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Abstract:

Background: The study examined the effects of agricultural landuse practices on riverbank erosion of
floodplain of river Jaldhaka (Mansai) at Tikiner char (island), Bhowerthana village, Coochbehar, West Bengal.
Riverbank erosion or bankline migration is a common phenomenon of mighty river Jaldhaka due to its braided
condition, faulty land practices, agricultural landuse practices and other hydrological factors owns special
attention in geosciences arena.

Results: Rivers are dynamic and thus through the process of erosion, transportation and deposition produces
all dynamic landform along its course. While erosion is a natural process, human activities have increased by
10-40 times the rate at which erosion occurring globally.

Conclusion: The study was carried out using primary based on observation and interview method and it shows
that the bankline migration due to erosion and agricultural practices of the study area. Resent bank erosion rate
8.71 meters/ year during 2010-15 has shown sign of gradual decline from its earliest records 17.92 meters/ year
during 1995-2010 at the eastern part of Tikiner char and aggradations at the rate 4.21 meters/ year during
2010-15 and 12.35 meters/ year during 1995-2010 in the western part of Tikiner char.

Keywords: Jaldhaka River, Riverbank erosion, Agricultural landuse practices, Floodplain, bankline
migration.

1. BACKGROUND

Process of bank erosion are important in the development and evolution different channel forms,
while the migration of river channel across their floodplains involves a combination bank erosion and
deposition. Riverbank erosion is a geo-morphological phenomenon that found a wide room for
scholarly discussion in last few years (Nanson and Hickin, 1986; Dunne et al., 1998; Tangri, 2000;
Das et al., 2007; Pati et al., 2008). The riverbank erosion study of Pati et al. (2008) was done on
Maijuli, the largest river island of the world, which is situated in middle of the Brahmaputra River in
Assam. Moreover, in recent years, the efficacious roles of bank erosion upon human living hood and
societal issues have become another research interest especially within the Indian context (e.g.
Bandyopadhyay et al., 2006; Thakur et al., 2012).

Generally, if a river channel is in equilibrium state, then at undisturbed conditions lateral channel
changes normally take place through bank erosion and bar deposition which leads to high sediment
exchange rates between the river channel and the floodplains. These processes consequently control
lateral channel shifts, downstream sediment supply and availability, and floodplain configurations. A
certain rise in bank erosion rate either because of increasing activity of the forces operating on the
river banks or a decrease in the bank resistance which is not balanced by sufficient sediment
deposition can offer an increase in channel width enforcing disequilibrium in the river system.

The bank erosion is very common process of change for all meandering rivers throughout the world.
Being a natural riverine element, river banks can move away (erosion) or can advance (deposition)
which can result in meandering migration, channel avulsion and change in channel width (Bartley et
al., 2008). Being a geomorphic-fluvial process, bank erosion is actually culminated through a series of
processes which can be viewed through a set of three groups (Charlton, 2008). The first one covers
the pre-weakening processes which prepare the set for bank erosion e.g. alternate cycles of wetting
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and drying; the second one assembles the direct fluvial entrainment processes and the third one
includes the processes of bank failure.

Regarding the primary agents of bank erosion, Wolman (1959) picked peak river discharge, rise in
water stages, existing moisture conditions and precipitation, temperature and especially frost
occurrences.

In addition with these natural controlling factors, the role of human interventions in the form of
landuse alteration, agricultural expansion, flow regulation and channelization, alteration of bank
materials have also been documented of exerting some moderating influences upon bank erosion.
Human activity has modified the transfer, storage and yield of sediment in many drainage basins
worldwide. Suspended sediment from agriculture is the single largest source of pollution. It leads to
discoloration and can damage the infrastructure of water supply network.

The sediment discharge 2-3 times increases due to agricultural landuse practices on river floodplain
(Wolman, 1967). Empirical studies have shown that vegetated channels erode more slowly, and are
deeper and narrower than similar non-vegetated banks. According to Beats and Henry, 1928 sediment
discharge increase due to agricultural practices from 15% to 29%.

The amount of soil lost annually from agricultural land in the United States is estimated by the use of
the Revised Universal Soil Loss Equation (RUSLE) (Renard et al., 1994; Brady and Weil, 1996, pp.
569-578).

