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Foreword

The present study is the fourth in a series of five reports for the crop-livestock interactions
scoping study. The first four reports each describe a particular subregion of the Indo-Gangetic
Plains in India: the Trans-Gangetic Plains (TGP) comprising Punjab and Haryana (Erenstein
et al. 2007b); Uttar Pradesh (Singh et al. 2007); Bihar (Thorpe et al. 2007) and West Bengal
(this report). The fifth report synthesizes across the four subregions (Erenstein et al. 2007a). To
facilitate write-up, synthesis and future reference, the reports all follow a similar outline and
table format. This implies some repetition between reports, but this was still preferred over a
single bulky report in view of the richness and diversity of the information and so as not to
lose the local insights and relevance. Chapter 1 (Introduction), chapter 2 (Methodology), the
action research needs for the IGP (part of 7.3) and most of the annexes are largely identical in
each of the reports. Each of the reports can be read as a standalone report.



Executive summary

The research and development community faces the challenge of sustaining crop productivity
gains, improving rural livelihoods and securing environmental sustainability in the Indo-
Gangetic Plains (IGP). This calls for a better understanding of farming systems and of rural
livelihoods, particularly with the advent of, and strong advocacy for, conservation farming
and resource-conserving technologies. This scoping study presents an assessment of crop—
livestock interactions and rural livelihoods in the Gangetic Plains of West Bengal, drawing
from a village survey in three districts (Malda, Nadia and W Medinipur) and secondary data.

West Bengal is India’s most densely populated state and is characterized by rural livelihoods
based on rice—cattle farming systems. Nearly a third (32%) of the rural population live below
the poverty line, with poverty concentrated rurally and socially. The formerly food-deficit
state has had a significant spurt in agricultural production from the early 1980s and is now
surplus in food grain. Intensification (particularly boro rice) and diversification (vegetables,
particularly potato) were the main pathways for agricultural growth, aided by the advent

of shallow tubewell irrigation. Rice-wheat systems are relatively limited (<3% of system
area in IGP). West Bengal is the most densely stocked state of India in terms of cattle, small
ruminants and poultry. Equity and growth benefited from the state’s emphasis on land reform
and decentralization through people’s participation in Panchayat institutions. Agricultural
growth has slowed down significantly in the 1990s in combination with an overall stagnation
of aggregate rural employment.

Livelihood platforms

Land is the central asset for the livelihoods in the surveyed communities, with 69% of
households having access to land and with an average landholding of 0.7 ha/farm household.
The physical capital asset base is relatively undeveloped and scarce. Compared to the
other IGP states, the relative lack of irrigation development and lack of mechanization are
particularly striking. Only the Nadia cluster had significant irrigation development, with
profound consequences for the corresponding cropping intensity and productivity. This

is also associated with the proximity of the Nadia cluster to Kolkata (formerly known as
Calcutta, including extensive rural electrification), whereas the Malda cluster (in the North)
and the Medinipur cluster (in the West) were relatively remote. Human capital was limited
by illiteracy, with 37% of the household heads in the surveyed villages having no formal
education.

Despite the high pressure on land, capital remains the most limiting production factor, with
informal interest rates averaging 8% per month. Daily wage rates were low (India Rupees,

Xi



INR," 42-43 in the Malda and Nadia clusters, INR 33 in the Medinipur cluster) and are the
lowest amongst all the clusters surveyed throughput the IGP. In view of abundant labour and
small farm size, the Medinipur cluster and particularly the Malda cluster are labour surplus
and net-suppliers of agricultural labour. Gender inequity still plays a key role, although Nadia
was the sole cluster in the IGP to report un-gendered wage rates.

Livelihood strategies

Livelihood strategies in the surveyed communities predominantly revolved around rice—
livestock systems and agricultural labour. Compared to the upstream IGP states, wheat largely
disappears from the agricultural system in the West Bengal clusters, reflecting productivity
constraints and its generally limited human consumption. Instead, rice asserts itself as

the dominant crop in terms of food, feed and income, aided by the limited agricultural
alternatives for the flood-prone lowlands during the monsoon. Rice is the dominant monsoon
crop, with significant (upland) areas under horticulture in the Nadia and Malda clusters.

In rabi season, cropping is relatively diverse, including horticulture, non-wheat cereals
(particularly boro rice in the Nadia cluster), and pulses/oilseeds. Compared to the other IGP
states, the lack of fodder (kharif and rabi) crops is particularly striking. The Medinipur cluster
has a low cropping intensity, with widespread winter fallow due to irrigation constraints.

The Nadia cluster has an intensive cropping year-round, whereas the Malda cluster takes an

intermediate position.

Livestock ownership is widespread and complements the rice-based cropping systems

as the basis of rural livelihoods. The average livestock herd varied from a low of 1.7 cow
equivalents per household in the Nadia cluster to a high of 3.8 in The Medinipur cluster.
Compared to the other IGP states upstream, the West Bengal clusters show: (i) a relatively
limited role and income from dairy; (ii) near complete substitution of cattle for buffalo; (iii)
a spatial heterogeneity in terms of the prevalence of desi (indigenous) cattle (the Malda and
the Medinipur clusters) and cross-breds (Nadia cluster); and (iv) the importance of backyard
poultry. In the Malda and Medinipur clusters small ruminants were also widely owned.

For landed households, the crop component generally was more important than the livestock
component for household income; whereas landless depended primarily on farm labour.
Only in the Nadia cluster were the agricultural systems relatively intensive. The combination
of resource constraints and the relatively low productivity levels prevailing in the Malda

and particularly in the Medinipur cluster strengthened risk aversion and made the systems
subsistence oriented. Most farm labourers worked locally and when migrating seasonally,

1. India Rupees (INR). In May 2008, USD 1 = INR 40.542.
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tended to remain within the state and did so during the times of rice harvesting and rice
transplanting.

Crop-livestock interactions

West Bengal is characterized by the prevalence of rice as the traditional food and feed crop.
This has a marked effect on crop residue management with universal and comprehensive
harvesting of rice residues and their use as the basal animal feed. Particularly striking are
the general lack of wheat residue use as feed and the labour intensive residue management
and use practices. There is some grading of rice straw for feed associated with seasonal and
varietal differences. West Bengal has a markedly high livestock pressure on crop and cereal
residues, a reflection of its small farm size, intermediate herd size and relatively low cropping
intensity (particularly due to the irrigation constraints in the Malda and Medinipur clusters).
The practice of stubble grazing is markedly more common than in the other IGP states and
there is also widespread non-feed use of residues. Crop residues are thereby intensively and
comprehensively used, have scarcity value and in the case of rice straw are traded (INR 0.8
per kg).

In terms of livestock feeding practices, West Bengal had a number of marked differences
compared to the other IGP states. First, the prevalence of rice residues as the main basal
feed. The use of other than rice crop residues as feed (e.g. wheat and maize straw) was
markedly limited. The virtual absence of wheat straw is particularly striking in view of its
preponderance elsewhere. The use of other by-products was also generally limited (in terms
of quantities). Second, both grazing and the reliance on collected grasses were markedly
more common in West Bengal. Third, the use of produced green fodder was virtually absent.
Similarly, chaff cutters which are generally used for chopping the green fodders and crop
residues elsewhere in the IGP are markedly absent in West Bengal. A number of factors
explain the observed divergences, not least the prevalence of lowly productive desi cattle in
two of the West Bengal clusters and the rice food/feed tradition. The relatively limited extent
of irrigation constrains overall fodder availability in the West Bengal clusters, particularly in
Malda and Medinipur.

West Bengal combines relatively low mechanization with a high reliance on animal
traction. Half of the manure is reportedly used as household fuel in the West Bengal
clusters. In contrast to the dung-cakes elsewhere in the IGP, Bengal farmers have the
tradition of using ‘dung-sticks” and now due to the lack of (jute) sticks, ‘dung-balls’. The
livestock services to crop production (traction, FYM) vary across the clusters, from being
very significant in The Medinipur cluster to a more limited role in the Nadia cluster. The
surveyed communities in West Bengal thus presented a range of crop-livestock integration.
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The most integrated systems were observed in The Medinipur cluster, with the most
pronounced complementarities between crop (rice) and livestock (desi cattle for dairy and
draught, small ruminants) production. The crop-livestock interactions thereby underpinned
livelihood security, but did not really drive any system change and seemed more a reflection
of subsistence and the status quo. In the Nadia cluster the systems were most commercially
oriented, both in terms of the crops and the livestock produced, but integration between the

two was relatively limited.

Based on these findings, the study goes on to explore the effects on livelihood security and
environmental sustainability and provides an outlook and agenda for action for the West
Bengal clusters as well as the generic action research needs that emerge from all the IGP
clusters.
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1 Introduction

The outstanding contribution of agricultural research towards improving the livelihoods of
poor farmers on the Indo-Gangetic Plain (IGP) through the Green Revolution technologies
is well documented (Frankel 1971; Pinstrup-Andersen and Hazell 1985; Lipton and
Longhurst 1989; Hazell et al. 1991; Rosegrant and Hazell 2001; Evenson and Gollin 2003).
During the 1960s to 1980s, the planting in the irrigated fields of the IGP of high-yielding
wheat and rice varieties combined with the application of fertilizer gave much improved
cereal production. As a result India moved from a deficit in the staple grains, wheat and
rice, to a secure self-sufficiency. Now, in the face of diminishing groundwater supplies and
degrading soils (Kumar et al. 1999; Pingali and Shah 1999), the challenge is to sustain crop
productivity gains, while supporting the millions of families on the IGP—most of whom
are resource-poor—to diversify their farming systems in order to secure and improve their
livelihoods.

Central to this challenge of ensuring improved livelihoods and environmental sustainability
are the ruminant livestock—particularly, buffalo, cattle and goats—that are an integral

part of the IGP’s farming systems. For decades beneficial interactions between rice and
wheat cropping and ruminant livestock have underpinned the livelihood systems of the
IGP. Yet until recently there has been little systematic research to assess the benefits of
these interactions, nor to evaluate the potential for improvement. Based on a review of
over 3000 papers from South Asia, Devendra et al. (2000) reported a paucity of research
that incorporates livestock interactively with cropping, and a woeful neglect of social,
economic and policy issues. Bio-physical commodity-based crop or livestock research
dominated, a systems perspective was lacking and many of technologies which were
developed were not adopted. More recently broad classifications of crop-livestock systems
in South Asia and their component technologies have been documented (Paris 2002;
Thomas et al. 2002; Parthasarathy Rao and Hall 2003; Parthasarathy Rao et al. 20042).
However, it is clear that a better understanding of farming systems and of the livelihood
objectives of landed and landless families, including how they exploit crop-livestock
interactions, will be required if we are to be successful in improving rural livelihoods and

securing environmental sustainability in the IGP.

Taking a systems approach and applying a livelihoods perspective (Ellis 2000) are
particularly important because of the dynamics and diversity of the IGP’s social geography,
its agriculture and the complexity of the crop-livestock interactions. Current understanding
of the interactions is only partial; hence the need to update our knowledge and to assess
the implications for agricultural R&D—particularly with the advent of, and strong advocacy
for, conservation farming and resource-conserving technologies (RCTs, e.g. zero-tillage,



permanent beds and mulching). The RCTs are having some success in improving resource
use efficiency for crop production (RWC 2005; Singh et al. 2005), but there is a lack of
information about their impacts on overall farm productivity and its livestock components
(Seth et al. 2003). Improving our understanding of crop-livestock interactions and their
contributions to rural livelihoods will better position the R&D community to be more
effective in addressing the major challenges of improving livelihoods while ensuring
environmental sustainability.

It was against this background that the Rice-wheat Consortium designed a scoping study with
the following objectives:

e To assess rural livelihoods and crop-livestock interactions in the IGP.
¢ To understand the spatial and seasonal diversity and dynamics of livelihoods and
crop-livestock interactions, particularly in terms of the underlying drivers and
modifiers.
¢ To assess the corresponding implications for R&D programs.
The study was carried out across the Indo-Gangetic Plains of India, comprising the states
of Punjab, Haryana, Uttar Pradesh (U.P.), Bihar and West Bengal. For the purpose of this
study, we grouped the Indian IGP into four subregions: the Trans-Gangetic Plains (TGP:
Punjab and Haryana) and the Gangetic Plains of U.P., Bihar and West Bengal. The Gangetic
Plains of U.P. thereby comprise the Upper-Gangetic Plains and part of the Middle-Gangetic
Plains, Bihar comprises most of the Middle-Gangetic Plains and West Bengal the Lower-
Gangetic Plains (Figure 1). This report describes the study carried out in Gangetic Plains of
West Bengal. Its results and those from the other three subregion reports (TGP—Erenstein
et al. 2007b; U.P.—Singh et al. 2007; and Bihar—Thorpe et al. 2007) are drawn together in
the main synthesis report (Erenstein et al. 2007a).

The study reports are structured as follows. The second chapter presents the overall
methodology followed and details about the specific survey locations. The third chapter
presents the study area drawing primarily from secondary data and available literature.
The fourth chapter analyses the livelihood platforms in the surveyed communities,
distinguishing between the livelihood assets, access modifiers and trends and shocks.
The fifth chapter describes the livelihood strategies in the surveyed communities, with
particular attention for crop and livestock production. The sixth chapter assesses the
crop-livestock interactions in the surveyed communities, with particular emphasis

on crop residue management and livestock feeding practices. The seventh chapter

first discusses the effects on livelihood security and environmental sustainability and
subsequently dwells on the outlook for the surveyed communities and draws together an
agenda for action.



Legend: 1: Indus Plains; 2: Trans-Gangetic Plains [TGP]; 3: Upper Gangetic Plains [UGP]; 4: Middle Gangetic
Plains [MGP]; 5: Lower Gangetic Plains [LGP].

Figure 1. The Indo-Cangetic Plains and its five subregions.



2 Methodology

Conceptual framework

The scoping study set out to assess rural livelihoods and crop-livestock interactions in the

Indo-Gangetic Plains (IGP) through the combined use of secondary information and village-
level surveys. In order to better dissect and understand livelihoods and the contributions of
crops, livestock and interactions of the sample village communities, the scoping study took as

its analytical framework the ‘assets-mediating processes-activities” model presented by Ellis
(2000, Figure 2).

Livelihood Access modified In context of Resulting in - Composed of With effects on
platform by
SGO;ZL:GIMOHS Livelihood security
Class Income level
Age Trends NR based activities | |Income stability
Ethnicity Population, Migration Collection Seasonality
Assets Technological change it f risk
Natural capital Relative g;ices 8 Cultivation food, Degrees of ris
Physical capital | |/Institutions Macro pglicy Livelihood ‘nonvfood
Human capital | | Rules & customs National econ trends strategies | | Livestock
Financial capital| || 3 tenure World econ trends Non-farm NR
Social capital

Markets in practice

Shocks Non-NR Based Environmental
Organizations Drought Rural trade sustainability
Associations Floods Other services Soils & land quality
Rural manufacture | [Water
NGOs Pests Remittances Rangeland
Local admin Diseases Other transfers Forests
State agencies Civil war Biodiversity

Source: Ellis (2000).

Figure 2. A framework for the analysis of rural livelihoods.

The framework provides a systematic way of (i) evaluating the assets of households and
communities and the factors (e.g. social relations or droughts) that modify access to these
assets; (ii) describing and understanding current livelihood strategies; and then (iii) exploring
the options for reducing poverty and addressing issues of sustainability. Of particular interest
in our scoping study was to understand the dynamics of the livelihood systems and how
these influenced decisions on the management of rice-wheat cropping and of livestock and
their interactions, e.g. the trade-offs between RCTs (resource-conservation technologies) and
the use of crop residues to feed buffalo for milk production. Taking this livelihoods approach
ensured that natural resource-based and other activities were addressed and that their effects
on livelihood security and environmental sustainability were assessed.

Figure 3 schematically presents the linkages between crop and livestock systems in the IGP
that further guided the study. The scoping study did not intend a comprehensive assessment
of the crop and livestock subsectors of India’s IGP. Instead emphasis was on the linkages—the
crop-livestock interactions—at the farm and village level between the two subsectors. The



study therefore focused on the dynamics at the interface of the crop and livestock subsectors.
Within that dynamics a further focus was the management of crop residues because of their
importance as ruminant livestock feeds and their role in natural resources management.

CROP SYSTEM LIVESTOCK SYSTEM

Rice—wheat

Livestock feed

residue management CROP-LIVESTOCK management
C INTERACTIONS
rop types - Crop residues - Traction
- Fodder crops Livestock types

Usg of resource . - Feed crops - Manure
conserving technologies/
conservation agriculture Indirect system interactions Markets for

risk; resource use i i

Markets for crop inputs ( ) livestock inputs &

produce (milk & meat;

(e.g. combine) & produce dung as fuel)

(e.g. crop residues)

Figure 3. A schematic representation of crop—livestock interactions in the Indo-Gangetic Plains.

Village-level survey

The main data source for the scoping study was a village level survey of a total of 72
communities from April to June 2005. The communities were randomly selected using a
stratified cluster approach. At the first level, we grouped the Indian IGP into four subregions:
the Trans-Gangetic Plains (TGP: Punjab and Haryana) and the Gangetic Plains of U.P., Bihar
and West Bengal. Each subregion comprises various agro-ecological subzones as described
in the classification by Narang and Virmani (2001, Figure 4) and Kumar et al. 2002). At the
second level, we purposively selected a representative district from each of the 3 main IGP
agro-ecological subzones within the subregions. These locations were selected to reflect

the range of agro-ecological conditions in the IGP and to capture the expected variation in
farming systems, including level of access to irrigation services. There is some inconsistency
between the various classifications. For instance, Narang and Virmani have omitted the
Barind Plains, yet this area was included for this study as it was expected to capture the
transition from the rice-wheat to rice-rice systems. No sites were selected for this study from
the coastal plain zone (D3) as it was perceived to be a very specific ecology with relatively
minor relevance in terms of R&D implications for the IGP in general. At the third and final



cluster level, we randomly selected 6 villages around a central point, typically the district
headquarters. The villages were randomly selected by taking two villages off the main road
along three opposing directions, one village typically relatively close (generally within 5
km) and the second further away (generally more than 15 km). Table 1 shows the name,
cluster and agro-ecological classification of each village in West Bengal for which a survey
was carried out. Figure 5 shows the location of the 18 villages (based on readings from GPS
units) within the three West Bengal clusters. It is important to flag the proximity of the Nadia
cluster to a major urban agglomeration (Kolkata), as this directly influences intensification
and diversification incentives, particularly compared to the more remote the Malda and
Medinipur clusters.

‘Im]ﬂ Trans-Gangetic plains

Upper Gangetic plains

E Middle Gangetic plains
t:l Lower Gangetic plains

Source: Adapted from Narang and Virmani (2001).

Figure 4. Subregions and agro-ecological subzones of the Indo-Gangetic Plains.

Within each village we interacted with self-selected groups of key informants. We thereby
attempted to include a representative range of village stakeholders during a half-day village
visit, covering the diverse spectra of gender, social and wealth categories (including landed
and landless). The half-day visit thereby typically included a briefing with key informants
of the village, a larger group meeting with villagers (mainly landed), a separate smaller
group meeting with landless, and a visual survey by walking through and around the
village. The separate meeting with the landless was deemed necessary to enable their more
active participation. However, we were less successful in involving women, who were

6



underrepresented in the village group discussions in West Bengal (Table 2). In part, this was
dictated by the prevailing social norms and definitely not aided by the male-biased team
composition. Team members were thereby requested to be assertive and pay particular
attention to gender issues in an attempt to re-address the imbalance. However, the landless

group discussions in West Bengal had a more balanced gender participation (Table 2).

Table 1. Name, cluster and zone of the 18 surveyed villages in the Gangetic Plains of West Bengal
(WB)

Cluster (State) Malda (W.B.) Nadia (W.B.) W Medinipur (W.B.) **
Village Muchia Kailwaspur Uttar Rajapur Nachda
Habibpur-Begunwadi  Sat Simulia Aulia
Shailpur—Narhota Narayanpur Ashakanti
Gosaipur-Araidanga  Santipur Polashboni
Barakona Shan Para Japhla
Aligarh—North Bareni Jeenanpur
Zone* Barind Plains Central Alluvial Plains Central Alluvial Plains
(D1) —OlId and new alluvial ~—Laterite and red soil zone
zone (D2) (D1)

*Combining Narang and Virmani (2001, 6) and Kumar et al. (2002, 22). Figure 4 maps the coded subzones.

** West (or Paschim) Medinipur (also known as Midnapore West) was formed on January 1, 2002 after the Parti-
tion of Midnapore into Paschim Medinipur and Purba Medinipur (http://en.wikipedia.org/wiki/Midnapore_West
accessed 22 Dec 2006). In the current study ‘the Medinipur cluster” will be used to refer to surveyed villages in
W Medinipur.

Table 2. Median number and gender of participants in the village group discussions in each cluster
in the Gangetic Plains of West Bengal

Village group discussion Landless group discussion

Cluster # of participants  * of female # of female
b P participants Participants

# of participants

Malda 25 2 13 8
Nadia 15 4 7 5
Medinipur 21 0 6 3
Overall 20 0 10 5

The village survey used semi-structured interviews using a survey instrument (Annex 4). A vil-
lage leader was generally first asked to provide quantitative descriptors of the village (people,
resources, infrastructure). Then group discussions described the crop and livestock subsys-
tems practiced in the village and other significant aspects of village livelihoods. Particular
attention was given to the management of crop residues and to livestock feed resources. Data
were collected on the expected drivers of crop-livestock interactions, like the cost of daily-
hired labour and the level of access to irrigation.

