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INTRODUCTION during the flowering period in legumes have earlier been 

reported in green gram (Sinha 1977, Rainey & Griffiths 

Green gram is a short day plant and conditions 2005). Fluctuation in day and night temperature during 

comprising high mean temperature and long day the reproductive phase may induce more flowers to shed 

photoperiod may adversely affect the flowering time. from the plants, thereby adversely affecting the yield 

Green gram thrives best in temperature range between potential, as has been reported in pigeon pea (Singh 
° ° °30 C and 40 C but above 40 C, there is a significant 2000).

flower shedding that extends up to 79% (Kumari &  In northern India, there is good scope for summer 

Varma 1983). Khattak et al. (2009) has reported an green gram in rice-wheat cropping system belt. Under 

absence of resistance to flower shedding under high these conditions, the crop has to be sown up to April. 

temperature in green gram. Heat shock during Within this period, green gram experiences terminal heat 
°

reproductive development in legumes is generally allied stress (>40 C) during flowering period that results in 

with lack of pollination and abscission of flower buds, drastic reduction of the yield (Rainey & Griffiths 2005, 

flowers and pods leading to a substantial yield loss Khattak et al. 2009). It is widely accepted that the yield 

(Nakano et al. 1998). Increased flower shedding under of green gram can be suitably increased, provided that 

high temperature, precipitation and desiccating winds abscission could be controlled. Most of the arguments 
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ABSTRACT

Flower and pod retention pattern and its relationship with yield in four green gram cultivars were assessed for 

high temperature tolerance at the Indian Institute of Pulses Research Kanpur, India in the year of 2012. Higher 
°heat stress (>40 C) during the reproductive period adversely affected yield in green gram (Vigna radiata). A 

large number of flowers at different stages of development abscise due to high temperature resulting in the 

reduction of yield in this crop. Heat tolerant cultivars, namely SAMRAT and IPM 02-3 produced higher 

number of flowers and pods. On the other hand, reverse trends were observed in the heat susceptible cultivars, 

namely VBN (Gg) 2 and VBN (Gg) 3 under high temperature stress. Present study revealed that the genotypes 

with early flowering showed higher extent of setting pods and retaining them till maturity. On the other hand, 

higher night temperature during flowering period enhanced floral abscission. Under high temperature stress 

nearly 62.4 % flowers abscised during the night as compared to that in the day. Heat tolerant cultivars showed 

higher pollen viability under higher temperature stress. 
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favour the green gram is usually resource limited, as Sowing in both kharif and summer seasons was done 

earlier formed pods are heavier than the later ones in experimental plots of 5×1.5m and each cultivar was 

(Begum et al. 2007), indicating inadequate assimilate sown in triplicate in a randomized block design with 
th thsupply to the pods developed during the latter part of the spacing of 30×10 cm on 15  July (2012) and 07  April 

flowering season . The plants that produce maximum (2012), respectively. The recommended cultural 

flowers within two to three weeks after first flowering practices were followed. The data on weather conditions 

shows greater pod yield in groundnut and green gram during the period of crop growth is given in Table 1. 

(Mondal 2011a). This suggested that understandings of Reproductive efficiency (RE)-Fifteen plants, five from 
flowering pattern and pollen biology are important for each replicate were randomly selected and tagged for 
the selection of heat tolerant green gram genotypes. counting the number of open and abscised flowers at 

6.00 and 18.00 h every day from the date of opening of 

first flower until flowering ceased. The number of MATERIALS & METHODS
flowers produced in a day was averaged from the data of 

5 days. The extent flowering (total number of flowers 
The field experiment was conducted during the 

produced and shed), pattern (production and shedding of 
summer and kharif season of 2012 at Indian Institute of 

flowers/branch) and periodicity (production and 
Pulse Research, Kanpur on two high temperature 

shedding of flowers in relation to time) was computed 
tolerant green gram cultivars (SAMRAT and IPM 02-3) 

separately for each cultivar. Reproductive efficiency 
and two sensitive cultivars VBN (Gg) 2 and VBN (Gg) 3. 

(RE) was estimates as:
Summer and kharif seasons are considered as a heat 

Per cent pod set = Number of pods per plant / stress (HSE) and non-stress environment (NSE) 
Number of opened flowers per plantrespectively. These cultivars were assessed for 

sensitivity to high temperature stress primarily based Pollen Viability-Pollen grains were collected from the 

upon flowering and pod retention pattern and pollen freshly dehisced anthers of plants growing under non 

viability. stress and high temperature stress environment. The 

Table 1- Monthly temperature and rainfall at experimental farm, IIPR, Kanpur during the experiment period 
(summer and kharif, 2012).

