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Abstract 
 

Recent trends show reductions in crop productivity worldwide due to severe climatic change. Different abiotic stresses significantly 
affect the growth and development of plants, leading to decreased crop yields. Salinity and drought stresses are the most common 
abiotic stresses, especially in arid and semi–arid regions, and are major constraints for barley production. The present review 
attempts to provide comprehensive information related to barley plant responses and adaptations to drought and salinity stresses, 
including physiological and agronomic, in order to alleviate the adverse effect of stresses in barley. These stresses reduce 
assimilation rates, as they decrease stomatal conductance, disrupt photosynthetic pigments, reduce gas exchange, enhance 
production of reactive oxygen species, and lead to decreased plant growth and productivity. This review focuses on the strategies 
plants use to respond and adapt to drought and salinity stress. Plants utilize a range of physiological and biochemical mechanisms 
such as adaptation strategies, through which the adverse effects can be mitigated. These include soil management practices, crop 
establishment, as well as foliar application of anti-oxidants and growth regulators that maintain an appropriate level of water in the 
leaves to facilitate adjustment of osmotic and stomatal performance. The present review highlighted the adverse effect of drought 
and salinity stresses barley and their mitigation strategies for sustainable barley production under changing climate. They review 
also underscored that exogenous application of different antioxidants could play a significant role in the alleviation of salinity and 
drought stress in plant systems. 
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Abbreviations: ABA_abscisic acid; AsA_Ascorbic acid; Ca
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EC_electrical conductivity; GB_glycine betaine; IAA_Indole Acetic Acid; K
+
_potassium; MDA_malondialdehyde; Mg

2+
_magnesium; 

MGT, N_nitrogen; Na
+
_sodium; P_phosphorus; Pro_proline; QTL_quantitative trait loci; ROS_reactive oxygen species; SA_Salicylic 

acid. 
 
Introduction 
 
Barley (Hordeum vulgare L.) is ranked fourth for world cereal 
crops in both quantity produced and in acres of cultivation, 
after wheat (Triticum aestivum L.), rice (Oryza sativa L.), and 
maize (Zea mays L.) (FAO, 2016). It is mainly used as food 

and animal fodder, as well as for malting purposes. It 
provides an excellent source for genome mapping and 
genetic studies (Pour-Aboughadareh et al., 2013). It 
contributes in the study of heredity and helps improve the 
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Information Systems. Barley is grown in regions experiencing 
low levels of soil moisture, where cereals such as maize and 
rice cannot grow well, especially in arctic or sub-arctic 
regions and in subtropical zones. For Example Hordeum spp. 
are grown in the Mediterranean region due to high 
tolerance against heat, drought, and salinity compared to 
other small grains (Zhou, 2009). Barley is considered an 
important cereal crop in several developing countries, 
including India, Nepal, Sri Lanka, and Bangladesh, where it is 
often subjected to severe drought stress that considerably 
influences crop productivity (Ceccarelli et al., 2007; El-
Wahed et al., 2015). Drought experienced in the 
Mediterranean region is the result of low precipitation 
coupled with high temperatures in (Hossain et al., 2012a). 
Despite the success of modern agriculture, drought is one of 
the major problems wide affecting the growth and 
development of crops world-wide (Hasanuzzaman et. al., 
2012; Hossain et al., 2012b). However, the severity of 
drought is a non-uniform phenomenon that adversely 
influences plants, depending on the plant’s development 
stage at the time of its occurrence (Martiniello and Teixeira 
da Silva, 2011; Hossain et al., 2012b); high temperatures 
combined with drought cause considerable damage to on 
crops by shortening plant life span and consequently 
reducing yield (Vollenweider and Gunthardt-Goerg, 2005; 
Martiniello and Teixeira da Silva, 2011). Although barley is a 
salt-tolerant field crop, its growth and development is 
severely affected by ionic and osmotic potential (ψ) in 
predominantly saline soils (Izadi et al., 2014; Fayez and 
Bazaid, 2014). Salinity significantly reduces the production 
potential of most crops including barley also and can result 
in disruption of osmotic effects, ion-specific stress, ionic 
imbalance, and oxidative stress (Tabatabaei and 
Ehsanzadeh, 2016). Scarcity of water and salinity resulting 
from global climate change leads to severe summer 
droughts in many regions of the world (Hamdy et al., 2003; 
Munns, 2005). Excessive salinity in combination with water 
deficit has led to reduction in photosynthesis, transpiration, 
and other biochemical processes of crop plants (Tiwari et al., 
2010). Salinity and drought lead to oxidative stress in plant 
cells, resulting in death of cells, due to high leakage of 
electrons towards O2 during photosynthetic and respiratory 
processes enhance the generation of reactive oxygen 
species (ROS) (Mittler, 2002; Asada 2006; Fayez and Bazaid, 
2014). However, knowledge and understanding of traits 
related to drought and salinity tolerance are important for 
exploring the tolerance mechanisms of crops. Responses to 
drought stress are becoming increasingly important, as the 
effects of climate change indicate that increasing areas of 
the globe will have semi-arid and arid climates in the near 
future (Petit et al., 1999; Reynolds et al., 2007). Breeding of 
stress-tolerant crops is the most efficient strategy to 
maintain productivity under conditions of environmental 
stress. It is thus necessary to screen the genetic resources of 
different populations with high tolerance to a biotic stresses 
and to understand their homeostatic mechanisms. The main 
objective of this review is to understand the production of 
barley under drought and saline soil conditions by 
understanding adverse effects as well as various adaptations 
to drought and saline soils. The review also attempts to 
explore impacts of the exogenous application of antioxidants 
that could play a significant role under stress conditions. 

