Influence of Microbial Inoculants on Anion Behavior in Saline Soils under Moisture-Stressed Conditions
Abstract
[bookmark: _GoBack]Soil salinity is a major constraint affecting agricultural productivity by disrupting nutrient balance and increasing toxic ion accumulation. Microbial inoculants offer a sustainable approach to ameliorate saline soils through biochemical transformations and anionic regulation. To evaluate the potential of salt-tolerant microbial inoculants for the biological reclamation of dry land saline soils with electrical conductivities (EC) of 4.03, 5.01, and 6.03 dS m-1 in a laboratory incubation experiment with 75 % field capacity (FC) moisture level at Tamil Nadu Agricultural University, Coimbatore, during 2021-2022 with incubation periods of 30, 60, and 90 days. The study evaluated two microbial inoculants: CSR-GROW-SURE Bacillus licheniformis, Lysinibacillus fusiformis, and Lysinibacillus sphaericus (from CSSRI, Karnal), and TNAU Culture containing Bacillus subtilis (from TNAU, Coimbatore). Both microbial inoculants CSR-GROW-SURE and TNAU Culture significantly reduced bicarbonate (HCO3-) chloride (Cl⁻), and sulphate (SO42-) concentrations across all salinity levels (4.03, 5.01, and 6.03 dS m⁻¹), with the greatest reductions observed at 90 days after incubation (DAI) and at the 3 L ha-1 dose. CSR-GROW-SURE @ 3 L ha-1 recorded the lowest values for HCO₃⁻ (3.09, 3.47, and 3.53 meq kg-1), Cl⁻ (19.94, 24.94, and 31.59 meq kg-1), and SO4-1 (12.24, 16.50, and 18.58 meq kg-1) in 4.03, 5.01, and 6.03 dS m-1 soils, respectively. Similarly, TNAU Culture @ 3 L ha-1 showed on par with values of 3.10, 3.48, and 3.54 meq kg-1, HCO3-; 20.01, 25.01, and 31.67 meq kg-1 of Cl⁻; and 12.28, 16.54, and 18.60 meq kg-1 of SO42- respectively in 4.03, 5.01, and 6.03 dS m-1 respectively. Compared to the control, both treatments attained 8–11 % reduction in Cl⁻ and decreases in HCO3- and SO42-, emphasizing the role of halotolerant microbes in improving soil health under dryland saline conditions.
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1. Introduction
Soil salinity is one of the major limiting factor to sustainable agricultural productivity (Wani et al., 2020), particularly in arid and semi-arid regions (Naorem et al., 2023 and Navarro-Torre et al., 2023). ease in global food security (Aadiwal et al., 2025 and Toshtemirovna et al., 2025). Food and Agriculture Organization of the United Nations (FAO), more than 833 million hectares, representing approximately 8.7 % of the Earth’s total land area are at risk of salinization (FAO 2021) Saline soils are characterized by electrical conductivity (EC) > 4 dS m⁻¹ (Datta et al., 2019 and Ismayilov et al., 2021) pH between 6-8, ESP < 15%, SAR < 13 (Gunarathne et al., 2020), indicating high soluble salts but low sodium hazard., with excessive concentrations of soluble anions salts such as bicarbonate (HCO3-), chloride (Cl⁻), and sulphate (SO₄²⁻) (Rai et al., 2021) and cations such sodium (Na⁺), calcium (Ca²⁺), and magnesium (Mg²⁺) (Datta et al., 2025). which adversely affect microbial activity (Zhang et al., 2024), nutrient availability (Zhu et al., 2021), soil structure (Tang et al., 2020) and water uptake (Chen et al., 2019). 
In dryland ecosystems, where water availability is limited, and during evaporation of water the salts present the soil will come upward and accumulate in the top layer of the soil which causes the soil salinity (Wale et al., 2013, Hailu et al., 2021 and Stavi et al., 2021). Conventional reclamation practices such as gypsum application, leaching and mechanical drainage, though effective, are often unsustainable in low-input systems due to high water and resource demands (Skousen et al., 2019 and Chhabra et al., 2021). Hence, there is an increasing emphasis on biological approaches that offer eco-friendly, cost-effective, and sustainable solutions to soil salinity problems (Altynbay et al., 2024 and santhosh et al., 2025). Among biological strategies, the use of halotolerant plant growth-promoting rhizobacteria (PGPR) developed as a favorable approach (Abbas et al., 2019). 
