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Abstract 

The present experiments were carried out with two blackgram genotypes (T-9 and MBG-207) under irrigated 

and moisture deficit stress conditions during three different thermal regimes (TR). The impact of moisture stress and 

its interaction with temperature on growth and seed yield of blackgram as well as genotypic variability was assessed. 

Moisture deficit stress was imposed at flowering stage by withholding irrigation till wilting symptoms appeared. 

During the crop growth period, the average, minimum and maximum temperatures were 31.4°C, 22.0°C, 41.7°C 

during TR1; 27.6°C, 21.3°C, 35.9°C during TR2; 22.4°C, 10.1°C, 32.1°C during TR3 respectively. The results 

revealed that highest biomass and seed yield of both genotypes was recorded during TR1 followed by TR2 and 

lowest in TR3. Similarly the reduction due to moisture deficit stress was lowest during TR1 and highest in TR3 with 

both genotypes. Among the two genotypes, MBG-207 recorded higher seed yield under irrigated condition and 

reduction with moisture deficit stress was also higher at high temperature of TR1 revealing that this genotype is 

sensitive to moisture stress at high temperatures. With less reduction and less variability in biomass and seed yield 

across different environments, the genotype T-9 can be considered as stable performer. 
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Introduction   

         Moisture deficit stress and high temperature are 

major abiotic stresses which adversely affect crop 

growth and yield. Blackgram (Vigna mungo L. 

Hepper) is one of the important short duration pulse 

crop grown throughout the year in various agro-

ecological conditions and cropping systems with 

diverse agricultural practices. Black gram is a warm 

weather crop with optimum temperature range of 27-

35°C (Joseph et al., 2015) and comes up well in areas 

receiving an annual rainfall ranging from 600 to 1000 

mm. India is the largest producer and consumer of 

black gram.  

Blackgram growth and yield will be influenced 

by availability of soil moisture, temperature, solar 

radiation etc. In recent years, there has been 

significant decline in its production in India. Lack of 

suitable varieties and genotypes with adaptation to 

local conditions is among the factors affecting its 

production. In this direction, the present research 

program was attempted to explore the impact of 

moisture deficit stress at different temperatures on the 
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growth and seed yield of two popular blackgram 

genotypes. 

Materials and Methods 

Field experiments were conducted with two 

black gram genotypes- T-9 and MBG-207. The 

genotype T-9 was popular variety with farmers which 

was released from Agricultural University, Kanpur, 

Uttar Pradesh in 1972. The genotype MBG-207 is 

relatively new variety and was released in 2009 from 

Regional Agriculture Research Station (RARS) 

Madhira, Telangana state. During three different 

temperature regimes (TR1, TR2 and TR3), each 

genotype was sown in RBD with three replications 

under both irrigated and moisture deficit stress 

conditions. Each plot was of 3x3 m and row to row 

spacing was 30 cm and plant to plant was 10 cm. The 

well watered controls were maintained stress free by 

providing irrigation at regular intervals. While 

moisture deficit stress was imposed at flowering stage 

by withholding irrigation till wilting symptoms were 

observed and there after stress was released by 

irrigating and maintained stress free till harvest.  

During the crop growth period, the average, 

minimum and maximum temperatures were 31.4°C, 

22.0°C, 41.7°C during TR1; 27.6°C, 21.3°C, 35.9°C 

during TR2; 22.4°C, 10.1°C, 32.1°C during TR3 

respectively. Five plants randomly selected for each 

field replication were harvested from well watered 

and moisture deficit stress at harvest and the biomass 

and yield parameters were recorded. The dry weights 

of root, shoot and leaves were recorded after 

thorough drying of plant material in hot air oven at 

55°C till they attained constant weights and expressed 

in g/pl. Number of pods per plant were counted, sun 

dried and pod weights (g/pl) were recorded, all pods 

from single plant were shelled and seed numbers 

were counted then seed weight (g/pl) and 100 seed 

weight (g) were recorded. HI (%) was calculated 

from the recorded seed yield and total biomass data. 

