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Preface

The role of agriculture, especially the production of food crops, in enhancing food
security in the developing world is well recognized. Therefore, research and
development agencies are generating and promoting innovations in these crops,
many of which are focused on improved seeds of farmers’ preferred crop varieties.
The improved seeds have captured the attention of these agencies, especially after
the Green Revolution of the 1960s as the performance of modern varieties remained
better to local landraces with reference to wider adaptability, responses to inputs
such as fertilizers and pesticides, and resistance to pests and diseases. The impact of
these varieties in bringing significant improvement in food availability in the world
is already acknowledged. Efforts are still going on in the promotion of these
varieties in farming communities of the developing world where food insecurity,
poverty, and climate stress are important issues. Despite this, there is a concern that
modern varieties could not reach to small and marginal farmers of the developing
countries due to physical, institutional, and socioeconomic constraints. On the other
hand, landraces evolved from on-farm innovations could not receive public sup-
ports for their conservation and utilization on a wider scale. Studies have shown that
landraces supply over 80 % of the total seed requirements in rural areas of the
developing world, especially in open-pollinated varieties of food crops including
rice and wheat. This does not mean that there is no value of modern varieties in
small farmers’ conditions. These farmers can be benefitted by modern varieties if
they are adapted in low-input conditions. These issues necessitated developing and
strengthening institutional mechanisms at local levels that supply crop varieties
evolved from modern plant breeding activities and farmers’ innovations
simultaneously.

The process of searching for alternative institutional mechanisms to deliver seed
in rural areas was started from the 1990s, when multinational companies and
government-owned corporations could not be cost-effective in supplying seeds of
open-pollinated crop varieties at local levels. These mechanisms are the establish-
ment of community seed banks, and empowerment of farmers’ social organizations
or their associations in seed production and marketing. However, the latter has been
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more effective to increase farmers’ access to diversified varietal choice and is
becoming popular in the name of “community seed production (CSP)” systems.
This system is also called an integrated seed system because it catalyzes innova-
tions in formal and informal seed systems, and enhances their impacts in food
security and livelihoods of the people. In CSP, farmers produce seed at household
levels and sell into the markets through their organizations. Development projects,
mainly those led by non-governmental organizations, are engaged in promoting
CSP although the involvement of government organizations in this initiative has
also begun to increase in recent years. Studies have shown that, except in a few
cases, development projects have failed to establish successful CSP and their efforts
have been criticized as artificial. Experiences and innovations made by develop-
ment projects in CSP are also poorly documented, and the available information is
mainly limited to projects’ internal reports with limited or no empirical basis.
Moreover, there are variations in modalities in implementing CSP across the
crops, cropping systems, and the continents, which have resulted in variations in
understanding the dynamics of CSP. Therefore, sustainability of CSP has remained
a big concern among these stakeholders, and they explain it in their own way based
on their professional backgrounds and experiences. Authors internalized this con-
cern while going through the existing literature and presenting some of the research
findings at various occasions of international conferences held in Asia (Japan,
China, Vietnam, Nepal), Europe (Croatia), and Africa (Ethiopia). One of the recent
conferences was the Expert Consultation Workshop on Community Seed Produc-
tion, organized by the Food and Agricultural Organization (FAO), International
Crops Research Institute for Semi-arid Tropics (ICRISAT), International Center for
Agricultural Research in Dry Areas (ICARDA), International Agricultural
Research Center for Tropical Agriculture (CIAT), and Catholic Relief Services
(CRS), in Addis Ababa, Ethiopia, 9-11 December 2013. The objective of the
conference was to share issues, experiences, and innovations made by CSP experts
in Asia, Africa, and Latin America. The participants presented their papers, inten-
sively discussed the key issues, and finally came to the consensus that, (1) CSP has
been adopted in different crops, farming systems, and continents in diverse modal-
ities, (2) Sustainability is the most important concern in CSP, and economic
dimensions alone could not capture the essence of sustainability, and (3) It is
necessary to measure the performances of the CSP system using empirical evidence
to make this system understandable in academic and policy circles.

This book attempts to analyze sustainability of the CSP system under the rice—
wheat farming system, which is the dominant food production system of the Indo-
Gangetic Plain, and is being spread across different parts of the world, from the
micro-economic perspective, by putting seed producers and consumers in the
context. In doing so, it has utilized the empirical data associated with rice and
wheat seed production where necessary. How seed producers realize benefits and
how that benefit continues in the future is the main thrust of this book. Seed
producers’ performance in resource management, marketing, and governance
cover their current benefits. Similarly, soil conservation and risk-management
strategies provide the basis for their future benefits.
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There are 11 chapters in this book. The initial three chapters are introductory.
Chapter 1 discusses the historical background, spatial dispersion, and production
challenges of the rice—wheat farming system. The concept of CSP, its evolutionary
history, and implementation modalities are discussed in Chap. 2. Chapter 3 presents
a framework to analyze the sustainability of CSP, which provides a foundation for
understanding the rest of the chapters that are based on empirical evidences.

Economic dimensions of CSP are discussed from Chaps. 4, 5, 6, and 7. Chapter 4
analyzes households’ behavior in buying seed from the market. Results show that
households adopt diversified varieties, and a neighboring-farmer is the most impor-
tant source of improved seeds. Households’ behavior in buying seed is mainly
explained by irrigation facilities, membership in groups/cooperatives, seed prices,
operational land, and education of the household heads. Chapter 5 measures
technical efficiency of farmers in utilizing the most commonly used inputs: seed,
labor, fertilizer, and land in rice and wheat seed production. Findings indicate the
existence of a wide variation in efficiencies among the seed producers, and this
variation is explained by the household head’s education, land quality, and expe-
rience in seed production. Profitability of the seed producer is measured in terms of
profit efficiency in Chap. 6, which indicates that male-headed households are more
efficient than female-headed ones; and those with irrigation facilities, having better-
quality houses and adopted crop-diversification strategies are more profit efficient
than their counterparts.

Technical efficiency and profit efficiency capture the essence of economic
benefits to be realized by seed producers at the production stage, but could not
capture their potential benefits at the marketing stage. Chapter 7 analyzes farmers’
behavior in selling seed in the market, and it recognizes the significant roles of
family labor, irrigation facilities, operational land, training, share collection, and
seed price in households’ seed-selling behavior.

It is quite difficult to precisely estimate the continuity of the current level of
benefits realized by seed producers in the future due to various uncertainties.
However, soil health and risk-management strategies could address this issue.
Chapter 8 analyzes farmers’ behavior in adopting different soil conservation prac-
tices, and it shows that larger operating households prefer zero-tillage practice
whereas those having irrigation facilities adopt green manure crops. Chapter 9
measures profit risk in CSP and assesses households’ behavior in risk-management
strategies. It is clear from this study that households adopt crop diversification and
group saving as risk-management strategies. Households with younger household
heads and those associated with the Brahmin caste are more likely to adopt group
saving practices. Similarly, households with less-educated household heads and
smaller operational land prefer crop diversification practice. However, those better
off in physical assets, such as irrigation facilities; and aware of socio-economic
benefits from seed production adopt both of these practices.