Adverse effect of drought on morphological, physiological, 
and biochemical processes of barley 
 
Drought affects the morphological, physiological, and 
biochemical processes in plants, resulting in growth 
inhibition. Drought is characterized by reduction in water 
content, closure of stomata, and reduction in cell 
enlargement and growth (Ahmed et al., 2015); it is also 
associated with leaf senescence, which is an age‐dependent 
deterioration process that ensures the translocation of 
nutrients from older leaves to developing tissues and seeds 
(Temel et al., 2017) and vary at different growth stages of 
barley (Wells and Dubetz, 1966). Under unfavorable 
conditions, stress caused by drought can induce senescence 
through breakdown of the chloroplast (chp) (Lim et al., 
2007), decreased chlorophyll (chl) content, and reduced 
photosynthesis (Prochazkova et al., 2001). A decrease in chl 
content is also a symptom of drought‐induced oxidative 
stress (Ahmed et al., 2015), while stability of chl content 
under drought conditions might be an indicator of drought 
tolerance (Li et al., 2006). Use of chl fluorescence from 
intact, attached leaves proved to be a reliable, non-
destructive method in physiological studies of stress 
physiology of selected cereal crops (including wheat, oat, 
rice, sorghum and barley), namely water stress, heat stress, 
salt stress, and chilling stress (Sayed, 2003; Matouškova et 
al., 1999). Drought stress changes in the ratio of chl content 
and beta carotenoids in barley (Jaleel et al., 2009). Drought 
negatively influenced the chl content of different barley 
genotypes as reported by EL-Shawy et al. (2017; Fig. 1). 
While, severe drought reduced photosynthesis due to a 
decrease in Rubisco activity (Bota et al., 2004) that 
ultimately limit crop growth and yields (Dubey, 2005). 
Osmotic adjustment is highly dependent on photosynthesis 
to supply compatible solutes. Whereas dehydration 
becomes severe, photosynthesis is inhibited, resulting in a 
low quantity of solutes supplied for osmotic adjustment. 
Under conditions of continued water limitation, osmotic 
adjustment can delay, but cannot completely prevent, 
dehydration. The combined effects of salinity and drought 
on barley yield are more detrimental than the effects of 
each stress alone (Yousfi et al., 2010).  
The flag leaf and ear of barley and wheat are the main 
photosynthetic organs to provide assimilates for grain filling, 
particularly in environments where drought is encountered 
at the end of plant life cycle (Sanchez-Diaz et al., 2002). 
Drought stress suppresses photochemical efficiency in 
particular by decreasing electron transport, removing 
external proteins, and releasing Ca

2+
and Mg

2+ 
from their 

binding sites (Zlatev and Lidon, 2012). Drought induces 
important alterations in plant biochemistry and metabolism. 
Under drought stress, responses involve production of ROS. 
ROS are chemically reactive chemical species containing 
oxygen), which cause membrane injuries, protein 
degradation, enzyme inactivation, and induce oxidative 
stress (Zlatev and Lidon, 2012). 
Agronomic traits such as grain yield and associated yield 
components (productive tillering, grain yield per spike, no of 
grains per spike are the major selection criteria for 
evaluating drought tolerance (Lopes et al., 2012). Barley  



