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ABSTRACT 
 

The current trend of climate change revived researchers’ interest in the study of exacerbated abiotic 

constraints that hamper crop production, such as drought and salinity. Although they are distinct stress 

factors, both drought and salinity result in water stress for plants. Water stress is an environmental constraint 

that threatens crop production in many regions of the planet. Counterintuitively, drought or lack of sufficient 

water in the plant root environment is not the sole cause of water stress, which also results from the difficulty 

for the plant to take-up water due to salinity.  However, it is not clear whether plants respond likewise to 

drought-induced and salinity-induced water stress. Therefore, comparing these two sources of water stress 

was necessary to understand how groundnuts respond and what tolerance mechanisms are deployed to cope 

with them. To this end, we have drawn on scientific publications from journals indexed in Scopus, DOAJ, 

AGRIS, Web of Science, etc., to gather relevant information about the effects of drought and salinity on the 

physiological, biochemical and molecular responses of groundnut. The present review thus examined (a) the 

responses of groundnut to drought, (b) the responses of groundnut to salinity, and (c) the synthesis 

highlighting the similarities and differences between these two responses.  
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INTRODUCTION 

Drought is a recurrent phenomenon in West Africa, 

particularly in the Sahel, exacerbated by climate 

change and causing considerable damage to crops 

(Imran et al., 2021). This hostile climatic condition 

imposes water stress on plants, which occurs when 

the amount of water transpired exceeds that absorbed 

(Yang et al., 2021). This seriously affects crop growth 

and productivity (Imane and Fatima Zahra, 2022). 

Water stress can also result from salinity, due to an 

excess of salts in the soil (Singh, 2022). Salinity is a 

growing scourge that affects more than a billion 

hectares (Tian et al., 2020) and nearly 25% of the 

world's arable land (Hammam and Mohamed, 2020). 

Drought and salinity are therefore major constraints 

for agriculture, which need to be studied further to 

develop ways of continuing to produce in these 

austere conditions. These stresses reduce the capacity 

of plants to absorb water and minerals, thus 

hindering their development and productivity (Imran 

et al., 2021; Imane and Fatima Zahra, 2022).  

 

The purpose of this study is to understand the 

responses of crops undergoing water stress due to 

drought and salinity, as well as the plant's adaptation 

mechanisms to these stressful conditions. Using 

groundnut as an example, understanding the 

response of the species will better facilitate the 

planning of varietal improvement and selection for 

both salinity and drought tolerance, in order to 

improve its productivity in affected regions.  

 

Groundnut (Arachis hypogaea L.) is a legume of 

worldwide importance. It is grown for human and 

animal consumption and is a major source of income 

for producers. However, its production faces many 

biotic and abiotic constraints (Sarkar et al., 2016), 

exacerbated by its cultivation in tropical semi-arid or 

arid regions where climatic conditions are often 

extreme or unsteady (Banavath et al., 2018).  

 

It is known that plant resistance to water stress 

involves a complex mechanism in the plant, inducing 

morphological, physiological, biochemical and 

molecular changes (L’taief et al., 2009). 

However, although drought and salinity both impose 

water stress on plant cells, it is not clear whether 

plants respond to these two sources of water stress in 

the same way.  

 

This review article first presents an overview of two 

major abiotic stresses in groundnut production: 

salinity and drought. It then reviews the 

morphological, phenotypic, biochemical and 

molecular responses of groundnut to these stresses. 

Finally, research issues are explored in order to 

contribute to the development of cultivars tolerant to 

water stress coming either from salinity or drought. 

 

RESULTS AND DISCUSSION 

Drought-induced water stress in groundnut 

Drought is one of the most important environmental 

stresses, creating water stress in the plant and 

affecting agricultural productivity (Diakalia et al., 

2011). The concept of water stress can be defined as 

the ratio between the quantity of water required for 

plant growth and the quantity of water available in its 

environment (Douib, 2013; Yang et al., 2021). In 

other words, water stress occurs when the demand for 

water exceeds the quantity available over a certain 

period, or when its poor quality limits its use (Rao et 

al., 2006). In fact, if the water is calcium chloride 

or sodium chloride, it is characterised as saline, 

and therefore reduces plant productivity. Water 

stress also occurs when the plant's transpiration 

rate exceeds its water uptake rate; in other words, 

when the plant's water needs cannot be met by the 

soil's water reserves (Tellah, 2016). Water stress 

causes physiological, biochemical and molecular 

disorders in plants depending on its degree 

(Josephine et al., 2020) (Table 1).  

 

Morphological and physiological responses of 

groundnut to drought 

Groundnut has several physiological responses to 

drought, which are crucial for its survival and yields 

in arid environments. As with most plant species, 

water stress leads to changes in both plant 

morphology and physiology in order to adapt to the 

water deficit. 
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Table 1. Summary of groundnut responses to drought and salinity stress 

Nature of 
response 

Common responses to 
drought and salinity  

Specific responses Bibliographical 
references Salinity Drought 

Physiological 1. Reduction in leaf area 
2. Leaf senescence 
3. Closure of stomata 
4. Reduction in the 

number and weight of 
pods and seeds 

5. Reduction in the 
number of nodules 

6. Reduction in 
chlorophyll content 

1. Reduction in the rate at 
which leaves appear 

2. Modification of leaf 
histology 

3. Compartmentalisation of 
toxic ions within the 
vacuole 

4. Exclusion of toxic ions 
from the cell 

1. Loss of turgidity 
2. Reduction in above-

ground and below-
ground biomass 

3. Drop in water 
potential 

4. Development of the 
root system 

(Alejandro et al., 
2017) (Ben Ahmed 
et al., 2010) (Chaib 
et al., 2015)  
(Chen et al., 2019)  
(Lamri et al., 2020)  
(Farooq et al., 2015) 
(Furlan et al., 2017)  
(Zaidi et al., 2020)  

Biochemical 1. Accumulation of 
osmotic substances 
(polyols, soluble 
sugars, proline) 

2. Synthesis and 
regulation of 
antioxidant enzymes 
(superoxide 
dismutase (SOD), 
catalase (CAT) and 
peroxidase (POD)).
  

1. Increase in cell wall 
rigidity; 

2. Decrease in plasma 
membrane fluid 
conductance 

3. Decreased assimilation of 
CO2. 

4. Generation and 
accumulation of reactive 
oxygen species (ROS). 

 

1. Reduction in 
leghaemoglobin in 
nodules,  

2. Decrease in nodule-
specific activity  

3. Reduction in nitrate 
reductase activity  

4. Decrease in NO3 flux 
5. Modification of 

cellular homeostasis 
6. Accumulation of 

oxygen radicals 

(Ankita et al., 2020) 
(Banavath et al., 
2018) (Jallouli, 
2019)  
(Li et al., 2020) 
(Prévost et al., 
2024) 
(Rojas-Tapias et al., 
2012) 

Molecular 1. Increase in abscisic 
acid 

2. Activation, in the 
nucleus, of 
transcription factors 
associated with the 
expression of stress 
response genes   

3. Expression of stress 
genes encoding 
proteins that manage 
the stress situation 

4. Modification of the 
structure of the 
plasma membrane.  

1. Activation of ion 
transporters, chaperone 
proteins and salt-specific 
transcription factors 

2. Increase in the rate of 
methylation of genomic 
DNA 

3. Modification of molecular 
signalling pathways 

1. Change in 
phospholipid 
composition 

2. Activation of 
phospholipase 

3. Stimulus perception 
4. Transduction of 

stress signal from 
cytoplasm to cell 
nucleus 

5. Accumulation of 
Ca2+ ions 

6. Activation of protein 
kinases 

 

(Amouri, 2016)  
(Foncéka, 2010) 
(Gaufichon et al., 
2010) 
(Li et al., 2021) 
(Long et al., 2019) 
(Wan and Li, 2006) 
(Zhang et al., 2023) 

 

Slower plant growth and development 

One of the most harmful consequences of 

sensitivity to drought is the marked reduction in 

leaf area, which slows down plant growth, 

especially during the early stages of development 

(Zaidi et al., 2020). Thus, the impact of water 

deficit caused by drought is often reported in terms 

of plant height, number of branches and leaf area 

index (Rima and Aymen, 2022). In fact, when the 

plant is subjected to insufficient water supply, the 

cells lose water and the volume of the vacuole 

decreases (Morot-Gaudry and Prat, 2009). This 

loss of turgidity can lead to leaf senescence (Deng 

et al., 2012), and a decrease in organic compounds 

in the reserve organs (Alleidi et al., 2016), resulting 

in a reduction in the aerial biomass of the 

groundnut (Ben Ahmed et al., 2010). 

 

The groundnut plant can adapt its morphology in 

response to water stress caused by drought, for example 

by reducing the active leaf area to reduce water loss 

through transpiration and conserve moisture in the 

tissues (Alleidi et al., 2016). This reduction in above-

ground biomass makes it possible to minimise water use 

by the plant, as reported in various crops, such as broad 

bean (Mwanamwenge et al., 1999), chickpea (Slim et al., 

2008) and cowpea (Hamidou et al., 2005). 

