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Abstract

Wheat is an important staple food of world. Terminal heat stress is a major
factor limiting wheat production in world. Reproductive stage of wheat is very
sensitive to terminal heat stress. High temperature reduces days to booting, days
to heading, days to anthesis, days to maturity, chlorophyll content, plant height,
thousand kernel weight, spike per m?, number of spikelets per spike, spike
Cite this article as: length, spike weight, number of grains per spike and grain yield. Heat stress
A. Thapa et al. (2021) Int. J. Grad. Res. Rev. Vol 7(2): causes alternation in physiological, biochemical and molecular level of wheat
68-75. plant. Photosynthesis is most effecting physiological process. High temperature
causes disruption of thylakoid membranes and disintegration of photosynthetic
pigments resulting poor photosynthetic activity. In heat stress condition ROS
(Reactive Oxygen Species) is produced which is very reactive and toxic that
causes damages to cells. Plant produces detoxifying enzymes and antioxidants
to detoxify effect of ROS. Osmotic pressure of cell is altered during heat stress
condition which is balanced by producing proline and sugars in cells. EF-Tu
Peer reviewed under authority of IJIGRR (elongation factor thermo unstable), SRNA (small RNA), Hsp (Heat shock
© 2021 International Journal of Graduate Research and  protein), Hsf (Heat shock factor), protein kinase acts as responsible factor to
R control heat stress in molecular level.
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Introduction

Wheat (Triticum aestivum) is an important cereal food crop
of Gramineae family (Akter & Rafiqul Islam, 2017). It is
world's most favored staple food and is nutritious, easy to
store, transport and can be processed into various types of
food (Poudel et al., 2017). In world, wheat is in first rank in
terms of production (765.76 million tonnes) and production
area (215.9 million hectare) and productivity of wheat in
world is 3.54 tonnes/hectare (FAOSTATA, 2019). Until
2050, the world requires additional 198 million tonnes of
wheat to meet future demand of wheat for which wheat
production to be increased by 77% in developing countries

(Sharma et al., 2015). The wheat is consumed as food by
human and feed by livestock and it is consumed by 2.5
billion people all over the world (Poudel et al., 2020).
Wheat is good source of starch (60-70%), protein (6-26%),
fibers, minerals (2.1%), fat (2.1%) and vitamins (Kumar et
al., 2011). Puri et al. (2020) reported temperature of world
is increased by 0.18°C in every decade. With rise in 1°C
temperature there will be reduction of wheat production by
3-4 tonnes (3-4%) (Wardlaw et al., 1989). In Nepal, wheat
is the third most important cereal crop after rice and maize
in terms of both area and production (MOALD, 2017).
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Productivity of wheat is 2.85 Metric tonnes/ha which is far
below than average productivity of world (Krishi Dayari,
2077). The causes of low production of wheat in Nepal are
genotype, climate change, global warming (Poudel et al.,
2020), lack of inputs and irrigation (Sharma et al., 2020),
soil fertility degradation and biotic/abiotic stresses like
drought, heat stress and various diseases (Upadhyay, 2017).
Under heat stress condition yield of wheat is reduced by
about 50% (Senapati et al., 2018).

