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  Abstract 
Abiotic stresses, like extreme temperature, drought, flood, salinity, and heavy 
metals, are some of the major factors that limit crop productivity and quality. 
Abiotic stresses considerably affect the growth, development, and productivity of 
crop plants, such adverse environmental conditions may reduce the performance 
of the crop with reduced yield from 50% to 70%. Emission of greenhouse gases 
from different sources is believed to be one of the factors responsible for the 
gradual increase in the global ambient temperature (global warming). Global 
warming has also changed the precipitation pattern and contributing to erratic 
drought/flood stress. Abiotic stresses, particularly drought and heat stress, during 
the vegetative and reproductive stage of growth adversely affect biomass, grain 
yield, and quality of the produce. A combination of abiotic stresses, for example, 
drought and heat, have much greater effects on the yield and quality of the pro-
duce. However, responses of plants to these stresses may vary across the species, 
as well as at different developmental stages. Scarcity of water (drought) and 
higher temperature induces the stress-associated metabolic responses, and 
stomatal closure significantly decreases the uptake of CO2. As a result, the re-
duction equivalents (e.g. NADPH + H+) for CO2 fixation via the Calvin cycle 
declines considerably. Not only the photosynthetic process but also the biosyn-
thetic processes involved in proteins, lipids, and minerals metabolism are affect-
edby adaptive responses. As a consequence of these metabolic shifts, carbohy-
drate, protein, lipid, and mineral compositions are significantly affected by the 
abiotic stresses. Although the effects of abiotic stress on the yield of cereals and 
grain legumes are relatively well-understood, further research on the combined 
effects of abiotic stresses, abiotic and biotic stresses, and their effects on crop 
yield and nutritional quality of the produce needs to be undertaken. Molecular 
genetics of the stress responses and the tolerance mechanisms are likely to pave 
the way forward in developing crop plants that can withstand and give economic 
yield under the abiotic stresses. 
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1. Introduction 

One of the serious effects of global climate change has been a continuous decline in the availability and productivity 
of arable land [1]. A combination of abiotic stresses, such as drought and heat, salinity and heat, etc., has been known to 
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be even more destructive to crops than the individual stress alone [2, 3, 4, 5]. Not only these, but abiotic stresses are 
also known to influence the occurrence and spread of biotic stresses like insect pests, pathogens, weeds, etc. [6, 7, 8, 9, 
10]. Reduced plant growth due to drought or heat stress is a frequent and common phenomenon world over. When both 
the stresses are combined, their effects on the yield of the crop are more severe than the effects of the individual stress 
[11, 12, 13]. Drought and heat stress are some of the problems for crop growth, development, yield, and sustainability 
of agriculture all over the world [14]. In the rainfed areas, effective rainfall and its distribution throughout the season 
are becoming highly variable, which has become a major cause of frequent drought stress in agricultural fields [15, 16, 
17]. 

An increase in soil temperature, resulting from an increase in air temperature, becomes even more severe when it is 
accompanied by drought stress [5] [18] [19]. Under field conditions, water-deficit (drought) stress often occurs concur-
rently with high air temperature (heat stress), and now this has a become threat to agriculture and the sustainable food 
production world over [14] [20]. Severe stress(es) considerably affect(s) crop yield and quality. Underabiotic stress, 
plants face scarcity of essential factors and/or imbalanced nutrients that finally turn into decreased yield and loss of 
quality of the produce. Stresses also affect the accumulation of metabolites in plant’s edible parts, sometimes positively 
by concentrating nutraceutical or stress-related metabolites which are appreciated as health-related compounds in hu-
man nutrition [21]. For example, the imposition of salt stress has recently been suggested as a potential stressor for en-
hancing the quality of fruits and vegetables [22]. 

