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Abstract - The site suitability for utilizing sand deposited land is an important step towards sustainable development
by adopting conservative measures. Soil is the most crucial for maintaining an environment and ecosystem which is
helpful to sustaining all forms of life. The increasing action of sand deposition day to day has been one of the common
issues all over the world, especially the country with high magnitude flood. The present study aim is to identify the
sensitive area of the sand deposition within The Dibru River Basin. Multicriteria evaluation is carried out using
Geographic Information System (GIS) techniques to help the choice makers in identifying the suitable site of sand
deposition. Different layers which were considered for multicriteria evaluation are: sand deposition, geomorphology,
soil capability, soil texture, and slope for identifying the vulnerable zone of sand deposition. Analytical Hierarchy
Processes (AHP) are used for weighted sum to find the sensitive area of the sand deposition for land management
using selected criteria. The site suitability map was classified into low, moderate, and high deposition zones. This
paper will help policy makers for implementing the preventive measures to use the siltation zone into sustainable
agriculture practise within The Dibru River Basin.
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INTRODUCTION

Sustainable agriculture is a critical global
issue for supplying the essential requirements
for sustainable production and food security and
for addressing challenges such as population
growth, climate change, and land degradation
(FAO, 2017; Lal, 2009; Lal, 2012).Soil is an im-
portant natural resource for the agricultural and

industrial development of anynation, and one of
the prime life-supporting ecosystem (Manral et
al., 2023). To feed the world population, which
is continuously growing, agricultural expansion
and intensificationare necessary. Unsustainable
cultivation practices have been considered the
mainly responsible for losses in soil biodiver-
sity and fertility (Bisht et al., 2023; Kopittke
et al., 2019). Major factors for soil deteriora-
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tion include salinization, erosion, depletion of
nutrients,exhaustive agricultural practices, and
contamination with toxic heavy metals (Usmanet
al., 2020). Therefore, adopting sustainable agri-
culture practices to preserve soil quality and to
provide safe and healthy foods is the most prom-
ising alternative to preserve the soil environment
and guarantee crop yield for animal consumption
(Tahat et al., 2020). These practices integrate
biological, physical, and chemical principles for
developing new ways for agricultural produc-
tion that are not harmful to the environment,
which act as suppressing pathogens, sustaining
biological activities, decomposing organic mat-
ter, inactivating toxicmaterials, and recycling
nutrients, energy, and water (Sahu et al., 2017).
Physical and chemical properties of soils vary
according to topography, climate, weathering
processes, vegetation cover, microbial activities,
and several other biotic and abiotic factors (Man-
ral et al., 2022; Pandey et al., 2023). Weather-
ing process that rocks are subjected in the most
superficial layers of the earth crust give origin
to different types of soil (Stoops and Schaefer,
2018). The main soil classes include clayey,
sandy, silty, humic, and karstic soil (Kufmann,
2003). Co-variations of some soil traits change
soil texture and indirectly affect organic matter
mineralization (Li ef al., 2022). The soil biota
and micro- biotahave direct and indirect effects
on plant growth and food quality, controlling
pests, disease incidence, soil nutrient cycling, and
water transfer. They can also induce resistance
and resilience in agro ecosystems against biotic
and abiotic stresses (Roger-Estrade ef al., 2010).

The use of sandy soil areas for agricultural
practices is critical to achieving the world demand
for food production. However, this soil type is
very fragile, and degradation quickly emerges
when not scientifically managed. Considering
the Scopus database, 15,018 original articles and
book chapters were published in the last ten years
reporting the soil types and their degradation.
Works that studied sandy soils account for around
55% of the total publications. This representa-
tiveness highlights the importance of research
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regarding sustainable agricultural practices in the
most fragile soils.

In Dibru River Basin, the significant impact
on natural landscapes and cultural landscapes
are mainly affected by the action of the river
processes, like widening its channel, process of
erosion, and sand deposition, high discharge, and
a heavy pour of precipitation.

