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Palicy Paper
on

Reclamation of Ravine and Gullied Land through Conservation Mcasures
for Dounbling Farmcers' Income
AK. Singh, Gauray Singh, T}. Dinesh, Dineah Jinger, M. Madha and V.C. Pande

1. INTRODUCTION

Sodl erosion due to water in semi-atid climate has led to the development of ravine lands, which is
congidered as the most severe form of land degradation on eatth. Ravine lands are formed when scil is not
fully covered by the vegetation throughout the year and sporadic vegetation s not able to hind the soil
particles from being washed away by minfall (Dagar and Sinph, 2018). Throughout the globe, favine lands
have sevets Emitations for their rehabilitation and sustainable vtilization as a consequence of their unique
topogtaphical features (Singh @ #f, 1966). MAlthough ravines and gollies occur all owet India, the largest
incidenceisfound in Madhys P'tadesh, Uttat 'tadesh, Rajasthan and part of Gujarat. Ravines spread overan
estimated zgea zbout 4.30 M ha in India. The Yamuna, Chambal, Mahi, and Sabarmati bver systems
constitute majotity (around 72%) of these ravines (Soni @t «l, 2018). Thete are several major areas of severe
tavine erosion in India as shown in Tig. 1 and [ip, 2. The latpest is the Yamuna-Chambal ravine zone, The
tavines Oank the Yamuna River for neardy 250 km and in Agta and Btawah mayactzin a depth of mose than
B0 m. Neady 389,000 ha ares is affected along the fank of Yamuna River in Southern Uttar Pradesh
(Sharma, 19B0). The Chambal ravine fanks along theRiver Chambel in 2 10 ki wide belt, which extends
southwards from the Yamuna confluence ta 480 km oo the wwm of Kota in Rajasthan Dagar, 207 8a).
Ravine affext basing of severul Chambal tibutaries, o, Mej, Monel, Kalisindh, . altogethe, 2houat 3,000
km* atea is affected (Dagar, 2018a). In Gujarst, ravine belt covers 500,000 ha and extends from the southern
bank of the Tupt, banks of the MNarmads, Watrak, Sabarmati and Mahi River basins, Besides these tiver
basins, ravines are glso found in Chhotm Nagpar, Bihar, Mahuanadi and upper Sene Valkey, Indo-Gangetic
plains, Shiwalik and Bhabar tract and Western Himalayas even up to the Kashmir Valley (Dhnivanarayana,
1993). Ravine lands have been reported to be losing in excess of 18tacre’ soil loss (Singh el 1992).

r

=1

[ — = o T - 2 - = - Ravinous Bnds of VP MP, Raasthan and Guaral
o B g -
L =S \ - - - i = -
l 3 3 EXTENT OF RAVINES e
& - , i
'.w INDIA ad
i adl
- R iy |
v e
achpgTENRAN WL =
. - ’ i
5Ty g | P
VO i t r
._.1_:--—“ '\J 11
- ", 4
|
4

L.

= ey

Fig. 1 Spatlal exrent of ravioe in India Fig. 2 Ravine lunds of TLE., M., Rajasthan
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Sikka ez &, (2018} reporied that the averape anneal loss of nuotricnts from raving lands due o soil
erogionwa: 5.37 - B.4 million tons tesulting into loss of production.

The tapid expanaion of the erosion induced land degradation globally and the inadequacy of the
effectiveand regional specific soil conservation practicescauses 4 continuous increase in area under such
londswhich ie affecting the ocin-econcmmic dimension ofthe tegional populstion (Pena & af, 2020). 'Lhe
socio-economic conditions, poliey and unsustaingble land management practices have largely been
identified s the major cavses for depradation of apticultural land resources {Meadows and Hoffman, 20023,
However, at the micro level, important cause of nptural resource degradation i lack of economic power to
iovest in consetrvation technologies, The land degradation coused due to extension of ravines needs special
attention, as these marginal lands are susceptible to climatic abettations like droughis and Aoods, These
lands required a comprehencive and Jong term stratepic plan to addtess the issue, not only for resoutce
sustainabiliz but alse for envirenmental remediadon (Dagar, 2018k), The poor productivity of lands,
despive sevetal land Improvement programimes 28 given tn Table 1, calls for faurther intensification of egoil
and water conservation programmes, apart from the other development schemes in the region, If left
untreated the ravines tend to ingress the adjacent marpginal and fertile table lands thus enpulfing fields and at
times, the habitations, It has been estitared thatunamended ravines increasein area avthe rawe of 0.846% per
snmum (Tisgar (2018a); Singh # af, 2020). The resource poor emall and mangingl farmers of the ravine
regons are mostly dependent on subsistence level of agriculmre or allied agriculmral activites emanatng
frtom these lands (Singh & 24, 2021). The exiending ravines wnd to deprive the local fatmers of thedr
accupations forcing thern ta work as fandless labourers (Singh & ad, 2021). Thus, it is rightly said that
exrending mavines are the footprint of death for the coltivatrs Thesefore, considering the above context,
the echnobogies developexd and evaluated for reclarmation of revines in Western Tndia by TCAR-Tndian
Institube of Soil and Water Conservation, Research Centre —Vagad are deliberated below in this papet.

Table 1. Important ravine reclaraation initiatives in India

5. Ne. Yemr Warare of Initsdve
1. 1684 8 Afforesration i 1200 ha of mvine ares of disder BEoeah (Uiar Pradesh) by Disoder Collacers and
Zamiodars,
2 1y *  Kingof Gwalior Madhys Peardesh ) setup Karvwesr Commission’ o seek advice for arresting gully
etonaon atvl enhance food, fodder and fiae] svoilabilly:
1 1945 = Gal imded Amerean Fapers for formularien of sawineg reclamadon smaregy and acdon plan.

BE2957 |« Gol sctup thees: ‘Sull Comervadon Bosanch, Damonworston and Training  Conires’ a1 Agra, Kor
aod Vasad for ¥anwns, Chombal and Mahi tarines, respectively
A. 1955-1973 | a Stz soil consetration scheme of Madbyn Pradesh redaimed 1719 ha twvine lands.

4. 1960-1970 | = Stz Gowernment of Uttar Pradesh, Madhys Pradesh, Eajasthan ahd Gojatst, with the assistance of
Guol, implemented s project for ddincation and characierimation of revincs and mapped 138 M ha

*  Crokral Raviace coclhamation Board was sctup and a Maticnal Ravine Reclamation Policy wan
frvrmmmlatad

s  (Cenmally sponscred sceme Implemenred In 36870 ha for proreaion of while lands and seabifzadon
of rarite lands

* 771997 | »  Ravitw cromion control schomea of Madhys Pmdeaheodaimed 13500 ha of tavine lands.

i HH7-1995 | &  Ravine reclamatnn lo Dacoit Prons Areas of Uttar Pradesh, Madhya Prodesh, Rujasthan and Gujarat
implemanted and reckisred 1270 ba,

UNDF suppared Project for mvines rehabiliation in Kot (Rajesthan).