 

However, this adaptation is accompanied by a drop in 

photosynthesis, resulting in a slowdown in the 
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development of the plant and reproductive organs, 

and a significant drop in yields (Lazali, 2009). Water 

stress causes a decrease in the development and 

elongation of groundnut pods, which can affect seed 

size and quality by up to 30% (Prakash et al., 2023) 

and reduce the number and weight of pods and seeds 

(Kabore et al., 2019). Drought is therefore a major 

constraint on groundnut productivity. 

 

Stomatal regulation and photosynthesis 

Stomata are orifices located on the leaf surface that 

allow the plant to transpire and assimilate 

atmospheric CO2 necessary for growth (Nguyen, 

2012). During water stress, these stomata close, 

modulated by two so-called guard cells (Kollist et al., 

2014). This reduces transpiration, thereby preserving 

water while maintaining photosynthetic activity. 

 

Early stomatal closure has been observed in some 

varieties, contributing to better tolerance of water 

stress caused by drought (Clavel et al., 2005). 

However, complete closure would slow down the 

plant's metabolism (Xiao-li and BAO, 2012). This is 

why, under water stress, stomatal function is a 

compromise between the need to preserve the plant's 

water status and the need to maintain minimal 

metabolism in order for the plant to survive (Chahbar 

and Belkhodja, 2016). 

 

Similarly, the drop in the plant's leaf water potential 

following water stress (Benjelloun et al., 2013) results 

in a drop in photosynthesis and a halt in the transfer 

of assimilates from the leaves to the other plant 

organs (Ben Naceur et al., 1999). The depressive 

effect on photosynthesis results from an alteration in 

the photosynthetic apparatus and a reduction in the 

leaf's internal CO2 concentration following the closure 

of the stomata in response to water stress (Ben 

Naceur et al., 1999). At the same time, the 

photosynthetic apparatus becomes disorganised, 

affecting the integrity of chloroplast membranes and 

disrupting photochemical reactions (Lawlor and 

Cornic, 2002). With the reduction in the efficiency of 

the electron transport chain in photosystem II, the 

quantum yield of photosynthesis is greatly reduced. 

Therefore, the ability to maintain sustained 

photosynthetic activity despite water stress is a 

desirable varietal trait, facilitating improved water 

use efficiency (WU (Tshiabukole, 2018). The 

challenge here will be to find germplasm with genetic 

diversity for traits related to photosynthetic activity to 

develop water stress tolerant cultivars. 

 

Osmotic adjustment 

Cell growth is very important for plant development 

but is one of the processes most sensitive to drought 

(Tshiabukole, 2018). When the plant is under water 

stress, the cells accumulate inorganic ions and 

synthesise osmolytes (proteins, prolins, mannitol, 

sorbitol, etc.) in order to minimise water loss from the 

cells by osmosis. These osmolytes play a very 

important role, firstly in the osmotic balance to 

conserve water in the cells, and secondly by providing 

carbohydrates that can be mobilised as sources of 

energy for growth once the water stress is lifted. 

Osmotic adjustment therefore appears to be a key 

mechanism in the adaptation of plants to water stress 

(Poormohammad Kiani, 2007). It maintains cell 

turgidity by accumulating solutes. In certain extreme 

cases, hydroxyl groups can replace water to a certain 

extent, by establishing hydrogen bridges, thus playing 

a crucial role in protecting enzyme and membrane 

activity (Chaib et al., 2015). The identification of 

genotypes with the facility to accumulate osmolytes is 

then desirable to develop drought-tolerant groundnut 

varieties. 

 

Root development 

Roots play a major role in the response of plants to 

drought (Smith and Smet, 2012). They adjust their 

hydraulic conductance via aquifer proteins called 

aquaporins in response to numerous stimuli, 

including drought stress. This is why, under water 

stress, groundnut roots can be seen to elongate, 

sinking deeper into the soil (El Fakhri et al., 2010). A 

study conducted on groundnut varieties showed that 

water stress positively affects root volume, with a 

variable response depending on the genotype (El 

Fakhri et al., 2010). A similar conclusion was made by 

Furlan et al. (2017) who showed a positive correlation 
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between root biomass and water stress tolerance 

level. Indeed, they found that a groundnut cultivar 

produced 25% more root dry weight under drought 

than under optimal irrigation conditions.  

 

This parameter reflects an extension of the root 

system to colonise a greater volume of soil, enabling 

the plant to explore more sources of water for its 

survival under conditions of water stress (Smith and 

Smet, 2012). This not only increases water and 

nutrient uptake capacity, but also the exclusion of 

excess salt from root cells to maintain a favourable 

osmotic balance (Vadez et al., 2007). The ability to 

produce root biomass is an important trait for 

drought tolerance. 

 

Symbiotic response 

Drought also affects the ability of groundnut to fix 

nitrogen through nodules. Studies have shown that 

water stress due to drought reduced nodulation in 

groundnut by around 30% compared to well-watered 

controls (Furlan et al., 2017). This is explained by a 

decrease in nodule formation, specific activity and 

size (Streeter, 2003). This decreases results from the 

drop in nodule cortical permeability, limiting oxygen 

availability for bacteria, thus reducing their 

respiration and their contribution to symbiotic 

nitrogen fixation (Hungria and Vargas, 2000). There 

is also a negative impact on nodular leghaemoglobin, 

which is important for oxygen availability to bacteria, 

and on the number and dry weight of nodules 

(Marino et al., 2006).  

 

However, interactions between groundnut and certain 

rhizobium strains also play a positive role in tolerance 

to water stress (Badreddine, 2021). Strains reported 

by Amari et al. (2022) have shown improved 

adaptation to drought conditions, favouring both 

atmospheric nitrogen fixation and plant growth. 

 

Biochemical and molecular responses of 

peanuts to drought 

Drought imposes complex biochemical and molecular 

responses in groundnut, involving an interplay between 

gene expression, accumulation of compatible solutes, 

modification of membrane lipids and antioxidant 

response (Tellah, 2016). These mechanisms allow 

groundnut not only to survive but also to optimise its 

yield under drought conditions (Ouali, 2011). Clearly, the 

phenotypic responses discussed above are underpinned 

by biochemical and molecular alterations. 

 

Accumulation of compatible solutes 

The aim of solute accumulation is to maintain cellular 

integrity and water potential in the event of water stress. 

These compounds, known as osmoprotectants, help to 

stabilise proteins and cell membranes, enabling cells to 

resist dehydration (Ruan et al., 2010). These are 

essentially osmotic substances such as polyols and 

soluble sugars (glycerol, glucose, sucrose, etc.) as well as 

non-essential amino acids (proline, glycine, betaine, etc.) 

(Ouali, 2011). Soluble sugars are produced during 

photosynthesis and are exported from chloroplasts as 

triose phosphates, which are then converted to sucrose 

in the cytosol (Yokota et al., 2006).  

 

Proline is the compound most accumulated during 

water stress (Johari, 2010). It is synthesised from 

glutamate by the action of two enzymes: 5-carboxylic 

acid Δ1 pyroline synthetase (P5CS) and pyroline 5-

carboxylic reductase²w (P5CR). Proline stabilises 

membranes, proteins and nucleic acids, and regulates 

cytoplasmic pH. In fact, proline is a source of energy, 

nitrogen and carbon (Yokota et al., 2006). A genuine 

mediator in osmotic adjustment, proline 

accumulation is a marker of tolerance to water stress 

in peanuts (Ashraf and Foolad, 2007).  

 

Drought-induced solutes accumulate in the cell 

cytoplasm, increase osmotic pressure, restore turgidity 

and protect macromolecule structures from 

denaturation (Kim et al., 2004). The plant's ability to 

synthesise solutes under water stress is a desirable trait 

for the development of drought-tolerant cultivars. 

 

Modification of membrane lipids 

Water stress due to drought causes changes in the 

lipid composition of cell membranes (Prévost et al., 

2024). Cellular membranes are made up of 

phospholipids, glycolipids and sterols, which play a 
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role in maintaining cellular integrity, signalling 

and membrane transport (Wafaa, 2019). 

Acylhydrolases play a key role in this process by 

regulating lipid degradation (Amouri, 2016). Water 

stress also leads to a reduction in phospholipid 

content and a change in the fatty acid profile, 

favouring saturated fatty acids. This leads to a 

rigidification of membranes, making cells more 

vulnerable (Li et al., 2020). To remedy this cellular 

vulnerability, peanuts reorganise their membrane 

lipids by increasing the proportion of unsaturated 

lipids. This helps to maintain membrane fluidity 

and consequently essential functions such as ion 

transport and signalling (Upchurch, 2008). There 

is also a reduction in lipid peroxidation induced by 

ROS (Reactive Oxygen Species) under 

accumulation of compatible lipids 

(phosphatidylcholines, phosphatidylglycerols) 

which helps stabilise membranes against damage 

caused by water stress (Farooq et al., 2009). 

