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GLIMPSES OF AGROFORESTRY AND 
SOIL CONSERVATION IN INDIA 

INTRODUCTION 
Out of 142 M ha net sown area in India, 97 M ha continues to be rain fed. Due to intrinsic 

features of natural resources and increasing human intervention the land resources of 

the country are exposed to different processes of land degradation. The wind and water 

erosion are dominant degradation processes on rain fed lands while waterlogging and 

salinisation are wide spread in irrigated areas. These processes are dominant in arid, 

semi-arid and dry sub-humid regions. Traditionally the natural resources have been 

managed with minimum deterioration in their quality. Traditional practices viz. planting 

trees and shrubs within the agricultural fields and on their boundaries, indigenous 

implements for soil working, current fallowing, low intensity cropping, green manuring 

and incorpor~tion of legumes in crop rotations helped in maintaining land resources. 

With the advent of new technologies to meet the needs of burgeoning population for 

food, fibre, fodder and fuel there has been undue exploitation of natural resources and 

consequently acceleration in land degradation. It has been estimated that in India about 

107.12 M ha is degraded due to water erosion, 17.79 M ha is due to wind erosion, 16.13 

M ha is under waterlogging and salinisation, and 3.97 M ha is under ravines. About 

19.49 M ha forest is degraded. Technology packages have been developed in past few 

decades for rehabilitation of degraded lands and their sustainable management. Adoption 

of agroforestry on watershed basis has been the approach to combat degradation and 

sustainable production. 

Toaddress current problems of the nation this bulletin briefly presents agroforestry under 

different edaphic and agroclimatic regions on watershed basis for rehabilitation and 

sustainable management of land degraded due to water erosion, wind erosion, 

waterlogging and salinisation, and mine spoils. Promising agroforestry systems and 

priority MPTS in different agroclimatic regions have been identified and annexed. 



SOIL EROSION ON MARGINAL CROPLANDS 

In India 107.12 and 17.79 M ha is affected 

by water and wind erosion, respectively. 

The wind erosion is further aggravated by 

deep ploughing of sandy soils, particularly 

with tractor drawn implements which 

breaks the unstable clods and uproots the 

natural vegetation exposing the soil to 

wind action. About 30 to 40 % of the 

rainfall is lost through runoff causing loss 

Highly activated salld dunes 

A severe water eroded field 

of 5334 M tonnes of soi I (16.35 tonnes ha-i 

year·i
) and 5.4 to 8.4 M tonnes of nutrients 

annually. 

Sand dunes are most prominent features of 

the Thar desert in arid Rajasthan covering 

58 % of the area. Height of these dunes 

vary from few metres to 100 m . These 

dune'S are grouped into seven types viz. 

parabolic, coalesced parabolic, 

longitudinal. transverse, barchan, 

obstacles and shrub. coppice. Because of 

extensive animal grazing and cultivation 

on dune Hanks. many of these dunes have 

become highly active and create menace 

on agricultural fields, commu!1ication and 

transport network and human settlements. 
.. 



Controlling Wind Erosion 
• Reduced tillage after first shower of rains or no tillage maintains better clod size. 

which significantly reduces wind ero~ion. 

• Crop residue @ 2-5 tOlmes ha-I and retaining pearl millet stubbles of 45 cm height 

is found effective in preventing wind erosion in sandy soil". 

• Alternate <;trips of pearl millet. 

moong and moth beans. and cluster 

bean and erosion resistant grasses 

prevents wind erosion effectively. 

The optimum width of grass "trips 

varies from 6 m in sandy soil to 30 

m In (jandy loam soils. 

--------------------------~ 

• Ber with clusterbean, cowpea, 

horsegram or other legumes IS 

widely adopted in dry tracts of 
Strip croppillg for wind erosioll control 

Andhra Pradesh, Maharastra, and Karnataka. The agri-horticulture system has a 

benefit cost ratio of 5.53. 

• Prosopis cineraria. H{lrdwickia billaw and Tecomella wldu{ala are found most 

suitable for soil conservation in range lands. 

