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The world’s population is expected to reach nine billion by 2050 (FAO 2009), and 
the climate is also changing. Abiotic and biotic stresses are the major challenges in 
crop production worldwide, and climate change will likely lead to more severe 
abiotic and biotic stress conditions (Cobb et al. 2013). By the year 2050, 50% of 
all arable lands will be consequently threatened by global climate changes, low water 
availability, and salinization (Wang et al. 2003). Salinity and drought are the most 
severe abiotic stresses that threaten crop productivity worldwide (Guo et al. 2014). 
Drought is expected to increase in frequency and severity in the future due to climate 
change, mainly due to decreases in regional precipitation but also because of 
increasing evaporation driven by global warming (Lobell et al. 2008). Drought 
affects more than 10% of arable land, causing desertification, especially in arid 
and semiarid areas, while salinization is rapidly increasing on a global scale, 
declining average yields for most major crops (Bray et al. 2000). Soil salinization 
is one of the severe forms of soil degradation, which can arise from natural causes 
and human-mediated activity, such as irrigation in arid and semiarid regions 
(Rengasamy et al. 2010). 

Water stress is found to be the most important limiting factor controlling primary 
production in terrestrial environments. Water stress is a limited water supply to plant 
roots, which reduces plants’ transpiration rate. It is mainly caused by water deficit as 
a result of drought conditions or soil salinity. The effects of drought in agriculture are 
aggravated due to the depletion of water resources and the increased food demand
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from an alarming world population growth (O’Connell 2017). Drought is one of the 
most common environmental stresses affecting plant growth and development and is 
a challenge to agricultural researchers. Water comprises about 80–95% of the fresh 
biomass of the plant body and plays a vital role in various physiological processes, 
including many aspects of plant growth, development, and metabolism (Brodersen 
et al. 2019; Abbasi and Abbasi 2010). The drought’s unpredictable nature depends 
upon various factors, such as uneven and erratic distribution of rainfall, high 
evapotranspiration demand, and low water-holding capacity around the rhizosphere 
(Passioura and Angus 2010; Devincentis 2020). Water stress numerously affects 
plants’ growth and development. These changes depend on the severity, duration, 
and time course of water stress (Bradford and Hsiao 1982). Drought stress often 
induces stomatal closure that restricts the diffusion of CO2 into the leaf or is due to 
non-stomatal limitations, which leads to a decrease of carbon assimilation and other 
processes of photosynthesis (Ashraf and Harris 2013; Guan et al. 2015; Paul et al. 
2016).
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More than 800 million ha of land worldwide are salt-affected, which has impor-
tant consequences for the productivity of crops. Salinity is major stress limiting the 
increase in the demand for food crops. More than 20% of cultivated land worldwide 
(~about 45 ha) is affected by salt stress, and the amount is increasing day by day. 
Increased soil salt concentrations decrease the ability of plants to take up water 
leading to apparent water limitation or can lead to the accumulation of salt in the 
shoots, which negatively affects growth by impairing metabolic processes and 
decreasing photosynthetic efficiency, partly through stomatal closure (Flowers and 
Yeo 1995; Maser et al. 2002; Munns 2002; Roy et al. 2014). Salinity affects almost 
all aspects of plant development, including germination, vegetative growth and 
reproductive development, and decreasing water and nutrient uptake 
(Akbarimoghaddam et al. 2011; Singh and Chatrath 2001). Salinity can affect 
plant functions via two main mechanisms (Munns and James 2003; Munns and 
Tester 2008; Arzani and Ashraf 2016): (1) via inducing external osmotic pressure 
around the roots in the soil, which decreases the uptake of water leading to 
symptoms similar to those caused by drought, and (2) via toxic effect of salt ions, 
mostly Na+ and Cl-, which accumulate in the plant tissues, mostly in the leaves. Soil 
salinity is known to repress plant growth through osmotic stress, which is then 
followed by ion toxicity (James et al. 2011; Rahnama et al. 2010). During the initial 
phases of salinity stress, the water absorption capacity of root systems decreases, and 
water loss from leaves is accelerated due to the osmotic stress of high salt accumu-
lation in soil and plants, and therefore salinity stress is also considered hyperosmotic 
stress. 

Within an agricultural context, drought is a prolonged period of deficient precipi-
tation that negatively impacts crop growth or yield. An increasingly warming climate 
is expected to intensify the frequency and severity of drought in the near future. As a 
consequence of the ongoing global climate changes, low water availability and 
salinization are expected to affect up to 50% of all arable lands by the year 2050 
(Wang et al. 2003), which will hamper efforts to meet the dramatically increasing 
demand for food predicted by the same year (Cobb et al. 2013). Salinity affects



almost all aspects of plant development, including germination, vegetative growth, 
and reproductive development. Soil salinity imposes ion toxicity, osmotic stress, 
nutrient (N, Ca, K, P, Fe, Zn) deficiency, and oxidative stress on plants, thus limiting 
water uptake from soil. The adverse effects of salinity on plant development are 
more profound during the reproductive phase. Therefore, it is necessary to improve 
management techniques to reduce the damage caused by drought and salinity. These 
management strategies are being useful for stress management in arid and semiarid 
climates. 
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1.1 Impact of Drought and Salinity 

1.1.1 Drought 

Drought, or lack of or insufficient rain for an extended period, causes a considerable 
hydrologic (water) imbalance and, consequently, water shortages, stream flow 
reduction, groundwater depletion, soil moisture, and crop damage. It occurs when 
evaporation and transpiration (water movement in the soil through plants into the air) 
exceed precipitation for a considerable period. Drought is the most severe physical 
hazard to agriculture in nearly every part of the world. Drought is expected to 
increase in frequency and severity in the future due to climate change, mainly due 
to decreases in regional precipitation but also because of increasing evaporation 
driven by global warming (Lobell et al. 2008). Several factors can cause plant water 
deficit, including inadequate precipitation, high evaporative demand, decreased 
groundwater level, and water retention by soil particles (Gimenez et al. 2005; 
Salehi-Lisar and Bakhshayeshan-Agdam 2016). Three main mechanisms that reduce 
crop yield by soil water deficit include (1) reduced canopy absorption of photosyn-
thetically active radiation, (2) decrease in radiation use efficiency, and (3) reduced 
harvest index (Earl and Davis 2003). 

1.1.1.1 Plant Growth and Development 
Drought stress is a limiting factor that alters plant growth and development aspects. 
The qualitative and quantitative attributes of plant growth result from interactive 
phenomena among genetic, physiological, ecological, and morphological 
characteristics under drought conditions (Wang et al. 2003; Farooq et al. 2009). 
Drought events limit plant performances in different developmental stages. Seed 
germination is the primary aspect of growth sensitive to drought stress. Germination 
is one of the most sensitive plant growth stages to water deficit (Farooq et al. 2009). 
Drought delays germination onset (El-Midaoui et al. 2001) with a substantial 
decrease in sunflower germination (Sajjan et al. 1999). Ample soil moisture is 
required to initiate the germination process. Imbibition by seeds is the first step, 
which depends on the water potential gradient between seed and soil. Any decrease 
in soil water potential causes a linear decline in seed germination (Wen 2015). 

Water scarcity outbreaks are due to the occurrence of less or the absence of 
rainfall resulting in low soil moisture content and low water potential in aerial parts



of the plant, such as leaves and stems (Ristvey et al. 2019). A decrease in growth rate 
under drought could be attributed to the inhibition of cell elongation because the 
water flow is interrupted from the xylem to the surrounding cells (Nonami 1998). 
Furthermore, shoot growth seemed to be more adversely affected than root growth 
(Bassiri et al. 1977). The soil moisture stress causes a decrease in seed germination, 
shoot length, fresh and dry weights of seedlings, shoot and root dry matter, and 
relative growth rate in safflower (Hojati et al. 2011). The roots strive to uptake more 
water through their expansion, which ultimately adapts plants to minimize stomatal 
water loss when there is a water deficit (Martínez-Vilalta and Garcia-Forner 2017). 
Typical drought stress symptoms in plants include leaf rolling, stunning plants, 
yellowing leaves, leaf scorching, and permanent wilting (Corso et al. 2020). More-
over, plant response to a given water deficit is strongly dependent on the previous 
occurrence and intensity of other drought stress events (Adnan et al. 2020; Battaglia 
et al. 2020; Hafez et al. 2015) and the presence of other stresses (Thomason and 
Battaglia 2020). 
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Water stress results in a decrease in the photosynthetic assimilation of carbon 
dioxide. This decrease is due to two reasons. First, the restricted diffusion of carbon 
dioxide in the leaf is due to the stomatal closure, and second, carbon dioxide 
metabolism is inhibited due to water stress. Experiments conducted on cowpea 
show that the decrease in carbon dioxide assimilation due to water stress is mainly 
due to stomatal closure, which reduces internal carbon dioxide and restricts water 
loss through transpiration (Souza et al. 2004). Drought stress after germination has 
systematic effect on growth with a reduction of water potential, relative water 
contents (Ünyayar et al. 2004), and turgor of plant cells (Benlloch-González et al. 
2015), which elevates the concentration of solutes in the cytosol. These changes 
decrease cell elongation, thus leading to growth inhibition (Lisar et al. 2012). 
Growth inhibition is followed by less carbon assimilation, imbalanced mineral 
nutrition, and accumulation of abscisic acid (ABA), which causes wilting of plants 
(Farooq et al. 2012; Lisar et al. 2012). The adverse effects of drought stress on 
mineral nutrition and metabolism result in reduced leaf area and disruption of 
assimilate partitioning. 

1.1.1.2 Plant Water Relations 
Certain factors influence water relations, including the leaf water potential, leaf and 
canopy temperature, transpiration rate, and stomatal conductance. Exposure to 
drought stress disturbs all these factors in plants. However, stomatal conductance 
is most affected (Farooq et al. 2009). The increase in stomatal resistance reduces the 
rate of transpiration and, therefore, leads to an increase in leaf temperature because 
the process of transpiration is the crucial mechanism that controls leaf temperature 
(Arbona et al. 2013; Sapeta et al. 2013). Water potential is considered a reliable 
indicator of plants’ response to water stress and decreases the water loss through 
stomata, which maintain the turgor pressure (Siddique et al. 2000; Terzi and 
Kadioglu 2006; Bayoumi et al. 2008). Plant water potential (PWP) and turgor are 
decreased under water-limited conditions; thus, plants cannot function correctly 
under these conditions (Zlatev and Lidon 2012; Osakabe et al. 2014; Zare et al.



2011). Drought stress decreases the water supply to the xylem, which reduces an 
adequate nutrient supply to the phloem, thus resulting in lower water potential. The 
relative water content (RWC) is decreased in the initial consequence of drought 
stress (Farooq et al. 2009). The lower RWC reflects substantial reductions of leaf 
water potential, which lead to the closing of stomata. A significant reduction in the 
leaf water potential and transpiration rate was observed under drought conditions, 
ultimately increasing the leaf and canopy temperature (Turner et al. 2001). The 
higher leaf temperature denatures various proteins and enzymes and reduces mem-
brane permeability, and resultantly, multiple facets of plant metabolism are affected. 
These changes are the main reasons for the disturbance in photosynthesis, respira-
tion, mineral nutrition, and synthesis of proteins and amino acids (Sapeta et al. 2013; 
Tiwari and Yadav 2020). 
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In summary, drought stress decreases the water supply to the xylem which 
decreases an adequate nutrient supply to the phloem, thus resulting in lower water 
potential. However, huge variability exists among different genotypes for 
maintaining water potential mainly due to the ability of water absorption and root 
system. A decrease in leaf water potential may provoke osmotic adjustment, which 
helps maintain leaf hydration at low leaf water potential. Leaf relative water content 
and leaf water potential in plants were affected by water deficit. 

