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INTRODUCTION

The impact of development on the surrounding emvirent is a natural consequence
experienced the world over but in India it is mpreminently reflected because corrective
measures are seldom taken of simultaneously wiglcwgion of development project. This is
evident all over the country, which has experienaedelerated rate of development after
Independence in 1947. One such example is the @hdSiwalik Hills (CSHs) lying
between Ghaggar and Satluj rivers in northwest alndonstituting the Natural Hilly
Ecosystem (NHE). Presently, the hills representighly dissected ‘badland’ topography
(Singh, 1990a, 1995) created by numerous ephenstredms of varied genetic types.
Weathering and soil-water erosion in this semi-amgion have produced a variety of
erosional and depositional land-form features &egh, 1990a, 2002).

Over the last five decades or so, CSHs have exupad high vicissitudes of
environment and biodegradation because of the imglacts of developmental interventions
which were witnessed more after 1966 when PunjateStas re-organized to demarcate the
new State of Haryana and Chandigarh was accordestdiius of Union Territory in order to
serve as the capital of the two States of PunjabHaryana in addition to being its own
capital. Soon the City expanded tremendously asrdest transforming itself into conurbation
and the soil-water erosion problems of CSHs mudithimanifold.

In recent years soil erosion and the landscapeadatjon studies attracted attention
of a number of scientists outside India (Aniya, 398ioli, 1985, Thornes, 1985, Endlicher,
1990, Boardman & Favis-Mortlock, 1993). In Indiaykél et al. (1991) and Kukal & Sur
(1992) dealt with submontane Punjab area west ¢f308ith soil-water erosion perspective.
They suggested a number of remedial measuresdandtive people. Earlier, in the Siwalik
region where large chunks of land in the hilly amrare faced with high intensity soil-water
erosion, Grewakt al. (1990) adopted and advocated what is popularlyed@ukhomayjri
Model based on peoples participation in the programmerder to mitigate the economic
sufferings of the local population. Mehta & SingtR95) pointed out that water induced
erosion in the NHE of the Inter State Chandigartyi®e (ISCR) has contributed to the
problems of land degradation over the years dwedetal cover changes. Singhal.(1984),
while making a study of the Man and Forests Ratatiip in the central Himalaya, pointed
out the dwindling forest cover of the region.

In the light of existing serious soil erosion geohs in the NW Himalaya and the
adjoining Siwalik region, the present study, tolgsa the operative degradative features in
CSHs was undertaken since these hills are dird&bring the brunt of highly accelerated
development activities in Chandigarh and its twdelste towns of SAS Nagar and
Panchkula. So far, very little work about soil ésosbased on Remote Sensing methodology
has been done in this region. Only a brief refezetacsoil loss due to water induced soll
erosion has been made by Mehta & Singh (1995) whiod that vegetation cover was the
most crucial factor, which controlled soil erosiorhe present emphasis is on the impact
assessment of the development of an altogether @emurbation of Chandigarh. The
analytical period spans over 25 years (1966-19%&r £handigarh was re-designated as
composite capital.
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LOCATION, EXTENT AND PHYSIOGRAPHY

CSHs, located between 30°41.1" - 31°1.7" N. Lad. #6°32.7°-76°54.5"E. Long, run
parallel on the southern side of the Himalayan ntaian These face mainly the Punjab Plain
between Satluj and Ghaggar rivers and are low-lillg (Figures 1a, 1b). These have 302.5
km? area with an additional 18.5 knof hillocks abutting the Satluj in the west buinky
separated from the main chain of CSHs. Constitutimg youngest part of the outer
Himalayan zone, these hills are flanked by Punjaltt, of Indo-Gangetic alluvial plains to the
south and conspicuous longitudinal valletr®e dunsand the lofty Himalayan mountains to
the north. These hills dip to the south and sousitvaed their usual height ranges between
300-625 meters above mean sea level and the elatlief approximates 125-200 meters.
(cf. Mukerjee 1979).
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Figure 1a.Location of Chandigarh Siwalik Hills (CSHSs)
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Figure 1b. Physiography and extent of CSHs

Structurally, the Siwalik hill tract is characteed by broad open folds, both
longitudinal and transverse. In these hillse choes(seasonal streams) descend into the
valleys. Here, they often broaden themselves thrdatgral planation forminghoeterraces
and flood plain scrolls of fertile alluvium. The reounding higher relief gradually got
flattened due to high rate of erosion.
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Geology and Hydrology

CSHs are soft and friable. The composition of $ivwalik deposits shows that they
are nothing else than alluvial deteritus derivemirirsubaerial waste of the inner mountain
ranges swept down by their numerous rivers andsiseand deposited at the foot of the
Himalaya (Wadia, 1919). The process started sitee keginning of the mid-Miocene
orogeny and the folding of the Siwalik hills occeedrin the post Pliocene period (Puri, 1949).
The Siwaliks are composed of clay, sand, sandropksyly embedded sandstones and
conglomerates. Structurally and constituent-wise, €CSHs are more prone to soil-water
erosion.

