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Abstract

The tribal villages within the district of Kendujhar, Odisha State, India struggle with farming on
marginal lands with an increasing detrimental effect on agricultural productivity. Research has
been focused on the implementation of conservation agriculture (CA) practices, specifically:
minimum tillage and intercropping in such villages. Results provide a comparative economic and
gender labor analyses of selected CA practices, future implications, and insight for agribusiness-
es, farmers and policymakers.
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Introduction

Kendujhar is one of the poorest tribal districts in the state of Odisha, India. Located in the agro-
climatic zone of Odisha’s North Central Plateau (Figure 1), it is characterized by multiple small
villages of 30-100 households. Each household is engaged in low-input subsistence agriculture,
with farm sizes generally less than 2 hectares. More than 40% of farmers earn less than 100 Indi-
an Rupees (INR) per month (2 USD/mo/capita).

Farmers grow a variety of crops, focusing mainly on staple crops such as rice and maize. Yields
throughout Odisha are lower than the national average, with approximately 1.5 tons per hectare
for rice and 2.2 ton per hectare for maize (Government of Odisha 2010). However, these yields
generally apply to modern, high-yielding crop varieties, which dominate much of the commercial
production in the state. In the tribal villages of Kendujhar, household income is mainly through
the selling of agricultural outputs where farmers predominantly use traditional low-yielding vari-
eties of maize and rice, irrigation is uncommon, and fertilization consists primarily of farmyard
manure application with occasional supplements of inorganic N and P additions.

In developing countries, agriculture can play a significant role in regards to economic develop-
ment; specifically, to tribal subsistence farmers who rely on their land for food and income. Giv-
en the propensity for low agricultural outputs and land degradation from such conventional farm-
ing systems, there exists much opportunity for the introduction of improved farm management
and cultivation practices. While introducing standard agricultural “Green Revolution” technolo-
gies into these villages can increase crop yields (Dr. P.K. Roul (OUAT), personal communica-
tion, 2010), farmers with small landholdings, low income, poor access to credit, and limited
technical capacity simply cannot take full advantage of interventions that are more suitable for
large, mechanized farms. Moreover, output growth is not only determined by technological in-
novations but also by the efficiency with which available technologies are used. As such, more
appropriate for these farmers are conservation agriculture (CA) practices, which aim to conserve
natural resources while enhancing food and livelihood securities. For this study, CA practices
refer to a general set of practices including the concepts of minimum tillage and intercropping
(FAO 2000). Not only do these CA practices offer environmental benefits such as improved soil
and water conservation, as highlighted in this study, there can also be significant savings of agri-
cultural labor through reduced demands of tillage and weeding (Bishop-Sambrook 2003), which
can then be directed towards agricultural diversification, farm improvements, or off-farm work to
supplement agricultural income, and impacts to household income and yields depending on the
CA practice selected.

To date, there has been little published on the potential benefits or tradeoffs of various integrated
CA practices, particularly on resource-poor smallholders in tribal villages, such as those in
Kendujhar. Nevertheless, evidence suggests that combining these practices (minimum tillage and
intercropping) can have positive implications for input use, yield, income, and gender equity,
while promoting long-term environmental sustainability.

To ensure selection and implementation of appropriate CA practices in Kendujhar, current farm-
ing practices must first be understood within the context of their economic and social impacts.

This study’s location lies in the northern part of Odisha in Eastern India, which epitomizes the
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challenges facing the sustainability of smallholder, rain-fed agriculture in southern Asia as well
as the cumulative impacts of environmental conflicts within the food production system (Figure
1). Given that agriculture in Odisha represents approximately 30% of the state’s economy, im-
provements to the local farming systems have the potential to improve the sustainability and se-
curity of numerous households within the state and across the nation of India (Pattanayak 2004).

Objectives

The goal of this research is to evaluate the food security and economic livelihood of the tribal
farm families in Kendujhar, in Odisha State through the introduction of sustainable conservation
agriculture practices of minimum tillage and intercropping. The specific objectives of this study
are to:

1. Estimate the yield, labor and profitability differences between the CA practices of mini-
mum tillage and intercropping and the use of conventional tillage on representative
maize-based farms.

