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FOREWORD

Holistic development of the rainfed areas is one of the prime concerns of the
Government of India. Rainfed areas currently constitute above 57 % of the net sown area of the
country, and are home to two-thirds of livestock and 40 % of human population in the Eastern
Region of India comprising the states of Bihar, Jharkhand, Eastern UP, Chhattishgarh, Odisha,
and West Bengal, which are characterized by low productivity, low income and low employment
with high incidence of poverty. The region has a predominance of tribal community constituting
about 17% of'the total population of the Eastern region.

Watershed management is one of the most trusted and eco-friendly approaches to
manage rain water and other natural resources. This has paid rich dividends in the rainfed areas
and is capable of addressing many natural, social and environmental concerns. Management of
natural resources at the catchment/watershed scale produce multiple benefits in terms of
increasing food production, improving livelihoods, protecting environment, addressing gender
and equity issues along with biodiversity conservation.

The challenge before the Indian agriculture is to transform rainfed farming into more
sustainable and productive systems through integrated resource management following the
concept of participatory integrated watershed management. The Government of India has
initiated an action plan for extending green revolution to the Eastern Region of the country. With
very limited scope of expanding the irrigated area in the country, transforming rainfed farming
into more productive system through efficient use of natural resources a way forward.

A multi-disciplinary team of scientists of the CSWCRTI, Research Centre,
Sunabeda, Koraput has made commendable efforts in developing the Lachha-Putraghati
watershed in the backward tribal belt of Koraput district in Odisha state. I congratulate the entire
team of scientists, technical and other staff for the successful development of the watershed in
tribal dominated region of the Country.

October 30,2013 1 L .
New Delhi e

(Alok K. Sikka)
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Continued degradation of natural resources is threatening environmental sustainability
and livelihood security of millions of people in the country. Land degradation due to soil erosion,
resulting in low agricultural productivity, causes socio- economic problems and diminishes the
natural resource base. The Eastern region of India, which accounts for 17% of total geographical
area of the country, is bestowed with abundant natural resources. It supports (24%) human
population (290.8 M) and 20% tribal population of the country. About 69% of the net cultivated
area is rainfed and it depends on the vagaries of monsoon. About 32.43% area in Eastern region
has potential erosion rate of more than permissible limit and 62.53% of total geographical area of
the region is degraded exclusively by water induced soil erosion.

The Government of India has launched various programmes/schemes to increase
productivity and livelihood security in the region through rehabilitation of degraded lands
following the approach of watershed management. It has been an effective tool for rural
transformation with an emphasis on community based natural resource management through
social and technical processes in a multi-stakeholder partnership with villagers, development
agencies and planners. Benefits of resource conservation and management through participatory
watershed approach have substantially improved productivity, moderated floods, mitigated
droughts, augmented ground water recharge, generated on farm employment and improved
socio-economic conditions of stakeholders. The Central Soil and Water Conservation Research
and Training Institute (CSWCRTI) is a premier Institute under ICAR and has a rich experience in
dealing with and developing strategies for land degradation problems in the country. To cater the
problems of soil erosion and land degradation, the Institute operates through its eight Research
Centres located in different parts of the country. In the Eastern region, the CSWCRTI Research
Centre, Koraput has been looking after the problems of soil erosion and land degradation due to
shifting cultivation.

Keeping in view the problems of the region, 'Lachhaputraghati' (LPG) watershed project
was undertaken near Damanjodi in backward tribal dominant Koraput District of Odisha during
2008-2013 with the sponsorship of Ministry of Agriculture, Govt. of India under Micro-
Management of Agriculture (MMA), National Watershed Development Project for Rainfed
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Areas (NWDPRA) scheme. Koraput district is one among the top one- third districts identified by
the NRAA (2012) based on high Rainfed Areas Prioritization Index (RAPI). The project was a
concerted effort to render basic livelihood amenities, empower and organize the tribal
community into viable and resilient groups, infuse/refine skills to build capacities and self
reliance, and integrate conservation and production technologies for sustainable land and water
resources. A blend of the Centre's recommended technologies and local level innovations was
attempted under the project.This report of LPG watershed project presents a comprehensive
assessment of the bio-physical and socio-economic impacts of various interventions in the
watershed for augmenting socio-economic/livelihood security in tribal dominated rainfed areas.
It is expected that this publication will be very helpful for various watershed functionaries and
others who are working for rehabilitation of degraded land and tribal development in the region. I
congratulate the staff of Koraput Centre for bringing out this important publication on time.

December 5, 2013 how o
Dehradun [

byt
(P.K. Mishra)
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SUMMARY OF IMPACT
ANALYSIS

A. Details About the Watershed

About the Watershed Resources & Demographic Features
Watershed Lachha-Putraghati | LCC 111 (43.1%), VI
(22.6%) & VII (20%)
Teshil Pottangi Vegetation Tropical scrub forest
District Koraput Land use Degraded forest (61%),

Net cultivated area

(20.15%), Current
fallow (11.5%)

State Odisha Total HH 315
AER 12 Population 992
Area (ha) 601.24 Tribal 661(66%)
Auv. Slope (%) 12 Land less 84(27%)
Order 4th Major tribes & SC Kandha, Paroja and SC
is Domb
Av. Rainfall (mm) | 1452 Occupation Agriculture (62%)
LGP (Days) 170 Av. land holding (ha) | 0.52
S.No| Indicators | Unit | Before (2008) | After (2012-13)| Change
1 Potential Soil Erosion Rate
i | Arable tha' yr' 17.93 15.61 12.90%
ii | Non- Arable tha' yr' 37.23 30.38 18.40%
iii | WS Average tha' yr' 30.24 25.03 17.20%
iv | Soil retention capacity of trenches tha' 13.69
2 Estimated Runoff % 14.68 to 29.92 7.3 to 15.4
i | Av.runoff % 24.4 14.6 i 40%
3 Water Resources Development
i | Storage capacity created ha-cm 93.91
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IMPACT ASSESSMENT OF INTEGRATED WATERSHED DEVELOPMENT

S.No| Indicators | Unit | Before (2008) | After (2012-13)|Change
il | Additional area under irrigation ha 242 A
iii | Av. water table depth m 2.97 2.8 5.90%
iv | Av. depth of water in well m 0.99 1.17 17.80%
4 Productivity Indicators
i | Productivity of crops % 9.14
ii | Crop diversification index 0.55 0.71 30%
iii | Cultivated land utilization index 0.35 0.4 14.3%
iv | Crop productivity index 0.55 0.61 12%
v | Crop fertilization index 0.21 0.3 43%
vi | Watershed productivity (REY) kg ha’ 4962 6126 19%
vii| Induced watershed eco-index 0.04 4%
5 Dry land Horticulture
i | Aw. survival rate % 68
ii | BCRat 15% DR 2.75
iii | IRR % 21.28
iv | Density of trees in agriculture land | trees ha' 7 14 7
6 RWUE, EERW & Returns per m* of Rain Water
Crops RWUE EERW Returns
(kgha' mm") (MJ m*) Em™)
i | Av. Cereals 2.34 53 43
ii | Av. Pulses 1.70 3.8 10.7
iii | Av. Oil seeds 1.26 3.0 4.7
iv | Av. Vegetables 35.33 9.9 38.5
v | Av. Spices 24.31 43 144.0
vi | Average for all crops 14.72 35.0 5.5
7 Carbon Sequestration Potential Years 10 20
i | C tha' yr' 2.12 3.40
it | C Credit Tha'yr' 2544 4080
8 Human Population Carrying Unit Before (2008) [ After (2012-13) | Change|
Capacity
i | Av. Energy output M]J ha' 18296 20006 49.30%
ii_ | Av. HPCC of land Adult ha™ 4 4.4 9.30%
iii | Jhola land Adult ha' 6.6 7.2 8.50%
iv_ | Beda land Adult ha' 4.2 4.6 9.70%
v | Padda & Donger land Adult ha' 2.7 3 8.50%
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SUMMARY OF IMPACT ANALYSIS

IT1. Socioeconomic Impact Indicators

S.No| Indicators | Unit | Before (2008)| After (2012-13) |Change
1 Overall People’s Participation Index (%) 56
2 Av. Family Income R yr")
i | Large 35700 41000 4 5300
ii | Medium 21854 31700 9846
iii | Small 13750 18770 5020
3 Av. Family Expenditure ®yr")
i | Large 28500 34000 4 5500
ii | Medium 18600 27500 8900
iii | Small 13500 18300 4800
4 Employment Generation Man days 14052
5 IGAs (Annual income per SHG) %14, 000/- to %.40, 000/- (900 per head)
6 Amount in WDF Account 3 121252/- |
7 The Economic Viability of at 10% DR
the Project
i | BCR 1.16
ii | IRR (%) 19.5
8 Technical Man Days at Different Phases of Watershed Development ( per ha)
Area Preparatory | Watershed Work | Consolidation | Total
i | Total WS area (601 ha) 0.38 2.26 0.55 3.20
it | Treatable area (451 ha) 0.51 3.02 0.74 4.26
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AP RIRSIRIEN