These microbes modulate soil chemistry by producing organic acids, exopolysaccharides (EPS), and enzymes that can neutralize or transform toxic salts, improve nutrient cycling, and enhance soil aggregation and permeability (Otlewska et al., 2020 and Ali et al., 2024). In particular, Bacillus spp. and Lysinibacillus spp. have shown strong potential for remediation of salt-affected soils through mechanisms such as microbial respiration, carbonic anhydrase activity, and cation–anion balance regulation (Muyzer & Stams, 2008, Damodaran et al., 2014 and Deka et al., 2018). In this regard, an incubation study was conducted to evaluate the effect of microbial cultures on anion dynamics in saline soils with an EC of 4.03, 5.01 and 6.03 dS m⁻¹, maintained under dryland conditions at 75% FC which was depicted in this paper.
2. Materials and Methods
2.1. Collection of soil samples and Microbial inoculants
	Soil samples with an EC of 4.03, 5.01 and 6.03 dS m-1 were collected from Adivalli village in Udumalpet Taluk of Coimbatore district. The sampling locations were situated at latitudes 10°41'44" N, 10°41'33" N, and 10°41'29" N, and longitudes 77°09'21" E, 77°09'18" E, and 77°09'04" E, respectively. In this incubation experiment, microbial inoculants comprising halotolerant bacterial strains were employed to evaluate their efficiency under saline soil conditions. The CSR-GROW-SURE bio-stimulant, obtained from the Central Soil Salinity Research Institute (CSSRI), Karnal, Haryana, contained halotolerant strains including Lysinibacillus fusiformis (CSR-A-11), Lysinibacillus sphaericus (CSR-A-16), and Bacillus licheniformis (CSR-M-16). Additionally, another microbial consortium sourced from Tamil Nadu Agricultural University (TNAU), Coimbatore, consisted of a salinity-resistant, initially unidentified bacterial strain that was later characterized and confirmed as Bacillus subtilis. This strain was used to compare its performance with CSR-GROW-SURE in improving saline soil conditions.
2.2. Details of Incubation Experiment
	For the incubation study, 250 g of air-dried saline soil (EC 4.03, 5.01 and 6.03 dS m-1), sieved through a 2 mm mesh, was utilized. Microbial inoculants were applied at three doses 1, 2, and 3 L ha-1 (weight basis) in a factorial completely randomized design (CRD) with three replications. The experimental setup included three separate sets to facilitate destructive sampling. Two microbial formulations were used: the TNAU Culture (Bacillus subtilis) with a concentration of 2.8 × 107 CFU mL-1 and the CSR-GROW-SURE bio-stimulant containing 1.0 × 107 CFU mL-1. Incubation was conducted for 90 days under controlled moisture conditions 75 % FC. To maintain consistent moisture throughout the incubation period, distilled water was added every two days based on weight loss. Sampling was carried out at 30, 60, and 90 days after incubation (DAI) to analyze soil anions. Moisture correction factors were calculated and applied to report the analytical results on an oven-dry weight basis.
2.3. Experiment details
An incubation study was carried out to evaluate the effectiveness of microbial inoculants in reclaiming dryland saline soils and to determine the optimal dose of their application. An incubation study was conducted to evaluate the effect of microbial cultures on saline soils under controlled conditions. The experiment consisted of seven treatments: T1 – Control with soil EC levels of 4.03, 5.01, and 6.03 dS m-1; T2 – TNAU Culture @ 1 L ha-1; T3 – TNAU Culture @ 2 L ha-1; T4 – TNAU Culture @ 3 L ha-1; T5 – CSR-GROW-SURE @ 1 L ha-1; T6 – CSR-GROW-SURE @ 2 L ha-1; and T7 – CSR-GROW-SURE @ 3 L ha-1. The soils were maintained at 75% FC to mimic dryland moisture conditions. The incubation periods were set at 30, 60, and 90 days, and each treatment was replicated three times to ensure statistical validity.
2.4 Methodology
2.4.1. Soil Analysis 
	In soil the EC was analysed by the 1:2.5 Soil water extract method (Jackson 1973). HCO3- and Cl⁻ in the soil were estimated using the titration method as described by Richards (1954). Sulphate was determined using the turbid metric method, following the procedure outlined by Tandon (2005), which involves the measurement of turbidity developed by the reaction of SO42- ions with barium chloride under controlled conditions. Initial anionic properties of soil are represented in (Table 1).
Table 1. Initial soil Anionic properties 
	S. No
	Soil Parameter
	Soil EC 
4.03 dS m-1