EEC supputted project In Yutuune tavines of Ay, Fircolued and Exwwubdistricts of Tt Poudoh
NABARD fonded projectin some districts of Uttar Pradesh.

Gowtnment of Uttat Pradesh Ravine StabiBertion Projoct tasgeted 7000 ha savinc lands,

10 20072014 |« Forcst departmcot of Madhya Pradesh reclaimed 1200 ha of wery decp rawinens in lower Chambal
rpbchment anea,

11. 2003-2010 | & Tndld Bark funded pilot projerct of Ravine Reclametion exemnted by Thiat Prudesh Bhomi Sodbat
Nigam i Faschprar and Kanpur digtrict of Utar Pradesh mrgotod 52000 ha ravine land,
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2. MECHANICAL MEASURES FOR RECLAMATION OF BAVINE LAND

Bazed on the topopraphical survey to represent variows pullied/ravine lands of Western lndia
condition a comprehenatve pally classification scheme evolved by LCAR-Indian Instituie of Seoil and Water
Conscrvation, Research Centre Vasad to classify the gully network into size catepories based on gally
dimensions, soil characteristics, scasonal submergence and climate i piven in Table 2. (Dhroe Narayena,
217, With progressively increasing terrain deformation frem class 1 te class B, there is 4 corresponding
increase in srosion hazards and land wse restrictions as given in Table 3. Among the ravioe classes shallow
ravines up w0 1 m depth are recommended to be redaimed for cultivation by land levelling, bunding and
terracing: The runoff is channelized by installing marpinal bunds supported with appropriate type of
spillways. The reclaimed lend s cullivaved by applying the principles of conservalion agronemy, There is
also an ample scope of installing lift irrigation networks in these lands by lifiing waler from adjoining river or

harvested ranofl indeep ravines.
Table 2. Ravine land capability classification system developed by ICAR-TISWC,RC, Vasad
Clowa and colour Soll texyre Bed widih m)  Gully depth () Shde sloge Chmate
sode
Clazs 1 [Lipht peeen Silry day, Clay, Loam, ok A <15 {Gd) “<E%E) | Humic dimate with well
el Sandyloam, Sltyloam, Sandy | (W) (W9 distibuted ol o hving
day peenmid igeion.
Clase-T8 (¥l Eilty clay, Clay, Sandy loam, -3 (W) 1539.0 (Gdy) S10 (3 | Hom'e cimate with nccagional
Sty Inam, Sandy clsy &:npdlsmdrrqm-m
inrdpation,
Clazs-II (Red) Sandy chry, Siky cay, Clay, >18 (Wy 36 (Gda) 10-15% (&) | Seb-humid ekmate or sitzated
Lty sand a tull and of an irvipston
sprtem, Whete water i
aruilable.
Chasa-TV (Bl Atty texture Any width 5 (Gdy 10-15%8s | Semi-arid dimats (without
Excluding send and with grasel irtigation) with stouga reinfull
o sutzin hardy hotticulorl
PHann
Redsimahie cheees deorrsse in priodty for scdamarion for apricetores frem ClassT o Class-TIT. Class-TTT and (laes-TV may be jot ander
horticalire,
Class-V (Dark Green! | Beclamable clamses 140 4 - - - -

9. Witet logging / salinity hae developed doe to intigation system.
b Back dowand fionding fiom 4 neathy stream of fier,

Hence, the gulty need nor e techimed for agricoineme, Tr may be por o ader any suirshle

B o e speries
Clase-VL (Counge) Any texne nclnding grevelly | Ay width >3 (Gds) 15% Scmmi-arid and srd with kg
o icegoler | ey ppella
&)
Gulty himp ray s he incloded in this cliss,
Clan VIT Browr) | Any tewnare including gravelly | Any width 29 (Gek) 5% Semi-arid and arid writh long
o ixgalm | ey spells
(5]
Chazs-VII Tumk) Any texture with rocks pa Any width >0 (Gdy) >4 Semi-arid snd axid with leag
satfice ievguiat | ey spells
o)
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3. MECHANICAIL MEASURES FOR RECLAMATION OF SHALLOW
RAVINES

3.1 Petiphetal Eatthen Bunds

Abouronethind of theravine lands in the country are shallow ravines (ess than 1 m deeps) and can be
easily reclaimed with simple carth moving machinery far cultivation of craps. The ranagement of shallow
ravines instgates with designing and nstituting a peripheral bund dlong the melly head 1o check the runoff
generated from the adjaining marginal lands as shown in Fig 3. The land levelling operations across the
slape end smoothening on the upstreamn side of the peripheral hund increases the infiltmarion oppermnity
time for the runoff’ generated from the crop field. 'The in-sitn soil moiswre conservation increases the water
and murient use efficiency of the cropping systems.

- S
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Fig. 3. Pexipheral bund for reclamation of shallow ravines

5.2 Contour Earthen Bund With Grass Sodding

The management of shallow ravine by contour and peripheral bund has shown improvement in
vah of lard and crop yicld due to soil moisture retention within the ficld, prevemion of soil and satrient
lossca fromthe crop Beld, The diffcrent cross scetions of contour and peripheral bunds were tested inraving
lands of Westcrn India as shown in Fig, 4 (Tejwani ¢£#4,1975). The deaign eross sections of the bunds were
fixed on the basis of the arca of the catchment, slope of the land and 113 location, The bunds were designed
on the bass of the vertical interval or borizontal spacing as given in Table 4{ad&b) (Tejwani o f,1973).
Usually one bund could only be located in ¢ach Geld approximately on contour, 3o that it can also serve as
petipheral control of gully heads, These bunds were sodded with Dichomtbinmannsiann and Cenchrusiiliaris
grasses. In ravine lands, an average cross section of 0.90 t0 1.3 m” spaced at 0.90 to 1.20 m vertical intecval
was found best (Tejwani o &,1975). Grass ramps and pipe outlet were provided in the bunds for the safe
disposal of excess runoff water. It is further stuted that the effectivencss of the bunds would be for a longer
petiod, as with passage of time the rate of reduction of bund height is expectad o be slow and can be
maintained indefinitely with good sebiliced grasses (Singh and Verma, 1971). Tois also found that the wres
Tostunder bunds could ferch revenue from grasses, which is sufficient as compared o production in rainfied
arca (Singh and Verma, 1971).

