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 In order to study the effects of soil salinity on some qualitative and quantitative 

characteristics of two chickpea cultivars fertilized by four Rhizobium species 

indigenous to West Azerbaijan Province a factorial experiment was conducted arranged 
in RCBD with three replications in research greenhouse of Mahabad Islamic Azad 

University. The present study’s treatments were four levels of salinity (0, 3, 6 and 9 

ds/m), four Rhizobium species indigenous to Oshnaviyeh, Piranshahr, Naghadeh, 
Sardasht and two chickpea cultivars of filip01-48c and filip02-49c. The results showed 

that the major effects of the cultivar, Rhizobium and salinity and also the interactions of 

cultivar×salinity, cultivar×Rhizobium and cultivar×Rhizobium×salinity with Relative 
Water Content (RWC) of chickpea were significantly different at p≤1%. Also, means 

comparison by use of Duncan test revealed that regarding RWC the Rhizobium native 

to Oshnaviyeh had the greatest value and was significantly different from the rest at 
p≤1%. Also, the major effect of cultivar and salinity on the Na concentration in roots 

and shoot were significant at p≤1%. The interaction of cultivar×salinity with Na 

concentration was significant at p≤5%. Regarding nitrogen in roots and shoot of 
chickpea the major effects of cultivar, rhizobium and salinity and the interaction of 

rhizobium×salinity were significant at p≤1%. Apparently with increasing soil salinity 
the RWC of chickpea reduced and Na concentration in roots and shoot increased while 

N content of roots and shoot decreased significantly.   
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INTRODUCTION 

 

 Nowadays soil salinity is a fundamental problem for most arable and non-arable lands in Iran so that it 

poses many restrictions on the cultivation of plants and on increase in area under cultivation. Soil and water 

salinity in Iran is a major problem for farming [1]. Today the area of saline lands is estimated at 44 million 

hectares [1]. According to research findings 7.33 million hectares of arable lands (rain-fed, irrigated, fallow) are 

faced with this problem [2].  Soil salinity reduces plant growth and yield through impact on the uptake of 

nutrients and water. Legumes are an important source of protein in most people's diet in developing countries. 

The protein content of the legumes is twice as much as that of the cereals and is considered as a supplement to 

the cereals protein. The area under cultivation of chickpea is 16.5% and its production is 15.1% which, after 

bean and pea, has the greatest area under cultivation among the legumes. In our country chickpea has greater 

area under cultivation, production and importance than other legumes but its yield is rather low [3].  

 In Iran, among cool-season legumes, chickpea has the greatest area under cultivation and production [4]. 

Regarding yield per unit area Iran together with Tanzania with a crop yield of 400 kg/ha have the last rank 

among chickpea producing countries. Low yield potential of chickpea cultivars can be due to the limited use of 

agricultural inputs and lack of adopting suitable methods of production. Another important factor that causes 

decrease in production and permanent or temporary fluctuations in crop yield is the susceptibility of the existent 

cultivars to biotic (pests and diseases) and abiotic stresses (drought, salinity, cold, heat,…) [3]. When the Na 

concentration increases around the roots, sodium competes with potassium (K) for absorption by the roots and 

reduces the uptake of K. In such a situation the ratios of K/Na and Ca/Na reduce and cause damage to plant 

cells. Many research findings indicate reduction in K
+
 and increase in Na

+
 concentrations in plants under stress 

conditions [5-7]. Kramer et al. [8], Kaya et al. [9], Mirmohammadi and Qarayazi [10] reported that low water 

potential caused by soil salinity reduces total water available to the plants. For this reason, in most saline 
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environments despite abundant water only a little amount of water is available to the plants due to low water 

potential. Besides plant's responses to low water potential, particular impacts of ions toxicity occur when 

adverse concentrations of the specific ions Na
+
, Cl

-
 and SO4

2-
 accumulate in cells. In non-saline conditions the 

cytosol of higher pants cells contains 100-200 mmol of K
+
 and 1-10 mmol of Na

+
 which most of enzymes are 

active favorably in such conditions.  

