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Background
Water, the very basis of life and the single most important feature of our planet, is the mostthreatened resource today. In rainfed areas watershed management is the approach used forconservation of water and other natural resources as well as for sustainable management of naturalresources. A watershed is a hydrologically defined area that is drained by a network of streams, whichmeet together in such a way that the water leaves through a common point. A watershed is made upof soil, vegetation and water along with the people and animals who are the integral part of the system.Sustainable management of a watershed thus entails the rational utilization of land and waterresources for optimum production but minimum hazard to natural and human resources. Therefore,watershed management is the process of guiding and organizing land use and use of other resources ina watershed to provide desired goods and services to people while enhancing the resource basewithout adversely affecting natural resources and the environment (Wani et al. 2001). Embedded inthis concept is the recognition of the interrelationships among land use, soil and water, and thelinkages between uplands and downstream areas.
Drought-prone areas are categorized by land degradation, low and erratic rainfall, low rainwater useefficiency, high soil erosion, inherently less fertile soils and subsistence agriculture. The farmers inthese areas are very poor and their ability to take risk and invest necessary inputs for optimizingproduction is low. There is a general tendency to exploit groundwater for food crops by fewresourceful farmers. Dryland areas are repeatedly prone to drought because of their geographicallocation. Also these areas are prone to waterlogging situations during the cropping season due totorrential downpours interspersed with long dry spells. Efforts of development managers, non-governmental organizations (NGOs) and leaders do not show the expected benefits and impacts dueto the compounding effect of the aforesaid problems in the drought-prone areas.
Watershed programs in India so far have mainly focused on natural resource conservation and interventionssuch as soil and rainwater conservation and to some extent afforestation in the government forestlands.Sufficient emphasis and efforts were not targeted to build up stakes of the community for sustainabledevelopment of the natural resources. The issues of gender equity have not been addressed adequately.Natural resource management progress has largely remained a water storage structure-driven investmentgiving only wage labor benefits to deprived sections of the society which is of a very transient nature.
Emphasis on efficient water management, sustainability, monitoring and evaluation has not beenadequate. However, it is a well known fact that watershed projects should move from purely soil andmoisture conservation and water harvesting interventions to a wholesome community-basedintegrated watershed management approach which creates a voice and stake for the landless, poor andwomen. Poverty alleviation through processes that evolve and empower the poor and women willsustain. People-centered development requires convergence of initiatives and efforts to beaccompanied by decentralization of decision-making (Wani et al. 2003). For establishing a successfulwatershed program it is necessary to involve the primary stakeholders right from the beginning andbuild up their capacities to take the program towards a sustainable initiative. The interventions in theproject design should aim at empowerment of the community.
Adarsha Watershed, Kothapally
Adarsha watershed is located in Kothapally village (longitude 78°5’ to 78°8’ E and latitude 17°20’ to17°24’ N) in Ranga Reddy district, Andhra Pradesh, India nearly 40 km from the International Crops
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Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru. It covers 465 ha of which 430ha are cultivated and the remaining area is wasteland. The watershed is characterized by an undulatingtopography with an average slope of about 2.5%. Soils are predominantly Vertisols and associated soils(90%) (Fig. 1). The soil depth ranges from 30 to 90 cm and has medium to low water-holdingcapacities. The total population in Adarsha watershed is 1,492 belonging to about 270 cultivating and4 non-cultivating families. The average landholding per household is 1.4 ha (Shiferaw et al. 2002).

Approach
A new farmer participatory consortium model for efficient management of natural resources emergedfrom the lessons learned from long-term watershed-based research led by ICRISAT and nationalpartners. The important partners are the Central Research Institute for Dryland Agriculture(CRIDA), National Remote Sensing Agency (NRSA), and District Water Management Agency(DWMA) in Hyderabad, Andhra Pradesh. The important components of the new model, which aredistinctly different from earlier models are described by Wani et al. (2002, 2003).
The new model is distinctly different model as it has brought the farmer in the center of the initiative.This farmer-centric integrated watershed management model has the components of use of new sciencetools for development where there is effective continuous transfer of knowledge and technology fromon-station to on-farm. The approach is holistic participatory based on farming systems and diversifiedlivelihood opportunities to cater to the needs of socially marginalized and landless along with drylandfarmers. The interventions are so designed recognizing the needs of individual farmers. The in situconservation that brings tangible benefits to farmers precede the community-based interventions. Thisenhances the scope of participation. Continuous monitoring and evaluation provides space forreflection, refinement and development of need based, concurrent technologies. The aim isempowerment of community and stakeholders. Hence, on the institutional front a consortium is put inplace comprising research organizations, university, development workers, policy makers and farmers.This vehicle provides the required technical backstopping in the model.

