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ABSTRACT 

 

DETERMİNATION OF SALT STRESS TOLERANCE LEVELS OF 

DIFFERENT BEAN GENOTYPES  

 

Mohammed Ghalib Kadhim AL-KHASHMANI  

Master of Science in Agriculture and Life 

Advisor: Prof. Dr. Şebnem KUŞVURAN 

February 2024 

 

In this study, which was carried out to determine the salt tolerance levels of different bean 

genotypes, 20 different bean genotypes were used as materials. Seeds of the genotypes 

were planted in 12 L pots containing peat: perlite mixture in a ratio of 2:1. Stress 

treatments were started 36 days after seed planting. For this purpose, starting from a dose 

of 50 mM NaCl, the salt concentration was gradually increased and a final concentration 

of 150 mM NaCl was reached. Plants exposed to salt stress for sixteen days were 

harvested and measurements and analyzes were carried out. Plants were examined in 

terms of morphological and physiological parameters.  In terms of scale evaluation, GT-

1 and GT-16 genotypes showed the closest development to control plants with a scale 

value of "1,33", while GT-8, GT-14, GT-18 and GT-19 genptypes showed the most 

development against salt stress with a scale value of "5". In other words, the genotypes 

that suffered the most were determined to be affected. Salt stress (150 mM NaCl) caused 

a decrease at varying rates in terms of shoot fresh and dry weights, stem length and 

diameter, leaf area, leaf relative water content (RWC) and SPAD value. Accordingly, the 

genotypes with lower losses compared to control plants are GT-6, GT-7, GT-11 and GT-

16, it was observed that the genotypes with the highest losses were GT-8, GT-14, GT-18, 

GT-19 and GT-20. Membrane damage index (MDI) increased by 42%, Na and Cl ion 

contents increased by 724% and 845% on average compared to control plants. Among 

the genotypes that act selectively in terms of toxic ion content and accumulate less Na 

and Cl ions, GT-6, GT-7, GT11 and GT-16 ranked first, GT-2, GT-4, GT-8 and GT-9. 

Were the genotypes containing the most Na and Cl ions. K (48,16% decrease) and Ca 

(43,53% decrease) ion contents decreased with the application of 150 mM NaCl. This 
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decrease was at a lower rate in GT-6, GT-7, GT-11 and GT-16. Losses in K and Ca ion 

content increased significantly in GT-8, GT-14, GT-19 and GT-20 bean genotypes. In 

line with all these results, in the study carried out at the early development stage, bean 

genotypes GT-6, GT-7, GT-11 and GT-16 were found to be tolerant, Genotypes GT-8, 

GT-14, GT-18 and GT-19 were determined to be sensitive. 

 

2024, 46 pages 

 

Keywords: Phaseolus vulgaris, MDI, RWC, Sodium chloride, Salt stress  
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ÖZET 

 

FARKLI FASULYE GENOTİPLERİNİN TUZ STRESİNE TOLERANS 

DÜZEYLERİNİN BELİRLENMESİ  

 

Mohammed Ghalib Kadhim AL-KHASHMANI  

Tarım ve Yaşam Bilimleri Yüksek Lisans  

Tez Danışmanı: Prof. Dr. Şebnem KUŞVURAN 

Şubat 2024 

 

Farklı fasulye genotiplerinin tuza tolerans düzeylerini belirlemek amacıyla 

gerçekelştirilen bu çalışmada 20 farklı fasulye genotipi materyal olarak kullanılmıştır. 

Genotiplere ait tohumlar 2:1 oranında torf: perlit karışımı içeren 12 L hacmindeki 

saksılara ekilmiştir. Tohum ekiminden 36 gün sonra stres uygulamlarına başlanmıştır. Bu 

amaçla 50 mM NaCl dozundan başlanarak tuz konsantrasyonu kademeli olarak artırılmış 

ve final konsantrasyon olarak 150 mM NaCl dozuna ulaşılmıştır. On altı gün tuz stresine 

maruz bırakılan bitkiler hasat edilerek ölçüm ve analizler gerçekleştirilmiştir. Bitkiler 

morfolojik ve fizyolojik parametreler bakımından incelenmiştir. Skala değerlendirmesi 

bakımından GT-1 ve GT-16 genotipleri “1,33” skala değeri ile kontrol bitkilerine en 

yakın gelişme gösteren genotipler olurken; GT-8, GT-14, GT-18 ve GT-19 genptipleri ise 

“5” skala değeri ile tuz stresinden en fazla etkilenen başka bir ifade ile zararlanmanın en 

fazla genotipler olarak belirlenmiştir. Tuz stresi (150 mM NaCl) yeşil aksam yaş ve kuru 

ağırlıkları, gövde boyu ve çapı, yaprak alanı, yaprak oransal su içeriği (YOSİ) ve SPAD 

değeri bakımından değişen oranlarda azalmaya neden olmuştur. Buna göre kontrol 

bitkilerine oranla kayıpların daha düşük oranda meydana geldiği genotiplerin GT-6, GT-

7, GT-11 ve GT-16, kayıpların en fazla olduğu genotiplerin ise GT-8, GT-14, GT-18, GT-

19 ve GT-20 olduğu görülmüştür. Membran zararlanma indekis (MZİ) tuz stresi ile 

birlikte ortalama olarak %42, Na ve Cl iyon içeriği ise kontrol bitkilerine oranla ortalama 

olarak %724 ve %845 oranında artış göstermiştir. Toksik iyon içeriği bakımından seçici 

davranarak bünyesinde daha az oranda Na ve Cl iyonu biriktiren genotipler arasında GT-

6, GT-7, GT-11 ve GT-16 ilk sırada yer almış, GT-2, GT-4, GT-8 ve GT-9 en fazla Na 

ve Cl iyonu içeren genotipler olmuştur. K (%48,16 azalma) ve Ca (%43,53 azalma) iyon 
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içerikleri ise 150 mM NaCl uygulaması ile birlikte azalma göstermiştir. Bu azalma GT-

6, GT-7, GT-11 ve GT-16 daha düşük oranda olmuştur. GT-8, GT-14, GT-19 ve GT-20 

fasulye genotiplerinde K ve Ca iyon içeriğindeki kayıplar belirgin olarak artmıştır. Tüm 

bu sonuçlar doğrultusunda erken gelişim aşamasında gerçekleştirilen çalışmada, GT-6, 

GT-7, GT-11 ve GT-16 nolu fasulye genotiplerinin tolerant, GT-8, GT-14, GT-18 ve GT-

19 nolu genotiplerin hassas olduğu belirlenmiştir. 

 

2024, 46 sayfa 

 

Anahtar Kelimeler: Phaseolus vulgaris, MZİ, Sodyum klorür, Tuz stresi, YOSİ 
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1. INTRODUCTION 

With the increasing world population, the need for food is also increasing. It is estimated 

that the population will reach 10 billion by 2050, and as a result, the food demand is 

expected to increase by 50% (Mora et al. 2020). Considering the negative impact of 

climate change and the increasing demand for food, current agricultural practices are 

insufficient (Lowry et al. 2019). This situation has led to a focus on agricultural 

productivity and efforts to obtain the highest yield from existing production areas. Abiotic 

stress factors such as salinity, drought, and high temperatures have restrictive effects on 

global food security, food quality, and plant productivity. This problem has been 

exacerbated by excessive fertilizer use, the use of unsuitable irrigation water, insufficient 

irrigation, industrial pollution, natural environmental conditions, and global climate 

change (Zhao et al. 2021). 

Losses in crop productivity associated with salt stress are approximately 50% worldwide 

(Zhao et al. 2021). Salinity directly affects agriculture and food security. Therefore, 

ensuring tolerance to salt stress is of great importance for the establishment of global food 

security and the sustainable implementation of modern agriculture. 

Salinity, one of the most important limiting factors affecting plant growth and 

development, and therefore yield, can occur in different forms. Salinity can arise due to 

neutral soluble salts in the soil, depending on the calcium, magnesium, chloride, and 

sulfate content, as well as due to sodium carbonate salts that produce alkaline hydrolysis, 

especially sodium salts (Parihar et al. 2015). 

Salt stress negatively affects germination, growth and development, flowering, and fruit 

set in plants. High sodium concentrations in saline soil limit water uptake and nutrient 

absorption in plants. Water deficiency and nutrient imbalance highlight primary stresses, 

including osmotic stress and ionic stress. These primary stresses lead to oxidative stress 

and can also cause secondary stress. Salt stress leads to various physiological and 
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molecular changes, limiting photosynthesis and causing problems in plant growth and 

development (Van Zelm et al. 2020, Gong 2021). 

Salt stress, which leads to negative effects on plant growth and development, occurs 

parallel to the increasing NaCl and other soluble salt concentrations in the soil. The 

increase in salt concentration in the soil solution and the decrease in water potential 

reduce the osmotic potential of plant cells. As a result, depending on the intensity and 

duration of salt stress, many biological processes in plants such as growth, development, 

germination, cell division, and photosynthesis are affected (Bressan 2008), which limits 

crop productivity and product quality in agricultural fields. Therefore, salinity is one of 

the most important stress factors limiting agricultural production (Fahad et al. 2015). 

Generally, yield losses occur in many crops when the electrical conductivity (EC) exceeds 

4 dS m-1 and the osmotic potential reaches 0.2 MPa. In this case, especially 

morphological, physiological, and biochemical changes occur due to Na ion toxicity 

(Acosta-Motos et al. 2017). 

Salt stress affects cell division and elongation, leading to a decrease in the number of 

cells, mitotic activity, and cell division rate in the roots and shoots of plants. 

Consequently, a decrease in stem and root length and weight, leaf shrinkage and thinning, 

a decrease in leaf numbers, thinning of the waxy layer and cuticle layer on the leaf surface, 

and a decrease in the differentiation and development of vascular tissue occur. In addition, 

the root system is directly exposed to salinity, and leaf growth is more sensitive to salt 

stress than root growth in plants, resulting in an increase in the root/shoot ratio under salt 

stress. Although the mechanism of this increase has not been fully explained, different 

changes in the cell walls of roots and leaves in response to salinity are considered to be 

the cause (Çulha and Çakırlar 2016). 

The most important reason for the damage caused by salt stress is the negative effects on 

plant ion balance. Ion toxicity occurs as a result of the disruption of ion balance and leads 

to nutritional disorders in plants. The salt present in the plant growth medium increases 

the amount of Na+ in competition with K+ uptake. As the amount of Na+ increases in the 

cells, K+ efflux occurs, leading to a deficiency of K+ in the cytosol (Chokshi et al. 2017). 
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The increased amount of Na+ inside the cells can replace the Ca2+ in the cell membrane. 

As a result, the amount of Na+ changes the cellular ion balance, especially the K+/Na+ 

ratio, during salt stress (Rahman et al. 2016).  

In soil or any plant growth environment, high salinity directly reduces water uptake by 

lowering the osmotic potential, leading to water exit from the cell and stomatal closure 

(Shabala and Cuin, 2008, Chokshi et al. 2017, Rajput et al. 2017). Both osmotic stress 

and ion toxicity hinder plant photosystem, leading to excessive production of reactive 

oxygen species (ROS) (1O2, O2
•-, H2O2, and OH•) (Hasanüzzaman et al. 2013). 