Moreover, seed producers interact with public (research and extension) and private
(traders) agencies through their organizations (seed producer organizations — SPOs)
to access production inputs such as source seed, and to sell seeds in markets.
The governance (participation, business plan development, incentive system, and
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linkage) of SPOs determines the level of support seed producers receive from these
agencies. Chapter 10 measures organizational governance with reference to
members’ participation, business plan development, incentive systems and link-
ages; and make its linkage with household-level benefits. Results indicate the
positive impact of governance indicators on household-level economic indicators,
i.e., profit efficiency and proportion of seed sold by seed producers in the markets. It
provides a possibility that the facilitation of organizational governance could be one
of the entry points to enhance economic benefit to seed producers. This approach of
facilitating CSP is much more important for capacity building of seed producers,
which are in their early developmental phase.

Chapter 11 summarizes the key lessons learned from the analytical chapters on
various aspects including, dynamic leadership, entrepreneurship, participatory crop
improvement, soil health and group saving. It also discusses how the sustainability
issues of CSP could be institutionalized in programs and policies of actors involved
in the promotion of the CSP system. It also argues that institutionalization is a
continuous process, and it enhances adaptive and innovation capacity and therefore
provides a basis for the continuity of the system. However, to catalyze the institu-
tionalization process, the mechanisms for the continuous engagement of major
actors needs to be developed.

The empirical evidence presented in this book was collected from seed
producers and consumers associated with the rice—wheat farming system in the
Tarai region of Nepal. We extend our great appreciation to these farmers. Anony-
mous reviewers evaluated earlier versions of the chapters of this book, which were
presented as articles in various journals. We thank them for their comments and
suggestions, which have added values to the academic merit of this book. Thanks
also go to members of Maharjan’s research laboratory, Graduate School for
International Development and Cooperation, Hiroshima University, for their
contribution in brainstorming ideas and choosing appropriate analytical tools for
data analysis. We also recognize the Global Environmental Education Leadership
Program of Hiroshima University, Japan, and the Forum for Rural Welfare and
Agricultural Reform for Development (FORWARD Nepal), for financial support
during the field study.

We believe this book will be useful for students, researchers, policy makers,
and donor agencies working with CSP in the developing world to broaden their
understanding of CSP in general, and its sustainability in the particular. Attempts
have been made to present information in a simple way, minimizing formatting
errors. However, all limitations of the book are the responsibility of the authors.
We always welcome comments and suggestions from readers for its improvement.

Hiroshima, Japan Narayan Prasad Khanal
Hiroshima, Japan Keshav Lall Maharjan
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Chapter 1
Rice—~Wheat Farming at a Glance

Abstract The rice-wheat (R-W) farming system supplies 45 % of the digestible
energy and 30 % of the total protein requirements of the world. This system is
popular in the Indo-Gangetic plain and is being extended to different parts of the
world to address increasing food demands. This system also holds enormous
potential for intensification and diversification of croplands in tropical and subtrop-
ical regions. Although there was a substantial increment in rice and wheat produc-
tion in the world after the Green Revolution, the yield of these crops has been
stagnant in recent years. Major reasons for this are declining soil organic matter,
increasing production costs, erratic weather patterns, and poor access to quality
seeds of the varieties preferred by farmers in rural areas.

Keywords Production challenges ¢ Sustainability « Diversification * Cereal yield

1.1 Introduction

Rice (Oryza sativa L.) and wheat (Triticum aestivum L.) are the world’s two most
important cereal crops, contributing 45 % of the digestible energy and 30 % of the
total protein in the human diet (Evans 1993). In addition, straw from these crops is
used as feed for livestock, as fuel for household energy, and as thatching materials.
Rice is the predominant crop of the tropics, but wheat predominates in the temper-
ate region. Historical evidence shows that people have grown wheat after rice in a
sequence on the same land, which is also known as the rice-wheat farming system,
since the Tang Dynasty period (617-907 ap) in China (Lianzheng and Yixian
1994), and since 1872 ap in Uttar Pradesh of India (Timsina and Cornor 2001).
However, with the development of photo-insensitive and short-duration rice and
wheat varieties, especially after the Green Revolution in the 1960s, the rice-wheat
(R-W) farming system became more popular in both low-altitude and highland
areas.

The importance of the rice-wheat farming system has been recognized more in
recent years to address the issue of food insecurity and poverty in developing
countries, especially in the Asia and the Pacific regions. These crops contribute
56 %, 60 %, 62 %, 94 %, and 63 % of the total calorie intake in China, India,
Pakistan, Bangladesh, and Nepal, respectively (Timsina and Cornor 2001).
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Moreover, this region is the world’s most populous place, accommodating 60 % of
the global population, two thirds of the world’s poor, and 60 % of the world’s
undernourished people (IFPRI 2012). A total of 563 million poor people, which
represent 13.9 % of the total population, are found in this region. This situation
demands development and promotion of mechanisms that contribute to sustainable
intensification of the rice-wheat farming system. This chapter discusses the cover-
age of the rice-wheat farming system, characteristics of the system, major produc-
tion challenges, and potential measures to address these problems.

1.2 Coverage of Rice-Wheat Farming

Basically, the rice-wheat farming system has been spread from tropical to warm
temperate regions of South and East Asia, and these areas are characterized by cool
and dry winters and hot and wet summers (Timsina and Cornor 2001). This system
is concentrated in the Indo-Gangetic Plains (IGPs) into the Himalayan foothills,
covering a vast area from Pakistan’s Swat Valley to the north to India’s Maharashtra
State in the south, and from mountainous Hindu Kush Afghanistan in the west to the
Brahmaputra foot plains of Bangladesh in the east. The IGP is composed of Indus
(areas of Pakistan, and parts of Haryana and Punjab in India), the Gangetic Plains
(Nepal, Bangladesh, and some parts of India such as Uttar Pradesh and Bihar).
About 85 % of the R-W cropping system of the IGPs is in South Asia (Evans 1993).
Woodhead et al. (1993) found that the major adopters of this system are in India
(10 Mha) and China (13 Mha) (Fig. 1.1). In China, this system is adopted along the
Yangtse River basin (Jiangsu, Zhejiang, Hibei, Guizhou, Yunnan, Sichuan, and
Anhui Provinces) and along the Yellow River basin. The other countries of the IGPs
have a smaller area under this system, such as Pakistan (2.2 million ha), Nepal (0.6
million ha). and Bangladesh (0.5 million ha). Moreover, The practice of growing
wheat after rice is also common in Bhutan, Iran, Japan, Korea, Philippines, Myan-
mar, Thailand, Indonesia, Vietnam, Sri Lanka, Mexico, and Egypt, although on a
small scale (Timsina and Cornor 2001).

1.3 Characteristics of Rice—Wheat Farming

1.3.1 Diversification

Generally, the rice-wheat farming system involves growing two crops (rice and
wheat) in sequence in a year, but there is substantial diversity in cropping patterns
under this system. In the western part of the upper IGP, only two crops, monsoon
rice (aromatic varieties are also popular, under the brand name of Basmati) and
spring wheat, are grown in a year, and there is not sufficient time for the integration
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Fig. 1.1 Distribution of rice-wheat farming system in Indo-Gangetic Plain (From Timsina and
Cornor 2001)

of a third crop. In this domain, rice is transplanted in May/June and harvested in
September/November. Then, wheat is grown in October/November and harvested
in March. In the eastern part of the upper IGP, and in the middle and lower IGPs,
rice (mainly in those places where indica varieties are popular) is transplanted from
June/July and harvested in October/November, and wheat is grown from
November/early December to March (Timsina and Cornor 2001; Ladha
et al. 2003). After harvesting of wheat, the land remains fallow for about 60—
120 days, and farmers, especially smallholders, grow different crops to diversify
their livelihood portfolio. The diversification strategy also contributes to averse risk
among small farmers (Khanal et al. 2012). Crops being integrated in rice-wheat-
fallow include maize (Zea mays), mungbean (Vigna radiata), cowpea (Vigna
unguiculata), dhaincha (Sesbania spp.), aus/spring season rice, jute (Chorchorius
spp.), sweet potato (Ipomoea batatas), and potato (Solanum tuberosum).