< DI f[el gaTs &3 BT 55 Yl qui MeIRa & AR I8 &3 qdl 9Rd @l 40 Ufererd
ST Ud &1 fUETE UgEE B WY 2 | I8 & STfardl 98 § I del ST BT 30
yforerd (37.9 fafera™) 2 | 39 &5 ¥ 54 nfari wHaTd Ui 9d & | gdT & &1 el Wit
S BT 62.5 UL B U & Herd Td HaT &RV F TR ¥ | T Aqurar U4 Sl
HaT BT B AThR IE AThST 73.9 YT b UEAT & | HaT eRVT He=Teierdr o A
BT AHF (T) W I8 7.5 W 12.5 T URT 8FCAR UT a9 T BT Hebdl oall © | ST a1
@ HeTg MR M (RUAFIRA) Wil & HROT JT BT JAMD &RT 37 &5 § IR Sl &
AT STe] ST TR FaT ARATYT R B ATILIHAT & | 9IRA ARPR 7 9 2003 S dI8
STERTH U&eH Bl Udh TSI I & w0 H 71T & 3R I7d 3 T2l § aut menRd et #
I P IAEHAT BT faf= I SrRiHAT 9 wrffad fear 2| @i a3 d srffag
THRY T BIRIhHI § NWDPRA, IWDP, RVP, WDPSCA, NAP, DPAP TG UH® | a4
1990 I 3RH HRP < H I8 YA TR ST fIdrT Sribpar § 9RNERI STl Uee &l
gftedIvr TR fafr=t &t # 3fY e & & 53 | 7 & v Frdeq IS &
AR 98 &3 H B HAT, YR TRBR, s fQeell §IRT WA a7 737 | NWPDRA
@ HHRI UG & d8d 2008 H bald FaT Ud Sfel GRETUT S[JHUT Ud URIeTor HRef,
AL Dvs, GAMISI, DRIYS §RT AN AT 17 | I a9t &= YTferapon, 98 feeft
& AR I RTAT V%S TRAT ITATCIEOe §7sad TR 1109 9 WX © | T8TYFETe!
STARTH &1 ATAd J&Tdh 394 fhd T Sifdad, Hifae SR amifsTe w1l & gardl &
3THA B & oIy fHaT 7971 | 39 HRIHA BT I3 A& S U@ €Thi $I gdm o,
RTFeT Ta STISITTdl & YITHT Ud 3fTfeie SasRar UR |ad 31fdrdh Usdl © | aIexels
fara Ifafafel & a1 vd Sfd 6ReT0T, S eI fJbrd, a1 IAedHdl ghg
wferfafera, sra aoi= wfdfaferr, Aryarfie @iredraear vd e FEf 8 | 9w
YT BRI BT AT &R 59 UK 2

1. HHTFIT HaT &ROT §R: aTeReS | [T JaT Herd URASHT gd (2008) Ud RIS &
95 (2012) @ forg G fram Tam | URASHT gd a<dfaes 3mered & 311d #
IR 44 31 1 31feds & Ferd wef (> 40 e Uiy 2acaR ufa ad) # o)
RIS afd yeaTq Sed derd 9t & URTed &5 7 B 3MS 3R I8 980 HH iR
HEIH HH PBET DI 3R WAFIR &1 T | I§ HH sl Wigdl Bl (14707 AR A=
HRET IURIT & PHIROT €1 WA GAT | 3T F&T &R0T &R URATSIT Id Td gL HA:
30.24 TG 25.03 T4 Ul 8dc AR Ufey a¥ U8 78 |
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2. yare: fAf=T YfHSURIRT &rll # ST FUATE 14.68 W 29.92 RIS Ud 7.3 U I 154
gfiRId sheer: URATSTT gd (2008) TRIT UL (2012) AT v 17 | 3ffeienaH adTs
RIS gd 37de & SR IR 3R ST ST €19 H 29.92 UFTRIC o7 S, uRITSTHT ggard
TTHR 154 TR B T | STl J19dTE ¥ SRAT BT 24.4 A TSHR 146 BT TS |

3. Ofd G9E AT TR &5 | 997 ST U8 IR G SUAdT e & folu
=1 U fodl R, RoRgs Sl drere, 9 d1eTe, STadus! 3R Bic arei &1 AT
Il & | ST 93.91 BFCIR UCHICR duf STeT WUSRYT &HdT bl 0T gar,
RTa® HeRawy 24.2 2dcIR AR &7 aTac Ud Ffestal @Y dl & 37ef= ofrar 77 |
39 9 177 foam e Riars & ravia omneft a9 |

4. 9 ST WR: A A ST WK 0.18 (59 UfTerd) HIex 9¢71 31k Gl H I8 3ifdhel 17.8
URIeTT o | I8 oTcid Jeqd dTevere Mafy gd vd gedrq &f € | i Tt W a1
I3[ AGA LA AR YR o7 | SHHT 51 SIS0 &5 H JaT Ud STl HRevl &
SEIRICARCUIRT IS IRCI R

5. Hd fAfaefidRor Uvd Scuradhdr: TRIATSHT 31afe & SR 1T, T, fietg= el &r
@ 813 45.4 BECIR T T3] SUI TIXE 24 2SR IR &5 Bl gieg arTaril afesral o
8% | U Td USTAR Sifdhel & MR UR 3Hd 3 I 15 UL &I USTaR 9eiaN 8T 3R
9.14 @1 Gt 3T gfE &S |

6. T B ST BT SUIRT FABId: CLUI BT T0HT UAd B & ol o 1Y 9 &
JUTET UM el Wil D1 Y & bl 365 fo=T A furfore fobarm | a8 erdie Iwb qH o
IIETAT JERMYYT BT g5 T IR AL 6 IR Rifa &3 & dgd gfg aRemrawd o.
05 ¥ 0.35—0.40 TTeb 93T | g SITcl & fob RifIct &1 # Te+1 BAel ScUTe 837l | Yg W
wY ¥ geAar & b gRITST # {5 T 1l Thel wU A yRefard gu |

7. A SAGHA JaAdbid: Tg DD AR SUST B oI H Hdel IATGHT Wk Pl
SATT FRAT 2 | T8 AT # BT 2 B SEHdT WX H URad BT i &R &
T 3ATeT T | el FeAThR I8 iy 0.547 (URATSTT Gd 2008) I 0.613 (TRATSHT
1 2012) 12 URd &1 &R ¥ 967 | SHBT 5T I 1ol &1 YA 3R Ul dedl &bl
AT SYANT I f&AT ST =12 |

8. WU [T YADBIP: T8 GBI B! & (o U deai oI RIBIRET WR BT o1 |
] BT UIYa dedi (NPK) @1 AT BT SR BRal 2 | Fof s I8 (CFI) 021 3 9gav
URITSTT UL 0.30 TP 43 URIIT gieg ToT BRIg | I8 Heoll ScdTe H UINeh dqedl B TR
T I 32 FISTR Fed A BAT | URATSTT DRI 3 372 dioti 3R Uvehered] bl fIaror
Y 32T TTT | R CFI STaTyIgvT &1 4 31 A1 oA B, ST ol BIRVT (NPK) TUd Bl &
foTg Urye Tcdl 1 GRID B o1 H 31 I A1 HH STAN & |

PAGE - xix




IMPACT ASSESSMENT OF INTEGRATED WATERSHED DEVELOPMENT

9. ST IUTEhdT: TG STIIEYT &3 T FHIT ITShdl TR bl Al & SHABT fhold
HHA B TG, TG &3 31X IUTG g DI o) I HHA & aRIaR UGaR H
G Bl TS 2 | SIATNTH &7 Bl Ieradhdl A= HEell & Iared Pl AT & aRIER
STEHdT H Fad A 71 7 | T8 Ml uRATST T gd @l Reifdr 4962 fohetum ufay
gFCIR AT 3R gRITST 916 H 6126 TP T | I8 geaa: Rifd & # gfg vd waa
I H i, HEel & fAfAE®HRoT | F9a gl | STATH ScaTadhl Bl 19 Ufrerd 9erd
I Teol] $I Tl & d8d 9&d gU & U gaTl, I fhdl Y S1Tat aTell Heiel! dl et
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INTRODUCTION

Background

The burgeoning population demands additional resources to meet the growing
needs in terms of food, fodder, fiber, fuel, fruitand water. Each year an additional 0.25 billion
metric tons of grain (21% higher) must be produced to feed the increased population (PBIO
100 Lectures Notes, 1999). Globally, 80% of agriculture is rainfed and contributes 60% to
world’s food basket. Current productivity of rainfed agriculture is low (<1 t ha™) and to be
increased for sustainable agricultural productivity to achieve second green revaluation.
Over 120 M ha land area has been declared degraded (Maji, 2007; NRAA, 2011) in India.
Holistic development of the rain-fed areas is one of the prime concerns of the Government of
India. About 60% of total arable land (142 M ha) in the country are rain-fed, characterized by
fragile and marginal land with low productivity, low income, low employment and high
incidence of poverty. Development of watershed/catchment is one of the most trusted and
eco-friendly approaches to manage rainwater and other natural resources, which has paid
rich dividends in the rain-fed areas and is capable of addressing many natural, social and
environmental intricacies (Samra, 1998; Wani et al., 2002, 2003a, b; Rockstorm et al.,
2007). Management of natural resources at the catchment/watershed scale produce multiple
benefits interms of increasing food production, improving livelihoods, protecting
environment, addressing gender and equity issues along with biodiversity concerns
(Sharma, 2002; Wani et al., 2003a, b; Joshi et al., 2005; Ahluwalia, 2005; Rockstorm ez al.,
2007) and is also recommended as the best option to upgrade rain-fed agriculture to meet the
growing food demand globally (Rockstorm ez al., 2007).