Beans, a herbaceous plant of the Phaseolus genus in the Fabaceae family, originated from 

Central America and are one of the most widely cultivated crops worldwide for both fresh 

pods and dry beans. With approximately 76 species, beans constitute 50% of the 

consumed legumes worldwide. Five different types of beans are cultivated globally 

(Celmeli et al. 2018), including two types, P. vulgaris L. and P. coccineous L., grown in 

Turkey (Smýkal et al. 2015). In addition to being a rich source of vitamins (A, B9, and 

C) and minerals (iron and magnesium), beans play an important role in human nutrition 

as a primary protein source (Hernandez et al. 2007). Formerly a significant exporter of 

beans, Turkey has been striving to become more self-sufficient in recent years (Faostat, 

2018). Due to its geographical structure, Turkey has a wide diversity of bean genotypes. 

Dry beans can be cultivated in every region of Turkey. According to the Turkish 

Statistical Institute (TUİK), beans rank third in terms of both cultivation area and 

production quantity among grain legumes, following chickpeas and lentils. In 2020, the 

total production quantity of dry beans on approximately 103 thousand hectares in Turkey 

was around 280 thousand tons, with a yield of approximately 2.71 tons/ha (TUİK, 2021). 

Compared to other species, legumes are among the most sensitive groups to salinity, and 

beans are known to be one of the most salt-sensitive species (Ashraf, 1994). Genetic 

diversity within a species provides a valuable opportunity for salinity tolerance studies. 

Beans (Phaseolus vulgaris, L.) are one of the major crops cultivated worldwide and are 

highly sensitive to salinity (Marchner, 1995). Despite not being its primary homeland, 

Turkey is one of the important countries in terms of genetic richness in beans and cowpeas 
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(Daşgan et al. 2006). Observations in areas where beans are cultivated indicate significant 

differences in plant vegetative growth and pod and grain yield among different bean 

genotypes under saline and water-restricted conditions. This variation within the same 

species is associated with differences in genotypes' adaptation mechanisms to salinity and 

drought (Costa França et al. 2000). 

In line with this, the aim of this study is to determine the tolerance levels of different bean 

genotypes to salt stress.  
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2. LITERATURE REVIEW 

2.1 Salt Stress in Plants 

Salinity is a major environmental stress factor that negatively affects plant growth, 

development, and the quality and quantity of the yield. In crop production, about 50% of 

the yield losses are due to abiotic stress factors. Currently, around 6% of the total irrigable 

land, accounting for 30% of irrigated areas, is affected by soil salinity. On the other hand, 

mistakes in cultural practices such as fertilization and irrigation are contributing to the 

increasing problem (Hasanuzzaman et al. 2013). 

Plants are classified as glycophytes or halophytes based on their responses to salt stress. 

Halophytes have the ability to tolerate high levels of sodium chloride (NaCl) and survive 

in soils twice as salty as seawater. Elevated NaCl levels lead to imbalances in nutrient 

uptake in plants, such as reduced intake of calcium and nitrate ions. Salinity primarily 

hinders plant growth through three main mechanisms: ion toxicity, osmotic stress, and 

nutrient imbalance (Patel et al. 2010). 

The salts present in irrigation water or soil can create salt stress levels that limit the growth 

and development of plants. These compounds include chloride, sulfate, carbonate, 

bicarbonate, and borate. However, sodium chloride (NaCl) is the most commonly 

encountered form of salt in nature. An increase in salt levels in the soil due to stress leads 

to an increase in osmotic pressure, a decrease in water potential, and a restriction of water 

uptake by the roots, resulting in osmotic stress. Another effect of the stress is defined as 

a toxic effect. When salt ions, especially high concentrations of Na+ ions, are present, a 

toxic effect occurs, leading to negative impacts on plant growth and development 

(Stavridou et al. 2017). 

Salt stress, characterized by low osmotic potential in the growth medium, imbalance of 

plant nutrients, ion toxicity, or a combination of these factors, has harmful effects on 

plants. The impact varies depending on the salt level, duration of stress, plant age, species, 
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and variety. Under stress conditions, there is a decrease in osmotic potential and water 

potential, leading to disruption of cell membrane permeability and integrity (Acosta 

Matos et al. 2017, Shahzad et al. 2022). Cell division and elongation are affected, 

resulting in decreased stem and root length and weight, as well as a reduction in leaf 

number and area. 

Salt stress causes damage to plants mainly due to changes in ion regulation. The 

increasing accumulation of salt in the root zone restricts the uptake of essential elements 

and minerals such as K+, Ca+2, and NO3
-, while inducing the uptake of Na+ and Cl-, 

negatively affecting the cellular ion balance. The toxic accumulation of harmful ions 

affects photosynthesis and protein synthesis, deactivates enzymes, and damages 

chloroplasts and other organelles. When sodium (Na+) reaches toxic levels, it also affects 

the uptake and regulation of K+, Ca+2, and Mg+2 cations in the plant, while when chloride 

(Cl-) reaches toxic levels, it affects the uptake and regulation of nitrate (NO3
-) anions 

(Atalan and Gökçe 2021).  

2.2 The Effects of Salt Stress in Beans 

Ndakidemi and Makoi (2009) exposed four different bean varieties (Lyamungo 90, Jesca, 

Flora de Mayo, and CAB 19) to different levels of salinity (0, 2.5, 5.0, 10.0 mM) at 10 

and 20-day intervals after the seedling stage to determine their responses to NaCl induced 

salt stress. They found that high NaCl concentrations reduced plant height and dry matter 

yield, changed leaf color, promoted leaf injuries, and that compared to the control, 

Lyamungo 90 and CAB 19 varieties were more affected by >5 mM NaCl, while some 

varieties showed more tolerance to high salinity than others. 

Kaya (2011) investigated the tolerance levels of eighty-one different bean genotypes to 

drought and salinity at the early stage of plant development. To reveal the bean genotypes' 

responses to salt stress, 200 mM NaCl was used, while drought stress was induced by 

gradually with holding water. In the study, bean plants were grown under salt and drought 

stress as well as non-stress control conditions. The trial focused on bean plants at the early 

28-day development stage, without reaching the yield. A series of morphological and 
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physiological measurements and analyses were conducted to determine which bean 

genotypes were tolerant to salt and drought. These included scoring symptomatic damage 

in genotypes on a 0-5 scale, fresh and dry weights of green parts, fresh and dry weights 

of roots, leaf number, plant height, leaf area, membrane damage index, SPAD-chlorophyll 

meter readings, leaf relative water content, leaf water potential, leaf osmotic potential, 

stomatal conductance, leaf temperature, and analysis of Na, K, Ca, and Cl in green parts 

and roots. Percentage changes in all examined parameters in stressed plants compared to 

control plants were calculated. Additionally, the relationships between the parameters 

were investigated. The study concluded that there was a wide variation in the responses 

of the examined bean genotypes to salt and drought stress. Eighty-one different bean 

genotypes were classified as tolerant, moderately tolerant, and sensitive to salt and 

drought. 

In bean plants, as the salt concentration increases in the root region, the leaf water 

potential and leaf osmotic potential decrease (Gama et al. 2007), and there are decreases 

in transpiration rate due to a signal being sent from the root to the shoot (Kaymakanova 

and Stoeva, 2008). Kouam et al. (2017) stated that the osmotic effect, which limits the 

uptake of water necessary for the germination of bean seeds under salt stress, causes 

germination to be delayed. Bayram et al. (2014) reported that the application of 300 mM 

NaCl decreased the relative water content in bean plants by 31% and 59%, respectively, 

in soil and soilless cultures. The decrease in water content was caused by the increase in 

the osmotic pressure of the salts in the nutrient solution and the direct reduction of the 

water availability to the roots. Kaymakanova and Stoeva (2008) reported that the decrease 

in water potential in some bean varieties under sodium chloride and sodium sulfate 

applications was due to salt increasing cellular water loss. In plants treated with 100 mM 

NaCl, the water potential decreased by about 200%, and this decrease caused a decrease 

in transpiration rate, and consequently a decrease in biomass. 

Cokkizgin (2012) found that salt stress can reduce seed germination in beans due to 

osmotic effects or ion toxicity. Additionally, accumulation of sodium and chloride can 

cause an imbalance in nutrient uptake. High sodium concentration and low K/Na ratios 

in the tissue, inhibition of root elongation, and calcium deficiency in the shoots are among 
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the characteristic symptoms of sodium toxicity (Tejera et al. 2005). Metwali et al. (2015) 

found that the decrease in plant growth and chlorophyll content under salt conditions in 

beans could be attributed to the toxic effect of sodium and chloride. Ndakidemi and Makoi 

(2009) reported that plants exposed to high NaCl induced salt stress showed more severe 

leaf damage symptoms than plants exposed to lower salt levels. 

Many researchers have reported that increasing salinity can significantly reduce seed 

germination percentage, germination rate, root and shoot lengths, and root and shoot 

weights of plants (Lotfi et al. 2018). In a 6-week experiment conducted by Kouam et al. 

(2017), it was found that all growth parameters, except root length, decreased in bean 

plants with increasing salinity. Leaf sodium accumulation significantly increased, while 

potassium accumulation decreased. The same researchers also reported that plant height 

was significantly affected by only 200 mM NaCl salinity level. 

Assimakopoulou et al. (2015) reported a decrease of 47%, 30%, and 36% in total biomass 

for the "Romano," "Corallo," and "Starazagorski" fresh bean varieties, respectively, when 

grown under saline conditions. Additionally, the harvested marketable pod yields showed 

a reduction of 35%, 45%, and 46%, respectively. Similarly, it was noted that bean plants 

were affected by different salinity levels, influencing pod length and nutrient content. At 

salinity levels of 0,5, 2, and 3 dS/m, pod lengths of 8,52, 10,02, and 11,84 cm were 

obtained, as reported by Abdel-Mawgoud et al. (2010). 

Farhangi-Abriz and Torabian (2018) stated that in soybeans, an increase in salt 

concentration resulted in a decrease in plant growth and development and a reduction in 

K+ ion uptake. However, they also observed an increase in antioxidative enzyme 

activities, MDA content, phenolic compound content, hydrogen peroxide content, and 

Na+ ion. 

In a study examining the tolerance levels of forty-seven different bean genotypes to salt 

and drought, Arteaga et al. (2020) found that salt led to a reduction in plant growth and 

development. The research investigated the effects of drought and salt stress on plant 
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growth in 47 bean (P. vulgaris L.) genotypes. The study reported a decrease in the growth 

of genotypes under both salt and drought conditions. 

Abdel Latef et al. (2021) stated that under salt stress, the disruption of mineral 

homeostasis occurs, leading to a slowdown in plant development. In beans, it was 

emphasized that excessive accumulation of Na in organs such as shoots, roots, and stems 

results in a decrease in Ca, K, and Mg content. The rapid absorption of Na and Cl ions is 

highlighted to cause a significant decrease in other ions (Abdel Latef et al. 2021). 

In their study on beans, Kul et al. (2021) reported a significant reduction in growth, 

chlorophyll content, and leaf water content with the application of 100 mM NaCl. They 

also noted a significant increase in H2O2, MDA, proline, and sucrose content. 

In a study on beans, Al-huraby and Bafeel (2022) reported a decrease in germination rate 

with increasing NaCl concentrations (0, 50, 100, 150, and 200 mM). In the same study, 

they also reported that high salt concentration limits photosynthetic activity and results in 

a decrease in photosynthetic pigments.  