Small farmers also grow wheat in mixed cropping patterns with lentil (Lens
culinaris) or chickpea (Cicer arietinum), as these patterns increase cropping inten-
sity and minimize the risk of crop loss. In some irrigated areas, mustard and
vegetable crops have replaced wheat. There is also variation in the ways of sowing
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wheat/winter crops after rice harvest. In locations having sufficient soil moisture
and less infestation of weeds, winter crop seed is broadcast inside the rice fields
about 7-14 days before the rice harvest (Ladha et al. 2003). In that case, farmers do
not normally apply chemical fertilizers and organic manure, assuming that the
residual nutrients remaining after the rice harvest would be sufficient for winter
crops (Khanal and Maharjan 2010).

1.3.2 Changes in Soil Property

The normal practice of rice transplanting involves puddling the soil to form a
saturated root zone for the ready establishment of transplanted seedlings. The
puddling scheme in rice is generally considered advantageous because it enhances
resource use efficiency, yield stability, and productivity, primarily by retaining
water and nutrients and suppressing weeds (Ladha et al. 2003). However,
non-rice crops grown after the rice harvest, such as wheat, show poor performance:
one reason is low germination/crop establishment rates resulting from poor contact
of seed with soil in cloddy fields formed in the hard soil pans by dispersion of soil
aggregates and compression of subsoils (Lianzheng and Yixian 1994). Crops grown
in such low-permeable soils might be susceptible to drought because of their poorly
developed root system. This soil physical property is also linked with soil chemis-
try, the combination of which also determines the basis for the availability of
nutrients to plants and the emission of greenhouse gases from the R-W cropping
system. For example, anaerobic decomposition of organic matter in the water-
logged field produces methane (CH,), which escapes to the atmosphere by diffusion
through the rice plant during its growing season. The major pathways of CH,
production in waterlogged soils are the reduction of CO, with H,, with fatty acids
or alcohols as hydrogen donor, and the transmethylation of acetic acid or methanol
by methane-producing bacteria (Dormaar et al. 1988).

1.4 Major Production Challenges

The rice-wheat farming system is facing two major challenges, the first being
related to the economic concern of low productivity and stagnation of crop yield.
The second challenge is the potential negative impact of the rice-wheat farming
system on the natural resource base and global environment. This section discusses
these two challenges.
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1.4.1 Economic Concern

The yield of rice and wheat has been substantially increased in the past 50 years
(1961-2010) in the world (Figs. 1.2, 1.3). For instance, average rice yield in the
world in 1961 was 1,869 kg ha~! but it was more than doubled (4,336 kg hafl) in
2010. The progress in wheat yield is similar to that of rice. Wheat yield was
1,008 kg ha™ ' in 2001 but had increased almost threefold by 2010 (3,003 kg ha™').
However, the yield growth rate of these crops started declining in the 1990s. The
average growth rate of rice yield was 2.71 %, 1.6 %, 2.47 %, 1 %, and 0.9 % per
year in the 1960s, 1970s, 1980s, 1990s, and 2000s, respectively. Similarly, the
average wheat yield growth rate remained at 3.7 %, 1.4 %, 3.6 %, 1.1 %, and 1.2 %
per year in the 1960s, 1970s, 1980s, 1990s, and 2000s, respectively (FAOSTAT
2014). Moreover, the increase in yield is different across countries. Among the
countries compared, China has a higher yield growth rate in both rice and wheat as
compared to the world average and other countries.

The yield of these crops has also been fluctuating across the years.

Some of the reasons for declining yield growth are increasing costs of cultiva-
tion, declining soil fertility, lack of good-quality seed, and scarcity of water
(Timsina and Cornor 2001; Tripathi et al. 2006; Khanal and Maharjan 2010).
Decline in soil fertility is mainly related to decreasing soil organic carbon and
deficiency of micronutrients (Zn, Ca, Fe) in soils, as supported by results of long-
term soil fertility trials carried out in research stations and diagnostic tests at
farmers’ fields (Ladha et al. 2003).
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Fig. 1.2 Rice yield trend in different countries (Raw data from FAOSTAT 2014)
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Fig. 1.3 Wheat yield trend in different countries (Raw data from FAOSTAT 2014)
1.4.2 Environmental Concerns

The rice-wheat farming system interacts with the environment from two perspec-
tives. First, most of the farmers produce rice and wheat in a rain-fed environment;
therefore, any deviations in rainfall trends will have negative impacts on crop yield.
Droughts are the most common climate-induced disaster in rice and wheat produc-
tion in developing countries. These disasters are the result of acute water shortage,
causing severe and sometimes catastrophic economic and social consequences.
Grace et al. (2003) found India, Pakistan, Bangladesh, Sri Lanka, and Nepal to be
vulnerable to drought. It is estimated that drought in Bangladesh in the 1990s
caused a reduction in rice production of 3.5 million tons. Similarly, drought caused
substantial reduction in rice and wheat production in Nepal during 2007 and 2008
(WFP 2010). However, drought is not the only climate-related disaster affecting
rice and wheat production: other climatic disasters such as rise in sea level, hot
winds, floods, landslides, and hailstorms also affect these crops.

The rice-wheat farming system is considered as an intensive system, and efforts
are underway to increase its cropping intensity through agronomic measures, which
demands more energy because of greater resource consumption (Ladha et al. 2003;
Regmi et al. 2009), increasing greenhouse gas emission from the rice-wheat
farming system. For example, nitrogenous fertilizers applied in crop fields are
responsible for emitting nitrous oxide (N,O) from this system. The nitrogenous
fertilizer preparation process also emits greenhouse gases; that is, every kilogram of
nitrogenous fertilizer emits 1.8 kg CO, as by-product during the processing period
(Grace et al. 2003). CO, is also emitted by decomposition of organic matter in the
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soil, and this is more common in warm and wet soil (Denison 1996). The loss of soil
organic matter will have detrimental effects on soil fertility and soil structural
stability. Similarly, tillage operations catalyze greenhouse gas emissions from the
R-W cropping system. On average, every liter of diesel burned by tillage machinery
results in the emission of 2.6 kg CO, to the atmosphere. In general, 400 kg CO, is
generated from each hectare (ha) of land assuming 150 I diesel consumption. In
general, higher availability of CO, could increase crop yield, but this is unlikely to
happen in wheat because of increased temperature, which decreases crop duration
and induces a sterility problem. Similarly, in rice the increased temperature might
affect the reproductive phase; for example, spikelet sterility might be caused when
the temperature exceeds 32 °C. As a result, the yield of this crop might decrease at a
rate of 5 % with each increment of 1 °C above 32 °C (Grace et al. 2003).

Methane is another greenhouse gas emitted from the rice-wheat farming system,
especially from rice fields. In addition, methane is also emitted through burning of
crop residues, and it is estimated that methane emitted from residue burning
constitutes about 20 % of the total CH, emission from the rice-wheat farming
system).

