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Abstract

The current study investigated the variation in soil physicochemical properties and nutrient distribution
across different depth (0 -60 cm) in agricultural soil (AS), Pesticide treated soil (PTS) and forest soil (FS) of
Patanagarh, Balangir district, Odisha. Soil samples were collected from four depth intervals (0, 15, 30 and 60
cm) to analyse the vertical changes in soil characteristics and fertility status. The result showed that, the key
physicochemical properties such as, pH, electrical conductivity, organic carbon and total nitrogen increased
gradually from surface layer to 30 cm depth layer followed by decline in 60 cm layer. Similarly, available
nutrients including phosphorous, potassium and sulphur exhibits increasing trend from 0 to 30 cm layer,
where their concentration were highest and decreased at deeper layer, especially in pesticide treated soil.
Micronutrients such as zinc, manganese, copper, iron and boron also followed a similar distribution pattern.
Coefficient of correlation revealed strong positive relationships among soil properties, macro and
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micronutrients, indicating their interdependence. Organic carbon, total nitrogen, and available phosphorus
showed high correlation with micronutrients, highlighting their crucial role in enhancing soil fertility.
Multivariate analysis of variance (MANOVA) shown the nutrient availability were most favourable at around
30 cm soil depth riched in improves soil features.

Keywords: Physicochemical; pesticide treated soil; electrical conductivity; micronutrients.
1. Introduction

Land degradation has increased exponentially as a result of substantial intensification of industrial activity in
emerging nations like India (Feng ef al., 2022). Presently, the land accessible to humans comprises 30% of the
total global land area, with India holding less than 2—3% but supporting 16% of the world's human population
(Sahu & Dash, 2011). The primary factor in fulfilling human requirements is the land. Soil is an essential
component in agriculture. Indian agriculture has a significant part in the worldwide production of wheat, rice,
jowar, legumes, sugarcane, vegetables, and fruits. The physical and chemical properties of the land are crucial
for the successful implementation of other management measures. Numerous factors, such as pH, electrical
conductivity, texture, moisture, temperature, soil organic matter, and the availability of nitrogen, phosphorus,
and potassium, are the foundation of this physico-chemical analysis of soil.

The growth of forests and agricultural output are determined by physico-chemical characteristics of the soil. The
soil quality study entails the examination of characteristics and processes influencing soil efficacy within a
resilient ecosystem (Tale and Ingole, 2015). Soil quality may encompass water retention capacity, carbon
sequestration, plant production, waste remediation, and other functions, or it may be defined more restrictively.
Some report represents the evolution of the land quality concept, examines the utilisation of soil chemical and
physical properties as indicators of soil quality, identifies challenges and opportunities for forest soil scientists
to substantially enhance the assessment and improvement of sustainable forest management through the
application of soil quality as a sustainability metrics. The comprehensive assessment involves monitoring
certain processes or attributes that indicate alterations in ecosystem functionality as indicators of sustainability
(Kekane ef al., 2015). Plants, animals, and humans need micronutrients to grow. Plants need zinc (Zn), copper
(Cu), iron (Fe), manganese (Mn), boron (B), molybdenum (Mo), chlorine (Cl), and nickel (Ni); animals need
Zn, Fe, Mn, Cu, selenium (Se), iodine (I), and cobalt (Co); and humans need Zn, Cu, Fe, Mn, Mo, Co, I, Se,
fluoride (F), and chromium (Cr). Boron is a trace element that helps animals and humans to retain calcium and
magnesium. Micronutrients played an essential role in plant, animal, and human metabolism, and replacing
them with other elements cannot fix their deficit (Shukla et al, 2018). Organo-Cu compounds increase Cu
recovery from the initial 0-20 cm layer after repeated use of fertilizers (Maqueda ef al., 2011). Organic carbon
concentration is the main soil characteristic affecting micronutrient availability to the plants. To feed an
expanding population, agricultural output is important to increase productivity and for that soil fertility must be
checked. Thus, understanding micronutrient distribution across land use systems is essential for sustainable
development. Based on the foregoing facts, this study assesses the physicochemical features of different land
uses and their effects on micronutrient accumulation in different soil depths across agricultural soil, pesticide
treated soil and forest soil.