Figure 1. Soil depth map of Adarsha watershed, Kothapally,Ranga Reddy district, Andhra Pradesh.
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Interventions to enhance productivity and income
Soil and water conservation measures
The Watershed Committee identified sites for soil and water conservation structures and othermeasures. Community-based interventions were implemented on common resources. Fourteenwater storage structures (one earthen and 13 masonry) with a capacity of 300 to 2000 m3 wereconstructed (Fig. 2). Ninety-seven gully control structures, 60 mini percolation pits, 1 gabionstructure for increasing groundwater recharge, a 500-m long diversion bund and field bunding on 38ha were completed.
Soil and water conservation measures implemented by farmers in individual fields (Figs. 3 and 4) (Waniet al. 2002) were broad-bed and furrow (BBF) landform and contour planting to conserve in situ soil and

Figure 4. Gliricidia  plantation on field bunds to produceN-rich organic matter and to conserve soil and water.

Figure 2. Community-based masonry check-dam.

Figure 3. Broad-bed and furrow landform preparedwith the tropicultor.
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water, use of the tropicultor for planting, fertilizer application and weeding operations, field bunding(38 ha), and planting Gliricidia on field bunds to strengthen bunds, conserve rainwater and supplynitrogen (N)-rich organic matter for in situ application to crops.
Several farmers evaluated BBF and flat landform treatments for shallow and medium-depth blacksoils using different treatment combinations. Farmers obtained 250 kg more pigeonpea and 50 kgmore maize per hectare using BBF on medium-depth soils than from the flat landform treatment.Furthermore even on the flat landform treatment farmers harvested 3.6 t maize and pigeonpea usingimproved management options compared to only 1.72 t maize and pigeonpea grain from their normalcultivation practices (Table 1).
Table 1. Productivity in on-farm trials at Adarsha watershed, 20011.

Yield (kg ha -1) Total systemproductivitySystem Soil Landform Cereal2 PP (kg ha-1)
Maize/PP Shallow BBF 1750 380 2130Maize/PP Shallow Flat 1680 290 1970Maize/PP Medium BBF 2830 1070 3900Maize/PP Medium Flat 2780 820 3600Maize Medium BBF 3000 - 3000Maize Shallow BBF 2030 - 2030Sorghum Medium BBF 3000 - 3000Local farmers’ practiceMaize/PP 1600 115 1715Sorghum/PP  470 115  585Sorghum 1010 - 1010
1. PP = Pigeonpea; BBF = Broad-bed and furrow.2. Main crop: maize or sorghum.

Wasteland development and tree plantation
Common wasteland treatment was done by planting custard apple saplings, Gliricidia saplings andavenue plantation as a part of village afforestation program (Wani et al. 2003).
Integrated pest management
Integrated pest management (IPM) was adopted to optimize crop productivity along with integratedsoil, water, crop and nutrient management in the watershed. The following IPM activities wereimplemented by the project:
• Crop surveys carried out revealed that farmers use chemical pesticides to control insect pests.Helicoverpa is the key pest on many crops.• IPM practices such as use of pheromone traps, shaking of pigeonpea plants for controlling podborers, use of pest tolerant varieties, use of Helicoverpa nuclear polyhedrosis virus (HNPV) andbird perches were adopted.
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Integrated nutrient management
The integrated nutrient management (INM) approach was adopted to enable good crop growth withconserved soil and water. Detailed characterization of the soils showed that they are deficient inavailable phosphorus (P), available N, zinc (Zn), boron (B) and sulfur (S). Amendments with B, S andB+S treated plots resulted in 13 to 29% increase in sorghum grain yield and 20 to 39% increase inmaize grain yield (Table 2) (ICRISAT 2002).
Table 2. Total productivity of sorghum and maize with boron and sulfur amendments at Adarshawatershed, Kothapally, 2001.

Sorghum yield (kg ha -1) Maize yield (kg ha-1)
Treatment Grain Stalk Total Grain Stalk Total
Control 1460 2800 4260 1960 2360 4320Boron (B) 1650 3030 4680 2360 2640 5000Sulfur (S) 1890 3320 5210 2730 2840 5560B+S 1800 3490 5290 2580 3060 5640

Table 3. Nutrient budgeting studies in farmers’ fields, Adarsha watershed, Kothapally, 1999–2000.
Total input (kg ha-1) Total output (kg ha-1) Balance (kg ha-1)

Landform N P K N P K N P K
Maize/pigeonpea  BBF 28 16 17 85 11 58 –57 +5 –41  Flat 32 14 21 80 9 50 –48 +5 –27Sole Maize  BBF 21 10 0 75 14 71 –54 –4 –36  Flat 9 10 0 33 7 40 –24 +3 –36Sole Sorghum  Flat 18 9 11 42 10 64 –24 –1 –53

Nutrient budgeting
Nutrient budgets were studied using stratified random sampling by dividing the watershed into threetoposequences and farm holdings. The N, P and potassium (K) nutrient uptake by maize/pigeonpeaintercropping system and sole maize was greater in the improved BBF system compared to that on theflat landform, which resulted in more crop yield on the BBF landform. The balances also showed thatall systems were depleting N and K from soils, and that more P is applied than removed by crops(Table 3) (ICRISAT 2002).

