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ABSTRACT 
 

The effect of the water deficit on the fresh and dry weight in the various parts of the plant and on several mineral 

processes in different symbiotic combinations for the chickpea (Cicer arietinum L.) varieties was studied. The 

experiment was undertaken in the greenhouse during five weeks. Seedlings were separately inoculated with a 

suspension of three rhizobia strains and were grown under water deficit (50% of field capacity). Our results showed 
that the inoculation with the adequate rhizobia may improve the chickpea dry weight by improving the nodules 

weight, increase NR activity and more K+ accumulation under water deficit. Generally, MC0415 (S1) strain gives 

the best results, particularly in the dry weight nodules (5% of reduction) and in parallel higher NR activity was 

notedinthenodule systems (0.8±0.02 μmol NO2
-g FW-1h-1) with the combination V46-S1. We note a strong correlation 

between the dry weights of the various parts of the plantand the studied variables (NRA, Na+, andK+). 
 
Keywords: chickpea, nitrate reductase, K+/Na+ ratio, tolerance, water stress. 
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INTRODUCTION 
 

Chickpea is the third most important pulse crop and about 15 % of the world’s total 
pulse productions belong to this crop

1
. In Morocco, chickpea (Cicer arietinum L.) is 

a very old crop; moreover, it holds an important place in the Moroccan food mode 

for its everyday life use and particularly in the month of Ramadan. Like all of the 
legumes, this species has the ability to make a specific symbiotic association with 

soil rhizobia for atmospheric nitrogen fixing (N2-fixing) 
2
. Moreover, the plants 

development and legume-rhizobium symbiosis are susceptible to drought stress 
3
. In 

the same direction, water deficit is one of the major abiotic constraints affecting its 
expansion and productivity 

4
. It severally decreases the efficiency of N2-fixing 

5
. In 

addition, the rhizobia which nodulate the chickpea are very specific for their host 

plant 
6
. 

The water deficit negatively affects growth and nodules development and 

functioning in many legumes species. Reported by Mouradi et al. 
7
, that water deficit 

causes significant reductions in the roots and the nodules dry weights, as well as 
their number in alfalfa plants. Also, this constraint caused the same effects in the 

soybean 
8
. The nodulation decreases also in the chickpea under water deficit; this 

decrease was attributed to the decline of the water content in leaves, the reduction in 

the nitrogenase activity and the mineral nutrition 
9
. Furthermore, water supply and 

mineral nutrition are disrupted when the plant is subjected to water deficit. So the 

plant will seek to restore its ionic and nutritional balance, it is the strategy of the 

osmotic adjustment 
10,11

. Indeed, the stress tolerance depends on the plant genotype 
and variety 

12
. Nitrate is the main nitrogen source for many plants and nitrate 

reductase (NR) is the first enzyme in the nitrate assimilation pathway 
13

. In general, 

reductions of nitrogenase activity are common events in response to water deficit 
14

.  
Drought also reduces the leaves water potential 

15
, the concentration of certain 

essential ions (Ca
2+

, K
+
, Mg

2+
 ...) and other specific ions such as sodium (Na

+
) and 

chloride (Cl
-
) in the cytoplasm or the apoplast causing an ionic toxicity which 

interferes with the metabolic functions of the plant 
5
. The accumulation of sodium 

(Na
+
) ions in the plant limits the absorption of the essential cations such as potassium 

(K
+
) and calcium (Ca

2+
). The interaction between these ions influences the roots 

growth
16

. This nutritional imbalance is a possible cause of growth reduction in the 
presence of stress when essential ions like K

+
, Ca

2+
 become limited 

17
. In the 

sensitive plants, the roots contain more Na
+
 than in the leaves 

18
, the accumulation of 

Na
+
 ion is the main cause of the observed plants damage and which the leaves are 

more vulnerable than the other plant parts 
19

. The metabolic toxicity of Na
+
 is 

primarily due to its competitiveness with K
+
 for the strategic sites of the cellular 

functions 
20,21

. 

