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ABSTRACT: Rhizobium bacteria are of significant environmental and agricultural importance. 

However, the impact of salts on the growth of these bacteria is a crucial topic that warrants research, 

particularly in areas with high soil salinity levels. Therefore, this study was conducted to investigate the 

effects of sodium chloride (NaCl) and calcium sulfate (CaSO4) on the activity of Rhizobium bacteria 

and to evaluate their efficiency in producing amino acids and enzymes in gypsum soils. A laboratory 

experiment was conducted at the Soil Science and Water Resources Department, College of Agriculture, 

Tikrit University, during the academic year 2021-2022. Rhizobium bacteria were isolated from gypsum 

soil, and the best isolates were selected based on their activity and spread. These isolates were then 

morphologically characterized. A total of 10 isolates were obtained and identified according to their 

agricultural and microscopic characteristics. The growth rates of the isolated bacteria on YEMA 

medium varied from one isolate to another. Six isolates (BR1, BR3, BR5, BR6, BR9, BR10) grew after 

being incubated for 7 days at 28°C, and were classified as slow-growing Bradyrhizobium bacteria. 

Meanwhile, four isolates (BR2, BR4, BR7, BR8) grew on the same medium and were classified as fast-

growing Rhizobium bacteria. All isolates exhibited the ability to produce indole-3-acetic acid (IAA) at 

varying levels, with the highest production recorded in isolate BR5 (13.9 µg·mL-1), followed by isolate 

BR4 (12.6 µg·mL-1). The lowest IAA production was observed in isolate BR2 (6.5 µg·mL-1). 

All isolates were able to produce catalase, except for isolate BR10. Six isolates successfully produced 

the oxidase enzyme, while four isolates did not. Seven isolates produced urease, while three isolates 

failed to do so. Additionally, five isolates produced nitrate reductase enzyme. 

The best isolate of Rhizobium was selected for further testing using four levels of calcium sulfate (0, 

0.5, 1.0, 2.0 g·L-1) and four levels of sodium chloride (0, 0.2, 0.4, 0.6 g·L-1) to determine the optimal 

level of each salt that the bacteria could tolerate and grow in. The results showed that the bacterial 

colony growth exceeded 60% at all levels above 0.5 g·L-1 of CaSO4, with continued bacterial growth at 

higher levels of CaSO4. The control treatment (0 g·L-1) exhibited only 10% growth, as the bacteria 

require gypsum for growth. As for the sodium chloride levels, the 0.2 g·L-1 level showed the best 

bacterial growth (50%), while growth decreased to 10% at the 0.6 g·L-1 level due to the bacteria's 

inability to tolerate high levels of sodium chloride. The 0 g·L-1 level exhibited the lowest growth, 

indicating the bacteria's requirement for elemental sodium and chloride during growth, but only at a 

specific threshold. 
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INTRODUCTION 

Worldwide, salinity severely affects agricultural production, mainly in arid to semi-arid regions. Over 800 million/ha area 

has been estimated to be under salt stress with an annual increase of nearly 1–2% (Hernández,2019). About 33% of irrigated areas 

worldwide and 20% of cultivated areas were under deteriorated and still under salt stress. Iraq falls under arid and semi-arid regions 

were shortage and irregular Rainfall patterns cause sodicity and salinity in fertile lands. 

These problems are related to the physical, chemical, and biological properties of these soils, so researchers are seeking ways to 

increase the agricultural area by reclaiming these lands which suffer from many problems (Al-Jumaily et al,.2022). 

https://doi.org/10.55677/ijlsar/V04I02Y2025-01
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Rhizobia bacteria help to fix atmospheric nitrogen. Herridge et al. (2008) estimated that about 21 Tg of nitrogen is fixed 

annually through the crop legume-rhizobia symbiosis. However, a number of factors affect the rhizobium-legume symbiotic 

relationship. These include the host symbiont compatibility and the physicochemical conditions of the soil, especially salinity and 

soil pH, nutrient deficiency, mineral and heavy metal toxicity, soil moisture. (Brockwell et al., 1995). Salinity adversely affects the 

survival and proliferation of Rhizobium spp. in soil and rhizosphere, in addition to reducing plant growth, photosynthesis and 

demand for nitrogen from host plant. However, Singleton et al. (1982) showed that rhizobium strains can grow and survive at salt 

concentrations which are inhibitory to most agricultural legumes. 

