
ABSTRACT
The chickpea (Cicer arietinum L.) is the most significant legume crop and good source of protein. The biggest obstacle currently 
facing agriculture is salt stress which damage soil fertility and constantly shifting abiotic stressors result in low chickpea yields. 
Therefore, the purpose of this work was to identify and characterize the Rhizobium isolates and its effect on salt (NaCl) stress. Total 
281 isolates were isolated from rhizospheric soil samples fromTaif agriculture filed of Kingdom of Saudi Arabia. All isolates were 
showing same phenotypically shape size and morphology on YEMA. Only 7.47 % (21) of isolates were showing the biochemical 
characterization of Rhizobium. Only 10 (47.61%) of the 21 isolates exhibited nodulation in the chickpea under controlled condition 
After the symbiosis establishment at 25 days the data clearly indicate that the dry weight of plant was increase at 50 and 75mM 
NaCl stress at four successive harvesting stages while at 100 mM decreases the accumulation of dry mass at the rate of 16.21%, 
26.15%,10.97% and 13.04% in first, second, third and fourth harvesting stage respectively. With the salinity the root to shoot ratio 
increased at 0, 50 and 75mM at first, second and third harvesting. But decrease at 100mM NaCl at every harvesting stage. Nodule 
dry weight remains decrease under the salt stress conditions. Few isolates of Rhizobium exhibited good growth at high temperature 
and high pH. More research is needed to understand the Rhizobium isolates under abiotic stress conditions including salt stress to 
raise the better nitrogen fixers in the form of biofertilizer in harsh environment.
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INTRODUCTION

The most important legume crop is the chickpea (Cicer 
arietinum L.). It is well known for its nutritional advantages 
and is a member of the Fabaceae (Leguminosae) family. 
Currently, salt stress is the main barrier to the agricultural 
sector, which has a significant impact on the development, 
survival, and metabolic activity of bacteria and plants that 
fix nitrogen (Shilev, S., 2020). In many nations, including 
Saudi Arabia, agriculture is at the forefront of economic 
development. However, one of the key barriers preventing 
the growth of the agricultural area or the rise in agricultural 
productivity for many crops is salinity, which affects the 
majority of the country (Sunita et al., 2020).

One of the main causes of dryness and salinity is high 
temperatures. Due to the significant amount of soluble salts 
present in irrigation water and the high rate of evaporation 

brought on by Saudi Arabia's high temperatures, ineffective 
drainage, or soil type. In light of the aforementioned 
information, the goal of our research is to identify salt-
tolerant Rhizobium species in Saudi agricultural soil that 
promote chickpea growth under adverse and salt-stress 
conditions.

Numerous living creatures, including bacteria, fungi, 
nematodes, worms, and others, can be found in soil in their 
natural habitat. According to (Sunita et al., 2020) Rhizobia 
are a special class of bacteria that live as symbionts with 
legumes and fix atmospheric nitrogen. The most important 
legume crop is chickpea (Cicer arietinum L.). One of the 
main obstacles in the agricultural sector that has a significant 
impact on plant growth is salt stress. In desert habitats, the 
Rhizobium-legume symbiosis is particularly crucial in areas 
where the prevalence of saline soils is rising and posing a 
danger to plant productivity. Legumes, which are typically 
found in dry settings, may be better adapted than legumes 
grown in other habitats to fix more nitrogen dioxide in saline 
environments (Etesami, H. and Adl, S.M., 2020).



Toxic ion accumulations in various plant tissues, which 
disrupt some enzyme activity, can be blamed for the salt 
sensitivity. According to Lauter and Munns (1986), the 
chickpea (Cicer arietinum) is particularly sensitive to soil 
salt. Failure of the infection process resulting from salinity's 
effect on rhizobia's establishment may be the cause of 
unsuccessful symbiosis under salt stress. Legumes with 
salt stress have less nodulation because they block the 
symbiotic interactions (Chakraborty  and Harris, 2022). 
Salinity levels that prevent the growth of each individual 
symbiont differ from those that prevent the symbiosis 
between legumes and rhizobia. Some legumes perform 
poorly in symbiotic relationships when exposed to salt, but 
this is not because salt limits rhizobial growth. In saline 
environments, rhizobial colonization and invasion of the 
rhizosphere, root-hair infection, and the development of 
efficient salt-tolerant nodules are necessary conditions (Ma 
et al., 2020). 