The drought is widely recognized as the major limiting factor to the agricultural 
production 

22
. Only the adapted plants can survive in these conditions. That is the 

first challenge of the research programs to develop tolerant or resistant varieties to 

water deficit. The present study aims to estimate and compare the performance of 
certain symbiotic associations involving six chickpea varieties and three rhizobia 

strains under water deficit. The study focused on growth parameters and nutrient 

uptake variables under drought. 

 

MATERIALS AND METHODS 
 
During this work, various approaches were tested in order to evaluate the effects of 

water deficit on the behavior of eighteen chickpea-rhizobia symbiotic associations 

grown under greenhouse of the Faculty of Science and Technique, Marrakesh.  
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Plant Material 
Six Moroccan chickpea (Cicer arietinum L.) varieties, three, Rizki (Rz), Zhour (Zh) 
and Douyet (Dt) were provided by the National Institute of Agronomic Research 

(INRA), Settat while the other three, Farihane (Fh), V34 and V46 were supplied by 

INRA, Meknes.  

 

Bacterial Material 
The inoculums consist of three Mesorhizobium strains: S1 (MC0415), S2 (MC1415) 

and S3 (MC5155) provided by the laboratory: Unit of Plant Biotechnology and 
Symbiosis Agro-physiology Marrakesh; were isolated according to Vincent 

23 
from 

the nodules of chickpea grown in the South of Morocco (Settat region). This study 

was carried out under greenhouse conditions with an approximate temperature of 

30/18ºC (day/night), 50-80% of relative humidity and 16 hour (h) photoperiod (22 
Klux). The seeds were surface disinfected by immersion in ethanol 95% for 30 

sandin 5% sodium hypochlorite for 5 min, then rinsed several times with sterile 

deionized water and germinated in Petri dishes at 28°C. After that, the seedlings 
were transferred to plastic pots measuring 20 cm tall and 16 cm diameter. Each pot 

was filed by 2000 g of sterile sand and peat with the proportion 5:1 respectively with 

three seedlings per pot. Seven days after, the young seedlings were separately 
inoculated with 10mL of S1 (MC0415), S2 (MC1415) and S3 (MC5155) rhizobia 

suspensions containing approximately 10
8
 CFU.mL

-1
 (CFU = Colony-forming unit). 

Plants were alternatively watered three times a week with the distillated water and 

the Hoagland nitrogen free nutrient solution during the trial period. After one week, 
the plants of each symbiotic combination were subjected to water deficit (50 % of 

field capacity). The stress was applied during five weeks. The plants were then 

harvested and growth and nutrient uptake parameters were measured.  

 

Biomass Measurements: Shoots, roots and nodules were separated and their fresh 

weights (FW) were determined. For the dry weight (DW) measurement, all plant 
parts were dried in oven at 80ºC for 48 h. FW and DW was determined on six plants 

for each treatment and grouped as three replicates. 

 

Nitrate Reductase (NR) Activity: was determined in vivo according to the method 
of Heuer and Plaut 

24
. Samples of leaves were infiltrated under vacuum in 10 mL of 

50 mM phosphate buffer, pH 7.5, containing 0.1M KNO3 and 0.1 % Tritron X-100. 

After 5 minutes, samples were put in an identical solution, but without Triton X-100 
and incubated during 1 hour in 28°C. Then, 1 mL of extract is taken and completed 

with 0.25 mL of 1.5M HCl, containing 1 % sulfanilamide and 0.25 mL of N - (1 - 

naphtylethylenediamine) dihydrochloride (0.02% w/v in aqueous solution). 

Absorbance at 540 nm was determined and NR activity was calculated by a standard 
curve established with NaNO2 and expressed in µmol NO2

- 
g FW

-1
h

-1
. Three 

replicates per symbiosis per treatment were analyzed. 

 
Mineral Analysis of Plants: samples were dried at 80°C for 48 h and then 

incinerated at 600°C for 4 h. The ashes were added after that with 3 mL chloridric 

acid 6 N, evaporated and then adjusted to 100 mL by hot distilled water. The 
concentrations of Na

+
 and K

+
 were determined in leaves and roots using a Jenway - 

Flame Photometer. 

