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Abstract: With exceptional tolerance to a wide range of climatic circumstances, from temperate to desert, and from 
warm to cold regions; wheat (Triticum aestivum L.) is an important food crop on a worldwide scale. This flexibility is 
linked to the crop's highly flexible DNA (Deoxyribonucleic acid), which is complicated in nature. The impacts of climate 
change and other stresses on wheat ecophysiology and productivity remain topics of concern despite our very thorough 
knowledge of wheat physiology, growth, and development. This study emphasizes the implementation of new 
information in breeding and crop management techniques while concentrating especially on the ecophysiology of water 
usage in wheat plants. The focus is on comprehending physiological processes at the level of the whole plant and organ, 
giving breeders and agronomist insightful information. Where necessary to explain physiological responses seen at 
higher organizational levels, cellular-level explanations are presented. Various topics, including wheat physiology, 
ecological interactions, and yield determination, are covered in this review that emphasizes recent developments in our 
knowledge of yield production. The knowledge gathered from this study may be used to help build crop production 
systems that maximize yield potential. Additionally, this study offers physiological and ecological methods for creating 
wheat production systems that are high-yielding, resource-efficient, and quality-focused. Although there is a wealth of 
information on wheat physiology that directly aids agronomists and breeders, more research is needed to fully grasp 
yield under stress. However, using already available physiological information provides encouraging potential for further 
development. The review prioritizes yield and yield-forming processes because they have the biggest potential impact on 
global wheat production, even though other factors like lodging resistance, growth regulator application, weed 
competition, soil mechanical impedance, and nutrient imbalances are not covered. 
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INTRODUCTION 

As one of the main staple food crops, wheat plays a 
key role in feeding the world's population. It is grown on 
around 220 million hectares of land and is the second-
most significant cereal crop in the world. Wheat is 
essential for supplying the present food demand, with a 
remarkable 716 million tons of cereal grain produced 
each year and an average yield of 3.2 tons per hectare 
[1]. But when we move into the future, it becomes clear 
that we must boost wheat output much more in order to 
reach the goal of 858 million tons by 2050, given the 
expanding world population [2]. In order to meet this 
objective and feed the world's growing population, an 
annual rise of around 1.5% over the next three 
decades should be considered. Additionally, it is 
important to keep in mind that 37% of wheat cultivation 
is done under rainfed circumstances, leaving it 
vulnerable to the ongoing drought limitation that 
severely reduces wheat output [3-5]. Drought stress 
effect on plant growth and reduces leaf area, decrease 
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reserves mobilization, kernel abortion and further 
decline amyloplasts numbers in grain. In response to 
drying conditions various processes are stimulated in 
wheat plants such as reduction in photosynthetic rate, 
closure of stomata and incline in leaf temperature. 
These effects impact on plant yield, growth and 
physiology. So in present study, to best of our 
understanding, we have provided the detailed 
information about effects of water deficit conditions on 
wheat plant, its ecophysiology, yield and different 
wheat penal. This study will provide comprehensive 
knowledge in selecting drought tolerant wheat 
genotype by identifying the biochemical and 
physiological traits involved in drought tolerance 
mechanisms. 

WHEAT PHYSIOLOGY  

Abiotic stress is the term used to describe 
environmental factors or their mixtures that have a 
detrimental effect on a plant's ability to grow, develop, 
and reproduce [6]. In the past, relieving environmental 
stress via practices like irrigation, soil management, 
and fertilizer usage has been the main strategy for 
doing so. Although these approaches have economic 
and ecological drawbacks, there is considerable 
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interest in studying plant genetic tolerance to 
environmental pressures. Abiotic environmental 
conditions in the United States are responsible for 71% 
of the potential yield decrease in annual crops [7]. 
Wheat yields are notably impacted by a number of 
conditions, such as soil salinity, poor soil fertility 
(especially nitrogen deficiency), heat, drought, and cold 
temperatures. Significant effects on wheat 
development, growth, and yield result from these 
conditions. 