Al-Shammari et al. (2023) reported that under salt stress conditions in peas, there was a 

decrease in plant growth and development (both in terms of fresh and dry weight, plant 

height, and flower number per plant), yield and yield parameters, chlorophyll a and b, and 

leaf relative water content. However, they also noted an increase in MDA, H2O2, and 

electrical conductivity levels, as well as antioxidative enzyme activities (SOD, CAT, 

POX). 

Desouky et al. (2023), highlighting salt stress as a factor affecting yield in fava beans 

(Vicia faba L.), examined the salt tolerance characteristics among genotypes from both 

physiological and biochemical perspectives. The study, conducted under in vitro 

conditions, characterized the response to different seawater concentrations (1000, 3000, 

5000, and 7000 ppm) for two fava bean genotypes (Sakha 3 and Nubaria 2). The results 

showed a significant decrease in shoot and root length, leaf and branch numbers, and dry 
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matter gain for both genotypes with increasing salinity. Additionally, there was a notable 

reduction in photosynthetic pigments (chlorophyll a, b) with the rise in salinity. Changes 

in tissue ion levels, peroxidase (POD), and polyphenol oxidase (PPO) activities varied 

based on genotype, tissue type, and salinity level. The adverse impact of salt stress on the 

growth performance of the Nubaria 2 genotype was found to be less severe compared to 

the Sakha 3 genotype (Desouky et al. 2023). 
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3. MATERIALS AND METHODS 

3.1 Material 

In the study, a total of 20 different bean genotypes were used as the material.  

3.2 Method 

The study was conducted at the Faculty of Food and Agriculture Vocational School in 

Uluyazı and Ballıca campuses, in greenhouses and laboratories. Seeds of bean genotypes 

were sown in plastic pots containing a mixture of peat and perlite in a 2:1 ratio, with three 

plants per pot. The plants were irrigated with a standard nutrient solution until they 

reached the stage of having three true leaves. The "drainage solution/applied solution" 

ratio was used as the basis for irrigation. Daily drainage levels were determined, and this 

ratio was maintained at around 30% based on the growth of the plants throughout the 

experiment. Stress and control applications were organized with three replications in the 

study.  

3.2.1 Stress treatments 

Stress treatments began 36 days after seed sowing. For this purpose, starting with a dose 

of 50 mM NaCl, the salt concentration was gradually increased, reaching a final 

concentration of 150 mM NaCl. Plants exposed to salt stress for sixteen days were then 

harvested, and measurements and analyses were conducted. 

 

Figure 3.1 Planting of bean seeds and establishment of the experiment 
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Figure 3.2 Plant development in beans 
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Figure 3.3 The responses of different bean genotypes to salt stress 

3.2.2 Measurements and analyses 

Scale evaluation (0-5) 

A scale was established to assess the degree of morphological damage in plants. For this 

purpose, plants were assigned scores ranging from 0 to 5 based on the degree of damage. 
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In the salt stress experiment with bean plants, scores from 0 to 5 were given according to 

the symptoms outlined below (Kusvuran 2010). 

• 0: No impact of salt stress on plants (control plants) 

• 1: Localized yellowing and curling of leaves 

• 2: Yellowing of leaves and a 25% necrotic spot 

• 3: Presence of necrotic spots between 25-50% on leaves with the initiation of leaf 

shedding 

• 4: Necrosis covering 50-75% of leaves and occurrence of plant deaths 

• 5: Severe necrosis covering 75-100% of leaves and/or complete plant death 

Determining shoot fresh and dry weights  

As a result of stress applications, three randomly selected plants from the harvested ones 

will be weighed on a sensitive scale to determine their fresh weights in grams. 

Subsequently, the same samples will be dried in an oven at 65 ºC for 48 hours, and their 

dry weights will also be recorded.  

Determination of stem height and diameter 

The region from the root collar to the growth tip in the plant will be measured in 

centimeters (± 0.5) and recorded in meters. The stem diameter will be determined using 

a digital caliper and recorded in millimeters (± 0.1). 

Determining the leaf area 

The leaf area was determined using the CI BIO Science CI 202 model leaf area meter 

device and expressed as cm2/plant. 
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Determination of relative water content 

In salt stress tolerance trials for beans, relative water content (RWC) (%) was determined 

using the methods employed by different researchers for various plants. The RWC was 

determined following the procedure outlined by Sanchez et al. (2004) and Türkan et al. 

(2005). Sixteen days after the application of stress, plants were harvested, and the fresh 

weights of leaf samples were measured to determine their relative water content. After 

determining their weights, the leaf samples were dried in an oven at 65ºC for 48 hours, 

and their dry weights were recorded in grams.                 

Determination of membrane damage in leaf cells (membrane injury index) 

The membrane damage index (MDI) was calculated by measuring the electrolyte leakage 

from the cells (Fan and Blake, 1994). Discs of 17 mm in diameter were taken from the 

third leaf from the bottom of both stress and control plants. After soaking these discs in 

deionized water for 5 hours, the electrical conductivity (EC) was measured. The same 

discs were then kept at 100°C for 10 minutes, and the EC value of the solution was 

recorded again. Membrane damage (%) in leaf cells was determined through this process. 

Determination of chlorophyll ratio 

The chlorophyll content in plants was measured using a Minolta brand chlorophyll meter. 

Determination of ion contents (Na, Cl, K, and Ca) 

The method outlined by Dasgan and Koc (2009) was followed for the determination of 

ion contents (Na, K, and Ca). The determination of plant green tissue chlorine 

concentration was conducted according to Nielsen (2017) and using the Mohr method.  
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3.3 Statistical Analysis 

The study was conducted using a completely randomized block design with three 

replications, each consisting of three plants per replication. JMP (version 8.0) software 

was employed for the statistical analysis of the data. Differences between means were 

grouped according to the LSD test (p ≤ 0.05). 
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4. RESULTS AND DISCUSSION 

The obtained findings on the examination of salt stress tolerance statuses of different bean 

genotypes are provided below. 

4.1 Scale Evaluation 

In the study examining the tolerance status of different bean genotypes to salt stress, 

plants were evaluated based on a visual scale assessment (Figure 4.1). Ratings ranging 

from 1 to 5 were assigned depending on the degree of damage in the assessment, 

considering "0" as the control. Accordingly, genotypes GT-1 and GT-16 exhibited the 

closest development to control plants with a scale value of "1,33". Following them were 

genotypes GT-6 and GT-7 with a scale value of "1,67". Genotypes GT-8, GT-14, GT-18, 

and GT-19 were identified as the most affected by salt stress, or in other words, the 

genotypes with the highest damage, with a scale value of "5". The scale values for other 

genotypes ranged between 2 and 4,67.  

 

Figure 4.1 Scale values under salt stress in bean genotypes 
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4.2 Shoot Fresh and Dry Weights 

Salt stress (150 mM NaCl) has led to a decrease in shoot fresh weights in varying 

proportions (Table 4.1). This decrease exhibited variations among genotypes. Under salt 

stress conditions, the highest green shoot fresh weight values were observed in genotypes 

GT-6 (42,67 g/plant) and GT-16 (41 g/plant), while the lowest values were determined in 

genotypes GT-8 (7 g/plant) and GT-20 (6,67 g/plant). To highlight the losses imposed by 

salt stress on plants, percentage changes were determined. Accordingly, genotypes with 

the least percentage change and, therefore, closest to control plants, were identified as 

GT-11 (7.85% decrease), GT-16 (15.76% decrease), and GT-7 (17,51% decrease). 

However, genotypes with the highest percentage changes were listed as GT-19 (80.01% 

decrease), GT-8 (80,19% decrease), and GT-20 (81.67% decrease).  

Shoot dry weights also showed a decrease depending on salt stress, revealing differences 

among genotypes (Table 4.2). In general, with the application of 150 mM NaCl, there 

was a reduction in green biomass dry weights ranging from 17% to 94%. When 

considering the percentage changes, the decrease in genotypes GT-6, GT-11, and GT-7 

ranged from 17% to 30% compared to control plants, while the highest reduction was 

observed in genotypes GT-17, GT-14, GT-4, and GT-8, with a decrease of 91-93% 

compared to control plants. 
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Table 4.1 The effect of salt stress on the shoot fresh weight of bean genotypes 

Shoot Fresh Weight (g plant-1) 

Genotypes Control Salt % Change 

GT-1 40,00 a-d 32,67 b -18,33 

GT-2 47,67 ab 16,67 e-h -65,03 

GT-3 44,67 a-c 13,33 f-i -70,16 

GT-4 39,00 a-d 11,00 g-i -71,79 

GT-5 33,33 b-d 18,00 e-g -45,99 

GT-6 52,00 a 42,67 a -17,94 

GT-7 26,67 d 22,00 c-e -17,51 

GT-8 35,33 b-d 7,00 i -80,19 

GT-9 41,33 a-d 26,67 b-d -35,47 

GT-10 36,33 a-d 10,67 g-i -70,63 

GT-11 34,00 b-d 31,33 b -7,85 

GT-12 39,67 a-d 29,33 bc -26,07 

GT-13 30,00 c-d 20,33 d-f -32,23 

GT-14 38,67 a-d 9,67 hi -74,99 

GT-15 42,67 a-c 9,33 hi -78,13 

GT-16 48,67 ab 41,00 a -15,76 

GT-17 38,00 a-d 10,00 hi -73,68 

GT-18 33,00 b-d 8,67 i -73,73 

GT-19 46,67 ab 9,33 hi -80,01 

GT-20 36,33 a-d 6,67 i -81,64 

LSD (0.05) 15,80 7,82  
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Table 4.2 The effect of salt stress on shoot dry weight in bean genotypes  

Shoot Dry Weight (g plant-1) 

Genotypes Control Salt % Change 

GT-1 4,53 a-c 2,61 ab -42,38 

GT-2 5,54 ab 0,83 e-g -85,02 

GT-3 5,81 a 0,67 e-h -88,47 

GT-4 4,68 a-c 0,33 h -92,95 

GT-5 2,97 e 1,08 c-e -63,64 

GT-6 3,64 c-e 2,99 a -17,86 

GT-7 3,34 c-e 2,32 b -30,54 

GT-8 4,59 a-c 0,28 h -93,90 

GT-9 3,88 c-e 1,55 c -60,05 

GT-10 4,36 b-d 0,55 f-h -87,39 

GT-11 3,06 de 2,19 b -28,43 

GT-12 3,60 c-e 1,47 cd -59,17 

GT-13 3,60 c-e 1,03 d-f -71,33 

GT-14 5,41 ab 0,39 gh -92,79 

GT-15 4,64 a-c 0,51 gh -89,01 

GT-16 4,38 a-d 2,87 a -34,47 

GT-17 4,56 a-c 0,40 gh -91,23 

GT-18 3,63 c-e 0,43 gh -88,15 

GT-19 4,67 a-c 0,47 gh -89,94 

GT-20 3,27 c-e 0,33  h -89,91 

LSD (0.05) 1,44 0,49  

 

4.3 Stem Length and Diameter 

Under salt stress conditions, the tallest stem height was determined in genotypes GT-16 

(70 cm/plant), GT-6 (60,67 cm/plant), and GT-11 (59 cm/plant) (Table 4.3). The lowest 

stem height was observed in bean genotypes GT-18 (27,33 cm/plant), GT-8 (26,67 

cm/plant), and GT-10 (23 cm/plant). Salt application led to a decrease in stem height 

compared to the control plants. Some genotypes were found to result in less loss compared 

to other genotypes when compared with control plants, with GT-11 (16%), GT-16 (25%), 

GT-7 (28%), and GT-6 (28%) taking the top positions. Among the genotypes, GT-2, GT-

10, GT-18, and GT-8 experienced the highest losses, ranging from 63% to 66% compared 

to control plants under stress conditions. 
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In all genotypes exposed to salt stress, a varying degree of decrease in stem diameter 

compared to control plants was determined (Table 4.4). Genotypes that were less affected 

by salt stress and formed values close to control plants experienced losses ranging from 

3,24% to 8,77%. Among the genotypes with the least loss in stem diameter, GT-11 

(3,24%), GT-6 (7,99%), and GT-7 (8,77%) ranked at the top. Genotypes most affected 

by salt stress, with high losses in stem diameter compared to control plants, included GT-

15 (70,85%), GT-14 (71,90%), and GT-18 (72,27%). 