2. Evaluate the gender implications of implementing selected CA practices as they relate to
labor use.

3. Discuss the implications of introduced CA practices for policy-makers, local entrepre-
neurs and agribusinesses, and smallholder farmers.
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Figure 1. Location map of Kendujhar district, Odisha State, India with agro-climatic zones.
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Literature Review

The following literature review provides comparative yield statistics of different CA practices,
offering insight into the influence of changing yields on farm profitability and rural farm labor.
Based on a review of past studies regarding maize-based production systems, CA practices in-
cluding conservation tillage, residue retention and intercropping with legumes have all been
shown to increase yields. The results of several studies analyzing the effectiveness of CA prac-
tices revealed that the highest yield increases resulted from intercropping with legumes, improv-
ing total yields by 15-40% over conventional practices. Adopting some form of conservation
tillage without intercropping practices resulted in slightly lower yield improvement of 13% (Ta-
ble 1).

Table 1. Yield Effects of CA Practices in Maize-Based Production Systems.

Region/Country CA Practices Yield effect in kg Reference
ha™ (% change)
Kisii / Kenya Conventional tillage +550 (20%) Nzabi et al.
Residue retention (2000)

Intercrop: Maize-
Common beans

North East India Conservation tillage +130 (15%) Ghosh et al.
No residue (2010)
Intercrop: Maize-Pea

Ethiopia Conservation tillage +170 (13%) Rockstrom et
Residue retention al. (2009)
Maize-alone

South Africa Conventional tillage +2450 (40%) Bloem et al.
Residue retention RC: +1200 (20%) (2009)

Intercrop: Maize-
cowpea and Relay Crop
(RC)

As new farming practices become more prominent, a shift in farm labor time allocation can oc-
cur. For example, with the introduction of a new cotton variety in rural India, increased yields
showed a direct increase in labor during harvest yet experienced decreased labor for pest man-
agement. This offset of labor can be considered as a net neutral outcome; however, since harvest-
ing is a predominantly female activity, whereas pest management is a typically male activity, a
shift in time commitment and distinction of labor division between genders is created (Subrama-
nian 2009).

When labor time is reduced as opposed to shifted, the household income effect depends on how
the newly available time can be used. This is often determined by the availability of opportuni-
ties for off-farm income. In India, several income generating off-farm activities are available for
male farmers, including: construction, mining, small-scale manufacturing, retail trade, private
and transportation services including driving tractors and auto-rickshaws (Subramanian 2009).
Within the district of Kendujhar, mining represents the predominant off-farm employment. The
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contrast in opportunities for off-farm employment is apparent in Tamil Nadu, India, where the
decreased labor requirements of growing Jatropha has led to an increase in male participation in
off-farm seasonal migration while women have fewer alternative employment opportunities and
take on increased household responsibilities when the men migrate for work (Ariza-Montobbio
2010; Kochar 1999). Therefore, even when farm labor requirements decrease, the potential for
females to earn supplemental income is limited.

Methodology

Three villages in Kendujhar were selected for this study. These villages were chosen based on
their agricultural and demographic characteristics; their proximity to the local extension office of
Orissa University of Agriculture and Technology (OUAT); past and current working relation-
ships between the villages and the university; and the presence of tribal populations practicing
subsistence agriculture on small farms within the village.

The methodological framework of this study consists of seven steps:

Develop farm household surveys to collect baseline economic farm data

Collect data through face-to-face interviews of randomly selected farmers

Validate data through comparison with relevant literature

Construct baseline representative maize-only and maize/cowpea farm budgets from sur-

vey data

5. Calculate yield and production cost specifically for labor changes from selected CA prac-
tices on experimental farm plots

6. Estimate potential economic returns in terms of changes in farm profitability with or
without labor opportunity costs using data collected from step five above

7. Report results and provide recommendations to farmers, agribusinesses and policymak-
ers.

el A

Survey Design and Data Administration

Surveys were designed to collect both qualitative and quantitative data. The questionnaire con-
sisted of 6 sections (family profile, assets, land and input use, labor use, agricultural output and
grain transaction descriptions). Specifically, the following data pertaining to this study were col-
lected: size of farm plots by crop, land use and cropping patterns, cost of production, input and
output data, crop yields, market transactions and prices.