At each stage of the survey process, respondents were asked to identify and discuss the
critical issues that affected their living standards and the constraints to, and the opportunities
for, improving their livelihoods and that of the village. In this way, the discussions attempted



to provide a sound understanding of the opinions and perspectives of each village
community and of its major social groupings regarding policy issues and policy making, i.e.
to gain a ‘user’ or bottom-up perspective and to avoid being prescriptive.
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Figure 5. Location of the 18 surveyed villages within the Malda, Nadia and W Medinipur clusters in the Gangetic
Plains of West Bengal.
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At each location within each region three teams completed the survey instrument for two
villages within a day. Members of a core team participated in the surveys in each of the
four regions and in each of the three locations which constituted the subregion of each
region. This gave continuity and consistency of research approach and ensured that the core
team members absorbed and analysed the survey and related information from the village
studies across the Indian IGP from Punjab in the NW to West Bengal in the east (Figure 1).
Within each survey team at each cluster, the core members were joined by staff from the
local KVK (Krishi Vigyan Kendra) or other State Agricultural University Departments and/

or their counterparts in the Departments of Agriculture and Animal Husbandry of the State
Government. (Annex 3). In the case of West Bengal, the survey teams were variously assisted
and sometimes accompanied by members of the local level grassroots administration (Gram
Panchayat).

Analysis and integration of information

The quantitative primary data from the village surveys were summarized using
descriptive statistics. These results were complemented by the information and statistics
gathered from secondary sources. The descriptive statistics not only helped gain a better
understanding of the type and extent of crop-livestock interactions within each subregion
but also showed the variation within and across the four major regions. The descriptive
statistics were also useful in examining informal hypotheses about the possible drivers of
interactions between crops and livestock and in helping to identify the key modifiers of
the effects of the drivers.

It should be noted that the nature of the survey method of collecting data dictates that
each quantitative observation (e.g. area of irrigated land in the village or the number of
buffalo) is a guesstimate from a respondent or group of respondents. As such, estimates
of variables (e.g. mean number of buffalo for the subregion sample of villages) calculated
from these guesstimates are indicative, not definitive, results and are therefore presented
in the results section at an appropriate level of rounding (e.g. village population to the
nearest 100).

The nature of the data and study also implies that the analysis is mainly descriptive. All the
tables in the present report refer to village level survey data unless otherwise mentioned.
These tables typically present un-weighted averages across surveyed villages—i.e. the
average of the 6 surveyed villages in each cluster and 18 villages in case of the overall mean
for the subregion. This applies to both absolute and relative values (i.e. in the case of % of
households [hh] the % was estimated at the village level and subsequently averaged across
villages). These tables also present measures of variability and the significance of differences



between the village clusters. However, with 6 villages per cluster and a total of 18 villages
for the subregion, the likelihood of finding significant cluster effects is somewhat limited and
some measures like Chi-square cannot be interpreted.

The livelihood framework can be applied at different scales. Our focus here is on the village
and household levels. At the household level, we will often distinguish between farm
households (with land access and crop-production activities), landless households (no access
to agricultural land [owned or rented] or crop production activities) and village households
(includes both farm and landless). Finally, in applying the livelihood framework in this study,
we use the principle of ‘optimal ignorance,” seeking out what is necessary to know in order
for informed action to proceed (Scoones as cited in Ellis 2000, 47).

It is important to remember that a scoping study, by its very nature, is not designed to provide
definitive answers, but rather to flag issues for subsequent in-depth research. Therefore, the
emphasis of the study methods was learning through drawing on available information and
current knowledge from secondary sources and from the village surveys, interpreting and
synthesizing the data from these sources and finally identifying gaps both in the information
and our knowledge and in its application.
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3 Study area’

The Indo-Gangetic Plain (IGP, Figure 1) can be divided broadly into eastern and western
subregions. The Gangetic Plain of West Bengal covered by this report is within the eastern
subregion in which rainfed (monsoon/kharif) lowland rice is the traditional cereal staple and
the mainstay of food security. Only in recent decades have wheat and other cool season
crops been introduced on a large scale in the eastern Plains north of the Tropic of Cancer.
West Bengal and the eastern subregion in which it lies has a subhumid climate and problems
of poor water control and flooding. By contrast the western subregion of the IGP is mainly
semi-arid and would be water scarce were it not for an excellent irrigation infrastructure of
canals and groundwater tubewells. These sustain the winter/rabi wheat crop—the preferred
cereal staple there—which in recent decades has been complemented in the monsoon/kharif
season by a major increase in the area of rice, resulting in higher cropping intensities and
annual cereal yields in the western than the eastern subregion. Another important contrast
between the two subregions is that whereas in the eastern IGP cattle are the predominant
livestock, in the western IGP buffalo dominate. In broad terms, therefore, the eastern IGP,
including West Bengal, is characterized by rural livelihoods based on rice—cattle farming
systems, while rural livelihoods in the western IGP are based on wheat-buffalo farming
systems.

The Lower-Gangetic Plains (LGP) with its rice-based cropping system comprises most districts
of West Bengal State? and neighboring western Bangladesh (Figure 1). According to Kumar

et al. (2002), the West Bengal Plains in India encompass four subregions: Barind Plains,
Central Alluvial Plains, Coastal Saline Plains and the Rorh Plains. Narang and Virmani (2001)
subdivides the Central Alluvial Plains along a North-South axis into the alluvial zone east of
the Hogly River and the laterite and red soil zone on the western side. The village clusters for
this study fall in the Barind Plains in northern West Bengal and one each in the two subzones
of the Central Alluvial Plains (Table 1, Figure 4, Figure 5). The Central Alluvial Plains are also
dissected by the Tropic of Cancer, with wheat cultivation largely confined to the northern
plains with its cooler winters. Both of the village clusters in the Central Alluvial Plains fall
south of the Tropic of Cancer and only the village cluster in the Barind Plains lies to its north.

The research clusters are in a subhumid climate with an annual rainfall ranging from 1450
to 1800 mm (Table 3). The rains prevail during the warm monsoon season (with 76% falling
in June-Sept), with the summer and cool winters being drier (Figure 6). The topography in
Gangetic West Bengal is generally gently sloping with deep alluvial soils with more lateritic

1. The chapter presents background information for the study area drawing primarily from secondary data and
available literature. Results from the village survey are presented in subsequent chapters.

2. Excluded from Gangetic West Bengal are the northern regions of the state’s Hill (Darjeeling) and Tarai zone
(Cooch Bihar and Jalpaiguri) and Purulia in the SW.
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soils proceeding west wards. In 2000-01, the irrigated area of West Bengal State was 44%
(Annex 1), although relatively lower in the northern Barind Plains (Table 3). Both the irrigated
area and cropping intensity have generally increased somewhat across West Bengal over

the last decades (Table 4). Within West Bengal, the cropping intensity is 184% and highest

in the Central Alluvial Plains, which compares to 152% for the Barind Plains and somewhat
lower levels elsewhere (Table 4). There are extensive water bodies in Gangetic West Bengal
(particularly tanks/ponds and brackish water), comprising an estimated 6% of its geographical
area (as against an IGP average of 2%, derived from Minhas and Samra 2003). In contrast,
surface irrigation canals are relatively limited, and the variation in access to water is also
reflected in a low density of rivers and canals (2.8 km length per km? geographical area as
against an IGP average of 11.0, derived from Minhas and Samra (2003).
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(Mar-May) (Jun-Sep) (Oct-Dec) (Jan—Feb)
171 1111 149 31

Gangetic WB

Source: IASRI (2005, 17).
Figure 6. Season-wise normal rainfall (mm) in Gangetic West Bengal (1462 mm p.a.).

Table 3. Rice, wheat and irrigated area, mean annual rainfall and prevalent soils in the Gangetic
Plains of West Bengal

Area (% of
Rice-wheat GCA) 1996 lIrrigated area Mean rainfall

Zone* o o " Soil type
area (x 10° ha) Rice  Wheat (% of GCA)  mm/year

Barind (Malda) 0.09 65 7 17 1800 Alluvial

Central Alluvial (Na- 1, 65 4 39 1450 Alluvial

dia, Medinipur)

Coastal Saline 0.01 76 1 29 1700 Alluvial

Rorh Plain 0.03 80 2 54 1200 [Later.’t.e and
ateritic

West Bengal 0.26

Source: Sharma et al. (2004) (RW area) and Kumar et al. (2002, 24) (other indicators).
*In ‘() survey cluster names for current study.
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Table 4. Changes in input use and cropping intensity in the Gangetic Plains of West Bengal

Irrigated Fertilizer Cropping Rural

Zone* Year area (NPK kg/ha intensity literacy
(% of GCA)  cropped) (%) (%)

. 1982 12 26 148 22
Barind (Malda) 1996 17 74 152 28
. . . 1982 34 43 138 34
Central Alluvial (Nadia, Medinipur) 1996 39 102 184 19
Coastal Saline 1982 8 29 124 35
1996 29 102 140 46
. 1982 59 36 118 35
Rorh Plain 1996 54 94 145 42

Source: Kumar et al. (2002, 29).
*In ‘() survey cluster names for current study.

West Bengal is the most densely populated state of India with some 900 inhabitants per km?
(nearly 3 times the Indian average): a reflection of 80 million people (7.8% of India total)
living on a geographical area of 89 thousand km? (2.7% of India total) (Annex 1). This reflects
a great concentration of population over the centuries in the alluvial lands of the Gangetic
Plains of West Bengal, aggravated by historical and socio-economic factors. West Bengal

has witnessed significant internal migration from neighboring states such as Bihar, Orissa

and U.P. to Kolkata, Howrah and other industrial areas of the states, whereas partition led to
an almost continuous stream of migrants into the state from across Indo-Bangladesh bor-

ders (GoWB 2004, 9-10). West Bengal over the last decade now has a lower than average
population growth, 1.8% p.a. (Annex 1). The population is predominantly rural (72%). Nearly
a third (32%) of the rural population live below the poverty line, reflecting the rural concen-
tration of poverty with 84% of the state’s absolutely poor (compared to 74% for India as a
whole) (GoWB 2004, 9). Scheduled Castes, Scheduled Tribes and minorities together account
for more than half the population, and are the three poorest groups in rural Bengal (GoWB
2004). Agricultural labourers remain the poorest section of the population: 47% were report-
edly below the poverty line in 1999-2000 and the group comprised 55% of the state’s poor
population (GoWB 2004, 81).

West Bengal still is heavily dependent on agricultural production. ‘For most of its post-
independence history, West Bengal was a food deficit state, dependent upon the central
government for a major part of its supply, to be routed through the public distribution
system. For a long time, food production remained stagnant and the technology of the
green revolution bypassed the state. However, there was a significant spurt in agricultural
production from the early 1980s and the state is now surplus in food grain.” (GoWB 2004,
5). Over the last two decades the net sown area has remained more or less the same (GoWB
2004, 175), implying intensification and diversification of land use as the sole pathways for
agricultural growth.
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West Bengal is a major and traditional rice producer. With a rice area of 5.9 million hectare
in 2003-04, it provided 14% of the national area, equaled only by U.P. further upstream.
Due to its slightly more favourable average yields of 2.5 t/ha in 2003-04 (against a national
average of 2.1 t/ha), it was the main rice producer with 17% of national production, with
only 42% of rice area being irrigated (MoA 2005a; Annex 2). The prevalence of rice in the
plains implies that at least 2/3 of the gross cropped area is devoted to rice cultivation (Table
3).

In comparison, the wheat area is relatively limited, with 0.43 million hectare (1.6% of
national area) in 2003-04 and below average yields of 2.3 t/ha (against a national average of
2.7 tha), with 79% of wheat area being irrigated (MoA 2005a; Annex 2). With an estimated
0.3 million hectare of rice-wheat system area, West Bengal comprises only 2.7% of the
rice-wheat system area of the IGP in India (Sharma et al. 2004). Most of the rice-wheat
system falls in the central alluvial and the Barind Plains (Table 3). The State of West Bengal
dominates jute production in India, with its area of 0.6 million hectare amounting to 63% of
the national area and 75% production in 2003-04 (MoA 2005a). Cropping patterns are thus
primarily rice based, including rice (aman)-rice (boro), rice-jute, rice (aman)—potato—rice
(boro), rice—potato—onion and rice-wheat.

West Bengal’s rice production was boosted during the 1980s by the introduction of boro rice
in combination with the advent of shallow tubewell irrigation. Before winter irrigation, the
principal rice crops were aus rice (planted in the early rains) and aman rice (planted in the
mid- to late-rains). Since the advent of irrigation, there was a significant shift of cultivated
area away from aus towards higher yielding boro: irrigated rice planted during the dry winter
(rabi) season and harvested in April-May. Boro cultivation spread rapidly during the 1980s,
but has slowed in the 1990s due to increasing constraints to converting further land to boro,
including limited water availability (Sarkar 2006). Aman remains the most important rice
crop, accounting for 62% of rice production and is harvested in November-December. Boro
rice now contributes approximately 32% of total rice production of the state and aus rice
only 3% (Sen et al. 2003).

There was substantial crop diversification in West Bengal in the 1980s and 1990s. Potato
production increased rapidly in the 1980s at nearly 9% p.a., making West Bengal the second
largest producer of potato (after U.P.) and first in terms of average yields. The state also
showed a significant increase of horticulture and is now a major producer of vegetables,
accounting for around 17% of total vegetable production in the country—aided by the
provision of cold chain facilities for preservation of perishable goods in producing areas
(GoWB 2004, 75). In addition to potato, eggplant (brinjal), cabbage, cauliflower and tomato

are important vegetables. Mango, pineapple, papaya, guava and litchi are important fruits.
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Although the performance of the agricultural sector has been well above the national
average, its prospects have been dented by the decline in crop prices for farmers from 1996
onwards and rising input prices (GoWB 2004, 8).

The rice-based cropping systems are complemented by the livestock sector. Compared with
the low poultry numbers reported in Bihar and U.P. further upstream, poultry reasserts itself
as the dominant stock with 3 fowls for every 4 humans in West Bengal. Poultry includes
significant numbers of ducks (28%). Excluding poultry, the remaining herd at the state level
is about equally split between small ruminants (49%) and cattle (45%). Small ruminants are
primarily goats and typically local breeds (e.g. Black Bengal). The cattle comprise primarily
desi (indigenous) cattle, only 5.9% being crossbred, both for dairy and draught. Pigs and
buffalo contribute about 3% each to the herd numbers (Table 5).> Overall the State of

West Bengal has witnessed an increase in livestock numbers over the last decade (+41%),
although the relative increases in the livestock population vary by type (Table 5). The major
shift was the increase in the number of poultry (+62%) followed by significant increases in
the number of pigs (+36%) and small ruminants (+30%). Large ruminants also increased,
but at significantly slower rates: cattle increased 8% and buffalo numbers increased 7%.
These trends have made West Bengal the most densely stocked state of India for a number of
livestock types in addition to being the most densely human populated state. Whereas West
Bengal comprises only 2.7% of India total geographic area, it has 11% of the nation’s cattle
population (desi and crossbred), 12% of the small ruminants and poultry and 10% of the pigs
(Table 5).

Table 5. Livestock populations in West Bengal State and India in 1992 and 2003

1992 2003

West Bengal o India West Bengal o India

(x 10% ° (x 10%) (x 10%) ° (x 10%)
Crossbred cattle 15,215 1,119 5.1% 22,073

17,453* 8.5%
Indigenous cattle 189,369 17,794 11.3% 156,865
Buffaloes 1,012 1.2% 84,206 1,086 1.2% 93,225
Small ruminants 15,658 9.4% 166,062 20,299 11.5% 176,101
Pigs 955 7.5% 12,788 1,301 9.6% 13,571
Poultry 37,407 12.2% 307,069 60,656 12.4% 489,012

Source: MoA (2004b). * crossbred cattle and indigenous cattle combined. % reflects the state’s share of the
national herd.

In West Bengal, 25% of rural households are cultivators, 33% are agricultural labourers
while other occupations make up the remainder 42% of rural households (Business World

3. The foregoing %s in the text refer to the share of the state herd. The % in Table 5 reflect the state’s share of
the national herd.
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2005, 92). The average farm size of 0.8 ha in West Bengal is low compared to the national
average of 1.3 ha (MoA 2006), reflecting its high rural population density. Marginal farmers
(<1 ha) constituted 77% of landholdings and another 15% are small farmers (1-2 ha, Table
6). The farm size distribution is the historical reflection of a high population density, ongoing
subdivision of landholdings, traditional land tenure systems and the implementation of

land reform. Land reform in West Bengal comprised both the provision of greater security
of tenure to tenant cultivators (‘barga’—permanent cultivation right given to cultivators) and
redistribution of vested land (‘patta’—transfer of ownership). Redistribution through land
reforms peaked in the 1980s and slowed down in the 1990s (GoWB 2004; Sarkar 2006).
The extent of land reform in West Bengal was such that it accounts for 20% of total land
redistribution in India and for 47% of all India beneficiaries. Taken together, barga and patta
have covered 41% of the rural population of West Bengal (GoWB 2004, 34).

Table 6. Land size distribution in West Bengal State and India in 2000-01

Marginal Small Semi-medium Medium Large

State (<1ha) (1-2 ha) (2—4 ha) (4-10 ha) (>10 ha) 1Ot
. West Bengal  80.4 14.9 4.2 0.5 0.0 100

% of landhold
o of landholdings | o 630 189 117 5.4 1.0 100
Land size (ha/  West Bengal ~0.51 159 277 5.12 279 0.82
household) All India 040 141 272 5.80 1718 132

Source: MoA (2006).

The success of the land reform in West Bengal was aided by the continuous rule by a leftist
government for more than a quarter of a century (since 1977) with a vision of political,
economic and social change (GoWB 2004, 3). Land reform was one of the two key strategies
at the state level (see GoWB 2004, Chapter 2 for an overview). The second key strategy was
decentralization and people’s participation through Panchayat institutions (see GoWB 2004,
Chapter 3).

The Panchayat system in West Bengal is a three tier system: Village level (Gram Panchayat),
block-level (Panchayat Samiti) and district level (Zila Parishad) council. Members are
responsible for the administration of local public goods (public buildings, water, roads)
and identify targeted welfare recipients. Members are elected by the people and thereby
directly accountable. The Panchayat system has existed formally in most of the major states
of India since the early 1950s. However in many other states (including U.P. and Bihar)
the Panchayat institution did not assume any active role and no elections were held. The
first election in West Bengal took place in 1978 and elections have taken place at five-year
intervals ever since. The Panchayat system provided the rural poor with representation,

a share in the decision-making process and a kind of dignity and social prestige (Sarkar
2006). The Panchayat system enabled significant poverty alleviation, particularly where land
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was distributed more equally, the poor became more literate, there were fewer low caste
households and local elections were more contested (Bardhan and Mookherjee 2004).

The combination of land reforms and the reorganization and greater emphasis on panchayats
helped initiate agricultural growth (GoWB 2004). During 1983 to 1993-94, West Bengal
achieved unprecedented growth in agricultural output and reduced the degree of inequality
in the distribution of rural consumption (Banerjee et al. 2002; Chattopadhyay 2005) aided by
rural employment generation. It has been suggested that the favourable equity implications
were associated with having small farmers involved right from the very beginning of the
agricultural transformation (Sarkar 2006). Consequently, boro rice remained a labour-
intensive form of cultivation by small cultivators on small plots of land using mainly family
labour (GoWB 2004, 90).

The indirect effects of agricultural growth created a wider market for mass consumption
goods and stimulated significant diversification into non-agricultural activities, particularly
up to the mid 1990s. Indeed, West Bengal witnessed a substantial growth in small-scale
manufacturing and service activities in rural areas over the 1990s, whereby manufacturing
output increased nearly 7% p.a. despite near stagnation in the organized sector (GoWB
2004, 37). This contributed to making West Bengal one of the fastest growing states in India
with a per capita growth rate of 5.4% over the period 1993-94 to 2000-01 (GoWB 2004).
However, agricultural growth itself slowed down significantly in the 1990s (Banerjee et

al. 2002; Sarkar 2006). The rate of growth of rural employment and average earning of the
agricultural labour households thereby decelerated with adverse effects for rural income
distribution (Chattopadhyay 2005).