 

Statistical Analysis was performed using SPSS (10.0) software. Two-way analysis 
of variance (ANOVA II) was made by using three replicates per combination per 

treatment for all of the studied parameters. The means values and the standard errors 
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were calculated. The Tukey’s test was used for the means comparison of the 

considered parameters. 

 

RESULTS AND DISCUSSION 
 

The studied varieties present significant differences between the shoots, the root 
systems and nodules under the water deficit for all variables studied. This is in 

agreement with the results found by Brugnoli and Björkman 
25

, Bernstein et al.
26

. 

 

The effect of the water deficit on the biomass 
The analysis of the results (p<0.001, Table 1) of the fresh and dry weights showed 

that the water deficit caused a significant reduction of the  shoots, roots and nodules 

in comparison with their respective controls of the various studied chickpea-rhizobia 
combinations. These results are in agreement with the work of Ashraf and Iram 

27
. 

The analysis of the fresh weight (FW) of the chickpea varieties showed that when 

the plants were inoculated by the strains S2 and S3, they the strongest reductions 
among all of the studied combinations, particularly for the combinations Dt-S3 in 

nodules (80% of FW), Zh-S2 in shoots (57% of FW) and Fh-S3 in roots (53% of 

FW). The effect of the S1was significant (p<0.001, Table 1) in all of the studied 

varieties under water stress, especially with combination V46-S1 (6%, 15% and 18% 
reduction in nodules, shoots and roots respectively). 
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Table 1:Effect of the water stress (WS) on the fresh and dry weight in the studied chickpea varieties inoculated by rhizobia strains (S1, S2, S3).  

Varieties Strains 

Fresh weight (g/6 plants) Dry weight (g/6 plants) 

Shoots          Roots  
 
  Nodules 

  
      Shoots          Roots  

 
   Nodules 

  