In situ generation of N-rich green manure
On-station watershed studies at ICRISAT have shown that Gliricidia loppings provided 31 kg N ha-1
yr-1 without adversely affecting crop yield (ICRISAT 2002). Farmers have planted about 50,000Gliricidia saplings on bunds for generating N-rich organic matter.
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Worm farming to boost income
Vermicomposting was undertaken by self-help groups (SHGs) as a micro-enterprise to generateincome (Fig. 5). Participatory evaluation of plots with applications of 3 and 5 t ha-1 vermicompostresulted in increased tomato yield (4.8 to 5.8 t ha-1) when compared to plots (3.5 t ha-1), whichreceived conventional compost (ICRISAT 2002).

Figure 5. Vermicomposting to promote micro-enterprises and generate income.
Village-level HNPV production
The project consortium identified farmer participants and initiated training in production, storage andusage of HNPV on different crops for minimizing pest damage. The farmers quickly adopted thetechnology and produced 2,000 larval equivalent (LE) of HNPV, and used it on cotton, pigeonpea andchickpea crops. ICRISAT supplied an additional 11,650 LE HNPV for use on these crops.
Adarsha watershed – A bright spot
The villagers at the beginning decided to name the watershed as “Adarsha” meaning a goal exampleworthy to be followed. This became true when this watershed became a site of media attraction andlearning for the surrounding villagers. Soon “Adarsha” became well-known when world service BritishBroadcasting Corporation (BBC) selected this watershed for making a documentary. Recently, thiscase study has also appeared as a success story in “Research towards INRM: Examples of researchproblems, approaches and partnerships in action in the CGIAR” (Wani et al. 2003). Some salientimpacts at Adarsha watershed, Kothapally are discussed.
Reduced runoff and soil loss
The soil and water management measures in the treated watershed included field bunding, gullyplugging and check-dams across the main watercourse, along with improved soil, water, nutrient andcrop management technologies. Untreated areas represent farmers’ practices without any
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technological intervention. There was a significant reduction in runoff from the treated watershedcompared to the untreated area in 2000 and 2001 (Table 4). In high rainfall year (2000) runoff fromthe treated watershed was 45% less than untreated area. During a sub-normal rainfall year (2001)runoff from the treated watershed was 29% less than untreated area. Daily runoff volumes during2000 in treated and untreated watersheds are shown in Figure 6. The rainfall on 24 August aloneresulted in about 70% of the total annual runoff (Pathak et al. 2002).
Table 4. Seasonal rainfall, runoff and soil loss from the sub-watershed in Adarsha watershed,1999–20011.

Runoff (mm) Soil loss (t ha-1)
Year Rainfall Untreated Treated Untreated Treated
1999  584  16 NR * *2000 1161 118 65 1.04 *2001  612  31 22 1.48 0.51
1. Untreated = Control with no development work; Treated = With improved soil, water and crop management technologies;NR = Not recorded.

Figure 6. Daily runoff from the treated and untreated sub-watersheds in Adarsha watershed during 2000.
Of the three years during 1999–2001, two years (1999 and 2001) were low rainfall years. Besides lowrainfall, most of the rainfall events were of low intensity. This resulted in very low seasonal runoffduring 1999 and 2001. Generally during the low runoff years the differences between the treated anduntreated watersheds are very small. During good rainfall, ie, 2000, a significant difference in therunoff was seen between treated and untreated watersheds (Table 4). The soil loss was measured bothfrom treated and untreated watersheds during 2001. There was a significant reduction in soil lossfrom treated watershed (only 1/3 soil loss) compared to untreated watershed in 2001.
Improved groundwater levels
There are 62 open wells in Adarsha watershed, most of which occur along the main watercourse. Allthe wells were geo-referenced, and water levels were monitored continuously on a fortnightly basis.

An Open Access Journal published by ICRISAT
________________________________________________________________________________________________________

SAT eJournal | ejournal.icrisat.org                                                                                                   August 2006 | Volume 2 | Issue 1



8

There were 15 bore wells before project initiation, and 55 new bore wells were dug during theproject period. There was a significant improvement in the water levels of most wells, particularlythose located near check-dams (Fig. 7). Due to additional groundwater recharge, a total of 200 ha inpost-kharif season and 100 ha in post-rabi crops, mostly vegetables, were irrigated during the2002/03 cropping season. Based on three years (1999–2001) of observations on groundwater levelsin open wells, the estimated mean average rise of groundwater was 415 cm. Thus the averagecontribution of the seasonal rainfall to groundwater in the watershed could be estimated atapproximately 27% of the seasonal rainfall (assuming the specific yield of the aquifer material as4.5%) (Pathak et al. 2002).
Improved land cover and vegetation
The land cover and vegetation density in Adarsha watershed was studied using satellite images toassess the impact of various interventions on these parameters. The IRS-1C and -1D LISS-III imageson April 1996 and April 2000, and the NDVI (Normalized Difference Vegetation Index) imagesgenerated from these are shown in Figure 8. A close look at the images of 1996 and 2000 revealed anincrease in vegetation cover from 129 ha in 1996 to 200 ha in 2000 (Dwivedi et al. 2003).
Increased productivity
Farmers evaluated improved crop management practices (INM, IPM and soil and water management)together with researchers. With improved technologies farmers obtained high maize yields rangingfrom 2.2 to 2.5 times the yield of sole maize (1.5 t ha-1) in 1998 (Table 5). In the case of maizeintercropped with pigeonpea, improved practices resulted in a four-fold increase in maize yield (2.7 tha-1) compared with farmers’ traditional practices where the yields were 0.7 t ha-1. Improvedpractices increased sorghum yield three-fold within one year while the yield of intercroppedpigeonpea increased five times in 2000 (ICRISAT 2002).