Data was collected from a random sample of 145 households from three villages (Tentuli, Sa-
harpur, and Gopinathpur), located approximately 15-30 km from the town of Kendujhar. During

the time period of June to December 2010, 35 households were interviewed, representing ap-
proximately 24% of the sample interviewed.

Descriptive Statistics of Farm Household

Key socio-demographic characteristics of the villages are shown in Table 2.
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Table 2. Selected socio-economic characteristics of three tribal villages in the study district of
Kendujhar, India.

Village Farm Household  Highest Farm Major Staple  Maize
Number of Annual Size level of Size Crops Yield
Households Income (INR) Education (ha) (ton/ha)

Tentuli 18,130 7 None 14 Rice, Maize 0.25

(56) (410 USD)
Saharpur 19,140 7 None 1.2 Rice, Maize 0.3
(64) (433 USD)
Gopinathpur 47,588 7 Primary 2.1 Rice, Maize 0.3
(25) (1,076 USD)

Source. Household survey data 2010. Values represented are averages and modes.

The majority of the study population in the three villages is tribal, largely dependent on tradi-
tional agriculture and forest resources for daily sustenance, and practice smallholder, subsistence,
rain-fed agriculture.

The average household family size is seven members, with 2-3 generations per household. Av-
erage farm size is between 1.2 to 2.1 hectares. Major staple crops grown are rice and maize.
Maize yield is relatively low, averaging 0.25 to 0.3 ton/ha. Average farm household annual in-
comes range from about 400 to 1000 USD per household. According to the survey data, farm
incomes are higher for families with additional off-farm employment. As mining is the major
industry present in the Kendujhar District, families with more than one son over the age of 18
typically earn additional income (9 USD/day). However, villages such as Tentuli, with low liter-
acy rates and the majority of the population under age 10, must rely on the farm for income (Ta-
ble 2).

The survey also revealed that each of the three villages were major producers of maize. In 20009,
47% of the surveyed population produced maize solely for household consumption and livestock
feed, the other 53% of the population sold on average 55% of their maize output. The low pro-
portion of households selling their yields and the limited amount of crop available to be market-
ed indicates the population’s vulnerability to food security in the region. Due to World Bank
funded extension efforts meant to address these food security issues, some farms began to incor-
porate cowpea intercropping to improve soil nitrogen content and corresponding crop yields. Ac-
cording to market surveys, cowpea has a seasonal market price of USD$.30 -.45/Kg, nearly dou-
ble the price of maize, making it one of the more profitable crops for sale. For this study, cowpea
was considered an introduced crop, as over 80% of the survey population did not previously pro-
duce cowpea.

Research Design
Selected Conservation Agriculture Practices Scenarios

For this study, a representative maize-based production system using conventional tillage was
compared with three potential CA practices to be introduced to the tribal villages (Table 3).
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The three conservation agriculture practices include one or more of the following:

1. Minimum tillage (MT): Land was tilled once prior to sowing vs. conventional tillage (CT)
where land is tilled twice.

2. Intercropping (M-CP): Cowpea (Vigna unguiculata) was planted between rows of maize
(Zea mays). The inter-row spacing for maize was standard for a maize monocrop treatment
(M), with no reduction of maize plants in the intercropped treatment.

Table 3. Conservation Agriculture (CA) treatments implemented in Kendujhar, Odisha State,
India, 2010.

Treatments CA Practices (Abbreviations)
Farmer Practice: Maize Plow CONTROL

Maize Minimum Tillage* MT/M

Maize/Cowpea Intercrop Plow® CT/M-CP

Maizze/COWpea Intercrop  Minimum Till- MT/M-CP

age

Source. Household Survey Data 2010

For maize only plot size 0.005 ha

’For maize/cowpea intercrop plot size is 0.0025 ha for maize and 0.0025 ha for cowpea
(original plot size, 0.005 ha, divided in half)

The above CA practice interventions and associated abbreviations will be referred to throughout
the following tables and discussions.