Control WS Control WS Control WS Control WS Control WS Control WS 

Rz 

S1 63,8ab 35,77c 6,16ab 4b 2d 1f 16ab 9c 1,54ab 1b 0,5d 0,25f 

S2 32,01fg 16,04gh 2,8f 1,4e 1fg 0,6h 8fg 4gh 0,7f 0,35e 0,25fg 0,15h 

S3 28,01g 12,25hi 2,4g 1,31ef 0,88g 0,4i 7g 3,06hi 0,6g 0,33ef 0,22g 0,1i 

Zh 

S1 56,12c 28,01d 5,19c 2,82c 1,96d 0,81g 14c 7d 1,3c 0,7c 0,49d 0,2g 

S2 28,01g 12,05i 2,4g 1,21egf 0,82gh 0,64h 7g 3i 0,6g 0,3ef 0,2gh 0,16h 

S3 16hi 7,97j 1,8h 1gh 0,56i 0,35ij 4hi 2j 0,45h 0,25fg 0,14i 0,086ij 

Dt 

S1 44d 15,9gh 3,59e 1,12fg 1,27e 0,36ij 11d 4gh 0,9e 0,28efg 0,32e 0,09ij 

S2 19,97h 12,01i 1,08i 0,56ij 0,36ij 0,12kl 5h 3i 0,27i 0,14hi 0,09ij 0,03kl 

S3 12,013ij 7,99j 0,64j 0,36j 0,2j 0,04l 3ij 2j 0,16j 0,09i 0,05j 0,01l 

Fh 

S1 12ij 5,99j 1,2i 0,8hi 0,6hi 0,41i 3ij 1,5j 0,3i 0,2gh 0,15hi 0,1i 

S2 10,37j 5,19j 1,08i 0,52j 0,48i 0,24jk 2,6j 1,3j 0,27i 0,13hi 0,12i 0,06jk 

S3 9,99j 4,91j 1,02ij 0,48j 0,44ij 0,2k 2,5j 1,2j 0,26ij 0,12hi 0,11ij 0,05k 

V34 

S1 59,87bc 45,2b 5,92b 4,96a 2,81b 2,53b 15bc 11,3b 1,5b 1,24a 0,7b 0,6b 

S2 36ef 20,03ef 3,47e 2,41d 1,81d 1,28e 9ef 5ef 0,87e 0,6d 0,45d 0,32e 

S3 31,87fg 16,4fg 2,81f 1,32ef 1,21ef 0,84g 8fg 4,1fg 0,7f 0,33ef 0,3ef 0,21g 

V46 

S1 68,53a 58a 6,36a 5,21a 3,21a 3,03a 17,13a 14,5a 1,6a 1,3a 0,8a 0,76a 

S2 44,13d 27,87d 4,45d 2,81c 2,41c 2,12c 11d 7d 1,1d 0,7c 0,6c 0,53c 

S3 40,13de 22,77e 4,13d 2,39d 2,04d 1,68d 10de 5,7e 1d 0,6d 0,51d 0,42d 

 dF F F F F F F F F F F F F 

Varieties 5 569*** 697,68*** 1154,6*** 1587,65*** 856,7*** 3260*** 566,7*** 688,35*** 1151*** 721,1*** 857,16*** 3258,7*** 

Strains 2 1195,5*** 1226,84*** 2106,4*** 2690,95*** 879,37*** 1507,38*** 1191,3*** 1215*** 2100,4*** 1224,4*** 881,8*** 1508,85*** 

Varieties 

* Strains 10 47,35*** 95,93*** 88,88*** 185,8*** 32,12*** 160,91*** 47,22*** 94,84*** 88,7*** 84,7*** 32,05*** 160,9*** 

1 
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For the dry weights (DW), water deficit has significantly (p<0.001, Table 1) reduced 

this parameter in all of the studied varieties. The results showed that when the plants 

inoculated with the strains S2 and S3 they presented the strongest reductions in 
comparison with the other combinations, in particular the combinations Dt-S3 in 

nodules (80% of DW), Rz-S3 in shoots (58% of DW) and Fh-S2 in roots (52% of 

DW). The symbiotic combination V46-S1 strain presented interest ingresults and 

particularly in the nodules biomass (6% of DW reduction). Our results showed that 
the inoculation with the adequate rhizobia may improve the chickpea fresh and dry 

weight by improving the nodules weight under water deficit.This confirms the work 

published for Medicago sativa
28,7

, Cicer arietinum
9
 and the same findings were 

reported for Phaseolus vulgaris
5
. Under drought conditions, the improvement of 

vigour and the production of the dry matter could be under consideration like 

principal element for the maintenance and the improvement of the chickpea yield
29

. 

 

The effect of the water deficit on the nitrate reductase activity 
The results presented in the Figure1, 2 and 3 showed that the water deficit has 

significantly affected (p<0.001, Table 2) the nitrate reductase activity in the various 
parts of the plant compared to the controls.The activity of this enzyme is variable 

according to the studieds trains. Indeed, the plants inoculated by S1 have significantly 

(p<0.001) more raised their NR activities (15to50%) in comparison with those 
inoculated by the other strains.The NR activity was significantly inhibited by stress, 

especially in combinations S3 with Rizki, Zhour and Douyet varieties because 

observed values in the stressed plants were lower than the controls. On the other 

hand, we noted a significant increase of the NR activity particularly in shoots and in 
the nodules of the varieties V46 and V34. This variation was maximal for the S1 (65 

to 74%) followed by the S2 (42 to 65%) respectively. The highest values were 

observed for V46 in the nodules (0.8±0.02 μmol NO2
-
g FW

-1
h

-1
, Fig. 1), followed by 

the roots (0.5±0.017µmol NO2
- 
g FW

-1
h

-1
, Fig. 2) while the lowest were noted in the 

shoots (0.28±0.015 µmol NO2
-
g FW

-1
h

-1
, Fig. 3). Indeed, the activity of this enzyme 

is not sensitive to the osmotic effect
30 

and consequently our results could be 
explained by a low availability of NO3, the substrate of this enzyme

31
. In legume 

plants, accumulation nitrogen compounds and reductions of nitrogenase activity are 

common events in response to water deficit 
14

.  