Table 5. Average yields (kg ha-1) with improved technologies in Adarsha watershed, 1999–2002.
Crop 1998 baseline data 1999 2000 2001 2002
Sole maize 1500 3250 3750 3300 3480Intercropped maize - 2700 2790 2800 3083(farmers’ practice) (700) (1600) (1600) (1800)Intercropped pigeonpea 190 640 940 800 720(farmers’ practice) (200) 180 - -Sole sorghum 1070 3050 3170 2600 2425Intercropped sorghum - 1770 1940 2200 -

Of all the cropping systems studied in Adarsha watershed, maize/pigeonpea and maize/chickpeaintercropping systems proved to be most beneficial. Farmers could gain about Rs 16,506 andRs 19,457 from these two systems, respectively (Table 6). Sole sorghum, sole chickpea and sorghum/pigeonpea intercropping system also proved to be beneficial whereas sorghum, maize and mung beantraditional systems were significantly less beneficial to farmers. Cotton grown with traditionalmanagement practices resulted in a net loss (ICRISAT 2002).
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Figure 7. Groundwater levels in open wells at Adarsha watershed, Kothapally, 1999–2001.

Figure 8. Satellite images of vegetation cover to study the impact of various technological interventions, Adarshawatershed, Kothapally.
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Changes in cropping pattern
Analysis of prevalent cropping systems, their area and previous history before the watershedmanagement intervention provides insight into the way the watershed management approach hasbenefited farmers. Kothapally was predominantly a cotton-growing area prior to projectimplementation. The area under cotton was 200 ha in 1998. Maize, chickpea, sorghum, pigeonpea,vegetables and rice were also grown.
After 4 years of activities in Adarsha watershed, the area under cotton cultivation decreased from 200to 80 ha (60% decline) with simultaneous increases in maize and pigeonpea. The area under maize andpigeonpea increased more than three-fold from 60 to 200 ha and 50 to 180 ha, respectively withinfour years. The area under chickpea also increased two-fold during the same period (Table 7)(ICRISAT 2002).

Table 6. Economics of production of different crops with improved technology in Adarshawatershed, Kothapally during 1999–2000.
Total Cost ofproductivity production Total income Profit Benefit-costCropping system (kg ha-1) (Rs ha-1) (Rs ha-1) (Rs ha-1)  ratio

Maize/pigeonpea (improved) 3351 6203 22709 16506 2.67Sorghum/pigeonpea (improved) 2285 5953 17384 11431 1.92Cotton (traditional)  980 15873 24389 8516 0.54Sorghum/pigeonpea (traditional) 1139 4608 11137  6529 1.42Maize-chickpea (improved) 4319 7317 26774 19457 2.66Chickpea (improved)  840 4886 17292 12406 2.54Sole maize (improved) 3150 4578 13532  8954 1.96Sorghum (traditional)  975 3385  6997  3612 1.07Sole sorghum (improved) 2800 4352 15084 10732 2.47Maize (traditional) 1600 3599  7281  3682 1.02Mung bean (traditional)  600 4700  9000  4300 0.91Chickpea (traditional) - 4260 11600  7340 1.72Sole pigeonpea (improved) 1090 4890 17120 12230 1.35

Table 7. Area (ha) under various crops in Adarsha watershed, Kothapally.
Crop 19981 1999 2000 2001 20022

Maize  60  80 150 180 200Sorghum  30  40  55  65  70Pigeonpea  50  60 120 180 180Chickpea  45  50  60  60 100Vegetables  40  45  60  60 100Cotton 200 190 120 100  80Rice  40  45  60  60  60
1. Before watershed management activities began.2. After 4 years of watershed management activities.
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Economic Impact of the Project
As discussed above, the basic goal of watershed management in rainfed systems is to reduce ruralpoverty and improve livelihood security while protecting or enhancing the sustainability of theenvironment and the agricultural resource base. Watershed development generates various types ofbenefits – tangible and non-tangible – some captured by individual farmers and some by the entirecommunity or society as a whole. Assessment of the economic and environmental impacts ofwatersheds is not always easy. Periodic monitoring and evaluation is an essential requirement in thisprocess. Table 8 shows the economic benefits that farmers have started to gain because of thewatershed project. The assessment is based on data collected for the 2001 production from a randomsample of 120 household farms – 60 households within the watershed and another 60 householdsfrom six adjacent villages outside the watershed. Households outside the watershed are from non-watershed villages. Because of the geographical proximity, the adjoining villages just outside thewatershed are considered to have comparable socioeconomic and biophysical conditions and themajor difference is the absence of a watershed project in these ‘control’ villages.
Analysis of the data show that average net returns per hectare for dryland cereals and pulses aresignificantly higher within the watershed (Table 8). For cereals, the returns to family labor and land(net income) is 45% higher even with irrigation, while the net returns on rainfed cereal crops havemore than doubled. Similarly for pulse crops, per hectare net returns within the watershed are abouttwice as large as that outside the watershed. This is mainly because the integrated watersheddevelopment approach includes improved cultivars of cereals (eg, sorghum) and pulses (eg, chickpeaand pigeonpea) developed by ICRISAT along with improved management of water and soil fertility.Adoption of the improved varieties has not only increased crop yields but also enhanced the economicprofitability of other soil and water conservation investments, which may otherwise be economicallyunattractive to farmers.
Table 8. Net income from crop production activities (Rs ha-1).