The overall stagnation of aggregate rural employment in the recent past has made
employment generation the most pressing concern in West Bengal today. The state’s
experience thereby has become similar to the rest of the country. For India as a whole,
the collapse in rural employment has been marked: with all forms of rural employment
increasing by less than 0.6% p.a. over the period 1993-94 to 1999-2000, i.e. 1/3 the rate
of rural population growth. This results from the increase in non-agricultural employment
in rural areas generally not being fast enough to adequately compensate the decline in
absolute employment in agriculture (GoWB 2004, 89). Another worrying sign is that West
Bengal, along with Bihar and Uttar Pradesh, are the only major Indian states exhibiting
negative industrial employment growth for the period 1980-81 to 1997-98 (Sarkar 2006).
West Bengal thereby was subject to a relative industrial decline: in 1980-81 West Bengal
produced 9.8% of the industrial output produced in India, as against only 5.1% in 1997-98
(Banerjee et al. 2002).
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West Bengal’s high population density exerts significant pressure on basic infrastructure

as well as on the provision of health and education services. Tables 7 and 8 present

selected indicators in relation to the Millennium Development Goals (MDGs) and overall
development for the surveyed districts and for West Bengal as a whole. A striking contrast
across the surveyed districts is the relative poverty level of Malda: nearly half the population
below the poverty line and nearly a quarter going hungry. Malda tends to score low on

most indicators, whereas Nadia and Medinipur tend to have more favourable indicators
approximating the state average. The indicators also highlight significant gender differences
in literacy and reported work participation. Low women participation thereby suggests a
combination of greater restrictions on women’s economic agency as well as social lack

of recognition of women’s unpaid work (GoWB 2004, 14). There also seems to have been
limited support to women'’s concerns and empowerment in government programs, especially
in skill enhancement and access to (financial) resources. Human development in West
Bengal thus presents a mixed picture. Indeed, whereas the overall Human Development
Index for West Bengal was 0.61, Malda district ranked lowest of all districts with an index of
0.44 whereas Nadia and Medinipur ranked in the middle (GoWB 2004, 13). Medinipur has
split in 2002 into West and East, with W Medinipur ranking together with Malda amongst
the seven West Bengal districts that were listed as India’s 150 disadvantaged districts by the
Planning Commission, Govt. of India (ICAR 2006).

Table 7. Selected MDG related development indicators at district level

% of
loof % of house- Infant mortality children , Gross enrolment
population : getting Literacy ..
below the holds going rate (per 1000 complete  rate (%) 210 (elementary
; ungry births) comple " level, %)
poverty line immuniza-
tion
Malda 47.8 22.9 62.0 38.9 50.7 73.5
Nadia 253 9.4 62.0 68.9 66.6 88.9
Medinipur * 23.8 59 60.0 46.0 75.2 88.9
Average all
West Bengal 31.7 9.7 56.0 53.3 66.7 83.1

Source: derived from Debroy and Bhandari (2003).
* Undivided Medinipur district (i.e. W and E combined).
1. Unweighted average across all districts.

The Rice-wheat Consortium (RWC) has recently tried to synthesize the biophysical and
socio-economic drivers and modifiers of agricultural development in the IGP. Table 9
presents the RWC’s summary description for the LGP, which corresponds with the West
Bengal Plains. The table highlights the influences and interactions of natural, physical and
human capital, and to which can be added the important elements of social and financial
capital. These factors are key to our better understanding of the dynamics of agriculture, rural
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development and the underlying livelihood strategies within these densely populated plains

with significant rural poverty. The summary serves as a useful complement to the livelihoods

framework (Figure 2) when reviewing the responses from the village surveys.

Table 8. Selected additional development indicators at district level

0-6 sex

ratio % of 0-6 Pupil Female work o ©f women
year olds  Female:male b N receiving skilled
(female in the literacy ratio teacher participation 4 ention durin
per 1000 lati Y ratio (%) &
male) population pregnancy
Malda 967 37.4 70.3 85.7 21.7 29.7
Nadia 975 25.1 82.6 102.7 13.3 77.5
Medinipur* 952 27.5 75.8 66.2 15.0 54.8
C\yeesrf%irf;]l 963 27.9 75.3 78.4 16.1 53.4

Source: derived

from Debroy and Bhandari (2003).

* Undivided Medinipur district (i.e. W and E combined).
1. Unweighted average across all districts.

Table 9. Characteristic biophysical and socio-economic features of the Lower-Gangetic Plain

Biophysical

Socio-economic

Climate

Physical
features

Irrigation

Energy

Bio-climate

Hot subhumid, annual rain-
fall up to 1800 mm of which
70-78% received in monsoon
season

Alluvial soils, medium fine
textured calcareous and acidic
soils, gently sloping, low-lying,
flood prone; drainage conges-
tion, ground water quality low
due to fluorides and arsenic.
Holdings fragmented and rela-
tively small sized. Farms highly
diversified and flood prone.
Irrigated agriculture mainly

in winter season; life saving
irrigation in monsoon season,
intensive

ground water development.

Favourable to Rice based sys-
tems; highly diversified

Farmer characteristics Middle level education and

Infrastructure for in-
puts; technology and

extension

Marketing of produce

Research support

Policy support

enterprising with less capac-
ity to take risks; farmers
generally poor and more risk
prone. Agricultural holdings
fragmented but relatively
small sized. Farms highly
diversified. Private sector
agro-industries less con-
spicuous.

Good infrastructure with
good extension support

More favourable to rice

Premier institutional network
exist

Adequate

Source: unpublished background tables developed for RWC (2006).
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4 Livelihood platforms
4.1 Livelihood assets

The income of a household largely depends upon utilization of available resources. These
are the basic building blocks upon which households are able to undertake production,
engage in labour markets and participate in reciprocal exchanges with other households
(Ellis 2000, 31). The assets of the surveyed villages have been largely categorized into five
asset categories: natural capital, physical capital, human capital, financial capital and social
capital (Figure 2).

4.1.1 Natural capital

The main natural capital assets utilized by the people to generate means of survival in the
surveyed villages comprise land, water and livestock. There is a high pressure on land: 93%
of the village land area is reportedly cultivated, which is significantly higher than the reported
state level data (61%—Annex 1). In each cluster, one or two out of the six surveyed villages
were predominantly landless and implied an extremely high pressure on the limited land (e.g.
in the Nadia cluster one village had 50% and another 80% landless; in Malda one village
had 49% and another 67%; in Medinipur one village 60%). About 70% of households in all
the surveyed villages have access to land, with an average landholding of 0.7 ha per farm
household (Table 10). These figures compare reasonably well with aggregate state level data
(landless rural population 33%,; average farm size 0.82 ha—Annex 1). Although not significant,
there was a tendency for farm size to be extremely low in Medinipur (0.4 ha per household).

Table 10. Natural capital indicators

Access to land  Farm size Herd size (# of cow

Cluster Altitude (m)? (% of house-  (ha/farm equivalents per house-
hold) household)  hold)®

Malda 30a 72 0.6 2.8 ab

Nadia 29 a 63 0.8 1.7 a

Medinipur 89 b 73 0.4 3.8b

Mean 49 (44, 18, 0.01) 69 0.7 2.8

(s.d., n, p.) (23, 18, ns) (0.5,18,ns) (1.6, 18, 0.06)

s.d.: standard deviation; n: number of observations; p.: Significance of group-effect. ns: non-significant (p >
0.10). Data followed by different letters differ significantly—Duncan multiple range test (significance level:
0.10), within column comparison.

a. Indicative value from GPS.

b. Using following weights: 1.2 for buffalo, crossbred cows and draught animals; 1 for desi cows and equines;
0.1 for sheep, goats and pigs; and 1.4 for camels.

The landscape in the Malda and Nadia clusters is primarily plain and of low altitude (30 m
above sea level [asl], Table 10). The Medinipur cluster at an altitude of some 90 m asl has

agricultural plains dissected with lateritic and forested uplands. The plains in the surveyed
communities are highly suitable for crop agriculture although subject to the availability of
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water and with depressions subject to significant seasonal flooding during the monsoon
season. The incidence and extent of seasonal flooding aggravates the land pressure in the
communities. Particularly in the Lower Gangetic Plains (LGP) the importance of the topo-
sequence (upland-midland-lowland) is readily apparent and determines land use and
diversification opportunities and the corresponding value of the land. In the Nadia cluster,
the highland is intensively used for horticulture and other upland crops whereas the lowlands
are restricted to rice during the monsoon. In the Malda cluster, there was also a clear
distinction between the potential use of upland and the flood prone lowland. In Medinipur,
the upland often was forested, with single rainfed cropping in the midland (during rain
season June-September) and with double cropping limited to the irrigated lowlands. The
Medinipur cluster also seemed to have relatively poorer soils (laterite) of low/medium fertility.

Compared to the other IGP states, West Bengal has a relatively high rainfall. Although 76%
still falls during the monsoon, the rains received in the pre-monsoon and post-monsoon
period are significant and extend the growing season. Nonetheless, land use intensification
and productivity increases imply the need for additional irrigation, an issue further
elabourated below. Malda falls north of the Tropic of Cancer and has a relatively cool winter,
whereas Nadia and Medinipur are tropical.

Groundwater is a key natural asset for irrigation development. However, in the Malda cluster
the water table was reportedly deep (60-100 m), limiting its development and keeping
agriculture predominantly rainfed. In the same cluster there were also reports of declining
water tables. The use of groundwater for drinking and domestic purposes is widespread in
the LGP as surface water is often mismanaged. High levels of arsenic in the groundwater are
increasingly recognized as a serious threat to public health and already causing widespread
poisoning in Bangladesh (Ahmed et al. 2006; Hossain 2006). In West Bengal, high levels of
Arsenic have been detected in 64 blocks of 8 districts exposing a population of 5.9 million.
In Nadia district 13 out of 15 districts and in Malda 5 out of 15 districts are affected. In one
surveyed village each in the Malda and Nadia clusters, there were indeed specific reports of
elevated arsenic levels in groundwater. The natural and manmade surface water bodies and
inland fisheries provide additional natural resources. Particularly in the Malda cluster, fish
ponds and fish farming were reported.

After land and water, livestock is the next main natural asset both in terms of value and
prevalence. Livestock ownership is widespread with an average livestock herd of 2.8 cow
equivalents per household (Table 10). However, the herd size varied significantly across clusters,
with the Nadia cluster having 1.7 and the Medinipur cluster 3.8 cow equivalents per household.

There is occasional significant tree cover in and around the surveyed communities, with
mango orchards in the Malda cluster, miscellaneous fruit trees in homesteads and uplands in
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the Nadia cluster and community forests in Medinipur. The trees and bamboo are important

sources of construction material, fruits and fuel.

4.1.2 Physical capital

The physical capital asset base is relatively undeveloped and scarce. The surveyed villages
typically had low coverage of utility services (electricity, piped water), a low penetration of
telephones and about half availability of public transport (Table 11). A notable exception
was the relative rural electrification in the Nadia cluster, probably linked to its proximity

to Kolkata. Overall though, rural infrastructure was still relatively better than neighboring
Bihar State and E U.P. The density and quality of the rural road network is reasonable, both
in the surveyed villages and at the state level (road density of 56 km/km* — Annex 1). Travel
times to the nearest urban centre were on average three-fourth of an hour and to the nearest
agricultural market a little more than half an hour (Table 12). The Malda and Medinipur
clusters were also relatively remote despite reasonable road infrastructure. The Malda cluster
reported problems with drinking water.

Table 11. General physical capital indicators
Public water  No. of phones  Availability

Electricity .

Cluster supply (% of  (#/100 house-  public transport
supply (% of household)} )i hold)  hold) (% of villages)

Malda 47 b 0 9 50

Nadia 75b 5 10 67

Medinipur 8 a 0 2 50

Mean 44 2 7 56

(s.d., n, p.) (44, 18, 0.02) (7, 18, ns) (8, 18, ns) (42, 18, ns)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.

Table 12. Selected market access indicators

Travel timeto  Travel time to
Good access road

Cluster (% of villages) z:;ki)ﬁztggnter ?r%}?fjtletlsj)ral market
Malda 67 53 40

Nadia 60 50 46

Medinipur 50 43 14

Mean 59 48 34

(s.d., n, p.) (51, 18, ns) (32,17, ns) (28, 16, ns)

Compared to the other IGP states, the relative lack of irrigation development is particularly
striking. Although irrigation was widespread in the Nadia cluster, only 43 and 31% of the
village area was reportedly irrigated in the Malda and Medinipur clusters, respectively (Table
13), which compares to state level data (44%—Annex 1). All the three surveyed clusters also

22



lacked access to canal irrigation. Rural electrification made electric tubewells the primary ir-
rigation source in all surveyed villages in the Nadia cluster and in a quarter of villages in the
Malda cluster. In contrast, diesel tubewells were the prevailing primary irrigation source in
the Malda and Medinipur clusters. In the Medinipur cluster pumping from surface water bod-
ies was the primary irrigation source in 2 out of 5 surveyed villages. Pumping from surface
water bodies was also reported for the other clusters as secondary irrigation source. It typi-
cally implies irrigation with a diesel pump and loose hose. These figures compare with the
relative irrigated area share by source at the state level: 53% tubewell irrigated, 11% canal
irrigated and 36% from other sources (Annex 1).

Table 13. Irrigation indicators

Primary irrigation source (% of villages, n=15)

% of area ir- Pumped from

Cluster

rigated Electric TW Diesel TW Canal surface water
Malda 43 a 25 75 0 0
Nadia 93 b 100 0 0 0
Medinipur 31a 0 60 0 40
Mean 56 47 40 0 13
(s.d. n, p.) (43,18, 0.02)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.

Compared to the other IGP states, the relative lack of (4 wheel) tractors is another striking
contrast. There is only one tractor for every 67 farm households. This reflects the overall
low tractor density across West Bengal State (0.6 tractors/100 ha cultivated), which is low
both compared to the remainder of the IGP and India as a whole (Annex 1). The low tractor
numbers in part reflect a relative preference for power tillers (2-wheel tractors), of which
there are about equal number as tractors in the surveyed communities. However, power
tillers were primarily concentrated in the Nadia cluster. In terms of power tillers West Bengal
reportedly ranks first in the country. For instance, the Economic Survey reports that out of a
total of 16,018 power tillers sold nation wide in 2000-01, 5,161 were sold in West Bengal.
No combiners or zero-tillage (ZT) drills were reported in the surveyed communities (Table
14). The Medinipur cluster particularly stood out for its relative lack of mechanization and
heavy reliance on animal traction.

4.1.3 Human capital

Human capital comprises the labour and skills available to the household. The average family
size is 6.5. The derived population density at the village level amounts to 1700 people/km?
(Table 15), a figure nearly double the rural population density at the state level (900—Annex
1). Over a third of the household heads in the surveyed villages had no formal education.
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Assuming no formal education to be synonymous with illiteracy, the implied literacy was
substantially lower than the reported male literacy rates at the state level (78%—Annex 1).
Illiteracy appeared to be particularly high in the Malda cluster (Table 15). The importance of
education was widely acknowledged amongst the villagers, as illustrated by the investment of
farm households in the education of the youth. The Medinipur cluster seemed to be relatively
more affected by disease/health problems.

Table 14. Mechanization indicators

No. of tractors No. of power tillers No. of combines  No. of ZT drills
Cluster (per 100 farm house-  (per 100 farm house- (per 100 farm (per 100 farm
hold) hold) household) household)
Malda 1.9 0.5 0 0
Nadia 2.2 3.5 0 0
Medinipur 0.5 0.0 0 0
Mean 1.5 1.3 0 0
(s.d., n, p) (2.8, 18, ns) (4.0, 18, ns) (0, 18, ns) (0, 18, ns)

Table 15. Human capital indicators

Village level Family size  Household head with
Cluster population density (#/ho&/sehold) no formal education

(people/km?) (% of household)
Malda 1400 6.7 47
Nadia 1800 6.8 31
Medinipur 1900 5.8 34
Mean 1700 6.5 37
(s.d., n,p.) (700, 17, ns)* (2.5,18,ns) (33, 18, ns)

* One village of Medinipur excluded due to extreme value.

4.1.4 Financial and social capital

Specific indicators for financial and social capital were not collected in the surveyed
communities, but from the village discussions it became clear that they played an
important and varied role that merits closer attention in future studies. These assets and
the underlying processes like the social relations that shape them were perceived to be
too problematic and sensitive to collect and quantify reasonably within the surveyed
communities, particularly in view of our rapid scoping study with outsiders spending only
half a day in each community.

Financial capital comprises the stocks of money to which the households have access.
Convertible assets and cash savings from the various productive activities are important
sources of financial capital in the surveyed villages. Livestock often plays an important role as
a productive convertible asset. From the discussions it became clear that financial constraints
were common place and many households relied on the local credit market to alleviate
these leaving a number significantly indebted. The scarcity of financial capital and the
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corresponding working capital constraints were readily apparent in the Malda and Medinipur
clusters. In the Nadia and Medinipur clusters indebtedness was frequently observed. The
importance of small ruminants in West Bengal (relative to the TGP and W U.P; see section
5.2) may reflect its role as a reserve of financial capital that is more easily divisible than a
cow or buffalo in households with scarce financial capital.

Social capital comprises the community and wider social claims on which individuals and
households can draw by virtue of their belonging to social groups of varying degrees of
inclusiveness in society at large (Ellis 2000, 36). On average, the surveyed communities
comprised 1700 people and 280 households (Table 16), providing a rough indicator of social
coherence. Social capital influenced some of the transactions within the community (e.g.
mobilization of labour, credit, machinery, crop residues, and milk). Social capital most likely
also plays an important role in times of crises. Rogaly and Rafique (2003) have illustrated
the importance of maintaining supportive networks of kin for West Bengal rural women in
nuclear families to cope with periods when men are absent for seasonal migration. At the
same time group identities based on religion and ethnicity are strengthened through the
experience of migration and deployed by some migrants to make this form of employment
less degrading (Rogaly et al. 2002).

Table 16. Village size

Cluster # of people # of households
Malda 1800 ab 330 ab

Nadia 2700 b 410b
Medinipur 500 a 100 a

Mean 1700 280

(s.d., n, p.) (1500, 18, 0.05) (260, 18, 0.10)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.

4.2  Access modifiers

The translation of a set of assets into a livelihood strategy composed of a portfolio of income
earning activities is mediated by a great number of contextual social, economic and policy
considerations. The key categories of factors that influence access to assets and their use in
the pursuit of viable livelihoods are access modifiers on the one hand and the trends and
shock factors on the other (Figure 3). Access modifiers include social relations, institutions
and organizations and comprise the social factors that are predominantly endogenous to
the social norms and structure of which the rural households are part. The trends and shock
factors consist predominantly of the exogenous factors of economic trends and policies and
unforeseen shocks (e.g. floods) with major consequences on livelihood viability (Ellis 2000,
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37-8). The access modifiers as pertaining to the study sites are reviewed here, whereas the

subsequent section reviews the trends and shocks.

4.2.1 Social relations

The social positioning of individuals and households within society play an important role

in the communities. Social divisions existed in the communities surveyed in West Bengal,
but compared to the other IGP states, there was less overt evidence of social exclusion of
particular individuals or groups within the communities (e.g. based on caste, class/wealth,
origin, gender). All the West Bengal clusters had significant numbers of scheduled tribes, and
for instance the Malda and Medinipur clusters fall in tribal belts whereby tribal institutions
play a prominent role. Still, as in the case of social capital, and exacerbated by the
sensitivities involved (e.g. in the case of caste) specific indicators of social relations within
the surveyed communities were difficult to collect through the approach followed.

Gender inequity still plays a key role, although relatively less explicit than in the upstream
IGP states. Female literacy at the state level compares favorably with the national average,
but at 60% is substantially lower than male literacy (78% — Annex 1). Nonetheless,
compared to the other IGP subregions, more women participated in the village surveys and
were relatively vocal. For instance, in the Malda cluster women, including landless, were
frank and participated actively, with one village even being dominated by a lady. But women
labourers in the Malda and Medinipur clusters were paid less than males (see labour market
discussion below). Women in the cluster villages were typically involved in both crop and
livestock activities (Table 17). Although women reportedly participated in all crop and all
livestock activities, there often was a gender-based division of labour, and often there was
less female participation in plowing and milking. The prevailingly Muslim population also
implied that women generally cannot work in other people’s fields and seasonal migration is
male dominated. The reported levels of women having some say over the derived crop and
livestock income are typically only half the level of their reported involvement (Table 17).
Contrary to the other IGP subregions (Erenstein et al. 2007a), there was generally no marked
difference between the crop and livestock sector in terms of women'’s involvement or say
over income.

Table 17. Gender issues

Women involved in Women have say in
Cluster Crop activities Livestock activities Crop income  Livestock income
(% of villages) (% of villages) (% of villages) (% of villages)
Malda 100 83 33 33
Nadia 83 83 50 50
Medinipur 100 100 50 50
Mean 94 89 44 44
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4.2.2 Institutions

Land and credit market

Land is typically privately held. Previous land reforms at the state level have redistributed
land and regulated share cropping arrangements. In the surveyed communities, the rental
and sales market of private land were largely monetized, particularly in the Nadia cluster.
Land prices are significantly higher in the Nadia cluster, with rental prices more than double
the reported rates in the Malda and Medinipur clusters, and sales prices double those of the
Medinipur cluster. The differences are largely a reflection of the Nadia cluster’s proximity to
the Kolkata metropolis and its agro-ecological potential (Table 18). The land rents however
also vary significantly by type of land. For example, in the Nadia cluster the land rent for
upland suitable for vegetable production is double that for lowland suitable for rice only,
reflecting the importance of topography and incidence of seasonal flooding. Similarly, in
the same cluster, reported sales prices for upland are typically 150-200% those of lowland.
The ratio of rental to sales price averages 4%. This indicator of the average annual return

to investment in land thereby is lower than the prevailing rate of interest. This suggests that
despite the high pressure on land, capital remains the most limiting production factor.