Table 4.3 The effect of salt stress on stem length in bean genotypes 

Stem Length (cm plant-1) 

Genotypes Control Salt % Change 

GT-1 77,67 c-e 47,33 c -39,06 

GT-2 108,67a 39,67 c-f -63,49 

GT-3 75,00 de 41,00 c-f -45,33 

GT-4 81,33 c-e 37,00 d-g -54,51 

GT-5 66,00 ef 42,00 c-e -36,36 

GT-6 85,00 b-d 60,67 b -28,62 

GT-7 78,00 c-e 56,00 b -28,21 

GT-8 79,00 c-e 26,67 hi -66,24 

GT-9 57,67 f 40,00 c-f -30,64 

GT-10 66,50 f 23,00 i -65,41 

GT-11 70,67 d-f 59,00 b -16,51 

GT-12 64,33 ef 38,33 d-g -40,42 

GT-13 81,33 c-e 43,67 cd -46,31 

GT-14 79,00 30,00 g-i -62,03 

GT-15 76,00 de 34,67 e-h -54,38 

GT-16 94,33 a-c 70,00 a -25,79 

GT-17 68,00 d-f 33,00 f-h -51,47 

GT-18 80,67 c-e 27,33 hi -66,12 

GT-19 76,67 de 42,33 c-e -44,79 

GT-20 101,33 ab 37,67 d-g -62,82 

LSD (0.05) 17,15 8.61  
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Table 4.4 The effect of salt stress on stem diameter in bean genotypes 

Stem Diameter (mm plant-1) 

Genotypes Control Salt % Change 

GT-1 6,10 a-d 3,19 ef -47,70 

GT-2 5,57 c-f 2,10 g -62,30 

GT-3 6,13 a-d 2,95 f -51,88 

GT-4 6,23a-d 2,02 gh -67,58 

GT-5 6,20 h 3,18 ef -48,71 

GT-6 6,63 a-d 6,10 a -7,99 

GT-7 5,70 c-f 5,20 b -8,77 

GT-8 4,30 e-g 1,93 gh -55,12 

GT-9 5,30 d-f 3,67 d -30,75 

GT-10 5,00 gh 2,19 g -56,20 

GT-11 6,17 a-d 5,97 a -3,24 

GT-12 7,37 ab 4,73 c -35,82 

GT-13 5,83 b-e 3,53 de -39,45 

GT-14 4,27 f-h 1,20 i -71,90 

GT-15 7,10 a-c 2,07 g -70,85 

GT-16 7,40 a 5,33 b -27,97 

GT-17 6,27 a-d 2,83 f -54,86 

GT-18 6,13 a-d 1,70 h -72,27 

GT-19 6,23 a-d 1,93 gh -69,02 

GT-20 5,95 a-d 2,22 g -62,69 

LSD (0.05) 1,56 0,37  

 

4.4 Leaf Area 

Changes in terms of leaf area are shown in Table 4.5. The highest leaf area values under 

the application of 150 mM NaCl occurred in genotypes GT-6 (1273,15 cm2/plant), GT-

16 (122,.77 cm2/plant), GT-12 (855,78 cm2/plant), GT-1 (833.90 cm2/plant), and GT-11 

(827.27 cm2/plant). The lowest leaf area values were determined in genotypes GT-8 

(199,89 cm2/plant) and GT-20 (187,99 cm2/plant). When compared to the control plants, 

the least losses in terms of leaf area were observed in genotypes GT-7 (20,35%), GT-16 

(23,91%), and GT-11 (24,02%). Among the genotypes with the highest changes, GT-19 

(81,62%), GT-8 (82,41%), and GT-20 (83,96%) took the top positions. Changes in other 

genotypes ranged between 26% and 79%. 
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Table 4.5 The impact of salt stress on the leaf area of bean genotypes 

Leaf Area (cm2 plant-1) 

Genotypes Control Salt % Change 

GT-1 1302,95 a-d 833,9 b -36,00 

GT-2 1576,64 ab 544,98 de -65,43 

GT-3 1469,55 a-c 425,98 ef -71,01 

GT-4 1267,25 a-d 342,69 fg -72,96 

GT-5 1064,96 b-d 592,58 d -44,36 

GT-6 1731,34 a 1273,15 a -26,46 

GT-7 826,97 d 658,71 cd -20,35 

GT-8 1136,36 b-d 199,89 g -82,41 

GT-9 1350,55 a-d 775,94 bc -42,55 

GT-10 1172,06 a-d 330,79 fg -71,78 

GT-11 1088,76 b-d 827,27 b -24,02 

GT-12 1291,05 a-d 855,78 b -33,71 

GT-13 945,96 cd 575,88 de -39,12 

GT-14 1255,35 a-d 295,09 fg -76,49 

GT-15 1398,15 a-c 283,19 fg -79,75 

GT-16 1612,34 ab 1226,77 a -23,91 

GT-17 1231,55 a-d 306,99 fg -75,07 

GT-18 1053,06 b-d 259,39 g -75,37 

GT-19 1540,94 ab 283,19 fg -81,62 

GT-20 1172,06 a-d 187,99 g -83,96 

LSD (0.05) 564,02 161,81  

 

4.5 Leaf Relative Water Content (RWC) 

Changes in leaf relative water content (RWC) are shown in Table 4.6. The highest RWC 

values were observed in genotypes GT-11 (71,02%), GT-16 (70,59%), and GT-12 

(68,49%) in response to salt stress application. The lowest RWC values were determined 

in genotypes GT-18 (21,16%) and GT-14 (20,91%). When compared to the control plants, 

the least losses in LRWC were found in genotypes GT-11 (13,83%), GT-16 (14,20%), 

and GT-12 (18,44%). Among the genotypes with the most significant changes, GT-18 

(73,52%) and GT-14 (74,36%) took the lead. Changes in other genotypes ranged from 

20% to 64%. 
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Table 4.6 The effect of salt stress on leaf relative water content (RWC) in bean genotypes  

RWC (%) 

Genotypes Control Salt % Change 

GT-1 81,52 58,97 ed -27,66 

GT-2 85,71 35,69 f -58,36 

GT-3 81,69 37,39 f -54,23 

GT-4 82,55 30,30 g -63,29 

GT-5 79,38 51,18 e -35,53 

GT-6 80,67 64,40 bc -20,17 

GT-7 84,28 61,47 cd -27,06 

GT-8 81,36 28,61 g -64,84 

GT-9 82,87 50,70 e -38,82 

GT-10 81,61 39,08 f -52,11 

GT-11 82,42 71,02 a -13,83 

GT-12 83,98 68,49 ab -18,44 

GT-13 87,00 52,99 e -39,09 

GT-14 81,56 20,91 h -74,36 

GT-15 82,00 39,22 f -52,17 

GT-16 82,27 70,59 a -14,20 

GT-17 81,72 29,07 g -64,43 

GT-18 79,92 21,16 h -73,52 

GT-19 83,64 29,50 g -64,73 

GT-20 83,65 30,44 g -63,61 

LSD (0.05) ns 4,38  

 

4.6 Membrane Damage Index (MDI) 

Changes in terms of membrane damage index (MDI) are illustrated in Figure 4.2. Due to 

stress application, MDI values increased in all genotypes, ranging between 13% and 62%. 

As the level of damage increased, MDI values also exhibited an increase. Among the 

genotypes subjected to salt stress, the ones with the lowest and hence least damage were 

ranked as GT-11 (13,62%), GT-16 (14,61%), and GT-6 (18,84%). The genotypes with 

the highest damage included GT-19 (61,16%), GT-14 (61,44%), and GT-18 (62,61%), 

ranking at the top. MDI in other genotypes ranged between 20% and 57%.  
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Figure 4.2 The effect of salt stress on membrane damage ındex (MDI) in bean genotypes 

4.7 SPAD Value 

The changes in leaf SPAD values are shown in Table 4.7. A decrease in SPAD values 

compared to control plants occurred under stress conditions. The highest SPAD values 

under salt stress were observed in genotypes GT-16 (51,10) and GT-11 (40,50). The 

lowest SPAD values were determined in genotypes GT-19 (16,13) and GT-20 (12,73). 

When compared to control plants, the least losses in terms of SPAD values were found in 

genotypes GT-11 (16,62), GT-16 (17,02), GT-5 (18,28), and GT-6 (19,99). Among the 

genotypes with the most significant changes, GT-19 (71,52) and GT-20 (76,56) ranked 

first. The changes in other genotypes ranged between 24% and 54%. 
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Table 4.7 The effect of salt stress on SPAD value in bean genotypes  

SPAD 

Genotypes Control Salt % Change 

GT-1 46,80 b-e 34,73 b-d -25,79 

GT-2 48,27 a-e 25,13 d-g -47,94 

GT-3 47,03 b-e 27,40 c-f -41,74 

GT-4 42,70 c-e 20,00 f-h -53,16 

GT-5 40,87 e 33,40 b-e -18,28 

GT-6 45,37 b-e 36,30 bc -19,99 

GT-7 42,30 de 29,87 c-e -29,39 

GT-8 55,00 a-d 26,43 d-f -51,95 

GT-9 42,47 de 31,47 b-e -25,90 

GT-10 46,73 b-e 25,30 d-g -45,86 

GT-11 48,57 a-e 40,50 ab -16,62 

GT-12 41,80 de 26,60 c-f -36,36 

GT-13 43,63 c-e 32,73 b-e -24,98 

GT-14 61,63 a 28,13 c-f -54,36 

GT-15 59,27 ab 31,03 b-e -47,65 

GT-16 61,57 a 51,10 a -17,01 

GT-17 48,97 a-e 24,90 e-g -49,15 

GT-18 45,37 b-e  25,90 d-g -42,91 

GT-19 56,63 a-c 16,13 gh -71,52 

GT-20 54,33 a-e 12,73 h -76,57 

LSD (0.05) 14,04 0,74  

 

4.8 Sodium Ion Content 

The study examined the tolerance levels to salt stress in twenty different bean genotypes 

by analyzing the sodium ion contents in green tissues, and the findings are presented in 

Table 4.8. Sodium (Na) ion content was determined to be the lowest in control plants, 

showing a variation of 0.59-0.73%. Under salt stress conditions, there was an increase in 

Na ion content, and this increase varied among genotypes. The highest Na values under 

salt stress were observed in genotypes GT-14 (7,08%), GT-19 (7,10%), and GT-18 

(7,14%). The lowest Na content was determined in genotypes GT-11 (2,56%) and GT-16 

(3,00%). When compared to control plants, genotypes GT-11 (255,56%) and GT-16 

(310,96%) ranked first in selectively incorporating lower levels of toxic ions. In contrast, 

genotypes GT-8 (951,56%) and GT-19 (959,70%) were identified as the ones 
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incorporating the highest amounts of Na ions. In other genotypes, the increase in Na ion 

content compared to control plants ranged from 382% to 933%. 

