Impact of different organic amendments on the physicochemical properties of contaminated soil under Bundelkhand region

Abstract
This study investigates the impact of different organic amendments on the physicochemical properties of contaminated soil of Bundelkhand region of Bachaoli Bujurg.  Contaminated soils often exhibit acidic pH, nutrient deficiencies, and reduced microbial activity, which limit soil functionality and plant growth. Application of organic amendments—FYM, kitchen waste compost, and vermicompost—ameliorates soil acidity through cation release and organic acid buffering, enhancing nutrient availability, stimulating microbial activity, and immobilizing toxic metals, thereby improving soil fertility and promoting sustainable plant growth.
Treatments included farmyard manure (FYM), kitchen waste compost (KWC), vermicompost (VC), and their combinations, applied at two levels (5 t ha⁻¹ and 10 t ha⁻¹). Soil pH, electrical conductivity (EC), and organic carbon (OC) were measured before and after amendment application. Results demonstrated that organic amendments improved soil quality, with notable changes in pH, EC, and OC, suggesting their potential for soil remediation. Baseline analyses indicated that contaminated soils were strongly acidic (pH < 5.0), low in organic carbon (0.51–0.76%), and exhibited variable electrical conductivity (EC, 0.39–0.69 dS/m). 
The highest Organic carbon (OC%) increment was observed in T11 (FYM + Kitchen Waste Compost + Vermicompost, 1.19%), while treatments T9 (Contaminated soil + FYM 5 t + Vermicompost 5 t ha⁻¹) and T10 (Contaminated soil + Kitchen Waste Compost 5 t + Vermicompost 5 t ha⁻¹) also demonstrated marked improvements in pH and OC. In contrast, the unamended contaminated control showed further acidification, decreased organic carbon, and suboptimal Electrical conductivity. 
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INTRODUCTION
Soil contamination due to industrial and agricultural activities is a growing environmental concern. Contaminants reduce soil fertility and can negatively affect crop productivity, Rashid et al.,(2023). Organic amendments, such as FYM, kitchen waste compost, and vermicompost, are widely used to restore soil health by improving physicochemical properties and enhancing organic matter content, Ansari et al.,(2019). 
Soil is a fundamental natural resource that provides essential support for plant growth, regulates water flow, and maintains ecological balance, Lal, (2012). Its quality and fertility are determined largely by its physicochemical properties, including pH, electrical conductivity (EC), organic carbon (OC), nutrient content, and texture, Kumaret al.,(2025).These properties influence the soil’s ability to retain water, supply nutrients, and sustain microbial activity, all of which are critical for agricultural productivity. Understanding the physicochemical characteristics of soil is essential for sustainable land management, particularly in regions facing contamination or degradation, Alviet al.,(2025). 
Physicochemical analysis is a key approach for evaluating soil health and monitoring changes resulting from management practices,Sharma,(2022). Important parameters include pH, electrical conductivity (EC), and organic carbon (OC), each providing critical insights into soil quality. Soil pH indicates acidity or alkalinity, influencing nutrient availability and microbial activity, and soils with extreme pH levels often require amendments to optimize crop growth, Neina, (2019). Electrical conductivity reflects the concentration of soluble salts in the soil; high EC can inhibit seed germination and plant growth, whereas low EC may indicate nutrient deficiencies, Ahmed et al.,(2025). Organic carbon represents the soil’s organic matter content, a crucial factor for fertility, water retention, and microbial activity Gerke, (2022). Increasing soil OC enhances nutrient cycling, improves soil structure, and supports overall soil productivity, Nair et al.,(2022).
Soil contamination has become a serious environmental problem worldwide, resulting from industrialization, urbanization, excessive use of chemical fertilizers, pesticides, and improper disposal of organic and inorganic wastes,Cachada, et al.,(2018). Contaminants such as heavy metals, salts, and organic pollutants can alter the natural soil balance, reducing fertility, disrupting microbial communities, and impairing plant growth. Contaminated soils, if left untreated, can reduce crop yield, compromise food quality, and pose risks to human and environmental health, Tayoh, (2020). 
Contaminated soils frequently exhibit acidic pH, nutrient deficiencies, and reduced microbial activity, which collectively constrain soil functionality and plant productivity. Application of organic amendments—FYM, kitchen waste compost, and vermicompost—significantly mitigates soil acidity, resulting in an increased pH through the release of basic cations and organic acids buffering, Singh et al., (2013). This adjustment enhances nutrient bioavailability (particularly N, P, and K), stimulates beneficial microbial populations, and reduces the solubility of potentially toxic metals, Baruah, R. (2024).  Collectively, these processes improve soil physicochemical properties and support sustainable plant growth in contaminated soils.