 

Antioxidant response 

Like osmoprotectants, drought increases the 

production of antioxidant compounds in peanuts to 

minimise oxidative stress caused by dehydration 

(Tellah, 2016). This includes increased levels of 

antioxidant enzymes such as ascorbate peroxidase, 

which protects cells from oxidative damage (Clavel, 

2002). This is an antioxidant defence mechanism 

present in plant cells and their organelles such as 

chloroplasts, mitochondria and peroxisomes 

(Havaux et al., 2005). This antioxidant system is a 

very important defence mechanism against water 

stress, and detoxifies ROS molecules such as 

hydrogen peroxide, superoxide and oxygen in order 

to maintain an adequate cellular redox balance 

(Banavath et al., 2018). 

 

Protein catabolism 

The effect of water stress is also felt on protein 

metabolism in the plant. There is a slowdown in 

protein metabolism, accompanied by an increase in 

the catabolism of cellular proteins (Clavel et al., 

2005). This can lead to increased degradation of 

essential proteins such as cell membranes, thus 

affecting photosynthesis and respiration (Khaled 

and Amdjed, 2023), causing a delay in plant 

growth under stress and a drop in yield. 

 

Genetic expression  

Groundnut varieties react differently depending on the 

physiological and biochemical mechanisms used to 

maintain water balance. These drought-induced 

mechanisms are correlated with alterations in the 

expression of water-stress-responsive genes in 

groundnut.  

 

Certain genes, such as those encoding phospholipases 

and proteases, are differentially expressed depending on 

the water stress sensitivity of the varieties (Clavel et al., 

2005). The phospholipase D (PLD) gene encodes the 

enzyme associated with lipid degradation, which is 

associated with drought sensitivity in groundnut (Zhang 

et al., 2023). Studies have shown an increase in PLD 

accumulation in drought-sensitive groundnut cultivars 

(Dramé et al., 2007).  

 

However, tolerance is associated with the dehydration 

response protein gene LEA (Late Embryogenis 

Abundant), which is more activated in resistant cultivars 

(Amouri, 2016). Its accumulation has been observed in 

drought-tolerant cultivars (Guo et al., 2006). 

 

The expression of all LEA-type genes is transcriptionally 

regulated under the control of abscisic acid (ABA) 

(Wang et al., 2003). Transcriptome analysis confirmed 

the existence of ABA signalling pathways under water 

stress (Li et al., 2014). Studies have shown up-regulation 

of the expression of genes such as AhNCED1, AhZEP 

and AhBG24 linked to ABA production. There are also 

genes such as AhABCG22.1, which is linked to ABA 

transport under drought conditions (Long et al., 2019). 

Similarly, membrane proteins such as aquaporins 

(arPIP1;3 and arPIP2;7) are differentially regulated in 

response to water stress (Gaufichon et al., 2010).  

 

In general, gene expression in response to water deficit 

involves two steps: perception of the stimulus, which 

involves amplification (Bouassaba and Chougui) and 

integration of the signal, which regulates gene 
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expression by capturing variations in the external 

environment (Amouri, 2016). It should also be noted 

that several gene families are activated under water 

stress. Transcription factors such as DREB (Dehydration 

Responsive Element Binding) enable the expression of 

genes involved in hosmopotection and the stabilisation 

of cell structures.  

 

In addition, genomics has made it possible to identify 

QTLs (Quantitative Trait Loci) associated with 

drought tolerance in peanuts (Foncéka, 2010). This 

has encouraged the development of genetic 

improvement strategies based on marker-assisted 

selection (MAS). These advances will make it possible 

to create or identify varieties that are more resilient to 

water stress, which is important for coping with 

climate change. 

 

Salt stress  

Salinity is one of the most formidable abiotic factors 

limiting the productivity of agricultural crops, 

particularly in arid and semi-arid regions (Muchate et 

al., 2016). It impacts the growth and development of 

groundnuts. Soil salinity is due to a process of 

accumulation of several soluble mineral salts in the 

soil, mainly in the form of NaCl and Na2SO4 (Beghin 

and Lutts, 2019). It is either natural (alteration of 

parent rock, evaporation from former salt seas or 

lakes or external natural inputs) or anthropogenic, 

due to inappropriate agricultural practices, in 

particular irrigation with salt-laden water (Barbouchi 

et al., 2013). Salinity has a negative impact on seed 

germination, plant growth and development, dry 

matter production and the quality yield of groundnuts 

(Salwa et al., 2010).  

 

Peanut responses to salt stress and 

physiological responses of groundnut to salt 

stress 

On growth and development 

The first phenotypic effects of salt stress observable 

in groundnut is the reduction in the rate of leaf 

appearance and leaf area (Ben Nja, 2014). 

Reducing the number of leaves and leaf area 

minimises water use and the photosynthetic 

balance under salinity conditions (Duarte et al., 

2013, Abdenour, 2019). This results in a reduction 

in plant height (Chen et al., 2019), due to 

inhibition of cell elongation (Alejandro et al., 2017) 

and a decrease in carbohydrate synthesis 

(Abdenour, 2019). Salinity can also modify the 

histology of growing leaves and has an impact on 

mesophyll conductance (Roy et al., 2014). The 

effect of salt stress on vegetative development 

varies according to species and variety (Ullah et al., 

2009), developmental stage, as well as soil salt 

level and time of exposure (Forni et al., 2017). 

 

Water and nutrient uptake 

Salt stress is manifested in groundnut by a difficulty 

in water absorption by the roots (Boughaba and 

Mefathi, 2018). The accumulation of excess Na+ and 

Cl- ions under salinity increases osmotic pressure in 

the soil, creating conditions similar to those of water 

stress, even in the presence of water (Munns and 

Tester, 2008). This is why salinity is often presented 

as water stress. However, salinity can also cause 

toxicity due to the accumulation of salts in the plant 

(Rai, 2017) or hinder the uptake of certain essential 

ions such as Ca2+ and K+, which are essential for the 

stability of the phospholipids in the membrane 

bilayer (Souana, 2021). Salt stress attacks the plant's 

metabolism, causing cellular damage that can lead to 

plant death (Farooq et al., 2015). As a result, the 

peanut deploys mechanisms to adapt to the difficult 

living conditions, such as the compartmentalisation 

of toxic ions in the vacuole, then their gradual 

exclusion from the cell (Apse and Blumwald, 2007). 

This vacuolar compartmentalisation allows excess 

Na+ ions to be repelled from the cytoplasm into the 

vacuole in order to avoid their toxic and inhibitory 

effect on enzymatic processes (Hanana et al., 2011).  

 

Stomatal activity and photosynthesis under salt 

stress 

As previously mentioned, salinity leads to water stress 

(Zineb et al., 2023), and as such causes the stomata to 

close in order not only to minimise the plant's water 

losses but also to improve its water-use efficiency 

(Acosta-Motos et al., 2017). Excess salt, which is 
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toxic, activates root signals through the 

superproduction of abscisic acid (ABA) and its 

translocation to the stomata (Chaves et al., 2003). 

These signals cause the stomata to close, limiting 

transpiration and the plants' ability to fix CO2 and 

engage in photosynthetic activity (Qin et al., 2011). 

 

Salinity therefore has a significant influence on the 

activity of stomata, the true seats of photosynthesis 

(Mao et al., 2007), causing a significant reduction in 

the chlorophyll content of groundnuts (Chen et al., 

2019). A reduction in chlorophyll contents (a) and (b) 

is observed under the effect of salinity, systematically 

leading to a reduction in photosynthetic activity 

(Bouassaba and Chougui, 2018). Similarly, K+ 

deficiency following the accumulation of Na+ ions 

under salinity conditions leads to inhibition of 

photosynthetic enzymes (Rejeb, 2015). The plant's 

need to survive in salty soil conditions requires it to 

limit its photosynthetic balance by modifying pigment 

content, reducing the number of leaves and reducing 

leaf area (Duarte et al., 2013). 

 

Symbiotic reaction 

In general, symbiotic interactions in plants are 

strongly influenced by the nature of the soil, its pH 

and its chemical composition (Benzahra et al., 2022). 

For example, soil salinity is a determining factor in 

the composition of the soil microflora, particularly its 

intra- and interspecific diversity (Halima and Racha, 

2022). This can have a considerable impact on 

symbiotic interactions.  

 

Indeed, nodulation is sensitive to salt. This could be 

due to an effect on the symbiotic interaction between 

the bacteria (particularly of the Bradyrhizobium 

genus, which is involved in root nodule formation and 

biological nitrogen fixation) and its host (Berstein and 

Ogata, 1966). Salt causes a drop in rhizobium 

colonisation and reduces the number and weight of 

nodules, which negatively affects nitrogen fixation 

(Lamri et al., 2020). 

 

As a result of salt stress, there is also a disruption in 

electron transport, which disrupts the uptake of 

nitrogen by nodules (Jajoo, 2012). In addition, there 

is a decrease in nodular respiration due to a drop in 

O2 levels or a drop in the production of 

leghemoghobin by nodules (Bargaz et al., 2011). 