The region is fond of cash crops like tea cul-
tivation, paddy cultivation, betel nut cultivation,
and orange cultivation. Because of the erosion,
deposition, and flood, many hectares of tea gar-
den, betel nut, paddy field, orange cultivation are
lost. The lower course of LohitRiver is widening
its channel, making many villages, cultivation
fields, etc. be washed away.It is observed in some
places where government and community had
taken steps to minimize the bank erosion by fol-
lowing techniques like installing porcupine and
geotextile tube or bag.

During flood period, people shifted where there
is high land or embankment, and took shelter there.
Villagers like in Kaliapani gaon, Hati ghuli, Gohai
gaon, Buka bill, Balunala NC, Garo NC, took
shelter in nearby villages called Minalpurgaon.
Diverse communities have been found here, like
Assamese, Bengali, Baishya, Sarkar, Adibasis
people, and migratedones from the above villages
to Minalpurgaon and to Na Bormura. People lost
their agriculture land, tea garden, household prop-
erty, fruits, cattle,efc. In this region people mainly
depended on agriculture, but due to increase in
siltation in agricultural land, people shifted their
economic activities to fishing and services.

So, modelling of suitability to utilize sand
deposited land management is crucial for the
management of natural resources and sustainable
development of this region. This can be achieved
by integrating various parameters and modelling
the index using advanced techniques like remote
sensing (RS) and geographic information systems
(GIS) and analytical hierarchy process (AHP).
Therefore, this research paper aims to study
the use of sandy soils and the main challenges
necessary to achieve sustainable and efficient
production in this soil type.
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Objective

1. To find the sensitive area of sand deposition
in The Dibru River Basin

2. To formulate a strategy to use the siltation
land into alternative sustainable agriculture.

Studied Area

The Dibru River is a left-bank tributary of
The Brahmaputra River. The basin drains into
the plain region of Assam, experiencing the
tremendous sub-Himalayan terrain and bounded
by rivers The Brahmaputra and The Lohit in the
north, NoaDihing River in the eastern, and some
tributaries of The BurhiDihing River in the south
and western borders of the basin. Geographically
its latitude and longitudinal extension are 27°
25'30" N-27°46'30"N and 95°6'0" E-95°58'30"
E covering about 1779 km? area of Tinsukia,
Dibrugarh, Dhemaji District of Assam and part
of Arunachal Pradesh (Figure 1). The basin slope
varies from gently sloping to base level slope
(0°-5°).

The Dibru River origin at an altitude of about
155 m above mean sea level and runs up to 132.95
km, where the channel gradient is 0.35 m/km
(Table 1).

A significant portion of the studied area is a
plain region. The population concentration is very
high in the southern part of the basin. The Dibru
River Basin consists of four revenue circles:
Chabua, Doom Dooma, Margherita, and Tinsukia
(Sonowalet al., 2022).

METHODOLOGY

The analysis uses the different years of
satellite images at ten-year intervals to show
the temporal changes in sand deposition in
The Dibru River Basin. Multitemporal Land-
sat satellite data and Sentinel-2 data for 1977,
1987, 1997, and 2020 were used to identify
spatio-temporal sand deposition in the studied
area (Table 2). GPS points were collected for
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Figure 1.Location map of the studied area.
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Table 1. Details of The Database

Data Types Details of Database Sources of Database
Toposheet 83M/2, 83M/5, 83M/6, 83M/7, 83M/9,
(Slope and River 83M/10, 83M/11, 83M/13, 83M/14, and Survey of India
distance) 83M/15
National Bureau of Soil Survey and Land Use
Soil: bili Planning (NBSS&LUP) Regional Centre,
Thematic Map oll: texture, capability Jorhat, Assam, India,
Digital Soil Map of the World
Geomorphology Geological Survey of India
GPS Ground truth Location of sand deposition site GPS

Table 2. Detail of Satellite Imagery for Sand Deposition

Sensor Date of acquisition Bands used Resolution
Sentinel-2 31 Dec. 2020 8,43 10 m

Sensor Date of acquisition Bands used Resolution
Landsat M.S.S. 6 February 1977 MTL 60 m
Landsat M.S.S. 22 March 1987 2,34 30 m
Landsat M.S.S. 16 February 1997 2,34 30 m
O.L.I. and TIRS 22 December 2020 34,5 30 m

ground truth verification, and a high resolution
satellite image was also used for validation of
sand deposition.

