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Abstract

The current study was conducted to assess the soil fertility status of flood-
prone soils in the Jiyadhol river basin in the Dhemaji district of Assam. Four
landform units: Piedmont Plain, Upper Alluvial Plain, Lower Alluvial Plain and
Flood Plain of the Jiyadhol river basin were delineated. 170 geo-tagged soil
samples collected from different location of each landform and physico-chemical
properties were analyzed. The results showed that the particle density, bulk
density, porosity, field capacity, permanent wilting point and available water
content varied from 2.17 to 2.48 g cm3, 1.10 to 1.68 g cm3, 33.6 to 55.2%, 2.0
to 28.6, 0.6 to 13.8, and 1.1 to 18.7 respectively, however, pH was extremely
acidic to slightly acidic, electrical conductivity range from 0.01 to 0.15 dS m"'
which was almost negligible, soils were found to be moderate to high in organic
carbon, cation exchange capacity of soils range from 3.2 to 13.6 cmol(p*) kg™,
base saturation range from 33.3 to 68.1 per cent, available nitrogen, phosphorus,
potassium varied from low to high and exchange calcium and magnesium range
from 0.90 to 4.30, 0.50 to 3.20, respectively. The soils in mountainous places
have high organic carbon content due to the sluggish rate of mineralization
caused by the lower temperature. The fertile soils of flood plain may be effectively
utilized for crop diversification for attaining high productivity and profitability.
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Introduction

Soil is an essential component of the biosphere
and has a wide range of roles in the life of every
living being on the planet.! A fertile soil nurtures
the growth of living organisms.? It stores nutrients
and performs a variety of biological functions.?
Therefore, we must define soil production based
on its ability to provide essential nutrients to plants.*
This nutrient shortage is caused by changes in
land use type, land management strategies, and
soil types.® Soils contain the most carbon after
oceans and geological ponds globally.® Soil plays
an important role in the terrestrial carbon cycle.”
Soil organic matter is an important regulator of
biogeochemical cycling and soil fertility.? The primary
macronutrients include nitrogen, phosphorous
and potassium, and secondary nutrients include
sulphur, calcium, and magnesium.® Therefore, plant
development plays a crucial role in maintaining the
environment and enhancing agricultural productivity.
Earth'sphysical, chemical, and biological factors
combine to determine the capacity of soil to
support crops, and we refer to this as soil fertility.'°
Therefore, soil fertility is an essential factor in
determining the yield of crops. Here, we discover
the macro and micronutrients that are involved in
the regulation of soil fertility and crop yield." One of
the challenges affecting crop production is the erratic
use of fertilizers, which leads to reduced nutrients
in the soil.A soil fertility assessment serves as the
foundation for decision-making when establishing
a strategy for a specific land use system.’? Crop
growers need to acquire a deeper understanding of
soil fertility prospects to address challenges that may
arise during crop farming, sustain crop production,
and exchange more agricultural technology
initiatives. Our goal is to develop ways to enhance
the nutrient requirements and generally enhance
crop yields. The purpose of this study is to explore
the soil in a recently developed area with a modern
method. Geographic Information System (GIS) and
remote sensing are effective tools for managing vast
amounts of data and can facilitate statistical analysis.
Consequently, around exists a important potential to
improve the precision of soil surveys through the use
of GIS applications. Researchers' are discussed the
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study of the differences in the soil physico-chemical
characteristics of the soil in different locations in the
Moridhal watershed in Dhemaji district of Assam.
The fertility status of soils in five villages of different
clusters in Lahowal block, Dibrugarh, Assam is also
evaluated.13 The Brahmaputra Valley constitutes
a segment of the Brahmaputra River system in
Northeast India, with an area of 56,570 km2. This
valley was created during the Pleistocene and was
subsequently shaped by sediments transported
from the Assam Plateau to the south and the Assam
Himalayas to the north. Currently, the Jiyadhol
River Basin is one of the least explored river basins
in Assam, however, the riverflows fast during
monsoon and results in disastrous floods in the
regions nearby. The Brahmaputra River Originate
from the eastern part of the Dhemaji district of the
state of Assam and joins with KherkatiaSuti, one
of the Brahmaputra’s distributaries. The Jiyadhol
river basin is composed of many landforms and is
highly susceptible to erosion. To some extent, this
research seeks to analyse the erosional behaviour
of the Jiyadhol River.

