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ABSTRACT

Date of Acceptance: 30-12-2020

Laboratory experiment was conducted to screen fifty blackgram genotypes for high temperature tolerance using Temperature
Induction Response (TIR) technique with nine tolerant blackgram genotypes viz., LBG 977, PU 1504, LBG 982, LBG 977, ABF
04, LBG 973, NRISRI, TBG 129, LBG 888 and one susceptible genotype TBG 125 were selected based on TIR for further
screening them for high temperature stress tolerance under field condition. Sowings were carried in such a way that flowering of
the genotypes coincided with the high temperatures. A wide variation was observed among the genotypes in their leaf characters
such as leaf thickness, leaf pubescence, cuticle thickness and pollen viability percentage. The genotypes LBG 888 and TBG 129
were found to have higher leaf thickness, pubescence and pollen viability percentage, which denote their heat tolerance and
ability to withstand higher temperature. Whereas, the susceptible genotype TBG 125 recorded lower values for leaf thickness
pubescence and pollen viability percentage.
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INTRODUCTION

Reproductive tissues are highly sensitive to heat
stress, and a few degrees raise in temperature during
flowering can lead to loss in the economic produce. Inside
a flower ovules are more resistant to high temperature
than pollen and anthers. (Sharma et al., 2016). Under high
temperature (30°C), floret sterility has been correlated
with diminished anther dehiscence, poor shedding of
pollens, low pollen germination percentage , decreased
pollen tube elongation and reduced in vivo pollen
germination (Fahad et al., 2015). Plants use different
mechanisms to control leaf temperature, like changing
the leaf traits like hairiness, colour and thickness.
(Monteiro et al., 2016). Keeping these in view, a field
experiment was conducted to evaluate leaf morphological
traits and pollen viability of blackgram genotypes under
high temperature condition.

Blackgram is a tropical leguminous plant belongs to
the Asiatic Vigna species. Among grain legumes
blackgram thrives better in all the seasons and can be
grown as a sole crop, intercrop or as a fallow crop. It is
an important pulse with high nutritive value and consists
of high proteins, vitamins, amino acids and minerals thus;
it is an important part in the dietary practices for large
population in the world.
Constraints in blackgram production includes abiotic
stresses, abrupt climatic changes, emergence of new
insect-pests, diseases and deficiency of secondary &
micronutrients in soils. (Ali and Gupta, 2012). Among
pulses, blackgram accounts for 28 percent of world total
grain legume production. It can be grown both summer
and winter seasons (Sritharan et al., 2015).

MATERIAL AND METHODS

Economic yield of blackgram mainly depends on
physiological traits, such as ability to produce high
biomass and partitioning of the photosynthates to
reproductive organs. Biomass production depends on the
extent of solar energy intercepted and its utilisation
efficiency. In blackgram high temperature and drought
are the most important constraint causing about 50 per
cent of the yield loss (Anitha et al., 2015).

The experiment was laid out in a randomized block
design with 3 replications and 10 blackgram genotypes
viz., LBG 977, PU 1504, LBG 982, LBG 977, ABF 04,
LBG 973, NRISRI, TBG 129, LBG 888 and TBG 125
(susceptible genotype) were sown in the wet land farm
of S.V. Agricultural College, Tirupati, ANGRAU, during
the 1st fortnight of February 2020.
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RESULTS AND DISCUSSION

Leaf thickness was measured with the Verniercalliper
at random locations on leaf, excluding the mid rib and
represented in millimeters (mm)

Leaf thickness (mm)
Leaf thickness was measured at various stages of
crop growth i e. at 20, 40, 60 days after sowing (DAS)
and at harvest presented in Table 1. All genotypes showed
reduction in leaf thickness from 40 DAS onwards. Among
the genotypes TBG 129 showed highest value for
thickness during entire crop growth stages. At harvesting
stage TBG 129, LBG 888 and PU 1504 showed highest
value of leaf thickness as 0.587 mm, 0.557 mm and 0.533
mm respectively. Thermo sensitive genotype TBG 125
showed lower leaf thickness during all growth stages. The
possible reason for decrease in the leaf thickness at later
stages of crop might be due to accelerated leaf senescence
at high temperature condition. The results from this study
implies that genotypes such as TBG 129, LBG 888 and
PU 1504 showed high leaf thickness compared to
susceptible genotype TBG 125. These findings are in
conformity with Salem-fnayou et al. (2011), Groom et
al. (2004) and Givnish (1978).

