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ABSTRACT 
For sustainable agricultural production, besides drought, plant resistance 

to irrigation water and soil salinity should be investigated. Researchers 

mostly focused on salinity and drought resistance of common species 

such as wheat, barley, maize, etc. However, the number of studies on 

chickpea with various uses is quite limited. In the present study, 11 

chickpea varieties (Aksu, Arda, Hasanbey, Azkan, Cagatay, Aslanbey, 

Inci, Seckin, 21C, 42C and EN1867) were subjected to germination tests 

under different levels of irrigation water salinity (ECi) conditions to 

identify irrigation water salinity resistant and sensitive varieties. In 

germination tests, besides control treatment (0 dS/m), five different EC 

levels (6, 8 10, 12 and 16 dS/m) were used in germination solution. The 

sodium absorption ratio of saline waters was adjusted to be below 3. GGE 

biplot method was used for visual assessment of genotype response to 

saline irrigation waters. The threshold salinity value for germination was 

identified as 12 dS/m based on germination ratios and seedling dry 

weights, 8 dS/m based on seedling stem lengths and 10 dS/m based on 

seedling root lengths. Based on germination ratios and seedling dry 

weights, Azkan cultivar was identified as the most resistant and Cagatay 

cultivar was identified as the most sensitive cultivar to irrigation water 

salinity. 

 

Keywords: Irrigation water quality, Germination ratios, Total salinity 

 

 

1. Introduction 
 

Chickpea is used in human nutrition and animal feeding in various parts of the world. Chickpea kernels are quite rich in protein, 

so constitute a good source of nutrient. Chickpea straw is a valuable forage source. Chickpea does not require too much water 

during the growing period and therefore it is considered as a drought-resistant plant. The drought level increases with the effect 

of the increasing global warming from year to year, and chickpea becomes advantageous compared to many other plant species. 

Together with increasing populations and rapid economic growth, water shortage has become a fundamental and chronic problem 

for sustainable agriculture especially in arid and semi-arid regions. Meanwhile, irrigation water quality is continuously 

deteriorated (Jiang et al. 2012). Water deficits in arid and semi-arid regions have made the use of saline water an inevitable 

component of irrigations (Assouline et al. 2006; Letey et al. 2007). However, the use of saline or brackish water increases the 

risk of soil salinization due to salt accumulation within the root zone (Pereira et al. 2002; Min et al. 2014).  

 

Because saline water is among the most limiting factors in agriculture, it is important to study the potential effects of salt 

stress on plant growth and yield (Sozen & Karadavut 2018; Yurtseven et al. 2018). Soil salinity induces osmotic stress by 

increasing both the accumulation of toxic concentration of Na and Cl ions and the prevention of uptake of essential nutrients 

such as K, Ca and NO3 (Munns 2002; Okhovatian-Ardakani et al. 2010; Peykanpour et al. 2016). Such negative impacts of 

salinity then alter soil flora and fauna, impairs germination and mergence and ultimately reduce yield and quality. In sustainable 

agriculture, the primary target is to supply optimum conditions to plants from seeding to harvest without generating any 

environmental problems. Natural supply of sufficient quantity and quality irrigation water is getting more difficult every day and 

water quality has become more important problem than water supply. Increasing pollution factors reduce water quality and use 

of low-quality waters has become an essential issue in irrigations. Such low-quality waters then result in soil salinity and reduce 

available land resources. 

 

Irrigation water is the primary source of salts accumulated in soils. Inappropriate irrigation water quality directly influences 

fertilizer uptake from the soil. Plant nutrient uptake through root system depends on nutrient concentrations in soil. In case of 
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use of low-quality irrigation waters, plant characteristics should be taken into consideration. Both irrigation water pollution and 

increasing soil salinity in agricultural lands are the most important limiting factors for cultivation of culture crops. To meet 

increasing needs, marginal waters should be used and agricultural lands should be used for production. Saline lands could also 

be used in production through the use of salt-resistant plants.  