Multicriteria decision analysis using AHP is
the most common and well-known GIS-based
method for delineating siltation map. This meth-
od helps in integrating all the thematic layers
into single features. These five thematic layers
are supposed to control the factor of utilization
sand deposited land in the area. The associations
of these influencing factors are weighted accord-
ing to their reaction in converting agricultural
land to siltation land. A parameter with a high
weight illustrates a layer with high impact, and
a parameter with a low weight illustrates a low
impact on sand deposited in a given area. The
weights of each parameter were assigned accord-
ing to Saaty’s scale (1-9) of relative importance
value.

Further, the weights were assigned consider-
ing the review of past studies and field experience.
The Saaty’s scale of relative importance value
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reveals that the value of 9 indicates extreme
importance, 8 very very strong, 7 very extreme
importance, 6 strong plus, 5 strong importance,
4 moderate plus, 3 moderate importance, 2 weak,
and lequal importance. As per the classification,
weights are assigned to the thematic layers based
on their importance and siltation capacity in a
given region. Accordingly, all the thematic layers
have been compared in a pairwise comparison
matrix.The subclasses of thematic layers were
reclassified using the natural-break-classification
method in the GIS platform for assigning weight.
Each thematic layer was ranked on a scale of 1
to 5, based on its relative influence on the sand
deposited in the studied area. Table 3 illustrates
the assigned rank and weights of thematic lay-
ers. For calculating the consistency ratio (CR),
the following steps were adopted: (1) Principal
Eigenvalue () was computed by the Eigenvector
technique (Table 4 ), and (2) Consistency Index
(CI) was calculated from Equivalent 1(Saaty,
2008)given below:
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Table 3. Rank And Weightage of Suitability Map to Utilize Sand Deposited Land Using The Weighted Overlay Method

SL No Contributing Factors Classes

Rank

Weight
(%)

1 Sand deposited area Siltation

26

Water bodies-River
Braid Bar
Channel Island
FluOri-Active Flood plain
Meander Scar
Abandoned Channel
DenOri-Pediment-Pediplain Complex
3FIuOri-Older Flood plain
2 Geomorphological Pediment
Palaecochannel
Lateral Bar
Channel Bar
Point bar
FluOri-Younger Alluvial Plain
Crevasse Splay
Back Swamp
Water bodies-Pond

16

Fine clayey

Fine silty

3 Soil texture Fine loamy
Coarse loamy

Sandy

10

mIw
Il es
I w
IVes

4 Land capability

19

0-0.5
0.5-1.0
>1.0

5 Slope (%)

e Y N R VS R U I N O R N R N R Y R i S B N R N Sl S e S e V)

29

Table 4. Saaty’s Ratio Index for Different Values of N

Order of The Matrix

N 1 2 3 4 5

RCI Value 0.00 0.00 0.85 0.90 1.12

1.24 1.3

6 7 8 9 10 11 12

1.41 1.45 1.49 1.51 1.48

Amax=25/05=5
CI=Amax-N/N-1 ....cccoovivinnee (Equivalent 1)

where n is the number of factors used in the
analysis.

CI=(05-05)/ (05-1)=0 ........... (Equivalent 2)

Consistency Ratio is defined as CR= CI/RCI,
where RCI= Random consistency Index value,

which values were obtained from Saaty’s stan-
dard Table 3.

CR=0/1.12=0 .....co0vevvrerrenrnnn. (Equivalent 3)

Saaty has opined that a CR of 0.10 or less
is acceptable to continue the analysis. If the
consistency value is more significant than 0.10,
then the judgment needs to be revised to locate
the causes of inconsistency, and to correct it ac-
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cordingly. If the CR value is 0, there is a perfect
level of consistency in the pairwise comparison.
The threshold value is not exceeding 0.1, which
means the judgment matrix is reasonably consis-
tent. Five thematic layers were integrated with
the weighted overlay analysis method in the GIS
platform to generate sand deposition map in The
Dibru River Basin.

RESuLTS

Suitability Map to Utilize Sand Deposited
Land

Thesuitability map to utilize sand deposi-
tion land is prepared with the AHP model using
Saaty’s scale. The methodology part is already
explained in the methodology part.