Plants have evolved several strategies to cope up with the environmental stresses by prompt and harmonized changes 
at transcriptional and post-transcriptional levels, including the epigenetic regulation of gene expression [23, 24, 25, 26]. 
The plant uses a range of sensing and signaling mechanisms to provoke stress responses under the environmental 
stresses. Stress signaling involves several phytohormones to alert the plant quickly and efficiently to respond effectively 
[27]. Growing evidence indicates that epigenetic mechanisms are also involved in the regulation of gene expression at 
transcriptional and post-transcriptional levels [28]. Studies also indicate that heritable variations in economically im-
portant traits may also be caused by the underlying epigenetic variations [29, 30]. Several epigenetic mechanisms have 
been implicated to be involved in the regulation of stress-associated genes [31]. Epigenetic changes refer to the herita-
ble variations in gene expression resulting from the modifications of DNA and its associated chromatin structure, of 
course without changing the underlying nucleotide sequence [32]. Among these epigenetic mechanisms, DNA methyla-
tion is currently the best understood. DNA (de)methylation plays an important role in (de)activating the specific genes 
in response to environmental stress or during developmental processes [33]. Genetic engineering for the development of 
stress-tolerant plants through epigenetic manipulation would require proper selection of the target sequence/gene. Ar-
tificial siRNA from the targeted gene can be utilized for the purpose. As methylation machinery of the host cell also 
plays an important role in DNA methylation, over-expression/silencing of methyltransferase genes and the other key 
factors like siRNAs can be combined. Although, these assumptions need to be validated. Further, understanding the 
epigenetic mechanisms of gene regulation will provide the basic information necessary for epigenetic engineering [34], 
and a valuable platform for potential applications of epigenetic engineering of plants towards enhanced tolerance to the 
environmental stresses. Therefore, deciphering the epigenetic mechanisms of gene regulation has become an important 
area of scientific investigations towards unraveling the mechanisms used by plants to tackle environmental stresses, 
survive under unfavorable conditions [24] [35]. Some of the plants (crop plants) have evolved to survive, reproduce, 
and produce edible (vegetative and/or reproductive) parts as food/feed of satisfactory quality to feed the burgeoning 
global animal and human populations [36]. The present review aims to emphasize the need to improve combined stress 
tolerance to several abiotic and biotic stresses in crop plants. For this purpose, the use of the package of practices, 
breeding approaches, biochemical, physiological, and/or molecular strategies are suggested to minimize the yield losses 
and improve the quality of products under field conditions. 

2. Abiotic Stresses Affect Productivity and Quality 
Most of the arable lands world over is prone to one or more of the abiotic stresses, which cause yield losses of up to 

70% in many crops. According to an estimate, the ongoing climate change would enhance the intensity of the abiotic 
stresses which might more severely affect the productivity of crops that will have serious consequences on food security 
[37, 38]. Extreme temperature, water stress (drought and flood), salinity, and heavy metal stress are some of the major 
environmental factors that affect growth, development, and yield of crop plants [38, 39]. The concurrent and frequent 
occurrence of abiotic stresses is more destructive for food security. These are not only limited to abiotic environmental 
factors but also increase susceptibility to biotic stresses. Abiotic stress like drought enhances competition between weed 
and crop plants as several weeds show better water use efficiency compared to that of crops [40, 41]. The effects of 
combined stresses on crop plants are not always additive; it might be subtractive also, particularly when certain abiotic 
and biotic stress occur simultaneously, as the nature of the interaction between the stresses determines the outcome [10] 
[42, 43]. This involves morpho-physio-biochemical interactions between the stresses. Abiotic stresses not only affect 
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the productivity of the crop, but also affect the quality of the produce. 

2.1 Extreme temperature 
A gradual rise in the frequency and intensity of extreme temperatures are being observed [44]. Extreme temperature 

stresses like heat and freezing/cold/chilling stress have severe effects during critical stages of plant growth and devel-
opment [45]. When the ambient temperature increases beyond a level, which causes damage to plant growth, it is 
known as heat stress. The deleterious effect of heat stress is a complex function of intensity, duration, and rate of in-
crease in temperature, and a significant (5-15°C)/quick increase in temperature is more deleterious. Heat stress affects 
the biochemical and physiological functions of the plant by modulating molecular mechanisms [46, 47]. For example, 
AtSUT2 is down-regulated under heat stress in Arabidopsis [48], and PtaSUT4 is up-regulated under heat stress in pop-
lar [49] which is correlated with reduced sucrose transport from leaves. Similarly, OsSUT1 is down-regulated under 
heat stress in rice, and affect grain quality [50]. Higher temperature reduces germination of seeds and affects stand es-
tablishment of the crop. Moreover, the adverse effects of increased temperature vary with the duration and severity of 
the heat stress along with the developmental stage of the crop. Heat stress was reported to reduce the number of 
spikes/florets in rice [51]. Thus, high-temperature stress affects the yield of crop plants. The quality of the produce is 
also adversely affected by heat stress as it reduces starch and protein contents. 