 

Biochemical and molecular responses to salt stress in 

peanuts 

Like any stress, salinity affects numerous biochemical 

and molecular processes in peanuts, even leading to 

dysfunction of the entire cellular metabolism (Munns 

and Tester, 2008). The plant under salinity 

conditions undergoes various stresses including water 

stress, ion toxicity, nutritional disorders, oxidative 

stress, altered metabolic processes and reduced cell 

division (Boukerma, 2017). 

 

Accumulation of compatible solutes 

Under the effect of salt stress, groundnuts 

accumulate osmo-protectants such as soluble 

sugars, proline, salicylic acid, total proteins, 

flavonoids etc. The ability of plants to tolerate 

salinity is complex and involves biochemical 

mechanisms (Stefanov et al., 2016). To tolerate salt 

stress, peanuts accumulate compatible compounds 

in the cytoplasm and organelles, which are mainly 

amino compounds and sugars. These compounds 

are involved in maintaining osmotic balance (Silva-

Ortega et al., 2008), detoxifying active forms of 

oxygen (Kocsy et al., 2005) and stabilising proteins 

(Majumder et al., 2010). These compounds also 

protect cellular structures from dehydration (Chen 

and Jiang, 2010). 

 

Modification of membrane lipids 

It has been reported that salt stress can affect 

protein synthesis and lipid metabolism (Rojas-

Tapias et al., 2012). During salt stress, the 

membrane is disorganised and its permeability is 

increased following the disruption of its lipid and 

protein composition by salt stress (Lutts et al., 

2004). This stress increases the rigidity of the cell 

wall and reduces the water conductance of the 

plasma membrane (Liu et al., 2016), which alters 

its permeability by increasing the inflow of external 

ions and the outflow of solutes from the cytosol. 
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To cope with the salt stress, membrane lipids are 

remodelled. In fact, there is an alteration in the 

composition and fluidity of membrane lipids, which 

can lead to a loss of permeability and an alteration in 

membrane functions. This was demonstrated by 

(Rahma, 2020) in the context of his study on 

Phaseolus vulgaris L. A study currently underway 

will make it possible to verify whether peanuts are 

capable of synthesising specific lipids, and precisely 

which ones, that confer increased fluidity and 

improved membrane stability. We also have salt 

exclusion, which is one of the mechanisms put in 

place by peanuts to survive under salt stress. Sodium 

ions are excluded from the cytoplasm towards the 

outside of the cell (Hanana et al., 2011). 

 

Production of toxic substances 

Salt stress induces the closure of stomata, which 

reduces CO2 uptake. This limitation alters the 

carboxylation of Rubisco and causes changes in leaf 

photochemistry and carbon metabolism (Jallouli, 

2019). Indeed, the reduction of CO2 in the chloroplast 

leads to an excess of photochemical energy at the 

membrane level following the accumulation of 

reducing power, thus allocating electrons to dioxygen 

(Jallouli, 2019). This activates photorespiration to the 

detriment of photosynthesis and leads to the 

generation and accumulation of reactive oxygen 

species (ROS). This accumulation of ROS can cause 

damage to photosystem II (PSII) and DNA and lead 

to the degradation of lipids and proteins (Blokhina et 

al., 2003). There is also a production of free radicals 

which form toxic substances such as lipid peroxides 

which lead to peroxidation of cell membranes and cell 

death (Apel and Hirt, 2004). 

 

Hormonal responses 

Plant’s hormonal balance is disrupted with salt stress, 

leading to changes in molecular signalling in 

groundnuts, including the regulation of 

phytohormones such as abscisic acid (ABA) and 

gibberellins (Gimeno-Gilles and Christine, 2009). 

They are produced in the roots in response to a 

decrease in soil water potential due to salt stress and 

transported to the leaves, where they bind to 

receptors on the plasma membrane of stomatal guard 

cells (Babu et al., 2012). They spread the signal 

emitted by the stressed cell to neighbouring cells and 

the rest of the plant (Yaiche, 2017). 

 

Molecules such as salicylic acid, jasmonic acid, 

abscisic acid and ethylene are involved in plant 

tolerance to salinity (López et al., 2008). They 

mitigate the inhibitory effect of NaCl on 

photosynthesis and assimilate translocation (Farissi 

et al., 2014). They also regulate cell division and 

differentiation (Shahba et al., 2014).  

 

Antioxidant enzyme activity 

Antioxidant enzymes are synthesised and regulated 

during salt stress in peanuts. There is also an increase 

in the production of reactive oxygen species (ROS) in 

peanut cells, such as hydrogen peroxide, the 

superoxide radical and the hydroxyl radical (Ankita et 

al., 2020).  

 

These ROS cause oxidative damage to proteins and 

DNA, which affects plant growth (Gill and Tuteja, 

2010). To neutralise these ROS, peanuts synthesise 

and regulate antioxidant enzymes such as superoxide 

dismutase (SOD), catalase (CAT) and peroxidase 

(POD) (Foyer and Noctor, 2011). These enzymes help 

to detoxify ROS and minimise oxidative damage 

(Ankita et al., 2020). Enzymes such as ascorbate 

peroxidase and glutathione reductase also play a role 

in adaptive regulation to maintain the 

NADPH/NADP+ ratio and support redox balance. 

Similarly, to protect itself, the plant synthesises the 

LEA protein and osmolytes, which improve tolerance 

to salt stress (Gimeno-Gilles and Christine, 2009). 

 

Regulation of gene expression  

Salt stress affects the expression of genes that 

respond to excess salt in groundnut. Certain salt 

tolerance genes, such as ion transporters, chaperone 

proteins and salt-specific transcription factors, are 

activated to help the plant manage salt stress 

(Amouri, 2016). In addition, specific transcription 

factors are activated to bind to specific DNA 

sequences and regulate the expression of salt 
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tolerance genes. These transcription factors can act as 

molecular switches to control the adaptive responses 

of peanut to salt stress (Tam, 2012).  

 

Thus, salinity can modulate the expression of specific 

genes to protect peanut cells from the adverse effects of 

salt. For example, this is the case for the expression of 

the AhNCED1 gene in peanuts, whose transcripts 

accumulate mainly in peanut leaves and stems (Wan 

and Li, 2006). Overexpression of this gene leads to an 

increase in the level of endogenous ABA and therefore 

promotes stomatal closure, resulting in a reduction in 

the rate of leaf transpiration and an improvement in 

the plant's tolerance to water stress (Iuchi et al., 2001).  

 

Regulation of the expression of genes involved in 

peanut response to salinity requires various 

epigenetic pathways including DNA methylation, 

histone modifications and regulation by microRNAs 

(miRNAs) and interfering RNAs (RNAi) (Petitpas, 

2023). A study on barley subjected to salt stress 

showed that salt massively induced methylation 

changes in its genomic DNA (Konate et al., 2018). 

The sites of these changes were close to genes 

involved in the response of barley to stress in general. 

In addition, some genes whose expression is altered 

by salinity are involved in non-essential growth and 

development processes, allowing energy and 

resources to be saved to better cope with stress 

(Hanana et al., 2011). Histone modifications 

following salinity affect chromatin structure and 

conformation, as well as the accessibility of 

transcription factors to the promoter regions of salt 

response or tolerance genes (Li et al., 2021). 

Similarly, the involvement of miRNAs in the response 

to salt has been reported, influencing the expression 

of genes linked to the accumulation of 

osmoprotectants such as proline, which is an 

important molecule in adaptation to osmotic stress 

caused by salinity (Zhang et al., 2022). 

 

CONCLUSION 

The challenges to groundnut production are diverse and 

entangled. This review highlighted the phenotypic, 

biochemical and molecular responses of groundnut to 

these two major water stress factors. It appeared clearly 

that drought and salinity induce many similar 

responses in groundnut, despite the existence of some 

specific responses. Therefore, it is important to 

highlight that drought is not the only cause of water 

stress. Salinity is an important water stress factor, 

which results in the inability of the affected plant to 

up-take the water present, due to unfavourable 

osmotic pressure. So, while drought causes water 

stress through lack of water, soil salinity causes 

osmotic water stress. 

 

Since drought and salinity all appeared to be water 

stress factors for groundnut, it is expected that they 

activate various similar signalling and response 

pathways in the plant. However, there are still gaps in 

current knowledge, particularly with regard to some 

specific molecular mechanisms and the complex 

biochemical responses in both types of stress. 

Furthermore, it was not yet clear whether there is a 

correlation between salinity tolerance and drought 

tolerance. We shall further investigate this pivotal 

question in our future studies, to harness the 

possibility of developing groundnut cultivars that 

tolerate both stresses simultaneously. 

 

REFERENCES 

Abdenour K. 2019. Contribution à l’étude des effets 

de la sécheresse et du stress salin sur l’écophysiologie 

des espèces d’Acacia en Algérie. Doctorat thesis, 

Université de Batna 2. 