 

Salinity studies generally are not conducted under field conditions since i) precipitation and groundwater levels are not able 

to be controlled, ii) soil salinity vary vertically and horizontally in short distances, salt concentrations and soil characteristics 

may also varies, iii) plant salt uptake and sensitivity may vary with the species and the environmental conditions (light intensity, 

temperature, relative humidity). Such studies should be conducted in multi replicates, thus require quite large areas and 

discordant results are obtained in most cases. Just because of these difficulties, generally more practical and reliable greenhouse 

and laboratory experiments are conducted. However, outcomes of such studies under controlled conditions should be proved 

under field conditions, then appropriate selection methods should be offered to breeders (Yeo et al. 1990; Ekiz et al. 2000; 

Koyuncu 2008). 

 

Biplot was developed for the first time by Gabriel (1971) to present significant traits of a data matrix. Then, biplot started to 

be applied in various disciplines and proved to be highly practical method in visual presentation of experimental data. Biplot 

method was used in biomedical researches (Gabriel & Odoroff 1990), in multivariate process data (Sparks et al. 1997), two-way 

cross tables (Bradu & Gabriel 1978, Gabriel 1995), robust methods (Daigle & Rivest 1992), growth curve analysis (Ojeda & 

Juarez-Cerrillo 1996) and suitability analysis (Greenacre 1984; 1993). 

 

Yan (2014) indicated that GGE Biplot analysis method could be used in analysis of all two-way data, in identification of 

which genotype is well adapted to which environment and which genotypes yielded better outcomes in all environments. 

Different genetic variation sources should be investigated with the use of developed methods and selection criteria should be 

developed in breeding programs. Genotypic/cultivar differences in germination play an important role in identification of salt 

resistance (Saxena et al. 1994). In this sense, seed germination in saline media in petri dishes is largely used to determine salt 

resistance rapidly (Jana & Slinkard 1976). Salt tolerance of beans (Goertz & Coons, 1989; Guvenc & Kantar 1996; Elkoca & 

Kantar 2003), sorghum (Esechie 1994), bread wheat (Kirtok et al. 1994; Coskun & Tas 2017) and different vegetables (Cucci et 

al. 1994) were tested in petri dishes with different salt solutions. Germination test results should be proven with small plot and 

field experiments. 

 

In present study, different chickpea varieties were subjected to germination tests under saline irrigation water conditions to 

identify irrigation water salinity resistant and sensitive varieties. It is expected that the present results will provide important 

contributions for the breeding of chickpea varieties resistant to irrigation water salinity. 

 

2. Material and Methods 
 

Eleven chickpea cultivars commonly cultivated in Turkey were selected as the plant material of the study (Table 1). Experiments 

were conducted in randomized blocks - split plots experimental design with 3 replicates in laboratories of Canakkale Onsekiz 

Mart University Faculty of Agriculture. Pre-tests were conducted with randomly selected cultivars and germination threshold 

salinity level was determined as 10 dS/m. Present treatments were selected as two levels below and two levels above this 

threshold.  

 
Table 1- Chickpea genotypes used in this study 

 

 

 

 

 

 

 

 

 

 

 

 

 

Besides the control treatment, irrigation waters were prepared at 6, 8, 10, 12 and 16 dS/m electrical conductivity (ECi), SAR 

was adjusted to be below 3. Different salt sources (Na, Ca and Mg) were used to prepare saline irrigation waters. Ca/Mg ratio 

was adjusted to be greater than 2. Twenty seeds of each cultivar were placed into 15 cm diameter petri dishes. Petri dishes were 

supplemented with 45 mL of saline germination water. Seeded Petri dishes were monitored for 7 days. Along with the 

recommendations of Wang et al. (2009) and Kusvuran (2015), seeds were considered as germinated when the rootlets were 

Genotype No Cultivar name 

G1 Aksu 

G2 Arda 

G3 Hasanbey 

G4 Azkan 

G5 Cagatay 

G6 Aslanbey 

G7 Inci 

G8 Seckin 

G9 21C 

G10 42C 

G11 EN1867 
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emerged. Germinated seeds were dried in an oven at 60 °C for 48 hours and weighed to get dry weights. Germinated seeds of 

each petri dish were converted into percentage to get germination ratios as recommended by Atak et al. (2006).  

