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Abstract: Worldwide the severity of abiotic stress like heat, drought, salinity, cold, waterlogging,
etc. are being increased because of global warming. Wheat crops must adapt to harsh environments
through physiological, molecular, and genetic manipulation. Because of abiotic stress, reactive
oxygen species (ROS) and reactive nitrogen species (RNS) produced in wheat plants break down
DNA and RNA bases, protein, lipid, and other macro- and micromolecules, resulting in
stunted growth and yield decline. Abiotic stress also induces the crop's molecular functions,
physiological, biological, and cellular processes, and their compositions. Different stressors like
high light intensity, heat, drought, and salinity also impair photosynthesis damaging various
pigments. Antioxidant enzymes, such as catalase (CAT), superoxide dismutase (SOD), peroxidase
(POD), and ascorbate peroxidase (APX), etc. synthesized in harsh environments can ameliorate
ROS/RNS produced in oxidative stress. Under abiotic stress, heat shock proteins (HSPs) heat shock
transcription factors (HSFs) in heat stress, and dehydration-responsive element binding proteins
(DREBs) in drought stress are activated to synthesize proteins to mitigate the deleterious effects
of those stressors. Na* exclusive genes (NAX1, NAX2) and Na*/H* (K*) antiporter genes (NHXI,
NHX2) hinder those ions from uptake into leaf sheaths and blades of wheat resulting in the
declination of salinity in plants. Exogenous hormones like gibberellic acid, salicylic acid, and
melatonin, etc., and osmoprotectants like proline, and gene manipulation in plants through
genetic engineering are being employed to mitigate the toxic effects of abiotic stress on plants,
as portrayed in many literatures. The review depicts how abiotic stress affects phenotypic,
physiological, and molecular structures and functions of wheat crops, and their mitigation
strategies to lessen their noxious effects on wheat.
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1. Introduction

Abiotic stress largely reduces wheat production globally. Extreme abiotic stressors, such
as drought, high temperatures, salinity, cold, waterlogging, etc., and biotic stress like insects-pests,
and diseases decrease the yield of wheat in the least developed and developing countries by 20-
30%, according to recent projections by the ICARDA, CIMMYT, OECD, and FAO (Islam et al. 2016).
According to Zhao et al. (2017), if crops aren’t genetically enhanced for heat, drought, salinity, cold,
etc., resilience, here’s the predicted yield of 6% loss of wheat for each 1°C temperature increase. In
addition, if anthropogenic activities continue to cause global warming, the Intergovernmental
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Panel on Climate Change (IPCC) predicts a 6.4°C temperature will rise by the end of the century,
and the sea level will rise by 59 cm as a result of glacier melting same time (IPCC 2014). Climate
change can increase floods, droughts, storms, and precipitation patterns, etc. Since agriculture is
climate-sensitive, temperature, humidity, and rainfall affect crop yield (Atanga and Tankpa 2021). A
major cereal crop known as wheat (Triticum aestivum L.) is grown around the world in various
agro-ecologies (Abhinandan et al. 2018). According to forecasts, there will be 60% rise in demand for
wheat in 2050 to feed the expected 9.7 billion people on the planet (Yadav et al. 2020). It is widely
grown in almost all continents, such as Asia, Africa, Europe, Australia, and America. Drought stress
affects crops’ growth and development. Dryness during early growth reduces wheat seedling
stand establishment and tiller production. Mid-growth droughts reduce dry matter output,
productive tillers, and grains per plant (Dudziak et al. 2019; Gull et al. 2019). Drought during
terminal growth reduces grain weight, fertility, and absorption, killing wheat. Drought stress
disrupts antioxidant defenses and ROS generation. During prolonged water stress, chloroplast
ROS production degrades the wheat photosynthetic system (Dudziak et al. 2019).
Malondialdehyde (MDA) generation may indicate ROS-induced oxidative damage. Wheat cells’
high H>O, and MDA levels inhibit drought-induced oxidative stress tolerance (Djanaguiraman et al.
2020; Rath et al. 2022). Wheat ripens best around 14-15°C, although grain weight decreases at 25°C.
Diurnal temperature variation under a changing environment results in yield loss (Alam et al.
2013c; Raza et al. 2019; Hossain et al. 2020). Grain filling, formation, yield loss, and spike yield
decrease with temperature. Extreme weather occurrences like frost (0°C) and heat shock (brief
periods of very high temperatures (>33°C) pose a significant risk to crop productivity (Alam et al.
2014; Mukherjee et al. 2019). Salinity affects 20% of the world’s arable land, and anthropogenic and
environmental changes are growing daily. 33% of irrigated agricultural land and 20% of peripheral
areas have excessive salinity, as estimated by Chele et al. (2021). Saline soil is one with an electrical
conductivity of the saturation extract at the root zone greater than 4 dS/m (approximately 40 mM
NaCl) and an exchangeable salt content greater than 15% (Shrivastava and Kumar 2015). High soil
salt concentration reduces leaf water potential, decreases turgor pressure due to osmotic imbalance,
closes stomata, decreases CO. conductivity, affects photosynthetic rate, chlorophyll (Chl) content,
carotenoids, membrane variability, cell wall integrity, oxidative stress due to increased ROS
production, and increases toxic metabolites. This may damage DNA, RNA, proteins, and lipids,
impede plant function, and kill the plants (Turkan 2018; Alam et al. 2021). Stress activates enzymatic,
structural, and regulatory genes. Transgenic investigations started with single-action genes. The
first targets were water channel proteins, osmolyte biosynthesis (proline, betaine, sugars like
trehalose, and polyamines), detoxifying enzymes, and transport proteins. However, stress
tolerance is regulated by multiple genes simultaneously, thus single-gene tolerance is implausible.
Plants have stress-induced regulatory genes. One gene can regulate many stress-related proteins. In
all species, temperature boosts HSP transcription (Chen et al. 2023). Stress converts a non-DNA-
binding monomeric form of HSF into a DNA-binding trimeric form (Table 1). High temperatures
create HSPs (ul Haq et al. 2019). Transgenic plants with higher plastid Elongation factor-thermal
unstable (EF-Tu) reduced thylakoid membrane damage and boosted photosynthetic rate and grain
yield during high-temperature stress. EF-Tu may protect photosynthetic membranes and
photosynthesis-related enzymes from high-temperature stress, boosting CO; fixation. Detox gene
overexpression of CBFI/DREB1B genes increased rice, wheat, and canola’s temperature tolerance
(Table 1) (Djanaguiraman et al. 2020). Co-expression of Escherichia coli P5C biosynthetic enzymes
GK74 and GPR in Arabidopsis and tobacco increased proline biosynthesis. Transgenic plants have
increased high-temperature stress tolerance due to cell wall proline-rich proteins. Simultaneous
co-expression of DHAR, GR or GST, and GR in tobacco plants boosted temperature stress
tolerance (Table 1) (Reguera et al. 2012). ROS are poisonous molecules that can cause oxidative
damage to lipids, proteins, and DNA. Overexpression of Mn-superoxide dismutase in wheat
increased temperature tolerance and field yields. APX and CAT detoxify H.O,. The cAPX gene
improves tomato’s heat tolerance (Chen et al. 2023). Combining antioxidant enzyme expression
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may improve high-temperature stress resistance. Constitutive expression of MBFIc in Arabidopsis
thaliana increases transgenic plants’ tolerance to bacterial infection, high temperature, and osmotic
stress. Enhanced transgenic plant resistance to osmotic and high-temperature stress was maintained
when combined (Tian et al. 2013). Transcriptomic profiling and inhibitor experiments reveal that
MBFIc expression increases transgenic plant tolerance to high temperature and osmotic stress by
partially activating the ethylene-response signal transduction system (Ma et al. 2024). Katiyar-
Agarwal et al. (2003) improved a high-temperature-tolerant transgenic rice line (Pusa basmati). The
findings showed that almost all transgenic plants recovered after 45-50°C heat stress and grew
vigorously at 28°C, while untransformed plants did not. Overexpressing sHSP17.7 produces
high-temperature-tolerant rice plants. mtHSP70 overexpression reduces programmed cell death
in rice protoplasts via preserving mitochondrial membrane potential and limiting ROS signal
amplification (Murakami et al. 2004). Abiotic stress induces ROS/RNS, MDA, electrolyte leakage,
and metabolite production resulting in an imbalance of radicles found in plant cells, called
oxidative stress. During oxidative stress carbohydrates, proteins, fatty acids, DNA, and RNA bases
of plants are broken down, ultimately uneven plant growth producing the reduced yield and
contributing characteristics of wheat, and resulting in poor grain yield (Alam et al. 2013c; Hossain
et al. 2020). This review provokes how abiotic stresses affect the morphological, physiological,
biochemical, and genetic levels of wheat crops, as well as their mitigation strategies.