Statistical analysis 

The analysis of variance (ANOVA) was carried 

out with two and three factor (genotypes, moisture 

levels and thermal regimes) factorial analysis of 

MSTAT program to assess the significance of 

genotypes, moisture levels, thermal regimes and their 

interactions at P<0.05 and P<0.01 significant level. 

Results and Discussion 

The ANOVA revealed that thermal regimes 

(TR), moisture levels (ML), genotypes (G), G * ML, 

G * TR, ML* TR, G * ML * TR were highly 

significant (P≤0.01) for biomass of stem, root, leaf 

and total biomass and seed number (Table 1). While 

G, ML, TR, G * ML, G * TR, G * ML * TR 

interactions were highly significant (P ≤ 0.01) for pod 

number and pod weight while non-significant for 

ML* TR interaction. Similarly, G, ML, TR, G * ML, 

ML* TR, G * ML * TR were highly significant 

(P≤0.01) for seed yield while G * TR interaction was 

non-significant. The G, ML, G * TR and ML* TR 

were highly significant (P≤0.01) for test weight, 

while TR and G * ML, G * ML * TR interaction were 

non-significant. For HI, G, ML, TR, G * TR, ML* 

TR were highly significant (P≤0.01) while non-

significant for G * ML, G * ML * TR interaction. 

The mean performance of biomass and yield 

traits of two blackgram genotypes recorded under 

three thermal regimes and two moisture levels was 

presented in table 2 and percentage of reduction of 
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each parameter with moisture deficit stress over 

irrigated control was presented in figure 1. 

Biomass parameters 

The stem biomass of both blackgram genotypes 

was significantly varied with thermal regimes. Under 

irrigated conditions, highest stem biomass of both T-

9 and MBG-207 was recorded during TR1 (10.5 g/pl, 

17.3 g/pl) followed by TR2 (5.1 g/pl, 6.1 g/pl) and 

TR3 (2.6 g/pl, 3.2 g/pl). The moisture deficit stress 

reduced the stem biomass at all the three thermal 

regimes, and the response trend was similar as with 

irrigated condition. The stem biomass reduced by 

22.7%, 45.9% during TR1, 22.3%, 32.9% during TR2 

and 50.8%, 50.87% during TR3 with T-9 and MBG-

207 respectively. These results revealing that the 

genotype MBG-207 was more sensitive to moisture 

deficit stress at high temperatures of TR1 as the 

reduction was higher as compared with T-9. Under 

lower temperatures of TR3, both genotypes recorded 

lowest stem biomass and highest reduction was more 

than 50% under moisture deficit stress indicating the 

lower temperatures not only inhibiting growth but 

also had severe effects under moisture deficit stress, 

hence less recovery even after stress release. Similar 

reduction in stem dry weight ranging from 15.5% to 

32.3% with water stress was reported in green gram 

by Kataria and Singh (2014). 

The thermal regimes showed significant impact 

on root biomass of both blackgram genotypes. Root 

biomass of T-9 and MBG-207 under irrigated 

conditions was 1.3 g/pl, 2.3 g/pl at TR1, 0.7 g/pl, 1.0 

g/pl at TR2 and 0.4 g/pl, 0.6 g/pl at TR3 respectively, 

whereas under moisture deficit conditions it was 1.1 

g/pl, 1.3 g/pl at TR1, 0.6 g/pl, 1.2 g/pl at TR2 and 0.4 

g/pl, 0.4 g/pl at TR3 respectively. The moisture 

deficit stress reduced the root biomass at all the three 

thermal regimes, however the reduction was highest 

during TR1 with high temperatures. The decreased 

root dry weight was recorded by Wullschleger et al. 

(2005) under mild and severe water stress in Populus 

species. Under irrigated conditions, leaf biomass of 

MBG-207 (15.2, 6.6, 3.6 g/pl) was higher than T-9 

(8.2, 5.6, 2.8 g/pl) at all thermal regimes, however 

this trend was not observed under moisture deficit 

conditions where the genotype MBG-207 recorded 

higher reduction.  