1.1.1.3 Mineral Uptake and Assimilation 
Drought stress decreases transpiration rates and impairs active transport and mem-
brane permeability, reducing crop plants’ absorbing power (Kramer and Boyer 
1995). Thus, the nutrient transport from root to shoot is restricted due to the weak 
absorbing power of the crop plants under drought stress. Drought stress also reduces 
the nutrient uptake by the roots and their translocation in the plant due to low 
transpiration rates, diminished active transport, and impaired membrane permeabil-
ity (Hu and Schmidhalter 1998). Drought stresses significantly impacts the nutrient 
relations of plants. Many essential nutrients, including nitrogen, silicon, magnesium, 
and calcium, are uptaken by roots along with water; the drought conditions limit the 
movement of these nutrients via diffusion and mass, which leads to retarded plant 
growth (Barber 1995). Plants increase roots’ length and surface area and change their 
architecture to capture less mobile nutrients (Lynch and Brown 2001). The soil 
moisture deficit at times reduces the growth of the roots and, hence, reduces the 
uptake of less mobile nutrients such as phosphorus (Garg 2003). Drought stress 
reduces soil N mineralization, which ultimately lowers N availability. A decreased 
transpiration due to drought stress is the other factor that lowers N transport from 
roots to the shoots (Tanguilig et al. 1987). The P uptake is hampered under moisture 
deficit conditions (Pinkerton and Simpson 1986). The primary reason for reduced P 
uptake is the restricted translocation of P to shoots, even under mild drought stress 
(Resnik 1970). The N and K utilization under drought stress at different growth 
stages is influenced by several factors, including physiochemical characteristics of 
the soil, duration, and intensity of drought relative to phenology, and the organism’s 
evolutionary history (Killingbeck 2004; Silla and Escudero 2006).
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The stomatal closure is hampered by lower K supply because of loss of epidermal 
cell turgidity (Rahbarian et al. 2011) as stomatal closure needs back pressure exerted 
by fully turgid epidermal pavement cells, whereas the K accumulation is responsible 
for the required pressure (Roelfsema and Hedrich 2002; Habibi 2013). Root-microbe 
interactions also play an essential role in the nutrient relations of a plant. The 
impaired carbon and oxygen flux to the nodules and N accumulation under drought 
stress inhibited the N-fixing ability of certain legumes (Ladrera et al. 2007). The 
composition and activity of the soil microbial colonies are negatively affected by the 
soil water deficit, which eventually disturbs the plant nutrient relations (Schimel 
et al. 2007). In conclusion, drought significantly reduces mineral uptake and disturbs 
nutrient balances (Gunes et al. 2008). Nutrient imbalances ultimately seriously affect 
various growth and developmental processes. However, plant species and genotypes 
within species vary in their response to water deficit stress in this regard (Garg 2003). 

1.1.2 Salinity 

Salinity is the primary environmental stress source that restricts agricultural produc-
tivity and sustainability in arid and semiarid regions by reducing the germination rate 
and delaying germination and subsequent seedling establishment. Salt negatively 
affects crop production worldwide. Crops exhibit a spectrum of responses under salt 
stress. Salinity not only decreases the agricultural production of most crops but also 
affects soil physicochemical properties and the ecological balance of the area. The 
saline condition causes many adverse effects on plant growth due to the low osmotic 
potential of the soil solution (osmotic stress), specific ion effects (salt stress), 
nutritional imbalances, or a combination of these factors (Ashraf 2004). All these 
factors cause adverse effects on plant growth and development. Salinity affects 
almost all aspects of plant development, including germination, vegetative growth, 
and reproductive development. Soil salinity imposes ion toxicity, osmotic stress, 
nutrient (N, Ca, K, P, Fe, Zn) deficiency, and oxidative stress on plants, thus limiting 
water uptake from the soil. This number could be increased in the future due to 
increased land salinization due to contaminated artificial irrigation, climate change, 
and unsuitable land management. Salinity is a significant stress responsible for the 
inhibition of seed germination or reduction in germination percentage and a delay in 
crop germination time. 

1.1.2.1 Plant Growth and Development 
Salinity is the most important abiotic stress that inhibits growth and productivity of 
crops, and it is one of the world’s primitive and most widely distributed environ-
mental challenges. Salinity is defined as the presence of an excessive concentration 
of soluble salts in the soil which suppresses plant growth (Zaki 2011). The drastic 
effect of salt stress can be seen in terms of yield loss. The primary effects related to 
crop yield can be germination, which either decreases or sometimes ceases under 
extreme saline conditions. Soil salinity has an overall detrimental impact on plants’ 
health. High levels of soil salinity can significantly inhibit seed germination and



seedling growth, due to high osmotic potential outside the seed inhibiting the 
absorption of water or the toxic effect of Na+ and Cl- (Khajeh-Hosseini et al. 
2003). Salt stress had adverse effects on the functioning and metabolism of plants 
considerably hindering the productivity (Khan and Srivastava 1998). Salinity has 
diverse outcome on plants; for example, salt in the soil solution diminishes the 
accessibility of water to the roots, and the salt reserved in the plant will rise to toxic 
effect in several tissues of plants (Munns et al. 1995). Plant growth depends on 
photosynthesis; therefore, environmental stresses affecting growth also affect pho-
tosynthesis (Taiz and Zeiger 1998). Iyengar and Reddy (1996) attributed decreases 
in photosynthetic rate as a result of salinity to a number of factors: dehydration of 
cell membranes which reduces their permeability to CO2. High salt concentration in 
soil and water creates high osmotic potential which reduces the availability of water 
to plants. A decrease in water potential causes osmotic stress, which reversibly 
inactivates photosynthetic electron transport via the shrinkage of intercellular 
space. Salt toxicity is caused particularly by Na+ and Cl-. According to Banuls 
et al. (1990), Cl inhibits photosynthetic rate through its inhibition of NO3-N uptake 
by the roots. Stomata closing reduces the CO2 supply. The reduction in stomatal 
conductance results in restricted availability of CO2 for carboxylation reactions 
(Brugnoli and Bjorkman 1992). Iyengar and Reddy (1996) reported that stomatal 
closure minimizes loss of water by transpiration, and this affects chloroplast light 
harvesting and energy conversion systems, thus leading to alteration in chloroplast 
activity. 
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1.1.2.2 Effects on Plant Water Uptake 
Salinity is an important environmental factor that can severely inhibit plant growth 
and agricultural productivity. In addition to the toxic effects of the sodium and 
chloride ions, salinity disturbs the plant’s water relations due to decreased availabil-
ity of water from soil solution due to lowered osmotic potential (Munns 2005). Root 
is the primary site for plants to uptake water. Root hydraulic conductance represents 
water uptake capacity and mainly depends on the driving force, root anatomy, and 
root water permeability (Steudle 2000; Sutka et al. 2011). Osmotic stress is the first 
stress experienced when a plant is exposed to saline soil; it immediately influences 
plant growth (Horie et al. 2011). One of the primary responses of plants to osmotic 
stress is a decrease in root hydraulic conductance (Lp) (Boursiac et al. 2005). High 
concentrations of salt in solution result in increased osmotic stress, which limits 
water absorption by the plant and in turn affects leaf water content, stomatal 
conductance (gs), leaf growth, and photosynthesis (Boursiac et al. 2005; Munns 
and Tester 2008). High concentrations of salts outside the roots result in increased 
osmotic stress, which induces root water uptake difficulties, causing leaf water 
imbalance and ultimately reducing plant growth (Boursiac et al. 2005; Munns and 
Tester 2008). 

Salinity has a dual effect on plant growth via an osmotic effect on plant water 
uptake and specific ion toxicities. Osmotic stress and ionic toxicity both affect all 
major plant processes (Yadav et al. 2011). Plants are able to take up water and 
essential minerals because they have a higher water pressure than the soil under



normal conditions. When salt stress occurs, the osmotic pressure of the soil solution 
is greater than that in plant cells. Thus, the plant cannot get enough water (Kader and 
Lindberg 2010). By decreasing the osmotic potential of the soil solution, plant access 
to soil water is decreased, because of the decrease in total soil water potential. As the 
soil dries, the concentration of salt in the soil solution increases, further decreasing 
the osmotic potential. In order to maintain water uptake from a saline soil, plants 
must osmotically adjust. When plants are exposed to osmotic stress, their immediate 
response is to close the stomata to decrease the transpiration rate and thereby to 
reduce water loss (Cornic 2000). The closure of the stomata also reduces CO2 

fixation and decreases the photosynthetic rate. In order for plant growth to continue, 
however, the plant must maintain an optimal stomata aperture. Due to salt stress, 
cells will have decreased turgor and its stomata will close to conserve water. 
Stomatal closing can lead to less carbon fixation and the production of reactive 
oxygen species (ROS) such as superoxide and singlet oxygen. Reactive Oxygen 
Species disrupt cell processes through damage to lipids, proteins, and nucleic acids 
(Parida and Das 2005). 
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The osmotic and ionic stress induced by salinity can halt plant growth as the plant 
focuses its energy on conserving water and improving ionic balance. With the 
reduction in water potential gradient between soil and plant under soil moisture 
deficit conditions, the uptake capacity of roots becomes limiting. Root hydraulic 
conductivity decreases under drought, limiting roots’ water uptake capacity from the 
soil (Zhu et al. 2021). Aquaporin controls the root hydraulic conductivity, and 
generally under moisture deficit condition, the expression of genes coding for 
aquaporin is downregulated, which ultimately lowers down the root water uptake 
capacity (Mukarram et al. 2021). Under stress, due to continuous transpiration loss 
and lower soil moisture, the xylem cavitation gradually increases which ultimately 
reduces the hydraulic conductance in plants and blocks the water movements in the 
plant (Mukarram et al. 2021). 

1.1.2.3 Effect on Mineral Uptake, Nutrient Imbalance, and Specific Ion 
Toxicity 

Plants absorb nutrients from the soil through water, which provides a medium for 
nutrients to move within the soil matrix and from soil to plants. Soil moisture deficit 
condition decreases the nutrient uptake from soil. The reduction in nutrient uptake 
may attribute to a decrease in the nutrient supply through mineralization, reduction 
in diffusion, and mass flow of nutrients in the soils (Bista et al. 2018). The kinetics of 
nutrient uptake by the roots also reduced the rate of nutrient uptake under drought 
stress (Luo et al. 2018). The reduced translocation of nutrients from root to shoot 
also contributes to a reduction in the nutrient status of different plant parts (Luo et al. 
2018). The microbial growth in the rhizosphere is also affected under deficit soil 
moisture, which ultimately affects the nutrient uptake by roots (Karlowsky et al. 
2018). 

Salt accumulation in the root zone causes the development of osmotic stress and 
disrupts cell ion homeostasis by inducing both the inhibition in uptake of essential 
elements such as K+ ,  Ca2+ , and NO3

- and the accumulation of Na+ and Cl-.

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/root-hydraulic-conductivity
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/root-hydraulic-conductivity
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/aquaporin
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/transpiration
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/microbial-growth
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/rhizosphere


Accumulation of injurious ions may inhibit photosynthesis and protein synthesis, 
inactivate enzymes, and damage chloroplasts and other organelles (Paranychianakis 
and Chartzoulakis 2005). These effects are more critical in older leaves, as they have 
been transpiring the longest so they accumulate more ions (Munns et al. 2002). Plant 
deficiencies of several nutrients and nutritional imbalances may be caused by the 
higher concentration of Na+ and Cl- in the soil solution derived from ion competi-
tion (i.e., Na+ /Ca2+ , Na+ /K+ , Ca2+ /Mg2+ , and Cl-/NO3

- in plant tissues) (Grattan 
and Grieve 1992). Ca deficiency symptoms are common when the Na+ /Ca2+ ratio is 
high in soil water. Soil salinity significantly reduces plant phosphorus (P) uptake 
because phosphate ions precipitate with Ca ions (Bano and Fatima 2009). Some 
elements, such as sodium, chlorine, and boron, have specific toxic effects on plants. 
Excessive sodium accumulation in cell walls can rapidly lead to osmotic stress and 
cell death (Munns 2002). Plants sensitive to these elements may be affected at 
relatively low salt concentrations if the soil contains enough of the toxic element. 
Because many salts are also plant nutrients, high salt levels in the soil can upset the 
nutrient balance in the plant or interfere with the uptake of some nutrients (Blaylock 
1994). 
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Salinity has direct effects on the nutrient imbalance between soil and plant. The 
most important harmful effect of salinity is the sodium and chloride ion accumula-
tion in plant tissues and soil (Nishimura et al. 2011). High sodium ion (Na+ ) 
concentration has an antagonistic effect on potassium (K+ ) ions (Jung et al. 2009). 
Moreover, N uptake reduction by the plant has also been observed under high salt 
conditions (Abdelgadir et al. 2005). Similarly, salinity has an antagonistic effect 
on P, K+ , Zn, Fe, Ca2+ , and Mn, while it has a synergistic effect on N and Mg in field 
crops such as rice (Jung et al. 2009; Garcia et al. 2010). The entrance of sodium and 
chloride ions into the plant cell from the soil causes ion imbalance in plant and soil, 
and excessive uptake of these ions by plants causes many problems related to the 
physiology of plant tissues such as root, leaf, grain, fruit, or fiber (James et al. 2011). 
Similarly, the reduction of plant osmotic potential, excessive uptake of Na+ and Cl-

in the cell, and disruption of cell metabolic functions are due to ion toxicity (James 
et al. 2011). Excessive sodium ion in plant tissues harms the cell membrane and plant 
organelles, resulting in cell death of plant (Siringam et al. 2011). 