Months Summer  trial, 2012 Months Kharif trial, 2012

Maximum Minimum Average Rainfall Maximum Minimum Average Rainfall
Temp. Temp. Temp.  (mm) Temp. Temp. Temp.  (mm)
(°C)  (°C)  (°C) (°C)  (°C)  (°C)

April July

01-07 39.2 22.0 30.6 0.6 01-07 35.0 25.3 30.2 106.7
08-15 37.1 22.3 29.7 4.2 08-15 34.9 24.4 29.7 101.6
16-23 37.3 23.0 30.2 0 16-23 31.4 24.4 27.9 17.4
24-30 38.8 23.3 31.1 0 24-31 33.4 25.4 29.4 92.6

May Aug.

01-07 39.9 21.7 30.8 0 01-07 32.6 25.5 29.1 106.4
08-15 41.4 25.4 33.4 1.6 08-15 30.3 24.1 27.2 101.6
16-23 42.8 25.3 34.1 0 16-23 32.7 24.8 28.8 15.5
24-31 44.4 26.1 35.3 0 24-31 34.2 25.6 29.9 94.5

June Sep.

01-07 43.0 27.7 35.4 0 01-07 33.3 25.1 29.2 75.0
08-15 43.7 29.0 36.4 0 08-15 33.0 24.7 28.9 29.0
16-23 42.5 29.3 35.9 0 16-23 32.7 23.7 28.2 3.6
24-31 43.1 29.6 36.4 1.8 24-30 33.2 22.7 28.0 35.2
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Fig. 1- Flowering pattern in four green gram cultivars under non-stress environment (kharif, 2012)

Fig. 2- Flowering pattern in four green gram cultivars under high temperature stress environment (summer, 2012)
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maximum/minimum temperature during the pollen green gram cultivars (Figs. 1 & 2) studied. The duration 
° °

collection period was 33/25 C and 43/27 C under NSE of flowering was ten days longer in the non-stress 

and HSE, respectively. Pollen viability was tested by environment (NSE) than high temperature stress 

0.2% TTC (2, 3, 5-triphenyltetrazolium chloride) environment (HSE). Moreover, in both the 

solution in sucrose following the method of Hauser & environments, the flowering duration was greater in heat 

Morrison (1964). In vitro pollen germination was tolerant cultivars viz., SAMRAT and IPM 02-3 (25-35 

determined by hanging drop culture technique after days) than in the heat susceptible cultivars viz., VBN 

Brewbaker & Kawck (1963).  (Gg) 2 and VBN (Gg) 3 (20-30 days). For heat tolerant 

cultivars, the duration of flowering varied between 20-Statistical analysis-The data obtained in this study were 
25 days in HSE and 25 to 35 days in NSE (Figs. 1 & 2).analyzed in RBD 2 factorial design by using AGRIS 

statistical software. The flowering duration was shorter in HSE 

compared to NSE. Peak flower production was attained 

within ten days after beginning of anthesis in the HSE RESULTS & DISCUSSION
while in NSE two flowering peaks were attained (first 

from 1-10 DAF and the second from 20-25 DAF). In 
Flower production and flowering pattern-There was a general, the heat tolerant cultivars produced greater 
significant variation in the flowering pattern the four number of flowers per plant (57.9 and 45.9 in NSE and 
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HSE, respectively) than the susceptible ones (37.1 and Under NSE, pod retention percentage appeared higher 
29.1 in NSE and HSE, respectively) (Table 2). within 10 DAF in both the types of cultivars followed by 
Interestingly, heat tolerant cultivars produced higher a decline to almost zero at 31-35 DAF in heat tolerant 
average number of flowers within 5-15 days after the and 26-30 DAF in heat susceptible cultivars. Under 
commencement of flowering under HSE followed by HSE, pod retention was higher up to 10 DAF in both heat 
higher seed yield. In contrast to this, the heat susceptible tolerant and susceptible cultivars and became almost nil 
cultivars VBN (Gg) 2 and VBN (Gg) 3 produced fewer at 26-30 DAF in heat tolerant, and 21-25 DAF in 
flowers within the above mentioned time and showed susceptible cultivars except VBN (Gg) 3 which is 
lower seed yield (Table 2). extended up to 30 DAF. The results indicated that for 