Moisture deficit conditions reduced the leaf 

biomass of T-9 and MBG-207 by 21.2%, 36.4% 

during TR1, 13.5%, 37.8% during TR2 and 56.9%, 

57.5% during TR3 respectively. It was also observed 

that highest reduction in leaf biomass was observed 

in both genotypes during TR3 with lower 

temperatures. The total biomass of T-9 and MBG-207 

under well watered condition was reduced with 

moisture deficit stress from 42.4 g/pl to 36.5 g/pl and 

66.0 g/pl to 36.2 g/pl at TR1; 27.0 g/pl to 19.3 g/pl, 

and 33.0 g/pl to 22.5 g/pl at TR2 and 13.4 g/pl to 5.6 

g/pl and 21.8 g/pl to 8.4 g/pl at TR3 respectively. The 

reduction in total biomass with moisture deficit stress 

was higher with MBG-207 at all thermal regimes. 

The impact of moisture deficit stress was 

significantly higher with MBG-207 when high 

temperatures prevailed at TR1, while at TR2 the 

genotypes are on par and at TR3 with lower 

temperatures the reduction was highest in both the 

genotypes. This clearly indicating that at low 

temperatures the biomass production of blackgram 

genotypes was poor as well as its reduction was also 
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highest with moisture deficit stress. With moisture 

deficit stress, the cell expansion will be slower due to 

reduced cell turgor (Plaut et al., 2000). Jadhav et al. 

(2014) also reported that different sowing dates 

influenced plant biomass in blackgram varieties. 

Table 1. Analysis of variance for biomass and yield parameters of two blackgram genotypes under two moisture 

levels and three thermal regimes 

 Mean Sum of Squares 

Source df SBM 

(g/pl) 

RBM 

(g/pl) 

LBM 

(g/pl) 

Pod 

wt. 

(g/pl) 

TBM 

(g/pl) 

Pod 

no./pl 

Seed 

no./pl 

Seed 

yield 

(g/pl) 

Test 

wt. 

(g) 

 

HI (%) 

 G 1 41** 2** 56** 157** 786** 448** 25792** 104 

** 

1.6** 92** 

ML 1 111** 1** 84** 814** 2419** 5152** 134048** 431 

** 

4.8** 347 

 ** 

TR 2 446** 5** 293** 1155 

** 

5503** 10613** 253260** 402 

** 

0.4 

NS 

325 ** 

G * ML 3 18** 0.2** 15** 142 

** 

426** 493** 23760** 43** 0.2 

NS 

11 NS 

G * TR 5 20** 0.2** 37** 7** 73** 663** 2701** 0.6 

NS 

0.6** 120** 

ML* TR 5 22** 0.5** 6** 5 NS 101** 34 NS 3390 ** 2** 1** 37** 

G*ML*TR 11 10** 0.3** 3** 60** 167** 234** 10882** 15** 0.07 

NS 

15 NS 

Error 44 0.950 0.005 0.356 4.931 7.60 29.198 272.45 1.17 0.163 11.144 

Total 59 20.597 0.278 14.46 64.33 265.67 516.86 12480.2 25.06 0.298 34.64 

NS- non-significant; ** Significant at 1% level; * Significant at 5% level (G - Genotypes; ML- Moisture levels; TR- 

Thermal regimes; SBM- Stem biomass; RBM-Root biomass; TBM- Total biomass; Pod wt.- Pod weight; Pod no.- 

Pod number; Seed no.- Seed number; Test wt.- Test weight; HI- Harvest index) 

Yield parameters 

The number of pods per plant of both blackgram 

genotypes was significantly influenced by thermal 

regimes. Under irrigated conditions, higher pod 

number was recorded with the genotype MBG-207 at 

all three thermal regimes (80, 60, 40) than T-9 (75, 

47, 24). Under moisture deficit conditions T-9 (68) 

had higher pod number than MBG-207 (48) at TR1 

indicating the tolerance of reproductive structures of 

T-9 at high temperature. Pod number was reduced 

under water deficit conditions during all three thermal 

regimes, and the reduction was higher in MBG-207 

than T-9 in TR1 and TR3 indicating that pod setting 

of MBG-207 was sensitive to water deficit at both 

higher and lower temperatures. Drought stress during 

the flowering stage reduced the pod number of both 

blackgram and green gram was reported by Baroowa 

and Gogoi (2012). Under irrigated conditions, the per 

plant pod weight of T-9 and MBG-207 was 22.4 g, 

31.2 g at TR1, 16.2 g, 19.6 g at TR2 and 7.6 g, 14.3 g 

at TR3 respectively; whereas under moisture deficit 

conditions it was 20.8 g, 15.9 g at TR1, 9.9 g, 13.4 g 

at TR2 and 2.7 g, 4.9 g at TR3 in T-9 and MBG-207 

respectively.  

