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Registered under the Societies Registration Act XXI 1860, the Foundation for Ecological Security was set up in 2001 to reinforce 

the massive and critical task of ecological restoration in the country. 

 

The crux of our efforts lies in locating forests and other natural resources within the prevailing economic, social and ecological 

dynamics in rural landscapes and in intertwining principles of conservation and local self governance for the protection of the 

natural surroundings and improvement in the living conditions of the poor. By working on systemic issues that can bring about 

a multiplier change, we strive for a future where the local communities determine and move towards desirable land use that is 

based on principles of conservation and social justice. 
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The purpose of coming up with this Working Paper is to record our 
experiences and eventually build on them through discussion, feedback and 
comments.  The contents of the paper can be cited or quoted with 
acknowledgement.   
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Introduction 
 
The project area is the catchment of the river Papagni (in Chittoor and Anantapur 
districts of AP), which originates in Kolar district of Karnataka and flows into the 
Pennar River in Andhra Pradesh. The team in Madanapalle is working on the upper 
catchment of the tributaries of Papagni, namely Chinneru and Pedderu. The area is 
semi-arid with an annual average rainfall of 650 mm. The altitude varies from 350 m to 
1314 m above MSL. The major crops grown in the area are Groundnut and Paddy. The 
last four years have been consecutive drought years. In the last few years the cattle 
population has seen an increase with milch animals being kept throughout the year for 
dairying. In the context of the project, increase of biomass is one of the major outcomes 
of the initiatives of communities in the management of common property resources. 
Apart from performing ecological functions, including aiding the biodiversity, biomass 
fulfils the two most important needs of the communities, fodder and fuel wood. From 
this need arises the incessant pressure of extraction which if in excess of the rate of 
growth results in decline of the resource. The decline in vegetation results in the 
destabilization of soil and moisture regime of the resource. Therefore, it is imperative 
to know if the demand pressure on a resource is commensurate to the rate of growth. It 
is in this context that the biomass study has been undertaken. The study has been 
undertaken with the following objectives in mind which are – (1) to estimate the stock 
and flow of biomass in the Papagni project area; (2) to understand the species 
composition in the study area, particularly the Reserve Forest, and its role in the 
ecosystem, implications on resource use pattern and vice-versa; (3) to estimate per 
capita demand and biomass availability; (4) to analyse the soil nutrient status in the 
study area. The outcome of the study would provide valuable information on human- 
resource interaction, which would be inputs for discussion with the communities. 
 
Study Area 
Sadhukonda Reserve Forest (lat 130 46' 21.87" and 130 54' 35.15" N; long 780 25' 
13.57" and 780 32' 13.15" E) spread over an area of about 6,400 ha is a tropical mixed 
dry deciduous forest with patches of thorny scrub. The annual average rainfall is 650 
mm and the temperature varies from a min. 150C in winter to a max of 450C during 
summer. The soil condition is poor and the forest composition does not show 
zonations. The vegetation in the forest is of miscellaneous type and has sub-types based 
on species associations like Anogeissus latifolia-Hardwickia binata, Wrightia tinctoria- 
Chloroxylon swietenia, Wrightia tinctoria-Dolichandrone atrovirens, and Acacia 
sundra. Part of the Reserve Forest is also a sacred grove with a temple located on the 
hilltop. The trees begin to shed their leaves by about December and between February 
and May the forest looks very open but no area is completely leafless at any one time 
of the year. Flowering and fruiting are generally far advanced before the first flush of 
new leaves appears with the pre-monsoon showers in April-May. The common 
mammals in the forest include Black-naped Hare (Lepus nigricollis nigricollis), 
Wildboar (Sus scrofa), Four-horned Antelope (Tetracerus quadricornis), and the Sloth 
Bear (Melursus ursinus). 
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The team based at Madanapalle started working in this area in 1991-92 by organising 
village communities as Tree Growers’ Cooperative Societies protecting revenue 
wastelands. The initiatives started with Chennappagaripalle and Nayanappagaripalle 
hamlets on one side of the Sadhukonda RF and in Bathinigaripalle, Bathinigaripalle 
Tanda, Guttakindapalle Tanda, Kotakadapalle and Yerrasanipalle on the other. Looking 
at the impact of their work on the wastelands in terms of regeneration as well as 
institutional development the nearby villages also gradually started protecting their 
wastelands.  
 
In 1998, there were discussions regarding the need to protect Reserve Forests, which 
form the ridges of the area. So the communities that were earlier protecting wastelands 
took up the task of protecting RF also. In all 17 hamlets have been protecting different 
parts of the RF since 1998. Only 3 hamlets have got permission from the Forest 
Department to implement micro-plans and work in the RF. The others are mainly 
focusing on self-regulation and protection. 
 
The Remote sensing analysis has been done for the Sadhukonda RF (6380 ha) and the 
wasteland plot of Yerrakonda (465 ha). The revenue wasteland, Yerrakonda, is being 
protected and managed by 11 habitations since 1998, with some portions being 
protected since 1992. The Sadhukonda Reserve Forest has had some portion under 
Joint Forest Management (JFM) with 8 habitations protecting since 1996, and some 
under protection by 17 communities being funded by FES, since 1998-99 (see map).  
 
Methodology 
In order to understand the supply-demand pattern of aboveground phytomass, we 
studied the Reserve Forest, Revenue Wastelands, and Private lands. The availability of 
biomass is to be estimated from these three types of resources. The requirement of 
biomass was assessed from the household survey using questionnaires as well as using 
standard factors and secondary data. The contribution of biomass from each of these 
resources was estimated in meeting the biomass requirement of the communities. 
 
There are about 200 hamlets around this forest, which could be dependent on it based 
on their proximity to this resource.  Those villages falling within a radius of 2 km have 
been assumed as the core areas of consumption/utilisation and those more than 2 km 
are considered as fringe areas. However, the availability of secondary data is only at the 
revenue village level, and so for purposes of extrapolation, we have taken adjoining 
revenue villages as the core areas of consumption. 
 
Various standard sampling methods such as stratified sampling, line transects, belt 
transects, random sampling and justified random sampling methods applied by various 
scientists and research organizations were elaborately reviewed. Out of these available 
methods, justified random sampling of modified Whittaker method was adopted, 
considering the forest type, topography, species composition, and types of available 
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microhabitats. The field data was collected between October 2002 and February 2003 
covering the post-monsoon and winter seasons. 
 
Seven hamlets meeting the above criteria around Sadhukonda Reserve Forest have 
been selected for a detailed 
study. The available 
wastelands in these hamlets 
are considered for the 
estimation of biomass in 
addition to the Reserve 
Forest area. Trees, shrubs, 
and ground flora are taken 
into consideration and their 
biomass was calculated 
using the same 
methodology adopted for 
the Reserve Forest. 
 
Household survey has been 
conducted in these villages 
in order to understand the 
day-to-day requirement of 
fodder, fuel wood, timber, 
and NTFP. Data has been  
Agriculture area taken from 
Census 1991 and Standard 
multipliers used by the local 
agriculture department were 
taken to estimate the crop 
biomass of major crops; like 
paddy for wetlands, and 
groundnut for dry lands. 
 
Geographical Information System  and Remote Sensing 
  
The satellite imageries of December 1996 and December 2002 (IRS-1C LISS III) were 
procured from NRSA, Hyderabad. These were interpreted using ERDAS IMAGINE 
8.5, an image processing software and analysed in Arc-Info 8.2, a GIS software. The 
interpreted preliminary images were verified with ground-truthing and refined to 
correct errors. The final classified images were compared for quantifying the change in 
vegetation over the study period. 
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December 1996 IRS 1C L3 
Rainfall 1300 mm 

December 2002 IRS 1C L3 
Rainfall 450 mm 

The red color in the imagery shows vegetation – the increase in the red color 
in the right side of the imagery indicates that there is a noticeable increase in 
the vegetation

A comparison of satellite imageries of Sadhukonda Reserve forest  from 1996 and 2002
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In order to have a synoptic view of the study area a Digital Elevation Model has been 
created for the range and used for planning. Information on altitude, land cover, 
microhabitat types and proximity to the villages were considered for the study.  Global 
Positioning Systems (GPS) were used to record the spatial location of the sample plots.  
A total of 5 distinct microhabitats have been identified and a total of 152 plots were 
sampled representing all these microhabitats of the study area. 
 
Analysis of Vegetation Change 
 
A comparison of satellite imageries of December 1996 and December 2002 indicates 
considerable improvement in vegetative cover during this period on Reserve forestland 
as well as Revenue wastelands in spite of six consecutive years of drought.  
 