Arid and semi-arid climates affect about one-third of the 
planet's geographical area (Skujins, 1991). One-third of the 
world's irrigated areas and around 15% of dry and semi-
arid regions are affected by salinity, according to Pitman 
et al. (2002). Lack of nitrogen frequently restricts plant 
productivity on many semi-arid lands, particularly saline 
regions. Legumes that grow in arid environments may be 
treated with N fertilizers to help them tolerate salt better 
(El at al., 2020; Shevyakova 1984). The use of Nitrogen 
in agriculture land is likely to be further constrained by 
rising N fertilizer costs and the risk of growing soil salinity 
(Mohammad et al. 1989). As a result, biological nitrogen 
fixation has become more significant. Legumes, which 
are typically found in dry ecosystems, may significantly 
contribute to the global nitrogen economy, and their 
capacity to fix nitrogen could raise soil productivity (Bhat 
et al., 2020).

Legumes may have evolved to adverse climatic conditions in 
part as a result of the host plant's interaction with Rhizobium 
species. These modifications may make Rhizobium-legume 
relationships more capable of fixing N2 under stress 
situations than associations that have developed in other 
contexts (such as salt stress), according to Zehran (1999)  
it has long been known that legumes are either susceptible 
to salinity or only moderately resistant to it. Most legumes 
experience a growth reduction in response to moderate salt 
(Jamil et al., 2012). In many nations agriculture is at the 
forefront of economic development. Salinity is  one of the 
key barriers which preventing the growth of the agricultural 
area or the rise in agricultural productivity for many crops. 
One of the main causes of dryness and salinity is high 
temperatures (Sindhu et al., 2020).

The high rate of evaporation brought on by Saudi Arabia's 
high temperatures, the high concentration of soluble salts 
in irrigation fluids, ineffective drainage, or soil type are 
the causes of excessive salinity. We tryed to estaiblish as 
relation of salt-tolerant Rhizobium species with the chickpea 
seedlings which help to promote the growth of chickpeas 
in a controlled manner in light of the aforementioned facts 
in Saudi agricultural soil.  Weimberg and Shanon (1988); 
Cordovilla et al., 1996) found that there is generally little 

association between salt concentration and the concentration 
of these chemicals (Chakraborty  and Harris, 2022).  The 
present study looked at how the well-established symbiosis 
between Cicer arietinum and Rzobium responded to salt 
stress during the vegetative phase. The purpose is to 
determine whether the adverse effect of salt stress influence 
the vegetative growth of Rhizobium and its association of 
nodulation.

MATERIAL AND METHODS

Collection of Soil Samples: The study site of research 
comprises five different Rhizospheric soil samples was 
collected from agriculture field of Taif, Saudi Arabia. 
Samples were kept in clean sterile bottles sealed and 
transferred to the Microbiology and Biochemistry laboratory 
at university of Jeddah and stored at 4° C.  
 
Isolation of Rhizobium isolates: By vigorously vertexing, 
the soil samples were suspended in distilled water and 
prepared for serial dilutions up to 10-6 in pure distilled 
water. After the proper dilution, put the solution to the YEM 
Agar plate in a petri dish with the correct pH calibration (6.8 
to 7) and cover for 72 hours at 32° C. Colony was obtained 
and was streaking on YEMA media. Sub-cultures of the 
cultures were developed and be used often. The biochemical 
characteristics of Rhizobium will be determined using 
Berge's Manual of Bacteriology (Bergeys et al., 1939). 