In South Asia with majority being in Eastern Gangetic
Plains, the threat of terminal heat stress in wheat crop is
increasing as the cool temperature is shrinking (Joshi et al.,
2007). Many researchers found that time of sowing effect
wheat yield (Poudel et al., 2017; Poudel et al., 2020). The
wheat suffers from terminal heat stress in late sown
condition. Two major causes of late planting of wheat are
late harvesting of previous rice crop and long gap from rice
harvest to wheat planting (Hobbs & Giri, 1997). Heat stress
is major factor affecting the rate of plant growth and
development (Hall, 1992). Under heat stress condition, crop
duration of wheat is shorten as compared to normal
conditions (Fischer & Laing, 1976) as there are fewer days
to accumulate assimilate during their life cycle and
production of biomass is reduced (Qaseem et al., 2019).
Heat stress effect during anthesis and reproductive stage is
known as terminal heat stress. Reproductive stage of wheat
is markedly affected by high temperature, which ultimately
affect fertilization and post-fertilization process leading to
reduced crop yield (Wahid et al., 2007). The optimum
temperature of wheat for grain filling is 15-18°C
(Chowdhury & Wardlaw, 1978). High temperature during
reproductive stage decreases grain filling duration and
thousand kernel weight (Poudel et al., 2017). Growth and
development of wheat is determined by temperature regime
and physiological maturity, grain filling duration and wheat
yield are affected by high temperature (Hossain et al.,
2012). Heat stress affect plant water relations (Qaseem et
al., 2019), reduce photosynthetic capacity (Subhani et al.,
2010), decrease metabolic activities (Farooq et al., 2011),
cause changes in hormones, production of oxidative
reaction species (Wang et al., 2011), promotion of ethylene
production (Hays et al., 2007), reduction of pollen tube
development and increase of pollen mortality (Oshino et al.,
2011). To escape from terminal heat stress, early maturing
and fast grain filling wheat varieties should be selected
(Mondal et al., 2013). There is need to develop high
temperature tolerant wheat varieties with disease resistance
and stay green traits which are capable of producing enough
endosperm, bold grains within short grain filling duration to
meet growing demand of food (Puri et al., 2020).

Heat Stress: A Focus Point
Wheat is considered as the one of the first cereal crop to be
domesticated in world (Mollasadeghi & Shahryari, 2011)

and is an important staple food (Dubcovsky & Dvorak,
2007). Wheat is good source of human protein which
contain higher protein content as compared to rice and
maize (Mollasadeghi & Shahryari, 2011). Grain yield of
wheat is determined by various direct and indirect factors
(Zampieri et al., 2017). The climatic factors such as
temperature, rainfall, CO, and O ratio and soil moisture
condition would have both positive and negative effects on
production of wheat (Joshi & Kar, 2009). Wheat is very
sensitive to high temperature condition (Gupta et al., 2013).
Heat stress is known as a great hindrance to successful crop
production in the world (Kumari et al., 2007). Heat stress is
defined as the rise in air temperature beyond the threshold
level for a period of time sufficient to cause injury or
irreversible damage to the crop plants (Teixeira et al.,
2013). High temperature causes poor germination and plant
establishment, poor photosynthesis, reduced bio-
accumulation, leaf senescence, pollen sterility, reduction of
grain weight and total grain yield (Nahar et al., 2010;
Asseng et al., 2011; Al-Khatib & Paulsen, 1984).

Heat stress causes morphological, physiological and
molecular alterations and reduces total grain vyield
(McClung & Davis, 2010). High temperature degenerates
the mitochondria, changes the protein structures and
reduces ATP accumulation (Balla et al., 2012). Under heat
stress condition, water potential of wheat leaf decreases and
eventually reduce photosynthetic productivity (Farooq et
al., 2009). Transpiration and plant growth are severely
affected by high temperature (Akter & Rafiqul, 2017).
Nahar et al. (2010) reported that, rise in 1-2°C temperature
accelerates seed growth rate and shortened grain filling
duration reducing seed mass. Reproductive stages of wheat
such as gametogenesis (8-9 days before anthesis), booting
and fertilization (1-3 days after anthesis) are detrimental to
high temperature (Akter & Rafiqul, 2017).

Effect of Heat Stress in Yield and Yield
Attributing Characters

A. Days to Booting

Number of days from sowing to 50% of the plants in a plot
having swollen flag leaf sheath is known as days to booting
(Poudel et al., 2020). In late sown condition, booting occurs
in less time than in normal condition (Poudel et al., 2020;
Nahar et al., 2010).

