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	 Soil physicochemical properties play a crucial role in determining crop productivity 
and sustainability, particularly under varying moisture regimes. The present study evaluates 
and compares key soil parameters under irrigated and non-irrigated non-Bt cotton cultivation 
systems in the Vertisol regions of North Maharashtra. Soil samples were analyzed for pH, 
electrical conductivity (EC), organic carbon (OC), and calcium carbonate (CaCO3) using standard 
analytical procedures. The results revealed that most soils in both irrigated (75.8%) and non-
irrigated (81.0%) conditions were neutral to moderately alkaline (pH 7.01-8.00), suitable for 
cotton cultivation, with only slight increases in alkalinity under irrigated systems (12.1%). 
Electrical conductivity values remained within non-saline limits; however, non-irrigated soils 
showed a higher proportion (34.1%) in the upper EC range (0.51-0.60 mmhos/cm), indicating 
possible salt accumulation due to limited leaching. Organic carbon content was predominantly 
moderate (0.31-0.40%), observed in 72.8% of irrigated and 66.0% of non-irrigated soils, 
suggesting comparable fertility status across systems. Calcium carbonate content ranged mainly 
between 4.51-6.50%, confirming the calcareous nature of the soils, with minor variation between 
irrigation regimes. The findings indicate that irrigation practices exert limited influence on soil 
physicochemical properties, while inherent soil characteristics and agro-ecological conditions 
play a dominant role. The study provides important insights for sustainable soil management 
and optimized non-Bt cotton cultivation in semi-arid regions.
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	 Cotton has been cultivated in India since 
ancient times, and the country was historically 
recognized as a global source of superior-quality 
lint. At present, cotton remains one of the most 
important commercial crops in India, cultivated 
across more than nine states and covering 

approximately 8.68 milli on hectares.1-3 India 
grows four cultivated species of cotton, of which 
two are diploid species (Gossypium arboreum and 
Gossypium herbaceum) and two are tetraploid 
species (G. hirsutum and G. barbadense).4 In 
addition, intra-specific hybrids derived from G. 
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hirsutum are extensively cultivated in the central 
and southern cotton-growing regions of the 
country.5

	 The diploid species, commonly referred 
to as “desi cotton,” historically contributed 
approximately 25-30% of national cotton 
production. However, these varieties are 
characterized by lower yield potential, limited 
responsiveness to improved agronomic practices, 
and comparatively coarse and shorter fiber length.6,7 
Despite these limitations, desi cotton remains 
popular among economically marginal farmers 
due to its low seed cost. In contrast, tetraploid 
cotton varieties currently account for over 70% 
of national cotton production, with nearly equal 
contributions from varieties and hybrids.8 These 
cultivars produce finer-quality fiber suitable for 
the textile industry and can yield up to 800 kg ha{ 
¹ under favorable agronomic conditions, although 
this remains substantially lower than average yields 
reported in countries such as the United States.9,10 
The area under desi cotton cultivation has declined 
rapidly across India, including Maharashtra, 
following the introduction of high-yielding hybrid 
and genetically modified (GM) cotton varieties.11,12

	 Bt cotton, engineered to express Bacillus 
thuringiensis toxins, with the objective of reducing 
pesticide use and enhancing crop productivity. 
While initial adoption was rapid, subsequent 
evaluations by various agencies, including the 
Monitoring and Evaluation Committee (MEC), 
have highlighted mixed outcomes influenced by 
agronomic, ecological, and management factors.13 
The debate surrounding GM crops in India has 
intensified, particularly in the context of farmer 
indebtedness and suicides, with contrasting 
interpretations offered by biotechnology companies 
and critics such as Vandana Shiva, who attribute 
these crises to globalization, commercialization 
of agriculture, and technology-intensive farming 
systems.11,14

	 Cotton is widely regarded as a classic 
example of the “pesticide treadmill,” wherein 
farmers increasingly rely on chemical inputs to 
manage evolving pest resistance.15,16 Although 
Bt cotton was promoted as an effective solution 
against major pests such as the American 
bollworm, resistance development and secondary 
pest outbreaks have undermined its long-term 
effectiveness. Additional concerns include the 

circulation of spurious and unapproved Bt seeds, 
reflecting weaknesses in seed quality regulation 
and enforcement mechanisms.17,18 While India’s 
regulatory framework focuses largely on seed 
approval and certification, inadequate oversight 
at the point of sale has resulted in widespread 
cultivation of unauthorized Bt varieties in several 
regions.19