After computing the comparison matrix using
Saaty’s rating scale with the help of AHP in Arc
GIS, the consistency ratio is 0, which is a good
sign of judgment among all the given parameters
(Table 5).

The contributing factors are selected based
on the characteristics of the region, from physi-
cal to socio-economic, and a literature review of
the relevant area. The sand deposition map, sand
deposited area, slope, and land capabilities are
assigned with the most influencing factors in the
basin (Figure 2).

Usually, sand is deposited on a low-gradient
slope. The river carries the sediments from the
high slope, and deposits where they find the equi-
librium level and a low gradient. As the region is
plain, the sediment is deposited near the bank of

the river and also on the cropland area. The sand
deposition map is prepared from satellite imagery
and assigned the area with the highest rank value
because of high sand deposition (Figure 3).

Geomorphology and soil texture play the next
important factor in contributing to sand deposition
area. Under geomorphology, active flood plain,
old flood plain, river islands, and younger flood
plain are the important features contributing to
sand deposition, and are assigned the highest rank
value. Active flood plains and younger flood plain
are more vulnerable to the sand deposition, be-
cause silt and sand are usually found under these
two groups of features and areas near the river
bank. River Island is also responsible for the sand
deposition zone. DibruSaikhowa National Park is
a riverine island, and this island is formed from
the erosion and deposition action of The Lohit,
Dibang, and Dihang Rivers. Otherfeatures have
less impact on sand deposition.

Cohesiveness and noncohesiveness of soil is
an important characteristic in a sand deposition.
Clay indicates less resistance to erosion, and
coarse loam and sand are more resistance to ero-
sion. Sediments with more erosion resistance are
more vulnerable to sand deposition in floodplain
regions as they are easily eroded by the actions
ofthe river, and can transport to longer distances.

The capability classification provides three ma-
jor categories of soil groupings. The first category,
capability unit, is a grouping of soils with about
the same responses to systems of management of
commonly cultivated crops and pasture plants.
Soils in any one capability unit are adapted to the
same kinds of common cultivated and pasture

Table 5. Pairwise Comparison Matrix of The Five Most Contributing Thematic Layers for Utilizing The Sand-Deposited Land

SI. No Coll;tal:::,litsing Weight Siltation TeSx(:llre Geomorphology Capsz:)l:li ty Slope N()\;]Tiagllilzted
1 Sand deposition 9 1 1.8 1.2 1.5 1 1.3
2 Soil texture 5 0.55 1 0.71 0.83 0.55 0.72
3 Geomorphology 7 0.77 1.4 1 1.16 0.77 1.02
4 Soil capability 6 0.66 1.2 0.85 1 0.66 0.87
5 Slope 9 1 1.8 1.28 1.5 1 1.31

Consistency Ratio =0
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Figure 2.Factors contributing to utilizing sand-deposited land.

plants, and require similar alternative systems of
management for these crops. Longtime estimated
yields of adapted crops for individual soils within
the unit under comparable management are at most
about 25 %. The second category, the subclass, is a
grouping of capability units with similar limitations
and hazards. Four general limitations or hazards
are recognized: 1. Erosion, 2. Wetness, 3. Rooting
zone, and 4. Climate.The third category, capability
classification, places all the soils in eight capability
classes. Class I-1V are good management classes
of soils. Classes V, VI, and VII are suited to adapt
native plants. Classes VIII does not return on-site
benefits for management inputs for crops, grasses,
or trees without major reclamations.

Soils in class II have some limitations that
reduce the choice of plants or require moderate
conservation practices. The soil in this category
requires careful soil management, including
conservation practices, prevents deterioration, or
to improve air and water relations when the soils

are cultivated. The limitations of this soil are that
generally, it is found in gentle slopes and has mod-
erate susceptibility to wind, water erosion, and
moderate past erosion. The depth of the soil is less
than ideal, and the soil structure is unfavourable.
Soils in class Il have severe limitations that
reduce the choice of plants, require special con-
servation practices, or both. This class of soil has
more restrictions than class II. The limitations
of this soil class are that it is generally found in
moderately steep slopes with high susceptibility
to water and wind erosion. There is a shallow
depth to bedrock and very slow permeability.
Soils in class IV have severe limitations that
restrict the choice of plants and require very care-
ful management or both. This class of soil has
more restrictions than class III soil. The limita-
tions of this soil are that it is generally found on
steep slopes, and has severe susceptibility to water
or wind erosion. The depth of the soil is shallow,
and the holding capacity of moisture is low. More
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Figure 3.Temporal changes in the sand deposition (1977-2020).

careful management and conservation practices
are applied when these soils are cultivated.