Water and soil resources are finite, non-renewable over the human lifetime frame,
and prone to degradation through misuse and management (Lal, 2000). Scarcity of water for
agricultural and domestic purpose remains a major problem and has led to low crop
productivity and environmental degradation. Decline in per capita agricultural production
has seriously affected food security and livelihoods of people. There is a considerable
potential to bridge the yield gap between the actual and the potential yield through adoption
of improved resource management technologies (Singh et al., 2001). Several studies have
highlighted that appropriate rainwater management and utilization results in enhanced
agricultural productivity (Samra, 1997; Wani et al, 2003a, b; Joshi et al., 2005). The
challenge before the Indian agriculture, therefore, is to transform rainfed farming into more
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sustainable and productive systems through efficient use of natural resources through the
integrated resource management following the concept of participatory integrated
watershed management.

Rainfed areas currently constitute 63 % of the net sown area in the Eastern Region of
India and supporting 20% of livestock and 28% of human population of the country. The
region has a predominance of tribal (54 tribal communities) constituting about 30 % of the
total population of 37.9 M (Chauhan, 1998). It’s also observed that around 62.5% of the total
geographical area of Eastern Region is degraded exclusively by water induced soil erosion
which in conjunction with salt-affected and acid soils works out to be 73.9%. Data on soil
loss tolerance limits indicate that the tolerance (T) value varies between 7.5 and 12.5 tha™ yr”
across the region. Indiscriminate deforestation and practice of Jhum cultivation lead to
accelerated erosion for which proper conservation measures are need to be adopted
especially on very steep slopes. The Government of India (GOI) adopted watershed
management as a strategy to address the sustainable agricultural productivity in the rain-fed
areas for the last three decades. Further, GOI has adopted a watershed management as a
national policy since 2003 (Joshi et al., 2004). The prominent national programmes
implemented in the Eastern region are NWDPRA, IWDP, RVP/FPRs, WDPSCA, NAP and
DPAP. With the launch of massive watershed development programmes in the country
during 1990’s, all the previous programmes were converged to develop e different areas by
adopting a participatory watershed management approach. The maximum area has been
treated under IWDP (43.9 lakhs ha) followed by DPAP (25.9 lakh ha), NWDPRA (13.7 lakh
ha) and other programmes (13.6 lakhs ha) since inception. Similarly, the maximum
expenditure has been made under NAP (¥708.88 crores) followed by NWDPRA (3547.11
crores) (Shardaetal., 2008 & 2010).

A model watershed in the tribal dominated areas of Odisha was implemented by
CSWCRTI, Research Centre, Sunabaeda, Koraput under the MMA, NWDPRA, sponsored
by the MoA, GOI, New Delhi. Koraput district (110) is one among the top one-third districts
(167) based on high Rainfed Areas Prioritization Index (RAPI) by the NRAA (2012). A
comprehensive assessment of LPG watershed was taken up to assess the bio-physical and
socioeconomic impacts of various interventions in the watershed. The overall goal of this
case study is to get insights into watershed management programs as an implementer and to
identify the key components for augmenting the progress and impact on tribes in the rainfed
areas.

1.2  Objectives of the Study
e To assess the impact of watershed development activities on land degradation,
rainwater availability and its productivity, crop productivity and livelihoods in the
tribal dominated micro watershed.
e To assess the socioeconomic impact of the watershed interventions. To identify the
gaps/constraints for effective planning and implementation of activities in the
watershed for the harnessing full potential of rainfed ecosystems.
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DESCRIPTION OF THE

WATERSHED

2.1 Location

Lachhaputraghati | .
(LPG) watershed is located in N
Pottangi Tehsil of Koraput ' | ODEHA
District in Odisha state. The =

watershed is 20 km from i HORAPLT

Semiliguda town and 45 km e i .

from Koraput District e 'i« = LACHRA-PUTRAGHAT |
headquarters (Figure 2.1). T

The watershed consists of e :

three cluster Vﬂlages nams:ly Lacha-Putraghati Watershed
Lachhumani, (Code No.I11-05-04-02-02)

Kandaputraghati and
Ariputraghati under Litiguda
Gram Panchayat (GP). The geographical location is 82° 56’ to 82° 58’ E longitude and 19° 45’
30to 19°47°30” N latitude with an elevation range of 900 m to 1258 m above msl. The total
area of the watershed is 601.24 ha with undulating to steeply sloping (up to 50%)
topography. The order of the watershed is 4th with a drainage density of 7.14 km km”. The
physiographic detail of the watershed is presented in Table 2.1.

Figure 2.1: Location map of LPG watershed

Table 2.1: Physiographic details of the LPG watershed

S.No. | Physiographic detail

1 Agro-ecological region 12

2 Area (ha) 601.24

3 Elevation range (m amsl) 900-1258
4 Average slope (%) 12

5 Order of the watershed Fourth

6 Drainage density (km km™) 7.14

7 Form factor 0.67

8 Length of main channel (km) 3.75

9 Perimeter (km) 10.6
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2.2 Climate and Water Balance

The climate of the watershed is warm and humid with an annual mean maximum and
minimum temperature of 35.8° C and 7.6° C, respectively. The normal annual rainfall is
1452.2 mmreceived in 77 rainy days (Figure 2.2). About 81% of the total rainfall is received
through June to September (South-West monsoon). Bright sunshine hours vary from 1.84 to
3.98 and 6.29 to 9.04 during the monsoon and the post monsoon season, respectively. The
average evaporation rate is 3.7 mm day' with maximum in May (6.2 mm day") and
minimum during the month of August (2.1 mm day™). Water balance diagram showed that,
surplus water is available for agricultural use between the month of May and October with a
length of growing period is about 170 days (Figure 2.3).
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Figure 2.2: Weather parameters at the LPG watershed
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Figure 2.3: Water balance diagram of the LPG watershed
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DESCRIPTION OF THE WATERSHED

2.3 Soils and LCC

The soils are red with sandy clay loam in texture. Acidic in reaction, medium in
organic carbon (0.69%), soil available nitrogen (288 kg ha") and phosphorus content (11.1
kgha™) and high in potassium content (313 kg ha™). The LCC of the watershed revealed that,
the maximum area is under class III (43.1%) followed by class VI (22.6%) and class VII
(20%). The class Il and IV account for 6.6 and 7.7% of the total watershed area, respectively.
The class II is under paddy cultivation and the majority of the class III & IV under rain-fed
crops of paddy and ragi. Whereas class VI and class VII land is under degraded forest and
shifting cultivated area. The detailed LCC map is presented in Figure 2.4.

Figure 2.4: Detailed LCC map of the LPG watershed

2.4  Geology and Geohydrology

The area possesses lithology
mainly composed of shale, slate and
sand stones showing faults and
fissures. The weathered and fractured
granite/ granitoid gneiss constitutes
the major repository of groundwater.
Besides these aquifers, weathered and
fractured Khondalites, journalists
Shale etc. also form aquifers about the
small areal extent of low to moderate
yield. Groundwater occurs in
unconfined to confined conditions.
Groundwater from shallow and
deeper aquifers is suitable for
irrigation, drinking and other Photo 2.1: General view of the LPG watershed
purposes.
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2.5 Drainage

The LPG watershed is a part of the Upper Kolab river catchment. Due to undulating
topographic conditions, rainwater draining ultimately into Jhola system and finally drains
into the Upper Kolab river. The drainage pattern is having fine texture of dendrite pattern.
This indicates that the rock formations are impervious and permeability is low. Soils formed
in such areas are deep, heavy and slowly permeable. Thus, the area is very prone to severe
erosion hazards forming gullies.

2.6  Vegetation

The vegetation type is tropical scrub forest. The average density of trees on private
land is 7 ha". Very high intensity uncontrolled grazing and browsing by livestock, heavy
extraction of trees for fuel wood and practice of shifting cultivation are the major threat to
vegetation in the watershed areas. The vegetation details are presented in Table 2.2.
Extensive dependence on forest for fuel and fodder are the primary reasons for causing
degradation of natural vegetation in the watershed area (Table 2.3).