Jtgri-.ltilvicuLtural syslem 
5 



• Agri-sil viculture including plantation of Prosopis cinerarill and Zi';._\,phlls 

r()tlll1d~l()lia in crop fields is traditionally practised for soil conservation in arid 

region of Rajasthan, 

• Shelter belts plantation of 3-5 row!) 

of tree~ in pyramid shape check 

wind erosion significantly, Tree 

species sllch a~ ClIlligollUIll 

polygol1oides. Zi::.iphus l1wnmularia. 

Adcia hil·enosa. Acacia lorr;/i and 

Prosopis jllfif/ora for the flank rows 

and Eucalyptus camalduleflsis. 

Hlirdwickia billllfa, A::.adirachta 

indica. Albi::.ia febe('/.: and Cacia 

• 

siamea for central row are 

recommended. 

Protection against 

biotic interference. 

installing micro wind 

breaks of locally 

avai lable brush-wood at 

2-3 111 interval at crest 

and at 5 m interval at 

midd,le/base of dune. 

and plantation of 

suitable tree species 

stabilised the sand 

dunc~. Most suitable 

Shelter belt pla"tatiolT to cOlltrol wind t'rtJ\;(JII 

StabW-:.ed sand duties 

tree specie.;; for sand dune stabilisation in arid region are Acacia forlifis. Prosopi,\ 

julZllorli. Cofophospermlll11 111 OpClIl e, Acocia binos(l. Acacia llubh·o. Zi-;iplws 

llummll/aria and Cordhl rothii. Suitable grasses and shrubs arl! Lasiurus Silldicus, 

CeJlchrus caioris, P({nicam (ll1fidofale and C;frll/lu,> c%cynrhis. The Statl! 

Government of Rajasthan has stabi I ised sand dunes In about 100.000 ha. 



Controlling Water Erosion 
• Tillage comhined \vith seeding across the slope reduced runoff and ~oi l ero"ion by 

I 0 to 20 % and could sustain crop for two week" following intermittent failure of 

rainfall. 

• On less than 3 % sloping land in 300-

SOO mm rainfaJJ /one contour 

farming reduced 'ioil loss from 5.5 to 

3.6 tonnes ha' and improved crop 

yieJds. 

• Modification of land configuration 

on Alfisols, Vertisols and Inceptiso ls 

led to 10-40 o/r increase in crop) icld 

through on-farm rainwater 

management. 

.->; 
r ••• 

COlltour jarming for ('ollt/of u.! \1J11 ermio" 

• Contour bunding and contour furrow'jng alone or in combination in lc~~ {han 600 

mm rainfall zone increased soi I moisture storage from 26 to 39 % resulting in 

higher crop yield by 14 to 181 ~' . 

• Variable graded bunds for annual rainfall greater than 600 mill in permeable soils 

and in less than 600 111111 in impermeable ... oi Is disposed excess water safe)y. 

• In red and laterite soils graded bunds reduced runoff frolll 20 to 13 Ck anJ soil loss 

from 4. to 0.1 tonnes ha '. 

• In red lateritic soils graded trenches in 10-15 % slopinn area in hilyh rainfall reaions co - ;::':::0 ~ 

reduced runoff by 26 to 28 % anti 

soil lo.ss from 4 lOnnes hu-I to zero. 

• Contour vegetative barriers of 

locally adapted gral\ses sllch as 

Cyrnb0l'0gan jwarllflclislI, CellCilrllS 

ciliaris and Cel1l'hrllS s('tigert/s 

transplanted 0.30 m apart on 

contours at 0.6 to 1.0 m vertical 

interval form a dense barrier within 

2 years to control soil erosion, CVB of Cellchrus dlliari.\ 
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The runoff reduced by 28-97 % and increased soil moisture 'to rage by 2.5 times 

resulted in 20 and 50 % higher crop yield over control. 

• In red soils the vegetative barriers of Vetiveria zizwzioides at 11 m horizontal 

interval reduced runoff and soil 10'Os to 35 and 62 %, respectively compared to the 

culti\ ated fallow. The two row vegetative barrier of Vefiveria zizaniohles in 

sorghum crop reduced the runoff and soil loss to 68 and 80 o/n, respectively and 

enhanced crop yield by 7.6 %. 