Purification of Isolates: Using a sterile inoculating loop, 
one well-separated rhizobial colony was chosen and added 
to 6 mL of sterilized yeast extract mannitol broth (Sindhu 
et al., 2020). The test tubes were then vortexed and swirled 
on a rotary shaker for 48 hours at room temperature. A loop 
of the culture suspensions from each test tube was removed 
after two days and streaked on sterile yeast extract mannitol 
agar (YEMA), where they were cultivated for three to four 
days at 28 °C. By repeatedly re-streaking, the colony's purity 
and consistency were thoroughly examined.

Biochemical characterization of isolates: Rhizobium 
isolates were biochemically characterized using a variety 
of biochemical tests, including the Indole test, Methyl 
red test, Voges Proskauer test, Citrate utilization test, 
Catalase test. Tests for nitrate reduction, starch hydrolysis, 
gelatine hydrolysis, and oxidase also done to determine 
the biochemical characterization of Rhizobium isolates 
(Rafique et al., 2021).

Citrate utilization test: The only carbon source accessible 
to the bacteria in this medium is citrate, but the Rhizobium 
cannot grow on citrate, no change in colour takes place. A 
loop filled with Rhizobium culture was used to inoculate 
the slant. The stab and streak method were utilized, and 
the slant was then inspected after a 24-hour incubation 
period at 37℃.

Starch utilization test: The test was run to see if 
microorganisms might use starch as a source of carbon 
(Datta et al., 2015). Rhizobium was inoculated into starch 
agar media, which was then incubated and examined. 
Extracellular enzymes are produced when starch is present, 
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showing that the organism could exploit starch as a carbon 
source. The capacity of bacteria to consume starch was 
evaluated using an iodine test. Iodine solution drops were 
applied to Petri-plate-grown cultures that had been cultured 
for 24 hours. No starch utilization was indicated by the 
formation of blue, and vice versa.

Gelatine test: This test was run to see if bacteria could 
produce the enzyme gelatinase and use gelatine as a media 
source. Gelatine degradation is a sign that the gelatinase 
enzyme is present. The actively growing cultures underwent 
nutritional gelatine medium inoculation and 48-hour 
growth. The cultures that produce gelatinase stay liquefied 
after being exposed to a low-temperature treatment at 40 °C 
for 30 min, but the cultures that do not produce gelatinase 
the media was remain solidify (Deka and Azad 2006).

Catalase test: This test was run to investigate whether the 
catalase enzyme was present in bacterial colonies. On glass 
slides, 24 hour-old Rhizobium colonies were collected, and 
one drop of 30% H2O2 was applied. The presence of the 
catalase enzyme was shown by the appearance of a gas 
bubble (Rafique et al., 2021).

Physiological Tolerance Test of Rhizobia: Physiology of 
the isolated rhizobia were done by the determination of the 
following parameters 

Temperature, pH and Salt tolerance of the Isolates

Antibiotic tolerance.

Temperature, pH and Salt tolerance of the Isolates: 
By allowing the isolates to grow on YEMA plates with 
various salt concentrations, the isolates' salt tolerances were 
evaluated (Chakraborty and Harris, 2022). Different NaCl 
concentrations, including 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 
4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, and 8.0% NaCl, were 
used to make YEMA. Growing the isolates on YEMA 
modified with 0.1N HCl or NaOH at various pH values of 
4, 4.5, 5, 5.5, 6, 8, 8.5, 9, 9.5, and 10 allowed researchers 
to establish the isolates' pH tolerance (Maatallah et al., 
2002). By inoculating and incubating the media at 5, 10, 
15, 20, 35, 40, 45, and 50°C, YEMA medium was used to 
study the growth response of rhizobia isolates to various 
temperatures (Kulkarni and Nautiyal, 2000). The presence 
and lack of growth on the plates was noted after 4 days of 
incubation at 28 2°C.
  