Reproductive efficiency (RE) and seed yield per both the environments, cultivars with earlier borne 

plant- flowers had a higher pod set. In general, both the types of cultivars and the 

environment had influenced flower production and 
Correlation co-efficient-Under HSE, seed yield had 

reproductive efficiency (RE) (Table 2). Increased flower 
shown highly significant positive correlation with 

production and reproductive efficiency were observed in 
flowering duration (r = 0.959*), flower number (r = 

NSE over HSE in all the green gram cultivars. In NSE, 
0.992**) and pod number (r = 0.993**) (Table 3). These 

heat tolerant cultivars showed greater average value of 
results indicated that yield could be improved by 

RE (67.9%) than the susceptible cultivars (59.8%). In 
increasing sink (flower & pod). On the other hand, contrast, susceptible cultivars showed greater value of 
flower number depends on the flowering duration (r = RE (68.5%) than the tolerant cultivars (62.4%) under 
0.985*). It means that in order to increase sink, HSE i.e. susceptible cultivars showed higher RE and 
flowering duration should be increased in green gram. gave lower yield because of fewer sinks (flowers) per 
However, flower production and RE had negative plant. Moreover, increased flower shedding was 
association with each other (r = -0.704).observed in HSE than NSE in both the types of cultivars. 

Under NSE, heat susceptible cultivars showed more Pollen viability (in vivo)-Green gram crop sown in 
flower shedding (40.2%, average) than heat tolerant NSE, with average maximum/minimum temperature at 

°cultivars (32.1%, average) while under HSE, the heat 33.4/24.2 C during the reproductive stage, the pollen 
tolerant cultivars showed more flower shedding (37.6%) viability ranged between 75-88 per cent among all the 
than the susceptible cultivars (33.8%). cultivars (Table 4). Viability of released pollen grains 

from crop grown under HSE decreased and significantly Pod retention-There was considerable variation in per 
variable among the cultivars.cent pod set in both NSE and HSE cultivars (Figs. 3 & 4). 

Fig. 3 - Pod retention pattern in four greengram cultivars under non-stress  environment (kharif, 2012)



°Under HSE, the plants grown at 43.4/27.1 C showed beyond 35°C and germination was observed even at 
°

higher pollen viability (>65%) in heat tolerant cultivars 45 C. However, per cent pollen germination was fairly 

SAMRAT and IPM 02-3 it was 67.0% and 74.3% high (>50%) in heat tolerant cultivars SAMRAT and 
°respectively. The susceptible cultivar VBN (Gg) 2 also IPM 02-3 at 45 C. On the other hand heat susceptible 

72% pollen viability under HSE. The lowest pollen cultivars VBN (Gg) 2 and VBN (Gg) 3 exhibited only 

viability (48%) was recorded in VBN (Gg) 3 at high 35% or less pollen germination at 45°C. 

temperature. The general trend showed that high pollen 
°In vitro pollen germination was significantly germination in tolerant cultivars was up to 38 C, as the 

different among the cultivars (Table 5). Pollen pollen germination declined at higher temperatures. 

germination decreased with increasing temperature Pollen abnormalities (small, shrunken pollen grains) 

Table 2- Total flower production, reproductive efficiency (RE) and seed yield in four green gram cultivars in non-stress 
environment and high temperature stress environment.

   NSE                                                                  HSE

Cultivars Open RE Flower Seed Open RE Flower Seed
flowers (%) shedding yield flowers (%) shedding yield

-1 -1 -1 -1plant (%) plant plant (%) plant
  
Heat tolerant

SAMRAT 55.5 71.9 28.1 5.24 48.9 65.2 34.8 4.9
IPM 02-3 60.2 64.0 36.0 5.82 43.0 59.6 40.4 4.3
Mean 57.9 67.9 32.1 5.53 45.9 62.4 37.6 4.60

Heat susceptible

VBN-2 32.9 68.1 31.9 3.4 23.8 74.7 25.3 2.54
VBN-3 47.3 51.5 48.5 3.8 34.3 62.3 42.3 3.25
Mean 37.1 59.8 40.2 3.60 29.1 68.5 33.8 2.89

CD  (P≤0.05)  5.51** 5.14 7.46**  0.84** 5.10** 5.76** 6.12** 0.69**

** and * denotes significance level at P<0.05 and  P< 0.01 respectively.
NSE:  Non-stress environment, HSE:  High temperature stress environment 
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Fig. 4 - Pod retention pattern in four green gram cultivars under high temperature stress environment 
(summer, 2012)
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Table 3- Correlation coefficient between reproductive characters and seed yield green gram cultivars under high 
temperature stress. 

