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Physiochemical and PGPR Analysis of Soil in Chemically and Organically Fertilized Agronomic Fields of Janjgir-Champa for Sustainable Agriculture


ABSTRACT
India serves 18% of the global human population and 15% of the livestock population with 2.4% of the world's land area. The Green Revolution in India began in mid-1960s by M.S. Swaminathan and successfully increased crop yields. But long-term chemical fertilizer application in agricultural land causes severe soil degradation, affecting acidity, microbiota and natural nutrient balance. To address these issues of soil degradation, present research is shifted toward bio-based solutions such as plant growth-promoting rhizobacteria (PGPR). Janjgir-Champa District has been listed under severity list-A next to Baloda Bazar, Durg and Bemetara, with special reference to soil deterioration. This study explored bio-based restoration strategies in the Janjgir-Champa District of Chhattisgarh by comparing physicochemical and biological properties of chemically treated versus organic leguminous rhizospheres. Present findings revealed that chemically treated soils exhibit higher acidity (pH 5.75) and lower organic carbon content (0.32%) whereas organic fields maintain a healthier pH of 6.45 and nearly triple the carbon content. Most significantly, organic soil supports rhizosphere bacterial counts (9.8 ×106 CFU/g), which were nearly 800 times higher than in chemical agronomic fields. These indigenous PGPR strains were shown superior phosphate solubilization along with Indole Acetic Acid (IAA), siderophore and cyanide production. Therefore, an effective implementation of organic fertilization in the agronomic fields of the study area has emerged as a potent bio-based strategy to restore degraded soil.
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INTRODUCTION
Soil health is fundamental to agricultural productivity. Consistent tillage, single-crop farming, synthetic fertilizers and pesticides have cumulatively been responsible for the degradation of soil ecosystems and quality (Kumar et al., 2025). The rapid increase in the human population has also been responsible for soil degradation by generating demand for resources, which leads to the exploitation of land for food, fodder, fuel and shelter. Bhattacharyya et al. (2015) stated that 147 million hectares of land in India have degraded. India has 18% of the global human population and 15% of the livestock population, but India has occupied 2.4% of the land area of the world. This massive population enforce deforestation, overgrazing and expansion of agriculture. Today, soil is becoming infertile due to depleted organic matter and an open nutrient cycle in soil systems, which depletes soil fertility and crop productivity (Aleminew and Alemayehu, 2020). This could result in severe food security issues (Upadhyay et al., 2022). Howe et al. (2024) reported the harmful effect of chemical fertilizers on soil quality and its microbiota if they persist for long term. Gao et al. (2022) stated that excess and consistent use of chemical fertilizers cause decrease in organic matter of soil, affects soil microbiota and lead to groundwater contamination 
As a solution, beneficial soil microflora e.g., plant growth-promoting rhizobacteria (PGPR), are gaining attention as sustainable tools to improve soil quality and crop performance. PGPR enhance plant growth through multiple mechanisms, including atmospheric nitrogen fixation, phosphate solubilization, IAA production, and siderophore synthesis (Kour et al., 2023). The genera Rhizobium, Azospirillum, Azotobacter, Acinetobacter, Burkholderia, Bradyrhizobium, Pseudomonas, Bacillus and Thiobacillus have been documented as a group of PGPR bacteria that increase soil fertility and promote crop yield (Khoso et al., 2024; Cordero et al., 2023; Swarnalakshmi et al., 2020). PGPR works through both direct and indirect mechanisms. In direct mechanisms, PGPR have been reported to produced bioactive substances that promote plant growth (e.g., phytohormones), siderophores, and nutrient bioavailability (Khoso et al., 2024; Upadhyay et al., 2022). In contrast, abiotic stress and plant-pathogen resistance strategies have been reported to operate through an indirect mechanism (Gupta and Pandey, 2023). 