2. Materials and Methods
2.1 Soil Sampling

The current study used soil samples from agricultural soil (AS), pesticide-treated soil (PTS), and forest soil (FS)
Patanagarh, Balangir, Odisha. Sampling was done according to methods of Dash and Kujur (2024). Sampling
was done in the month of March included Agricultural soil, Pesticide treated soil and Forest soil at local area of
Patanagarh, Balangir. For sampling, each site is divided into 5 blocks and five soil samples need to be collected
randomly from 0-15 c¢m soil depth by spading pits of (15 x 15 x 15) cm? size in each block (without considering
small rocks, pebbles or fragments) and referred to as sub-samples, form composite sample by mixing
thoroughly. To avoid any mixing, the samples were aseptically packed in polypropylene vials, labelled
individually and brought for laboratory analysis. These samples were air dried, homogenized and subjected to
sieving (2mm mesh size) and stored at 4°C for further characterization.
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Agricultural soil in the study was collected from local farmer land area cultivated with Brinjal (Solanum
melongena), Tomato (Solanum lycopersicum), Cauliflower (Brassica oleracea), Pumpkin (Cucurbita pepo) like
vegetables and rice. Blue pea (Clitoria ternatea), Marigold (Calendula officinalis), Datura (Datura stramonium)
like flowers were also cultivated along with vegetables. To induce fertility of soil, vegetable pills, vermicompost
and green manure (1: 1: 1; 1 part green manure; 1 part vegetable pills; 1 part cattle dung) was applied in the
field. Pesticide treated soil was exposed to Streptocycline (Composition: Streptomycin Sulphate (90 % v/v;
Tetracycline hydrochloride 10% v/v) pesticide thrice at every 15 days of interval at local farmer land cultivated
with Cauliflower, Solanaceous vegetables at Ravi season followed by rice as kharif crop. Forest soil chosen for
current study was red soil type surrounded by plants like Bambusa vulgaris, Diospyros melanoxylon, Butea
monosperma, Tectona grandis etc.

2.2 Physico-chemical and Micronutrients Analysis

The soil pH was measured to estimate acidity and basicity (ISSS 2002). The soil electrical conductivity was
measured to detect soluble salts (ISSS 2002). The Walkley and Black titration method was used to measure soil
organic carbon (Mishra, 1968). Total nitrogen (TN), available phosphorus (AP), and available potassium (AK)
was quantified in soil profiles at different depths (ISSS 2002). Micronutrient concentrations were measured
following acid digestion methods of Dash and Kujur (2024) earlier described by Latif et al. (2018).

2.3 Statistical Analysis

Analysis of variance (ANOVA) was conducted to assess the significance between and among variables using
software SPSS 16.0. The Pearson correlation coefficient was utilized to assess the link between micronutrients,
physicochemical parameter using SPSS 16.0. Multivariate Analysis of Variance (MANOVA) was performed to
know the effective size of physicochemical variables at different depths using software SPSS 16.0.

3. Results

3.1 Physicochemical Analysis from Different Soil

In current study, physicochemical attributes were calculated from different depth of soil collected from sampling
sites and presented in the Table 1. The pH of agricultural soil in the top layer was determined to be neutral
(7.21+0.01) and was increased from 15 cm depth (7.424+0.001), indicating mild alkalinity, and was higher at 30
cm depth of soil (7.51+0.005). The pH was 6.42+0.003 in the 60 cm layer of soil, categorizing it as somewhat
acidic. In pesticide-treated soil, the pH was 6.813+0.005 at the surface layer, followed by 7.086+0.065 at a depth
of 15 cm, and 7.33+0.05 at a depth of 30 cm. A low pH was observed at a depth of 60 cm in pesticide-treated
soil, indicating a somewhat acidic soil conditions. The pH of forest soil was measured to be mildly alkaline, at
7.43£0.026 in the top layer, 7.52+0.011 at a depth of 15 cm, and 7.59+0.001 at a depth of 30 cm. The forest soil
exhibited somewhat acidic characteristics (6.221+ 0.012) at a depth of 60 cm, as illustrated in the Table 1 and
Fig. 1.

Table 1. Variation in physicochemical properties of three distinct type of soil of different depth

PH EC oC TN

AS Ocm 7.21+0.01 0.276+0.011 1.838+0.053 3.166+0.043
15cm 7.42+0.001 0.306+0.005 2.078+0.055 3.903+0.066
30cm 7.51£0.005 0.323+0.005 2.873+0.046 3.866+0.04
60cm 6.42+0.003 0.213+0.005 1.119+0.011 1.143+0.048

PS Ocm 6.813+0.005 0.273+0.005 1.661+0.039 2.243+0.483
15cm 7.086+0.065 0.296+0.005 1.826+0.006 2.933+0.045
30cm 7.33+0.05 0.286+0.005 1.916+0.001 3.033+0.058
60cm 6.153+0.055 0.186+0.005 0.951+0.013 1.108+0.006

FS Ocm 7.43+0.026 0.306+0.005 2.255+0.034 3.360+0.156
15cm 7.5240.011 0.333+0.015 2.325+0.005 3.874+0.0513
30cm 7.59+0.001 0.351+0.026 2.431+0.052 3.969+0.636
60cm 6.221+0.012 0.193+0.015 1.1162£0.0064 1.201+0.002

Values are Mean+ STDEV
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Fig. 1. PY of three distinct type of soil of different depth (0 cm, 15 cm, 30cm, 60 cm)