Table 4.8 The effect of salt stress on sodium (Na) ion content in bean genotypes  

Na (%) 

Genotypes Control Salt % Change 

GT-1 0,64 c-e 4,42 f 590,63 

GT-2 0,60 de 6,08 cd 913,33 

GT-3 0,71 a-c 5,26 e 640,85 

GT-4 0,59 e 6,10 cd 933,90 

GT-5 0,69 a-c 5,23 e 657,97 

GT-6 0,65 b-e 3,19 g 390,77 

GT-7 0,69 a-c 3,33 g 382,61 

GT-8 0,64 c-e 6,73 ab 951,56 

GT-9 0,73 ab 5,70 d 680,82 

GT-10 0,69 a-c 6,64 b 862,32 

GT-11 0,72 a-c 2,56 h 255,56 

GT-12 0,68 a-d 4,41 f 548,53 

GT-13 0,60 de 5,88 d 880,00 

GT-14 0,69 a-c 7,08 a 926,09 

GT-15 0,66 a-e 6,73 ab 919,70 

GT-16 0,73 a 3,00 g 310,96 

GT-17 0,66 a-e 6,58 b 896,97 

GT-18 0,72 a-c 7,14 a 891,67 

GT-19 0,67 a-d 7,10 a 959,70 

GT-20 0,65 b-e 6,46 bc 893,85 

LSD (0.05) 0,08 0,41  

 

4.9 Chloride Ion Content 

In a study investigating the tolerance levels of twenty different bean genotypes to salt 

stress, the chlor ion contents of green leaf tissues were examined, and the findings are 

presented in Table 4.9. The determination of chlor (Cl) ion content showed the lowest 

values in control plants, ranging from 0,38 to 0,51. Under salt stress conditions, there was 

an increase in Cl ion content, and this increase varied among genotypes. The highest Cl 

values under salt stress were observed in genotypes GT-14 (5,20%), GT-18 (5,21%), GT-

8 (5,23%), and GT-19 (5,29%). The lowest Cl content, on the other hand, was determined 

in genotypes GT-16 (2,16%), GT-11 (2,19%), and GT-6 (2,27%). When compared to 
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control plants, genotypes GT-16 (323,55%) and GT-11 (338,00%) ranked first in terms 

of being selective in absorbing lower levels of toxic ions. In contrast, genotypes GT-2 

(1152,63%), GT-4 (1291,89%), and GT-8 (1703,45%) were identified as genotypes 

absorbing the highest amounts of Cl ions. In other genotypes, the increase in Cl ion 

content compared to control plants ranged from 427% to 1069%. 

Table 4.9 The effect of salt stress on chloride (Cl) ion content in bean genotypes  

Cl (%) 

Genotypes Control Salt % Change 

GT-1 0,42 a-c 2,84 i 576,19 

GT-2 0,38 b-d 4,76 d 1152,63 

GT-3 0,49 a 4,31 e 779,59 

GT-4 0,37 cd 5,15 a-c 1291,89 

GT-5 0,47 ab 3,64 gh 674,47 

GT-6 0,43 a-c 2,27 jk 427,91 

GT-7 0,39 b-d 2,36 j 505,13 

GT-8 0,29 d 5,23 ab 1703,45 

GT-9 0,51 a 3,72 g 629,41 

GT-10 0,47 ab 4,17 e 787,23 

GT-11 0,50 a 2,19 k 338,00 

GT-12 0,46 a-c 3,94 f 756,52 

GT-13 0,38 b-d 3,54 h 831,58 

GT-14 0,47 ab 5,20 ab 1006,38 

GT-15 0,44 a-c 4,74 d 977,27 

GT-16 0,51 a 2,16 k 323,53 

GT-17 0,44 a-c 5,12 bc 1063,64 

GT-18 0,50 a 5,21 ab 942,00 

GT-19 0,45 a-c 5,29 a 1075,56 

GT-20 0,43 a-c 5,03 c 1069,77 

LSD (0.05) 0,10 0,15  

 

4.10 Potassium Ion Content  

In the study examining the tolerance levels to salt stress of twenty different bean 

genotypes, the potassium ion contents of the green parts were investigated, and the 

findings are presented in Table 4.10. 



29 
 

Potassium (K) ion content was determined in the highest control plants and ranged from 

3,85% to 5,32% (Table 4.10). Under salt stress conditions, a decrease in K ion content 

was observed, and this decrease varied among genotypes. The highest K values under salt 

stress were observed in genotypes GT-16 (3,63%) and GT-6 (3,58%). The lowest K 

content was determined in genotype GT-19 (1,16%). Among genotypes that preserved 

their K content compared to control plants, GT-7 (15,63%), GT-11 (17,49%), and GT-6 

(19,37%) ranked highest. In contrast, genotypes GT-18 (71,00%), GT-14 (72,03%), GT-

20 (72,34%), and GT-19 (72,83%) showed the highest K loss compared to control plants 

under salt stress conditions. In other genotypes, the decrease in K ion content compared 

to control plants occurred in the range of 20-70%. 

Table 4.10 The effect of salt stress on potassium (K) ion content in bean genotypes  

K (%) 

Genotypes Control Salt % Change 

GT-1 3,85 ef 2,32 de -39,74 

GT-2 4,29 bc 1,88 g -56,18 

GT-3 4,08 c-f 2,05 fg -49,75 

GT-4 4,22 b-e 1,60 hi -62,09 

GT-5 3,90 d-f 2,34 de -40,00 

GT-6 4,44 bc 3,58 a -19,37 

GT-7 3,84 ef 3,24 b -15,63 

GT-8 5,32 a 1,57 hi -70,49 

GT-9 4,39 bc 2,84 c -35,31 

GT-10 4,97 a 2,18 ef -56,14 

GT-11 3,83 f 3,16 b -17,49 

GT-12 4,37 bc 3,24 b -25,86 

GT-13 4,16 c-f 2,52 d -39,42 

GT-14 5,22 a 1,46 hi -72,03 

GT-15 4,27 b-d 1,58 hi -63,00 

GT-16 4,58 b 3,63 a -20,74 

GT-17 4,55 b 1,65 h -63,74 

GT-18 5,00 a 1,45 hi -71,00 

GT-19 4,27 b-d 1,16 j -72,83 

GT-20 5,17 a 1,43 i -72,34 

LSD (0.05) 0,38 0,23  

 

 



30 
 

4.11 Calcium Ion Content 

The study investigated the levels of tolerance to salt stress in twenty different bean 

genotypes, and the calcium ion contents in green tissues were examined. The findings are 

presented in Table 4.11. Calcium (Ca) ion content was determined in the highest control 

plants, ranging between 2,24% and 3,33%. Under salt stress conditions, a decrease in Ca 

ion content was observed, and this decrease varied among genotypes. The highest Ca 

values in response to salt stress were observed in genotypes GT-6 (2,57%) and GT-7 

(2,46%). The lowest Ca content was determined in genotypes GT-8 (1,09%) and GT-19 

(1,01%). When compared to control plants, genotypes GT-16 (10,04%) and GT-11 

(11,28%) ranked highest in maintaining Ca content. In contrast, genotypes GT-8 

(65,94%) and GT-19 (68,04%) exhibited the highest Ca loss under salt stress conditions 

compared to control plants. In other genotypes, the decrease in Ca ion content ranged 

from 16% to 62% compared to control plants. 

Table 4.11 The effect of salt stress on calcium (Ca) ion content in bean genotypes  

Ca (%) 

Genotypes Control Salt % Change 

GT-1 2,24 g 1,37 gh -38,84 

GT-2 3,08 a-c 1,24 hi -59,74 

GT-3 2,55 f 1,44 fg -43,53 

GT-4 3,10 a-c 1,23 ij -60,32 

GT-5 3,33 a 2,22 cd -33,33 

GT-6 3,08 a-c 2,57 a -16,56 

GT-7 3,04 bc 2,46 ab -19,08 

GT-8 3,20 a-c 1,09 jk -65,94 

GT-9 2,98 cd 1,98 e -33,56 

GT-10 3,20 a-c 1,26 hi -60,63 

GT-11 2,66 ef 2,36 bc -11,28 

GT-12 3,17 a-c 2,18 d -31,23 

GT-13 3,28 ab 2,34 bc -28,66 

GT-14 2,93 c-e 1,16 ij -60,41 

GT-15 3,09 a-c 1,55 f -49,84 

GT-16 2,59 f 2,33 bc -10,04 

GT-17 2,76 d-f 1,19 ij -56,88 

GT-18 3,06 a-c 1,16 ij -62,09 

GT-19 3,16 a-c 1,01 k -68,04 

GT-20 3,18 a-c 1,25 hi -60,69 

LSD (0.05) 0,28 0,14  
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The necessity to meet the nutritional needs of the increasing world population has 

heightened the interest in enhancing plant production and productivity. Consequently, 

improving yield and quality in plant production has become an urgent global agricultural 

issue. Salt stress is a significant environmental problem threatening agriculture 

worldwide. Approximately 20% of the world's irrigated agricultural areas are adversely 

affected by soil salinization. Factors such as environmental degradation, poor irrigation 

practices, fertilization, and climate change contribute to the escalating nature of this issue. 

In this context, efforts to effectively enhance yield are of great importance (Zhao et al. 

2021). 

Salinity negatively impacts morphological and biochemical functions in plants, affecting 

seed germination, plant growth, development, and yield adversely (Zhang and Dai 2019). 

It reduces the content of chlorophyll and carotenoids, disrupts chloroplast structure, and 

limits the efficiency of photosynthetic systems, including the PSII system (Pan et al. 

2020). Soil salinity leads to a decrease in soil water potential and leaf water potential, 

causing imbalances in plant water relations and ultimately resulting in osmotic stress 

(Navada et al. 2020). Salinity induces osmotic stress due to an increase in sodium and 

chloride ion contents. Under stress conditions, there is a reduction in plant growth and 

development, an increase in reactive oxygen species (ROS) levels, leading to oxidative 

stress (Arif et al. 2020, Abdel Latef et al. 2021). 

In a study examining the effects of 150 mM NaCl application on beans, salt stress resulted 

in a decrease in morphological parameters such as fresh and dry weight, stem length and 

diameter, and leaf area. Overall, compared to control plants, there was a 52% reduction 

in fresh weight, 70% in dry weight, 46% in stem length, 47% in stem diameter, and 56% 

in leaf area. This variation revealed differences among genotypes, with lower-scale 

genotypes showing less reduction. Salt stress is one of the most significant factors 

adversely affecting plant growth and development, particularly due to osmotic effects, 

ion toxicity, reduced photosynthetic activity, and nutrient deficiency under stress 

conditions (Almodares et al. 2008). In salt stress conditions, a decrease in soil water 

potential leads to a slowdown in plant development. In the ionic phase, toxic ions that 
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cannot be retained in vacuoles for an extended period rapidly accumulate in the cell wall 

or cytoplasm, causing damage to the cells (Acosta-Matos et al. 2017).  