812 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1.  In primary axis indicate the chlorophyll content (SPAD value) of barley genotypes is influenced by drought stress, in 
secondary axis indicate the reduction of SPAD value due to drought stress (Adapted from EL-Shawy et al., 2017). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 2. Yield of barley genotypes as influenced by drought stress. In secondary axis indicate the % yield reduction of barley under 
drought stress (Adapted from EL-Shawy et al., 2017). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3. Soluble sugar ratio of barley is influenced by different levels of salinity at tillering, stem elongation and booting stage of 
barley (Adapted from Abd El-Wahed et al., 2015).  
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Fig 4. Yield attributes of barley as influenced by different levels of salinity that ultimately lead to decrease the final grain weight of 
barley (Adapted from Abd El- Wahed et al., 2015). 
 
cultivars differ considerably in their response and adaptation 
to drought stress (Beigzadeh et al., 2013; Křen et al., 2014). 
Drought stress during the reproductive stage decreased 
grain yield by decreasing the number of grains per spike and 
kernel weight (González et al., 1999). A decrease in the 
duration of developmental phases caused by drought stress 
is partly responsible for yield reduction in cereals (maze, 
rice, wheat due to the reduction in light interception over 
the shortened life cycle (Barnabás et al., 2008). These 
studies indicated that the cereal plant was most sensitive to 
drought stress just before spike emergence. Another peak of 
barley sensitivity to drought was during anthesis and the 
initial stages of kernel development. The severity of drought 
stress from the beginning of grain filling to maturity may be 
detrimental to grain development (i.e. causing grain 
abortion) and to crop yields. Post-an thesis drought stress 
may decrease the fertility of late tillers; although how these 
tillers contribute to grain number and yield of barley needs 
to be studied (Samarah, 2005). Drought stress reduces the 
grain yield of barley through negative effects on yield and 
yield components such as number of plants per unit area, 
number of spikes and kernels per plant or unit area, and 
single grain weight, which are determined at different 
growth stages of the crop (Beigzadeh et al., 2013; Haddadin, 
2015). The number of grains per unit area is set immediately 
after anthesis (this can be affected by environmental factors 
on spike, for example, Spike Terminal sterility), while grain 
filling and accumulation of grain biomass take place in the 
remaining post-anthesis period (Ugarte et al., 2007). The 
reduction in yield and yield components of barley in 
response to late and continuous water stress was previously 
reported by Samarah et al. (2009). Moustafa et al. (1996) 
confirmed that mid-and late-season drought stress 
shortened the grain filling period by up to 11 days. The 
number of spikes per plant and the number of kernels per 
spike were more sensitive to drought than the measure of 
100-kernel weight.  
Yield of Yield components (kernels spike

-1
; spikes per m

2
) are 

most sensitive to drought, while kernel weight remains 

stable due to high remobilization of carbohydrates 
assimilated in kernels (Abedl-Ghani, 2008). Samarah (2005) 
attributed the reduction in number of spikes per plant under 
drought conditions to an increase in the number of sterile 
spikes per plant and corresponding decrease in number of 
fertile spikes per plant. They also noticed that Reduction in 
kernel yield was attributed to a decrease in the number of 
fertile florets and the number of grains per spike as well as 
an increase in the number of tillers bearing sterile spikes and 
grains (Samarah, 2005). Grain yield of different barley 
genotypes is significantly influenced by limitation and 
variation of soil moisture regimes (EL-Shawy et al., 2017) as 
presented in Fig. 2. 
 