 Furthermore, saline soil was also shown to improve when they were inoculated with salt-tolerant strains of rhizobia 

(Shamseldin and Werner, 2005). 

Because of rhizobia’s environmental and economic benefits, its application may be useful to achieve sustainability, 

Rhizobia improves soil fertility under salinity stress and helps reintroduce crops specifically to nitrogen-deficient areas (Hussain et 

al,2009; Ali et al, 2023). 

Also, it has been shown to boost legume growth and production under salt stress conditions (Sindhu etal, 2020). 

Gypsum soil contain high levels of gypsum, which leads to the formation of hard gypsum layers within the soil, 

significantly affecting its physical, chemical, and biological properties. Gypsum reduces the permeability of the soil to water, which 

increases water retention and effectively hinders root movement. Additionally, the presence of soluble salts in the soil can lead to 

soil degradation and increased salinity, limiting the plant's ability to absorb water and essential nutrients (Sharma and Dahiya, 2019). 

Furthermore, the soluble salts in the soil may reduce the soil's ability to retain minerals and nutrients due to the high concentration 

of soluble cations and anions. Therefore, gypsum soils require careful management to control salt content in order to improve their 

fertility and agricultural effectiveness (Hassan, 2017). 

Regarding soil microorganisms, salinity and alkalinity affect the composition and diversity of these organisms, limiting 

their ability to fix nitrogen or produce essential organic matter. Studies indicate that high concentrations of gypsum prevent 

microorganisms from interacting with nutrients such as nitrogen and phosphorus, resulting in decreased natural fertilization of the 

soil (Rashid et al., 2020). 

There is a dire need to find eco-friendly methods to enhance the growth and productivity of crops under salt stress 

conditions. So, current work was done to find out conducted to explore rhizobia isolated from gypsum soil potential in growth under 

salinity stress. 

 

MATERIALS AND METHODS 

Collection of root nodule  

The study samples were collected randomly on 30.03.2022 from seven different agricultural fields in the University of 

Tikrit and taken from root of some cultivated transported to the laboratory in plastic bags for proceed with the isolation and 

laboratory identification steps. The plant samples taken in this study are (Alfalfa, Cowpea, Bean, Rosa davidii). 

Isolation and Screening of Rhizobium 

The nodules were separated from the roots and washing in distilled water several times, surface sterilization with 70% 

ethanol for 10 seconds. These nodules were crushed with the help of a sterilized glass rod to obtain a milky suspension of bacteroid. 

These were streaked on YEMA plates containing Congo red and incubated at 28°C for 24 - 72 hours.  

The pure colonies were picked up and transferred to the YEMA plate for purification. Pure isolates were streaked on YEMA 

slants for preservation and further analysis. 

Identification of Rhizobium 

The bacterial isolates were examined by following standard protocols viz. for Gram-staining reaction and other 

morphological characteristics as described by Somasegaran and Hoben (1994). 

Test the efficiency of isolates in the production of indole acetic acid (IAA): The test was carried out according to the method by 

(Chhaya Datta, 2000). 

Tests for oxidase, catalase, urease: These tests were performed according to Collee et al. (1996).  

Nitrate Reductase test: the test was carried out according to Kaur et al (2012( . 

In vitro test for salinity tolerance 

tolerate salinity was studied under in vitro conditions. For this, the isolates were grown in Petri plates containing YEMA 

medium supplemented with 

different concentrations of sodium chloride (NaCl) (0,0.2,0.4,0.6) and different concentrations of CaSo4 (0, 0.5, 0.10, 0.20). 
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RESULTS AND DISCUSSION 

Morphological characterization of rhizobial isolates 

Isolation of Rhizobium from root nodule: The preserved nodules were surface sterilized, crushed and spread over the 

YEMAC medium. After 4 to 7 days of incubation of plates the colonies formed were selected according to their morphology. A 

total of ten translucent, convex, and circular colonies were selected for Cultural and microscopic characterization (Table 1). The 

isolates from nodules were coded as BR. Culture characterization of isolates show obtaining 10 isolates belonging to the 

Rhizobiaceae family from gypsum soil, diagnosed based on cultural and microscopic characteristics. 

The table demonstrates that the growth rates of isolated bacteria on YEMA medium varied from one isolated to another. 