In agricultural soil, electrical conductivity measured 0.276+0.011 mS/cm at the surface layer, 0.306+0.005
mS/cm at a depth of 15 cm, and 0.32340.005 mS/cm at a depth of 30 cm. The results indicated an increasing
trend in electrical conductivity from the surface layer to a depth of 30 cm, followed by a decline to 60 cm
(0.213£0.005 mS/cm). In pesticide-treated soil, electrical conductivity measured 0.273+0.005 mS/cm in the top
layer, climbed to 0.296+0.005 mS/cm at a depth of 15 cm, and reached a maximum of 0.286+0.005 mS/cm at 30
cm depth. The minimum electrical conductivity (0.186+0.005 mS/cm) was observed at a soil depth of 60 cm. In
forest soil, electrical conductivity increased from the top layer (0.306+£0.005 mS/cm) to 15 cm (0.333+0.015
mS/cm) and reached its highest concentration at 30 cm (0.3514+0.026 mS/cm). Electrical conductivity was
measured at a depth of 60 cm, yielding a value of 0.193+0.015 mS/cm, which is relatively low (Fig. 2).

0.4 -
0.35
0.3
0.25
0.2
8 0.15
0.1
0.05

0

mS/cm

HAS
EPTS
= FS

Ocm 15cm 30cm 60cm

Soil types of different depth

Fig. 2. Electrical conductivity of three distinct type of soil of different depth

The organic carbon content in agricultural soil was measured as 1.838+0.005% in the top layer, increasing to
2.078+0.055% at a depth of 15 cm, and reaching a maximum of 2.873+0.046% at a depth of 30 cm (Fig. 3).
Organic carbon accumulated at a concentration of (1.119+£0.011%) within a soil depth of 60 cm. In pesticide-
treated soil, a modest accumulation of organic carbon was observed in the 60 cm soil profile, namely
0.915+0.013%. The organic carbon concentration in pesticide-treated soil samples increased from the top layer
of soil (1.661£0.039%) to a depth of 15 cm (1.826+0.006%), with the greatest concentration seen at 30 cm
(1.916+0.001%). In forest soil, organic carbon accumulation rises from the surface layer (2.255+ 0.034%) to 15
cm (2.325+ 0.005%), peaking at a depth of 30 cm (2.431+£0.052%) and it was declining with increasing depth to
60 cm (1.116+0.006%) (Fig. 3).
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Fig. 3. Organic carbon of three distinct type of soil of different depth
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Fig. 4. TN content of three distinct type of soil of different depth

The concentration of total nitrogen was greater at a depth of 30 cm in the soil, measuring 3.866+ 0.04% (Fig. 4).
The total nitrogen concentration increased from the top layer (3.166+ 0.043%) to 15 cm depth (3.903+ 0.066%),
with highest concentration observed at 30 cm depth (3.866+£0.04%). A reduced nitrogen content of
1.108+0.006% was noted at a depth of 60 cm in pesticide-treated soil, while a higher concentration of
3.033+0.058% was recorded at a depth of 30 cm. The top layer has 2.243+0.483% nitrogen, while the soil at a
depth of 15 cm contained 2.933+0.045% nitrogen. In forest soil, elevated total nitrogen levels were restricted to
a depth of 30 cm (3.969+0.636%), while diminished nitrogen concentrations were seen at a depth of 60 cm
(1.201+0.002%). The top layer contained 3.360+0.156% nitrogen, while 3.874+0.513% nitrogen was detected at
a depth of 15 cm in forest soil (Fig. 4).

Table 2. Variation in nutrients accumulation in three distinct type of soil of different depth

AP AK S

AS 0cm 102.32+1.23 248 +0.188 18.466+0.438
15 cm 123.28+1.93 289+0.232 22.67+0.491
30 cm 142.1+0.781 290+0.194 24.606+0.401
60 cm 93.233+1.184 2111+0.166 14.75+0.3877

PTS 0 cm 96.94+ 1.175 234+1.366 17.753+0.39
15 cm 105.28+0.856 269+1.788 20.75+0.476
30 cm 118.52+0.84 275+1.861 22.534+0.522
60 cm 86.862+0.676 194+1.875 11.19440.388
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AP AK S
FS 0cm 117.38+1.101 276+1.366 32.773+£0.227
15 cm 123.31+0.844 282+1.788 34.74+0.358
30 cm 141.76+£0.529 285+1.861 40.12+0.885
60 cm 104.35+ 1.001 174+1.875 31.433+0.364
*Values are Mean+ STDEV

