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Abstract 
Context This comparative study investigates soil nutrient retention in organic versus chemical farming systems. 

As agricultural practices evolve to meet growing food demands, understanding impacts on soil health becomes 

increasingly crucial. Aims This study aims to elucidate how different farming practices influence soil nutrient 

dynamics which are essential for sustainable crop production and environmental conservation. Methods The study 

investigates the impact of organic and chemical farming practices on soil parameters including pH, electrical 

conductivity (EC), moisture content, the availability of macronutrients such as nitrogen (N), phosphorus (P), 

potassium (K), calcium (Ca), magnesium (Mg), and sulfur (Su) and micronutrients such as iron (Fe), manganese 

(Mn), copper (Cu), zinc (Zn), and chlorine (Cl). Key results Data from experimental fields subjected to organic 

and chemical treatments were analyzed to determine differences in nutrient retention and overall soil health. 

Findings indicate that organic farming significantly enhances soil organic matter and microbial activity, 

improving nutrient retention and cycling. The organic plots exhibited higher levels for many soil parameters and 

nutrients, which is attributed to the slow-release nature of organic inputs. Chemical soils often exhibit lower levels 

of essential nutrients and micronutrients, and their reliance on synthetic inputs may result in adverse 

environmental impacts such as nutrient runoff and soil pollution. Conclusion These findings underscore the 

importance of organic farming practices in improving soil nutrient retention and fostering sustainable 

agriculture. 
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INTRODUCTION 
Agriculture plays a pivotal role in global food security and maintaining soil health is essential for productive and 

sustainable farming (Kassam et al., 2013). One of the critical factors influencing soil health is its capacity to retain 

vital nutrients such as nitrogen (N), phosphorus (P), and potassium (K) (Costantini et al., 2022). Effective nutrient 

retention ensures that plants receive a consistent supply of necessary elements for growth while minimizing 

environmental impacts, such as water pollution from nutrient runoff (Mueller et al., 2012). Soil health and fertility 

are fundamental to sustainable agriculture, directly impacting crop yield, quality, and the long-term viability of 

farming systems (Pingali et al., 2005). In this context, nutrient availability in the soil is a critical factor. 

Contemporary agriculture is dominated by two primary farming systems: organic and chemical (or conventional) 

farming (Acs et al., 2007). Each system employs distinct practices influencing soil nutrient availability, plant 

health, and productivity. This research aims to provide a comprehensive overview of soil nutrient dynamics in 

organic versus chemical farming systems, emphasizing a comparative analysis of their effects on soil parameters 

and nutrient availability. 

Organic farming aims to maintain and improve soil fertility using natural inputs and processes (Azarbad et al., 

2022). Leading practices include organic amendments like manure, compost, green manures, crop rotation, cover 

cropping, reduced tillage, and avoiding synthetic fertilizers and pesticides (Behera et al., 2012). On the other hand, 

chemical farming relies on artificial fertilizers and pesticides for high productivity (Gomiero et al., 2011). This 

system emphasizes the immediate availability of nutrients by applying specific amounts of N, P, K, and other 

soluble nutrients for plant uptake (Sumberg et al., 2022). While these inputs lead to rapid crop growth and high 

yields, concerns exist about their long-term effects on soil health, including potential nutrient imbalances, soil 

acidification, and the reduction of beneficial soil microorganisms (De Ponti et al., 2012). 
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Soil parameters are essential characteristics used to describe 

the properties and behavior of soil in various applications, such as agriculture, construction, and environmental 

studies. These parameters can be classified into physical, chemical, and biological categories (Varella et al., 2012). 

In the present study, we use organic and chemical farming soil. In this pH, EC, Organic Matter, N, TDS, TS, Ca, 

Mg, N, P, K, Micronutrient (Zn, Cu, S, Mn, Fe). 

 

MATERIALS AND METHODOLOGY 
This study utilizes a comparative analysis approach to examine soil nutrient retention in organic and chemical 

farming systems.  

Study Area: 

 

The research work study areas are Ahmedabad and Gandhinagar. The first set of samples came from Sadar Patel 

Organic Farm, located on Kathwada Road in Ahmedabad. Here, soil was collected from portions where various 

crops grow, including rice plants and mango trees. The second set of samples originated from a chemical farm in 

Shahpur village, situated in Gift City, Gandhinagar. In this farm, soil samples were taken from areas where 

different crops thrive, including cucumber plants and two samples from okra plants. 

Soil sampling:  

Soil samples were collected from each site at three different plot parts with a spade about 15 cm (6 inches) depth 

and 2.5 cm (1 inch) width. Soil samples were collected in different zipper bags with the labeling of date, soil type, 

and temperature. Soil samples were air-dried, sieved through a 2 mm mesh, and stored at room temperature for 

subsequent analyses. We performed soil parameters like soil moisture content, soil pH, soil salinity (EC), total 

solids, Total dissolved Solid (TDS) Calcium and magnesium (Ca & Mg), Nitrogen, Phosphorus, Potassium, and 

micronutrients (Zn, Cu, Fe, Mn, S). 