Singh et al. (2025) have mentioned soil deterioration as a severe issue in Chhattisgarh State nowadays. Vanitha et al. (2023) published district-wise severity of erosion areas and kept Janjgir-Champa District under the severity list-A (next to Baloda Bazar, Durg and Bemetara) with an area under risk of 20.93 (,000Ha) with 5.3 % Total Geographical Area (TGA) due to drought, heat waves and urbanisation. Therefore, the present research investigation was focused on the “Physiochemical Analysis of Soil and Exploration of PGPR Diversity in Agronomic Fields of Janjgir-Champa for Sustainable Agriculture”. 
MATERIALS AND METHODS
The Janjgir-Champa (Chhattisgarh, India) is geographically located at 21.99° N latitude and 82.53° E longitude. Soil samples were collected from the surface soil layer at 30 cm depth (nearby plant root) aseptically in sterile polybags (Shaharoona et al., 2019). A total of eight samples were collected and brought to Microbiology Laboratory at Govt Jajwalayadev Naveen Girls College, Janjgir, for experimental analysis.
Physicochemical Analysis of Soil
The collected soil samples were processed and analyzed for physico-chemical properties. Soil pH was measured by pH meter (HANNA HI-98107). Electrical Conductivity (E.C.) was measured by EC meter (HM Digital). Soil Moisture Content was determined using direct gravimetric oven-drying at 105–110°C. The Organic Carbon (O.C.) was estimated by Walkley and Black rapid titration method (Walkley and Black, 1934). Available Nitrogen (N)was determined by alkaline permanganate method (Cochrane,1920). The available P content was measured using Olsen’s reagent (Zhan et al., 2015). Available K was extracted with neutral normal ammonium acetate using a flame photometer (Schollenberger and Simon, 1945). Available Sulfur (S) was estimated spectrophotometrically using calcium chloride (Patra et al., 2012). Available Iron (Fe) was determined using method mentioned by Hayashi et al. (1986). 
Microbiological Analysis of Soil
The total rhizospheric bacterial population was estimated using the serial dilution and spread-plate technique on Nutrient Agar (NA) medium as described by Rani et al. (2012) and Pathak et al. (2022), with slight modifications. The serially diluted soil sample (10-7) was aseptically inoculated in sterilized Yeast Extract Mannitol Agar (YEMA). The colonies were counted and expressed as Colony Forming Units (CFU) per gram of soil. The following formula was used for the calculation of rhizobacterial population.
  CFU/g = Average no of colonies on Plates / Inoculation volume (ml) × Dilution Factor
Isolation and Characterization of Rhizobacteria
Rhizobacterial strains were isolated from rhizosphere soil by selecting morphologically distinct colonies from higher-dilution (10‑7) plates.
a. Gram Staining
Gram-positive and Gram-negative bacteria were characterized using standard gram staining protocol stated by Isenberg (1995). 
b. Phosphate Solubilization 
Phosphorus-solubilizing bacteria (PSB) were qualitatively screened using the method mentioned by Pande et al. (2017). A 1.0 g soil sample was serially diluted, and 0.1 ml from the 10-5 dilution was plated on sterilized Pikovskaya’s agar media and incubated at 30°C for 48 hours in an inverted position. After incubation, a clear zone around colonies indicated positive phosphate solubilization and was considered as PSB.  
c. IAA Production
IAA production was screened using a method adopted from Anugra et al. (2019). The test bacterial colonies were aseptically inoculated in TSA liquid media supplemented with 200 ppm L-tryptophan and incubated at 28 °C in the dark for 24 h in shaking at 120 rpm. The bacterial cells were removed using a centrifuge at 10,000 rpm (10 min). The supernatant was then collected and treated with Salkowski reagent (0.5 M FeCl3 in 50% perchloric acid), and reaction mixture was kept for 24 h in dark. The development of pink confirmed the IAA positive. 
d. Siderophore Production
Siderophore production was assessed using Chrome Azurol S (CAS) agar assay as mentioned by Basavaraju et al. (2025). The development of orange colour zone around bacterial colonies indicated positive result for siderophore production.
e. Hydrogen Cyanide (HCN) Production
HCN production was tested by standard protocol suggested by Bakker and Schipper (1987). The test bacterial strain was grown in King's B medium supplemented with 4.4g glycine/L. A filter paper soaked in picric acid solution (0.5% picric acid in 2% of sodium carbonate) was placed inside a Petri dish. A color change from yellow to reddish-brown indicated positive result for cyanide production.
RESULTS AND DISCUSSION