 

Descriptive statistics was used to determine germination ratio, root length, stem length and seedling dry weights. Regression 

and GGE biplot graphs were used for visual presentation of the experimental data (Alkan 2011). GGE biplot method was used 

to identify the best genotypes at each salinity level, the genotypes tolerant to entire salinity levels and germination threshold 

salinity level of the genotypes. In GGE biplot analysis of genotype x environment interactions, irrigation water salinity levels 

were considered as environments. GGE biplot graphs were generated with different perspectives (Yan 2014). 

 

3. Results and Discussion 
 

3.1. Germination ratio  

 

Decreasing germination ratios were observed with increasing irrigation water salinity levels (Table 2). Except for one genotype 

(G8), germination was observed in all genotypes at 16 dS/m ECi level. Regression graphs for changes in germination ratios of 

the genotypes based on ECi levels are presented in Figure 1a and Genotype - ECi Biplot graph indicating which genotype had 

the greatest germination ratio at which ECi level and which genotype had the greatest germination ratio at all ECi levels is 

presented in Figure 1b. As can be seen in Figure1a, germination ratios linearly decreased with increasing ECi levels. However, 

genotypes G5 and G8 had greater decreases as compared to the other genotypes. 

 
Table 2- Change in germination ratios of chickpea geneotype with ECi levels 

 

Genotype 0 dS/m 6 dS/m 8 dS/m 10 dS/m 12 dS/m 16 dS/m 

G1 73.01 ± 15.06 62.23 ± 7.15 58.83 ± 7.09 52.70 ± 6.45 37.85 ± 14.27 25.58 ± 4.57 

G2 75.30 ± 12.51 71.79 ± 12.31 58.00 ± 12.59 51.47 ± 8.47 44.45 ± 7.14 12.58 ± 5.84 

G3 71.72 ± 12.63 58.62 ± 4.74 52.45 ± 2.40 47.69 ± 2.24 44.85 ± 5.71 28.49 ± 7.93 

G4 76.21 ± 5.59 66.87 ± 0.18 64.31 ± 3.73 62.32 ± 2.16 52.91 ± 6.63 39.58 ± 5.79 

G5 39.03 ± 8.39 29.93 ± 4.32 17.50 ± 3.81 16.20 ± 3.58 12.68 ± 2.92 8.86 ± 4.47 

G6 54.85 ± 1.97 48.62 ± 6.21 38.32 ± 4.32 35.03 ± 7.27 24.10 ± 13.37 14.23 ± 3.69 

G7 67.73 ± 3.10 53.57 ± 15.08 47.17 ± 10.54 37.87 ± 4.41 31.03 ± 7.08 20.40 ± 0.87 

G8 21.99 ± 4.42 18.44 ± 5.89 17.72 ± 5.17 13.21 ± 4.67 12.55 ± 5.09 0.00 ± 0.00 

G9 47.53 ± 6.19 42.56 ± 4.46 39.03 ± 2.64 31.87 ± 5.62 28.96 ± 5.54 5.64 ± 1.37 

G10 76.19 ± 6.68 69.81 ± 12.73 67.18 ± 13.05 61.08 ± 10.24 43.78 ± 5.32 19.32 ± 21.39 

G11 41.05 ± 1.78 40.83 ± 1.87 33.33 ± 8.94 31.08 ± 10.56 22.86 ± 11.67 6.70 ± 0.75 

Genotype ** ** ** ** ** ** 

Average 58.60 51.21 44.89 40.05 32.37 16.49 

Minimum 21.99 18.44 17.50 13.21 12.55 0.00 

Maximum 76.21 71.79 67.18 62.32 52.91 39.58 

LSD 0.01 19.18 18.75 17.78 15.17 19.50 17.64 

 

**: Genotypes are statistically different (P<0.01) 
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Figure 1- Germination ratios at different ECi levels a) regression b) GGE biplot graph 

 

These genotypes also had quite lower germination ratios than the others in control treatments. Germination ratio of G5 and 

G8 genotypes in control treatments varied between 39.03 - 21.99%. These values were lower than the germination ratios of the 

other genotypes at different ECi levels. 

