
 

International Journal of 

INTELLIGENT SYSTEMS AND APPLICATIONS IN 

ENGINEERING 
ISSN:2147-67992147-6799                                       www.ijisae.org Original Research Paper 

 

International Journal of Intelligent Systems and Applications in Engineering                         IJISAE, 2024, 12(16s), 758–762  |  758 

Importance of Soil Components in sustainability of Agriculture in 

Rajasthan 

 

1Priyanka Kumari, 2Dr. Jasvinder Kaur 

Submitted: 13/12/2023     Revised: 15/01/2024      Accepted:  24/01/2024 

Abstract: Soil forms the backbone of terrestrial ecosystems and is a cornerstone of agricultural productivity, acting as a 

reservoir for essential nutrients, minerals, and water. The intricate composition of soil—including its physical, chemical, and 

biological components—directly influences the type and vigour of vegetation that can be supported in any given region. In the 

Bhilwara district of Rajasthan, soils show significant spatial heterogeneity, ranging from sandy loam and red soils to clay loam 

and alluvial variants, each imparting unique properties that shape agricultural practices and crop selection. Assessing the 

intricate links between soil composition and vegetation, this research underscores the central role of soil as both a product of 

natural processes and a determinant of ecological outcomes. 

The study employs a combination of field sampling, laboratory analysis, and review of existing literature to evaluate soil 

characteristics—such as pH, organic matter, texture, and micronutrient status—across representative sites in Bhilwara. 

Findings reveal considerable variation in soil fertility indicators, with many areas exhibiting low organic carbon and nitrogen, 

variable phosphorus and potassium levels, and a notable prevalence of micronutrient deficiencies, specifically iron and zinc. 

These chemical constraints are compounded by the region’s arid and semi-arid climate, which further shapes vegetation 

patterns and cropping systems. The impact of anthropogenic influences, particularly intensive fertilizer and pesticide use, is 

also evident, affecting both soil health and the broader agro-ecological balance. 
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Introduction 

Soil plays a fundamental role in shaping terrestrial 

ecosystems and agricultural productivity by 

providing essential nutrients, water retention, and 

structural support for plant growth. In Bhilwara 

district, Rajasthan, diverse soil types—ranging from 

sandy loam to red and clayey soils—directly 

influence crop selection, vegetation patterns, and 

overall land use. Understanding the intricate 

relationship between soil composition and 

vegetation is crucial for developing sustainable 

agricultural strategies suited to the region’s distinct 

climatic and edaphic conditions. 

Necessity for agriculture  

Soil is an essential ecological foundation for 

agriculture, acting as the reservoir of the biogenic 

salts and minerals that all plant life depends upon. 

As the outermost layer of the earth’s crust, soil is 

formed by continuous processes of weathering and 

organic activity, resulting in a complex stratified 

mixture of inorganic minerals and decomposed 

organic matter. This unique composition—varying 

greatly in structure, nutrient content, and properties 

across different regions—dictates the types of 

vegetation and crops that can be supported in any 

given landscape. 

In the context of agriculture, the necessity of soil 

arises from its fundamental role in supplying 

nutrients, water, and physical stability for plant 

roots. The physical characteristics of soil—such as 

texture, structure, and porosity—directly influence 

water retention, aeration, and root penetration, 

which are all crucial for healthy plant growth. The 

chemical properties, including pH level, cation 

exchange capacity, and concentrations of macro- 

and micronutrients, affect nutrient availability and 

uptake. Biological components, including 

microorganisms and fauna within the soil, are 

indispensable for organic matter decomposition and 

nutrient cycling, further enhancing soil fertility and 

crop productivity. 

Specifically in regions like Bhilwara, Rajasthan, 

variations in soil type—from sandy loam to red and 

black soils—directly impact agricultural output by 

influencing the distribution of moisture and 

nutrients essential for key crops such as wheat, 

maize, groundnut, and pulses. The fertility and 
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suitability of these soils are critical for sustaining 

food security, economic livelihoods, and the 

ecological balance of rural communities. 

Maintaining soil health through effective 

management of its physical, chemical, and 

biological components is therefore indispensable for 

ensuring productive, resilient, and sustainable 

agriculture—now and for future generations. 

 

Literature Review  

Research by Choudhary et al. (2018)1 underscores 

that agricultural intensification has severely 

 
1 Choudhary, M., Datta, A., Jat, H., Yadav, A., & 
Ladha, J.K. (2018). Changes in soil biology under 
conservation agriculture based sustainable 

degraded soil quality, evidenced by depleted organic 

carbon, multi-nutrient deficiencies, and impaired 

biological activity. Imbalanced fertilizer use and 

excessive tillage disrupt soil structure and microbial 

intensification of cereal systems in Indo-
Gangetic Plains. Geoderma, 313, 193–204. 

