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Abstract

The experiment was conducted out at Vegetable Experimental
Area, Department of Vegetable Science, Punjab Agricultural
University, Ludhiana. Sixty three brinjal genotypes were
evaluated for heat stress tolerance during summer and rainy
season. Ten characters were analyzed and had shown
significant differences for all traits during both the seasons.
Among all genotypes, high yield was observed in BL205,
BL215, BR123, BL201 and BL214 during summer and G414,
BL222, BR104, BR102 and S331 during rainy season. The
lowest yield was observed in BL223, BL219 and BR119
during summer season. Genotypes showed 50% flowering
in less than 25 days after transplanting were SR318, SR305
and GL403. Reduction in pollen fertility causes flower drop,
fruit drop and lower the fruit yield at high temperature. Among
all, BL205, BL215 and BR123 showed minimum seasonal
differences for yield due to high pollen viability and fruit
setting. Thus, these genotypes can further be exploited
during summer season per se or by involving in breeding
programme.
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Introduction

Temperature is one of the most critical factor affecting
growth and development of the plants. Worldwide,
extensive agricultural losses are attributed to heat and
often in combination of drought and other abiotic stresses
(Mittler 2006). The response of plant to heat stress is
complex and depends upon the signal that flow
information to sense the change in surrounding
environment and induces the gene expressions
accordingly (Kotak et al 2007). The growth of brinjal is
most optimum, when temperature ranges between 20-
30 °C, but often decline during summer months when
temperature increases above optimum range. However,
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summer months (April-June) are hot, dry, and
temperature remains above 35°C with low relative
humidity (30-45%). In brinjal, a marked reduction in
yield has been observed with high night (22-24 °C) and
day (33-39 °C) temperature (Mohanty and Prusty 2000,
Thapa 2002). The rate of fruit setting reported to
decrease with increasing average maximum temperature
and higher precipitation during first 5 days of anthesis
(Sun et al 1990). Lombardi and Restaino (1981) observed
influence of both temperature and genotype on anthesis,
but the fruit set was affected more by genotype. Warner
and Erwin (2005) observed natural variation for floral
bud abortion at high temperature in Arabidopsis
thalianin. Therefore, brinjal genotypes were evaluated
for heat stress tolerance in this experiment.

Material and Methods

This study was conducted at Vegetable Research Farm,
Department of Vegetable Science, Punjab Agricultural
University, Ludhiana, a total of 63 genotypes were
evaluated for 10 characters in a Randomized Block
Design (RBD) with three replications during summer
and rainy seasons. The seeds were sown during sown
summer (stress condition) in 1st week of March and
rainy (favorable condition) during 2nd week of June.
Seedlings were transplanted at spacing of 60 cm x 30
cm.  All recommended cultural practices were followed
to raise a healthy crop. The data was recorded for the
agronomic traits, such as plant height, plant spread, days
to 50% flowering, number of flowers per inflorescence,
pollen viability, fruit setting, fruit weight, seeds per fruit,
fruits per plant and fruit yield per plant. Observations
were recorded from seven plants selected randomly in
each genotype. All analyzes were performed with the
computer software CPCS 1 developed by Singh and
Cheema (1985). Quantitative effect of seasonal heat
stress differences (summer vis-a-vis rainy) were obtained
in percentage as per method suggested by Wardlaw et al
(1989): % S = 100 [1 - (P v / P i )]
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Where, P v and  P i are  the mean  of  each  genotype,
experiments in summer and rainy, respectively, for each
of the characters. Subsequently, the genotypes were
sorted out in ascending order as to their percentage of
seasonal difference (% S).

Results and Discussion

The analyzes of variance showed significant difference
among genotypes for all traits, both for in rainy and
summer season, which show that genetic variability for
these traits in the two environments evaluated (Table
1), whereas the means squares due to replications were
non-significant for all the characters during both the
seasons. The means squares due to genotypes were
highly significant for all other characters except days
to 50% flowering and fruit setting. The means squares
due to genotype x environment interactions were
observed highly significant except days to 50%
flowering, flowers per inflorescence and fruit setting.
Hence, high degree of genetic variability was recorded
in the evaluated genotypes during summer and rainy
seasons. Yield is the prime objective of a breeding
programme, which depends on the number of traits such
as plant height, plant spread, days to 50% flowering,
number of flowers per inflorescence, pollen viability,
fruit setting, fruit weight, seeds per fruit and fruits per

plant. There was huge variability in the genotypes during
both the seasons of experiment, which indicated the
scope for improvement of total yield.