2. Detrimental effects of abiotic stress on wheat crop

2.1. Wheat seed germination and growth under abiotic stress

Originally wheat was a cool-loving plant. Winter wheat germinates at 6°C, while spring
wheat germinates from 6.0 to 26°C. Genetically, winter wheat seedlings can survive <10°C. Non-
acclimated winter wheat seedlings can survive at - 5°C, while acclimated ones can live up to - 8°C
(Barlow et al. 2015). Drought stress reduced seedling growth and development, turning leaves into
pale to yellow colors lacking moisture in the soil. Heat stress for cold-loving wheat resulted in
burned and curled leaves of seedlings, and uneven growth. The rates of seed germination and
seedling survivability were also reduced under salinity stress (Fig. 1) (Yadav et al. 2022; Hossain
et al. 2020; Rane et al. 2007; Munns and Tester 2008).

2.2. ROS production under abiotic stress and their effects on wheat

Generally, abiotic stress provokes heat shock, high temperature, drought, salinity,
waterlogging, chilling stress, etc. Moderately reduced forms of oxygen (O:) are called ROS.
Excitation of molecular Oz in the presence of abiotic stress like high temperature, drought, salinity,
cold and waterlogging stress, etc. produces singlet oxygen ('Oz) or transfers electrons to Oz to form

hydrogen peroxide (H202), hydroxyl ion (OH-) and superoxide ion (O:°"). During abiotic stress,
the structure of molecules of plants or living organisms, such as amino acid, DNA, RNA, fatty
acid, etc. is broken down by donating or accepting electron(s) (Miura and Furumoto 2013).

Result, radicals like OH, H20: and Oz._, and signaling molecules like nitric oxide (NO) and
nitrogen dioxide (NO2) are formed resulting in a disturbance of cell homeostasis (Fig 1). Because
of the disorganization of cells, plant growth and development, metabolisms, and physiological and
biochemical activities were hindered (Alam et al. 2018a, Alam et al. 2021). Less germination, seedling
injury, insufficient tillering, early booting, heading, flowering, and ripening stages were also found.
Finally, unfilled, and small-sized grains were yielded (Sabagh et al. 2013; Alam et al. 2013a; Alam et
al. 2013b).

2.3. RNS production under abiotic stress and their effects on wheat

RNSs are important signals in plants, serving as key regulators of a variety of processes
including metabolism, growth, and development, response to abiotic and biotic stresses, solute
transport, autophagy, and programmed cell death (Turkan 2018). RNS in plants were identified in
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the 1960s (Fewson and Nicholas 1960), but gained significant attention only in the late 1990s,
particularly with the recognition of NO as a signaling molecule in plant pathogenesis. Unlike ROS,
which were initially seen as damaging molecules, RNS were first acknowledged for their signaling
role. The term “nitrosative stress” emerged in plant biology literature in the 2000s. RNS are now
recognized as vital signals regulating various plant processes, even after over 50 years of research.
Ongoing research continues to uncover new physiological and molecular functions for RNS,
highlighting their central importance in plant cell functioning (Foyer and Noctor, 2015). NO in plants
was initially discovered by Klepper (1979) in soybean plants exposed to photosynthetic inhibitors,
darkness, or anoxic conditions. Subsequent research has revealed NO’s involvement in various
physiological and metabolic plant processes, including adaptation to environmental stresses (Uchida

et al., 2002). It reacts with O>*~ to form peroxynitrite (ONOO2). ONOO: can also be produced by
nitrate reductase (NR) in the presence of O: and NAD(P)H (Corpas et al. 2014). It is a powerful
oxidant damaging DNA, lipids, and proteins, leading to cellular harm and cytotoxicity (Radi 2013).
Protonation of ONOO:2 produces peroxynitrous acid, a source of NO2 and OH- (Prochazkova et al.
2014). RNS, particularly S-nitrosylation, plays a crucial role in regulating cellular metabolism and
signaling. It activates the production of GSNO, essential for abiotic stress response and plant
immunity. Studies by Begara-Morales et al. (2018) address GSNO turnover mechanisms and methods
for NO and SNO detection. Umbreen et al. (2018) delve into the specificity of NO signaling,
emphasizing denitrosylation's significance in RNS and ROS interaction. Corpas et al. (2018) discuss
RNS involvement during fruit ripening and its potential for improving pepper and tomato yield and
quality through RNS interaction studies. The enzyme GSNO reductase (GSNOR) regulates cellular
GSNO levels and NO content by reducing GSNO to oxidized glutathione (GSSG) and NHs in an
NADH-dependent manner. This process influences overall RSNO content. In plant cells, GSNOR
serves a dual purpose: dampening GSNO-derived NO signaling and protecting against nitrosative
stress by controlling excessive S-nitrosylation (Kovacs et al. 2016). NO facilitates post-translational
modifications through nitration and S-nitrosylation. Nitration, a general chemical process, introduces
a nitro group (NO2) into compounds, with tyrosine being a primary target. Tyrosine nitration, by
adding a nitro group to one of its two orthocarbons, can alter protein function. It may enhance,
inhibit, or leave the function unchanged. In plants, nitrotyrosine could indicate nitrosative stress
during abiotic stress, similar to protein carbonylation or lipid peroxidation.