 In the Sadhukonda Reserve Forest land of 6380 hectares (ha), the changes are 
importantly in the increase in tree cover in terms of area under dense1 (472 ha) and 
open2 forests (442 ha). Apart from this there is also considerable increase in shrub 
coverage (437 ha), all of which is attributable to the rootstock responding to protection. 
Out of the total area of about 6,380 ha of the RF, an area of 1,968 ha has retained its 
vegetative cover over the six-year period.  The comparison of vegetative cover in 1996 
and 2002 for the Yerrakonda revenue wasteland of 465 ha shows an increase of 17 ha 
of Open forest (from 47 Ha) and 96 ha of mixed degraded forest3 (from 143 ha). This is 
mainly due to the natural regeneration.         
 
Only 3 out of the 17 habitations with whom FES is associated in the Sadhukonda 
Reserve Forest have been formally recognized by the forest department under JFM, 
that too only in 2001. Therefore, the efforts of the communities have mainly been in 
terms of protection and self-regulation in limited extraction from the forest, as 
permissions from the department is required for undertaking physical interventions.  
 
 

 
 
 
 

                                                 
1 Dense forest has minimum 40% canopy cover (as per Forest Survey of India classification) 
2 Open forest has 10% to 40% canopy cover (as per Forest Survey of India classification) 
3 Dry deciduous mixed forest is deciduous with low thorny trees and xyrophytes predominating.  
Canopy more or less broken. Height of the trees less than 10 meters (Champion & Seth, 
1968,pp45) 
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Table: A comparison of the status of vegetation in Sadhukonda RF 

 from 1996 to 2002 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table: A comparison of the status of vegetation in Yerrakonda RWL 
 from 1996 to 2002 

 
Area in Ha Landuse/cover 

1996 2002 
Change

Open forest 47 64 17 
Mixed degraded forest 143 239 96 
Scrubland 153 110 -43 
Wasteland 103 33 -70 
Agriculture  19 19 0 
Total 465 465  

 
Hence, the improvement in tree cover in most of the areas can be attributed to 
natural regeneration from rootstock. The second inference that could be drawn 
is that Revenue wastelands if protected by local communities also respond by an 
increase in vegetative cover. 

Area in Ha 
Land use/ cover 

1996 2002 
Change 

Dense forest 1977 2449 472 
Open forest 742 1184 442 
Mixed degraded forest 1541 844 -697 
Scrubland 449 886 437 
Wasteland 985 331 -654 
Rockout crops 686 686 0 
Total 6380 6380  
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                              A Comparison of dense forest cover in Sadhukonda RF from 1996 to 2002 

 Area 1977 Ha. Area 2449 Ha.  ((increased by 472 Ha.) 



 

12 

       A comparison of mixed degraded forest in Yerrakonda Revenue Wasteland from 1996 to 2002 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Area 143 Ha. Area 239 Ha. ( increase by 96 Ha.) 
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Present Status of Phytomass and its extraction 
 
Importance Value Index (IVI) 
 
A total of 252 species of all forms (121 – tree, 58 – shrubs, 73 – herbs & grasses) were 
encountered in the survey.  Majority of them are found in small numbers and have 
therefore been excluded from the detailed analysis. The focus here is on 15 species of 
trees, which contribute to almost 70 % of total population, basal area and density. 
These 15 species have been selected on the basis of Importance Value Index (IVI).  
 
Biotic and Abiotic pressures 
 
Apart from natural pressures 
like drought, poor soil, the RF 
also faces anthropogenic 
pressure including fires. It is 
therefore pertinent to examine 
the dominant species against 
these factors. The ratings are in 
decreasing order of suitability to 
these factors. These 15 species 
have high resistance to fire and 
drought. With the laterite soils 
that are poor in organic content 
and low in plant nutrients, all 
these species do well in poor and rocky soils. Almost all of them are found to be good 
for fuel wood. Although some of them are good timber varieties, in the given 
conditions, they do not attain the size suitable to be used for timber.    
 
Relative abundance 
 
During the survey, it was 
found that the most abundant 
species is Acacia sundra with 
a relative density of 11.11. 
They occupy most of the 
foothills and dominate the 
degraded parts of the forest. 
They contribute to a large 
extent as good fuel wood. The 
wood is also used for making 
furniture and in the brick kilns 
as fuel. This is followed by Dolichandrone atrovirens, which seem to do well in this 
kind of soils with a relative abundance value of 10.07. Anogeissus latifolia, usually 

Species with High IVI 
Anogeissus latifolia, Acacia sundra, Dolichandrone 
atrovirens, Chloroxylon swietenia, Terminalia 
tomentosa, Grewia rotundifolia, Gymnosporea 
emarginata, Wrightia tinctoria, Dalbergia 
paniculata, Cassia fistula, Hardwickia binata, 
Ixora parviflora, Premna tomentosa, Diospyros 
montana, Elaeodendron glaucum. 

Ranking against biotic and abiotic 
pressures 

Hardwickia binata, Anogeissus latifolia, 
Diospyros melanoxylon, Ixora parviflora, 
Wrightia tinctoria, Acacia sundra, Albizzia 
amara, Erythroxylon monogynum, Dalbergia 
paniculata, Premna tomentosa, Chloroxylon 
swietenia, Terminalia tomentosa, Grewia 
rotundifolia, Dolichandrone atrovirens, 
Elaeodendron glaucum 
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found in colonies is the third most abundant species with a relative density value of 
7.23.  
 
It was found that among all the shrubs Acacia sundra is dominating with a relative 
abundance of 19.65 as it happens to be a major component of the degraded sites in the 
area and also this species has a colonizing behaviour, followed by Randia dumetorum 
with 14.53 and this happens to be an indicator species of degradation of the forest 
ecosystem. As we move up from the foothills towards the higher elevations, the 
abundance decreases. Chloroxylon swietenia with 14.44 ranks 3rd among the five most 
dominant shrubs.  
 
Diversity Indices 
 
The values of  0.079 on the Simpson’s index and 1.418 on the Shannon-Wiener’s index 
mean that although the RF has a large number of species, a few of them dominate with 
large numbers. 
 
Distribution of trees in different girth classes across microhabitats 
 
The tree species have been classified into four girth classes viz. Seedlings (0-10 cm.), 
Regenerating (10-30 cm.), and Timber (>30 cm.). The five microhabitats identified in 
the study area are Drain, Foothill, Hill Slope, Plateau, and Ridgeline. Across all these 
microhabitats, it was observed that more than 50 % of the species counts show that they 
are in the Regenerating class due to the protection during the last 4 years. The Seedling 
category is found most along the slopes and drains, probably due to the available light, 
moisture, humus, and less pressure from the herbivores. Even the regeneration appears 
highest along drains and slopes as more than 50% of the counts fall under this class in 
these two microhabitats. The timber class contributes to almost 20% of the total and 
most of them are found again at the slopes and the drains, and poor accessibility could 
have contributed to their survival.  
 
The overall distribution also shows that most numbers fall in the regenerating category 
and more than 54% of the counts fall in the height class of 1.8 to 4.3 meters as it is a 
regenerating forest and the trees do not attain their full size in this dry deciduous forest, 
semi-arid regions, and shallow soils. The low number of individuals encountered in the 
0-10 cm class can be attributed to consecutive years of drought and also fires in some 
parts of the RF. 
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Project Map 
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Woody Biomass 
 
The standing woody biomass♦ of Anogeissus latifolia is the highest at 10.31 T/ha and 
this is about 2 T/ha more than Acacia sundra, which stands second. The growth of 
Anogeissus latifolia has been good in the last four years of protection from 
anthropogenic pressures. Its basal area is much higher than that of Acacia sundra, 
which is found to colonize most of the foothills in large patches. Together, these two 
species contribute to about 58% of the total standing woody biomass. 
 
The sample plots have been digitised into the GIS and a database has been created. 
Using kriging, a statistical technique used in GIS, the biomass values of the plots have 
been used to interpolate the values for points all over the RF. For calculating the 
biomass of each point, the values of the 12 closest sample plots have been considered. 
The total biomass of the RF thus calculated is 524,803 MT, which includes 472,315 
MT of Tree biomass, 43,647 MT of shrub biomass and 8,841 MT of grass and herb 
biomass. Considering the total area of the RF, which is 6,558 Ha, the average tree 
biomass is 80 MT/Ha. Research studies indicate that the normal average biomass for a 
dry deciduous forest is 70-80 MT/Ha. This suggests that the Sadhukonda Reserve 
Forest is slowly regenerating due to efforts of communities in protection and 
management, although it is still in a degraded state. 
 