 

A biplot graph was generated for visual presentation of change in germination ratios of the genotypes with ECi levels. In this 

graph (Figure 1b), salt treatments were gathered under two groups. The first group included 0 and 6 dS/m ECi levels and the 

second group included 8, 10, 12 and 16 dS/m ECi levels. However, 16 dS/m ECi level had weak correlations with the other 
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levels. In other words, in terms of germination ratio, genotype response was quite distinctive in 16 dS/m treatments. In terms of 

germination ratio, the diagonal genotype G4 of the second group (8, 10, 12 and 16 dS/m ECi), G1, G7, G3 genotypes of this 

group and G10 genotype with the closest position to the first group (6, 0 dS/m) were found to be superior over the others. In 

terms of germination ratio, the genotype G5, G8 and G9 had the most negative response to salinity (Figure 1b). 

 

3.2. Seedling root length  

 

Decreasing seedling root lengths were observed with increasing irrigation water salinity levels (Table 3). Regression graphs for 

changes in seedling root lengths of the genotypes with ECi levels are presented in Figure 2a. GGE biplot graph indicating the 

genotypes with the greatest seedling root length at each salinity level and the genotype with the greatest seedling root length at 

all ECi levels is presented in Figure 2b. A biplot graph was generated for visual presentation of change in seedling root lengths 

of the genotypes with ECi levels. In this graph, salt treatments were gathered under two groups. The first group included 0, 6 

and 8 dS/m ECi levels and the second group included 10,12 and 16 dS/m ECi levels.  

 

However, 12 and 16 dS/m treatments of the second group were placed at further position to 10 dS/m treatment. In these 

treatments, the greatest seedling root length was observed in G9 genotype. In the first group (0, 6, 8 dS/m), the greatest root 

length was observed in G2 and G4 genotypes. In terms of root lengths, the genotype G5 and G1 had the most negative response 

to salinity (Figure 2b).  

 
Table 3- Change in seedling root lengths of chickpea genotype with ECi levels 

 