Significant differences were observed for all the 10 traits
during both seasons of brinjal cultivation. Out of 63
evaluated genotypes for different traits, mean
performance of the top most 10 have been given in
Table 2. Plant height is one of the most important growth
parameters in brinjal. The data showed that plants under
summer season grow tall (141.67 cm) than the rainy
season (116.22 cm). Higher plant height during summer
season may be due to longer period for vegetative growth
and unfavorable conditions for reproduction or fruit
setting duration during hot summer months in Punjab.
Whereas, plant spread was range was 49.33 to 127.78
cm during summer and 44.89 to 133.78 cm during rainy
season. The earliest genotypes that had come to 50%
flowering in less than 25 days after transplanting were
SR318 (21.67), SR305 (24) and GL403 (24.67). The
days to 50% flowering was early during summer season
(21.67-59.67 days) and late during rainy season (32.67-
65.33 days). The difference in flowering during rainy
and summer season may be due to difference in effective
accumulative temperature (EAT) required for inducing
flowering. Since, the prevailing temperature during rainy
season (July-Dec) is in decreasing order and vice versa

Table 1: Analysis of variance of different characters in brinjal genotypes

*, ** Significant at 5% and 1% level respectively
Rep-Replications, E- Environment, G- Genotypes, E x G- Environment x Genotype interaction

Mean sum of square F ratio Character 
Rep. E G E x G Error Rep. E G E x G 

Plant height (cm) 200.09 18309.77 1287.77 295.67 10.68 18.72 1713.13** 120.49** 27.66* 
Plant spread (cm) 101.21 1756.02 1581.40 495.91 11.69 8.65 150.10** 135.17** 42.39* 
Days to 50% flowering 77.36 3000.61 208.12 111.73 13.08 5.91 229.31** 15.91 8.54 
Flowers per inflorescence 0.18 78.22 11.35 1.87 0.11 1.75 726.58** 105.49** 17.43 
Pollen viability (%) 73.63 44774.14 709.62 670.38 14.78 4.98 3028.02** 47.99* 45.34* 
Fruit setting (%) 142.14 62100.57 592.14 601.94 43.06 3.3 1442.09** 13.75 13.98 
Fruit weight (g) 310.24 870911.90 19009.78 7455.16 156.55 1.98 5562.98** 121.43** 47.62* 
Seeds per fruit 1351.24 17642740 420514.2 175307.5 2628.41 0.51 6712.34** 159.99** 66.70* 
Fruits per  plant 4.07 4108.17 333.45 95.13 1.72 2.36 2379.37** 193.13** 55.10* 
Fruit yield per plant (g) 5353.39 130928900 533822.4 586137.8 6442.74 0.83 20321.92** 82.86* 90.98* 

 

Table 2: Mean performance of the top 10 comparative heat tolerant and 3 most heat susceptible genotypes of brinjal.

G-Genotypes, I-Summer season, II-Rainy Season, S (%)-Seasonal difference

Plant height 
(cm) 

Plant spread (cm) Days to 50% 
flowering 

Flowers/ 
inflorescence 

Pollen viability 
(%) 

Fruit setting 
(%) 

Fruit weight (g) Seeds  
per fruit 

Fruits per plant Fruit yield per plant  
(g) 