The CA experimental trial was conducted at the Orissa University of Agriculture and Technolo-
gy (OUAT) experiment station in Kendujhar to evaluate the benefits and costs of each interven-
tion.

For this study, the effect of both minimum tillage and intercropping were assessed individually,
in combination, and compared with conventional maize monocrop plow production systems.
Experimental data were collected on the quantity and cost of seeds planted and fertilizer applied;
amount and cost of agricultural labor by gender required to plant, maintain, and harvest crops;
and the quantity and market value of maize and cowpea seed yields.

The Representative Maize Only Production Budget

A representative maize-only production budget was constructed from the survey data to reflect
the costs from that system for 2009. Using the budget, which included price and cost of produc-
tion for maize and cowpea, the data was assessed to identify changes to input and output costs
(Table 5). The data was further assessed to determine the differences of households with and
without the opportunity for off-farm employment, where the experimental plot farm wage rate of
USDS$.26/hr (Dr. P.K. Roul (OUAT), personal communication, 2010) was used as the opportuni-
ty cost. According to the farm household survey, there were no commercial agricultural input
costs for the production of maize and cowpea. Seed used is typically retained seed from the pre-
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vious year or government subsidized, while fertilizer is often farmyard manure. As such, the re-
maining cost is for labor. The on-farm labor is from household members. Gender impact was
evaluated using current labor requirements for the representative farm to determine potential
gender implications from the new labor requirements associated with adopting selected CA prac-
tices.

Results and Discussion

Performance indicators focusing on farm profitability, labor use and gender impact were evaluat-
ed. Although non-market benefits would be desirable for inclusion in a more comprehensive as-
sessment, emphasizing the immediate profitability impacts is essential for promoting the adop-
tion of CA practices. The evaluation of gender equity in terms of labor changes has further im-
plications to household well-being and thus is also important to evaluate.

CAPS Intervention Strategies: Comparing Returns from the CA Practices

Data collected from the experimental plots in Kendujhar was compared based on a percent
change between no CA (Control) and the selected CA practices in terms of maize yield and labor
for the cropping practices. Subsequently, profitability accounting for opportunity costs is evalu-
ated based on the collected data, as well as current market prices and labor wages.

Yield Impacts

As previously mentioned, cowpea would be an introduced crop to these farming systems; there-
fore, all yields would result in a 100% increase. Yields for cowpea on the intercropped experi-
mental plots averaged 998 Kg/ha with conventional tillage and 747 Kg/ha with minimum tillage.
On the other hand, all CA practices resulted in a decrease in maize yield from the current farm-
ing practice of conventional tillage (Control). Conventional tillage (Control) produced a maize
yield of 570.8 Kg/ha, while CA practices of MT/M produced a maize yield of 393.28 Kg/ha (a
decrease of 31%), CT/M-CP produced a yield of 476.96 Kg/ha (a decrease of 16%) and MT/M-
CP produced a yield of 405.89 Kg/ha (a decrease of 29%). The effect of yield differences for
maize and cowpea is further discussed in the section titled “Profitability: Economic Analysis of
Opportunity Costs”, Table 5.

CT/M-CP represents the least reduction in yield of maize (-16.44%) of the three CA practices
while benefiting the additional cowpea yield. This treatment may be the most beneficial and
most easily adoptable technically for tribal villages, as they are familiar with intercropping and
are currently practicing conventional tillage. As such, seed suppliers should work in collabora-
tion with agricultural researchers to determine other beneficial crops (focus on enhanced eco-
nomic income and environmental benefits) for intercropping in Kendujhar, such as cowpea with
maize, and with policy makers to subsequently promote and provide subsidies for those crops’
seeds.

