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Abstract. To characterize the effect of salt stress on six varieties of chickpea (CicerareitenumL.): ILC 32/79, Flip 84/92C, Ghab4, Belkhadem, 
Collection 28 and F97/555, morphological and physiological parameters of the plants were studied to determine which can be cultivated 
under salty conditions. The genotypes were subjected to three increasing concentrations of NaCl (50, 75 and 100mM) and compared to an 
unstressed control (0mM NaCl).The results showed the studied genotypes behaved differently depending on saline concentrations, and plant 
water content decreased depending on NaCl concentrations, with a higher reduction in root dry matter. The root dry weight/shoot dry weight 
ratio decreased with high NaCl concentrations that caused reductions in root volume, number of nodules, and total nitrogen. It appeared the 
ILC 32/79 and Collection 28 varieties were the most salinity-tolerant genotypes.
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Introduction

The victory over the protein deficiency afflicting millions 
of human beings is a crucial and urgent task for world ag-
riculture. The legume Chickpea (Cicer areitenum L.) is one 
of the largest sources of protein with an average of 25% of 
all seeds produced worldwide (Van Hameren et al., 2013). 
When used in crop rotation, it fertilizes the soil, as is the case 
in North Africa (Rokhzadi and Toashih, 2011; Laabas et al., 
2017). In fact, soil salinization is a major ecological problem 
often related to water stress which reduces arable land and 
threatens the global food balance (Hamdy, 1999). Indeed, in 
arid and semi-arid regions, not only is soil salty, but also sig-
nificant available hydraulic resources are brackish (Ramage, 
1980). 

Crop yield development processes are influenced not only 
by genetic factors but also by environmental factors (Belk-
hodja and Bidai, 2004). As the growth of most plants depends 
on the presence of sufficient nitrogen in the soil, legumes 
overcome this constraint by associating with soil bacteria of 
the genus Rhizobium. This bacterium captures nitrogen from 
the air and transforms it into mineral nitrogen by developing 
nodules in the roots. When the crop dies down, nitrogen is 
released into the ground in organic form and used by plants. 
Recognition of the importance of rhizobia-leguminous symbi-
osis plays a significant role in increasing the yield of cultivat-
ed legumes, improving soil fertility and rehabilitating impov-
erished soils (El-hilali, 2006). Consequently, these changes 
require knowledge to understand the mechanisms that plants 
develop to adapt to new environmental conditions to maintain 
their growth and productivity (Trinchant et al., 2004). 

The degree of salinity in the medium exposes glycophytes 
to changes in their morpho-physiological (Benaceur et al., 
2001) and biochemical (Grennan, 2006) behavior. Thus, per-

fect knowledge of the attitude of the plant to salinity is es-
sential to rationalize interventions and improve its water level. 
In this context, the present work was conducted to study the 
physiomorphological behavior of six chickpea genotypes 
subject to variable concentrations of NaCl diet.

Material and methods

Experimental device and plant material
The experiment was conducted in a greenhouse located at 

the Faculty of Nature Sciences and Life, University of Tiaret, 
Algeria. The daytime temperature was 18°C, nocturnal tem-
perature was 12°C, ambient relative humidity was 70% and 
photoperiod was 10-12h.

The six genotypes of chickpea (Cicerarietinum L.) - 
ILC32/79, Flip84/92C, Ghab4, Belkhadem, Collection 28 and 
F97/555 were provided by the Tiaret Field Crops Techni-
cal Institute and the INRA of Sidi Bel Abbes (Table 1). Pre-
germinated seeds were placed in PVC cylinders (60cm long 
and 10cm in diameter) filled with a soil mixture reconstituted 
with sand, soil (the soil used for our test coming from a field, 
where the previous crop is often chickpea) and organic mat-
ter in proportions of 3V/V/V. The experimental design is a 
randomized block with three repetitions for each (concentra-
tions of 50, 75, 100 and 0mM NaCl /control/). Induction of 
salt stress was performed by adding the saline solution to the 
standardized and balanced nutrient solution of Hoagland (Ho-
agland and Arnon, 1938). The water status was maintained at 
the field capacity. Figure 1 illustrates the experimental device 
at different stages of development of chickpea plants.

Analyses and measurements
• Relative water content (RWC): determined by the equa-

tion of Clarke and McCaig (1982) improved by Sangakkara et 
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al.  (1996):  
RWC (%) = [ifw - dw / wft - dw] x 100, 
where: ifw - initial fresh weight (g); dw - dry weight (g); 

wft - weight in full turgidity (g);
• Leaf area: measured by the quantitative analysis method 

performed by processing photographs of chickpea leaves 
with Image J software (version 1.43u), from the National In-
stitute of Health (NIH), USA.