Six isolates (BR1, BR3, BR5, BR6, BR9, BR10) grew after being incubated for 7 days at 28°C, which are attributed to slow-growing 

Bradyrhizobium bacteria. At the same time, four isolates (BR2, BR4, BR7, BR8) grew on the same medium, classified as fast-

growing Rhizobium bacteria. All isolates were characterized by colonies with spherical, convex, and round shapes, with smooth 

gummy, and complete edges, exhibiting colors ranging from white to creamy and yellow. These results are consistent with the study 

conducted by Kumar et al. (2017a), which also observed convex and spherical shapes with smooth surfaces and white, cream, and 

yellow colors when grown on the same medium. Additionally, this study revealed that slow-growing Bradyrhizobium, forming root 

nodules on the bean plant (Alkurtany et al., 2022), is more common than fast-growing Rhizobium in dry and semi-dry lands. This 

is because Bradyrhizobium in these areas could proliferate under stressful and low rainfall conditions compared to fast-growing 

strains, which is one of the survival strategies in the samples used in this study (Altai et al., 2022). 

The result presented in the same table showed Gram's reaction, cell shape and Motility, The Gram’s reaction indicated 

them to be gram negative rods. They were motile, non-endospore forming capsulated microbes. These findings are consistent with 

those reported by Alkurtany (2022), Altai, et al (2022), as well as Kaur et al (2012), in their studies on leguminous plants such as 

beans and peas, which yielded positive results for all isolates.) Verma et al, (2022). 

 

Table 1. Morphological and Microscope characterization of rhizobial strains 

Rhizobial 

Isolates 

Colony 

colour 

Growth Shape Texture Motility convex gummy Gram’s 

reaction 

Endospore 

staining 

 

BR1 White  Slow Cocci Slimy 

 

+ convex gummy _ _ 

BR2 White  Fast  Cocci Slimy 

 

+ convex gummy _ _ 

BR3 White  Slow Cocci Slimy 

 

+ convex gummy _ _ 

BR4 Yellow  Slow Cocci Slimy 

 

+ convex gummy _ _ 

BR5 Cream  Fast  Cocci Slimy 

 

+ convex gummy _ _ 

BR6 Cream  Slow Cocci Slimy 

 

+ convex gummy _ _ 

BR7 White  Fast  Cocci Slimy 

 

+ convex gummy _ _ 

BR8 White  Fast  Cocci Slimy 

 

+ convex gummy _ _ 

BR9 Cream  Slow Cocci Slimy 

 

+ convex gummy _ _ 

BR10 Cream  Slow Cocci Slimy 

 

+ convex gummy _ _ 

 

Indole-3-Acetic Acid and Enzyme Production in Rhizobial Strains 

The table (2) illustrates the ability of different rhizobial strains to produce Indol-3-acetic acid and Some enzymes. According to the 

table, all isolates showed the ability to produce Indol-3-acetic acid at varying levels, with the highest production recorded in isolate 

BR5 13.9 µg.ml-1, followed by isolate BR4 12.6 µg.ml-1. The lowest production of indole was observed in isolate BR2 with a value 

of 6.5 µg.ml-1. 
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The same table reveals that all isolates, except for isolate BR10, were capable of producing the catalase enzyme. For the oxidase 

enzyme, six isolates succeeded in production, while four isolates were unable to produce it. 

The table also shows that seven isolates produced the urease enzyme, while three isolates (BR3, BR9, and BR10) failed to produce 

it. Furthermore, the table highlights that five isolates (BR3, BR4, BR5, BR9, and BR10) produced the nitrate reductase enzyme. 

The Rhizobium bacteria exhibit a remarkable ability to produce a wide range of enzymes that contribute to their vital activities in 

the soil and their relationship with plants. Among these enzymes, oxidases, catalases, and ureases are the most important, as they 

play a fundamental role in protecting bacterial cells from oxidative stress and enhancing the bacteria's ability to decompose organic 

matter and fix nitrogen. Indole-3-acetic acid (IAA) is considered one of the key phytohormones that stimulates root growth and 

enhances the plant's response to various environmental factors. Research has shown that Rhizobium bacteria producing IAA can 

stimulate root growth in leguminous plants, improving the absorption of nutrients such as nitrogen and phosphorus, which ultimately 

enhances plant health and increases yield (Yildirim et al., 2009; Schwender et al., 2021; Liu et al., 2020). 