	 The ecological implications of Bt cotton 
cultivation extend beyond target pests, potentially 
affecting soil health, non-target organisms, and 
agroecosystem stability of particular concern 
is the impact on beneficial insect populations, 
including Lepidopteran species that play key roles 
in maintaining ecological balance.20 In response to 
these challenges, the Government of India initiated 
field trials of non-Bt cotton varieties, with reports 
indicating that approximately 1.5 million hectares 
were sown with non-Bt cotton during the Kharif 
season across the country (Ministry of Agriculture 
and Farmers Welfare.21

	 In North part of the Maharashtra, including 
the districts of Dhule, Jalgaon, and Nandurbar, is 
characterized by alluvial “black cotton soils,” 
traditionally known for their suitability for cotton 
cultivation.22 Soil nutrient assessments in this 
region indicate medium levels of nitrogen, low 
to medium phosphorus availability, and high 
potassium content, with organic carbon levels in the 
medium range. While copper levels are generally 
adequate, deficiencies of manganese, molybdenum, 
and zinc have been reported.23 Soil fertility, defined 
as the capacity of soil to supply essential nutrients 
in appropriate proportions for plant growth is 
governed by complex biochemical cycles and 
influenced by factors such as moisture availability, 
pH, temperature, and electrical conductivity.24,25

	 Plants require at least sixteen essential 
elements for growth, broadly classified into 
macronutrients and micronutrients. The availability 
and uptake of these nutrients depend not only on 
their presence in the soil but also on favorable 
physicochemical conditions such as soil pH, 
electrical conductivity, moisture status, and organic 
matter content. These factors regulate nutrient 
solubility, mobility, and root absorption processes. 
In cotton cultivation systems, irrespective of 
genotype, sustained productivity is largely 
determined by balanced nutrient availability, 
appropriate irrigation practices, and maintenance 
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of optimal soil conditions. Therefore, evaluation 
of soil physicochemical properties is critical for 
understanding nutrient dynamics and improving 
crop performance under different management 
regimes.1,26

	 Given the ongoing controversies 
surrounding Bt cotton performance and its 
potential impacts on soil health, the present 
study was undertaken to evaluate and compare 
the physical and chemical properties of soils 
under irrigated and non-irrigated non-Bt cotton 
cultivation. A quantitative assessment is conducted 
on selected farms across Nandurbar, Dhule, and 
Jalgaon districts, where non-Bt cotton has been 
cultivated continuously for more than five years.27 
This study aims to provide empirical insights into 
soil health dynamics under different irrigation 
regimes, contributing to informed decision-making 
for sustainable cotton production in northern 
Maharashtra.28,29

Materials and Methods

	 The present study was carried out over a 
multi-year period to assess soil health parameters 
under irrigated and non-irrigated cotton cultivation 
systems in northern Maharashtra. The study area 
comprised three major cotton-growing districts 
Jalgaon, Dhule, and Nandurbar located in the 

northern part of Maharashtra, India.25 The soils 
of the region are predominantly black cotton 
soils, well known for their high clay content and 
suitability for cotton cultivation.30,31

	 For the present investigation, a total of 120 
farmers were selected from 12 villages across the 
three districts using a random sampling approach 
to ensure representative coverage. A structured 
and pre-tested questionnaire was designed and 
administered to collect detailed information on soil 
type, cropping pattern, cotton variety grown, use 
of chemical fertilizers, availability and method of 
irrigation, and yield performance.32

	 Soil samples were collected from the 
selected farms following standard soil sampling 
protocols. From each field, soil was collected from 
the rhizosphere zone of both irrigated and non-
irrigated cotton plants. Sampling was carried out 
by excavating soil up to a depth of approximately 
20 cm around the plant root zone.33 Five sub-
samples were collected randomly from each field 
at about 15 cm from the plant base and within a 
sampling core dimension of approximately 15 
cm height and 7 cm diameter. These sub-samples 
were pooled, thoroughly mixed, and homogenized 
to form a composite sample representing each 
field.33 The collected soil samples were air-dried, 
sieved, and subjected to quantitative analysis of 
key physicochemical parameters, including soil 