 

Acosta-Motos JR, Ortuño MF, Bernal-Vicente 

A, Diaz-Vivancos P, Sanchez-Blanco MJ, 

Hernandez JA. 2017. Plant responses to salt stress: 

adaptive mechanisms. Agronomy 7(1), 18. 

https://doi.org/10.3390/agronomy7010018 

 

Alejandro T-G, Navarro-León E, Albacete A, 

Blasco B, Ruiz JM. 2017. Study of phytohormone 

profile and oxidative metabolism as key process to 

identification of salinity response in tomato 

commercial genotypes. Journal of Plant Physiology 

216, 164–173. 

https://doi.org/10.1016/j.jplph.2017.05.016 



 

 

396  Zoungrana et al. International Journal of Biosciences | IJB 

Website: https://www.innspub.net 

 

Vol. 27, Issue: 1, p. 386-404, 2025 

 
Int. J. Biosci. 

 
Alleidi I, Falalou H, Maârouhi IM, Yacoubou 

B, Didier ZJ. 2016. Evaluation des variétés 

d’arachides (Arachis hypogaea L.) pour la tolérance à 

la sécheresse. Actes des premières journées 

scientifiques nationales, Niamey, 783–796. 

 

Alleidi I, Falalou H, Younoussa O, Yacoubou 

B, Didier ZJ. 2016. Caracterisation agro-

morphologique des accessions d’arachide (Arachis 

hypogaea L.) pour la teneur en huile. European 

Scientific Journal 12(15), 337–351. 

http://dx.doi.org/10.19044/esj.2016.v12n15p337 

 

Amari H, Hadj Chaib D, Sadek S. 2022. 

Isolement et identification des bactéries halophiles 

stimulatrices de la croissance du blé dur. Université 

Mouloud Mammeri. 

 

Amouri AA. 2016. Caractérisation moléculaire et 

biochimique en condition de stress salin de Medicago 

truncatula Gaertner. Université d'Oran 1 Ahmed Ben 

Bella, 31000-Oran-Algérie. 

 

Ankita A, Singh VK, Mishra A. 2020. 

Halotolerant PGPR Stenotrophomonas maltophilia 

BJ01 induces salt tolerance by modulating physiology 

and biochemical activities of Arachis hypogaea. 

Frontiers in Microbiology 11, 568289. 

https://doi.org/10.3389/fmicb.2020.568289 

 

Apel K, Hirt H. 2004. Reactive oxygen species: 

metabolism, oxidative stress, and signal transduction. 

Annual Review of Plant Biology 55(1), 373–399. 

https://doi.org/10.1146/annurev.arplant.55.031903.1

41701 

 

Apse MP, Blumwald E. 2007. Na⁺ transport in 

plants. FEBS Letters 581(12), 2247–2254. 

https://doi.org/10.1016/j.febslet.2007.04.014 

 

Ashraf M, Foolad MR. 2007. Roles of glycine 

betaine and proline in improving plant abiotic stress 

resistance. Environmental and Experimental Botany 

59(2), 206–216. 

https://doi.org/10.1016/j.envexpbot.2005.12.006 

Babu M, Singh D, Gothandam K. 2012. The effect 

of salinity on growth, hormones and mineral elements in 

leaf and fruit of tomato cultivar PKM1. Journal of 

Animal and Plant Sciences 22(1), 159–164. 

 

Badreddine S. 2021. Evaluation de la diversité 

génétique, de l’efficience symbiotique et du pouvoir de 

promotion de croissance des plantes (PGPR) du genre 

Rhizobium nodulant la lentille (Lens culinaris) sous 

stresses abiotiques. 

 

Banavath JN, Chakradhar T, Pandit V, Konduru 

S, Guduru KK, Akila CS, Podha S, Puli CO. 2018. 

Stress inducible overexpression of AtHDG11 leads to 

improved drought and salt stress tolerance in peanut 

(Arachis hypogaea L.). Frontiers in Chemistry 6, 34. 

 

Barbouchi M, Lhissou R, Chokmani K, 

Abdelfattah R, El Harti A, Ben Aissa N. 2013. 

Caractérisation de la salinité des sols à l’aide de 

l’imagerie radar satellitaire: cas de la Tunisie et du 

Maroc. 

 

Bargaz A, Ghoulam C, Faghire M, Aslan Attar H, 

Drevon J-J. 2011. The nodule conductance to O₂ 

diffusion increases with high phosphorus content in the 

Phaseolus vulgaris-rhizobia symbiosis. Symbiosis 53, 

157–164. 

 

Beghin C, Lutts S. 2019. Étude de l’effet de la salinité 

du sol sur la valeur nutritionnelle des feuilles de 

Amaranthus cruentus. 

 

Ben Ahmed C, Ben Rouina B, Sensoy S, 

Boukhriss M, Ben Abdullah F. 2010. Exogenous 

proline effects on photosynthetic performance and 

antioxidant defense system of young olive tree. Journal 

of Agricultural and Food Chemistry 58(7), 4216–4222. 

https://doi.org/10.1021/jf9041479 

 

Ben Naceur M, Naily M, Selmi M. 1999. Effet d’un 

déficit hydrique, survenant à différents stades de 

développement du blé, sur l’humidité du sol, la 

physiologie de la plante et sur les composantes du 

rendement. Medit 10, 53–60. 



 

 

397  Zoungrana et al. International Journal of Biosciences | IJB 

Website: https://www.innspub.net 

 

Vol. 27, Issue: 1, p. 386-404, 2025 

 
Int. J. Biosci. 

 
Ben Nja R. 2014. Effet d’un stress salin sur la 

teneur en polymères pariétaux dans les feuilles de 

luzerne (Medicago sativa cv Gabès) et sur la 

distribution dans les cellules de transfert des fines 

nervures. Limoges. 

 

Benjelloun M, Rais C, Wahid N, El Ghadraoui 

L, Mhamdi MA. 2013. Evaluation de la tolérance de 

Myrtus communis L. au stress hydrique au stade 

germinatif. Bulletin de l'Institut Scientifique, Rabat, 

Section Sciences de la Vie 35, 19–26. 

 

Benzahra S, Snoussi SA, Zouaoui A. 2022. 

Étude des caractéristiques physico-chimiques du 

sol sur la fixation biologique de l’azote 

atmosphérique chez le haricot. Agrobiologia 12(2), 

3115–3121. 

 

Berstein L, Ogata G. 1966. Effects of salinity on 

nodulation, nitrogen fixation, and growth of 

soybeans and alfalfa. 

 

Blokhina O, Virolainen E, Fagerstedt KV. 

2003. Antioxidants, oxidative damage and oxygen 

deprivation stress: a review. Annals of Botany 

91(2), 179–194. 

https://doi.org/10.1093/aob/mcf118 

 

Bouassaba K, Chougui S. 2018. Effet du stress 

salin sur le comportement biochimique et 

anatomique chez deux variétés de piment 

(Capsicum annuum L.) à Mila/Algérie. European 

Scientific Journal 14(15), 159. 

 

Boughaba HR, Mefathi S. 2018. Effets de divers 

facteurs biotiques et abiotiques sur la croissance et 

la nodulation de l’arachide (Arachis hypogaea L.) 

inoculé. 

 

Boukerma L. 2017. Biotisation des plantes 

(Solanum lycopersicum et Arabidopsis thaliana) 

par les PGPRs et élicitation des réactions de 

défense inductible. 

 

Chahbar S, Belkhodja M. 2016. Water deficit 

effects on morpho-physiological parameters in durum 

wheat. Journal of Fundamental and Applied Sciences 

8(3), 1166–1181. 

https://doi.org/10.4314/jfas.v8i3.28 

 

Chaib G, Benlaribi M, Hazmoune T. 2015. 

Accumulation d'osmoticums chez le blé dur (Triticum 

durum Desf.) sous stress hydrique. European 

Scientific Journal 11(24). 

 

Chaves MM, Maroco JP, Pereira JS. 2003. 

Understanding plant responses to drought—from 

genes to the whole plant. Functional Plant Biology 

30(3), 239–264. 

 

Chen H, Jiang J-G. 2010. Osmotic adjustment and 

plant adaptation to environmental changes related to 

drought and salinity. Environmental Reviews 18, 

309–319. 

https://doi.org/10.1139/A10-014 

 

Chen T, Zeng R, Wang X, Zhang J, Ci D, Chen 

Y, Wang X, Wan S, Zhang L. 2019. Growth and 

physiological responses of peanut seedling to salt 

stress. International Journal of Agriculture and 

Biology 22(5), 1181–1186. 

https://doi.org/10.17957/IJAB/15.1185 

 

Clavel D, Drame NK, Diop ND, Zuily-Fodil Y. 

2005. Adaptation à la sécheresse et création variétale: 

le cas de l’arachide en zone sahélienne – Première 

partie: revue bibliographique. Oléagineux, Corps 

Gras, Lipides 12(3), 248–260. 

https://doi.org/10.1051/ocl.2005.0248 

 

Clavel D. 2002. Biotechnologies et arachide. 

 

Deng B, Du W, Liu C, Sun W, Tian S, Dong H. 