Ionic toxicity occurs when concentrations of salts are imbalanced inside cells and 
inhibit cellular metabolism and processes. Sodium ions at the root surface disrupt 
plant nutrition of the similar cation potassium by inhibiting both potassium uptake 
and enzymatic activities within the cell. Ion toxicity is the result of replacement of 
K+ by Na+ in biochemical reactions, and Na+ and Cl- induced conformational 
changes in proteins. For several enzymes, K+ acts as a cofactor and cannot be 
substituted by Na+ . High K+ concentration is also required for binding tRNA to 
ribosomes and thus protein synthesis (Zhu 2002). Ion toxicity and osmotic stress 
cause metabolic imbalance, which in turn leads to oxidative stress (Chinnusamy 
et al. 2006). Specific ion toxicity, which results from the excessive uptake of certain 
ions, is the primary cause of growth reduction under salt stress (Chinnusamy et al. 
2005). Toxic ions in salt-affected soils are usually sodium, chloride, and sulfate 
(Ghassemi et al. 1995; Munns and Tester 2008). Excessive sodium ion (Na+ )



accumulation causes ion toxicity and interferes with plant metabolism, while accu-
mulation of potassium ion (K+ ) can alleviate Na+ toxicity by adjusting osmotic 
potential through ion balance. Many physiological studies have demonstrated that 
Na+ toxicity is not only due to toxic effects of Na+ in the cytosol but also because K+ 

homeostasis is disrupted possibly due to the ability of Na+ to compete for K+ binding 
sites. Similarly, the reduction of plant osmotic potential, excessive uptake of Na+ and 
Cl- in the cell, and disruption of cell metabolic functions are due to ion toxicity 
(James et al. 2011). Excessive sodium ion in plant tissues harms the cell membrane 
and plant organelles, resulting in cell death of plant (Siringam et al. 2011). 
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1.2 Management Strategies 

1.2.1 Drought 

In the theory of evolution by Darwin, he describes “survival of the fittest” which 
means that a fit individual survives and others diminish. Only those crops which are 
successful under a harsh environment can withstand stress. It is crucial for crop 
scientists to develop strategies to make the crop plants fit for harsh environmental 
conditions under climate change. Various management strategies have been opted by 
different scientists in different agroclimatic regions to improve crop performance 
under drought stress. These strategies are discussed critically in the following 
section. These approaches have significant potential to overcome the drastic effects 
of drought, but their application is mostly limited to lab conditions. 

1.2.1.1 Use of Mineral Nutrients and Organic Manures 
Water stress induces a reduction in plant tissue water levels and subsequently affects 
leaf water potential, leaf elongation, leaf photosynthesis, protein synthesis, N metab-
olism, and cell membrane properties which leads to a reduction in plant productivity 
(Shangguan et al. 2000). Mineral nutrients are usually taken from soils as inorganic 
ions required for plant growth and development. Under drought conditions, nutrient 
uptake is impaired due to reduced soil moisture, leading to the slow diffusion of 
mineral nutrients from the soil to the root surface. Hence, the translocation speed to 
the leaves is also reduced. Drought induces early closure of stomata, thus reducing 
the transpiration rate, and also limits the transport of nutrients from the root to the 
shoot. Thus, drought stress reduces the availability and transport of nutrients in the 
soil matrix and plant tissues (Silva et al. 2011). However, adequate nutrition of 
plants under water deficit may improve the performance of crops. N and K are 
primary macronutrients required by plants in large amounts and govern several 
developmental processes such as photosynthesis, translocation of photosynthates 
from roots to shoots, protein synthesis, stomatal closure, water use efficiency, and 
regulation of enzymes (Salami and Saadat 2013). The application of nitrogen 
significantly improved crop performance under drought stress. N also plays a 
significant role in preventing plasma membrane damage and osmotic adjustment. 
N application under drought stress increases N, K, Ca, and glycine betaine



concentrations in leaf tissues. Drought stress enhances malondialdehyde (MDA) 
concentration in leaves, while nitrogen supplementation reduces MDA in both 
control and water-stressed plants (Saneoka et al. 2004). Under drought stress, 
nitrogen supply improves photosynthetic pigment contents and photosynthetic 
capacity by increasing leaf area (LA), enhancing photosynthetic efficiency, and 
alleviating photo-damage under water stress (Wu et al. 2008). Crops significantly 
enhance their water usage ability and help in drought resistance with phosphorus 
application (Hansel et al. 2017). Under drought stress P nutrition increases the root 
growth (Singh and Sale 1998), increases stomatal conductance and faster the nitrate 
reductase activity (Oliveira et al. 2014), leaf area and photosynthesis (Singh et al. 
2006), higher cell-membrane stability and water relations (Kang et al. 2014). 
Potassium is well-known for its osmoregulatory functions in crops. It regulates 
stomatal conductance and water uptake; the optimum K application increases 
WUE (Jatav et al. 2014). Potassium fertilization facilitates plant tolerance via 
different mechanisms such as osmotic adjustment, maintaining the activity of 
aquaporins and hence water uptake, cell elongation, promotion of root growth and 
cell membrane stability, stomatal regulation, as well as detoxification of reactive 
oxygen species resulting in improved drought stress tolerance (Wang et al. 2013). 
These nutrients enhance the tolerance against drought stress by improving protein 
synthesis, stomatal regulation, homeostasis, and osmoregulation through quenching 
the ROS (Cakmak 2005). Organic manures are another viable option that improves 
drought tolerance when applied alone or in combination with synthetic fertilizers 
(Esmaeilian et al. 2012). These manures are a beneficial source of significant 
nutrients and affect the temporal dynamics of nutrient availability through improving 
soil physicochemical properties (Paul and Beauchamp 1993). Vermicomposts have 
consistently improved seed germination, growth, and development more than 
converting mineral nutrients into more plant-available forms. Taleshi et al. (2012) 
detected that seed yield and yield components increased with the application of 
vermicomposts under water stress. 
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1.2.1.2 Seed Priming 
Drought stress exposure adversely affects plant growth and productivity via 
non-normal physiological processes. Various seed priming techniques have been 
experimented to mitigate the adverse effect of drought stress on plant performance. 
Priming is an alternative technique to overcome these limitations and serves as a 
means to boost the stress tolerance potential of plants (Sen and Puthur 2020a; 
Thomas and Puthur 2020). Seed priming is a pre-sowing seed treatment that allows 
the controlled hydration of seeds to imbibe water and go through the first stage of 
germination but does not allow radical protrusion through the seed coat (McDonald 
2000). Pre-sowing seed priming consists of priming the seeds in water with or 
without organic and inorganic salts in a controlled environment, followed by 
shade drying before sowing. The hydration process is performed using different 
techniques, e.g., immersion of seeds in water (hydropriming), osmotic solution 
(osmotic priming), chemicals (chemical priming), or hormones (hormonal priming) 
(Nawaz et al. 2013).
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Priming can improve germination by enhancing the physiological metabolism 
like the activity of alfa amylase and increase in soluble and proline contents during 
germination without involving any lag phase or activation period, which increases 
seedling vigor in normal and stress conditions (Singhal and Bose 2020). Seed 
priming helps to ameliorate drought stress by adopting several strategies such as 
early mobilization of seed food reserves, elongation of embryo cells, endosperm 
weakening, etc., which enhances the pre-germination metabolic activities resulting 
in uniform and high germination percentages (Chen and Arora 2013). Priming has a 
critical function in improving germination and growth in a variety of crops under 
various abiotic stressors (Paparella et al. 2015; Zheng et al. 2016; Hussain et al. 
2017). It activates numerous stress-responsive genes, enabling earlier germination 
and greater abiotic stress tolerance (Manonmani et al. 2014; Paparella et al. 2015; 
Wojtyla et al. 2016). Seed priming induces mild plant stress and activates stress-
responsive genes and proteins, like late embryogenesis abundant (LEAs), that 
potentially cause drought stress tolerance (Chen and Arora 2013; Sen and Puthur 
2020b; Thomas and Puthur 2020). Seed treatments prior to germination induce a 
particular physiological state called primed state, which augments several cellular 
responses (Wojtyla et al. 2016). As a result, plants are equipped to respond quickly 
to further stress exposure (Farooq et al. 2020). The seedlings emerging from primed 
seeds are characterized by early and uniform germination, and an overall enhance-
ment in various growth features can be noted in its life span (Jisha et al. 2013; Huang 
et al. 2020; Khalaki et al. 2021). 

Seed priming is an easy and non-monitoring technique that shows noticeable 
results in improving plant establishment and growth development, particularly under 
abiotic stress conditions. Therefore, seed priming can be used to ameliorate the 
negative effects of drought stress on germination, growth, and yield of crops to a 
significant extent. 

1.2.1.3 Application of Plant Antitranspirants 
Water deficit is one of the main abiotic stresses, restricting the growth and produc-
tivity of plants and causing alternations in plant physiology and biochemistry (Bakry 
et al. 2016). Nearly 95–98% of the water absorbed by the plant is lost in transpiration 
(Prakash and Ramachandran 2000; Gaballah et al. 2014). Antitranspirants are 
chemical compounds that favor reduced transpiration rates from plant leaves by 
reducing the size and number of stomata and gradually hardening them to stress 
(Ahmed and Ahmed 2014; El-Khawaga 2013). Applying plant antitranspirants is 
one of the main tools to balance leaf transpiration and water loss prevention (Goreta 
et al. 2007). It is a substance involved in increasing drought stress resistance. Foliar 
sprays markedly increase all growth parameters and relative water content and may 
reduce transpiration. Based on the mode of action, antitranspirants are classified into 
three types. The metabolic or stomata closing type such as exogenous abscisic acid 
(ABA) reduces transpiration by physiologically inducing stomatal closure 
(AbdAllah et al. 2018). The reflective class (e.g., kaolin) enhances leaf surfaces’ 
light reflectance properties to minimize leaf temperature and consequently the 
transpiration rate (Glenn 2012). The third group, called the film-forming

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/alpha-amylase
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/proline
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/endosperm


antitranspirants (e.g. di-1-p-menthene), as used here, reduce transpiration by physi-
cally blocking stomatal pores when a spray application has dried on the leaf surface 
(Palliotti et al. 2010). Kaolin spray was found to decrease leaf temperature by 
increasing leaf reflectance and to reduce transpiration rate more than photosynthesis 
in many plant species grown at high solar radiation levels (Nakano and Uehara 
1996). Film-forming and reflecting antitranspirant were found to be nontoxic and 
have a longer period of effectiveness than metabolic types. Kaolin spray reduces leaf 
temperature through rising leaf reflectance which decreases the transpiration rate 
more than the photosynthesis of plants grown at high solar radiation levels (Nakano 
and Uehara 1996). Studies by Cantore et al. (2009) reported that on tomato and 
potato, the foliar application of kaolin suspension reduces plant stress which is 
essential for the best plant growth, yield, and quality. Water stress substantially 
impacts yield. Hence, the application of antitranspirant immediately prior to this 
stage may conserve water and improve grain set which could outweigh the photo-
synthetic limitations (Kettlewell et al. 2010). 
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1.2.1.4 Planting Density and Planting Date 
Beyond the use of water deficit, another option to increase yield is the planting 
density technique. Optimization of plant density is the main strategy for increasing 
yield. The increase in planting density should be carefully chosen so that intraspe-
cific competition does not happen and it results in the best use of available resources 
for grain growth and yield. Higher planting densities have enabled earlier canopy 
closure, which increases the season total light interception per ground area (Thornley 
1983) and also reduces soil evaporation (Richards 1991) which otherwise helps limit 
water available for transpiration that supports photosynthesis. Nielsen et al. (2002) 
and Parker et al. (2016) pointed out that too early maize planting was associated with 
potentially under-optimal soil and weather planting conditions, while too late plant-
ing exposes plants to a reduced growing season length, low temperatures, and 
low-income solar radiation. Crop dry biomass and kernel weight decrease with 
delayed planting date due to low and decreasing temperature and radiation during 
the grain filling stage (Andrade et al. 1993). 