B. Days to Heading

Ali et al. (2020) and Hossain, Teixeira da Silva et al. (2012)
reported heading is earlier in late sown condition than in
normal sown condition. Poudel et al. (2020) found mean
days to heading 13.65% higher in late sown condition.

C. Days to Anthesis
High temperature during anthesis can cause floret abortion
(Wardlaw, 1994) and pollen sterility (Farooq et al., 2011).
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Saini & Aspinall (1982) mentioned that the temperature
above 30 °C during floret formation it can cause complete
sterility. The reason for earlier heading under heat stress
may be reduced heat units and low accumulated metabolites
required for wheat flowering (Ali et al., 2020). High
temperature during anthesis to grain maturity cause yield
reduction because of reduced time to capture resources

(Farooqg et al., 2011).

D. Days to Maturity

Under heat stress condition rate of growth and development
becomes high and days to maturity is reduced (Connor et
al., 1992). Wheat sown in late condition has short
physiological maturity period (Joshi & Singh, 1983).
Hossain et al. (2017) also found early maturity in late sown
wheat. Wheat sown in late has short physiological maturity
period (Joshi & Singh, 1983).

E. Chlorophyll Content (SPAD)

Under heat stress condition, there is lower chlorophyll
content than in normal environment condition (Rosyara et
al., 2010). High temperature damages thylakoid membranes
and enzymes involved in photosynthesis (Ristic et al.,
2007). In high temperature biosynthesis of chlorophyll is
less and degradation is high.

F. Plant Height

High temperature affects plant meristems and reduce plant
growth causing leaf senescence and abscission and by
reducing photosynthesis (Kosova et al., 2011). Plant grown
in high temperature condition produce lower biomass
compared to plants grown under normal condition (Akter &
Rafiqul Islam, 2017).

G. Thousand Kernel Weight

Thousand kernel weight in late sown condition is lower than
in normal sown condition (Akhtar et al., 2006; Adam &
Jahan, 2019). Heat stress in the post anthesis period reduces
duration of grain filling thus reducing thousand kernel
weight (Wiegand & Cuellar, 1981). Connor et al. (1992)
reported high rate of transpiration and respiration under heat
stress condition thus affecting photosynthetic assimilation.

I. Spike/m?

Spike per m? is define as productive tillers formed in the
period starting from the initial seedling stage (fourth leaf
stage) to the end of the vegetative growth (pre-booting
stage) (Abdelrahman et al., 2020). Joshi & Singh (1983)
found lesser number of spikes per meter square in late sown
condition than in normal sown condition. The result for this
may be due to unfavorable temperature condition for
photosynthetic accumulation and growth (Farooq et al.,
2011).

J. Number of Spikelet Per Spike

Under heat stress condition, less number of spikelet per
spike is observed in late sown condition than normal sown
condition (Hossain et al., 2017).

K. Number of Grains Per Spike

Tahir et al. (2009) and Poudel et al. (2020) found lower
value of mean number of grains per spike in late sown
wheat. Decrease in number of grains per spike is due to
decrease in photosynthetic production in shorter growing
period (Baloch et al., 2012).

L. Spike Length

Spike length of wheat is reduced under heat stress condition
(Shahzad et al., 2002). Shah et al. (2006) also found
decrease in spike length with delay in sowing time. Poudel
et al. (2020) found mean spike length 4.48% higher in
normal sown condition than in late sown condition.

M. Spike Weight

Spike weight in late sown condition is lower than in normal
sown condition (Poudel et al., 2020). The cause of low spike
weight is due to poor grain development and poor grain
filling under heat stress condition.

N. Weight of Grains Per Spike

Khokhar et al. (2010) and Ercoli et al. (2009) reported that
increasing temperature during period from anthesis to
maturity reduce weight of grains per spike. Poudel et al.
(2020) found 18.07% higher mean weight of grains per
spike than in late sown condition.

