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ABSTRACT

A study was undertaken to carry out the productivity and suitability evaluation of the soils of the
Moridhal watershed in Dhemaji district of Assam. Satellite image interpretation led to the
recognition of four different physiographic units in the studied area which included: upper piedmont
plain, lower piedmont plain, alluvial plain, and flood plain. One hundred seventy surface soil
samples representing different physiographic units were collected and analyzed in the laboratory
for various soil parameters. The productivity and suitability of the soils were computed and
assessed by following standard procedures. The productivity index of studied soils varied from
12.13 to 62.14 could be ranked as: alluvial plain>flood plain>lower piedmont plain>upper piedmont
plain. However, through adoption of proper improvement measures the soils could be improved to
land index values of 41.04 to 90.25.The land index value for Sali rice, Ahu rice and Bororice could
categorize into permanently unsuitable (N2) to moderately suitable (S2). The studied soils in terms
of their suitability for Sali rice, Ahu rice and Boro rice could be arranged in the sequence: flood
plain> alluvial plain> lower piedmont plain> upper piedmontplain. The productivity and soil
suitability maps as generated under GIS environment will serve as ready reckoner to farmers,
planners and administrators in identifying the potential are assuitable for the major crops grown in
that area.
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1. INTRODUCTION

Efficient management of natural resources is
essential for ensuring food supplies and
sustainability in agricultural development [1].
Agriculture is one of the most important life-
sustaining activities for people around the world.
Since the beginning of civilization, humans have
used land resources to meet their needs. Land
degradation is a threat to the environment as it
directly affects the declining productivity of both
arable and non-arable land. It is estimated that
about 80% of the current degradation of
agricultural land worldwide is due to soil erosion
caused by water [2]. Land evaluation is a
scientific procedure to assess the potential and
constraints of a given land parcel for agricultural
purposes [3]. Land suitability is the ability of a
piece of land to tolerate agricultural production in
a sustainable manner. Through analysis, the
main constraints to production of a particular
crop can be identified, enabling decision makers
to develop crop management systems to
increase the productivity of the land [4]. The FAO
defined that ‘The suitability is a function of crop
requirements and land characteristics and it is a
measure of how will the qualities of land unit
matches the requirements of a particular form of
land use’ [5]. Much of the assessment work,
particularly the assessment of soil suitability, has
been inspired by the FAO's initiative [5] to
develop a soil assessment framework that
defines the basic concepts, principles and
procedures for soil assessment, and which is
generally applicable at all levels, from the global
to the individual farm. Sys [6] outlined the
evaluation procedure for the soil characteristics
which was subsequently refined [7,8]. Rice is an
important crop and is widely distributed as a
staple food throughout the world. India is one of
the world's leading rice producers, ranking
second in the world. In 2016, India produced
over 100 million tons of rice from over 400 lakh
hectare. Rice is the staple food crop for more
than two-thirds of the population in Assam and
the state is among the top 10 rice producers in
the country. The gross and net cropped area for
rice in Assam is 3.84 and 2.75 366 million
hectare (Mha), respectively. Rice is produced in
three seasons in the state which includes Sali
rice, Ahu rice and Boro rice. Amongst these,
winter rice is the most important culture with a
productivity of 2.06 t ha™. However, the total rice
productivity in Assam is only 1.97 t ha' as
against the national average of 2.24 t ha™.

96

Walia and Chamuah [9] evaluated the suitability
of land for agricultural crops on the basis of
limitations of moisture, erosion and acidity of
soils in the flood affected area of Brahmaputra
valley. Gangopadhyay et al. (1998) found that all
the soils of the Upper Brahmaputra valley of
Assam except Puranimati, Akahugaon and
Dohotia were suitable for rice with highest land
rating indices. Karmakar [10] reported that the
alluvial soils in the northern plains of Assam have
the greatest potential for crop production and
grazing, while those on flood plain could be
considerably improved for commercial trees.
Karmakar and Rao [11] while evaluating the land
of lower Brahmaputra valley zone of Assam
found that surface texture and drainage are the
main limiting factors in those soils. Dongare et al.
[12] carried out land suitability evaluation for rice
in Tirora tehsil of Gondia district, Maharashtra
through analysis of landform and soils using
IRSID LISS-lIIl and ancillary data GIS.
Basumatary et al. [13] found that the productivity
index value of the alluvial soils of the Bumnoi-
mornoi watershed of Assam varied from 16.24 to
52.32 and the soils were rated as poor to good
for crop cultivation. Deka et al. [14] studied the
soils of Ghiladhari watershed of Assam and,
thereby, found that the suitability of the soils for
winter rice, and Summer/Autumn rice varied in
the sequence of: old flood plain> lower alluvial
plain> upper alluvial plain> lower piedmont
plain> upper piedmont plain> structural hill.