• In hilly region bench terracing with 

provisions of grassed water ways is 

effective. Agroforestry interventions 

are utili/cd to stabili-,e risers and 

sustenance of the terraces. 

• Soil and \vater conservation 

trcatmen ts (be nch terraci ng and 

contour bunding) in mountainous 

watersheds reduced runoff from 42 

to 14 % and soil loss from II to 2 

tonnes ha-' . 

• Bench terracing in 16 to 35 % slope 

of red and lateritic soils reduced 

runoff from 15 to 3 % and soil loss 

froIll 45 to 0 .5 tonnes hu-' 

8 

Belich terracillg 011 sloping land 

Bench terracing (ll1d COlltour bunding in 
1tr00ultainollS K'atenfred.'i 

Belich terracing in red and lateritic: .wil.~ 



SALINISATION AND WATERLOGGING 
Natural salt affected soils are wide spread in arid and semiarid regions of India covering 

about 16.13 M ha. These lands are barren supporting only scrub vegetation of salt tolerant 

species. Irrigation with saline and sodic water causes saline and sodic conditions in the 

Salillisatioll irl irrigated crop field.\ 

region. Fast rising water tables in the canal command areas create waterlogging and 

salinisation. The reasons are faulty irrigation ~ystems and improper on-farm water 

management. Consequently. India alone has 12.428 km2 under soil salinity and alkalinity 

and 4.266 krn 2 under waterloggmg. 

Management of Salt Affected Soils 

• Technology for sustainable 

management of brackish water by 

treatment with gypsum as 

amendment has been developed for 

wheat. mustard. and cumin crops. 

The technology is cost effective with 

benefit cost ratio of 3: I. The 

programme has been adopted in the 

reglOn. 
Reclamation oj brackish water irrigaled .wib 
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• It is not possible to reclaim these lands because of paucity of good qU<.tlity water 

for leaching the salts. The augur hole. and ditch and mOllnd techniques have been 

developed for identified trce plantation on such lands. Silvi-pastoral. silvi­

agriculture and silvi-horti-pastoral practice~ for \'egeracing such lands have been 

adopted. 

• Prosopis ju/iflora, Acacia flilofica. Casuri/l(( eqltise'~folia. Tamari.'· articulata, 

Tamarix wjuna and POflgamia pilllwfa together with grasses sLlch as Leplochloa 

.Ii/sea. Chloris gayalla and Sp(}roboll(.~ SfJ., Prosopi.\·juIU7oru produced 46.5 tonnes 

ha I in 15 ctlttings over a period of SO months. In the silvi-honi-agricultural model 

growth ratc of guava and cucalyptu!-o+subabul was faster resulting in higher 

production. 

• The subsurface drainage at 25-50 m spacing. depending on the soil texture and 

drainage requirement. not only improved the yield of crops but also facilitated the 

growing of a wide variety of crops b} controlling the water table and reducing 

• 

• 

salinity. The benefit and 

cost ratio was more than I. 

Feasibility of subsurface 

drai nage tec hnology for 

waterlogged saline soils has 

. been demonstrated and 

adopted in canal command 

areas of Punjab. Haryana. 

Rajasthan. Gujarat, 

Karnataka and Andhra 

Pradesh. 
Area reclaimed by bio-draifwge 

Tree species namely Eucal_vpfus camendulensis. Delbergia sis(}o, Prosopis 

cineraria and Tecomelll lJ11cilliara plantation in thc IGNP command rcvcaled that 

in a period of 6 years water table has gone down by 14 to 15.7 m. 

Agroforcstry with commercial trces suitable for bio-drainage \ i/o poplar (Populus 

deltoides) Eucalyptus (E. teretico"I1;.~) and babul (Acacia Ililolica) with rice-wheat. 