If yield is the only factor to be considered, farmers should not consider implementing MT/M, as
this practice produces a decrease in maize yield in the short term and has no supplemental cow-
pea yield to compensate for this loss.
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Labor Impacts

For the purposes of this study, labor was measured in hours. The percent change in labor for each
CA practice compared to the control (No CA) is as follows:

Table 4. Labor hours for production activities, incorporating gender division and percent
changes indicated in () for each CA practice compared to the control.

Land
Labor Preparation  Sowing Cowpea  Sowing Maize Fertilization Weeding Harvest

M F M F M F M F M F M F
Control 13.50 - 4.5 4.5 45 135 - 315 9 9

9.64 4.5 4.5 4.5 135 315 9 9
MT/M (-28.6%) - (0%) (0%) (0%)  (0%) - (0%) (0%) (0%)
CT/M- 20.73 2.37 2.37 4.5 4.5 4.5 135 44.1 174 174
CP (+53.6%) - (+100%) (+100%) (0%) (0%) (0%) (0%) -  (+40%) (93%) (93%)
MT/M- 9.64 2.37 2.37 4.5 4.5 4.5 135 44.1 174 174
CP (-28.6%) - (+100%) (+100%) (0%) (0%) (0%) (0%) - (+40%) (93%) (93%)

Source. Household survey data 2010. Percent changes indicated in parentheses () were taken from KVK experi-
mental plot data, 2010

Note. Shaded squares represent that no labor activity occurred as the practice solely includes maize; dashes repre-
sent that the gender does not participate in this labor activity.

Labor is a major determinant for adoption of new farming practices for these farmers, as the cur-
rent subsistence farming provides little or no opportunity costs. Furthermore, gender represents a
distinct division of labor for agricultural activities. Women are typically involved with activities
such as weeding and fertilization, while men typically manage tasks such as plowing for land
preparation. Thus, labor requirements must be considered for each of the CA practices and are
outlined based on gender in Table 4 and further discussed in this section.

At present, farmers in the villages of the Kendujhar district practice conventional tillage through
plowing. In theory, the transfer of minimum tillage from conventional tillage has the greatest im-
pact on the land preparation activities of agricultural production. Both MT/M and MT/M-CP
practices include minimum tillage; as such, these practices reduce the amount of labor required
for land preparation activities. Minimum tillage reduces labor hours by 28.6%, as land prepara-
tion for the field is only plowed once as opposed to two times for conventional tillage. Therefore,
the reduction in labor hours for land preparation of MT/M and MT/M-CP will influence the sea-
sonal activities of male farmers as they will have more time for other activities (Table 4). On the
other hand, it will have the opposite effect on labor hours for CT/M-CP, where there is an ex-
pected increase of 53.6%, due to an additional plowing for the intercrop field.

MT/M-CP and CT/M-CP introduce cowpea to the farmers’ fields for the CA intercrop system.
Intercropping has the greatest impact on weeding activities, with labor hours increasing by 40%
due to the additional precision required for weeding as opposed to maize-only fields. For women,
the increase in labor hours noted for weeding intercropped fields will take away from time avail-
able for non-farm activities (Table 4). As such, extension researchers should consider technolo-
gies and/or tools that may help to reduce weeding hours for women.
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These intercrop CA practices (MT/M-CP and CT/M-CP) will both have an increase in sowing
labor (100%) and increase in harvest labor (93.33%) due to the introduction of cowpea that re-
sults in an overall increase in yield. Increases in labor hours are equal for both genders as they
contribute equally to these activities.

There is no increase in overall labor for fertilization as the farm plots are the same in size and use
the same amount of inputs as the conventional plow system. However, there is a distinct contrast
in labor hours contributed to fertilization between the genders, as females contribute three times
more labor hours (+200%) than their male counterparts. Based on these results, future research
should consider the variable off-farm opportunities that exist for farmers (male and female) as a
result of either an increase or decrease in labor saving hours, the following section introduces
this topic.

Profitability: Economic Analysis of Opportunity Costs
Opportunity costs (OC) represent the potential income that farmers would forego by not engag-
ing their labor elsewhere. An analysis of the opportunity costs reveals the profitability trade-offs

incurred as a result of adopting various CA practices (Table 5).