Material and Methods

Site Description Of Study Area

Jiyadhol River basin,situated in the Dhemaiji district
of Assam (Fig. 1), extends from 27.33°N to 27.57°N
latitudes and 94.29°E to 94.54°E longitudes,
covering an area of 47,389.13 ha. The River basin
is a sub-tributary on the Northern bank of the
Brahmaputra River, which flows into the Charikoria
River. The river traverses the West Siang district
of Arunachal Pradesh and the Dhemaiji district of
Assam. It is bordered to the west and north by
the Subansiri sub-basin and to the west by the
Moridhal sub-basin. The Jiyadhol river basin has a
humid climate, with an average annual precipitation
of 3041.8 mm. The mean annual temperature,
mean maximum temperature, and mean minimum
temperature are 23.3°C, 28.6°C, and 18.0°C,
respectively. The mean relative humidity in the region
is 82.6 per cent. The examined region was classified
as having hyperthermic soil temperatures and a Udic
moisture regime.
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Fig. 1: Location map of Jiyadhol river basin: (a) Assam in India.
(b) Dhemaiji districting Assam (c) Jiyadhol river basin in Dhemaji district

River Basin Delineation, Collection, Processing
and Analysis of Soil

Using Geocoded FCC of LANDSAT 08 OLI TRIS
data was visually analysed along side Survey of
India toposheets (1:50,000) to outline the Jiyadhol
river basin (code D2BBRU79). Four landform units
were delineated (Fig. 2). Sampling sites were
determined based on GPS coordinates. Surface
and core soil samples collected from each landform
unit to a depth of 0-30 cm. A total of 170 surface soil
samples, as depicted in the soil sampling locations
map (Fig. 3), were collected for examination. The
number of surface soil samples representing various
landform units were 32, 35, 51, and 52 from the
Piedmont Plain, upper alluvial plain, lower alluvial
plain, and flood plain, respectively. The obtained
surface samples were air-dried, ground, and
sieved through a 2 mm mesh.The samples were
examined for soil parameters, including Bulk density,
particle density and porositywere determinedby
pycnometer,™ available water content by the field
capacity-permanent wilting point method by pressure
plate,’ Soil reaction (pH) by pH electrode meter

and electrical conductivity by EC meter,'® Cation
exchange capacity by vacuum pressure method17,
organic carbon through the wet oxidation method,®
available nitrogen by potassium permanganate
method,'® phosphorus by spectrophotometer?® and
potash using flammable photometer with normal
neutral ammonium acetate as an extractant,?' Soluble
calcium and magnesium by Versenate titration
method as described by researcher.'® All soil analyses
were done in the Department of Soil Science, Assam
Agricultural University.

Statistical and Geo-Statistical Analysis

Statistcal analysis was used for Snedecor and
Cochran's?? technique. These analyses included
maximum, minimum, mean, median, coefficient
of variation, Skewness, Kurtosis, correlation and
principal component analysis. GIS 10.4.3 version
software was used to conduct spatial analysis.
Specifically, grid construction was performed in GIS
software, and then contour functions were used on
the map to highlight geographical variance. Different
levels of spatial variation were distinguished by
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the use of a color legend. The management zones
for different parameters of the Jiyadhol river basin
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S4°250°E 94°300°E

LANDFORM UNITS OF
JIYADHOL RIVER BASIN TRANSECT
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Fig. 2: Landform units of the Jiyadhol
river basin

Results and Discussion

Physical Properties

Among the physical characteristics, the bulk density
(BD) reflects soil compaction changes in response
to land use and soil management measures.23 In
the present study, the BD of the studied soils varied
from 1.10-1.68 Mg m-3 (Table 1). The variability
across the locations in Jiyadhol was quite low, as
showed by the value of the coefficient of variation
(CV =10.83%). This is a good piece of information
as BD is a property that has been consistently
reported to have low variability. The CV in the present
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were delineated using the conventional soil fertility
evaluation method.
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Fig. 3: Soil sampling sites in the Jiyadhol
river basin

investigation is a little higher mainly because the
present study area is much more heterogeneous
than plain agricultural fields or tea estates,? etc.
Among the landform units, a definite descending
trend of BD was observed from the Piedmont Plain
(PP) towards the Flood Plain (FP) (Table 1). The
dominance of finer particles, particularly clay, in FP
may be linked to lower BD of the corresponding
soils. Moreover, the significant negative influence
of organic matter (r= -0.511, p <0.05) on BD was
evident from the correlation analysis® (Fig.9).