Water stress is a common occurrence in nature and 
results from a crop's inability to absorb enough water to 
keep up with air evaporation. Water stress is primarily 
caused by two processes: (i) crop water uptake, which 
is influenced by root traits and soil physical 
characteristics, and (ii) crop evapotranspiration, which 
is influenced by atmospheric factors like net radiation 
and vapor pressure deficit (VPD), as well as crop traits 
like ground cover and stomatal conductance. Wheat 
may undergo water stress in every area, regardless of 
the differences in the surrounding circumstances [3]. 
Crop evapotranspiration (ET), in particular crop 
transpiration, has a positive linear association with 
grain production in C3 and C4 plants. Consequently, a 
reduction in yield is a natural consequence of water 
stress [4]. 

EMERGENCE TO DOUBLE RIDGE 

In both bread and durum wheat, water stress during 
the first growth stage (GS1) has been shown to extend 
the phyllochron, or the delay between the appearance 
of succeeding leaves [8, 9]. Different abiotic stresses 
influence leaf growth, its turgor and water potential and 
leaf elongation. Leaf growth measurement is 
considered as important indicator to show drought 
stress conditions. Drought stress reduce leaf growth 
rate in wheat which involve in reduction in leaf sheath 
and lamina elongation. This subsequently leads to 
decline in total cumulative plant leaf growth as well the 
reduction in water potential threshold. It is crucial to 
remember that leaf expansion is especially susceptible 
to water stress, and under extreme circumstances, leaf 
development may be severely slowed down when leaf 
water potentials reach values between -0.7 and -1.2 
MPa [10]. Furthermore, tillering is significantly impacted 
by water stress, with dry circumstances possibly 
resulting in a roughly 50% decrease in tiller 
development. As a result, the most adversely impacted 
physiological process at this stage is the development 
of the leaf area index. A reduction in the quantity of 
spikelet primordia at this crucial time may also be 

caused by a water shortage that occurs shortly before 
the start of blooming [11]. 

DOUBLE RIDGE TO ANTHESIS 

After anthesis (GS2), wheat plants continue to 
develop for around ten days, including their roots, 
leaves, stems, and ears. This is a phase of rapid plant 
growth. A decline in cell development and leaf area 
during this phase may lower photosynthesis per unit 
area by reducing the amount of water available to the 
plant. Net photosynthesis reduces as a result of 
stomata that are partially closed when the water 
shortage becomes worse. When leaf water potentials 
drop below -1.5 MPa, wheat stomata start to shut [12, 
13]. Reduced leaf internal CO2 (Ci) levels impede 
electron transport, which might harm the system and 
produce photo-inhibition [14]. Photo-inhibition is a 
condition brought on by excessive light-harvesting 
system excitation without enough electron transport. 
Therefore, keeping the plant's water levels sufficient 
and its stomata open is essential for maintaining high 
CO2 conductance, which enables the continuation of 
photosynthetic dark reactions and correct electron 
transport, as well as for cooling. Measurements of 
chlorophyll fluorescence, which reveal excessive light 
harvesting beyond the capability of dark responses, are 
often used to identify the impacts of stress on crops 
[15]. 

Grain number is significantly impacted by water 
stress during the spike growth stage, with a severe 
decrease being seen. Ten days before to spike 
emergence is when water stress results in the greatest 
yield loss. Water stress at this time also reduces the 
number of viable tiller, spikelets per spike [16, 17] and 
may kill the distal and basal florets in the spikes. At this 
developmental stage, carbon and nitrogen availability 
are crucial for spike growth, and both are decreased in 
the presence of water stress. 

ANTHESIS TO MATURITY 

Wheat plants may grow more quickly if there is a 
water shortage just before anthesis (the blooming 
stage) [18]. As a result, there is less soluble 
carbohydrate buildup in the stem between anthesis and 
the linear phase of grain development [18]. Reduced 
photosynthesis caused by water stress highlights the 
need of remobilizing pre-anthesis assimilates to the 
growing grain. Total non-structural carbohydrates, 
especially fructans and sucrose, which are obtained 
from wheat leaves and stems, are essential for 
promoting grain development [19]. 
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Water stress does not affect the quantity of fertile 
tillers or the number of kernels per ear (KNO) during 
the grain-filling stage, but it does cause a decrease in 
grain weight. This decrease is a result of increased 
senescence, which shortens the grain-filling time [20]. 
Senescence is caused by high temperatures and 
terminal dryness. Barley and tall bread wheats, 
compared to semi-dwarf wheats, consistently show 
superior drought resilience, whereas durum wheats are 
the most sensitive [21, 22].  