1.2.2 Salinity 

Soil salinization is a serious land degradation problem in most coastal regions 
worldwide due to the use of saline water for irrigation (Chi et al. 2021; Huang 
et al. 2022; Sun et al. 2020). Appropriate land management is an important prereq-
uisite for improving the soil quality and productivity of saline soil (Basak et al. 
2022). There are two groups of management strategies against salinity: first one is 
natural adaptation responses toward salinity, and second are human-made manage-
ment strategies to handle the salinity stress in field crops or plants. Salinity occurs 
because of excessive accumulation of soluble salts via soil chemical properties and 
irrigated water. As a result of salinity stress and ion (Na+ and Cl) toxicity, the 
disturbance of ion imbalance occurs. The natural management strategies by the



plants to salinity stress are based on three strategies: (1) exclusion of Na+ from the 
cytoplasm due to low uptake or pumping out of the ion from the cell by active 
mechanisms, (2) requisitioning of Na+ into the vacuole, and (3) preferential accu-
mulation in the leaf tissues. Among the human-made management strategies, the 
salinity problems can manage plant growth by adopting agronomic strategies such as 
water and nutrient management to improve soil health, plant growth, and input use 
efficiency (IUE) under salinity (USSLS 1954). 
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1.2.2.1 Physical Management of Saline Soil 
1. Scraping: When soluble salt accumulates on the soil surface, scraping helps to 

remove salts. The salts accumulated on the surface can be removed by mechanical 
means. This is the simplest and most economical way to reclaim saline soils if the 
area is very small, e.g., small garden lawn or a patch in a field. This improves 
plant growth only temporarily as the salts accumulate again and again. 

2. Subsoiling: Soil in deep layers has less salt content compared to above layers. 
Subsoiling breaks the top custard soil and makes more permeable. Subsoiling is 
“deep ripping” to improve soil properties at deeper layers where a dense soil layer 
(or hard pan) exists, thereby limiting the penetration of roots and water 
infiltration. 

3. Deep plowing: Chisel plow is needed for deep plowing in order to increase the 
permeability for better leaching. 

4. Leveling: Surface leveling is to get uniform leaching entire land should be 
levelled avoiding unnecessary wastage of water. 
Flushing: Washing of surface salts by flushing water. This is especially practica-
ble for soils having a crust and low permeability. However, this is not a sound 
method of practice. 

5. Sand mixing: Permeability was very low in heavy clay soil. Applying and mixing 
sand in soil with 30–40% clay content increases the permeability and gets higher 
leaching efficiency. 

6. Leaching: When soil elements, after dissolving with water, go down from the 
upper parts to the lower level, it is called leaching. Dissolve and translocate the 
soluble salts downward below 45–60 cm. This water, along with the water supply 
to crops, takes away salts after dissolving them. That is why more water is 
required in this method. This process is mostly adopted in the dry season. The 
fields are divided into small fragments through bunding on the boundary so that 
water is conserved there, reducing the effect of salts. This salt accumulation can 
be controlled by applying water in addition to the ET water requirement of the 
crop. This extra water will usually push the salts below the root zone. The 
amounts of water required for leaching (leaching requirement—LR) can be 
calculated by standard procedures (Ayers and Westcot 1985). 
Leaching requirement: The amount of water needed to remove the excess soluble 
salts from the saline soils is called the leaching requirement or the fraction of the 
irrigation water that must be leached through the root zone or soil profile to 
control soil salinity at any specific level (salt balance):
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Leaching Requirement LRð Þ= 
ECiw 

ECdw 
= 

Ddw 

Diw 

where 
EC = electrical conductivity in dS m-1 

iw = EC of irrigation water in dS m-1 

dw = EC of drainage water in dS m-1 

Ddw = depth of drainage water in in. 
Diw = depth of irrigation water in in. 

7. Drainage: An effective and good drainage system is required to flush excess salts 
from the root zone. It requires lowering the groundwater table and effectively 
leaching salts from the root zone. “Biodrainage” is also practiced as it involves 
growing certain trees along the canal or field boundaries, of which water demand 
is very high. It controls salinity and rising water tables. 

8. Subsurface drainage: It is used to remove excess water present in the root zone. It 
brings down the water table and provides air circulation in the root zone. Tiles 
improve subsurface drainage. Besides this, tube wells are also installed in the area 
of the shallow water table to improve vertical drainage which helps in lowering 
water table. 

1.2.2.2 Chemical Method 

Gypsum Application 
Sodium content and presence of carbonate and bicarbonate of the soil increased ESP 
more than 15 or pH more than 8 (saline-sodic soil) for replacing the Na+ by Ca2+ and 
subsequent leaching of Na+ . Gypsum is primarily used on Na-affected soils as a 
source of Ca2+ ions to displace Na+ ions, which tend to disperse soil particles and 
restrict water infiltration. The resulting displaced Na+ ions are leached readily from 
the soil profile. Gypsum is a neutral salt that does not directly reduce pH. However, it 
can indirectly lower the pH of sodic soils by reducing the hydrolysis reactions 
associated with Na+ ions on the exchange complex. 

Nutrient Addition 
Salt-affected soils suffer from many troubles around the world, such as limited crop 
production due to their abiotic stresses, particularly in arid and semiarid regions 
(Nan et al. 2016; Zhang et al. 2017). Proper plant nutrition is one of the most 
important strategies to alleviate this salt stress in crop production. In general, plants 
uptake their nutrients from the soil solution and/or by foliar application for plant 
growth, development, and other processes. The bioavailability of these soil nutrients 
is totally controlled by many factors, including soil characterization (e.g., soil pH, 
salinity, nutrient biogeochemical cycles, and physicochemical processes) and envi-
ronmental and climatic changes. Concerning the effects of soil salinity on the 
nutrition of plants, nutrient plant disturbances reduce plant growth by affecting the 
transport and partitioning of different nutrients. Soil salinity also may cause 
deficiencies or imbalances in plant nutrients, due to the competition of Na+ and



Cl- with many plant nutrients such as Ca2+ , K+ , and NO3
--N. Plant nutrients give 

the plants full power during their entire life and help plants ameliorate different 
stresses including abiotic and biotic. The use of fertilizers in somewhat greater 
quantities than normal in saline soils is beneficial. Application of nutrients like 
NPK and magnesium reduces the toxicity effects of saline soil and raise optimum 
crop growth and yield. Nitrate reduces chloride uptake, while potassium reduces Na 
uptake (Martinez and Cerda 1989). K+ foliar and soil application significantly 
reduces the toxic effect of saline soil by maintaining the water balance and ion 
ratio (Golezani and Abriz 2018). Normally, deficit of zinc, iron, manganese, and 
nitrogen elements is found in saline soils. Hence, productivity can be increased by 
the use of these elements. Foliar selenium and silicon in combination or alone 
improved transpiration rate, water relations, photosynthetic attributes, chlorophyll 
contents, and the growth of wheat seedlings under stressed conditions. This increase 
is due to the accumulation of osmoprotectants (e.g., proline, soluble protein, and 
soluble sugar) and the increase in antioxidant enzyme activity (Sattar et al. 2017). 
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1.2.2.3 Organic Manure 
Soil salinization is a serious land degradation problem in most coastal regions 
worldwide due to the use of saline water for irrigation (Chi et al. 2021; Huang 
et al. 2022; Sun et al. 2020). Appropriate soil management is an essential prerequi-
site for improving the soil quality and productivity of saline soil. Soil management 
practices include tillage, mulching, and crop residue management. In general, a large 
amount of organic residue and waste are produced in the world every year; more 
importantly, the improper disposal of these organic residues has led to severe 
environmental pollution and nutrient losses (Bai et al. 2016; Hazrati et al. 2020; 
Jia et al. 2018). Recycling these organic residues to farmland is a common agricul-
tural practice for increasing soil fertility and agricultural productivity during decades 
(Meena et al. 2016; Sun et al. 2020; Wu et al. 2021). Organic amendments, such as 
livestock manure, plant residue and waste, and bioorganic fertilizer, are better 
practices to reclaim saline soil by alleviating soil salinity, improving soil fertility, 
and promoting crop growth (Chen et al. 2021; Cui et al. 2021; Huang et al. 2019; 
Leogrande and Vitti 2018; Wu et al. 2019). Straw mulching is very promising option 
for farmers to control soil salinity as it reduces soil water evaporation and regulates 
soil water and soil movement. Straw mulching seems to decrease the salt content on 
the surface of the soil by regulating the salt vertical distribution, which could reduce 
the salt damage to the crops, enhance their yields, and reduce the risk of soil 
salinization and erosion. Mulching with crop residues or live crops reduces the 
evaporation of moisture from the soil surface compared to barren soil. It reduces 
salts’ upward pull from groundwater table (Siyal et al. 2001). Organic manure has a 
high water-holding capacity. When a sufficient amount of organic manure is added, 
the water holding capacity of soil increases. As a result, the conductivity of the soil 
solution decreases.

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/crop-residue
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/soil-salinity
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/water-evaporation


(continued)
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1.2.2.4 Seed Priming 
Salt stress substantially reduces and delays germination in crops due to salinity-
induced osmotic stress and toxic effects of Na+ and Cl- ions on germinating seeds. 
Different strategies are used to improve the salinity tolerance of other cultivated 
crops; one of the best approaches is seed priming, which has been evaluated as an 
active method to alleviate salinity stress (Munns and Gilliham 2015; Banerjee and 
Roychoudhury 2018; Farooq et al. 2019). Seed priming is a short-term and prag-
matic approach to coping with salt stress. In seed priming, seeds can imbibe in low 
water potential, permitting partial imbibition without radicle protrusion. Seed 
priming enables faster and better germination in plants under stressful conditions. 
Primed seeds can activate the signal pathways during the early growth stage and 
trigger a faster stress response. This condition stimulates many of the metabolic 
processes involved with the early phases of germination, and it has been noted that 
seedlings from primed seeds emerge faster, grow more vigorously, and perform 
better in adverse conditions (Cramer 2002). 

1.2.2.5 Selection of Crops and Crop Rotations 
Using salt-tolerant crops is one of the most important strategies to solve the problem 
of salinity. Salt-tolerant agricultural crops are recommended to grow in salt-affected 
soils to reduce crop yield losses under saline conditions. Salt-tolerant varieties have 
been developed which grow very well in these soils. Salt-tolerant crops and cultivars 
capable of increasing in unreclaimed or partially reclaimed soils represent such a 
strategy. Salt-tolerant cultivars give stable yields and significantly reduce the need to 
apply amendments to enhance soil productivity (ICAR–CSSRI 2015). 

On the basis of crop tolerance to the quality of irrigation water or soil salinity, the 
crops can be classified in four groups. 

1 Highly tolerant 
crops 

Barley, sugar beet, date palm, cotton 

2 Tolerant Wheat, rice, sorghum, maize, tapioca, mustard, coconut, spinach, 
Amaranthus, pomegranate, guava, ber 

3 Semi-tolerant Ash gourd, bitter gourd, brinjal, cabbage, cluster bean, pea, lady’s finger, 
muskmelon, onion, potato, dolichos, sweet potato, tomato, turnip, water 
melon 

4 Sensitive Radish, carrot, tomato, potato, onion, coriander, cumin, mint, grape, 
sweet orange 

S. No. Crops Varieties 

1 Rice CSR10, CSR13, CSR23, CSR27, Basmati CSR30, CSR36, CSR43, 
CSR46, CSR49, CSR52, CSR56, CSR60, and CSR76 

2 Wheat KRL283, KRL213, KRL210, KRL19, KRL 1-4 

3 Mustard CS 60, CS 58, CS 56, CS 54, CS 52 

4 Chickpea Karnal Chana-1 

5 Lentil PDL-1, PSL-9
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S. No. Crops Varieties 

6 Dhaincha CSD 137, CSD 123 

These soils should not be kept fallow, but cultivation should be continuously 
done according to crop rotation. Crops should be sown which can bear salts, mainly 
beet, potato, barley, wheat, cotton, etc. 