Table 1:Landform unit-wise distribution of physical properties of soils in Jiyadhol river basin

Parameters Min. Max. Mean Median St Dev CV(%) Skew. Kurt.
Piedmont Plain

BD (g cm?®) 1.1 1.68 1.49 1.53 0.13 9.02 -1.16 1.18
PD (g cm?) 2.33 2.7 2.55 2.56 0.08 3.31 -1.03 1.66
Porosity (%) 35.6 52.3 41.6 40.9 4.2 10.2 0.87 0.49
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FC (%) 3.9 27.8 11.9
PWP (%) 1 10.4 3.8
AWC (%) 24 17.3 8.1
Upper Alluvial Plain

BD (g cm) 1.1 1.62 1.41
PD (g cm) 2.22 2.63 2.47
Porosity (%) 34 54.9 42.7
FC (%) 5.7 25.6 15
PWP (%) 1 10.8 5.2
AWC (%) 4.2 17.3 9.8
Lower Alluvial Plain

BD (g cm) 1.1 1.65 1.39
PD (g cm) 217 2.7 2.47
Porosity (%) 33.8 55.2 43.8
FC (%) 6 27.7 14.8
PWP (%) 0.7 13.3 5.4
AWC (%) 3.4 18.1 9.4
Flood Plain

BD (g cm) 1.1 1.64 1.37
PD (g cm) 217 2.71 2.43
Porosity (%) 33.6 51.6 43.9
FC (%) 2 28.3 17.1
PWP (%) 0.6 13.8 6.5
AWC (%) 1.1 18.1 10.6
Whole River Basin

BD (g cm) 1.1 1.68 1.41
PD (g cm) 217 2.71 2.48
Porosity (%) 33.6 55.2 43.2
FC (%) 2 28.3 15
PWP (%) 0.6 13.8 5.4
AWC (%) 1.1 18.7 9.6
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1.1 5.1 42.6 1.04 1.56
3.2 2.5 64.6 1.3 1.22
7.5 3.2 39.3 0.83 0.98
1.41 0.12 8.24 -0.24 0.32
2.5 0.11 4.49 -0.64 0.2

42.6 4.2 9.7 0.43 1.1

16 5.1 34.3 -0.1 -0.67
4.7 2.7 51.6 0.46 -0.53
9.7 3.3 33.4 0.37 0.12
1.39 0.16 11.64 -0.02 -1.07
2.5 0.14 5.79 -0.32 -1.09
44.9 4.8 10.9 0.03 -0.45
12.6 6.6 44.5 0.36 -1.23
4.3 3.6 66.9 0.49 -0.97
8.1 3.9 42 0.68 -0.71
1.33 0.16 11.52 0.21 -1.28
2.38 0.14 5.79 0.41 -0.77
43.6 4.4 10.1 -0.32 -0.37
17.7 6.4 37.7 -0.16 -0.65
7.4 3.8 59.2 0.06 -1.27
11 3.7 34.5 -0.31 -0.08
1.42 0.15 10.83 -0.18 -1.01
2.5 0.13 5.35 -0.29 -0.87
43.2 4.5 10.4 0.15 -0.39
14.5 6.2 41.4 0.26 -0.86
4.4 3.4 63.4 0.53 -0.82
9.3 3.7 38.4 0.37 -0.45

In line with the presented results, earlier studies by
researchers® reported a negative role of organic
matter and porosity content on soil bulk density.
Furthermore, several researchers earlier recorded
a strong negative correlation between soil organic
matter and bulk density®**' due to organic matter
particles beingless dense than soil mineral particles,
andthat means the soils with more organic matter
tend to have lower bulk density. Particle density (PD)
is influenced by the relative proportions of constituent
minerals and humus. PD values of the soils were
mostly within a narrow range. Among the studied soil
samples, a slight variation in PD was observed, with
a CV of 5.35 per cent, reflecting homogeneity in the
constituent minerals (Table 1). The PD ranged from
2.17-2.71. The lowest PD was recorded for the soils
collected from FP, and the highest wasat PP (Table 1).