The concentration of phosphorus in agricultural soil was higher at a depth of 30 cm, measuring 142.1 + 0.781
mg/kg (Table 2; Fig. 5). The concentration rose from the top layer (102.32 = 1.23 mg/kg) to 15 cm depth
(123.28 £+ 1.93 mg/kg), reaching a maximum at 30 cm depth (142.1 + 0.781 mg/kg). At a soil depth of 60 cm,
the phosphorus concentration measured 93.223 + 1.184 mg/kg. A reduced phosphorus concentration was noted
at a depth of 60 cm (86.862+0.676 %) in pesticide-treated soil, while a higher concentration was detected at a
depth of 30 cm (118.52 + 0.058%). In the uppermost layer, 96.94+1.175 mg/kg of phosphorus was detected,
while the soil at a depth of 15 cm contained 105.28+0.856 mg/kg of phosphorus. In forest soil, elevated
phosphorus levels were restricted to a depth of 30 cm (141.76+£0.529 mg/kg), while reduced phosphorus
concentrations were seen at a depth of 60 cm (104.354+1.001%). The upper layer includes 117.38+1.101 mg/kg
of phosphorus, while 123.3140.844% of phosphorus was detected at a depth of 15 cm in forest soil.

As shown in the table 2 available potash was measured in mg/kg at different depths in forest, pesticide, and
agricultural soils. The potash concentration in agricultural soil was elevated at a depth of 30 cm, recorded as 290
+ 0.194 mg/kg. The concentration increased from the surface layer (248 + 0.188 mg/kg) to a depth of 15 cm
(289 + 0.232 mg/kg), peaking at 30 cm depth (290 + 0.194 mg/kg). At a soil depth of 60 cm, the potash
concentration was recorded as 211.1 + 0.166 mg/kg. A reduced potash concentration was observed at a depth of
60 cm (194+1.875 mg/kg) in pesticide-treated soil, whereas an elevated concentration was found at a depth of
30 cm (275 £ 1.861 mg/kg). In the top layer, 234+1.366 mg/kg of potash was identified, whereas the soil at a
depth of 15 cm contained 269+1.788 mg/kg of potash. Reduced potash concentrations were seen at a depth of 60
cm (174+1.875 mg/kg) in forest soil, whereas enhanced potash levels were limited to a depth of 30 cm
(285+0.1.788 mg/kg),(Table 2; Fig. 6).
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Fig. 5. P content of three distinct soil types with different depth

The concentration of sulphur in agricultural soil was elevated at a depth of 30 cm, recorded at 24.606 =+ 0.401
mg/kg (Table 2; Fig. 7). The concentration increased from the surface layer (18.466 + 0.438 mg/kg) to a depth
of 15 cm (22.67 + 0.491 mg/kg), peaking at 30 cm deep (24.606 + 0.401 mg/kg). At a soil depth of 60 cm, the
sulphur concentration was measured at 14.75 + 0.387 mg/kg. A diminished sulphur concentration was seen at a
depth of 60 cm (11.194+0.388 mg/kg) in pesticide-treated soil, whereas an elevated concentration was identified
at a depth of 30 cm (22.53 £+ 0.522 mg/kg). In the top layer, 17.753+0.391 mg/kg of sulphur was identified,
whereas the soil at a depth of 15 cm had 20.75+0.476 mg/kg of sulphur. In forest soil, increased sulphur
concentrations were confined to a depth of 30 cm (40.12+0.885 mg/kg), where as diminished sulphur levels
were seen at a depth of 60 cm (31.331+0.364 mg/kg).The surface layer contains 32.773+0.227 mg/kg of sulphur,
whereas 34.744+0.358 mg/kg of sulphur was observed at a depth of 15 cm in forest soil (Fig. 7).
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Fig. 6. K content of three distinct soil types with different depth
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Fig. 7. S content of three distinct type of soil with different depth
3.2 Estimation of Micronutrients Concentration from Different Depth of Soil

The present study estimated micronutrients concentration in mg/kg from soil samples collected at various depths
from sampling sites, as provided in the Table 3 and Fig. 8.
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Fig. 8. Zn content of three distinct type of soil with different depth
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Table 3. Variation in the concentration of micronutrients in three types of soil with different depth

Depth  Zinc Manganese Copper Iron Boron

AS 0cm 21.505+0.427 19.606+0.447 21.15+0.167 39.563+0.377 3.6+0.089
I5cm  25.473+0.529 29.63+0.3776 23.78+0.295 45.4766+0.153  7.6+0.228
30cm  45.406+0.63 35.73+0.487 35.25+0.408 52.666+0.302 8.4+0.178
60 cm  20.5833+0.4033 23.726+0.312 20.85+0.316 38.3767+0.289  2.76+0.136

PS 0cm 20.786+0.503 39.2933+0.233  18.91+0.306 41.434+0.172 3.433+0.186
I5cm  24.116+0.12 48.5733+0.425  24.38+0.3021 46.553+0.423 4.633+0.136
30cm  43.6+0.359 50.425+0.389 27.523+0.405 57.323+0.167 7.766+0.136
60cm  21.0967+0.686 38.389+0.502 21.263+0.185 40.167+0.344 3.266+0.186