Characters Flowering Flowers plant -1 Pods plant -1 Reproductive
duration (days)  (no.)  (no.)  efficiency (%)

Seed yield 0.959* 0.992** 0.993** -0.630
Flowering duration 0.985* 0.943 -0.809
Flowers number 0.979* -0.704
Pod number -0.633

* = significant at P≤0.05; ** = P≤0.01.

Table 4. Effect of high temperature on pollen viability and in vitro pollen germination in green gram cultivars.

Pollen viability (%) Pollen germination (%)
Cultivars

NSE HSE MEAN NSE HSE MEAN

SAMRAT 75.0±4.15 67.0±3.17 71.0 63.2±1.97 49.8±1.08 56.5
(-10.8%) (-21.2%)

IPM 02-3 88.0±2.91 74.3±3.03 81.1 66.0±1.81 46.0±1.37 56.0
(-15.6%) (-30.3%)

VBN-2 78.0±3.86 72.0±3.92 75.0 65.1±2.16 22.2±1.45 43.6
(-7.7%) (-65.8)

VBN-3 82.0±3.08 48.0±2.28 65.0 51.4±1.92 30.0±1.8 40.7
(-41.5%) (-46.6%)

CD  (P≤0.05)
Variety (V) 6.320** 3.38**
Temperature (T)   4.469 n.s 2.39 n.s
V × T 8.938** 4.78*

NSE:  Non-stress environment, HSE:  High temperature stress environment
*, ** and n.s. denote significance level at P<0.05, P< 0.01, and non-significance, respectively

Table 5- Effect of high temperature on pollen germination (in vitro) in green gram cultivars.

Cultivars Per cent pollen germination (in vitro)

32°C 35°C 38°C 41°C 45°C MEAN

SAMRAT 69.5±1.56 72.7±1.63 68.6±1.94 62.2±1.54 57.1±1.56 66.02

IPM 02-3 76.1±1.16 69.2±2.90 74.7±2.70 59.5±2.03 52.7±1.96 66.44

VBN-2 67.6±1.50 75.8±2.46 49.1±2.25 43.2±2.40 29.9±2.37 53.12

VBN-3 73.7±2.58 66.5±1.69 57.7±2.72 48.8±2.23 34.7±2.51 56.28

CD  (P≤0.05)
Variety (V) 2.69**
Temperature (T) 3.01**
V × T 6.03**

** denote significance level at P< 0.01.



°were observed at 41 C in heat sensitive caultivars while Pollen viability and in vitro germination- Present 

tolerant cultivars showed shrunken and deformed pollen study also shows that high temperature reduces pollen 
°

tubes at 45 C. viability and in vitro pollen germination due to which the 

flowers remain unfertilized and shed without forming 

pod. In the present experiment in vitro pollen DISCUSSION
germination studies showed that maximum pollen 

°germination occurred at 35 C. High temperature stress Temperature is one of the major environmental 
during reproductive development in legumes is factors that determine growth and reproductive behavior 
generally allied with lack of pollination and abscission in plants and in green gram also. The vegetative, 
of flower buds, flowers and pods, leading to a substantial flowering and grain-filling durations in green gram were 
loss in the yield (Nakano et al. 1998). Male reproductive reduced at higher temperatures (Ahmed et al. 1992, 
development and fertility are sensitive to heat (Sakata & Begum et al. 1998). In the present study, temperature 
Higashitani 2008). was higher in HSE (range 21.7-44.4°C, average 33.2°C) 

° ° On the basis of observations of present study it is compared to NSE (range 22.7-35.0 C, average 28.9 C), 
concluded that the genotypes with early flowering resulting into shorter flowering duration in HSE. 
showed higher extent of setting pods and retaining them The cultivars with higher number of flowers in early 
till maturity. On the other hand, higher night temperature flowering phase produced higher number of pods as well 
during flowering period enhanced floral abscission. as higher seed yield/plant. The presently studied 
Under high temperature stress nearly 62.4 % flowers cultivars produced higher number of flowers within 15 
abscised during the night as compared to that in the day. DAF with higher yield in HSE. This is supported by the 
Heat tolerant cultivars showed higher pollen viability observations of Mondal et al. (2011a). They observed 
under higher temperature stress. increased flower production within 10-15 DAF and 
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