	Soil EC
 5.01 dS m-1

	Soil EC
 6.03 dS m-1


	1. 
	Bicarbonate (meq kg-1)
	3.34
	3.67
	3.91

	2. 
	Chloride (meq kg-1  )
	22.10
	27.00
	35.15

	3. 
	Sulphate (meq kg-1)
	13.56
	17.85
	19.83



2.5. Statistical Analysis
	The experimental data were analyzed statistically using AGRESS software version 7.01. When the “F” test indicated significance at the 5% level (P < 0.05), the Critical Difference (CD) was computed to compare treatment means Gomez and Gomez (1984). Heat map was developed using the “pheatmap” package in R to depict spatial variations among treatments, following data normalization and hierarchical clustering to enhance pattern recognition across variables.
3. Results and discussion
3.1. Changes of bicarbonate content by microbial inoculants in dry land saline soil
	Under 75% FC dry land condition, the application of CSR-GROW-SURE with 3 L ha-1 was most effective in reducing soil HCO3- content, with mean levels of 3.17, 3.55, and 3.66 meq kg-1 in soils with EC 4.03, 5.01, and 6.03 dS m-1, respectively. This treatment was statistically similar to the TNAU culture applied at the same rate, with values of 3.18, 3.55, and 3.67 meq kg-1 across the same salinity levels. A moderate reduction was also attained with CSR-GROW-SURE at 2 L ha-1, having identical values to the TNAU culture with 3 L ha-1. In contrast, untreated control plots showed the highest HCO3- accumulation, with corresponding mean values of 3.43, 3.76, and 3.98 meq kg-1 with increasing EC levels (Table 2). The HCO3- content was decreased by Bacillus spp. by producing organic acids which leads to dilution of the carbonates reported by (Damodaran et al., 2014).
Maximum decline of HCO₃⁻ was shown at incubation period of 90 days. And the mean values of 30, 60 and 90 DAI were 3.29, 3.21, 3.15; 3.66, 3.58, 3.53; 3.84, 3.70 and 3.61 meq kg-1 respectively in the soils with EC 4.03, 5.01 and 6.03 dS m-1 amended with microbial inoculum at 75 % FC. Bicarbonates (HCO3-) in saline soils are lowered primarily through the activity of soil microbes that excrete organic acids, which acidify the rhizosphere and neutralize HCO3- ions (Sharma et al., 2013).
A significant interaction effect was observed between microbial cultures and incubation duration on soil HCO3- levels. After 90 DAI at 75 % FC, a noticeable decline in HCO3- concentration was recorded with CSR-GROW-SURE applied at 3 L ha-1, with values of 3.09, 3.47, and 3.53 meq kg-1 in soils with EC of 4.03, 5.01, and 6.03 dS m-1, respectively. These results closely matched those obtained with the TNAU culture at the same dosage and duration, which resulted in slightly higher but statistically equivalent with HCO₃⁻ values of 3.10, 3.48, and 3.54 meq kg-1 across the same salinity levels. This result highlights the role of prolonged incubation and high-dose microbial treatment in mitigating HCO3- buildup in saline soils. Microbial respiration releases carbon dioxide, which reacts with water to produce carbonic acid, facilitating the dissolution of HCO3- (Rengasamy, 2010). Furthermore, microbes secrete the enzyme carbonic anhydrase, which enhances the conversion of HCO3- into carbon dioxide and water, thereby increasing the reduction of HCO3- in the soil (Sharma et al., 2013).
3.2. Influence of microbial inoculants on chloride content in dryland saline soils
