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Abstract
Abiotic factors pose a significant constraint for food security and agricultural production worldwide, and the issue has been 
exacerbated by extreme and rapid climate change. Heat and drought are the most important limiting factors that have a significant 
influence on crop growth and production. For better management, it is critical to understand the biochemical, ecological and 
physiological responses to these stresses. Plant responses to these challenges may be divided into three categories: phonological, 
physiological and biochemical. This review gives a thorough description of plant adaptations towards drought and heat stress, with 
a particular emphasis on identifying similarities and variations. As a result of physical damage, biological disruption and biochemical 
abnormalities, suboptimal water supplies and unusual temperatures negatively impact crop development and yields. However, 
both of these stressors have a wide range of impacts and are thus complex to explain in terms of mechanics. More profound 
knowledge of how plants respond to various challenges can lead to more practical solutions and management. A distinctive aspect 
of the phenomenon is comparing fundamental behaviour with abiotic stresses.
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Introduction
Climate changing is adversely affecting agricultural crop 
productivity, which is a significant constraint on world food security 
on one side and acceleration of human population on other side 
(Raza et al., 2019). Furthermore, according to an FAO global 
assessment conducted in connection with population growth, an 
additional 70% food will be required by 2050 (Food and Agricultural 
Organization (FAO), 2009). It is highly challenging for agriculturists 
to overcome future food uncertainty in this most populous world. 
Global warming and potential climatic irregularities mean crops 
often have an increasing number of biogenic and abiogenic 
stresses that significantly influence crop productivity. Heat and 
drought are the most severe climate change-related impacts for 
agriculture output and food security.

All plants have specific range of optimum temperature to grow. 
Temperature above this range have negative impacts on growth 
stages and development. The gradual rise in mean annual 
temperature or heat is one of the most threatening abiotic stresses. 
Elevated temperatures may alter the developmental and biological 

plant processes, which affect yield and quality of produce (Calleja-
Cabrera et al., 2020). Although higher temperature is beneficial 
for some crops of cooler regions, overall, elevated temperature 
has negative impact on crop production throughout the world and 
causes yield decline to a large extent.

Extended intervals without rain that are linked to rising temperatures 
are projected to cause more frequent drought. Drought is increasing 
worldwide, due to lower precipitation and changing rainfall pattern. 
At reproductive or growth phases, drought stress has the most 
destructive influence on crop output. Droughts impair plant growth, 
reproduction and physiology, which significantly impact agricultural 
outputs (Fahad et al., 2017). They produce embolism at the xylem, 
which hinders water movement from the ground to the leaves, 
and can potentially lead to plant mortality via hydraulic collapse if 
uncontrolled (Sevanto, 2014). According to a study that examined 
data from research published between 1980 and 2015, drought 
has reduced wheat and maize yields by up to 40% over the world 
(Daryanto et al., 2016). Lobell et al. (2011) report that the production 
of wheat dropped by 5.5% and the output of maize decreased by 
3.8% globally between 1980 and 2011. In addition, between 1880 
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and 2012, the average combined ocean and terrestrial temperature 
rose by 0.85°C (Pachauri et al., 2014). Every decade is expected 
from now on an average increase of 0.2°C. Increased meditation 
of greenhouse gases (CO2, CH4, etc.) is the major contributor to 
global climate change. A 30–150% increase in CO2 and methane 
concentrations has been seen over the last 250 years (Prentice 
et al., 2001). More than any other environmental factor, these 
stresses limit plant development and output. For instance, it was 
projected that every 1°C rise in temperature would result in a 6% 
loss in global wheat yield. Different models predict a yield loss 
of 6–10% for every 1°C increase in the average temperature of 
the growing season, because of these two and other stressors 
(Guarino and Lobell, 2011). Even though rising temperatures are 
favourable for crop productivity in certain colder parts globally, 
generally, effects on world nutrition safety remain unfavourable. 
Furthermore, climate change poses a major effect on the stability 
of agricultural production. The top ten global crops, which include 
sugarcane, palm, soybean, wheat, maize and rice, have seen a 
significant impact on yields in many places throughout the world 
(Ray et al., 2019).