Heat and drought stresses reduce the relative water content of wheat plants, leading to increased
generation of ROS and peroxynitrite (ONOO-), decreased NO production, and enhanced lipid
peroxidation in stigmatic papilla cells. These physiological changes induce alterations in the
morphology and anatomy of female reproductive organs, shorten the duration of gametogenesis and
grain filling, and significantly reduce fertility and plant production (Fabidn et al. 2019). In wheat
roots, ABA synthesis increases in response to water deficiency, especially in the presence of NO
donors and ROS. This indicates a synergistic action between ROS and NO. Moreover, exogenous
application of the NO donor sodium nitroprusside (SNP) reduced water loss from detached wheat
leaves, lowered transpiration rate, induced stomatal closure, and reduced ion leakage. These effects
were abolished by a specific NO scavenger (Garci’a-Mata and Lamattina 2001). Additionally, SNP
improved photosynthetic performance and mitigated the negative impacts of drought on
carbohydrate and nitrogen accumulation in marigold leaves (Tagetes erecta L.) (Liao et al. 2012). The
accumulation of proline is a well-known adaptive response of plants to drought stress. In wheat,
exogenous application of NO reduces osmotic stress by decreasing oxidative damage and stimulating
proline accumulation (Tan et al. 2008). Additionally, NO increases the content of the low-molecular
antioxidant ascorbate in Cd-treated rice leaves (Hsu and Kao 2004) and enhances glutathione
peroxidase (GPX) activity in Cd-treated sunflower leaves (Laspina et al. 2005). However, NO
treatment decreases GPX and catalase (CAT) activities in Cd-stressed wheat roots (Singh et al. 2008).
Moreover, NO pretreatment improves wheat seed germination and alleviates oxidative stress under
Cu-toxicity by increasing the activities of superoxide dismutase (SOD) and CAT, while decreasing
lipoxygenase (LOX) activity and malondialdehyde synthesis (Hu et al. 2007). Singh et al. (2004)

propose that the protective effect of NO may involve the suppression of 0,*~ production,


https://doi.org/10.20944/preprints202409.0715.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 September 2024 d0i:10.20944/preprints202409.0715.v1

subsequently reducing OH- production from 0,*~ and ONOO-. Excess aluminum creates toxicity in
the root zone of plants, and it disrupts other parts. Al-stress in wheat affects redox balance and NO
metabolism, leading to nitro-oxidative stress. The sensitive genotype, Yang-5, exhibits increased ROS,
NO, and ONOO- levels, along with heightened activities of oxidizing enzymes. Conversely, the
tolerant genotype, Jian-864, demonstrates lower oxidative damage and maintains redox balance
through adjustments in its antioxidant defense system (Sun et al. 2017).

2.4. Effects of frost and cold temperature on wheat

Frost is very deleterious for both wheat’s growth and development. The impact of frost damage
on wheat has been observed across all stages of growth, from seedlings to maturity (Hasan et al.
2021). However, Frederiks et al. (2012) found that the yield impact resulting from frost damage
during the reproductive stage of growth is significantly greater for both spring and winter wheat
compared to any other stage. Yue et al. (2016) found that spring frost affects a significant portion of
the wheat-sown area worldwide every year, with approximately 85% of the total area impacted. This
spring frost event typically occurs during March and April, coinciding with the early booting stage
of wheat development. Cold conditions can indeed disrupt root water uptake, leading to water
inadequacy in the stem and subsequent drought stress, as noted by Aroca et al. (2012). This drought
condition, stemming from imbalanced water relations, can cause disturbances in nutrient uptake,
decrease the rate of root ion absorption, and limit nutrient transport to other plant parts. Ultimately,
this can result in stunted plant growth, as highlighted by Nezhadahmadi et al. (2013). Fuller et al.
(2007) observed that frost during this period affects seedling survival. Frost can cause leaf damage,
resulting in a scorched appearance of leaves. While frost damage during vegetative stages may
impact seedling survival and cause leaf damage, its potential impact on yield is generally small
because the growing point of wheat is typically located in the soil, protecting it from damage
(Frederiks et al. 2015). Many wheat cultivars exhibit high levels of frost tolerance during the
vegetative period. Some winter wheat types are tolerant to temperatures as low as -20°C (Frederiks
et al. 2012). This tolerance is induced through a process of cold acclimation, which produces
"hardened" wheat plants. Low-temperature acclimation in winter wheat is a genetically regulated,
cumulative process initiated below 10°C (Hasan et al. 2021). A gradient in seedling survival for winter
wheat, with non-acclimated plants starting to see declines in seedling survival at around -5°C, while
acclimated winter wheat seedlings showed declines between -6°C and -8°C (Fuller et al. 2007). During
the reproductive growth stages of wheat, a single frost event can have a significant impact on crop
yields, ranging from moderate to severe (Barlow et al. 2015). Both spring and winter wheat are
susceptible to frost damage during these stages, with sensitivity increasing as maturity progresses,
particularly from spike emergence to anthesis (Frederiks et al. 2012). The transition from the
vegetative to the reproductive stage is critical, as wheat's frost tolerance observed during the
vegetative stages ceases with the onset of reproductive growth (Fuller et al. 2007). Around booting,
the stem is most frequently damaged above the top node, potentially leading to the loss of the head
(Frederiks et al. 2008). Stem damage lower in the plant can also occur, increasing the risk of lodging
during grain filling. However, crops with frost-damaged stems during booting can still develop grain
with minimal impact on yield, provided that other factors like water supply are not limiting and
lodging does not occur (Rebbeck and Knell 2007). During the critical stages of wheat development,
frost events can have various detrimental effects on the crop's yield, as highlighted by Frederiks et al.
(2008), Cromey et al. (1998), Fuller et al. (2007), and Rebbeck and Knell (2007). Before emergence, frost
can damage the head by causing sterility of florets, thereby reducing grain number. During ear
emergence and early anthesis, frost can lead to the death of anthers and embryos, resulting in sterility
of florets and entire spikelets. Frost occurring during grain filling may cause the death of partially
filled grains and reduce grain weight, resulting in small, shriveled, shrunken, or blistered grains.
Frost damage during ear emergence and anthesis typically occurs within a narrow temperature
range. After reaching a threshold temperature, there is a sharp reduction in the grain set. Cromey et
al. (1998) conducted experiments exposing wheat plants to freezing stress ranging from 0°C to -13°C
in a controlled chamber for 2 hours. They observed that frost devastation commenced at -3°C, with
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complete burning of flag leaves and ears occurring at -7°C. Consequently, a substantial reduction in
grain yield was observed. Similarly, Valluru et al. (2012) found that exposure to cold at the jointing
stage of wheat growth leads to reduced leaf size, decreased leaf area, and lower shoot biomass,
ultimately limiting the final output. Furthermore, applying freezing stress, particularly at the stem
elongation stage, as investigated by Whaley et al. (2004), leads to several detrimental effects. This
includes limiting internode extension, denaturing the spikelets, reducing assimilate transport,
restricting dry matter accumulation, and ultimately causing a significant reduction in grain yield.
Marcellos and Single (1984) identified the threshold canopy temperature to be between -4°C and -5°C
for different cultivars, consistent with other studies noting good resistance down to around -5°C near
anthesis. Once this threshold temperature is reached, even 1°C difference in nighttime minimum
temperature can significantly increase crop damage, ranging from 10% to 90%. These findings
underscore the vulnerability of wheat crops to frost damage during critical developmental stages and
emphasize the importance of monitoring and mitigating the risks associated with frost events.

