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A B S T R A C T

Man's survival depends on sustainable agriculture, particularly in light of our fast-growing population. It is not desirable for agriculture to spread into the
remaining natural vegetation regions because this would decrease the planet's biodiversity. To enhance the crop productivity, weedicides/herbicides are being
preferred at very large scale. The herbicide paraquat is widely used around the world to eradicate weeds from cultivated crop fields since it is both affordable and
effective. These substances have detrimental impacts on the physicochemical characteristics of soil and remain in the soil for extended periods of time after
application. In view of this, present investigation was undertaken to comparatively assess the effect of paraquat on agriculture field. The data revealed that
paraquat application showed variable response on different parameters undertaken for the study.
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1. INTRODUCTION

A variety of different species can find a home in the soil, which is a complex and dynamic biological system. Crop productivity, soil sustainability, and
environmental quality are all greatly impacted by these organisms, which also perform vital biogeochemical cycles that preserve the health and
equilibrium of soil ecosystems (Smith et al., 2015). One of the many anthropogenic stresses on the soils is the application of artificial pesticides to
crops in an effort to reduce crop loss from weeds and pests (Wall et al., 2015).

One of the chemicals frequently present in arable soils is herbicide, which is used to eradicate undesirable vegetation. In order to guarantee high-
quality and high-yield primary produce, they are purposefully released into the agroecosystem. These chemicals undergo testing to make sure their
active ingredients don't have significantly detrimental ecotoxicological impacts on the environment before being put on the market (Regulation, 2009).

The greatest rates of pesticide usage per hectare during 2016–17 were seen in Punjab, Haryana, and Maharashtra, according to the studies (Subash et al.,
2017). However, the biodiversity and functions of soil are seriously threatened by the use of herbicides in traditional agriculture (Van-Camp, 2004).
These substances have detrimental effects on the microbial flora in the soil and remain in the soil for extended periods of time after application. In the
photosynthetic membrane, Paraquat is a fast-acting, non-selective contact herbicide that is absorbed by the leaves and known to affect Photosystem 1.
They are known to have inhibitory effects on microorganisms, which lowers mycelial growth and enzymatic activity (Stanley et al., 2013).

The present study aims to reveal the impact of applying paraquat herbicide on agricultural soil from three different locations in the Buldhana district.

2. MATERIALS AND METHODS

2.1 Sample Collection and Preparation

A reconnaissance survey was carried out in the Buldhana district, after which sites were selected for the assessment. Three different tehsil regions viz.
Shegaon, Khamgaon and Buldhana were selected for soil sampling (Figure 1) during the period May 2023 to June 2023. At each tehsil region, two
different locations were chosen. At each location, soil samples were collected from the agricultural field (AF) having history of paraquat herbicide
application and the control field (CF) (without herbicide) from non-agricultural land in the vicinity area. The soil samples were prepared by thoroughly
mixing, letting them dry at room temperature, and then filtering them through a 2 mm sieve. Photodegradation of weedicide was avoided by performing
experiments in dark (Zhou et al., 2023).
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Figure 1 - Three tehsils in Buldhana district showing sampling locations

2.2 Physico-Chemical Analysis of Soil

All the collected soil samples were analyzed for its physico-chemical characteristics.

2.2.1 Soil texture

Bouyoucos (1962) hydrometer method was used to analyze the soil texture by particle size distribution, specifically the proportions of sand, silt, and
clay. Here, the soil particles were dispersed in a liquid, and later the settling rates of the different particles was measured using a hydrometer.

2.2.2 pH

Soil pH determination was carried out using distilled water. Using distilled water, a 1:5 suspension was shaken for 30 minutes and then measured with
a pH electrode.

2.2.3 Micronutrients

Micronutrients (Mn, Fe, Cu and Zn) were determined by colorimetric method using 0.1N HCl and read using Atomic Absorptive Spectrophotometer
(AAS).

2.2.4 Organic Carbon

Organic carbon was determined by Walkley and Black (1934) wet oxidation method.

2.2.5 Moisture

Soil moisture was determined by Gravimetric method wherein a soil sample is weighed, dried in an oven, and re-weighed to determine the water
content (Rasheed et al., 2022).

2.2.6 Water holding capacity (WHC)

Soil water holding capacity (WHC) was calculated by the MWHCFFPD method (Robertson et al. 1999 and Nelson et al., 2023). In this, a saturated soil
sample was allowed to drain through a filter paper in a funnel, and the soil was weighed to measure the amount of water retained.