Drought vs. climatic stress
Drought, excessive salinity and cold may all cause a cellular 
dehydration that manifests as symptoms of physiological 
dehydration. Drought stress occurs when soil and atmospheric 
humidity are low and the ambient air temperature is above normal. 
In this situation, the evapotranspiration flux is out of balance with 
the soil’s absorption of water (Suzuki et al., 2016). When the 
temperature of the soil and air rises over a certain threshold level for 
a certain period of time, it is referred to as heat stress. Temperature 
affects yields in a comprehensive multi-location research. Plant 
growth and agricultural yield of important crops are being adversely 
affected by these unfavourable circumstances, which cause the 
development of drought-prone regions (Suzuki et al., 2016; Ray 
et al., 2019). Both drought and heat must be evaluated together 
since their combined impact is greater than that of each of them 
alone. Numerous genes influence the body’s response to abiotic 
stress, such as heat or drought, whereas the underlying processes 
are more complicated than those for biotic stress, which tend to 
be characterized by monogenic resistance. Heat and drought 
responses may be complicated further by various environmental 
factors, both biotic and abiotic, which make research more difficult. 
Due to oxidative, osmotic and thermal stressors caused by water 
scarcity and soil salinity, these issues are indisputably important 
obstacles to production in agriculture (Barnabás et al., 2008). It 
has also been noted that the lower stomatal conductance and 
transpiration under these circumstances may cause heat stress 
when leaf temperatures increase. Growth and performance of 
plants deteriorate significantly in tropical and subtropical areas 
when there is a lack of water and high temperatures (Suzuki et  al., 
2016).

Direct and indirect impacts of heat  
and drought on plant parts
Droughts affect plants when root water supplies are insufficient 
or water loss is excessive due to transpiration. Drought damage 
is frequently unanticipated due to a number of factors such as 
evapotranspiration losses rainfall patterns and water storage 
capacity. Drought alters the connections between nutrients, 
growth and water, assimilates partitioning and photosynthesis, and 
considerably reduces crop yield. According to Demirevska et al. 
(2009), reaction of plants to water scarcity differs across plant 
species, depending on the plant’s stage of growth and development 
and other environmental variables. Furthermore, it also disrupts 
the hormonal balance of the plants. Excessive reactive oxygen 
production, which result in oxidative stress, is one of the primary 
consequences of heat stress (Hasanuzzaman et al., 2012). The 
primary variables that diminish plant yield are a decrease in the soil 

humidity level and reduction in PAR absorption, lower efficiency 
of radiation and a low harvest index (Earl and Davis, 2003). To 
deal with the severe consequences of drought stress, plants show 
adaptation in their physiological processes and growth (Wang 
et al., 2020). Climate change and drought alter plant function in 
number of ways as shown in Fig. 1.

The biochemical, hormonal, physiological and morphological 
changes caused by heat stress significantly affect plant growth 
and production. Increases in atmospheric temperature, referred 
to as heat shocks, have become the most significant limiting 
factors in agricultural output on a global scale. The changing 
seasons and distribution of crops may be affected by increased 
temperature (Porter, 2005). Proteins may be severely damaged, 
their synthesis disrupted, necessary enzymes inactivated and 
membranes damaged due to heat stress. Heat stress may affect 
cell division considerably as well (Smertenko et al., 1997). All of 
these variables may impair plant growth and possibly contribute 
to oxidative damage. Additionally, short-term heat exposure during 
seed filling may result in rapid seed filling, resulting in low quality 
and decreased yield. We looked at the primary responses of crop 
plants to drought and climate change or heat stress. Aquaporins, 
which are integral membrane proteins that serve as channels for 
the transport of specific tiny solutes and water, regulate all of these 
parameters. Furthermore, heat and drought reduced the internal 
CO2 contents of the plants, vegetative growth, and early maturity 
and inhibits the enzyme activities including Rubisco involved in 
ATP synthesis. Severe heat and drought stop the movement of 
water resulting less nutrients uptake and almost all the plan 
parts damaged (Orians et al., 2019). Indirect effects included 
weeds that are already responsible for 34% of crop losses, 
with insects accounting for 18% and disease for 16%. Weeds, 
insects and disease already have a huge detrimental influence 
on our agricultural production system because of climate change 
(Skendžić et al., 2021). Insect pests thrive in warmer climates 
because they may complete their life cycles faster, reducing the 
amount of time they spend in susceptible phases (Ding et al., 2011). 
Insect, weed and disease populations are expanding northward 
as a result of the warming climate. Crops are more susceptible to 
disease because of the increasing climate effects on temperature 
and moisture stress. Figure 2 represents the indirect heat and 
drought effects on plants and soil system.