• Dry weight shoot (g): Stems and leaves (shoots) were 
weighed fresh and placed in numbered paper bags and par-
boiled at 80°C for 48 hours; they were afterward weighed;

• Root dry weight (g): Similar to shoot dry weight but here 
the dehydration occurs at 105°C for 24 hours before weigh-
ing the samples;

• Number of nodules: estimated by counting the nodules 
per plant under the magnifying glass of a colony counter 
(Stuart sc6+);

• Nitrogen content in leaves: calculated by using the Kjel-
dahl method, where nitrogen from organic compounds is 
transformed into ammoniacal nitrogen by boiling pure sul-
furic acid acting as an oxidant that destroys organic matter 
into the mineral matter. Carbon and hydrogen are released 
into carbon dioxide and water, and the remaining nitrogen is 
transformed into ammonia fixed by sulfuric acid into ammo-
nium sulfate. Then, distilled, the ammonia is collected in a 
boric acid solution to be assayed with sulfuric acid.

Statistical analysis
They were performed with Statistica software version 

(6.1) and Microsoft Office Excel (2007), using a two-factor 
variance analysis (ANOVA) for the estimate of the interaction 
effect between salinity stress genotype and the correlation 
matrix. The values obtained were average of 3 repetitions at 
the threshold of 5%.

Results

Relative water content
Leaves’ relative water content was strongly influenced by 

the increasing doses of NaCl (P=0.000). Genotype variations 
within the variability conducted do not cause any significant 
variation (P>0.05) as well as the interaction between the two 
factors, which is not significant on the expression of this pa-
rameter (P>0.05) (Table 2).

The water content of leaves decreased progressively de-
pending on the increasing doses of NaCl (Figure 2). Within 
the control lot, Ghab4 genotype showed the highest value 
(88.3%) where the lowest value (83.5%) was found in the 
Belkhadem genotype. At 100mM NaCl, the lowest RWC value 
was displayed by the Ilc32/79 genotype (66.9%).

Leaf area
Saline stress reduced the leaf area (P=0.000). However, 

the interaction of the two factors shows a non-significant ef-
fect on the expression of this parameter (P>0.05), indicating 
tested varieties behave similarly (Table 3).

Leaf area of the non-stressed genotypes were the larg-
est ones (10.91cm2) observed for Collection 28 genotype, 
and the smallest leaf area (6.16cm2) for the Ilc32/79. Under 
50mM NaCl, Belkhadem genotype appeared to have a smaller 
leaf area (4.73cm2), which falls with increasing NaCl gradient 
(75mM, 100mM) (Figure 3).

Shoot dry weight
Dry weight is strongly conditioned not only by the ap-

plied salt stress (P<0.05) but also by the genotypic variability 
(P<0.05). However, their interaction was not significant for 
this parameter (P=0.651), indicating that the tested varieties 
behave similarly (Table 3). Moreover, shoot dry weight os-
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cillated between 11.65g (Collection 28 genotype) and 7.67g 
(Belkhadem genotype) (Figure 4), then it is reduced at 50mM 
NaCl treatment in a similar way with 75mM NaCl treatment. 
However, at 100mM, the highest shoot dry weight (8.16g) 
was recorded in Flip 84/92c genotype, while the lowest 
(5.67g) was that of Belkhadem genotype.

Root volume
Root volume was influenced by salt stress and genotypic 

nature (P<0.05). However, the interaction of the two factors 
has no significant effect (P>0.05) (Table 4). Reduction in the 
root volume is proportional to the increase in salinity. The val-
ues were higher in the control with a maximum of 64.33cm3 

in the Flip84/92c genotype and a minimum of 46.66cm3 for 
the Ghab4 and Belkhadem genotypes. At 50mM NaCl, geno-
type Ilc32/79 and Collection 28 showed an important root 
volume of 40cm3. At 75mM NaCl treatment, this volume fluc-
tuates between 46.66 cm3 displayed by the Ghab4 genotype 
and 28.33cm3 in the F97/555 one. At the severe treatment 
of 100mM NaCl, the root volume was reduced compared to 
the control, the largest volume (21.66cm3) was recorded in 
Flip84/92c and the smallest one (12.66cm3) was registered in 
F97/555 (Figure 5).