1.2.2.6 Irrigation Practices (Method of Water Application 
and Frequency of Irrigation) 

Water management is very crucial to manage salt-affected soils. Efficient irrigation 
through modification in irrigation scheduling and decreasing water consumption 
may reduce salinization process. The irrigation method and volume of water applied 
have a pronounced influence on salt accumulation and distribution. Flood irrigation 
and an appropriate leaching fraction generally move salts below the root zone. 
Different irrigation methods like drip irrigation, sprinkler irrigation, and furrow-
irrigated plot are helpful in reducing the saline condition. Drip irrigation is consid-
ered the most efficient because it applies water precisely at the root zone. The water 
application is more or less uniform and can be operated frequently. It maintains high 
soil matric potential (SMP) in the root zone and thus compensates for the decreased 
osmotic potential caused by irrigation with saline water (Goldberg et al. 1976). Drip 
irrigation has the potential of increased yield under saline soil conditions. In drip-
irrigated plots, water moves away from the emitter and salts concentrate where the 
water evaporates. Unlike flood irrigation, drip irrigation might increase the risk of 
salinization of upper soil horizons but prevents salt from leaching to groundwater 
(Marchand and Abd El Hadi 2002). Similar results can be obtained with a properly 
managed sprinkler irrigation system. In furrow-irrigated plots, water moves from the 
furrow into the bed via capillary flow. When adjacent furrows are irrigated, salts 
concentrate in the center of the intervening bed. Manipulating bed shape and 
planting arrangement are often used to avoid salt damage in furrow-irrigated row 
crops. 

When adopted, an irrigation system should permit frequent, uniform, and efficient 
water application with as minimum percolation loss as possible, but without 
curtailing essential leaching requirements. In addition, a good irrigation system 
should also avoid using saline water at the seed germination stage (a very sensitive 
stage). Where appropriate and good quality water is also available, farmers should 
practice using recycled water for irrigation. Salinity affects the sprouting of seeds. 
Hence, during the first irrigation, more quantity of water should be supplied to 
neutralize the effect of salts. Thereafter, even during subsequent irrigation, along 
with reducing the quantity of water, even the duration between two irrigations 
should be reduced so that soil does not get dry and the dissolution of salts continues 
in the soil. Deficit irrigation involves the application of water below full crop water 
requirements, so that a mild crop water stress is allowed with bearable effects on 
yield. Deficit irrigation strategies save water but also have the potential to improve



the management of soil salinity by better control of rising water tables and by 
reducing the ingress of salts by irrigation water. 
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1.3 Conclusions 

Salinity and drought are two of the most serious abiotic stresses that threaten crop 
productivity worldwide. Drought affects more than 10% of arable land, causing 
desertification, especially in arid and semiarid areas, while salinization is rapidly 
increasing on a global scale, declining average yields for most major crops. Drought 
is the most severe hazard to agriculture in nearly every part of the world. Drought 
stress is well recognized as a limiting factor that alters multiple aspects of plant 
growth and development. Salinity not only decreases the agricultural production of 
most crops but also affects soil physicochemical properties and ecological balance of 
the area. Therefore, it is necessary to improve management techniques to reduce the 
damage caused by drought and salinity. Therefore, a holistic approach considering 
the different management options to deal with drought and salinity stress may be a 
win-win approach in the future. Therefore use of mineral nutrients and organic 
manures, seed priming, application of plant antitranspirants, planting density, plant-
ing date, selection of tolerant crops, varieties, crop rotation, method of water 
application, and frequency of irrigation play critical roles in plant adaptation to 
salinity and drought stress. These management strategies are useful for stress 
management in arid and semiarid climates. 

References 

Abbasi T, Abbasi SA (2010) Biomass energy and the environmental impacts associated with its 
production and utilization. Renew Sust Energ Rev 14:919–937 

AbdAllah AM, Burkey KO, Mashaheet AM (2018) Reduction of plant water consumption through 
anti-transpirants foliar application in tomato plants (Solanum lycopersicum L). Sci Hortic 
Amsterdam 235:373–381. https://doi.org/10.1016/j.scienta.2018.03.005 

Abdelgadir EM, Oka M, Fujiyama H (2005) Nitrogen nutrition of rice plants under salinity. Biol 
Plant 49(1):99–104 

Adnan M, Fahad S, Zamin M, Shah S, Mian IA, Danish S, Zafar-ul-Hye M, Battaglia ML, Naz 
RMM, Saeed B et al (2020) Coupling phosphate-solubilizing bacteria with phosphorus 
supplements improve maize phosphorus acquisition and growth under lime induced salinity 
stress. Plants 9:900 

Ahmed Y, Ahmed M (2014) Impact of spraying some antitranspirants on fruiting of Williams 
bananas grown under Aswan Region conditions. Stem Cell 5(4):34–39 

Akbarimoghaddam H, Galavi M, Ghanbari A, Panjehkeh N (2011) Salinity effects on seed 
germination and seedling growth of bread wheat cultivars. Trakia J Sci 9(1):43–50 

Andrade FH, Uhart SA, Cirilo A (1993) Temperature affects radiation use efficiency in maize. Field 
Crop Res 32:17–25 

Arbona V, Manzi M, de Ollas C, Gómez-Cadenas A (2013) Metabolomics as a tool to investigate 
abiotic stress tolerance in plants. Int J Mol Sci 14:4885–4911 

Arzani A, Ashraf M (2016) Smart engineering of genetic resources for enhanced salinity tolerance 
in crop plants. Crit Rev Plant Sci 35:146–189. https://doi.org/10.1080/07352689.2016.1245056

https://doi.org/10.1016/j.scienta.2018.03.005
https://doi.org/10.1080/07352689.2016.1245056


20 P. G. Soni et al.

Ashraf M (2004) Some important physiological selection criteria for salt tolerance in plants. Flora 
199:361–376 

Ashraf M, Harris PJC (2013) Photosynthesis under stressful environments: an overview. 
Photosynthetica 51:163–190. https://doi.org/10.1111/plb.12014 

Ayers RS, Westcot DW (1985) Water quality for agriculture. FAO irrigation and drainage paper 29 
Rev. 1. FAO, United Nations, Rome, p 174 

Bai Z, Ma L, Jin S, Ma W, Velthof GL, Oenema O, Liu L, Chadwick D, Zhang F (2016) Nitrogen, 
phosphorus, and potassium flows through the manure management chain in China. Environ Sci 
Technol 50:13409–13418 

Bakry AB, Ibrahim FM, Abdallah MMS, El-Bassiouny HMS (2016) Effect of banana peel extract 
or tryptophan on growth, yield and some biochemical aspects of quinoa plants under water 
deficit. Int J Pharm Tech Res 9(8):276–287 

Banerjee A, Roychoudhury A (2018) Seed priming technology in the amelioration of salinity stress 
in plants. In: Rakshit A, Singh H (eds) Advances in seed priming. Springer, Singapore, pp 
81–93. https://doi.org/10.1007/978-981-13-0032-5_5 

Bano A, Fatima M (2009) Salt tolerance inZea mays (L.) following inoculation with 
RhizobiumandPseudomonas. Biol Fertil Soils 45:405–413 

Banuls J, Legaz F, Primo-Millo E (1990) Effect of salinity on ion content, water relations and gas 
exchange parameters in some scion-rootstock combinations. J Hort Sci 65:714–724 

Barber SA (1995) Soil nutrient bioavailability: a mechanistic approach, 2nd edn. Wiley, 
New York, NY 

Basak N, Rai AK, Sundha P, Meena RL, Bedwal S, Yadav RK, Sharma PC (2022) Assessing soil 
quality for rehabilitation of salt-affected agroecosystem: a comprehensive review. Front Environ 
Sci 10. https://doi.org/10.3389/fenvs.2022.935785 

Bassiri A, Khosh-Khui M, Rouhani I (1977) The influences of simulated moisture stress conditions 
and osmotic substrates on germination and growth of cultivated and wild safflowers. J Agric Sci 
88(1):95–100. https://doi.org/10.1017/S0021859600033815 

Battaglia ML, Lee C, Thomason W, Van Mullekom J (2020) Effects of corn row width and 
defoliation timing and intensity on canopy light interception. Crop Sci 59:1718–1731 

Bayoumi TY, Eid M, Metwali EM (2008) Application of physiological and biochemical indices as a 
screening technique for drought tolerance in wheat genotypes. Afr J Biotechnol 7:2341–2352 

Benlloch-González M, Quintero JM, García-Mateo MJ, Fournier JM, Benlloch M (2015) Effect of 
water stress and subsequent re-watering on K+ and waterflows in sunflower roots: a possible 
mechanism to tolerate water stress. Environ Exp Bot 118:78–84 

Bista DR, Heckathorn SADM, Jayawardena S, Mishra JK (2018) Boldt effects of drought on 
nutrient uptake and the levels of nutrient-uptake proteins in roots of drought-sensitive 
and-tolerant grasses. Plants 7:28 

Blaylock AD (1994) Soil salinity, salt tolerance and growth potential of horticultural and landscape 
plants. Co-operative Extension Service, University of Wyoming, Department of Plant, Soil and 
Insect Sciences, College of Agriculture, Laramie, WY 

Boursiac Y, Chen S, Luu DT, Sorieul M, van den Dries N, Maurel C (2005) Early effects of salinity 
on water transport in Arabidopsis roots. Plant Physiol 139:790–805. https://doi.org/10.1104/pp. 
105.065029 

Bradford KJ, Hsiao TC (1982) Physiological responses to moderate water stress. In: Physiological 
plant ecology. II. Springer, Berlin, pp 263–324 

Bray EA, Bailey-Serres J, Weretilnyk E (2000) Responses to abiotic stresses. Biochemistry and 
molecular biology of plants. American Society of Plant Physiologists, Rockville 

Brodersen CR, Roddy AB, Wason JW, McElrone AJ (2019) Functional status of xylem through 
time. Annu Rev Plant Biol 70:407–433 

Brugnoli E, Bjorkman O (1992) Growth of cotton under continuous salinity stress: influence on 
allocation pattern, stomatal and non-stomatal components of photosynthesis and dissipation of 
excess light energy. Planta 128:335–337

https://doi.org/10.1111/plb.12014
https://doi.org/10.1007/978-981-13-0032-5_5
https://doi.org/10.3389/fenvs.2022.935785
https://doi.org/10.1017/S0021859600033815
https://doi.org/10.1104/pp.105.065029
https://doi.org/10.1104/pp.105.065029


1 Occurrence of Salinity and Drought Stresses: Status, Impact, and Management 21

Cakmak I (2005) The role of potassium in alleviating detrimental effects of abiotic stress in plants. J 
Plant Nutr Soil Sci 168:521–530 

Cantore V, Pace B, Albrizio R (2009) Kaolin-based particle film technology affects tomato 
physiology, yield and quality. Environ Exp Bot 66:279–288 

Chen K, Arora R (2013) Priming memory invokes seed stress-tolerance. Environ Exp Bot 94:33–45 
Chen M, Zhang S, Liu L, Wu L, Ding X (2021) Combined organic amendments and mineral 

fertilizer application increase rice yield by improving soil structure, P availability and root 
growth in saline-alkaline soil. Soil Tillage Res 212:105060 

Chi Z, Wang W, Li H, Wu H, Yan B (2021) Soil organic matter and salinity as critical factors 
affecting the bacterial community and function of Phragmites australis dominated riparian and 
coastal wetlands. Sci Total Environ 762:143156 

Chinnusamy V, Xiong L, Zhu J (2005) Use of genetic engineering and molecular biology 
approaches for crop improvement for stress environments. Abiotic stresses: plant resistance 
through breeding and molecular approaches. Food Product Press, New York, NY 