Corroboration with Remote 
Sensing 
 
The tree biomass was estimated to 
be 4,72,315 MT. This yields an 
average tree biomass of 80 MT/ha 
for the RF. The chart depicting 
amount of tree biomass in the dense 
forest area of the Reserve Forest 
shows that almost all of this area has 
a very high quantity of tree biomass 
(at least 50 MT/Ha). 
 
 
Carbon Sequestration 
 
One of the functions of a forest, which is receiving a lot of focus these days, is Carbon 
Sequestration.  Sadhukonda Reserve Forest has better vegetative cover than the other 
Reserve Forests in the project area.  It is also a single large contiguous area with tree 
cover and hence its role in sequestering Carbon is critical for the entire region. The total 
                                                 
♦ Estimation of tree biomass was done using regression equation for dry deciduous forest using 
basal area of the trees. 
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woody biomass in Sadhukonda being 524,803 MT, the amount of Carbon being 
sequestered is 89,217 MT per annum. 

 
Extraction from the forest 
 
The agency with the greatest amount of influence on the RF is the human being, who 
extracts a variety of plants or plant parts to fulfill needs such as fuel wood, fodder, 
timber etc. The recurring drought in the last few years has scaled up the pressure on the 
resources and particularly the Reserve Forest. The failure of agriculture this year has 
meant that even the families that were not directly dependent on the Reserve Forest  for 
their livelihoods in normal years are now depending on the Reserve Forest for NTFP, 
fuelwood and fodder. This may have resulted in the exaggeration of the per capita 
extraction rates we have estimated in this study. We would be surveying these hamlets 
in the coming years to arrive at accurate consumption estimates. 
 
The biomass extraction level for a family of five (3 adults and 2 children) comes to 
about 4 MT per annum. Fuelwood and fodder are the most critical biomass 
requirements for the communities and this is underlined by the fact that they account 
for 85% of the total extraction. Timber, Green manure and Non-Timber Forest Produce 
are having a negligible impact in terms of quantity of biomass, but overexploitation has 
the potential to affect the growth and regeneration of tree and shrub species 
significantly. This is due to felling of whole trees/branches, extraction of leaves and 
fruits in large quantities, etc. The assessment of impact of such extraction on the 
ecology of the Reserve Forest and surrounding areas is beyond the scope of this study. 
The focus here would be on fuel wood, which accounts for 75% of the total extraction 
of above-ground phytomass. 
 
Erythroxylon monogynum, Plectronia parviflora, Chomelia asiatica, Lantana camara, 
Pulachettu, and Kampachettu are the major sources of fuel wood in these hamlets. 
Apart from these species, Randia dumetorum, Ixora parviflora, Flacourtia sepiaria, 
Cassia auriculata are also used. Fuelwood is also available from the fields in the form 
of crop residue of Redgram, Mulberry, Sun hemp, and from shrubs on the bunds.  
 
The tree biomass as mentioned above is 4,72,315 MT and the extraction per annum was 
8,185 MT, which is 1.73% of standing tree biomass. The maximum permissible limit is 
‘one-third to half’ of the mean annual increment (MAI = 2.84% of standing tree 
biomass). Thus, the current level of extraction seems to be well above the permissible 
limit.  
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Impact on water availability 
 
The protection and management of wastelands and reserve 
forests involves undertaking of land development and soil and 
moisture conservation measures, apart from building/repairing 
water harvesting structures. Assessing the impact on 
groundwater due to these interventions requires a detailed 
scientific study, which the team is planning to undertake. One 
noticeable impact with regard to water is the case of cattle 
ponds, which are small water harvesting structures tapping seepage water. So far, 80 
cattle ponds have been built/repaired in the project area and of these 10 are perennial. 
The total water holding capacity of these structures is 18 million litres. In times of 
drought, when all the tanks are also dry, some of these cattle ponds have been the only 
source of water for cattle.    
 
Directions for the future 
 
The analysis of biomass extraction and availability clearly points to the significance of 
fuelwood. The team is now focusing on strategies to manage the fuel wood extraction 
and selling within sustainable limits, keeping in mind the energy needs of the 
dependent habitations. The findings of the remote sensing analysis and the field survey 
are now forming the inputs for discussions with communities on provision to and 
appropriation from the resources. 
 
Another important resource, the extraction of which is happening at a rapid pace is 
water. While the interventions by communities are enhancing the availability of water, 
the extraction of it remains in the private domain. Thus, the ground water situation in 
the project area needs to be studied, and impact of interventions assessed.  
 
The Reserve Forest is at the moment being protected by some 25 habitations, some of 
which are being funded by the forest department and the rest are associated with FES. 
At present, there is no common platform where all of them can meet and discuss issues 
of common concern. There is a need for coordination between all the communities, the 
department and FES for facing common issues like fire.  
 
Recommendations 
 
1. The concentration of wastelands in the Rayalaseema region of Andhra Pradesh is 

very high (17,584 Sqkm.), including Chittoor and Anantapur districts where FES is 
working.  The forests in this area are also in a degraded state due to pressure from 
the habitations around them. The experience of Yerrakonda clearly shows that 
protection of revenue wastelands can lead to revegetation in terms of shrubs and 
trees. This can cater to the needs of fuelwood and fodder of the communities 
around them.  Thus, revenue wastelands can be developed through community 

Dependence of 
livestock on ponds 
 
Cattle  -    8,865 
Goats  -    6,490 
Sheep  -  23,200 



 

 20

protection as a buffer to reduce the pressure on forests. There is a need for an 
institutional mechanism for managing revenue wastelands as Common Property 
Resources (CPR). 

 
2. The case of Sadhukonda Reserve Forest shows that the forests respond favourably 

to community protection.  Moreover, the rate of vegetation change is much higher 
for the forests than wastelands, and therefore the impact on the ecosystem is higher. 
Thus, there is a clear need for forests to be protected by communities on the fringes 
of forests. The potential for natural regeneration from rootstock for revegetating 
large areas of forest land is also demonstrated. 
 
While integrated land use planning at the village level is the need of the hour, 
simultaneously some regulatory mechanisms for utilisation of biomass and water 
are also called for at a larger level. 
 

3. The present situation with regard to different Common Property Resources such as 
forests, wastelands, water etc. is that each has a different institutional form that is 
legally recognised. However, a village community should ideally look at all these 
resources in a holistic manner and plan accordingly. This calls for an umbrella 
institution at the village level to integrate these resources. 
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Summary  
 
After five years of project intervention in the Lakundar River Basin, an attempt was 
made to assess the progress of the project towards the outcome envisaged at the 
beginning of the project. This Change Detection Analysis in two micro-watersheds was 
a part of a larger process of looking at the impacts the project has made in this short 
period and to help the team in reviewing the approaches and strategize for the future. 
Despite continuous drought, the regeneration from the rootstock has shown good 
results where lands have been brought under protection for last three to four years. The 
soil and water conservation activities on the commons had an overall increase in 
surface and ground water which has considerably reduced the period of stress during 
the summer months and has a direct bearing on the moisture in the adjacent low land 
agriculture.  
 
Background 
 
The Lakundar-Gadganga Project was initiated in the year 1997 along the catchments of 
the Lakundar and Gadganga rivers in Shajapur and Rajgarh districts respectively, and 
falling along the northern Vindhyan Range, the area is undulating with hill ranges that 
are low in height, narrow in width and broken at places. The two north flowing river 
systems having their catchment in the northern parts of Shajapur and Rajgarh districts 
are seasonal in character, and the forests are tropical dry deciduous scrub and thorny 
forests. Much of the landscape is barren and grazing of livestock forms the dominant 
land use by the local agro-pastoral communities and the seasonal migratory herds. With 
the gradual decline in the area that is notified as common grazing lands from a 20% in 
the 1950s to 7.5% in 1990s to the present 2%, poses an immense challenge to meet 
contradicting priorities of equitable redistribution of land vis-à-vis the increasing cattle 
population and land use. In a parallel phenomenon that often goes unnoticed, the 
collapse in village institutional arrangements of the past has resulted in a wide spread 
encroachment of land carrying into private hands for grazing as well as agriculture. 
 
The project area comprises 60 villages in the Lakunder river basin and 161 villages in 
the Gadganga river basin. The Government of Madhya Pradesh has delineated 13,000 
hectares of revenue wastelands for the implementation of the project in these two 
macro watersheds. The project is working towards the regeneration of common lands 
and recharge and retention of water – two intricately interwoven elements – through the 
strengthening of local institutional mechanisms. The intervention is considered 
significant by the communities, as they have seen the influence of revegetation and soil 
and water conservation measures on their agriculture and animal husbandry even 
during the three years of continuous drought. 
 