Table 5. Percent change in profitability from CA implementation with and without opportunity
costs

Total  Total Input  Profit’, Profit,
Yield, Cowpea, Labor Costs* INR INR
Maize Yield (Hrs) (INR) (w/ OC) (w/o OC)
CONTROL 50 kg 90 1,012.50 -592.5 420
MT/M 31.10% -8.11% -8.11% 3.41% -31.11%
CT/M-CP 16.44% 100% 46.69% 49.69% -46.98% 62.92%
MT/M-CP 28.89% 100% 26.37% 26.37% -25.54% 30.39%

Total Input Costs (Labor only, seeds are assumed to be saved from the previous season)
%Profit (Y) = TR-0OC
Total Revenue (TR) = Yield (kg) x Price (INR/kg)
Price of maize: 8.4 INR/kg, Price of cowpea: 15 INR/kg (Household survey data, 2010)
Opportunity cost (OC) = Total labor hours x Wage Rate per hour (11.25 INR/hour)

This analysis shows the potential profitability of farming with off-farm opportunities (at 11.25
INR/hour) as negative. In general, if there are off-farm opportunities available, farmers would
have greater earning potential working off-farm. Yet, if there are no outside opportunities for
farmers, the farm profitability compared with the profitability from current conventional tillage
farming would increase through the implementation of CA practices which include intercrop-
ping. By implementing intercropping alone (CT/M-CP), farmer profitability increases by
69.92%, while increasing by 30.39% when implementing minimal tillage plus intercropping
(MT/M-CP) (Table 5). Since the availability of off-farm opportunities differs between genders,
ages, and through seasons, women and older aged farmers often find it difficult to attain alterna-
tive employment, whereas young men do not. For this reason, women and older farmers would
likely experience the no opportunity cost scenarios, gaining the greatest profitability through the
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adoption of CA practices with intercropping. Men, however, are subject to seasonal fluctuations
in employment opportunities and sometimes experience the lack of jobs that women and the el-
derly do. As mentioned previously, future research should consider these specific employment
opportunities (i.e. for young men, seasonal employment opportunities, and other alternative em-
ployment options for farmers) and their effects on farmers’ decision-making and practices.

The analysis also shows that minimum tillage with a single maize crop reduces labor hours,
which in turn increases the time available to work at a second job. For this reason, farmers could
increase their income when off-farm opportunities are available if they practice minimal tillage.
When there is no available outside employment, the profitability of a minimal tillage practice
decreases by 31.11% due to yield decreases and labor hours saved with no off-farm opportunities
for income generation. As women have limited off-farm opportunities, this practice would not
be as beneficial as it would be to men, who have greater opportunities to generate secondary in-
come.

Based on the results, the short run economic incentives are what have caused farmers to continue
their current and unsustainable practices. As the aim is to promote and enhance farmer house-
holds’ food security and livelihood, policy makers should work in collaboration with extension
research, agricultural managers, seed suppliers and farmers to promote CA practices with a focus
on the long-term economic and environmental benefits. To be specific, policy makers should
provide subsidies to young farmers so that they can focus on the farm rather then look for off-
farm employment, extension researchers should not only focus on the innovative technologies
themselves but also incorporate workshops and other learning opportunities in which they can
explain the long term benefits of CA practices and subsequent food security. In addition, seed
suppliers and agricultural managers can work together in determining other crops that may work
well in these environmental conditions and that incorporate intercropping to further emphasize
the significance of the long term benefits of CA practices.

Conclusion

From the data presented in Table 5 and the overall analysis of this study, three optimal scenarios
have been determined based on the comparison of the three conservation agriculture treatments
to conventional farming practices:

1. When taking opportunity costs of labor into account, labor is more effectively used for
off-farm employment. If one must farm, the best scenario is to incorporate minimum till-
age with maize, as it requires the least on-farm labor and the saved labor can be used for
off-farm employment.