2012. Antioxidant response to drought, cold and 

nutrient stress in two ploidy levels of tobacco plants: 

low resource requirement confers polytolerance in 

polyploids? Plant Growth Regulation 66, 37–47. 

 



 

 

398  Zoungrana et al. International Journal of Biosciences | IJB 

Website: https://www.innspub.net 

 

Vol. 27, Issue: 1, p. 386-404, 2025 

 
Int. J. Biosci. 

 
Diakalia S, Emmanuel C, Saïdou B, Scheik S. 

2011. Effet du stress hydrique sur la croissance et 

la production du sésame (Sesamum indicum). 

Journal of Applied Biosciences 37, 2460–2467. 

 

Douib A. 2013. Contribution à l'étude de quelques 

marqueurs physiologiques de tolérance au déficit 

hydrique chez le blé dur: taille de semences en tant 

que critère de sélection. Université de Annaba-Badji 

Mokhtar. 

 

Dramé KN, Clavel D, Repellin A, Passaquet 

C, Zuily-Fodil Y. 2007. Water deficit induces 

variation in expression of stress-responsive genes 

in two peanut (Arachis hypogaea L.) cultivars with 

different tolerance to drought. Plant Physiology 

and Biochemistry 45(3–4), 236–243. 

https://doi.org/10.1016/j.plaphy.2007.02.002 

 

Duarte B, Santos D, Marques J, Caçador I. 

2013. Ecophysiological adaptations of two 

halophytes to salt stress: photosynthesis, PS II 

photochemistry and anti-oxidant feedback–

implications for resilience in climate change. Plant 

Physiology and Biochemistry 67, 178–188. 

https://doi.org/10.1016/j.plaphy.2013.03.004 

 

El Fakhri M, Mahboub S, Benchekroun M, 

Nsarellah N. 2010. Effet du stress hydrique sur les 

caractéristiques d'enracinement du blé dur (Triticum 

durum Desf). Nature and Technology (3), 6. 

 

Farissi M, Aziz F, Bouizgaren A, Ghoulam C. 

2014. La symbiose Légumineuses–rhizobia sous 

conditions de salinité: aspect agro-physiologique et 

biochimique de la tolérance. International Journal 

of Innovative Science and Research 11, 96–104. 

 

Farooq M, Hussain M, Wakeel A, Siddique 

KH. 2015. Salt stress in maize: effects, resistance 

mechanisms, and management. A review. Agronomy 

for Sustainable Development 35, 461–481. 

 

Farooq M, Wahid A, Kobayashi N, Fujita D, 

Basra SM. 2009. Plant drought stress: effects, 

mechanisms and management. In: Sustainable 

Agriculture, Springer, 153–188. 

 

Foncéka D. 2010. Elargissement de la base 

génétique de l'arachide cultivée (Arachis 

hypogaea): applications pour la construction de 

populations, l'identification de QTL et 

l'amélioration de l'espèce cultivée. Montpellier 

SupAgro. 

 

Forni C, Duca D, Glick BR. 2017. Mechanisms 

of plant response to salt and drought stress and 

their alteration by rhizobacteria. Plant and Soil 

410, 335–356. 

 

Foyer CH, Noctor G. 2011. Ascorbate and 

glutathione: the heart of the redox hub. Plant 

Physiology 155(1), 2–18. 

 

Furlan AL, Bianucci E, Castro S, Dietz K-J. 

2017. Metabolic features involved in drought stress 

tolerance mechanisms in peanut nodules and their 

contribution to biological nitrogen fixation. Plant 

Science 263, 12–22. 

https://doi.org/10.1016/j.plantsci.2017.06.009 

 

Gaufichon L, Prioul J-L, Bachelier B. 2010. 

Quelles sont les perspectives d’amélioration 

génétique de plantes cultivées tolérantes à la 

sécheresse. Rapport FARM. 

 

Gill SS, Tuteja N. 2010. Reactive oxygen species 

and antioxidant machinery in abiotic stress 

tolerance in crop plants. Plant Physiology and 

Biochemistry 48(12), 909–930. 

https://doi.org/10.1016/j.plaphy.2010.08.016 

 

Gimeno-Gilles C. 2009. Étude cellulaire et 

moléculaire de la germination chez Medicago 

truncatula. Université d'Angers. 

 



 

 

399  Zoungrana et al. International Journal of Biosciences | IJB 

Website: https://www.innspub.net 

 

Vol. 27, Issue: 1, p. 386-404, 2025 

 
Int. J. Biosci. 

 
Guo B, Xu G, Cao Y, Holbrook C, Lynch R. 

2006. Identification and characterization of 

phospholipase D and its association with drought 

susceptibilities in peanut (Arachis hypogaea). Planta 

223, 512–520. 

 

Halima F, Racha H. 2022. Influence de quelques 

pratiques agricoles sur la diversité de la macrofaune du 

sol. University Center of Abdalhafid Boussouf-Mila. 

 

Hamidou F, Dicko MH, Zombre G, Traoré AS, 

Guinko S. 2005. Réponse adaptative de deux 

variétés de niébé à un stress hydrique. Cahiers 

Agricultures 14(6), 561–567. 

 

Hammam A, Mohamed E. 2020. Mapping soil 

salinity in the East Nile Delta using several 

methodological approaches of salinity assessment. 

The Egyptian Journal of Remote Sensing and Space 

Science 23(2), 125–131. 

https://doi.org/10.1016/j.ejrs.2018.11.002 

 

Hanana M, Hamrouni L, Cagnac O, Blumwald 

E. 2011. Mécanismes et stratégies cellulaires de 

tolérance à la salinité (NaCl) chez les plantes. 

Environmental Reviews 19, 121–140. 

https://doi.org/10.1139/a11-003 

 

Havaux M, Eymery F, Porfirova S, Rey P, 

Dörmann P. 2005. Vitamin E protects against 

photoinhibition and photooxidative stress in 

Arabidopsis thaliana. The Plant Cell 17(12), 3451-

3469. https://doi.org/10.1105/tpc.105.037036 

 

Hungria M, Vargas MA. 2000. Environmental 

factors affecting N₂ fixation in grain legumes in the 

tropics, with an emphasis on Brazil. Field Crops 

Research 65(2–3), 151–164. 

https://doi.org/10.1016/S0378-4290(99)00084-2 

 

Imane B, Fatima Zahra B. 2022. Diversité 

phénotypique de quelques isolats rhizobiens associés 

à la culture d'arachide (Arachis hypogaea L.) dans la 

région de Ghardaïa. 

Imran QM, Falak N, Hussain A, Mun B-G, Yun 

B-W. 2021. Abiotic stress in plants; stress perception 

to molecular response and role of biotechnological 

tools in stress resistance. Agronomy 11(8), 1579. 

https://doi.org/10.3390/agronomy11081579 

 

Iuchi S, Kobayashi M, Taji T, Naramoto M, 

Seki M, Kato T, Tabata S, Kakubari Y, 

Yamaguchi‐Shinozaki K, Shinozaki K. 2001. 

Regulation of drought tolerance by gene manipulation 

of 9‐cis‐epoxycarotenoid dioxygenase, a key enzyme 

in abscisic acid biosynthesis in Arabidopsis. The 

Plant Journal 27(4), 325–333. 

https://doi.org/10.1046/j.1365-313x.2001.01096.x 

 

Jajoo A. 2012. Changes in photosystem II in 

response to salt stress. In: Ecophysiology and 

responses of plants under salt stress. Springer, 149–

168. 

 

Jallouli SS. 2019. Étude de l'homéostasie des sucres 

en réponse à une forte salinité chez Arabidopsis 

thaliana: impact sur l'anatomie des tissus vasculaires 

dans la hampe florale et rôle dans la tolérance. 

Université Paris Saclay (COmUE); Université du 

Centre (Sousse, Tunisie). 

 

Johari MP. 2010. Effect of soil water stress on yield 

and proline content of four wheat lines. African 

Journal of Biotechnology 9(1). 

 

Josephine D, Memti NM, Sokoye FG. 2020. 

Impact du stress hydrique sur la production d’une 

variété de sorgho (Sorghum bicolor [L], le S35) au 

Tchad. 

 

Kabore Z, Kihindo AP, Ouedraogo RF, Roméo 

H, Bazie, Dianou D, Zombre G. 2019. 

Physiological and biochemical responses of soybean 

(Glycine max (L.) Merrill) inoculated with 

Bradyrhizobium japonicum to water deficiency. 

International Journal of Progressive Sciences and 

Technologies 13, 54–66. 



 

 

400  Zoungrana et al. International Journal of Biosciences | IJB 

Website: https://www.innspub.net 

 

Vol. 27, Issue: 1, p. 386-404, 2025 

 
Int. J. Biosci. 

 
Khaled K, Amdjed M. 2023. Étude de quelques effets 

du stress hydrique et salin sur la morphologie, la 

physiologie et la biochimie du blé dur (Triticum durum 

Desf.). 