1.5 Practices for Harmonizing Environmental Issues
and Crop Productivity

One of the key challenges in the rice-wheat farming system is how to harmonize
economic and environmental concerns. The yield of food crops is low and should be
increased to feed the growing population on one hand, and on the other, the yield
increment initiatives should not have negative impacts on natural resources. To
address this issue, agricultural scientists are working to develop appropriate agro-
nomic practices such as zero tillage (Fig. 1.4), a system of rice intensification (SRI)
(Fig. 1.5), legume integration (Fig. 1.6), and integrated pest management. The
fundamental concept of these practices is how to minimize water and energy
consumption, how to build up soil organic matter, and how to integrate crops in
lands remaining fallow after wheat harvest. Organic matter has an important role in
harmonizing economic and environmental goals because it provides nutrients for
crop production and improves soil qualities such as water-holding capacity, soil
aeration, soil structure, and soil structural stability. The exact practices used to
address these issues might vary across location and types of production systems. In
general, practices that reduce energy consumption are zero tillage (Tripathi
et al. 2006) and the system of rice intensification (SRI). The SRI practice also
improves water use efficiency (Upreti 2008) and builds up soil organic carbon.
Although these practices also build up soil organic matter, green manure and
composting are common practices that increase soil organic matter (Denison
1996). The detail of how these practices contribute to soil health and agricultural
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Fig. 1.5 Farmers transplanting single seedlings using rice transplanter (From authors’ photo
bank)
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Fig. 1.6 Maize and mungbean intercropping in rice-wheat farming (From authors’ photo bank)

productivity is given in recent literature (Timsina and Cornor 2001; Ladha
et al. 2003; Gupta and Sayre 2007; Shah et al. 2011; Khanal et al. 2012).

Moreover, improved management of chemical fertilizers could also minimize
greenhouse gas emission from the rice-wheat farming system in a high-potential
production system. These practices include the use of slow-release nitrogenous
fertilizers that increase nitrogen use efficiency, and intermittent irrigation and
drainage will further reduce CH,4 emission from rice. The use of calcium nitrate
or urea instead of ammonium sulfate and its deep placement instead of surface
application can increase its efficiency and plant uptake, and therefore reduces N,O
emission (Lal et al. 1998). Growing leguminous crops after wheat harvest has also
been found effective in reducing the emission of nitrous oxide (Pandey et al. 2008),
and on the other hand this practice sequesters carbon and improves soil fertility and
crop productivity (Subedi 1992; Chen et al. 1997; Gupta and Sayre 2007).

1.6 Seed Management in Rice-Wheat Farming

Seed is the determinant of success in agricultural crops including rice and wheat,
and its value is determined by its quality. Seed quality is judged from its potential
for crop yield and market value. These two values are determined by the genetic,
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physical, and sanitary qualities of seed (Almekinders et al. 1994). Genetic quality is
determined by growth cycle, uniformity, and special characteristics such as disease
resistance, pest resistance, drought tolerance, or tolerance of micronutrient defi-
ciency. Its value is reflected in crop yield and market price as well.

The valuation of seed quality parameters is also influenced by type of seed
system. In a formal system, narrow ranges of crop varieties are promoted, and seed
quality is judged through strict rules and regulation of the government. However, in
an informal seed system, which supplies seeds to the majority of small farmers in
the developing countries in open-pollinated food crop varieties, quality parameters
are flexible (Tripp 2001). Rather, availability and accessibility of seeds are the
concern (Khanal and Maharjan 2010). Farmers intend to maximize genetic varia-
tion in the planting material (seed) so that they can minimize the risk of crop failure
(Almekinders et al. 1994). One of these concerns associated with the formal seed
system is whether the selected crop varieties fit into the existing cropping patterns
of smallholder farmers; agricultural scientists evaluate a narrow range of crop
varieties in their management without considering constraints that hinder their
adoption by small farmers. However, farmers evaluate the value of seeds not only
by the potential benefits generated from one crop but those from the cropping
system in a year. For example, in irrigated domains farmers might grow maize or
mungbean or vegetables in the land remaining fallow after wheat harvest. In this
case, earliness might be the more important determinant than crop yield in selecting
rice and wheat varieties because it allows farmers time for planting of spring season
crops. Also, the same farmers might have land with different soil types and
moisture regimes, which demand different varieties of rice and wheat to fit into
the existing cropping systems. Similarly, land size matters in choosing types of crop
varieties. For instance, small farmers intend to choose more stable crop varieties
whereas larger farmers’ interest would be maximizing the crop yield by combining
high-yielding crop varieties with other inputs including fertilizer and pesticides.

Accessibility is another concern for seed in rural areas. Private companies could
not be cost effective while handling small quantities of seed of specific crop
varieties in niches. The local level seed management scheme demands being able
to address farmers’ local specific requirements and to supply them a wide range of
crop varieties at affordable prices.

The maintenance of genetic quality in rice and wheat seed production, which are
self-pollinated crops, is not as difficult as in cross-pollinated crops, because an
isolation distance of 3—5 m between two varieties is sufficient to minimize the risk
of outcrossing and mechanical mixture (Randhawa 1983).

1.7 Summary

The rice-wheat farming system is popular in the Indo-Gangetic plain, and it is
spreading in other parts of the world to address human food demands. This system
is also becoming more diversified in warm humid areas, especially in the
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subsistence farming system. In the past 50 years, the yield of rice and wheat has
increased substantially, but its growth rate is even smaller than the population
growth rate in recent years. Some of the reasons for this are poor soil fertility and
poor access to improved seeds for farmers’ preferred crop varieties in rural areas.
Improvement in these concerns demands farmers’ access to diversified stress-
tolerant crop varieties, both those developed by agricultural research and those
evolved through farmers’ innovations. In the next chapters we discuss community
seed production and its sustainability.
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Chapter 2
Fundamentals of Community Seed
Production

Abstract Community seed production is a local-level seed management system
owned by farmers. This system is also called an integrated seed system as it
combines formal and informal seed systems to enhance their impacts in farming
communities. There are various modalities in implementing community seed pro-
duction, but the capacity building of a farmers’ social organization is quite com-
mon. In this model, farmers produce seed at the household level and sell it in the
market through their organizations. Typical activities associated with this model
include seed system analysis, group formation/selection, enterprise management
training, technical training, seed production demonstration, seed quality assurance,
seed marketing systems, and institutionalization of the lessons.

Keywords Integrated seed system e Capacity building ¢ Seed producers and
consumers

2.1 Introduction

2.1.1 Concept and Definition

The term ‘community’ refers to people residing within a certain geographic bound-
ary or those having common interests (White 1984). In a community, three things
are important to understand: ‘Who are the stakeholders?” ‘What are their common
agendas for engagement?’ and ‘What are the mechanisms for their engagement?’ In
the relationship of this concept to community seed production (CSP), these people
are the farmers who are residing in one geographic area and are ‘engaged in seed
production’ of food crops. The definition of CSP varies in the literature, but the
commonality across them is integration of formal and informal seed systems
(Bishaw and van Gastel 2008; Khanal and Maharjan 2013; Sperling et al. 2013).
However, we define CSP in this book as “local-level seed management system
owned by farmers.” The term local highlights production and consumption of seed
at the local level. It also implies the access of seed in a cost-effective way at local
levels as a consequence of lower production and transportation costs. The phrase
“owned by farmers” recognizes ownership and the leading role of farmers in
handling seed production activities. However, this concept does not underestimate
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the roles of other participants, but it highlights that farmers should be in the
leadership for managing CSP, and the supporting actors should be treated as
facilitators. In CSP, farmers organized in groups or cooperatives start seed produc-
tion activities in open-pollinated (OP) seeds of food crops such as rice and wheat,
although there are other modalities of seed production as well (refer to Sect. 2.3 for
detail). The organizations are the traditional social organizations formed in the
communities to enhance their members’ socioeconomic empowerment, which are
consistently called seed producer organizations (SPOs) in this book.