The regimes of rivers Satluj and Ghaggar and tBEl<Cseasonal streanthe$ and
their distributries have occupied and covered aasas with alluvium containing clay, silt,
fine to coarse sand, and gravel. The regional fadwvater is from NE to SW following
surface topography. The water table has steepeatblcl gradient in the upper segment and
gentle slope in the alluvial plains. Ground watkmf pattern is different near the river,
without any established pattern.

OBSERVATIONS
Soil Erosion

Soil erosion in Punjab Siwaliks especially HospiarDistrict is nearly a century old
problem (Glover, 1946, Gorrie, 1946). With the depenent of Chandigarh, there has been,
by and large, adverse effect on vegetation of tljeiring Siwalik hills because of ever
increasing demand for wood, fodder and masonargniatég (sand and gravel). As a result,
the process of soil erosion was accelerated. Hsdtation of the famous Sukhna Lake of
Chandigarh, within two decades of its constructloas attracted the attention of quite a many
environmentalists and scientists (Singh, 2003).dLdegradation due to water inducted soil
erosion is a serious problem in the Himalaya aed3iwaliks, which have experienced large
scale deforestation. An illustrative example ishaf central Himalaya (Singtt al.,1984).

There has been a large scale destruction of ame ¥aluable and dominant timber
species with the results thatirpine (Pinus roxburghiipndsal (Shorea robustdprests were
totally extirpated from CSHs. Same is the storyhefdhak (Butea monospermalbout 50
years ago it grew well in Siwalik foot hills andegimont plain. Along with the disappearance
of forests there has been loss of fauna (espedielly and tigers) from foot-hill riverine tracts
(Singh 1995, 2001).

Table 1 Soil loss in sample area of the Chandigarh Sknfalis

Sr. No. Soil loss categories* (tons/ha/yr) Mean area** (fiajal amount of soil loss (tons/yr)
1. 25-165 1,169 29,255
2. 165-300 1,194 197,010
3. 300-400 2,121 636,300
4. 400-600 10,311 4,124,400
5. >600 1,938 1,162,000

Total (Annual Soil Loss) 16,733 6,149,735

* As modified from Sahat al.(1991)

** Calculated from Figure 3.

+ Taking lower limit of soil loss category intaaunt.

Table 2 Soil loss as related to slope gradient and véigataover in the Chandigarh Siwalik
hills.

Sr. No.  Soil loss* (tons/halyr) Slope gradient Vegetation cover
1. 25-165 11°-15° Mixed dense forest
2. 165-300 16° — 22° Mixed open forest
3. 300-400 230 —32° Scrub with stunted trees
4. 400-600 320 — 45° Open degraded grassland
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5. >600 230 — 45° No vegetation

* As modified from Sahat al.(1991).
+ Range determined on the basis of at least 10mgsad

In order to have a sharp focus on the phenomerfosoib erosion in CSHSs,
guantification has been done here from sample avb&h lies north of Chandigarh but
adjoining it. The observations are based on IR2HBS-2 digital data of Path-Row: 320-46
dated February 10, 1989. Soil loss rate was cdtilfollowing Saheet al. (1991) using
Universal Soil Loss Equation (USLE). The resultseveorrelated with observations based on
ground surveys. Total calculated sample area ofCigidg within the grid comes to 16,733
ha (167.33 krf). Data on soil loss are given in Tables 1-2 armtasented in Figures 2-3,
which bring out the following salient features:

)] More than half (10,311 ha) of the area in the grigrone to 400-600 t/ha/yr soil loss
(total 4,124,400 t/yr). This is followed by 2,124 hrea in 300-400 t/halyr soil loss
category (total 636,300 t/yr) and in more than 6@@/yr category, area is 1938 ha
with total soil loss of 1,162,000 t/yr (Table 1).

(i) Medium to moderate soil loss (25-165 t/halyr andb-360 t/halyr) categories
constituted only 14.2% (2,363 ha) of the total airegicating that sample area is
under severe soil erosion.

(iii) Total annual soil loss for the entire grid in th8H is really gigantically high with
average per hectare soil loss being 367.52 t/laadgrtotal loss being 6,149,735 t/yr,
this being calculated for 16,733 ha area with lolweit of soil loss being taken into
account.

