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ABSTRACT

Several studies have been carried out to explore and improve the mungbean tolerance to high-temperature
stress. Therefore, the present work was conducted to analyze the impact of heat stress on the vegetative,
physiological and reproductive traits of 13 mungbean genotypes. The mungbean genotypes were grown
at two sowing times i. e. the last week of March (normal sown) and April (late sown). In late-sown,
leaves chlorosis signs, scorching and rolling of leaf were observed due to high temperature. High-
temperature stress decreased leaf area, plant height, relative water content, chlorophyll content and
increased the electrolyte leakage. In addition to this, phenology was hastened, resulting in a noticeable
decrease in flowers’ number, pods and seeds weight, thereby reducing pod and seed yields. During
reproductive period, heat stress was detrimental in all late sown mungbean genotypes. Based on present
study, MH 125, MH 421 and PDM 139 were tolerant to heat stress and MH 318, IPM 02-3 and PM-5 were
sensitive.
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INTRODUCTION

The earth’s increasing average temperature
due to climate change is proving stressful at
all stages of plant growth and development,
mainly in tropical and sub-tropical regions (Li
et al., 2018). There is a need for sustainable
development because climate change and
increasing population threaten food security
and the agricultural system. Climate change
involves the increasing concentration of
greenhouse gases, and subsequent rise in
earth’s temperature that leads to acclimation
or adaptation in the plants causing a low yield
in crop plants. The earth’s mean global
temperature is predicted to rise by 1.5oC in
the next two decades, as reported by
Intergovernmental Panel on Climate Change
(IPCC, 2021). This increased temperature over
a prolonged period induces irreversible
damages to plants that cause heat stress. The
impacts of heat stress vary with the degree,
intensity and duration of the elevated
temperature. Heat stress enforces changes at
various organizational levels with harmful
impacts on vegetative and reproductive traits.
Moreover, in plants, elevated temperature can
disturb the physiological processes resulting
in a reduction in photosynthesis and nitrogen
assimilation, increased proteolysis, and

accumulation of lipid peroxidation end
products. Heat-stressed plants show shorter
vegetative  and pod-fi ll ing periods that
subsequently reduce yield (Sharma et al.,
2016).
In flowering plants, legumes are the third
largest with nearly 20,000 species, which
makes it the second largest crop family (Sita
et al., 2017). They are a vital source of protein,
oil, starch and flavonoids (Suso et al., 2015;
Ozga et al., 2017; Song et al., 2017) and hence
they can ensure food security for the world’s
increasing population size (Foyer et al., 2016;
Considine et al., 2017; Liu et al., 2019). In the
farming system, legumes are often used in crop
rotation or as an intercrop, resulting in a
decrease in weed populations, insect-pests and
diseases while increasing overall productivity
and income for smallholder farmers (Khatun
et al., 2021). Various abiotic stresses, such as
temperature, drought and salt affect the growth
of legumes and cereals at different
developmental stages (Rane et al., 2021).
Among legumes, mungbean plays a vital role
in complementing cereal-based diets.
Mungbean is adapted to the sub-tropical and
tropical environment as a warm season and
short duration crop (Raturi et al., 2015). Many
nutrients such as protein, carbohydrates,
minerals, fibres, phenolics and antioxidants



are enriched in mungbean seeds (Hou et al.,
2019). Apart from these, the grains are also a
good source of alkaloids and phytosterols, which
are known to tranquilise the metabolism of
animals and human beings (Kaur et al., 2018).
The rising attention to nutritional benefits has
contributed to the increasing demand for
mungbean (Chauhan and Williams, 2018).
However, with the changing global climate, the
rise in temperature causes severe and more
frequent heat stress in legumes (Sita et al.,
2017). Therefore, plant scientists are either
to characterise or develop thermo-tolerant
genotype transgenically. To meet these
challenges, some efforts have been made in
other crop plants like chickpea (Devi et al.,
2022), wheat (Li et al., 2022), soybean
(Krishnan et al., 2020) and lentil (Sehgal et al.,
2017). In the present study, it was tried to
analyze the impact of heat stress on various
mungbean genotypes and evaluating their
thermo-tolerance by studying the effect of heat
stress on their vegetative and reproductive
traits.