2.5. Effects of abiotic stress on physiological processes

Plant pigments are broadly categorized by chlorophylls (Chl a, Chl b), anthocyanins, and
carotenoids. They serve multiple functions, including light absorption for photosynthesis, protection
against excess light, and attraction of pollinators. These pigment groups contribute to the diverse
array of colors seen in the plant kingdom and serve important roles in various physiological
processes, including photosynthesis, protection from environmental stresses, and attraction of
pollinators. Abiotic stress reduces leaf Chl. Early leaf senescence caused by Chl loss under abiotic
stress affected the Chl a:b ratio. Under abiotic stress, Chl molecules may disintegrate and produce
ROS/RNS (Alam et al. 2021; Sabagh et al. 2021). Plant Chl content decreases with heat, dryness
waterlogging, anaerobic, and salinity conditions of the plant. Abiotic stress-induced leaf senescence
affected the Chl a: b ratio. ROS/RNS generation might be linked to Chl breakdown during abiotic
stress (Pospisil 2016; Alam et al. 2018b). Thylakoid membrane damage was exacerbated by high-
temperature stress (Djanaguiraman et al. 2020). Because the characteristics of the thylakoid
membranes, where photosystem (PS)II exists, altered with temperature, PSII is thought to be very
temperature sensitive and its activity diminishes at high temperatures (Hameed et al. 2021). The
oxygen-producing complex dissociates under high thermal stress, which produces an imbalance in
the flow of electrons from the complex toward the acceptor side of the PSII reaction center
(Khorobrykh et al. 2020). Under extreme temperature stress, the PSI system often performs better
than the PS II (Rath et al. 2022). Either photosynthesis by closing stomata and decreasing CO;
flow into mesophyll tissue or directly impaired metabolic activities can be induced by high-
temperature stress. Abiotic stress impairs photosynthetic electron transport, ribulose-1,5-bisphosphate
(RuBP) regeneration capacity, and ribulose 1,5-bisphosphate carboxylase/oxygenase (Rubisco) protein
content and activity (Scafaro et al. 2023). Decreased conductance through stomata is the main
factor contributing to photosynthetic drop during the early phases of a stress period. Abiotic stress
inhibits stomatal conductance and net photosynthesis due to decreased Rubisco activase enzyme
(Scafaro et al. 2023). Low enzyme and CO, affinity and increased oxygenase-type activity limit
the net photosynthetic rate, while high temperature boosts the activities of the enzyme rubisco.
While it's common knowledge that when temperature rises, so do respiratory rates, little is known
about how respiration is controlled in response to extreme heat stress. Because photosynthesis is
confined in time (only occurring throughout the day) and space (only occurring in green tissues),
an appreciation of these reactions is crucial (Hill and Li 2022).

High light stress can lead to damage to the oxygen-evolving complex and PSII reaction center,
causing photoinhibition by disrupting D1 and D: proteins. Additionally, abiotic stresses trigger ROS
production, upsetting chloroplast redox equilibrium, damaging reaction centers, and hindering
synthesis and repair processes, ultimately leading to photoinhibition. Structural damage to
chloroplasts, including lamellae and grana, and the breakdown of chlorophyll pigment and protein
complexes can further inhibit photosynthesis. These stresses disrupt electron transfer, deactivate light
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reaction enzymes, and generate excess reduction power, all contributing to photosynthesis inhibition
(Chauhan et al 2023).

Abiotic stress induces photoperiodic reactions in the plant. Plants perceive and respond to various
aspects of light through photoreceptors and chloroplasts. Photoreceptors like phytochromes,
cryptochromes, and UV RESISTANCE LOCUSS (UVR8), sense different light wavelengths and are
involved in circadian clock regulation. Chloroplasts also act as light sensors, altering their structure
and function based on light conditions. They regulate starch accumulation and mobilization,
adjusting to photoperiod changes to optimize energy usage. The molecular mechanisms behind these
processes, including redox signaling and transcriptional control, are still being investigated. The
circadian clock in plants regulates various physiological processes by measuring time through an
internal mechanism, primarily influenced by light and temperature. In Arabidopsis thaliana, this clock
involves interconnected transcription-translation feedback loops. Genes like CIRCADIAN CLOCK
ASSOCIATED1 (CCA1) and LATE ELONGATED HYPOCOTYL (LHY) control morning expression
and repress TOC1 during the day photoreceptor (Sanchez et al, 2020; Roeber et al, 2021). TIMING OF
CAB EXPRESSION1 (TOC1), in turn, inhibits CCA1 and LHY, with its expression regulated by the
evening complex comprising EARLY FLOWERING3 (ELF3), ELF4, and LUX ARRHYTHMO (LUX)
ELF3, ELF4 and LUX. PRRY, PRR7, and PRR5 repress CCA1 and LHY throughout the day (Alabadi et
al. 2001; Nakamichi et al. 2012). Other factors like PSEUDO-RESPONSE REGULATOR9 (PRR9),
PRR7, and PRR5, LIGHT-REGULATED WD1 (LWD1) and LWD2 proteins, NIGHT LIGHT-
INDUCIBLE and CLOCK-REGULATED GENE1 (LNK1) and LNK2 contribute to clock function. The
clock influences plant responses to environmental stresses, with stress also affecting clock function
(Rawat et al. 2011; Rugnone et al. 2013). A new web tool called ATTRACTOR aids in understanding
transcriptional networks regulated by light and the circadian clock. One key clock-controlled gene,
GIGANTEA (GI), plays a crucial role in photoperiod sensing by stabilizing the F-box protein
ZEITLUPE, which targets clock components for degradation. This stabilization ensures the correct
timing of clock output genes like CO, essential for photoperiod-dependent flowering. The CO-FT-
GI- CYCLING DOF FACTORI1 (CDF1) hub is conserved across flowering plants, indicating its
importance in photoperiodic responses (Serrano-Bueno et al, 2021).
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Figure 1. Abiotic stress modulates physiological, biochemical, and genetical attributes of wheat
which simultaneously affect its growth and development, resulting in yield reduction. CRKS =
Cysteine-rich RLK (RECEPTOR-like protein kinase) 8, GA20X8 = Gibberellin 2-oxidase 8, CYTC-2 =
Cytochrome C-2, F-box protein (F-box family protein), CML38 = Calmodulin38, CYP710A = Cytochrome
P450, Family 710, Subfamily A, Polypeptide 1, WIN1 = Wax INDUCER1; SHN1 = SHINE1; NAC = NAM,
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ATAF and CUC; NAX1 and NAX2 are known as Na* exclusive genes expressed as TmHKT1;4-
A2 and TmHKT1;5-A, respectively found in durum wheat; NHX1 and NHX?2 are depicted as Na*/H*
(K*) antiporter genes; PAL = Phenylalanine ammonia-lyase, DREB = Dehydration-responsive element
binding protein, CAT = Catalase, POD = Peroxidase, SOD = Superoxide dismutase, APX = Ascorbate
peroxidase, LOX = Lipoxygenase, GPX= Glutathione peroxidase, GSH = Glutathione (Figure was
drawn by using MS Office 2021).