Direct and indirect impacts of heat  
and drought on soil
A healthy soil ecosystem is critical to a farm or ranch’s natural 
productivity. Extremes of temperature and precipitation 
may harm soils as a result of changing climatic conditions. 
Temperature rises may disrupt ecosystem services supplied 
by soil, such as water holding capacity, carbon sequestration 
and nutrient uptake by plants and animals. The frequency and 
severity of severe precipitation events has already increased 
and is likely to continue to rise, which will lead to increased 
soil erosion if conservation strategies are not implemented 
(Kiem et al., 2016). At times when rainfall exceeds the soils 
capacity to infiltrate, erosion occurs. Topsoil is carried away by 
water that cannot penetrate the soil; thus, it flows off the land 
as a result. Crops can no longer rely on the water and soil that 
discharge after high rainstorm storms. Climate change-induced 
shifts in rainfall patterns are expected to lead to more frequent 
and powerful rainstorms. In Iowa, for example, even though 
the state’s yearly precipitation has remained flat, the number 
of days with significant rainfall has grown dramatically (Gelybó 
et al., 2018). Sediment contamination is further exacerbated 
by severe precipitation events, which causes soil erosion. Soil 
erosion may be reduced by using agricultural leftovers, mulch, 
or cover crops to keep soil covered. A rise in the frequency and 
severity of intense precipitation will need better soil management 
strategies.
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Climate change Effects
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Figure 1. Effects of climate change on plant parts or processes.

Phonological adaptation of plants 
towards abiotic stresses
EFFECTS OF DROUGHT ON CROP GROWTH
Drought causes poor germination and seedling establishment, 
which are the primary causes of less seedling development from 
increased area. Several studies have indicated that drought 
stress negatively impacts planting germination and growth (Jaleel 
et al., 2009). Drought stress has been linked to a reduced seed 
germination potential, hypocotyl length, early seedling, dry mass 
of the root, and vegetative development in various main field 
crops such as rice, lucerne and pea. Cell division, expansion and 
differentiation are the primary mechanisms by which plants grow. 
Drought inhibits cell elongation and mitosis, resulting in slowed 
growth (Hussain et al., 2008). Depletion slows cell growth, owing 
to the reduction in turgor. Aridity inhibits cell elongation because 
of the restricted water transport from the xylem to neighbouring 
cells. Drought conditions can reduce the size and quantity of 
individual leaves. The amount of assimilates available and the 
turgor pressure determines how much the leaf expands. Water 
deficit inhibits leaf expansion due to a poor rate of photosynthesis 
and reduced turgor pressure. Fresh and dry biomasses are also 
severely decreased during periods of water scarcity. The height, 
stem, leaf size and breadth of maize plants were significantly 
reduced under water-stressed circumstances (Kamara et al., 
2003). Kamara et al. (2003) observed in a further investigation that 
the accumulation of maize biomass was significantly decreased 
during moisture deficient circumstances applied at numerous 
phases of growth.

EFFECTS OF TEMPERATURE ON CROP GROWTH
The additional chief restrictive factor for plant growth and 
improvement in hot climates is excessive radiation and high 
temperatures. High temperatures can cause growth inhibition, 
twigs and leaves to scorch, leaf senescence, and decoloration 
of leaves and fruits, as well as sunburn-like symptoms. High 
temperatures can decrease the germination potential of seeds, 
leading to poor germination and standing. The time, duration 
and degree of thermal stress affect cereal crops more strongly. 
Under comparable conditions, high-temperature stress lowered 
the spikes number and florets in rice per plant, and the seed in 
sorghum under the same environmental circumstances was also 
considerably affected. Anthers and pollens in interior florets were 
more vulnerable to high temperatures than ovules. The sterility of 
the floret has been associated with inadequate pollen shedding, 
poor germination of pollen grains, dehiscence, reduced elongation 
of the pollen tube and decline in in vivo pollen germination at 
high temperatures (>30°C). In maize and sugarcane under high-
temperature stress, a significant decrease was noted in growth 
and net assimilation rate. The deposit of biomass, internodal length 
and early sugarcane leaf senescence were reported to decrease 
significantly because of high temperatures (Ebrahim et al., 1998). 
Sunburn of leaves, leaf abscission and senescence, scorching, 
fruit damage and discoloration, twigs, root, stem and shoot 
growth inhibition are the most common phonological indications 
of extreme heat stress (Rodríguez et al., 2005). Abnormal plants, 
plant emergence, lower germination rates, poor showing strength 
and decreased radicles are the main effects of heat stress in 
numerous plant species that are grown (Kumar et al., 2011). The 
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germination rate of wheat was explicitly prohibited at extremely high 
temperatures (45°C) and caused cell death, where the seedling 
rate was lowered (Cheng et al., 2009). The number of tillers, plant 
height and biomass of rice crop reduced significantly due to heat 
stress (Mitra and Bhatia, 2008). Other issues include reducing 
the net assimilation rate that has been established in sugarcane 
and millet, as the major cause of the poor growth rate (Srivastava  
et al., 2012).