The pod weight of T-9 and MBG-207 was 

reduced by 6.9%, 49.1% during TR1, 39.1%, 33.1% 
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during TR2 and 64.4%, 66.1% during TR3 

respectively. Panotra et al. (2016) reported that 

varieties and planting dates significantly influenced 

the pod weight per plant of blackgram. The response 

of seed number under irrigated conditions was similar 

to response of pod number with different thermal 

regimes. The genotype MBG-207 registered higher 

number of seeds (449, 269, 219) at three thermal 

regimes as compared with T-9 (335, 247, 112). The 

interactive effect of moisture deficit stress and 

temperature significantly varied with genotypes. 

Under both high (TR1) and low (TR3) temperatures 

the reduction in seed number was higher with MBG-

207 than T-9 while at optimum temperatures (TR2) it 

was vice versa. From the results it is evident that the 

seed number decreased under drought stress during 

all thermal regimes mainly due to reduced pod 

number. Among all thermal regimes, the weather 

condition of TR3 was found to be vulnerable for 

formation of reproductive structures of both 

genotypes. In wheat, it was reported that sterility and 

abortion of formed grains under frost while reduction 

in grain number and reduced grain filling period 

under heat (Barlow et al., 2015). 

Table 2. Mean performance of biomass and yield parameters of two blackgram genotypes under two moisture levels 

and three thermal regimes 

TRs TR1 TR2 TR3 

G T-9 MBG-207 T-9 MBG-207 T-9 MBG-207 

ML Irri St Irri St Irri St Irri St Irri St Irri St 

SDW 10.53 8.14 17.29 9.34 5.1 3.96 6.1 4.1 2.6 1.3 3.2 1.6 

RDW 1.32 1.14 2.3 1.32 0.7 0.6 1.0 1.2 0.44 0.43 0.64 0.45 

LDW 8.22 15.2 6.48 9.66 5.6 4.8 6.6 4.1 2.81 1.21 3.62 1.56 

PW  22.4 20.8 31.2 15.9 16.28 9.91 19.6 13.14 7.6 2.7 14.3 4.9 

TBM  42.4 38.5 66 36.2 27.6 19.33 33.37 22.52 13.4 5.6 21.8 8.4 

PN 75 68 80 48 47.22 30.3 60.2 46.2 23.8 10.2 39.8 13 

SN 335 311 449 251 247 176 269 211 111.8 42.6 219.2 71.8 

SY  14.1 11.4 19.9 10.1 10.9 6.06 13.7 8.8 5.2 1.7 9.7 3.1 

TW 4.2 3.7 4.4 4.0 4.4 3.44 5.13 4.16 4.6 4.1 4.4 4.4 

HI  33.3 29.8 30.4 28.1 39.28 31.27 41.26 39.06 38.8 31.3 44.4 37.1 

TR - Thermal regime, Irri - Irrigated; St - Moisture deficit stress; G- Genotypes; ML - moisture levels; SDW - Stem 

dry weight (g/pl), RDW - Root dry weight (g/pl), LDW- Leaf dry weight (g/pl), PW - Pod weight (g/pl), TBM - Total 

biomass (g/pl), PN - Pod number, SN- Seed number, SY- Seed yield (pl), TW - Test weight,  HI - Harvest index 

 Seed yield differed significantly with thermal 

regimes as well as with moisture levels. The seed 

weight per plant of T-9 and MBG-207 under irrigated 

conditions was 14.1 g, 19.9 g at TR1, 10.9 g, 13.1 g 

at TR2 and 5.2 g, 9.7 g at TR3 respectively. Under 

moisture deficit conditions, seed weight was 11.4 g, 

10.1 g at TR1, 6.06 g, 8.8 g at TR2 and 1.7 g, 3.1 g at 

TR3 in T-9 and MBG-207 respectively. The 

reduction in seed weight was 18.75%, 49.14% during 

TR1, 44.6%, 35.9% during TR2 and 66.4%, 67.9% 
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during TR3 with T-9 and MBG-207 respectively. 