Genotype 

I II I II I II I II I II I II I II I II I II I II S (%) 
BL205 96.55 70.11 92.00 90.11 38.67 41.67 3.78 5.11 88.83 97.50 63.33 73.33 40.00 152.33 211.27 894.33 32.27 13.86 1253.00 1691.33 -25.92 
BL215 86.66 56.78 89.22 68.56 42.33 47.67 3.78 4.67 92.37 94.30 70.00 83.33 46.33 43.00 151.33 345.77 22.90 31.26 908.50 1212.83 -25.09 
BR123 101.22 73.55 97.11 87.78 38.00 42.67 1.00 1.11 57.77 90.77 50.00 83.33 110.00 181.50 606.33 828.33 7.93 8.79 881.00 1283.33 -31.35 
BL201 92.66 73.78 93.66 97.56 30.33 42.67 3.56 5.67 65.00 96.50 53.33 46.67 78.33 131.50 403.83 698.83 11.80 12.99 861.33 1472.83 -41.52 
BL214 84.33 60.67 77.11 65.66 39.67 54.67 2.11 1.78 84.77 95.27 63.33 63.33 57.00 270.33 297.33 613.33 16.74 10.00 780.33 1416.83 -44.92 
BL203 114.11 79.78 94.11 103.78 33.33 50.00 2.78 3.89 73.10 95.40 50.00 83.33 89.33 225.33 529.27 1010.60 12.89 13.86 779.67 2117.33 -63.18 
S333 91.77 56.44 65.33 50.44 30.67 40.67 3.89 5.44 91.13 96.80 60.00 83.33 28.00 37.33 364.50 514.00 27.23 50.63 731.33 1821.17 -59.84 
SR310 91.55 74.56 103.33 79.78 43.00 44.00 3.33 5.67 69.43 96.80 50.00 75.00 48.33 101.00 539.67 685.17 18.88 22.00 711.67 1736.83 -59.02 
G409 98.78 81.22 96.56 90.11 44.33 45.67 2.78 4.44 76.37 70.67 50.00 66.67 36.83 112.67 242.83 918.67 20.16 18.06 676.00 1603.83 -57.85 
SR301 83.33 62.44 79.00 65.44 34.00 44.67 3.00 4.89 55.37 92.07 50.00 83.33 32.00 44.67 357.33 433.33 21.44 28.73 652.33 1145.00 -43.03 
BL223 88.55 84.56 92.11 86.55 59.67 43.33 2.33 7.67 11.60 93.87 10.00 83.33 12.33 69.00 39.50 383.67 1.04 24.84 13.50 1384.00 -99.02 
BL219 86.11 63.56 84.89 73.11 59.33 41.00 2.78 5.67 12.87 97.07 13.33 73.33 15.33 83.83 23.00 644.08 1.07 24.80 16.50 1865.00 -99.12 
BR119 102.44 93.44 127.78 100.44 57.67 48.00 1.11 1.11 12.23 91.70 16.67 83.33 19.17 312.33 39.33 1508.83 1.13 8.55 21.67 2124.33 -98.98 
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during second season (March- June) (Fig.1). Mohanty
et al (2002) also reported seasonal differences for days
to flowering, as it was early during the summer season
(41.86 days) and late during winter (91.13 days).

The number of flowers per inflorescence observed
during summer season was less with a range 1 to 3.89,
whereas 1 to 7.67 during rainy season. The genotypes
possessing more number of flowers per inflorescence
at high temperature (summer season) indicates inherent
ability to heat tolerance. The fruit setting and pollen
viability was recorded high in BR104 (61.7, 96.0), S333
(71.7, 93.9) and BL215 (76.7, 93.3) during both the
seasons, respectively. High pollen viability and fruit
setting during rainy season was due to favorable
conditions prevailed during flowering month, while
during summer season, although conditions are favorable
for vegetative growth, but not for fruit setting.
Significant decreased in pollen viability was observed
along with decrease in pollen grains production, pollen
grain release and in vitro pollen germination of different
tomato genotypes (Soylu and Comlekcioglu 2009). Levy
et al. (2007) observed that fruit set varied between 77.3–
16.3 % in the heat tolerant and heat sensitive genotypes
of tomato, respectively. According to them, the
characters contributing to low fruit set were the bud
drop and reduction in the quantity and functionality of
the gametes. Reddy et al (1989) also reported that all
the accessions showed poor performance with respect
to weight per fruit due to high temperature conditions
in tomato. Maximum fruits per plant were observed in
BL205 (32.27), S333 (27.23) and SR322 (25.66) during
summer and in S333 (50.63), SR318 (40.24) and SR305
(36.45) during rainy season. The genotype possessing
more number of fruits per plant at high temperature
(summer season) is an indication of inherent heat
tolerance ability. As hot and dry months of summer
causes reduction in pollen viability and ultimately fruit
setting and number of fruits per plant. Whereas, it was
in contrast during rainy season as a result fruit number

were more. Least fluctuation due to season on fruits
per plant was observed in SWR230-4 and BL203.
Maximum seeds per fruit were counted in BR115
(1229.33) during summer and WL503 (1775.67) during
rainy season.