Table 2.2: Vegetation details in the LPG watershed

Particular | Description
Forest type Tropical Scrub Forest
Average tree density on | 7 (Scattered trees in the upper and middle reaches and no
private land (No ha™) tree occurrence in the lower reaches)
Tree species in Scattered trees of Mangifera indica (Mango), Tamarindus
agricultural land & in indica (Tamarind), Artocarpus heterophyllus (Jack fruit),
homestead garden Pongamia pinnata (Karanj), Terminalia bellarica (Bahada),

Grevillea robusta (Silveroak), Bambuseae (Bamboo), Bixa
oriliana (Jafra), and Caryota urens (Fish tail palm)

Small trees/ Shrubs Mallotus phillipensis, Lania coramadalica, Grevia telifolia,
Gmelina arboria

Herbs Diospyros spp., Holarina antidecentrica, Murraya koenagii,
Glycosmis pentaphylla, Eupatorium, Lantana camera,

Ferns and some medicinal herbs

Economic important Bauhinia vahlii- Leafy vegetable

plants Terminalia bellarica- medicinal use

Caryota urens- alcohol production

Weeds Infestation The entire forest area is infested with obnoxious weeds such
as Lantana camera and Eupatorium

Table 2.3: Fuel wood and fodder requirement in the LPG watershed

Particular | Quantity (t yr”)
Total fuel wood requirements 690
Fuel wood from agriculture 276
Fuel wood from forest 414
Total Fodder requirement 905
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DESCRIPTION OF THE WATERSHED

2.7 Land Use

Out of the total geographical area of 601.24 ha, maximum area is under degraded
forest (61%) followed by the net cultivated area (20.15%), current fallow (11.5%), area
under non-agricultural use (6.0%) and area under pasture land (1.4%) (Figure 2.5). The land
physiography as per tirbal nomenclature is presented in Annexure.

| | B Current fallows [ Non-agriculture

[ 1 1l Degraded forest

121.2 ha

68.9 ha

36.0 ha

Figure 2.5: Major land use in the LPG watershed

2.8  Water Resources

The presence of springs in upper hills, small perennial streams and downstream
flow in jhola beds are the major sources of water resources available in the watershed.
Though the watershed receives high rainfall during monsoon season but acute water
scarcity during post monsoon due to drying of springs and decreased downstream flow is
the common feature.

29 Crops

The major crops grown in the watershed are low and upland paddy, ragi and niger
during kharif. The farmers occasionally go for vegetable cultivation in their field subject to
availability of water. Mostly farmers do not grow crops in the post-monsoon season due to
lack of water availability and fear of crop failure.
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2.10 Demography

The LPG watershed has a total population of 992 living in 315 households. Tribal
population accounts about 66% of the total population of the watershed. Major occupation is
agriculture and landless labours. The average land holding is 0.52 ha and an average family
income is I2500/- per month. The detailed socioeconomic status of the watershed is

presented in Table 2.4.
Table 2.4: Socioeconomic status in the LPG watershed
S.No.|Socioeconomic Indicators | Status
1 Household (HH) Total HH SC ST Others
315 87 661 244
2 | Total Population 992
3 | Tribal Population 661 (66%)
4 | Landless Family 84 (27%)
5 | Sex Ratio (Male: Female) 01:01.0
6 | Major Tribes & SC Kandha, Paroja and SC is Domb
7 | Housing Thatched, Tailed & Sheet roofs
8 | Major Occupation Agriculture (62%)
9 | Labour Force Male Female Total
256 146 402
Agric Daily wage | Mine workers | Migratory
249 100 38 15
10 | Unemployed Youths 30%
11 | Literacy Rate 29.6% (Male: 22%, Female: 7.6%)
12 | Average Annual Income % 23768/-
13 | Average Land Holding (ha) 0.52 (Per capita agricultural land: 0.12 ha)
14 | Livestock Cattle |Buffalo | Pig Goat | Poultry | Sheep
403 25 43 95 428 97
15 | Primary School Two
16 | School Children Boys Girls Dropout Total
105 55 45 160
17 | Drinking Water Source Hand pumps
18 |Road Black topped roads
19 | Nearest Place for Other Damanjodi (5-8 km)
Facilities

2.11 SWOT Analysis

Table 2.5 presents the major strength, weakness, opportunities and threat in the LPG
watershed.
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Table 2.5: SWOT analysis of the LPG watershed

DESCRIPTION OF THE WATERSHED

Strengths | Weaknesses | Opportunities | Threats
Diversified High soil erosion on | Potentials for Land degradation
topographic land sloping lands diversified land use |and declining
features options with productivity

conservation
measures

A perennial source
of water in main
streams

Poor water resource
development and

use of rainwater for
productive purpose

Water resource
development for
increasing crop area
and efficient use of
rainwater

Water scarcity for
domestic and
agricultural use
cause unrest among
the community

Existence of strong
social integrity

Exploitation of
tribal community by

Use of participatory
approach to

Social conflicts due
to weak social

among the tribal others development of integrity
community watershed
Eco-friendly Low productivity Scope for Vicious cycle and
farming with non and nutritional application of best | malnutrition which
greedy mentality of |status management reduces efficiency
the community practices to improve |of work
productivity and
nutritional security
Well connected Exploitation by the | Formation of Groups | Community and

roads and local
markets

middle man and low
price for farm

(SHGs & UGs) and
establishing market

youths move away
from farming due to

produce linkages non-profitability
Presence of various | Poor co-ordination | Scope for Credibility on the
R&D and other and programme convergence mandates of various
developmental implementation approach and organizations and
organization establishing co- poor impacts of
including ordination with developmental
programmes and other organization. |programmes/project
schemes s/schemes

Photo 2.2: Degraded shifting cultivated area and poor socio economic condition in the watershed
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WATERSHED

DEVELOPMENT ACTIVITIES

3.1 ProjectImplementation Strategies

The programme was implemented following a participatory approach with active
community participation at all the stages of the project. The bottom line approach in this
programme was to develop it into a self sustaining programme through community capacity
building during the preparatory phase of the watershed programme and to maintain
sustainability after withdrawal of the project. At all the stages of project implementation
“Common guidelines for watershed development projects” (NRAA, 2008) was followed.

-

Photo 3.1: Inauguration of the watershed by the District Collector, Koraput

3.2 Community Organization and Capacity Building

Community organization is considered to be an important component of any rural
development project. A multidisciplinary team of scientists and technical officers constituted
watershed development team (WDT) who conducted several rounds of meeting with the
watershed community. Participatory rural appraisal (PRA) exercise was conducted to generate
awareness about the project and its mode of operation and execution. Further, exposure visits to
successfully executed watersheds were conducted to build confidence of the watershed
communities and several entry point activities (EPA) were taken by the WDT in the watershed
with the community contributions (Table 3.1). Watershed level local people’s institutions
represented by various sub-communities of the watersheds were constituted for
implementation and execution of various watershed development activities (Table 3.2).
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WATERSHED DEVELOPMENT ACTIVITIES

Photo 3.2: Community organization & capacity building activities

Table3.1: Activities taken to generate awareness and community confidence building

in the watershed
Activity Year Total
2007-08|2008-09|2009-102010-11
Village meetings 5 3 2 1 11
No to anti-liquor campaign 3 2 1 - 6
Campaign for health and hygiene 3 2 1 - 6
Motivation for enrollment of children in school 1 1 1 1 4
Wall paintings depicting benefits of the 12 12 6 - 30
watershed programme
Participation in exhibitions 1 1 1
Campaign for saving in bank account 1 1 1 3
Newspaper reading & & & &

Photo 3.3: Human and animal health camps organized at the watershed
Table 3.2: Details of local level institutions at the watershed level

S. | People's | No. Total Activity/Role
No.| Institute |Group|Member
1 |SHGs 15 237 Tailoring, Pickle and sauce making (Household production

system), Mushroom farming, Honey production,
Cow rearing, Goatrearing and Backyard Poultry.

2 |Watershed | 01 13 Overall coordination and liaison, execution of watershed
development activities and other activities as per the
Committee guideline. WPA: SBI, Damanjodi, Account no.

30863631781.WDFA: Utkal Gramaya Bank,
Mathalput, Damanjodi bearing accountnumber SBO 164.
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3.3 Interventions for Watershed Development

Various interventions were undertaken in the watershed based on the problems,
needs, priorities of the watershed community and their technical suitability and economic
viability. The watershed development activities taken in the watersheds are soil and water
conservation measures in arable lands, water resource development, productivity
enhancement activities, entry point and income generation activities and community
organization including capacity building (Table 3.3).

Table3.3: NRM, production, IGA, EPA and capacity building activities in the LPG watershed

S.No. Activity Unit Quantity
I. Conservation Measures
1 Vegetative filter strips m 300
2 Field bunding ha 32.7
3 Hedge plantation ha 17
4 Stone bunding ha 9
5 Trenching ha 13
II. DLT Measures
1 Live check dam No 35
2 Brushwood check dam No 30
3 LBCD No 44
4 Gabions No 13
5 Stream bank stabilization rm 1124
III. Productivity Enhancement
1 Agri-horticulture system ha 8
2 Bamboo plantation ha 1.5
3 Fuel and fodder plantation ha 2
4 Biodiesel plantation ha 1.5
5 Silivi-pasture system ha
6 Agronomic interventions No 7
IV. Water Resource Development
1 Farm pond No 6
2 Jhola kundi No 20
3 Renovation of WHS No 2
4 Renovation of pipeline system No 1
A% Income generating activities Group 15
VI Entry point activities No 5
VII | Capacity building No 49
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MONITORING AND

IMPACT ASSESSMENT
METHODOLOGY

The present study on impact analysis is based on the baseline data collected during
2008 and data monitored and collected during the project implementation period till June 2013.
Data on bio-physical and socioeconomic parameters were collected through field visits,
detailed resource survey, household survey, PRA techniques, meeting, interviews and FGDs
during pre-project and post project implementation of the watershed project. Periodic
monitoring and measurement of hydrological, soils, growth parameters and yield of crops,
horticultural and forest plants, land use, social and economic parameters were collected. Two
gauging stations were installed for runoff monitoring. Siltation behind check dams, DLTs and
ponds were also measured periodically at selected places during the implementation phase of
the watershed. Soil samples from different depths (0-15 and 15-30 cm) were collected from
selected plots/pits at initial and at the final stage of the project. Crop wise yield was recorded for
selected plots in farmers' fields. Survival rate and growth parameters of fruit and forest trees
were recorded periodically. The storage capacity of water harvesting structures was quantified
through detailed contour survey and measurements. Besides biophysical data, socioeconomic
data in terms of contribution, change in income, income from SHGs, participation of the
community in different activities etc., were collected through pre-tested questionnaires and
interviews. Data on expenditure incurred on various activities of watershed development were
compiled from the expenditure statements.