Similar response of reduction in seed yield under 

moisture deficit stress was reported in blackgram and 

green gram by Farooq et al. (2009). Fraz et al. (2006) 

also observed that seed yield of mungbean was 

affected by different sowing dates. Moisture deficit 

stress at reproductive stage in blackgram was directly 

affected the seed yield Nilanthi et al. (2014). Similar 

results were observed in the present study where the 

seed yield was reduced under moisture deficit stress 

at reproductive stage. Plants exposed to extreme 

temperatures at the reproductive stage has a major 

impact on grain production in maize (Hatfield and 

Prueger, 2015). 

 Significant effect of moisture levels and thermal 

regimes interaction was observed on test weight of 

blackgram. The test weight of T-9 and MBG-207 

under irrigated conditions was 4.2 g, 4.4 g at TR1, 4.4 

g, 5.13 g at TR2 and 4.6 g, 4.4 g at TR3 respectively. 

Under moisture deficit conditions, test weight was 3.7 

g, 4.2 g at TR1, 4.1 g, 4.7 g at TR2 and 4.1 g, 4.4 g at 

TR3 in T-9 and MBG-207 respectively. The test 

weight was reduced by 10.7%, 5.6% during TR1, 

7.3%, 7.9% during TR2 and 9.8%, nil during TR3 

with T-9 and MBG-207 respectively. This trait was 

the less influenced among the parameters studied and 

the interaction of thermal regimes and moisture levels 

significantly influenced test weight, revealing these 

conditions are influencing seed filling. Moisture 

deficit reduces plant growth and development leading 

to the production of smaller organs, and hampered 

flower production and grain filling (Farooq et al., 

2009). Gholinezhad et al. (2009) reported moisture 

deficit stress reduced test weight in sunflower. 

Fig. 1. Reduction (%) in biomass and yield traits of two blackgram genotypes under moisture deficit stress over 

irrigated condition at three thermal regimes  

 

(TR - Thermal regime; SDWt - Stem dry weight; RDWt - Root dry weight; LDWt.- Leaf dry weight; Pod Wt - Pod 

weight; TB - Total biomass; Pod no.- Pod number; Seed no. - Seed number, Test Wt.- Test weight;  HI - harvest 

index) 
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Harvest index (HI) differed significantly with thermal 

regimes and moisture levels. Under irrigated 

conditions, the HI of T-9 and MBG-207 was 33.3%, 

30.4% at TR1, 39.2%, 41.2% at TR2 and 38.8%, 

44.4% at TR3 respectively, whereas under moisture 

deficit conditions it was 31.6%, 28.1% at TR1, 

31.3%, 39.0% at TR2 and 31.3%, 37.1% at TR3 

respectively. The HI was reduced by 5.11%, 7.57% 

during TR1, 20.3%, 5.3% during TR2 and 19.3%, 

16.4% during TR3 with T-9 and MBG-207 

respectively. From the results it was observed that 

under well watered condition T-9 recorded highest 

values for HI during TR2 while MBG-207 during 

TR3, while under moisture deficit conditions, MBG-

207 recorded better HI during TR2 and TR3 while T-

9 during TR1. Moisture deficit stress affected HI 

considerably as it caused higher decrease in grain 

yield than vegetative biomass. Results of this study 

agree with findings of Setter (1990), Baroowa and 

Gogoi (2016) who also stated that moisture deficit 

stress is one of the limiting factor of plant growth and 

development that not only reduce the dry matter 

production but also impact the partitioning of 

carbohydrates to grain thus reducing the harvest 

index.  

Conclusion 

It can be concluded that among the two 

genotypes, MBG-207 though recorded higher seed 

yield under irrigated condition, the reduction with 

moisture deficit stress was higher than T-9 in TR1 

and TR3 revealing that this genotype perform better 

under optimum temperatures while is sensitive to 

moisture stress at both low and high temperatures. 