Fig 4. Contout bund for teclarnatdon of shallow tavine
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34, Vegetative Barriers
Vepetative barrizes are used aither for supplementny or subsdmiing the earthen bunds. The
Dichantbismanaulavns, Conbrusdliaris ViNveriariganivides, Fwlcliepsirbinata, Souwbariommunioand dbe wera (L)
Bermj vepetative barrlers were evalnated for thelr effectiveness in reducing yunoff, ol and nutrents losses
from 2% dlope of marginal shallow ravines Vegetathe barders were grown across the clope ot 45 m
horizontal interval, in paired rows of 10 cm elip to slip epacing, The culttvation of plgeon pea (BDN-Z) was
done at 120 X 30 ce spacing In all plots. These vegetative barriers reduced the anmual mnoff by 19.7 to
50.1% and soilloss by 51.1-80.3% over the control plot {Kurothesral, 2010 3),

‘The Napier, Guinea and Para fodder grasses strips of 1 m and 2 m were growm as vegetative barrer
in 2% slope in shallow ravines as shown in Fig, 5 and given in Table 7. The lowest sediment visld was
observed in 2 m width of Napier grass strip (1.43 t/he) followed by 2 m width of Guines and Pare grass
strips as campared o control (4.07 t/ha}, respectivelpThe 2 m width of Mapicr grass stdps had lowest
nutrient loss of (N-5.64 kg/ha, P-3.1 kp/ha, K-5.4 kg /ha) follosred by Guinea and Para prasses which were
found almost equally efficient in reducing mutrient losses from crop ficld which is 28 to 30% of nutvent
losses from: control (N-20.01 kg/ha, P-8.3 kg/ha, K-17.00 kg/ha).The equivalent yield of 2 m width of
Napicr grass ship and cotton erop {1293.5 ke /ha) had higher yield than contol. The economic analysis
showps that Napier grass strips of 2 m width was found best in redueing runoff, scil loss, nutrient losses and
net return Fom crop field(Sinph & &l, 20200,

Fig: 5. Vegetative barrlers for reclamarion of shallow ravine

3.4, Grassed Waterway

Gressed waterways are important for preventing the scouring of channel bed in shallow ravines. The
Purs grass strips in waterways were optimized for grass cover to check runeff velocity and reduce sediment
concentration in downstream water bodies as showm in Big, 6 and given in Table 7 . The different Porsgrass
covers (0-100%} in waterwrays were studied ac 2% slope. The different grass covers are 100%, 75%, 50%,
25% and no grass cover. These Pars grass strips were able to produce green grass yield of 14.5 lg/m’. The
Para grass sip Inwarecprays 1s able to reduce the ouflow up w 22% whi 100% grass cover. The prass fileer
strips is able to reduce the sediment concentration in et water by 5 tmes (from 3.6 0 0.72 g/T). The Pore
graes filter in waterways i able to reduce the fow veloclty of runoff water by converting the saper critical
flows into gab critical flows (Kurothe a4, 20135,

E!-;!i’: _.- i‘ - e =

{2

Fig, 6. Grassed waterway for reclamation of shallow ravine
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4. RECLAMATION MEASURES FOR MEDIUM AND DEEP RAVINES

Medinm-deep and deep ravines (mors than 3m) can be reclaimed for horticultural or sitel-pastoral
land uges. To stabilize pully head, gully beds and sid= clopes, various types of gully control measures have
bean evalucted by ICAR-TISTWC and design specifications to different site conditions are recommended.
During initial years thege struetnres actas water harvestingand silt retention structures, and promote ground
water recharpe. A systematically treated pulty network eventually gets transformed froim silt producing site to
silt entrapment site. Hio-engineering measires are planned for stabilization of steep side slope of deep
gullies end dver banks, Gradually, the terrain roughness js diminished giving rise to levelled and fertile gully
beds. Enitable fruit, fuel and fodder species which have been identified for different ravine systems are given
in'Table 7. Beprlating the biotic interferences is a key for successhul vegetation establishment and prodnctive
udlization of ravine lands which can be achicved through empowering local beneficiaries to develop 2 social
mechanism

About two third of the ravine lands in the eountry are desp ravines having greater than 3-9 m depth
with varying width and slope and these cannot be easily reclaimed with simple sarth moving machinery for
cultivation of crops. The management of deep ravines instigates with desipning and instituting a sedes of
composite check dams in the gully bed as given in Table 5 and Table 6. The construction of gully plug at
regular interval with provision for safe disposal of runoff assists in stabilization of gully bed, which can'be
alternatively ntilized for raising forage crops like Napéer prass, Guenea prass, Porw grass, Cow Pea (GEFC-
1,2,3.4), Jowar (GFS5-3), Sorghum (AS-16, GFSH-1), Marve/ grass, Asan prass tolerant to water lopging
{Dhruv Narayama, 2017}, The easing of pully is required in deep gully head o prevent caving action against
steep slope due to runoff and to protect the adjoiniog marngind land from collapsing inside the pully do= io
unstable slope. The mediumn and desp pully can be reclaimed by terracing and or menching for conservation
of Tunoff, sl loss, assncated motrients and stebilize the steep slopes-with fime

4.1, Composite Check Dam

A large mumhber of earth cum brick masonry check dams were consructed in Mahi ravines of
Western India for reclamation of medium and deep gullies in ravine (Kurothe o ¢f, 2013), These check
dams were found 10 be very effective to check erosion, demining the sediment and ronoff water behind the
structutre which ultimately resulted in ground water recharge as shown in Fig 7.The deposition of sediment
agrainst the check dame was measured by fixinga series of anpleiron poles on conerete level of the structure.
‘The average sedimentation from these raving sub-carchments having agricultoral crop in mble lands as well
as in gully seds was 24.51 cu, m, /ha/year duting year 1961 to 1963 (Kurothe & af, 2013), The average
sediment deposition from watershed having apricultural crop in table lands and nateral repeneration in gully
beds was 4.20 cw. m,/ha/year during year 1964 to 1977 (Kurothe o &f, 2013), After the siltation of these
compaosite check dams the level termees formed in the pully beds were stabilized and wers put under
cultivation but they were found to be poor in production, Therefore thees reclaimed cultivmtzd deep gully
beds were subsequently planted with forest trees (Kurothe s ad, 2013
{ — — — — S ——

Fig. 7. Composite check dam on gully for reclamation
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4.2, Gully Plugs

Guly pluge protect the gully beds by reducing the runeff velocity, distdbuting the water spread,
increasing infiltration opportunity time end improving the soil moisture regime to support the vegetation
covetas shown in Fig, 8, Gully pluge made of vatious matetials i.e. brush wood, live hedges, earth, sandbags,
brick masoary, loose bouldet wete evaluated in Western India (Katrothe af of, 2013), The size and metetiale
for the pully plug depends on the width, length and bed slope of the gully and anticipated ronoff. In nartow
gullies, whese width did not ezceed 3 m, live hedges consisting of Espberbiaspecics wete planted actoss the
gally beds in three rows spaced 90 cm apart and the stems at 90 om in cach tow staggered
altetnatively(Tejwani o, 1975) It was found that all types of gully plugs were effective either in retaining ot
retarding the runokf, The carthen gully plugs were found to be the cheapest. Brick masonty pully plugs ate
cotistructed at the confluence of gully branches in a compound gully.