2.1.2 Functioning of Community Seed Production

The CSP is also known as an integrated seed system (Sperling et al. 2013), con-
sidering its potentials to combine formal and informal seed systems to enhance their
impacts in seed security and thereby food security. As mentioned already, there is
quite a variation in CSP implementation modalities, but these variations can be
generalized as a function of actors and their actions. A typical feature of this
phenomenon is depicted in Fig. 2.1, where actors are divided in accordance to
their actions, that is, input supply, production, and consumption. Actors included in
input supply are nongovernment organizations (NGOs), government organizations
(GOs), and private agencies. These participants provide training, source seed, and
seed testing facilities. Seed-producing farmers are classified under production.
Using these inputs together with their internal resources of land, labor, and capital,
they produce improved truthfully labeled seed (from foundation or breeder seed) at
the household level, but sell it in the market through SPOs, because organizations
hold higher bargaining power in market chains and could increase economy of scale
in product marketing as compared to individual dealings (Hunington 1968). How-
ever, the size, form, and nature of interactions of SPOs with facilitators change over
time in accordance with the growth stages of an CSP (Fig. 2.1). For instance, in the
first stage, GOs and NGOs simply raise awareness in farming communities about
the importance of seed and its production techniques. They also motivate private
sectors to engage in the seed supply system through developing incentive systems.
Once SPOs enter the second stage, after accumulating some knowledge on seed
quality and institutional management, GOs and NGOs change their support strat-
egies to SPOs, that is, from input distribution to capacity building and networking.
In the third stage, NGO support is withdrawn, providing linkage with GOs and
private agencies such as media and banks, among others (FAO 2010). The essence
of this approach is to catalyze innovations in formal and informal systems and to
enhance their impacts in the food security of people. Not much is clear about the
development pathway for CSP beyond stage three, but it might develop new
entrepreneurs in seed production and marketing as Morris et al. (1998) explained
relative to the evolutionary pathway of maize seed.

Farmers (rice grain producers), NGOs/GOs, and traders represent the major
actors involved in seed consumption as they buy seed from farmers. However,
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Fig. 2.1 Actors and their roles in community seed production. SPO seed producer organization,
GO government organization, NGO nongovernment organization (From authors’ own sketch)

the latter two participants are mainly the facilitators; they do not consume seed
themselves, but disseminate it to new locations to increase seed demand or to
address their developmental goals. At the first stage of CSP, seed producers
consume most of the produced seed, and only a small portion is exchanged with
neighboring farmers and their relatives (Almekinders and Louwaars 1999). How-
ever, in the second stage, most of the seed is consumed by NGOs and GOs, and a
minor part goes to the local farmers. When SPOs mature and increase business
volume, local traders become interested in seed marketing (Witcombe et al. 2010).

2.1.3 Benefits from Community Seed Production

Growing crops for grain production, and keeping part of the produce as seed at the
household level or bartering it with friends, relatives, and neighbors, is the tradi-
tional practice that has been adopted by farmers since the dawn of agriculture
around 10,000 years ago (Tripp 2001). However, it is believed that CSP provides
economic, social, and environmental benefits to seed producers and seed consumers
(Srinivas et al. 2010; Khanal and Maharjan 2013). These benefits are summarized
next at seed producer and seed consumer levels, although grain (food) consumers,
traders, and other related agencies also benefit from CSP because of the availability
of diverse crops/food choices at local levels.
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Fig. 2.2 A farmer happily

explaining the benefits of
growing seed; farmers’
criteria for seed quality
judgment (From authors’
photo bank)

Seed Producers

(a)

(b)

(©)

Seed producers use quality source seed and improved management technolo-
gies in seed production, which increases the yield and value of crop produce.
Thus, even though farmers could not sell their produce as seed in the market,
especially in the early phase of seed industry development, seed producers will
benefit from increased crop yield at lower costs. Food security is improved
through increased availability of food grains at the household level at lower
costs (Fig. 2.2)

Being a high-volume, low-value commodity, seed can be collected by traders
from farmers during the seed sowing period and distributed in a short time
(1 or 2 months for a crop) as this substantially reduces storage costs. Instead,
farmers could develop seed-processing and seed storage facilities at the local
level, which will contribute to a flourishing local economy through increased
employment and business opportunities at local levels.

The CSP offers farmers a good platform to share their experience, knowledge,
and culture. So, it promotes social cohesion and harmony in the community
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(d) While engaging in CSP, farmers’ linkage with facilitators and other service
providers will be improved. Seed producers could utilize this linkage to
develop SPO seed-processing facilities through a public—private partnership
approach.

(e) Farmers can improve their entrepreneurship skills and confidence in seed
production and marketing while engaging in CSP, which might lead to culti-
vation of new entrepreneurs in the seed supply chain.

(f) Farmers can address their issues, such as biodiversity, discrimination, and
subsidy policies, more effectively while going through their organizations.

Seed Consumers

Seed consumers are also the farmers who buy seed from the market. In the early
stage of CSP, farmers residing nearby seed producers represent the main seed
consumers. However, the seed consumers’ boundary widens in the later stages of
CSP development, especially when traders are involved in seed marketing. Seed
consumers will benefit from CSP because of the easy availability of a diverse
choice of seeds/varieties at local levels at a reasonable price. This varietal diversity
accommodates both modern and farmers’ varieties, and it provides a mechanism to
realize food security in the region through seed security (McGuire and Sperling
2011). Farmers’ varieties are more resilient to biotic and abiotic stresses (McGuire
and Sperling 2013) and are more valuable from the social and cultural perspective
in rural areas.

A typical rural setting is characterized by a diversity of people with respect to
livelihoods, assets, and capabilities, and it justifies the necessity for maintaining
varietal diversity. Larger operating households intend to maximize their return on
investment from crop production by adopting modern varieties in combination with
other production inputs. On the other hand, the interests of small farmers would be
in adopting farmers’ varieties that meet their households’ demand (crop yield, straw
yield, suitability in the existing cropping pattern, and so on) and help them
minimize production risks from various factors such as climate, disease, and pests
(Tripp 2001).

Box 2.1: Seed and Its Types
In the botanical sense, seed is the matured ovule or the means of dispersal of
plant populations in space and time. It is also called the most efficient vehicle
of agricultural technologies, and therefore most of the innovations in this
sector are based on genetic manipulations. Moreover, seed quality determin-
ing its value is measured in terms of genetic, physical, sanitary, and adapt-
ability characteristics (Randhawa 1983).

Seeds are normally classified into three groups based on the breeding
method adopted in their production process: these are open-pollinated (OP),

(continued)
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Box 2.1 (continued)

hybrid, and genetically modified seeds, whether they are related to self- or
cross-pollinated crops. The OP seeds are produced from natural, random,
open pollination by wind, birds, and insects, resulting in plants that are
naturally varied. Farmers/researchers carefully select OP seed varieties,
which may be self- or cross-pollinated, with respect to their beneficial traits
such as tolerance to biotic and abiotic stresses, earliness, and so on. Then, the
selected seeds are multiplied, considering appropriate time/space isolation to
maintain their genetic purity. It is expected that seeds produced from OP
seeds will have characteristics/traits the same as those of their parents.