Moridhal watershed in Dhemaiji district of Assam
is one of the places known for intensive rice
cultivation. However, there is no information on
the productivity of the area and the suitability of
the soil for rice cultivation. Therefore, this study
was undertaken to provide this information.

2. MATERIALS AND METHODS

The study area (Moridhal watershed) is located
in Dhemaji district of the Northern Brahmaputra
Valley Zone of Assargw (Fig. 1). Tpe watershed is

situated Obetween 94 52(’) E to 94 69’ E longitude

and 2738 N to 2764 N latitude and it
comprises 30,730 ha geographical area. The
Moridhal river is formed by the combination of
Ronganoi and Huliajan rivers originated at
Arunachal Pradesh. The tributaries of the
Moridhal watershed include Kanibilriver, Korha
river, Pavomari river, Telijan river, Sila river and
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Dangdharariver.The geology is alluvium formed
in Brahmaputra arc that runs parallel to the
mighty river Brahmaputra. These alluvium
deposits have the time span in between upper
Pleistocene to upper Holocene [15]. The area of
the Moridhal watershed is characterized by
humid climate with an average annual rainfall
3064.14 mm received during January to
December. The average annual temperature,
average maximum temperature and average
minimum temperature are 23.6, 28.7 and 18.5,
respectively. The studied area qualified for

is 82.58 per cent. The relation amongst
precipitation (P), Potential evapotranspiration
(PET) and temperature (T) are represented
through the ombrothermic diagram (Fig. 2).

Major land units identified in the studied area
include agricultural land, agricultural plantation,
forest, forest plantation and tea estate. Visual
image interpretation of Geocoded FCC of
resourcesat-2, Liss-4 data in conjunction with
Survey of India toposheets (1:50,000) led to the
recognition of four distinct physiographic units

hyperthermic soil temperature and Udic moisture  which include upper piedmont plain, lower
regime. The average relative humidity in the area  piedmont plain, alluvial plain, flood plain.
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Fig. 1. Location map of moridhal watershed
(a) Assam in India
(b) Dhemaji district in Assam
(c) Moridhal watershed in Dhemaiji district
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Fig. 2. Ombrothermic diagram of moridhal watershed
170 representatives’ surface soil winter and Summer/Autumn rice  were

Altogether,
samples representing different landscape units
were collected for analysis. The samples were
analyzed in the laboratory for various parameters
according to the standard procedure (Soil
Conservation Service, 1972).

The productivity of soils were computed and
assessed by following the procedures described
by Riquier et al. [16]. The Riquiers system
suggests nine factors for the calculation of
productivity index, viz., Soil moisture content (H),
drainage (D), effective soil depth (P), texture and
structure (T), base saturation (N), soluble salt
content (S), organic matter content (O), mineral
exchange capacity/ nature of clay (A) and
mineral reserve (M).

Productivity index (P) =H xD x P x T x N X
SXxOxAxM

Each factor was rated on a scale from 0-100 and
the soils were rated in the light of above
properties. The actual factor-wise scores
expressed in percentage were multiplied to
derive the final index. The productivity index (P’)
was calculated after careful consideration of the
probable improvement measures. Based on the
land index values, five classes of productivity and
potentiality indices were categorized which
include: Excellent (1/1): 65-100, Good (2/II): 35-
64, Average (3/111): 20- 34, Poor (4/1V): 8-19 and
extremely poor (5/V): 0-7. The Coefficient of
Improvement (Cl) values were computed by
taking the ratio of potential productivity and
actual productivity. Suitability of the soils for
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determined by comparing different land qualities
and climatic parameters with crop requirement
following the criteria outlined by Sys et al. [8].
Based on limitations the soils were classified into
five groups viz. S1: Very suitable, S2: Moderately
suitable, S3: Marginally suitable, N1: Actually
unsuitable and potentially suitable, N2:
Unsuitable. Using the index values, the
productivity, potentiality as well as rice suitability
maps were created using GIS techniques.