Root dry weight
The interaction between the two factors shows no signifi-

cant effect on the externalization of this parameter (P=0.854). 
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This indicates that genotypes reacted in a similar way to in-
creasing doses of NaCl. Root dry weight was strongly influ-
enced by the applied salt stress (P=0.00) (Table 4), which 
also depends significantly on the nature of the genotypes 
tested (P=0.01). Root dry weight varied between a high 
weight (2.70g) noted in Flip84/92c and a low weight (2.15g) 
recorded with the Ghab4 (Control) (Figure 6).

At the 50mM treatment level, the Ilc32/79 genotype 
is distinguished by a higher weight of 2.59g, while at the 
75mM NaCl level, a considerable increase was recorded in 
Belkhadem with2.23g; then this parameter drops at 100mM 
treatment, where the RDW fluctuates between 1.463g in the 
Flip84/92c and 0.917g in Ghab4 genotype.

Ratio: root dry weight/shoot dry weight (RDW/SDW)
It was highly dependent on the intensity of saline stress 

as well as the nature of the genotypes (Table 4), while their 
interaction had no significant effect on the expression of this 
parameter. Indeed, this parameter declined with increasing 
dose of NaCl (Figure 7). In addition, Belkhadem genotype 
had the highest value (0.32g) and Ghab4 genotype - the low-
est (0.20g). The appreciation of plants stressed at 75mM 
showed a higher weight (0.29g) in the Belkhadem genotype 
and a lower weight (0.19g) in the Ilc32/79 genotype, whereas 
at 100mM NaCl, these values oscillate between 0.22g in the 
Belkhadem genotype and 0.147g in the Ghab4 genotype.

Nodules number
Plant nodules number at each NaCl treatment is important 

to deduce the action of salinity on this parameter. This param-
eter was influenced by the applied salt stress (P<0.05), and 
consequently, the genotypes tested (P<0.05). The interaction 
between the two factors studied shows that the tested varie-
ties react in the same way. On the other hand, the Ilc32/79 
genotype was distinguished by the highest value (110.33), 
whereas the F97/555 genotype had the lowest value (64.00), 
and then they fall at the treatment of 50mM NaCl, except for 
the Flip84/92c genotype, which showed a significant value of 
115.66. In plants stressed at 75mM NaCl, the number of nod-
ules varies between 93.33 displayed by the Ilc32/79 genotype 
and 26.00 by the Belkhadem genotype, whereas at 100mM 
NaCl, it was also the Flip84/92c genotype that presented the 
highest number with 74.66 and the weakest with 27.00 mani-
fested in the F97/555 genotype (Figure 8).

Total nitrogen content
Total nitrogen rate is slightly influenced by the genotypic 

nature (P=0.040) but strongly conditioned by the applied 
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NaCl rate (P=0.000), whereas their combination shows a sig-
nificant variation (P=0.027) (Table 5). This indicates that the 
genotypic nature reacts in a different way towards the added 
NaCl. The total nitrogen content reaches its maximum at the 
control treatment in the Ghab4 genotype (0.690%). At treat-
ment 50mM NaCl, the Collection 28 genotype marked a high 
level of nitrogen (0.540%) and even for the treatment75mM 
NaCl with a value of 0.61%, whereas at 100mM NaCl, this 
value fluctuates between 0.587% (Ilc32/79 genotype) and 
0.397% (F97/555 genotype) (Figure 9).

Discussion

The plant water status, expressed by the relative water 
content, was found to be unbalanced in water nutrition in sa-
line condition (r= -0.832***). Thus, the water status of the six 
genotypes tested decreased as the NaCl gradient increased, 
explained by water unavailability near the rhizosphere and 
water loss through transpiration (Kotagiri and Kolluru, 2017). 
These results are in agreement with those reported by Kaya 
et al. (2003) on cucumber and melon and Stepien and Klobus 
(2006) on Cucumissativus leaves. Indeed, water absorption 
was maintained at a level sufficient to prevent tissue dehy-
dration, establish the succulence phenomenon, and be able 
to dilute the most possible osmolytes (Hassani et al., 2008; 
Mehani et al., 2012) (Table 6).