Leaf pubescence (No. of trichomes per sq.cm)
Leaf pubescence was measured by using
stereomicroscope (40X). The leaflet was cut into bits of
1 cm2 and number of trichomes present on the upper and
lower surface was counted under stereo zoom trinocular
microscope and expressed as number of trichomes per
square centimeter of leaf area.
Pollen viability test
The pollen grains from anthers of randomly selected
flowers were collected and taken on cavity slides and
stained with iodine-potassium iodide solution (0.44 g
Iodine + 20.8 g potassium iodide in 500 ml of 70%
alcohol). The viable pollen turns immediately to dark blue
and non-viable ones remained as light yellow. The number
of viable and non-viable ones were counted using
OLUMPUS SZ61 microscope. The viability percentage
was calculated from the mean of three microscopic field
counts for each genotype (Jensen, 1962)

Leaf pubescence (No. of trichomes sq cm-1)
All genotypes showed increase in the number of
trichomes sq cm-1 during the entire crop growth period.
The rate of increase was less during later stages of crop
growth. i.e at 60 DAS. Among the tolerant and susceptible
genotypes, mean number of trichomes per sq. cm of
tolerant genotypes was higher at all growth stages i.e. at
20 DAS (11.41), at 40 DAS (19.44) and at 60 DAS (20.52)
compared to susceptible genotype TBG 125. During the
flowering time LBG 888 showed highest number of
trichomes per sq. cm (25), followed by TBG 129 (23),
and PU 1504 (21.67) and was lowest for ABF 04 (14.67).
TBG 129 showed highest value (24.67) followed by TBG
129 and PU 1504. ABF 04 and TBG 125 showed lowest
value i.e. 15 and 15.67 respectively. The results from the
current study displays that trichomes present on the leaf
surface minimize the rate of transpiration by means of
high boundary layer resistance thus increase the water
use efficiency of the crop further pubescence reduces leaf
absorbance ensuring in reduced heat load and as a
consequence lower leaf temperature, much lower than
air temperature. As a result, leaf temperatures are near
the temperature optimum for photosynthesis. This is why
tolerant genotypes showed more number of trichomes than
susceptible one. These present findings are in conformity
with Roy and Basu (2009) and Monteiro et al. (2016).

Viability percentage =
Number of viable pollengrains
Total number of pollengrains

×100

Cuticle thickness (µm)
Fresh leaf samples were collected and fixed in cold
FAA (Formalin - acetic acid- alcohol) and dehydrated in
a tetra- butyl alcohol series (Berlyn and Miksche, 1976)
and embedded in paraffin. Thin sections were made and
mounted on slides and stained for 1hr with Sudan III in
ethylene glycol (Jensen, 1962). Thickness of cuticle was
measured with the help of calibrated ocular and stage
micrometer at 400X under oil immersion. (Delucia and
Berlyn, 1983). For calibration of stage micrometer, the
number of ocular division coinciding with the stage
division was found out. After calibration, stage
micrometer is removed and the sample is placed on the
stage slide and focused. The number of ocular division
occupied by leaf sample was counted. Multiplying the
number of division with calibration factor gives thickness
of cuticle. Three such readings were taken and average is
determined.
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Table 1. Leaf thickness (mm) of blackgram genotypes at different growth stages under high
temperature condition

Pollen viability percentage (%)
Heat tolerant and sensitive genotypes varied in pollen
viability when exposed to high temperature. Result
showed that viability percentage varied from 60.77 to
86.77. Lowest pollen viability was showed by susceptible
genotype (60.77) and highest value was showed by LBG
888 (86.77) followed by TBG 129 (81.64) (Fig. 1.)