This could be explained in light of the fact that soils
from FP had greater amounts of finer particles as
well as soil organic matter with lower inherent mass
per unit volume, whereas greater sand content
and lower soil organic matter in PP areassociated
with higher mass per unit volume. This is further
substantiated by its strong negative correlation with
soil organic matter (SOM) (r = -0.549, p < 0.05).
This followed previous observations as reported by
researchers.?”? Soil porosity is the ratio of nonsolid
volume to the total volume of soil. The porosity, as
well as pore size distribution in the soil, significantly
influences field capacity, permanent wilting point
and available water capacity®>* and, as such, the
entire regime of available water. Porosity in the
studied soils of the Jiyadhol river basin varied in the
range of 33.6-55.2 per cent, with an average of 43.2
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per cent (Table 1). Similar to BD and PD, porosity
also exhibited relatively low variation (CV=10.4 per
cent) among the collected soil samples. Among
the landform units, a gradual increase of porosity
from PP towards FP was observed (Table 1).
Organic matter being highly porous showed a
positive significant influence (r= 0.403, p <0.05) on
porosity. The soil water content at field capacity is
excellent information that determines the capacity
of the soils to retain water against the forces that
tryto draw water out of the soils, thus affecting crop
growth and development. In the studied soils, the
moisture content at field capacity (FC) widely varied
across the sampling locations, with a CV of 41.4 per
cent (Table 1). The computed value lies between
2.0-28.3 per cent with a mean and median value of
15.0 and 14.5 per cent, respectively. FC behaved
in a similar pattern with the WHC of soils. Among
different landform units, FC varied in the range 3.9-
27.8 (mean 11.9), 5.7-25.6 (mean 15.0), 6.0-27.7
(mean 14.8), 2.0-28.3 (mean 17.1) per cent in PP,
UAP, LAP and FP soils respectively (Table 1). As
evident from existing correlations, BD (r= -0.716,
p < 0.05) and PD (r = -0.621, p <0.05) negatively
affected FC, whereas SOM content (r= 0.592, p <
0.05) and soil porosity (r = 0.568, p <0.05) positively
affected it (Fig.9). Water retained by the soils at 15
bar of suction is designated as the water content at
PWP. Theoretically, this signifies the lowest value
of water availability to plants. However, except
only the sunflower plant no other plant can survive
such a low level of water content in soils. No plant
has that much of a high capacity to overcome the
level of 15 bar of suction to draw water from soils.
Hence, the water content at this level shows a
characteristic feature of the soil’s ability to withstand
the negative forces that are drawing out water. As
indicated by the high coefficient of variation of 63.4
per cent, moisture content at the permanent wilting
point (PWP) exhibited wide variability in the range
of 0.59-13.82 per cent,and the mean and median
values were 5.4 and 4.4 per cent, respectively. This
high variation may be ascribed to heterogeneity
in soil texture and SOM content across different
sampling locations.Among different landform units,
PWP varied in the range of 1.0-10.4 (median 3.2),
1.0-10.8 (median 4.7), 0.7-13.3 (median 4.3),
0.6-13.8 (median 7.4) per cent in PP, UAP, LAP
and FP soils respectively (Table 1). This is further
substantiated by the strong positive correlation of
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PWP with SOM content (r= 0.606, p<0.05) (Fig.9).
Available water content (AWC) is the difference
between soil moisture at FC and PWP. Notably,
it signifies the range of soil water content a plant
can utilize to meet its evapotranspiration demand.
Therefore, AWC plays a crucial role in crop
productivity. In the current investigation, AWC in
soil seemed to follow a similar trend as other water
retention properties of soil viz., moisture content
at FC and PWP. AWC in soil varied in the range of
1.06-18.65 per cent with a mean value of 9.61 per
cent (Table 1). Among various landform units, AWC
tends to increase from PP towards FP (Table 1). The
highest AWC at FP may be ascribed to the presence
of higher SOM contents, as substantiated by its
significant positive correlation with SOM (r= 0.414,
p =0.05) in the studied soils10.The spatial variability
maps of physical properties (BD, PD, Porosity, FC,
PWP, AWC)are presented in figure 4.

Chemical Properties

In general, the soils of Assam and, for that matter
entire North-East India are acidic. The soil acidity
has been regarded as one of the major hindrances
in increasing the productivity of these soils, as it limits
the availability of many nutrients, of which the
phosphorus is main. Thus, the investigation of soil
pH is an essential element in any soil study. The
pH of the soils of the study area in the Jiyadhol
river basin ranged from strongly acidic (4.69) to
near neutral (6.47) (Table 2),due to the heavy
rainfall, it receives each year, unlike other hydraulic
properties, pH in the basin showed quite a low range
of variability with a low coefficient of variation of 7.28
per cent. Moreover, the standard deviation was 0.39.
The acidic soil reaction in the studied region could be
ascribed to leaching down of basic cations owing to
high annual rainfall at more than 3000 mm. Variation
in soil reaction in the study area was geospatially
mapped (Fig 5). Out of the total area, 69.35 per cent
area was under the strongly acidic category,followed
by the moderately acidic category (25.75 per cent).
The SOM content in soil showed a negative influence
on soil pH (r=-0.323, p<0.05) (Fig.9). This may be
ascribed in light of the fact that the decomposition of
SOM produces organic acid, which shifts the pH to
the lower side. The pH did not show any influence
on available N and K20 but negatively affected
available P,O,. The presented results are consistent
with the previous reports by researchers.**3 The
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electrical conductivity (EC) of the studied soils varied ~ negligible amounts of basic cations,viz., Ca?*, Mg?
from 0.011 to 0.15 dS m' (Table 2). The negligible  and Na* in soils.
EC of the river basin is ascribed to the presence of

" Porosity
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Fig. 4: Spatial variability maps of soil physical properties (BD, PD, Porosity, FC, PWP, AWC)

Table 2: Landform unit-wise distribution of chemical and fertility-related parameters
of soils in the Jiyadhol river basin

Parameters Min. Max. Mean Median StDev CV(%) Skew. Kurt.