Organic amendments, such as farmyard manure (FYM), kitchen waste compost, and vermicompost, are widely recognized as effective tools for restoring soil health, Gebrehanaet al.,(2025).They increase organic carbon content, which enhances soil structure, water-holding capacity, and microbial activity, Nair et al.,(2022).At the same time, they help buffer soil pH toward neutral levels, reducing the harmful effects of excessive acidity or alkalinity, Neina, (2019). By diluting soluble salts, they also reduce electrical conductivity and improve nutrient availability, Miller and Curtin,(2006).Furthermore, organic amendments provide essential nutrients in a slow-release form, supporting sustained plant growth over time, Shaji et al.,(2021).In contaminated soils, these amendments not only improve fertility but also aid in immobilizing or degrading pollutants, thereby reducing their bioavailability, Lwin et al.,(2018). Combining different types of organic amendments often produces synergistic effects, leading to greater improvements in soil health than single amendments applied alone, Urra et al.,(2019).
BachaoliBujurg, like many agricultural regions, faces challenges due to soil contamination and declining fertility, Srivastava and Yadav (2014). There is a need to evaluate sustainable, eco-friendly practices to restore soil quality and maintain productivity (Baruah,2024). Conducting a physicochemical analysis of soil before and after organic amendment applicationprovides valuable insights into how different amendments influence soil properties, Angelovaet al.,(2019) and (Sharma,2022).This study aims to evaluate the effect of these amendments on contaminated soil in Bachaoli Bujurg.This helps in selecting the most effective treatments to remediate contaminated soils, optimize nutrient availability, and support sustainable agriculture.
MATERIALS AND METHODS
The study, “Impact of different organic amendments on the physicochemical properties of contaminated soil under Bundelkhand region” was conducted at the Institute of Environment and Development Studies, Bundelkhand University, Jhansi, during the Rabi season (2023–24). The experiment was conducted using a Completely Randomized Design (CRD) with 13 treatments and 3 replications, totaling 39 pots. Pots measured 2 ft × 1 ft × 1 ft, with a net plot size of 0.16 m² and a gross pot area of 0.36 m², making the total experimental area 14.04 m². Spacing included 1.0 m between replications, 0.5 m between pots, and 0.5 m between rows per pot. Each pot contained 4 plants, with a seed rate of 1.01 g per pot and a planting distance of 60 × 60 cm. Soil samples (0–15 cm) collected from nine locations—Bachaoli Bujurg. This study, “contaminated soil” refers to soil that has been adversely affected by pollutants, leading to reduced fertility and altered physicochemical properties as per (Kannaujia and Singh, 2012) and Singh et al.,(2013). The study focused on contaminated soils, which often exhibit altered physicochemical properties, including low pH (acidic conditions), reduced nutrient availability, and impaired microbial activity. Organic amendments such as FYM, kitchen waste compost, and vermicompost were applied to ameliorate these adverse soil conditions. 
In the present experiment the contaminated soil was collected from agricultural land in the Bachaoli Bujurg region of Bundelkhand, which has experienced long-term exposure to environmental stress, including [industrial activity and waste disposal]. Initial characterization of the contaminated soil revealed: that it has red-loamy soil, with fine sand (52–56%), silt (23–27%), and clay (20–22%), determined through the international pipette method. Soil reaction was slightly alkaline (pH 7.3–7.7) with EC ranging from 0.44–0.49 dS m⁻¹. Nutrient status indicated available nitrogen (190–202 kg ha⁻¹), phosphorus (4.0–4.6 kg P₂O₅ ha⁻¹), and potassium (175–190 kg K₂O ha⁻¹), assessed through standard laboratory procedures (KMnO₄, Olsen’s, and flame photometry methods) and (ASTM procedures). The experiment was laid out in a Completely Randomized Design (CRD) with 13 treatments and 3 replications per treatment. Each treatment consisted of contaminated soil amended with different organic materials, either alone or in combination, as well as contaminated and uncontaminated soil controls. Data collected for various parameters were subjected to analysis of variance (ANOVA) using SPSS software version 16.0 (SPSS Inc., Chicago, IL, USA) to determine the significance of treatment effects.  For treatments showing significant differences, post hoc comparisons of means were performed using Tukey’s Honestly Significant Difference (HSD) test at a 5% level of probability (p ≤ 0.05). All results were expressed as mean ± standard deviation (SD) of three replicates.
RESULTS AND DISCUSSION
The results of soil chemical properties are summarized in Table 1. The data indicated that different organic amendments significantly influenced soil pH, electrical conductivity (EC), and organic carbon (OC) during the experiment. The data as presented in Table 1for pH before and after transplantation of brinjal and tomato. 
1. pH 
Under contaminated soil conditions, the application of organic amendments resulted in a noticeable shift in soil reaction when compared before and after treatment. Before amendment, the contaminated soil remained strongly acidic (pH typically below 5.0). Following the incorporation of different organic combinations, the soil pH increased across all treatments, indicating a reduction in acidity.After amendment, T9 (Contaminated soil + FYM 5 t + Vermicompost 5 t ha⁻¹) recorded a pH of 5.33, reflecting a shift from strongly acidic to moderately acidic, while the secondary pH value (7.08) indicated a neutral to slightly alkaline condition. Furthermore, in T10 (Contaminated soil + Kitchen Waste Compost 5 t + Vermicompost 5 t ha⁻¹), the soil pH before was 5.47, and after the organic amendments with 7.04, in the neutral range. Treatment T11 (Contaminated soil + FYM 5 t + Kitchen Waste Compost 5 t + Vermicompost 5 t ha⁻¹) also improved soil pH 5.37, indicating moderate acidity, with after incorporating organic amendments to 7.05, consistent with near-neutral conditions. In contrast, the contaminated control without amendment (T12) showed a decline in pH from 5.36 to 4.37, highlighting further acidification under untreated conditions. Overall, the data clearly show that all organic amendments helped raise the soil pH, reducing acidity relative to the contaminated soil before treatment. Among them, T10 showed the greatest reduction in acidity, while T9 exhibited the most balanced pH improvement across both parameters. Similar findings have been reported by Rashid et al., (2023) and Alvi et al.,(2025), who observed that the application of organic amendments significantly enhanced soil pH.