Low temperature/cold stress also affects biochemical and physiological activities in plants, and thus yield and quality 
of the produce. Lower temperature disturbs membrane structure, protoplasmic streaming, and cause electrolyte leak-
age/plasmolysis [52]. Freezing temperatures tress affects mineral acquisition, photosynthesis, respiration, and metabo-
lism. Responses of plants to low-temperature stress are associated with the change in transcription of the genes associ-
ated with the production of several low molecular weight proteins. 

2.2 Water Stress 
Water stress includes its deficiency or excessive presence in the environment. Excessive water or flooding can be of 

two types, waterlogging (when water covers the root) or submergence (when water completely covers the plant, even 
aerial tissues). Both types interfere in oxygen availability to plant causing low-oxygen/hypoxia [53]. Flooding stress 
triggers significant changes in the molecular process, which help to coordinate morphological and physiological adapta-
tions to the stress. In Arabidopsis, five ERF (ethylene response factor) genes were identified to be the key regulators for 
flooding and hypoxia tolerance [54]. ERF-VII TF, SUB1A, is known to be a master regulator of submergence tolerance. 
A submergence-tolerance SUB1A gene expresses during the submergence condition only, and its transcript disappears 
quickly after the withdrawal of the flooding condition [55]. Studies demonstrate the involvement of physiological, ge-
netic, epigenetic, and molecular mechanisms in providing flooding tolerance in plants [56]. 

On the contrary, drought stress involves a shortage of water availability for the plant which significantly affects 
growth, development, and yield of the crop. Drought can also be of two types: physical drought (deficiency of water 
due to its unavailability) and physiological drought (failure of the plant to take up water from the soil because of various 
physiological reasons like salinity, freezing, etc.) [57]. Under drought stress, humidity in the atmosphere is also very 
low, and the increased temperature makes the problem more severe. Co-occurrence of stresses, such as drought and heat 
stresses, is a common incident during the summer season. Moreover, the repetitive occurrence of abiotic stress, for ex-
ample, the incidence of drought stress, is becoming a common feature due to global climate change. Furthermore, the 
occurrence of the contrasting stresses, like drought and flood stress appearing one after another in the same area or si-
multaneously in different areas, is becoming frequent. Combined stresses are more detrimental to the yield and quality 
of the produce. Therefore, understanding the regulatory mechanisms and how they protect plants from stresses has be-
come vital to enhance the yield and quality of the produce in the changing climatic conditions. The modern advances in 
“omics” technologies provide momentum to the research in this area [58, 59, 60]. 

2.3 Salt Stress 
Salinity stress appears due to increased content of salts in the soil, which mainly occurs because of a higher rate of 

evaporation/transpiration compared to the precipitation. Salinity stress is becoming one of the serious problems in sev-
eral parts of the world, especially in the arid and semiarid regions. Salt stress is taking a serious dimension in the areas 
where saline-sodic water is being used for irrigation. It has been estimated that one-third of the food production of the 
world comes from irrigated lands, but ∼20% (about 45 million hectares) of the lands are affected by salinity stress 
which reduces > 50% of the potential yield of annual crops [25]. The damage further intensified by the synchronized 
action of multiple stresses including drought, and heat stress [61]. Some of the significant impacts of salt stress on crop 
plants include ionic toxicity and osmotic stress. Like other abiotic stresses, salt stress causes reactive oxygen species 
(ROS) generation that damages several biomolecules like lipids, proteins, and nucleic acids which alters redox homeo-
stasis [26]. Salt stress has some adverse effects on cellular growth, membrane functions, and cytosolic metabolism. Ul-
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timately, it adversely affects the quantity and quality of the produce. Plants deploy different mechanisms to sense, re-
spond, and adapt to salinity stress, including morpho-physiological, biochemical, epigenetic, and molecular mechanisms 
[29]. The profuse root system is important to provide salt stress tolerance to crop plants [62]. 