Antibiotic sensitivity test: Antibiotic sensitivity tests 
were conducted using antimicrobial discs. The following 
antibiotic disc was employed: Nalidixic acid (Na), 
Cloxacillin (Cx), Chloramphenicol (C), Tetracycline (Tc), 
Streptomycin (S), Ciprofloxacin (Cf), Ampicillin (Am) and 
Penicillin (PEN) are some examples of antibacterial drugs. 
Every isolate was individually inoculated in YEM broth 
and incubated at 37 °C for an overnight period. A glass 
spreader was used to evenly distribute the culture broth of 
each isolate on the nutrient agar medium (NA). Different 
isolates' inoculation plates were set with antimicrobial 
discs at about 2.5 cm, and they were then incubated at 37°C 
overnight. The zone of inhibition surrounding the discs was 

used to assess the sensitivity and resistance of Rhizobium 
isolates. All those isolates inhibit by antibiotic disc in the 
form zone consider as sensitive isolates while those perform 
the growth near to antibiotic disc is consider as resistance 
isolates (Warsi et al., 2017).

Surface sterilization and germination of chickpea seeds: 
Seed Preparation: Seeds are cleaned with tap water before 
being sterilized in 98% alcohol for 5 minutes, followed 
by 5 minutes of distilled water and another 2 minutes of 
sterile distilled water. For a short period of time, seeds were 
dried in laminar air flow (Sarwar et al., 2006; Yadav et al., 
2010). After being surface sterilized, seeds germinated for 
48 hours at 26 °C in moist autoclaved water. The immature 
plants were placed in freshly prepared nutrient solutions 
in autoclaved sand pots. Every 24 hours, the nutritional 
solution is replaced. Each seedling is injected with a 
suspension of 10–8 Rhizobium cells per millilitre. Plants 
that had been inoculated were placed in a control chamber 
with a 16/8-hour light/dark cycle operating at 25/17 C 
during the day and night.

In order to stress the plant with salt at different concentrations, 
we were to wait at least 20 to 25 days until the establishment 
of the symbiosis as per Banik et al., 2018 with bacteria. 
The development of chickpea seedlings under various 
salt stress conditions and its impact on nodulation in roots 
were studied. The seedlings were exposed to different 
concentrations of NaCl salt (0, 50, 75, and 100 mM NaCl). 
After inoculating chickpeas with Rhizobium isolates, we use 
methods from Elsheikh & Wood (1990) to assess the length 
of the root and shoot as well as the fresh and dry biomass. 
Salt stress (0, 50, 75, and 100 mM NaCl) was applied. There 
will be no salt concentration. Zero salt concentration will 
be considered as control plants.  The harvesting was carried 
out at 4 different stages @ 4, 8, 12, & 16 days.

RESULT AND DISCUSSION

Total 281 isolates were isolated from rhizospheric soil 
samples of given sites fromTaif agriculture filed of  
Kingdom of Saudi Arabia. In the first site of soil sample we 
got 57 isolates in which only 5.2% of isolates were showing 
the rhizobium biochemichal charecterstics while sampling 
site 2 were showing only 3.9% of rhizobium isolates among 
51. On the other hand in the third soil samples the identified 
rhizobium isolates was only 8.9% among 56 isolates while 
in fourt and fifth soil samples it was 8.6% and 10.6% among  
58 and 56 isolates respectively.All isolates were showing 
same  phenotypically shape size and morphology on YEMA 
(Yeast extract Mannitol Agar) while on NA (Nutrient agar) 
were showing different morphology of bacterial isolates. 
Only 7.47 % (21) of isolates were showing the biochemical 
characterization of Rhizobium among all 281 isolates 
according to Bergey’s manual.

In first soil sample only 3 isolates were showing Rhizobium 
on YEMA plates among 57 isolates. While in secound, third, 
fouth and five soil sample only  2, 5, 5 and 6 isolates were 
showing Rhizobium charecterstics among 51, 56, 58, and 
59 isolates respectively.
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Before the pot experiment we studied the seed germination 
of chick pea under different salt stress. Salinity has a 
negative impact on chickpea development and germination, 
as seen in the table 2. Particularly in stressful environments, 
the germination and seedling stages are crucial to plant 

survival and proper seedling establishment.  The results of 
this investigation showed that rising salinity stress gradually 
inhibited chickpea seed germination and establishment. 
Seed germination was completely inhibited at a high salinity 
level of 100 mM NaCl. 