2.2.7 Electrical Conductivity

The Soil electrical conductivity (EC) was measured using a conductivity cell, typically in a 1:5 soil-water suspension (Fouad, 2023).

2.2.8 Cation Exchange Capacity

The Effective Cation Exchange Capacity (ECEC) was determined by using the values obtained for exchangeable bases from the soil analysis to
calculate for the ECEC (Emamgholizadeh et al., 2023).
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2.3 Data Analysis

The experiments were repeated three times and the results were statistically analyzed using GraphPad Prism version 7.0.

3. RESULTS AND DISCUSSION

The soils from agriculture fields (AF) and control fields (CF) from different locations of Buldhana district was analyzed for assessing the effects of
paraquat herbicide on physicochemical properties.

The non-selective herbicide paraquat reacts with soil according to its texture. Because of electrostatic interactions, clay soils have a tendency to adsorb
paraquat more strongly than sandy soils (Amondham, 2006, Gondar et al., 2012, and Huang et al., 2019). The soil samples collected in the study
revealed silty loam and silty clay texture. Exceptionally, Buldhana site 2 showed the Loam texture of the soil (Figure 2). Soil texture plays a crucial role
in how paraquat interacts with the soil environment. While adsorption to soil particles can limit its movement and bioavailability (Amondham et al.,
2006 and Michael et al., 2024).

Figure 2 (A-L) - Variations in soil types collected from different sampling sites in Buldhana district

The AF soil samples showed the higher pH value as compared to the CF samples in its vicinity except for the Buldhana site 2 and Shegaon site 2. This
indicates the shift from more acidic pH to the less acidic pH values in paraquat applied field. The maximum difference was noted in Khamgaon site 2
where CF has pH 6.63±0.28 and AF showed pH 6.8±0.34 (Figure 3). The common pesticide paraquat has complicated interactions with soil microbes
and other soil characteristics, and it can alter the pH of the soil. According to some research, paraquat may raise the pH of soil from extremely acidic to
acidic (Nurulalia and Mubin, 2021), however other research suggests that the impact may not be substantial (Stanley et al., 2013).
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Figure 3 - Variations in pH level at different sampling sites in Buldhana district (mean±sd)

The maintenance of adequate concentration of micronutrients is essential component of the agricultural practices. The current study revealed that the
except for the Khamgaon site 1, all AF samples showed the higher concentration of Zn than its respective CF samples. There, CF showed Zn 0.94±0.02
mg/Kg and AF showed 0.89±0.02 mg/Kg concentration (Table 1). Similarly, the lesser concentration of Cu in AF compared to its CF was noted in
Buldhana site 1 and Shegaon 1. The maximum difference was 1.87±0.32 mg/Kg Cu in CF and 1.69±0.41 mg/Kg Cu in AF at Shegaon site 1 (Table 1).
Similar is the case with concentration of Fe and Mn where AF showed higher concentrations of micronutrients as compared to its counterpart CF (Table
1). While paraquat may influence nitrogen cycling and soil arthropod populations, its effects on specific micronutrient concentrations are little
understood (Dadang et al., 2019). Unlikely, more studies indicated that the application of paraquat can elevate soil levels of calcium, magnesium, and
potassium, while potentially reducing salt concentrations (Nurulalia and Mubin, 2021).

Table 1 - Variations in micronutrient concentration in soils from different sampling sites in Buldhana district

M
ic
ro
nu
tr
ie
nt
s

(m
g/
kg
)

Buldhana Khamgaon Shegaon

Site 1 Site 2 Site 1 Site 2 Site 1 Site 2

CF AF CF AF CF AF CF AF CF AF CF AF

Zn
0.71±0.0
4

0.82±0.0
5

0.69±0.
01

0.81±0.
06

0.94±0.0
2

0.89±0.
02

0.78±0.1
0

0.80±0.0
9

0.77±0.0
3

0.78±0.0
2

0.68±0.0
8

0.72±0.0
5

Cu
2.11±0.1
5

1.99±0.3
6

0.99±0.
11

1.43±0.
17

1.75±0.3
1

1.80±0.
12

2.17±0.0
9

2.22±0.2
4

1.87±0.3
2

1.69±0.4
1

1.89±0.2
3

2.01±0.2
1

Fe
246.0±1
2.3

235.1±2
3.4

199.7±
1.54

202.7±
9.4

316.6±1
0.2

325.9±
8.1

289.7±1
3.7

281.1±1
7.3

267.3±1
7.1

287.6±1
9.2

301.4±1
5.3

298.6±2
1.7

Mn 19.4±1.2 17.6±2.7
46.7±5.
1

47.6±7.
2

37.6±3.3
31.5±3.
7

47.1±5.3 43.4±3.2 76.4±2.5
63.05±4.
6

84.1±9.7 89.4±6.9

Table 2 - Variations in Organic carbon, moisture and WHC percentage in soils from different sampling sites in Buldhana district