Micronutrient Function in Plants Deficiency 

Symptoms 

Affected Plant 

Parts 

Notes Specific to Bhilwara & 

Rajasthan Soils 

Iron (Fe) 

Essential for chlorophyll 

synthesis, electron 

transport 

Interveinal chlorosis 

(yellowing) in young 

leaves 

Mostly young 

leaves 

90% soils are Fe-deficient; 

calcareous & high pH reduce 

availability. 

Zinc (Zn) 

Synthesis of proteins, 

growth regulators; enzyme 

function 

Stunted growth, 

smaller leaves, 

interveinal chlorosis Leaves and stems 

70% soils Zn-deficient; sandy 

loam and high-pH soils most 

affected. 

Manganese 

(Mn) 

Activates several enzymes, 

photosynthesis 

Chlorosis, necrotic 

spots on leaves Leaves 

Common in high-pH and over-

limed regions; deficiency risk 

in canal areas. 

Boron (B) 

Cell wall synthesis, 

reproductive tissue 

development 

Reduced flowering, 

fruit/seed set; brittle 

tissue 

Growing tips, 

flowers, fruits 

Deficiency found in ~33% 

Indian soils; risk increases with 

irrigation. 

Copper (Cu) 

Redox reactions, 

photosynthesis, lignin 

formation 

Dieback of shoots, 

wilting, poor grain 

formation 

Young leaves, 

reproductive parts 

Generally sufficient; potential 

risk with overuse of fertilizers. 

Chlorine (Cl) 

Osmoregulation, 

photosynthesis, ionic 

balance 

Wilting, chlorosis, 

leaf bronzing Leaves 

Rarely deficient; excess 

common in saline soils of 

Rajasthan. 

Nickel (Ni) 

Urease activity (nitrogen 

metabolism), seed 

germination 

Poor seed viability, 

leaf tip necrosis Seeds, leaves 

Usually sufficient; can be low 

in highly weathered soils. 

Molybdenum 

(Mo) 

Nitrogen fixation (in 

legumes), nitrate reduction 

Leaf chlorosis, poor 

nodulation, marginal 

scorching 

Leaves (especially 

older), root 

nodules 

Deficiency observed in acidic 

pockets, rare in neutral/alkaline 

soils. 
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habitats, compromising ecosystem sustainability. 

Further studies by Meena et al. (2006)2 and Yadav et 

al. (2009)3 highlight Rajasthan’s acute micronutrient 

deficiencies, particularly zinc and iron in calcareous 

soils, where high pH (7.8–9.2) limits nutrient 

availability. Sharma et al. (2003)4 corroborate this, 

noting 46% of Indian soils are zinc-deficient, while 

Williams (2006)5 emphasizes that alkaline 

conditions inhibit micronutrient solubility, directly 

impacting crop productivity. 

Vegetation dynamics are intrinsically tied to soil6 

health, as shown by Rodrigues et al. (2018)7, who 

found soil properties like texture, pH, and organic 

carbon significantly influence plant diversity—

especially in semi-arid regions like Bhilwara. 

Kalkan (2020)8 demonstrates soil stabilization 

techniques using silica fume mitigate clay 

degradation during wet-dry cycles, preserving root 

integrity. However, industrial and agricultural 

pollutants (e.g., heavy metals) threaten this balance; 

Ayari et al. (2010)9 recorded elevated cadmium and 

lead in compost-amended soils, reducing wheat 

yields. Remediation strategies, such as organic 

amendments Zubillaga et al., (2008)10 and hyper-

accumulator plants Fischerova et al., (2006)11, show 

promise in restoring soil-vegetation synergy, though 

 
2 Meena, H.B., Sharma, R.P., & Rawat, U.S. 
(2006). Status of macro and micronutrients in 
some soils of Tonk district of Rajasthan. Journal 
of the Indian Society of Soil Science, 54(4), 508–
512. 
3 Yadav, R.L., & Meena, M.C. (2009). Available 
micronutrient status and their relationship with 
soil properties of Degana soil series of 
Rajasthan. Journal of the Indian Society of Soil 
Science, 57, 90–92. 
4 Sharma, R.P., Rathore, G.S., & Tripathi, B.N. 
(2003). Micronutrient status of soils and their 
relationship with soil properties in Nagaur 
district of Rajasthan. Indian Journal of 
Agricultural Chemistry, 36(1), 54–59. 
5 Williams, D.A. (2006). Specialty fertilizers and 
micronutrients: Do they pay? Proceedings 2006 
Western Alfalfa and Forage Conference, 
University of California, Davis, 95, 616. 
6 Kumari Priyanka and Kaur Jasvinder () Soil 
Composition and its effect on Crop production 
in Rajasthan African Journal of Biomedical 
Research 2024; 27; 2852-2856 
7 Rodrigues, P.M.S., Marimon Junior, B.H., 
Marimon, B.S., Oliveira-Santos, C., Feldpausch, 
T.R., & Lloyd, J., et al. (2018). Soil–vegetation 

their efficacy depends on localized soil composition 
12and climatic stressors. 