WATER DEFICIT AND GRAIN YIELD 

The yield of a dryland crop can be calculated by 
multiplying transpiration (T), transpiration efficiency 
(TE), and harvest index (HI), represented as: 

GY = T × TE × HI 

where GY refers to grain yield [23]. 

It has been frequently utilized to pinpoint features 
that improve grain production in winter cereals under 
drought stress, according to Equation 7 which 
expresses this connection [24]. It has been shown that 
genotypes that can maintain their stomata open under 
water stress produce more under these circumstances 
[25]. 

Measurements of gas exchange provide light on TE 
variation. However, their use in crop development 
programs has been constrained by the difficulty of 
integrating instantaneous gas exchange observations 
across time and place [26]. It is possible to estimate TE 
at the plant level using carbon isotopic discrimination. 
Wheat TE and grain yield are negatively and linearly 
linked to the degree of selectivity against the heavier 
carbon isotope (13C) in the photosynthetic process, 
respectively [27, 28, 29]. Thus, 13C discrimination may 
be used in genetic improvement programs for areas 
with less rainfall as an indirect metric of TE [30]. Wheat 
has genetic diversity in 13C discrimination, making it 
possible to identify high-yielding lines with better TE. It 
is crucial to remember that vapor pressure deficit 
(VPD) has a significant impact on TE, thus any 
comparisons should be made on a VPD basis. 

When there is regular rainfall in agricultural regions, 
there may be significant soil water evaporation from the 
soil surface, particularly if the crop cover is insufficient 
and leaves some of the soil exposed to sunlight. The 
majority of the overall evapotranspiration (ET) is often 
accounted for by the evaporation of soil water. 
Therefore, by increasing water-use efficiency via 

proper crop management strategies, grain yield of 
dryland crops may be significantly increased [31, 32]. 
The quantity of water lost during grain filling and the 
current TE are used to calculate the harvest index in 
dry settings. The attainable yield is generally in the 
range of 10 to 15 percent of the biomass present at 
anthesis if there is no water available for transpiration 
after anthesis. 

DROUGHT RESISTANCE 

Grain yield under drought circumstances is a 
popular basis for evaluating wheat's drought tolerance. 
But in addition to its intrinsic yield potential, the 
genotype's phenology also affects the grain production 
of wheat during droughts [33]. Utilizing yield stability 
indices for various conditions and drought susceptibility 
indices have both been used to quantify drought 
resistance [34]. These indices are essential for 
assessing how well wheat genotypes perform and react 
to drought stress. The apparent characters like 
morphology and physiology that depicts the drought 
resistance can possibly be categorized based on how 
they relate to the crop's water uptake or loss. Root 
development, osmotic adjustment, associated solutes, 
membrane stability are morphological and physiological 
characteristics associated with an increase in water 
absorption [35]. Leaf color [36], leaf movements, 
trichomes on the leaf surface, stomatal behavior and 
epicuticular wax [37], transpirational efficiency, and air 
to canopy temperature differentials [38, 39] are the 
traits of morphology and physiology linked to minimize 
the efficiency of transpiration [38, 39]. 

Mainly production of wheat is affected by many 
different biotic and abiotic stresses. Water stress is the 
abiotic stress, which affects the vegetative growth and 
in turns affects the wheat crop yield (Figure 1) [40]. 
Drought stress accounts as the heavily pronounced 
aspect for the best yield of crops which affects the 
stability of crop production throughout the world [40]. 
Furthermore, the intervals of erratic rainfall in rainfed 
areas is also the key factor which results in limiting 
productivity of crops in semiarid regions. In conclusion, 
due to the scarcity of rainfall that fails to expedite the 
requirements of water for the crops life cycle in specific 
regions usually results in the total failure of crop 
growth. Ground water usage for crops is a common 
practice, but this ground water is becoming unavailable 
for crops because of its in-judicious use, which results 
in lamentable effects on the ground water table [41]. 
Consequently, techniques and strategies including 
water conservation measures should be adopted to 
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encounter this critical condition, and to solve the 
problem of conservation of rainfall water to keep in 
rhizospheric zone that can possibly help in the 
production of crops ultimately [42, 43]. 