FS 0 cm 29.616+0.45 30.563+0.525 24.366+0.302 51.526+0.385 4.2+0.186
IS5em  35.513+0.516 33.563+0.446 26.506+0.2831 55.65+0.135 6.7+£0.236
30cm  47.853+0.319 41.606£1.375 28.48+0.434 59.59+0.421 7.4+0.1788
60cm  28.826+0.243 21.446+0.442 23.516+0.388 50.466+0.2779  3.733+0.186

Values are Mean + STDEV

The zinc concentration in agricultural soil was measured as 45.406+ 0.529 mg/kg at a depth of 30 cm. The
concentration escalated from the surface layer (21.505 + 0.427 mg/kg) to a depth of 15 cm (25.473 £ 0.529
mg/kg), reaching a maximum at 30 cm depth (45.406 + 0.63 mg/kg). At a soil depth of 60 cm, the zinc
concentration was quantified at 20.583 = 0.4033 mg/kg. A reduced Zn content was observed at a depth of 60 cm
(21.096+0.686 mg/kg) in pesticide-treated soil, while an increased concentration was detected at a depth of 30
cm (43.66 + 0.359 mg/kg). In the uppermost layer, 20.786+0.503 mg/kg of zinc was detected, while the soil at a
depth of 15 cm contained 24.11+0.12 mg/kg of zinc. In forest soil, elevated zinc concentrations were restricted
to a depth of 30 cm (47.853+0.319 mg/kg), while reduced zinc levels were seen at a depth of 60 cm
(28.826+0.243 mg/kg).The surface layer contained 29.616+0.45 mg/kg of zinc, while 35.513+0.516 mg/kg of
zinc was detected at a depth of 15 cm in forest soil (Table 3, Fig. 8).

Total Mn concentration was measured in mg/kg at different depths of agricultural, pesticide, and forest soils, as
depicted in the table 3 and figure 9. At a depth of 30 cm, agricultural soil contained 35.73+0.487 mg/kg of Mn.
The concentration rises from surface layer (19.606 + 0.447 mg/kg) to a depth of 15 cm (29.63 + 0.377 mg/kg)
before peaking at 30 cm (35.73 + 0.487 mg/kg). At a soil depth of 60cm, the Mn concentration was
23.7240.0.312 mg/kg. Pesticide-treated soil had lower Mn concentrations at 60 cm (38.389 + 0.502 mg/kg), but
higher concentrations at 30cm (50.425+0.389 mg/kg). The top layer contained 39.29+0.233 mg/kg of Mn, while
the soil at 15 cm depth had 48.573+0.425 mg/kg of Mn. Mn concentrations in forest soil were higher at a depth
of 30 cm (41.60+0.375 mg/kg), but lower at 60 cm (21.4440.442 mg/kg).The surface layer has 30.563+0.525
mg/kg of Mn, while 33.563+0.446 mg/kg was found at a depth of 15 c¢m in forest soil (Table 3; Fig. 9).
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Fig. 9. Mn content in three distinct type of soil of different depth
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Cu content in agricultural soil at 30 cm depth was 35.25+0.408 mg/kg (Table 3; Fig. 10) The concentration
rises from the surface layer (21.15 £ 0.167 mg/kg) to a depth of 15 cm (23.48 + 0.295 mg/kg), culminating at 30
cm (35.25 £ 0.408 mg/kg).The Cu concentration at 60cm soil depth was 20.85 £+ 0.316 mg/kg. Pesticide-treated
soil had a lower Cu concentration at 60 cm (21.26+0.185 mg/kg), but a higher concentration at 30 cm
(27.52+0.405 mg/kg). The top layer had 18.91+£0.503 mg/kg of Cu, while the soil below 15 cm contained
24.38+0.302 mg/kg of Cu. Cu concentrations in forest soil were higher at a depth of 30 cm (28.48 £0.319
mg/kg) and lower at 60 cm (23.51 £0.0.388 mg/kg). In forest soil, the surface layer contains 24.366+0.302
mg/kg of Cu, whereas a depth of 15 cm yields 26.506+0.283 mg/kg of Cu (Fig. 10).

At a depth of 30 cm, agricultural soil had a higher Fe concentration of 52.66+0.302 mg/kg (Table 3; Fig. 11).
The concentration rose from the surface layer (39.563 + 0.377 mg/kg) to a depth of 15 cm (45.47 + 0.153
mg/kg) and peaked at 30 cm (52.666 + 0.302 mg/kg). At a soil depth of 60cm, the Fe concentration was 38.376
+ 0.289 mg/kg. Pesticide-treated soil had a lower Fe concentration at 60 cm (40.167 + 0.344 mg/kg), but a
higher concentration at 30 cm (57.323 £ 0.167 mg/kg). The top layer contained 41.43+0.172 mg/kg of Fe, while
the soil at 15 cm had 46.55+0.0.423 mg/kg. Forest soil had higher Fe concentrations at 30 cm (59.59+0.0.421
mg/kg) and lower values at 60 cm (50.466+0.277 mg/kg).The surface layer has 51.526+0.385 mg/kg of Fe,
while 55.65+0.135 mg/kg of Fe was found at a depth of 15 cm in forest soil (Fig. 11).
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Fig. 10. Cu Content in three distinct type of soil of different depth
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Fig. 11. Fe Content in three distinct type of soil of different depth