“The gullics where no tunoff is cxproted Gom the top, catthen gully plage of 1.1 m® aoss section
with a grassed ramp of 22.5 cm below the top level and spaced at 45-60 m hatizontal interval were found
suitable. Howevet, for gullies in which excess runoff from the top was expected an catthen gully plugs of 22
m" cross section with a pipe outket was found appropdate, The carthen gully plugs are required to be
constructed for a life expectancy of 10 yeats. Duting these petiods it is estimated that the vepetative growth
of forest species will be sufficient to tale cate of soil erosion as-well as theit root system will be sufficiently
developed to extract the muisture frum derp soil layers (Tejwani ot 2f, 19735).

i = "l

Fig. 8. Gully plops for reclamation of medinm and deep ravine

4.3. Gully Slope Easlnp
Decp and vertical gully heads in association with the phenomena of under curtting or caving
cxtending ¢t an alarming ratc cndanger buildings, roads, bridges, abutments, railway tracks and costly
cultivated lands, The measures which can be ¢oonomically and immediatety adopted to stop farther progress
of the gully head o caving in the bottom of gully and then case the pully for the remaining one third top
portion of the vertical face. The newly formed slope of about 3:1 is stabilized by sodding with Dichembin
anpielaivn or Corichri safiaris grasses (Tejwani o al, 1975). The cased gully heads were found out to be in
existence and worldng satisfactory even after 22 years of memagement The comparison of cased gully with
nearby gully under similar condition reveals that there is good vegetation on the sased gully head in

compatisors to the uneuse gullies which arc still exposed end covered with sparse armuaal vepetation
Kurothe efl, 2013),
4.4. Bench Terracing

"The impact of bench Lerracing on runcfl] soil loss, and soil properties along with Sapota (Askner
yapoid) growh, fruoi yield, Liomass, and carbon siock in a degraded ravine land developed along the course
of MahiRiver in Western India were evelualed in a depraded ravine land developed along the course of Mihi
River in Western Tndia Table 7. The bench terracing in deep ravines with uniform slope of’ 15% resulied in
significant decreasein ranoff (34%5) and soil emsion (25%), and enhanced ree prowth, hiomass and carhon
stinck. The calivation of crops in between the ree planmdon may indure significant snil loss (18% higher)
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due to tillage operatons even thouph the runoff is nort significandy affected. The findings suggested that
bench termcing is the best soil and water conservadon measure for restozing highly depraded ravines as

shown in Fig 9 (Kumat efaf, 2020).

Fig. 9. Bench tettacing for reclamation of mediut and deep tavine

4.5, Trenching

The impact of renching in deep ravines was evahisted in ravines developed along the Mzhi River in
Wesiern Indie. The smggered conmmur renches were designed m harvest water hased on maximum daily
rainfall as shown in Fig, 10. The wenching densiry on the ravine slopes was kept to retain 30, 50 and B0% of
runoff generated from the ravine carchment. A substantial reduction in ronoff was ohserved for treatments
with higher mwench densities (504 and B0%) as compared 1o 30%. The sedimenr yield in different rench
densities alio followed the similar rend. ‘These resulis ate in conformity with the resulis reporied for
differant wrenching densities in horu-pasworal land nses by All & 4f (2017) from Chambal ravines. The soil
moistire was mofe o lees similarin different trench densities just followed by the monsoon. Homvever, soil
modsture inthe 80% trench density was highest and also remalng for 2 bonger pedod in the lower reaches of
the ravine slopes (Parandival, 2020} The survival of Neem (A gadivarbtaindied) saplings planted sta spaeingof
& m X 6 mwas aleo found hiphestin 8% wench density 26 phven in Table 7. In another study, the renchingof
glwe Zm » L5 m X (.5 m at 14% uniform slope with Sapota plantadon sesalted in decreage in runoff by 16%
and eoillose by 13% along with enhanced tree prowth, biomass and carbon stock in the deep ravine slofes as
given in (Taale 7) (Singh é/ol, 20200,

Fig, 10, Trenching for reclamation of medium and deep ravine

4.6. Bamboo Based Bio-engineeting Measuree

The bamhboo based hio-enginerring measures were found as an effective means for natural resouree
conservaticn in ravines (Wang, 1995). The sail erosion in bamboo plantations (178 kg ha®) was found to be
comparatively less compared with other forest plantation (Ben-Zhi & 2/, 2005). Bamboo also acik as a vepetatie
barrier and flter foor sl Jaden runoaff fiwing in gullies. The bamboo induces xilt depositiom aod tedoces the
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velocity of flowing water along bare river banks and deforested areas in mavines 2¢ shown in Figll.
Dendrocalamar nvicturwhich occupies major area covered under bamboo plantadon in India was found best
for economic villzaden of tavines as plven in Teble 7. It 13 teported that aomually about 4000 culms of
bamboo per hectate can be harvested from tavine lands (Rao #f 27, 2012). Thebenefit-costzado of 1.98 fiom
bamboo planraton In favines is profitable having an economie remrn of 19.3% over a petiod of 20 years
(Pande & o, 202). The intangible benefits of catbon sequestration and prevendon of soll etoslon are
supplemencaty as piven in Table 8. The ravine lands undet the bamboco plantation increased the soil ph and
afpanic carbon alongwith reduced runoff (Singh o« 2014).

= SRl e e e B S e
Fig. 11. Hamboo bascd hio-cnginecring measurea for reclamation of medium and deep ravine

‘Table 3. Zoae wise ravine land treatment measures

Rite Characteristics Land ownership Recomimended land treatmentmeasutes

Zone [ : Levalled (= 1% elops) Privnta LConservation agrenomy, contour or gruded bunding, periphaenl bends: with
masginal lanes along e rovine ares tsonsy spliva.
and vulerahls s pully head Community lands | Peripheral bonds with mavonry spilleays, In-situ moistate conservasion
extrnsiun if [eft umttndel messntre with wini bunds, Sivi-pastods] syetem with fecommended thee sod
grass specien.
Forest lanrds Peripheral bunds with masonry spillwxys, Afforestation and other moisture
conservalion measures [or overall habilal inprovensenl and sapport foc Duel
Zone [ Platcr mildly sloping lands | Pdvare Gully head smbilizarion, Land levelling to fom irward doping teemoes with
ot shallow and small gullier located proper outleh, Consermfion hench termcing, Lrully phags,
between Zoas 1 and deep pully | Community laods | Gally bead stabilization, Half moon rermcing or stagpesed trenching, Sivi
system. pototal systenis, Gully phas.
(Ravine bmd capahility ciass I, I and | Roseqe lande Gully head stahilization, Half moon terracing or staggered wenching,
1) Adfnregtation and cthet maisture conservatioh tesgures fot ovetall habitat
improvement and support fir Rucl and fodder needs, Gully plage
Fame TTESewerely depradsd mediom | Privae linds, Nartowr horteol e rrares whih halmoon et o soappemad trenciing
deep W very decp ravine which s side alope sebilizaton moanms, Gully bed smbdision, Micra fmigaboe
cannot be  econcmically reclaimed System.
for celfivatior. Community lands | Silvi-pastoral syetem with half -moor toacing o ptaggered trenching and
{Ravine land capahility ches 1V ond gide alopxe stabilieation medsares, Gully bed atabilisation meamares.
¥ Fotcnt lands Afforcatation and vepetation modification infervehtiong with guitahls
moieture consecvation measares for averall habitat impeovameant and fael
Zone [V: “This back flow zcoc is All types Stoeam bank end side dope st obifization measuezs, Borthen check dams fos
siuared hetoren Fione TITand river embankment rype water harvesting structores  Piecienlrure, wild e
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Table 4 {a). Earthen bund design dimensions for reclamation of shallow ravines

