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ABSTRACT

Deeporbeel wetland isapermanent freshwater lakein theformer channel of
the River Brahmaputra located in the Assam state of India. It is a large
natural wetland having great biological and environmental importance and
isthe only Ramsar site in the state. One of the major threats faced by the
wetland isiserosion in the catchment and subsequent silt deposition. The
paper deals with the estimation of the annual soil loss from the wetland
catchment dueto interrill and rill erosion in the year 2005 and comparison
with that of the base year (1972). An attempt has al so been made to identify
the main causes responsible for the changes in the annual soil loss rate.
The net sediment deposition into the wetland has also been computed as
whichisonly about 32 % of the soil lossduetointerrill and rill erosion from
the catchment. The temporal changes in the annual soil loss rate can be
attributed mainly to the changein land use and variation in average annual
rainfall and hence in variation in Rainfall Erosivity Index (R). Sediments
trappment through afforestation, construction of check dams parallel to
shoreline, reduction in hill cutting and quarry operationsin wetland catch-
ment have been suggested as conservation measures for improving the
health of wetland. © 2008 Trade Sciencelnc. - INDIA
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INTRODUCTION

“Soil Erosion and Land Degradation” is one of the
most serious problemsfor the environmentaist which
must betaken into consideration to prevent ecological
imbalancein nature, especialy, anongthenatura re-
sourceslike soil, water and plants. Soil erosionisthe
detachment and transportation of soil materialsfrom
oneplaceto another resulting in theremoval of the up-
permodt fertilesoil layer, thusaffectingthe soil fertility

and productivity*®. Overgrazing, deforestation, faulty
cultivation, shifting cultivation and cardlesdy built roads
inthe catchment areas haveled to the devastating af -
fects. Theseincludegully formation and floodsleading
to destruction of farmlandsand villages, loss of crops,
Sltation of reservoirs, lakes, wetlands, etc. Eroded sedi-
ment can carry nutrients, particularly, phosphates, to
waterways and contributeto eutrophication of lakes
and streams. Adsorbed pesticides carried with eroded
sedimentsadversaly affect surfacewater quality. The
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problem hasbeen further enhanced duetothehighrate
of population growth of both human and livestock re-
aultinginindiscriminateexploitation of natural resources
to meet the ever-increasing demand of food, fodder,
fud, fiber and fertilizers.

Different approaches have been suggested by soil
scientistsfor theprediction of soil lossfrom aparticular
catchment. The most widely accepted approachisthe
“Universal Soil Loss Equation” (USLE)*8, TheUSLE
ishighly useful tool for predicting sheet andrill erosion
under various conditions of land useand land manage-
ment. Recent investigations havefocused on defining
the parametersof the USLE for agreater range of con-
ditions. Oneof themost important factorsin USLE is
theland use/land cover which can dominatethetrend
of watershed degradationto great extents.

Theareaconsidered in the study isthe Deeporbeel
wetland the only Ramsar sitein theAssam state of In-
dia Inthispaper, theannual soil lossfrom thewetland
catchment during the year 2005 hasbeen estimated and
compared with that of the base year (1972). An at-
tempt has al so been madetoidentify the main causes
responsiblefor thechangesintheannua soil lossrate.
The net sediment depositioninto thewetland during the
year 2005 has a so been computed.