Table 18. Selected credit and land market indicators

Interest rate Irrigated land rental Irrigated land purchase Rental: h

Cluster moneylenders  price (x 10° price en a((.)ﬁ);uc ase
(%lyear) INR/ha)* (x 10° INR/ha) price {7

Malda 92 10a 310 ab 3.2

Nadia 95 21b 420 b 5.1

Medinipur 120 8a 210 a 3.8

Mean 98 14 320 4.2

(s.d., n, p.) (28, 10, ns) (8,15, 0.01) (130, 15, 0.01) (1.7, 13, ns)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.

a Based on combination of reported values and estimated values. Estimated values replace missing values using
reported purchase price in village and 4.2% as average rental:purchase price ratio.

Compared to the other subregions in the IGP, credit markets are undeveloped in West
Bengal, further compounding the scarcity of capital. Informal moneylenders meet the bulk
of credit demand in the surveyed villages. Reported informal interest rates average 8%

per month (Table 18), which was significantly higher than the rates charged in the other
surveyed subregions of the IGP (Erenstein et al. 2007a). Two out of six villages in each of
the clusters even reported rates of 11-12% per month. Other sources of credit include

the provision of inputs on credit, credit from market traders and consumer credit from
cooperative societies.
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Labour market

There is an active rural labour market in each community. The average wage rate amounted
to INR 42-43/day in the Malda and Nadia clusters (Table 19), but only INR 33/day in the
Medinipur cluster. In the Nadia cluster, food was generally provided to the labourers, but

in the Malda cluster this was not necessarily the case. In the Medinipur cluster the work

day was reportedly relatively short (5 hr). Wage rates thereby are the lowest amongst all the
clusters surveyed throughput the IGP (Erenstein et al. 2007a). These reported rates are in
stark contrast with the official minimum wage for agricultural workers in West Bengal of INR
111.77/day without meals in 2003, which supposedly is the highest rate in the country as per
Minimum Wage ACT. 1948.

Table 19. Selected labour market indicators

Mal Female: Peak: Labour Seasonal seasonal
Cluster alewage 1o wage  average scarcxtx |n-m|grgtlon out—mlgratlon

rate (INR/day) . . (% ofvil- (% ofvil- (% of vil-

ratio wage ratio
lages) lages) lages)

Malda 42b 0.7 a 1.2 17 17 100
Nadia 43 b 1.0b 1.5 17 67 50
Medinipur 33a 0.9b 1.4 67 50 83
Mean (s.d., n, p.) 39 0.8 1.4 33 44 78

(8,18,0.09) (0.2,18,0.00)(0.3, 14, ns) (49, 18, ns) (51,18, ns) (43, 18, ns)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.

Crop labour needs are highly seasonal. Still, in view of abundant labour and small farm

size, only a third of the villages reported seasonal labour scarcity (Table 19). This is in

stark contrast with the other IGP subregions (Erenstein et al. 2007a). Furthermore, seasonal
labour scarcity tended to be limited to the Medinipur cluster. Wage rates typically still do
increase with an average 40% during peak periods in the three surveyed clusters, such as rice
harvesting and rice transplanting. In the Nadia cluster during peak periods, labourers tended
to be paid by task.

The Nadia cluster stood out as having ungendered wage rates: male and female rates

were reportedly the same—a unique feature amongst all surveyed clusters across the IGP
(Erenstein et al. 2007b; Singh et al. 2007; Thorpe et al. 2007). At 70% of the prevailing
wage rate, female wage rates were significantly lower than male wage rates in the Malda
cluster, although this could partly reflect differences in working hours and the type of tasks
implemented (Table 19). Women labourers tend to be local.

The Medinipur cluster and particularly the Malda cluster are labour surplus and net suppliers
of agricultural labour. All villages in the Malda cluster and 5 out of 6 in Medinipur report
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seasonal out-migration, typically seasonal male migrants move to urban centers and rural
areas for rice transplanting and harvest. The Malda cluster appeared to have a higher
propensity for mobility to urban centers and other states, whereas labourers from the
Medinipur cluster seemed more likely to move to other agricultural districts within the state.
Compared to seasonal out-migration, seasonal in-migration to the villages is less common,
particularly in the Malda cluster. The Nadia cluster presents the most balanced picture,
reflecting inter alia its relatively intensive agriculture. Indeed, in the Nadia cluster villages
with significant land tended to have year-round work (say 290+ days), a labour deficit and no
need for out migration. This contrasted with the relatively landless villages in the same cluster
which typically were labour surplus and needed to supplement their local work opportunities
with seasonal and permanent out migration.

Rogaly and associates (Rogaly et al. 2001; Rogaly and Rafique 2003) have described the
agricultural labour markets in West Bengal, where migrant rice labourers are recruited
directly by individual employers at busy labour market places or in migrants” home villages.
Hiring arrangements were entirely verbal, and the ‘going rate’ could vary substantially and
with uncertainty for labourers about actual payment at the end of the job and the size and
nature of the accompanying meals. Employment could be by the day, or by the task on piece
rates and working hours were long and arduous, especially in the summer heat. An informal
wage floor has been put into place and managed by the peasant union allied to the largest
party in the Left Front regime (Rogaly et al. 2002).

Agricultural input and output markets

There is marked differentiation amongst surveyed communities in terms of external input

use (Table 20). The Nadia cluster stood out as having the highest and near universal rates of
improved seed purchase and use of chemical fertilizers and herbicides. This is a reflection of
the intensive horticultural and rice crops grown there and suggests input availability is not an
issue. The purchase of improved seeds is particularly associated with the horticultural crops,
as for rice seed re-use is common. The Medinipur cluster stood out for having near negligible
use of herbicides, a reflection of the prevailing low wage rates. Purchase of improved seed
was also low, although chemical fertilizer was reportedly universal. The Malda cluster
showed relatively intermediate levels of 50-70% for the three inputs. At a use rate of 68% of
farmers, the chemical fertilizer use was however the lowest amongst all the surveyed clusters
across the IGP (Erenstein et al. 2007b; Singh et al. 2007; Thorpe et al. 2007). The low use
rates are a likely reflection of the risks inherent to flood plain cultivation with uncontrolled
flooding. Indeed, despite widespread poverty, resource constraints are likely to play a lesser
role as herbicide use was relatively widespread. Herbicide use may be attractive despite the
low wage rates in view of enhanced timeliness of weeding. There are also active markets for
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tractor services (the Malda and Nadia clusters) and animal traction services (the Medinipur
and Malda clusters), as reflected by ownership rates typically being lower than use rates
(Tables 14, 30 and 45).

Table 20. External input use (% of household reportedly using)

Cluster Purchase improved seeds ~ Chemical fertilizers  Herbicides
Malda 57b 68 a 47 b

Nadia 98 c 100 b 85 b
Medinipur 28 a 100 b 3a

Mean 59 89 47

(s.d., n, p.) (37,17, 0.00) (29, 18, 0.07) (48, 15, 0.01)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.

Despite being the largest rice producing state and having reached surplus in cereal
production by 1999-2000 (GoWB 2004, 128), West Bengal is not an important source

for rice procurement for the Food Corporation of India (FCI) and thereby does not figure
amongst the actual beneficiaries of the Minimum Support Price (MSP) schemes for rice and
wheat (World Bank 2005, 21). Rice is produced both for self-consumption and marketing,
with surplus rice generally marketed through local markets and traders. Wheat is not widely
produced and any surplus is marketed locally. As a result, farmer reported prices for paddy
and wheat are more variable and less closely associated with the MSP (Table 21). Wheat
prices are somewhat more favourable than the MSP for 2004-05 (INR 6.4/kg). Paddy prices
were highest in the Nadia cluster and more favourable than the MSP for 2004-05 (INR
5.6/kg common grade), whereas they were low in both Malda and Medinipur cluster. The
differential paddy price is likely associated with the development of rice value chains in
response to rice marketable surplus and market access differences between the clusters. The
domination of West Bengal in national jute production implies an active role for the Jute
Corporation of India, which procures a tenth of production with a MSP of INR 8.9/kg for
2004-05.

Table 21. Selected commodity prices (INR/kg, farm gate)

Cluster Wheat Paddy
Malda 6.7 52a
Nadia 7.2 6.9b
Medinipur 6.6 49a
Mean 6.8 5.7

(s.d.,n,p) (0.6,9,ns) (1.0,15,0.00)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.

For comparative purposes selected livestock prices were compiled during the group
discussions (Table 22). The reported purchase/sale prices for desi cattle were typically half
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those of cross-bred cattle. Buffalo are uncommon, so that few buffalo prices were reported,
with a tendency to be similar to those reported for cross-breds. Goats/sheep fetched INR
500-800/head. Milk prices were relatively constant at INR 9-11/litre across the three
surveyed clusters. Surprisingly, prices tended to be lowest in the Nadia cluster despite its
proximity to Kolkata and milk marketing seemed to be an issue. Most milk was reportedly
traded through local milk salesmen without industrial processing and/or consumed/sold
locally within village/household.

Table 22. Selected animal and produce prices (INR, farm gate)

Clust Local cow Crossbred cow  Buffalo Milk

uster (INR/head)  (INR/head) (INR/head) (INR/liter)
Malda 3800 8200 11,000 9.8
Nadia 4600 9100 - 9.3
Medinipur 3100 7800 7800 11.0
Mean 3800 8500 8600 10.0
(s.d., n, p.) (1800, 17, ns) (4500, 11, ns) (2300, 4, ns) (1.3, 15, ns)

In the Nadia cluster most markets tended to be monetized. In the Malda cluster, some
interlinking of produce markets was reported (e.g. 1 kg pork = 10-15 kg rice, exchange after
harvest). There is also an active market for rice residues, which will be dealt with in more
detail when discussing crop-livestock interactions (section 6.1).

4.2.3 Organizations

In terms of organizations, the study focused the discussions on agricultural services. The

use of artificial insemination (Al) provided the starkest contrast between the clusters, being
widely used in the Nadia cluster and relatively unused in the Malda and Medinipur clusters
(Table 23), thus mirroring the prevalence of desi cattle in the latter two clusters. However,
Al seemed to be constrained by its availability. The reported increasing trend in Al use in the
Nadia and Malda clusters was directly associated with enhanced availability. In the Malda
cluster, Al was apparently available in some villages, but completely absent in others. Some
villages with Al in the Malda cluster also reported having access to 3 different grades (exotic,
upgrade, local). The Medinipur cluster reportedly lacked Al services. Veterinary services
were reportedly used by three-fourth of households in surveyed communities, as against
half reporting livestock extension and a third crop extension services (Table 23). Across the
clusters the use of veterinary services was on the increase. The Medinipur cluster reported
reliance on private veterinary services, which were reportedly more expensive (e.g. INR
50-100 vs. INR 5 charge) but more readily available and used. Input dealers/shops emerged
as an important information source for farmers.
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The Panchayat institution is one particularly prominent and functional organizational feature
in rural West Bengal, with the village being the lowest of the three tiers. The village-level
Gram Panchayat played an active role in village endeavors and allowed for decentralization
and people’s participation. The Gram Panchayat also played a role in agricultural extension
and access to information. Some self help groups were also reported. In the Medinipur
cluster the lack of access to hospitals and education emerged as problems. the Nadia cluster
benefited from the proximity to various agricultural institutions, Nadia district hosting the
State Agricultural University, the State Veterinary University, the Eastern Station of National
Dairy Research Institute, and the Indian Veterinary Research Institute.

Table 23. Use of selected agricultural services (% of household reportedly using)

Cluster Artificial insemination  Veterinary services Livestock extension Crop extension
Malda 6a 83 41 36

Nadia 73b 75 54 15

Medinipur 2 a 65 68 56

Mean 28 75 53 36

(s.d., n, p.) (40, 17, 0.00) (34, 15, ns) (41, 13, ns) (42,12, ns)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.

4.3  Trends and shocks

Rice is the traditional food crop in the surveyed communities of West Bengal. Wheat never
was nor currently is a major crop in any of the surveyed clusters. In the Nadia cluster wheat
reportedly dropped out of the cropping system around the turn of the century. Boro rice and
its associated irrigation development have transformed large swathes of rural West Bengal.
Of late though, the advent of these forces has been running out of steam, including increased
difficulties to tap deep and/or declining groundwater tables. The boro rice—irrigation
combination also has largely bypassed the Malda and Medinipur clusters, which seemed
agriculturally stagnant and at significantly lower levels of agricultural development than

the Nadia cluster. The most striking difference between the clusters was the prevalence

of irrigation and year round cropping in Nadia as compared to the primarily rainfed and
single cropped the Medinipur cluster, with an intermediate position for the Malda cluster.

In the Nadia cluster cash crops grown for the market were on the increase, including
vegetables and floriculture. In the Malda cluster, the crops on the increase presented a more
mixed picture, but included a shift towards more rice-wheat in some villages. Crops that
have dropped out generally included sugarcane and aus rice. The decline of sugarcane,
particularly in the Malda cluster, was often associated with market issues (including low
price) and its long duration. The decline of aus rice was associated with its low productivity
and pest and weed problems. In the Malda cluster, some of the crop changes were driven by
the incidence of flooding, including a shift from aus rice to jute and tobacco to potato. There
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were various other crops that were on the decline in some of the communities, often due to a

range of both market and technical constraints.

In terms of livestock, the perceived trend for desi cattle in the surveyed communities was
downwards or stagnant, whereby declines were attributed to the low yield and grazing
constraints. Buffalo numbers were either stagnant or downwards. In contrast, particularly in
the Nadia cluster, cross-breds were on the increase, driven by their higher yield and profit
and facilitated by the increased availability of Al services. In the Medinipur cluster crossbred
trends presented a more mixed picture. In terms of small ruminants the picture was varied
across the surveyed clusters. In the Nadia cluster, goats were on the increase driven by

their profitability. In contrast, goat trends in the Malda and Medinipur clusters tended to

be stagnant or downwards. Whereas sheep trends were stagnant in the Malda cluster, they
were reportedly downwards in the Medinipur cluster driven by their unfavourable smell and
grazing constraints. Perceived trends in poultry were upwards for the Nadia cluster, and more
mixed for the other clusters. In the Medinipur cluster, Newcastle disease was reported as a
major constraint that occasionally decimated the poultry population.

In terms of crop production practices, the use of external inputs like improved seed,
chemical fertilizer and herbicides were on the increase, driven by the inherent
productivity/yield gains. In the Medinipur cluster the use of high yielding rice varieties
was increasing, whereas these varieties had already made significant inroads in the other
clusters. Another striking contrast between the surveyed clusters was the relative lack of
mechanization in the Medinipur cluster (Table 24), which still primarily relied on animal
traction. In contrast, in the Malda cluster and particularly the Nadia cluster, tractor use
(4-wheel and 2-wheel) was widespread and on the increase, driven by enhanced timeliness
and wider availability (owned or rented). No combiner use was reported in any of the
surveyed communities. Mechanical wheat threshers, common in the upstream subregions,
were not observed, whereas some manual paddy threshers were. In the other IGP states
zero tillage wheat using a tractor drawn zero tillage seed drill has been spreading recently.
In none of the surveyed communities in West Bengal was there any knowledge or use of
the zero tillage seed drill (Table 24). In part, this reflects the limited wheat area and the
only very recent efforts to accelerate the diffusion of zero tillage in West Bengal. Some of
the surveyed communities did report the use of manual no-till practices, like the direct
seeding of lathyrus as a relay into a standing rice crop.

The high population density and still positive population growth (1.8% p.a. at for West
Bengal) exert considerable and increasing pressure on the already intensively used natural
resource base. Above (section 4.1.1) we have already reported the increased incidence of

Arsenic poisoning afflicting rural communities of West Bengal. Malda district stands out
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as having the second largest population growth rates of the state (2.5% p.a. GoWB 2004,
10). In part, this is associated with the reportedly increasing Bangladeshi population.

The proximity of the border also adversely affected the Malda cluster villages through
reportedly higher insecurity levels. Some communities reported the potential theft of
animals which reduced investment incentives in livestock. Some border villages thereby
reportedly kept the animals for safekeeping within the house during nighttime whereas the
people slept outside.

Table 24. Mechanization and zero tillage (ZT) indicators

Use of tractor Use of combiner Knowledge of ZT Use of ZT
Cluster (% of farm (% of farm house- (% of ’llg es) (% of farm
household) __hold) o ofviflag household)
Malda 72 b 0 0 0
Nadia 95 b 0 0 0
Medinipur 20 a 0 0 0
Mean 66 0 0 0
(s.d., n, p.) (40, 15, 0.01) (O, 5, ns) (0, 18, ns) (0, 0, ns)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.

Natural calamities (flooding, drought, disease) presented occasional shocks with widespread
impact in the communities surveyed. In addition, individual households were also subjected
to the range of individual and social shocks that typically affect the rural poor (e.g. accidents,
sudden illness, loss of access rights, etc), with immediate effects on the livelihood viability of

the individuals and households concerned.
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5  Livelihoods strategies

The asset status of households, mediated by social factors and exogenous trends and shocks,
results in adoption and adaptation over time of livelihood strategies. Livelihood strategies
are dynamic and are composed of activities that generate the means of household survival
(Ellis 2000, 40). The present chapter reviews the main livelihood activities in the surveyed
communities: crop production, livestock and non-farm based activities.

5.1  Crop production

Crop production is the major activity for households with access to land (owned or hired, i.e.
farm households). With irrigation there are two main crop seasons/year, each season with its
distinct set of crops.

In the kharif/monsoon season, the average village cropped area is primarily allocated to

rice (71%) and a lesser extent horticulture (19%, primarily vegetables, but also some fruit
orchards) and fallow (7%, due to flooding), with marginal areas under pulses/oilseeds, other
cereals (typically maize), fodder crops and sugarcane (0-1% each — Table 25). Rice is the
dominant monsoon crop across the clusters and grown in all surveyed communities. Still, the
Medinipur cluster stands out by its near sole cropping of rice during the monsoon, whereas
in the Nadia and Malda clusters there are also significant areas under horticulture. This
reflects both a wider occurrence of horticulture (reported in 5 out 6 villages in the Nadia and
Malda clusters, as against 2 out of 6 for the Medinipur cluster) and stronger specialization.
The relative horticulture area in the Malda cluster is somewhat inflated by one village having
most of its cultivable area as mango orchard. Summer maize cultivation was reported in half
the surveyed villages in the Malda cluster, albeit on relatively limited areas. Compared to the
other IGP subregions, the lack of kharif fodder crops is particularly striking, and was only
reported in 2 out of 6 villages in the Nadia cluster.

Table 25. Crop share of kharif area (% village cultivable area)

Cluster Rice Other Sugarcane Horticulture Pylses/ Other - Fodder
cereal oilseeds crops crops
Malda 58 a 3b 1 21 0 0 0
Nadia 53 a 0a 0 33 2 0 1
Medinipur 102 b O0a 0 2 3 0 0
Mean (s.d., p.) [n=18] 71 (38, 0.03) 1 0 19 1 0 0
(3, 0.07) (1, ns) (27, ns) (3, ns) (0, ns) (1, ns)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.
1. Includes some double cropping during kharif—aus and aman.

35



In rabi/winter season, the village cropped area is relatively diverse and allocated to horticul-
ture (23%, including potato and vegetables), non-wheat cereals (16%, particularly boro rice),
pulses/oilseeds (14%, including gram, lathyrus, lentil, rape, mustard), wheat (5%), and other
crops (4%, particularly jute—Table 26). Due to irrigation constraints, boro rice is primarily
limited to the Nadia cluster (4 out of 6 villages reporting, with only one village in the Malda
cluster). Horticulture area is quite variable, with a tendency to be highest in the Nadia cluster
and lowest in the Medinipur cluster. This primarily reflects stronger specialization (with horti-
culture being the main non-monsoon crop in half the villages in the Nadia cluster) as winter
horticulture was reported across the clusters (reported in all villages in the Nadia cluster and
4 out of 6 villages in the Malda and Medinipur clusters). The extent of horticulture is limited
by irrigation and market access. Compared to the other IGP subregions, the limited wheat
area and the absence of winter fodder crops are particularly striking. Still, wheat was report-
edly cultivated in 5 out of 6 villages in the Malda cluster and 4 out of 6 villages in the Nadia
and Medinipur clusters. Winter maize was reported in only one village in the Nadia cluster.
Irrigation constraints implied more fallow land which was used for grazing (reported in three
villages in Malda and four villages in Medinipur, as against only one village in Nadia).

Table 26. Crop share of rabi area (% of village cultivable area)
Horti-  Pulses/  Other Fodder

Cluster Wheat Other cereal Sugarcane culture oilseeds  crops  crops
Malda 7 12 ab 0.3 22 15 6 0
Nadia 6 37b 0.0 41 12 4 0
Medinipur 2 Oa 0.0 7 14 0 0
Mean (s.d., p.) [n=18] 5 16 0.1 23 14 4 0

(5, ns) (29, 0.07) (0.5, ns) (28, ns) (20, ns) (8, ns) (0, ns)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.