(iv) There is an evident relationship between slopeignadvegetation cover and soil loss
(Table 2). In high (400-600 t/halyr) and very highore than 600 t/halyr) soil loss
categories the slope gradients are 30° - 45° afAd- 2%°, respectively, and the
vegetation cover falls into open grassland andeggtation categories.

(V) Scrub zone with stunted trees and open grasslanelagas no vegetation zone with
23° - 45° slope gradient is highly vulnerable td less falling into 300 to more than
600 t/halyr categories. It is ‘mixed forest typeittw11° - 15° and 16° - 22° slope
gradient that shows the minimal to average soi iosareas with dense and open
crown densities.

Evidently, the vegetation cover controlling soik$oturns out to be the significant
factor for soil erosion. In the sample area of CShisand large, the dense forests are on
lower slope gradient while the higher slope gradhghs (25° - 45°) support only either the
scrub-grass land vegetation or no vegetation at all

Often high frequency and heavy monsoonal downporgate high run off rate that
carries away large volumes of soil to the tune .4b@million tons per annum from 167.33
km” area of CSHs. This is alarming average rate of36falyr, i.e., 2.45 cm/yr of top soil
that leads to a voluminous depletion of once ommly rich soils of high energy
environment. It may be pointed out that high eneegyironment is defined as an area
possessing high relief where erosion processesyatabr man-made, are rapid. In other
words, these processes are influenced by combimafielevation, slope angle and gravity
(Ives, 1981).
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NATURAL HILLY ECOSYSTEM

CHANDIGARH SIWALIK HILLS : SOIL LOSS —-1989
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Figure 2. Chandigarh Siwalik Hills: Soil Loss
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Figure 3. lllustrates highly dissected hill topography asuaie of the geomorphological
features resultant to heavy erosion in CSHs (basd®S 1A LISS-2, February 1,
1989).

A

Figure 4. Depicts ‘badland’ topography of CSHs. Rills andleys are a
common feature. In the foreground is a cultivaid&dfonchoeterrace.

Figure 5. Shows scrap hill facés of eroded hills as wel gsllley in the formation on left
side. In the foreground is dense with wild vegetatind few cultivable fields on
choeterraces.

In such a situation that frequently prevails in GSHigures 3-5), there is very little
infiltration of rain water. Minimum erosion intemgiis observable mainly in piedmont and
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alluvial plain SW of CSHs and some pocketschioe valley lowlands. This is due to
minimum slope gradient in these landscapes.

CORRELATIVE DEGRADATIVE FACTORS GOVERNING SOIL EROS ION IN
CSHs

Following correlative factors determine the ratd axtent of soil erosion in CSHs:

1. Erosivity (Rainfall): Potential of rainfall to cause erosion depends up®rdirection,
intensity, duration and amount. The annual amo@imaiofall is distributed nearly uniformly
over the entire Chandigarh Siwaliks. Total yeadinfall (average 39.76 inch./101.00 cm) is
not of much significance in accelerating soil evosiin CSHs the rainfall is mainly caused by
southern winds which strike against southern dipstopes with vigour while rain bearing
winds are more parallel (rather than against asge of southern hill slopes) to the northern
slopes thus there is reduction in the splash fofaain drops and the resultant soil erosion.
High variability of soil loss types shrouding soetth slopes is not noticed on the northern
slopes due to difference in topography and vegetatr. This means thicker vegetal cover on
northern slopes reduces the force of rain drops.

It is notable that on southern slope with littlerm vegetation, kinetic force of rain
drops causes splash erosion that is further aeteteby a combination of slope angle and
gravity. This results in sheet erosion/sheet washi, creep (Figures 4-6), landslides and
landslips.

2. Erodibility: Soil erodibility of various soil scapes of ChandlgeSiwaliks is highly
variable, very high for alluvial plains, high fower terraces, moderate for piedmont plains
and the least for hills and valleys (Sa#taal., 1991). However, when the soil erodibility of
these soilscapes is compared to soil loss in CBHears an inverse relationship with erosion
intensity because the erosion is the highest inhilie and valleys, moderate in piedmont
plains and the least in alluvial plains. This irad&s that soil erosion is directly correlated
with vegetal cover and slope gradient.