 

Kim T-H, Lee B-R, Jung W-J, Kim K-Y, Avice J-

C, Ourry A. 2004. De novo protein synthesis in relation 

to ammonia and proline accumulation in water-stressed 

white clover. Functional Plant Biology 31(8), 847–855. 

https://doi.org/10.1071/FP04059 

 

Kocsy G, Laurie R, Szalai G, Szilágyi V, Simon‐

Sarkadi L, Galiba G, De Ronde JA. 2005. Genetic 

manipulation of proline levels affects antioxidants in 

soybean subjected to simultaneous drought and heat 

stresses. Physiologia Plantarum 124(2), 227–235. 

https://doi.org/10.1111/j.1399-3054.2005.00504.x 

 

Kollist H, Nuhkat M, Roelfsema MRG. 2014. 

Closing gaps: linking elements that control stomatal 

movement. New Phytologist 203(1), 44–62. 

https://doi.org/10.1111/nph.12832 

 

Konate M, Wilkinson MJ, Mayne BT, Pederson 

SM, Scott ES, Berger B, Rodriguez Lopez CM. 

2018. Salt stress induces non-CG methylation in coding 

regions of barley seedlings (Hordeum vulgare). 

Epigenomes 2(2), 12. 

https://doi.org/10.3390/epigenomes2020012 

 

L’taief B, Sifi B, Zaman-Allah M, Hajji M, 

Lachaâl M. 2009. Effets de la fertilisation azotée, de 

l’inoculation par Rhizobium sp. et du régime des pluies 

sur la production de la biomasse et la teneur en azote du 

pois chiche. BASE. 

 

Lamri D, Wided A, Ilhem H. 2020. Effet du 

traitement salin sur la germination, la croissance et sur 

la nodulation de la lentille (Lens culinaris Medik). 

 

Lawlor DW, Cornic G. 2002. Photosynthetic carbon 

assimilation and associated metabolism in relation to 

water deficits in higher plants. Plant, Cell and 

Environment 25(2), 275–294. 

https://doi.org/10.1046/j.0016-8025.2001.00814.x 

Lazali M. 2009. Étude de la symbiose à rhizobium 

chez l’arachide (Arachis hypogaea L.) cultivée sous 

contrainte hydrique- aspects morpho-

physiologiques et agronomiques. 

 

Li J, Liu L-N, Meng Q, Fan H, Sui N. 2020. 

The roles of chloroplast membrane lipids in abiotic 

stress responses. Plant Signaling and Behavior 

15(11), 1807152. 

https://doi.org/10.1080/15592324.2020.1807152 

 

Li S, He X, Gao Y, Zhou C, Chiang VL, Li W. 

2021. Histone acetylation changes in plant 

response to drought stress. Genes 12(9), 1409. 

https://doi.org/10.3390/genes12091409 

 

Li X, Lu J, Liu S, Liu X, Lin Y, Li L. 2014. 

Identification of rapidly induced genes in the 

response of peanut (Arachis hypogaea) to water 

deficit and abscisic acid. BMC Biotechnology 14, 1–9. 

 

Liu Y, Yu L, Qu Y, Chen J, Liu X, Hong H, 

Liu Z, Chang R, Gilliham M, Qiu L. 2016. 

GmSALT3, which confers improved soybean salt 

tolerance in the field, increases leaf Cl⁻ exclusion 

prior to Na⁺ exclusion but does not improve early 

vigor under salinity. Frontiers in Plant Science 7, 

1485. 

https://doi.org/10.3389/fpls.2016.01485 

 

Long H, Zheng Z, Zhang Y, Xing P, Wan X, 

Zheng Y, Li L. 2019. An abscisic acid (ABA) 

homeostasis regulated by its production, 

catabolism and transport in peanut leaves in 

response to drought stress. PLOS ONE 14(6), 

e0213963. 

https://doi.org/10.1371/journal.pone.0213963 

 

López M, Herrera-Cervera JA, Iribarne C, 

Tejera NA, Lluch C. 2008. Growth and nitrogen 

fixation in Lotus japonicus and Medicago 

truncatula under NaCl stress: nodule carbon 

metabolism. Journal of Plant Physiology 165(6), 

641–650. 

https://doi.org/10.1016/j.jplph.2007.05.009 



 

 

401  Zoungrana et al. International Journal of Biosciences | IJB 

Website: https://www.innspub.net 

 

Vol. 27, Issue: 1, p. 386-404, 2025 

 
Int. J. Biosci. 

 
Lutts S, Lefevre I, Delpérée C, Kivits S, 

Dechamps C, Robledo A, Correal E. 2004. Heavy 

metal accumulation by the halophyte species 

Mediterranean saltbush. Journal of Environmental 

Quality 33(4), 1271–1279. 

https://doi.org/10.2134/jeq2004.1271 

 

Majumder AL, Sengupta S, Goswami L. 2010. 

Osmolyte regulation in abiotic stress. In: Abiotic Stress 

Adaptation in Plants: Physiological, Molecular and 

Genomic Foundation, 349–370. 

 

Mao F, Leung W-Y, Xin X. 2007. Characterization of 

EvaGreen and the implication of its physicochemical 

properties for qPCR applications. BMC Biotechnology 7, 

1–16. 

 

Marino D, González EM, Arrese-Igor C. 2006. 

Drought effects on carbon and nitrogen metabolism of 

pea nodules can be mimicked by paraquat: evidence for 

the occurrence of two regulation pathways under 

oxidative stresses. Journal of Experimental Botany 

57(3), 665–673. 

https://doi.org/10.1093/jxb/erj056 

 

Morot-Gaudry J-F, Prat R. 2009. Biologie végétale. 

Nutrition et métabolisme. Édition Dunod. 

 

Muchate NS, Nikalje GC, Rajurkar NS, 

Suprasanna P, Nikam TD. 2016. Plant salt stress: 

adaptive responses, tolerance mechanism and 

bioengineering for salt tolerance. The Botanical Review 

82, 371–406. 

 

Munns R, Tester M. 2008. Mechanisms of salinity 

tolerance. Annual Review of Plant Biology 59, 651–681. 

https://doi.org/10.1146/annurev.arplant.59.032607.09

2911 

 

Mwanamwenge J, Loss S, Siddique K, Cocks P. 

1999. Effect of water stress during floral initiation, 

flowering and podding on the growth and yield of faba 

bean (Vicia faba L.). European Journal of Agronomy 

11(1), 1–11. 

https://doi.org/10.1016/S1161-0301(99)00003-9 

Nguyen CT. 2012. Identification et caractérisation 

d'un canal chlorure, AtCLCg, impliqué dans la 

réponse au stress salin chez Arabidopsis thaliana. 

Université Paris Sud–Paris XI. 

 

Ouali AK. 2011. Étude de comportement de 

quelques populations d’arachide (Arachis 

hypogaea L.) vis-à-vis du stress hydrique. 

 

Petitpas M. 2023. Mécanismes épigénétiques 

impliqués dans la réponse d’Arabidopsis thaliana à 

l’infection par Plasmodiophora brassicae sous 

différentes conditions abiotiques. Agrocampus 

Ouest. 

 

Poormohammad Kiani S. 2007. Analyse 

génétique des réponses physiologiques du 

tournesol (Helianthus annuus L.) soumis à la 

sécheresse. 

 

Prakash M, Arjuna Samy, Ramasamy A. 

2023. Légumineuses: physiologie et biologie 

moléculaire de la tolérance au stress abiotique. 

 

Prévost V, David K, Hindié M, Landernau S, 

Mokni M. 2024. Les diffusions de fréquences 

sonores conçues pour cibler les déshydrines 

induisent la tolérance au stress hydrique des semis 

de Pisum sativum. 

 

Qin H, Gu Q, Zhang J, Sun L, Kuppu S, 

Zhang Y, Burow M, Payton P, Blumwald E, 

Zhang H. 2011. Regulated expression of an 

isopentenyltransferase gene (IPT) in peanut 

significantly improves drought tolerance and 

increases yield under field conditions. Plant and 

Cell Physiology 52(11), 1904–1914. 

https://doi.org/10.1093/pcp/pcr125 

 

Rahma LZ. 2020. Evaluation du comportement 

physiologiques, et potentialités biochimiques et 

phytochimiques adaptatives du (Phaseolus 

vulgaris L.) soumise au stress salin: cas des 

cultivars SIDI FERREDJ et DJADIDA. 



 

 

402  Zoungrana et al. International Journal of Biosciences | IJB 

Website: https://www.innspub.net 

 

Vol. 27, Issue: 1, p. 386-404, 2025 

 
Int. J. Biosci. 

 
Rai A. 2017. Effet du stress salin sur les bactéries 

du sol: rôle d’extraits dérivés de Enteromorpha 

intestinalis, Ulva lactuca et Opuntia ficus-indica 

sur la relation bactérie-plante sous stress salin. 

Université Ferhat Abbas Sétif. 

 

Rao KMB, Raghavendra A, Reddy K. 2006. 

Physiology and molecular biology of stress 

tolerance. Springer. 