Rice-based cropping systems thereby prevail across the three clusters (78% overall, Table

27). The main rice-based cropping systems included rice—fallow (39%, prevailing in the
Medinipur cluster), rice (aman)-rice (boro) (22%, mainly the Nadia cluster), rice-pulses/
oilseeds (11%) and rice-horticulture (6%). Only 6% of the cropping systems were wheat
based (fallow-wheat) and were limited to the Malda cluster. The remaining 17% had
horticulture based systems. The dominance of rice in the cropping pattern (all the clusters) is
thereby prominent. In neither season were major differences in cropping patterns reported for
large- and small-scale farmers.
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Table 27. Main cropping system (% of villages)

Cluster Rice based Wheat based Other
Malda 67 17 17
Nadia 67 0 33
Medinipur 100 0 0
Mean [n=18] 78 6 17

The seasonal cropping intensity in the surveyed villages averages 93% in kharif and 62% in
rabi, resulting in an annual cropping intensity over two seasons of 155% (Table 28). How-
ever, there is a marked gradient in cropping intensity across sites, with a low of 130% in the
Medinipur cluster and a high of 188% in the Nadia cluster. In the rabi season the gradient is
even more marked, reiterating the underlying irrigation gradient and the intensive land use

in the Nadia cluster. In fact, Nadia district is the most intensively cultivated district in West
Bengal and government statistics estimate only six districts to have a cropping intensity above
200% (Nadia—250, Hoogly—220, 24 Parganas North—209, Murshidabad—210 and How-
rah—206). The official district level estimate thereby is substantially higher than our cluster
level estimate, an issue related to the downward bias of our estimate being based on the two
main cropping seasons only. Another issue to note is that the cropping intensity and the un-
derlying area shares are relative to the village cultivable area. It should be noted though that
the Medinipur cluster is primarily rainfed, so that the monsoon area and village cultivable
area largely correspond, explaining the 100% kharif cropping intensity. In the two other clus-
ters though, irrigation facilities and incidence of flooding implies that kharif cultivated area
and rabi cultivated area do not necessarily correspond. The figures are for indicative purposes
and do highlight the main points. That is, the Medinipur cluster has a low cropping intensity,
with widespread winter fallow due to irrigation constraints. The Nadia cluster has an inten-
sive cropping year-round, whereas the Malda cluster takes an intermediate position.

Table 28. Cropping intensity indicators (% of cultivable land)

Cluster Kharif Rabi Annual
Malda 83 62 b 145 ab
Nadia 88 100 ¢ 188 b
Medinipur 100 30a 130 a
Mean 93 62 155

(s.d.,n,p) (29,18, ns) (44,18,0.00) (48, 18, 0.09)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.

The reported paddy yields (4.4 t/ha) are relatively favourable compared to those reported in

U.P. and Bihar, but still lower than those reported in Punjab and Haryana. In contrast, the
reported wheat yields (2.5 t/ha) are relatively low and comparable to those reported in Bihar,
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a reflection of the relatively marginal environment for wheat (short growing season). There
were no marked productivity differentials between the clusters for paddy or wheat (Table 29).

On average half the rice produced is marketed, but there is tendency for rice to be primarily
produced for the market in the Nadia cluster and primarily for home consumption in the
Malda and Medinipur clusters (Table 29). The marketed share compares well against the
average marketed surplus ratio of 55% for the triennium 1999-2002 for rice at the State

level (Annex 1; MoA 2004a). In the Medinipur cluster there generally appeared to be limited
surplus, a reflection of the limited farm size and single cropping. Still, there were reports of
forced selling of produce in the Medinipur cluster to liquidate debts. In the Malda cluster
there was a consumer preference for aman rice over boro rice. In the Nadia cluster parboiling
of rice was common practice. Wheat is primarily produced for own consumption, reflecting
the generally limited wheat area and low yields (Table 29).

Table 29. Rice and wheat: Yields and marketed surplus

Cluster Wheat (t/ha) Paddy (tha) Marketed share wheat (%) Marketed share paddy (%)
Malda 2.5 3.9 22 45

Nadia 2.3 4.4 0 63

Medinipur 2.5 4.8 40 35

Mean 2.5 4.4 21 50

(s.d., n, p.) (.6, 7, ns) (1.0, 15, ns) (22, 5, ns) (27,15, ns)

Compared to the upstream IGP subregions, wheat largely disappears from the agricultural
system in the West Bengal clusters, reflecting productivity constraints and its generally limited
human consumption. Instead, rice asserts itself as the dominant crop in terms of food, feed
and income, aided by the limited agricultural alternatives for the flood-prone lowlands during
the monsoon.

5.2 Livestock production

The village surveys confirmed widespread ownership of livestock to complement the
rice-based cropping systems as the basis of rural livelihoods (Table 30). The widespread
ownership of backyard poultry (57% of households, including duckery) is particularly striking
compared to the relative absence of poultry in the upstream IGP subregions (Erenstein et al.
2007a). Furthermore, there is a tendency for poultry ownership to increase from a third of
households in the Malda cluster in the North to 85% of households in the Medinipur cluster
in the South. Backyard poultry prevails: none of the surveyed villages reported commercial
(broiler and layer) chickens, the development of which has been limited to peri-urban areas
of West Bengal. Poultry was owned by both landless and landed households.
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Table 30. Livestock ownership (% of household)

Caprine Equine
Local Crossbred .
Cluster Buffalo Cow cow Draught and Pigs Poultry and
ovine camel

Malda 3 90 b 3a 29 a 72b 2 33 0
Nadia 1 11a 63 b 6a 23a 1 52 2
Medinipur 5 76 b 2a 64b 63b 2 85 0
Mean (s.d., p.) [n=18] 3 58 23 33 (34, 0.00) 53 (34, 2 57 0.6

(6, ns) (40, 0.00) (34, 0.00) 0.02) (3, ns) (45, ns) (2, ns)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.

Desi cattle are the prevailing stock across the three clusters, but show a marked
concentration in the Malda and Medinipur clusters: respectively 90 and 76% of households
owning desi cattle (Table 30) and an average of 2.1 and 1.8 heads per village household
(Table 31). Desi cattle are relatively absent from the Nadia cluster. Instead, crossbreds show
a marked concentration in the Nadia cluster: 63% of households owning crossbred cattle
(Table 30) and an average of 1.3 heads per village household (Table 31), but being relatively
absent from the other two clusters. Milk yields of desi cattle are low and milk in Malda and
Medinipur cluster is thus primarily used for domestic consumption (Table 32). In contrast in
the Nadia cluster, the prevalence of the higher yielding crossbreds implies that the milk is
primarily marketed (Table 32). As indicated earlier (Table 22) and reflecting the productivity
differential, the reported prices for cross-bred cattle were typically more than double those
of desi cattle and there was a trend towards cross-breds where Al facilities were available.
Crossbreds also seemed to be constrained by the lack of feed resources to maintain the
animals, particularly in the Malda and Medinipur clusters.

Table 31. Livestock numbers (heads/household)

Caprine

Cluster Buffalo Local Crossbred Draught and Pigs Poultry Equine and

cow cow . camel
ovine

Malda 0.0 2.1b 0.0a 03a 2.3 0.0 0.2a 0.0

Nadia 0.0 0.1a 1.3b 0.Ta 1.2 0.0 1.9a 0.0

Medinipur 0.1 1.8b 0.0a 1.0b 3.7 0.1 82b 0.0

Mean (s.d., p.) 0.1 1.4 0.4 0.4 2.4 0.0 3.4 0.0

[n=18] (0.1, ns) (1.0, 0.00) (0.7, 0.00) (0.6, 0.01) (2.2, ns) (0.1, ns) (4.2,. 00) (O, ns)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.
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Table 32. Livestock and milk sales

Herd size (# of cow Regular livestock Non-local livestock Marketed share milk

Cluster ﬁg::ﬁg?éi i (S;!eci);f villages) (S‘;le;f villages) (% of output)
Malda 2.8ab 17 0a 42 a
Nadia 1.7 a 0 0a 84 b
Medinipur 3.8b 0 50 b 24 a
Mean (s.d., n, p.) 2.8 6 13 52

(1.6, 18, 0.06) (25, 16, ns) (34, 16, 0.03) (37,14, 0.03)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.

Small ruminants (goats and sheep) showed a similar contrast between the Nadia cluster

and the Malda and Medinipur clusters, with respectively 23 and 63-72% of households
owning small ruminants. Compared to cattle, small ruminants were often preferred by the
smallholders and landless due to their relative divisibility (i.e. smaller units providing more
transaction flexibility) and regularity (i.e. short gestation period). This is consistent with other
studies (Rangnekar—2006) and reiterates the prevailing resource constraints.

Draught animals showed a marked concentration in Medinipur: 64% of households owning
(Table 30) and an average of 1.0 heads per village household (Table 31). As expected, this

is inversely related to tractor use (Table 24). Draught animals are primarily bullocks, with
occasionally a few male buffalos.

Particularly striking is the relative absence of buffalo in the West Bengal clusters, compared
to the upstream IGP subregions (Erenstein et al. 2007a). Some of the respondents related
this to cattle being easier to manage and the lack of labour for supervision. In fact, labour
constraints seemed to affect overall livestock management and grazing prospects in the
surveyed communities.

The divergences between the clusters imply that the Medinipur cluster has the highest
average livestock herd: 3.8 cow equivalents per household. The corresponding figure for the
Nadia cluster is only 1.7, with an intermediate value of 2.8 for Malda (Table 32).

The important role of livestock again extends to the landless, with 10-100% of landless
households keeping livestock. The types of stock owned by the landless were generally
mixed, including goats, cows and poultry. The few instances with pigs were typically
landless.

Sales and purchases were not regular occurrences (Table 32). Livestock transactions tended
to be local, except for the Medinipur cluster where half of the villages reported sales outside
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the locality (Table 32). There were also some livestock health issues, particularly in the
Medinipur cluster, linked to feeding practices and the incidence of Newcastle disease.

In summary, and compared to the other IGP subregions upstream, the West Bengal clusters
thereby show: (i) a relatively limited role and income from dairy; (ii) near complete
substitution of cattle for buffalo; (iii) a spatial heterogeneity in terms of the prevalence of
desi cattle (the Malda and Medinipur clusters) and cross-breds (the Nadia cluster); and (iv)
the importance of backyard poultry. The more limited dairy role is likely associated with

marketing constraints, lower milk consumption and the increased reliance on ricefish diets.

5.3 Non-farm based activities

As well as crop and livestock production, rural households in the surveyed communities
were variously engaged in different types of off-farm activities. Such activities typically
included farm labour on other farms, self employment and employment/service elsewhere.
The Nadia cluster benefited from its proximity to the Kolkata metropolis and the related
non-farm labour opportunities (e.g. masonry, industry, trading). In the Malda cluster, some
cottage industries like rope making were reported (reportedly sold @ Rs4/kg rope, generating
approximately INR 10/day).

Particularly the engagement in farm labour can be seen as an indicator of relative poverty
due to its low wages, low status and seasonality, and is often associated with landlessness

or a very small holding. Indeed, working as a farm labourer was the main employment for
the landless in the three clusters. Most farm labourers worked locally and, when migrating
seasonally, tended to remain within the state and did so during the times of rice harvesting
and rice transplanting. More than three-fourth of the surveyed villages mentioned members
of some households seasonally migrating out of the village (Table 19), mainly to work as farm
labour in other villages.

Rogaly and associates have documented the plight of the landless and role of seasonal
migration for agricultural work from densely peopled regions in West Bengal. They report that
seasonal migration can involve practical welfare gains, but the costs and risks of migration
remain high (Rogaly et al. 2002). Seasonal migration, of mainly Muslim men traveling
without their wives, is reportedly from 10 days to about a month. It gives the migrants the
opportunity to acquire lump sums for the equivalent of 10 to 25 US dollars (Rogaly and
Rafique 2003).
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5.4 Relative importance of livelihood activities

Across all the surveyed villages in West Bengal, the main livelihood activities were crop
farming (60%), farm labour (23%), employed outside district (11%), livestock rearing (4%)
and self employed (2%) (Table 33). The importance of livestock rearing was thereby relatively
low compared to the other IGP subregions surveyed (Erenstein et al. 2007a). Although not
significant, there is a tendency for employment on other farms to be relatively higher in

the Malda cluster. Similarly, there is a tendency for employment outside the district to be
relatively higher in the Nadia cluster, a likely reflection of the opportunities offered by its
proximity to the Kolkata metropolis. Overall though, there was only limited variation over
the clusters, despite the differential asset base available to the households, as reviewed in the

previous chapter.

Across surveyed villages, smallholders predominated (61%) followed by landless poor (35%).
Large farmers (2%) are uncommon. Wealth is closely associated with access to land in these
rural communities, and consequently landless rich households are uncommon (2%), and
largely limited to the Nadia cluster with its more significant non-agricultural opportunities.
There is relatively little variation over the clusters (Table 34). Despite the reportedly
widespread land reforms in West Bengal (see chapter 3), the share of landless poor is still
relatively high and comparable to that reported across the surveyed clusters of neighbouring
Bihar (Thorpe et al. 2007). Elsewhere in West Bengal, it has been reported that rural
inequality had increased as the control over land and water, and hence wealth, had become
more highly concentrated. Increasing land prices, conflicts over land titles and high dowry
costs had led many to lose land (Rogaly and Rafique 2003).

Table 33. Main livelihood activity (% of household)
Crop Livestock Employed

Employed outside

Cluster farming rearing  on other farms Self employed yiciiict
Malda 57 0 30 2 1
Nadia 59 2 20 4 15
Medinipur 65 8 18 1 8
Mean 60 4 23 2 11
(s.d., p)In=18]  (27,ns) (7, ns) (21, ns) (4, ns) (12, ns)

Access to land thus provides a key indicator for differentiating amongst household livelihood
strategies. For the larger landed households, crop production appeared as the main livelihood
source. In the case of the Malda cluster, fruit orchards were particularly important. For small-
holders crop and livestock are typically complementary. Their relatively small land holdings
however generally limit the income from crop production. In the Malda cluster some small-
holders reportedly leased out their limited land to a larger landlord and subsequently hired

42



out their own labour. Landless households depend primarily on their labour asset used both

locally and through seasonal migration, with livestock providing an important contribution.

Table 34. Categorization of village households (% of household)

Small farmers Large farmers

Cluster Landless rich Landless poor (<4 ha) (>4 ha)
Malda 0 38 59 3
Nadia 4 29 65 2
Medinipur 1 33 67 0
Mean 2 35 61 2
(s.d., p.) [n=18] (5, ns) (27, ns) (28, ns) (3, ns)

Labour plays another key role in shaping the household livelihood strategies. Family labour
provides the lion’s share of the labour needs for crop and livestock production. Half the farm
households used casual labour to supplement family labour in crop production. This tended
to be substantially higher in the Nadia cluster, reflecting the more intensive cropping systems.
Other uses of non-family labour are virtually absent (Table 35).

In sum, the rural livelihoods in the West Bengal clusters revolved around rice-livestock
systems. For landed households, the crop component thereby generally was more important
than the livestock component for household income whereas landless depended primarily on
farm labour. Only in the Nadia cluster were the agricultural systems relatively intensive. The
combination of resource constraints and the relatively low productivity levels prevailing in
the Malda and particularly in the Medinipur cluster strengthened risk aversion and made the
systems subsistence oriented that sometimes resorted to distress sales.

Table 35. Labour use by enterprise

Crop Livestock
Use of Use of Use of Use of
Cluster casual labour  permanent labour casual labour ermanent labour
(% of farm (% of farm house- (% of house- (F:,/ fh hold)
household) hold) hold) o OF househo
Malda 45 1 0 0
Nadia 70 0 2 0
Medinipur 40 0 0 0
Mean 52 0 1 0
(s.d.,p.) [Nn=18] (40, ns) (1, ns) (2, ns) 0, ns)

43



6  Crop-livestock interactions

The previous two chapters presented the livelihood platforms and livelihood strategies
pursued by the surveyed communities. Within this context, the present chapter specifically
looks into the crop-livestock interactions. We start by reviewing the flows of the crop
activities into the livestock activities. Particular emphasis is put on understanding crop
residue management and livestock feeding practices. We subsequently address the reverse
flows from livestock into crop activities, particularly in terms of manure and traction services.
The chapter ends with an assessment of crop-livestock interactions.

6.1 Crop residue management

Crop residues (straw) constitute an important by-product of crop production and all the
surveyed communities reported their use as animal feed. There is however significant
variation over crops. Crop residue use as animal feed amongst the rural households is near
universal for rice. In the Malda cluster, there is also some reported use of maize residues,
whereas in the Medinipur cluster some potato residue was reportedly used. However, and

in marked contrast with the other IGP subregions (Erenstein et al. 2007a), the share of
households using wheat residues as feed was marginal (Table 36). The already marginal use
of wheat straw had a tendency to decrease further along the North-South gradient. Two
factors largely explain this marked contrast in the use of rice and wheat straw. First, rice has
long been the traditional and prevailing food crop in West Bengal resulting in a tradition of
rice straw use as livestock feed that extends into Bangladesh. In contrast, wheat is a relatively
recent arrival and its cultivation relatively limited. Second, wheat straw is relatively sturdy
and its use as animal feed elsewhere has benefited from the mechanical threshing that
prevails in the traditional wheat growing areas. This mechanical threshing chops the wheat
straw into more palatable pieces. However, in West Bengal, mechanized threshing has yet to
make significant inroads.

Table 36. Crop residue collection for ex situ livestock feed (% of household)

Cluster Wheat Rice Maize
Malda 6 96 33

Nadia 3 100 0
Medinipur 1 100 -

Mean 4 99 25

(s.d., n, p.) (6, 14, ns) (6, 18, ns) (50, 4, ns)

There appears to be considerable variation in the livestock pressure on the crop residues over
the clusters (Table 37). Particularly the pressure on generic crop residues shows a marked
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difference: the Medinipur cluster reported levels more than triple those reported in the Malda
and Nadia clusters. This is the combined result of the Medinipur cluster having the

largest herd size (in cow equivalents), the lowest cropping intensity and a tendency to have
the smallest farm size. The limited wheat area inflates the nominal pressure on wheat resi-
dues, although this is of limited practical interest in view of the limited feed-use of wheat
residues. Though there is a tendency for divergences over the clusters in terms of pressure on
rice and cereal residues in general, these differences are not statistically significant, reflect-
ing considerable variability and our limited sample size. The pressure on crop and cereal
residues in West Bengal is markedly higher than that reported in the other IGP subregions for
this study (Erenstein et al. 2007a), reflecting West Bengal having the lowest farm size with
intermediate herd size (in cow equivalents) and relatively low cropping intensity (particularly
due to the Medinipur and Malda clusters).

Table 37. Indicators of livestock pressure on crop residues

Cluster On crop residue  On cereal residue  On wheat residue On rice residue

(cow eq./ha) (cow eq./ha) (cow eq./ha) (cow eq./ha)
Malda 4.7 a 10.8 95 a 22
Nadia 26a 6.6 61 a 7.5
Medinipur 14.2b 16.3 641b 17
Mean 7.2 11.3 253 15
(s.d., p.) [n=18] (10, 18, 0.10) (11,18, ns) (431,13,0.08) (19, 18, ns)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.

The rice crop is harvested manually, whereby the rice plants are cut just above the soil
surface (see Annex 5:2). The crop bundles are subsequently brought to a central place in the
field or elsewhere for threshing, thereby facilitating the collection and use of crop residues.
The threshing of paddy is generally done manually or with a paddle thresher, keeping the rice
residue relatively intact. The remaining rice residue bundles are kept in the open in heaps

or stacks, often protected from the elements by an inclined thatch roof of rice residues (see
pictures in Annex 5). To further reduce spoilage, the stacks are slightly elevated above the
ground level so as not to be in direct contact with the soil surface or water (e.g. some villages
in the Medinipur cluster used a bamboo base). A tenth of the residues are reportedly lost due
to rain spoilage and rodents. Rice residue use as livestock feed is year-round and storage is
therefore typically 12 months (Table 39). Prior to feeding, rice residues are chaffed, typically
manually using a knife or sickle. In the Medinipur cluster this was done with a specially
designed chaffing knife (see Annex 5:15). In stark contrast with the other IGP subregions
(Erenstein et al. 2007a), there was a general lack of mechanical chaff cutters in West Bengal.
Wheat is also harvested and threshed manually. Wheat straw is only sparingly used or stored
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as feed, and in cases when stored, only stored seasonally for 4 months. One village in the
Medinipur cluster reportedly soaked the wheat straw in water prior to feeding to make it
softer (less stiff).

Crop residue use as livestock feed primarily relies on harvesting and storing the residues for
ex situ use (stall feeding). In situ stubble grazing complements the residue collection from

the same cereal field and is reported in 2/3 of the surveyed villages (Table 38). The practice
of stubble grazing in West Bengal thereby is markedly more common than in the other
subregions of the IGP (Erenstein et al., 2007a). This is driven by the high livestock pressure on
the crop residues and relative feed shortages, and in part facilitated by the prevalence of desi
cattle and the limited irrigated area in the Medinipur and Malda clusters (i.e. more winter
fallow). Grazing in situ was more common in rice fields than after the wheat crop (Table 40),
reiterating the preference for rice straw as feed. Stubble grazing varied from a few days in
between crops to half a year in fallow rainfed fields.