Within the watershed Outside the watershed
Crops With irrigation Without irrigation With irrigation Without irrigation
Cereals 11,170  6,040  7,690  2,900Pulses  8,860  3,810  4, 080  1,920Cotton 17,830 12,150 17,470 12,030Vegetables 17,170  7,480 11, 980  6,450All crops 12,720  5,880 14, 810  3,820
In addition to the impacts on the net productivity of land, we also compared net incomes from cropproduction activities among the households within and outside the watershed. The results are quitestriking. Average household net income (without excluding family labor and owned land costs) fromcrop production activities within and outside the watershed is Rs 15,400 and Rs 12,700, respectively.The respective per capita income is Rs 3,400 and 1,900. Accounting for the cost of family labor, theaverage crop income within the watershed was Rs 12,700 compared to Rs 9,500 for the non-watershedvillages (Fig. 9). Based on the baseline data from a random sample of 54 households, we also computedthe average net crop incomes (accounting for the cost of family labor) within the watershed in 1998,before the project started in the village. The average net crop income (in 2001 prices) in 1998 was aboutRs 6,200 despite the high rainfall recorded in the village during that year (1084 mm vs 676 mm in 2001).This shows that the average crop net income has doubled since 1998 (Fig. 9).
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The average income (including livestock and non-farm sources) for households in the watershedbefore accounting for own labor and land costs was Rs 37,240 in 2001. This compares with Rs 29,140for households in the six adjacent non-watershed villages just outside the watershed (Fig. 10).Although more analysis needs to be done to confirm these findings and establish the links statistically,this shows a significant impact of watershed intervention activities (initiated in 1999) towards povertyreduction in Adarsha watershed. The technological change brought through availability of improvedvarieties, soil fertility and pest management practices, and the increased availability of water has madesubstantial impacts on the livelihoods of the people in the village. Supplementary irrigation and newemployment opportunities have also contributed to diversification of income and reducedvulnerability to drought and other stresses.

Figure 9. Average household net income from crop production (2001 prices) in Adarsha watershed andsurrounding villages. (Note: Total variable cost includes family labor.)