MATERIALS  AND  METHODS

In this study, the seeds of 13 genotypes with
three replicates were grown twice at the
standard sowing time in the last week of March
(~34-36oC) and late sowing in the last week of
April (>38-40oC). The experiment was
performed in the experimental plot at the
Department of Botany, Kurukshetra
University, Kurukshetra, India. Seeds were
treated with Rhizobium spp. and sown in pots.
The plants were fully irrigated and screened
for their tolerance to heat stress for growth
and yield parameters.
The plants’ leaf area was estimated using leaf
area meter (Systronics 211) at maturity. The
plant height was determined making use of a
measurement scale.
The young leaves were taken to record their
fresh weights. Then, the leaves were cut into
small segments and floated on distilled water
in Petri dish for 3 h at low light intensity and
the turgid weight was estimated. After that,
the dry weight was recorded, keeping the
leaves in an oven at 85oC for 24 h. Relative
water content was worked out as:

RLWC (%) = [(Fresh weight – Dry weight)/
(Turgid weight-Dry weight)] × 100

The chlorophyll content was measured against
80% acetone as a blank. For chlorophyll content
estimation, fresh leaf (100 mg) was ground in
10 ml of 80%  acetone. The mixture was
centrifuged in a Remi-centrifuge at 5000 rpm
for 20 min. After centrifugation, the
supernatant was collected, and final volume
was raised to 10 ml by adding 80% acetone;
then using spectrophotometer, absorbance of
the supernatant was read at 645 and 663 nm.
The total chlorophyll content (mg/g fresh
weight) was determined as:

Total chlorophyll = Chlorophyll a +
Chlorophyll b

Chlorophyll a = 12.3 × Absorbance (663)
– 0.86 × Absorbance (645) × V /  × 1000 × w

Chlorophyll b = 19.3 × Absorbance (645)
– 3.6 × Absorbance (663) x V /  × 1000 × w

Where, V = volume of extract (ml)
 = path length in cm (1 cm)
w = fresh weight of sample (mg)

Electrolyte leakage was calculated by utilizing
an electrical conductivity (EC) meter. For
electrolyte leakage estimation, 100 mg leaf
tissues were taken and placed in 10 ml of
double-distilled water at 25oC for 24 h and EC1
was read. The same was put in water bath at
100oC boiling for 10 min, and electrical
conductivity was recorded (EC2). Then, the
electrolyte leakage was worked as:

Electrolyte leakage (%)=(EC1/ EC2) × 100

At both the sowing times, the total numbers of
flowers/plant for each of the genotype were
considered till the termination of flowering
period. New emerged flowers were marked on
every second day and totalled. At maturity,
single pod weight, pod weight per plant, seed
weight and seed number per pod were
calculated in both normal and late sown
genotypes.
The data of 13 genotypes with three replicates
were subjected to analysis of variance (ANOVA)
using SPSS 16 statistical software. The
difference among data was determined by a
Post hoc test (Tukey) using the same software.
The mean values, along with standard errors
and least significant differences (P<0.05) for
interaction (genotype × date of sowing) are
presented in the figures.

Heat stress on growth and yield in mungbean 371



RESULTS  AND  DISCUSSION

In present research, mungbean genotypes
were subjected to heat stress by sowing seeds
one month later than the suggested sowing
time. As a result, newly emerging and
developing flowers, pods and seeds experienced
the effect of heat stress (>40OC). In late sown
mungbean plants, leaf area decreased from 8.5
to 38.3% . The minimum reduction was
observed in genotypes MH 125, MH 421 and
SML 832 and maximum in genotypes in IPM
02-3, MH 318 and PM-5 over their respective
control (Fig. 1). In addition, high temperature
resulted in sunburns, rolling and drying of
leaves (Fig. 2). The maximum plant height was
shown by the genotypes MH 125, MH 421 and
SML 832 and the minimum height was
observed in MH 318, MH 2-15 and PM-5 in
normal sown plants. In late sown plants,
minimum height was observed in genotypes
IPM 02-3, MH 318 and PM-5 and maximum in
genotypes MH 125, MH 421 and SML 832 (Fig.
3). Due to heat stress, the plant height was
reduced by 9.9 to 30.9% in late sown plants.

the major symptoms associated with heat
stress-induced leaf deterioration which finally
caused a decrease in crop productivity (Arif et
al., 2022).
Due to heat stress, the relative water content
decreased from 8.8 to 20.9% in late sown
genotypes. In normal sown plants, the
maximum re lative water content was
maintained by genotypes MH 125, MH 421 and
PDM 139 and the minimum by IPM 02-3, MH
318 and PM-5. However, in late sown condition,
genotypes MH 125 maintained higher relative
water content followed by MH 421 and PDM 139
and minimum in genotypes IPM 02-3, MH 318,
PDM 54 and PM-5 (Fig. 4). The maximum
chlorophyll content was noticed in genotypes

Fig. 1. Leaf area of normal and late sown plants.
Small vertical bar errors represent standard
errors. Mean values with different letters
on the same graph indicate significant
differences among treatments. LSD (P<0.05)
and Interaction: genotypes × date of sowing.