Urease is a critically important enzyme that aids in the conversion of urea into ammonia, a vital component in the interaction between 

Rhizobium bacteria and plants. Rhizobium bacteria require this enzyme to supply plants with the nitrogen essential for growth. 

Urease also contributes to the removal of toxic nitrogen compounds, such as urea. Therefore, the presence of this enzyme in 

Rhizobium bacteria is vital for stimulating and facilitating nitrogen fixation in the plant's rhizosphere (Sharma and Kumar, 2016). 

Studies have shown that Rhizobium bacteria produce large quantities of oxidases in oxygen-poor environments, where oxidases help 

protect bacterial cells from damage caused by oxygen deficiency and harmful oxidative effects. Additionally, some Rhizobium 

species utilize oxidases to stimulate metabolic processes within bacterial cells, helping them survive in unfavorable environments 

(Park et al., 2007). 

Nitrate reductase, an enzyme produced by Rhizobium bacteria, plays a pivotal role in the conversion of nitrate to nitrite in the 

microbial environment. It is a crucial part of the chemical processes involved in the nitrogen cycle in nature. This enzyme is integral 

to biological processes that contribute to nitrogen fixation in the soil and enhance the plant's ability to absorb nitrogen (Van Hees 

and Meije, 2017). 

These results are consistent with what researchers have concluded regarding the ability of Rhizobium bacteria to produce enzymes. 

(Singha et al., 2018; Gopalakrishnan et al., 2018; Igiehon et al., 2019; Khalid et al., 2020, Mir et al., 2022 )     

 

Table 2. Indole acetic acid and Enzymes production of rhizobial strains  

Rhizobial 

Isolates 

IAA 

µg.ml-1 

Catalase Oxidase Urease Nitrate 

reductase 

BR1 11.2 + - + - 

BR2 6.5 + + + - 

BR3 8.2 + + - + 

BR4 12.6 + - + + 

BR5 13.9 + + + + 

BR6 11.8 + + + - 

BR7 12.3 + - + - 

BR8 7.5 + - + - 

BR9 12.8 + + - + 

BR10 7.3 - + - + 

 

Test for salinity tolerance 

              From Tables (3 and 4), it is noticeable that the initial reading after 3 days of inoculation showed a 5% increase in the 

. However, it increased at levels 0.05 and 0.10 by 4percentage of growth of Rhizobium bacteria colonies at the zero level of CaSo

100% because the bacteria require Caso4 during their growth stages. The percentage decreased to 5% with an increase in the level, 

which may be attributed to an increase in osmotic pressure in the growth medium and an increase in the pH value above 7.5 (PAUL, 

2011).                                                                                                                                                                                                        

              The percentage of growth in the petri dishes ranged between 30% to 60% for days 3 to 9, then decreased after 12 days due 

to the accumulation of metabolic by-products, as well as depletion of nutrients, in addition to an increase in osmotic pressure for 

owth of bacteria in the medium up to 12 days, even with high levels of moisture penetration into the medium. The continued gr

                                                                                   , is evidence of Rhizobium bacteria's tolerance to high levels of gypsum.4CaSo 

When CaSO4 salts are added to the soil, their physical and chemical properties change, which contributes to modifying the 

environment in which microorganisms, such as bacteria, live. Research indicates that the interaction between sulfates and calcium 

in the soil can lead to increased bacterial activity in some cases. This is due to the fact that sulfates are an important source of sulfur, 
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which is an essential nutrient for bacteria involved in the breakdown of organic matter in the soil (Chen et al., 2018). Additionally, 

calcium can improve the stability of bacterial cells by regulating cell membranes, thus enhancing bacterial growth in the soil (Bertin 

et al., 2003). 

Chemically, CaSO4 salts help modify the soil pH, which affects the availability of nutrients and organic matter. The interaction 

with sulfates typically results in a decrease in soil acidity, making the soil environment more suitable for certain bacterial species 

that prefer acidic or neutral conditions (Zhang et al., 2017). 

However, not all concentrations of CaSO4 are beneficial for bacterial growth. At high concentrations of calcium salts, this may lead 

to salt accumulation in the soil, which increases the osmotic pressure in the soil medium. This pressure can hinder the absorption of 

water by microorganisms, thereby reducing bacterial activity (Yao et al., 2016). On the other hand, moderate concentrations of 

CaSO4 may help enhance bacterial growth by providing optimal conditions for microbial activities. 