2. When opportunity costs of labor are not considered, as in the cases where heads of
household are either elder or female with limited options for off-farm employment, farm-
ers would optimize earnings through the adoption of intercropping.

3. Although incorporating minimum tillage generates short-term decreases in maize yields,
it should nevertheless be integrated into farming systems due to the potential for long-
term gains. Evidence has shown that minimum tillage has the potential to contribute to
higher yields over time. Continuous practice of minimum tillage has been estimated to
increase maize yields by at least 12% and between 8-25% when intercropped with a le-
guminous crop (Jeranyama et al. 2000).
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Part of the objective of this research was to provide solutions to enhance the food security and
livelihoods of tribal farm families in Kendujhar, Odisha State. As such, this study focused on
ways to increase farmers’ yield through introducing the sustainable conservation agriculture
practices of minimum tillage and intercropping cowpea with maize. At present, the district of
Kendujhar produces only one-fifth of the average national maize yield, representing a significant
obstacle for subsistence farmers attempting to earn a living. Yields are currently too low for
Kendujhar farmers to sustain their families’ livelihood and food security. Therefore, it is appar-
ent that a major policy recommendation should be to increase yields through more advanced
technologies, including the use of improved seed varieties, more effective fertilizers and modi-
fied farming practices. Seed companies and extension services can each play a role in enhancing
the rural knowledge of improved agriculture technology and seed varieties.

The results show that the net profits of adopting some conservation agriculture practices are posi-
tive while adopting minimum tillage either has negative or lower returns due to decreased yields.
Since CA practices have shown that benefits such as yield and soil improvement take a longer
period to reflect positive results, policy-makers should provide farmers with immediate incen-
tives for adopting CA practices. Currently, only a limited number of households (5%) surveyed
produced cowpea. Given that cowpea represents one of the more profitable crops sold in the
market, introducing cowpea for intercropping would be a profitable enterprise. The role of poli-
cy-makers in providing subsidized seeds, other inputs and technical advice would be crucial for
promoting the successful adoption of cowpea by farmers without imposing any further input
costs to current farming systems (Table 6).

Table 6. Role of stakeholders in enhancing the livelihood and food security of smallholder farm-
ers in the District of Kendujhar, Odisha State, India.

Stakeholder Roles

Policymakers/Government = Strengthen extension services to rural farming areas
« Subsidize seeds, fertilizers and other inputs for the ini-
tial stages of implementing conservation agriculture
(CA) practices
= Provide low cost loans and insurance

Seed suppliers « Provide training on benefits and use of commercial
seed varieties
« Work with agricultural managers and extension to fo-
cus on seeds that utilize intercropping

Extension « Disseminate the benefits/costs of CA practices
= Provide long-term demonstration plots comparing
yield and soil effects for conventional and CA
practices

At present, the state of Odisha supports 30 KVVKs (agriculture technology transfer stations) and 8
regional research stations across the state. Therefore, although this specific study is supported by
a local agricultural university (OUAT) in collaboration with a KVK station, the numerous tech-
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nology transfer and research stations reflect the potential for replication of CA practices in vil-
lages across the state. However, due to the prevalence of low yields and food insecurity amongst
these smallholder populations, the lack of effectiveness in extension by these research stations
for capacity building and information dissemination highlights a disconnect between extension
workers and communities. With the pressing need for improved food security and livelihoods for
these farmers, policy-makers should enhance the quality of extension services with regards to
agriculture technology and knowledge transfer.

Without sustainable high returns from farming, the lure of off-farm employment will only serve
to further threaten the food security of these tribal farm families. Additionally, there are potential
implications for the distribution of labor within the household with the implementation of CA
practices. Although results from this study showed changes in labor hours for minimum tillage in
land preparation, a typically male activity, and weeding, a typically female activity, as well as
increases in time spent sowing and harvesting, a shared activity, the resulting labor shift nega-
tively impacted females only.

This study presents the short-term economic benefits and gender impacts of implementing spe-
cific conservation agriculture practices. The long-term benefits of sustained higher yields and
environmental improvements are expected to result from future studies with similar villages.
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