In their study examining the tolerance levels of 81 bean genotypes to salt stress, Kaya 

(2011) reported a decrease in morphological parameters such as fresh and dry weight, 

stem height, and leaf area due to salt stress. They highlighted that this change revealed 

differences among genotypes. Garrido et al. (2014), investigating the physiological and 

biochemical changes under salt stress, expressed a decrease in physiological parameters 

such as fresh weight, leaf area, and leaf relative water content under stress conditions. 

Similar results were emphasized in a study by Ahmed et al. (2019), where researchers 

indicated a decrease in morphological and physiological parameters 21 days after stress 

application. 

In a study determining the tolerance levels of different tomato varieties to salt stress, 

parameters such as stem and root length, fresh and dry weight showed a decrease with 

increasing salt concentration. The negative relationship between these parameters and salt 

stress was attributed to ion toxicity, a decrease in vitamins, osmotic consequences of 

salinity, and imbalance in water absorption (Sivakumar et al. 2020). Sardar et al. (2023) 

stated that salt stress is one of the most significant abiotic stress conditions negatively 

affecting plant growth, development, and yield. They reported a decrease in plant growth 

and development under salt stress conditions applied at different concentrations (25, 50, 

75, and 100 mM NaCl) in lettuce. 

The presence of high salt concentration increases soil osmotic pressure, reducing or even 

completely stopping the plant's water absorption capability. Ion toxicity, especially with 

Na and Cl ions, causes damage to cells involved in water transport, leading to 

disturbances in the plant-water relationship. The relative water content (RWC) in plant 

tissues and cells supports the continuation of metabolic activities by facilitating adaptive 

osmotic changes and adaptation to stress conditions. Sitohy et al. (2020) indicated a 

decrease in RWC values under salt stress in their bean study and highlighted the 

importance of high RWC presence in plant tissues as a crucial element supporting 

metabolic activities under stress conditions. 
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In the bean study, a 46% decrease in leaf relative water content was observed under salt 

stress. This decrease ranged from 13% to 18% for genotypes GT-11, GT-16, and GT-12, 

while it averaged 73% for genotypes GT-18 and GT-14. Hand et al. (2021) suggested that 

the decrease in leaf relative water content could be associated with Na and Cl ion toxicity. 

Studies conducted on various crops such as okra, corn, melon, and beans have reported a 

decrease in YOSI values along with salt stress. This decrease was lower in genotypes 

tolerant to salt stress and higher in sensitive genotypes (Kuşvuran 2010, Kaya 2011). 

Salt stress leads to the breakdown of chloroplasts, instability of pigment-protein 

complexes, disappearance of chlorophylls, and changes in the quantity and composition 

of carotenoids (Bayram et al. 2021). Indeed, in beans, a 40% decrease in average SPAD 

values occurred in conjunction with salt stress. Inhibition of chlorophyll biosynthesis, 

accelerated degradation, and oxidative damage caused by salinity are considered reasons 

for the decrease in chlorophyll content. Osuna-Rodríguez et al. (2023), in their studies on 

peppers, expressed that chlorophyll content decreased with salt stress, emphasizing the 

fundamental role of chlorophyll in regulating the photosynthetic capacity of plants and 

effective carbon assimilation for plant growth and development. They reported that 

tolerant genotypes had higher chlorophyll content. Studies conducted on eggplant, 

spinach, and tomatoes also reported a decrease in chlorophyll content under salt stress 

(Sanwal et al. 2022, El-Nakhel et al. 2022, Tao et al. 2023). 

Free radicals formed as a result of stress are responsible for irreversible damage to 

membrane lipids and proteins. Reactive oxygen species easily affect membrane lipids, 

leading to the formation of unsaturated aldehydes. The most important mechanism in the 

formation of tissue damage due to free radicals resulting from stress is the peroxidation 

of lipids in the cell membrane. Free oxygen radicals react with polyunsaturated fatty 

acids, initiating lipid peroxidation. The end product of lipid peroxidation, 

malondialdehyde (MDA), is ethene and pentane. The generated MDA affects ion 

exchange from cell membranes, leading to cross-linking of compounds in the membrane 

and causing negative outcomes such as changes in ion permeability and enzyme activity. 

Lipid peroxidation leads to the loss of membrane integrity, increased permeability of the 

cell to electrolytes, and membrane damage index (MDI) is used as a significant indicator 
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in determining salt tolerance in plants (Stefanov et al. 2023). Salt stress has led to an 

increase in MDI in all bean genotypes to varying extents. This increase ranged from 13% 

to 18% in genotypes GT-6, GT-11, and GT-16, while it reached 61%-62% in genotypes 

GT-14, GT-18, and GT-19. Güneş et al. (2023) reported an increase in MDI levels in 

peppers due to salt stress, showing an increase in MDI values with an increase in salt 

concentration. 

The accumulation of salt in the root zone, in addition to osmotic stress, limits the content 

of macro-nutrient elements such as potassium and calcium, negatively affecting ion 

balance in the cell by increasing sodium and chlorine intake. Ion toxicity impacts 

photosynthesis and protein synthesis, inactivates enzymes, and causes damage to 

chloroplasts and other organelles. When sodium reaches toxic levels, it affects the uptake 

and regulation of potassium and calcium ions in the plant, while toxic levels of chlorine 

affect the uptake and regulation of NO3 anions (Atalan and Gökçe). Potassium, absorbed 

through active absorption, plays a role in providing osmotic potential and is effective in 

cellular water entry. Salinity also brings about drought, a secondary stress factor. During 

drought stress, water uptake by roots is restricted, leading to decreased nutrient flow to 

tissues and organs, resulting in nutrient deficiencies. A decrease in calcium content in 

tissues also occurs over the process. In eggplant, salt stress has led to an increase in Na 

and Cl ion content in green tissues, causing variations among genotypes (Kıran et al. 

2015). Studies on beans, okra, melon, corn, and pepper indicate an increase in Na and Cl 

ion content in plant tissues under salt stress conditions induced by NaCl applications. The 

reason for growth reduction under stress is the closure of stomata, limiting photosynthate 

production due to toxic accumulation of Na and Cl in leaves. In this study, the application 

of 150 mM NaCl resulted in an average increase of 724,29% in Na and 845,61% in Cl 

ion content in all genotypes. This change varied among genotypes, with genotypes GT-

6, GT-7, GT-11, and GT-16 showing an increase in Na and Cl ion content ranging from 

255,56% to 505,13%, while genotypes GT-4, GT-8, and GT-19 showed an increase 

ranging from 933,90% to 1703,45%. Studies on beans, okra, and wheat have reported 

lower Na and Cl ion content in genotypes with lower scale values and higher increases in 

Na and Cl content in genotypes with higher scale values (Kaya 2011, Kuşvuran 2012, 

Tao et al. 2021). Potassium is a fundamental component of plant structure and organic 
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molecules. It plays a role in many physiological and biochemical reactions affecting plant 

development, yield, and quality. Potassium controls turgor pressure, the functioning of 

stomata during photosynthesis and respiration, and photophosphorylation. Potassium is 

essential in physiological processes such as the transport of photosynthetic products, 

osmoregulation maintenance, and the activation of enzymes under stress conditions. 

Potassium deficiency leads to a significant decrease in photosynthetic CO2 fixation and 

disruptions in the use of photo-assimilates. Calcium is a vital nutrient element playing a 

crucial role in cellular and molecular physiological processes that influence plant growth 

and responses to abiotic stress (Waraich et al. 2011, García-Martí et al. 2019). Calcium 

is involved in controlling stomatal closure. The effect of calcium on stomatal closure is 

an adaptation mechanism observed in tolerant plants under stress conditions such as high 

temperature, drought, and salinity (Akhoundnejad et al. 2021). In this study involving 

different genotypes, salt stress led to a decrease in K and Ca ions. This decrease occurred 

by an average of 48,16% in K ion content and 43,53% in Ca ion content. The change in 

K and Ca ions varied among genotypes. Genotypes GT-6, GT-7, GT-11, and GT-16 stood 

out with a 10-19% decrease in K and Ca ions, emphasizing their ability to preserve K and 

Ca ions. However, genotypes GT-8, GT-14, GT18, GT-19, and GT-20 experienced a 

decrease in the range of 62-73%. The accumulation of salt in the root zone, in addition to 

osmotic stress, limits the uptake of essential elements and minerals such as K, Ca, and 

NO3, while inducing Na and Cl intake, adversely affecting cellular ion homeostasis. The 

accumulation of harmful ions at toxic levels affects photosynthesis and protein synthesis, 

inactivates enzymes, and damages chloroplasts and other organelles. When the Na cation 

reaches toxic levels, it also affects the uptake and regulation of K, Ca, and Mg cations in 

the plant (Atalan and Gökçe 2021).  



36 
 

5. CONCLUSIONS AND RECOMMENDATION  

One of the most significant stress factors negatively affecting plant production and yield 

is salt stress. In a study involving twenty different genotypes, differences in salt stress 

tolerance were determined based on the parameters examined. A visual assessment scale 

was created to evaluate the effects of salt stress, and as a result, genotypes GT-6, GT-7, 

GT-11, and GT-16 showed the closest development to control plants. The scale values 

ranged between "1,33-1,67," and it was observed that as salt damage increased, the scale 

value increased. Genotypes GT-8, GT-14, GT-18, and GT-19 were identified as the 

genotypes most affected by stress with a "5" scale value. 

Salt stress led to a decrease in plant fresh and dry weights, stem height and diameter, and 

leaf area compared to control plants. This decrease varied among genotypes. Regarding 

the changes compared to control plants, genotypes with lower scale values exhibited a 

lower rate of decrease, while an increase in scale value corresponded to an increase in 

losses in terms of morphological parameters. 

When morphological parameters were examined, genotypes GT-6, GT-7, GT-11, and 

GT-16 experienced lower losses compared to control plants, whereas genotypes GT-8, 

GT-14, GT-18, GT-19, and GT-20 incurred the highest losses. Leaf relative water content 

(RWC) was determined highest in control plants and decreased in all genotypes under 

salt stress. Genotypes GT-11, GT-12, and GT-16 had the closest LRWC values to control 

plants, while GT-8, GT-14, and GT-18 stood out as genotypes with the highest losses. 

The Membrane Damage Index (MDI) has increased due to salt stress. This increase has 

shown similarity through a scale evaluation. While the genotypes with the least damage 

were GT-6, GT-11, and GT-16, the genotypes with the most significant damage were 

listed as GT-14, GT-18, and GT-19. 

SPAD values were determined to be highest in the control plants, and a decrease in SPAD 

values occurred with the application of 150 mM NaCl. This decrease was minimal in GT-



37 
 

5, GT-11, and GT-16 genotypes. The most pronounced decrease in SPAD values was 

observed in GT-14, GT-19, and GT-20 genotypes. 