All the parameters were analyzed by soil and plant analysis (Vadivel & Shivanna, 2020). 

All data in this study was the mean value (±SD) of three independent replicates using Microsoft Excel. For 

Statistical procedures, datasets were prepared with independent variables for the agricultural field based on that, 

descriptive statistics and t-tests were calculated. Bar graph Charts were drawn using GraphPad Prism (Version 

9.4.0) software for statistical analysis. 

Chemical: 

All the organic and inorganic chemicals purchased by SRL, India. 

 

RESULT AND DISCUSSION 
Soil analysis was performed, and data was gathered for the statistical analysis which is shown below Table-1, it 

shows the statistical data of the chemical farm and organic farm in the Ahmedabad district with mean value and 

standard deviation. 

 

 Organic Soil Chemical Soil 

Parameter/Sampl

e 
S1 S2 S3 C1 C2 C3 
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Moisture content 15.49±0.09 13±0.06 00.25±0.01 4.83±0.03 11.69±1 9.66±1 

Ph 8.4±0.09 7.10±0.18 8.24±0.06 8.39±0.02 8.85±0.01 8.16±0.01 

EC (mS/cm) 0.17±0.01 0.24±0.01 0.25±0.01 0.35±0.02 0.36±0.01 0.75±0.01 

TS (mg/l) 0.08±0.01 0.024±0.01 0.043±0.01 0.06±0.001 0.47±0.003 0.07±0.003 

TDS (mg/l) 
0.023±0.00

5 

0.012±0.00

2 

0.011±0.00

2 

0.043±0.00

3 

0.036±0.00

2 

0.055±0.00

3 

Ca (ppm) 0.53±0.06 0.67±0.06 0.6±0.1 0.057±0.58 0.467±0.58 0.7±0.17 

Mg (ppm) 0.7±0.08 0.63±0.06 0.5±0.1 1.1±0.1 0.9±0.26 0.73±0.21 

Cl (mg/kg) 0.33±0.06 0.23±0.06 0.3±0.1 0.4±0.26 0.23±0.06 0.3±0.1 

N (%) 2.18±0.21 1.95±0.2 1.53±0.03 1.483±0.04 0.76±0.265 0.5±0.04 

P (mg/kg) 12±0.31 8±1 9±0.3 9±0.17 8.33±0.58 10±0.2 

K (mg/kg) 20±0.21 50±0.21 40±0.3 20±1.73 39.97±1.36 35±0.36 

Zn (mg/kg) 1.18±0.03 3.08±0.05 0.98±0.02 0.56±0.02 1.28±0.017 1.54±0.03 

Fe (mg/kg) 2.28±0.02 26.7±0.1 2.18±0.01 1.82±0.04 1.46±0.03 8.1±0.26 

Mn (mg/kg) 7.8±0.1 2.1±0.2 0.58±0.01 0.86±0.03 0.8±0.04 0.92±0.03 

Cu (mg/kg) 1±0.17 2±0.04 1.84±0.02 0.66±0.03 0.72±0.02 1.04±0.05 

Su (mg/kg) 8.9±0.1 11.6±0.1 7.6±0.1 10.2±0.36 10±0.26 8.8±0.46 

OM (%) 3.74±0.08 3.354±0.2 
2.6316±0.0

5 

2.5456±0.0

5 

1.3072±0.0

7 
0.86±0.04 

Table 1: Table of results for soil parameters analysis showing the mean values and Standard Deviation. 

 

TS (mg/l) TDS (mg/l)

0.00

0.02

0.04

0.06

0.08

0.10

TS & TDS

              Fig.4 comparission of TS & TDS between organic and chemical soil

m
g

/l

Organic soil

Chemical soil

 
Moisture content:  

In this study, organic farming plots maintained a higher moisture content compared to chemical farming plots. 

Specifically, the moisture content is 12% in organic soil samples and 8.7% is observed in chemical soil samples. 

Additionally, the soil texture in organic plots often silty clay loam or clayish—facilitates water retention, allowing 

fine soil particles to bind water for longer periods. In contrast, chemical farming practices occur in soil plots with 

different characteristics. 
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Soil pH 

In the study, organic farming plots exhibited a higher average pH (7.9) equated to chemical farming plots (8.5). 

This difference suggests a neutralizing effect of organic amendments. Notably, the pH of organic farming soil 

was slightly more acidic than that of chemical farming soil. Over time, the application of organic amendments—

such as compost and manure—can lead to soil acidification, while chemical fertilizers (particularly those 

containing lime) tend to neutralize soil pH. 

Electrical conductivity (EC) 

The EC of organic soil is approximately 0.2 mS/cm. This lower EC value indicates a moderate level of soluble 

salts in the soil, suggesting that organic farming practices result in less accumulation of soluble salts. The EC of 

chemical soil is significantly higher, reaching nearly 0.6 mS/cm. This elevated EC value suggests a higher 

concentration of soluble salts, typical for soils subjected to synthetic fertilizers and amendments. The higher EC 

in chemical soil indicates a greater accumulation of soluble salts. This can be attributed to the frequent use of 

synthetic fertilizers, which provide nutrients in readily soluble forms. This can enhance root growth and overall 

plant health.  