 

Rejeb KB. 2015. Involvement of reactive oxygen 

species (ROS) in the regulation of antioxidant 

capacity and proline metabolism in Arabidopsis 

thaliana under water stress. Université Pierre et 

Marie Curie-Paris VI; Université de Tunis El-

Manar. 

 

Rima M, Aymen B. 2022. Étude du 

comportement de quelques variétés de colza 

(Brassica napus L.) à l’étage bioclimatique semi-

aride (El Hammadia–Bordj Bou Arréridj). 

 

Rojas-Tapias D, Moreno-Galván A, Pardo-

Díaz S, Obando M, Rivera D, Bonilla R. 2012. 

Effect of inoculation with plant growth-promoting 

bacteria (PGPB) on amelioration of saline stress in 

maize (Zea mays). Applied Soil Ecology 61, 264–

272. 

https://doi.org/10.1016/j.apsoil.2012.01.006 

 

Roy S, Negrao S, Tester M. 2014. Salt resistant 

crop plants. Plant Cell Physiology 33, 1247–1250. 

https://doi.org/10.1016/j.copbio.2013.12.004 

 

Ruan C-J, da Silva JAT, Mopper S, Qin P, 

Lutts S. 2010. Halophyte improvement for a 

salinized world. Critical Reviews in Plant Sciences 

29(6), 329–359. 

https://doi.org/10.1080/07352689.2010.524517 

 

Salwa A, Hammad KA, Tantawy M. 2010. 

Studies on salinity tolerance of two peanut 

cultivars in relation to growth, leaf water content, 

some chemical aspects and yield. Journal of 

Applied Sciences Research 6(10), 1517–1526. 

Sarkar T, Thankappan R, Kumar A, Mishra GP, 

Dobaria JR. 2016. Stress inducible expression of 

AtDREB1A transcription factor in transgenic peanut 

(Arachis hypogaea L.) conferred tolerance to soil-

moisture deficit stress. Frontiers in Plant Science 7, 935. 

https://doi.org/10.3389/fpls.2016.00935 

 

Shahba Z, Baghizadeh A, Yousefi M, Ohadi M. 

2014. Effect of salicylic acid on oxidative stress caused by 

NaCl salinity in Lycopersicum esculentum Mill. 

Research Journal of Environmental Sciences 8(1), 49. 

 

Silva-Ortega CO, Ochoa-Alfaro AE, Reyes-

Agüero JA, Aguado-Santacruz GA, Jiménez-

Bremont JF. 2008. Salt stress increases the expression 

of p5cs gene and induces proline accumulation in cactus 

pear. Plant Physiology and Biochemistry 46(1), 82–92. 

https://doi.org/10.1016/j.plaphy.2007.10.011 

 

Singh A. 2022. Soil salinity: A global threat to 

sustainable development. Soil Use and Management 

38(1), 39–67. https://doi.org/10.1111/sum.12772 

 

Slim N, Sifi B, Triki S. 2008. Criblage de variétés de 

pois chiche (Cicer arietinum L.) pour la résistance au 

stress hydrique. Revue des Régions Arides (21), 734–

744. 

 

Smith S, Smet D. 2012. Root system architecture: 

insights from Arabidopsis and cereal crops. 

Philosophical Transactions of the Royal Society B: 

Biological Sciences 367, 1441–1452. 

https://doi.org/10.1098/rstb.2011.0234 

 

Souana K. 2021. Étude de l’interaction «acide 

salicylique–salinité» sur la réponse physiologique et 

moléculaire de la fève (Vicia faba L.). Université Ibn 

Khaldoun-Tiaret. 

 

Stefanov M, Yotsova E, Rashkov G, Ivanova K, 

Markovska Y, Apostolova EL. 2016. Effects of 

salinity on the photosynthetic apparatus of two 

Paulownia lines. Plant Physiology and Biochemistry 

101, 54–59. 

https://doi.org/10.1016/j.plaphy.2016.01.017 



 

 

403  Zoungrana et al. International Journal of Biosciences | IJB 

Website: https://www.innspub.net 

 

Vol. 27, Issue: 1, p. 386-404, 2025 

 
Int. J. Biosci. 

 
Streeter J. 2003. Effects of drought on nitrogen 

fixation in soybean root nodules. Plant, Cell and 

Environment 26(8), 1199–1204. 

https://doi.org/10.1046/j.1365-3040.2003.01041.x 

 

Tam NC. 2012. Identification et caractérisation d'un 

canal chlorure, AtCLCg, impliqué dans la réponse au 

stress salin chez Arabidopsis thaliana. Paris 11. 

 

Tellah S. 2016. Étude des mécanismes 

agrophysiologiques, morphologiques et moléculaires 

impliqués dans la tolérance au stress hydrique chez 

quelques populations locales d’arachide (Arachis 

hypogaea L.). 

 

Tian F, Hou M, Qiu Y, Zhang T, Yuan Y. 2020. 

Salinity stress effects on transpiration and plant 

growth under different salinity soil levels based on 

thermal infrared remote (TIR) technique. Geoderma 

357, 113961. 

https://doi.org/10.1016/j.geoderma.2019.113961 

 

Tshiabukole JPK. 2018. Évaluation de la sensibilité 

aux stress hydriques du maïs (Zea mays L.) cultivé 

dans la savane du Sud-Ouest de la RD Congo, cas de 

Mvuazi. Université Pédagogique Nationale Kinshasa 

(République démocratique du Congo). 

 

Ullah H, Scappini EL, Moon AF, Williams LV, 

Armstrong DL, Pedersen LC. 2009. Structure of 

a signal transduction regulator, RACK1, from 

Arabidopsis thaliana. Protein Science 17(10), 1771–

1780. https://doi.org/10.1110/ps.035121.108 

 

Upchurch RG. 2008. Fatty acid unsaturation, 

mobilization, and regulation in the response of plants 

to stress. Biotechnology Letters 30, 967–977. 

 

Vadez V, Krishnamurthy L, Kashiwagi J, 

Kholova J, Devi J, Sharma K, Bhatnagar-

Mathur P, Hoisington D, Hash C, Bidinger F. 

2007. Exploiting the functionality of root systems for 

dry, saline, and nutrient deficient environments in a 

changing climate. Journal of SAT Agricultural 

Research 4(1), 1–61. 

Wafaa D. 2019. Thermodynamique des transports 

membranaires. 

 

Wan X-R, Li L. 2006. Regulation of ABA level and 

water-stress tolerance of Arabidopsis by ectopic 

expression of a peanut 9-cis-epoxycarotenoid 

dioxygenase gene. Biochemical and Biophysical 

Research Communications 347(4), 1030–1038. 

https://doi.org/10.1016/j.bbrc.2006.07.026 

 

Wang W, Vinocur B, Altman A. 2003. Plant 

responses to drought, salinity and extreme 

temperatures: towards genetic engineering for stress 

tolerance. Planta 218, 1–14. 

 

Xiao-li W, Bao W-K. 2012. Statistical analysis of 

leaf water use efficiency and physiology traits of 

winter wheat under drought condition. Journal of 

Integrative Agriculture 11(1), 82–89. 

https://doi.org/10.1016/S1671-2927(12)60785-8 

 

Yaiche F. 2017. Stratégies de défense observées chez 

le blé comme réponse à l’induction d’un stress 

oxydatif. Thèse de doctorat, Université Badji 

Mokhtar, Annaba. 199 p 

 

Yang X, Lu M, Wang Y, Wang Y, Liu Z, Chen S. 

2021. Response mechanism of plants to drought 

stress. Horticulturae 7(3), 50. 

https://doi.org/10.3390/horticulturae7030050 

 

Yokota A, Takahara K, Akashi K. 2006. Water 

stress. In: Physiology and Molecular Biology of Stress 

Tolerance in Plants, 15–39. 

 

Zaidi C, Fetnaci L, Ferrag I. 2020. Approche 

bibliographique de l’effet du stress hydrique sur la 

réponse oxydative chez le blé dur (Triticum durum 

Desf.). 

 

Zhang F, Yang J, Zhang N, Wu J, Si H. 2022. 

Roles of microRNAs in abiotic stress response and 

characteristics regulation of plant. Frontiers in Plant 

Science 13, 919243. 

https://doi.org/10.3389/fpls.2022.919243 



 

 

404  Zoungrana et al. International Journal of Biosciences | IJB 

Website: https://www.innspub.net 

 

Vol. 27, Issue: 1, p. 386-404, 2025 

 
Int. J. Biosci. 

 
Zhang H, Yu Y, Wang S, Yang J, Ai X, Zhang N, 

Zhao X, Liu X, Zhong C, Yu H. 2023. Genome-wide 

characterization of phospholipase D family genes in 

allotetraploid peanut and its diploid progenitors 

revealed their crucial roles in growth and abiotic stress 

responses. Frontiers in Plant Science 14, 1102200. 

https://doi.org/10.3389/fpls.2023.1102200 

Zineb D, Djerad K, Kernaou G. 2023. Effet de la 

salinité et le déficit hydrique sur la croissance et 

certains métabolites de la fève (Vicia faba L.). 

Université Ibn Khaldoun. 

 

 

 