Having worked the initial years, by design, in the relatively better off villages in the 
adjacent Shajapur district, work along the catchments of Gadganga river in Rajgarh 
began in 2001. Rajgarh is discretely different from Agar in terms of topographical and 
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social conditions, which are harsh. Poverty, migration, degraded landscape, deeply 
entrenched customs that trigger off indebtedness make the conditions harsh. Last three 
years of drought have accentuated the problems leading to migration of nearly 80-90% 
of able-bodied people from the villages.  
 
In the last five years of the project, the physical and institutional processes have been 
instrumental in gradually bringing unregulated resources into a regulation through  
dialogue with villages in bringing about norms and principles of collective 
management. The recent decision by the Government of Madhya Pradesh of providing 
the revenue wastelands on ninety-nine year lease (renewable every 33 years) to the 
Tree Growers’ Cooperatives from its previous policy of leasing them for thirty years 
has further strengthened community action to protect lands that otherwise continued to 
be under open access. 
 
Study Area 
 
The team is working in a contiguous area of about 43,000 ha with 30 village 
communities in 6 mini-watersheds along the Lakunder River Basin.  Two micro 
watersheds were selected for the change detection analysis using comparative remote 
sensing imageries of December 2002 and 1996, taken as baseline. The area of Salri 
micro watershed is about 750 ha and Ladwan micro-watershed is about 3200 ha, which 
form a representative sample of the six mini-watersheds, the team is working with. The 
Salri watershed comprises 2 habitations and the Ladwan micro watershed comprises 7 
habitations, which are actively involved in the management of common land since 
1998.  
 
The area is dry semi arid and the topography of the study area is undulating and barren. 
These lands are primarily savannah grasslands. Acacia catechu (Khair) and Butea 
monosperma (Kakra) are the predominant tree species in these common lands. The 
annual rainfall of the area varies from 442 mm to 1616 mm with the precipitation 
concentrated between June and September. Almost 40% of the rainwater flows away as 
surface runoff, taking valuable topsoil in the process. Over exploitation of commons for 
timber, fuel wood and grasses has further worsened the situation. The community in the 
project area is dependent on agriculture and livestock to earn their livelihood. 
Agriculture is mostly rainfed and the major crops of the area are wheat, soyabean and 
maize.  
 
Methodology 
 
The objective of the study was to assess the progress of the project against the 
performance indicators laid down in the Logical Framework Analysis (LFA) of the 
Agar project especially with regards to improved biomass status of common land and 
increased availability of drinking water and related improvements in agriculture 
economy and livestock. The study was also intended to assess the impact of three 
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consecutive droughts in the area and comparing the same with areas where the project 
intervention has been taken-up since 1998.  
 
In order to assess the changes from the remote sensing satellite imageries, it was 
essential to select villages in contiguous patches so that the interpretation can be done 
accurately and suitably. Satellite imageries of December 1996 and 2002 were procured 
from NRSA, Hyderabad and analysed using GIS techniques to derive the land use maps 
for these two years for the detection of the changes. These maps were validated through 
ground-truthing surveys for accuracy. Impact studies done through collection of 
information from primary and secondary sources complemented the results emerged 
from the GIS study. 
 
The classification of dense forest and open forests are based on Forest Survey of India 
(FSI) specifications.  The dense forest has trees with canopy of more than 40% and the 
open forest has trees with canopy between 10 to 40%.  The mixed degraded forests 
used in the classes are based on the description given in The Forest Types of India by 
Champion & Seth, 1968. As the name specifies they are deciduous with low thorny 
trees and xerophytes predominating.  The canopy is more or less broken and the  height 
of the trees would be less than 10 meters.  
 
Emerging Patterns/ Findings 
 
Salri micro-watershed 
 
The interpretation of the imageries of Salri watershed shows a significant improvement 
in the vegetation cover since 1996. There has been an improvement in the wastelands, 
scrub lands and mixed degraded forests and another 2 ha of dense forests and 32 
hectares of open forests in 2002, categories that were non-existent in 1996. The 
vegetation along the river valley i.e. the riverine forest has improved from open to 
dense in 41 ha from 24 ha in 1996 to 65 ha in 2002. Another significant improvement 
has been seen in the mixed degraded category of forest, which has increased by 57 ha 
from 71 ha in 1996 to 128 ha in 2002.  On the other hand, there is a decrease in the 
wastelands from 399 ha to 270 ha during this period. This is a result of protection and 
soil and water conservation measures taken up by the communities on the common 
lands since 1998. Though, there is a marginal increase in agricultural area by 8 ha, the 
rabi crop area has been reduced by 22 ha which is primarily due to the three years of 
drought.    
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       Note: The bright red to dark red colour indicates the density of vegetation 
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              The change in Landuse/cover of Salri mircro-watershed 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Ladwan micro-watersheds  
 
Similar results are observed from the analysis of micro-watershed of Ladwan. There is 
an improvement in the hectarage under open forests from 4 ha in 1996 to 78 ha in 2002. 
The vegetation along the valley also shows considerable improvement, as the open 
riverine forest has become 
dense riverine forests. The 
dense riverine forests have 
increased from 21 ha in 
1996 to 111 ha in 2002 
while the open riverine 
forests have decreased from 
87 ha to 22 ha in the same 
time period. The area under 
scrub has been converted to 
mixed degraded forest and 
thus increased the area 
under this category by 196 
ha.  Another change is the 
reduction of wasteland from 
1334 ha in 1996 to 1213 ha 
in 2002.  Wasteland constitutes almost 40% of the total geographical area in these 
watersheds. 

Area in Ha Landuse/cover 
1996 2002 

Change 

Dense forest 0 2 2 
Open forest 0 32 32 
Riverine dense 24 65 41 
Riverine open 57 9 -48 
Mixed degraded forest 71 128 57 
Scrubland 6 44 38 
Agriculture single crop 117 147 30 
Agriculture double crop 72 50 -22 
Waterbody 1 2 1 
Wasteland 399 270 -129 
Total 747 747  

Area in Ha Landuse/cover 
1996 2002 

Change 

Open forest 4 78 74 
Riverine dense 21 111 90 
Riverine open 87 22 -65 
Mixed degraded forest 184 380 196 
Scrubland 389 173 -216 
Agriculture single crop 772 890 118 
Agriculture double 
crop 293 256 -37 
Waterbody 68 29 -39 
Wasteland 1334 1213 -121 
Total 3152 3152  
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Landuse/cover classification of Salri watershed from 1996 to 2002 
                             1996                                                    2002 
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The three years of continuous drought has had a negative impact on the overall 
agriculture in the watershed area. Though there has been an increase in total 
agricultural land by 81 ha since 1996, the area under rabi crop has decreased by 37 ha. 
The observation of the details of the cropped area shows that there is an increase of rabi 
crop near the water harvesting structures which is due to the improved moisture regime. 
A detailed analysis of this at field level shows that there is an increase of rabi cropped 
area at the downstream of the structure although there was an overall reduction in the 
rabi cropped area.  
 
1. Impact on vegetation 
 
Protection of rootstock from cutting has initiated the healing process of village 
common land. Till March 2003, 2074 hectares of common land in the two watersheds 
were under protection for regeneration and revegetation. Seeding and plantation of 
local species were adopted as methods for revegetation. Due to drought, re-vegetative 
methods were relatively less successful than regeneration of rootstock by protection. 
Only seeding of Neem done in shrubs of Khakhra and Karonda survived the drought. 
To improve soil and water regime, SWC work has been carried out in 1867 hectares of 
the common land.  
 
A study on the stocking rate for the common lands was carried out to measure effect of 
protection of rootstock and seeding. There is an over all increase of 135% in 
regeneration of rootstock in the four micro watersheds during the last five years of 
intervention. Results of findings according to the plots protected by individual 
habitation are given below.  
 