3. Topography: There is high variability in the rates of soil loms the slopes south of the
divide in CSHs and also there is some differendfdererosion intensities on the northern and
southern slopes. This is due to the following geqgohim characteristics of the highly
dissected hills of Chandigarh Siwaliks:

a) Convex-concave hill slopes north of divide are vetgep (32°-45°), while the
concave slopes facing south and southwest are aietlesteep to very steep (15°-
45°). The steepness of the north facing slopes wititre rapid and complete
precipitation run off depicts perfection of draieag\ccording to Morgan (vide Kukal
et al., 1991) concave slopes favour flow converging towdhdsbase of the slopes,
resulting in gulley formation (Figures 4 and 5).

b) Lesser erosion due to low run off is also showulgh contrast in drainage texture
and drainage density between north/northeast amth/southwest facing slopes.
Mean values of five readings (Table 1) show that tlorth/ northeast slopes have
drainage texture of 15.40 per krand drainage density of 134 km per *kwhile
respective figures for south/southwest facing stome 21.30 per kmand 178 km
per knf, contrastingly high indeed.

c) The ratio of northern-southern slope lengths is résilting quantitatively in more
soil loss from southern slopes because of higheofiliover larger catchment areas.

d) A south facing slope is insolated more or lessigiitrangles and consequently
intensified during spring creating desertic comai§ while on the northern slopes
opposite conditions prevail when insolation is@t langle and less heat contributes
to moisture conservation.
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e) The northern slopes of the Siwalik hills are priityagcarp slopes whereas south and
southwest trending slopes are traversed by deepvalleys producing a variety of
landform features such as cuestas, serrated kaigfe-adges, spurs, hogback ridges,
scarp ringed hills, amphitheatrical basiclspeterraces and are highly dissected with
rills and gulleys (Singh, 1990a).

It is now well known that climatological and phygraphic processes like rainfall
(average), insolation, soil and topography are mahtprocesses and remain constant for an
area over a long time period. It is the vegetalecdhat keeps on changing rapidly at short
intervals due to biotic interference (anthropogepressures). Therefore, it is on this account
that the rate of soil loss is highly dependent egetation (see Figures 4-8).

4. Vegetal Cover

a) Spatio-Temporal Changes Studies (Singh 1990b, 1990c, 1995, 2001) have
established that one time luxuriant subtropicaé$ts of the Siwalik Hills with ample
strands othirpine andsal, have been almost totally extirpated from the abbage to
excessive logging for timber, grazing and cultieatithe thick forests of these hills
and the adjoining piedmont plain have yielded pkacgcattered low height trees with
xerophytes predominating and 70-80% of the argaSHis supports highly degraded
tropical dry deciduous scrub vegetation (Singh 192801). Consequently, large
scale denudation, landslips and gulley formatiagyfes 3-5, 7-8) and mass wasting
of substratum (Figure 6) became a common featudettaan ‘badland’ topography of
CSHs became too apparent.

Changes in the nature and extent of forest couengl the years 1964-66,
1983, 1988 and 1991 have been monitored in deyjaMéhta & Singh (1995) and
Singh (2001) and they pointed out that:

i.  Area under forests in CSHs declined between thesyiE266 and 1986.

il. Fortunately, the situation in CSHs improved durirf@36-1988 with 16.30%
increase in area under forests. As well as more fiva fold increase was
noticed in area under Dense Forests.

iii. During 1988-1991, CSHs showed further improvementaa as forests are
concerned. Area under forests increased by o2i§9%4. Dense Forest* area
increased by 2.81%, and Open Foresid Non Forest area decreased by
3.5% and 6.82%, respectively.

iv.  Although total forest area of CSHs decreased b$%.6luring 1986-1991,
yet presently these hills support 92.43% foresa.are

" According to the forest classification followed Bgrest Survey of IndiRense ForestiaveCrown
Densityof above 40% to 70%)pen Forestshow Crown Density of 10-409%crub Forestexhibit
Crown Density below 10%.
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Figure 6. Showing mass-wasting of soil (soil creep) on cliagfsand profile of the hill in
CSHs.

Figure 7. Shows heavy soil erosion on the steep slopes lofalsts, consequently this results
into formation of rills and gulleys. In the foregmad is the bed of Patiali Rao showing

deposition of eroded soil.

Figure 8. In the background are seen the hills with gentlentmerate slopes and different
types of vegetation intensities on these hill fadd®e result is varied degree of soil
erosion. In the foreground is seen very steep derega hills and depositional choe-
terraces which are used for cultivation.