Leaf thickness (mm)
Genotypes

20 DAS 40 DAS 60 DAS Harvest

Tolerant genotypes
LBG 977

0.383

0.577

0.520

0.413

PU 1504

0.410

0.617

0.560

0.533

LBG 982

0.403

0.597

0.550

0.507

LBG 971

0.377

0.590

0.530

0.420

ABF 04

0.360

0.503

0.443

0.340

LBG 973

0.380

0.553

0.540

0.470

NRISRI

0.367

0.510

0.493

0.437

TBG 129

0.427

0.707

0.647

0.587

LBG 888

0.457

0.647

0.607

0.557

Mean

0.396

0.589

0.543

0.473

Poor pollen viability might be the product of under
nourished pollen due to stress during growth. Tapetal
layers in anthers, which contribute nutrients to pollen
production, are the subject of thermal stress as recorded
in cowpea (Ahmed et al. 1992), chickpea (Kumar et al.
2010) and mungbean (Porch and Jahn, 2011). Result
revealed that viability percentage was lowest for thermo
sensitive genotype TBG 125. This is because the function
of pollen, stigma, and ovule in heat tolerant genotypes
was held significantly higher than sensitive one. Those
findings are consistent with previous studies in chickpea
Kumar et al. (2013).
From the investigation the following conclusions
were drawn, among the genotypes screened TBG 129
showed highest leaf thickness and susceptible genotype
TBG 125 with lowest leaf thickness. Reduction in pollen
viability was more in sensitive genotype TBG 125 and
LBG 888 recorded highest pollen viability percentage.
High summer temperature during flowering time leads
to reduction in pollen viability percentage in susceptible
genotype TBG 125. Among the morphological characters
studied such as leaf thickness, leaf pubescence and cuticle
thickness genotype LBG 888 and TBG 129 showed
highest value compared to all other genotypes which made
them more tolerant to temperature stress.

Susceptible genotype
TBG 125

0.340

0.503

0.480

0.357

CD (P= 0.05)

0.056

0.048

0.042

0.044

SEm±

0.019

0.016

0.014

0.015

Cuticle thickness (µm)
Cuticle thickness (μm) measured at various phases
of crop growth was presented in Table 2. Significant
difference was there between genotypes for thickness of
cuticle throughout the crop growth period. Results showed
that cuticle thickness gradually increased upto 60 DAS
in all genotypes and later decreased. Genotype PU 1504
showed highest value of cuticle thickness during all
phases of crop growth and lowest value was showed by
thermo sensitive genotype TBG 125. Reduction in cuticle
thickness at harvest stage might be because the cuticle
deposition is persistent until the leaf reaches
morphological maturity after which no further deposition
occurs. High cuticular thickness of thermo tolerant
genotypes linked to water loss prevention under dry
summer conditions. These findings are in accordance with
England and Attiwill, (2011), Shepherd et al. (2006).
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Table 2. Leaf Pubescence (No. of trichomes per sq. cm) and Cuticle thickness (µm) of blackgram genotypes

Cuticle thickness (µm)

Leaf Pubescence (sq cm-1)
Genotypes

20 DAS

40 DAS

60 DAS

20 DAS

40 DAS

60 DAS

Harvest

LBG 977

9.33

16.67

17.67

0.074

1.15

1.36

1.293

PU 1504

15.00

21.67

23.67

0.091

1.33

1.527

1.467

LBG 982

12.33

21.00

21.67

0.079

1.133

1.327

1.29

LBG 971

11.33

17.33

18.33

0.081

1.227

1.39

1.337

ABF 04

7.00

14.67

15.00

0.075

1.143

1.32

1.277

LBG 973

11.33

19.33

20.33

0.078

1.203

1.417

1.37

NRISRI

9.00

16.33

17.00

0.078

1.133

1.333

1.293

TBG 129

13.00

23.00

24.67

0.089

1.27

1.477

1.43

LBG 888

14.33

25.00

26.33

0.082

1.237

1.447

1.387

Mean

11.41

19.44

20.52

0.081

1.203

1.400

1.349

TBG 125

5.33

15.00

15.67

0.052

0.943

1.057

0.993

CD (P= 0.05)

3.511

4.175

1.942

0.008

0.03

0.031

0.02

SEm±

1.182

1.405

0.654

0.003

0.01

0.011

0.007

Tolerant genotypes

Susceptible genotype

Fig. 1. Pollen viability (%) of blackgram genotypes
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