It has been evaluated, while comparing near 
isogenic lines the durum and bread wheat segregating 
lines depicted a high capability of osmotic adjustment 
that exhibited a yield uplift (11 to 17 % as in case of 
bread wheat and 7 % in durum wheat) without this 
characteristic [44]. Higher temperatures adversely limit 
the yield of wheat accelerating the development of 
plants more specifically the floral organs, 
photosynthetic functionality and formation of fruits. 
Despite the fact that there is a basic correlation amid 
stress of water and heat in plants, the focus shall be 
put on one of them specifically, heat stress and it will 
be assumed that wheat crops do not experience the 
water constraints. However, it is typically necessary to 
combine tolerance to these two stressors for the 
purpose of breeding. 

The main mechanism for energy desolation is 
transpiration, a method of heat avoidance. An effective 
heat avoider may be a crop that sustains transpirational 
chilling, which indicates that in the fields the plant 
organs temperature should be several degrees 

different than the ambient temperature. With a higher 
transpiration rate, this discrepancy widens. The leaf to 
air temperature differences for wheat that does not 
have a water scarcity in the soil rises linearly with the 
differences in vapor pressure [45]. The temperature of 
the leaf may increase above the ambient temperature if 
there is a water scarcity and the stomata start to shut 
down. In cool-grown wheat leaves, photosynthesis is 
severely impacted as soon as the temperature rises 
over 25°C; however, leaves that have been used to 
high temperatures begin to exhibit a comparable 
reduction as soon as the temperature goes above 
35°C. Leaf photosynthesis may be reduced by 50% at 
45°C. Wheat grain production and total above-ground 
biomass are both decreased by heat stress. The 
earlier-mentioned growth phases (Figure 1) will be 
applied in order to analyze the impacts of heat stress. 
Each of these stages is impacted differently by 
temperature [46, 47]. Wheat grain yield is most 
susceptible to temperature at the GS2 stage, which is 
when KNO is calculated. 

SEED GERMINATION TO PLANT EMERGENCE 

At higher temperatures of soil, the fatality of 
seedlings from seeding stage to crop onset and 

 

Figure 1: Diagrammatic sketch of drought stress on growth, physiological processes, and overall yield. Here ROS is 
abbreviation of Reactive oxygen species. 
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consequently its formulation, this is usually a major 
concern. Plant sprouting and their population 
establishment accounts for the initiation of crop growth. 
However, in hot conditions, it is found that when 
surface of soil is exposed and barren, it suffers strong 
radiation intensity, the highest possible soil 
temperature in the primary layer of soil may surpass 
the air temperature range of about 10° to 15°C. Highest 
temperature of soil may possibly reach up to 40 to 45 
°C in such circumstances, seriously affecting the 
seedling formulations. The original plant population 
might drop to the lowest of 100 plants/m threshold, 
which is thought to be detrimental to crop yield. For 
wheat to germinate, the grain must have 35 to 45 
percent of its weight in water [48]. Germination can 
take place anywhere from 4° to 37°C, with 12° to 25°C 
being ideal while seed size has an impact on yield, 
growth, and development. In comparison with the 
smaller seeds, big seeds have a variety of benefits, 
including quicker seedling development, more fertile 
tillers on each plant, and better yield of grains [49]. 
Production of crops under stressful conditions of 
environment, notably under drought stress the benefit 
of larger seeds is considerably evident [50]. 