At a depth of 30 cm, agricultural soil contained 8.4+0.0.178 mg/kg of B. The concentration gradually increased
from the surface layer (3.6 + 0.089 mg/kg) to a depth of 15 cm (7.6 + 0.228 mg/kg), peaking at 30 cm (8.4 +
0.178 mg/kg). At a soil depth of 60cm, B content was 2.76 = 0.136 mg/kg. Pesticide-treated soil had a lower B
concentration at 60 cm (3.26 + 0.186 mg/kg), but a higher concentration at 30 cm (7.766 + 0.136 mg/kg). The
top layer contained 3.434+0.186 mg/kg of B, while the soil at a depth of 15 cm had 4.63+0.136 mg/kg. B
concentrations in forest soil were higher at a depth of 30 cm (7.4+0.178 mg/kg), but lower at 60 cm (3.73+0.186
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mg/kg).The surface layer has 4.2+0.186 mg/kg of B, while 6.7+0.236 mg/kg of B was found at a depth of 15 cm
in forest soil (Fig. 12).

10
an 8
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15 cm 30 cm 60 cm
Soil types of different depth in cm
mAS mPTS =FS

Fig. 12. B content of three distinct soil types of different depth

4. Discussion

Micronutrient cycle and distribution in soils vary with land-use change from forest to agricultural systems (Han
et al., 2007). Soil micronutrient availability is influenced by pH, EC, OC, clay, CaCOj3 concentration, land use,
and depth (Shukla ef al., 2014). The current study aims to ascertain the physicochemical parameters of various
land use patterns (AS, PTS and FS) and evaluate the influence of these properties on the accumulation of
micronutrients at different soil depths.

The soil reaction, indicated by pH, ranged from acidic to mildly alkaline at 6.42-7.51 in agricultural soil, slightly
acidic to neutral at 6.15-7.33 in pesticide-treated soil, and slightly acidic to mildly alkaline at 6.22-7.52 in forest
soil across various depths. Minor soil acidification was seen in pesticide-treated soil (Jha and Singh, 1991) due
to mineral deposition (Sahani and Behera, 1998). The pH in the upper layer of all three soil types fell within the
neutral range due to the presence of organic matter and accessible nutrients. Organic matter content increased
from the top layer (neutral) to a depth of 30 cm (alkaline) in the soil. Consequently, soil organic matter stabilizes
soil pH, exhibiting a positive correlation (r= 0.939; p<0.01), which is essential for regulating nutrient input and
availability for plant uptake (Campbell et al., 1996).

Table 4. Pearson’s coefficient of correlation physicochemical variables and micronutrients across three
distinct soil profiles (Ocm, 15cm, 30cm, 60cm soil depth)

PH EC ocC TN AP AK S Zn Mn Cu Fe B
PH 1
EC 958" 1
oC 939" 925" 1
TN 981" 948" 938" 1
AP 826" 814" 901" .839™ 1
AK 954" 910"  .895™ 938" 741" 1
S 565" 596" 589" 574" 731" 376" 1
Zn 6207 6047 7017 592" 873" 520" 668" 1
Mn 669 629" 7297 7357 6857 6767 .634*  .619%" 1
Cu 5917 566 75777 598 86177 5717 50177 .884™ 309 1
Fe 605" 603 6307 .584™ 803" 497" 839" 509" .626" 740" 1
B 7517 718" 7797 779 8917 7517 496 829" 425 816 750" 1

**Significance at 0.01level *Significance at 0.05 level

The current investigation revealed that electrical conductivity (EC) was lower at a soil depth of 60 cm compared
to a depth of 30 cm, because of more favourable pH (r= 0.958; p< 0.01). Elevated electrical conductivity (EC)
demonstrates a positive link with available nutrients (total nitrogen: r= 0.948; available phosphorus: r= 0.814;
available potassium: r= 0.910; p<0.01) and aids in forecasting soil fertility. The evaluation of electrical
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conductivity (EC) alongside pH yields comprehensive insights into the soil's chemical composition (Kumar et
al., 2012; Kekane et al.,, 2015; Kirkham et al.,, 2017). The current study reveals that agricultural soil has an
electrical conductivity of 0.213 to 0.323 mS/cm, while pesticide-treated soil shows conductivity between 0.186
and 0.296 mS/cm, with an additional measurement ranging from 0.193 to 0.351 mS/cm in forest soil. The
electrical conductivity (EC) of pesticide-treated soil was less to that of agricultural and forest soils, because of
its slightly acidic pH of soil, a crucial indicator of soil quality, and its reduced organic matter.