2.4 Heavy Metal Stress 
Plants take up most of the nutrients from the soil for their growth and development. The increasing contamination of 

soil with heavy metals has become one of the important reasons for the loss in crop productivity [63]. Crops are fre-
quently subjected to heavy metal toxicity due to irrigation with contaminated water and excessive application/use of 
chemical fertilizers/pesticides. Industrial waste disposal, burning of solid/liquid fuels, domestic garbage disposal, and 
other activities in the developing countries cause heavy metal contamination of soil and water. Some of the potentially 
toxic heavy metals like Zn, Fe, Cu, Co, Se, and Ni are essential microelements required for the optimal performance of 
crop plants. However, they become toxic when accumulated in excess in soil [64]. Certain non-essential elements like 
arsenate (As), cesium (Cs), lead (Pb), and cadmium (Cd) hamper the growth and productivity of crop plants when pre-
sent soil [65]. More importantly, heavy metal contamination in the soil leads to the accumulation of these toxic metals 
in plant parts, resulting in increased risk to animal and human health [66]. Cd toxicity adversely affects cellular mole-
cules, thereby growth of the plant, resulting in reduced leaf area, decreased shoot/root growth, and crop yield [67].  

3. Effects of Abiotic Stress on Plant Growth 
Growth and development of an organism are accomplished through enlargement division and differentiation of cells 

and involves ecological, genetic, physiological, biochemical, and morphological events and their complex interactions. 
Some of the important growth parameters in the assessment of crop growth include plant height, leaf area, rootgrowth, 
biomass production, etc. The plant growth depends on the environmental factors including nutrients and water supply, 
abiotic and biotic stresses. Cell growth is considered as one of the most stress-sensitive physiological processes because 
of the reduction in turgor pressure. Under severe drought, cell elongation in higher plants gets repressed due to the dis-
ruption of water movement from xylem to the surrounding elongating cells [68]. Under abiotic stress, the compromised 
mitotic cell division, cell elongation, and expansion result in decreased plant height, leaf area, biomass production, and 
finally reduced yield and quality of the produce [69, 70]. During water-deficit stress, a considerable decrease in root 
biomass can be seen [18]. Primary effects of abiotic stresses like drought and salinity are reduced germination of seeds 
and poor establishment of crop plants [69]. Drought stress combined with heat stress significantly affects nodule forma-
tion and activity; hence affects the biological nitrogen fixation and yield of the crop. Siczek and Lipiec [71] observed 
that mulching considerably improved soil moisture content which resulted in improved nodule formation, nitrogenase 
activity, symbiotic nitrogen fixation, and the crop yield. 

Interestingly, some positive effects associated with water stress may also be observed. Water-deficit stress encour-
ages secondary metabolite production, thus potentially increasing plant immunity and the level of the compounds in-
volved in improving quality, taste, and the health benefits of certain plant products. This is also considered as one of the 
factors behind stress memory (in addition to epigenetic memory), and stress priming. The role of drought in the produc-
tion of secondary metabolites in some fruit crops is of vital importance.ABA has been known as a key chemical 
stress-signal from roottoshoot [72]. During abiotic stresses, ABA is produced by roots and transported through the xy-
lem to the shoot where it affects leaf expansion and promotes stomatal closure to regulate water potential and nutrient 
status in leaves. ABA biosynthesis gets stimulated by a decrease in soil water and plant turgor. A study on wheat under 
water-deficit stress by Yang et al. [73] suggested that ABA and cytokinins are involved in controlling senescence and 
carbon remobilization in plants. Another study on wheat suggests that grain-filling in wheat gets improved due to the 
increased ratio of ABA to ethylene [74]. In general, stomatal regulation is considered as the first step to deal with the 
drought stress by retaining enough cell turgor to manage cellular metabolism in plants. However, little is known about 
how shoot-subjected stresses affect root growth. 

3.1 Effect of Abiotic Stress on Photosynthesis 
Photosynthesis is adversely affected by environmental stresses. Photosystem II (PS II) is more vulnerable to heat 

stress than drought stress due to exclusion of PS II in thylakoid membranes resulting in the interruption of rubisco acti-
vase [75]. The effects of the abiotic stress also vary in C3 (e.g., wheat) and C4 (e.g., maize) plants. C4 plants are consid-
ered to be more sensitive to drought stress, probably due to stomatal closure and decrease in the activity of the photo-
synthetic enzyme [76]. However, the effect of heat stress on the photosynthetic capability is stronger in the C3 plant 
compared to that in the C4 plant due to the diverse energy distribution and actions of carbon metabolic enzymes, par-
ticularly rubisco [77]. Regardless of any change in stomatal conductance, abiotic stress reduces photosynthetic activity 
in the plant under stress [78]. A decrease in the photosynthetic activity under drought and heat stresses are frequently 
attributed to lowered internal CO2 concentration, inhibition of enzymes involved in photosynthesis [79]. Therefore, 
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plants decrease their growth as an adaptive response to the stress, rather than as a consequence of resource limitation 
[12].  