Genotype 0 dS/m 6 dS/m 8 dS/m 10 dS/m 12 dS/m 16 dS/m 

G1 36.58 ± 7.88 20.81 ± 5.33 17.87 ± 7.08 13.30 ± 5.86 1.63 ± 0.56 1.86 ± 0.81 

G2 65.99 ± 10.80 49.67 ± 23.79 33.77 ± 3.39 22.51 ± 13.32 2.22 ± 0.29 1.63 ± 0.56 

G3 54.65 ± 4.52 46.24 ± 6.68 32.48 ± 3.60 8.32 ± 1.09 0.00 ± 0.00 0.00 ± 0.00 

G4 59.35 ± 6.25 47.61 ± 8.66 23.72 ± 16.16 21.46 ± 1.24 0.97 ± 0.04 0.00 ± 0.00 

G5 28.10 ± 5.74 19.52 ± 3.77 12.89 ± 3.69 11.55 ± 4.28 3.93 ± 2.05 0.00 ± 0.00 

G6 53.50 ± 8.92 44.11 ± 9.74 30.84 ± 15.37 6.46 ± 1.00 0.00 ± 0.00 0.00 ± 0.00 

G7 50.23 ± 0.55 43.83 ± 1.62 28.10 ± 2.97 11.73 ± 6.17 0.00 ± 0.00 0.00 ± 0.00 

G8 53.95 ± 3.11 35.81 ± 4.33 21.37 ± 7.16 15.36 ± 7.32 0.00 ± 0.00 0.00 ± 0.00 

G9 59.31 ± 5.89 47.28 ± 11.78 32.30 ± 12.69 18.87 ± 14.81 11.43 ± 14.28 2.55 ± 3.47 

G10 43.60 ± 3.40 25.61 ± 1.61 16.90 ± 2.64 14.10 ± 0.60 2.38 ± 0.54 0.00 ± 0.00 

G11 44.06 ± 6.95 26.14 ± 8.15 15.39 ± 9.99 8.83 ± 4.90 5.54 ± 6.55 0.00 ± 0.00 

Genotype ** ** ** ** ** ** 

Average 49.94 36.97 24.15 13.86 2.55 0.40 

Minimum 28.10 19.52 12.89 6.46 0.00 0.00 

Maximum 65.99 49.67 33.77 22.51 11.40 2.55 

LSD 0.01 14.81 22.51 20.97 16.56 11.01 2.47 

 

**: Genotypes are statistically different (P<0.01) 

 

3.3. Seedling stem length  

 

Decreasing seedling stem lengths were observed with increasing irrigation water salinity levels (Table 4). Regression graphs for 

changes in seedling stem lengths of the genotypes based on ECi levels are presented in Figure 3a and Genotype - ECi Biplot 

graph indicating which genotype had the greatest seedling stem length at which ECi level and which genotype had the greatest 

seedling stem length at all ECi levels is presented in Figure 3b. In this graph, salt treatments were gathered under three groups.  

 

The first group included 0, 6 and 8 dS/m ECi levels, the second group included 10 and 12 dS/m ECi levels and the third 

group included 16 dS/m ECi level. In the first group, the greatest stem length was observed in G2 and G6 genotypes. In the 

second group, G9 and G4 genotypes were prominent for stem lengths. These genotypes were placed at diagonals. The 16 dS/m 

ECi treatment constituting the third group alone had the lowest vector length. In this treatment, stem lengths of the genotypes 

were quite low and the greatest values were observed in G10 and G5 genotypes (Figure 3b). 
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Figure 2- Seedling root lengths at different ECi levels a) regression b) GGE biplot graph 

 

However, in the second group, diagonal ECi levels of 12 and 16 dS/m were placed at further position to 10 dS/m treatment. 

The greatest stem length in these treatments was observed in G9 genotype. In the first group (0, 6, 8 dS/m), the greatest seedling 

stem length was observed in G2 and G4 genotypes. In terms of stem lengths, the genotype G5 and G1 had the most negative 

response to salinity (Figure 3b). 
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Table 4- Change in seedling stem lengths of chickpea genotype with ECi levels 

 