Temporal change in the forest cover with respecydars 1966 and 1991
reveals a definite improvement in the quality ofeki cover in the fact that Stable
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Forest constitutes 45.94% of CSHs area and arear dieforestation shows a definite
decrease (32.94%) while area under afforestatifmméstation shows 161.36%
increase in CSHs when compared to 1966-1986 dat@riunately the Scrub Forest
area showed a marked increase by 59.64% during-1988. There has been a
natural regeneration of forests over the last feary but the biotic interference, as at
present, continues unabated. Thus natural regererast totally inadequate when
viewed in the light of over all forest growth inetlCSHs. It may be pointed out that
the forests of CSHs are still to stabilize and heastage of yielding sizeable amounts
of biomass. Only then, soil erosion in CSHs wilhiawve the minimal level. It goes
without saying that due to adverse changes in fa@sger in CSHs there has not only
been the loss of rich biodiversity but also theslogfertile top soil has been gigantic.

b) Quality of Vegetation: It is simply clear that in CSHs, in the areas ajhist
erosion intensity (Figure 2), the dominant vegetats herbaceous in character, being
composed of grasses and herbaceous elements togétherown density of stunted
trees below 10%. Grasses are dominant ®itlaliopsis binnata (bhabam)eing quite
frequent. The areas of moderate erosion intensity characterized by scrub
vegetation with stunted trees and the recent mdnweuafforestion plantations of
Eucalyptus.

It is the grazing pressure aBdicalyptusplant-water demand aided by semi-
arid conditions that accelerate erosion of loosgey)-sandy soils in CSHs. Low soil
erosion intensity is observable in areas suppontitixed dense forests witkhair
(Acacia catechushowing crown density above 40%. Here, it is thasdecrown
cover with thick under growth and abundant leaétithat affords maximum canopy
interception against ground evaporation, rain $p(asulti storey canopy impedes the
force of rain drops) and soil compaction causednioyease in soil density through
decrease in pore space. Soil compaction is alseedaby trampling by hooves of
animals and dragging of logs during forest fellings

Good vegetal cover ensures higher infiltratiomsaincrease in soil moisture
retentive capacity and thereby simultaneous reduoctn soil displacement and
surface water flow yields. All these lead to mirging soil loss.

Infiltration gets altered with vegetation coverdathe change in subsurface
flow can modulate surface flows that cause much eamsion (Barrow, 1991).
However, where rainfall is of long duration andemsive as in the case of CSHs
during monsoon period, saturation may occur anduheoff retarding effect of forest
may decrease (Rieger, 1981).

5. Land Management Crop cultivation often with traditional ploughirand irrigation by
diverting water from streams is practiced mainlyhifi terraced fields or on small river
terraces (Singh, 2001). On larger river terraces @roe valley lowlandscultivation with
traditional wellsor tube-wells is done with application of fertilise and even use of tractors
to increase food production. Intensive cultivatimomotes higher rate of soil erosion from
river valley high or low terraces. Inhabitation® anainly located on the valley low lands
where human activity accelerates soil erosion (féid).

To control soil erosion and to store water foigation, few check dams (earthen or
stony) have been constructed in CSHs during thetwas decades or so. These are located
mainly in and around valleys at few selected gifesmall and deep gulleys for making water
available for crop irrigation in lean periods. Taesmall dams, however, play only a very
minor role in soil conservation because (i) watasily changes its course to form new rills
and gulleys owing to high soil erodibility and filgggeology of the hills; (ii) with high rate of
sedimentation the check dams soon spill over; @ijdti{ey cover an area, which is only
negligible proportion of the entire eroded areaught is seen that in distribution of soil loss
categories in the CSHs at particular time, landaggament has a considerable role to play.
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6. Socio-Economic ConditionsWith rapid growth of Chandigarh Conurbation, théaes
been extensive deforestation in the CSHs in 198980s and 1980s and in deforested hills
the construction of roads deviated water run-ofdlag to more frequent landslides and
activation of gulley erosion.

The local population of CSHs is confined to poskaftnon-forested lands and is very
poor because their land holdings are small. Nomifag village population consists of
labourers working in and around Chandigarh or theke keep animals for milk supply to
the urban people. Usually, the cattle populationasy high. There is frequent grazing by
animals on the government forest lands. The CSHsst® are also under great pressure for
day to day fuel and fodder supplies. Because afuieat failure of crops in the CSHs the
farmers shift to animal husbandry. Small farmergpkeows, goats and sheep in large
numbers. These are professional graziers commaiigdctheGuijjars.

All these activities contribute to continuous deteation of forest land productivity.
Loosening of soil through repeated or continuouazigg and upland destruction of
vegetation leads to accelerated soil erosion.

Due to shortage of firewood in CSHs the cattlegdisndried for fuel. This deprives
the soil of valuable manure thus affecting produigsti In addition, cyclic cultivation of wheat
and paddy inchoevalleys reduces the availability of wild fodder foattle and thus their
dependence on forest lands.