Soil type TW(m) BW(m) H(m) S5(d/s)/ (a/s) CS(m?
Gravelly soils 0.3 1215 0.6 0.75:1/1:1 0.45-0,54
Sundyloamorclay | 0.3 2l D6 151 072
Very shallow soils 0.45 155 0.75 11 0y
Shallow solls 0.45 2.4 0.75 121 105
Medium soils 0.6 3.33 0.68 Z1 /151 L3144
Medium deep soils | 0.3 443 0.75 TE1/41 177

TW: Top width (m), BW: Base width (m), Height {(m), $5: Side slope, C8: Arez of cross section {sg. m.).

Table 4 (). Eatthen bund desigh dimensions for vaeying slope conditions of vavines

Slope(*4) VI () Hl(m) )
0-2 0.9 78 134-224
23 12 625 168253
3% 18 625 168-336
6-10 i 47 224-336

VI Vertical inrerval (m), HE: Horizonral interval {m), L: Length of buad (m) per ha.

Table 5. Eecommended drainage line treatment measures formedium and deep ravines
Stteam ordet Catchment  Peak flow* (n¥/s)})  Sultable mechanical mearures

1= onder <2ha <0.25 Loose boulder check dam, Sand bag check dam,
Brushwood check damn

2ec order 220 ba 0.25-2.8 Gakion, Rock £ill carthen dae

34 order >20ha »25 Masonry check dam

*Peak flow estimated for 150 mm/ hr reinfall intensity

Table 6. Tentative budget required of ravine reclamation works in different ravine zonea based on

price of 2011-12 for cost estimation
Ravioe zone  Earth work for ceclamation® Cost of comservation Total cost (in lakhe)
Vakinc Cost measures (in lakhs)
{m? /ha) O per ha
(in lakha )
Vety shallow 1000 050 0.30 0.30
Shallow 3937.5 197 0.79 2,76
4500 2.25 0.90 315
Mediem decp 7875 304 156 5.50
10125 5.06 1.60 6.56
12150 6.08 1.60 1.68
Dezp 14175 7MW 1460 149
16200 810 1.60 o.70
141375 7.08 2.00 0.9
Very deep 16200 8.10 2,00 10.10
18335 9.11 200 111

10
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5. CROPPING PATTERN AND LAND HOLDING SIZE IN RAVINE

REGION

‘The per capia lnd holding of farmers along ravines is small and farms were frapmented. Most of
the famili=s ave marpinal in land holdings, with averape land holding slze of l=ss than 2.0 he. Onrof this, anly
600 1z arable land, the remaining helng non-arable. About one fourth of the cotal cultvators are tenants and
the majority of them belong to medivm farmer's catepory {Pande & i, 2011) and similar findings were
teported from Chambal ravine repion by Meena of 20 (2021). Ac theholding-size increases, the proportion of
tavine land slso increases in diffsvent classes of land heldings., Pear! millet based evopping system is the most
prevalent cropping eystems across all the catepories of farme. Farmers with irdpation facility also cnltivate
irrigared crops like ‘Tobacco, Wheat and summer Pearl miller. 't has been observed chat some of the farmers,
particularlymedium, lease-in some better parcels of levelled land snd grow rerminerative crops like Tobacco,
Castorand Banana.

6. AGROFORESTRY SYSTEM FOR RECLAMATION OF RAVINE

LAND

Agpoforesory bared land use system is a profitable as well 25 sustainable alternative for rehabilitstion
of revine lands. In this context, ICAR-TISWC, Research Centre, Vasad hae evalnated a Silvi-Pasmre system
of Me#a dabén and Lemon grass with microsite modified planting techniques for establishment under ravine
lande of Mahi River Fig. 12. This agroforestrysystem require lesser input and results in better growth and
biomass yield Therefore, this syztem could be better alternative for improving the livelihood of small and
marpinal farmeis glong with soil and moisture consetvation (Jinger of of, 2021). Mol dubrie prows vety fast
and produce good quality matetial for plpweod industey In shott span and thetefore known 25 money
sploniag tree. Howevet, since the Ma¥e dibin taloes some peais to teach the hatvesting stage, mean while
Lamon grass provides intetmittent income thtoughout the yeat as it is being hatvested thilce in 2 year and

told atiupess 10per kg (Tinger o 24, 20208,

F[g. 12, Mediz dubiz and Neem based agmﬁ:renu-y gystem for reclamarion of medivm and
deep ravine
Stmilarly, horti-sitviculture system of Dragon frait and Aefis dubia along with As-siiw soil moisture
conscrvaticn measurcs developed in gully bods of Mahi ravine by the institute for roviving the ravine lands
and aupmceating the incoms of the farmers Fig, 13, Diragon Bt yicld and its froit quality obtained in ravine
lands cven without application of irrigation and nutrients has given cxcelleat performance, showing it
suitability for degraded lands. The Diragon fruitis alsa known as super fruit duc to its anticedidant propertics

11
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and less sugar content making it suitable for diabetes patent (Kakade o of, 20200, Therefore, Dragon fruit
based hort-silviculture system could be an alternative techoology for recdamation and sustainable
productive adlizedon of gullledlands.

and deep tavine

Further, crop based agro-foreetry eystem of Castor, Cowpea and Sapota has been developed by the
ingtitate for reclamation of gullied and ravine lands Fig, 13, Bench terracing and trenching hos not only
reduced the soil loss and runcdt but alsa produced higher systern productivity under agroforestry system
{Jinger o ady 2023; Kumar o @, 2021), This system i3 energy efficient and economicaly viable for small and

marginal Farmers of Central Gujarat.
‘Table 7. Site suitability and producton potentdal of suitable wee and grass species fot tavinea
Name of Species rD PL RP BP i8]
Aeaciz nifolisz CR Homp top, slope, and | 15-20 20-25 Fodder, fucl, amall dmber
mawine beds
Acaciz otk X3 Hompiop, slopesmd | 1520 [ 4010 60 | Fud, fodder
ravine beds
Andivachiciedive ExEB Maginalbands, bmmp | 2040 | 4060 | Fodder, fuel and tenber
top and beds
Bulundisragrypbives 1x1 Homp top and slopes | 1520 D Troc] wood, MTP
Proryrubfirs 1Xlm | Hompopslopeand | 2025 | 6090 | Charooal,
3Ix3 ravine beds Forl wood&fenring marerials
Tawrivaboica ix3 Symmpy aren on pully | 15-20 20 Reclamation of saline scils, Fuel
bottom
Sooondgfobries Ir3 Marginal lands and 20-25 20 Fodder, firel s light tirober,
burp top
Fiscalgpius tereiiorsis | 2X2 Matginel lands, 1W0m 12 | 261037 | Poles & fuel wood
Ix3 swampy ateas on gully
bottom
Albizziaiebtek 6X5 Marginal inds, hump - | 2530 | B5%0 | Foddcrand fac
top
PI; Planting density in meters,
PL: Planting location in ravines,

RP: Rotation period in years,
BP: Biomass Production in t/ha,
UP: Useful product.