3. Approaches of abiotic stress management

3.1. Biochemical adaptation under abiotic oxidative stress

Proline application Osmotic adjustment hydrates plants during drought stress. Osmotic
correction requires proline, glycine betaine, sucrose, alcohols, soluble sugars, organic acids,
chloride ions, calcium, and potassium. Proline is biosynthesized in the cytosol and plastid but
degenerates in mitochondria (Dudziak et al. 2019). It protects plant cell membranes, proteins,
cellular redox potential, free radicals, and oxidative stress from abiotic stressors. Glutamate and
ornithine give plants proline (Yan et al. 2021). Glutamate controls proline production. The
glutamate pathway, which produces proline, involves two important enzymes, pyrroline 5-
carboxylate synthetase (P5CS) and pyrroline 5-carboxylate reductase (P5CR) (Dar et al. 2016; Dudziak et
al. 2019). When water is stressed, plants produce proline to minimize cell damage. Even at high
doses, enzyme activity is unaffected. Proline was more easily accumulated and mobilized during
drought stress, indicating increased tolerance (Dudziak et al. 2019). Similar to this, proline was
referred to as an anti-drought defense molecule. Proline content and tolerance to drought are
positively connected in wheat genotypes (Hong-Bo et al. 2006). Proline treatment of seeds enhances
wheat development and productivity. Exogenous proline treatment during drought stress boosted
the amounts of total phenolics, Chl, and proline. Additionally, they observed that exogenous
proline treatment increased grain weight and quantity (Kamran et al. 2019; Farooq et al. 2017).

Glycine betaine (GB) application

GB regulates cytoplasmic pH, cell membrane shape, and antioxidant enzyme activity under
drought stress. Exogenous GB protects chloroplasts and mitochondria against oxidative stress
(Huseynova et al. 2016). Few higher plant enzymes make GB from choline and glycine. Plants
survive abiotic stress with GB. Drought-stressed wheat synthesizes Chl, proline, and sucrose
with GB foliar spray (Gupta et al. 2014). Polyamines application. Higher plant polyamines, such as
spermine, spermidine, putrescine, etc. molecules actively respond to salt, dryness, and
temperatures to boost photosynthetic capacity and water balance through osmotic adjustment
(Alcazar et al. 2011). Spermine and spermidine molecules existed more in drought-tolerant wheat
cultivar leaves than those that are highly sensitive to drought stress. Exogenous polyamine
treatment was tested on drought-stressed wheat genotypes (Liu et al. 2016).

Carbohydrates application

Numerous CHO work as osmoprotectants in stressful settings to maintain essential enzyme
activity, remove excess ROS, safeguard cell membrane and DNA integrity, and regulate osmotic
pressure (Keunen et al. 2013; Rosa et al. 2009; Bowne et al. 2012). To protect against drought
stress, wheat plants produced much soluble CHO when they reached the grain formation stage. This
synthesized CHO was observed much more at this stage of wheat than in other stages (Farshadfar
et al. 2008). Phenylalanine, peroxidase, ascorbic acid oxidase, etc. synthesis was enhanced with
exogenous trehalose application. Trehalose and maltose priming boosts proline, flavonoids, amino
acids, and phenolics accumulation, which improves wheat's resistance to drought stress
(Aldesuquy and Ghanem 2015; Ibrahim and Abdellatif 2016). Using mannose and mannitol to
treat wheat seed increased the quantity of CHO in wheat leaves, to adjust osmotic pressure when
plants got drought stress (Hameed and Igbal 2014).
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Table 1. Several genes responsible for abiotic stress tolerance in plants.
Gene Name Gene Symbol Function Reference
ECERIFERUM1 TaCER1 It is the CER1 enzyme that is responsible Li et al. 2019

for the production of the very long-chain
alkanes that are found in large
concentrations during the late stage of

wheat development.

Dehydration-responsive

Sadau et al.

element binding protein 2 TaDREB2 DREBs  are transcription  factors, 2024

Dehydration-responsive Transcriptional regulates involved in plant

element binding protein 3 TaDREB3 responses to drought, cold, and salt

Dehydration-responsive tolerance

element binding protein 6 TaDREB6

Heat shock protein TaHSP Molecular chaperones protecting the Hill and Li
proteome against environmental stresses; 2022
thermometry

Heat shock transcription TaHSF Portion of signal transduction chains Charng et al.

factor mediating the activating of genes 2007

responsive to both heat stress and other

stresses

Sodium/hydrogen antiporter TaNHX1
Sodium/hydrogen exchanger
1

K*/H* antiporter is highly expressed in Athar etal.
gourd cells. It is found in plasma 2022

membranes,  tonoplast =~ membranes,
mitochondrial membranes, chloroplast

membranes, and intercellular membranes

Sodium/hydrogen antiporter TaNHX2

K+ and Na*/H* antiporters are highly Yu et al. 2023
expressed in gourd cells, resulting in salt-
tolerant stomatal conductance and turgor

pressure

NAX1 and NAX?2 -

Both genes regulate the exclusion of Na* James et al.
from plant leaves in saline soil by 2011

removing Na* from the xylem

Calmodulin CML38

Senses calcium levels and relays signals to  Yang et al.
calcium-sensitive enzymes, ion channels, 1996

and other proteins

doi:10.20944/preprints202409.0715.v1
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Proton-inorganic TaAVP1 ROS scavenging gene Menadue et
pyrophosphatase al. 2021
(AVPI)
Phenylalanine  ammonia-lyase TaPAL Polyphenol compounds biosynthesis like Mamrutha et
(PAL) flavonoids, phenylpropanoids, al. 2017
and lignin in plants
SHINE1 TaSHN1 It controls plant wax biosynthesis Bi et al. 2016
NAC transcription factor 47 TaNAC47 NAC proteins regulate stress-related Wang et al.
transcriptional reprogramming 2015

WRKY transcription factor 44 TaWRKY44 Proteins known as WRKY play important Yu et al. 2023
roles in the growth, development, and
metabolic processes of plants as well as

their responses to abiotic stresses.