 Rather high ratio of Na
+
/K

+
 because of high Na+ concentration deactivates enzymes and prevents the 

synthesis of proteins. For instance, under high Na
+
 concentrations the Na

+
 can replace Ca

2+
 in plasma membrane 

of hair roots of cotton. As a result, Na+ changes the permeability of plasma membrane that can be seen as 

leakage of K+ from cells [1]. Generally, plants growing in saline environments are faced with three main 

problems: 1- drought stress caused by low water potential around the roots relative to plant cells osmotic 

potential, 2- lack of nutrients balance caused by decrease in absorption, transfer and distribution of nutrients 

such as Ca
2+

 and K
+
, 3- ion toxicity related to high absorption of Na

+
 and Cl

-
 which has adverse effects on the 

membrane and enzymes [11]. Kourdvilla et al. (1995) and Mansour [12] reported that salinity has adverse 

effects on the metabolism of nitrogen. Douzan et al. (2004) reported that environmental stresses have negative 

effects on the number of rhizobium species  and biotic fixation potential of nitrogen. According to Rahman and 

Naiotial (2002) various species (races) of rhizobium bacteria exist in soil  whose effects on the host in view of 

nitrogen biotic fixation and response to environmental stresses are different. Singleton et al. (1982) studied the 

effects of salinity on rhizobium and announced that salinity causes decrease in the growth of rhizobium species.  

  

MATERIALS AND METHODS 

 

 The present study was factorial arranged in RCBD with three replications carried out in the research 

greenhouse of Mahabad Islamic Azad University. The experiment was conducted in two phases. At the first 

phase two cultivars of tolerant chickpea were planted in the samples soil to produce indigenous rhizobium. At 

the beginning seeds were sterilized against micro-organisms. For this purpose, seeds were placed in a tea filter 

and soaked in 10% sodium hypochloride for ten seconds and washed several times with distilled water in a petri 

dish or beaker and finally planted in intended soil. After 40-50 days, at flowering stage, we uprooted the plants 

gently, washed their roots in tap water and selected fresh, hard and flesh-colored nodes and washed them in 

distilled water and then put them in 3-5% H2O2 for 4-5 minutes to kill the bacteria on the roots and then again 

washed the nodes with distilled water and then put them in 70% ethylic alcohol and again washed them with 

distilled water. Then with a sterilized glass bar the nodes were squashed in distilled water for the cells to be torn. 

The suspension of the squashed nodes was grown on the solid medium of Yeast Manitol Agar (YMA) extract in 

a zigzag pattern.  

 After 2-5 days of storage in incubator at 26°C colonies in the form of a sticky, watery and gypsum-colored 

mass grew [13].  At the second phase the indigenous rhizobium species from different regions were used for 

treatment of cultivars and cultivation in soils with salinity levels of 0 (check), 6, 3 and 9 ds/m. In the present 

study a total of 96 vases (30cm) were used. At first the soil of the vases was sterilized with Benomyl fungicide 

at 2lit/1000lit and then after application of fertilizer as many as ten seeds, according to soil test, were sowed in 

each vase. The vases were irrigated at an interval of four days and after emergence the seedlings were thinned to 

remain five in each vase. During the plant growth stages the morphological and physiological characteristics 

were measured. The results were analyzed using MSTATC and SAS programs. The mean comparisons were 

made by Dunkan test at p≤5% and figures were drawn by means of Excel program.  

 

RESULTS AND DISCUSSION 

 

 According to the ANOVA (Table 1) the main effects of cultivar, rhizobium and salinity and the interactions 

of cultivar× salinity, cultivar× rhizobium and cultivar× rhizobium× salinity with RWC of chickpea were 

significant at p≤1%. The cultivar flip01-48c with an RWC of 82.12 was significantly different from flip02-49c 

with an RWC of 80.22 (Table 1). Means comparison made by Duncan Test at p≤5% (Table 2) showed that in 

terms of RWC the rhizobium indigenous to Oshnaviyeh had the greatest value and was significantly different 

from the rest of the rhizobium’s at p≤1%.  