Table 38. Crop residue management practices (% of villages)

Cluster Ex situ feed use  In situ grazing  Non-feed use In situ burning
Malda 100 67 83 17

Nadia 100 67 100 17

Medinipur 100 67 100 0

Mean 100 67 94 11

(s.d., n, p.) (0, 18, ns) (49, 18, ns) (24, 18, ns) (32, 18, ns)

Table 39. Duration of crop residues storage (months)

Cluster Wheat Rice
Malda 4 11

Nadia 4 13
Medinipur - 11

Mean 4 12

Mean (s.d., n, p.) (1,3,ns) (2,18, ns)

Table 40. Crop residue grazed in situ (% of households)

Cluster Wheat Rice
Malda 24 67

Nadia 40 67
Medinipur 0 67

Mean 23 67

Mean (s.d., n, p.) (42,14, ns) (49, 18, ns)
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In addition to the use of crop residues as livestock feed, West Bengal also has a near universal
use of crop residues for non-feed uses (Table 38), including the use for fuel and construction
material. Rice straw was used for thatching/construction, rope, fuel and occasionally for
mulching vegetables (reported in one village each in the Nadia and Medinipur clusters).
Wheat straw and other crop residues were primarily used as fuel and for thatching/

construction. Non-feed use extends to non-cereal crop residues (e.g. mustard, sesame, jute).

In view of the intensive residue utilization limited residues remain in the field at the time of
land preparation (see Annex 5:2). As a result, the practice of in situ burning of crop residues
as a land preparation measure is uncommon (Table 38). In situ burning is a traditional
practice for cleaning fields, removing weeds and fertilizing by adding ash before the onset
of rains. Only in one out six villages in the Malda and Nadia clusters did some farmers
reportedly resort to this practice. In the Malda village this was reportedly associated with
termite infestation on wheat residues, whereas in the Nadia village this was associated with
the limited turn-around time after aman rice.

Crop residue sales were the universal crop residue transaction between households in

the surveyed clusters (Table 41). In contrast with the other IGP subregions (Erenstein et al.
2007a), none of the surveyed villages in West Bengal reported the use of crop residues as in-
kind payment nor were crop residues given away, likely a reflection of the limited farm size
and pressure on the crop residues (Table 41).

Table 41. Crop residue transaction practices (% of villages)

Cluster Sales In-kind payment  Given away
Malda 100 0 0
Nadia 100 0 0
Medinipur 100 0 0
Mean 100 0 0

(s.d.,n,p.) (0,18, ns)

—

0, 18, ns) (0, 18, ns)

Crop residue transactions were limited to rice residues and were not reported for wheat
residues. About 1 out of 5 households in the surveyed communities is engaged in the rice
residue market as net seller and 1 out of 4 as net buyers (Table 42). Net sellers outnumber net
buyers in the Nadia cluster, whereas the reverse is true in the Malda and Medinipur clusters.
This is associated with the tendency for the pressure of livestock on the crop residues to be
somewhat lower in the Nadia cluster (Table 37). In the Nadia cluster, rice residue sales were
reportedly an important additional cash income.
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Table 42. Categorization of households as deficit or surplus in crop residue (% of household)

Cluster Surplus (net seller) Deficit (net buyer)
Wheat Rice Wheat Rice

Malda 0 11 0 35

Nadia 0 40 0 15

Medinipur 0 12 0 24

Mean 0 21 0 25

(s.d.,n,p) (0,13, ns) (28,18, ns) (0,18, ns) (31,18, ns)

Rice residue trading is based both on quantity (e.g. ‘kahan’) and area. Residue sales tend to
be local with some purchases from outside. Transactions are both directly between buyer
and seller and through traders (e.g. the Medinipur cluster). Within the surveyed communities,
carting of significant amounts of rice residue was regularly observed (see Annex 5). Residue
transactions over larger distances also occur, particularly from significant rice residue
surplus areas to rice residue deficit areas like Kolkata, as illustrated by the occasional rice
residue stacks/marketing points along the highway. However, compared to the wheat straw
(bhusa) market in upstream subregions, the rice residues trade in West Bengal seems to be
less widespread. This seems to be a reflection of a number of associated factors that reduce
the incentives to trade residues. For one, there is a higher and more spread out supply of
residues. Whereas wheat is always limited to a single winter season, rice in West Bengal is
grown in up to three seasons (aman, boro, aus). Rice residue prices are also relatively lower
than wheat prices in the upstream areas (Erenstein et al. 2007a). Finally, relatively high local
demand also limits the extent of rice residue surplus, whereas purchasing power limitations
may constrain demand.

The price of rice residue showed seasonal variation, whereby the overall average across sites
of INR 0.8/kg varied from a seasonal low of INR 0.6 after the rice harvest to a seasonal high
of INR 1.2 (Table 43). There was a tendency for rice residue prices to be relatively high in the
Malda cluster compared to the two other clusters. Rice residue prices were also affected by
varieties and cropping season. One village in the Nadia cluster reported a 33% price
premium for rice residues from fine grained varieties over coarse grained. Although both
aman and boro rice residues are widely used in the Nadia cluster, one village reported rice
straw from the aman season to fetch INR 0.5/kg, double the corresponding price for boro
season (INR 0.25/kg). A village in Medinipur also reported higher prices for aman over boro
rice, although relatively less pronounced (INR 1/kg and 0.8/kg, respectively). The cropping
season effect is associated with varieties as rice varieties between the seasons can differ, and
particularly in the boro season the use of high yielding varieties is widespread.
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Table 43. Rice residue prices (INR/kg)

Cluster Average Peak Trough
Malda 1.2 1.8 0.8
Nadia 0.6 0.8 0.5
Medinipur 0.7 0.9 0.5
Mean 0.8 1.2 0.6

(s.d.,n,p.) (0.6,17,ns) (1.1,15,ns) (0.3,15, ns)

Varietal choice for rice and wheat mainly reflected grain yield considerations. Some villages
reported that, in addition to grain yield, they considered market demand/quality of the

rice variety and its pest resistance. One village reiterated the importance of topo-sequence
resulting in upland, mid-land and lowland varieties. Only five villages (spread across the
three clusters) considered rice residue in their varietal choice, typically in terms of residue
quantity and quality. In the Medinipur cluster one village reported the preference for paddy
straw of local (desi) varieties, which was perceived to be more palatable, durable and not
subject to spoilage. The same desi rice was also preferred for making country beer.

The prevalence of rice in West Bengal as the traditional food and feed crop thereby has

a marked effect on crop residue management. Particularly striking are the general lack of
wheat residue use as feed and the labour intensive residue management and use practices. A
particular feature of West Bengal was the more readily perceivable grading of rice straw for
feed and its association with seasonal and varietal differences.

6.2 Livestock feed inputs and availability

As discussed in section 5.2, livestock production in the West Bengal clusters is dominated

by desi cattle and small ruminants in the Malda and Medinipur clusters and cross-bred cattle
in the Nadia cluster. Both desi and crossbred cattle are fed through the year (Table 39) on a
basal diet mainly of rice straw (Tables 36, 38 and 44). For landowning households the rice
straw is mainly home-produced, but purchases are important sources of basal feed especially
for marginalized and landless households (Tables 41 and 42). The basal diet of rice straw is
supplemented with grazing, collected grasses/forage and other crop by-products (Table 44).

Grazing was near universal in the Malda and Medinipur clusters, but markedly less common
in the Nadia cluster (Table 44). This reflects the prevalence of desi cattle and small ruminants
and the lesser extent of irrigation and correspondingly lower cropping intensity in the rabi
season in the first two clusters. Grazing includes rice stubbles (Table 40) and common
property resources. In the Malda cluster fruit orchards provided further grazing land whereas
in the Medinipur cluster there were more common properties, including the forested
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uplands. As a result, the cattle in the Nadia cluster were predominantly stallfed, whereas in
the Malda and Medinipur clusters the stock was generally fed through a combination of stall
feeding and grazing. Only one village in the Medinipur cluster reported feeding the cattle
primarily through grazing only. However, there was a generally negative trend in terms of
the prevalence of grazing across the surveyed communities due to increasing (grazing) land
constraints.

Table 44. Use of feed sources (% of household)

Other crop  Compound Collected grasses/

Cluster by-product  feed Grazing forage Green fodder
Malda 86 18 95 b 74 1

Nadia 73 22 58 a 79 2

Medinipur 63 0 100 b 100 2

Mean 74 13 84 84 1

(s.d.,n,p.) (40,18, ns) (32,18, ns) (33,18,0.05) (32, 18, ns) (3,18, ns)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.

Collected grasses/forage (e.g. from roadsides/bunds, undergrowth in orchards/forests and

tree leaves/prunings) are an important component for the diet, particularly for the desi cattle
and small ruminants. In West Bengal, farmers’ forage scarcity eases starting from late May

to early October, coinciding with the monsoon. Pre-monsoon rains are a boon for perennial
and indigenous grasses, edible weeds and shrubs whose roots are already present in the soils
of common property and waste lands. These start contributing forage just after the onset of
pre-monsoon rain and provide an economical supplement. The relative importance of natural
grasses/forage is aided by the relatively high rainfall in West Bengal compared to the other
IGP subregions.

About three-fourth of the households in the surveyed communities used other crop by-
products to further complement the rice straw basal diet, albeit that quantities actually fed
appeared to be limited. Such by-products were used primarily for lactating milch animals
and included oilseed cake (mustard, linseed, groundnut, sesame), broken grains (rice, wheat,
maize, pulses), bran (rice, wheat) and occasionally vegetable waste. These by-products were
generally produced on the farm or bought (e.g. oilseed cake INR 7-7.5/kg, bran INR 1/

kg). Bought compound feed was uncommon except for the Nadia cluster (INR 6-7/kg). In
the Malda cluster the use of paddy husk mixed with broken rice was reported which was
obtained from custom hiring rice mills (INR 0.25/kg). In the Medinipur cluster rice husks and
broken rice were ground together as feed (INR 4/kg). The use of other crop by-products and
compound feed was reportedly on the increase in the Nadia cluster (and associated with its
prevalence of crossbreds and proximity to Kolkata), but stagnant in the other two clusters.
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Cultivation of green fodder was relatively insignificant across the surveyed clusters. This
seems associated with stringent land and water constraints and the lack of a fodder growing
tradition. The lack of green fodder crops is particularly striking for the Nadia cluster in view
of its reliance on crossbreds and dairy market orientation. In the same way, there were
limited reports of mineral mixture purchases, despite known links between poor reproductive

performance and mineral deficiencies.

When reviewing these various sources of feed supply, the villages reported a consistent
gradient. The Medinipur cluster had the most marked feed deficits, whereas the Malda cluster
oscillated between communities that were self-sufficient and deficit. Only the Nadia cluster
was generally self-sufficient, with some communities reporting surplus. Underlying this
assessment are two important factors in favour of the Nadia cluster: a lower livestock pressure
and the prevalence of irrigation. The more limited extent of irrigation constrains overall
fodder availability in the West Bengal clusters, particularly in the Malda and Medinipur
clusters.

The prevalence of desi cattle with low milk yields in the Malda and Medinipur clusters
suggests that most bovine keeping households did not have as a primary objective the
regular sale of milk, but rather satisfying immediate household needs. For these clusters one
can conclude from the reported feed management practices that while bovines represented
an integral part of the livelihood strategies of most landed households, their role was not
perceived as primary income earners, but more as converters of available rice residues into:
(i) milk primarily for household consumption with any surplus being sold; (ii) dung for use as
manure (Table 46); (iii) traction power used for draught and transport; and, (iv) herd growth
as a means of capital accumulation and security. In contrast, the crossbreds in the Nadia
cluster played a more significant role in terms of dairy income and herd growth, aided by
the proximity to Kolkata. The production function of the small ruminants and poultry was
presumably mainly as a means of capital accumulation and security.

It is also important to point out that livestock also fulfilled these same roles for some landless
households (having a mix of goats, cows and poultry), with feed sources for the ruminants
coming mainly from grazing (rice stubble and common property resources), the collection of
free resources (grasses from bunds, weeds in fields, tree leaves, rice stubbles) and occasional
purchases of rice straw. In the Medinipur cluster, the landless in one community reported
resorting to feed their animal with leaves of jack fruit, mango and ber during severe fodder
scarcity.

Compared to the other IGP subregions (Erenstein et al. 2007a), there are a number of marked
differences. First, the prevalence of rice residues as main basal feed. Second, both grazing and
the reliance on collected grasses were markedly more common in West Bengal. Third, the use
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of produced green fodder was virtually absent. Similarly, chaff cutters which are generally used
for chopping the green fodders and crop residues elsewhere in the IGP, are markedly absent in
West Bengal. A number of factors explain the observed divergences, not least the prevalence of

desi cattle in two of the West Bengal clusters with their low productivity.

Besides the non-use of wheat straw, it is interesting to note the diametrically opposed farmer
opinions in West Bengal and the Trans-Gangetic Plains (TGP, Haryana and Punjab). In

West Bengal, wheat straw is generally not perceived to have any feed use, whereas in the
TGP farmers tend to have the same opinion of rice straw. TGP farmers generally believe
long-term feeding with rice residues to be detrimental amongst others due to perceived
silica content and to reduce milk yield (Erenstein et al. 2007b). Different crop varieties and
livestock species could contribute to these diverging views. However, long-term experiments
conducted at C.C.S. Agricultural University Hisar found wheat and rice straws to have good
palatability, nutritive value and bailing and densification properties, with similar results for
cattle and buffaloes (Yadav et al. 1990; Yadav et al. 1994). The same studies report crude
protein content of wheat straw to be somewhat better than for rice straw, although both being
far below that of green fodders.

6.3 Livestock input to crop production

Farm yard manure (FYM) and traction services are the two main potential flows from livestock
into crop activities. Both of these traditional crop-livestock interactions now have imperfect
substitutes in the form of chemical fertilizer and tractors.

Chemical fertilizer use was reportedly universal amongst farm households in the Nadia and
Medinipur clusters, and markedly less common in the Malda cluster (Table 45). FYM use was
near universal in the Medinipur cluster, whereas less than 2 out of 5 households reportedly
used in the Malda and Nadia clusters (Table 45). The Malda cluster thereby combines

the lowest and the Medinipur cluster the highest chemical fertilizer and FYM use. The
combination of chemical fertilizer and FYM use suggests they are used as complements and
not necessarily as substitutes. These aggregate use rates however say little about the regularity
and intensity of fertilizer and FYM application. The livestock density in the surveyed villages
averaged 7 cow equivalents per cultivated ha (Table 37), a multiple of the densities reported
in the other IGP subregions (Erenstein et al. 2007a). However, this high density does not
automatically translate into more available manure. Indeed, whereas stall feeding practices
prevail in the other subregions, West Bengal clusters had an increased reliance on grazing.
The practice of grazing inherently limits the recovery of the manure produced. It also

implies that the manure when used as FYM is mainly a source of organic matter with limited
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nutrients. Dung is typically collected in open heaps on or near the homestead within the

village perimeter. No use of composting was reported.

Table 45. Comparative indicators of external and livestock input use for crop production (% of farm
household reportedly using)

Cluster Tractors use Draught animals use Chemical fertilizers use ~ FYM use
Malda 72b 73 b 68 a 36a

Nadia 95 b 7a 100 b 39a
Medinipur 20 a 90 b 100 b 98 b

Mean 66 60 89 59

(s.d., n, p.) (40, 15,0.01) (43,17, 0.00) (29, 18, 0.07) (43,17, 0.01)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.

For the three surveyed clusters combined, the use of the annually collected dung was about
equally split between its use as FYM and fuel (Table 45). This however masks significant
differences amongst the clusters. Particularly striking is the contrast between the Nadia and
Medinipur clusters. In the Nadia cluster dung is primarily used as fuel, whereas in Medinipur
as FYM. The intensity of FYM use is such that Medinipur reported the highest FYM allocation
across all the surveyed clusters across the IGP (Erenstein et al. 2007b; Singh et al. 2007; Thorpe
et al. 2007). The Malda cluster provides an intermediate picture. Significantly contributing to
the observed divergence within West Bengal is the availability of alternative fuel sources in the
Medinipur cluster, particularly the forested uplands that dissect the cultivated plains.

Table 46. Dung use (% of dung allocated to use)

Cluster As fuel As FYM Other
Malda 52 ab 48 ab 0
Nadia 68 b 32 a 0
Medinipur 20 a 79 b 0
Mean 47 53 0

(s.d., p.) [n=18] (36, 0.05) (36,0.06) (0, ns)

Data followed by different letters differ significantly—Duncan multiple range test (significance level: 0.10),
within column comparison.

The fuel use of dung primarily revolves around its use in dried form as household fuel.

In marked contrast to the other IGP subregions (Erenstein et al. 2007a), Bengal farmers

have the tradition of using ‘dung-sticks’: manure balls pressed around jute sticks thereby
facilitating drying, transport and subsequent use (see Annex 5:4). The use of dung-sticks is a
traditional Bengal practice that extends across the border into Bangladesh, but is increasingly
constrained by the availability of jute sticks. As a result, the use of dung-cakes (i.e. without
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the stick) is increasingly widespread (see Annex 5:9). However, compared to the large and
voluminous dung cakes in the other IGP subregions, the size and shape of the West Bengal
dung cakes has more resemblance to fist-sized ‘dung balls’. Dung sticks/balls are produced
manually mainly during the dry season so as to dry properly in the open. Dung cakes are
typically produced by women and used for both own household use and sale—the latter
being an additional source of income for small farmers and landless households (e.g. INR 1/
kg in the Malda cluster). Household ashes were again applied to the fields. Use of dung for
biogas plants was uncommon, although in one village in the Medinipur cluster, three out of
five biogas plants were still operational.

Compared to the other IGP subregions (Erenstein et al. 2007a), West Bengal combines the
lowest mechanization with the highest reliance on animal traction. This is associated with the
small average farm size in the West Bengal clusters, in addition to a socio-political climate
that has not been very supportive of mechanization in view of its perceived labour-saving
nature. For the three surveyed clusters combined, the number of farm households using
tractors (4-wheel tractors or 2-wheel power-tillers, own or rented) approximate those using
draught animals for crop operations (including hauling) (Table 45). This however masks
significant differences amongst the clusters. Particularly striking is the contrast between the
Nadia and Medinipur clusters (Table 45). In the Nadia cluster there has been widespread
substitution of machinery (2 and 4-wheel tractors) for traditional animal traction services
for crop operations. In contrast, mechanization still has to make significant inroads in the
Medinipur cluster with animal traction for crop cultivation and hauling still prevailing. The
Malda cluster provides an intermediate picture, with a combined reliance on both tractors
(primarily for tillage) and draught animals (both for hauling and tillage). The mechanization
of the Nadia cluster is associated with its intensive year round land use and commercial
orientation, both facilitating access to mechanization and making animal traction more
cumbersome, particularly in terms of feeding and management constraints. The contrast
between the Nadia and Medinipur clusters extends to the share of households reportedly
keeping draught animals (Table 30). However, draught animal ownership figures tend to
be lower than use rates, particularly in the Malda and Medinipur clusters, suggesting a
significant share of households rely on the use of animal draught services.

6.4 Assessing crop—livestock interactions

The aforementioned interactions have highlighted the dependence of livestock (particularly
large ruminants) on rice straw across the West Bengal clusters. The livestock services to

crop production (traction, FYM) vary across the clusters, from being very significant in the
Medinipur cluster to a more limited role in the Nadia cluster. The surveyed communities in
West Bengal thus presented a range of crop-livestock integration. The most integrated systems
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were observed in the Medinipur cluster, with the most pronounced complementarities
between crop (rice) and livestock (desi cattle for dairy and draught, small ruminants)
production. The crop-livestock interactions thereby underpinned livelihood security, but
did not really drive any system change and seemed more a reflection of subsistence and
status quo. In the Nadia cluster the systems were most commercially oriented, both in terms
of crops and livestock produced, but integration between the two was relatively limited.
Our findings thereby suggest that the extent and importance of crop-livestock interactions
decreases with further intensification and commercialization of agricultural systems.

Combining crop and livestock production implies a more diverse livelihood portfolio and
reduces risk. The two enterprises also have different resource use patterns (particularly
labour and cash flow) which imply complementarities and potential resource savings at the
household level by allowing more efficient resource use. Farm income also becomes more
regular. Proceeds from crop sales are highly seasonal and often realized once or twice a
year, whereas proceeds from the sale of milk, poultry, meat, young stock etc. can be more
regular and more flexible. Financial interactions between the livestock and crop enterprise
are reportedly important in the surveyed communities. In all surveyed villages it was reported
that financial proceeds from livestock production are used to meet crop production expenses
and vice versa (except for two villages in the Nadia cluster). Livestock also provides an
investment and accumulation opportunity. One village in the Medinipur cluster specifically
reported the use of a goat as a fixed deposit against a credit line during the cropping season.

The group meetings discussed the advantages and disadvantages of crop-livestock
interactions. These tended to highlight the importance of the crop and livestock enterprises
in terms of contributing to household income and household consumption (rice, milk, fuel)
and internal services (use crop by-products, manure, traction) and their complementarities in
terms of labour use and more regular income. In terms of disadvantages, mention was made
of free roaming animals damaging crops (including goats, sheep and pigs, e.g. the Malda
cluster), that keeping livestock was labourious and needed supervision during grazing, and
competition for land (and decrease in available grazing land). One village in the Medinipur
cluster reported the inability to grow sugarcane due to free roaming livestock.