The seed embryo contains three to four leaf 
primordia and about half of them have already begun 
when crop emergence starts to happens [51-53]. The 
coleoptile that guards the formulation of the first crop 
leaf, grows after seminal roots during course of 
germination. The length of coleoptile, which varies with 
genotype and only modestly elongates when seeds are 
placed deeper, regulates the sowing depth [54]. Tall 
wheat plants have longer coleoptiles than semi-dwarf 
wheat. The main shoot leaves' axils are where the 
wheat tillers emerge. The corresponding tillers counts 
depends upon the particular genotype, specifically in 
flowering forms, winter varieties have a comparatively 
huge count. The majority of semi dwarf wheat cultivars 
have several tillers. Tiller appearance and bud 
differentiation into tillers often come to an end right 
before stem elongation begins [52]. Other research, 
however, suggests that tillering is influenced by a 
variety of genetic and environmental variables rather 
than coming to an end at any one stage of wheat 
growth [55]. 

WHEAT DEVELOPMENT 

Differentiation of organ occurs at different stages 
during development of wheat. The stages which are 
most evident physiologically including germination, 

formulation, tillerring, floral initiation or double ridge, 
terminal spikelet, boot, spike emergence, first node or 
beginning of stem elongation, anthesis and maturity are 
critical to illustrate. Germination to emergence (E), 
growth stage 1 (GS1) from emergence to double ridge, 
growth stage 2 (GS2) from double ridge to anthesis, 
and growth stage 3 (GS3), which also includes the 
grain filling phase, from anthesis to maturity. Typically, 
the flag leaf and spikes become yellow at the point of 
physiological maturity [56]. Each development phase's 
duration is largely influenced by the genotype, ambient 
temperature, day length, and sowing date. The 
development stages of wheat may be shortened by 
many environmental conditions, most notably heat but 
also water and salinity. 

BIOCHEMICALS, MORPHO-PHYSIOLOGICAL AND 
WHEAT YIELD CHARACTERISTICS IN RESPONSE 
TO DRYING ENVIRONMENT 

The most restraining factors in crop growth is the 
availability of water which acutely affect the 
morphological traits and physiology of crops, transform 
the biochemical characteristics of shoots, grains and 
final yield of crops [57]. The efficient management for 
the use of water resources for the crops is currently 
required urgently. Water deficiency for crops badly 
affects biochemical characteristics, physiological 
processes and vegetative growth of shoots, grains and 
overall biomass [58] (Figure 2). Furthermore, depletion 
of water overall also affects the transpiration rate, 
photosynthesis, osmotic potential, stomatal 
conductance, relative water contents of crops [59]. 
While dynamics of proteins and carbohydrates, 
amylopectin and amylose constituents, photochemical 
efficiency, rubisco efficiency, abscisic acid generation, 
reactive oxygen species, proline accumulation, 
antioxidants defense system, generation of 
polyamines. Increasing oxidative enzymes are all 
affected greatly by the drought stress [60]. 

WHEAT MORPHOLOGICAL CHARACTERISTICS IN 
RESPONSE TO WATER DEFICIT 

A very strong association between WUE and 
drought have been commonly observed in agricultural 
systems as in crop husbandry [60]. Many different 
protocols and practices to enhance WUE are 
considered valuable to manage the expense of overall 
production for many crops, mainly cereals which in 
turns helps in conservation of water and N inputs 
individually. The morphological traits of wheat crop 
specifically the leaf characteristics i.e. leaf area, size, 
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shape, leaf hairs, expansion and waxiness, leaf 
senescence, its pubescence and cuticle resilience of 
wheat crop is largely altered due to limited water 
conditions [61, 62]. 

Correspondingly, root traits i.e. density, dry weight 
and length of roots are severely altered due to limiting 
soil moisture condition in rhizosphere [63]. Plants 
adopted to improved strategies which includes 
modification of their life cycles as a result of abiotic 
stress (i.e. water deficit) early maturation, small plant 
size and reduced area of leaf for tolerance of drought 
stress [64]. It is noticed that length of leaf is increased 
while no apparent change was found in leaf width 
under limited water condition [65]. Therefore, leaf 
expansion occurs due to evacuated water from the 
rhizosphere by roots while having possible plentitude in 
the tissues of plants [66]. Subsequently, under limited 
water conditions lower number of leaves, size and its 
vitality to be observed and possibly even their 
unavailability [67]. The development of leaf growth in 
wheat crops greatly affected by the decrease in overall 
soil moisture which in turns decrease the overall plant 
biomass. Improved morphological traits could possibly 
be attained having low overall production cost under 
co-limitation of water in soil. Hence, Water use 
efficiency (WUE) in wheat crops can be improved using 
photosynthesis, mesophyll conductance and stomatal 
conductance which ultimately results in increasing 
uptake of N and overall nitrogen use efficiency (NUE) 
[68]. 