Crossing two different but related plants develops hybrid seed, producing
new desirable traits that cannot be produced by the inbreeding process of the
same plants. While using hybrid seed, farmers need to replace seeds every
year, because if farmers recycle the produce from hybrid seed, undesirable
traits might appear in the grain produced in subsequent generations.

Seeds developed by the genetic engineering process (combining genes
from different organisms in the laboratory without the sexual process of
breeding) are called genetically modified seeds. For example, genetically
modified seeds contain deoxyribonucleic acid (DNA) of a bacterium (Bacil-
lus thuringiensis), which kills the European corn borer by punching holes in
its gut linings (Tripp 2001). Multinational corporations and large private
companies are mainly engaged in the production of hybrid and genetically
modified seeds, and resourceful farmers are the major consumers of these
seeds. However, the OP seed is common in smallholder farming communi-
ties, especially in food crop varieties including rice and wheat. So, we discuss
only OP seed production in the CSP system in this book.

Box 2.2: Seed System and Its Classification

A seed system can be broadly defined as the sum of physical, organizational,
and institutional components as well as their actions and interaction that
determine supply and use of seed in qualitative and quantitative terms (van
Amastel et al. 1996). The national seed system constitutes a formal system,
informal system, and integrated system. The integrated system is still not well
established in the literature and is taken as a means to strengthen formal and
informal systems (Bishaw and van Gastel 2008).

Formal Seed System: The formal system is a deliberately constructed and
bounded system that involves a chain of activities leading to clear products:
certified seed and verified variety (Almekinders and Louwaars 1999). The
guiding principles of this system are to maintain varietal purity and identity

(continued)
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Box 2.2 (continued)

and to produce seed of optimal physical, physiological, and sanitary quality.
Seed production and distribution also follow a limited number of officially
recognized seed outlets. This system intends to keep a clear distinction
between seeds and grains. In this system, research organizations develop
crop varieties using materials stored in a domestic gene bank or imported
from foreign countries in partnership with international organizations. These
materials are then tested for multiple locations and years with strict supervi-
sion of subject matter specialists/agricultural scientists. The best performer
lines are released/registered in the name of varieties from the national seed
board of the respective countries. The research organizations normally main-
tain breeder seed (also called source seed) of the released/registered varieties
and supply foundation seed (seed multiplied from breeder seed) of these
varieties to farmers’ groups for further multiplication (Fig. 2.3). Thus,
nonreleased/nonregistered varieties do not flow through the formal system
(Tripp 2001).

Informal Seed System: The informal seed system, also known as “farmers’
seed system” (Almeinders and Louwaars 1999), “traditional seed system”
(Lyon and Danquash 1998), and “local seed system” (Almekinders
et al. 1994), is the oldest seed system, having been adopted by farmers with
the advent of agriculture. In this system, part of the crop harvest is used as
seed, or seed is accessed through other informal networks such as friends,
neighbors, relatives, and grain markets. The important characteristics of the
system are varietal diversity and a not-clear distinction between seed and
grain. The same set of functions such as multiplication, selection, storage, and

Integrated System

Formtl System

Fig 2.3 Components of national seed system (Adapted from Almekinders and Lowaars
1999)

(continued)
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Box 2.2 (continued)

distribution are followed in the informal system as in the formal system.
However, farmers consider the informal system as an integral component of
the cropping system rather than a bounded discrete activity. This system
supplies more than 80 % of seed in food crops, including rice and wheat in
developing countries, and is even more prevalent in subsistence farming.
Researchers and policy makers intend to enhance the genetic pool in the
informal system so that farmers could choose seeds appropriate for their
needs (Almekinders et al. 1994).

Integrated Seed System: The integrated seed system indicates coordinated
actions between formal and informal seed systems. This term also conveys
the interdependence of these systems, with multiple links between the two,
with each reaching to the other and changing over time (Sperling et al. 2013).
There is a growing interest in integrating formal and informal seed systems at
technical and institutional levels to address diversified seed demand at local
levels. Adoption of participatory plant breeding is one of the approaches to
integrate these systems at the technical level, whereas seed multiplication
through local-level institutions integrates these systems at the institutional
level. Participatory plant breeding enhances local-level biodiversity by incor-
porating farmers’ seed demand characteristics in the variety development
process. Two types of institutions are engaged in seed multiplication: private
seed companies, and seed producer groups and cooperatives. The former are
focused on hybrid maize and vegetable seeds (more profitable commodities),
whereas the latter focus on vegetatively propagated crops and nonhybrid
seeds. Thus, the integrated seed system promotes multiple approaches to
increase farmers’ access to diversified seed (Louwaars and De Boef 2012).
Community seed production contributes to the integrated formal and informal
system, mainly at the institutional level.

2.2 Evolution of Community Seed Production

The concept of CSP has emerged as a response to the failure of the formal system in
disseminating Green Revolution technologies (e.g., modern varieties), especially
among smallholder farmers residing in a marginal environment. In the 1960s and
1970s international support aimed to strengthen national seed production programs
in developing countries (Cromwell and Wiggins 1993; Almekinders et al. 1994;
Mywish et al. 1999; Lyon and Danquash 1998). Some of the programs are the FAO
Seed Development and Improvement Program, which was supported in 60 countries
during 1972-1984; the World Bank, which supported 13 national seed projects and
100 other seed-related projects during 1975-1985; and USAID, which provided
long-term support to public bodies concerned with seed during 1958-1987 (FAO
1998). However, most of the smallholder farmers in the developing world could not
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benefit from these projects, because government corporations promoted a limited
range of crop varieties, generally focusing on large farmers in favorable environ-
ments (irrigated area, fertile land), and resource-poor farmers could not adapt
(Bishaw and van Gastel 2008). Second, seed production and distribution costs for
government corporations remained even higher than that of private sectors because
of high transportation and storage costs. Also, these organizations could not supply
seed in a timely fashion in rural farm communities because of the complex
bureaucratic systems, such as poor accountability of staff in their assigned duties.

There was a policy shift toward disbanding government corporations and
encouraging private sector development in cereal seed supply in African countries
in the 1980s. However, the commercial seed companies could not be profitable in
the production and marketing of OP seeds because of high transaction and storage
costs and the unreliable and location-specific demands. In marginal areas, farmers
have a tendency to plant multiple varieties to minimize the risk of crop failure from
disasters such as drought and diseases. Therefore, commercial companies, even
those involved in supplying OP seed initially, turned their business toward hybrids,
and supplied open-pollinated seed only if there were bulk demands from develop-
ment agencies (Almekinders et al. 1994).

From the beginning of the 1990s, NGOs began to be involved in the seed supply
system in Asian and African countries. These organizations have the advantage to
supply seed in marginal areas because they have a committed staff and can easily
win the trust of local farmers as they are engaged in socially valuable but
nonprofitable tasks such as poverty alleviation, rural development, and livelihood
improvement. In some cases, NGOs are directly involved in seed production, and in
other cases they motivate farmers for community seed production through different
approaches (David 2004; Witcombe et al. 2010; Srinivas et al. 2010). In the recent
years, not only NGOs but also GOs have been engaged in implementing CSP
programs. Different modalities of implementing CSP are discussed in the next
section.