4.1 ImpactIndicators

Impact of various interventions on biophysical, participatory, and socioeconomic aspects in the
watershed was assessed through different impact indicators (Table 4.1). Pre and post project
approach was adopted for impact assessment. The appropriate statistical techniques and tools were
used to analyze the primary data. The post project impact assessment of investment on watershed
activities in the village was carried out to examine the efficiency of economic returns, etc.

Table4.1: List of impact indicators used for evaluation of impacts of watershed
development activities

S.No.| Impact Indicator | Methodology
1 | Crop Diversification Index (CDI) Sikka et al.(2004); Sharda et al (2005)
2 | Cultivated Land Utilization Index (CLUI) | Chuang (1973);Sikka et al.(2004);
Sharda et al (2005)
3 | Crop Productivity Index (CPI) Sikka et al.(2004); Sharda et al (2005)
4 | Crop Fertility Index (CFI) Sikka et al.(2004); Sharda et al (2005)
5 | Induced Watershed Eco-Index (IWEI) Sikka et al.(2004); Sharda et al (2005)
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6 People’s Participation Index (PPI) Katar Singh (1992)

7 BCR & IRR Gittinger (1972); Gittinger (2004)

8 Storage Capacity of Ponds Capacity survey

9 Ground Water Table Periodical measured in Open wells

10 | Soil Fertility Status Jackson (1973)

11 Density of Trees in Agricultural Land Survey technique (Total trees in the
agricultural land to the total
agricultural area)

12 | Watershed Productivity (WP) Sikka et al.(2004); Sharda et al (2005)

13 | Water Use Efficiency (WUE) Allen et al. (1998)

4.2  Estimation of Potential Soil Erosion Rates (PSER)

The potential soil erosion rate was estimated using the USLE distributed parametric
approach for the pre and post project periods in the watershed (Wischmeier and Smith,
1960). The different parameters of USLE viz., R, K, LS, and CP factors were estimated
following the methodology of Wischmeier and Smith (1978); Wischmeier et al. (1971);
Wischmeier et al. (1960) and Tejwani et al. (1975), respectively.

4.3 Estimation of Runoff

The runoff was estimated using hydrologic soil cover complex (curve number)
method. This method is based on the recharge capacity of the watershed which is
determined by antecedent moisture conditions and physical characteristics of the
watershed. Based on the hydrologic soil group and land use cover, the curve number
(CN) value was determined and used to find out the potential maximum retention (S)
(USDS-SCS, 1972). The CN values for AMC II condition was used with the correction
factor for AMC I and AMC Il conditions. Then the runoff was estimated using the rainfall-
runoffrelationship.

4.4 Energy Efficiency of Rainwater (EERW)

Energy efficiency of rainwater is the ratio of energy output (co-efficient) value of
the unit crop produce (Alipour et al., 2012; Gundogmus, 2006; Tuti et al., 2012; Singh,
et al.,2008) to the energy co-efficiency of water. The energy co-efficient of water was taken
as 0.63 MJ m” of water (Gundogmus, 2006).

4.5 Estimation of Carbon Sequestration Potential of Plantation

The periodical bio-physical parameters viz., survival rate, basal diameter and height
of each plantation were monitored. Based on these growth parameters, future attainable
biomass were estimated for 10 and 20 years using the allometric equation (Brown, 1997) is
given below.
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Y=exp[-2.134+2.530*In(D)]
Where, Y=biomass per tree in kg, D=dbh in cm

The carbon content of the plantation was calculated by multiplying their biomass value with
0.45 in general, this ratio is used for tropical trees (Negi et al., 2003).

4.6  Technical Man Days at Different Phases of Watershed Development

Actual scientific and technical staff involved at three different phases of the
watershed development was calculated based on the contributions of each staffassociated
in the project period. Technical man days were calculated per ha basis for the entire
watershed and the treatable watershed area at three watershed phases and expressed man
days per ha.
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RESULTS OF IMPACT

ASSESSMENT

5.1 Bio-Physical Impacts
5.1.1  Potential soil erosion rate (PSER)

Potential soil erosion in the watershed was estimated for pre (2008) and post (2012)
project period (Figure 5.1). During the pre project period, the maximum area under PSER
was in the erosion class of >40.0 t ha" yr' (20.4%) followed by 15-20 tha” yr" (18.2%) and
10-15 tha" yr' (18.0%) and this was due to the absence of suitable conservation measures
and vegetation cover in the watershed (Figure 5.2). However during the post project period,
the percent area under high erosion classes (moderate to very high) decreased and these areas
shifted towards lower erosion classes (very low and moderately low). This reduction in
PSER from higher erosion classes to lower classes was attributed to various conservation
measures taken in the watershed which contributed towards reducing the length of slope by
field bunding and decreased CP factors due to vegetation cover coupled with bunding and
trenching. The average PSER in the watershed for pre and post project period is estimated to
30.24 t ha' yr' and 25.03 t ha' yr', respectively (Figure 5.3). The average actual soil
deposited in the trenches was calculated from the silt deposition data and workout to 13.69
tha'yr' of soil was actually arrested on the site otherwise this soil would have deposited in
the streams and water storage structures.
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Figure5.1:  Potential soil erosion rate during the pre and post project period in
the LPG watershed
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Figure 5.2: Potential soil erosion map for pre and post project period in the LPG watershed
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Figure 5.3: Average PSER in the watershed area

5.1.2  Runoff ® PraPraject mibort Project

The estimated runoff
for different land uses in the
watershed varied from 14.68 to
29.92% and 7.3 to 15.4 % for
the pre and post project period,
respectively (Figure 5.4). The
maximum runoff was
observed in ragi and upland
paddy (29.92%) during pre
project period and it decreased
to 15.4% in post project period

. ; " Figure5.4: Estimated runoff under different land use during pre and
due to field bunding in post project period in the watershed.

degraded sloping lands. The
average estimated runoff in the
watershed decreased to 14.6% during post project period from 24.4% in pre project period.
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Photo5.1: Field bunding in slopplng degraded arable land: Photo5.2: Trenching in non-arable land
Pigeon pea and marigold on the field bund forrainwater harvesting

5.1.3 Water resource development

The interventions such as dugout
ponds, lined ponds, jhola kundi and check
dams were taken up in the watershed to
increase the rainwater storage and
availability in the watershed. A total of
93.91 ha-cm rainwater storage capacity was
created and harvested in the watershed
(Figure 5.5). An additional area of 24.2 ha
is brought under protective irrigation for
cultivation of paddy and vegetables

benefiting 177 beneficiaries in the photo5.3: Water convey channel to irrigate paddy and
watershed (Table 5.1). vegetable crops

HWE’-‘H

Figure5.5: Rainwater storage capacity created and harvested
during the project period.
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Table 5.1: Impact of water resource development on irrigated area and beneficiaries in

the LPG watershed
Water harvesting | Cost ) Irrigated area (ha) Crops grown [Beneficiaries
structure Before | After | Additional
Convey channel | 2,19,476 2 6 4 Paddy and 30
(Ariputraghati) Ragi
Check dam-I 48,636 0 6 6 Paddy and 52
(Ariputraghati) Vegetables
Check dam-II 78,034 0 1.6 1.6 Paddy 17
(Ariputraghati)
Check dam-III 1,24,878 0 2 2 Paddy and 12
(Ariputraghati) Vegetables
New farm pond 99,641 0 3.2 3.2 Paddy and 14
Ginger
Convey channel 66,006 3.6 13 9.4 Paddy and 52
Vegetables
Total 6,36,671 5.6 29.8 24.2 177

5.1.4 Depth of water table

The average water table depth raised by 0.18 m (5.9%) and the depth of water storage in the
well increased by 0.17 m (17.8%) during the post project period compared to pre project period
(Figure 5.6). The rise in water table depth was more prominent during post monsoon months.
The rise in the water table and depth of water storage in the well was attributed to the increased
base flow due to implementation of soil and water conservation measures in the watershed.

s Depth of Water Storage (Pre| = Depth of Water Storage (Post)

Figure5.6: Depth of water storage and water table depth in open well during the
pre and post project period in the watershed
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Photo 5.4: Rainwater harvesting pond for multiple use of water in the watershed

Photo 5.5: Silpauline lined pond for rainwater harvesting to provide protective irrigation to mango plantation

5.1.5 Productivity of crops and crop diversification

A total of 45.4 ha area has increased under cereals, pulses and oil seed crops
during the project period and similarly area increased under horticultural crops to the
extent of 24 ha (Figure 5.7). The average yield of different crops was collected for pre and
post project period from the watershed areas and presented in Figure 5.8. The yield of all
the crops has increased considerably in the range of 3 to 15% with the overall average
increase 0f 9.14%.