3. RESULTS AND DISCUSSION
3.1 Productivity Potential Evaluation

The productivity index of studied soils varied from
12.13 to 62.14. The potentiality index of studied
soils varied from 41.04 to 90.25. Among the
physiographic units, the flood plain soils having
productivity index values from 14.73 to 62.14
(Mean 38.74) (Table 1) were rated as poor to
good classes for cultivation of crops. Adopting
probable improvement measure in drainage,
texture, structure of root zone, base saturation,
and mineral reserve, the productivity of these
soils could be improved to good to excellent
classes (Mean 68.86). The productivity rating
class of alluvial plain (Mean 45.14) was also
average to good (Range 32.92 to 55.56) which
could be further improved to good and excellent
(Mean 80.72) by adopting improvement
measures in texture and structure of root zone,
base saturation, organic matter, and nutrient
status. The results were also in conformity with
the findings of Karmakar (1995) and Deka et al.
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[14] who reported higher potentiality of young and
less developed soils of lower Brahmaputra valley
zone of Assam for crop production. Basumatary
et al. [13] also reported that alluvial plain soils
Bumnoi-Mornoi watershed of Kokrajhar district of
Assam were having poor to good class for
production of crop. The productivity index of
average to good rating of lower piedmont plain
soils can be increased from a mean value 28.87
to a 49.18. The upper piedmont soils had poor to
average productivity (Mean 24.84) due to acidic
pH, low organic matter, base saturation, mineral
reserve and coarse texture being the major
limiting factors for crop production. The judicious
application of organic manures, lime and proper
management practices can improve the
productivity rating of these soils to good classes
(Mean 49.86).

The coefficient of improvement values of studied
soils varied from1.11 to 4.69. The upper
piedmont plain (Mean 2.10) and flood plain
(Mean 1.91) soils had more potentiality as
compared to alluvial plain (Mean 1.84) and lower
piedmont plain (Mean 1.81) soils. The higher
potentiality for improvement in productivity of
young and less developed soils of Brahmaputra
valley of Assam was also reported by Karmakar
(1995).

The productivity index values with reference to
their spatial distribution and extent are shown in
Fig. 3. It was observed that the studied area had
212 ha (0.69 per cent) poorly rated soils and
15,049 ha (48.97 per cent) average rated soils.
In contrary, the watershed had 15,469 ha (50.34
per cent) good rating soils from productivity point
of view.

The potentiality index values with reference to
their spatial distribution and extent are shown in
Fig. 4. It was found that the studied area had
13,431 ha (43.70 per cent) soils which could be
rated as potentiality good. In addition, the
watershed had 17,299 ha (56.30 per cent) soils
which were found to be potentiality excellent.

3.2 Soil-site Suitability for Rice Crops

Using parametric approaches, the land suitability
for winter rice, summer and autumn rice was
evaluated. In parametric method each soil and
climatic parameter was rated on a scale ranging
from 0-100 and the land index was calculated by
multiplying these numerical rating values. These
parameters include climate (c), topography or
slope (t), wetness (w) like flooding (F) and
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drainage (D), soil physical characteristics (S)
including texture (T) and soil depth (P), soil
fertility characteristics (f) which include apparent
CEC (A), base saturation (N), organic matter (O),
pH (L) and NPK status (M). Based on the
possible improvement measures of the soil
parameters potential land suitability classes were
determined.