Subclass (e) erosion is made up of soils where
the susceptibility to erosion is the dominant
hazard. Erosion susceptibility and past erosion
damage are the major soil factors for placing soils
in this subclass.

Subclass (w) excess water is made up of soils
where water is the dominant hazard. Poor soil
drainage, wetness, high water table, and overflow
are the criteria for determining this subclass.

Subclass (s)soil limitations within the root-
ing zone include shallowness of rooting zones,
low moisture-holding capacity, and low fertility.
Land capability classes [Iw and Illes give more
weightage to delineating suitable areas for utiliz-
ing sand-deposited land.
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The slope factor also plays an important role
in sand deposition. As the region falls in the plain
region, there is a gentle slope where water holds
for a longer time and flows steadily. The lower
degree of slope is assigned with the highest rank,
and so on (Table 3).

The weight and rank of each parameter in
influencing sand deposition are shown inTable5.

To check the validation of the map, 09 GPS
points had been collected from the studied area
for ground truth, after collecting the point; it was
verified with the map. It looks that out of the 09
GPS points, 08 GPS points falls according to the
map. The accuracy is almost 88%.

Taking all these parameters gives a suitable
map to utilize sand deposition land for alternative
cultivation. Table 6 shows that high and moderate
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Table 6.Details of The Suitability Zone for Utilizing Sand-Deposited Land

SI. No Suitability Zone Area (km?) Area (in %)
1 Low 89.69 5.04
2 Moderate 35.13 1.97
3 High 0.02 0.001
4 Unsuitable zone 1654.16 92.98
5 Total area 1779

sand deposition zone covers an area of 0.02 km?and
35.16 km? like Minalpur Village, Notungaon, and
DighalTarang T.E. The recommendation to use the
sand deposition land is given in Table 7.

Action Plan for Sustainable Development

The optimum land action plan is a long-term
vision of altering the land use based on potential
natural resources and socio-economic condi-
tions for sustainable land and water resource
development. It can provide a more balanced
distribution of activities and population, mitigat-
ing conflicting interests and the best possible way
of livelihood. The proposed land action plan is
formulated based on the careful observation of
hydro-geomorphology, soil, land use-land cover,
socio-economic conditions, geo-environmental
problems like flood and bank erosion, and sand
deposits of the studied area, and integrated them
using geospatial techniques for sustainable de-
velopment of land and water resources. Table
7 illustrates the integration of critical factors of
the optimum land action plan. Figure 4 displays
the proposed most suitable area for a land action
plan to mitigate geo-environmental problems and
create better means of livelihood.

For utilizing sand-deposited land, the most
suitable areas are suggested in cropland and

Table 7. Action Plan for Sustainable Formulation

settlement areas at a level to the gentle slope
(0°—0.5°), fine loamy soil with the capability of
land III w and I'V es zones, and flood plain areas.
0.02 km? and 35.13 km? area of the basin were
identified as a high siltation zone and moderate
siltation zone for utilizing the sand deposited
land for cultivation (Figure 4). The primary oc-
cupation of Minalpur Village and Notungaon
was agriculture. Most of the agricultural land
had been converted to sedimentation due to
the action of the river (Figure 5). The villages
of Notun Gaon and Minalpur have undergone
significant transformation, gradually turning
into areas affected by siltation (Figure 6 & 7).
Because of the geo-environmental issues, there
is a shift in activities from paddy cultivation to
fodder crops, fishing, and services. People of
these regions mainly engaged in the cultivation
of fodder for animals and fishing. The soil around
The Minalpur Village is sandy coated with silt,
which is suitable for cultivating winter crops,
such as mustard, potatoes, papaya, chilly, maize,
etc. (Govt. Assam, Dhemaji District). As these
crops are suitable for cultivation in the sand-
deposited land. The sedimentation land can be
used for alternative cultivation in the coming
days to prevent the scarcity of food production
as a means of sustainable development.