EFFECTS OF DROUGHT ON CROP PRODUCTION
Yield is the result of a combination of various physiological and 
phonological processes. Drought stress has a deleterious impact 
commonly on these processes. Drought stress resulted in significant 
output losses in major field crops. Pre-anthesis drought lowers 
anthesis time, but after anthesis, drought lessened the grain filling 
period for cereals. Taiz and Zeiger (2006) described four major 
enzymes that control the grain filling process in cereals, namely 
adenosine diphosphate, sucrose synthase, starch synthase, 
starch branching enzyme and glucose pyrophosphorylase, 
Drought effects have been observed to reduce the activity of these 
enzymes, which has a negative influence on primary cereal crop 
yield (Ahmadi and Baker, 2001). Drought stress during flowering 
can cause total sterility in pearl millet caused by a disruption in 
assimilating transport for the developing ear (Yadav et al., 2004). 

A drought-related decline in yields may be due to various factors, 
including disturbed assimilation, reduced photosynthesis and poor 
flag leaf formation. Drought circumstances during the tasseling 
stage of maize resulted in significant yield losses (Anjum et al., 
2011). Drought stress in cotton caused an impressive decrease 
in bollard production and abortion of produced bollards, affecting 
the steak yield (Pettigrew, 2004). Drought conditions resulted in a 
significant reduction in barley grain yield, owing to a lower number 
of viable tillers and grains and a lower 1000-grain weight. Drought 
stress during the flowering stage of the pigeon pea resulted in a 
50% drop in seed output (Nam et al., 2001).

EFFECTS OF TEMPERATURE ON CROP PRODUCTION
Almost all plant tissues are vulnerable to high heat throughout all 
developmental and growth phases; the multiplicative tissues are 
particularly sensitive, and unusual temperature fluctuations during 
the reproductive phase can result in the loss of the entire grain 
production cycle (Lobell et al., 2011). Higher temperature shock 
waves during the propagative stage of major cereals can cause 
significant yield reductions in temperate sites. Heat stress has a 
detrimental impact on the value of the end product in oilseed and 
cereal crops because it reduces the oil, protein contents and starch 
significantly. Ferris et al. (1998) found that under high-temperature 
conditions, the grain weight (1000-grain weight) and total grains 

Heat and drought effects on plant growth process

Adversely effect on 
mineral nutrition

Negative effect on 
shoot growth

Effect on nutrient
uptake

Reduced calcium
absorption

Pollen development
result in low yield

Nitrate reductase
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Thermal ‘Death 
Point’

Affect crop growth

Reduced root growth Plant height reduced

Underdevelopment of
anthers

Loss of viability of
pollen
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Dehydration rate high
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Photosynthesis 
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Figure 2. Effects of drought and heat on plants parts and soil processes.
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number of wheat crop decreased significantly. Heat stress affected 
the performance of several rice growth and yield aspects, resulting 
in lower rice output.