The influence of microbial inoculants on Cl⁻ changes in saline soils was assessed across varying application rates and salinity levels. A consistent reduction in Cl⁻ concentration was observed with increasing inoculant rates, shows it as a dose-dependent effect. Among the treatments, CSR-GROW-SURE applied at 3 L ha-1 recorded the lowest Cl⁻ levels, with mean values of 20.47, 25.46, and 32.58 meq kg-1 in soils of EC 4.03, 5.01, and 6.03 dS m-1, respectively, at 75 % FC. The TNAU culture at the same rate exhibited comparable reductions with Cl⁻ values of 20.53, 25.53, and 32.66 meq kg-1. Moderate declines were also noted with both formulations at 2 L ha⁻¹. In contrast, the untreated control constantly showed the highest Cl⁻ accumulation, with values of 22.13, 27.05, and 35.20 meq kg-1. Treatments at 3 L ha-1 from both microbial sources achieved a Cl⁻ reduction ranging between 6 and 8%. These findings are detailed in (Table 3), which presents Cl⁻ concentrations after microbial inoculation. Microbial production of extracellular polysaccharides improves soil aggregation and water movement, thereby promoting the leaching of Cl⁻ ions (Qadir et al., 2007).
At 75% FC, the Cl⁻ content showed a gradual decline over time, with mean values of 21.29, 20.73, and 20.35 meq kg-1 at 30, 60, and 90 DAI in soils with 4.03 dS m-1 salinity; 26.27, 25.72, and 25.33 meq kg-1 in soils with 5.02 dS m-1; and 34.00, 32.96, and 32.21 meq kg-1 in soils with 6.03 dS m-1. Damodaran et al., (2019) reported that the Bacillus spp. have the tolerance to survive in sodium chloride solution from 5 to 10 %, this is due to the halophilic nature of the Bacillus spp. as these utilize the chlorine for their cellular functions. 
The interaction between cultures with various rates and incubation periods on soil Cl⁻ were significant. Among the treatments, significantly greater reduction in Cl⁻ was verified in CSR-GROW-SURE @ 3 L ha-1 at 90 DAI with the Cl⁻ of 19.94, 24.94 and 31.59 meq kg-1 in 4.03, 5.01 and 6.03 soils at 75 % FC moisture levels respectively. And it was at par with TNAU culture @ 3 L ha-1 at 90 DAI with the Cl⁻ of 20.01, 25.01 and 31.67 meq kg-1 in 4.03, 5.01 and 6.03 dS m-1 soils at 75 % FC moisture level. In both treatments the percent of Cl⁻ reduction is 8 to 11 %. The plant growth-promoting rhizobacteria (PGPR) enhance plant root development and Cl⁻ uptake, indirectly lowering Cl⁻ concentration in the soil (Shrivastava & Kumar, 2015).
3.3 Sulphate response in dryland saline soil to microbial inoculants
A decline in soil SO42- concentrations was observed following the application of microbial cultures, with the extent of reduction increasing alongside higher application rates. The treatment with CSR-GROW-SURE at 3 L ha-1 resulted in the most pronounced reduction across all salinity levels, recording mean values of 12.56, 16.84, and 18.92 meq kg-1 in soils with EC 4.03, 5.01, and 6.03 dS m-1, respectively, at 75 % FC. This was statistically comparable to the TNAU culture at the same dosage, which recorded mean SO42- levels of 12.61, 16.88, and 18.95 meq kg-1 (Table 4). In contrast, the control treatment, where no microbial inoculants were applied, showed the highest SO42- concentrations with values of 13.59, 17.87, and 19.85 meq kg-1 under similar salinity and moisture conditions Microbes assimilate SO42- into their biomass by incorporating it into sulphur-containing amino acids like cysteine and methionine. This process temporarily reduces the availability of SO42- in the soil solution. (Saha et al., 2018 and Chaudhary et al., 2023)