Sali rice: The suitability index value of the
watershed area varied from 19.2 to 76.2 (Mean
44.4). Among the physiographic units, the flood
plain and alluvial plain soils were found to be
permanently unsuitable (N2) to moderately
suitable (S2) for Sali rice cultivation (Table 1). On
the other hand, the suitability index of the lower
piedmont plain soils varied from 21.2 to 58.8
(Mean 40.8) and it fall under marginally suitable
(S3) class. The upper piedmont plain soils were
categorized as permanently unsuitable (N2) and
currently unsuitable (N1) class due to acidic soil,
coarse texture and undulating topography. The
major limiting factors of the unsuitable and
marginally suitable areas for producing Sali rice
were found to be coarse texture, low fertility
status, wetness parameter like excessive flooding
and poor drainage, and undulating topography.
To manage low ph, low organic matter, drainage,
the addition of liming and organic manure along
with a selection of flood-resistant varieties could
be adopted. Poor drainage, coarse texture poses
severe limitation in Damodar command area in
west bengal [17] and Haradanahalli micro
watershed in Karnataka [18]. In a similar study in
Dorika watershed in Assam, Gogoi et al., [19]
observed that the alluvial plain and flood plain
soils of Assam were more suitable for Sali rice as
well as for ahu rice than that of piedmont plains.
Considering this, we recommend growing of rice
in flood plain and alluvial plain while upper
piedmont plain may be converted to Agroforestry
based systems. Maps for individual parameters
are integrated in GIS environment and overlaid
into a accurate and reliable suitability map for rice
crop which revealed that out of the total
watershed area only 0.01% land was moderately
suitable (S2) and 12.3% land was marginally
suitable (S3) for Sali rice cultivation. In contrary,
61.9% was currently unsuitable (N1) and 25.7%
area was permanently unsuitable (N2) for
growing Sali rice (Fig 5).

Ahu rice: Ahu rice is one of the principle crops in
the study area. In the studied watershed (17.7%)
area was marginally suitable (S3), 59.8% land
currently unsuitable (N1) and 22.5% land
permanently unsuitable (N2) for cultivating ahu
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rice (Fig 6). The mean suitability index value for
the entire watershed was found to be 48.9. Based
on the values of suitability index the flood plain
(range 37.2 to 80.7) and alluvial plain (range 31.6
to 65.2) soils fall under marginally suitable (S3) to
moderately suitable (S2) class primarily due to
unsuitable drainage. The lower piedmont plain
soils fall under marginally suitable (S3) class. The
upper piedmont plain soils were permanently
unsuitable (N2) to currently unsuitable (N1) for
ahu rice cultivation (Table 1). The major limiting
factors for ahu rice cultivation in the studied areas
were found to be precipitation in the early period
of crop growth, coarse texture, acidic soil and
unsuitable drainage condition.

Boro rice: The production of sali rice in Assam is
drastically affected due to its vulnerability to
natural disasters like flood, submergence and
even drought. Due to its dismal performance,
farmers of the region are leaning toward more
risk free crops like summer rice (boro), rapeseed

and mustard etc. Due to lack of assured irrigation
in the studied area, majority of the area (59.9%)
wascurrently not suitable, 30.8% area was
permanently not suitable while remaining 9.3%
area was found to be marginally suitable for
growing boro rice (Fig. 7). Among the
physiographic units, the highest values of
suitability index were found in the soils of flood
plain (Mean 47.5) followed by alluvial plain (Mean
41.1) which were marginally suitable (S3) to
moderately suitable (S2) for boro rice cultivation
(Table 1). The upper piedmont plain soils were
permanently unsuitable (N2) to currently
unsuitable (N1) for the cultivation of boro rice.
The data obtained indicated that the major
limiting factors of the studied areas for producing
boro rice were low fertility status and low ph,
which could be managed through the addition of
organic manure, fertilizer and lime. Similar
findings were also reported by Deka et al. [14] for
a part of the north bank plains zone of Assam.

Table 1. Mean value of productivity index, potentiality index and soil-site suitability index for
rice crops in the Moridhal watershed

Upper Lower Alluvial Flood Overall
piedmont piedmont plain plain Mean
plain plain
Productivity index 24.84 28.87 45.14 38.74 35.22
Potentiality index 49.86 49.18 80.72 68.86 62.71
Salirice (winter) 31.50 40.82 43.92 50.14 44.36
Ahu rice (Autumn) 30.90 42.98 47.68 57.93 48.94
Boro rice (summer) 28.15 37.75 41.09 47.50 41.49
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4. CONCLUSION

The assessment of land suitability has immense
importance in agriculture in order to help decision
makers and agriculture development planners.
Land suitability tools have been extensively
applied to identify better management practices
in agricultural areas. The assessment of the soils
of Moridhal watershed exhibits various limitations
in terms of productivity as well as rice suitability.
However, it is possible to overcome some of
these limitations through improved management
practices which eventually can lead to higher
productivity.

COMPETING INTERESTS

Authors have declared that

no competing

interests exist.

REFERENCES

1.