A=RKLSCP

Where, A= predicted soil loss (soil annual loss in tons/acre)
R= climatic erosivity (rainfall and runoff)

K= soil erodibility

L= slope length

S=slope gradient or steepness

C= cover and management

P= erosion-control practices

Contextually, the present paper has gone through the aiming towards the understanding of the
processes of bank erosion and channel width alterations over time with relation to agricultural landuse
practices. Comprehensively, focus has been devoted to (a) the mean bank erosion rates, processes of
bank erosion and bankline movements for the concerned reach, (b) channel width variations over
space-time and their connections with bank erosion and areal changes (erosion-deposition), and (c)
present agricultural landuse practices across the Jaldhaka (Mansai) river floodplain at Tikiner char,
Bhowerthana.

2. SIGNIFICANCE OF THE STUDY

The bank erosion is a very common process of change for all rivers form throughout the world. Bank
erosion is developed due to two main causes- natural and human activities. In human activities
agricultural landuse practices on river bank is an important and critical parameter. Due to agricultural
practices on river bank erosion increases 10-40 times at which erosion occurring globally. A study
relating to bank erosion and agricultural practices on floodplain of Jaldhaka (Mansai) River at Tikiner
char thus bears immense significance.

3. OBJECTIVES OF THE STUDY

The objectives of the study are: To study the physical setting of the study area.

» To examine the bank erosion characteristics of the study area.

» To study the patterns of agricultural landuse practices on the study area.

» To examine the relation of bank erosion and agricultural landuse practices on the study area.

» To identify the mitigation of bank erosion problems of the study area.
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4. MATERIALS AND METHODS

Riverbank erosion is a recurrent and highly unpredictable phenomenon. It is merely recognizable that
riverbank erosion is taking place due to climate change. However, study reveals that it does not occur
due to climate change rather it happens through accelerating the rate of erosion through uneven
distribution of precipitation, increased surface run-off and changing agricultural landuse practices.

4.1. Description of the study area

The study area was carried out on floodplain of river Jaldhaka (Mansai) at Tikiner char, Bhowerthana
village of Sitlkuchi in Coochbehar district and 3 km from market of Bhowerthana village. The latitude
and longitude of the study area is 20°12°27.06" N to 26°12°47.06" N and 89°17°24.34" E to
89°17°31.87" E respectively. Elevation of the region is 48m above sea level. Lithologically it is the
recent developed floodplain region composed of very course sand, sand, silts and clay. Along 3 km
with river Jaldhaka (Mansai) the study area falls.

The annual average temperature and total rainfall of the study area range between 19°c and 31°c and
3000 mm and 3945mm respectively.

Landuse pattern of the region changed significantly since the last 21% century specially 2000’s
because of the immense in-migration of population. In 1995 to 2010 around 20% to 30% natural
vegetation area have been converted into croplands and human settlements. In present landuse pattern
of the study area, the total estimated land area is about 3.30 sq km (330 hectors), where, 1.75 sq km is
covered by agricultural land, 0.80 sq km is covered by natural vegetation, 0.50 sq km is covered by
sand and fallow land and rest 0.25 sq km is other elements.

Agricultural landuse practices of the study area are different from different seasons. In summer season
the agricultural land are mainly practices for paddy (almost 75%) cultivation. In winter season the
multiple crops system are used for cultivation of agricultural lands. The agricultural landuse pattern in
winter season is from the total agricultural land jute 8.6%, tobacco 29.13%, Chili 16.08%, potato
5.21%, tomato 1.3%, others 21.73% and fallow land 17.82%.

Almost 30% geographical land areas are eroded by the river Jaldhaka (Mansai) in the form of bank
erosion.

4.2. Method of data collection

For the present study to collect the data used primary based of observation. The primary based of
observation fulfill by interview and questionary method from the resident people. There were no any
satellite imagery and toposheet maps for this remote area due to restriction of government.

4.3.Sampling technique

S
o M&TNABM»GA'-?I

MAPS ARENOT TO SCALE

Figl. Location Map of the Study Area
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Sampling technique is used to analyze the socio-economic data. The sampling technique employed in
this study has simple random sampling technique. After having list of households, sample size was
determined proportionally to its number of households. Hence, a total 27 houses are selected by using
simple random sampling from total of 54 household.

4.4. Methods of Data Analysis

In order to address the specified objectives, the study analyzed, summarized, and presented the data
both qualitatively and quantitatively. The qualitative method was employed to analyze the opinions of
farmers and substantiate the quantitative data obtained through questionnaires survey.