Genotype 0 dS/m 6 dS/m 8 dS/m 10 dS/m 12 dS/m 16 dS/m 

G1 74.99 ± 5.84 56.06 ± 4.04 52.85 ± 7.61 45.58 ± 11.18 25.15 ± 3.38 4.65 ± 1.51 

G2 102.31 ± 3.76 85.45 ± 6.87 79.91 ± 10.62 36.57 ± 22.53 32.62 ± 20.91 0.64 ± 1.12 

G3 114.39 ± 4.15 84.23 ± 5.77 56.68 ± 23.36 32.69 ± 22.63 7.72 ± 2.86 2.58 ± 4.46 

G4 75.19 ± 5.54 57.51 ± 14.14 48.93 ± 7.58 44.92 ± 3.75 29.94 ± 4.90 1.48 ± 2.06 

G5 56.82 ± 11.02 44.71 ± 6.10 38.75 ± 11.28 34.97 ± 11.03 17.06 ± 2.34 1.24 ± 2.16 

G6 104.51 ± 7.65 96.29 ± 14.72 73.91 ± 13.82 53.37 ± 24.60 23.58 ± 1.03 2.56 ± 0.34 

G7 94.33 ± 15.23 87.27 ± 17.26 58.17 ± 25.66 30.10 ± 9.81 17.13 ± 3.22 5.33 ± 1.53 

G8 68.29 ± 2.13 51.36 ± 5.21 42.52 ± 7.81 21.86 ± 0.98 20.56 ± 1.71 0.00 ± 0.00 

G9 95.64 ± 5.73 78.10 ± 12.53 65.32 ± 10.98 54.02 ± 11.44 31.40 ± 7.35 4.34 ± 1.33 

G10 52.68 ± 2.34 47.54 ± 5.82 41.82 ± 5.16 25.95 ± 2.63 23.34 ± 4.59 6.68 ± 1.29 

G11 80.71 ± 4.49 59.64 ± 15.25 49.89 ± 7.98 42.63 ± 11.62 19.89 ± 2.35 5.40 ± 0.36 

Genotype ** ** NS NS ** ** 

Average 83.62 68 55.3 38.4 22.6 3.2 

Minimum 52.68 44.7 38.8 21.9 7.72 0 

Maximum 114.4 96.3 79.9 54 32.6 6.7 

LSD 0.01 16.58 25.01 NS NS 16.73 4.29 

 
**: Genotypes are statistically different (P<0.01) 

 

3.4. Seedling dry weight  

 

Decreasing seedling dry weights were observed with increasing irrigation water salinity levels (Table 5). In biplot graph (Figure 

4b) generated for visual presentation of change in seedling dry weights of the genotypes with ECi levels, salinity treatments were 

gathered under two groups. The first group included 0, 6, 8 and 10 dS/m ECi levels and the second group included 12 and 16 

dS/m ECi levels.  
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Figure 3- Seedling stem lengths at different ECi levels a) regression b) GGE biplot graph 

 

The greatest seedling dry weight was observed in G4 of the first group and G10 of the second group. These genotypes were 

placed at diagonals. The greatest decreases in seedling dry weights with ECi levels were observed in G8, G5 and G9 genotypes 

(Figure 4b). 
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Table 5- Change in seedling dry weights of chickpea genotype with ECi levels 

 