 Means comparison showed that with increase in soil salinity from 0 to 9 ds/m
-1

 the RWC decreased 

significantly. Means comparison of the interactions indicated that the greatest RWC related to the cultivar 

flip01-48c and the rhizobium native to Nagadeh at EC=0 ds/m
-1

. Krishnan and Kumari [14] reported that under 

saline conditions the RWC in leaves of soybean reduces. Katrij et al. [15] stated that under saline conditions the 

cell turgidity reduces because of low water uptake by roots and consequently the RWC of leaves reduces under 

saline conditions which conform completely to the results of the present study. Figure 1 shows that the greatest 

RWC in flip01-48c related to EC=0 ds/m
-1

 and the rhizobium native to Nagadeh although this value of RWC 

wasn't significantly different from those of other treatments. Figure 2 shows that in flip02-49c the greatest RWC 
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related to the treatment of EC=0 ds/m

-1 
and the rhizobium native to Oshnaviyeh which differed significantly 

from the rhizobium native to Nagadeh. 

 

 
 

 Fig. 1: Means comparison of the interaction salinity× rhizobium species with RWC of flip01-48c. 

 

 
 

Fig. 2: Means comparison of the interaction salinity× rhizobium species with RWC of flip02-49c. 

 
Table 1: ANOVA of interaction of chickpea cultivars, rhizobium species and salinity levels with measured parameters.  

MS df SOV 

N Content of 

Shoot 

N Content 

of Roots 

Na Concentration 

in Shoot 

Na Concentration 

in Roots 

RWC 

1.782 ns 0.063ns 13.435 ⁿˢ 20.751 ⁿˢ 7.073ns 2 Block 

180.676** 83.813** 280.850** 443.330** 86.26 1 Cultivar 

48.663** 4.805** 5.971 ⁿˢ 30.574 ⁿˢ 37.389 3 Rhizobium 

176.726** 10.154** 16030.210** 31241.722** 2818.412 3 Salinity 

0.258 ns 0.159ns 1.468 ⁿˢ 14.568 ⁿˢ 70.386 3 Cultivar×Rhozobium 

0.975ns 0.263* 28.162* 61.618ⁿˢ 76.684 3 Cultivar×Salinity 

1.897** 0.577** 1.674 ns 35.543 ⁿˢ 10.210 9 Rhozobium×Salinity 

0.762 ns 0.130ns 2.592 ns 10.048 ns 22.728 9 Cultivar×Rhozobium×Salinity 

0.573 0.084 8.999 30.674 5.058 62 error 

9.28 11.52 8.42 8.36 2.77 - CV (%) 

ns, * and **: non-significant, significant at p≤5% and p≤1%, respectively. 

 
Table 2: Means comparison of main effects of chickpea cultivar, Rhizobium species, and salinity levels on the measured parameters 

N content in shoot 
(mg g-1 dw) 

N content in 
roots 

(mg g-1 dw) 

Na concentration 
in shoot 

(mg g-1 dw) 

Na concentration 
in roots 

(mg g-1 dw) 

RWC Levels Main Effects 

6.783 b 1.585 b 33.91 b 64.14 b 82.12 a Flip01-48c Chickpea 
cultivar 9.527 a 3.454 a 37.34 a 68.43 a 80.22 b Flip02-49c 

10.15 a 3.154a 34.97a 64.78 a 81.31 b Indigenous to 

Pranshahr 

Rhizobium 

7.188 c 2.146 c 35.50 a 67.52a 82.68 a Indigenous to 

Oshnaviyeh 

8.196 b 2.500b 36.05 a 66.43 a 81.05 b Indigenous to 

Nagadeh 

7.083 c 2.279c 35.97 a 66.41 a 79.63 c Indigenous to 
Sardasht 

11.04 a 3.258 a 6.875 d 19.15 d 92.59a Check Salinity 

(ds/m-1) 9.358 b 2.725 b 21.47 c 59.38 c 87.21 b 3 

7.525 c 2.392 c 51.76 b 83.96 b 76.49 c 6 

4.700 d 1.704 d 62.39 a 102.7 a 68.38 d 9 

In each column, means with at least one common Latin letter, aren't significantly different at p≤5% tested by Duncan Test. 
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Table 2: (Continued) Means comparison on interaction of rhizobium species and salinity levels with measured parameters. 