Glutathione peroxidase TaGPX GPX reduces hydrogen peroxide to water Ursini and

and oxygen and peroxide radicals to Maiorino

alcohols and oxygen. 2012
Mn-superoxide dismutase TaMn-SOD ROS (O2*-) scavenging gene Vijayaraghav
aredy et al.
2022
Catalase TaCAT Antioxidant pathway-related, ROS (H202) Caverzan et
scavenging gene al. 2016
Ascorbate peroxidase TaAPX APX enzymes catalyze the conversion of

H20: to H20 using ascorbate as a specific ~ Li 2023

electron donor

Cu/Zn-superoxide dismutase ~ TaCu/Zn-SOD ROS (O2*-) scavenging gene Tyagi et al.
2017

Iron-superoxide dismutase TaFe-SOD ROS (O2*-) scavenging gene Himi et al.
2016

3.2. Controlling abiotic stress through upkeeping of antioxidant enzymatic pathways

Plants have defenses to prevent ROS-related cell.damage. ROS and antioxidant activity dictate
plant cell damage. Enzymatic and non-enzymatic activities reduced ROS accumulation (Moller
et al. 2007; Srivalli et al. 2003). APX, monodehydroascorbate reductase (MDHAR),
Dehydroascorbate reductase (DHAR), Glutathione S-transferase (GST), glutathione reductase
(GR), and glutathione peroxidase (GPX) scavenged ROS. On the other hand, photosynthetic cell
membrane integrity during oxidative stress remained undamaged by the activities of tocopherol,
GSH, carotenoids, ascorbate (AsA), alkaloids, non-protein amino acids, and phenolic acids, which
are known as non-enzymes (Mittler et al. 2004, Hasanuzzaman et al. 2012). Tolerant wheat
genotypes lowered ROS activity by the over-expressions of MnSOD, Cu/Zn SOD, FeSOD, CAT, APX,
GPX, and GST genes (Table 1) (Dudziak et al. 2019). SOD lessened ROS accumulation. Under
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drought stress, superoxide ion (O.®7) production was enhanced in mitochondria, peroxisome,

cytoplasm, and plastome. SOD converted 0,°*~ into H,O; and finally H,O, turned into O, in those
organs. Therefore, the SOD enzyme had crucial for drought tolerance (Budak et al. 2013). GST
isoforms detoxified via glutathione peroxidases, which aids oxidative stress responses. CAT
detoxified mitochondrion and microbody H,O, to reduce oxidative damage. N2O reduced heat-
induced oxidative damage in wheat seedlings via increasing CAT (Hasanuzzaman et al. 2012).
Jasmonic acid-treated wheat seedlings enhanced salt tolerance via CAT. GR or APX activity
increased during water stress recovery to protect cells from ROS. APX scavenged water deficit

induced H,O,and O,°~ in plant chloroplasts. Leaf growth and dryness affect wheat APX activity.
Mild drought boosted leaf APX activity, whereas severe drought inhibited it because of higher
malonic MDA (Hollander-Czytko et al. 2005; Gill and Tuteja 2010). To assist plants, cope with abiotic
stresses, GR lowers GSH, AsA, and GSH/GSSG ratios (Wang and Frei 2011).

Ascorbic acid (AA) and a-tocopherol

Ascorbic acid (AA), a water-soluble phytohormone, and tocopherol, a lipid-soluble
phytohormone, protect plants from oxidative stress. Other four enzymes, such as DHAR,

MDHAR, GR, and APX quench 0, and H,O, with ascorbate-glutathione activities oxidative
stress (Hollander-Czytko et al. 2005, Wang and Frei 2011). AA and -tocopherol in wheat
genotypes reduced leaf senescence by reducing H,O, production during salt stress (Farouk 2011).
Despite plants” vulnerability to oxidative stress, carotenes are key antioxidant defense components.
Beta-carotene is generated by chloroplast PSI and PSII. This chemical protects photosynthetic
tissue by scavenging triplet Chl and prevents !O. formation. Carotenoids in drought-tolerant
wheat genotypes reduce O, oxidative damage (Wahid et al. 2007). Flavonoids protect plant
cells against oxidative damage. Higher flavonoid concentrations in wheat leaves arise from
drought-induced gene expression (Balouchi 2010).

3.3. Exogenous application of phytohormones in mitigating the effects of abiotic stress

Phytohormones are produced in small levels in many plant parts. The plant growth and
development were boosted and adjusted to harsh conditions with phytohormones’ activities.
Exogenous or endogenous Phytohormones can change plants’ physio-biological development to
help them endure abiotic stress. IAA, GA, IBA, CK, ABA, ET, and SA are major
phytohormones (Waadt et al. 2013; Sah et al. 2016).

Salicylic acid (SA)

By modulating the antioxidant defense system, SA can reduce oxidative stress. In
abiotically stressed plants, SA influenced photosynthesis, nitrogen metabolism, proline metabolism,
GB biosynthesis, and plant-water relations. Exogenous SA 10 mM alleviated wheat drought. SA
(10 mM) eased stress by improving germination by 21%. Drought increased SA shoot length by 20%.
SA increased water potential by 47%, proline 14%, and soluble sugar 25%. SA might enhance wheat
growth in drought (Liu et al. 2022).

Abscisic acid (ABA)

Flowering plants contain growth-restricting phytohormone ABA. ABA, a plant signaling
molecule, influences stress-induced growth (Xu et al. 2013). It affects flowering, stomatal
opening, embryo morphogenesis, storage protein, lipid, and grain filling. ABA accumulates in
chloroplasts. Light opens stomata; ABA and CO:z close them (Bano et al. 2012; Kim et al. 2010). ABA-
activated wheat plants’ stress-response genes TIP1, (Temperature shock-inducible protein 1) (GLP-1)
(Glucagon-like peptide-1), and MAPK4 (Mitogen-activated protein kinase 4-like). Plants face salinity,
drought, and heat stresses; ABA synthesis is enhanced to ameliorate the stresses (Sah et al. 2016).
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Roots synthesize and transfer ABA to leaves to limit stomata opening and water loss during drought
(Keskin et al. 2010; Schachtman and Goodger 2018). Exogenous ABA boosts antioxidant defense
mechanisms and increases wheat's drought tolerance. Wheat's ABA synthesis improves root
development and yield under drought (Xu et al. 2013; Bano et al. 2012).

Jasmonic acid (JA)

Jasmonic acid also known as jasmonate, is one of the most important cellular regulators. It is
responsible for controlling a wide variety of physiological processes and for mediating responses
to stress. Wheat plants mitigate the toxic effects of abiotic stress by increasing the synthesis of JA
through overexpressing of JA biosynthetic gene (Qiu et al. 2014; Wang et al. 2020). JA (100uM)
alleviated wheat drought. Drought reduced germination by 26%, although JA increased it by 27%.
JA shoots grew 23% longer under drought. JA increased water potential by 60%, proline 14%,
and soluble sugar 25%. JA can boost wheat growth in drought (Qiu et al. 2014; Wang et al.2020).