Review of literature

The scientificinvestigation of erosion of soil par-
ticlesbeganintheyear 1877. Earlier scientistscarried
out an extensive studiesin 1895 on small plotsof land
to determinequantity of soil erosion. They sudiedwide
range of effects such asvegetation and surface mulches
ontheinterceptionsof rainfal, deterioration of soil Sruc-
turesand al so effects of soil typeaswell asslopeon
runoff and erosion during the period 1877 to 1895.
Cook!? had described amathematical rel ationship de-
scribing effectsof variousfactorsof soil erosion, such
assoil erodibility, soil erosivity of rainfal and degree of
protection afforded by vegetd cover on processof land
deterioration. Zing™ published theresult of hiscom-
prehensive study on theeffect of degree of dope, dope
length and recommended soil |oss estimating model.
Smith™*s added crop factor (C) and supporting prac-
ticefactor (P) to the equation formul ated by Zing!*9.
Ellison™ formul ated an equation for sheet erasion, based
on soil intercepted in splash samplersduring 30 min-
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utesperiod. TheNationa Committeeof USA in 1946
added therainfdl factor intheland d opepracticemethod
and suggested an equation, known asMusgrave equa
tion whichwasfurther modified by Musgrave® for es-
timating average soil lossesfrom large heterogeneous
watershed. Thejoint conferences of personnel from
SCS, the Soil and Water Conservation Research of
Agricultura Research Serviceand Co-operating State
Agenciesof USA were held at Purdue University in
February and July 1955. They concentrated onthe need
of reconcilingdifferencesamong existing soil lossequa
tion and extended thistechniqueto regions, whereno
measurements of soil erosion by rain storm has been
made. Wischmeier and Smith!*® have devel oped the
Universd Soil LossEquation (USLE) by combiningthe
crop rotation and management factorsto therainfall
factor. USLEwasmodified by replacingitsrainfal en-
ergy factor with the runoff factor and called the model
asModified Universal Soil LossEquation (MUSLE).
A revised version of the USLE and Ruslewasdevel-
oped for computer gpplicationsalowing moredetailed
consideration of farming practicesand topography for
erosion prediction by Renard et a.,*3. Sincethe mid-
1960s, the scientists have been devel oping process-
based erosion computer programmesthat can estimate
s0il lossby consdering the processesof infiltration, run-
off, detachment, transport and deposition of sediment.
Numerous research programmes have been devel oped
/ beingimproved for field use. Someof these process-
based modelsaretheAreal Nonpoint Source Water-
shed Environment Response simulation (ANSWERS)
model, Agriculturd Nonpoint Source (AGNPS) Pollu-
tionmodel, Water Erosion Prediction Project (WEPP)
model and System Hydrol ogique European Sediment
(SHESED) model®®.

Studieson USLE were conducted at Soil Conser-
vation Research Demongtration and Training Centre of
Indian Council of Agricultura Research (ICAR) to de-
termine someparameters of the USLE from runoff plot
study. From 1981 to 2005, various studies were car-
ried out to determinethe parametersof USLE for dif-
ferent regionsinIndia. They also evaluated the USLE
parametersfor different regionsof the country and pre-
pared areport on soil predictionresearchinIndia. It
showstheapplicability of thisequationfor different land
use pattern, soil conditions, rainfal condition, erosion
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Figurel: Catchment areéof deepor bed wetland

control practicesand topographic condition923161,
Thestudy area

Deeporbed Wetland islocated between 91°36' 39"
E and 91 °41' 25"E longitude and 26°05°26"N and
26°09°26"N latitude to the South of Brahmaputra river
inKamrup district and 18 km South West of Guwahati
cityinAssamdateof India It liesa andtitude of about
50 meter above mean sealevel (MSL) and coversan
areaof about 4,000 ha. It isalarge natural wetland
having great biologica and environmental significance,
besidesbeing theonly mg or sormwater storagebasin
for the Guwahati city. The wetland isendowed with
richflora andfaund diversty. In addition to huge con-
gregation of residentia water birds, thewetland eco-
system harboursalarge number of migratory water-
fowl each year. Thewetland dso interactswith thewild
lifeof thead)jacent Rani-Garbhangareserveforest. The
Government intheyear 1991 declared 414 haof the
wetland as a Bird Sanctuary. In 1994-95, it was de-
clared asaNationa Wetland. Intheyear 2002, it was
accorded asawetland of internationa importanceand
wasdesignated asaRamsar Ste and wasadded to that
list a number 1207.

