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ABSTRACT

A pot culture experiment was conducted with wheat
genotypes during the Rabi season 0f2023-24 at Acha-
rya Narendra Deva University of Agriculture & Tech-
nology, Kumarganj, Ayodhya. The temperature was
maintained around 38 to 40°C in polyhouse condition
so that reproductive stage of wheat genotypes could
face heat stress environment. The wheat genotypes
were evaluated for membrane stability index (MSI),
chlorophyll stability index (CSI), catalase activity,
test weight and grain yield performance under heat
stress. The cell membrane stability highly affected
due to electrolytes leakage under heat stress. The test
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weigh and grain yield was less affected in high MSI
genotypes. The chlorophyll stability genotypes stay
green during terminal heat stress and maintained the
metabolic acitivity during grain filling stage. High cat-
alase activity genotypes prevent the lipid peroxidation
and prevent plant from oxidative damage. Genotype
NWL-102 had high MSI, CSI, high catalase activity
and less reduction yield over NWL 101, NWL 103 and
NWL 104. The heat stress significantly reduced test
weight and grain yield under heat stress regimes. The
tolerant wheat genotypes less affected as compare to
susceptible ones. The high MSI, CSI, catalase activity
and grain yield stability under heat stress environment
may be use it as donor for further improvement of
wheat genotypes for heat tolerant traits.

Keywords Heat stress, MSI, CSI, Yield stability
and Genotype.

INTRODUCTION

Wheat (Triticum aestivum L.) is a major global
cereal crop and a vital component of food security,
cultivated on over 220 million hectares globally and
contributing significantly to both human nutrition
and the livestock sector (Khalid et al. 2023). In
India, it is grown on 32.76 million hectares with an
annual production of 117.51 mt, with Uttar Pradesh
being the largest contributor (IIWBR 2024, Devi et
al. 2024). Rising global temperatures and climate
variability pose serious threats to wheat productivity,
with projections estimating a 6% yield loss per 1°C
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temperature increase, potentially causing billions
in annual losses (Abasi et al. 2024, Chavan et al.
2019). Among abiotic stresses, drought and heat stress
especially when combined—are the most harmful to
wheat, disrupting physiological processes like pho-
tosynthesis and grain filling, leading to substantial
yield reduction (Tyagi and Pandey 2022, Nyaupane
et al. 2024, Khan et al. 2023). These stresses are
particularly damaging during critical stages such as
anthesis and grain filling, with potential yield losses
up to 69% (Ali et al. 2023).

Physiological traits like cell membrane stability,
chlorophyll stability, catalase activity and early ma-
turity are key indicators of heat tolerance (Ahmad et
al. 2023). Recent advances in genomics, including
marker-assisted selection, SSR/SNP markers, and
gene editing technologies such as CRISPR/Cas9,
have enabled the identification of QTLs associated
with drought and heat tolerance, accelerating the de-
velopment of stress-resilient wheat varieties (Paudel
et al. 2024). Despite this, large-scale screening using
physiological traits remains limited due to high costs,
though innovations in phenotyping technology offer
promising solutions (Koltes ef al. 2019, Dia et al.
2016b).

MATERIALS AND METHODS
A pot experiment was conducted during the Rabi
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season of 2023-24 at Acharya Narendra Deva Uni-
versity of Agriculture & Technology, Ayodhya, to
evaluate 4 wheat genotypes (NWL, NWL 102, NWL
103-101 and NW-104) for terminal heat tolerance.
The seven days terminal heat stress (38 40°C) was
applied under polyhouse condition against control.
The membrane stability index (MSI) (Saadalla ef al.
1990), and chlorophyll stability index (CSI) (Dhopte
and Livera 1989) were used to assess plant respons-
es under stress. Chlorophyll content was measured
spectrophotometrically using 80% acetone, following
Arnon (1949), Catalase enzyme activity, an indicator
of oxidative stress tolerance, was quantified calori-
metrically based on H-0- decomposition, as described
by Sinha (1972). These standard biochemical and
physiological protocols helped in identifying tolerant
genotypes for future stress-resilient wheat breeding
programs.