Table: Change in status of regeneration of rootstock after project intervention 
 

S.no. Village Pre-project 
rootstock  
(in no. per 
hectare) 

Post-project  
rootstock  
(in no. per 
hectare) 

Change in root 
stock regenera-
tion (in no. per 
hectare) 

% change in 
 rootstock 
regeneration 

1 Salri 333 595 262 79% increase 
2 Moyakheda 439 586 147 33% increase 
3 Karwakhedi 400 1,327 927 232% increase 
4 Ladwan 370 840 470 127% increase 
5 Nepania 435 1,020 585 134% increase 
6 Bhanpura 195 286 91 47% increase 
7 Lasuldi 371 498 127 34% increase 
8 Kasaidaheria 567 627 60 11% increase 
9 Dudhpura 351 1,109 758 216% increase 

 
The increase in regeneration of rootstock on common land has also been confirmed by 
the interpretation of the satellite imageries. 
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Landuse/cover classification of Ladwan watershed from 1996 to 2002 
     
                               1996                                                          2002 
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             IRS 1B L2, December, 1996          RS 1C L3 + PAN, December, 2002
  
 
Note: The bright red and dark red colors indicate the density of vegetation 
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Satellite Imageries 
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2.Water regime 
 
As the geological formation of the area is a result of basaltic lava flows of almost 
horizontal deposition, the soil is derived 
from basalt, which is a poor water 
bearing rock. The stress was given on 
the soil and water conservation 
measures like trenches and stone 
bunding to reduce the excessive soil 
erosion and improve the water regime. 
Regeneration of the common lands and 
construction of water harvesting structures have complemented the effort to this extent. 
The communities have been facing scarcity of water in the critical summer months and 
the three years of continuous drought accentuated the problem further in many areas. 
 
By way of project intervention till March 2003, 10 WHS with more than 30 thousand 
cubic meter and 18 with less than 30 thousand cubic meter had been built. Because of 
drought only two were filled up to their maximum capacity during the year. However, 
most water harvesting structures retained water till March and after that water was 
available from the wells situated in the downstream of the structure. This provided 
respite from drinking water scarcity for both human and cattle during the stress period. 
In some villages like Salri, recharge from the WHS like wells were the only source of 
drinking water for the villagers. The impact of these project activities in both the micro 
watersheds are given below. 

 
Table: Reduced drinking water stress 

 
S. 
No. 

Village Reduced drinking water stress on cattle 
 ( in months & numbers) 

1 Lasuldi from 6 months to 2 for 700 cattle of 4 villages 
2 Salri from 4 months to nil for 950 cattle of 4 villages 
3 Kasaidaheria from 4 months to nil for 650 cattle of Kasaidaheria 

villages 
4 Bhanpura from 4 months to nil for  cattle of  Bhanpura  and 2 

villages 
5 Nepania from 4 months to nil for 700 cattle of 4 villages 
6 Ladwan no impact visible 
7 Moyakheda no impact visible 
8 Karwakhedi from 4 months to nil for 700 cattle of 4 villages 
9 Dudhpura no impact visible 

 

Year Annual 
rainfall 

Remark 

1999 930 mm normal rainfall 
2000 484 mm 47% below normal 
2001 468 mm 49% below normal 
2002 732 mm 21 % below 

normal 
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3. Farming system 
The analysis of satellite imageries shows that there is a reduction in the rabi (double 
crop) crop area due to the drought.  However, the information reveals that there is an 
increase of the productivity of kharif crop and rabi crop in the command areas of water 
harvesting structures due to the availability of water for irrigation.    
 
A study conducted in Salri village shows that the rabi (second) crop cultivation 
of wheat in 27 bigha (5 bigha = 1 hectare), gram in 55 bigha, coriander in 3 
bigha was taken up by 22 families, out of which 10 are small farmers and 12 are 
big farmers.  

Table 10: Area under Rabi crop in micro-watersheds 
Area under 
rabi crop (ha) 

Change in area under 
Rabi crop Micro- 

watershed Habitation 
1996 2002 in hectares in % 

I Salri, Moyakheda 72 50 -22 -31% 
II Nepania, Bhanpura, 

Lasuldi 
93 102 9 10% 

II Ladwan, Karwakhedi 123 52 -71 -58% 
II Kasaidaheria, Dudhpura 77 102 25 32% 

Total 365 306 59 -16% 
 
 4. Animal husbandry 
As mentioned earlier, straw from rabi crop helped beneficiaries in coping with fodder 
scarcity. Except for village Bhanpura, which shows a drop of 50% in milch animal 
population, the drop was less than 25% in other villages. This drop in cow and buffalo 
population can be attributed to an inclination of the village to convert their livestock 
holding to more drought resistant livestock like goat (please see table given below). 
The project villages seemed to be in a better position compared to the adjoining non-
project villages. 

Table 11: Change in milch animal population 
S.no Village Impact on milch  

animal population 
Status 

1 Lasuldi Increased by 9% project village 
2 Salri Decreased by 10% project village 
3 Kasaidaheria Decreased by 14% project village 
4 Bhanpura Decreased by 50% project village 
5 Nepania Decreased by 23% project village 
6 Ladwan Decreased by 22% project village 
7 Moyakheda Increased by 13% project village 
8 Karwakhedi Decreased by 23% project village 
9 Dudhpura Increased by 6% project village 

10 Ahirbardia Decreased by 47% Non-project village 
11 Sundi Decreased by 79% Non-project village 
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In all villages, the community reacted to drought by converting their milch animals like 
cow and buffalo to goat as can be seen from table given below. Inverse correlation 
between milch animal and goat population can be seen from table 6 and 7. Lasuldi and 
Moyakheda are the only two project villages, which show a decrease in goat population 
and increase in milch animal population. In rest of the project villages, decrease in 
milch animal population has occurred with increase in goat population.  

 
Table 12: Change in goat population 

 
Number of SC beneficiary 

households and their goat population
Households Goats 

S.no. Village Change in goat 
population (from 
 1999-00 to 2002-03) 

Before After Before After 
1 Lasuldi Decreased by 15% 9 8 99 79 
2 Salri Increased by 300% 3 16 4 100 
3 Kasaidaheria Increased by 9% 2 11 4 61 
4 Bhanpura Increased by 260% 0 2 0 10 
5 Nepania Increased by 42% 7 14 115 115 
6 Ladwan Increased by 3% 13 22 121 130 
7 Moyakheda Decreased by 21% - - - - 
8 Karwakhedi Increased by 76% 10 11 90 64 
9 Dudhpura Increased by 9% no SC/ST households in the village 

 Total 44 84 433 559 
 
Conclusions 
 
Process of restoration of degraded patches in the project villages has revived 
agropastoral livelihood linkages of the community with commons. More importantly, it 
has helped community cope with natural calamities like drought by contributing to 
biomass and water availability. Due to this, mortality rate of milch animals caused by 
scarcity of fodder was much lower in the project villages. Revegetating  patches of  
commons provided space for the villagers to convert their livestock resource into much 
hardy species like goat. This has resulted in reduced vulnerabity of villagers (especially 
scheduled caste community where number of families rearing goat have increased by 
91%) in such stress periods.  
 
Similarly, benefits of soil and water conservation activities like earthen water 
harvesting structures reduced impact of drought on rabi and kharif crop cultivation. The 
study shows that 10% of the households benefited from it even in such drought 
conditions out of which 57% belong to small and marginal farmer category. In years of 
normal rainfall, this is expected to touch more than 20% of the project households.   
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Change Detection Study in Two Watersheds of Bhilwara 
Project in Rajasthan 
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Background   
 
Bhilwara project, which was initiated in 1995, is situated in the south-eastern part of 
Rajasthan and has been working on protective and regenerative measures on commons. 
The areas of operation under Bhilwara project falls under semi-arid categories and are 
broadly characterised by low and variable rainfall pattern, frequent occurrences of 
drought, and degraded common property resources. In semi arid situation the 
commons, which have been historically shaped as important component of the physical 
landscape, influence the nature and the state of ecological and livelihood systems. 
Degradation of these resources is one of the most serious problems and it has its 
adverse economic and ecological consequences on rural households, where survival, 
sustenance and growth are intimately linked to the health and productivity of the 
surrounding natural resources. Focus of the work then has been to build an intervention 
anchored on people’s engagement at various levels and the specific characteristics of 
the socio-economic-ecological settings, to foster a healthy relationship between 
livelihoods and natural surroundings. 
 
The project area is spread primarily in four districts covering parts of Bhilwara, Ajmer, 
Jaipur and Dausa. With successive years of facilitating and extending the work in 
diverse physical settings and complex socio-economic contexts, the understanding 
gained over the nature and function of common property regimes and its inter-linkages 
with the farming and livestock components has been briefly captured with Remote 
Sensing and Geographical Information System (GIS) and with impact studies done at 
field level.  Two cases of project intervention under the geo-hydrological context of a 
watershed have been analyzed to understand the inter-linkages in production systems 
and the patterns emerging in ecological and livelihood aspects.  
 