Chinnusamy V, Zhu J, Zhu J-K (2006) Gene regulation during cold acclimation in plants. Physiol 
Plant 126(1):52–61 

Cobb JN, De Clerck G, Greenberg A, Clark R, McCouch S (2013) Next-generation phenotyping: 
requirements and strategies for enhancing our understanding of genotype-phenotype 
relationships and its relevance to crop improvement. Theor Appl Genet 126:867–887. https:// 
doi.org/10.1007/s00122-013-2066-

Cornic G (2000) Drought stress inhibits photosynthesis by decreasing stomatal aperture–not by 
affecting ATP synthesis. Trends Plant Sci 5:187–188. https://doi.org/10.1016/S1360-1385(00) 
01625-3 

Corso D, Delzon S, Lamarque LJ, Cochard H, Torres-Ruiz JM, King A, Brodribb T (2020) Neither 
xylem collapse, cavitation, or changing leaf conductance drive stomatal closure in wheat. Plant 
Cell Environ 43:854–865 

Cramer GR (2002) Sodium-calcium interactions under salinity stress in Läuchli A, Lüttge salinity. 
Environ Plan 4:205–227 

Cui Q, Xia J, Yang H, Liu J, Shao P (2021) Biochar and effective microorganisms promote 
Sesbania cannabina growth and soil quality in the coastal saline-alkali soil of the Yellow 
River Delta, China. Sci Total Environ 756:143801 

Devincentis AJ (2020) Scales of sustainable agricultural water management. Ph.D. Thesis, Univer-
sity of California, Davis, CA, USA 

Earl HJ, Davis RF (2003) Effect of drought stress on leaf and whole canopy radiation use efficiency 
and yield of maize. Agron J 95(3):688–696 

El-Khawaga AS (2013) Response of Grand Naine banana plants grown under different soil 
moisture levels to antitranspirants application. Asian J Crop Sci 5:238–250 

El-Midaoui M, Talouizte A, Benbella M, Serieys H, Griveau Y, Berville A (2001) Effect of osmotic 
pressure on germination of sunflower seeds (Helianthus annuus L.). Helia 24:129–134 

Esmaeilian Y, Sirousmehr AR, Asghripour MR, Amiri E (2012) Comparison of sole and combined 
nutrient application on yield and biochemical composition of sunflower under water stress. Int J 
App 2(3):214–220 

FAO (2009) How to feed the world in 2050. FAO, Rome 
Farooq M, Wahid A, Kobayashi N, Fujita D, Basra SMA (2009) Plant drought stress: effects, 

mechanisms and management. Agron Sustain Dev 29:185–212. https://doi.org/10.1051/ 
agro:2008021 

Farooq M, Hussain M, Wahid A, Siddique KHM (2012) Drought stress in plants: an overview. In: 
Aroca R (ed) Plant responses to drought stress: from morphological to molecular features. 
Springer, Berlin, pp 1–36 

Farooq M, Usman M, Nadeem F, Rehman HU, Wahid A, Basra SMA et al (2019) Seed priming in 
field crops: potential benefits, adoption and challenges. Crop Past Sci 70(9):731–771. https:// 
doi.org/10.1071/CP18604

https://doi.org/10.1007/s00122-013-2066-
https://doi.org/10.1007/s00122-013-2066-
https://doi.org/10.1016/S1360-1385(00)01625-3
https://doi.org/10.1016/S1360-1385(00)01625-3
https://doi.org/10.1051/agro:2008021
https://doi.org/10.1051/agro:2008021
https://doi.org/10.1071/CP18604
https://doi.org/10.1071/CP18604


22 P. G. Soni et al.

Farooq M, Romdhane L, Al Sulti MK, Rehman A, Al-Busaidi WM, Lee DJ (2020) Morphological, 
physiological and biochemical aspects of osmopriming-induced drought tolerance in lentil. J 
Agron Crop Sci 206(2):176–186. https://doi.org/10.1111/jac.12384 

Flowers TJ, Yeo AR (1995) Breeding for salinity resistance in crop plants: where next? Aust J Plant 
Physiol 22:875–884. https://doi.org/10.1071/PP9950875 

Gaballah MS, Shaaban SM, Abdallah EF (2014) The use of anti-transpirants and organic compost 
in sunflower grown under water stress and sandy soil. Int J Acad Res 6:211 

Garcia MJ, Lucena C, Romera FJ, Alcántara E, Perez-Vicente R (2010) Ethylene and nitric oxide 
involvement in the upregulation of key genes related to iron acquisition and homeostasis in 
Arabidopsis. J Exp Bot 61:3885–3899 

Garg BK (2003) Nutrient uptake and management under drought: nutrient moisture interaction. 
Curr Agric 27:1–8 

Ghassemi F, Jakeman AJ, Nix HA (1995) Salinisation of land and water resources: human causes, 
extent, management and case studies. CAB international, Sydney, NSW 

Gimenez C, Gallardo M, Thompson RB (2005) Plant water relations. In: Hillel D (ed) Encyclopedia 
of soils in the environment. Elsevier, Oxford, pp 231–238 

Glenn MD (2012) The mechanisms of plant stress mitigation by kaolin-based particle films and 
applications in horticultural and agricultural crops. Hort Science 47:710–711 

Golezani GK, Abriz FS (2018) Foliar sprays of salicylic acid and jasmonic acid stimulate H+
-ATPase activity of tonoplast, nutrient uptake and salt tolerance of soybean. Ecotoxicol Environ 
Saf 166:18–25 

Goldberg D, Gornat B, Rimon DE (1976) Drip irrigation - principles, design and agricultural 
practices. Drip Irrigation Scientific Publications, Israel 

Goreta S, Leskovar DI, Jifon JL (2007) Gas exchange, water status, and growth of pepper seedlings 
exposed to transient water deficit stress are differentially altered by antitranspirants. J Am Soc 
Hortic Sci 132(5):603–610 

Grattan SR, Grieve CM (1992) Mineral element acquisition and growth response of plants grown in 
saline environments. Agric Ecosyst Environ 38:275–300 

Guan XK, Song L, Wang TC, Turner NC, Li FM (2015) Effect of drought on the gas exchange, 
chlorophyll fluorescence and yield of six different-era spring wheat cultivars. J Agron Crop Sci 
201:253–266. https://doi.org/10.1111/jac.12103 

Gunes A, Pilbeam DJ, Inal A, Coban S (2008) Influence of silicon on sunflower cultivars under 
drought stress, I: Growth, antioxidant mechanisms, and lipid peroxidation. Commun Soil Sci 
Plant Anal 39:1885–1903 

Guo J, Ling H, Wu Q, Xu L, Que Y (2014) The choice of reference genes for assessing gene 
expression in sugarcane under salinity and drought stresses. Sci Rep 4:7042. https://doi.org/10. 
1038/srep07042 

Habibi G (2013) Exogenous salicylic acid alleviates oxidative damage of barley plants under 
drought stress. Acta Biol Szeged 56:57–63 

Hafez EH, Abou El Hassan WH, Gaafar IA, Seleiman MF (2015) Effect of gypsum application and 
irrigation intervals on clay saline-sodic soil characterization, rice water use efficiency, growth, 
and yield. J Agric Sci 7:208–219 

Hansel FD, Amado TJ, Ruiz Diaz DA, Rosso LH, Nicoloso FT, Schorr M (2017) Phosphorus 
fertilizer placement and tillage affect soybean root growth and drought tolerance. Agron J 
109(6):2936–2944. https://doi.org/10.2134/agronj2017.04.0202 

Hazrati S, Farahbakhsh M, Heydarpoor G, Besalatpour AA (2020) Mitigation in availability and 
toxicity of multi-metal contaminated soil by combining soil washing and organic amendments 
stabilization. Ecotoxicol Environ Saf 201:110807 

Hojati M, Modarres-Sanavy S, Karimi M, Ghanati F (2011) Responses of growth and antioxidant 
systems in Carthamus tinctorius L. under water deficit stress. Acta Physiol Plant 33(1):105–112. 
https://doi.org/10.1007/s11738-010-0521-y 

Horie T, Kaneko T, Sugimoto G, Sasano S, Panda SK, Shibasaka M et al (2011) Mechanisms of 
water transport mediated by PIP aquaporins and their regulation via phosphorylation events

https://doi.org/10.1111/jac.12384
https://doi.org/10.1071/PP9950875
https://doi.org/10.1111/jac.12103
https://doi.org/10.1038/srep07042
https://doi.org/10.1038/srep07042
https://doi.org/10.2134/agronj2017.04.0202
https://doi.org/10.1007/s11738-010-0521-y


under salinity stress in barley roots. Plant Cell Physiol 52:663–675. https://doi.org/10.1093/pcp/ 
pcr027 

1 Occurrence of Salinity and Drought Stresses: Status, Impact, and Management 23

Hu Y, Schmidhalter U (1998) Spatial distributions and net deposition rates of mineral elements in 
the elongating wheat (Triticum aestivum L.) leaf under saline soil conditions. Planta 204(2): 
212–219. https://doi.org/10.1007/s004250050249 

Huang M, Zhang Z, Zhu C, Zhai Y, Lu P (2019) Effect of biochar on sweet corn and soil salinity 
under conjunctive irrigation with brackish water in coastal saline soil. Sci Hortic 250:405–413 

Huang L, Zhang L, Zeng R, Wang X et al (2020) Brassinosteroid priming improves peanut drought 
tolerance via eliminating inhibition on genes in photosynthesis and hormone signaling. Genes 
11(8):919. https://doi.org/10.3390/genes11080919 

Huang L, Liu Y, Ferreira JFS, Wang M, Na J, Huang J, Liang Z (2022) Long-term combined effects 
of tillage and rice cultivation with phosphogypsum or farmyard manure on the concentration of 
salts, minerals, and heavy metals of saline-sodic paddy fields in Northeast China. Soil Tillage 
Res 215:105222 

Hussain M, Farooq M, Lee DJ (2017) Evaluating the role of seed priming in improving drought 
tolerance of pigmented and non-pigmented rice. J Agron Crop Sci 203:269–276 

ICAR–CSSRI (2015) ICAR–Central Soil Salinity Research Institute Vision 2050. Indian Council 
of Agricultural Research, New Delhi 

Iyengar ERR, Reddy MP (1996) Photosynthesis in high salt-tolerant plants. In: Pesserkali M (ed) 
Hand book of photosynthesis. Marshal Dekar, Baten Rose, pp 56–65. 08247 9708 

James RA, Blake C, Byrt CS, Munns R (2011) Major genes for Na+ exclusion, Nax1 and Nax2 
(wheat HKT1;4 and HKT1;5), decrease Na+ accumulation in bread wheat leaves under saline 
and waterlogged conditions. J Exp Bot 62(8):2939–2947 

Jatav KS, Agarwal RM, Tomar NS, Tyagi SR (2014) Nitrogen metabolism, growth and yield 
responses of wheat (Triticum aestivum L.) to restricted water supply and varying potassium 
treatments. J Indian Bot Sociol 93(4):177–189. ISSN: 0019-4468 

Jia W, Qin W, Zhang Q, Wang X, Ma Y, Chen Q (2018) Evaluation of crop residues and manure 
production and their geographical distribution in China. J Clean Prod 188:954–965 

Jisha KC, Vijayakumari K, Puthur JT (2013) Seed priming for abiotic stress tolerance: an overview. 
Acta Physiol Plant 35(5):1381–1396. https://doi.org/10.1007/s11738-012-1186-5 

Jung JY, Shin R, Schachtman DP (2009) Ethylene mediates response and tolerance to potassium 
deprivation in Arabidopsis. Plant Cell 21:607–621 

Kader MA, Lindberg S (2010) Cytosolic calcium and pH signaling in plants under salinity stress. 
Plant Signal Behav 5(3):233–238 

Kang L, Yue S, Li S (2014) Effects of phosphorus application in different soil layers on root growth, 
yield, and water-use efficiency of winter wheat grown under semi-arid conditions. J Integr Agric 
13(9):2028–2039 

Karlowsky S, Augusti A, Ingrisch J, Akanda MKU, Bahn M, Gleixner G (2018) Drought-induced 
accumulation of root exudates supports post-drought recovery of microbes in mountain grass-
land. Front Plant Sci 9:1593 