N content in shoot 

(mg g-1 dw) 

N content in roots 

(mg g-1 dw) 

Salinity level Rhizobium species 

13.98 a 4.41 a 0 Indigenous to Piranshahr 

11.3 b 3.31 b 3 

8.71 cde 2.81 c 6 

6.61 g 2.06 fg 9 

9.55 c 2.7 cd 0 Indigenous to Oshnaviyeh 

8.16 ef 2.36 def 3 

7.03 g 2.23 efg 6 

4 hi 1.28 i 9 

11.21 b 3.35 b 0 Indigenous to Nagadeh 

9.41 cd 2.56 cde 3 

7.43 fg 2.18 fg 6 

4.71 h 1.9 gh 9 

9.4 cd 2.56 cde 0 Indigenous to Sardasht 

8.55 de 2.65 cd 3 

6.91 g 2.33 def 6 

3.5 i 1.56 hi 9 

 In each column, means with at least one common Latin letter, aren't significantly different at p≤5% tested by Duncan Test.  

 

 Also the ANOVA (Table 1) showed that the main effects of cultivar and salinity were significant on Na 

concentration of roots at p≤1%. The cultivar flip02-49c with a root Na concentration of 68.43 mg/g of dm was 

significantly different from flip01-48c a root Na concentration of 64.14 mg/g of dm at p≤1% (Table 1). Means 

comparison made by Duncan Test at p≤5% (Table 2) showed that with increase in soil Na concentration the Na 

concentration in roots increased significantly so that at EC=0 ds/m
-1

 (Check) the Na concentration of roots was 

19.15 mg/g of dm which was significantly different from the treatment of EC=9 ds/m
-1

 with an Na concentration 

of 102.78 mg/g of dm in roots at p≤1%. Chaver and Kaierdmani (2009) studied the effects of drought and saline 

stress on sugarcane and found that under saline stress conditions the concentration of Na and Cl ions increases 

in plant cells and as a result, their toxic effects cause increase in destruction of cell membrane, pigments and cell 

organelles.  

 Similar results have been reported on sugarcane (Arabi et al., 2007), durum wheat [16] and tobacco which 

conform to the results of the present study. Figure 3 shows that the greatest Na concentration of roots belongs to 

the treatment of 9 ds/m
-1

. Also means comparison shows that the cultivar flip02-49c had more Na concentration 

than flip01-48c being significantly different at p≤1% (Table 2). 

 

 
 

Fig. 3: Means comparison of effects of salinity on the Na concentration of roots in chickpea. 

 

 The analysis of variance (Table 1) indicated that the main effects of cultivar and salinity were significant at 

p≤1% and the interaction cultivar×salinity was significant with the Na concentration of chickpea shoot at p≤0.05 

Observations showed that  flip02-49c with shoot Na concentration of 37.34 mg/g of  dm  was  significantly 

different from flip01-48c with shoot Na concentration of 33.91 mg/g of dm
-1

 (Table 1). Means comparison made 

by Duncan Test at p≤5% (Table 2) showed that at soil EC  =0ds/m
-1

 (Check) the Na concentration of the shoot 

was 6.875 mg/g of  dm  being significantly different from  the treatment  Ec=9ds/m
-1

 with a shoot Na 

concentration of 62.39 mg/g of dm. Tolaei et al. [17] studied the responses of pistachio to Zn fertilizer and 

saline stress and reported that under saline stress conditions the Na concentration of shoot decreases. Rezaei et 

al. [18] reported that with increase in saline stress the concentration of Na and Cl ions in cotton increased 

noticeably which conforms to the findings of the present study. Figure 4 shows that the greatest Na 

concentration of the shoot relates to EC=9 ds/m-1 and also indicates that flip02-49c has more shoot Na 

concentration than flip01-48c at EC=9 ds/m
-1

. 
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Fig. 4: Means comparison of the interaction salinity× cultivar with shoot Na content of chickpea. 