12
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7. DEVELOPMENTAL PROGRAM IN MAJOR RAVINE REGION

Ravine reclamation works under taken by the institute in varions ontreach programmes in Chambal,
Mahi and Yamnoa ravine systems had evidenced benefit: cost rado of 1.4 to 2.54. Post project evaluation of
Badakhera ravine watershed in Bundi distdct of Rajasthan afrer 5 and 10 years of project completion recorded
about thtee and six fold inctease in cultivated land and pross lttipated ateq; and conslstent imptovement in
ctopping Intensity fivin 65 to 175 % facllitating 386 % loctesse In total ctop production. This amncunts to
neatly F4000C, pet ha of addidonal income due to watershed intetventions Fig 14, Added collateral benefits
obsetved wete increased productivity of noo-atoble lands, snlinal ptoduction systetns and othet Beelihood
activities, Intrngible environinental and socisl bepefits induded teduced soil loss and runoff and improved
quality and availability of ddnking watet as given in ‘Table 8, Eosion contiol tneasutes in Badskheta teduced
tunoff and soilJose by T8 and 68 %o and facllitated conservation of neatly 20 %o of min<watet and prevented Joss
of shout 28 vonnes of fettile soil pet hectare annpally. Hydrological monitoring of eutface and grovndwarer
suggestad that 83 to 50 % of accummulated runoff in watet harwesting structures conrtibuted to groundwater
techargeinto aquifer (Ali o 2{,2015}. Ravine area restoration has strong climate change impact mitigation value
through inereased C-sequesttation tatea (Pande e, 2016).

o O -~ b - o .
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Fig. 14. Mechanical meamires for reclamarion of ravines

8. CONSERVATION MEASURES AND INVESTMENT ON FARM
IN RAVINE LAND

Thongh the matginal agtirviintal Jands in ravines petcelve ocomttence of high tfunoff and sodl Joss
affecting ceop producHon, the individual effoits to adopt consetvation measties wete fovnd lacking: Sutvey
in Mahd rawnes sevealed that the majotity of farme {more than 60°%4) in the thiee catepotles (matpinal, small
and medium), in fact, got conservation measures {field bund) done initially throuph the state apency and these
beaeficiaries of povernment programs tealized positive benefite and also purchazed table lands to prow cash
ctops. This helped them to eatn profit, patt of which was invested on maintenance of consetvation measuares,
‘The avetage investment on maintenance vatied from B40 pet meter to [l 35 per mevet of eatthen field bund
{at 2011-12 prices}. Futthet, the farme without state assistance wete obsetved to be incutting losees in crop
productionFig. 15,
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'The costs a0d remras distribution on farms revealed Earms with srate assistanre to be better off than
those without assistance. In fact, this explained the differential patrern of small investment on facm among
different land classes. The latter proups of farms wete obgerved to belacking ln economic incentive to lnvest
of land. Benefit cost anslysis of crop producdon, done with 10 % discoune rate a2nd 30 years perdod of
analysis eonsldering private opportanity cost analysis, tevealed that faring with state asslstance tealived
positve present value of net benefits but those farms with no assistance reallved neparve net benefite In
othet words, the latter proup of fatine would hardly have any incentive to iovest on land in futuee. Forther,
the net benefit redlized by even farins with state assictanee, patticulatly matpinal farms, wae too small o
induce thetn to invest on land. The matginal, stnall and mediwm farms realized a net present value of anmaal
net benefit ranging from T 131 ha’, T 997 ha' end T 1624 ha” on marpinal, small end medivm farms,
respectively ot 2011 12 prices. ‘Lhis explaing the lack of economic power to lnvest on tnaintenanrce of
congervation measnre despite peteeption abont funcff and scil loss. Also it strengthens the arpument that
holistic development of fartn and addiceaing the issue of fatm profitability could, to some estent, pave the
way fot tequited levels of investnent on consatvation measutres. The tatio of farm hatvest ptice for peatl
millet and the consumet price index for agricnltutal labour was examined to shudy the real domestic ptice
tealized by peat] millet growets in the tegion. The tatic, which teflect=d the avetape putchasing power of a
tupee earned from this inajor crop, was not found favoutable to farinets, In such a scenatio, ptice incentive
in peat] millet would oot induce fatin profitability, as revealed in the ptivate oppettunity cost anzlysis and,
hence, had litde incentive effect for fatimets to invest on land. Incentve to invest on land examination of
investmentbehaviour of smalland marpinal Farms identificd factots such as cash crop and eredit worthiness
of a farmer to be significantly affecting the dedsion to invest on land in genetal and comservadon in
patticular. ‘ncome received from cash crop affected invesunent decision. Cualy those small and marginal
farmers which had received state help in the past were able to lease-in parcel of table land and grow cash
crop an such levelled land. Tncome fromn cash crop enabled them toinvest on Jand levelling and bunding on
other land pareels near tavines. The marngins] farmess in the ravines, being vulnerable tolow productvity and
profitahility, ate unable th make irvestment on land. Indtial state help i terms of conservation progtamme s
exsential ta break the: vicious cirde of poor productvity, low farm reterns and absence of imeestment on
land. Credi- worthiness of farmers was another factor affecting irvestment decision. Policizs can be framed
to offer loan for land development on simall/ marginal fatms st easictr terms and conditions, Or else,
programmes can be designed to make these groups of farmers inclusive in the financial plan of banking and
non-banking instittions to address the problem of improving produerion on farm. This would help them
arrest the process of land depradation in the loog-ron. Tand tenure variable tened cut m be weak in the
smudy areq, implying that tennre security itself had litde impact on marginal farms. This is coatrary to the
established fact about efferts of land tennre secutlty on the Incentives for fatmets to male lovestments on
land improvements, including investments in soll conservadon practices (Feder and Nistdo, 1998). In fact,
the sinall scattered holdinge in ravines probably holds litde scope for land tenurs secutity and, hence, as
Incentive fot investment declsion on fatm in this teglon. In addition, theitrepular slopes of these lands, lylog:
adjacent to the favinee leave litdle room for improvement and thus, enhancing fatm profitabilicy. Thus, this
policywatisbleis likely have a little role in adoption of conservation measures.