Heat stress for very short periods, during the reproductive phase, 
may lead to significant reduction in flowers and floral buds: 
however, a great disparity in sensitivity among and within plant 
varieties and species exists (Sato et al., 2006). Lower production 
of flowers or flower production without seed or fruit may result from 
a short spell of heat during propagative stage (Maheswari et al., 
2012). Fahad et al. (2017) described that the rice tillering phase 
was highly responsive to higher night temperatures. Heat induction 
caused ample yield losses in groundnut and common beans. Heat 
stress has a remarkable impact on fertilization, growth of fertilized 
embryos and meiosis in tomato crop, resulting in significant yield 
losses. Heat, drought and stress reduce the growth and output of 
various major crops; however, the damage varies depending on 
the intensity of the stress and the crop’s growth phase. Unfertilized 
embryo and pro-embryo, anomaly in style and stigmatic positions, 
compromised meiosis in female and male tissues, impaired 
pollen tube and pollen germination growth, distressed fertilization 
procedures, unfertilized embryo, reduced ovule viability, hindrance 
in growth of endosperm and condensed pollen grains engaged 
by the stigma are all the problems of abiotic stresses including 
excessive heat (Cao et al., 2008). Generally, the propagative stage 
is more susceptible to this stress, resulting in a significant loss in 
yield. The rise in the seasonal average temperature at 1°C has 
shown a drop in grain yields of cereals of 4.1–10.0% (Wang et al., 
2012). In relation to tolerant varieties, sensitive crop variants are 
more seriously damaged by heat stress. Heat stress changes the 
early dough, and maturity affects the kernel drying process and 
causes the loss of wheat grain yield (Saitoh, 2008). Heat also 
decreases the weight of the single kernel and contributes mostly to 
the loss in return (Kutcher et al., 2010).

Physiological responses
EFFECT OF DROUGHT ON NUTRIENT AND WATER 
RELATIONS
The leaf water potential, leaf stomatal conductance, transpiration 
rate, substomatal conductance and canopy temperature influence 
water relations. Drought stress affects all of these parameters in 
plants, although stomatal and substomatal conductance is the 
most valuable in this regard (Farooq et al., 2009). Under drought 
conditions, there was a considerable decrease in transpiration rate 
and water potential, increased canopy and leaf temperature. The 
water-efficiency ratio of dry matter generated by water consumed 
is also a critical component in plant physiological control. This 
increase in water efficiency is primarily due to the accretion of 
dry matter by overwhelming minimum water through the closure 
of stomata and a reduced evaporation rate. Potato showed lower 
water use efficiency when faced with a water shortage early in the 
season, resulting in poor biomass development and yield. Drought 
stress has a substantial influence on the interaction between plant 
nutrients. Plant roots absorb several vital minerals, such as calcium, 
silicon, magnesium and nitrogen along with water; however, dry 
circumstances block the transfer of these elements by diffusion and 
mass flow, limiting the plant development (Barber, 1995).

Plants increase the surface area and length of their roots and 
change their architecture to catch less transportable nutrients. A 
shortage in moisture level might hamper the root development 
and reduce the consumption of more minor moving minerals such 
as phosphorous. In a plant’s nutritional linkages, root-microbe 
interactions are equally crucial. Reduced oxygen and carbon 
flow to nodules, as well as nitrogen build-up owing to drought 
stress, decreased the capacity of some legumes to fix nitrogen. 
A shortage of water in the soil affects the structure and activity of 
soil microbial colonies, disrupting plant feeding interactions. The 
responses of different crop species to nutrient uptake under water 
stress differ. Under drought conditions, N uptake rises, P uptake 

decreases and potassium uptake stays unaffected. However, 
nutritional connections are more complex as several nutrients 
interactively affect one another and overall plant physiology. This 
element requires a thorough molecular investigation.

HEAT STRESS
The status of water in plants is of significant relevance under changing 
climatic circumstances. Usually, when adequate water is available, 
plants tend to balance their tissue water content independently of 
temperature fluctuations, but the increase in temperature becomes 
disastrous with less water. Unfortunately, heat stress is often 
connected with water shortages on the soil, especially in tropical 
and subtropical regions. Although there was adequate amount 
of water in the soil, sugarcane demonstrated a dramatic loss of 
water content in leaf tissue when exposed to hot temperatures. It 
recommends that heat stress might have a detrimental impact on 
root conductivity. Tomato showed a comparable decrease in root 
conductivity and water content during heat stress. When plants 
are exposed to heat, water loss is often higher throughout the day 
owing to a higher rate of transpiration, which eventually impairs 
various critical plant physiological systems. Heat stress affects the 
bulk, volume and growth of roots, restricting nutrients and water for 
above-ground plant components (Huang et al., 2012). There is less 
evidence on the direct impact of heat stress on crop nutrients.