Heat stress remarkably decreased leaf area,
plant height in late sown plants. Similar
results were observed in mungbean by Sharma
et al. (2016) under heat stress. The decrease
in relative humidity during late sown might
be a vital factor for this decline (Sharma et al.,
2016). Leaves were more vulnerable to high
temperature as compared to other plant parts.
In sugarcane and other plant species, leaf
senescence and abscission, rolling and drying
of leaves, necrosis, damage to leaf-tips and
margins, visible scorching and sunburns were

Fig. 2. Effect of high temperature on leaves
a:healthy leaves; b, c and d: leaves showing
signs of heat stress.

Fig. 3. Plant height of normal and late sown
genotypes. Small vertical bar errors
represent standard errors. Mean values
with different letters on the same graph
indicate significant differences among
treatments. LSD (P<0.05) and Interaction:
genotypes × date of sowing.
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MH 421, IPM 410-3, MH 1142 and MH 125 and
minimum in genotypes MH 318, IPM 02-3 and
IPM 205-7 in normal sown plants. In late sown
genotypes, the chlorophyll content was reduced
from 6.3 to 29.1%. Under high temperature,
the genotypes MH 421, MH 125 and PDM 139
exhibited maximum chlorophyll content, and
MH 318, PM-5 and IPM 02-3 had minimum
chlorophyll content (Fig. 5).

High temperature remarkably reduced relative
water content and chlorophyll content in late
sown plants, which might significantly
influence all cellular functions. Similar results
were also found in other crop plants such as
in chickpea (Devi et al., 2022), barley (Templer
et al., 2017) and tomato (Nankishore and
Farrell, 2016). Leaf chlorophyll content reduced
in heat-stressed plants and this may be
because of its impaired biosynthesis and
degradation due to photo-oxidation. The
chlorophyll reduction was also related to
repressed chlorophyll fluorescence, a measure
of photosynthetic efficiency. In late sown
plants, an inhibition in function of PSII was
also reported in other crop plants (Wang et al.,
2018) which might be related to reduction in
water and chlorophyll content of the leaves.
Therefore, the maintenance of leaf
photosynthetic machinery was vital
for producing and trans-locating sucrose to
leaves under heat stress (Bindumadhava et al.,
2016). In present investigation, the leaves
were seen to be damaged by high-
temperature stress, as shown by the increase
in e lectrolyte  leakage from leaf
tissues; similar findings were also noticed in
earlier studies on alfalfa (Wassie et al., 2019),
chickpea (Devi et al., 2022) and rice (Taratima
et al., 2022).
In present experiment, high temperature
significantly decreased flower numbers, seed
numbers and seed weight on account of
increased pod losses and fewer filled pods. The
maximum numbers of flowers were seen in
genotypes MH 125, MH 421 and PDM 139 and
minimum flowers were observed in genotypes

Fig. 4. Relative water content of normal and late
sown genotypes. Small vertical bar errors
represent standard errors. Mean values with
different letters on the same graph indicate
significant differences among treatments.
LSD (P<0.05) and Interaction: genotypes ×
date of sowing.

Fig. 5. Chlorophyll content of normal and late sown
plants. Small vertical bar errors represent
standard errors. Mean values with different
letters on the same graph indicate
significant differences among treatments.
LSD (P<0.05) and Interaction: genotypes ×
date of sowing.

The electrolyte leakage increased from 19.5
to 55.1% in late sown genotypes. In normal
sown genotypes, minimum electrolyte leakage
was observed in MH 125, MH 421 and PDM 139
and maximum noticed in genotypes MH 318,
MH 1142 and PM-5 (Fig. 6). However, the
maximum electrolyte leakage was observed in
genotypes PM-5, MH 318 and IPM 02-3, the
minimum was observed in genotypes MH 125,
MH 421 and PDM 139 in late sown plants.