With less reduction and less variability in biomass 

and seed yield, the genotype T-9 was considered as 

stable performer across different environments.  

Acknowledgements 

The present work is the part of Ph.D. thesis of 

P. Vagheera and the authors acknowledge the 

Director, CRIDA (ICAR) and Head, Crop Science 

Division for all the extended support and facilities to 

conduct experiments. 

References 

Barlow KM, Christy BP, O’Leary GJ, Riffkin PA, 

Nuttall JG (2015). Simulating the impact of 

extreme heat and frost events on wheat crop 

production. Field Crop Res 171: 109-119. 

Baroowa B, Gogoi N (2012). Effect of induced 

drought on different growth and biochemical 

attributes of blackgram (Vigna mungo L.) and 

green gram (Vigna radiata L.). J Environ Res 

Develop 6: 584-593. 

Baroowa B, Gogoi N (2016). Morpho-physiological 

and yield responses of black gram (Vigna 

mungo L.) and green gram (Vigna radiata L.) 

genotypes under drought at different growth 

stages. Res J Recent Sci 5(2): 43-50.  

Farooq M, Wahid A, Kobayashi N, Fujita D, Basra 

SMA (2009). Plant drought stress: Effects, 

mechanisms and management. Agron Sustain 

Dev 29: 185-212. 

Fraz RA, Iqbal J, Bakhsh MAAHA (2006). Effect of 

sowing dates and planting patterns on growth 

and yield of mungbean cv.M-6. Int J Agri Biol  

8: 363-365. 

Gholinezhad E, Aynaband A, Hassanzade A, 

Horthapeh G, Noormohamadi G, Bernousi I 

(2009). Study of the effect of drought stress on 



Vagheera et al., 2017 

www.currentsciencejournal.info 

yield, yield components and harvest index of 

sunflower hybrid Iroflor at different levels of 

nitrogen and plant population. Not Bot Hort 

Agrobot Cluj 37 (2): 85-94.  

Hatfield JL, Prueger JH (2015). Temperature 

extremes: Effect on plant growth and 

development. Weather Clim Extrem 10: 4-10. 

Jadhav PB, Kamble DR, Jadhav KT, Gadpale DL 

(2014). Performance of black gram [Vigna 

mungo (L.) Hepper] varieties to different 

sowing dates.  Adv Res J Crop Improv 5: 166-

171. 

Joseph J, Rose MF, Santhoshkumar AV, Sunil KM, 

Dayalakshmi EM (2015). Stability of 

blackgram (Vigna mungo L. Hepper) varieties 

for seed yield. EJPB 6(4): 899-903. 

Kataria N, Singh N (2014). Assessing the effects of 

applied potassium on selected Vigna radiate L. 

genotypes under water deficit. Int J Adv Res 2: 

369-385. 

Nilanthi D, Ranawake AL, Senadhipathy DD (2014). 

Effect of water stress on the growth and 

reproduction of blackgram (Vigna mungo L.). 

Trop Agric Res and Ext 17(1): 45-48. 

Panotra N, Kumar A, Singh OP (2016). Effect of 

varieties and dates of sowing on growth 

parameters, yield attributes and yield of 

blackgram (Vigna mungo L.). IJSET 5: 3821-

3826. 

Plaut Z, Frederick CM, Federman E (2000). Leaf 

development, transpiration and ion uptake and 

distribution in sugarcane cultivars under 

salinity. Plant Soil 218: 59-69.  

Setter TL (1990). Transport / harvest index: 

Photosynthetic partitioning in stressed   plants. 

Stress responses in plant: Adaptation and 

accumulation mechanism. Wiley-Liss, Inc. 

New York, USA. 14853: 17-36. 

Wullschleger SD, Yin TM, DiFazio SP, Tschaplinski 

TJ, Gunter LE, Davis MF, Tuskan GA (2005). 

Phenotypic variation in growth and biomass 

distribution for two advanced-generation 

pedigrees of hybrid poplar. Can J For Res 35: 

1779-1789. 

 

 

 

 

 

     