A consistent decline in SO42- concentration was observed over the incubation period across all levels of soil salinity. In soils with an EC of 4.03 dS m-1, the mean SO42- content decreased from 13.06 meq kg-1 at 30 DAI to 12.73 meq kg-1 at 60 DAI, and further to 12.49 meq kg-1 at 90 DAI. A similar trend was noted in soils with 5.01 dS m-1 EC, where SO42- levels declined from 17.37 to 17.01 and 16.75 meq kg-1 over the same time intervals. In the most saline condition (EC 6.03 dS m-1), the SO42- concentration reduced from 19.43 meq kg-1 at 30 DAI to 19.05 meq kg-1 at 60 DAI and finally to 18.79 meq kg-1 at 90 DAI. These results indicate a time-dependent decrease in SO₄²⁻ levels, with greater reductions observed in soils with higher salinity, due to enhanced microbial-mediated transformations at 75 % FC. The reduction in SO42- content due to Sulphur oxidation by product of bacteria that is sulphuric acid reported by (Velivelli et al., 2014 and Samuels et al., 2020).
The interaction between microbial inoculant types, their application rates, and incubation durations had a significant impact on soil SO42- concentrations. Among the treatments, the most notable reduction in SO42- was observed with CSR-GROW-SURE applied at 3 L ha-1 after 90 DAI, with recorded values of 12.24, 16.50, and 18.58 meq kg-1 in soils with EC levels of 4.03, 5.01, and 6.03 dS m-1, respectively, under 75% FC. This was on par with TNAU culture at the same dosage and incubation period, which resulted SO42- concentrations of 12.28, 16.54, and 18.60 meq kg-1 across the same salinity levels. Slightly higher SO₄²⁻ levels were observed with the application of CSR-GROW-SURE and TNAU cultures at 2 L ha-1, which resulted in SO42- values of 12.28, 16.54, and 16.58 meq kg-1, respectively, at 90 DAI. Sulphate (SO42-) are reduced through microbial respiration under anaerobic conditions by sulfate-reducing bacteria, which convert SO42- into hydrogen sulfide (Muyzer & Stams, 2008). Plant growth-promoting rhizobacteria (PGPR) enhance root development and stimulate SO42- uptake by plants. This increased absorption lowers the concentration of available SO42- in the soil (Etesami et al., 2020).
4. Conclusion
	The incubation study conducted under dryland conditions 75% FC revealed that halotolerant microbial inoculants CSR-GROW-SURE and TNAU Culture significantly reduced the anions of HCO3-, Cl⁻, and SO42- concentrations in saline soils with EC levels of 4.03, 5.01, and 6.03 dS m-1. Among the treatments, CSR-GROW-SURE @ 3 L ha-1 was the most effective, with HCO₃⁻ levels of 3.09, 3.47, and 3.53 meq kg-1 after 90 DAI, which was on par with TNAU Culture @ 3 L ha⁻¹ (3.10, 3.48, and 3.54 meq kg-1) with the respective EC levels. The control treatment showed significantly higher values of HCO3- levels from 3.43, 3.77 and 3.98 meq kg-1. Chloride (Cl⁻) content was also reduced with application of CSR-GROW-SURE @ 3 L ha⁻¹ (19.94, 24.94 and 31.59 meq kg-1) and TNAU Culture @ 3 L ha-1 (20.01, 25.01 and 31.67 meq kg-1), representing an 8–11% decrease over the control (22.15, 27.07 and 35.23 meq kg-1). Similarly, maximum reduction in sulphate is observed in treatment CSR-GROW-SURE @ 3 L ha-1 with values of 12.24, 16.50 and 18.58 meq kg-1 and it was on par with TNAU Culture @ 3 L ha-1. Decrease of anions in soil is due to microbial mechanisms such as organic acid production, carbonic anhydrase activity, and exopolysaccharide secretion. The findings confirm that microbial inoculants, particularly at higher doses (3 L ha-1), are effective in improving saline soil quality by reducing harmful anions. Thus, the study representing sustainable strategy for the biological reclamation of saline soils under moisture-stressed, dryland environments.
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Table 2. Effect of microbial inoculant on HCO3⁻ concentration (meq kg-1) under varying soil salinity levels
	Treatments
	4.03 dS m-1
	5.01 dS m-1
	6.03 dS m-1