::; Action Physiography Soil Slope Distl:i(;Jli;tion Dr:l(:lage LULC Cal)s;)l;lility Rt(lcll;:';l i Area (km?) Impact
I Fodder crops Flood plain fine Low-Moderate Moderate Cropland, mw- <180.93 Moderate Sand
and vegetable  (Activeand Old  loamy 0°-0.5° density tohigh  settlement IVes siltation Zone deposits
like (potatoes, Flood plain zone) 180.93— (35.13 km?)
papaya, chilly, 203.33  High siltation
maize, efc.) Zone (0.02
>203.33 km?)
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Figure 5.Validation of map showing the siltation zone in The Dibru River Basin (Sentinel image, 2020).
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Figure 6. Sand deposition of Notun Village.

Figure 7. Sand deposition of MinalpurVillage

Discussion

Over the past few decades, continuous
agriculturalland-use without considering land
evaluation assessments has led to significant
land degradation. Land evaluation assessment
involves the systematic process of determining
the suitability of a piece of land for various uses,
such as agriculture, forestry, urban development,
conservation, or recreational purposes. In order to
prevent further damage, it is essential to establish
land suitability classification methods. These
methods should consider water accessibility, soil
management practices, and

plant adaptability (Ziadat and Al-Bakri, 2006).
The soil condition plays a pivotal role in deter-
mining the efficiency of agricultural machinery
(Abdel and Elzain, 2007; Ohu ef al., 1987).

Land suitability assessment is a process that
evaluates andclassifies different areas of land
based on its appropriateness for a particular pur-
pose (Lee andYeh,2009; Martin andSaha2009;
YigeltuandAlemu,2022). This process plays an

essential role in understanding the relationship
between the characteristics of a land parcel and
its potential usage (Beek,1980). Performing land
suitability assessments can lead to improved
land use planning, decrease soil degradation,
and foster the design of land-use structures that
minimize environmental challenges by separat-
ing conflicting land uses,like land-use zoning
and land-use segregation (Ziadat,2007). It also
reveals existing constraints that may hinder land-
use, providing a comprehensive overview of the
land potential and limitations (Ziadat and Al-
Bakri, 2015; Ziadatand Sultan, 2011). Therefore,
land suitability assessment is a critical tool for
utilizing land resources effectively. By under-
standing the land strengths and limitations, land
managers can plan its use more wisely, mitigate
potential environmental issues, and optimize its
value for a specific purpose.

Land suitability evaluations have utilized
a wide variety of factors, including slope, soil
type, land use, land cover, drainage, soil texture,
soil depth, soil electrical conductivity, calcium
content, organic matter, and climate (Moller et
al., 2021; Radocaj et al., 2020; Radocaj et al.,
2021; Sultan,2013; Taghizadeh-Mehrjardi et al.,
2020; Yigeltu and Alemu, 2022).

Moreover, numerous analytical method-
ologies have been employed by researchers to
determine the most suitable landfor agricultural
machinery (Al-Taani et al.,2021; Mazahrehet
al.,2019). Several techniques, such as spatial as-
sessment, qualitative description, and advanced
practices like hierarchical analytic procedures,
dynamic system models, and other multicriterion
analysis techniques, have been used for land
suitability assessments (Morales and de Vries,
2021; Pilevar et al., 2020; SeyedMohammadi et
al., 2019). However, traditional land suitability
assessments often utilize limiting factors typi-
cally established by experts drawingon historical
research and experience (Ziadat, 2007). This
conventional method, while thorough, often ne-
cessitates extensive computations and consider-
able time to produce reliable results (Mokarram
et al., 2015). To overcome these limitations,
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some researchers have turned to machine learn-
ing algorithms.

Bangladesh needs more land suitability
analyses, specifically for agricultural machinery
(BinteMostafizet al., 2021; Haque et al., 2022;
Hossen et al., 2021; Perveenet al., 2005). A key
strategy for enhancing mechanization and conse-
quently boosting agricultural production involves
identifying well-suited lands for such machinery
(Yang et al., 2023). Utilizing data on agricultural
machinery usage, combined with spatial soil
physical attributes, could provide information for
such assessments.