2. Electrical conductivity EC (dS/m)
Under contaminated soil conditions, the application of organic amendments resulted in a noticeable shift in the electrical conductivity (EC) of the soil when compared before and after treatment. Before amendment, the contaminated soil exhibited elevated EC levels, indicating higher soluble salt accumulation. Following the incorporation of different organic combinations, the soil EC showed measurable changes across all treatments, reflecting the influence of organic inputs on salt dynamics.Before amendment, T9 (Contaminated soil + FYM 5 t + Vermicompost 5 t ha⁻¹) recorded an EC value of 0.42dS/m, showing a slight moderation in salt concentration, after the organic amendments with 0.64 dS/m. Furthermore, in T10 (Contaminated soil + Kitchen Waste Compost 5 t + Vermicompost 5 t ha⁻¹), the soil EC before amendment was 0.47 dS/m, and after the addition of organic treatments, the EC reached 0.60dS/m, indicating an increase in soluble salts due to the mineralization of kitchen waste compost. Moreover, treatment T11 (Contaminated soil + FYM 5 t + Kitchen Waste Compost 5 t + Vermicompost 5 t ha⁻¹) recorded an EC of 0.50dS/m before amendment, which increased to 0.59dS/m after incorporating the organic amendments, reflecting a similar trend of increased EC associated with combined organic inputs. The untreated contaminated control (T12) showed further deterioration in both pH with 0.36 dS/m to 0.26 dS/m. These findings corroborate earlier reports by (Sharma,2022) and Gebrehanaet al.,(2025) showing that integrated organic amendments improve EC in stressed or degraded soils.
3. Organic carbon (OC%)
Under contaminated soil conditions, the application of organic amendments resulted in a noticeable improvement in soil organic carbon (OC%) when compared before and after treatment. Before amendment, the OC content of contaminated soils ranged from 0.51% in the unamended contaminated control (T12) to 0.76% in T1 (Contaminated + FYM 5 t ha⁻¹), indicating generally low carbon levels due to soil contamination and degradation.After the incorporation of organic amendments, all treatments showed a significant increase in soil organic carbon (OC%). For instance, T9 (Contaminated soil + FYM 5 t + Vermicompost 5 t ha⁻¹) increased from 0.65% to 1.11%, demonstrating a substantial improvement in soil carbon status. Similarly, T10 (Contaminated soil + Kitchen Waste Compost 5 t + Vermicompost 5 t ha⁻¹) increased from 0.65% to 1.00%, and T11 (Contaminated soil + FYM 5 t + Kitchen Waste Compost 5 t + Vermicompost 5 t ha⁻¹) recorded the highest post-amendment OC of 1.19%, up from 0.64% respectively. In contrast, the contaminated control (T12) without any amendment showed a decline in soil organic carbon (OC%) from 0.51% to 0.45%, highlighting the detrimental effect of contamination in the absence of organic inputs.
Overall, the data clearly demonstrate that the application of organic amendments significantly enhanced soil organic carbon content under contaminated conditions. Combined amendments, particularly T11, were the most effective in increasing soil organic carbon (OC%), while even single amendments like FYM, kitchen waste compost, or vermicompost contributed to measurable improvements over the unamended control. These results are consistent with previous studies by (Urrahet al.,2019; Tayoh,2020 and Ahmed et al.,2025) demonstrating that combined organic inputs improve soil chemical properties and increase organic matter content.
CONCLUSION
The results clearly demonstrate that the application of organic amendments under contaminated soil conditions substantially improved key soil chemical properties, including pH, electrical conductivity (EC), and organic carbon (OC%). Initial assessments indicated that contaminated soils were strongly acidic, deficient in organic carbon, and exhibited variable soluble salt concentrations. Incorporation of FYM, kitchen waste compost, vermicompost, and their combinations significantly increased soil pH toward near-neutral levels, regulated EC within agronomically acceptable limits, and enhanced organic carbon (OC), with the highest increment observed in T11 (FYM + Kitchen Waste Compost + Vermicompost, 1.19%). Synergistic treatments T9 (Contaminated soil + FYM 5 t + Vermicompost 5 t ha⁻¹) and T10 (Contaminated soil + Kitchen Waste Compost 5 t + Vermicompost 5 t ha⁻¹) also achieved notable improvements in both pH and OC, reflecting enhanced nutrient retention and soil amelioration. Conversely, the unamended contaminated control (T12) exhibited further acidification, diminished organic carbon, and suboptimal EC, highlighting the adverse impact of contamination in the absence of interventions. Overall, these findings confirm that strategic application of organic amendments can effectively rehabilitate contaminated soils, improve chemical fertility, and support sustainable crop production.
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Table 1: Site specific Physiochemical analysis of soil: Bachaoli Bujurg
	Treatments
	Description
	2022-23
	2022-23
	2022-23
	2022-23
	2022-23
	2022-23