Adverse effects of salinity on morphological, physiological, 
and biochemical processes of barley 
 
Salinity stress adversely affects almost all stages of plant 
growth and development, i.e. germination, growth, and 
vigor of the seedlings; tillering; flowering; and fruit set, 
ultimately causing diminished economic yield of products of 
barley (Ahmed, 2009; Abd El-Monem et al., 2013). High salt 
concentrations trigger secondary stress factors including 
osmotic, ionic, and oxidative stresses, resulting in the 
disruption of ionic homeostasis (Zhu, 2001) and cell 
membrane integrity by damaging structural and functional 
proteins (Wang et al., 2003). Growth, physiological activities 
and water use efficiency are significantly reduced when 
salinity rates exceed 6 deciSiemens per metre (dS/m) (Fig. 
3), this is due to water and nutrient stress occurring under 
high salinity stress (Abd El-Wahed et al., 2015); these 
processes may cause the shoot to remain small. Salinity 
leads to disturbances in plant metabolism (Diurnal 
Carbohydrate Metabolism or Glutamine Metabolism) which 
consequently result in reduction of plant growth and 
productivity (Shafi et al., 2009). In salt stressed plants, the 
osmotic potential of vacuoles is decreased due to 
accumulation of the stress-related amino acid proline (Yeo, 
1998). Accumulations of osmotic compounds such as proline 
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are often used as a parameter for selection of crops 
including barley with high salt stress tolerance (Ashraf, 2004; 
Ashraf and Foolad, 2007). Proline may act as a signaling 
molecule, able to activate multiple responses that are 
components of the adaptation process (Maggio et al., 2002). 
Increasing soluble proteins might be due to the synthesis of 
osmotin-like proteins or structural proteins, in particular 
synthesis of those proteins that are involved in modification 
of the cell wall (it may be due to synthesis of osmotic-like 
proteins or structural proteins) (Ashraf, 2004). Reduction in 
protein content at the highest salinity level Electrical 
Conductivity (EC of 13 dS m

-1
) in some cultivars may reflect a 

feature of salinity stress in plants in which salt reduces 
photosynthesis (Munns et al., 2006). It is well documented 
that a greater degree of salt tolerance in plants is associated 
with a more efficient system for selective uptake of K

+
 over 

Na
+
 (Tester and Davenport, 2003; Islam et al.,2011). The 

decrease in K
+ 

occurs due to the presence of excessive Na
+
 in 

the growth medium; high external Na
+
 content is known to 

have an antagonistic effect on K
+
 uptake in plants (Ashraf, 

2004; Izadi et al., 2014). It was reported that antagonism 
between the absorption of K

+
 and Na

+
 occurs at the root 

surface under salinity stress (Ahmadi et al., 2009). Leaf 
growth is affected by salt stress due to changes in 
transpiration, plasma membrane potential, abscisic acid 
(ABA) content, and osmolality in barley (Fricke and Peters, 
2002). A slight decrease in the relative water content of 
roots in a hydroponic system was observed in salt-stressed 
barley plants at lower concentrations of NaCl (Vysotskaya et 
al., 2010). Reduction in gas exchange as a whole and leaf 
stomata closure could be due to (a) toxic Na

+
 and Cl

–
 ions 

that decrease photosynthetic electron transport and 
stomatal conductance, (b) reduction in absorption and 
metabolism of carbon, and (c) oxidative damage during 
photosynthesis II under salt stress (Ashrafi et al., 2014; 
Pirasteh-Anosheh et al., 2016). A decrease in Cl content in 
some genotypes of barely under salt stress could be due to 
pigment photo-oxidation (Patterson et al., 2009; Yang et al., 
2009). However, excessive swelling and loss of chlp 
membranes (Ceccarelli et al., 2010), damage to chlp (Gill and 
Tuteja, 2010), and slower photosynthesis, faster breakdown, 
or dissociation of chlp, due to the production of ROS under 
salinity stress (Kim et al., 2005). 
A desirable genotype produces a satisfactory yield when 
subjected to stress conditions but demonstrates high 
productivity under ideal growing conditions. Abiotic stresses 
generally affect morphological parameters in most crops 
(Ashraf and Foolad, 2007). Within phenology, plants are 
most sensitive to salinity during vegetative and early 
reproductive stages and less sensitive at flowering and grain 
filling stages (Mass and Poss, 1989). Osmotic adjustment is 
defined as a lowering of osmotic potential (ψπ) due to net 
solute accumulation in response to water stress that has 
been considered to be a beneficial drought tolerance 
mechanism in some crop species including barley also. 
However, organic solutes such as carbohydrates can play an 
important role in balancing osmotic pressure in cytoplasm 
(Keles and Öncel, 2004).  
Salinity stress causes the reduction in grain weight 
(Santamaria et al., 1990), ultimately reduced that the grain 
yield per unit area (Munns et al., 1995; El-Tayeb, 2005) 
through negative effects on enlargement of barley cells 
(James et al., 2002), reduces the number of tillers, spike 

length, number of spikelets spike
-1

, biomass plant
-1

, and 
finally grain yield plant

-1
 (Ahmad et al., 2013; 2015). Yield 

and yield attributes of barley are influenced by levels of 
salinity are presented in Fig. 4, which revealing that 
productivity and water use efficiency reduced when salinity 
rates exceeded 6 dS m

-1
 (Abd El-Wahed et al., 2015). A 

better understanding of agronomical responses under 
conditions of salinity may help programs aiming to improve 
the salt tolerance of barley. 
 