Methodology 

This study was conducted in the Bhilwara district of 

Rajasthan, focusing on the tehsils of Mandal and 

Gulabpura due to their diverse soil profiles and 

agricultural significance. Soil samples were 

systematically collected from cultivated farmlands, 

with random sampling points selected across various 

villages to capture the heterogeneity of the 

landscape. Each sample was taken from the upper 0–

15 cm layer, representing the principal root zone, 

using standard methods. Composite samples, 

approximately 500 grams each, were thoroughly 

mixed to ensure representativeness. These samples 

were then subjected to laboratory analysis to assess 

key physico-chemical properties, including soil pH, 

electrical conductivity, organic carbon content, and 

the availability of major nutrients (nitrogen, 

phosphorus, potassium) as well as secondary 

(sulphur, calcium, magnesium) and micronutrients 

(iron, zinc, copper, manganese, boron). Analytical 

procedures followed the protocols recommended by 

the Department of Agriculture, Government of 

Rajasthan, ensuring reliability and comparability of 

results. 

relationships in cerrado and forest formations in 
southern Amazonia. Journal of Plant Ecology, 
11(5), 749–758. 
8 Kalkan, E. (2020). Modification of clayey soils 
using silica fume and the effect of wetting-
drying cycles. Bulletin of Engineering Geology 
and the Environment, 79, 993–1003. 
9 Ayari, F., Srasra, E., & Trabelsi-Ayadi, M. (2010). 
Effects of compost on soil contamination by 
heavy metals. Environmental Earth Sciences, 
59, 1377–1387. 
10 Zubillaga, M.S., Aristi, G.M., & Lavado, R.S. 
(2008). Effect of biosolid compost and 
phytoremediation on heavy metal leaching in 
contaminated soils. Science of the Total 
Environment, 399, 176–184. 
11 Fischerova, Z., Tlustos, P., Szakova, J., & 
Sichorova, K. (2006). A comparison of 
phytoremediation capability of selected plant 
species for given metals. Environmental 
Pollution, 144(1), 93–100. 
12 Kumari Priyanka and Kaur Jasvinder, "Soil 

composition and its effect on crop production 

in Rajasthan," Asian Journal Research 

Chemistry. 2025; 18(3): 163-166. 
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In parallel, the study documented local vegetation 

characteristics, cropping patterns, and land use 

practices at each sampling site, noting both kharif 

(monsoon) and rabi (winter) crop types and the 

presence of natural vegetation. Data on irrigation 

facilities, fertilizer and pesticide usage, and 

agricultural practices were collected through direct 

field observations and interviews with farmers. 

Supplementary secondary data from government 

and research reports were incorporated to 

contextualize findings. The collected data were 

statistically analyzed to investigate correlations 

between soil properties and vegetation or crop 

suitability, with particular attention to the impacts of 

soil management and input use on soil fertility and 

plant health. The scope of the study was limited to 

land-owning farmers and a sample size of 200 

respondents, as well as the two focused tehsils, 

ensuring depth while acknowledging limitations in 

broader generalizability. 

Parameter Range/Pattern 
Agricultural 

Implication 

pH 
7.7 – 8.5 (Neutral to 

alkaline) 

May limit nutrient 

availability; favors 

specific crops 

Organic Carbon 
0.20 – 0.46% (Low to 

medium) 

Indicates low soil 

fertility 

Nitrogen 120 – 280 kg/ha (Low) 
Limits crop yield 

potential 

Iron (Fe) 

1.2 – 5.8 mg/kg 

(Deficient in ~90% 

samples) 

Major constraint; 

causes chlorosis in 

plants 

Soil Texture 
Sandy loam, clay loam, 

red soils 

Influences moisture 

and nutrient holding 

capacity 

 

 

Conclusion 

This study clearly demonstrates that soil quality—

especially parameters such as organic carbon, 

nitrogen, and micronutrient content—directly 

influences vegetation and crop productivity in 

Bhilwara district, Rajasthan. The prevalent 

deficiencies of iron and zinc, combined with low 

organic matter and high pH levels, present 

significant challenges to sustainable agriculture in 

the region. Addressing these issues through 

balanced nutrient management, replenishment of 
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organic matter, and adoption of soil conservation 

practices is essential for improving yields and 

ensuring the long-term health and resilience of both 

soils and agriculture in Bhilwara. 
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