Due to increase in water availability and high market demands, efforts were made
for popularizing cultivation of vegetables in the watershed areas. As a result the area under
vegetable cultivation has been increased by 30% over pre-project period (from 31 ha to 40
ha). Crop Diversification Index (CDI) was worked out based on the area under each crop in
different seasons for the period before and after the project. CDI values near to 1 indicate
complete diversification. The overall pre-project CDI was 0.55 and it was increased to 0.71
during the post project period registering an increase of 30%. A similar increase in
productivity and CDI was also reported by Sikka et al. (2004) and Dass ef al. (2009) under
watershed programmes.
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Figure 5.7: Area under different crops during pre and post
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Figure 5.8: Yield of crops during pre and post project period
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5.1.6 Cultivated land utilization index (CLUI)

Cultivated land utilization index was worked out for the period before and after the
project. CLUI is calculated by summing the products of land planted to each crop, multiplied
by the actual duration in days of that crop, divided by the total cultivated land area times 365
days. CLUI increased by 0.05 from 0.35 to 0.40 in the watershed areas as a result of the large
scale introduction of horticultural plantation in dry land and increased area under irrigation.
This indicated that irrigated area was put under intensive cultivation with high value
commercial crops. This also clearly indicated the impact of watershed interventions
reflected in the increase in the cultivable land area and duration of crop cultivation.

Photo 5.6: Crops grown with improved package of practices

5.1.7 Crop productivity index (CPI)

Crop productivity index indicates the extent of crop productivity level in
comparison to the normal yield of crops as per the package of practices. It was calculated by
using farmers’ yield data and normal yield of crops as per the package of practices to evaluate
changes in the productivity level of crops which are grown in the watershed. Overall CPI
was increased from 0.547 during the pre project period to 0.613 after the project, registering
an increase of 12% in the productivity level of crops and it was partly due to distribution of
inputs viz., seeds and fertilizers.

5.1.8 Crop fertilization index (CFI)

Crop fertilization index indicates the extent of crop nutrients (NPK) applied to the
crop in comparison to the recommended level of nutrients to that crop. Overall CFl increased
from 0.21 during the pre project period to 0.30 after the project, registering an increase of
43% in rate of nutrient application. In general, vegetable crops are fertilized more than the
grain crops due to better price for vegetable crops. This was partly due to distribution of
inputs during the project period. The CF1 is still low indicates that NPK consumption in the
watershed areas is very less than half of the recommended dose of nutrients to the crops.

5.1.9 Watershed productivity (WP)

Watershed productivity indicates the overall productivity level in the watershed.
This was calculated by taking the yield of crops, cropped area and output price of different
crops grown in the watershed and expressed in equivalent yield of dominating crops in the
area. Overall watershed productivity was expressed in equivalent yield of ragi. The overall
WP increased from 4962 kg ha™ of ragi during pre project period to 6126 kg ha™ after the
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project period. This was mainly due to increased area under irrigation, slightly increased
productivity of crops and diversification of crops towards vegetable crops. The increase in
WP was 19% and this was attributed to increased area under vegetable cultivation which are
highly remunerative than any grain crops grown in the watershed. Deshpande and Reddy
(1991), Dhyani et al. (2001), Shah (2001), Joshi (2004) and others have reviewed different
dimensions of watershed management and these studies have focused on the positive impact
of watershed management on cropping, agricultural productivity, employment generation
and increase in income, amongst others.

5.1.10 Induced watershed eco-index (IWEI)

Induced watershed eco index is used to represent the fraction of green area in the
watershed. This represents an additional area made green through watershed treatment as a
proportion of the whole watershed area. The value of IWEI observed found to be 0.04,
suggesting that an additional 4% of watershed area was rehabilitated through green biomass
cover.

5.1.11 Dryland horticulture

Prominent cultivation of mango (Mangifera indica) was introduced in the
watershed area. The average overall survival percent of fruit plants at the end of five years is
68%. Economic analysis was done for a mango plantation under rainfed condition by
projecting costs and benefits up to 15 years to know the economic viability. Benefit cost
analysis was carried out at 10, 15 and 20% discount rates. The BCR worked out to be 3.01
and 2.75 at 10 and 15% discount rates, respectively for mango with the Internal Rate of
Return (IRR) 0 21.28%. Due to Agroforestry interventions, the density of trees, particularly
indry land, increased to 14 trees ha™ from 7 trees ha™.

! § N i} |II -.. i
Photo5.7: Agri-horticulture system (Mango+Ragi) with conservation measures and pitcher irrigation in the
watershed

5.1.12 In-situ rainwater conservation measures in mango plantation

In newly planted mango plantation in-situ rainwater conservation measures viz.,
micro catchment (MC), semi-circular bunds (SCB), SCB with trenching on the upstream
side of plants were studied with and without mulching in the watershed. Soil moisture
content at 0-15 and 15-30 cm was determined at three locations from each plant (0.5 m, 1.0 m
and 2.0 m on downstream side of the plant) during 2012 and 2013. Soil moisture content was
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higher at 15-30 cm compared to 0-15 cm in all the treatments (Figure 5.9). The average soil
moisture content at both the depths with mulching was higher by 9.16 (0-15 cm) and 5.56%
(15-30 cm) over treatments with no mulching. In general, soil moisture content was high at
0.5 m compared to 1.0 and 2.0 m away from the plant due to in-situ rainwater conservation
measures. Among the in-situ rainwater conservation measures, SCB and SCB with trenching
conserved rainwater efficiently in the soil which was reflected in soil moisture content at
both the depths. The influence of in-situ rain water conservation on growth parameters of
mango plants is presented in Table 5.2. The growth of mango plants was better in all the
conservation measures as compared to the control due to increased soil moisture availability
inthe soil.

¥ e | N o

Photo 5.8: Mango plantation with in-situ rainwater conservation measures
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Figure 5.9: In-situ rainwater conservation measures on soil moisture content in mango plantation.
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Table 5.2: In-situ rainwater conservation measures on growth of mango plantation

Treatment Height (cm) Basal Diameter (cm)

2012 | 2013 2012 | 2013
Control 67.7 120.9 1.8 3.4
No MC 70.5 124.8 2.2 3.7
Muleh |"gcp 707 | 125.9 2.0 3.7
SCB+Trenching 70.2 124.0 1.9 3.8
Control 67.9 122.5 1.8 3.7
Mulch MC 72.4 127.6 2.1 4.0
SCB 70.3 126.0 2.1 3.8
SCB+Trenching 70.6 125.8 2.0 3.9

5.1.13 Rainwater use efficiency(RWUE) and water productivity (WP) of crops

Rainwater use efficiency of the rain-fed crops is calculated and presented in
Figure 5.10. Maximum RWUE was in the upland paddy (4.49 kg ha” mm™) followed by
Maize (3.77 kgha' mm™) and low land rice (3.00 kg ha mm™) among the cereals. Among
the pulses and oilseeds, RWUE was maximum in Red gram (1.81 kg ha’ mm") and
groundnut (1.48 kg ha' mm™), respectively. Among the vegetable crops, maximum
RWUE was in the cabbage (57.4 kg ha' mm™) followed by ginger, turmeric and tomato
(Figure5.11).
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Figure5.10: RWUE and WPC (Grains) in the Figure5.11: RWUE and WPC (Veg.) in the LPG
LPG watershed watershed

Similarly water productivity of crops followed the same trend that of the RWUE of
crops. Maximum productivity per unit of water was in the upland paddy (0.45 kg m™)
followed by maize (0.38 kg m™), lowland paddy (0.3 kg m*), red gram (0.18 kg m”) and ragi
(0.17 kg m”). Water productivity of vegetables in the watershed varied between 2.4 kg m”
(Beans) to a maximum of 5.7 kg m” (Cabbage) of water (Figure 5.11). Gross returns per unit
of water used to produce was much higher from spices followed by vegetable crops
compared to that of cereals, oilseeds and pulses (Table 5.3) and thus farmers prefer to
cultivate vegetables under assured condition of water availability.
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Table 5.3: Gross returns per unit of rainwater for different crops in the watershed

Crop Returns | Crop Returns

Rm?) Rm?)