 

Table 3. Percentage growth of Rhizobium bacteria colonies with levels of gypsum 

Treatments growth%  after 3 days growth%  after 6 days growth%  after  9 days growth%  after  12 days 

0 5 30 30 20 

0.05 10 60 60 10 

0.10 10 50 40 5 

0.20 5 40 30 1 

 

Table 4. Numbers of Rhizobium bacteria growing in dishes containing gypsum levels. 

Growth rate after 

12 days CFU=X10-5 

Growth rate after 9 

days CFU=X10-5 

Growth rate after 6 

days CFU=X10-5 

Growth rate after 3 

days CFU=X10-5 

Treatments 

12 44 30 15 0 

7 65 38 34 0.05 

3 41 28 26 0.10 

2 38 32 22 0.20 

 

              From tables (5 and 6), it is evident that the percentage of colony growth in petri dishes was 10% for the zero level of NaCl 

salt, and the percentage increased to 20% and 25% for the levels of 0.2 and 0.4 grams each, respectively, due to the bacteria's need 

for sodium and chlorine elements during growth. The increase continued up to level 0.6 after 3 days of incubation. After 6 days, the 

highest growth percentage for colonies was reached due to the suitability of conditions for bacterial growth, and it began to decrease 

after 9 days, especially at high levels, due to increased osmotic pressure and low humidity in the environment. The presence of 

sodium chloride salt during growth leads to an increase in osmotic pressure, causing water molecules to be drawn out of bacterial 

cells, leading to their death.                                                                                                                                                                         

is 0.2, suitable for preparing a medium for  2reached the death stage. The optimal level of NaClBy the 12th day, the colonies             

the growth of Rhizobium bacteria.                                                                                                                                                           

 

Table 5. Percentage growth of Rhizobium bacteria colonies with levels of NaCl2 

Treatments growth% after 3 days growth% after 6 days growth%after 9 days growth% after  12 days 

0 10 50 30 5 

0.2 20 55 30 5 

0.4 25 40 20 0 

0.6 25 30 10 0 

 

Table 6. Numbers of Rhizobium bacteria growing in dishes containing NaCl2 levels. 

Growth rate after 

12 days CFU=X10-5 

Growth rate after 9 

days CFU=X10-5 

Growth rate after 6 

days CFU=X10-5 

Growth rate after 3 

days CFU=X10-5 

Treatments 

10 22 44 5 0 

7 31 65 3 0.2 

0 19 41 3 0.4 

0 8 38 2 0.6 

Salts, such as sodium chloride (NaCl), are factors that can significantly influence bacterial activity in soil, as their effects can be 

complex depending on their concentrations and the surrounding environmental conditions. The addition of NaCl salts alters the 
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physical and chemical properties of the soil, which in turn affects microbial activity. It is known that saline soils may provide an 

environment rich in ions like sodium and chloride, which are important sources for many microbial processes (Oren, 2011). 

The addition of NaCl can increase the soil's water retention capacity, providing a favorable environment for certain bacterial species 

that require high humidity. This effect enhances the ability of microorganisms to continue their metabolic activities and decompose 

organic compounds in the soil (Zhou et al., 2018). 

Despite the potential benefits in increasing bacterial growth in saline environments, high concentrations of NaCl can have negative 

effects on microbial activity. Studies indicate that excessively high concentrations of NaCl can be toxic to some bacterial species, 

leading to inhibited growth (Shao et al., 2008). Increased salt accumulation in the soil can raise osmotic pressure to a level that 

prevents water absorption by bacterial cells, thereby reducing their activity. 

 

CONCLUSIONS 

We can be concluded from the current study that the nitrogen-fixing bacteria Rhizobium can grow in media containing Nacl and 

CaSo4 salts, whether in the laboratory or in the field soil, provided that the concentrations of these salts do not exceed the permissible 

limit, because it affects the osmotic pressure of the bacterial cell. The importance of this study is coming from Rhizobium bacteria 

promoting plant growth, fix nitrogen, and are environmentally friendly. We can prepare an inoculum from this bacteria that is 

effective in improving plant growth standards and can reduce the use of chemical fertilizers that are harmful to the environment, 

and dependence on environmentally friendly inputs. 
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