3. Combined effect of drought and salinity on crop 
physiology and yield of barley 
 
Salinity and drought stress show a high degree of similarity 
with respect to physiological, biochemical, molecular, and 
genetic effects on plants (Sairam and Tyagi, 2004). Plants 
usually share a common response to salinity and drought 
stress: as both stresses reduce water potential in the soil, 
water deficits or osmotic effects are the most common 
physiological mechanisms that cause growth reduction. In 
addition to the toxic effects of Na

+
 and Cl

-
 ions, salinity 

disturbs water processes in plants due to the decreased 
availability of water in the soil as a result of reduced osmotic 
potential (Munns, 2005). Both salinity and drought stresses 
lead to reduction in photosynthesis, transpiration, and other 
biochemical processes associated with plant growth, 
development, and productivity (Reddy et al., 2004; Anjum et 
al., 2011). These stresses cause oxidative stress in plant cells, 
resulting in greater leakage of electrons towards O2 during 
photosynthetic and respiratory processes, which in turn 
leads to enhancement of ROS generation (Asada, 2006). 
Much of the injury incurred by plants under abiotic stress is 
linked with oxidative damage at the cellular level, leading to 
cell death (Mittler, 2002). It is also important to investigate 
the physiology of drought and salinity tolerance in well-
adapted wild barley, in order to understand the limits and 
tradeoffs between drought and salinity tolerance as well as 
to determine traits that are associated with high tolerance 
to both factors (Ahmed et al., 2013). An increase in Na

+
 

concentration and a decrease in K+ ion uptake interrupt 
ionic balances, as observed in most species exposed to 
salinity stress (Qiu et al., 2011). Increases in Na

+
 

concentrations and Na
+
/K

+ 
ratios were observed in roots, 

stems, and leaves in both wild and cultivated barley 
genotypes under conditions of salinity alone and combined 
drought and salinity (D+S) stress, when compared with 
controls. Accumulation of malondialdehyde (MDA) is an 
indicator of the lipid peroxidation level, which reflects the 
extent of tolerance to abiotic stresses such as drought and 
salinity (Ahmed et al., 2013; 2015). It has been reported that 
cultivars with high drought tolerance have low MDA content 
when subjected to stress (Reddy et al., 2004; Anjum et al., 
2011). The decrease in water potential occurring with both 
abiotic stresses results in reduced cell, root, and shoot 
growth and also causes inhibition of cell expansion and 
reduction in cell wall synthesis (Liang et al., 2003; Türkan et 
al., 2005). For water stress, the severity, duration, and 
timing of stress; the responses of plants after stress removal; 
and the interaction between the stress and other factors are 
extremely important (Plaut, 2003).The effects of salinity and 
drought have raised the question of whether the same 
change in the plant’s water status, caused either by salinity 
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or by drought, leads to the same yield reduction (Parida and 
Das, 2005; Fayez and Bazaid, 2014). 
 