 

 The analysis of variance (Table 1) showed that the main effects of cultivar, rhizobium and salinity and the 

interaction of rhizobium×salinity with N content were significantly different at p≤1%. The interaction of 

cultivar×salinity was significant at p≤5%. Results showed that the cultivar flip02-499c with root N content of 

3.454 mg/g of dm was significantly different from flip01-48c with root N content of 1.585 mg/g of dm (Table 

2). Means comparison made by Duncan Test at p≤5% (Table 2) indicates that Piranshahr-native rhizobium had 

significantly more N content than the rest 3 ones and Oshnaviyeh-native rhizobium and Sardasht-native 

rhizobium weren't significantly different.  

 With increase in soil salinity the roots N content reduced significantly so that the greatest N content of roots 

related to the treatment of EC=0 ds/m
-1

 (Check) and the least related to EC=9 ds/m
-1

 being significantly 

different. Parsa et al. [19] reported that salinity may restrict N fixation severely and also may prevent symbiosis 

through affecting living population of rhizobiums and their growth and reproduction and also preventing the 

roots from being contaminated and finally reducing plant photosynthesis and growth. Also the above-mentioned 

researchers stated that silage production, seed and formation of N fixation nodes in annual alfalfa reduced 

severely on low and saline fields of northern Gamishan with an EC ≥20 mmoh/cm so that the findings of these 

researchers conform to those of the present study.  

 Figure 5 shows that the greatest N content of roots relates to EC=0 ds/m
-1

 and Piranshahr-native rhizobium. 

Also, with increase in soil salinity the least N content was observed in the treatment of EC=9 ds/m
-1

 and 

Nagadeh-native rhizobium. Figure 6 shows that the cultivar flip02-49c at EC=0 ds/m
-1

 had more root N content 

than flip01-48c and the least root N content relates to flip01-48c at EC=9 ds/m
-1

. 

 

 
 

Fig. 5: Means comparison of the interaction salinity× rhizobium species with root N content of chickpea. 

 

 The analysis of variance (Table 1) shows that the main effects of cultivar, rhizobium and salinity and the 

interaction of rhizobium×salinity with shoot N content were significant at p≤1%. The cultivar flip02-49c with a 

shoot N content of 9.527 mg/g of dm was significantly different from flip01-48c with a shoot N content of 6.783 

mg/g of dm at p≤1% (Table 2). Means comparison made by Duncan Test at p≤5% (Table 2) shows that 

Piranshahr-indigenous rhizobium has significantly more shoot N content than the rest of rhizobiums while there 

is no significant difference between rhizobiums indigenous to Sardasht and Oshnaviyeh. According to means 

comparison of rhizobium species and salinity level (Table 2) the Piranshahr-indigenous rhizobium at EC=0 

ds/m
-1

 (Check) has the highest shoot N content and the least belongs to the Sardasht-indigenous rhizobium at 

EC=9 ds/m
-1

 which they are significantly different. Parsa et al. [19] reported that in pea the increase in salinity 

and alkalinity causes disruption to nitrogen fixation mainly through preventing the bacteria from linking to the 

plant which consequently reduces the N content of the plant. These findings conform to those of the present 

study. Figure 7 shows that the highest shoot N content relates to the treatment of EC=0 ds/m
-1

 and Piranshahr-
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native rhizobium. Also it can be found that the least shoot N content relates to EC=9 ds/m

-1
 and Oshnaviyeh-

native rhizobium. 

 

 
 

Fig. 6: Means comparison of the interaction salinity× cultivar with root N content of chickpea. 

 

 
 

Fig. 7: Means comparison of the interaction salinity× rhizobium species with shoot N content of chickpea. 
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