Piedmont Plain

pH 476 602 539 54 037  6.95 0.06 -1.2
EC (dS m™) 002 012 006 0.04 003 472 058  -0.8
OM (%) 054 168 094  0.88 0.31 33.2 0.7 0.2
CEC (cmol (p+) kg™') 3.3 133 57 4.9 2.4 42.4 1.4 2

BS (%) 424 682 564 572 7.5 13.3 -0.1 1.1
AVN (kg ha™) 753 4014 149 1443 637 428 2.1 7.2
AVP (kg ha!) 141 526 299 308 103 344 0.2 0.8
AVK (kg ha) 476 2581 109.8 95.9 584 532 1 0.2

Ca [cmol (p*) kg''] 0.9 4.1 177 145 081 457 1.2 1.1
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Mg

Na

K

Upper Alluvial Plain
pH

EC (dS m™)

OM (%)

CEC (cmol (p+) kg™)
BS (%)

AVN (kg ha')

AVP (kg ha'')

AVK (kg ha)

Ca [cmol (p*) kg™
Mg

Na

K

Lower Alluvial Plain
pH

EC (dS m™)

OM (%)

CEC (cmol (p+) kg™)
BS (%)

AV N (kg ha")

AVP (kg ha'')

AVK (kg ha)

Ca [cmol (p*) kg™
Mg

Na

K

Flood Plain

pH

EC (dS m™)

OM (%)

CEC (cmol (p*) kg™")
BS (%)

AVN (kg ha')

AVP (kg ha'')

AVK (kg ha)

Ca [cmol (p*) kg™
Mg

Na

K

Whole River Basin
pH

EC (dS m™)

OM (%)

CEC (cmol (p+) kg™)
BS (%)

AVN (kg ha')

AVP (kg ha'')