Strategies for enhancing survival capability under drought 
and salinity stress  
 
Using quantitative trait loci (QTL) mapping 
 
Tolerance to drought involves a complex of mechanisms 
working in combination to avoid or tolerate water deficits 
(Diab et al., 2004). In addition, physiological traits such as 
relative water content, proline accumulation, and osmotic 
adjustment are considered to be associated with plant 
adaptability to drought-prone environments (Cattivelli et al., 
2008; Farooq et al., 2009). QTL mapping is a first step 
towards unraveling the molecular basis of drought 
resistance, i.e. through map-based cloning (Frary et al., 
2000). QTL analysis can be performed to statistically analyze 
the association between genetic markers and traits of 
interest. This identifies regions of chromosomes that 
influence these traits. QTL maps have been made for traits 
thought to be involved in drought tolerance in many species, 
including O. sativa, H. vulgare and T. aestivums (Ashraf and 
Foolad, 2013; Teulat et al., 2001; 2002; Langridge et al., 
2006); a review of progress in breeding for drought 
tolerance suggested that markers tightly linked to traits of 
drought tolerance could improve breeding efficiency. The 
identification of these QTLs with linked markers allows 
breeders to use marker-assisted, instead of traditional, 
selection as a complementary tool for the selection of 
suitable parental lines and the development of new lines or 
complementary tool to DNA Markers. In a study conducted 
by Ahmadi-Ochtapeh et al. (2015), an interesting QTL, 
QTwg4Hc, was localized on chromosome 4H in the XE41-
M61 marker distance that controls several traits including 
shoot and coleoptile lengths and shoot fresh mass under salt 
stress. They further concluded that a dense marker cluster 
around a resistance gene could offer a starting point for 
positional cloning. 
 
Use of plant growth regulators and compatible solutes  
 
Many metabolic factors contribute to the inhibitory effects 
of water stress on plant growth (Chaves et al., 2003). The 
adverse effects of abiotic stresses can be mitigated by foliar 
application of natural and synthetic growth regulators. The 
effect of drought stress has been reduced by the use of 
exogenous external glycine betaine (GB) (Farooq et al., 2009; 
Sakamoto and Murata, 2002). Treatment of plants with 
osmolytes remarkably improves their tolerance to stress 
conditions (Ashraf and Foolad, 2007). In addition to their 
roles as osmoprotectants, proline and betaine might 
perform a protective function by scavenging ROS. Proline’s 
ability to quench ROS, particularly hydroxyl radical (OH

•
), has 

been demonstrated convincingly (Signorelli et al., 2013). 
Soluble sugar accumulation has been reported with salt and 
drought stresses (Munns, 2005); likewise, phenolic 
compounds help in scavenging free radicals and protecting 
plants against the damaging effects of increased ROS levels 
due to salt and drought stresses (Petridis et al., 2012). 
Proline accumulation counter balances the deleterious 
effects of water deficit and salinity (Tani and Sasakawa, 
2006; Ashraf and Foolad, 2007) and may serve as an organic 

nitrogen reserve that can be utilized during recovery from 
stress (Sairam and Tyagi, 2004). Proline accumulation co-
occurred with higher activities of antioxidant enzymes 
(glutathione peroxidase) in younger seedlings, proving 
proline’s role in activating antioxidant defenses in plants 
(Rejeb et al., 2014). Proline is widely distributed in plants 
and accumulates in larger amounts than other amino acids, 
when plants are subjected to stress (Irigoyen et al., 1992). 
Shevyakova et al. (2009) suggest that NaCl and paraquat-
induced accumulation of proline had both osmo-protective 
and antioxidant functions. Proline’s implication in the 
protection of protein integrity (Szabados and Savoure, 2009) 
may contribute to the ability of seedlings to survive in early 
growth stages under highly saline conditions (Hayat et al., 
2012). Proline application improved the salt tolerance in 
tobacco BY-2 cells by increasing the activity of enzymes 
involved in antioxidant defense (Hoque et al., 2007). 
K

+
 plays an important role in balancing membrane potential 

and turgor, activating enzymes, regulating osmotic pressure, 
and maintaining stoma movement, and membrane 
polarization (Kaya et al., 2007). Supplying low levels of KNO3 

alleviated the effect of stress-induced NaCl that had 
decreased seed germination of certain grass species (Neid 
and Biesboer, 2005). As K

+
 is involved in multiple plant 

activations, the K
+
/Na

+
 ratio has been proposed as an 

effective indicator of salinity tolerance (Fayez and Bazaid, 
2014). However, overproduction of ROS caused by salinity 
usually leads to lipid peroxidation and induces K

+ 
leakage 

from cells by activating K
+
 efflux channels (Cuin and Shabala, 

2007; Demidchik et al., 2014). External application of low 
exogenous concentrations of GB and proline maintained 
higher K

+
 concentrations in salt-stressed leaves of plant 

(Ashraf and Foolad, 2007; Demidchik et al., 2010) and 
decreased salt-induced K

+
 efflux from barley roots (Cuin and 

Shabala, 2007). Although some researchers have reported 
positive correlation between the capacity for GB and/or 
proline accumulation and salinity tolerance (Yamaguchi and 
Blumwald, 2005), others have challenged the value of these 
solutes as definite indicators for resistance to salt stress 
(Ashraf and Harris, 2004; Ashraf and Foolad, 2013). Under 
salt stress, GB and proline reduced membrane injury, 
improved K