RESULTS AND DISCUSSION

Heat stress reduced the membrane stability due to
ionic leakage from the cell membrane (Fig.1). The
maximum membrane stability under stress condition
was recorded in NWL-102 (71.7%) while minimum
in NWL 104 (60.2%).

Membrane Stability Index (MSI) significantly
declined under heat and dual stress conditions, indi-
cating increased membrane damage and electrolyte
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Fig. 1. Effect of heat stress on MSI (%) of wheat genotypes at anthesis stage.
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leakage in sensitive wheat genotypes (Poudel ef al.
2021). NW-119 consistently maintained higher MSI
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Fig. 2. Effect of heat stress on CSI (%) of wheat genotypes at anthesis stage.

(Lamba et al. 2023).

values across stress conditions, suggesting better

membrane integrity and stress tolerance, whereas
NW-110 showed the lowest MSI, reflecting high sus-
ceptibility. MSI is a reliable physiological indicator
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Fig. 3. Effect heat stress on catalase activity (umole/min/ml) of wheat genotypes.
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for identifying heat and drought-tolerant wheat lines

A significant reduction in chlorophyll stability
index (CSI) was observed in wheat genotypes under
heat stress at the anthesis stage, indicating chloro-
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Fig. 4. Effect of heat stress on test weight(g) of wheat genotypes.

phyll degradation due to thermal damage (Fig. 2).
NWL-103 maintained the highest CSI (77.6%) under
stress, suggesting better heat tolerance, while NW-
104 showed the lowest (69.2%). CSI has been widely
recognized as a useful physiological indicator for
screening heat-tolerant genotypes (Gao et al. 2021,
Lamba et al. 2023).

The Catalase activity abruptly increased in all
wheat genotypes under stress condition (Fig. 3). The
maximum catalase activity was observed in NW-102
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(110.62 pmole/min/ml) and NW-103 (113.75 pmole/
min/ml) while minimum in NW-104 (101.6 umole/
min/ml) under heat stress condition.

Catalase activity increased significantly in all
wheat genotypes under heat and dual stress, suggest-
ing its vital role in combating oxidative stress (Gill
and Tuteja 2010). Genotypes NW-120 and NW-119
showed high enzyme activity under stress, while NW-
105 had the highest percentage increase under heat.
This variation among genotypes highlights catalase
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Fig. 5. MSI and its relation to percent reduction in grain yield.



as a potential biochemical marker for stress tolerance
(Hasanuzzaman et al. 2012, Karki et al. 2021).

The genotypes that showed maximum test weight
under control condition were NW-102 (45.09g)
while minimum in NW-103 (36.3g) (Fig. 4). The
maximum reduction in test weight under heat stress
was recorded in NW-101 (48.86g) and minimum in
NW-102 (31.81.64g).

Significant variation in grain test weight was
observed among wheat genotypes under control and
stress conditions, reflecting differential effects of heat
and combined stresses on grain filling (Farooq et al.
2011). NW-117 and NW-105 maintained high test
weights under control and heat stress, respectively,
indicating better grain development. Severe reduc-
tions in test weight under dual stress in genotypes
like NW-106 highlight the sensitivity of grain filling
to combined abiotic stresses (Poudel ef al. 2021,
Lamba et al. 2023).

The relation between membrane stability in-
dex and percent reduction (PR) grain is positive
type under heat stress condition (Fig. 5). The high
membrane stable genotype NWL 102 less reduction
(54%) in grain yield over other genotypes while high
reduction was recorded in Less MSI genotypes NWL
104 (76.73%).

The high membrane stable genotypes maintained
cell integrity, enzymes activity and cell metabolisms
under stress regimes. The gain filling phenomena
comparatively maintain up to some extent in MSI
stable genotypes and less reduction in grain yield
comparatively heat sensitive genotypes Hiitsch et al.
(2019), Djanaguiraman et al. (2020).

CONCLUSION

The heat stress significantly reduced MSI, CSI, test
weight and grain yield in wheat genotypes. The tol-
erant wheat genotypes had high membrane stability,
stay green, high catalase activity under heat stress
environment. The genotypes NWL-102 showed better
performance at terminal stage of heat stress showed
less reduction in test weight and grain yield over
other genotypes.
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