The present study involved the physiochemical analysis of soil and exploration of PGPR diversity in agronomic fields of Janjgir-Champa District to promote sustainable agriculture. The results showed that the organic crop field had a near-neutral pH of 6.45 ±0.08 which is more favourable for plant growth compared to the chemically fertilized field with an acidic pH of 5.75 ±0.12. According to Neina (2019), the neutral soil pH has facilitated nutrient availability, enhance microbial health, mineralization of organic matter and degradation of pollutants. Most microorganisms have pH optima ranged from 5.0 to 9.0 (Ni et al., 2023; Madigan et al., 2003).
Furthermore, organic field contains more than double Organic Carbon content (0.82%) and significantly higher moisture content (12.35%) compared to the chemical field. This was due to organic matter characteristics as act as sponge and improve soil structure by increasing water-holding capacity (Sun et al., 2026). Conversely, higher EC in the chemical field (0.28 dS m-1) was observed than in the organic soil because it contains highly concentrated synthetic salts that dissolve rapidly into ionic forms upon contact with water. In contrast, organic fertilizers have a low EC (0.16 ± 0.03), which signals low fertility, but organic fertilizers have been reported to have a slower release of nutrients as they require microbial breakdown to release nutrients (Shaji et al., 2021). Additionally, United States Salinity Laboratory (USSL) mentioned C1 (low EC) ranged from 0.1 to 0.25, C2 (medium EC) ranged from 0.25 to 0.75, C3 (high EC) ranged from 0.75 to 2.25 and C4 (very high EC) ranged from 3.46 to 7.00 (Souguir et al., 2022). Further, they also mentioned EC at C1 range as excellent for crop fields. However, EC range from 0.1 to 5 dS m−1 has been recommended by generally safe. Soil pH, EC and OC are master variables of soil health that directly determine nutrient availability, root health and microbial activity in crop fields (Xia et al., 2024; Denre, 2025). 
Nutrient Availability and Management
The chemically fertilized fields showed significantly higher levels of available Nitrogen (285.40 kg ha-1), Phosphorus (19.25 kg ha-1) and Potassium (410.50 kg ha-1). This was due to the highly soluble NPK fertilizers designed for immediate crop uptake (Shanmugavel et al., 2023). However, organic field was exhibited richer available Sulfur (16.80 mg kg-1) and Iron (35.10 mg kg-1). This suggests that chemical fertilizers prioritize primary macronutrients. Organic systems promote a more diverse supply of secondary and micronutrients through the steady mineralization of organic matter, as explained by Brock and Gustafson (1976), who described the synergistic action of sulfur- and iron-oxidizing bacteria. Organic matter is composed of plant residues and humus that help to bind soil particles and improve aeration through active soil microbiota (Ajala et al., 2022). This significantly increases water-retention capacity which ensures slow release of essential nutrients, and buffers against high pH and toxic metals (Uddin et al., 2024). Hence, organic systems provide variety of slow-release essential nutrients through the steady mineralization of organic matter by synergistic soil microbiota.  
PGPR Traits of Soil
Present study was observed massive disparity in biological activity in organic field and chemical field, where rhizosphere bacterial count of 9.8×106 CFU/g was around 800 times higher than chemical field (1.2×104 CFU/g). This was due to high Organic Carbon in the organic field provides the necessary energy and carbon sources to sustain large microbial populations (Wu et al., 2024). These microbes actively contribute to plant health through IAA production, phosphate solubilization and biocontrol and siderophores (Kumar et al., 2022). IAA Production was observed as very high (+++) in terms of IAA production in organic field (Figure 1). The observation supported the superior efficacy of organic fertilizers to stimulate root development (Edelmann, 2022). Phosphate Solubilization was observed as significant in the organic field. Although available phosphorus was higher in chemically fertilized soil, the organic field has a higher microbial potential to convert insoluble phosphorus into soluble phosphorus which could be absorbed by plants (Ramos Cabrera et al., 2024). The Siderophore (++) and Cyanide (+) were significant in organic field but absent in the chemical field. Siderophores help plants to acquire iron (Gu et al., 2025) while microbial cyanide production in the rhizosphere has been reported to be associated with plant growth stimulation and suppression of soil-borne pathogens (Sehrawat et al., 2022). 
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Figure 1: Biological activities of Soil Microflora (Size Circle = Activity)