Gibberellic acid (GA)

Gibberellic acid promotes seed germination, leaf and stem growth, lateral root expansion, and
blooming. It reduces free radical-caused lipid peroxidation. Plants generate GA fast when stressed
(Gupta et al. 2013; Castro-Camba 2022). At 50ppm GA application for 24 hours, cross-Alborz and
Sardari wheat cultivars demonstrated their maximum shoot and root length, as well as their
maximum dry weight and germination rate. Osmo-priming for 12 hours boosted the length of the
shoots and roots, as well as the dry weight and germination rate (Ghobadi et al. 2012).

Indole acetic acid (IAA)

IAA suppresses drought and salinity-induced lateral root development. IAA and Indole
butyric acid (IBA) regulate plant cell division, elongation, differentiation, and apical domination
Fu et al. 2015).

Ethylene (ET)

ET controls development under stress. ET in plant cells helps plants tolerate abiotic
challenges such as temperature swings, salt, and drought (Khan and Khan 2014). Water stress
increased wheat leaf ethylene production. Drought caused wheat leaf senescence (Narayana et al.
1991). ET is a plant growth regulator. It protects plants from stresses by regulating antioxidant
enzyme activity (Khan and Khan 2014).

Melatonin

Melatonin is a ubiquitous, amphiphilic, and pleiotropic signaling chemical that protects plant
and animal kingdoms from environmental challenges and has many cellular and
physiological functions in wheat. Melatonin is a signal molecule during plant development and
many abiotic stimuli. It protects plants from heat, cold, drought, salt, heavy metals, and UV
radiation. As an antioxidant, it can scavenge free radicals (Turk et al. 2014; Alam et al. 2018b; Alam
et al. 2021).

Brassinosteroids (BRs)

BRs regulate cell elongation, photomorphogenesis, xylem differentiation, seed germination,
and adaptability to abiotic and biotic stressors (Alam et al. 2018a; Manghwar et al. 2022). 24-
epibrassinolide (EBL) and 28-homobrassinolide are commercially available BRs. EBL enhanced K,
Ca?, Mg?, and NOs uptake in the roots, which were transferred to the upper leaves. In younger
leaves and roots, EBL improved Kt/Na*, Ca?/Na‘, Mg?/Na*, and NOs/Cl homeostasis. BR-
primed plants demonstrated higher antioxidative enzymes activities (SOD, CAT, POD, GR,
APOX, MDHAR, and DHAR), Chl and protein content, and lowered ROS and RNS levels than
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controls (Fig 1) (Manghwar et al. 2022; Arora et al. 2012). At the cell surface, BR receptors can detect
BR, which then activates Brassinazole-resistant 1 (BZR1) (Manghwar et al. 2022). BZR1 is
responsible for regulating BR-responsive gene transcription in the nucleus.

3.4. Agronomic interventions

Salty soils can be recovered by mechanically scraping away salts, flushing, crusting, low-
permeability soils with excellent water, and leaching saline soils with adequate structure and
internal drainage. Alkali-sodic soils are recovered by draining excess sodium, deep plowing to mix
in the calcareous subsoil, and adding acidifying minerals like pyrite and gypsum (Astolfi and
Zuchi 2013). Plants with higher sulfur levels are salt-tolerant. Sulfate absorption plays a key function
in salt-induced metabolic alterations. S-adenosyl methionine is a precursor of polyamines, which
boost plant salt resistance (Chen et al. 2014).

3.5. Molecular strategies for mitigating abiotic stress effects on wheat crop

3,5.1. Molecular approaches to heat stress management

Most crops lack a single ‘thermotolerant’ gene. Different genes at different stages of crop growth
may determine tolerance components. Quantitative trait loci (QTL) analysis can identify trait-
causing genes. Once causal DNA is identified, it can be sequenced. This region’s DNA sequence
can be compared to a database of known-function genes (Hill and Li 2022). Genetic diversity
studies among cultivars, wild accessions, and ecotypes can help find novel QTL and alleles for
high-temperature stress tolerance. Wild populations have high intraspecies variation in tolerance
traits, which is absent in modern cultivars (Swamy et al. 2014). In contrast to a “constitutive”
QTL, an “adaptive” QTL is one that is either only identified under certain environmental
conditions or whose expression rises with the degree of environmental factors. Different wheat
traits, including grain filling duration, canopy temperature depression, yield, and senescence, have
QTL for high-temperature tolerance (Paliwal et al. 2012; Guan et al. 2018). Cellular membrane
thermostability was correlated with seedling thermotolerance and yield of recombinant inbred
line (RIL) grown in hot summer conditions (Fokar et al. 1998; Kumar et al. 2023). Mitochondrial
respiration activity under high-temperature stress did not correlate with triphenyl-tetrazolium
chloride reduction assay. Co-segregation analysis of winter wheat RILs suggests HSPs are
involved in temperature tolerance. Crossing NW1014 and HUW468 produced RILs. Composite
interval mapping found high-temperature tolerance in 2B, 7B, and 7D. Co-localized QTLs (in
chromosomes 2B, 7B) elucidated 15% of phenotypic variation in 1000-grain weight, grain formation
period, and lessened canopy temperature (Paliwal et al. 2012). A RIL population derived from
Halberd and Cutter was evaluated 10 days after pollination. In the first year, the heat susceptibility
index (HSI) was evaluated at 15% whereas 12% HSI was measured in the second year, resulting
from two years of QTL analysis. Five QTL regions were discovered on chromosomes 1A-3B. These
regions affected flag leaf length, width, and wax content. Under high-temperature stress, certain
QTL areas revealed pleiotropic kernel number-weight trade-offs (Mason et al. 2010). Under high
temperatures, the Babaxallele on linkage groups 1B, 3B, and 4A was associated with cooler canopy
temperatures and higher grain yields. Seriallele on linkage group 2B caused cool canopy effects,
but not yield. QTLs lowered canopy temperatures by 0.2 to 0.5°C (Pinto et al. 2008). QTL analysis
was used to dissect maize RIL (T232 x CM37) high-temperature stress tolerance by analyzing
cell-membrane stability (CMS) (Ottaviano et al. 1991). Six QTLs explained 53% of CMS genetic
variability. In the same RIL population, researchers found five QTLs for high-temperature pollen
germination and six for pollen tube growth (Frova and Sarigorla 1993). No significant correlation
was found between HSPs and CMS. With additive, dominance, and over-dominance gene action,
three maize QTLs linked to high seed drying temperature were found on chromosomes 6 and 8 and
accounted for 39% of the trait's phenotypic variance (Salgado et al. 2008). Even when the growing
conditions are similar, QTLs frequently do not connect well across genetic backgrounds,
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demonstrating lesser adaptation effects or disappearing entirely in different backgrounds.
Candidate genes work better for QTL cloning when they regulate a related trait in another species
(Ottaviano et al. 1991). An alternative to biological function is biochemical activity. The candidate
gene approach works best when the biochemical activity underlying tolerance is known.
Transcriptome profiling can be used to identify candidate genes (Alam et al. 2018a).