In the study examining the effects of salt stress on different bean genotypes, an increase 

in Na and Cl ion contents was detected as a result of salt application. Among genotypes 

exhibiting selective behavior in terms of toxic ion content, GT-6, GT-7, GT-11, and GT-

16 ranked highest, while GT-2, GT-4, GT-8, and GT-9 contained the highest amounts of 

Na and Cl ions. K and Ca ion concentrations showed a decrease with salt stress. This 

decrease was lower in GT-6, GT-7, GT-11, and GT-16. GT-8, GT-14, GT-19, and GT-

20 bean genotypes exhibited significant increases in losses in K and Ca ion content. 

In light of all these results from the study conducted in the early development stage, it 

was determined that bean genotypes GT-6, GT-7, GT-11, and GT-16 are tolerant, while 

GT-8, GT-14, GT-18, and GT-19 genotypes are sensitive. In future studies, it is 

recommended to conduct more detailed physiological studies with tolerant and sensitive 

genotypes, as well as field studies, to evaluate productivity and yield parameters. 

 

 

 

 



38 
 

REFERENCES 

Abdel Latef, A. A. H., Tahjib-Ul-Arif, M. and Rhaman, M. S. 2021. Exogenous auxin-

mediated salt stress alleviation in faba bean (Vicia faba L.). Agronomy, 11(3): 547. 

Abdel-Mawgoud, A.M.R., El-Nemr, M.A., Tantawy, A.S. and Habib, H.A. 2010. 

Alleviation of salinity effects on green bean plants using some environmental 

friendly materials. Journal of Applied Sciences Research, 6 (7): 871–878. 

Acosta-Motos, J., Ortuño, M., Bernal-Vicente, A., Diaz-Vivancos, P., Sanchez-Blanco, 

M. and Hernandez, J. 2017. Plant responses to salt stress: adaptiand mechanisms. 

Agronomy, 7(1): 18. 

Akhoundnejad, Y., Arpaci, B.B., Daşgan, H.Y., 2021. Yüksek sicaklik stresi. Sebzelerde 

Stres Toleransı and Islah Stratejileri. Editörler: Ellialtıoğlu, Ş.Ş., Daşgahn, H.Y., 

Kuşvuran, Ş. Gece Kitaplığı, pp: 204-230, Ankara. 

Al-huraby, A. I., Bafeel, S. O. 2022. The effect of salinity stress on the Phaseolus vulgaris 

L. plant. African Journal of Biological Sciences, 4(1): 94-107. 

Almodares, A., Hadi, M. R. and Dosti, B. 2008. The effects of salt stress on growth 

parameters and carbohydrates contents in sweet sorghum. Res. J. Environ. Sci., 

2(4): 298-304. 

Al-Shammari, W. B., Altamimi, H. R. and Abdelaal, K. 2023. Improandment in 

Physiobiochemical and Yield Characteristics of Pea Plants with Nano Silica and 

Melatonin under Salinity Stress Conditions. Horticulturae, 9(6): 711. 

Arif, Y., Singh, P., Siddiqui, H., Bajguz, A. and Hayat, S. 2020. Salinity induced 

physiological and biochemical changes in plants: An omic approach towards salt 

stress tolerance. Plant Physiology and Biochemistry, 156: 64-77. 

Arteaga, S., Yabor, L., Díez, M. J., Prohens, J., Boscaiu, M., Vicente, O. 2020. The use 

of proline in screening for tolerance to drought and salinity in common bean 

(Phaseolus vulgaris L.) genotypes. Agronomy, 10(6): 817. 

Ashraf, M. 1994. Breeding for Salinity Tolerance in Plants. Critical Reviews in Plant 

Sciences, 13(1): 17-42. 

Assimakopoulou, A., Salmas, I. and Nifakos, K. 2015. Effect of Salt Stress on Three 

Green Bean (Phaseolus vulgaris L.) Cultivars. Academic Press, 43 (6): 113–118. 



39 
 

Atalan, İ.K. and Gökçe Öztürk, Z.N. 2021. Tuzluluk Stresi. In: Sebzelerde Stres Toleransı 

and Islah Stratejileri. Ellialtıoğlu, Ş.Ş., Daşgan, H.Y., Kuşvuran, Ş. (eds.): Gece 

Kitaplığı, pp: 157-203, Ankara. 

Bayram, D., Seckin Dinler, B. and Tasci, E. 2014. Differential response of bean 

(Phaseolus vulgaris L.) roots and leaands to salinity in soil and hydroponic culture. 

Notule Botanicae Horti Agrobotanici Cluj-Napoca, 42 (1): 219–226 

Bayram, M., Dere, S., Arpacı, B.B and Daşgan, Y. 2021. Sebzelerde çoklu stres faktörleri 

and bitki reaksiyonları. In: Sebzelerde Stres Toleransı and Islah Stratejileri. 

Ellialtıoğlu, Ş.Ş., Daşgan, H.Y., Kuşvuran, Ş. (eds.): Gece Kitaplığı, pp: 277-311, 

Ankara. 

Bressan, R.A. 2008. Stres Fizyolojisi, Editörler: Taiz, L., Zeiger, E., Çeviri Editörü: 

Türkan Đ., ‘‘Bitki Fizyolojisi’’, Palme Yayıncılık, Ankara, 591-620. 

Celmeli, T., Sari, H., Canci, H., Sari, D., Adak, A., Eker, T. and Toker, C. 2018. The 

nutritional content of common bean (Phaseolus vulgaris L.) landraces in 

comparison to modern varieties. Agronomy, 8 (9): 166. 

Chokshi, K., Pancha, I., Ghosh, A. and Mishra, S. 2017. Salinity induced oxi- datiand 

stress alters the physiological responses and improands the biofuel potential of 

green microalgae Acutodesmus dimorphus. Bioresources and Technology, 244: 

1376–1383. 

Cokkizgin, A. 2012. Salinity stress in common bean (Phaseolus vulgaris L.) seed 

germination. Notule Botanicae Horti Agrobotanici Cluj-Napoca, 40 (1): 177–182. 

Costa França, M.G., Pham Thi, A.T., Pimentel, C., Pereyra Rosiello, R.O., Zuily-Fodil, 

Y., Laffray, D., 2000. Differences in Ggrowth and Water Relations Among 

Phaseoulus vulgaris in Response to Induced Drought Stres. Env. Exp. Bot, 43: 227-

237. 

Cuin, T. A. and Shabala, S. 2008. Compatible solutes mitigate damaging effects of salt 

stress by reducing the impact of stress-induced reactiand oxygen species. Plant 

signaling and behavior, 3(3): 207-208. 

Çulha, Ş. and Çakırlar, H. 2011. Tuzluluğun bitkiler üzerine etkileri and tuz tolerans 

mekanizmaları. Afyon Kocatepe Üniandrsitesi Fen and Mühendislik Bilimleri 

Dergisi, 11(2): 11-34. 



40 
 

Daşgan, H.Y., Koç, S., Ekici, B., Aktaş, H., Abak, K., 2006. Bazı Fasulye and Börülce 

Genotiplerinin Tuz Stresine Tepkileri Alatarım, 5 (1): 23-31. 

Desouky, A. F., Ahmed, A. H. H., Reda, A. S. A., Stȕtzel, H. and Hanafy, M. S. 2023. 

Physiological and biochemical responses of two faba bean (Vicia faba L.) varieties 

grown in vitro to salt stress. Journal of Crop Science and Biotechnology, 26(2): 

151-160. 

El-Nakhel, C., Cozzolino, E., Ottaiano, L., Petropoulos, S. A., Nocerino, S., Pelosi, M. 

E. and Di Mola, I. 2022. Effect of biostimulant application on plant growth, 

chlorophylls and hydrophilic antioxidant activity of spinach (Spinacia oleracea L.) 

grown under saline stress. Horticulturae, 8(10): 971. 

Fahad, S., Hussain, S., Matloob, A., Khan, F. A., Khaliq, A., Saud, S. and Faiq, M. 2015. 

Phytohormones and plant responses to salinity stress: a review. Plant growth 

regulation, 75(2): 391-404. 

Fan, S., Blake, T. G. 1994. Abscisic Acid Induced Electrolyte Leakage in Woody Spe-

cies with Contrasting Ecological Require-ments. Plant Physiol, 89: 817-823. 

Farhangi-Abriz, S.  and Torabian, S. 2018. Nano-silicon alters antioxidant activities of 

soybean seedlings under salt toxicity. Protoplasma, 255(3): 953-962. 

Gama, P.B.S., Inanaga, S., Tanaka, K. and Nakazawa, R. 2007. Physiological response 

of common bean (Phaseolus vulgaris L.) seedlings to salinity stress. African 

Journal of Biotechnology, 6(2): 79–88. 

García-Martí, M., Piñero, M. C., García-Sanchez, F., Mestre, T. C., López-Delacalle, M., 

Martínez, V. and Riandro, R. M. 2019. Amelioration of the oxidatiand stress 

generated by simple or combined abiotic stress through the K and Ca 

supplementation in tomato plants. Antioxidants, 8(4): 81. 

Garrido, Y., Tudela, J. A., Marín, A., Mestre, T., Martínez, V. and Gil, M. I. 2014. 

Physiological, phytochemical and structural changes of multi‐leaf lettuce caused by 

salt stress. Journal of the Science of Food and Agriculture, 94(8): 1592-1599. 

Gong, Z. 2021. Plant abiotic stress: New insights into the factors that activate and 

modulate plant responses. J. Integr. Plant Biol, 63: 429. 

Gözen, V. and Kusvuran, S. 2021. Düşük sıcaklık stresi. In: Sebzelerde Stres Toleransı 

and Islah Stratejileri. Ellialtıoğlu, Ş.Ş., Daşgahn, H.Y., Kuşvuran, Ş. (eds.): Gece 

Kitaplığı, pp. 157-203, Ankara.  



41 
 

GÜNEŞ, H., Demir, S., DURAK, E. D. and Boyno, G. 2023. The Effect of Funneliformis 

mosseae and Biochar Against Andrticillium dahliae in Pepper Plants under Salt 

Stress. 

Hand, M. J., Nono, G. V., Tonfack, L. B., Youmbi, E. and Taffouo, V. D. 2021. Nutrient 

composition, antioxidant components and ascorbic acid content response of pepper 

fruit (Capsicum annuum L.) cultivars grown under salt stress. International Journal 

of Biology, 2(1): 43-70. 

Hasanuzzaman, M., Nahar, K., Alam, M. M., Roychowdhury, R. and Fujita, M. 2013. 

Physiological, biochemical, and molecular mechanisms of heat stress tolerance in 

plants. International Journal of Molecular Sciences, 14(5): 9643- 9684. 

Hernandez, G., Ramirez, M., Valdes-Lopez, O., Tesfaye, M., Graham, M.A., 

Czechowski, T., Schlereth, A., Wandrey, M., Erban, A., Cheung, F., Wu, H.C., 

Lara, M., Town, C.D., Kopka, J., Udvardi, M.K. and Vance, C.P. 2007. Phosphorus 

stress in common bean: Root transcript and metabolic responses. Plant Physiology, 

144 (2): 752–767. 

Kaya, H. 2011. Erken Bitki Gelişme Aşamasında Kuraklık ve Tuzluluk Streslerine 

Tolerans Bakımından Fasulye Genotiplerinin Taranması. Çukurova Üniandrsitesi, 

Fen Bilimleri Enstitüsü, bahçe Bitkileri Anabilim Dalı, Yüksek Lisans tezi, sf. 213, 

Adana. 