0. Grain Yield

Heat stress during grain formation stage leads to abnormal
shriveled grain and low production of grain (Baloch et al.,
2012). Heat stress causes reduction of kernel density and
weight by up to 7% in spring wheat (Guilioni et al., 2003).
Asana & Williams (1947) found that increase in each degree
of temperature during grain filling period causes reduction
of about three days in the duration of grain filling. Ali et al.
(2020) and Senapati et al. (2018) reported that higher yield
in normal sown condition is due to maximum number of
tillers per square area, more number of grains per spike,
more weight of grains per spike and favorable solar
condition.

Physiological Response

Photosynthesis is most sensitive physiological event
affected by high temperature (Feng et al., 2014).
Photosystem Il is much sensitive to heat stress than
photosystem | (Marutani et al., 2012). High temperature
damages chloroplast and chlorophyll content is reduced that
result in poor photosynthesis activity (Keyvan, 2010). High
temperature causes disruption of thylakoid membranes and
inhibits membrane-associated electron carriers and
enzymes that ultimately results in reduced rate of
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photosynthesis (Ristic et al., 2008). Under heat stress
condition, oxidative stress induced that inactivates
chloroplast enzymes and reduced net photosynthesis
capacity (Ainsworth & Ort, 2010). There is changes in
structure of chloroplast by changing shape, swelling of
stromal lamellae and clumping of vacuoles thus chlorophyll
content reduced (Ristic et al., 2007; Ristic et al., 2008).
High temperature causes disintegration of chlorophyll
molecules and also cause damage to the photosynthetic
apparatus (Qaseem et al., 2019). Above 40°C temperature,
there is permanent alteration of Rubisco and Rubisco
activase enzymes (Mathur et al., 2011). Rubisco activase
break down upon heat stress condition and photosynthesis
activity is reduced (Raines, 2011). High temperature during
grain formation period effect source- link relationship
(Abdelrahman et al., 2020) that results in poor assimilation
of photosynthates in grain (Talukder et al., 2014). Grain
weight is determined by the duration and rate of grain filling
and under heat stress condition grain filling rate is increased
and duration of grain filling is reduced (Girousse et al.,
2018). Under heat stress condition water content reduced
and photorespiration occurs due to closure of stomata
(McCord, 2000). Dehydration of plant tissue occurs due to
high temperature and restricts plant growth and
development (Akter & Rafiqul Islam, 2017). In high
temperature reactive oxygen species (ROS) is generated in
chloroplast, mitochondria and peroxisome which effect
normal metabolism through oxidative damage of lipids,
proteins and nucleic acids (McCord, 2000).

Biochemical Response

Under heat stress condition there are various biochemical
changes within plant cells. Osmotic stress under heat stress
condition causes synthesis and catabolism of several other
growth regulators including auxin, cytokinins, ethylene and
other factors (N and pH) (Verma et al., 2016). During heat
stress condition, plant maintains osmotic pressure of cytosol
with vacuole and external environment and by producing
compatible solutes such as proline protein and sugar
(Moinuddin & Goswami, 2004) this protects the cells from
injury and maintains turgor pressure (Ashraf & Foolad,
2007; Abdel-Motagally & EI-Zohri, 2018). Among amino
acid, proline has played major role in maintaining osmotic
pressure of cell in heat stress condition (Zandalinas et al.,
2017). Level of intracellular Ca?* increased during heat
stress condition as a result of effect of several signal
molecules such as inositol triphosphate, inositol
hexaphosphate, diacylglycerol and ROS (Hirayama &
Shinozaki, 2010). Then Ca?' sensors (calcium binding
proteins) leads to activation of calcium dependent protein
kinase and phosphorylation and de-phosphorylation of
specific transcription factors occurs which regulate the
expression levels of stress responsive genes (Reddy et al.,
2011). Reddy et al. (2011) also mentioned activated Ca?*
sensors bind to cis-elements and DNA-binding proteins that

cause activation and suppression of functions of regulating
genes.