The fruit yield during summer season was observed
lower in all the genotypes as compared to genotypes
during rainy season (Fig.2). The top five ranked
genotypes in terms of fruit yield per plant in descending
order were BL205 (1253 g), BL215 (908.5 g), BR123
(881 g), BL201 (861.33 g) and BL214 (780.33 g) during
summer season whereas, G414 (2804.33 g), BL222
(2787.83 g), BR104 (2476.33 g), BR102 (2448.83 g)
and S331 (2442.83 g) during rainy season. Genotypes
BL223, BL219 and BR119 were observed most sensitive
to heat due to lowest yield during summer season. The
seasonal differences were minimum in BL205, BL215
and G418 for yield by the growing conditions. The
highest fruit yield obtained during rainy season may be
due to high fruit weight, increase in fruit set and more
number of fruits per plant due to high pollen viability.
While the lower fruit yield recorded during summer
season may be due to vice-versa effects as explained
above. Peet et al. (1997) also showed that fruit set of
tomato decreased under high temperature and caused
significant reduction in fruit yield.

Conclusion

In present study, out of 63 genotypes BL205, BL215
and BR123 gave maximum yield during summer due to
high pollen viability, fruit setting, fruits per plant and
fruit weight, whereas, BL223, BL219 and BR119 lowest
yield. Thus, genotypes BL205, BL215 and BR123 can
be evaluated further to release as   heat tolerant varieties
or can be involved in breeding programme to get
transgressive segregants to cope with changing climate.

lkjka'k

cSaxu dh 60 izHksnksa dk rki izfrcy lgu”khyrk ds izfr ewY;kadu
xzh’e ,oa o’kkZ dky esa lCth foKku foHkkx] iatkc Ñf’k fo”ofo|ky;
yqf/k;kuk] iatkc esa fd;k x;kA dqy 10 ?kVdksa dk fo”ys’k.k fd;k

Fig. 1: Temperature difference during summer and rainy
seasons (crop period)

Fig. 2: Comparison of fruit yield/plant during summer and
rainy season
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x;k ftlesa xzh’e ,oa o’kkZ dky esa lkFkZd fofHkUurk ik;h x;hA
lHkh izHksnksa esa vf/kd mit okys izHksnksa tSls ch-,y-&205] ch-,y-
&215] ch-vkj-&123] ch-,y-&201 rFkk ch-,y-&214 xzh’e dky esa
rFkk th-&414] ch-,y-&222] ch-vkj-&104] ch-vkj-&102 rFkk
,l-&331 o’kkZ dky esa vf/kd mit iznku fd;sA fuEure mit
izHksn ch-,y-&223] ch-,y-&219 rFkk ch-vkj-&119 xzh’e dky esa
ik;k x;kA ikS/k jksi.k ds ek= 25 fnuksa esa 50 izfr”kr iq’iu djus
okyh izHksnksa esa ,l-vkj-&318] ,l-vkj-&305 o th-,y- 403 izeq[k
FkhA ijkxd.k dh moZjrk dh deh ls iq’i dk >M+uk] Qy dk
fxjuk o de Qy dk cuuk mPp rkieku ij ik;k x;kA lHkh
izHksnksa esa ch-,y-&205] ch-,y-&215 o ch-vkj-&123 esa vf/kd
ijkxd.k thou {kerk o Qy /kkj.k ds dkj.k fuEure ekSle
fofoèkrk mit ds izfr ik;h x;hA bl izdkj bu lHkh izHksnksa dk
xzh’e dky esa mi;ksx fd;k tk ldrk gS vFkok iztuu esa
lfEefyr dj ldrs gSaA
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