Total solids 

In this study, organic soil samples consistently displayed lower total solids (TS) than chemical soil samples. These 

lower TS and TDS concentrations in organic soil indicate a reduced risk of soil salinity. Conversely, the higher 

TS and TDS values in chemical soil samples suggest a greater concentration of both total and dissolved solids, 

including excess nutrients and salts from synthetic fertilizers and chemical inputs.  

Hardness (Ca & Mg) 

In this study, organic soil samples displayed higher calcium concentrations, averaging around 0.6 mg/kg, 

compared to chemical soil samples with an average of 0.41 mg/kg. These elevated calcium levels in organic soils 

suggest improved soil fertility, enhanced soil structure, and greater nutrient availability for plant growth. Notably, 

the mean available magnesium content was higher in chemical farming soil (0.91 ppm) than in organic farming 

soil (0.61 ppm), highlighting the impact of distinct farming practices. 

Macronutrients (N, P, K)  

Organic farming showed a significantly higher total nitrogen content (1.8%) than chemical farming (0.9%). This 

increase in nitrogen levels in organic soil is attributed to the regular addition of compost and manure, which 

decompose slowly, gradually releasing nitrogen. The higher nitrogen content in organic soils is particularly 

beneficial for long-term soil fertility, as organic nitrogen sources provide a sustained nitrogen supply. 

However, phosphorus availability was significantly greater in chemical plots (9.67 mg/kg) than in organic plots 

(9.11 mg/kg). Chemical fertilizers provide readily available phosphorus, whereas organic amendments release 

phosphorus more slowly. Similar trends were observed for potassium, with chemical farming soil having higher 

available potassium (36.67 mg/kg) compared to organic soil (31.66 mg/kg). The quick-release nature of chemical 

potassium fertilizers contrasts with the gradual release from organic sources. The lower availability of phosphorus 

and potassium in organic farming is attributed to the slow-release nature of organic amendments. While this can 

limit immediate nutrient availability, it can also prevent nutrient leaching and ensure a steady nutrient supply over 

time. 

Organic Matter 

The bar graph illustrates the comparison of organic matter content between organic and chemical soils. The blue 

bars represent organic soil, while the red bars represent chemical soil. The organic matter content is measured as 

a percentage. The organic matter content in organic soil is approximately 4%, indicating a high level of organic 

material present. This is a significant indicator of soil health and fertility. The organic matter content in chemical 

soil is around 2%, which is considerably lower than in organic soil. This suggests a reduced presence of organic 

material in chemically managed soils. 
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The comparison of heavy metal concentrations in organic and chemical soils, as illustrated by the bar graph, 

reveals notable differences influenced by farming practices. Zinc (Zn) levels are slightly higher in chemical soil 

due to the application of zinc-containing fertilizers, suggesting enhanced immediate availability, whereas organic 

soil shows marginally lower zinc availability. Iron (Fe) content follows a similar pattern, with higher 

concentrations in chemical soil, implying that synthetic inputs significantly contribute to iron availability. 

Conversely, manganese (Mn) levels are elevated in organic soil, likely due to the beneficial effects of organic 

amendments that enhance manganese availability, whereas chemical soil exhibits lower manganese 

concentrations, indicating lesser influence from synthetic fertilizers. Copper (Cu) content is slightly higher in 

organic soil, attributed to the slow nutrient release from organic amendments, contrasting with the lower levels in 

chemical soil, where synthetic fertilizers have a reduced impact on copper availability. Sulfur (S) concentrations 

are notably high in both soil types, reflecting the effectiveness of both farming systems in supplying this essential 
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nutrient. The findings indicate that while organic farming promotes a gradual and sustained release of certain 

heavy metals, enhancing soil health over time, chemical farming ensures the immediate availability of essential 

nutrients like zinc and iron, facilitating quick nutrient uptake by plants. This duality underscores the potential 

complementary benefits of both farming practices in maintaining soil health and fertility. 

 

CONCLUSION 
This study highlights the contrasting impacts of organic and chemical farming on soil health and sustainability. 

Organic farming practices, with their focus on increasing organic matter content and crop nutrients, contribute to 

long-term soil health and ecosystem sustainability. In contrast, chemical farming, while providing immediate 

nutrient availability, poses risks of soil salinity, degradation, and pollution. The integration of organic principles 

into conventional farming systems could help mitigate these negative impacts, promoting a more balanced and 

sustainable agricultural approach. A more comprehensive assessment of the ecological effects of both systems is 

essential, including considerations of nutrient runoff and habitat impact. Comparing the costs and benefits of 

organic and chemical farming can guide the adoption of sustainable practices. Additionally, understanding the 

effects of different farming methods on communities and livelihoods is crucial. Through the exploration of 

innovative technologies can enhance soil health and nutrient retention, ultimately supporting sustainable 

agriculture and environmental stewardship. 
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