3.5.2. Molecular approaches to salt stress management

Plant Na*, K*/H* antiporter genes were difficult to find. Genome sequencing shows that plants
have many potential cation/proton antiporters, but their function is unknown (Rodriguez-Rosales
et al. 2009). NHX family was first explored in plants. The original component, NHX1, catalyzes
vacuole Na* accumulation and salt tolerance. NHX1 and NHX2 regulate pH, K, vesicle trafficking,
and cell proliferation for plant development (Table 1) (Athar et al. 2022; Yu et al. 2023; Rodriguez-
Rosales et al. 2009). Salty soil impacts plant growth from germination to harvest. Salinity
affects germination, growth, water and nutrient intake, photosynthesis, yield, and enzyme
activity. Higher salinity reduces germination, photosynthesis, transpiration, Na* and CI- ion
buildup, and wheat's metabolic activities (Fig 1) (Yu et al. 2023). It may speed up ion entry, creating
osmotic stress, limiting cell proliferation in early leaves and root tips, and closing stomata (Munns
et al. 2008). Root-zone soil osmotic capability reduces salinity-induced crop growth. Na* exclusion
failure kills older leaves days or weeks after it emerges (James et al. 2011). Salt stress impacts all
wheat stages. wheat's salt stress response at each stage helps find salt-tolerant genotypes. Leaves,
roots, and vegetative plant elements (plant height, diameter, fresh and dry biomass) are affected.
Ramified roots boost above-ground biomass in salinity. Early plant development is aided by a
developed root system. Salt stress lowers leaf area, slowing photosynthesis and biomass
production (Kingsbury et al. 19984). Ionic and osmotic pressure from salinity reduces wheat's
physiological activity. Plant development, mineral dispersion, calcium-by-sodium separation, and
membrane permeability (Mehta et al. 1983). Proline, glycine betaine, abscisic acid, and polyol protect
vacuole osmotic potential from ion toxicity in plants. Solutes or metabolites protect plants from salt
stress (Sharma and Garg 1983). Overproducing enzymes and solutes help select salt-resistant
genotypes. Low Na* concentrations and high proline and chlorophyll contents at the seedling
stage affect salt stress yield and can be used as a breeding criterion. Salt-related traits improve plant
genetics under saline conditions. They examined coastal salt-tolerant rice grain yield and related
traits (Manohara et al. 2020). Transgenic approaches for the mitigation of abiotic stress. Stress
activates enzymatic, structural, and regulatory genes. Transgenic investigations started with
single-action genes. The first targets were water channel proteins, osmolyte biosynthesis (proline,
betaine, sugars like trehalose, and polyamines), detoxifying enzymes, and transport proteins.
However, stress tolerance is regulated by multiple genes simultaneously, thus single-gene tolerance
is implausible. Plants have stress-induced regulatory genes. One gene can regulate many stress-
related proteins. In all species, temperature boosts HSP transcription (Schramm et al. 2007; Charng
et al. 2007). Stress converts a non-DNA-binding monomeric form of HSF into a DNA-binding
trimeric form (Table 1). High temperatures create HSPs (ul Haq et al. 2019). Transgenic plants with
higher plastid EF-Tu reduced thylakoid membrane damage and boosted photosynthetic rate and
grain yield during high-temperature stress. EF-Tu may protect photosynthetic membranes and
photosynthesis-related enzymes from high-temperature stress, boosting CO; fixation. Detox gene
overexpression of CBF1/DREB1B genes increased rice, wheat, and canola’s temperature tolerance
(Table 1) (Sadau et al. 2024). Co-expression of Escherichia coli P5C biosynthetic enzymes GK74
and GPR in Arabidopsis and tobacco increased proline biosynthesis. Transgenic plants have
increased high-temperature stress tolerance due to cell wall proline-rich proteins. Simultaneous
co-expression of DHAR, GR or GST, and GR in tobacco plants boosted temperature stress
tolerance (Table 1) (Reguera et al. 2012). ROS are poisonous molecules that can cause oxidative
damage to lipids, proteins, and DNA. Overexpression of Mn-superoxide dismutase in wheat
increased temperature tolerance and field yields. APX and CAT detoxify H.O,. The cAPX gene
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improves tomato’s heat tolerance (Gusta et al. 2009). Combining antioxidant enzyme expression
may improve high-temperature stress resistance. Constitutive expression of MBFIc in Arabidopsis
thaliana increases transgenic plants’ tolerance to bacterial infection, high temperature, and osmotic
stress. Enhanced transgenic plant resistance to osmotic and high-temperature stress was maintained
when combined (Tian et al. 2013). Transcriptomic profiling and inhibitor experiments reveal
that MBF1c expression increases transgenic plant tolerance to high temperature and osmotic stress
by partially activating the ethylene-response signal transduction system (Suzuki and Mittler 2006).
Katiyar-Agarwal et al. (2003) improved a high-temperature-tolerant transgenic rice line (Pusa
basmati). Almost all transgenic plants recovered after 45-50°C heat stress and grew vigorously at
28°C, while untransformed plants did not. Overexpressing sHSP17.7 produces high-temperature-
tolerant rice plants. mtHSP70 overexpression reduces programmed cell death in rice protoplasts
via preserving mitochondrial membrane potential and limiting ROS signal amplification (Murakami
et al. 2004).

Conclusions and Recommendations

Wheat plants are oxidized by abiotic stress. ROS/RNS damage cell membranes and
photosynthetic equipment, decreasing wheat growth and production. Wheat plants have
antioxidants both enzymatic and non-enzymatic that increase their resistance to stress. Abiotic
stress reduces grain yield affecting physiological, growth, and yield processes (Fig 1). Wheat's
ability to withstand the effects of abiotic stress can be improved, leading to increased productivity
and improved food security. Abiotic stress tolerance breeding is crucial not just in current climate
change, but also in future climatic alteration with harsh environmental stress episodes. Wild type
and landraces may contribute to abiotic stress-tolerant wheat; however, many germplasm collections
lack the most tolerant wild accessions and landraces. Innovations in molecular technology are
helping to identify wild-type wheat and generate new and improved cultivars in the future. Many
of these resources are unexplored but valuable. Wild genetic resources can give chances for
introgression, cloning, and transformation of essential genes and QTLs from wild type to
cultivated crops using classical and current techniques for crop development. The lack of wild
relatives in our collections is a major obstruction. The need to find genetic variability and new
sources of tolerance, as well as to use all existing genetic resources, identify new resources, and
protect them for the future, is heightened by the fact that environmental conditions are constantly
shifting and climate variability is increasing in intensity. Species fitness relates to the germination
and vitality of seeds in varied environments. For offspring (seeds) to pass on their quality to the
next generation, they must live. Few data exist on the consequences of climate change, especially on
appropriateness. Further research is needed to determine the role of wheat stress-induced.
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