Heat stress causes protein denaturation, instabilities in
nucleic acids, increased membrane fluidity, inactivation of
synthesis and degradation of proteins and loss of membrane
integrity (Wahid et al., 2007). Severe heat stress causes
cellular loss and injury depending on period of exposure to
high temperature (Wahid et al., 2007). Under heat stress
condition, ROS (reactive oxygen species) is produced
which are extremely reactive and toxic and causes damage
to proteins, lipids, carbohydrates and DNA which is known
as oxidative stress (Zlatev & Cebola, 2012). In plant,
oxidative stress is neutralized by induction of detoxifying
enzymes and antioxidants such as ascorbate peroxidase,
peroxidase, superoxidase dismutase, catalase, glutathione
peroxidases and glutathione reductase (Gill & Tuteja,
2010). Yadav et al. (2005) found that there is also
production of two-to-six-fold higher methylglyoxal under
heat stress condition which is very reactive and cytotoxic.
Methylglyoxal is responsible for damaging cellular function
and also can cause damages to DNA (Hasanuzzaman et al.,
2017). Under heat stress condition, wide range of
metabolites of low molecular mass such as glucose,
fructose, amino acids and alcohols are produced which
assistant to prevent detrimental changes in cellular
components (Vinocur & Altman, 2005).

Molecular Response

Various molecular mechanisms are taken place to adapt
during heat stress condition. Synthesis of heat stress (HS)
proteins involved at molecular level that helps plant to cope
with heat stress (Jemaa, 2010). High temperature causes
changes of signal's perception at molecular level altering the
expression of genes and accumulation of transcripts leading
to synthesis of stress related proteins as a tolerance strategy
(Iba, 2002). Heat stress generate oxidative stress in cell by
producing reactive oxygen species (ROS) in the form of
singlet oxygen (O,), hydrogen peroxide (H20.) and
hydroxyl radical (OH") (Jemaa, 2010). ROS causes injury to
cell membrane and proteins (Mittler & Blumwald, 2015).
To detoxify the effects of ROS cell produce ROS
scavenging enzymes such as superoxidase dismutase
(SOD), peroxidase (POD), catalase (CTA), glutathione
peroxidases (GPX), glutathione reductase (GR) at cellular
level (Iba, 2002). ROS scavenging mechanism have an
important role in protecting plants against temperature
stresses (Iba, 2002). Protein synthesis elongation factor
(EF-Tu) in chloroplast is increased during heat stress
condition which is associated with heat tolerance in wheat
(Fu et al., 2012). EF-Tu helps to protect leaf protein from
thermal aggregation, reduces thylakoid membrane
destruction which enhances photosynthetic capability(Fu et
al., 2012). More EF-Tu contents in wheat genotype shows
more tolerance to heat stress (Ristic et al., 2008). Small
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RNA(sRNA) derived from tRNA, rRNA and snoRNA
plays an important role during heat stress(Fu et al., 2012).
333 st RNA and 88222 srRNA is more responsible to heat
stress(Fu et al., 2012).Protein kinase and transcription acts
as major factor and heat shock protein (Hsp) and catalase
(CAT) acts as functional gene to control heat stress (Todaka
etal., 2012). HsfAla acts as master regulator (Mishra et al.,
2002; Baniwal et al., 2004) and HsfA2 acts as major heat
stress factor in plant to control heat stress (Kotak et al.,
2007).

Conclusion

Heat stress during pre-anthesis and grain filling duration is
detrimental in wheat production. Heat stress causes various
physiological, biochemical, and molecular alterations in
wheat plant. Yield of wheat is reduced under heat stress
condition. The reasons behind it may be poor performance
of wheat plant under heat stress condition. Photosynthesis
is main physiological process effected by high temperature.
High temperature damages photosystems, photosynthetic
pigments, electron transport system and CO: reduction
pathway and reduce photosynthesis activity leading poor
grain production. The plant breeders should focus on the
development of heat stress tolerant wheat varieties that are
capable to produce high yield under heat stress condition.
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