In sum, and compared to the other IGP subregions (Erenstein et al. 2007a), crop-livestock
interactions currently played a more prominent role in the West Bengal clusters, particularly
the Medinipur and Malda clusters.
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7  Discussion and recommendations
7.1 Livelihood security and environmental sustainability

The surveyed communities show significant diversity in terms of livelihood security. They
thereby aptly illustrate that poverty is the result of low levels of assets, combined with

low and uncertain returns. In the Nadia cluster the asset base and returns are relatively
favourable, aided by the proximity to Kolkata. The livelihoods of landed households appear
relatively comfortable, particularly when farm size is reasonable, with ample market
opportunities and intensive land use. The extension of irrigation facilities and advent of

boro rice increased the marketable rice surplus. Dairy crossbreds and vegetable cultivation
provide significant complementary income sources with an ample market to tap into. The
proximity to the state’s capital facilitated rural electrification, inflates land value and provides
employment opportunities to the labour-surplus households. Labour intensive crops, dairying
and off-farm diversification all contribute to a relatively broad-based growth.

On the other hand, the Malda cluster in the north of the state and the Medinipur cluster in
the West present a comparatively dismal picture. Remoteness exacerbated by costly and
scarce irrigation and small and fragmented farm holdings all make farming less profitable,
particularly for small farmers. Overall economic growth is slow providing few employment
and diversification opportunities and poverty is widespread, particularly amongst agricultural
labourers. Population growth is positive and leads to further fragmentation and keeps wage
rates low. High dependence on rains for crop production, lack of institutional finance and
veterinary and extension services add to the uncertainties of rural livelihoods. Resource
constraints encourage rearing of small ruminants and poultry as a supplementary income
source for small farmers and landless households.

The orientation and management of the agricultural systems in the Malda and Medinipur
clusters also stands in stark contrast with the Nadia cluster and its intensified crop and
livestock production, external input use, productivity and market integration. This suggests
different roles for livestock as a livelihood diversification opportunity. In the Nadia cluster,
livestock complements crop production in the portfolio of productive enterprises. In the
Malda and Medinipur clusters, livestock provides important non-market functions that
complement crop production, including household consumption (milk, fuel), internal
services (dung, traction) and a means of capital accumulation and security. The latter role is
particularly important in the Malda and Medinipur clusters in view of the high cost of capital,
the limited income generating alternatives and as a means to reduce overall risk exposure.

Access to land is central to the security of rural livelihoods across the clusters. Indeed,
poverty is highest and concentrated amongst agricultural labourers. In this respect the West
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Bengal land reforms are praiseworthy, although the increasing monetization of land markets
and extent of landless and marginal holdings in the surveyed communities questions their
extent and impact. Seasonal migration for agricultural wage labour for able-bodied poor
people is thereby still an important livelihood strategy and a means of getting hold of lump
sums of cash in rural West Bengal in general (Rogaly and Rafique 2003) and the surveyed
clusters in particular. However, instead of serving as a mean of escaping poverty, it seems to
be no more than a survival strategy (Rogaly and Rafique 2003).

Whereas the agro-ecological environment clearly shaped the current livelihoods, the
implications for the environment were less obvious. Whereas deep water tables and resource
constraints prevented irrigation development in some communities, overdevelopment and
overexploitation of groundwater has undermined the prospects of secured irrigation in others.
Groundwater use in the Central Alluvial Plain and coastal saline plain reportedly already
exceeds natural recharge and leads to declining water tables. However, compared to the
NW IGP (Abrol 1999), the extent of over-exploitation of groundwater still seems less severe,
probably aided by the higher annual rainfall and more significant recharge. The threat of
consuming arsenic contaminated groundwater is increasingly recognized and is not limited
to some of the surveyed clusters. In other districts heavy metal concentrations in ground
water beyond the safe limit have also been reported.

The high population density and still positive population growth exert considerable and
increasing pressure on the already intensively used natural resource base. Household fuel
sources, including dung cakes, seemed to be in short supply across the West Bengal clusters,
suggesting an impending household fuel crisis. Another significant threat to the current
livelihoods is soil fertility and organic matter mining. The intensive use of rice and other crop
residues in West Bengal implies that few organic residues remain in the field at the time of
land preparation. The prevailing crop residue extraction is insufficiently compensated by the
droppings of grazing animals and application of FYM. This implies that a continuous mining
of soil organic matter. Soil fertility is further undermined by unbalanced fertilizer use. On
the positive side, this implies that there is limited in situ burning of crop residues at land
preparation time, and therefore agriculture does not impose seasonal atmospheric pollution.

A final observation relates to the importance of human food habits/traditions in shaping rural
livelihoods. Indeed, a striking feature of the West Bengal clusters compared to the other

IGP subregions (Erenstein et al. 2007a) was the predominance of rice as the prevailing food
and feed crop. Over time there only seem to have been some changes in the margin. In

this respect the similarities with some of the prevailing food consumption and production
practices in Bangladesh is also striking, including a preference for parboiled rice and the use

57



of ‘dung-sticks’” and power-tillers. This suggests that there is considerable potential for cross-
border lessons.

7.2 Outlook and constraints

The situation of the Nadia cluster appeared relatively favourable and dynamic, aided by
the proximity to Kolkata and its market opportunities for intensification and diversification
(agricultural and non-agricultural). Population pressure and ongoing urban sprawl are likely
to give further impetus to the intensification and diversification of the already intensive and
diversified agricultural production systems over the coming decades. Increasing production
costs particularly affected the landed, whereas securing employment was the priority for
the landless. A constraint for all was the high informal interest rates, which constrained
investment possibilities.

The comparatively dismal picture and prospects in the Malda and Medinipur clusters resulted
in what appeared to be a relatively stagnant poverty stricken situation and without any clear
future direction. Whereas here change was most needed, it was least obvious in view of

the remoteness (geographical isolation from main urban markets, particularly Kolkata) and
miscellaneous constraints hampering agricultural intensification and further diversification
into agricultural and non-agricultural activities. The limited human capital, poverty and sheer
population pressure further undermine these options. This was further aggravated by the lack
of financial capital and scarcity of land and irrigation water and in the case of the Malda
cluster, fuel. Lack of irrigation water seemed to be the most pressing constraint to agricultural
development. With an alleviation of these constraints, the Malda cluster promises significant
agricultural potential for increasing cropping intensity and high value crops. Its proximity

to the border and the reportedly related insecurity dampens the prospects for livestock
development for now. In the Medinipur cluster, irrigation also appeared crucial to increase
cropping intensity in rabi season, boost agricultural income and enhance the prospects of
diversification. There seemed to be some prospects for water harvesting and a check dam in
some communities. For now, the Medinipur cluster seemed to be stuck on a low input-low
output platform. High market transaction costs reflecting its remoteness and the generally
small surpluses marketed thereby proved to be a significant additional barrier. So were the
lack of technical knowledge and support services, limited prospects for value addition and

income generation and severe credit constraints.

The communities in the three surveyed clusters reported a range of problems that curtailed
their prospects. Most prominent across communities were access to and/or quality off:
irrigation, road infrastructure, marketing, utilities (electricity, water), education, health
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services (human and animal), finance, technical knowledge, agricultural support services,
floods and quality inputs.

When the surveyed communities were probed about their future outlook, farming households
generally wanted to expand their crop production activities, particularly various vegetables
(including potato) and sometimes more (boro) rice. Crop expansion prospects were primarily
curtailed by the lack of irrigation facilities and financial, market, knowledge and production
cost constraints. The surveyed communities also saw prospects in increasing livestock
production, although preferences were mixed and included dairy, goats and backyard
poultry, and involved both number expansion and improved breeds. These prospects were
however hampered by financial constraints and milk marketing. One village in the Nadia
cluster specifically reported that livestock implied a high investment whereas profit was low.
Surprisingly, feeding constraints were only occasionally flagged as a constraint. Indeed, with
increased availability of irrigation water farmers’ preference generally was to shift towards
more vegetable growing, not to grow fodder crops.

The prospects for the landless are particularly meager in the Malda and Medinipur clusters.
Unskilled labour is their basic asset, but the prevailing wage rate is low and the value of
that asset will continue to be eroded in view of continued population growth and limited
growth in labour intensive sectors. Indeed, unemployment was typically the most pressing
problem throughout for the landless. The landless mentioned a range of additional problems,
including finance, access to land/space for cropping and housing, access to knowledge/
education, health and fodder.

A striking feature of the West Bengal clusters was the prevalent poverty. In part, this is
associated with the state’s sheer population density/growth, the limited extent of irrigation
(i.e. increased reliance on rainfed rice—fallow systems, particularly the Medinipur and Malda
clusters) and the prevalence of scheduled tribes (predominant in two of the three clusters).
Numerous rural households appeared significantly indebted and stuck in a poverty trap/
spiral. Land was scarce and becoming scarcer, yet the limited returns to agriculture decreased
the incentives to invest. Financial capital was particularly scarce, as reflected by the high
informal interest rates of 8% per month, constraining investment possibilities and working
capital alike. The communities are increasingly labour surplus, yet there is limited out-
migration and seasonal mobility was typically confined to within the state due to language
and cultural restrictions. Health/education constraints limited the possibilities to climb out of
poverty. Therefore, despite reported progress in recent decades, many households still lived
on the edge, hand to mouth.
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7.3 Agenda for action

As in the other three subregion reports, the scoping study for West Bengal has set out to
present primary information from village-level surveys, to relate the information to secondary
sources, and to draw some broad conclusions that address the interface of West Bengal’s crop
and livestock subsectors. Specifically, it has focused on the management of crop residues
because of their importance as ruminant livestock feeds and their role in natural resource
management. The intention was not to provide any definitive answers or recommendations,
but rather to flag issues for research.

In the parallel report on the TGP (Trans-Gangetic Plain), Erenstein et al. (2007) highlight

the need in the TGP—India’s ‘breadbasket’ and the heartland of the Green Revolution—for

a more enabling environment for economic and human development with two specific
objectives: to enhance the human capital base and skills through basic education; and to
stimulate the economic growth of the secondary and tertiary sectors to absorb surplus labour
from the primary sector and the rural landless. As has been outlined in the previous section
of this report, these priorities for action equally apply to West Bengal, where low productivity
and poverty are endemic in some districts. Excess labour and low wages undermine the
livelihoods of the rural poor. The bulk of farms are fragmented and too small to make a

decent living from farming alone.

The second intervention identified for the TGP, a more enabling environment for agricultural
development, also needs to be urgently addressed in West Bengal. Agriculture has an
important role in driving pro-poor economic growth, largely by default, as there are few
other candidates with the same potential for supporting broad-based pro-poor growth (Kydd
et al. 2004; World Bank 2007). Despite the lessons from rapid agricultural growth in some
districts, there are, however, still immense challenges to agricultural and poverty-reducing
growth in West Bengal. Policy needs to recognize and address the diversity of infrastructural,
technological and institutional challenges to enable broad-based growth and provide the
poor both the means and viable options to escape poverty across all districts. Proposed
policy interventions thereby include some of the usual suspects: increased irrigation; building
up rural infrastructure; increased expenditure and relevance of agricultural research and
development; enabling agricultural intensification and high-value and labour intensive
diversification; enhancing access to affordable rural credit (micro-credit); and promotion of
agro-based industries.

Our study highlights the need for such interventions. Water management is an area needing
concerted attention to improve the prospects of farming livelihoods in the Malda and
Medinipur clusters. Similarly, their remoteness from Kolkata is one of the major hindrances to

the intensification and diversification of agriculture, even in relative proximity to their district
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capitals. The development of agricultural value chains merits particular attention. Agricultural
produce markets appeared particularly underdeveloped in the Malda and Medinipur clusters,
a reflection of the prevailing subsistence orientation of smallholdings, high transaction costs
(due to limited surplus and remoteness) and limited margins for farmers. Emphasis thereby
should be on marketing chain development for high value and labour intensive commodities
with particular attention to risk management, market information and infrastructure.

Despite the potential of dairy in the Nadia cluster, the sector seemed to be held back by the
prevailing and underdeveloped milk marketing system. Across the clusters there was also an
important role for enhancing education and agricultural support services. The credit sector
merits particular attention, and West Bengal may benefit from the lessons and success of the
Grameen Bank and similar institutions in Bangladesh (e.g. Schreiner 2003; Goldberg 2005).

Our study also flags the need to ground agricultural development interventions on a better
understanding of livelihood systems and the need to strengthen such capacity in the
research and extension services. Indeed, there is an on-going need to better understand the
rationale for farmers’ practices and reluctance to adopt certain ‘recommendations’ if we are
to reduce the ‘yield gap’ for most crops. Similarly the limited use of livestock services and
recommendations (like Al, balanced feed) in some districts seemed to be the combined result
of both the limited institutional capacity and limited relevance of some of the technologies.
Yet there seems considerable potential and pay-off to enhancing dairy productivity through
better feeding practices. This calls for a better understanding of the constraints faced by
farmers to develop viable enhancement options. The potential to increase fodder yield

and quality through improved varieties is one field that merits follow-up, i.e. the need to
move from a purely grain to complete biomass focus in varietal improvement. The livestock
improvement and development efforts also seem biased towards the dairy sector, neglecting
the poverty-alleviation potential of enhancing small ruminants and poultry.

Cross-cutting action research needs for the IGP

The present study and its companion studies also highlight a set of specific research needs
that cut across the subregions. These specific needs relate to the land use systems of the IGP
and their crop, livestock and crop-livestock interaction components and include action-
research to:

¢ Understand and address local variation in land use systems and the resulting
constraints and opportunities for diversification and intensification;

* Address key issues including community-action for improved management of land,
water and livestock resources and ways to increase market access for inputs (including
knowledge) and outputs;
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¢ Improve the productivity of the staple crops, including through identifying resource-
conserving technologies (RCTs), while factoring in any trade-off effects on the feeding
of crop residues to livestock; and, related to that:

i. Investigate whether variation in rice, wheat and maize varieties for fodder quality
(nutritional value) is an avenue for increasing the available quantity and quality of
crop residues for feeding goats, cattle and buffalo; and,

ii. Investigate organic matter (OM) management and particularly crop biomass
management issues impacting on the prevalent crop-livestock livelihood strategies
of landed and landless households, taking account of the multiple functions of
the crop residues and of the various livestock species within a household and
community.

Central to achieving the overall goals of improving livelihoods and more sustainably using
natural resources in the IGP will be strengthening the client orientation and productivity of
the agricultural R&D community. Research on crop-livestock interaction can serve as a good
entry point for that process.
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Annex 2. Area, yield and production of major crops in IGP states

1974-75 2003-04
Crop State Area Production Yield Area Production  Yield
(x 10° ha) (x 10% 1) (kg/ha)  (x10°ha)  (x 10°Y) (kg/ha)
Punjab 2213 5300 2395 3444 14489 4207
Haryana 1117 1954 1749 2303 9134 3966
Wheat U.P. 6152 7176 1164 9150 25567 2794
Bihar 1478 2000 1353 2119 3778 1783
W. Bengal 422 837 1984 426 986 2315
All-India 18010 24104 1338 26581 72108 2713
Punjab 569 1179 2072 2614 9656 3694
Haryana 276 393 1426 1016 2793 2749
Rice U.P. 4530 3523 778 5952 13012 2187
Bihar 5228 4540 868 3557 5393 1516
W. Bengal 5420 6543 1207 5857 14662 2504
All-India 37889 39579 1045 42496 88284 2077
Punjab 522 898 1720 154 459 2981
Haryana 124 125 1010 15 38 2573
Maize U.P. 1394 827 593 947 1319 1392
Bihar 881 572 650 607 1440 2374
W. Bengal 46 52 1137 41 97 2359
All-India 5863 5559 948 7322 14929 2039
Punjab 123 6150 50,000 123 7870 64,000
Haryana 161 5910 37,000 161 9340 58,000
Sugarcane U.P. 1492 61479 41,000 2030 112754 56,000
Bihar 141 5568 40,000 103 4222 41,000
W. Bengal 29 1682 58,000 17 1268 Na
All-India 2894 144289 50,000 3995 236176 59,000
Punjab 328 245 746 48 48 824
Haryana 781 374 479 196 149 740
Total U.P. 3154 2185 694 2708 2339 886
Pulses Bihar 1554 867 558 684 562 824
W. Bengal 682 376 550 252 30 840
All-India 22024 10020 455 23440 14940 637
Punjab 368 290 790 87 102 1167
Haryana 214 149 694 640 990 1547
Total U.P. 3784 1927 509 1140 928 814
Oilseeds Bihar 296 132 446 149 125 842
W. Bengal 204 75 369 684 651 952
All-India 17313 9152 529 23700 25290 1067
Punjab 547 373 452 414
Haryana 246 311 526 372
U.P. 35 118 150
Cotton .
Bihar - - - -
W. Bengal - - - -
All-India 7630 370

Source: MoA (2005b).
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Annex 3 Survey team members
o Participation in cluster (team)
Name Institution
Malda Nadia Medinipur

Dr Joginder Singh PAU (Ludhiana) A A A
Dr Bill Thorpe ILRI-India (Delhi) A A A
Shyamal K Sahoo TA (P.Prot.), KVK Malda A

Dr Tanmay Samajdar TA (An.Sc.), KVK Cooch Bihar A

Madhu Sudan De BCKV Mohanpur A

Sushantai Das BCKV Mohanpur A

Dr S Mukherjee TO, KVK Kapgari A
Dr SN Singh TA(Eng.), KVK Kapgari A
Dr N K Bej TA (Agr.), KVK Kapgari A
Dr Arun Varma Retired (Ex ADG ICAR) B B
Dr Bhabani Das TA (Agr), KVK Malda

Dr Biswajit Goswami TA (Fish), KVK Majhian

Dr PK Bandopadhyaya BCKV Mohanpur

Pulen Bihari Sahu BCKV Mohanpur

Smt. Rita Sarkar BCKV Mohanpur

Dr TK Chowdhury TA (Hort.), KVK Kapgari B
Dr (Mrs) Raba Das Homesc., KVK Kapgari B
Dr Olaf Erenstein CIMMYT-India (Delhi) C C C
Manjinder Singh Research associate C C C
Biplab Nlihaa TA (Agr), KVK Cooch Bihar C

Adwaita Mondal TA (Fish), KVK Malda C

Amit Kumar Roy Ext., BCKV Mohanpur C

Suhrita Chakrabarty Horti., BCKV Mohanpur C

Dr PK Bandyopadkyay Soils, BCKV Mohanpur C

PK Guin TA (Liv.), KVK Kapgari C

69



IO p J]omaqnd [aSal( ' {Jjamaqn dLdalg "7 ‘pun) [ 8,

(ey 1od 5y)

9oud aseyoIng

(ey Jod 100K 10d

sy) 2oud [ejuay

1894 10d sdoio Jo

1qUINU JUSeAIJ
(va.ap
8jj1a10 %00
= 101 y224f2)

od£y puey £q
vare oFe[[IA opIAIQ

C

o

20.mos urpwi Af12ads)
PaleSLLI AeAL]

[PUNWIWOY) |  PAJUILI JBALI]

“*ee ey wade pue] 3EIIA [E)OL |

93Jnosal puem |

:syuedioned Suoure uIWOM JO # _ syuedpn.red souLiey jo quinN i

“UOISSNOSIP
up supdion.and j1p 24j0au1 01 L1 U0ISSNISIP PaIv]. [DUOIPPD LUD UMOP LY
JUIDSD YSD ], UOP PUD UMOP LOMSUD dY) 2}0U ‘Dull) 2wDS Y] 10 Suolsanb juanbasqns 4of
domsup 2013 spundidand ay) fi ‘ojdunxa 4of -, vaul], aG 0] 2ADY 10U SIOP ISIDA2XD Y |
“SUINSUD
Jo a3uv.1 a1o1put “asvd 2y S1 S1y1 J] “SNSUSU0D v 123 0] 24DY 1, UOp NOJ "+ Auvut
Moy ‘uonp0] sty ul siauLvf )1 o o, ysv ‘uoyvindod fo sa.upys oy SugpUIIS UY Y

§1221YS/20DdSs [PUOLIPPD U0 UODULIOfUI PaID]a.4 AUD UMOP 211 Ay puvisiopun o) L1
- 23upy> f0 s10121pU1 SSISSV API1dA) SUONSING “SUOLNJOS PUD SUd]GO.J “SuolpINdu
pup saduvy?) 13ut y201sa41] pup do.d uaamaq 23vyu1] — 13w anpisa. do.) :snao]
*dno.3 ajoym 1of SUIpUDISIIPUN UOWUIOD 2IDDUD — dUDIS Y} Su1Nas Aq 1D)S

uoljonNposu|

[9A9] JOYSIH

10A9] K1epu09ag

[0A9] Arewig

UOI}EONPA [BULIO) ON

UOIIEIO] AU} UI SP]OYISNOT 9,

[9A9] UO1EINPT

SPe3y PIOYISNOY Y} JO [9AJ] UOHEINPY

:a3e1A ur souoyd Jo rdquiny

- .19yem d1pqnd padid yy jo o,

T RIPHIIP I Y0 %

1SANI[IOE} JISE( 0) SSANY

Ped 7 ‘pooD ‘1

:peoI IdeaMm [[& Jo K)end)

wy

PeOI IoYjEaM [[& 0} dUEISIq

Q1JU3) JoNIRUI [BINJ[NOLISE JSAIBAU 0 o

(00 ey a10W (Fe 0()/) OIJUID ULQIN JSAILAU 0)  ®

podsuen orjqnd £q dwy PARLY,

Ty uren - ueaydoal 7 Snq |

1odsuen orjqnd jo adA T,

JUQJSIXd UOU "¢ “MO] "7 Y31y ']