Under abiotic stresses, excessive production of ROS, such as singlet oxygen, superoxide radical, hydrogen peroxide, 
hydroxyl radical, cause membrane injuries [80], protein degradation [58], enzyme inactivation, and thus give rise to the 
oxidative stress [79]. Denaturation of proteins/enzymes, increased fluidity of membrane lipids, inactivation of enzymes, 
reduced production and degradation of proteins, disturbed membrane integrity, and damage to DNA are some of the 
cellular injuries caused by the abiotic stresses [23] [81] (Figure 1). Heat stress also affects ion flux leading to the bio-
synthesis of toxic compounds and ROS. Prolonged exposure to heat stress causes a decrease in chlorophyll content, 
increased amylolytic activity, disintegration of thylakoid, and disruption of assimilate transport. Even moderately higher 
temperatures for a longer period or very high temperatures for a short period may cause severe cellular injury or death 
of the plants [82]. To minimize the cellular damage, the affected plant produces enzymes, phenolic compounds, flavon-
oids, anthocyanins, lignins, and other molecules to fight against the deleterious effects and to manage the oxidative 
stress [79] [83]. Expression of heat shock proteins is an important strategy of plants to improve heat tolerance 
(thermo-tolerance) through maintaining photosynthesis, water, and nutrient use efficiency [84], and cellular membrane 
stability [85]. Thus, abiotic stress affects photosynthesis and partitioning of the photosynthate. This also affects the 
harvest index due to the disturbed transport of photosynthate to the grain. 

 
Figure 1. Effects of abiotic stresses on plants productivity, yield and quality of the produce. 

Reduced activity of acid invertase can arrest the development of reproductive tissues due to improper phloem 
unloading. Besides, abiotic stresses, particularly drought stress, may inhibit important functions of vacuolar inver-
tase-mediated sucrose hydrolysis and modulation of osmotic potential. In maize, low invertase activity in the young 
ovaries lowered the ratio of hexoses to sucrose under drought stress. This resulted in reduced cell division in the devel-
oping embryo/endosperm affecting the sink intensity and abortion of the embryo [86]. Abiotic stresses, particularly heat 
stress, significantly affect the plants growing in tropical and subtropical climates. The increasing temperature may alter 
the geographical distribution, growing duration/season of crops due to changes in the appearance of threshold tempera-
ture for proper germination of seeds (the start of the season) and that for the maturity of the crop [87]. 

3.2 Effects of Abiotic Stress on Productivity and Yield 
Reduced shoot growth, a decline in the number of tillers in response to water-deficit is considered as a strategy of the 

plant to reduce the expenditure of water during the stress [88]. It has been reported that early heading in response to 
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heat stress is advantageous in retaining more green leaves at anthesis, leading to the minimized reduction in yield [57]. 
Studies on different plant species have indicated that high temperature (heat stress) is more harmful at the reproduc-
tive/gametogenesis stage of crop growth [82]. Heat stress significantly disrupts the anatomy not only at the tissue and 
cellular levels but also at the sub-cellular levels. At the sub-cellular level, the major disruptions include deformation of 
the chloroplast, swelling of stromal lamellae, lumpiness of vacuoles, which result in the altered structural organization 
of thylakoids and formation of antenna depleted PSII and thereby reduce photosynthetic and respiratory activities [89]. 
Ultimately, all these changes due to abiotic stress may lead to poor plant growth and productivity of crop plants. 