Otherwise, leaf area reduction is a morphological adap-
tation strategy towards salinity (Bacha et al., 2016). Salinity 
was negatively correlated with leaf area (r= -0.699**) which 
was reduced in all genotypes. Similar results were obtained 
on the bean (Qados, 2011) and the safflower (Zraibi et al., 
2012). The positive correlation between leaf area and relative 
water content (r= 0.571**) was corroborated by Thameur et 
al. (2012) who reported that, under water stress, leaf area 
reduction is associated with decreased relative water content. 
In addition to leaf area reduction in stressed plants, chlorosis 
appeared at the leaf margins, which necrotized. This is con-
firmed by Rahneshan et al. (2018) as well as Ouzounidou et 
al. (2014).

Shoot and root dry matter, which represents the plant 
growth and development, was particularly reduced at 100mM 
NaCl in all genotypes. In addition, reduction of dry root weight 
was more pronounced than that of the aerial part, in line with 

results of Öğütçü et al. (2010) on chickpeas and Hamrouni 
et al. (2011) on wild vines. Root dry weight, shoot dry mat-
ter and RDW/SDW ratio showed a highly significant negative 
correlation with salinity (r= -0.714***; r= -0.585** and r= 
-0.436*, respectively). Moreover, reduction in root volume 
was highly significant and inversely correlated with saline 
stress (r= -0.799***), similarly to the results of El Midaoui et 
al. (2007) in sunflower and Shafi et al. (2010) in wheat.

Even if nodules were formed under all treatments, their 
number was affected by salinity, especially at 100mM NaCl (r= 
-0.346*). The inhibitory effect of salt treatment was reported 
by Ben Khaled et al. (2003) on peas, beans, common beans 
and soybeans, and by Öğütçü et al. (2010) on chickpea. This 
reduction could be due to the inhibition of early symbiotic 
events such as root colonization and infection (Zahran and 
Sprent, 1986). On the other hand, the number of nodules in 
the flip84/92c variety seemed to be unaffected by salinity un-
der all saline treatments. This is consistent with the results of 
Rao et al. (2002) showing salt-tolerant chickpea genotypes 
have better nodulation and support higher rates of symbiotic 
nitrogen fixation than susceptible varieties.  

Salinity negatively affects total nitrogen rate, and a de-
crease in this element was observed in leaves subjected to 
high salt concentration compared to the control. Legumes 
and chickpeas, in particular, are characterized by symbiotic 
nitrogen fixation at the nodules attached to the plant roots. 
This estimate is consolidated by the work of Cordovilla et al. 
(1994, 1996) on beans, which reports that biological nitro-
gen fixation is strongly affected by salinity compared to plant 
growth and nodulation, thus emphasizing the sensitivity of ni-
trogenase activity to saline stress. The reduction in leaf nitro-
gen content is corroborated by Ibriz et al. (2004) who found 
that the nitrogen content of the aerial and root parts declines 
under salt effect. In addition, Flores et al. (2000) reported 
that the decrease in the NRA in leaves is associated with the 
presence of chloride ion (Cl-) in the external environment in-
duced by reduction in nitrate ion (NO-3) absorption and con-
sequently by lower concentration of NO-3 in leaves, although 
direct effect of Cl- on enzyme activity cannot be eliminated. 
Ahmad and Jhon (2005) reported that NRA inhibition could 
be explained by the toxicity of Na+ and Cl- and/or the limited 
availability of nitrate.

Abdelbaki et al. (2000) noted that in maize (Zea mays) 
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the nitrate content and the NRA of the leaves decrease in the 
leaves but increase in the roots under NaCl stress. On the 
other hand, under severe stress, both the reduction of leghe-
moglobin content and the inhibition of bacterial respiration 
may be involved in inhibiting salt-induced nitrogen fixation 
(Delgado et al., 1994).

Conclusion 

NaCl had a depressive effect on morpho-physiological pa-
rameters of treated chickpea genotypes, but with varying de-
grees depending on genotype accepted for flip84/92c variety 
whose nodule number increases at 50mM NaCl and stabilizes 
thereafter. In addition, the relative water content seems to be 
a good guide for the exploration of the water status of plants 
subjected to salt stress. Indeed, this parameter has record-
ed a proportional decrease with the intensification of NaCl. 
Chickpea is distinguished by a root system with nodules able 
to fix atmospheric nitrogen. In addition, analysis of the bio-
chemical parameters in the leaves of six chickpea genotypes 
tested under increasing doses of NaCl showed a consider-
able drop in the nitrogen rate for the strong saline treatments. 
Moreover, a good tolerance for excess salt was observed for 
the ILC 32/79 and Collection 28 genotypes with a moderate 
tolerance for Flip84/92c.
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