The organic carbon content displayed an increasing trend from the top layer to a depth of 30 cm, with notable
heterogeneity across three different profiles. At a depth of 60 cm, the organic matter content was lowered due to
soil acidity, leading to decreased nutrient availability for plant growth. Soil organic carbon rises from the upper
layer, facilitating macroaggregation development that diminishes compaction risk and improves soil water
retention capacity. Moreover, increased SOC levels stabilize soil pH (r= 0.939; p<0.01) and enhance soil
electrical conductivity (r= 0.925; p<0.01) (Canqui et al., 2013). The acidic pH at 60cm depth vulnerable to
cation leaching, hence diminishing the availability of organic matter for plant sustenance (Goswami, 2009).The
AS (1.119-2.873%) demonstrated a higher concentration of organic carbon compared to PS (0.951-1.826%).
Reduced organic carbon concentration in PS due to the increased use of pesticides, leading to soil contamination
with toxic chemicals, thereby altering microbial populations, enzyme activities, and soil processes (Jayamadhuri
et al., 2005).

Increasing concentration of organic carbon markedly elevates total nitrogen concentration (TN: r= 0.938)
concentration from the top layer to a depth of 30 cm, with variation observed at a significance level of p<0.01.
The AS exhibited elevated levels of OC and TN compared to PTS, maybe because to the increased application
of pesticides resulting in soil contamination with hazardous chemicals (Jayamadhuri et al., 2005).The total
nitrogen content at a depth of 60 cm was lower, necessitates the formulation of effective management
techniques to rehabilitate the physicochemical and biological features of the soil.

The available phosphorus concentration was highest at a depth of 30 cm in forest soil (55.658 mg/kg) compared
to other soils. Forest soil was enriched in available phosphorus due to the development of phosphate-mobilizing
bacteria or the creation of mycorrhizal associations. In AS and PTS, the concentration of AP increases up to a
depth of 30 cm, after which it declines due to shallower distribution, indicating nutrient shortage with increasing
depth. Furthermore, organic carbon exhibits a significant correlation with accessible phosphorus (r= 0.901;
p<0.01), suggesting the incorporation of organic carbon into soil enhances phosphorus availability due to the
chelation of polyvalent cations present in the soil. Consequently, soil organic carbon (SOC) influences the
assessment of available phosphorus (AP) in soil (Rashidi and Seilsepour, 2008). A comparable tendency was
observed with potassium from the upper layer, that known for the regrowth of vegetation in disturbed habitats
(Qiu et al., 2018). AK exhibited a positive association with organic carbon (r = 0.895), electrical conductivity
(EC) (r= 0.910; p<0.01), as indicated in the table 4. Additionally, sulphur indicated positive correlation with
available nutrients OC (r=0.589), TN (r= 0.574), AP (r= 0.731) and assisted in plant growth. Additionally, TN
(r=0.584; p<0.01) and S (r= 0.839) positively regulates the concentration of Fe in soil (Das, 2014).

Zn content was increasing from upper layer to a depth of 30 cm across all soil types due to favourable
interactions among soil physicochemical factors, including pH (r= 0.620), EC (r= 0.604), OC (r= 0.701), and S
(r= 0.668). The distribution of nutrients in soil is mostly dependent on soil characteristics, including pH,
electrical conductivity (EC), and organic carbon (OC) concentration (Dhaliwal et al., 2023). At a depth of 60
cm, the concentration of Zn diminished, possibly due to a little increase in manganese accumulation in the soil
(Das, 2014). The concentration of manganese (Mn) among micronutrients exhibited a modest increase from the
surface layer to a depth of 30 cm, suggesting that an optimal concentration can beneficially regulate plant
metabolism. In PTS, manganese concentration rose to the 30 cm layer, attributed to positive associations with
pH (r=0.669), EC (1=0.629), OC (r=0.729), TN (r=0.735), and AP (r=0.685; p<0.01). At a depth of 60 cm,
concentration was elevated relative to other depths, potentially due to somewhat acidic pH and reduced nutrient
levels.

Acidic pH promotes the exposure of more metals on the surface by the leaching of basic cations (Swain et al.,
2023). Liu et al. (2020) noted that elevated Mn levels may be the principal factor for decrease concentration of
Cu and Zn in soil at greater depths, specifically at 60 cm . Thus, the concentration of Cu escalated from the top
layer to a depth of 30 cm across all three soil types, but accumulation at 60 cm was diminished due to a
marginally acidic pH. The concentration of copper in the pesticide treated soil was increasing at a depth of 30
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cm, possibly attributable to the use of organic and inorganic fertilisers (Oti ef al., 2017). Increased manganese
concentrations in soil promote the mobilisation of iron to the surface (r = 0.626, p < 0.01).Thus, the
concentration of iron was increasing until depth of 30 cm, subsequently experiencing a slight decline at 60 cm
depth. At a depth of 60 cm, the iron concentration in pesticide-treated soil exceeded that of agricultural soil,
presumably due to the application of agrochemicals to enhance productivity. Boron participates in the
precipitation of surplus cations, buffering actions, regulatory influences on other nutrients, the formation of new
cells in meristematic tissue, the transfer of sugars, starches, and phosphorus, and is crucial for cell wall synthesis
(Das, 2014). In the present study, B shown favourable associations with pH (r = 0.751), EC (r = 0.718), OC (r =
0.779), TN (r = 0.789), and AP (r = 0.891), and facilitated plant development metabolism.