The activity of essential food metabolic enzymes, such as nitrate 
reductase, can be drastically decreased under high-temperature 
stress. Because of several factors, including a nutrient intake per 
unit surface of the root, decreased root mass and nutrition intake 
may decrease under thermal stress (Basirirad, 2000). Overall, heat 
and drought stress harm the plant nutritional cycle, availability and 
absorption by interacting with various physiological processes. 
Photosynthesis in plants affected by drought and excessive heat is 
one of the principal physiological processes (Farooq et al., 2009). 
Defective photosynthetic machinery functioning, reduction in leaf 
expansion and leaf ageing are the primary variables affecting it 
(Wahid et al., 2007). Under drought conditions, stomatal closure 
limits the availability of CO2, making plants more vulnerable to 
photodamage. The reduction of humidity causes unfavourable 
changes in photosynthetic machinery, impacts photosynthetic 
pigments negatively and impairs significant enzyme functions, 
leading to large losses in yield and growth (Zandalinas et al., 
2016). Heat stress would also affect photosynthetic processes by 
disrupting pigment photosynthesis, reducing photosystem II activity 
and decreasing the ability of RuBP for regeneration (Sharkey, 
2005). Some of the significant impacts on photosynthesis are 
described below of drought and heat stress.

EFFECT OF DROUGHT ON PHOTOSYNTHETIC 
PIGMENTS
Drought has various impacts on thylakoid membranes and 
photosynthetic pigments (Kumar et al., 2011). Drought conditions 
have also been linked to decreased chlorophyll concentration. 
Several researchers have found that when cereals are subjected 
to moisture stress, their chlorophyll content decreases. It differs 
with cultivar and crops, e.g. during water stress, chlorophyll 
concentrations in specific cultivars of black gram raised while they 
dropped in other crops. The difference in behaviour was related to 
changes in enzymatic activities involved in chlorophyll synthesis. 
The quantity of chlorophyll in the dry plant was shown to be higher 
than the concentration of chlorophyll b. Chlorophyll a concentration 
under drought-stressed plants was greater than that of chlorophyll 
b. The chlorophyll a/b ratio in Brassica species was revealed to be 
lower under drought conditions.

EFFECT OF TEMPERATURE ON PHOTOSYNTHETIC 
PIGMENTS
High-temperature revelation generally results in a decrease 
in chlorophyll production. Lower chlorophyll accumulation in 
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plants may be caused by the increased breakdown and reduced 
chlorophyll production or a combination of both during extreme heat 
stress (Allakhverdiev et al., 2008). Inhibition in chlorophyll synthesis 
under extreme heat is strictly linked to the inactivation of several 
enzymes. In wheat, enzymatic activities, i.e. 5-aminolevulinate 
dehydratase needed for pyrrol production, reduced dramatically 
and the chlorophyll contents in cucumber was decreased 60% 
at temperature 42°C due to the inhibition of 5-aminolevulinate 
synthesis (Ashraf and Karim, 1991). Under higher temperatures, 
the output of the protochlorophyllide was reduced by 70%. Heat 
stress enhanced the breakdown of chlorophyll a, as well as b in 
mature leaves (Maroco et al., 1997). These effects on chlorophyll 
pigments and other photosynthetic machinery are thought to be 
related to oxidative damage. In heat-tolerant tomato and sugarcane 
varieties, the chlorophyll a/b ratio increased, but the chlorophyll to 
carotenoid ratio decreased significantly. This demonstrates that the 
alteration in the balance of the photosynthetic pigment also has a 
function in heat shock tolerance.

EFFECT OF DROUGHT ON THE PHOTOSYNTHETIC 
PROCESS
To minimize water loss through transpiration, practically all the 
plants’ first and predominant response to water stress is stomatal 
closure. Stomatal closure may occur in response to a drop in leaf 
water potential or a decline in atmospheric moisture level (Fiscus et 
al., 2005). The stomatal closure reduces CO2 uptake, resulting in no 
assimilation due to oxidative stress, and also improves heat dissipation 
in leaves (Vu et al., 1999). Interestingly, soil moisture status has a 
more significant impact on stomatal control than leaf water content, 
which might explain why stomata respond to ABA generated by 
roots under dry circumstances. However, under drought conditions, 
stomatal responses vary greatly among plant species. Reduced 
stomatal conductance limits photosynthesis in light drought, but 
reduced Rubisco activity becomes the most important factor affecting 
photosynthesis (Porter, 2005; Jaleh, 2017). Water scarcity induces 
cell shrinkage, resulting in reduced cell volume; thus, the cellular 
substance becomes extra sticky, leading to protein denaturation.