Thewetlandissurrounded by theBharduriver basin
ontheEast, Basisthabasin inthe South East, Kamoni
river ontheWest, Jalukbari wetland on the Northand
Rani and Garbhanga reserve forests on the South.
Figure 1 showsthe catchment areaof thewetland. The

Nationa Highway (NH-37) passesalittiedistanceaway
from the Eastern boundary of thewetland. Thewetland
hasamesothermal climate characterized by high hu-
midity and moderatetemperature. Theminimum and
maximum temperatures range between 7°C to 26°C in
January and 23°C to 37°C in July/August respectively.
Theaverageannud rainfdl intheareais1733mmand
about 90% of therain occurs betweenApril and Sep-
tember, themaximum rainy monthsbeing July and Au-
gust. Relative humidity varies between 50% to 90%.
Major part of the catchment area of thewetland isthe
reserveforest of Rani Garbhangaforest and therunoff
water fromtheareaflowsinto thewetland mainly through
Bas sthaand Kamoni rivers. Human activity existson
the Eastern and Northern parts of thewetland. Sewage
from the Eastern part of Guwahati city flowsinto the
wetland without treatment through Basisthariver. Ac-
cording to the master plan of Guwahdti city, theland
usepatterninthewetland catchment can beclassified
asfollows:

e Agicuturd

Industrid and commercid

Public and semipublic

Residentid

Trangport and communication

M ethodol ogy

The USLE Mode suggested by Wischmeier and
Smith™8 hasbeen used for the computation of soil loss
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frominterrill andrill erosionasshownby Eq. 1.
A=RKLSCP @
Where, A=average annua soil loss, t/ (ha-year) ; R=rainfal
erosivity factor, t-m-mnmv/ (ha-hr-year); K=soil erodibility fac-
tor, t/ (haryear) per erosivity factor (R); L=dopelength factor;
S=slope steepness factor; C=crop management factor;
P=conservation practice factor

Themeagnitudeof soil erosion dependsontwoforces
the detachment of soil particlesby theimpact of rainfall
energy called theerosivity of rain and the ability of the
s0il toresist thedetachment of itsparticlesby thisforce
iscdledtheerodibility of soil. Thisrelationshipisex-
pressed asshownin Eq. 2.:
Soil erosion=f [(erosivity of rain)x(er odibility of soil)] (2)

TheUSLEisalsobased onsimilar principles. The
erosvity of rainisrepresented by thefactor R and the
erodibility of soil surface system by themultiplesof the
factors KLSCP. Considering the watershed asasys-
tem represented by the multiples of factors KLSCP,
theinput forceisrepresented by therainfall erosivity
factor R and theoutput (theresponsetotheinput), which
isthe soil erosion, isrepresented by ‘A’. The system
modd of USLE isshowninfigure2.

1. Rainfall erosivity factor (R)

Theerosivity factor of rainfal (R) isafunction of
thefdlingrandropsandtheranfdl intengty. Wischmeer
and Smith*® found that the product of kinetic energy of
theraindrop and the maximum intengty of rainfal over
duration of 30 minutesinastorm, isthe best estimator
of soil loss. Thisproduct isknown asthe Erosion Index
(El) vdue.

Intheabsence of rainfall intensity dataaround the
watershed, the R-factor can however be approximated
using monthly mean and annua preci pitation data. For
Indian conditions, asmplerdationship between R-factor
and thetotal annual rainfall has been derived™ And
devel oped after analyzing the data collected from 45
gationsdistributed indifferent rainfal zonesthroughout
India. Therelationship can beexpressed by thefollow-
ingequation
R =79+ 0.363xX, ©)
Where, R=annual rainfall erosivity factor, X_= average an-
nua rainfal inmm.

The coefficient of correlation for the above equa-
tionwasfoundto be0.83.
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In the present study, the Eq. 3 has been used to cal cu-
late the value of specific year R-factor for 1972 and
2005 for computation of soil loss.

2. Soil erodibility factor (K)

Thesoil erodibility factor (K) isthe susceptibility of
thesoil particlesto erosion per unit of rainfall erosivity
factor. Inthestudy, the ‘K’ value has been estimated
fromTABLE 11*9,

For obtaining thetexturd dlassfication, soil samples
were collected and analyzed. The specific gravity of
the soil sampleswasdetermined by Pycnometer method.
Hydrometer analysis of the soil sampleswas doneto
determine the percentage of sand, clay and silt con-
tent!®. The textural class of the soil has been deter-
mined fromthe Textura Classification Chart of U.S.
Public RoadsAdministration™. To determinethe per-
centage of organic matter present inthesoil, theModi-
fied Walky and Black Method was used*”. Based on
thetexturd classification and % organic matter content,
the ‘K’ values of the soil samples were determined.