In this context,the primary aim of this study
is to develop a suitable land classification map
for the operation of combine harvesters at the
Kalikoir, Gazipur, and Bangladesh. Ultimately,
this approach should identify the most suitable
rice fields for efficient harvesting operations using
a combine harvester,and may result in substantial
benefits, including reducing human drudgery and
harvesting costs, saving time, and increasing
crop productivity. Using this strategic approach
to land suitability analysis, the effectiveness of
mechanization in Bangladesh agriculture sector
can be optimized, and significant strides toward
enhancing national food security will be made.
Many researchers had studied on the sustainable
agriculture in siltation land.

Holanda, in his paper “Challenges for sustain-
able production in sandy soils:A review”,aims
to study sandy soils and themain challenges
necessary to achieve sustainable and efficient
production in this soil type.The increasing global
pressure forland resources requires developing
methodologies for the sustainable use of sandy
soils foragricultural purposes aimed at sustaining
the growth of the world population.

Silva in his paper “Biogenic and physicogen-
ic” (Silva et al., 2023) aggregates as indicators of
quality in soils with sandy texture in areas of or-
ganic agriculture”, in the Rio de Janeiro lowlands.

Selmy wrote “Impact of Short-Term Cultiva-
tion on Some Selected Properties of Sandy Soil
in an Arid Environment” (Selmy et al., 2022).
In his paper, he continuously monitored the ef-
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fects of diverse soil managementstrategies in
the short term assists in the understanding of the
on-going changes in soil physical andchemical
characteristics, which is critical for maintaining
satisfactory soil quality and sustainable soil-
productivity in arid lands. So as per pervious
work carried by some researcher on sandy soil,
it uses a sustainable means of agriculture. In the
researched area, the basin is a fond of flood and
deposition. Due to deposition, the agricultural
land is converted to a siltation zone. People lost
their agricultural land, and had to shift their
activities from agriculture to alternative source
of livelihood like fishing, grazing,efc. Those
unproductivity land can be used into productiv-
ity zone by cultivating crops which suit for the
sandy soil or siltation land.

The suitability analysis for utilizing sand-
deposited land in The Dibru River Basin, high-
lights the complex interaction between fluvio-
geomorphic processes, soil characteristics, and
land capability conditions in a highly dynamic
riverine environment. The application of the Ana-
lytical Hierarchy Process (AHP) integrated with
GIS-based weighted overlay analysis proved ef-
fective in identifying zones with varying degrees
of suitability for alternative land-use practices on
sand-deposited surfaces.

The consistency ratio (CR= 0) obtained from
the pairwise comparison matrix indicates a high
level of coherence and reliability in the weight-
ing of thematic layers, reflecting sound expert
judgment, and appropriate parameter selection.
This strengthens the robustness of the suitability
model and confirms the logical prioritization of
sand deposition, slope, land capability, geomor-
phology, and soil texture as the most influential
factors governing the utilization potential of
sand-deposited land.

The results reveal that anonly a limited
area - 0.02 km? classified as highly suitable and
35.13 km? as moderately suitable-was identified
for potential utilization of sand-deposited land.
These zones are predominantly located in gently
sloping floodplain areas (0°-0.5°), characterized
by fine loamy soils and land capability subclasses
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IIIw and IVes. The dominance of low-gradient
slopes facilitates sediment deposition by reduc-
ing flow velocity, while also by allowing water
retention for short durations, which is beneficial
for certain crop types. Similar geomorphic set-
tings have been reported to support seasonal and
alternative cropping systems in other alluvial
floodplain regions.

Geomorphological units such as active flood-
plains, younger alluvial plains, channel islands,
and riverine bars emerged as key contributors
to sand deposition. These landforms are inher-
ently dynamic, formed through continuous ero-
sion—deposition processes driven by the Lobhit,
Dibang, and Dihang Rivers. The presence of
Dibru Saikhowa National Park as a riverine island
further illustrates the long-term role of sediment
dynamics in shaping land surfaces suitable for
selective utilization. However, older floodplains
and abandoned channels showed comparatively
lower suitability due to soil compaction, drain-
age issues, and reduced sediment replenishment.