. rice-berscem. pigenpea/sorghum-mustard rotation. The benefit cost ratio was 

highest (3.30) in case of poplar with rice-wheat rotatioll. 
10 



GULLIED AND RAVINOUS AREAS 
Gully erosion is the removal of soil by running water. with the formation of channels, 

which cannot be obliterated by normal cultivation. Concentration of surface runoff 

through cattle path~, cart tracks, dead furrows, tillage furrows. or other small depressions 

Land turJJed barrell dlle If) Sl'J'ere gullying 

down a slope is a potential ~ourcc of 

gullying. During every rain. the 

runoff rushes down these gullies, 

increasing their width. depth and 

length. A network of gullies is 

known as ravines. Large areas of 

contiguou~ fertile lands. once giving 

good crop yields, thus get swallowed 

by the ever increasing gullies and are 

rendered uncu I ti vabh:. Roads. 

bridges. bui Idings and fences arc often damaged by the development of ravines. Gullied 

and ravinous areas occupy 3.97 M ha within the States of UUar Pradesh. Madhya 

. Pradesh. Rajasthan and Gujarat along the ChambaL the Mahi and the Yamuna Rivers. 

Reclamation of Gullies I. Reclamation of I.Imall gullies by levelling and provision of safe disposal of water 

is though recommended but not cost effective for rain fed agriculture. Protection 

from biotic interference, peripheral bunding. safe disposal of runoff. terracing and 

gully plugs with plantation of locally adapted tree. shrub and grass species lead to 

excellent 

development. 

silvi-pasture 

• Clearing and levelling the bed. 

constructing a !'efles of 

compo~itc earth and brick 

masonry check dams at 1.2 m 

vertical interval. and terracing 

the side slopes can reclaim a 

medium gully. The terrace 
Reclamation oj deep gullie·,. by permallem l'egcflltioll 



faces, grassed outlets and earth check dams are stabilised by growing suitable 

grasses such as Cenchrlls cifiaris and Diclul11fh;um anlllllatll1l7. 

• For deep ravines the best land use is to put them under permanent vegetation, 

comprising locally adapted grass. shrub and tree species. 

Landslide Control 
• Effectiveness of integrated measures of gabion toe walls. <;purs. drop structures. 

mulching, contour wattling. plantation and protection proved successful for 

stabilisation of landslides. A reduction in runoff by 31 % with negligible sediment 

load resulted from landslide control over a period of 30 years. An increase in 

vegetation cover from 5 to 95 % resulted in longer dry weather flow from 100 to 

250 days. 

MINE SPOILS 
In the arid, semi-arid and dry sub-humid 

regions of India, mining is second only in 

economic importance to agriculture. The 

important minerals ~urface mined in this 

zone arc limestone, gyp<ium, lignite/coal, 

heavy metals. rock phosphate. clay. 

building stone. etc. It is estimated that 

about 700,000 ha area is "spoiled" due (0 

surface mining in India. Within the Indian 

desert about 184,000 ha arc disturbed due 

to mining. 

The natural resources of an ecosystem are 

seriously altered and disrupted when 

disturbed by surface mining. Surface 

mining creates both the on- and off-site 

environmental degradation. Traditional 
Havoc caused by limestone milling 

mining practices. absence of environmental protection measures and lax reguJations 

cause destruction of land resources viz. denudation of vegetative cover. Joss of level and 

uneven topography, depletion and contamination of \liater resources, poor soil conditions 
12 



and loss of soil fabric, loss of fertile land. 

surface cru~ting. soil erosion. etc. It is 

estimated that 2 to 2.5 ha additional area 

is degraded from each ha of effective 

mining. Fugitive dust from mining 

operations often degrades air qual ity. 

Release of gases into the atmosphere such 

as hydrogen sulphide, methane, ammonia 
Hm'oc cQu!;·ed by strip mining of gypsum 

and nitrous ox.ide can occur. Biological 

systems at all scales are altered or destroyed. Rehabilitation of such drastically disturbed 

land is a challenging ta~k in dryJands due co the harsh environmental conditions and the 

lack of a suitable technology. 

Rehabilitation of Mine Spoils 
• Stabilisation of limestone mine spoils 

through engineering and vegetativt.! 

measures. and geo-jute reduced 

runoff losses by 35 % and debris 

outflow from 550 to 8 ronnes ha·1 

year I . The vegetation cover increased 
from 10 to 80 % resulting an increase StabLisatioll of limestone mine spoils 

in lean period flow from 60 to 240 days within a period of 13 years. State PWD 

saved about Rs. 1.0 lakh per annum being spent for removing debris from the road. 