3. Topographicfactor (L Sfactor)
TABLE 1: Soil er odibility factor (K)

Organic matter content (%)

Textural class

<05 2.0 4.0

Sand 0.05 0.03 0.02
Fine sand 0.16 0.14 0.10
Very fine sand 0.42 0.36 0.28
Loamy sand 0.12 0.10 0.08
Loamy fine sand 0.24 0.20 0.16
Loamy very fine sand 0.44 0.38 0.30
Sandy loam 0.27 0.24 0.19
Fine sandy loam 0.35 0.30 0.24
Very fine sandy loam 0.47 041 0.33
Loam 0.38 0.34 0.25
Silt loam 0.48 0.42 0.29
Silt 0.60 0.52 0.42
Sandy clay loam 0.27 0.25 0.21
Clay loam 0.28 0.25 0.21
Silty clay loam 0.37 0.32 0.26
Sandy clay 0.14 0.13 0.12
Silty clay 0.25 0.23 0.19

Clay 0.13-0.2

W ater shed
system
Rainfall (R) — | represented by | — Soil erosion(A)
its parameters
KLSCP

Figure2: Sysem modd of the univer sal soil lossequation
(UsLE)
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Thelarger thedopelength, higher the concentra-
tion of overland flow, and higher the vel ocity of flow
whichtriggersahigher rate of soil erosion. On steep
dopes, theflow velocity ishigh, which causes scouring
and cutting of soil. Inthestudy, theaveraged opelength
(Lp) and the average percentage slope (s) for each of
the three sub-catchmentswere cal culated. The com-
bined L Svd uewasdetermined fromthefollowing equa
tion:

s Lp0‘5(1.36+ 0.97s+ 0.138552)
- 100

O

4. Land cover and management practicesfactor
(CPfactor)

Vegetative cover diss patestheimpact forceof rain-
drops on the soil surface and protects the soil from
splash erosion by modifying thevolumedrop size, co-
efficient of distribution, impact velocity and kineticen-
ergy of rainfall. The conservation practicefactor (P) is
theratio of soil lossfromaplot with aspecific conser-
vation practiceto the corresponding soil lossfrom a
plot with up and down cultivation under identical con-
ditions.

In this study, the land cover (C) factor has been
taken into cons deration based on theresultsof thefield
experimentsconducted for openforest, agriculturd land,
barren/grazing land and settlement for Indian condi-
tiond*, The ‘C’ factors of various land uses is shown
iINTABLE 2.

Themanagement practice (P) factor isapplied only
intheagricultura land. Thevaueof ‘P’ factor varies
from 0.5 to 0.9 based on the slope steepness of the
land surface. For up and down cultivation, thevalue of
‘P’ is considered as 1 and for contour farming, its value
is considered as 0.80 for slope lessthan 1 %%, The
valueof ‘P’ factor has been taken as 1 for agricultural
land and dso for non-agricultura landinthestudy.

For cd culating the sediment load into the wetland,
suspended sediment concentration were measured for
monsoon and post-monsoon seasons of theyear 2005
and pre-monsoon season of the year 2006. As pre-
monsoon suspended sediment data of 2005 was not
available, it wasassumed to be equivalent to the pre-
monsoon data of 2006. Suspended sediment |oads
were computed by combining thewater discharge (as
obtained from the cal cul ated water balance shownin
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Mean Monthly Water Budget of Deeporbeel Wetland (2005)
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Figure3: Mean monthly water budget of deepor bedl wet-
land for theyear 2005

TABLE 2: Valuesof ‘C’factor for variousland use

Land use C Factor
Open forest 0.02
Agricultural land 0.27
Barren land / Grazing land 0.21
Settlement 0.15

TABLE 3: Resultsof soil lossduringtheyear (1972) (Base
Year) and (2005)

Y ear
. 1972 2005

Slno  Details Area Soil Loss Area Soil Loss

(km?)  (t/year) (km? (t/year)

1 Forest  134.70 475404 116.89 360,722

2 Barenland 610 22344 1836 58,788

3 Salement o0n g9055  B472 125145
Area

4 BN 500 47253 021 672
Land

5 CropLand 5150 242,937 27.60 113,629

Total 22020 827,193 217.78 658,956

figure 3) and suspended sediment concentrationfor the
respective seasons. The Bed |oad has been estimated
based on theempirica relationship between suspended
load and bed |oad.