Kettlewell PS, Heath WL, Haigh IM (2010) Yield enhancement of droughted wheat by film 
antitranspirant application: rationale and evidence. Agric Sci 01:143–147. https://doi.org/10. 
4236/as.2010.13017 

Khajeh-Hosseini M, Powell AA, Bimgham IJ (2003) The interaction between salinity stress and 
seed vigor during germination of soybean seeds. Seed Sci Technol 31:715–725 

Khalaki MA, Moameri M, Lajayer BA, Astatkie T (2021) Influence of nano-priming on seed 
germination and plant growth of forage and medicinal plants. Plant Growth Regul 93:13–28. 
https://doi.org/10.1007/s10725-020-00670-9 

Khan MG, Srivastava HS (1998) Changes in growth and nitrogen assimilation in maize plants 
induced by NaCl and growth regulators. Biol Plant 41:93–99 

Killingbeck KT (2004) Nutrients in senesced leaves: keys to the search for potential resorption and 
resorption proficiency. Ecology 77:1716–1727 

Kramer PJ, Boyer JS (1995) Water relations of plants and soils. Academic Press, New York, NY

https://doi.org/10.1093/pcp/pcr027
https://doi.org/10.1093/pcp/pcr027
https://doi.org/10.1007/s004250050249
https://doi.org/10.3390/genes11080919
https://doi.org/10.1007/s11738-012-1186-5
https://doi.org/10.4236/as.2010.13017
https://doi.org/10.4236/as.2010.13017
https://doi.org/10.1007/s10725-020-00670-9


24 P. G. Soni et al.

Ladrera R, Marino D, Larrainzar E, Gonzalez EM, Arrese-Igor C (2007) Reduced carbon availabil-
ity to bacteroids and elevated ureides in nodules, but not in shoots, are involved in the nitrogen 
fixation response to early drought in soybean. Plant Physiol 145:539–546. https://doi.org/10. 
1104/pp.107.102491 

Leogrande R, Vitti C (2018) Use of organic amendments to reclaim saline and sodic soils: a review. 
Arid Land Res Manag 33:1–21 

Lisar SY, Rahman IM, Hossain MM, Motafakkerazad R (2012) Water stress in plants: causes, 
effects and responses. IntechOpen, London 

Lobell DB, Burke MB, Tebaldi C, Mastrandrea MD, Falcon WP, Naylor RL (2008) Prioritizing 
climate change adaptation needs for food security in 2030. Science 319(5863):607–610. https:// 
doi.org/10.1126/science.1152339 

Luo W, Zuo X, Ma W, Xu C, Li A, Yu Q et al (2018) Differential responses of canopy nutrients to 
experimental drought along a natural aridity gradient. Ecology 99:2230–2239 

Lynch JP, Brown KM (2001) Topsoil foraging-an architectural adaptation of plants to low 
phosphorus availability. Plant Soil 237:225–237. https://doi.org/10.1023/A:1013324727040 

Manonmani V, Begum MAJ, Jayanthi M (2014) Halo priming of seeds. Res J Seed Sci 7:1–13 
Marchand M, Abd El Hadi H (2002) Long-term experiments comparing the impact on soils and 

field crops of potassium chloride vs. potassium sulfate. Acta Hortic 573:49–54 
Martinez V, Cerda A (1989) Influence of N source on rate of Cl, N, Na and K uptake by cucumber 

seedlings grown in saline condition. J Plant Nutr 12(8):971–983 
Martínez-Vilalta J, Garcia-Forner N (2017) Water potential regulation, stomatal behaviour and 

hydraulic transport under drought: deconstructing the iso/anisohydric concept. Plant Cell 
Environ 40:962–976 

Maser P, Eckelman B, Vaidyanathan R, Horie T, Fairbairn DJ, Kubo M et al (2002) Altered shoot/ 
root Na+ distribution and bifurcating salt sensitivity in Arabidopsis by genetic disruption of the 
Na+ transporter AtHKT1. FEBS Lett 531:157–161. https://doi.org/10.1016/S0014-5793(02) 
03488-9 

McDonald MB (2000) Seed priming. In: Seed technology and its biological basis. Sheffield 
Academic Press, Sheffield, pp 287–325 

Meena MD, Joshi PK, Narjary B, Sheoran P, Jat HS, Chinchmalatpure AR, Yadav RK, Sharma DK 
(2016) Effects of municipal solid waste compost, rice-straw compost and mineral fertilisers on 
biological and chemical properties of a saline soil and yields in a mustard–pearl millet cropping 
system. Soil Res 54:958–969 

Mukarram M, Choudhary S, Kurjak D, Petek A, Khan MMA (2021) Drought: sensing, signaling, 
effects and tolerance in higher plants. Physiol Plant 172:1291–1300 

Munns R (2002) Comparative physiology of salt and water stress. Plant Cell Environ 25:239–250. 
https://doi.org/10.1046/j.0016-8025.2001.00808.x 

Munns R (2005) Genes and salt tolerance: bringing them together. New Phytol 167:645–663 
Munns R, Gilliham M (2015) Salinity tolerance of crops–what is the cost? New Phytol 208(3): 

668–673. https://doi.org/10.1111/nph.13519 
Munns R, James RA (2003) Screening methods for salinity tolerance: a case study with tetraploid 

wheat. Plant Soil 253:201–218. https://doi.org/10.1023/A:1024553303144 
Munns R, Tester M (2008) Mechanisms of salinity tolerance. Annu Rev Plant Biol 59(1):651–681. 

https://doi.org/10.1146/annurev.arplant.59.032607.092911 
Munns R, Schachtman DP, Condon AG (1995) The significance of the two-phase growth response 

to salinity in wheat and barley. Aust J Plant Physiol 13:143–160 
Munns R, Husain S, Rivelli AR, Richard AJ, Condon AG, Megan PL, Evans SL, Schachtman DP, 

Hare RA (2002) Avenues for increasing salt tolerance of crops, and the role of physiologically 
based selection traits. Plant Soil 247:93–105 

Nakano A, Uehara Y (1996) The effect of kaolin clay on cuticle transpiration in tomato. Acta Hortic 
440:233–238

https://doi.org/10.1104/pp.107.102491
https://doi.org/10.1104/pp.107.102491
https://doi.org/10.1126/science.1152339
https://doi.org/10.1126/science.1152339
https://doi.org/10.1023/A:1013324727040
https://doi.org/10.1016/S0014-5793(02)03488-9
https://doi.org/10.1016/S0014-5793(02)03488-9
https://doi.org/10.1046/j.0016-8025.2001.00808.x
https://doi.org/10.1111/nph.13519
https://doi.org/10.1023/A:1024553303144
https://doi.org/10.1146/annurev.arplant.59.032607.092911


1 Occurrence of Salinity and Drought Stresses: Status, Impact, and Management 25

Nan J, Chen X, Wang X, Lashari MS, Wang Y, Guo Z, Du Z (2016) Effects of applying flue gas 
desulfurization gypsum and humic acid on soil physicochemical properties and rapeseed yield 
of a saline sodic cropland in the eastern coastal area of China. J Soils Sediments 16:38–50 

Nawaz J, Hussain M, Jabbar A, Nadeem GA, Sajid M, Subtain M, Shabbir I (2013) Seed priming a 
technique. Int J Agric Crop Sci 6:1373–1381 

Nielsen RL, Thomison PR, Brown GA, Halter AL, Wells J, Wuethrich KL (2002) Delayed planting 
effects on flowering and grain maturation of dent corn. Agron J 94(3):549–558 

Nishimura T, Cha-um S, Takagaki M, Ohyama K (2011) Survival percentage, photosynthetic 
abilities and growth characters of two indica rice (Oryza sativa L. spp. indica) cultivars in 
response to isosmotic stress. Span J Agric Res 9:262–270 

Nonami H (1998) Plant water relations and control of cell elongation at low water potentials. J Plant 
Res 111(3):373–382. https://doi.org/10.1007/BF0250780 

O’Connell E (2017) Towards adaptation of water resource Systems to climatic and socio-economic 
Chang. Water Resour Manag 31:2965–2984 

Oliveira MT, Medeiros CD, Frosi G, Santos MG (2014) Different mechanisms drive the perfor-
mance of native and invasive woody species in response to leaf phosphorus supply during 
periods of drought stress and recovery. Plant Physiol Biochem 82:66–75 

Osakabe Y, Osakabe K, Shinozaki K, Tran LSP (2014) Response of plants to water stress. Front 
Plant Sci 5:1–7 

Palliotti A, Poni S, Berrios J, Bernizzoni GF (2010) Vine performance and grape composition as 
affected by earlyseasons our limitation induced with antitranspirants in two red Vitis viniferaL. 
cultivars. Aust J Grape Wine Res 16:426–433 

Paparella S, Araújo SS, Rossi G, Wijayasinghe M, Carbonera D, Balestrazzi A (2015) Seed 
priming: state of the art and new perspectives. Plant Cell Rep 34:1281–1293 

Paranychianakis NV, Chartzoulakis KS (2005) Irrigation of Mediterranean crops with saline water: 
from physiology to management practices. Agric Ecosyst Environ 106:171–187 

Parida AK, Das AB (2005) Salt tolerance and salinity effects on plants: a review. Ecotox Environ 
Safe 60:324–349 

Parker PS, Shonkwiler JS, Aurbacher J (2016) Cause and consequence in maize planting dates in 
Germany. J Agron Crop Sci 203:1–14. https://doi.org/10.1111/jac.12182 

Passioura JB, Angus JF (2010) Improving productivity of crops in water-limited environments. In: 
Advances in agronomy, vol 106. Academic Press, Cambridge, MA, pp 37–75 

Paul JW, Beauchamp EG (1993) Nitrogen availability for corn in soils amended with urea, cattle 
slurry, and solid and composted manures. Can J Soil Sci 73(2):253–266 

Paul K, Pauk J, Deák Z, Sass L, Vass I (2016) Contrasting response of biomass and grain yield to 
severe drought in cappelle desprez and plainsman V wheat cultivars. PeerJ 4:e1708. https://doi. 
org/10.7717/peerj.1708 

Pinkerton A, Simpson JR (1986) Interactions of surface drying and subsurface nutrients affecting 
plant growth on acidic soil profiles from an old pasture. Aust J Exper Agric 26(6):681–689 

Prakash M, Ramachandran K (2000) Effects of moisture stress and antitranspirants on leaf 
chlorophyll. J Agron Crop Sci 184:153–156 

Rahbarian R, Khavari-Negad R, Ganjeali A, Bagheri A, Najafi F (2011) Drought stress effects on 
photosynthesis, chlorophyll fluorescence and water relations in tolerant and susceptible chick-
pea (Cicer arientinum L.) genotypes. Acta Biol Cracov Ser Bot 53(1):47–56 

Rahnama A, James RA, Poustini K, Munns R (2010) Stomatal conductance as a screen for osmotic 
stress tolerance in durum wheat growing in saline soil. Funct Plant Biol 37(3):255–263 

Rengasamy P, North S, Smith A (2010) Diagnosis and management of sodicity and salinity in soil 
and water in the Murray Irrigation Region. The University of Adelaide, Adelaide, SA 

Resnik ME (1970) Effect of mannitol and polyethylene glycol on phosphorus uptake by maize 
plants. Ann Bot 34(3):497–504 

Richards R (1991) Crop improvement for temperate Australia: future opportunities. Field Crop Res 
26:141–169

https://doi.org/10.1007/BF0250780
https://doi.org/10.1111/jac.12182
https://doi.org/10.7717/peerj.1708
https://doi.org/10.7717/peerj.1708


26 P. G. Soni et al.

Ristvey AG, Belayneh BE, Lea-Cox JD (2019) A Comparison of irrigation-water containment 
methods and management strategies between two ornamental production systems to minimize 
water security threats. Water 11:2558 

Roelfsema MRG, Hedrich R (2002) Studying guard cells in the intact plant: modulation of stomatal 
movement by apoplastic factors. New Phytol 153:425–431 

Roy ST, Negrao S, Tester M (2014) Salt resistant crop plants. Curr Opin Biotechnol 26:115–124. 
https://doi.org/10.1016/j.copbio.2013.12.004 