	
	
	pH Before
	pH After
	Electrical conductivity EC (dS/m) Before
	Electrical conductivity EC (dS/m) After
	Organic carbon 
(OC %) Before
	Organic carbon 
(OC %) After

	T1
	Contaminated soil + FYM 5 t ha⁻¹
	5.67
	5.73
	0.55
	0.50
	0.76
	0.61

	T2
	Contaminated soil + FYM 10 t ha⁻¹
	5.21
	5.40
	0.60
	0.51
	0.65
	0.77

	T3
	Contaminated soil + Kitchen Waste Compost 5 t ha⁻¹
	5.13
	5.43
	0.66
	0.55
	0.67
	0.95

	T4
	Contaminated soil + Kitchen Waste Compost 10 t ha⁻¹
	5.31
	6.22
	0.66
	0.50
	0.66
	0.96

	T5
	Contaminated soil + Vermicompost 5 t ha⁻¹
	5.30
	6.43
	0.69
	0.48
	0.65
	0.85

	T6
	Contaminated soil + Vermicompost 10 t ha⁻¹
	5.38
	6.31
	0.67
	0.52
	0.65
	0.97

	T7
	Contaminated soil + FYM 5t + Kitchen Waste Compost 5t ha⁻¹
	5.23
	6.22
	0.69
	0.52
	0.65
	0.64

	T8
	Contaminated soil + FYM 10 t + Kitchen Waste Compost 10 t ha⁻¹
	5.30
	6.35
	0.68
	0.52
	0.64
	0.99

	T9
	Contaminated soil + FYM 5 t + Vermicompost 5 t ha⁻¹
	5.33
	7.08
	0.42
	0.64
	0.65
	1.11

	T10
	Contaminated soil + Kitchen Waste Compost 5 t + Vermicompost 5 t ha⁻¹
	5.47
	7.04
	0.47
	0.60
	0.65
	1.00

	T11
	Contaminated soil + FYM 5 t + Kitchen Waste Compost 5 t + Vermicompost 5 t ha⁻¹
	5.37
	7.05
	0.50
	0.59
	0.64
	1.19

	T12
	Contaminated soil control                             
   (no ammendment)
	5.36
	4.37
	0.39
	0.26
	0.51
	0.45

	T13
	Uncontaminated soil control    
no (amendment & contamination)
	5.38
	5.33
	0.28
	0.27
	0.55
	0.47

	
	S.Em. ±
	0.08
	0.14
	0.01
	0.01
	0.02
	0.01

	
	C.D (p=0.05) 
	0.23
	0.42
	0.05
	0.03
	0.06
	0.03