0.6
0.09
0.02

4.75
0.02
0.55
3.7
42
78.6
15.4
47.6
0.9
0.5
0.09
0.02

4.69
0.01
0.54
4.3
33.3
87.8
16.7
47.6
0.9
0.5
0.1
0.02

4.7
0.02
0.58
3.3
41.8
76.3
18
47.6
0.9
0.6
0.09
0.02

4.69
0.01
0.54
3.2

33.3
75.2
14.1

3.1
0.46
0.06

6.14
0.09
2.17
12.8
63.6
376.3
52.6
241.2
4.1
2.5
0.43
0.06

6.47
0.15
2.78
13.6
66
4443
52.6
284.4
4.3
3.2
0.51
0.06

6.19
0.14
2.85
13.5
67.3
464.1
52.6
293.2

3.2
0.53
0.06

6.47
0.15
2.85
13.6
68.1
464.1
52.6

1.21
0.17
0.03

5.36
0.05
1.18
6.7
50.5
193.2
34.4
127
1.91
1.27
0.22
0.04

5.32
0.07
1.34
8.3
50.8
230.8
34.4
154.2
2.38
1.57
0.26
0.05

5.37
0.06
1.48
8.7
51
245.6
35.8
160.2
2.53
1.58
0.28
0.05

5.35
0.06
1.27
7.5
51.9
212.2
33.9

1.1
0.17
0.03

5.34
0.04
1.15
5.8
49.9
175.6
34.6
126.6
1.7
1.1
0.2
0.04

5.32
0.08
1.22
7.5
50.8
225.8
34.6
152.9
23
1.5
0.26
0.04

5.28
0.07
1.42
9.7
51.1
213.2
35.9
157.3
2.85
1.45
0.24
0.05

5.32
0.06
1.15
6.6
51.1
175.6
33.7

0.53
0.07
0.01

0.37
0.03
0.38
2.6
5.1
88.7
9.1
49.7
0.9
0.52
0.1
0.01

0.4
0.03
0.62
2.7
7.7
120
10.9
61.8
0.96
0.63
0.14
0.01

0.41
0.03
0.58
3.1
6.8
114.8
10.3
75.2
0.98
0.67
0.13
0.01

0.39
0.03
0.55
2.9
7.2
108.8
10.3

441
42.8
34.6

6.9
51.2
32.4
39.6
10.1
45.9
26.4
39.1
47
40.7
45.9
32.2

7.6
44.3
46.5
33.1
15.2
52
31.6
40.1
40.4
40
52
26.7

7.6
455
39.1
36.1
13.3
46.7
28.7
47
38.7
42.3
46.7
28.6

7.28
47.4
43

39.5
13.9
51.3
30.4

2.25
2.14
1.15

0.52
0.39
0.6

0.7
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AVK (kg ha) 47.6 2932 1421 1353 65.9 46.4 0.38 -0.89
Ca [cmol (p*) kg™] 0.9 4.3 2.21 2.1 0.97 43.8 0.35 -1.09
Mg 0.5 3.2 1.44 1.3 0.62 42.9 0.93 0.26
Na 0.09 0.53 0.24 0.2 0.12 51.2 0.75 -0.59
K 0.02 0.06 0.04 0.04 0.01 31.7 0.07 -1.37
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Fig.5: Spatial variability maps of Chemical properties (pH, EC, OC, CEC, BS)

Soil organic matter (SOM) is an important factor
influencing soil quality and productivity.?63” Although
SOM accounts for just 1-5 per cent of the soil mass,
it exerts great influence on soil function and properties
and, thus, is vital for soil health management.
Notably, SOM is the greatest natural resource of
organic carbon and a massive repository of all
critical nutrients. Moreover, it regulates soil physical
and hydrological properties. SOM in the current
study was in the range of 0.54-2.85 per cent, and
the mean value was 1.27 per cent. As illustrated
by the relatively higher coefficient of variation at

43.03 per cent, SOM content in soils exhibited wide
spatial variability across the sampling locations in
the Jiyadhol river basin. Moreover, the geospatial
assessment revealed that out of the total area of
47389.1 ha, 56.4 per cent had moderately low SOM,
and 43.3 per cent had relatively high SOM (Fig 5).
Apart from this, the 119.2 ha area spread over a few
pockets had very high SOM (>2.5 per cent). As the
area is subjected to frequent flush floods, there may
be deposition of higher SOM when the flood water
recedes, leading to a relatively higher accumulation
of SOM in these pockets. Among the landform units,
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the highest SOM content persisted noted in soils of
FP (mean 1.48 per cent), and the lowest value was
recorded in PP (mean 0.94 per cent) soils (Table 1).
SOM showed an increasing trend from areas with
high elevation towards lower elevation areas. This
increase may be ascribed to the washing down of
SOM and finer particles by the action of water current
from higher to lower altitude and their subsequent
deposition in the floodplain. Furthermore, higher clay
content induces the formation of clay-OM complex;
hence higher clay content imparts stability to SOM,
thereby reducing its loss by high decomposition
rates. The presence of dominant clay fractions
provides increased surface charge density, which
is a crucial condition for growing soil organic
carbon39. These interpretations may be further
substantiated by a strong positive correlation of SOM
with elevation (r= -0.402, p <0.05). As expected,
SOM influenced most of the phyisco-chemical as
well as hydrological properties of the studied soils.
It had negatively influenced BD (r=-0.558, ) and PD
(r=-0.549, p<0.05) buthad a positive influence on water
retention characteristics viz., soil porosity (r=0.403,
p <0.05), FC(r=0.592, p < 0.05), PWP (r=0.606,
p<0.05) and AWC (r=0.414, p<0.05) in studied
soils (Fig.9).These findings corroborate with the
previous reports of researchers*** in soils at various
locations in Assam. Cation exchange capacity (CEC)
is a soil's ability to exchange cations, an essential
soil attribute that influences soil structural stability,
nutrient availability, soil reactivity, and the soil's
responsiveness to fertilizers and other ameliorants.
The CEC of the studied soils was found in the range
of 3.27-13.61 cmol (p*) kg™ (Table 2). Among the
landform units, the mean value of CEC tends to
increase from PP towards FP. The FP soils exhibited
higher CEC (8.65 cmol (p*) kg'), followed by lower
and upper alluvial plains (8.26 and 6.69 cmol (p*) kg™)
and least was recorded in soils of PP. A strong
correlation of CEC with clay (r= 0.859, p<0.05) and
SOM content (r= 0.602, p<0.05) divulged the reason
for higher CEC in FP soils (Fig.9) which are associ-
ated with higher clay as well as SOM content.
The spatial variability maps of chemical properties
(pH, EC, CEC, OC, BS) are presented in figure 5.