Kaymakanova, M. and Stoeva, N. 2008. Physiological reaction of bean plants (Phaseolus 

vulgaris L.) to salt stress. Gelneral Applied Plant Physiology, 34(3–4): 177–188. 

Kıran, S., Kuşvuran, Ş., Özkay, F., Özgün, Ö., Sönmez, K., Özbek, H. and Ellialtıoğlu, 

Ş.Ş. 2015. Bazı patlıcan anaçlarının tuzluluk stresi koşullarındaki gelişmelerinin 

karşılaştırılması. Tarım Bilimleri Araştırma Dergisi (TABAD) 8(1): 20-30. 

Kouam, E.B., Ndo, S.M., Mandou, M.S., Chotangui, A.H. and Tankou, C.M. 2017. 

Genotypic variation in tolerance to salinity of common beans cultivated in western 

cameroon as assessed at germination and during early seedling growth. Open 

Agriculture, 2 (1): 600–610. 

Kul, R., Ekinci, M., Turan, M. and Yildirim, E. 2021. Impact of biochar on growth, 

physiology and antioxidant activity of common bean subjected to salinity stress. 

Global Journal of Botanical Science, 9: 8-13. 



42 
 

Kuşvuran, Ş. 2010. Kavunlarda Kuraklık and Tuzluluğa Toleransın Fizyolojik 

Mekanizmaları Arasındaki Bağlantılar Çukurova Üniandrsitesi Fen Bilimler 

Enstitüsü, Doktora Tezi 356 sayfa, Adana 

Kusvuran, S. 2012. Ion regulation in different organs of melon (Cucumis melo) genotypes 

under salt stress. International Journal of Agriculture and Biology. 14 (1): 141-144. 

Kusvuran, S., Kıran, S. and Altuntas, O., 2021. Influence   of   salt   stress   on   different   

pepper   genotypes:   ıon homeostasis, antioxidant defense, and secondary 

metabolites. Global Journal of Botanical Science, 9: 14-20. 

Lotfi, R., Ghassemi-Golezani, K. and Najafi, N. 2018. Grain filling and yield of mung 

bean affected by salicylic acid and silicon under salt stress. Journal of Plant 

Nutrition, 41 (14): 1778–1785. 

Lowry, G. V., Aandllan, A. and Gilbertson, L. M. 2019. Opportunities and challenges for 

nanotechnology in the agri-tech revolution. Nature nanotechnology, 14(6): 517-

522. 

Marschner, H., 1995. Mineral Nutrition of Higher Plants. Academic Press, 4(11): 657-

680. 

Mengel, K., Kirkby, E. A., Kosegarten, H. and Appel, T. 2001. Plant water relationships. 

Principles of Plant Nutrition, 9: 181-242. 

Metwali, E.M.R., Abdelmoneim, T.S., Bakheit, M.A. and Kadasa, N.M.S. 2015. 

Alleviation of salinity stress in faba bean (Vicia faba L.) plants by inoculation with 

plant growth promoting rhizobacteria (PGPR). Plant Omics Journal, 8(5): 449–460. 

Mora, O., Le Mouël, C., de Lattre-Gasquet, M., Donnars, C., Dumas, P., Réchauchère, 

O. and Marty, P. 2020. Exploring the future of land use and food security: a new 

set of global scenarios. PloS one, 15(7): e0235597. 

Navada, S., Vadstein, O., Gaumet, F., Tandten, A. K., Spanu, C., Mikkelsen, O.  and 

Kolarevic, J. 2020. Biofilms remember: osmotic stress priming as a microbial 

management strategy for improving salinity acclimation in nitrifying biofilms. 

Water Research, 176: 115732. 

Ndakidemi, P.A. and Makoi, J.H.J.R. 2009. Effect of NaCl on the productivity of four 

selected common bean cultivars (Phaseolus vulgaris L.). Scientific Research and 

Essays, 4(10): 1066–1072. 



43 
 

Nielsen, S. S. 2017. Sodium determination using ion-selectiand electrodes, Mohr titration, 

and test strips. In: Food analysis laboratory manual, Springer, pp. 161-170, Cham. 

Osuna-Rodríguez, J. M., Hernández-Andrdugo, S., Osuna-Enciso, T., Pacheco-Olandra, 

A., Parra-Terraza, S., Romero-Higareda, C. E. and Retes-Manjarrez, J. E. 2023. 

Variations in salinity tolerance in wild pepper (Capsicum annuum L. var. 

glabriusculum) populations. Chilean journal of agricultural research, 83(4): 432-

443. 

Pan, J., Peng, F., Tedeschi, A., Xue, X., Wang, T., Liao, J. and Huang, C. 2020. Do 

halophytes and glycophytes differ in their interactions with arbuscular mycorrhizal 

fungi under salt stress? A meta-analysis. Botanical studies, 61: 1-13. 

Parihar, P., Singh, S., Singh, R., Singh, V. P. and Prasad, S. M. 2015. Effect of salinity 

stress on plants and its tolerance strategies: A review. Environmental Science And 

Pollution Research, 22(6): 4056-4075. 

Patel, P. R., Kajal, S. S., Patel, V. R., Patel, V. J. and Khristi, S. M. 2010. Impact of saline 

water stress on nutrient uptake and growth of cowpea. Brazilian Journal of Plant 

Physiology, 22: 43-48. 

Pettigrew, W.T. 2008. Potassium influences on yield and quality production for maize, 

wheat, soybean and cotton. Physiol Plant 133: 670–681 

Rahman, A., Hossain, M. S., Mahmud, J. A., Nahar, K., Hasanuzzaman, M. and Fujita, 

M. 2016. Manganese-induced salt stress tolerance in rice seedlings: regulation of 

ion homeostasis, antioxidant defense and glyoxalase systems. Physiology and 

Molecular Biology of Plants, 22(3): 291-306. 

Rajput, V. D., Yaning, C., Ayup, M., Minkina, T., Sushkova, S. and Mandzhieva, S. 2017. 

Physiological and hydrological changes in Populus euphratica seedlings under 

salinity stress. Acta Ecologica Sinica, 37(4): 229-235. 

Sanchez, F.J. andres, E.F., TenorIo, J.L. and Ayerbe, L. 2004. Growth of epicotyls, turgor 

maintenance and osmotic adjustment in pea plants (Pisum sativum L.) subjectedto 

water stres. Field Crops Research, 86: 81-90. 

Sanwal, S. K., Kumar, P., Kesh, H., Gupta, V. K., Kumar, A., Kumar, A. and Kumar, P. 

2022. Salinity stress tolerance in potato cultivars: evidence from physiological and 

biochemical traits. Plants, 11(14): 1842. 



44 
 

Sardar, H., Khalid, Z., Ahsan, M., Naz, S., Nawaz, A., Ahmad, R. and Abou Fayssal, S. 

2023. Enhancement of salinity stress tolerance in lettuce (Lactuca sativa L.) via 

foliar application of nitric oxide. Plants, 12(5): 1115. 

Shahzad, B., Rehman, A., Tanander, M., Wang, L., Park, S. K. and Ali, A. 2022. Salt 

stress in brassica: effects, tolerance mechanisms, and management. Journal of Plant 

Growth Regulation, 41(2): 781-795. 

Sitohy, M. Z., Desoky, E. S. M., Osman, A. and Rady, M. M. 2020. Pumpkin seed protein 

hydrolysate treatment alleviates salt stress effects on Phaseolus vulgaris by 

elevating antioxidant capacity and recoandring ion homeostasis. Scientia 

Horticulturae, 271: 109495. 

Sivakumar, J., Prashanth, J. E. P., Rajesh, N., Reddy, S. M. and Pinjari, O. B. (2020). 

Principal component analysis approach for comprehensiand screening of salt stress-

tolerant tomato germplasm at the seedling stage. Journal of biosciences, 45: 1-11. 

Smýkal, P., Coyne, C.J., Ambrose, M.J., Maxted, N., Schaefer, H., Blair, M.W., Berger, 

J., Greene, S.L., Nelson, M.N., Besharat, N., Vymyslický, T., Toker, C., Saxena, 

R.K., Roorkiwal, M., Pandey, M.K., Hu, J., Li, Y.H., Wang, L.X., Guo, Y., Qiu, 

L.J., Redden, R.J. and Varshney, R.K. 2015. Legume crops phylogeny and genetic 

diandrsity for science and breeding. Critical Reviews in Plant Sciences, 34(1–3): 

43–104 

Stavridou, E., Hastings, A., Webster, R. J. and Robson, P. R. 2017. The impact of soil 

salinity on the yield, composition and physiology of the bioenergy grass 

Miscanthus× giganteus. Gcb Bioenergy, 9(1): 92-104. 

Stefanov, M. A., Rashkov, G. D., Yotsova, E. K., Borisova, P. B., Dobrikova, A. G. and 

Apostolova, E. L. 2023. Protectiand Effects of Sodium Nitroprusside on 

Photosynthetic Performance of Sorghum bicolor L. under Salt Stress. Plants, 12(4): 

832. 

Tao, R., Ding, J., Li, C., Zhu, X., Guo, W. and Zhu, M. 2021. Evaluating and screening 

of agro-physiological indices for salinity stress tolerance in wheat at the seedling 

stage. Frontiers in plant science, 12: 646175. 

Tao, R., Zhang, Y., Yang, J., Yang, T., White, J. C. and Shen, Y. 2023. Biochar 

nanoparticles alleviate salt stress in tomato (Solanum lycopersicum) seedlings. 

Environmental Science: Nano. 



45 
 

Tejera, N.A., Campos, R., Sanjuan, J. and Lluch, C. 2005. Effect of sodium chloride on 

growth, nutrient accumulation, and nitrogen fixation of common bean plants in 

symbiosis with isogenic strains. Journal of Plant Nutrition, 28(11): 1907–1921. 

Türkan, İ., Bor, M., Özdemir, F. and Koca, H. 2005. Differantial responses of lipid 

peroxidation and antioxidants in the leaands of droutght-tolerant P. Acutifolius gray 

and drought sensetiand P. vulgaris L. subjected to polyethylene glycol mediates 

water stres. Plant Science, 168: 223-231. 

Van Zelm, E., Zhang, Y. and Testerink, C. 2020. Salt tolerance mechanisms of plants. 

Annu. Rev. Plant Biol., 71: 403–433. 

Waraich, E. A., Ahmad, R. and Ashraf, M. Y. 2011. Role of mineral nutrition in 

alleviation of drought stress in plants. Australian Journal of Crop Science, 5(6): 

764-777. 

Zhang, Q. and Dai, W. 2019. Plant response to salinity stress. In: Stress Physiology of 

Woody Plants, CRC Press, 4(2): 155-173. 

Zhao, S., Zhang, Q., Liu, M., Zhou, H., Ma, C. and Wang, P. 2021. Regulation of plant 

responses to salt stress. International Journal of Molecular Sciences, 22(9): 4609. 

 

 



46 
 

CURRICULUM VITAE 

Personal Information 

 

Name and Surname : Mohammed Ghalib Kadhim AL-KHASHMANI 

 

 

Education 

 

MSc   Çankırı Karatekin University 

   Graduate School of Natural and Applied Sciences  2021-2024 

Department of Agriculture and Life 

 

Undergraduate  Tikrit University 

   Faculty of Agriculture    2015-2019 

   Department of Horticulture and garden engineering 

 

 

 

 