Figure 10. Average household income from various sources at Adarsha watershed and adjoining non-watershedvillages, 2001.
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Identifying Drivers of Higher Impact
ICRISAT and consortium partners have been trying to understand the factors that contributed to thetransformation of people’s lives in Adarsha watershed. Along with the continuing dialogue andconsultation, several field visits were made to the watershed to listen and learn from the localbeneficiaries and community members themselves, to identify the potential drivers of success and alsoto understand the shortcomings that may affect the sustainability of the benefits. These findings andlessons will be useful not only for Adarsha watershed but also to other dryland watershed communitiesnow grappling with improving livelihoods of the people and protecting the productive resource base.
We used field observations and participatory rural appraisal (PRA) methods informed through focusgroup discussions, interviews with key informants and consultations with stakeholders (consortiumpartners) to gain the necessary insights into the factor that contributed to higher impacts in thiswatershed. The results indicate that the interplay of multiple factors has contributed to efficientutilization of development funds and better management of the resource base, which has alreadyimproved agricultural productivity and household incomes substantially.
Why is Adarsha watershed a bright spot?
Acute water stress and high community demand for watershed management
Kothapally receives around 780 mm annual rainfall; the rainy days are mainly between July andAugust. Before the project started the village had negligible area under irrigation and more than 80%of the cultivated land was totally rainfed. There was not a single water harvesting structure in thevillage. The crop yields from rainfed fields were low. Farmers were in dire need of increasing wateravailability and crop yields, and their incomes.
Adarsha watershed was selected by ICRISAT, DWMA and MV Foundation (MVF) in consultationwith other stakeholders. The main criteria used in the selection were: existence of a large proportionof cropland under rainfed farming, low crop yields, non-existence of water harvesting structures andthe potential for minimum interventions to conserve soil and water. Adarsha watershed was finallyselected after a meeting with villagers in Gram Sabha, where villagers expressed interest toparticipate in the proposed watershed activities.
Pre-disposition to work collectively for community development
The villagers have a pro-active attitude towards the watershed program and are willing to cooperatewith the consortium partners to gain mutual benefit. They have volunteered to abide by thecollectively agreed terms (rules and norms) and work as equal partners for accomplishing the goal ofthe experiment. The farmers are pro-active but affected repeatedly by adverse seasonal vagaries.Their enthusiasm was triggered and reinforced by frequent droughts and declining productivity of theland. This was expressed during the initial dialogue with the consortium partners and contributed tothe selection of the watershed for the participatory experimental trials in dryland agriculture.
Good local leadership
The local Sarpanch (Chief of Panchayat Raj Institution) has been actively involved in the watershedprogram as an office bearer of watershed association. His good offices enabled initial community
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mobilization. There are also young ‘semi-educated’ youth and women groups who are positivelydisposed towards learning new techniques such as HNPV production and vermicomposting and arewilling to train others in the village. The youth groups in the village were receptive to new ideas andcame forward to join hands with the consortium partners to try out new methods and innovations.
The novel approach
The watershed development program provided tangible economic benefits to individuals through anintegrated approach. It focused on natural resource management, improved cultivars and IPM on soiland moisture conservation, water harvesting and afforestation. The benefits from contour bunding,check-dams, percolation tanks, gabion structures and gully plugs are communal and their impact isnot immediately visible to the farmers. In integrated watershed development, there is comprehensivescope for natural resources management and multi-disciplinary approach. The interest of theindividual farmers and the community is the driving principle for design and development oftechnologies. In this approach, in situ water conservation, field bunds, soil management, landpreparation and vegetative bunds are some of the interventions initiated. The benefits of conservingsoil moisture, augmenting soil fertility through soil management, etc show immediate visible gains tofarmers in the form of higher yields and reduced input costs (Wani et al. 2002). Integrated watershedmanagement requires a holistic enhancement of biophysical and human resources in the village ratherthan a mere soil and water conservation program (Wani et al. 2003).
Natural resource management in isolation from livelihood and production activities does not bringoptimized benefits, but when coupled with human resource development, improved varieties andwater management brings in the desired gains on a more sustainable basis. Hence, a holistic integratedwatershed management program was initiated to reduce resource degradation and improve thelivelihoods of the poor. In Adarsha watershed the starting point has been to recognize the needs ofindividual farmers. During an interview with the farmers in Kothapally, farmers attributed the higherimpact of the program to the tangible benefits realized by individual farmers. The basic lacunae in theparticipation of small farmers were addressed through the approach of emphasizing on-farminterventions that improved crop yields and incomes for the individual farmers. The sense ofcommunity ownership, individual achievement in tackling the long standing problems of drought andresource degradation and the private economic benefits ensured enhanced individual participation.
In the preparation of the micro-plan, emphasis was given to individual benefits. The problem ofgeneral reluctance of the community to engage in watershed management when benefits are delayedand intangible was addressed by providing integrated soil and water management technologies thatprovide immediate benefit to farmers. This has stimulated their interest and built the foundation forcollective action and sustainable community resource management. For example, the BBF system ofland preparation conserved soil and retained soil moisture in situ thereby benefiting the farmers,while draining out excess water during heavy rains which was again harnessed in community-basedcheck-dams. Both the individual short-term and long-term community benefits were evenly balancedin the integrated watershed management program.
Equal partnership, trust and shared vision among the consortium partners
The consortium partners have several rounds of free and frank discussions before undertaking anyactivity. There is a visible mutual trust and a shared vision among partners. Easy access and timely
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advice to farmers are important drivers for the observed impressive impacts in this watershed. Thishas led to enhanced awareness of the farmers and facilitated their ability to consult with the rightpeople when they faced problems. This came out clearly from a farmer in an interview; he said hewould now reach out to ICRISAT and other partners in case of a problem. The farmers could enhancetheir ability to take risk owing to the continued trust and timely technical backstopping by ICRISATand other consortium partners. The farmers were motivated to conduct trials in their own fields basedon knowledge and experiences gained from other watersheds in India and other countries.