WHEAT BIOCHEMICAL ATTRIBUTES UNDER 
WATER STRESS 

The accumulation of metabolites can help plants to 
withstand under limited water conditions [69]. These 
metabolites can play crucial roles in regulating plant 
growth under stressful environments [70-71]. Under 
drought stress, proline is accumulated in a large 
amount under dehydration [72]. The antioxidation 
enzymes can scavenge ROS production via, several 
osmo-protection processes. In which includes 
membrane stability, osmotic adjustment and gene 
signaling [72]. Drought stress tolerance in wheat is 
strongly dependent on sufficient amount of proline [73]. 
The genotypes planted in rainfed regions comprised 
more proline content over irrigated cultivars [74]. In 
plants, different physiological pathways take place to 
cope with the drought stress. Under water stress, plant 
growth is arrested and stomatal closure are regulated, 
guard cell ion translocation alters via, translocation of 
ABA from roots to shoots [75]. In wheat crops less ABA 
content in shoots are highly susceptible to drought 
stress compared to more ABA ones [76]. Similarly, high 
proline content in wheats cultivars shows better water 
use efficiency. Water deficit conditions limits indole 
acetic acid (IAA) contents in wheat [77]. The POD, 
H2O2, glutathionse (GSH), proline, and 
malondialdehyde (MDA) contents increases with 
drought stress [78]. 

 

Figure 2: Morpho-physiological and biochemical patterns of plants influenced by water stress. 
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YIELD AND YIELD CONTRIBUTORS 

Yield contributors are linked crop productivity. In 
water limited regions, these traits are complex and 
polygenic [79]. Drought stress highly influence yield 
and yield traits of wheat over well water environment 
[80]. In water stress conditions, wheat with thousand 
kernel weight was lowered by 16% which led to overall 
yield loss [81]. Wheat grains are the most important 
yield contributor suppressed by water stress [82]. All 
yield traits were strongly influenced by water stress, 
while the influence was more prominent for grain 
weight and grain number [83]. 

Water stress can severely affect grain size and 
number which reveals high plasticity over other 
counterparts [79]. A low plasticity of grain size in water 
deficits environments leading to a better transport for 
pre anthesis assimilation to sink [84]. Water stress 
negatively affect crop plant reproduction stages. Cereal 
crops shows several adaptive mechanisms to cope 
water deficit conditions by activating antioxidants 
defense system [85]. The efficient use of limited water 
and N are key options for wheat yield [86].  

Photosynthesis is the prerequisite for crop 
production [87]. Water use efficiency can assess yield 
formation and is considered a key factor in yield 
determination [88]. Water application in crop 
management strongly affect WUE. This can provide 
information to researchers to choose best crop 
management options towards improved water use 
efficiency [89]. Limited irrigation and fertilization during 
growth can increase WUE and wheat yield [90]. 

APPROACHES TO IMPROVE WUE 

Agronomic Perspectives 

 Agronomic practices i.e., tillage practices, drought 
resistant and adaptive cultivars, soil fertility and pest 

management can improve WUE [91]. The crop yield 
increases under no till system by affecting soil moisture 
availability [59]. Optimum sowing window, row spacing 
and seed rate can boost wheat crop WUE and 
production [92]. Decreasing row spacing and 
increasing plant size can improve soil moisture content 
and consequently increase WUE [93]. Optimum row 
spacing benefits the crop to efficiently uptake nutrients 
and water [94]. Sustainable agriculture is one of the 
critical topic needs to be addressed today. Application 
of straw mulching and decline in tillage are the 
important measures that are being adopted and utilized 
in various arid and semi-arid areas [95]. Mulching and 
tillage both effect crop productivity by impacting the soil 
environment of plant. Along with mulching, 
intercropping technique is also being utilized in the field 
to enhance soil organic matter, maintain soil moisture 
content and reduce water loss. These mulching 
techniques are playing important role in increasing crop 
production and yield by improving the soil water 
storage and prominently enhancing the water use 
efficiency [96]. 