+
 uptake and growth, and increased chl content 

(Demiral and Türkan, 2006). GB can protect the 
photosynthetic apparatus from stress-induced damage 
(Sakamoto and Murata, 2002). Leaves of plants (old or 
young) have higher GB accumulation in a stressed 
environment (Agboma et al., 1997). As explained by Yang 
and Lu (2005), the CO2 assimilation rate increased in 
stressed maize plants under low GB concentration (from 2 to 
20 mM), which allowed the maize plants to grow normally. 
Increased stomatal conductance due to a high concentration 
of GB decreased both CO2 assimilation and growth in cotton 
plants (Sulian et al., 2007). Salicylic acid (SA) is considered as 
a hormone-like substance, which plays an important role in 
photosynthetic rate, stomatal conductance, and 
transpiration (Arfan et al., 2007; Fayez and Bazaid, 2014), 
increasing anti-oxidative protection (Xu et al., 2008) and 
inhibiting Na

+
 and Cl accumulation (Gunes et al., 2007). 

Several lines of evidence demonstrate the beneficial role of 
SA during salinity (Shakirova et al., 2003) and drought (Singh 
and Usha, 2003). However, in the case of salt stress, the 
effect of SA on plant growth and metabolism is still a matter 
of controversy, considering different plant species, salt 
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stress intensity and duration, as well as SA doses applied 
(Horva´th et al., 2007). Exogenous SA regulates activities of 
antioxidant enzymes and increases plant tolerance to abiotic 
stresses (Kaydan et al., 2007; Ashraf et al., 2010). SA plays an 
important role in plant growth and development, 
photosynthesis-related processes, stomatal regulation, and 
ion uptake and transport under saline conditions. Enhanced 
number of tillers, plant height, spikelets ear

-1
, grains ear

-1
, 

biological yield, and grain yield have been reported as a 
result of SA application on two wheat genotypes under 
saline conditions (Jafar et al., 2012). Ashraf et al. (2010) 
indicated that SA foliar applications could alleviate adverse 
effects of salinity via promotion of seedling growth, 
restoration of plant growth, and promotion of the 
accumulation of proline, ABA, indole acetic acid (IAA), and 
cytokinin. Ascorbic acid (AsA) is an organic acid with 
antioxidant properties, which has the capability of 
counteracting the adverse effects of salt and drought stress 
in crop plants (Khan et al., 2011). AsA also plays a role in 
stress signaling and other physiological processes (Wolucka 
et al., 2005). Significant effort has been made to study the 
application of AsA to the foliar parts of plants in order to 
promote shoot growth under various stresses (Muramoto et 
al., 1999; Jiang and Huang, 2001; Parvaiz and Satyawati, 
2008; Abdelaal et al.,2017). As previously discussed, the 
physiological activities and agronomical performance of 
barley grown under stress conditions have been evaluated 
to consider the role of protective agents in mitigating the 
negative impacts of environmental stresses. 
 
Conclusions and future research to mitigate drought and 
salinity under changing climate 
 
Drought and salinity stresses progressively reduce 
assimilation rates due to decreased stomatal conductance. 
Both of these stresses disrupt photosynthetic pigments and 
reduce both the gas exchange as well as the production of 
ROS causing a decrease in plant growth and productivity. 
Several adaptation strategies are required to cope with 
salinity and drought stress. Application of plant growth 
regulators and compatible solutes could play a significant 
role in alleviating salinity and drought stress in plants. Water 
deficit and salinity affect the development, growth, and yield 
in barley, but tolerance of the crops varies remarkably. 
Changes in morphological, physiological, biochemical, and 
molecular aspects are generally noted in response to 
drought and salinity stress. Understanding these responses 
to abiotic stress is important for screening various 
genotypes’ tolerance to environmental stress conditions. 
This review provided evidence supporting the potential of 
barley cultivation under drought stress conditions due to its 
traits demonstrating high capacity for growth. The review 
also evaluated the impact of drought on the photosynthetic 
performance of barley. This review provides potential 
responses correlated with increasing drought stress and 
enhances understanding of stress avoidance mechanisms of 
barley that affect stress tolerance. 
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