2.3 Modalities in Community Seed Production

CSP attempts to enhance the impacts of informal and formal seed systems through
their coordinated efforts. In this process, formal organizations make innovations in
their policies and programs to address the concerns of poor farmers and marginal
areas, and informal sectors attempt to enhance farmer capacity and linkage with
formal sectors. Basically, there are three modalities in implementing CSP in
developing countries: individual approach, mobilization of seed companies, and
empowering farmers’ social organization.
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2.3.1 Individual Approach

The individual approach is quite popular where farmers’ groups and cooperatives
do not exist or their capacity is very weak. Few progressive and larger operating
households having direct contact with project-implementing agencies are selected
for seed production. These farmers are given technical training on seed production
and supplied with foundation seed. The outcome of this approach is evaluated from
the perspective of the number of farmers engaged in seed production and the
expected volume of seed produced. Farmers’ institutional development and seed
marketing approaches are ignored (Mywish et al. 1999). It is hypothesized that seed
receivers could serve as resource centers in the community to supply new seeds as
well as crop management practices. Sometimes, development agencies also buy
seed from these farmers for their dissemination in new locations when agriculture
research stations fail to supply seed to these agencies. A case in Tanzania shows
that the agricultural research station provided foundation seed to farmers in a
rotation basis: those receiving sorghum seed in the first year got groundnut seed
in the second year (FAO 2010). The logic behind the crop rotation scheme was to
maintain seed quality and to reduce the pressure of soil-borne diseases. The
individual approach is cost effective, and easy to implement, but farmers could
not learn about seed management activities through their community actions. Also,
most of the seed produced under this scheme is more likely to be consumed as grain
when development projects fail to buy seed from farmers (FAO 1998). However,
farmers become aware of the value of seed for crop production, and its technical
dimensions, which might encourage new entrepreneurs in the seed supply system.

2.3.2 Mobilization of Seed Companies

One of the limitations for the poor adoption of modern varieties in marginal areas is
lack of appropriate delivery channels. Here, development projects, especially those
led by government agencies, mobilize seed companies for seed distribution con-
sidering that the relationship between seed producers and seed companies could be
enhanced. As a result, some of the farmers (seed producers) could serve as contract
farmers for the companies after a few years of implementing this model. The
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) and
Seed Company of Zimbabwe piloted this model (Monyo et al. 2004). In that case,
ICRISAT provided improved OP crop varieties and offered training and monitoring
support in seed production through the company. The company had been producing
and marketing hybrid maize seed in the country but was not willing to integrate OP
crop varieties of maize and other food crops because of the uncertainty of demand
and low profit margin. However, with project facilitation, the company made a
contractual arrangement with seed-producing households with the condition that
the company would buy produced seed from farmers. The program became
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successful for the dissemination of groundnut, sorghum, millet, and cowpea vari-
eties in Zimbabwe, Mozambique, and Zambia. However, the success of the pro-
gram was limited to the project implementation period only, which means
mobilizing private companies that also pose a challenge for continuity in seed
supply of OP crops.

2.3.3 Empowerment of Farmers’ Social Organization

This model is common in many developing countries where agricultural extension
is focused on a group-based approach (David 2004; Witcombe et al. 2010; Khanal
and Maharjan 2014). The common scenario in this case is development projects that
motivate existing farmers’ social organizations such as groups and cooperatives to
act as SPO. These farmers are empowered in technical and managerial aspects of
seed production and marketing. This model has the following features.

Seed Producers Take the Organization’s Membership The basic idea behind
uniting seed growers into SPOs is to enhance their efficiency in seed marketing by
improving members’ accountability toward their organizations. To be a member of
the organization, the farmer pays a membership fee or, in some cases, deposits a
share amount (cash deposited by members in their organizations) as per the need in
the organization. Moreover, this resource collection strategy would be helpful to
increase SPO cash reserves, which can be used to develop a seed-processing facility
in the organization (Poudel et al. 2003; Witcombe et al. 2010). Similarly, member-
ship ensures farmers’ participation in an organization’s decision-making process.
Previous studies have shown that organizations collecting a fund from their mem-
bers have been more successful to attract resources from government agencies and
development projects to set up seed-processing facilities (seed storage house,
grading machines, etc.) (Witcombe et al. 2010; Khanal and Maharjan 2013).

Farmers’ Empowerment Is a Key in the Facilitation of the CSP Program The
CSP considers that although the CSP is facilitated in the interface of farmers and
service providers, the farmers’ role should be the more crucial role; research and
development agencies associated with CSP should design their activities in part-
nership with farmers so that farmers could internalize the ownership of these
activities. Some of the activities in which farmers are engaged include selecting
appropriate sites for seed production, pests and disease control, rogueing, seed
storage and processing, planning, branding, and marketing research. Farmers
acquiring these skills are expected to enhance their adaptive and innovation capac-
ity (Witcombe et al. 2010).

Seed Production at a Household Level but Marketing Through Their
Organization In CSP, farmers produce seed at a household level but sell their
produce through SPOs. It is quite convenient for farmers to handle seed production
activities as these activities are similar to grain production except for some
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technical issues such as seed quality maintenance and use of source seed. However,
they sell seed in the market through their SPOs, which have better bargaining power
in the market chains, and could minimize transaction costs in seed processing and
marketing by increasing business volume.

Entrepreneurship Is Important for the Functioning of CSP As CSP is focused
on less-profitable crops and managed by resource-poor farmers in marginal areas,
there is great challenge for farmers to generate benefits and allocate benefits
generated from this joint venture to the members. This approach demands the
selection of potential leaders who are willing to work in a team and have comple-
mentary skills and talents for seed management and organizational development. It
is believed that leaders with entrepreneurial skills could address issues in the
organizations and bring SPOs into a new development phase (Khanal and Maharjan
2014). Some of the factors contributing entrepreneurship skills include previous
business experience, education, innovations, and action research. The entrepreneurs
generate lessons in various dimensions including minimizing seed marketing costs,
promoting cooperation among members, and fostering linkage between SPOs and
service providers, developing incentive systems and physical facilities in SPOs.

Community Seed Production Is Dynamic Over Space and Time The CSP has
both spatial and temporal dimensions, and the first one is the result of variability in
crops considered for production and level of seed industry development. For
example rice, wheat, maize, and legumes are the common crops being promoted
in CSP in Nepal (Khanal and Maharjan 2010); whereas beans in Central America;
and sorghum, pearl millet, chickpea, lentil, sweet potato, and cassava in Africa are
the major crops promoted under CSP (Srinivas et al. 2010). Similarly, institutional
development in CSP becomes faster in a favorable environment such as better
access to communication and physical facilities. Moreover, using the lessons and
experience of seed production, the size, form, and rules in CSP keep on changing
(Morris et al. 1998).

2.4 Procedure for Implementing Community Seed
Production

As already discussed, capacity building of farmers’ groups and cooperatives is the
most common approach in strengthening CSP in developing countries. However,
the exact activities implemented might vary with variations in the level of CSP
development and crops considered for seed production.

This section discusses the general procedure being adopted in empowering these
organizations in seed production and marketing in Asian and African countries,
especially with OP seeds. Seven activities are involved, starting from participatory
seed system analysis to institutionalization of CSP (Fig. 2.4).
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Fig. 2.4 Activities and outcomes of community seed production (Adapted from Bishaw and van
Gastel 2008)

2.4.1 Participatory Seed System Analysis

Project staff together with local government professionals interact with local people
about major crops and their production systems, problems, and potential solutions.
This analysis will also document seed demand and supply dynamics and the
challenges for seed sector development. It also maps out potential participants
associated with the selected problems and solutions of seed systems. This activity
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could also arouse interest among the farmers and government agencies about the
seed subsector.