Fig. 1. Distribution Of Soil PH In Non-Bt Cotton Fields
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Table 1. Distribution of soil pH in irrigated and non-
irrigated non-Bt cotton fields

Soil pH range	 Irrigated (%)	 Non-irrigated (%)

6.00 - 7.00	 12.1	 12.8
7.01 - 8.00	 75.8	 81.0
8.01 - 9.00	 12.1	 6.2

Table 2. Electrical conductivity of soils under irrigated 
and non-irrigated non-Bt cotton

EC range 	 Irrigated 	 Non-irrigated 
(mmhos/cm)	 (%)	 (%)

0.29 - 0.39	 30.3	 19.1
0.40 - 0.50	 45.5	 46.8
0.51 - 0.60	 24.2	 34.1

Fig. 2. Soil Electrical Conductivity Distribution

pH, electrical conductivity (EC), organic carbon 
content, and calcium carbonate (CaCOƒ ) content.34 
The generated data were subsequently compiled 
and analyzed to evaluate variations in soil health 
under different irrigation regimes and management 
practices.35

Results

	 The physicochemical properties of soils 
under irrigated and non-irrigated non-Bt cotton 
cultivation were comparatively evaluated to 
determine the influence of moisture regimes on 
soil health. The analysis focused on key parameters 
including soil pH, electrical conductivity (EC), 
organic carbon (OC), and calcium carbonate 
(CaCOƒ ). The results are presented as percentage 
distributions across defined ranges and interpreted 
to highlight variations attributable to irrigation 
practices.

Soil pH
	 The distribution of soil pH (Table 1; 
Figure 1) indicates that most soils in both irrigated 
(75.8%) and non-irrigated (81.0%) systems fall 
within the neutral to moderately alkaline range 
(7.01-8.00), which is considered suitable for cotton 
cultivation. A higher proportion of irrigated soils 
(12.1%) was observed in the alkaline range (8.01-
9.00) compared to non-irrigated soils (6.2%), 
suggesting a tendency toward increased alkalinity 
under irrigation. However, the variation between 
the two systems remains limited, indicating that 
irrigation has not significantly altered soil reaction 
in the study area.
Electrical Conductivity (EC)
	 Electrical conductivity data (Table 2; 
Figure 2) show that soils under both systems remain 
within non-saline limits.
	 A significant difference was observed in 
the lower (0.29-0.39) and higher (0.51-0.60) EC 
ranges between irrigated and non-irrigated fields. 
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Table 3. Organic carbon content (%) of soils 
under non-Bt cotton cultivation

Organic 	 Irrigated 	 Non-irrigated 
Carbon (%)	 (%)	 (%)

< 0.20	 3.0	 2.1
0.21 - 0.30	 24.2	 31.9
0.31 - 0.40	 72.8	 66.0

Table 4. Calcium carbonate (%) content in 
irrigated and non-irrigated non-Bt cotton soils

CaCO3  	 Irrigated 	 Non-irrigated 
range (%)	 (%)	 (%)

2.50 - 4.50	 24.2	 14.9
4.51 - 6.50	 63.7	 72.3
6.51 - 8.50	 9.1	 12.8
8.51 - 10.50	 3.0	 -

Fig. 3. Organic Carbon Status Of Soils

Fig. 4. Calcium Carbonate Content of Soils
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Non-irrigated soils showed relatively higher EC 
values in the upper range, which may be attributed 
to reduced leaching under rainfed conditions. 
Nevertheless, EC values across both systems 
remained within non-saline limits suitable for 
cotton cultivation.
Organic Carbon Content
	 The organic carbon status (Table 3; Figure 
3) reveals that most soils in both irrigated (72.8%) 
and non-irrigated (66.0%) systems fall within the 
moderate range (0.31- 0.40%).
	 Most soils in both systems had moderate 
organic carbon levels (0.31-0.40%). No significant 
difference was observed at the lower end (<0.20%). 
However, a relatively higher proportion of non-
irrigated fields exhibited organic carbon in the 0.21-
0.30% range, possibly due to slower decomposition 
rates and reduced organic matter loss.
Calcium Carbonate Content
	 The distribution of calcium carbonate 
(Table 4; Figure 4) confirms the calcareous nature 
of the soils, with most samples in both irrigated 
(63.7%) and non-irrigated (72.3%) systems falling 
within the 4.51-6.50% range.
	 No major differences were observed in 
calcium carbonate content across most categories, 
except in the lower range (2.50 - 4.50%), where 
irrigated fields showed a higher proportion. The 
soils exhibited moderate calcareous characteristics 
typical of black cotton soils of northern Maharashtra.