Yield reduction due to drought stress has been reported in many crop species, which depends on the severity and du-
ration of the stress. Water plays an important role in the mineral nutrition of plants since most of the nutrients from the 
soil are mobilized with the movement of water. Disturbance in the Na+/K+ratio results in membrane damage, poor 
membrane stability, and disturbed ionic homeostasis [90]. Water-deficit stress may cause about a 50% decrease in the 
Ca2+ concentration which is important for in maintaining the integrity of cell membranes and other structures in shoot 
and root. Besides, water-deficit stress affects nutrient metabolism by inhibiting activities of nitrate reductase and gluta-
mine synthetase involved in the intracellular assimilation of ammonia into organic compounds [91]. In barley, drought 
stress caused a decrease in the grain yield by reducing the number of tillers, spikes, and grains per plant as well as the 
grain weight. In maize, the stress decreases the yield by delayed silking, thereby increasing the anthesis to the silking 
period [92]. After flowering, drought stress had a lesser effect on grain filling in wheat, but it shortened the maturity 
(fertilization to maturity) period [93]. Drought stress during reproductive growth reduced cotton lint yield due to re-
duced boll formation and greater boll abortion [94]. 

The biological yield of plants under unfavourable environmental conditions is affected due to the inefficient physio-
logical and biochemical activities. During grain filling in cereals and pulses, four enzymes play critical roles which in-
clude sucrose synthase, adenosine diphosphate-glucose-pyrophosphorylase, starch synthase, and starch branching en-
zyme. While reduced sucrose synthase activity results in a decreased rate of grain development, inactivation of adeno-
sine diphosphate-glucose-pyrophosphorylase in wheat was reported to interrupt the growth due to drought stress [95]. 
Heat stress during grain filling may alter nitrogen supply/concentration in grain legumes [18], reduced starch, protein, 
and oil contents in wheat and maize [96, 97] which affect not only the yield but baking quality of wheat flour. 

3.3 Effect of Abiotic Stress on Quality of Produce 
Providing food to the burgeon global population is a preliminary challenge today; however, a major challenge being 

faced is to produce safe and nutritious food under the increasingly unfavorable environmental conditions [98, 99]. 
Global climate change is expected to further worsen climatic conditions which will not only affect the productivity of 
the crops but the quality of the produces also. Therefore, we must not only bother about producing sufficient food to 
feed the burgeoning global population but also to produce nutritious foods to provide a healthy diet [99]. 

An increase in protein content at the grain formation stage has been reported by some of the workers which were ex-
plained based on an increase in the amount of starch in response to the abiotic stress. In wheat, decreased quality of 
gluten content, glutenin content, gliadin content, grain hardness, but increased protein content-indexes in wheat under 
drought and salt stress was reported [100, 101]. Hoegy et al. [102] reported the effect of increased soil temperature 
(2.5°C) causing increased protein content, particularly the content of aspartate, glycine, alanine, arginine, valine, and 
tryptophan in barley. The effect of heat stress on yield and grain quality of wheat was studied 18 days after anthesis, and 
it was found that the stress reduced grain mass by 23%. Not only this, but the stress also reduced nitrogen content by 
16% in the grains. But the decrease was less than the reduction in grain yield; the net effect ultimately turned into an 
increase in protein content in the grains.  Interestingly, a significant increase in the number of proteins in the filling 
grain was observed shortly after the withdrawal of the stress [103]. Dwivedi et al. [104] reported that mid-season 
drought had no effect on protein content in peanut, but the end-season drought significantly increased the total protein 
content. In the case of rice, high temperatures during the early grain filling stage increased the accumulation of storage 
proteins but decreased the accumulation of prolamins at maturity [105]. 

In soybean seeds, carbohydrate composition considerably changes with increasing day/night temperature (18/13°C to 
33/28°C) [106]. Higher temperature (37/17°C) during flowering/grain filling caused a significant reduction in the dura-
tion for starch accumulation in wheat, this duration is generally longer in the plants grown under normal (24/17°C) 
temperature. Heat stress (37/28°C) was observed to shorten the starch accumulation period by 21 days compared to that 
in the control plant, which also increases the proportion of A-type starch granules but decreases the B-type granules 
[107]. The impact of abiotic stresses on non-structural carbohydrates is important in two aspects that determine the 
quality of the produce. Quantity, as well as quality of carbohydrates, are important in the crops which are used in food 
processing, fermentation, etc. The major factor contributing to the reduced starch concentration appears to be the inhibi-
tion of starch synthase enzyme in the maturing grain, resulting in the impeded conversion of sugars to starch. Increased 
starch concentration was observed in potato tubers under salinity and heat stress [108]. In contrast, increased sucrose 
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concentration, but the reduced starch formation was observed under drought stress in potato [109]. Interestingly, abiotic 
stresses were also found to affect the amylose/amylopectin ratio in the starch of cereal grain and tuber. Water-deficit 
stress during the grain filling decreased the amylose component of wheat starch, which was explained with the inhibi-
tion of granule bound starch synthase (GBSS) activity (an enzyme involved in amylose synthesis) [110]. In contrast, 
high temperatures led to an increase in the proportion of amylose in wheat [111], potatoes [112], and sweet potatoes 
[113]. These changes in heat-induced starch composition might also be attributed to the altered activity of the enzyme 
GBSS [113]. 