Sajjan AS, Badanur VP, Sajjanar GM (1999) Effect of external water potential on seed germination, 
seedling growth and vigor index in some genotypes of sunflower. In: Faroda SA, Joshi NL, 
Kathju S, Kar A (eds) Proceedings of a Symposium on Recent Advances in Management of 
Arid Ecosystem, pp 215–218 

Salami M, Saadat S (2013) Study of potassium and nitrogen fertilizer levels on the yield of sugar 
beet in jolge cultivar. J Novel Appl Sci 2:94–100 

Salehi-Lisar SY, Bakhshayeshan-Agdam H (2016) Drought stress in plants: causes, consequences, 
and tolerance. In: Drought stress tolerance in plants, vol 1. Springer, Berlin, pp 1–16 

Saneoka H, Moghaieb RE, Premachandra GS, Fujita K (2004) Nitrogen nutrition and water stress 
effects on cell membrane stability and leaf water relations in Agrostis palustris Huds. Environ 
Exp Bot 52(2):131–138. https://doi.org/10.1016/j.envexpbot.2004.01.011 

Sapeta H, Costa M, Lourenc T, Marocod J, Van-der Linde P, Oliveiraa MM (2013) Drought stress 
response in Jatropha curcas: growth and physiology. Environ Exp Bot 85:76–84 

Sattar A, Cheema MA, Abbas T, Sher A, Ijaz M, Hussain M (2017) Separate and combined effects 
of silicon and selenium on salt tolerance of wheat plants. Russ J Plant Physiol 64:341–348 

Schimel J, Balser TC, Wallenstein M (2007) Microbial stress response physiology and its 
implications for ecosystem function. Ecology 88:1386–1394. https://doi.org/10.1890/06-0219 

Sen A, Puthur JT (2020a) Halo and UV-B priming influences various physiological and importantly 
yield parameters of Oryza sativa var. Vyttila 6. N Z J Crop Hortic Sci 49:1. https://doi.org/10. 
1080/01140671.2020.1844765 

Sen A, Puthur JT (2020b) Influence of different seed priming techniques on oxidative and 
antioxidative responses during the germination of Oryza sativa varieties. Physiol Mol Biol 
Plants 26:551. https://doi.org/10.1007/s12298-019-00750-9 

Shangguan Z et al (2000) Effects of nitrogen nutrition and water deficit on net photosynthetic rate 
and chlorophyll fluorescence in winter wheat. J Plant Physiol 156:46 

Siddique MRB, Hamid A, Islam MS (2000) Drought stress effects on water relations of wheat. Bot 
Bull Acad Sin 41:35–39 

Silla F, Escudero A (2006) Coupling N cycling and N productivity in relation to seasonal stress in 
Quercus pyrenaica Willd samplings. Plant Soil 282:301–311 

Silva EC, Nogueira RJMC, Silva MA, Albuquerque M (2011) Drought stress and plant nutrition. 
Plant Stress 5(1):32–41 

Singh KN, Chatrath R (2001) Salinity tolerance. In: Reynolds MP, Monasterio JIO, McNab A (eds) 
Application of physiology in wheat breeding. CIMMYT, Mexico, DF, pp 101–110 

Singh DK, Sale PWG (1998) Phosphorus supply and the growth of frequently defoliated white 
clover (Trifolum repens L.) in dry soil. Plant Soil 205:155–168 

Singh V, Pallaghy CK, Singh D (2006) Nutrition and tolerance of cotton to water stress I. Seed 
cotton yield and leaf morphology. Field Crop Res 96:191–198 

Singhal RK, Bose B (2020) Wheat seedlings as affected by Mg (NO3)2 and ZnSO4 priming 
treatments. World Sci News 144:13–29 

Siringam K, Juntawong N, Cha-um S, Kirdmanee C (2011) Salt stress induced ion accumulation, 
ion homeostasis, membrane injury and sugar contents in salt-sensitive rice (Oryza sajtiva L. spp. 
indica) roots under isosmotic conditions. Afr J Biotechnol 10:1340–1346 

Siyal AA, Siyal AG, Abro Z (2001) Salt affected soils their identification and reclamation. Pak J 
Appl Sci 2:537–540

https://doi.org/10.1016/j.copbio.2013.12.004
https://doi.org/10.1016/j.envexpbot.2004.01.011
https://doi.org/10.1890/06-0219
https://doi.org/10.1080/01140671.2020.1844765
https://doi.org/10.1080/01140671.2020.1844765
https://doi.org/10.1007/s12298-019-00750-9


1 Occurrence of Salinity and Drought Stresses: Status, Impact, and Management 27

Souza RP, Machado EC, Silva JAB, Lagoa AMMA, Silveira JAG (2004) Photosynthetic gas 
exchange, chlorophyll fluorescence and some associated metabolic changes in cowpea (Vigna 
unguiculata) during water stress and recovery. Environ Exp Bot 51(1):45–56 

Steudle E (2000) Water uptake by plant roots: an integration of views. Plant Soil 226:45–56. https:// 
doi.org/10.1023/A:1026439226716 

Sun YP, Yang JS, Yao RJ, Chen XB, Wang XP (2020) Biochar and fulvic acid amendments 
mitigate negative effects of coastal saline soil and improve crop yields in a three year field trial. 
Sci Rep 10:8946 

Sutka M, Li G, Boudet J, Boursiac Y, Doumas P, Maurel C (2011) Natural variation of root 
hydraulics in Arabidopsis grown in normal and salt stressed conditions. Plant Physiol 155: 
1264–1276. https://doi.org/10.1104/pp.110.163113 

Taiz L, Zeiger E (1998) Plant physiology, 2nd edn. Sinauer Associates Publishers, Sunderland, MA 
Taleshi K, Shokoh-far A, Rafiee M, Noormahamadi G, Sakinejhad T (2012) Safflower yield 

respond to chemical and biotic fertilizer on water stress condition. World Appl Sci J 20(11): 
1472–1477 

Tanguilig VC, Yambao EB, O’toole JC, De Datta SK (1987) Water stress effects on leaf elongation, 
leaf water potential, transpiration, and nutrient uptake of rice, maize, and soybean. Plant Soil 
103(2):155–168 

Terzi R, Kadioglu A (2006) Drought stress tolerance and antioxidant enzyme system in Ctenanthe 
setosa. Acta Biol Cracov Ser Bot 48:89–96 

Thomas TTD, Puthur JT (2020) UV-B priming enhances specific secondary metabolites in Oryza 
sativa (L.) empowering to encounter diverse abiotic stresses. Plant Growth Regul 92:169–180. 
https://doi.org/10.1007/s10725-020-00628-x 

Thomason WE, Battaglia ML (2020) Early defoliation effects on corn plant stands and grain yield. 
Agron J 112:1–9 

Thornley JHM (1983) Crop yield and planting density. Ann Bot 52:257–259 
Tiwari YK, Yadav SK (2020) Effect of high-temperature stress on ascorbate–glutathione cycle in 

maize. Agric Res 9:179–187 
Turner NC, Wright GC, Siddique KHM (2001) Adaptation of grain legumes (pulses) to water-

limited environments. Adv Agron 71:193–231. https://doi.org/10.1016/S0065-2113(01) 
71015-2 

Ünyayar S, Keleþ Y, Ünal E (2004) Proline and ABA levels in two sunflower genotypes subjected 
to water stress. Bulg J Plant Physiol 30(3–4):34–47 

USSLS (US Salinity Laboratory Staff) (1954) Diagnosis and improvement of saline and alkali soils. 
USDA Handbook No. 60. USDA, Washington, DC 

Wang W, Vinocur B, Altman A (2003) Plant responses to drought, salinity and extreme 
temperatures: towards genetic engineering for stress tolerance. Planta 218(1):1–14 

Wang M, Zheng Q, Shen Q, Guo S (2013) The critical role of potassium in plant stress response. Int 
J Mol Sci 14(4):7370–7390 

Wen B (2015) Effects of high temperature and water stress on seed germination of the invasive 
species Mexican sunflower. PLoS One 10(10):e0141567 

Wojtyla Ł, Lechowska K, Kubala S, Garnczarska M (2016) Molecular processes induced in primed 
seeds—increasing the potential to stabilize crop yields under drought conditions. J Plant Physiol 
203:116–126 

Wu FZ, Bao WK, Li FL, Wu N (2008) Effects of water stress and nitrogen supply on leaf gas 
exchange and fluorescence parameters of Sophora davidii seedlings. Photosynthetica 46(1): 
40–48. https://doi.org/10.1007/s11099-008-0008-x 

Wu L, Wei C, Zhang S, Wang Y, Kuzyakov Y, Ding X (2019) MgO-modified biochar increases 
phosphate retention and rice yields in saline-alkaline soil. J Clean Prod 235:901–909 

Wu X, Peng J, Liu P, Bei Q, Rensing C, Li Y, Yuan H, Liesack W, Zhang F, Cui Z (2021) 
Metagenomic insights into nitrogen and phosphorus cycling at the soil aggregate scale driven by 
organic material amendments. Sci Total Environ 785:147329

https://doi.org/10.1023/A:1026439226716
https://doi.org/10.1023/A:1026439226716
https://doi.org/10.1104/pp.110.163113
https://doi.org/10.1007/s10725-020-00628-x
https://doi.org/10.1016/S0065-2113(01)71015-2
https://doi.org/10.1016/S0065-2113(01)71015-2
https://doi.org/10.1007/s11099-008-0008-x


28 P. G. Soni et al.

Yadav S, Irfan M, Ahmad A, Hayat S (2011) Causes of salinity and plant manifestations to salt 
stress: a review. J Environ Biol 32:667–685 

Zaki F (2011) The determinants of salinity tolerance in maize (Zea mays L.). University of 
Groningen, pp 11–15, 56 

Zare M, Azizi MH, Bazrafshan F (2011) Effect of drought stress on some agronomic traits in ten 
barley (Hordeum vulgare) cultivars. Tech J Eng Appl Sci 1:57–62 

Zhang T, Zhan X, Kang Y, Wan S, Feng H (2017) Improvements of soil salt characteristics and 
nutrient status in an impermeable saline–sodic soil reclaimed with an improved drip irrigation 
while ridge planting Lycium barbarum L. J Soils Sediments 17:1126–1139 

Zheng M, Tao Y, Hussain S, Jiang Q, Peng S (2016) Seed priming in dry direct-seeded rice: 
consequences for emergence, seedling growth and associated metabolic events under drought 
stress. Plant Growth Regul 78:167–178 

Zhu JK (2002) Salt and drought stress signal transduction in plants. Annu Rev Plant Biol 53:247– 
273 

Zhu G, Gu Y, Shi Y (2021) Wang Plant hydraulic conductivity determines photosynthesis in rice 
under PEG-induced drought stress. Pak J Bot 53:409–417 

Zlatev Z, Lidon FC (2012) An overview on drought induced changes in plant growth, water 
relations and photosynthesis. Emir J Food Agric 24:57–72


	1: Occurrence of Salinity and Drought Stresses: Status, Impact, and Management
	1.1 Impact of Drought and Salinity
	1.1.1 Drought
	1.1.1.1 Plant Growth and Development
	1.1.1.2 Plant Water Relations
	1.1.1.3 Mineral Uptake and Assimilation

	1.1.2 Salinity
	1.1.2.1 Plant Growth and Development
	1.1.2.2 Effects on Plant Water Uptake
	1.1.2.3 Effect on Mineral Uptake, Nutrient Imbalance, and Specific Ion Toxicity


	1.2 Management Strategies
	1.2.1 Drought
	1.2.1.1 Use of Mineral Nutrients and Organic Manures
	1.2.1.2 Seed Priming
	1.2.1.3 Application of Plant Antitranspirants
	1.2.1.4 Planting Density and Planting Date

	1.2.2 Salinity
	1.2.2.1 Physical Management of Saline Soil
	1.2.2.2 Chemical Method
	Gypsum Application
	Nutrient Addition

	1.2.2.3 Organic Manure
	1.2.2.4 Seed Priming
	1.2.2.5 Selection of Crops and Crop Rotations
	1.2.2.6 Irrigation Practices (Method of Water Application and Frequency of Irrigation)


	1.3 Conclusions
	 References 