 
Figure 1. Effect of water deficit on NR activity in nodules of six Moroccan chickpea genotypes (Rz, Zh, Dt, Fh, 

V34 and V46) inoculated with rhizobial strains. Values are means of three replicates and bars represent standard 
errors. 
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Figure 2. Effect of water deficit on NR activity in roots of six Moroccan chickpea genotypes (Rz, Zh, Dt, Fh, V34 

and V46) inoculated with rhizobial strains. Values are means of three replicates and bars represent standard errors. 

 

 
Figure 3. Effect of water deficit on NR activity in shoots of six Moroccan chickpea genotypes (Rz, Zh, Dt, Fh, V34 

and V46) inoculated with rhizobial strains. Values are means of three replicates and bars represent standard errors. 
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probably less protective character than the deficiency of the cellular 

compartmentalization system 
17

. Indeed, these varieties are unable to remove the Na
+
 

from the cytoplasm, which by consequence will easily transported to the phloem and 
they are constantly returned to the root systems 

19
. On the contrary, the results 

showed that under water deficit, the combination V46-S1accumulated a maximum 

Na+ content of 44±1 and 14.67±0.58 mg.g
-1

 DW respectively intheir shoots in 

comparison to the roots, this could be an element of drought tolerance in accordance 
with

32 
but this behavior obviously supposes a certain control of the accumulated 

quantity of these ions in shoots, which does not have to disrupt the cellular osmotic 

balance
33

.Whereas, in Farihane-S1 combination, the Na
+ 

products were the same 
values in the roots and in the shoots (24.87±0.8 and 24.8±0.76 mg.g

-1
 DW 

respectively). 

 
 

Figure 4. Effect 

of water deficit on the Na+ contents in six Moroccan chickpea genotypes (Rz, Zh, Dt, Fh, V34 and V46) inoculated 
with rhizobial strains. Values are means of three replicates and bars represent standard errors. 

 

Table 2 Mean squares values from analysis of variance 2-way (ANOVA II) of water deficit and chickpea varieties 
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Varieties*Strains*Drought    10  105.2***   104.2***    7.99***   25.8***  65.8*** 

*: Significance at 0.05 probability level; **: Significance at 0.01 probability level; ***: Significance at 0.001 

probability level; NS: Not significant at 0.05. 

 

k-o 
n-q 

q 

ijk 

o-q pq 
m-q o-q o-q 

m-p n-q 
m-p 

ef 

h 

i 

de 

i ij 

gh 
efg 

de 
fg 

de 
bc 

cd 
ab 

a 

m-p 
n-q m-p opq 

j-m i-l 

r 

j-m i-k 

0 

10 

20 

30 

40 

50 

60 

S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 S1 S2 S3 

Rz Zh Dt Fh V34 V46 

 C
o
n

te
n

t 
N

a
+
 m

g
,g

-1
 M

S
  

Symbiotic combinations 

Shoots (Na+) Roots (Na+) 



Effect of Water Deficit on the Mineral Nutrition 

 

Braz. Arch. Biol. Technol. v.60: e17160325, Jan/Dec 2017 
 

9 

K+ content 
The results (Fig.5) showed that the behavior of the studied varieties vary 

significantly (p<0.001, Table 2) under water deficit. We also noted that in all of the 
varieties the K

+
 contents raised in the shoots in comparison, with the roots. Indeed, 

the combinations V46-S1 and V34-S1 presented the highest K
+
 contents in shoots 

(199.7±2.5 and 181.57±3.7mg.g
-1

 DW respectively) under stress conditions in 

comparison with their roots (55±1.9 and 61.67±2.7 mg.g
-1

 DW respectively). On the 
contrary, Rizki and Zhour presented higher K

+
 contents in shoots (99.5±0.5 and 

95.7±0.7 mg.g
-1
 DW) than in the roots under water stress (74.27±2.6 and 82.13±1.25 

mg.g
-1
 DW respectively) when inoculated with S1. In front of water deficit, to the 

varieties V46 and V34 accumulated more K
+
 products in their shoots which 

increases the water absorption. Furthermore, the potassium was a major plant macro-

nutrient and plays important roles to osmoregulation, stomatal behavior, membrane 

polarization and neutralization of no diffusible negatively charged ions 
34

. This 
cation is considered as the first element against the adverse effects of stress