The attitude of all the consortium partners to provide genuine support to the rural poor is animportant factor in the progress of the watershed intervention. Team building within the consortiumpartners enhanced the team spirit. Farmers were approached with sufficient preparedness. Theattitudinal change by researchers to join hands with farmers, the Government agencies, theimplementing agency, the NGO and other partners is a step forward in this direction.
The general tendency of a researcher towards transfer of technology from lab to land was re-engineered to working with stakeholders to develop technologies through close partnership withfarmers. The methodology adopted in this watershed included learning from the experience,validating expected gains through research and then bringing the benefits back to the farmers. The gapbetween the researchers and the farmer with indigenous knowledge and experience was reduced toexploit mutual knowledge and synergies for tackling the commonly perceived problem.
Transparency and social vigilance in the financial dealings
Another important factor for the progress of the watershed is the participation and cooperation ofboth primary stakeholders (farmers) and secondary stakeholders (other partners) to work towardsachieving food security in the watershed. The secondary stakeholders have enabled a transparent andvibrant environment wherein the fund utilization is open to community scrutiny and audit. This is toensure that financial dealings are fair and within the awareness of all concerned. This preventscorruption or underhand dealings within the management committee.
From the beginning of the watershed program the community members were openly invited andparticipated in the processes of implementation including the preparation of micro-plan,prioritization of works and preparation of budget. Therefore, the need for an external agency tomonitor and have vigilance over the program implementation declined with time. This was seen in oneof the instances where the chairman of the Watershed Committee tried to embezzle small funds butwas immediately tracked and discharged of his responsibilities by the vigilant community. Understrong pressure from the community the ex-chairman was forced to resign. This shows high level ofawareness and social vigilance prevalent in the village.
High confidence of the farmers
Farmers who successfully conducted the trials with the technical support from the consortiumpartners shared their experiences and motivated other farmers. The results from farmers’ fields haveshown that traditional crops through improved practices can bring substantial incremental income.Under improved management some of the cash crops such as cotton were proved to be less attractivewhen compared to the traditional crops in terms of risk reduction and input costs. These successfultrials have built up the confidence of other dryland farmers. They now consider dryland agriculture asa sustainable livelihood option in the semi-arid tropics. In fact, the farmers participated in these
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experiments and assimilated the best practices into their own system and have begun sharing thisknowledge with farmers of other villages.
Low-cost structures and equitable sharing of benefits
Adoption of low-cost water storage and harvesting structures ensured that more check-dams were built.This has helped to distribute water conservation benefits more equitably for farmers in different parts ofthe watershed landscape. The cost implication of each water harvesting structure is well understood byfarmers. During the initial phase of implementation, the farmers have undertaken a detailed transectstudy and identified sites for various structures. But owing to the budgetary constraints they haveprioritized for optimizing the benefits and maximizing the number of beneficiaries. Those farmers whocould afford were asked to contribute higher than the prevalent norm and their lands were also treated.
Knowledge-based entry point activity
In Adarsha watershed there is no conventional entry point activity. Mutual trust was developedthrough knowledge-based entry points. Soil testing of samples from farmers’ fields have brought thefarmers close to the service providers. As stated above, priority was also given to interventions thatprovide immediate resource conservation and livelihood (economic) benefits to the individualfarmers. The farmers could understand the intention of the consortium partners to work with themand cooperated as equal partners in the whole program.
Capacity building
As mentioned above, integrated watershed development requires multiple interventions that jointlyenhance the resource base and livelihoods of the rural poor. This required capacity building at thelocal level across diverse areas of livelihood strategies. Landless households and women groups weretrained in the production of biopesticides and biofertilizers with high demand within the localeconomy. These kinds of linked livelihood activities benefit the poor and provide necessary inputs forthe watershed program thereby creating forward and backward linkages. Thus even the poor andlandless SHGs have developed a stake in the watershed program.
This has contributed to equitable sharing of benefits from integrated watershed development.Farmers were also trained in the use of tropicultors for land preparation, in the construction of low-cost soil and water conservation methods and in the use of micronutrients for soil fertilitymanagement. The enhanced accessibility of new technologies and the sharing of knowledge hadsignificant effects in the development of the local capacity for resource management.
Sustainability of the watershed project
With regard to post-project sustainability the farmers have started developing strategies. The usergroups (UGs) which were formed for each water storage structure and gained benefits through thesestructures will form interest groups and will take up desiltation and maintenance in the future. Theymay transform into common interest groups or SHGs in place of UGs. They also look towards usingthe watershed development fund (WDF) as the revolving fund so that the fund is not depleted at anytime. The women SHGs who have started local enterprises in the production of vermicompost,preparation of HNPV, etc will continue to expand and diversify these activities.
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The remarkable progress made in the implementation of a new science-based farmer participatoryconsortium model led by ICRISAT is making Adarsha watershed a promising model in watershedmanagement. The example of Adarsha watershed is reaching different states in India as well as othercountries like Vietnam and Thailand in Asia. International donors are now asking to replicate andscale-up this model in new areas. An effort is already underway to scale-up this approach in selectedwatersheds of Kurnool, Nalgonda and Mahbubnagar districts of Andhra Pradesh with the support ofthe Department for International Department (DFID), UK and through the Andhra Pradesh RuralLivelihoods Programme (APRLP). Similarly, the Sir Dorabji Tata Trust, Mumbai and the AsianDevelopment Bank (ADB) have provided funds to replicate this approach in selected watersheds inIndia (Madhya Pradesh and Gujarat), Thailand and Vietnam.
Summary