Upland Paddy 4 Niger 4.2
Maize 6.4 Cabbage 45.9
Lowland Paddy 4.1 Ginger 100.8
Red gram 13.5 Tomato 32.9
Ragi 2.7 Turmeric 187.3
Black gram 8 Potato 26.9
Groundnut 52 Beans 48.3

Av. Cereals 43 Av. Oil Seeds 4.7
Av. Pulses 10.7 Av. Vegetables 38.5
Av. Spices 144.0

5.1.14 Energy efficiency of rainwater (EERW)

The EERW varied between 2.5 and 6.65 MJ m” of rainwater for grain crops, for
vegetables it ranged from 4.23 to 15.35 MJ m* of rainwater. Maize (6.65), paddy (5.61), and
red gram (4.01) among the grain crops and potato (15.35) and cabbage (10.21) among the
vegetables have high EERW in the watershed areas (Figure 5.12). The average EERW of all
the crops in the watershed area is 5.53 MJ m” of rainwater which is equivalent to 1.32 kcal
per liter of rainwater or 1.32 calories per ml of rainwater.
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Figure 5.12: Energy efficiency of rainwater for grain crops and vegetables in the LPG watershed

5.1.15 Carbon sequestration potential

Total carbon sequestration potential was estimated for the projected period of 10 and
20 years for different plantations in the watershed considering the present survival rate and
expected growth rate and stand of each plantation (Figure 5.13). The maximum carbon
sequestration potential was from energy plantation followed by miscellaneous plantation, bio-
diesel and Agri-horticulture plantations. A total of 391.24 t and 1114.65 t of carbon
sequestration potential is estimated over 10 and 20 years, respectively in the watershed areas.
The average carbon sequestration potential is workout to 2.12 and 3.4 tha” yr" after 10 and 20
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years, respectively from the plantation area in the watershed. Estimating the carbon credit at a
carbon price of USD 20t of C (Atkinson et al., 2006), it worked out to USD 42.8 (32544/- ) and
68 (34080/-) ha' yr' after 10 and 20 years, respectively (1 USD=X 60/-).
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Figure 5.13: Estimated total carbon sequestration potential of different plantations

Photo 5.9: Aforestation with conservation measures in degraded sloping land

5.1.16 Human population carrying capacity (HPCC)

The human population (adult) carrying capacity (HPCC) of cultivated lands in the
watershed was worked out as per their production potential during pre and post project
period. The HPCC is the ratio of energy output from the land use or production system to the
annual energy requirement of an adult. The energy output from each land use or crops was
calculated based on the energy co-efficient value of each crop (Alipour et al, 2012;
Gundogmus, 2006; Tuti et al., 2012; Singh, et al., 2008). The annual energy requirement for
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an adult was calculated based on the daily energy requirement recommended by the NIN,
Hyderabad (NIN, 2009). The HPCC of different crops is presented in Figure 5.14 and spatial
demarcation in the watershed area is presented in Figure 5.15. The HPCC is lowest in niger
(1.0) and the maximum in potato (12.2). Among the cereals, paddy in jhola land, upland
paddy and maize have the HPCC 0f 4.9 to 6.6 during pre project period and 5.5 to 7.2 during
the post project period. The HPCC of vegetables varied between 2.2 (Beans) and to 12.2
(Potato) during pre-project period and it was increased to 2.4 and 13.1 during the post project
period due to increased in productivity of crops. The average HPCC of crops was increased
to 4.4 during post project period from 4.0 during pre project period and registered an increase
0f9.3% due to enhanced productivity of crops through watershed activities (Table 5.4).
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Figure5.14: Human population carrying capacity of different crops in the
LPG watershed
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Figure5.15: Human population carrying capacity of different land uses in the
LPG watershed
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Table 5.4: Average energy output and HPCC of land during pre and post project period

in the LPG watershed
Particular | Pre | Post | Change (%)
AV. Energy output (MJ ha™) 18296 20006 9.3
AV. HPCC of land (Adult ha™) 4.0 4.4 9.3
Jhola land 6.6 7.2 8.5
Beda land 4.2 4.6 9.7
Padda & Donger land 2.7 3.0 8.5

5.2  Socioeconomic Impacts
5.2.1 People’s participation

People’s participation in watershed management project is an important index for its
sustainability and it measured through People’s Participation Index (PPI). The people’s
participation index was worked out at preparatory phase, watershed work phase and at the
consolidation phase of the project (Figure 5.16). The overall PPI was found to be 56%
indicating that the stake holder’s overall participation was just above the medium level.
Among the three stages of the project, the level of people’s participation was highest (64%)
at preparatory phase followed by 58% at work phase and 46% at consolidation phase
indicating high to medium level of participation. This high level of people’s participation
could be attributed to the sincere, committed and devoted efforts of the WDT and watershed
functionaries. Further, this could be attributed to the expertise of PIA in watershed
management areas. Active people’s participation is, therefore, highly critical in the success
of the watershed program (Kerr et al. 2000; Joshi et al., 2005). People’s participation in
planning, developing and executing the watershed activities is indispensable (Wani et al.,
2003a, b; Joshi et al., 2005). Active and voluntary participation of all stakeholders
guarantees the successful implementation of watershed program.
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Figure 5.16: PPI at different stages of watershed development

PAGE - 29




IMPACT ASSESSMENT OF INTEGRATED WATERSHED DEVELOPMENT

5.2.2 Changeinincome and expenditure pattern

Income expenditure analysis is an important activity which insights into the real
development of the watershed populace. The analysis was done before (2008) as well as after
(2012) the implementation of watershed projects. The analysis was carried out on the basis
of random sampling from all categories of farmers viz. large, medium and small. The
analysis reveals that before the implementation for the project (2008) for large farmers the
source of income was from an array of enterprises viz., agriculture, animal husbandry and
employment. After the implementation of the project (2012), there is a shift of income from
non-institutional finance to agricultural activities to the tune of 5% (Figure 5.17). WDT has
made efforts in capacity building of all categories of farmers for different income generation
activities. Large farmers showed interest in initiating large scale enterprises i.e., poultry and
livestock etc. In expenditure analysis, large farmer increase expenditure on inputs
procurement and labour work by 5%. However expenditure on food and education remains

unchanged.
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Figure5.17:  Source of income under different categories of farmers in the LPG watershed
(AG:Agriculture, FL:Finance Lending, BE:Business/Employment, O: Others,
AL:Agri.Labours, FUS:Fuel Wood Sale)

Asper the initial income analysis (2008), a medium farmer income was depended on
agriculture activities (60%) followed by labour work (20%). His expenditures were towards
food, enjoyment and alcoholism which show his day-to-day living attitude. In2012, medium
farmer income source is shifted, to the tune of 5% of agricultural activities, which grossly
contributes to 65%. In case of medium farmer, there was an increase in income for
agricultural as well as in labour use by 5%. It signifies the consolidation of agriculture
activities as for earning livelihood. For expenditure, a slight increase in expenses on credit
facility and education by 15 and 2 %, respectively. For adoption of new activity medium
farmers are approaching banks for credit (Figure 5.18). It shows the changing attitude of
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farmer for adopting new enterprises for livelihood development as well as providing quality
education to his children.

Small farmers are most important to address the change for development and
success. In Lachhaputtraghati watershed, the income analysis reveals that this change was
more pronounced in their source of income. The agricultural activities showed increases of
15%. It shows the independence of farmers from labour work and their engagement in their
own activity. A significant decrease of 5% in fuel wood sales shows the changing attitude and
dependency on forests. The change in income from different sources for farmers showed a
significant deviation in 2013 in comparison to 2008. On the expenditure side, a small farmer
is accessing good food with increasing its expenditure on quality food by 4%. A drastic
decrease in the expenditure of alcoholism by 8% and an increase in purchase inputs (12%)
show a sea-change in the attitude of small farmer for improving his living conditions and
leading arespectful life.

The income expenditure analysis shows the change in the behavior of farmer. The
impact of different activities carried out by the implementing agency. The change and
improvement in the income shows the success of the key objectives of watershed work
phase.

Expenditure ® Before ® After

BL | HH ED HH Al BL EDuHH Al.l.ﬂul

2500

Annual Exp. [Rs.)
e %8

. 8

Large Medium | small

Figure 5.18: Expenditure pattern of different categories of farmers in the LPG watershed
(AI: Agriculture Inputs, L:Labours, BL:Bank Loan, HH: House Hold, ED:
Education,AL: Alcoholism & O: Others)

5.2.3 Employment generation

A total of 14052 man days employment was generated where in maximum employment
generation was through water harvesting structures, DLTs and plantation works. Maximum
employment generation was during the watershed work phase (84%) followed by a
consolidation phase (15.3%) of the watershed development (Figure 5.19).
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Figure 5.19: Employment generated during the watershed development

5.2.4 Income generating activities for livelihood development

Landless farmers and families hold considerable population (84 families (27%)) of
the LPG watershed. To provide seasonal as well as year around income to landless farmers,
women and unemployed youths were supported various [GAs in the watershed areas. A total
of 221 beneficiaries benefited from these activities. The annual gross income per SHGs
varied between ¥14,000/- and 340, 000/- (Table 5.5). On an average the annual gross income
(AGI) per beneficiary is I900/-.