Fig. 6. Electrolyte leakage of normal and late sown
plants. Small vertical bar errors represent
standard errors. Mean values with different
letters on the same graph indicate
significant differences among treatments.
LSD (P<0.05) and Interaction: genotypes ×
date of sowing.
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In normal sown plants, single pod weight was
observed higher in genotypes MH 125, MH 421
and IPM 410-3 and lower in genotypes MH 2-
15, MH 318, PM-5 and IPM 02-3. However,
single pod weight decreased from 11.7 to 32.0%
due to high temperatures. In late sown
condition, maximum single pod weight was
observed in genotypes MH 125, MH 421 and
MH1142 and minimum was noticed in
genotypes MH 318, MH 2-15 and IPM 205-7 (Fig.
8). Due to high temperatures, the pod weight
per plant in late sown genotypes decreased
from 11.4 to 64.65%. The minimum reduction
was observed in genotypes MH 125, MH 421
and PDM 139 and maximum reduction was
observed in genotypes MH 318, PM-5 and IPM
02-3 over their respective control (Fig. 9).
The maximum seed number per pod was in
genotypes MH 125, MH 421 and IPM 205-7 and
the minimum in genotypes PM-5, IPM 02-3,
PDM 54 and MH 1142 in normal sown plants.
The seed number reduced from 15.7 to 51.7%
in late sown plants. At high-temperatures, the
maximum number of seeds per pod was noticed
in genotypes MH 125, MH 421, IPM 410-3 and
SML 832 and a minimum in IPM 02-3, MH 318
and PM-5 (Fig.10). In late sown plants, seed
weight per pod decreased from 9.8 to 30.70%.

Fig. 7. Total number of flowers of normal and late
sown plants. Small vertical bar errors
represent standard errors. Mean values with
different letters on the same graph indicate
significant differences among treatments.
LSD (P<0.05) and Interaction: genotypes ×
date of sowing.

PM-5, MH 318 and IPM 205-7 in normal sown
genotypes. Under heat stress, genotypes MH
125, MH 421 and SML 832 showed the
maximum number of flowers and minimum
flowers were observed in MH 318, PM-5 and
IPM 02-3 (Fig. 7). The number of flowers was
reduced from 10.5 to 35.9% in late sown
genotypes.

Fig. 8. Single pod weight of normal and late sown
plants. Small vertical bar errors represent
standard errors. Mean values with different
letters on the same graph indicate
significant differences among treatments.
LSD (P<0.05) and Interaction: genotypes ×
date of sowing.

Fig. 9. Pod weight per plant of normal and late sown
plants. Small vertical bar errors represent
standard errors. Mean values with different
letters on the same graph indicate significant
differences among treatments. LSD (P<0.05)
and Interaction: genotypes × date of sowing.

Fig. 10. Seed number per pod of normal and late
sown plants. Small vertical bar errors
represent standard errors. Mean values
with different letters on the same graph
indicate significant differences among
treatments. LSD (P<0.05) and Interaction:
genotypes × date of sowing.
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The minimum reduction was noticed in
genotypes MH 125, MH 421 and PDM 139 and
the maximum decrease was observed in
genotypes MH 318, IPM 02-3 and PDM 54 over
their respective control (Fig. 11).

be related to leaves’ stability to retain more
water under high temperature, as measured
by less damage to photosynthetic function.
The reduced chlorophyll content under high
temperatures in the present work could be the
other reason for the reduction in seed yield.
These outcomes showed an interaction
between temperature and genotype in late
sowing, and it may be suitable for identifying
thermo-tolerant genotypes. Under heat stress,
reproduction duration and early maturity are
the primary adaptive traits to produce seeds.

CONCLUSION

The research showed that high-temperature
stress negative ly affected vegetative,
physiological and reproductive traits. Heat
stress reduced leaf area, plant height,
chlorophyll content, relative water content,
number of flowers, pod and seed weight and
increased electrolyte leakage over their
respective control. As per screening results,
genotypes IPM 02-3, MH 318 and PM-
5 were sensitive, and MH 125, MH 421and PDM
139 were tolerant ones. Results on different
cultivars showed that thermo-tolerant ones
suffered minor damage under heat stress than
sensitive genotypes. Therefore, these
genotypes would be useful in breeding
programs and serve as a standard plant source
to gain more insight into high temperature-
induced effects on cell metabolism.
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