Table & Expected intangible benefits and its valuation technigues from various reclamation

intetventions #n tavitnes land
Expected benefits ¥ariahles Vahmtion rectmigques
Prevention of soil erosion | Agriculture land protected rom liable to loss Land valuation

Riverbed widening and depletion of cavtying eapacity Damage function

Appreciation in land value Willingness tn pay method

Nutrient logs saved Vakoe of soil dredging cost

Improvement in quality of land Trrevetsible loss Lechniue
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Enviranmental Ground water recharge (volume) MNominal value o IFP
approach
Carbon sequestration Hedonic pricing
Rccreation value Hedonic or bidding game
Flood protectinn Damage function
Diroughr snidgarion Risk approarh
Livestock Drang saved Ecooomic vaiue
Chodking of migtation Travel cost
Driseascs incidences Damage funcion
Sornilability of fodder Gain in produrtion treils
Bio-diversity Succession of economimlly important species Eccaomic vaine
Social benefits Education Literacy i
Suchl sutus Assets value
Faquity Index
Women emponeement Ripresentation in
CBO/PRI
Migretion Ihcome

‘The problem of land degradation in gemeral and adoption of conssrvation measures in particulsr
must find ¢ place in the holistie development of small and marginal farms. Aceordingly, the incentives
mechanisme to motivare land tiller st be desipned addressing the holistic farm development in vieor Tris
further arpred that in the present cost and price scenario, retuens en farm make the marginal farms
susceptble to a vicious poverty circle. The input and ourpmt prices prevailing in the region de not favour
peat] millet based farming enrerpdse. Thus, price pollcy wonld have litde impact on farm profieability and
thereby, the incentve to adopt conservation on farm Such farms need an dnidal dose of srate help to break
poverty cirele. The facts pathered durlng field sirveys have clearly broupht out that the farms benefitng
from past conservation programme of the state government have done bemer than those who were
depwived of it. The farme with state assistance have bean able 1o l=age-in better piece of land and take cash
crop to raiss their profir level, Land tenues hae not tuened out be a sipnificant varisble affecting decision to
invest on farrn. This has been explained in terms of the size and bio-physical natare of such marpinal land
holdings in the ravine region. Credit worcthiness, however, has shown a positive and significant relztion with
on-farm conservation decision. Financial help from banking instimtions could improve their eredit
worthiness, thus, helping them invest on their land. The scope of present policy of financial inelusion conld,
thus, be broadened to resobve the dssue of poor farm productivity and address the problem of land
degradation in this region.

9. ECONOMIC VIABILITY OF THE RAVINE RECLAMATION
PROGRAM

Ravine reclanmiion lechnology disseminaled thowph vadous oureach proprammes of ICAR-
TISWC. institmion so far has extended aboul 1.7 M ha as indicaied by 62.5 % reduciion in ravine lands of {oor
major ravire states namely Utnar Pradesh, Madhya Pradesh, Rajasthan and Guojarst. Nevertheless, only
shallow and easy-to-reclaim sites have heen reclaimed sa fir and vaststretches of relatively difficult sites with
severe physical degradation rernain unaitende). Tn the year 2iM4, ICAR-TTSWC submitted a consultaney
report to National Bamboo Mission, Government of India, on 'Reclamation of ravine lands for productive
utilization® which involved delineation of ravine area in Tfter Pradesh, Madhys Pradesh, Rajasthan and
Guijarat; assessment of developmental potential of these lands; and preparation of detailed plan for ravines
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atea development. The tentative estimared average treatment cost is about T, 30,000 per ha. Economic
viability and cost distribution of proposed project is given below in Tzble § and Table 10, respectively. For
techiming shout one million hectate of identified ravine land it fout states the project cost would be about
T13,000 crores, The tavine area development s also s climate change impact mitdgation activity and
therefore, international funding needs to be explored for such a costintensive progtamime.

Some collateral research, developmental and policy initiatives ate requited to ensure sdentific and
sustainabledeveloptment of these fragile and complex ecosystems as givenin Veble 11." Lo facilitate scientific
planting atmicro level thete is 4 need to establish centralised tepository of high tesclution digital maps of
tavine regicns and imitate collaborative research for developing decision suppott system and planning tools,
LUp-scaling of ravine technologies can further be achieved through establishing benchmark model tavine
development projects in representative agro-coological zones and applying GIS modeling, IT and web
technologics. There is also a need to create 2 hational level nodal unit to expedite and coordinate tavine
teclmation programme and address policy gaps. Restoration of tavine lands would be a crudial step
forward for safeguarding our natueal resoutces and shall be a national ptiotity in the backdrop of Hon'bie
Prime Minister's drive for doubling farmers' income.

Table 3. Economic viability of benchimark ravine testoration projects

MName of ravinc clustcr NPV{[ in milions) B:Cratic IRHE (%)
1. Manikpura (Yatnuns) 35.65 149 215
2. Bapheshwaii (Lawer Chamizal) 67.05 246 35
3. Bagi (Uppet Chamhal} 107.63 1.B4 334
4. EKhorwadshilli (Mahi) 851 2.10 24.0
Digcount rate: 10%; Project life: 25 Years

Table 10.Teotative percent cost distribution of ravine restoration project cornponents

1. Adminiztrative costs 20
2. Monitoring, Evalnation 0.5
3. Institution and Capacity Building 1.0
4. Deniled Project Report (DPR). 1.0
5. boil & water conservation measares Ta.0
6. Insnllarion of lifr irdgation systemn 10.0
7. Plantabon in oon-arable lands 8.0
B. Other Livelihood activities 2.0
9. Conmaolidation phase 0.5
Toral 100

Ii can be concluded that in order to pramote the intetest of ravine ates farmets for sustainable
development, their capacity building by treining needs shouwld be addnessed. Bconomically visble
technolugival solutions developed by ICAR-TISWC are very well demonstrared thiough various autreach

ey and have reached about 1.7 M ha of ravine land in Uttar Pradesh, Madbya Pradesh, Rajasthan
and Gujuzt since 1976, The resource poor famers of the ravine aeas can be cmpwn:md by piving
exposare on the Jmproved rechnolog[ea of production systems and soil and warer conservaton through
organizing appropriare trainings. The well-designed maining curriculum on relevant aspectswﬂlprcmde
adequate knowledge and slkills in sdopting soil and water conservation measures on private and communmity
land, This will help in conserving most scarce patoral resources and enhancing productivity of the ravine
ateas.
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Tablcll, Core issucs and proposed strategies for ravine reclamation planning

$. No. Comlssoss

1.

Highly Fragile & Complex Ecogywiem
¥ Severs herrain deformation

® Very Jow soll prodnctvity

= Highly erodible sods

® Tyegoeat beck fowe

* Unstoble alopes

¥ Pot hole and crarking hehavions

" Fxresstee hintc pressurs

= High sk of failure [or conservation messums

Propossd Strategien

Facilitating Scientific Manning

" Copachy buikling of feld functicnaries.

u Carefol analysis of tetrain condidons and hydrologieal behavioes
of the project arcs.

® Selection of tme tested, location specific and cost effective
EonBryRtinn meJFnied.