Study Area 
 
The study is undertaken in two watersheds of the project area to look into the changes 
in the status of vegetation, water and the land resources. Kalikhol, situated in 
Mandalgarh tehsil of Bhilwara district and Lilri watershed in Pisangan tehsil in Ajmer 
district, where the work is being carried out from 1996 has been taken up in this study.  
 
Methodology 
 
Quantitative and qualitative data given have been collected through regular field 
studies, household survey, field observations and secondary sources. Satellite imageries 
of December 1993 and December 2002 of Lilri watershed and December 1995 and 
December 2002 of Kalikhol were procured from NRSA, Hyderabad. These were 
interpreted using Erdas Imagine 8.5, an image processing software and analysed in 
Arc-Info 8.2, a GIS software. The interpreted preliminary images were verified with 
ground truthing and refined to correct errors. The final classified images were 
compared for quantifying the change in vegetation over the study period. A scientist 
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from Space Application Centre, Ahmedabad was consulted for the methodology and 
interpretation. The team has obtained information about the farming system, livestock, 
milk yield, stocking rate etc. through field and household surveys.  Secondary data was 
also procured from the Government departments. 
 
Lilri watershed 
 
Lilri watershed is located at Pisangan tehsil of Ajmer district and makes boundary with 
the Pali district towards southwest. This watershed falls under the agro-ecological zone 
no. 4,which is characterized as northern 
plain and central high land of Aravalli 
with semi arid climate having alluvial 
derived soils. The annual rainfall varies 
from 400 – 600 mm with a minimum 
temperature of 70 C to a maximum of 
460 C. Lilri watershed falls under the 
macro watershed no 19. It is further 
sub divided into 11 micro watershed 
covering 5 revenue villages. The runoff water mainly drains out through two major 
nallahs, which merge together to constitute the river Lilri.  
 
The region comes under semiarid climatic condition, which is marked by acute soil 
erosion and a low hydrological table, which has led to low productivity and has even 
rendered large chunks of field uncultivable. The soil cover is shallow. The annual 
rainfall, though scanty is accompanied by heavy showers wasted in the form of runoff. 
In the absence of water recharging structures, the runoff carries away with it valuable 
topsoil. Heavy cattle pressure and failure of local governance to manage their commons 
has hastened the degradation of common land. Initially 67 % of the total land was 
under wasteland and the remaining 33 % was under arable land out of which only 12 % 
is irrigated and that too through wells. Shortage of fodder was also acutely felt and 
causing migration of cattle to parts of Madhya Pradesh for a period lasting up to 6 
months. Most of the families were not self sufficient in food production requirement. 
Almost 70% of the household purchased food grain from the market, for which they 
depend either upon wage labor or moneylenders. This had led to 90 % of all households 
being under debt. The gap between the have and the have-nots has been widening and 
shows in the daily wage disparity prevalent in the area where wage labor are not being 
paid their minimum wages. 
 
Introduction to the study area 
 
The team initiated its work with two TGCSs of 31 and 33 ha Karnos Thoria and 
Dhuwadia villages in 1992. Later on the Thoria watershed project approved by the  
Government of India was initiated in 1996 working on a contiguous patch of 650 ha 

Total area of the watershed 4561ha  
Public Land: Forest Land  224ha  

Revenue Land   2316ha 
Pasture Land  398ha 

 
Private Land:   1628ha 
Number of Households    999 
Total population     5103  
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land. The watershed work was further expanded to an area of 4561ha in successive 
years. The watershed approach aimed at productive enhancement of natural resources 
through building up capacities for collective actions based on just and equitable 
arrangements on protection and resource sharing.  
 
Participation denoting spaces for the disadvantaged sections helps strengthen collective 
management and democratise governance at local levels. Group meetings followed by 
meetings in hamlets and villages with different user groups and continuous planning to 
incorporate the varied interests has been a continuous process in securing institution 
and resource development. 
 
In the entire watershed 1358 check dams were made. Check dams were primarily 
constructed to reduce the runoff velocity, which is very important to reduce the 
intensity of soil erosion. To check the runoff water and soil erosion, contours and 
graded bunds of about 1.2 million running feet were constructed on common lands. 
Such treatment was to ensure moisture availability for grass production on one hand 
and enhance the agricultural crop production on the other. 
 
One hundred small water-harvesting structures were constructed for the purpose of 
water recharge and storage. Such structures were constructed on both common and 
private lands. While constructing on private land it was ensured that the maximum 
benefit should go to the poor and deprived ones in the village. About 287 ha of 
common land was brought under plantation, in eight different locations. 
 
About 94,000 saplings of indigenous and local species were planted in the entire 
watershed. Seeds of different trees and grass species were also sown on community 
land so as to increase the density of the species. In an effort to promote private land 
plantation, villagers planted 21,331 saplings on the bunds of their fields. With plants of 
their liking distributed, species like Eucalyptus, Guava, Lemon, Mango (Magifera 
indica), Parkinsonia, Champeli, Bordi (Zizyphus numularia), Khejari (Prosopis 
cineraria), Oranges, Desi Babool (Acacia nilotica), Neem (Azadarachta indica), 
Arunja (Acacia leucophloea) and Kumata (Acacia senegal), emerged as some of the 
popular choices.  
 
Emerging Patterns 
 
The work carried over a period of 7 years marked visible signs of improvement in 
different inter-linked components of the physical landscape. In this section we would 
deal with some of the emerging patterns to bring out the organic linkages between 
commons-farming-livelihoods in semi arid situation.  
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Land cover/ vegetation changes       
 
It has been noticed that there is a considerable improvement in vegetation as well as in 
agriculture from the interpretation of the satellite imageries and these changes have 
been verified at the field level. A comparision of the landuse/ cover of 1993 and 2002 
is given below: 

 
       Comparison of land cover in 1993 and 2002 in Lilri WS 

  
 S.no. Landuse/cover 1993 2002    Change 

1. Open forest 84 276 192 
2. Mixed degreded forest 654 1118 464 
3. Scrubland 1484 1617 133 
5. Wasteland 1085 335 -750 
6. Agriculture single crop 735 424 -311 
7. Agriculture double crop 443 791 348 
8. Waterbody 76 0 -76 
 Total area 4561 4561  

 

An important change is the increase in tree cover in terms of the area under open 
forests increasing by 192 ha and also there is increasing trend in the category of Mixed 
degraded forest category which has increased by 464 ha. This implies that when under 
protection, the rootstock available in the watershed can be promoted into a more dense 
vegetation cover. Scrubland has also increased by 133 ha and consequently wasteland 
has decreased by 750 ha in 2002. Area covered by water bodies has decreased in the 
year 2002 and can be primarily attributed to low rainfall (only 51 mm), which caused 
severe drought. 
 
 
A field inventory of stocking rate of regeneration plots shows considerable increase in 
root stock availability in common lands.  
 

Table: Village-wise stocking rate before and after protection of the commons 
 

Stocking rate S.no. Villages 
Pre- intervention Post intervention 

1. K. Thoria 390 per ha 820 per ha 
2. Kansya 280 per ha 590 per ha 
3. Dhuwadia 270 per ha 540 per ha 
4. Ramghar 290 per ha 600 per ha 
5. Thoria ws 240 per ha 810 per ha 
6. Baba Ramdev 260 per ha 520 per ha 
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Year Rainfall 
(mm) 

1992 256 
1993 292 
1994 407 
1995 685 
1996 680 
1997 683 
1998 390 
1999 285 
2000 394 
2001 675 
2002 51 

Simpson’s Diversity Index in the Lilri watershed ranges from 0.188 to 0.33 prior to 
watershed intervention in 1996 and has incresed in 2002 ranging from 0.194 to 0.38. It 
clearly indicate that biodiversity in the watershed have incresed. 
 
Water regime 
 
Regular field observations and selected well inventory 
has shown that the average water table fluctuation, 
note between pre and post monsoon on a given year, 
has increased from 6-7 feet 1996-97 to 15-16 feet 
2001-02. This validates work when carried on the 
upper ridges and carefully planned water-harvesting 
structures can help in improving ground water 
recharge.  
 
Surface water storage area, which was 76 ha in 1993, 
has reduced to nil in 2002 as per satellite imagery 
interpretation. The very low rainfall of 51 mm in 
2002-03 is the main contributing factor. Keeping in 
mind the work carried by the organization and the 
Panchayat for surface water storage the potential 
storage area should have increased. The team is in the 
process of analyzing factors that may have influenced the shortfall in the water holding 
area.  
 