Genotype 0 dS/m 6 dS/m 8 dS/m 10 dS/m 12 dS/m 16 dS/m 

G1 1.13 ± 0.28 1.09 ± 0.29 1.04 ± 0.31 0.87 ± 0.25 0.70 ± 0.22 0.27 ± 0.10 

G2 1.57 ± 0.04 1.34 ± 0.20 1.05 ± 0.03 0.83 ± 0.27 0.61 ± 0.17 0.22 ± 0.15 

G3 1.06 ± 0.14 0.84 ± 0.09 0.76 ± 0.04 0.71 ± 0.05 0.63 ± 0.12 0.36 ± 0.02 

G4 2.41 ± 0.10 1.59 ± 0.24 1.40 ± 0.27 1.27 ± 0.31 0.97 ± 0.45 0.40 ± 0.41 

G5 0.74 ± 0.05 0.71 ± 0.04 0.49 ± 0.06 0.44 ± 0.08 0.38 ± 0.08 0.33 ± 0.05 

G6 1.12 ± 0.11 1.00 ± 0.06 0.93 ± 0.03 0.78 ± 0.14 0.59 ± 0.21 0.47 ± 0.24 

G7 1.23 ± 0.21 0.97 ± 0.23 0.87 ± 0.15 0.67 ± 0.06 0.50 ± 0.00 0.30 ± 0.10 

G8 0.41 ± 0.04 0.32 ± 0.04 0.30 ± 0.05 0.25 ± 0.01 0.18 ± 0.06 0.00 ± 0.00 

G9 1.57 ± 0.10 1.03 ± 0.35 0.84 ± 0.27 0.73 ± 0.23 0.55 ± 0.29 0.13 ± 0.02 

G10 1.72 ± 0.01 1.59 ± 0.13 1.29 ± 0.09 1.16 ± 0.12 1.00 ± 0.12 0.71 ± 0.50 

11 1.12 ± 0.27 0.91 ± 0.09 0.83 ± 0.07 0.73 ± 0.04 0.64 ± 0.03 0.39 ± 0.23 

Genotype ** ** ** ** ** ** 

Average 1.28 1.04 0.89 0.77 0.61 0.33 

Minimum 0.41 0.32 0.30 0.25 0.18 0.06 

Maximum 2.41 1.59 1.40 1.27 1.00 0.71 

LSD 0.01 0.35 0.43 0.37 0.40 0.47 0.53 

 
**: Genotypes are statistically different (P<0.01) 

 

In cultivar development studies with breeding methods, different genetic variation sources should be used through modern 

methods, significant traits should be investigated with the use of proper methods, selection criteria should be developed/specified 

and characteristics of developed cultivars should be well-defined. 
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Figure 4- Seedling dry weights at different ECi levels a) regression b) GGE biplot graph 

 

Already limited water resources will get even more deficit in the future. Such deficit nature of water resources will necessitate 

the use of poor or low-quality waters in irrigations. A sustainable production model should be generated while using these poor-

quality waters. For sustainable plant production, resistance to stress factors, especially sensitivity/resistance of the plants to water 

and soil salinity should be determined and threshold salinity values should be identified. Present findings may offer significant 

information to further breeding studies about salt tolerance of the plants.  
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Genotypic differences in germination play an important role in identification of salt tolerance (Saxena et al. 1994). Therefore, 

seed germination in Petri dishes with saline irrigation water solutions are generally used for rapid identification of plant salt 

tolerance (Jana & Slinkard 1976). Previous researchers used petri dishes with different NaCl salt solutions in beans (Goertz & 

Coons 1989; Guvenc & Kantar 1996; Elkoca & Kantar 2003), sorghum (Esechie 1994), bread wheat (Kirtok et al. 1994; Coskun 

& Tas 2017) and different vegetables (Cucci et al. 1994) and identified salt tolerant/resistant cultivars in a short time. Citak & 

Toprak (2016) reported chickpea kernel yield was 351 kg/da at full irrigation and 281 kg/da at deficit irrigation (50%) treatment. 

Ozcan et al. (2000) supplemented 500 g pot soils with 68 mmol/kg NaCl to generate salt stress on three different chickpea 

cultivars under greenhouse conditions and reported that Damla chickpea cultivar had lower dry weight, Na and Cl content than 

the other cultivars under NaCl salt stress.  

 

Present study revealed that, in the germination tests, besides control treatment (0 dS/m), five different ECi levels (6, 8 10, 12 

and 16 dS/m) were applied. Threshold salinity value for germination was identified as 12 dS/m based on germination ratios and 

seedling dry weights, 8 dS/m based on seedling stem lengths and 10 dS/m based on seedling root lengths. According to these 

results, it is understood that chickpeas are quite resistant to salinity. 

 

In terms of germination ratios and seedling dry weights, G4 genotype was identified as the most resistant and G5 was 

identified as the most sensitive cultivar to irrigation water salinity. The greatest seedling root and stem lengths were obtained 

from G2 and G4 genotypes. The present findings revealed that G5, G8 and G9 genotypes for germination rate and seedling dry 

weight, and G5 and G1 genotypes for seedling root length and seedling stem length were more sensitive to salinity. 

 

4. Conclusions 
 

The GGB biplot method can be used safely in determining the threshold value of irrigation water salinity in germination tests. 

Threshold salinity value for germination was identified as 12 dS/m based on germination ratios and seedling dry weights, 8 dS/m 

based on seedling stem lengths and 10 dS/m based on seedling root lengths. Based on germination ratios and seedling dry 

weights, Azkan cultivar was identified as the most resistant and Cagatay cultivar was identified as the most sensitive cultivar to 

irrigation water salinity. 
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