			  Different rhizosphere soil Samples

	 Site 1	 Site 2	 Site3	 Site 4	 Site 5

No of isolates (YEMA)	 57 (3)5.2%	 51(2)3.9 %	 56 (5)8.9%	 58(5)8.6 %	 59 (6)10.6%	 T=281 (21)7.47%
Total No of Isolates	 57	 51	 56	 58	 59

Table 1. Different collection of soil samples and number of isolated Rhizobacterial isolates

Table 2. Biochemical characterization of Rhizobium isolates

According to numerous studies, increasing salinity levels 
decreased germination percentage and speed in the field 
for various legumes, including peas (Wolde and Adamu, 
2018), chickpeas (Ashraf and Waheed, 1992), wheat (Majid 
et al., 2013), and other legumes (Esechie, 1995; Morais et 
al., 2012; Piwowarczyk et al, 2016). This fact demonstrates 

that the salinity increased slowly. This result demonstrates 
that salinity inhibits, and delays seed germination through 
a variety of mechanisms, including a reduction in water 
absorption, adjustments in the mobilisation of stored food, 
and disruptions in the structural organisation of proteins 
(Ibrahim, 2016).



Days of	 NaCl (mM)	 Plant dry	 Nodule Dry	 Root to shoot
treatment	 Concentrations	 weight/PDW	 weight/NDW	 ratio/RSR
	 (mM)	 (gm)	 (mg)	 (mg)	

4 	 0	 0.37	 50	 0.54 
	 50	 0.52	 41	 1.12
	 75	 0.48	 15	 1.15
	 100	 0.31 (16.21%)	 05	 0.6 
8	 0	 0.65	 80	 1.06
	 50	 0.61	 85	 1.12
	 75	 0.58	 95	 0.89
	 100	 0.42 (26.15%)	 45	 0.75
12	 0	 0.82	 150	 1.15
	 50	 0.87	 122	 0.98
	 75	 0.95	 105	 0.75
	 100	 0.73 (10.97%)	 98	 0.72
 16	 0	 0.92	 225	 1.20
	 50	 0.91	 120	 1.08
	 75	 0.81	 111	 1.07
	 100 	 0.80 (13.04%)	 91	 0.60

Table 3. Effect of growth under salt stress (NaCl) at four different harvesting 
stages. PDW; Plant dry weight, RSR; Root to Shoot Ratio and NDW; Nodule 
dry weight

Antibiotics	 Concentration	 Tolerant isolates 
	 /disc	 (%)

Nalidixic acid (Na)	 30μg	 4 (19.04)
Cloxacillin (Cx)	 10μg	 5(23.80)
Chloramphenicol (C)	 30μg	 7 (33.33)
Tetracycline (Tc)	 30μg	 8 (38.09)
Streptomycin (S)	 10μg	 11 (52.08)
Ciprofloxacin (Cf)	 5μg	 6 (28.57)
Ampicillin (Am)	 10μg	 3 (14.28)
Penicillin (PEN)	 10μg	 7 (33.33)

Table 4. Antibiotic tolerance of isolated Rhizobial isolates 
under different antibiotic concentrations. Parentheses 
indicate percent tolerant isolates.

The current study showed that saline levels dramatically 
affected plant leaf area, branches, height, plant biomass 
(fresh & dry), and plant mortality. The death of plants was 
observed at the high salinity concentration (100 mM NaCl) 
after four weeks of plant establishment. These findings 
agreed with earlier studies that had been published (Grozeva 
et al., 2019). The study's findings clearly show that the 
toxicity of the salinity treatments manifests itself more 
visibly in dry weight. This result confirms earlier research 
that showed dry biomass production was more susceptible 
to growth inhibition by NaCl treatments (Rasool et al., 
2013; Yousef et al., 2020). Additionally, the lack of water, 
ion toxicity, and nutrient imbalance brought on by the 

blocking of other nutrients, including N, P, K, Ca, and NO3, 
could all be contributing factors to the growth suppression 
(Hasegawa et al., 2000). 