With heavy anthropogenic pressures, there is alleeduction in number of forest
species, introduction of exotic species and contisudenudation leading to simplification of
the structure of CSHs ecosystem. This has led wo \lield of forest biomass affecting
economy of hill people. Above all, Siwalik Hill gles have become highly vulnerable to
erosion resulting in loss in biomass productivity.

7. Sedimentation Studies undertaken in an experimental watershed @kandigarh have
demonstrated that burning of forests, felling afes and overgrazing increased the peak
discharge of run off by 69%, 34% and 32%, respebtj(Singh, 1981). However, there is
local variation in run off, which is dependent uptire (i) nature of soil (porosity and
solubility), (i) development and type of vegetatiginfiltration capacity), (iii) degree of
surface slope and (iv) local climatic conditions1 @1 average 50% of the total rain in the
Siwaliks ends in run off (Misrat al.,1978). The total rain in CSHs amounts to 35,25%ha
(32,050 ha x 1.1 m annual rainfall), which is iratice of the fact that 17,627.50 ha.m of
water from these hills goes unutilized downstreammying huge amounts of silt along with it.
Due to higher run off, the accelerated pace ofienog the catchment areas of seasonal
streams ¢hoe$ indicates higher rate of sedimentation in theewaeservoirs (e.g. Sukhna
Lake in Chandigarh).

The Streams of CSHs:Longitudinal profiles of five selected streams, emManakpur
Choe, Sugh Rao, Jaintia Devi Ki Rao, Budhki andv&is Nadis of the hill-foot plains were
analysed by Singh (1994), which provides a gengewv of the stream profiles of th#habar
tract. These streams present similarities in tleetfaat their bed profiles are generally planar
or to some degree plano-convex curves. The stredirtiee piedmont plain adjoining CSHs
are the ephemeral streams of semi-arid region whieee volume of water decreases
dowstream because of percolation and spread begtoeam margins or even evaporates to
some extent. Silt deposition occurs when the volaieater in the streams decreases and
whatever water flows cannot transport the loadingiyplaner or convex profile of the stream
beds.

It is significant to point out that seasonal stneaexhibit high amount of water
turbidity since the flow carries high volumes ob@ed soil from CSHs. As an example
Ghaggar demarcating the NHE of CSHs on eastern dighing rains carries in its waters
from 2,500 — 5,000 ppm of sand, silt and clay asmébout by the analysis of 200 samples of
flowing water taken at different times during raisgason near Panchkula. Also, due to the



ENVIS Bulletin Vol 13(1) : Himalayan Ecology

rise in the stream beds of the piedmont and ple#asaconsequential to deposition of silt
brought down from the Siwaliks over the centuriemding during rainy season is a normal
feature year after year. Such inundation of agwical lands along the margins of streams is
beneficial to agriculture because as a result afomifloods there is deposition of fertile
alluvium in the fields which makes them more prdduic Also, moisture content of the soil
is increased and in the non irrigated areas thepeis of raising good winterapi) crops
become brighter.

Finally, human activity in the drainage basin lo¢ seasonal streams of CSHs often
aggravates floods due to obstruction in the fresvfbf water. Excessive logging in the
catchment areas of the CSHs streams leads nottonlycreased soil erosion but also to
increased water run off bringing in turn flash fiisan thechoevalley lowlands and the flood
plains of Punjab. Since 1966, two major floods 888 and 1993, have been experienced in
ISCR (Singh, 2000).

DISCUSSION

In the preceding account the phenomenon of sosien in the NHE of CSHs in
relation to its correlative degradative factorss leeen assessed. Consequential to marked
changes in the vegetal cover, there is quick r@iamd soil loss. Kayastha (1992) showed that
as compared to grass land and forest land théx@aigy run off and loss of soil from bareland.

The important factor as related to soil erosio@BHSs is the presence or absence and
the quality of vegetal cover. This fact has ampdet brought out in the earlier studies of
Singhet al.,(1984) for central Himalaya, Endlicher (1990) fentral Chile, Aniya (1985) for
Amahata river basin in Japan while Kulkalal.,(1991), Kukal and Sur (1992) and Mehta and
Singh (1995) concentrated their analysis on theaiwHills in NW India. According to
Thornes (1985) the vegetation provides an incréase shade, in infiltration and hence soil
moisture, and (ii) in nutrients from break downlitier as well as both the average height of
the surface cover and its total mass increase exypiatly. He emphasized that the ground
litter and soil organic content increase more es li@ parallel with biomass and are of greater
interest because of their relation to soil erosinmiya (1985) suggested that slope gradient,
aspect, slope plain-form, break of slope, elevatiod vegetation are the most critical slide
characteristics. Singlet al. (1984) pointed out that the dwindling forests ire tbentral
Himalayan region led to the once productive landase becoming barren. Similar factors
are operative in CSHs due to the growth of Chanmti@onurbation in their close vicinity.