:podsuen orjqnd jo Apiqepeay

SBaJR YY) Ul S_ANJINISLIJUl peo.a 3Y) JO JUIWSSISSE [[BI2AQ

D R P RN nE&Hw%w w—.—_agcho w—:—mﬂ>&-—m

**eee Yy SSA[pUe] JO JAquInN

*eeeee Y WLIe) Jo J_quinN

*ecte 1SPIOYISNOY JO IdqUINN

1B uraydoad jo Jaquiny |

(uewuoyur A3y wouy) sansiv)oRIRYD 3BR|IIA 0

(Bunaaut fo 200d A1qnqo.d — a3pjj1a ur Suipvaa ayp ] “da1fipuapl anbiun
DS, 11 2418 2YDIY “ISIYI2YD 2y} UO PUD J1UN §JD) Y] U0 aSN [J1t NOA PO D UO IP12a(])

s 100X

S IPI00D) <X T 3P0 §dD)

P OO PP PPPPONN oA -

I o] s 100 Q0612 N L1 |
....................... LS 0N

uoIssnasIp dnoas siduraeq
Apmys Surdods suondeIANuUI }0)s3A1-doa)

swinsul ASAING

"t Xouuy




Ppaisem/pasn JON

1010

aamuew se pas)

[ong se pas()

Sunp jo asn

18101 30 %

“**ST yanu Moy Se[[Ia ay) ul padnpoid Sunp 3}20)SdAI] [[€ JO

TSIDYIO
“SIYIO
Annog

s31d

eoH
dooyg

“adKy

(uononpoid

doio -z ‘yrodsuen
osodind ureur) sjeuwrue yei

T

(pa1q sso1d) aned A1eq

(snoua3ipur) oned Areq

[oIIw ofeng

odA 1

Burdooyy

NOO0ISIAT]
sployasnoy

uone|ndod »}203)saAI] €

0%

(01 152.tv2u
01) a3e[IA

ur s[ewrue jo
Ioquunu [e10,

‘dn-r)

(pwung-¢
‘umoq-g
Speoap IsB|

IOAO pudL],

(pua.y

umop .10 dn .10f uosna.r)

Aym

(uv-¢
‘23u07T -7
‘1vws-|
‘ssa[puv7-0)

SUMO OYM

(Yrog-¢

Buipaaf 1191S-¢
Burzna3 LjuQ-r)

wosks
Suipoagy ureN

ey ve)
s1opjoy aS1e] Aq umoid Ajurew sdox)

(e t>)

s10pjoy [rews £q umos Ajurew sdo1)

ON "0 $$94 '] :¢SdoJa Jo sad£) Juasagyip mo.s sSuipjoypuey d3.1e| pue [[ews oq

Aym

(s)doxy

paseaout eare sdo1)

no paddoip sdox)

pasearoop eae sdor)

:0peaap Ise] Joao sdo.ad ur saSueyd jueonyuss Aue Js1]

(va1p 28v]j14 10 %400 ]
= [DI0] [DUOSDIS Y2212)

pUE[ [eUNWIIO))

Mmojeq

sos[ng

EICEESEIN

BayM

198y

(vav 3814 10 %00 ]
= [DI0] [DUOSDAS Y021Y2)

puE[ [eUnWIIo))

mofjeq

EICEESEIN

Jueae3ng

2011 jewseq

oy

JUeU

do1o Suimord
SIOULIEJ JO 0

(ey) vare
o1e3a133e aAnjeoIpU]

(s21qja324 ‘sasind
32 ‘sa110321p2 23.40] 2sn) 9dKT,

UoSEa

“(uunjoo 1s.1f)
DD 2y} Ul UMOLS .10 1Y) 4appof pup Sdo.id fo va.p 2103233y pup Sadi}) 2y} SSASSD 15.41,]

umo.b sdouo jo sadAy ulepy z

71



...... :0Fe[[IA UT SIAUIGUIO) JO oqUIAY | "7 0BE[[IA Ul $1039€.1) JO JoqUInN |

e kgroads
‘$901AI3S 1310

‘sindut 10y10

soJessowt UOISUAXy

(Sunoyrew ¢ Furpoom
7 ‘o8eqn °1 :osn urew
K3199ds) speurntue jyeIiq

I0)SOAIEY SUIQUIO)

“SdouLIDf pun
S10)001], ssapupy fo 4aquiny 1910} 40/ a30d 1S.41f Y11 Y22y “PUD] 2IDALIND JOU Op SSAIPUDT (0N
(eq () 3818

SOPIOIQID)
PRIH (eq y>) Tewis
AInuey Jood,, pue ssajpue

o1, 1nq SS[pue]

13ZI[113} [eOIWIY)

paas 92IN0S WU JUBUIIOPalJ [ UOILIO] Ay} UI SPIOYASNOY %, Suipjoypue

"$21103210) sn014a.4d 3uisn pooyijaal]

poaoxdur paseyoing
Aowﬁwao 9pBIIP 158] 1940 \.Q §22.4n0S urvul %:Nﬁtﬁhﬁv\tew SSoSSy ,MQNNQ\Q&@:G\ A191f] >.Q Spjoyasnoy ayj apiaipgng
10J U0seal) YA osnursafuey) | Sursn srowey o Surploypue] Aq A}ABIE POOYIIAL] UIEW JO UMOPYEIIY
S3l}IAl}Oe douo 10} S9JIAIBS pue muJQ:_ 9 Kgads B0
...... Kioads 10L)SIP oy} pisIno Juswkojdug
‘SO0IAIOS H.uSO (ssoursnq ‘3°9) Judwo[dwa Jjo§
Ayroads ‘sindur 000 suLIej 19y30 uo judwkordwy
Surrea1 Yo01soAI]
SoFessaw uoISuAIX7 Surey dor)
SO0IAIOS ATBULIONA K1apde 3y woy SuiAll a19y) jo yaed urewr
- - € JALIIP OYAL UO)BIO] AY) UI SP[OYIsnoy o, Apanay
SQOIALRS [Ing IOUSUD J0 2SUD.1 21DIIPUI ‘SNSUISUOD D 12T J0ULDD
nod JJ ., sdoutnf doad> Quivuwr 24v dupw moy va4v ay) ul sipuLf () fo 1o, ySp Sy
SOIIAISS [V op 0] (%) 41anov yova fo aouvpioduit 2y Ssassp 0} L1y “Ud}b AU (" 212 y20js241] ‘d0.42)
(G1p1qjvap 3pedap 158] Q1anop Jo add ayy Surysy Aq 1api§ va4p Yy Ul PoOYlaAl] fO S2INOS UIDUL JYf] SSISSY
32 ‘23upy> | 19A0 osn ur dFueyd Suisn £)IAOE POOYIIAL] UTRIA
£0f uosva.) Aym\ JueoyuSIs Auy SP[OYasnoy o,
SBI}IAIJOE }I0)SBAI| 10} SBIIAIBS pue muzac_ p9dj-UoON g mwn;u. POOyl|aAIT {7

72



$39] Fuizeis
‘S[RUIIUE UMO JOU J]

sfewue Jo adK,

QI0UM % UOY A\

Susn s1ouLIe] Jo 9,

3oy

AN

ON '() *SOA °

[ (s ui pazeas sajqquus dnpisal doio ary

(1410
UONINASU0D ‘Jonf
*3'9) sasn Jo sadAy Is1]

pelile]

oy

TBIYM

ON 0

£SOX T {P39J YI0ISAAT]

B} $3sn J3Y)0 J0J pasn sanpisax doxo ary

(010 ‘Spuapo. ‘a1
‘aSpjiods *§3) a3ei0)s
M SWR[qoI

({PI0IS
SONPISaI a18 MO

uonein(

aony

BIYM

ON "0 SO ' (SN 10Je] 10J Pa10)s sanpisax doxd ary

o3e[[IA Ul
s1addoyp jo Jaquny

(dun f1) Surssaoord
)i SW[qoI]

(passaooid
SANPISAI a1k MO

g

YN

ON () SOA

*T {Pa9J Se asn a10joq

paddoyo "5-9) passaso.ad senpisar doxd ary

(dup
i) asn ur saduey)

(P12 WOI} PaJOI[0d
SONpISAI a1E MOH

Pasn yorym 1oj
$adA) Y003s9AI] IRy

Suisn suwej Jo 9,

oy

TN

ON "() SO ' (/1S X2 P33J JO0ISIAI] St Pasi aq 0} Pajda[[0d sanpisar do1o a1y

SInPO.dAq 4aY10 pup 1appof Uaa.L3 sapnout uoydas Jxap uoidnpo.d do.o
wo.f 19npo.ddq sp mp.ys/iappof ip ayy a1 - Ljuo sanpisa do.id 1p y0o] am UOIIS Sif) U]

asn anpisai doio g

‘a3up. upuodsa.00 apiao.d pup
[puosas st a14d fi appoipuy “apypa pun oppffng dof (jouitup syow 9¢) a1id 4afiaf] 257,

opeyng

9[178D PaIqsso1)

310 1800

, %ougd

sfewrue jo sadk 1

("212 ‘papaau sp ‘sajps d1pv.ods) e[y ‘g

{PWOdUI §0 92INOS SE S[EUIUE

RUIREN R snjdins jo afes ) S1 Je[nga1 MOH
“KunuImos apisnQ g
{[e00T T | ;plos Aurew sjewue snjdins oxe oxayp

Sjewiue Jo sajesS g/

a8un. Supuodsa.L10 apiao.d pup [puosnas s 2oud fi awoipuy |

[ony se Sun(y

aInuew se unq

AN

...... sdo1o 1ot30

++sdon Y0

+sdon 1oyi0

++sdod Y0

9011 Jewseq

ond

T A

,%ougd

1[N0 JoN IR UTBJA

padueyoxa
Jo pjos uononpoid
o3eIoAR JO 9

20npoig

spanpoud ¥20)sanll pue sdod ujew Jo safes L’/

sjonpo.d uwiey jo Buneyep /

73



1SAION.

(uaym

Kym ‘woym 03) AJ10adg

g0y T UM (]

sdoxo yarym 104

ON ") “SOA ' (291} 10] AeME UAL

3 os[e sanpisa1 doxd a1y

pasn joN

Y0

(uaym Aym ‘woym
0 eym 10j) Aj100dg

a3e[]1A 3PISINO PIOS

g "0RY T 1RYM

sdo1o yorym 1o

aSeyq1a urgim padueyoxa/plog

SULIEJ UMO UO Pas()

13 4

3 4

N

LA\

£q 3s33aey duyy a1 sanpisar do1o Jo 1IN YIIYM

(uwnj0d yo13) (1SOTIe] PII) PUE PUOIAS /AWNJOA
‘sasn anpisa1 do1o 940G (€ JO

e

PRY U YT

PIY Ul pauing

Padj-uou 10y pasn

PO9J 91qqIus SE pas)

D3] [[e1S S pasy)

3 C

3 4

S

18U M

ON "0 ‘S9A "I /puny ur judwked se pasn sanpisar doio a1y

(992 “Kyyenb “Kyarrea

‘39 - Jeuoseas-uou) ¢sooud
109)J SI0)08] JOYJ0 Jey M

o0

o IuoN.
RRRIAN |
:t:oz
SOA T ON 0

0L

T IUON
RRRCRINE
HJHSOE
SOA T ON 0

o0
T puoN
00l
o IqIuoN

ySnonyy e

yeadyy e

SOX '] ‘ON 0| ([euoseas saord anpisar oy

2oud anprsax aerony

PIoIA ureis oZe1oAy

R_PO

B

JLELITNY

saaud anpisar do1)

(uwn}oo y13) ()S9TIe] PIIY) PUB PUOIIS (AUINOA
£q3sagxey oyp s1 sanpisa1 do1o Jo asn YIIYA ‘sasn anpisal do1o 940G [[B JO

(932 “Ayijenb
Kmuenb 3-9) urerdxo ‘sak J1

SOA T ON 0

SOA T ON 0

SOA T ON 0

{uoLIdLId Juepodu
ue osn anpisal doxd s|

(uonpooj

28p.10Js ‘SUOIVSUDY)
Aapnga. pup

auil) ‘SLIDIPIULIdIUY
‘uLiof 3a)

APISING PJOS J1 UTRYD
Sunosyrew anpisax
dox aquosa(

(MOI3 0}
KjaLieA yorym Surutuugep
UOLI9ILID UTRW 3y} ST JBYA\

AAAAAAAAAA PO 7
Je20T |

TepISIQ g
Je20T |

TTepISIQ T
Je20T T

Suiknq 3o 10}
30IN0S UTRW ST 1By

RO

ong

JBIUM

.......... PO ¢
8007 |

TopISING T
‘8207 |

TTepIsIO T
8007 |

Surfjos asoy) 10§
JO[INO UrewI ST JRYA

apeAn|no 0 Ajorrea doud yorym SururuIolep eLaj)

(ue 31) asn ur puor],

(Burros

uey) d1ow Juiknq)
J101JOp ANPISal
UM SULIEJ JO 0

Aym

Suung suLey Jo 9,

oy

JBOU M

(Suifnq

uey) a1ow Jurf[as)
snjdins onpisax
pim Swiey Jo %

oy

T

ON "0 ‘S9& "1 (PI3Y ayp ur pauing sonpisar doxd ary

ON "0 ‘SO T (P1os sanpisar do1o a1y

74



T 0)'SAA T ON 0

(saoe]d 10110 03 QRIS A][BUOSEDS

0s[e dSe[[IA 1) WOIJ J0qe] [ensed S0

TWIOL) ‘S T “ON ()

(sawr asoy) Sunp a3e[IA

1) 0} OJRITIU AIYMOS[d WIOL} JOGE] [ENSED SIO(]

Keprod - sy

ead Suinp ajer a3em [ense)

pouad yeaq

ON " ‘oA ‘[ (In0qe[ [ENsEd J0 a5e)I0ys A[[EUOISEDI0 A1y} S|

Kep 1od sy :o[ewd | i

Kep1od - sy DI |

9jel ageM [ense)

:A3100ds ‘sanIAnoL [RIN[NOLISE 19110 10

(- -saniAnoe
£3199ds) SONIAIOE PAJR[AI-O0ISIAIT

SanIAnoE pajejoI-do1)

1noqe] Juduewid
Surny s1ouey o o,

In0qe| [ensed
Suwry srowrey jo o,

sanIAnoY

IN0qe[ paaIy Jo as()
sanss| waysAs Jayyo L1

Anpiqe[reAe pagy/1oppoy Jo wojqoid
uodn aaoxduur 0 suonsagsng

{9]qe[IBA JOU ST PAQJ/10PPOJ
USYM SYIUOUI [2OTILID T} A1 YOTY A\

Anqeieat pas/1oppog

A3109ds ‘1130

9310} U00I3 Paonpoi

a3e10J/59sse13 PR3oa[[0)

Suizein

sponpoidKq dod 1230

sonpisar do1)

(Suniodxa)
snjdmg

JUBIdINS
RGN

(Bunodwr)
IO

(uwnjos auo y51) $32IN0S PI SUIMO[[0F AU} 10§ SISEq
[enuue ue uo AJUIIIIJNS-F[IS JO SULId) Ul dFe[[IA AU} 9Z11039)ed NOK PInom MOH

Ajligejieae paay/1appoy [eJanQ 0}

(98e10j se) do1d usais jo Sur[os

ny1s up (ureld 910§9q) doio uoai3 jo Juizein

JonoeId

11 Suronoeld sIouLIBY JO 9

(910 ‘Aopreq yeaym ‘S°9) 10ppoj udail 10j sdoio [eurrou Suisn sadpdead 1dYO

:A3100ds ‘1omNO

- oSe10)

uo213 paonpoid

o3e10J/sosseld

Pa12[10D

Suizein
(Jeowr A1rep)
Po93 punodwo)

sjonpoidLq doi)

92IN0S Pady

(poseyoind-g

‘umo’])
90IN0S UTBA]

Buisn

sploy
-asnoy

30 %

pasn yorym

103 sadKy
NO0)SAAT]

ure

(uaym)
uoseas Ajroodg

(331/59) doud

opeoap

JSE[ JIOAO asn

ur soSuey)

(o8ueyd
10 uosear) Ayp

SOI}IAI}OR H}D0}SaAl| 104 sindul pasy 18Yy3l0 6

75



(ASojouy23)

a5e[n-019z Jo uondadsiad ok st jeym

(Amunwwod

I 210U} A8 S[[UP [[1} 010Z AUt MOH

ITHP [[N-0I9Z 3SN SIULIEJ JO 9, 1Y A\

ON () ‘SOA ' (ISE[IN-01Z JO PALAY NOK IABH

* UBO] JUQU)SIAU] i

 UBO[ [EUOSED |

SIIPUI] Aduour ATL[[IA YIM )& JSAIdUI [€I0]

2.10§2q Pa.42402 J0u fi sanssi yo01saalj-do.o o uondad.iod

[D42Ud3 pup SUOISSNISIP ‘SUOLDAIISO LUD 210U ISDI]J "PUDY 1S41f 24.195q0 01 Sp|aLf
Bupuno..ins pup a3pjjia f0 .4noyp v ayv “spupdidi.pd yuvy) pup uoissnsip dno.s asoj)

‘sjusaummo )

JUBOYIUSIS ]
Quedtjiudis JoN ‘0

¢smdur do1o

Su1£nq 10j }00}SIAI| WOIJ AWOOU] JO ASN AU} ST JULIGIUSIS MO

“JUBOGIUBIS "]
Suedrjiusis JoN ‘0

£SIdu1 Y0JSAAI] JO JI0ISAT]

Sufnq 10§ sdoxd woiy dwoour Jo asn Ay st JULIYIUSIS MO

suondeIAUI ¥203s3AI-do.1d [eroueurf

(10 ‘aui0dU1 ‘SN 10qD] ‘SN AIDM “J0JU0D 1S2d “DSN U2IDM “YIDAY pup]/JI0S “8'3)

**)00)SAAI]
pue do1o Ajsnoauejnuis
Suiaey jo sagejueApesip

urew Ay} OIe Je A\

$3%e1A 3y Sundayye wdjqoad urewr 3y ST YA\

S BIUREIVI|
pue do1o A[snoauej[nuis
Suaey Jo sagejueApe
Urew At} OIe Je A\

a3e[[IA duwes uf

PIOYSNOY LIE) JUIEs U]

{SIUTBNSUOO JOR0 AUy

suopdeINuI Y203saAl-dor)

(" 10M
‘$90IN0SAI pue| ‘JONIRW JIPAIO
‘3+9) (SourIpUIY Y} I JRYA\

(4211) {P0)SaAT] Jo dod

WOJ} AWIOAUT JOAO KBS QIOUI UDWOM IARH

(SAMIATIOE JPIGAYMOH

SOL°T fON 0

SOA'T ©ON "0

uononpoxd 3003saA1] 10 dod
puedxa 0] JueM SIoUIR] O

{SY[SB) UTRU JIDY) OTE YOI A\

uononpod Yo0)saAIT

uononpoxd dox)

}00[3N0 AN |

SOA T SON 0 SO T ‘ON 0 LU POAJOAUT AFE[[TA AU} UT USWIOM ATy
SONIAIOR SAIALOR
POYR[AT )00JSOATT payear dox)

UIAUWOM JO J[0Y

76



20e} oA op swoajqoxd Jey

:(S901n08 19110 0) dAIE]OI “F°3) WAY) 0} YI0)SAAI] J0 dduELIdW 9qLIISI]

:(seoud ‘suoseas ‘sadA3) (paay ¥903s0A1[ uy a1nooid Kayy op MO

:s[ewnue Jo sadA) urey

1{)[00)SAAT] AARY SPOYASNOY SSI[PUE] JO AIBYS JEYA\

:sjuedionied Fuoure uaWoM Jo # _ *:syuedn.ed Jo soquiny

"SaNSS1 pajpja. pup Mojaq waly
Y1 SSNISI(] “UDUIOM UIOS JPNIdU] 0] pAvYy L1 “a3D]J1A 2y W[ SPjOYasNOY SSajpuv]
Jo (01-) dno.3 jppuis v 122w 0y 1sanba.t ‘suduLpf yim uoissnosip dno.d Supajduiod 1oy

uoissnasip dnoas ssajpuery
Apms Surdoas suonaesdur }203saA1-doa)

77



anpisal 90U jo Jodsuel] 9

MOelS MeI)S 2D1Y "¢

Ty i F

Soels

2U225 AdAING °G aNnpisal 301 % $ONS Sunp yim punodwod wied

eale Apnys wouy suoissaidwi o1ydesdojoyd pajoajas

MOD /5P BUDI[IW "1

115N epley

"G Xauuy

&)



3OBIS MBS DIY "7 1 2U9Ds ASAING * | | s93ed SUNnp @ SONPISAI D11 PIYDEIS R 35007 "0

79



onpisal 9ol -
1 11jo tOQm
J.. 2H 1O uel] ‘g
2 —.l i SRR
. . - Qudds A
OAING "/ ] S$oels
an
| iy _o_mwu_ So1 itm pun >
o LH.nInWL_. e - leqd ‘9|

3.0

J21sn(o andiupay .>>