• An optimum combination of 

rainwater harvesting. soil 

amendments, planting techniques and 

adapted pJant species increased soil 

moisture storage in gypsum mine 

spojJs by 37 %, organic carbon by 25 

% and vegetation cover from nil to 

about 45 % within a period of 5 years 

creating a valuable grazing re~ource. 

13 
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DEGRADED FOREST 
The forcst cover in India 

is reported to be less than 

20 % of the geographical 

area of the country. About 

26.13 M ha (R % of total 

forest area) is degraded 

which ha~ less than 40 % 

crown cover. In addition. 

5.72 M ha forest area is 

scrub forest which is also 

highly degraded. It has 
Degraded Slwla fore.\'( 

been e<.;timated that growing stock of forest is 4,740 M m~ and the annual increment of 

growing stock is 87.62 M m3 (I.J m ' ha I year" ) which is very low as compared to 

global average of 2.1 m J ha-' year' I. This situation is mainly due to over grazing. fire. 

uncontrolled and wasteful logging. illegal felling. excessive fuel wood collection. poor 

natural regeneration, excess-ive litter removal and poor density of stock. 

Rehabilitation Measures 

Successful regellera/;,m 

• In recent past. efforts have been 

ll'lude to address th~ issue of forest 

degradation, deforestation and to 

1 m pro\ e thc supp I ies of forest 

pr9ducts. 

• Since 1980. plantations have been 

e ... tablished outside forest reserves on 

wastelands and on private lands. 

Since then 1.8 M ha i..; planted annually to regain the forest cover. 

• Encouraging agroforestry in and around crop lands, farm hOllses and community 

land would meet needs of farmers and reduce pressure on forests and their illicit 

felling. In addition, joint forest management may further help in cOllservation of 

community as well as preserve rore~ts in the country. 
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ANNEXURE 

Promising Agroforestry Systems and Priority MPTS in Different Agroclimatic Regions 

Agrodimatic Systcm~ Agrofore:--try Systems 

Agri- Agri)Joui- ,\gri- Ilo"i- Sib-i- Priority MPTS 
siivicuitun: s.iivicuilurc horticulture p ..... toral p;l,lOml 

I. W\!~tcm Himulayan 4 .. 5 .. .. Grl'wia aplinl 

Rt.!gion 1Jol'ulus cilillfil 

, Lower Gangetic 5 - J 2 :2 Ellcal.'ptlls hyhrid 

Plain~ Region AClicia 

lIl/r;clllijorm ;.1 

3. Midule Gangetic .. - 2 - - Populus deltohly 

PI<lin~ Region A IIIJwcp/zaJl/\ 

ca<iamh{l 

4. U ppa Gangetic 5 - .5 - - P0l'lIfu,1 deltoidl 

Plain ... Region Eucalyptus hybrid 

5. Trans Gangeti<.: 5 - 5 - - Populus deltoid.\" 

Plain ... Region EllclIfyptus hyhrid 

6, Ea\lCrn Plateau and 5 - 4 J .. G",t'iillll arbort'll 

Hills Region Tec/ollll grullllis 

7. Ccntr:.tl Plateau and 4 - 5 4 4 A::;(lllirachta il/C/icCi 

Hilb Region EII('al)pIWi lIylnicl 

8. We ... tcm Plateau 4 - 5 2 4 A::;lIt!imc!z!(/ illdiclI 

and Ilil" Region Acaci(/lIilotic(I 

9. Southern Plateau 5 - 3 2 4 Ai/alit/ill') cxce!.\'C/ 

and lIilb Region E 1/ C (i /YP 1lI,\ 

CWIW Itlltf err sis 

10. West Coast Plains -l 5 4 2 :2 Cas llllrill II 

and Ghats Region eq 1I;.\£,1 ifo/ill 

Eucalyplw hybrid 

II. Gujarat Plain:- and 4 2 4 3 5 P,VSOp;II.1 c;'lerar;(/ 

Hill" Region EucalJptus ".vhricl 

12. Western Dry 5 J 4 - 5 Pro,wpi.\ cineraria 

Region 11cadll 1l;IOlica 

Number J -5 mdJcates Ihe pnoril), pr.aclicaJ model. J :::: lea,>, :lJ)d 5 :::: hjghc'il. 
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