Discussing the ecological cause of landscape datjom in Central Chile, Endlicher
(1990) pointed out that petrographic (rock)-pedial (soil), climatic, biogeographical
aspects, and man’s interference are the triggéaicigprs. In CSHs also anthropogenic factors
have dominant role in accelerating the situatiothwegard to landslips/ landslides. Endlicher
noted that in the absence of vegetation coverstashing of rain on the slopes with little
vegetation causes downsplash and widespread simgrtehthe soil profiles and in addition,
when the run off courses join, this causes linéssattion of the slopes and the regression of
gulley heads. This is what is actually happenin@8Hs on south and southwest hill faces.

The landscapes of the study area of CSHs is bddiyraded as one proceeds
westwards from Chandigarh to Ropar-Anandpur Sahib Bhakra-Nangal dams. Sheet, rill
and gulley erosion is the common feature of thekke Kukal and Sur (1992) also reported
similar soil erosion hazards of agricultural, pastand forest lands over 236 ha of mixed
watershed in the foot hills of lower Siwaliks. Ear] Kukalet al.,(1991) analyzing various
features of soil erosion concluded that in submmat&unjab depending upon the area
location (i) high sail erodibility, slope steepngeskope length, convexo-concave, and concave
slope patterns and sparse vegetation are the dotrfaetors governing erosion hazard, (ii)
rill erosion is positively correlated with slopeegpness whereas erodibility of the soil is
strongly correlated with amount of silt and sariiil, ih area with steeper slopes the lower
segments were prone to more erosion because ofelnaglibility, and (iv) the slopes facing
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south-west are more prone to erosion than othecause of more solar energy, less
vegetation, and concave slope. Writer's observati@md the results for the sample area in
CSHs as assessed on the basis of remote sensitagaphs, clearly fall in line with the
above results of Kukadt al.(1991).

Presently, the problem of soil erosion and sediatem in CSHs streams is posing a
challenge to the foresters and planners in Chartdigs is clear from the fact that the rate of
erosion in the catchment areas of the Himalayagrsiat present times, is five times higher
than that of past 40 million years of geologic tn{enard, 1963). The presently calculated
loss of about 2.45 cm of top soil per year fronthatent areas of CSHs streams is at a very
severe rate when 0.1-0.2 cm per year loss is taketacceptable” according to Kirkby &
Morgan (vide Barrow, 1991).

Our earlier studies (Mehta and Singh, 1995) geiadicated that water induced soil
erosion in the NHE of CSHs has contributed to treblem of land degradation leading to
induction of changes in the ecosystem which hatrediced or accelerated disorders in the
availability of water, intensification of rate abiserosion and transformation of dense forests
into scrub forests as aided by anthropogenic pressiihornes (1985) had expressed that soll
erosion studies reveal a serious lack of understgraf the relationship between processes,
sediment yields and erosional landforms on one laaidvegetation cover on the other hand.
There is a competition between erosion and vegetajrowth through time and spatiality.
The vegetation provides an increase in shadefiltration and hence in soil moisture and the
nutrients from break down of leaf litter. Both theerage height of the surface cover and its
total mass increase exponentially while grounddifind soil organic content increase more or
less parallel with biomass and are of greatestastédbecause of their relation to soil erosion
(Thornes, 1985). As early as 1921, Bluntschi hadeoled that the forest and water act
intrinsically together, depend on each other amdnamtual expressions of one another (vide
Sioli, 1985). Good percolation capacity of the switler high forest cover reduces surface run
off to practically zero and the dense canopiesigh Horests inhibit surface erosion (Sioli,
1985).

According to Jones (1993) the climate change (I8HE occurring due to
deforestation-mine) almost certainly has an immacslope stability but also important and
variable are (i) the important and variable rolehofnan activity in generating instability, (ii)
wide variety of factors that combine to influenéepg stability over time and space, and (iii)
extremely varied nature of slope instability itselhich is often concealed by the use of
simple umbrella term ‘landslide’. In the same yBaardman and Favis Mortick (1993) noted
that recent increase in soil erosion in Britainthe result of continued intensification of
farming and major land-use change. They also paimtet that introduction of erosion
susceptible crops such as maize will increase @mosates. These observations are in
consonance with conditions in the NHE of CSHs whibege is intensification of farming and
major land use changes. Further, animal grazingatigrdamage the vegetation. More so, the
goats are prolific breeders, if confined to a ldgahen they might damage vegetation beyond
growth capability (Jos®t al. vide Barrow, 1991). The limited vegetal cover inH3Sis
extremely overburdened.