5. RESULTS AND DISCUSSION

Field measurements- observation have been incorporated to find out the nature and trends of bank
erosion and relation with agricultural landuse practices for the involved time span. Besides
highlighting their trends, their possible causative explanations have also been provided in this section.

5.1.Bankline movements and Bank erosion

The analysis of bankline movements have suggested that’s bank eroded gradually but at different rates
and different directions at different time span. The dynamicity of the bankline has been studied in two
phases linked with in (1995-2010 and 2010-2015). During the earliest phase of 1995-2010, a high
degradational activities/ bank erosion found in the eastern part of Tikiner char. At the same phase at
western part of Tikiner char a negative activity found (deposition of sediments). A gradually declining
rate of bank erosion and deposition of sediment are found in eastern part and western part of Tikiner
char respectively.

Resent bank erosion rate 8.71 meters/ year during 2010-15 has shown sign of gradual decline from its
earliest records 17.92 meters/ year during 1995-2010 at the eastern part of Tikiner char (island) and
aggradations at the rate 4.21 meters/ year during 2010-15 and 12.35 meters/ year during 1995-2010 in
the western part of Tikiner char (the depositional sand bar is locally known as “char”).

6. CONTROLLING VARIABLES
6.1. Bank composition and Time

a) (8)

Plate6 (A) & (B). River bank composition at the western part of the floodplain (char).
S = Clay
£ 100%
© = Sand.
S 80%
2 = Clay + Sand.
g 60%
5 = Sand + Gravel
° 40%
2 = Sand
2 20%
a 0% = Clay + Sand
Rigth Bank Left Bank
Field Side

Chartl. Showing the composition of river bank (both) of Mansai (Jaldhaka) at Tikiner Char.
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Bank composition perhaps is the most important concern in the present study. In fact, reach scale
differences in bank erosion rate suggested serious bank stratigraphic significance. In relation to bank
composition time is also a dominant factor of controlling bank erosion rate. In observation, the rate of
bank erosion is 2 times more in eastern part then the western part of the study area.

6.2. Riparian vegetation

In acts as a protective cover for the river banks which by their roof reinforcements binds the bank
soils and increase the soil cohesiveness. Perception surveys revealed that most parts of the floodplain
(char) covered by some hardwoods (e.g., Khayer, Shisuk, nim etc) trees and different kinds of grasses
which had enhanced the tensile strength of the bank walls and surfaces and thus had protected the
banks from erosion earlier even during peak monsoons. With time, agricultural expansion towards the
river is aggressively replacing the bank vegetation to different kinds of crops and vegetables. In 1995
to 2010 around 20% to 30% natural vegetation area have been converted into croplands and human
settlements.

(A) (B
Plate 5(A) & (B). Riparian vegetation

6.3. Agricultural landuse practices

In addition with increasing population, the agricultural landuse practices change with time. Clearing
of riparian vegetation cover for agricultural use and changing of agricultural practices, soils of river
bank become weak and eroded easily. In field observation, erosion process is two times more in the
upper part of the study area than the lower part.

Plate3. Brinjal cultivation on floodplain Plate4. Banana trees at Tikiner char (char)

7. CONCLUSION

Riverbank erosion and aggradations (sedimentation) over river bank due to changing of agricultural
landuse practices a critical study. In the present study soil erosion as well as riverbank erosion and
aggradations activity due to agricultural landuse practice is remarkable but gradually decreases at a
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small rate. Bank erosion of the study area is different in both sides in different time span. Resent bank
erosion rate 8.71 meters/ year during 2010-15 has shown sign of gradual decline from its earliest
records 17.92 meters/ year during 1995-2010 at the eastern part of the study area and aggradations at
the rate 4.21 meters/ year during 2010-15 and 12.35 meters/ year during 1995-2010 in the western
part of the study area.

Various erosion protection measures such as earthen embankments, spurs etc. are used to protect the
area locally. Localized bank protection cannot provide a long-term solution to the problem of
execution and subsequent maintenance of protection works as it become very difficult for the erosion
and bed stratification of the river. A comprehensive scientific study of the bank materials as well as
morphology of the river is needed to protect the area using eco-friendly materials and techniques such
as Geotextile bags (or Geobags) for construction of embankments to protect river banks from severe
scouring and erosion. They are also good for vegetative growth and provide habitat for species that
are living around water and vegetation.
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