5. Data used

The catchment areahasbeen delineated based on
1972 toposheet. Thetota catchment areahasbeen sub-
divided into three catchments, viz. catchment areafor
themaninlet channe (Basisthaand Morabharduriver),
catchment areafor the secondinlet channel (Kamoni
river) and catchment areawhich contributesto direct
runoff. Using planimeter, the catchment areaand land
useareaof each catchment have been calculated. The
total areawas found to be 220.20 km?. For the year
2005, theland use statistics of the wetland catctment
have been obtained from Assam Remote Sensing Ap-
plication Centre (ARSAC), whichisbased on LISS-
11 satelliteimages. Soil classification and suspended
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Land Use Pattern during 1972
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Figure4: land usepattern during (1972)

Land Use Pattem during 2005
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Figure5: Land usepatter n during (2005)
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Figure 6: Percentage soil lossduring (1972)

Percentage Soil Loss during 2005
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Figure 7: Per centage soil lossduring (2005)

sediment concentration are based on primary data.
Meteorologica datawascollected from the Regional
Meteorol ogica Centre, Guwahati (Assam).
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RESULTSAND DISCUSSIONS

TABLE 3 showstheresults of estimated soil |oss
fromthewetland catchment duetointerrill andrill ero-
sion during the base year (1972) and 2005.

Theaverageannuad soil lossduetointerrill andrill
erosion during the base year has been estimated to be
37.56t/ (ha-year). During the year 2005, it was esti-
mated to be 30.25t/(ha-year). Thissoil lossrateismore
thanthecurrent rateof soil lossfromagriculturd landin
Indiai.e. 20to 30t/ (hayear)™.

From toposheet and satelliteimage data, thechange
inland use since 1972 has been computed. Figures4,
5, 6 and 7 showsthe percentage of theland use pattern
inthewetland catchment and the percentage of the soil
lossfor theyears 1972 and 2005.

The sediment | oad into the wetland was computed
for pre-monsoon, monsoon and post-mMoONSOoN Seasons
of theyear 2005. Inflow of sediment during monsoon
(May toAugust) wasvery high, particularly, through
themaininlet channel (combined flow of Basisthaand
Mora-Bharalurivers). Thetota sediment load entering
into wetland during the year has been estimated to be
308,685 t and that flowing out of the wetland to be
99,214 t. Thus, the net sediment load deposited during
theyear 2005 was 209,471 t, whichisonly about 32
% of theestimated soil lossfrom the catchment dueto
interrill andrill erosionfor theyear 2005. If thetotd st
load carriedinisassumed to be uniformly distributed
over thewetland, theaverage depth of silting over 1834
haaverage water spread areaof thewetland comesto
be7.14 mm /year.

CONCLUSIONS

Thefollowing arethe conclusionsof the study:

e Thedecreasein soil lossrate duringtheyear 2005,
in comparison to the base year, can be attributed
mainly tolesser annud precipitation andasotothe
changesinland use, particularly, conversion of ag-
ricultural and grazingland into settlement aress.

e Thetotd sediment load enteringinto wetland dur-
ing theyear isonly about 32 % of thesoil lossfrom
thecatchment duetointerrill andrill erosion.

e Siltation of thewetland bottom isbecoming aseri-
ous problem leading to the degeneration of the
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wetland. The sediment should be trapped in the
catchment areasthrough afforestation and by con-
structing check damspardld totheshoreline. This
will helpinaccumulation of dltinthelittora zones.
Hill cutting and quarry operation in the wetland
catchment should be stopped immediately.
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