= Proide sufficient planning time

® Fecaystcn munituring at benchmark project mites,

= Prowision for mid-term evaloaticn and quality contrel mechanism,

= 1Lgh vaiabilicy in bie-physical conditions Beduce hintic pressave through fuel and fadder alternatives,
habitut improvement in degraded mvines and farmation of HRC
or ¥FMC e,
= Sdection of projoct arcas In plased metner
Y. | Need for Cost Intensive Mahogeinent Emure Boohotirdo Viakdlty of Production System
1 Preference for caliivation B Priprity to reclaim private lands for cultimmtion.

= Clmacle urcermlntdes

= Prowision for mices trdgardon speem.

= Mangge binde aud abiotc rzks

= [ncreass cropping invensity and consider high valoe cropa

= [ntvoduss iteprorsd padages for cvop and enin production
gystTme,

® Pruvision for flexible develupmennl cost

Resource Constraint Community

Strengthening Liveknood Support

* HExtreme powetty = Inereased ctop production and houae bold inconne,
¥ Stmall halditgs size u Establishment of 5HiG and sltertmbeself employment
® Tow & onsrable emp wieldc opparmnides
* In admxuate aleraie lyelhood support mysiems = Ieoductioa ol ieproved anitl based production sysbems
= Bkill development for livelihood astivition
4 | Socdsl Begetatee to Chatge Comnearirity Erhowes et
® Tock of zwateness and Inltatives = SenciHraflon and swatensis genetation camps
" Distntpratxd commumities " Traintng mesdules and exprsure vinim for heneficiary house hold

* Uncaquel distibutior. of benefits
" Lach of effecdre village nscintions

" Lo gewler and scclal equicy

® llsgral land ccoupaney exprution procesies
= Minmin complers tranwparency
®= Caablish sad strengthen village kovel Instimtiong
§. | Imadeqoare Policy and Political Support Policy Frumework
" Lael of political will = Realistic problan wessnen: ootk
®* Low printity «reas = Drevelop fiutirtional Itages betoeen research and developmetital
® Weak law enforcement ageoes
* Inadeqoaie market suppodt ® Lot nac policics with swirshle emuc provisions
" Lack of policy framewnrk = Explosing posaibility Jor empleying PFE model
U lack of bucdget promisions = Prryvision Gor effective lw enfecstnent
= Fatxblish market support for spedfic prodoets
6. | Pojcat Unestdnabilliy Puut Prujoct Suwtcnamnce Michan b
" Denendens for cxrerrul quppart

" Lack of effectivs villge iastimtions
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jt.

10. THE WAY FORWARD FOR RECLAMATION OF RAVINE

Land is a finite tresource and demographic pressure i3 ever incteasing, For sustainability of our tragile
ceosyatetn ah ohe hand and fubfilling all the developmehial aspirations of present a3 well as fatate gencration on
other band we have to cultivate and utilize cvery inch of out land it most sdentific and productive mannet, The
Tndia is onc of the first courmtrics to commit United Nation Canvention to Combat Desettification Sustainable
Development Goal to achicve the land deptadation ocutrelity by 2030 during COP-14 held at New Delhi ih
Septembet, 2019, Tndia will restore an additianal 5 Mhaof degraded land by 2030, mising the land to be restored
in Indlia to 25 M bz, Amblclands along the major ravine zoncs arc marginal lands which needs greater sdentific
manggemert and developmenta] interventions so that they can be cultivated in a sustainable manncr, Peor soil
ferblity, imtalance fertlization, soil molsinte deficit or cxccss, mono-ctopping, outhicak of major inscct-pest
and déwses, lack of dhoices of crops duoe to wild life damage ate major egronomical Baoes which necds atzotion
for higher production and profit from these marginal lends. These knds e threunned by sxeess water during
sume part of the year and aoe also devoid of proper soil meisture for supporting two or more aops for the est
perivd of the yeur, Sub: divposal of excess rain wator doring rainy season and conserving or storng it for mising
POST-mMonsoon seasan crons can hring revolution in these marginal lands, 'The marginal arable land along the
Tavine sygtems are lackingproper drainage network due to varied reasons which resulty inenmplete submerpence
of the field crops at the fime of heawy downpour Developing such type of drinage network and finkingiting
water storage structure in 4 cluster manner can solve the dugl problem of excess water during mongoon and
rgising post mongoon crops. This harvested rain water can be judicionsly ntifized for crop production by means
of mictoir-gaton systems. This will increage the fart productivity as well as cropping intensity of the tnatgingl
lands along the tavine sygtem. Ronnd the yeat avallability of quality irdgadon water ih the petenhial fivers along
the mvine ik 4 major oppottunity fot ageulmte development of these reglons, This water can be wtilized for
ctop cultivation, animal husbandry as well s dinldhg purposes by means of lif; itdmton, Installstion and
successful opetation of these type of irtigation systeins is aheed of the hout, Farnets of these regions are doinyy
subsgistence farming which can be converted ihto inteprated farming thivuph scientific intervention by
inteptatien of livestock, poultry, apiaty, fishety, sto. fot tound the year employment, highet profit as well as
complemenintity of enitetpriges, Thie can be made possible through exnosure vigits to the felds of proptessive
tarmets ehd capacity development of the tatget gronp, Anothet majot jssue is the damage to fiekd chops by wild
lifg, which porsess g major threat for higher production agwell as restrcting choice of growing high value crops
in these atess, "Lhis type of menace can be tackled by means of comtnunity efforty by installing vations type of
tencings at latge scale. Vatious type of suitsble bio-fencing plants are available which can be planted along the
fattn boundaries for checldng wikllife damage, Integration of suitable forestty and hotticubute plantation by
means of agrodorestty and agr-hottl systems in the matginal arable lands can enhance farm productivity as well
a8 minimizgtion the sk of wild lifc damage, There arc various rescarch, developmental, extension and policy
issuca which nccd greater attontion in a motc holistc way to utilize theac lands in profiteblc manncr whilc
cotisctving -+ for futnte getictetion. Though vatous potciiial techitologics arc available for highet production
but their lack of sitc suitability and scale neutrality is 4 major bindrance. A bettor framework of technology
developmer t, relincment end spplication in the ficld for sciomtific crop production fiom these fragils systems is
needed for sustainable development of these margingl lands, In addition to this thers exists an intcr-temporal
tade off in the dedsion making of farmers with respect o conservation invesiment, The investmenis often
have long pey back potiods 2nd teduce short term houschold incomes. The critical question is whether long term
hencfits wonld he sufficicnt to compensate farmers’ immediate costa Therefore, tavine coosystem can become
ai imputtartt milestons in achicving the fooud and nutrdtonal secarty in coming decades through redanagon of
tuvitie barwd with different sie spedfic inbrventions as discussad sbuve There & a gicat upportmity for
providing sustainable Tivelihood @ the resownce ot people of these rggions though redamabon of the tvine
with pearplels prrticipation. An integrated approwch with production system for bio-prooess industry will alse
generate employment opporenites for local people. Tn addidon o this mavine reclamation is expected
mitigate climate change throuph carbon dioxide sequestration, Therefore, ravine reclamarion should need o be
on pricsity for the policy makers to achieve the femre msminahilicy goals.
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