  0.22 

Co 8 61.19  50.35 0.83  0.70 0.29  0.18 1.12 0.99 2.86 3.88 0.21  0.19 

Blackgram 

VBN(Bg)4 63.13  46.61 0.88  0.64 0.22  0.25 1.10 0.47 4.0 2.56 0.20  0.21 

VBN(Bg)6 64.28  45.50 0.77  0.64 0.30  0.18 1.07 0.48 2.56 3.55 0.26  0.22 

Co 6 65.28  42.91 0.87  0.76 0.29  0.23 1.16 0.52 3.0 3.30 0.24  0.13 

*Irrig: irrigated, Drgt: Drought , Chl: Chlorophyll  

 

Proline accumulation helps in maintaining a better osmotic balance in plant cells suffering from water deficit. In the 

present study, more accumulation of proline was reported in leaf tissue with the increase in duration of drought 

stress (Table 8). Regular moisture supply through irrigation decreased the free proline content where as reverse the 

proline content is increased in leaf at water deficit condition. Varieties having different degree of drought resistance 

differ in their capacity to accumulate proline under stress. Resistant varieties  like  VRM(Gg)1 and VMGG012-005 

in greengram and VBN(Bg)4 and VBN(Bg)6 in blackgram had accumulate higher level of proline under water 

stress. A similar trend was obtained by Ashraf and Ibram (2005), Ashraf and Foolad (2007) and Tawfik (2008) who 

found that osmoprotectants such as proline and glycine betaine (GB) were increased under drought stress. Ashraf 

and Foolad, 2007,  Barrowa and Gogai 2012 and Bates et al ., 1973 and Sankar et al., 2008 and Mohamadkhani  and 

Heidari 2008 and Sundaresan and Sudhakaran,1995.  

 

Table 8:- Effect of proline content µg/g fresh weight at different time of gap irrigation and drought imposed 

Genotypes Free proline content (μg/g) fresh weight 

 Irrigated Drought 

Greengram 

 20 DAS 40 DAS 20 DAS 40 DAS 

VRM(Gg)1 60.5  60.6 162.. 318.5 

VMGG012-005 80.5  78.5 296.5 420.5 

Co8 52.1  52.4 254.4  262.5 

Blackgram 

VBN(Bg)4 58.0  58.5 255.5  380.2 

VBN(Bg)5 49.0  48.6 425.5  568.5 

Co6 35.2  35.0 268.0  266.5 

 

The correlation between the leaf proline content  and soil moisture content was found to be negatively correlated 

(Table 9) at the same time correlation between chlorophyll Stability index (CSI) and soil moisture was found to be 

positively significant  in both greengram and blackgram. ( Premachandra et al., 1992.) 
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Table 9:- Correlation co-efficient of different parameters 

 TC CSI PRO MSI HT LA 

8
th

 

DAS 

GG BG GG BG GG BG GG BG GG BG GG BG 

MC .842* -.417 .827* .880** -.857** -

.854** 

.402 .714 .744 .780* .743 .763 

26
th

  

DAS 

            

MC .806* .805* .858** .842* -.858** -

.881** 

.670 .728 .507 .527 .435 .5801 

41
th

   

DAS 

            

MC .652 .808* .828* .853** -.885** -

.872** 

.488 .675 .052 .015 .251 -.030 

* Correlation significant at 0.05% probability level  

** Correlation significant at 0.01% probability level 

(MC- Moisture Content, TC - Total Chlorophyll, HT - Plant Height, LA - Leaf Area, CSI - 

Chlorophyll Stability Index, MSI - Membrane Stability Index, PRO- Proline Content) 

 

Conclusion:- 
In the present experiment, it has been observed that both the pulse varieties namely VRM(Gg)1 and VMGG012-005 

in greengram and VBN(Bg)4 and VBN(Bg)6 in blackgram were significantly somewhat better yielding capacity in 

water deficit condition by drought tolerance mechanism when compared to greengram variety Co 8 and blackgram 

variety Co 6 susceptible. These varieties withstand to all such characters of membrane stability, high proline and 

maintain cell turgor even highest degree of drought (55 days of water deficit).  The varieties namely VRM(Gg)1 and 

VMGG012-005 in greengram and VBN(Bg)4 and VBN(Bg)6 in blackgram  has having physiological and 

biochemical capability for drought tolerance in water stress condition. 
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