Amara DMK, Kamanda PJ, Patil PL,
Kamara AM. Land suitability assessment
for maize and paddy production in bogur
micro watershed using remote sensing and
GIS techniques. International Journal
ofEnvironment, Agriculture and
Biotechnology. 2016;1(3):505-516.

Kumar R, Kumar M, Shah Al, Bhat SA,
Wani MA, Ram D. Modelling of soil loss
using USLE through remote sensing and
GIS in micro-watershed of Kashmir valley
India. Journal of Soil and Water
Conservation, India. 2016;15(1):40-45.
Rossiter GD. A theoretical frame work for
land evaluation. Geoderma. 1996;72:165—
190.

Halder JC. Land suitability assessment for
crop cultivation by using remote sensing
and GIS. Journal of Geography and
Geology. 2013;5:65-74.

FAO. A Framework for Land Evaluation:
Soils Bulletin: 32, Food and Agriculture
Organization of the United Nations, Rome;
1976.

Sys C. Land evaluation Part I, II, lll ITC-
State Univ. of Gent. Publ. Agricole 7.
Administration Generaledela Cooperation
au Development, Brussels; 1985.

Sys C, van Ranst E, Devaveye J. Land
evaluation, Part 1l methods in land
evaluation, Agricultural Publication No: 7
General administrations of Cooperation,
Development, Brusseles, Belgium; 1991.
Sys C. van Ranst E, Debaveya J,
Beernaert F. Land evaluation. Part Ill. Crop

10.

11.

12.

13.

14.

15.

16.

17.

18.

103

requirements.International Publ. No. 7,
Brussels, Belgium; 1993.

Walia CS, Chamuah GS. Soil profile
development in relation to land use. J.
Indian Soc. Soil Sci. 1992;40:220-222.
Karmakar RM. Characterization and
potentiality evaluation Soils developed in
different land forms of North bank plain
zone of Assam. Characterization and
potentiality  evaluation.  Agropedology.
2014;24(1):52-63.

Karmakar RM, Rao AE. Soils on different
physiographic units in Lower Brahmaputra
Valley Zone of Assam: Characterization
and classification. J.Indian Soc. Soil Sci.
1999;47:761-767.

Dongare V, Maji AK, Obi Reddy GP,
Ramteke IK. Land suitability evaluation for
rice (Oryza sativa L.) in Tirora tehsil of
Gondia district, Maharashtra- A GIS
approach. Agropedology. 2016;26:69-78.
Basumatary D, Dutta M, Karmakar MR,
Deka B, Kalita P. Soil-site suitability
assessment of Bumnoi-Mornoi watershed
of Kokrajhar district using RS and GIS

techniques. Journal of Pharmacognosy
and Phytochemistry. 2020;9(4):155-
161.

Deka B, Dutta M, Patgiri DK. Productivity,
potentiality and  soil-site  suitability
evaluation for rice crop in the Ghiladhari
watershed of Assam, Journal of Soil and
Water Conservation. 2021;20(4):365- 374.
Geological Survey of India. Recent
advances in the study of Tertiary
stratigraphy of North East India: A critical
resume. Key papers presented in Group
Discussion on Tertiary stratigraphy of
North East India. Special Publication No
23:1-21; 1989.

Riquier JD, Bramo DL, Cornet JP. A new
system of soil appraisal in terms of actual
and potential productivity
(AGL/TESR/70/6), FAO, Rome; 1970.

Bera R Seal A, Das HT, Sarkar D,
Chatterjee KA. Evaluation of soil-site
suitability of major crops in Damodar
command area of West Bengal, India for
suitable crop planning options. J. of Agric.
Sci. and Tech. 2017;6(1):1-14.

Anilkumar SN, Chikkaramappa T, Gopala
YM, Arunkumar JS, Veerendra Patel GM.
Soil resource inventory, land capability and
crop suitability assessment of
haradanahalli  micro-watershed  using
remote sensing and GIS. Acta Scientific
Agriculture. 2019;3:129-137.



Bharteey et al.; IJECC, 12(6): 95-104, 2022; Article no.lJECC.84628

19. Gogoi A, Talukdar CM, Basumatary A, Assam. Int. J. of Curr. Micro. and Appl. Sci.
Baruah U, Deka J. Soil site suitability 2018;7(10):3214-3224.
evaluation of crops for Dorika watershed of

© 2022 Bharteey et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/84628

104


http://creativecommons.org/licenses/by/2.0