Drought-prone areas are categorized by land degradation, low and erratic rainfall, low rainwater useefficiency, high soil erosion, inherently less fertile soils and subsistence agriculture. The farmers inthese areas are very poor and their ability to take risk and invest in necessary inputs for optimizingproduction is low. There is a general tendency to exploit groundwater for food crops by the fewresourceful farmers. Dryland areas are repeatedly prone to drought because of their geographicallocation. Also these areas are prone to waterlogging situations during the cropping season due totorrential downpours interspersed with long dry spells.
Watershed programs implemented in India for improving the productivity in drought-prone areashave mainly focused on natural resource conservation and interventions such as soil and waterconservation and to some extent afforestation in the government forestlands. Sufficient emphasisand efforts were not targeted to build the capacity of the community for enhanced management ofthe resource base while improving the livelihoods of the poor. Similarly issues like gender equityand benefits for the landless have not been addressed adequately thereby resulting in a mere waterstorage structure-driven investment giving only wage labor benefits to some deprived sections ofthe society.
The watershed projects should move from purely soil and moisture conservation and water harvestinginterventions to a wholesome community-based integrated watershed management approach whichcreates a voice and stake for the landless, and poor women and men. Also, it is necessary to involve theprimary stakeholders right from the beginning and build up their capacities to take the program towardsa sustainable initiative. The project design and proposed intervention should also aim at building localcapacity for sustainable management of the resource base especially in the post-project phase.
A new science-based farmer participatory consortium model for efficient management of naturalresources emerged from the lessons learned from long-term watershed management research byICRISAT along with the national partners like CRIDA, NRSA and DWMA. This new approach wasimplemented in Adarsha watershed, Kothapally. The important components of the new model, whichare distinctly different from earlier models are: a consortium of institutions which provides technicalbackstopping and essential advisory services for community watershed development facilitatedthrough experienced NGOs; greater role for farmers and local communities in project design,implementation, monitoring and evaluation; no subsidy (users pay principal for interventions onprivate lands; low-cost soil and water conservation structures; in situ conservation measures onfarmers’ fields to ensure tangible economic benefits to individuals; interventions that enhance theproductivity of traditional crops and provide livelihood benefits to the poor and landless farmers;
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emphasis on capacity building of the stakeholders to become trainers and continuous monitoring andrefinement jointly by farmers and other partners.
For conservation of soil and water, the following community-based interventions were implementedusing watershed development funds: water storage structures, gully control structures, minipercolation pits and gabion structures. Similarly, farmer-based soil and water conservation measureslike BBF, and contour planting to conserve in situ soil and water; use of tropicultor for planting,fertilizer application and weeding operation; and field bunding and planting of Gliricidia on fieldbunds for strengthening, conserving rainwater and supply of N-rich organic matter were implementedin individual farmers’ fields.
To enable good crop growth from conserved soil and water, INM practices such as use of inorganic andorganic nutrients, application of deficient micronutrients like S and B and balanced application of allthe essential nutrients were advocated. For effective control of pests and diseases, the consortiuminitiated training on production, storage and usage of HNPV. The village common lands andwastelands were planted with custard apple saplings, Gliricidia saplings and avenue plantations as apart of the village afforestation program. The women SHGs were motivated to take upvermicomposting as a micro-enterprise to provide biofertilizers on local demand and generate income.
The implementation of soil and water conservation interventions resulted in about 30–45% reductionin runoff and rise in the groundwater level. Due to additional groundwater recharge, a total of about200 ha in post-kharif season and about 100 ha in post-rabi season are cultivated with different cropsand cropping sequences. Adoption of improved practices like high-yielding cultivars, and integratednutrient and pest management practices by farmers in the Adarsha watershed resulted in increasedproductivity and profitability of crops and cropping sequences. For instance the productivity of maizeincreased 2 to 2.5 times under sole maize and four-fold under maize/pigeonpea intercropping system.Maize/pigeonpea intercropping system and maize-chickpea sequential system were identified as themost profitable ones. The area under maize, pigeonpea and maize-chickpea has increased more thanthree-fold and two-fold, respectively.
Assessment of the economic benefits that have accrued due to the implementation of the watershedapproach have revealed that the average net returns per hectare for dryland and irrigated cereals andpulses are higher within the watershed as compared to that of adjacent villages outside the watershed.Similarly for pulse crops, per hectare net returns within the watershed are about twice as large as thatoutside the watershed. Implementation of holistic integrated watershed management has alsoresulted in increases in average household net income (Rs 15,400 within watershed as compared to Rs12,700 outside watershed area). Compared to the 1998 levels, the evidence shows that farmerincomes in 2001 from crop production have doubled.
Several factors have contributed to the impressive progress made in Adarsha watershed. We canconclude that the vital drivers of higher impact were:
• Acute water stress and high community demand for watershed management• Pre-disposition to work collectively for community development• Good local leadership• The novel approach to watershed management• Equal partnership, trust and shared vision among the consortium partners• Transparency and social vigilance in the financial dealings• High confidence of the farmers
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• Low-cost structures and equitable sharing of benefits• Knowledge-based entry point activities• Capacity building and skill development
This case study has shown that with appropriate interventions and pro-active participation of thebeneficiary communities, watershed management can substantially improve the livelihoods of thepoor in dryland areas while also enhancing the sustainability of resource use. Water conservation andaccess to improved germplasm has increased the profitability of otherwise unattractive conservationpractices. Without access to improved varieties and markets, the conservation structures are unlikelyto be attractive to individual farmers. The consortium approach to integrated watershed managementhas shown how the potential of marginal lands in predominantly rainfed systems can be enhanced. Wehope that these results and lessons from Adarsha watershed will help enhance the effectiveness ofother watershed development programs being undertaken by the Government of India and in othercountries.
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