Oil content in soybean was found to be positively correlated with increased temperature (25°C to 36°C) [106]. Tho-
mas et al. [114] investigated the effects of heat stress on the composition of soybean seeds and found the oil content to 
be highest at 32/22°C day/night temperature, and a decreasing pattern with further increase in the temperature. Oleic 
acid content increased with the increasing temperature, whereas linolenic acid content decreased. A similar result was 
also observed in sunflower by Izquierdo et al. [115]. Heat tress has a general effect on reducing the amounts of accu-
mulated lipids, particularly non-polar lipids. Besides, unexpected qualitative changes (such as the increased apparent 
conversion of oleate to linoleate) were observed at higher temperatures [116]. Such alterations may significantly influ-
ence the milling properties of wheat and baking quality of the flour. Heat stress (especially when coupled with drought 
stress) is often associated with the production of smaller, more fibrous leaves, which usually affect nutritional quality 
like decreased N and increased tannins and phenols [117]. A significant decrease in the proportion of PUFA was ob-
served under drought stress in the oil fractions of sunflower [118], groundnut [103], under salt stress in sunflower [119], 
and under heat stress in soybean [120]. In many of the cases, the observed decrease in PUFA (especially linoleic acid) 
was consistent with an increase in the proportion of oleic acid [121]. 

 The effect of abiotic stress on the dietary fiber content of wheat and barley was reported to decrease β-glucan con-
tent. Studies on three wheat cultivars under heat, drought, and the combined effects of heat and drought were found to 
cause decreased β-glucan content in grains which is associated with the decrease in the ratio of short to long-chain 
gluco-oligosaccharides [122]. As water plays an important role in mineral mobilization in plants, drought stress reduces 
the uptake of Fe, Zn, and Cu fromthe soil, resulting in decreased concentration of these minerals ingrain [123]. How-
ever, severe water-deficit stress was reported to significantly increase Ca (28%),Mg (11%), Cu (18%), and Zn (33%) 
content in maize [124]. 

4. Conclusions 
Reduction in biomass production by crop plants is the most apparent and widely recognized effect of abiotic stresses, 

which results in quantitative and qualitative yield losses. The need of the day is not only to focus on increasing the yield 
but the quality of the product also, through breeding programs and agronomic practices to mitigate the effects of abiotic 
stresses. Reduced biomass production is often the result of reduced photosynthetic carbon assimilation; hence the con-
centration of many other components tends to increase, leading to higher crude protein and mineral concentrations. 
Stress-induced stomatal closure decreased transpiration rate, and impaired photosynthesis activity (particularly due to 
the effects on PS II and photosynthetic enzymes) lead to early crop maturity and poor productivity. In the case of legu-
minous plants, abiotic stresses decrease nodule formation and nitrogen fixation activities. Other responses include the 
accumulation of certain compounds of low molecular mass (like proline). While biochemical and physiological effects 
of abiotic stresses on crop yield are relatively understood, further research on their effects on the quality of the produce 
is needed. Molecular knowledge of the responses to abiotic stress is likely to pave the way for tailor making the crop 
plants to withstand the climatic changes and provide satisfactory economic yields. However, a multi-disciplinary re-
search effort would be required to integrate genotypic, phenotypic, proteomic, transcriptomic, epigenetic and me-
tabolomics data to understand the networks that lead to the quality attributes. This would help in devising better strate-
gies to designclimate-resilient crop plants to cope with the effects of global climate change. 

The views expressed herein are those of the author only, and these may not necessarily be the views of the institu-
tion/organization the author is associated with. 
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