Nutrient Properties

The available Nitrogen content (AVN) of soils in
the current study varied from 75.2 to 464.1 kg ha'
with a mean value of 212.2 kg ha' (Table 2). The
average AVN of different landform units were found
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to be 149.0, 193.2, 230.8 and 245.6 kg ha in soils
of PP, UAP, LAP and FP, respectively (Table 2).
Moreover, AVN exhibited high variability within the
landform units. The corresponding CV values are
42.8,45.9, 52.0 and 46.9 per cent in PP, UAP, LAP
and FP, respectively. The higher AVN in FP soils
could be explained in light of higher SOM content
in the corresponding soils, which is apparent from
correlation analysis (Table 2). Accordingly, SOM
positively influenced AVN in soils (r=0.732, p<0.05),
but higher elevation had a negative influence on AVN
(r=-0.352, p <0.05) (Fig.9). It suggests that higher the
SOM content higher the nitrogen availability in soils.
Higher SOM pools are associated with increased
formation rates of plant-available nitrogen via net
nitrogen mineralization. Moreover, the quantity and
quality of Soil organic matter affects soil nitrogen
availability to plants. The distribution of AVN within
the river basin was geospatially assessed and
mapped (Fig 6), which revealed that 18.3, 30.2,
34.5 and 17.0% of the total area had AVN in the
range of <150, 150-200, 200-272 and >272 kg
ha' respectively. Available phosphorus content
(AVP) in the soils of the Jiyadhol river basin was
in the low to medium range. It varied from 14.11-
52.58 kg ha™' (Table 2). 17 per cent of the collected
samples were in the low range (less than 22 kg P,O,
ha™). No distinct relationship between available
phosphorous and the landform units was noticed in
the studied soils; however, FP soils had relatively
higher AVP as compared with other landform units.
The corresponding values of AVP are 29.9, 34.4,
34.4, and 35.8 kg ha' in soils of PP, UAP, LAP and
FP, respectively (Table 2). The distribution of AVP
within the landforms was geospatially assessed and
mapped (Fig 6), which revealed that 2.4, 46.0, 45.9
and 5.6% of the total area had AVP in the range of
<22.5,22.5-34, 34-45 and >45 kg ha-1 respectively
(Fig.6). In general the available potassium (AVK)
in all the soils were found to be low to medium.
This is the general trend of distribution of K in
Assam soil.* The AVK of the soils studied in the
Jiyadhol river basin showed a medium extent of
variation (CV=46.42 per cent) in the range from low
to medium (47.6 to 293.2 kg ha-1) (Table 2).
Geospatial assessment of the river basin (Fig. 6)
in the GIS environment revealed that 54.3% of the
total area had AVK in the medium range (136-236
kg ha). Only 1.6% of the total area had AVK in the
high range, and 28.5 and 15.7% area had AVK in
the low range,viz., 100-136 kg ha' and <100 kg ha",
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respectively. Available soil potassium in different
landform units were 109.8 kg ha, 127.0 kg ha”,
154.2 kg ha™', and 160.2 kg ha' in soils of PP, UAP,
LAP and FP, respectively (Table 2). Higher AVK in
FP soils may be attributed to higher clay and SOM
contents, which impart higher CEC to hold a greater
amount of exchangeable K in soils. In contrast, PP
soils had higher amount of sand and lower amount
of clay and SOM contents. Higher sand content
increased macro-porosity thereby facilitating water
transmission through soils, which in turn increases
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leaching of K from soils. This is consistent with
the Pearson correlation analysis results. A strong
positive correlation was recorded between AVK and
SOM content (r=0.274, p <0.05) and CEC (r= 0.404,
p <0.05) (Fig.9). Inconsistent with these results,
researchers38 also obtained a positive relationship
of AVK with organic carbon, Similar results were also
recorded by researchers.?* The spatial variability
maps of nutrient properties (N, P, K, Ca, Mg) are
presented in Figure 6.
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Fig.6: Spatial variability maps of Nutrient and exchange properties (N,P,K,Ca, Mg)

Exchangeable Cations

Exchangeable basic cations viz., Ca?*, Mg?, K* and
Na* in the soils of the Jiyadhol river basin varied
in the range of 0.90-4.30, 0.50-3.20, 0.09-0.53,
0.064-0.021 cmol (p*) kg™ respectively (Table 2).