Table 1: Comparative Analysis of Physico-chemical and Microbiological Soil Characteristics in Chemically Fertilized and Organic Crop Fields
	Soil Characteristic
	Chemically Fertilized Field (Mean ± S.D.)
	Organic Crop Field (Mean ± S.D.)

	pH (1:2.5)
	5.75 ± 0.12
	6.45 ± 0.08

	E.C. (dS m-1)
	0.28 ± 0.04
	0.16 ± 0.03

	O.C. (%)
	0.32 ± 0.05
	0.82 ± 0.09

	Available N (kg ha-1)
	285.40 ± 41.22
	175.60 ± 25.47

	Available P (kg ha-1)
	19.25 ± 1.15
	11.40 ± 0.85

	Available K (kg ha-1)
	410.50 ± 52.34
	305.15 ± 37.26

	Available S (mg kg-1)
	11.15 ± 1.24
	16.80 ± 1.50

	Available Fe (mg kg-1)
	28.40 ± 2.59
	35.10 ± 2.10

	Moisture Content (%)
	7.10 ± 0.45
	12.35 ± 0.62

	Rhizosphere bacterial Count (CFU/g)
	1.2 x 104
	9.8 x 106

	Phosphate Solubilization
	+
	++

	IAA Production
	+
	+++

	Siderophore Production
	-
	++

	Cyanide Production
	-
	+

	Low(+); Medium(++); High(+++)



Henceforth, beneficial soil microbes facilitate various biochemical mechanisms to naturally enhance plant growth and defend against pathogens without relying on synthetic chemicals in organic crop fields. These microorganisms boost organic crop growth by converting insoluble phosphorus into usable forms through phosphate solubilization. Additionally, their production of IAA promotes root development, improving water and nutrient absorption. They also secrete siderophores that bind iron and make it available to plants and starving pathogens. Furthermore, microbial cyanide serves as a natural biocontrol, suppressing soil-borne diseases and weeds and increasing crop yields.
Furthermore, effective integration of recent technologies, e.g., nanomaterials and Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR), with PGPR helps enhance plant growth in degraded soil by increasing the levels of organic matter and nutrients in biologically available forms (Upadhyay et al., 2022). This opens new avenues to mitigate the effects of soil degradation.
CONCLUSION
The present study provides preliminary insights into the chemical intensification caused by long-term application of synthetic fertilizers in the Janjgir-Champa District. This study has revealed significant soil acidification and a profound loss of microbial biodiversity. Our comparative analysis shows that transitioning from chemical fertilization to organic management practices is effective for the restoration of soil health. The 800-fold increase in rhizosphere bacterial populations within organic fields justifies microbiological recovery of the soil. These indigenous PGPR strains enhance plant growth through phosphate solubilization and the production of IAA, siderophores, and cyanide. Hence, these indigenous PGPR strains show significant potential for development into bio-inoculants, which could enhance crop yields and support sustainable organic farming in the region.
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