Table-5. Partia Eta Square value of all variables in three distinct soil profiles from Multi Variate Analysis
of variance (MANOVA; p<0.05)

Ocm 15cm 30cm 60cm
PH 0.977* 0.984* 0.997* 0.936*
EC 0.559* 0.699* 0.767* 0.493
oC 0.941%* 0.951* 0.999* 0.593*
AN 0.951* 0.978* 0.988* 0.797*
AP 0.962* 0..986%* 0.993* 0.586%*
AK 0.721* 0.858* 0.869* 0.595*
S 0.628* 0.699* 0.714* 0.359*
Zn 0.895* 0.916* 0.995* 0.801*
Mn 0.815* 0.915* 0.998* 0.895*
Cu 0.789* 0.845* 0.915* 0.715*
Fe 0.896* 0.925* 0.936* 0.899*
B 0.715* 0.799* 0.845* 0.529*

* Significant at 0.05 level

Multivariate analysis of variance (MANOVA) was employed to clarify the effectiveness of variables throughout
the study area in relation to differing depths. Wilk’s Lambda score shown statistical significance of variations in
physicochemical attributes and micronutrient distribution at p<0.05 level of significance across three different
soil profiles. Additionally, partia eta square value for Wilk’s Lambda accounts for variance of 91.3% (0.913)
shown that attributes are well segregated in different depth of agricultural, pesticide-treated, and forest soils.
The partial eta square values for Wilk’s Lambda, recorded at 90.3%, 95.9%, and 98.9%, signify a substantial
contribution to variance in the top layer, as well as the 15 cm and 30 cm soil layers, illustrating successful
optimization of physicochemical variable across different depth with increasing trend. Availability of adequate
resources such as organic carbon, nitrogen, phosphorous and potassium promotes accessibility of micro and
macronutrients in different depth of agricultural soil, pesticide treated soil and forest soil. Among all variables
pH contributes 97.7%, 98.7% and 99.7% from top layer to 30 cm indicates gradual improvement in soil
characteristics with increasing depth i.e from neutral to alkaline. This improvement in pH promotes
accumulation of more organic carbon (94.1%, 95.1%, 99.9%) across different layers. Suitable pH also facilitates
accession of available nutrients AN (95.1%, 97.8%, 98.8%), AP (96.2%, 98.6%, 99.3%) accumulates more from
top soil to 30 cm depth for successful plant establishment. In 60cm value of partia eta square was less because of
less effective size of physicochemical variables. In 60 cm depth, slightly acidic pH and less organic carbon
concentration makes soil unsuitable for aggregation of more nutrients across whole layer. Among
micronutrients, effective size of Zn and Fe was higher in top layer which was increasing upto 30cm depth and
positively associated with plant metabolism. Mn and Cu has partia eta square value of 0.815 and 0.789 on top
soil which was increased upto 30cm depth that makes soil more nutritionally enriched for establishment of
vegetation.

5. Conclusion

The study compared physicochemical characteristics and micronutrient distribution in agricultural soil,
pesticide-treated soil and forest soil from different depths in Patnagarh, Balangir district, Odisha. The results
showed that pH, electrical conductivity, organic carbon and total nitrogen generally increased from the surface
layer to 30 cm depth, followed by a decline at 60 cm. Available phosphorus, potassium, sulphur and
micronutrients such as zinc, manganese, copper, iron and boron also showed higher accumulation around 30 cm
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in most soil profiles. Forest soil showed comparatively better fertility status for several parameters, while
pesticide-treated soil showed lower organic carbon and nutrient availability in some layers. The correlation
results indicated that organic carbon, total nitrogen and available phosphorus were positively associated with
several micronutrients, suggesting their role in nutrient retention and availability. The findings highlight the
importance of depth-wise soil testing for understanding nutrient distribution and planning soil management.
Further work is required to verify pesticide effects and long-term nutrient transformation processes.

6. Limitation

This study was limited to three soil-use categories and four sampling depths from one locality in Balangir
district. The number of sampling sites, field replicates, crop history, pesticide type, pesticide dose and duration
of exposure were not clearly described. The study measured selected physicochemical properties and
micronutrients but did not include pesticide residues, microbial activity, soil texture, bulk density or seasonal
variation. Some interpretations are based on correlation and cannot establish causation. Further studies should
include larger sampling coverage, detailed land-use history, repeated seasonal sampling and direct assessment of
pesticide contamination.
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