	
	30 DAI
	60 DAI
	90 DAI
	Mean
	30 DAI
	60 DAI
	90 DAI
	Mean
	30 DAI
	60 DAI
	90 DAI
	Mean

	T1 - Control
	3.42
	3.43
	3.43
	3.43
	3.75
	3.77
	3.77
	3.76
	3.98
	3.99
	3.99
	3.98

	T2 -TNAU Culture @ 1 L ha-1
	3.29
	3.19
	3.12
	3.20
	3.65
	3.56
	3.50
	3.57
	3.83
	3.67
	3.56
	3.69

	T3 - TNAU Culture @ 2 L ha-1
	3.28
	3.18
	3.11
	3.19
	3.64
	3.55
	3.49
	3.56
	3.82
	3.66
	3.55
	3.68

	T4 - TNAU Culture @ 3 L ha-1
	3.27
	3.17
	3.10
	3.18
	3.63
	3.54
	3.48
	3.55
	3.81
	3.65
	3.54
	3.67

	T5 - CSR-GROW-SURE @ 1 L ha-1
	3.28
	3.18
	3.11
	3.19
	3.64
	3.55
	3.49
	3.56
	3.82
	3.66
	3.55
	3.68

	T6 - CSR-GROW-SURE @ 2 L ha-1
	3.27
	3.17
	3.10
	3.18
	3.63
	3.54
	3.48
	3.55
	3.81
	3.65
	3.54
	3.67

	T7 - CSR-GROW-SURE @ 3 L ha-1
	3.26
	3.16
	3.09
	3.17
	3.63
	3.54
	3.47
	3.55
	3.80
	3.64
	3.53
	3.66

	Mean
	3.29
	3.21
	3.15
	 
	3.66
	3.58
	3.53
	 
	3.84
	3.70
	3.61
	 

	
	Cultures(C)
	Duration(D)
	C × D
	
	Cultures(C)
	Duration(D)
	C × D
	
	Cultures(C)
	Duration(D)
	C × D
	

	SEd
	 0.01
	 0.02
	 0.03
	
	 0.01
	 0.02
	 0.03
	
	 0.01
	0.04
	 0.05
	

	CD @ 5 %
	0.02 
	 0.04 
	0.06 
	
	 0.02
	0.03 
	0.05 
	
	0.03 
	0.07 
	0.10
	


Table 3. Effect of microbial cultures on Cl-1 (meq kg-1) under varying soil salinity levels
	Treatments 
	4.03 dS m-1
	5.01 dS m-1
	6.03 dS m-1

	
	30 DAS
	60 DAS
	90 DAS
	Mean
	30 DAS
	60 DAS
	90 DAS
	Mean
	30 DAS
	60 DAS
	90 DAS
	        Mean

	T1 - Control
	22.10
	22.15
	22.15
	22.13
	27.00
	27.07
	27.07
	27.05
	35.15
	35.23
	35.23
	35.20

	T2 -TNAU Culture @ 1 L ha-1
	21.25
	20.60
	20.14
	20.66
	26.24
	25.60
	25.13
	25.66
	33.93
	32.69
	31.82
	32.81

	T3 - TNAU Culture @ 2 L ha-1
	21.18
	20.53
	20.08
	20.60
	26.18
	25.53
	25.07
	25.59
	33.86
	32.61
	31.75
	32.74