As evident from the results, Ca?* was the predominant
cation (mean 2.21cmol (p*) kg™) followed by Mg?*
(mean 1.44 cmol (p+) kg'), and K* (mean 0.24
cmol (p*) kg'), and Na* was the least prevalent
cation (mean 0.042 cmol (p*) kg') among the
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analyzed soil samples. Among the landform units,
the highest concentration of all the studied cations
was recorded in FP soils (Table 2), followed by soils
of alluvial plains and relatively lower concentrations
were recorded in soils of PP. Exchangeable cations
seemed to follow clay content, as illustrated by
their strong positive correlation with clay and
significant negative correlation with sand and silt
(Table 2). Moreover, all the studied cations were
positively influenced by CEC, indicative of the role
of CEC on their retention and availability to plants.
Exchangeable basic cations,viz., Ca2*, Mg2*, K*
and Na*, are significantly increased withincreasing
the CEC of soils;hence, soils with high CEC are
considered to be more fertile as they can retain
more of these cations. Soils with a low CEC are
more likely to develop deficiencies in exchangeable
cations and, for that matter, their fertility, while high
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CEC soils are less susceptible to leaching of these
cations (CUCE, 2007).

Network Analysis

The color band (based on 'r' values) in the network
of diverse soil. physico-chemical and nutritional
parameters represents the strength of linkage (Fig. 7).
Broader lines imply a strong association (both
positive and negative), while narrower lines indicate
a weaker correlation. Available nitrogen was only
found to be positively linked with SOM content.
It was nearly perfectly and negatively linked with
pH and BD. Significant negative correlations of PD
with parameters like SOM, FC, porosity and PWP,
the available P negative correlation with pH, BD
and PD,and a positive correlation with available
K, Porosity and Ca were also seen. The BD hada
strongly negative correlation with SOM and Porosity

1.000

0.5000

0.000

-0.3000

-1.000

Fig. 7: Network analysis of Soil physico-chemical and nutrient properties
of the Jiyadhol river basin

Principal Component Analysis

The outcomes PCA using KMO statistical method
indicated that the analyzed 16 soil properties
weresuccessfully accounted for by the three major

components whose Eigen values were more than
1.5, which accounts for 60.49% variation in the soll
parameters (Table 3), the first three components,
namely PCA1 (44.40%), PCA2 (8.86%) and PCA3
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(7.23%). 3D biplot shows the four quadrants (Fig.8);  BS show negative loaded on PCA1. The more or
Porosity, FC, PWP, AWC, available N, P, K, Ca, and less loaded on PCA2 and PCA3.
Mg show positive loaded on PCA1. BD, PD, pH and

Table 3: Principal component analysis of soil physico-
chemical and nutrient analysis of Jiyadhol river basin

Parameters PCA1 PCA2 PCA3
Eigenvalue 7.104 1.418 1.157
Variance (%) 44.402 8.860 7.234
Cumulative(%) 44.402 53.262 60.496
BD -0.876 0.215 -0.084
PD -0.789 -0.096 0.052
Porosity 0.675 -0.356 0.152
FC 0.868 -0.259 -0.132
PWP 0.840 -0.094 -0.036
AWC 0.685 -0.351 -0.189
PH -0.367 0.091 0.405
EC 0.128 0.790 0.020
CEC 0.881 0.263 0.159
SOM 0.748 0.070 -0.120
BS -0.166 -0.212 0.611
N 0.641 0.157 -0.141
P 0.208 -0.161 -0.213
K 0.443 0.421 -0.270
Ca 0.830 0.209 0.269
Mg 0.692 0.119 0.531

@ Scores i
85% Gonfidence Elipse]
Loadings |

(9T D EDd

Fig. 8: 3 D Biplot showing the soil physico-chemical and nutrient
properties of the Jiyadhol river basin
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Fig. 9: Correlation between soil physico-chemical properties of the study area (p<0.05)

Conclusion

The current study deliberate the status of several
physico-chemical and nutrient properties of the
Jiyadhol river basin and showed wide spatial
variability. Four land forms units were delineated.
The fertility showed out of the total area, 69.35 per
cent area was under the strongly acidic category,
followed by the moderately acidic category (25.75
per cent), electrical conductivity was negligible in
soils, organic carbon was found to be moderate to
high, availablenitrogen, phosphorus, and potassium
varied from low to high. The soils in mountainous
places have high organic carbon content due to
the sluggish rate of mineralization caused by the
lower temperature. Farmers and policymakers
are suggested to utilize the fertile soils of the
mountainous regions for crop intensification and
diversification, facilitating the implementation of
piedmont plain conservation strategies in these
locales. Furthermore, in developing site-specific
crop management plans, GIS-based thematic
maps of soil characteristics can serve as a valuable
reference to enhance the productivity, profitability,
and sustainability of piedmont plain systems in the
studied region.
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