Farming system 
The total private land is 1628 ha. Area under single crop cultivation was 735 ha in 
1993, and has  decreased to 424 ha in 2002,  while the  double crop area  incresed  from 
443 ha to 791 ha. 

Table: Indicators of Project Impact 
 

Impact indicators Before WS 
1996-97 

After WS 
2001-02 

Net cropped area Kharif (Monsoon) 678 ha 903 ha 
 Rabi (Winter) 607 ha 715 ha 
Area under vegetables     22 ha 94 ha 
Land under irrigation Kharif (Monsoon) 51 ha 162 ha 
Wheat productivity  25 – 40 qt./ha 55 – 55 qt./ha 
Livestock Big animals 

Small animals 
1357 
5852 

854 
4076 

Milk Production  259622 ltr./year 833314 ltr./yr 
Fodder availability  3481.25 tons/year 5024.90 tons/year 
Agriculture wage rate  Rs.25-30 per day Rs.55 - 55 per day 
Average water table 
fluctuation 

 6 – 7 feet 15 – 16 feet 
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A comparison of vegetation cover in Lilri watershed from 1996 to 2002 

 

             

            

                  Mixed degraded forest in 1996  (654 Ha.)                           Mixed degraded forest in 2002 (1118 Ha.) 
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A comparison of agriculture intensity from 1993 to 2002 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

         Agriculture single crop  - 735          Agriculture single crop  - 424  (-42%)  

   
  Agriculture double crop - 443     Agriculture double crop - 791  (79%) 
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This when considered against the 2002 drought year and villagers despite that going for 
double cropping indicate ground water availability and thus successful recharging in 
peoples’ private wells. 
 
The data of 2001-2002 (based on revenue records) shows that the area under rain-fed 
crops in Kharif season was around 1065 ha (a 33 percent increase) and the area under 
rabi crops was 797 ha. The emerging pattern shows that improvement in soil moisture 
regime and the increased ground water recharge has positively influenced the state of 
farming system. 
 
This has also been assoiciated with changes in cropping pattern. This has been  much 
more visible in the irrigated categories where the crop selection has changed from 
cotton (fibrous) to a more wider set of vegetables. Vegetables have become the second 
most important crop after wheat with the area under vegetables growing from 85ha in 
1995-96 to 93ha in 2001-2002. 
 
Crop productivity also increased significantly. The yield of wheat from irrigated areas 
increased by about 43 percent in 2001-02 (normal rainfall year), but dropped in drought 
period to near pre-development yield. In the study, Rain fed farms experienced an 
increase of 50 percent in grain production per farm in 2001-02 compared to before 
WSD. 
 
Livestock system 
 
Animal husbandry is an important component of the Lilri watershed. Villagers have 
been engaged in animal rearing both for meeting their farm requirements (ploughing, 
manure and transport) and domestic demands (milk, ghee and wool) as well as for 
earning an income through the sale of livestock, wool, ghee/milk, cart hiring, manure 
sale. Some patterns which have been observed in livestock systems have been given 
below:  
• Animal population has decreased by 38 % in the year 2001 as compared to 1996 

primarily because of consecutive drought from 1998 to 2000. The scarcity of 
fodder, drinking water, etc.  has led to villagers  selling their unproductive animals.  

• The remarkable decrease in cow population has been recorded. The villagers 
preferred keeping one or two buffaloes instead of five to ten cows.  

• The population of small animals has not changed much because small and marginal 
farmers keep more sheep and goats. The relatively low capital investment per small 
animal made it affordable for them. However they were also constrained from 
expanding their herds because of the limited forage resource.  

• Development of regeneration plots initially supported large milch animals, but for 
the last 3-4 years small animals are allowed to graze for 3-4 months. The soil and 
water conservation works on other common lands too improved soil moisture 
regime thereby increasing the grass availability for animals.  

• The work has been able to increase the productivity of the gauchar land which is 
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now providing 4–5 months fodder in 2001, as against the availability of less 
palatable and less nutritious grasses for a period lesser than a month during pre-
project years.  

 
However the decrease in animal population especially that of cows did not have any 
negative impact on the milk production, but in turn the shift of animal population from 
cows to buffaloes had an incremental impact on the Milk production and is reflected in 
the increase in milk procurement by the village Dughdh Utpadak Sahakari Samithi. In 
1996-97, total milk production in watershed villages was 2.6 lakh liters which rose to 
8.3lakh  liters in the year 2001-02 ( based on dairy cooperative records). The farmers in 
the watershed area are also gradually switching over to crossbred cattle, reflecting an 
enhanced resource base (fodder, water, and savings) and an increased risk-taking 
capacity. 
 
Devnarayan watershed, Village Kalikhol 
 
Devnarayan watershed situated some 65 km southeast of Bhilwara district of Rajasthan 
comprises 3 hamlets of which 2 are part of Kalikhol village and 1 belongs to village 
Singoli. The village is situated in the heart of a valley with steep sloping hills forming 
the backdrop. The Kalikhol hills extending from south to north have steep slopes with 
flat topped quartzite and the hill ranges form a shallow valley along the the nallah. The 
watershed is unique in terms of availability of all categories of land having diverse 
vegetation and runoff drains out through two major nallahs, which merge together 
before reaching the Devliya dam. Rootstock is present in abundance. Lopping is a 
common phenomenon. Trees are lopped both in the winters and summers for fodder. 
The major tree species are Anogeissus pendula, Butea menosperma, Acacia catechu, 
Prosopis cineraria, Acacia nilotica and Azadirachta indica.  
 
The region comes under semiarid to humid climatic condition, which is marked by 
acute soil erosion and a low groundwater table, causing low productivity and has even 
rendered large chunks of field uncultivable.  
 
Once a dense forest cover, the village with time fell prey to market forces and massive 
cutting of trees by people from outside, giving the valley a barren look. Cattle pressure 
and lack of local governance to manage their commons has hastened the degradation of 
common land. Apart from prevalent species of Anogeissus pendula and Acacia nilotica 
having good wood value, Acacia catechu had good market value for the production of 
“Kattha” and Butea monosperma having gum value. The loss of vegetative cover 
coupled with an undulating topography and erratic pattern of rainfall posed a serious 
threat to the village, situated in the heart of the valley. The rainfall accompanied by 
heavy showers wasted in the form of runoff in the absence of impounding measures 
and water harvesting structures, carrying away valuable topsoil lead to low productivity 
and the accompanying flash floods adversely affecting the agricultural fields. To add to 
their woes, the region quite often faces the onslaught of drought. With low recharge of 
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the aquifers, the water level in the wells here started depleting. Agriculture being 
mostly rain-fed, with wells being the only source of irrigation, depleting water levels 
had an adverse effect on the agricultural production. The topography of the area, 
however, offers fast recharge due to fractures. But then again the soil cover is shallow.  
 
The wells are the only source of irrigation but with the absence of control measures the 
rain water instead of recharge gets drained from the valley 
via the main drainage which runs the entire length of the 
village and flows for only 15 days.  The whole water from 
the catchment goes to the Devliya dam which is existing at 
the outlet of the micro watershed. The dependency upon 
either on wage labor or moneylenders was high  to the 
uncertainty of crop and for the purchase of seeds and 
fertilizers. This had led to 90 % of the households brought 
under debt.  
 
Project Initiatives 
 
The project work in the valley was initiated in the year 1996, with regeneration work 
being undertaken on 40 Ha of revenue wasteland by the Tree Growers’s Cooperative 
Society. The Transition from dealing with 40 ha of regeneration to watershed approach 
came as a result of 3 years of association with the institution. The understanding to 
conserve the micro-environment of the valley was gaining momentum.  
 
The watershed approach is aimed at protecting and enhancing natural resources through 
building up capacities for collective actions based on just and equitable arrangements. 
Participation of all, with specific focus towards providing spaces to disadvantaged 
sections and strengthening collective management processes to democratize 
governance at local level has helped in ensuring the sustainability of work has been the 
major effort. 
 
In the entire watershed 1000 check dams were made. Check dams were primarily 
constructed to reduce the runoff velocity, a significant step towards reducing the 
intensity of soil erosion. To check runoff and soil erosion, contours and graded bunds 
of 64160 running meters were constructed on common lands. Such treatment was to 
ensure moisture availability for grass production on one hand and enhancing the 
agricultural crop production on the other. 
  