Table5.5: Details ofincome generation activities and annual gross returns in the LPG watershed

IGAs | Activity | SHG | Beneficiaries | AGI R/Group)
Small Tailoring Gramdevi 33 18,000
entrepreneur Swetapadma
system Mahadevi
Household Pickle and Swagatika 30 30,000
production sauce making | Budirani
system Janani
Biomass based Mushroom Gramdevi, 39 35,000
rural industry Swagtika,
Neelabadi
Honey Prayas 32 14,000
production Brhminbuda
Budirani
Dairy activity Cow rearing Aakanshya 20 35,000
Shanti
Livestock Goats Kalamgam 36 27,000
management Pritam
Neelabadi
Poultry Maamangla 31 40,000
Janani
Sagarika
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Photo 5.10: IGAs in the LPG watershed

5.2.5 Community contribution

Contribution of the community towards watershed activities/works is considered as
a measure of participation. Moreover, contribution in terms of cash and kind enhances the
responsibility and commitment to maintain the works and activities created under the
project. People came forward enthusiastically to contribute for private as well as panchayat
land in terms of cash and kind showing indication of sustainability of works carried out under
the project. A total amount of¥1,21,252/-has been received as a contribution under various
works in the watershed will be utilized in the post project maintenance of the assets created in

the watershed.

5.2.6 Convergence activities in the watershed

Watershed management cannot be realized in isolation as it involves different
administrative wings of the government. To have an effective watershed management schemes
like Rashtriya Krishi Vikas Yojana (RKVY), MGNREGA, Swarnajayanti Gram Swarozgar
Yojna (SGSY), Odisha Forestry Sector Development Project (OFSDP) and such other schemes
or private players must converge to yield desired results. Need for convergence Substantial
public investments are being made for the strengthening of the rural economy and the livelihood
base of the poor, especially the marginalized groups like SC/STs and women. In
Lachhaputtraghati watershed, following activities was carried out in the convergence of
NWDPRA during the implementation period (2008-2012) are given in Table 5.6.

Table 5.6: Activities taken in the watershed under convergence approach

S.N0| Activity | Agency or Schemes/ Programme
1 Dugout ponds for water harvesting Block Office, Koraput, Odisha
(Two Numbers)
2 Eucalyptus plantation (15 ha) on BTTL, Jeypore, Koraput District,
private land Odisha
3 Mixed forest plantation (15 ha) Odisha Forestry Sector Development
Project (OFSDP) under Forest
Department of Govt. of Odisha
4 Rubber dam for water harvesting DWM, Bhubaneswar under NAIP
5 Pump sets and pipeline Agriculture Department

PAGE - 33




IMPACT ASSESSMENT OF INTEGRATED WATERSHED DEVELOPMENT

5.2.7 The economic viability of the project

Economic analysis of the project was carried out for the entire watershed (arable and
non-arable) by considering the cost and direct benefits from different activities. The
productive life of the watershed project was assumed up to 20 years. The BCR at 10 %
discount rate is found to be 1:1.16 and IRR is worked out to be 19.5 % of arable lands. This
reveals that the BCR and IRR for arable and non-arable lands suggest the economic viability
ofthe project.

5.2.8 Technical man days at different phases of watershed development

The watershed development is an essential technical skill required starting from
planning to completion stage of the watershed. The technical man days actually involved in
different phases of watershed development has been worked out for the LPG watershed and
presented in Figure 5.20. The technical man days at watershed work phase is workout to 2.3 and
3.0man days ha (71% of the total man days) for the total and the treatable area in the watershed,
respectively. The technical man days accounts for only 12 and 17% of the total man days ha’
during the preparatory and the consolidation phase of the watershed, respectively. Technical
man days slightly higher during the consolidation phase due to completion of pending works
coupled with data collection and analysis for impact evaluation.

o

Figure 5.20: Technical man days at different phases of watershed development
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6 RECOMMENDATIONS

Socio-cultural-economics of tribal community to be fully understood and respected in
the successful implementation of any project and to get community participation and
support.

Basic amenities still lacking in most of the tribal villages are to be addressed properly
through gap filling infrastructure development and convergence approach.

Community / watershed committee linkage with the development departments are the
key factor in holistic and sustainable development of the tribal dominated watersheds.

Jhola is a perennial stream fed intensively cultivated (paddy) area on stream bed and
either side of the stream which supports the maximum adult carrying capacity among the
major land use. Catchment areas to be treated with soil and water conservation measures
and vegetation cover for the sustainable water flow in the jAola.

Assessment of extent of area under jhola supported land use system and their
characterization to be carried out in the Eastern Region of Odisha for their development.

Bedda is a gentle sloping land just above the jhola lands potential for high value crops
like vegetables during monsoon season. Increasing cropping intensity is possible
through water resource development through diversion of jhola water, small scale lift
irrigation systems, dugout ponds efc.

Slopping degraded land (Dunger land) is potential for agroforestry systems with soil and
water conservation measures and water harvesting through silpauline lined ponds for
protective irrigation. Major constraint is uncontrolled grazing during the post monsoon
season is a bigger threat for successful establishment of plantations. Therefore it’s
suggested that, cost towards bio-fencing also should be supported by the project for
individual land holding.

The degraded forest lands on high slopes are to be protected and developed through
community participation and mechanism of sharing of benefits with the community are
to evolved.

The tribal community still not convinced with use of micro irrigation systems
particularly for high value crops. Required further concentrated effort in this direction in
order to improve the rainwater use efficiency and productivity.

Scope for land use diversification and crop diversification in the region with the
packaging of conservation and production technologies are to be fully supported by the
project or program.

Hydrological monitoring to be done at least at a micro watershed level in each district along
with biophysical and socioeconomic data monitoring for assessing the tangible and
intangible benefits of the watershed project by the implementing agency in the region.
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EERW : Energy Efficiency of Rain Water

EPA : Entry Point Activities

FGD : Focus Group Discussion

GIS : Geographical information System

GO : Government Organizations

GOI : Government of India

GP : Gram Panchayat

HH : Household

HPCC : Human Population Carryng Capacity

ICAR : Indian Council of Agricultural Research

IGA : Income Generating Activities

IRR : Internal Rate of Returns

IWDP : Integrated Wastelands Development Programme
IWDP : Integrated Watershed Development Project
IWEI : Induced Watershed Eco Index

IWMP : Integrated Watershed Management Project

LCC : Land Capability Classification

LGP : Length of Growing Season

LPG : Lachha Putra Ghati

M ha : Million Hectares

M : Million

MC : Micro Catchment

MJ : Megha Joules

MGNREGA Mahatma Gandhi National Rural Employment Guarantee Act
MMA : Macro Management of Agriculture

MoA : Ministry of Agriculture

MoRD : Ministry of Rural Development

msl : Mean Sea Level

MWS : Micro Watershed

NABARD : National Bank for Agriculture and Rural Development
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NAEB : National Afforestation and Eco-development Board
NAIP : National Agriculture Innovation Project

NAP : National Afforestation Programme

NGO : Non Government Organizations

NIN : National Institute of Nutrition

NRAA : National Rainfed Area Authority

NREGS : National Rural Employment Guarantee Scheme
NRM : Natural Resource Management

NRSC : National Remote Sensing Centre

NWDPRA : National Watershed Development Project for Rainfed Areas
OFSDP : Odisha Forestry Sector Development Project
OIC : Officer- In-Charge

ORP : Operational Research Project

OWDM : Odisha Watershed Development Mission

P : Precipitation

PET : Potential Evapotranspiration

PIA : Project Implementing Agency

PME : Project Monitoring and Evaluation

PPI : People’s Participation Index

PRA : Participatory Rural Appraisal

PSER : Potential Soil Erosion Rate

RAPI : Rainfed Areas Prioritization Index

RC : Research Centre

REY : Ragi Equivalent Yield

RKVY : Rashtriya Krishi Vikas Yojna

R&D : Research & Development

RVP/FPR : River Valley Project/Flood Prone River

RWUE : Rain Water Use Efficiency

SBI : State Bank of India

SC : Scheduled Caste
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SCB : Semi Circular Bund

SFS : Social Forestry Scheme

SGSY : Swarnajayanti Gram Swarozgar Yojna
SHG : Self-Help Group

ST : Scheduled Tribe

SWOT : Strength Weakness Opportunity and Threat
SWS : Sub-Watershed

TDA : Total Degraded Area

TGA : Total Geographical Area

UG : User Group

USD : United State Dollar

USLE : Universal Soil Loss Equation

VWC : Village Watershed Committee

WA : Watershed Association

WARASA : Watershed Areas Rainfed Agricultural System Approach.
WwC : Watershed Committee

WD : Water Deficit

WDF : Watershed Development Fund

WDFA : Watershed Development Fund Account
WDPSCA : Watershed Development Project for Shifting Cultivation Areas
WDT : Watershed Development Team

WHS : Water Harvesting Structure

WP : Watershed Productivity

WPA : Watershed Project Account

WPC : Water Productivity of Crop

WS : Water Surplus

WSD : Watershed Development

WSM : Watershed Management
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PHOTOS

Brush wood barriers in the
small gullies

Pigeon pea & pineapple on
field bunds
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Shri Mohapatra, ED, NALCO,
Damanjodi during the inauguration
of IGAs

Gully control structure

Farm ponds for rainwater
harvesting
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SELECTED PHOTOS

Agri-Horticulture: Pineapple on
circular bund

Apiculture under IGAs

Jhola kundi with krishak
bandhu pump
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