Higher solute concentration in the cytoplasm may also lead to 
ionic toxicity, which negatively influences enzymatic functions that 
can take part in various plant functions, including photosynthesis. 
The rate at which the Rubisco enzyme is created and eliminated 
determines its absorption in leaves. Because it has a half-life of 
many days, it is very stable even in times of severe water scarcity. 
Rubisco’s diminished synthesis, on the other hand, causes 
severe damage due to a reduction in its small subunits (Parry et 
al., 2003). Under drought stress, the binding of inhibitors such as 
2-carboxyaribinitol 1-phosphate to the catalytic site of Rubisco is 
also prevalent, affecting enzyme activity (Lawlor and Cornic, 2002).

Similarly, drought and heat stress harm other essential photosynthetic 
enzymes. Under mild drought, reduced phosphorylation and 
inadequate ATP generation have been identified as the fundamental 
causes limiting photosynthesis (Marchand et al., 2005). Under 
drought circumstances, the lower generation of nicotinamide 
adenine dinucleotide phosphate decreases ATP synthesis due to 
depressed regulation of the non-cyclic electron transport chain.

EFFECT OF TEMPERATURE ON THE 
PHOTOSYNTHETIC PROCESS
Higher temperature affects the light-dependent chemical processes 
in the carbon metabolism and thylakoid in the stroma, which are 
significant sources of damage (Haag, 2019). The membrane 
of the thylakoid is extremely vulnerable to heat stress and in 
chloroplasts, major changes occur, such as changes in thylakoids’ 
structural organization, loss of granum stacking and swelling 
of grana (Rivas and Barber, 1997). The PSII’s thermo-tolerance 
adjustment is controlled by enhanced photon flux density and leaf 
temperature. The PSII is very sensitive to temperature, and its 

activity is considerably involved even in partially heat stress. Under 
higher temperatures, the oxygen-evolving complex is also severely 
damaged, leading to an uneven distribution of electrons to the PSII 
acceptor site. Denaturation of the D1 and D2 proteins occurs at 
higher temperatures (Toth et al., 2005). Heat stress caused damage 
to several PSII components in barley and wheat (Yang et al., 2006). 
Cotton’s photosynthetic activity was further hampered by a halt in 
RuBP regeneration and a reduction in the electron transport chain. 
The PSII stromal enzymes and chloroplast are mostly stable at 
high temperatures, and the PSII electron transmission system is 
functioning. In recent research, Fahad et al. (Ray et al., 2019) have 
discovered that the photosynthetic activity of two rice cultivars has 
declined dramatically at high day and night temperatures. High 
temperature has more impact on the photosynthetic efficiency of 
C3 plants than that of C4 plants (Rogiers et al., 2012).

Photosynthesis was reduced due to chlorophyll pigment degradation,  
a blockage of the PSII reaction center, a drop in quantum efficiency, 
a drop in leaf nitrogen contents, electron transport and down-
regulation of PSII photochemistry. High-temperature stress has a 
significant impact on starch and sucrose synthesis because key 
enzymes such as sucrose phosphate adenosine, diphosphate-
glucose pyrophosphorylase, invertase and synthase have lower 
activity. Due to reducing the active state of the CO2 binder enzyme 
Rubisco, net photosynthesis is hampered for some plant species. 
At the same time, the catalytic activity of Rubisco increases with 
temperature, and its weak affinity to CO2 and its ability to bind to 
O2 limit the increase in its net photosynthetic rate. Despite all of the 
harmful consequences of higher temperatures on photosynthesis, 
the ideal temperature needs for photosynthesis are anticipated 
to rise as CO2 levels increase in the atmosphere. Rogiers et al. 
(2012) noticed a decline of 60% with an increase from 25 to 45- 
degree temperature in average rates of photosynthesis of Vitis 
vinifera leaves. This photosynthetic decrease has been related to 
stomach closure of 15–30%.