Discussion

	 The present investigation provides a 
comparative evaluation of soil health parameters 
under irrigated and non-irrigated non-Bt cotton 
cultivation systems in the Vertisol-dominated 
regions of northern Maharashtra. The predominance 
of neutral to moderately alkaline soil pH (7.01 
- 8.00) across both systems indicates that the 
soils remain within the optimal range for cotton 
growth, as cotton generally performs well under 
slightly alkaline conditions. The marginally higher 
proportion of irrigated fields exhibiting pH values 
in the upper alkaline range (8.01 - 9.00) may be 
attributed to the continuous application of irrigation 
water containing dissolved salts and bicarbonates, 
which over time can enhance alkalinity. However, 

the overall similarity in pH distribution suggests 
that irrigation practices in the study area have not 
yet caused substantial soil reaction shifts, reflecting 
a relatively stable chemical environment for crop 
production.
	 Electrical conductivity (EC) values across 
both irrigated and non-irrigated systems remained 
within non-saline limits, confirming the suitability 
of these soils for sustained cotton cultivation. 
Interestingly, a comparatively higher percentage 
of non-irrigated soils fell within the upper EC 
range (0.51-0.60 mmhos/cm). This pattern may 
be associated with limited natural leaching 
under rainfed conditions, leading to gradual 
salt accumulation in the root zone. In contrast, 
irrigated fields showed a greater proportion in 
the lower EC range, possibly due to periodic 
flushing of soluble salts through irrigation events. 
These findings highlight the complex interaction 
between irrigation management and salt dynamics 
in Vertisols, where both excessive and insufficient 
water regimes can influence salt distribution 
differently.
	 Organic carbon (OC) content was 
predominantly moderate (0.31-0.40%) in both 
systems, indicating a reasonably stable level of soil 
fertility and biological activity. The slightly higher 
proportion of non-irrigated soils within the lower 
OC range (0.21-0.30%) may reflect slower biomass 
incorporation or limited residue management under 
rainfed agriculture. Nevertheless, the absence 
of substantial differences suggests comparable 
organic matter management practices among 
farmers in both systems. Similarly, calcium 
carbonate (CaCOƒ ) distribution confirmed the 
calcareous nature of black cotton soils, with most 
samples falling within the 4.51-6.50% range. Minor 
variations between irrigated and non-irrigated 
fields were observed in the lower CaCOƒ  category, 
yet overall patterns remained consistent with the 
inherent pedogenic characteristics of Vertisols 
in the region. Collectively, the results indicate 
that irrigation practices have influenced certain 
physicochemical properties to a limited extent; 
however, the intrinsic soil properties and regional 
agro-ecological conditions continue to play a 
dominant role in determining soil health under 
cotton cultivation.
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Conclusion

	 The present study demonstrates that 
soils under irrigated and non-irrigated non-Bt 
cotton cultivation in northern Maharashtra exhibit 
comparable physicochemical characteristics, 
with only minor variations across parameters. 
Soil pH in both systems remained predominantly 
within the neutral to moderately alkaline range 
(7.01-8.00), while electrical conductivity values 
were within non-saline limits, though relatively 
higher EC was observed in a greater proportion of 
non-irrigated soils. Organic carbon content was 
largely moderate (0.31-0.40%) in both systems, 
with slightly lower values more frequent under 
non-irrigated conditions. Calcium carbonate 
distribution confirmed the calcareous nature of 
soils, with no substantial differences attributable 
to irrigation practices. Findings indicate that 
irrigation has a limited influence on the selected soil 
physicochemical properties, and that inherent soil 
characteristics play a dominant role in determining 
soil conditions under non-Bt cotton cultivation. 
These results suggest that both irrigated and rainfed 
systems maintain soil properties within ranges 
suitable for cotton growth; however, site-specific 
soil management practices remain essential for 
sustaining long-term soil health and productivity.
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