%

Buldhana Khamgaon Shegaon

Site 1 Site 2 Site 1 Site 2 Site 1 Site 2

CF AF CF AF CF AF CF AF CF AF CF AF

Org.
Carbon

0.63±0.
03

0.71±0.
04

0.69±0.
06

0.72±0.
03

0.57±0.
02

0.61±0.
08

0.60±0.
07

0.71±0.
09

0.84±0.
10

0.92±0.
07

0.77±0.
06

0.81±0.
04

Moistu
re

47.6±2.
4

51.7±2.
9

39.4±2.
7

42.8±4.
1

51.8±3.
2

53.9±2.
6

37.9±7.
1

42.7±3.
3

29.3±2.
6

33.5±3.
7

43.2±1.
9

52.8±3.
1

WHC
%

21.9±3.
1

32.6±1.
4

23.7±1.
8

27.4±1.
4

37.1±4.
3

43.6±3.
7

33.5±5.
1

40.2±1.
7

39.4±1.
7

47.3±4.
7

28.1±3.
3

33.4±2.
7

The decomposition of perished plant matter resulting from paraquat's herbicidal action may augment the organic carbon content in the soil (Gondar et
al., 2012 and Chen et al., 2021). Likewise, all the studied sites indicate the higher percentage values of organic carbon in AF as compared to its CF. The
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highest difference was noted in Khamgaon site 2 i.e. CF organic carbon is 0.60±0.07% while AF showed 0.71±0.09% (Table 2). Similarly, moisture %
and water holding capacity % follows the trend. In this also, paraquat applications in agricultural soil affects by increasing the moisture and water
holding capacity of the soil (Table 2). The herbicidal action of paraquat may have an impact on vegetation cover and plant growth. Decreased
vegetation may impact soil moisture content by increasing soil erosion and changing water infiltration and runoff patterns (Pan et al., 2013 and Paltseva,
2024).

Table 3 - Variations in Electric conductivity and Cation Exchange Capacity in soils from different sampling sites in Buldhana district

Buldhana Khamgaon Shegaon

Site 1 Site 2 Site 1 Site 2 Site 1 Site 2

CF AF CF AF CF AF CF AF CF AF CF AF

Electric
Cond.

(dS/m)

0.41±0.
1

0.5±0.1 0.7±0.2 0.6±0.1 0.3±0.1 0.3±0.1 0.6±0.2 0.5±0.1 0.5±0.2 0.5±0.3 0.6±0.2 0.5±0.1

CEC

(meq/100g
)

14.7±1.
4

17.1±2.
2

13.9±2.
3

14.8±1.
6

16.5±2.
0

15.6±1.
7

36.3±2.
4

37.1±4.
7

35.1±2.
3

41.8±2.
6

39.4±1.
3

39.6±2.
1

The availability of nutrients and the general health of the soil are influenced by electrical conductivity and cation exchange capacity. Paraquat is
known to be highly absorbed by soil, and the type of soil and application rate can affect how it affects CEC (Wapa et al., 2020). In the present
assessment, electrical conductivity showed no significant difference in the values of AF and its CF samples. Although, the values are different, except
for Khamgaon site 1, but the change in values is negligible. While in CEC of the AF and CF showed the considerable difference in the values. The
maximum difference in CEC values was noted in Shegaon site I i.e. paraquat field 41.8±2.6 meq/100gm and control field 35.1±2.3 meq/100gm (Table
3).

4. CONCLUSION

The soil’s physicochemical comparative assessment made between the paraquat applied agriculture field and the control vicinity field concludes that
the paraquat application have significant effects on some parameters like organic carbon, moisture and water holding capacity. Moderate effects on pH,
micronutrients and cation exchange capacity while insignificant or negligible effects on soil texture and electrical conductivity.
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