 Drought resistant varieties can result in high WUE 
over susceptible cultivars [97]. The laser leveling is an 
effective option in terms of germination, irrigation time 
saving, pest control and cost effective [30]. The 
application of silicon, selenium, potassium, and 
hydrogel increases WUE in wheat under water stress. 
This also can enhance bioavailability of nutrients, 
photosynthetic efficiency and better light harvesting 
[30]. 

PHYSIOLOGICAL AND ANATOMICAL PERSPEC- 
TIVE 

Stomatal Physiology and Biochemistry Dynamics 

High stomatal conductance requires high water 
fixation per unit leaf area to enhance soil and water use 

 

Figure 3: a, b); The relationship of water and N for optimum N acquisition influence plant physiological processes.  
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during transpiration [98]. To boost WUE, during peak 
growth under high transpiration may high by blocking 
water loss from leaves by prevention via sensitivity of 
stomata. Through transpiration which facilitates CO2 
uptake [99]. Thus stomata play a key role for boosting 
WUE and controls water loss [100]. Stomata opening 
and closing is regulated by the environmental 
conditions [101]. Stomatal moment is controlled by 
transport and osmotically active solute content as well 
guard cells [102]. Generally, plant leaves, stomata are 
separated by an epidermal cell creating space for 
opening and closing [103]. In certain plants, the 
clustering of stomata is considered an efficient option 
to lower water loss under drought stress [104]. 

Crop Environment, Root Architecture and Harvest 
Index Enhancement 

Growing crops under environments with less 
transpiration can result in higher WUE. Identification 
and allocation of such areas with less transpiration are 
identified by spatial and temporal scale [105]. 
Improvements in harvest index improves WUE which 
offers a new research window to enhance WUE under 
drought [106]. Water stress can suppress harvest index 
during reproductive stage of wheat, hence certain 
strategies need to be used for water conservation 
particularly in reproductive stages [107]. Similarly, root 
architectures are the key to uptake soil moisture [108]. 
Root density, root angle, root hairs, root type and root 
length can uptake water from various soil depths [109]. 
In wheat stele and xylem number are important factors 
under water stress due to xylem developmental 
plasticity [110]. In wheat, the metaxylem diameter and 
density can enhance WUE. 

High soil moisture content can improve 
physiological processes and thus increase wheat 
production [109]. Severe drought spells due to climate 
change can negatively affect agriculture system, and 
aquatic water bodies’ ecosystem [111]. Climate drought 
cross talk exposes the crops to reduce crop growth and 
yield [112]. Erratic rainfall, temperature events are 
caused by climate change which affects farmer’s 
decisions for cultivar selection and crop management 
[113].  

CONCLUSIONS 

Wheat is staple food crop for 35% global population. 
Studying wheat physiology is important for wheat 
production to tackle abiotic stresses. Drought stress is 
the key factor that limits wheat yield in dryland 
agroecosystem. It is crucial to understand how drought 

affects eco-physiological pathways and biochemical 
traits of wheat, and its adaptive mechanisms under 
stress. The present study reveals impacts of water 
deficit environment on wheat (Triticum aestivum L.) 
ecophysiology and yield, and adaptive mechanisms 
under stress. Drought stress affects wheat 
morphological, physiological, biochemical, qualitative 
changes and yield traits and consequently water use 
efficiency. For increasing wheat yield, yield traits are 
very important component and incline in grain yield 
under drought conditions can be obtained by 
manipulating different yield traits. Wheat plant cope 
with drying conditions by storing leaf area and plant 
biomass. Moreover, plants accumulate different 
compatible solutes like sugar, protein and proline in 
response to osmotic stress. So present study 
highlighted the plant adaptation strategies by reducing 
oxidative damage at cell level, and manipulating the 
yield trait at crop production level. In conclusion, this 
review provided the detail mechanisms of wheat 
ecophysiology under drying conditions and the recent 
developments in this era however more research can 
be done to select plant markers and wheat genotypes 
that are more drought tolerant. 
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