In summation, it may be pointed that in CSHs thestmimportant factor associated
with soil erosion is the forest cover. The flowglam as depicted in figure 9 shows as to
how the changes in vegetal cover due to biotiaf@etence control the natural factors in the
long run when some of their properties get alténeshort span of time due to anthropogenic
pressures. In the NW Siwaliks soil erosion is aidgdand use changes, intensification of
agriculture and the cropping patterns which overyhars have undergone a sea-change, in
the CSHs in particular and Punjab Siwalik Hillsgeneral. In the study area the pattern of
agriculture is so similar to the adjoining Punjaaimp area that the sustainable hill agriculture
is a story of past. Because of agricultural actititking place all the year round, there is
frequent destabilization of the sail in the agriatdl fields. All these activities/ factors lead to
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setting in motion of soil erosion processes eveh lew intensity rains, what to talk of heavy
rains.

Figure 9. Flow diagram depicting interaction of various delgigonal factors operative in
CSHs (adopted from Mehta and Singh, 1995).

CONCLUSIONS

Soil erosion is a serious problem in the NW Sitvalieas which are mostly untreated
against erosion. On an average 50% of the total eads in run off (Misrat al., 1978).
Various studies (Singét al.,1990) have indicated that the NW Siwaliks of Purgaperience
a severe soil erosion with the accepted averaddossi value of 80 t/ha/yr which is a very
high figure though some ranges are vegetated t@seRtly, clayey, sandy, gravelly soils of
CSHs with sparse vegetation are the major factorshigh rate of evaporation. These are
aided by poor retentivity of soil moisture and espondingly high run off of water in these
hills. Water run off, infiltration capacity, soiigplacement and moisture retentivity playing a
key role in soil loss, have been found to be higldpendent on vegetal cover and leaf litter in
CSHs. It is notable that the soil particles areegibest protection by the vegetation. All these
changes have been brought about in the CSHs anadfbaing Punjab plain due to biotic
interference and the changed pattern of land ksegt@lace during the last 40-50 years.

Based on findings of different authors and yeapmedence of field work in the CSHs
of the author of this article, following suggessomay be useful in restoring the ecological
balance of the low hill ecosystem around Chandigarti in the adjoining Punjab-Haryana
region:

1. The simplest is putting in massive efforts for adfgtion with wild native species, in
particularAcacia catechu (katha), Shorea robusta (saijl Pinus roxburghii (chil)
with emphasis on agroforestry models in @leevalleys without disturbing the way
of life of hill native people. All forestry plansisuld supplement their income. Thin
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plantations of broad leaved forests of native sgmeahould allow animal grazing
following silvi-pastoral models.

2. Selective raising and up-keeping of domestic arsnsélould be introduced in each
agro-pastoral ecosystem of inhabitation. Raisingpofmany goats must be stopped.
Animal husbandry should not create any burden eridrest ecosystem.

3. Building of large water reservoirs need to be addgdbr the collection of run off
water in catchment areas with emphasis on the ptieeemeasures for minimizing
their siltation. This water should be used for n@iny season irrigation of croplands.

4. Excessive rainfall water should also be storednibwabitants of the hilly agro-pastoral
systems for their needs.

5. On hill slopes where soil erosion is intense eveld fterracing will not be a practical
solution. Here restricted cultivation following tfhele drilling method as in case of
Jhoomingcultivation (by migratory tribal population of Ireji need to be adopted for
the retension of mulch cover. Once over flow-wateichecked by earthening of
cultivated area boundaries, accumulation of humiligestore the soil fertility.

6. In upcoming forest land, strip cuttings for fuel @gbshould be adopted with the co-
operation of the village people whose entire sustea is on the hill resources. Thus
created self sustainable inhabitations will noaldmirden on the forest ecosystem.

Even the small scale soil reclamation and affotestaefforts in the CSHs will create
the woodlands which will reduce subtropical isalatbecause of shade. The vegetations thus
created will slow down the drying up processeshia low hills resulting in extension of
vegetative period. Obviously, during rainy seaghe,impact of heavy rains will be reduced
by up coming vegetation cover leading to graduducgon in the rate of soil erosion in
contrast to what is experienced presently. Oncefdhests of NW Siwaliks in general and
CSHs in particular are restored to their pristileryg on the principals of sustainable
development, soil erosion and the related factbrstream sedimentation and floods in the
piedmont and plain areas will be a story of thd péthin next 10-15 years.
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