When cultivated in salt, other research has demonstrated 
comparable results in other legume plants, including 
sesbania (Mahmood et al., 2008), chickpea (Ashraf and 
Waheed, 1992), and pea plant (Hernandez et al., 1999). The 
outcome indicated that the number of leaves per plant was 
decreasing. Physiologically, salt stress has a detrimental 
impact on several processes, but the most notable effect 
is a reduction in cell division and expansion, which led to 
a decrease in leaf number. The results also showed that a 
high saline level reduced leaf area, which may have been 
caused by a decrease in cell division and cell expansion. 
These findings are consistent with another finding that 
indicated salt stress reduces the leaf surface expansion ratio, 
which leads to the stoppage of expansion (Kordrostami and 
Rabiei, 2019).
   
The purpose of this study was to look into how salt stress 
affected chickpea growth and nodulation. High salt stress 
hindered and postponed the germination and growth of 
chickpea plants, according to the study. The study found 
that whereas chickpeas are unaffected up to a salinity of 
50 and can endure salinity at a level of 75 mM NaCl, this 
cultivar is extremely susceptible to 100 mM NaCl, and 
considerable salt-stress-related impairments were noted. 
However, compared to germination, plant development was 
more responsive to salt stress. The molecular, physiological, 
and metabolic alterations brought on by salinity stress must 
be the focus of future study. Additionally, comprehensive 
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knowledge is necessary to comprehend this plant's 
physiological responses to environmental factors in the 
field. 

Figure 1; a, b, c and d represent percent isolates of Rhizobium 
under the condition of antibiotics, pH, Temperature and salt 
(NaCl) stress. 

Figure 2: Figure a, b and c represents nodule dry weight, 
root to shoot ratio and plant dry weight respectively under 
different salt (NaCl) stress conditions at four different 
harvesting stage

After the biochemical characterization of isolates we 
were tested the isolates for physical (Antibiotics, Ph, 
Temperature & salt) tolerance in which all the selected 
isolates were showing both sensitivity and resistance at 
various concentration (Figure 1 a). Streptomycin was 
effective against the isolates at doses of 10 µg/ml and 
were showing 52.08% resistance isolates and remain 
sensitive while 23.80%, 14.28% and 33.33% isolates were 
showing resistance to cloxacillin, ampicillin and penicillin 
respectively. 28.57% of isolates were showing resistance 
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to ciprofloxacin at 5µg concentration of antibiotics 
disc.  33.33% and 38.09% isolates were resistance to 
Chloramphenicol and tetracycline respectively.  The isolates 
varied in their resistance to and sensitivity to various 
antibiotics at various concentrations.  
   
Only 10 (47.61%) of the 21 isolates exhibited nodulation 
in the chickpea under controlled condition. Chickpea plants 
were inoculated with Rhizobium isolates, grown in a control 
environment, exposed to various NaCl salt stress conditions 
(0, 50, 75, and 100 mM NaCl), and the growth parameters 
were examined up to four harvesting stages (4, 8, 12, and 16 
days). The purpose of Wark was to determine whether salt 
stress affected chickpea development and nodulation. Data 
shows that high salt stress conditions affect plant growth and 
nodulation both during germination and nodulation.
 

CONCLUSION

 The current work focuses on the isolation and biochemical 
characterization of Rhizobium isolates from Saudi desert 
soil in the Taif region, as well as their impact on chickpea 
growth and nodulation under various salt stress conditions. 
The physiological tolerance of each Rhizobium isolate 
was examined (temperature, salt, pH, and antibiotic 
resistance). According to the study, rhizobial isolates are 
very susceptible to abiotic variables such as salt, pH, and 
temperature. Further, we investigate the impact of NaCl 
administered during the vegetative growth and nodulation 
of chickpea plants. We conclude that abiotic stress, such as 
salt stress, poses major hazards to plants. 
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