Ten water-harvesting structures were constructed for the purpose of water recharge and 
storage. Such structures were constructed on both common and private lands. About 90 
ha of common land were brought under plantation, in two different locations. Seeds of 
different trees and grasses species were also sown on community land to increase 
species density.   The villagers built a 9550 feet long stonewall fence around the land 
allotted to them. During the first monsoon they planted saplings of Dendrocalmus 

Narayan Das Sadhu who 
possesses 3 bighas of 
land is able to cultivate 
due to the recharge in his 
well which otherwise 
was fallow for years. 
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strictus, Dalbergia sissoo, Emblica officinalis, Acacia nilotica. In the subsequent years 
they had made plans for soil and moisture conservation work and plantation activities 
and as a result loose-boulder stone bunding was done across the stretch. A total number 
of 26,350 saplings had been planted. Alongside, fodder seeds of Cenchrus setigerus 
and Stylo hamata were sown on the plot to enrich the land and enhance fodder 
production. 
 
Emerging Patterns 
 
In 4 years of the project period, there has been visible improvement with regards to the 
different inter-linked components of the physical landscape. This section points out 
some of the emerging patterns of improved interactions between the commons, farming 
systems and livelihoods in the semi-arid context.  
 
Land cover / vegetation changes 
 
Considerable changes in land cover have been noted through GIS imageries, which 
have been verified at the field level. The changes, which have been given, can be 
categorized in changes in common property resources and private property resources. 
An important change is the increase in tree cover in terms of area under dense and open 
forests. There is an increase of 345 ha in this category. 

 
Table : Comparison of land cover in 1995 and 2002 in Kalikhol Watershed 

 
S.no. Land Cover 1995 2002 Change 

1 Dense forest 97 187 90 
2 Open forest 451 521 70 
3 Mixed degraded forest 120 49 -71 
4 Scrubland 209 212 3 
5 Wasteland 582 458 -124 
6 Agriculture single crop 126 106 -20 
7 Agriculture double crop 73 135 62 
8 Waterbody 85 75 -10 

 Total 1743 1743  
 
The ban on free grazing and cutting of green and immature trees has resulted in the 
greening of commons with grass, shrubs and trees. Shrubs are now in great evidence 
and local grass species are beginning to reappear. Protection of silvipastoral plots has 
helped in the protection of the existing rootstocks of various species. 
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A comparison of dense forest of Kalihol watershed from 1995 to 2002 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       Area 97 Ha        Area 187 Ha (increase of 90 Ha.) 
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S.No Parameters 1998 2002 
1 No. of WHS 1                 19 
2 Storage capacity 45000 cum 86550 cum 
3 Contour trench 64160 m 0 26820 cum 
4 Checkdams 1000 nos. 0   5000 cum 
5 Total storage 45000 cum          118370 cum 

 
In addition to the 40 ha TGCS plot the village also put 30 ha of Gaucher (grazing land) 
under regeneration and planted 7635 saplings of Acacia nilotica. The concerns of the 
communities towards protecting the village commons from getting deforested is being 
reflected by the communities resolving to put all the Gaucher lands under protection. 
The results of protection mechanisms are visible in the area. The usage of trees for 
fodder and for using branches as fuel wood is still permitted so that the usage pattern of 
the areas is not disturbed. 
 
Agriculture 
 
When the project began its intervention, out of the 144 ha of cultivable land only 70 ha 
was irrigated and another 16.4 ha was under rain-fed cultivation while 57.6 ha 
constitute the private fodder plots managed by individual families. 
 
Agriculture area under double crop has increased remarkably from 73 ha in 1995 to135 
ha in 2002. The reasons for this usage pattern were: 
 
 The flow of water has been regulated through soil water conservation, which led to 

greater recharge of water to the ground aquifers. 
 Ground water table has improved on an average by 4 feet. 
 The cropped area increased by 25 % resulting in a net cropped area of 108 ha. 
 The increase in wage employment benefited the purchasing power of the village 

communities who could now buy quality seeds and fertilizers in time. 
 Increase in usage of Farm Yard Manure. 

 
Crop productivity also increased significantly. The yield of irrigated wheat increased 
by about 24 percent from the year 1995 to 2001-02. 
 
Water regime 
 
Regular field observations and selected well inventory has shown that the average 
water table fluctuation, note between pre and post monsoon in a year, has increased   

 
 
 
 
 
 
 



 

 53

 
from 6-7 feet in 1998-99 to 6-8 feet in 2001-02. This shows a pattern in which on 
account of the work carried on the upper ridges and carefully planned water-harvesting 
structures there has been an increase in ground water recharge.   
 
Surface water storage area, which was 85 ha in 1995, had reduced to 75 ha in 2002 
according to satellite imagery interpretation. This can be attributed to very low rainfall 
in 2002-03. Knowing that the organization and the Panchayat had taken substantial 
steps for surface water storage, the potential storage area should have increased. The 
team is currently looking into all the various dimensions that influence water, its 
storage, holding et al. 
 
The communities took up the work of water harvesting with the villagers identifying 
major drains for the construction of the structures. Traditional wisdom of the village 
communities in the construction of loose-boulder water harvesting structures informed 
the construction of the water harvesting structures.  A total of 10 Nadis has been 

constructed. As innovations in drainage line treatment stone slab structures were 
constructed. Volume of runoff has reduced in the catchment by 40-45% of the rainfall, 
marked by corresponding changes in the water table with water tables rising by 1.5 
meters from that during the pre-project days.  

Stone Slab -  a cost saver 
An innovation in the construction of concrete structures with the usage 
of stones slabs. It started with the construction of structures for the 
treatment of drainage line. These stones slabs are locally available in 
the areas, which are being very commonly used for the construction. 
These stone slabs are held strongly by concrete pillars. A concrete 
structure ( 55 ft long x 3 ft high  2 ft wide) will cost Rs.46,551/- 
having a masonry work of 51.6 cum. while a stone slab structure of 
similar dimension will cost Rs.23,757/- with a masonry of 16.75 cum.  
This structure has enabled the project to reduce the cost of material 
and structure and enhanced the opportunity for unskilled labor 
employment.  
 
These structures are made of locally available stone slabs commonly 
used in the region for the construction of roofs of houses.  These 
structures are on one side very stable, have also proven to be very 
effective in reducing the cost of the structure to half. There is a total 
number of 9 such structures. 



 

 54

Cost parameters and effectiveness 
 
The project intervention in terms of the availability of funds has taken place in a 
planned manner and fund flows to the village had each time increased in response to 
proper assessment of a village’s capability in handling more work, money and quantum 
of intervention. There has not however been any exponential rise in the amount of 
funds that have been disbursed in the village. Since inception till date a total of 17.5 
lakhs has been utilized by the village. Some established practices such as payment at a 
common place such as the ‘hathai’ or a temple, one time payment and in front of the 
whole village enables the project to increase its pace of intervention without 
misappropriation or compromising the quality of work. The village level monitoring 
mechanisms wherein each hamlet monitors the work done by the other helps in keeping 
up the overall efficiency of the works being carried out. 
 
Efforts towards poverty alleviation 
 
The project activities enhanced the employment and income potentials of all even the 
very poor having very little agricultural land due to a general rise in agricultural 
activities in the valley. Increased income helps improve the quality of life and so 
improved housing, literacy and nutrition.  
 
What features prominently in the context of project interventions into enhancement of 
ecology and production systems, is critical gainful employment. Labour enterprise 
becomes integral to the farming system and supports rural livelihoods in a significant 
manner.  
 
The wage employment has provided an opportunity to all the families to support 
agriculture by not only timely purchase of seeds and fertilizer but also better quality of 
seeds. This in turn has helped them in the increase of agricultural production. In a span 
of 5 years, 39461 person days have been generated.  
 
Inferences 
 
The analysis of the impact of the work done on the commons using the GIS data and 
verification from the ground clearly focuses on the strong linkage between the stability 
of the ecology of an area and its various production systems. The directions that are 
visible form the study indicate: 
 

• Vegetation: Overall there is an increment in the vegetative cover in the area. 
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• Livelihoods:  
 

- Agriculture: increment in soil moisture regime leading to increased 
adoption of double cropping. 

- Animal Husbandry: with better availability of fodder and water, there 
has been stability in the milk production of the area. 

 
• Drought mitigation: the project period has seen 4 years of continuous drought 

since 1999, but the ecological and livelihood stabilization process is helping 
people cope with this phenomena. 

 
Hence one can conclude that “for a given agro ecological setting appropriate soil and 
moisture conservation technique and regeneration actvities coupled with institutional 
processes that  ensure governance and sustainble appropriation of resources would lead 
to stablisation of ecology and subsequently the livelihoods in the communities”. 
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