EFFECT OF DROUGHT ON ASSIMILATE PARTITIONING
Drought disturbs the balance of assimilated products, as most 
are moved into the roots to improve water consumption. The rate 
of photosynthesis and the concentration of sucrose in the leaves 
are used to transport assimilates from the source to the sink. 
Dryness impacts photosynthesis and reduces the sugar content, 
reducing the export rate between sources. Drought also reduces 
the sink’s ability to digest incoming agents appropriately. The 
invertase acid activity that impacts phloem loading and unloading 
is also decreased. As a result, moisture stress affects dry matter 
partitioning (Dinar and Rudich, 1985).

EFFECT OF TEMPERATURE ON ASSIMILATE 
PARTITIONING
The heat stress reduces the sources and sinks, which have 
substantial impacts on growth and, in the end, economic production. 
In assimilating heat stress partitioning, however, considerable 
variation in distinct genotypes of wheat was reported. In two heat-
sensitive tomato cultivars, Dinar and Rudich (1985 ) found carbon 
transportation to the apex was drastically reduced.

Wardlaw (1974) examined the reactions of the source of wheat, the 
sink and the transportation track to high-temperature stress and 
found the photosynthetic rate to be ideal between 20 and 30°C, 
but a rapid drop over 30°C was observed. The flags were loaded 
according to the same manner (Tietjen et al., 2017). The motion 
inside the trunk, however, showed that the temperature was 1 to 
50°C independent. It was discovered that, in addition to a lower 
photosynthetic rate, the impact of temperature stress on the wheat 
division was associated with the questionable source and sink 
activity. From these results, it may be concluded that improving 
the mobility efficiency of leaf and other plant components of 
assimilates might constitute an essential strategy to enhance grain 
filling in cereals.
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Oxidative damage: A communal 
response
Most abiotic stresses in plants are usually in a sequential stage 
of oxidative damage. Drying stress causes oxidative damage 
to the plants by allowing reactive oxygen species (ROS) to grow. 
ROS represents a significant danger that proteins and lipids 
will be destroyed for cell functioning. According to Moran et al. 
(1994), during drought conditions, the pea plant’s protein and lipid 
peroxidation increased fourfold compared to normal conditions. 
The ROS is primarily produced in chloroplasts; however, oxygen 
interactions with electron transport chain (ETC) elements in 
mitochondria also produce ROS. ROS-generating processes can be 
either non-enzymatic or enzymatic. Under high-temperature stress, 
ROS generation has also been documented. Plants often rely on 
antioxidant defence, which can be non-enzymatic or enzymatic, to 
deal with oxidative stress. Enzymatic protection is often regarded 
as the most effective. The POD, GR, CAT and SOD are the major 
enzymes involved in this system. Aside from these enzymes, non-
enzymatic components such as glutathione and carotenoid can also 
contribute to the antioxidant system. Enzymes such as SOD, CAT 
and POD either directly scavenge ROS or indirectly protect plants by 
controlling non-enzymatic defence (Pettigrew, 2004). An increased 
level of malondialdehyde has been seen in response to ROS, which 
is a strong indicator of drought-induced oxidative damage. As a result, 
maintaining more significant levels of antioxidants can be a practical 
approach for plants to combat the detrimental effects of ROS. Plants 
use phytohormones, which are natural defensive compounds that 
help them sustain more significant amounts of antioxidants under 
stress conditions. They aid plant adaptation towards the varying 
environment by modulating growth, source or sink transitions, 
nutrient allocation and development (Fahad et al., 2017).

Conclusion
Abiotic stresses are reducing crop yield all across the world. 
Drought and heat stress cause plants to respond in a variety of 
ways, the most notable of which is by altering their development 
and morphology. Despite the fact that drought and heat stress may 
have a negative impact on the plant’s growth and development, 
reproductive growth is the most affected. Anthesis or grain 
filling stress may have a major impact on crop production if it is 
mild. Damage to the photosynthetic machinery, oxidative stress 
and membrane instability are also caused by these forces. The 
capacity of plants to withstand these pressures differs significantly 
across species. Recent advances have been achieved in limiting 
the adverse consequences of these abiotic stressors, either 
through the use of genetic methods or by the induction of stress 
tolerance.
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