	T4 - TNAU Culture @ 3 L ha-1
	21.12
	20.46
	20.01
	20.53
	26.11
	25.47
	25.01
	25.53
	33.76
	32.55
	31.67
	32.66

	T5 - CSR-GROW-SURE @ 1 L ha-1
	21.18
	20.53
	20.08
	20.60
	26.18
	25.53
	25.07
	25.59
	33.86
	32.61
	31.75
	32.74

	T6 - CSR-GROW-SURE @ 2 L ha-1
	21.12
	20.46
	20.01
	20.53
	26.11
	25.47
	25.01
	25.53
	33.76
	32.55
	31.67
	32.66

	T7 - CSR-GROW-SURE @ 3 L ha-1
	21.06
	20.41
	19.94
	20.47
	26.05
	25.40
	24.94
	25.46
	33.69
	32.45
	31.59
	32.58

	Mean
	21.29
	20.73
	20.35
	 
	26.27
	25.72
	25.33
	 
	34.00
	32.96
	32.21
	 

	 
	Cultures(C)
	Duration(D)
	C × D
	
	Cultures(C)
	Duration(D)
	C × D
	
	Cultures(C)
	Duration(D)
	C × D
	

	SEd
	 0.04
	 0.15
	     0.19
	
	 0.05
	 0.17
	0.21 
	
	 0.05
	 0.25
	0.30 
	

	CD @ 5 %
	 0.08
	0.31 
	0.39
	
	 0.10
	0.34 
	 0.42
	
	  0.10 
	0.51 
	 0.61
	





Table 4. Influence of microbial inoculants on SO42- under varying soil salinity levels
	Treatments 
	4.03 dS m-1
	5.01 dS m-1
	6.03 dS m-1

	
	30 DAS
	60 DAS
	90 DAS
	Mean
	30 DAS
	60 DAS
	90 DAS
	Mean
	30 DAS
	60 DAS
	90 DAS
	Mean

	T1 - Control
	13.56
	13.60
	13.60
	13.59
	17.85
	17.880
	17.880
	17.87
	19.83
	19.86
	19.86
	19.85

	T2 -TNAU Culture @ 1 L ha-1
	13.04
	12.64
	12.36
	12.68
	17.35
	16.93
	16.62
	16.97
	19.40
	18.96
	18.66
	19.01

	T3 - TNAU Culture @ 2 L ha-1
	13.00
	12.61
	12.33
	12.65
	17.31
	16.89
	16.58
	16.93
	19.37
	18.93
	18.63
	18.98

	T4 - TNAU Culture @ 3 L ha-1
	12.96
	12.57
	12.28
	12.61
	17.27
	16.84
	16.54
	16.88
	19.35
	18.89
	18.60
	18.95

	T5 - CSR-GROW-SURE @ 1 L ha-1
	13.00
	12.61
	12.33
	12.65
	17.31
	16.89
	16.58
	16.93
	19.37
	18.93
	18.63
	18.98

	T6 - CSR-GROW-SURE @ 2 L ha-1
	12.96
	12.57
	12.28
	12.61
	17.27
	16.84
	16.54
	16.88
	19.35
	18.89
	18.60
	18.95

	T7 - CSR-GROW-SURE @ 3 L ha-1
	12.92
	12.53
	12.24
	12.56
	17.22
	16.79
	16.50
	16.84
	19.32
	18.87
	18.58
	18.92

	Mean
	13.06
	12.73
	12.49
	 
	17.37
	17.01
	16.75
	 
	19.43
	19.05
	18.79
	 

	 
	Cultures(C)
	Duration(D)
	C × D
	
	Cultures(C)
	Duration(D)
	C × D
	
	Cultures(C)
	Duration(D)
	C × D
	

	SEd
	 0.03
	 0.09
	 0.12
	
	 0.04
	 0.11
	 0.14
	
	 0.02
	 0.10
	 0.12
	

	CD @ 5 %
	 0.06
	0.18 
	   0.24 
	
	 0.07
	0.22 
	0.28
	
	  0.04 
	  0.20 
	0.24 
	