Soil texture and land capability classes played
a decisive role in differentiating suitability levels
within sand-deposited areas. Fine loamy and
coarse loamy soils exhibited higher suitability
compared to fine clayey soils, owing to better
drainage conditions and moderate moisture-
holding capacity. Although sandy and coarse
loamy soils are generally more resistant to ero-
sion, their presence in floodplain environments
makes them more prone to deposition due to
repeated sediment influx during flood events. The
prioritization of land capability classes IIw and
Illes reflects their moderate limitations, which
can be managed through appropriate conservation
and agronomic practices, thereby enhancing their
potential for sustainable use.

Ground validation using GPS-based field
verification demonstrated an overall accuracy
of approximately 88%, indicating a strong cor-
respondence between the modeled suitability
zones and actual ground conditions. This level of
accuracy supports the reliability of the geospatial
framework adopted in the study, and confirms the
applicability of AHP-based multi-criterion evalu-

ation for land suitability assessment in data-scarce
floodplain regions.

From a livelihood perspective, the suitability
map provides important insights into adaptive
land-use strategies in response to recurring sedi-
mentation and flood hazards. In villages such as
Minalpur and Notungaon, where agricultural
land has been severely affected by sand deposi-
tion, traditional paddy cultivation has become
increasingly unviable. As a result, households
have shifted towards fodder cultivation, vegetable
farming, fishing, and service-based livelihoods.
The identification of moderately and highly suit-
able zones for alternative cultivation supports this
transition and aligns with local practices already
observed in the field.

Crops such as mustard, potato, maize, papaya,
and chilli are particularly well-suited to sandy
and silt-coated soils, especially during the winter
season. These crops require relatively shorter
growing periods, and can tolerate well-drained
substrates, making them ideal for sand-deposited
lands. The proposed action plan, therefore, em-
phasizes fodder crops and vegetables as viable
alternatives, contributing to food security, income
diversification, and resilience against flood-
induced agricultural losses.

Overall, the study demonstrates that although
the extent of suitable sand-deposited land is lim-
ited, targeted and informed land-use planning
can transform these marginal landscapes into
productive resources. The integration of hydro-
geomorphological, soil, land capability, and socio-
economic factors through geospatial techniques
offers a comprehensive framework for sustainable
land and water resource management. The findings
emphasize the need for long-term, adaptive land
action plans that balance environmental constraints
with livelihood needs, thereby promoting sustain-
able development in flood-prone river basins.

Finding

From the suitability map, it came into sight
that Minalpur Village, Notungaon, and Dighal-
Tarang Tea Estates sites are highly covered with
siltation.
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The primary occupations of Minalpur Vil-
lage and Notungaon were agriculture, but with
phases of time, the activities shifted to fishing,
grazing,efc.

Most of the agricultural land had been convert-
ed to sedimentation due to the action of the river.

Because of the geo-environmental issues,
there is a shift in activities from paddy cultivation
to fodder crops.

The optimum land use action plan had been
prepared to mitigate the fluvio-geomorphic prob-
lem. A land management action plan to utilize
sand deposited bare ground is suggested and
implementation.35.13 km?areasare suggested
to be fodder crops and vegetables like potatoes,
papaya, chilly, and maize.

CONCLUSION

The sustainable development of siltation soils
has never received any serious attentionbefore
era, but this can be used as an asset to sustain the
world population growth with the productivity of
other ecosystems. However, nowadays, there is
constant pressure to expand the unproductivity
land into productive by following traditional or
scientific tools. Regarding agricultural manage-
ment, sandy soils present several economic prob-
lems for sustaining the farmers. Therefore, the
economic viability of agriculture on these soils
is the challenge that becomes the next frontier to
be crossed for agriculture development.

The degradation of agricultural land is the
product of complex interactions among rainfall-
regimes, soil characteristics, vegetation cover,
and actions of water, erosion, deposition, land
use, and management.

However, there is a consensus that human
activities are accelerating the degradation pro-
cess, affecting macroscopic life and microscopic
organisms. Therefore, it is essential to develop
effective soil conservation strategies to stop the
degradation process and enable sustainable pro-
duction of crops.
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