35 
and the 

key element for the tolerance to the abiotic constraints due to its capacity in the 

osmotic adjustment 
36

. On the other hand, important potassium deficiency under 
stress leads to plant dehydration 

37
; causes the stomata closure and consequently, led 

to a low transpiration level. For a wide range of varieties, it is often found that plants 

that are more able to tolerate moderately drought environments have a greater ability 
to exclude Na

+
 from the shoots, or maintain high levels of K

+38
. The results showed 

that the selectivity of the K
+ 

in the leaves shows its aptitude to limit the transport of 

Na+ and to reduce its toxicity.Such behavior was observed on some varieties of 

maize
39 

and rice
40

. In the same context, many authors announced that the tolerant 
plants maintain an important K+/Na+ ratio in their shoots following a selection of 

the K+ and Na+ absorption in the roots
41,42,43

. Besides, our results showed that the 

reduction of the fresh and dry weight in the chickpea generally coincides with the 
increase of the Na

+
 contents and the reduction of the K

+ 
contents. Indeed, the dry 

weight of the shoots is strongly correlated with NR activity (r=0.521
**

), with Na+ 

contents (r=0.836
**

) and with K+ accumulation (r=0.898
**

) under water deficit. The 
nodules dry weight is also strongly correlated with the nitrate reductase activity 

(r=0.895
**

) under drought condition. Similar results were reported for other species 

such as Phaseolus
44

. The tolerance of legumes plants under the drought conditions is 

related to adaptive processes which imply the movement of ion, the biosynthesis and 
the organic accumulation of osmolytes taking in account the osmotic adjustment and 

the protein reorganizations important for the preservation of the cellular integrity 
45

. 
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Figure 5. Effect of water deficit on the K+ contents in six Moroccan chickpea genotypes (Rz, Zh, Dt, Fh, V34 and 

V46) inoculated with rhizobial strains. Values are means of three replicates and bars represent standard errors. 

 

K
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/Na

+
 ratio 

The results (Fig. 6, 7) showed that K
+
/ Na

+
 ratio was higher in the shoots than in the 

roots. This is in agreement with the results published by El-Iklil et al.
46

. The 
concentration of K+ in the cytoplasm was superior to Na

+
. Furthermore, in response 

to the drought stress, the K
+
/Na

+
 ratio decreased in shoots and in roots in all of the 

studied genotypes. In shoots, Farihane variety presented the lowest value of this ratio 
(1.9) in association with the strain S3, whereas V46 presented the highest value (4.5) 

in combination with S1 followed by the variety V34 with a ratio of (4.3) under 

drought stress. A high ratio values are due to the exclusion of Na
+
 and K

+ 

accumulation 
47

 and the K+/Na+ ratio shows the threshold of toxicity by Na+. 

Indeed, a high ratio shows a low toxicity and consequently a better 

tolerance for plants to drought stress
48,41

. 
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Figure 6. Effect of the water deficit on the K+/Na+ ratio in shoots of six Moroccan chickpea genotypes (Rz, Zh, Dt, 

Fh, V34 and V46) inoculated with rhizobial strains. Values are means of three replicates and bars represent standard 

errors. 

Figure 7. Effect of the water deficit on the K+/Na+ ratio in roots of six Moroccan chickpea genotypes (Rz, Zh, Dt, 

Fh, V34 and V46) inoculated with rhizobial strains. Values are means of three replicates and bars represent standard 

errors. 
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drought-sensitive variety is formed by combination Dt-S3, present the lowest growth 

rate, nodulation values and K
+
/Na

+
 ratio. The intermediate tolerant-drought 

combination is formed by Fh-S1.  
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