2.4.2 Group Selection/Formation

Based on the feedback from participatory seed system analysis, potential groups or
cooperatives (social organization) involved in CSP are selected. Justifications for
selecting such established social organizations are as follows. Social organizations
could easily influence the local situation and make the local environment conducive
for project implementation (White 1984). It is also cost effective for development
projects while going through these established organizations in the project imple-
mentation process because it reduces capacity building costs for projects. It does
not mean that development projects always look for established social organiza-
tions for project implementation. Projects might form new groups if the interests of
these organizations did not match with those of development projects or project
locations are not technically appropriate for seed production (Kugbei 2007).

2.4.3 Enterprise Management Training

This concept has been introduced in recent CSP projects when reviews of seed
system development projects in Asia and Africa found lack of a business concept as
one of the major hindrances for developing successful CSP (Almekinders
et al. 1994; FAO 1998). The purpose of this training is to motivate farmers to
consider seed production from a business perspective that includes leadership,
development and operationalization of business plans, incentive systems, and
record keeping (Fig. 2.5).

2.4.4 Technical Training and Seed Production
Demonstrations

The several technical considerations in seed production include site selection, seed
quality monitoring, seed storage, and seed packaging (Kugbei 2007). Development
projects provide technical training to all members of CSP (Fig. 2.6), or they
collaborate with government agencies such as agricultural development offices to
access resource personnel. However, some members of SPOs receive detailed
training on specific issues such as methods of rogueing and local-level seed testing
schemes (Witcombe et al. 2010). To handle these issues in an efficient way, SPOs
form three subcommittees from their members: a technical subcommittee, a
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Fig 2.5 Facilitation of group members for business plan development (From authors’ photo bank

marketing subcommittee, and a finance subcommittee. Members of the marketing
subcommittee are empowered in estimating seed demands and in designing strat-
egies for seed marketing. Similarly, the finance subcommittee members take
training on record keeping, raising group funds, and building organization struc-
tures such as a storage house and grading machine.

In addition to providing theoretical training, development projects facilitate
establishing seed production demonstrations at farmers’ fields. The purpose of
these demonstrations is to empower seed producers on field techniques such as
maintaining isolation distance between varieties (3 m is required in self-pollinated
crops to produce a truthful label seed), and rogueing (Fig. 2.7). These demonstra-
tions are also considered important from the perspective of technology dissemina-
tion in rural areas because even those farmers who are not engaged in CSP will have
the opportunity to learn integrated crop management practices adopted in seed
production.

2.4.5 Seed Quality Maintenance

One of the reasons farmers buy seed from markets is its quality, so it is important to
capacitate farmers for the adoption of appropriate measures for seed quality main-
tenance. Truthful labeling is generally recommended for seed quality maintenance
in CSP, and in this system, producers assure their quality themselves by putting the
SPO’s logos and seed quality information such as genetic purity, germination, and
physical purity (David 2004). The SPOs collaborate with government-owned seed
laboratories to have their seed tested because these organizations do not have their
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Fig. 2.7 Identification of off-type plants in a seed production plot (From authors’ photo bank)

own seed laboratories, and this facility also has not been established in the private
sector. The SPOs adopt three strategies to enhance seed quality. The first is the
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Fig 2.8 Monitoring of rice field by members of technical subcommittee members (From authors’
photo bank)

provision of seed quality management training to their members by mobilizing their
technical subcommittee members. Second, SPOs adopt the one-farmer, one-variety
approach when distributing source seed to seed growers. Similarly, the technical
subcommittee members monitor seed production plots during flowering and
harvesting and storage (Fig. 2.8) (Khanal and Maharjan 2013).

At the local level, farmers determine seed maturity level by observing the color
of seed and straw, which turns yellow from green during physiological maturity.
Seed quality might deteriorate in storage from the time it reaches physiological
maturity on parental plants until the farmers plant it. Germination is highest at
physiological maturity, and viability then declines inexorably until the seed dies.
Deterioration of seed viability cannot be reversed once it has occurred. Good
storage cannot improve the quality of poor seed; therefore, only seed with high
germination potential and high vigor should be put into storage.

Clements (1987) discussed the problem associated with wheat storage under
tropical conditions. Wheat seed is storable for medium to long periods if kept under
safe storage conditions. For rice and wheat, high seed moisture (above 11-12 %) is
the most damaging, and seed must be kept as dry as possible in storage. The
response of wheat seed to high atmospheric humidity (RH) in storage varies with
temperature. Clements (1987) reported that at 25 °C and 75 % RH the equilibrium
moisture content for wheat is 15 %, and at 90 % RH this may increase to 19.7 %. He
also stated that the critical moisture content for wheat that increases the rate of
respiration is 14.6 %. In general, stored wheat seed should be kept at moisture
content levels below 12 %, and relative humidity should not exceed 50-60 %.
Maintaining temperature and moisture is useful to minimize seed rot (e.g., Asper-
gillus spp., Penicillium spp.), storage pests [e.g., weevil (Sitophilus spp.), khapra
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beetle (Trogoderma granarium), flour beetle (Tribolium castaneum)], and seed
storage pests (Singh 1985). Farmers traditionally use natural insecticides, such as
neem (Azadirachta indica), biskatali (Rumex obtusifolius), and tobacco leaves, as
insect repellents for farm-saved seed (Ahmed 1985).

2.4.6 Seed Marketing

Seed marketing is the final step in the CSP; it takes the seed to farmers and gets
them to buy it and plant it. Seed marketing is time sensitive and it must reach the
farmers at the right time, at the right place, at the right price, in the right amount,
and must be of the highest quality. Seed marketing requires convincing farmers that
the seed quality is high and ensuring that only high-quality seed is sold; convincing
farmers that the seed quality means a benefit to them that is worth the extra cost they
pay for the seed. All possible means of promoting the seed must be used, including
making the seed available in locations close to the target farmers. The seed must be
readily available when the farmers need it, in appropriate-size bags.

Seed producers normally sell seed to neighbors in the early phase of seed
industry development, and in some cases development projects buy seed from
farmers. However, once the CSP has matured, seed produced by households is
collected at SPOs and sold in the market chains. However, it is a challenging task
for seed producers to sell seed in the market in the early phase of CSP because of the
poor capacity of the SPOs. A case in Nepal shows that government agencies and
NGOs could contribute to the promotion of seed produced by SPOs by the provision
of subsidies in seed transportation and publicity of seed through demonstrations,
interactions, and advertisement (Khanal and Maharjan 2010). In food crops such as
rice and wheat, seed is not normally treated with chemical pesticides during
storage. If farmers fail to sell crop produce as seed, it is sold in the form of grain
but at a lower price (Khanal and Maharjan 2013). This strategy reduces potential
loss from seed marketing even if farmers fail to sell seed in the market for various
reasons such as unfavorable weather or competition with the traders. Another
common strategy adopted by SPOs is diversification in packaging size and seed
distribution channels.

2.4.7 Institutionalization

Institutionalization refers to the process of embedding knowledge/concepts within
an organization, social system, or society as a whole. This term is frequently used in
CSP literature to enhance support for seed producers from government agencies
(Khanal and Maharjan 2010), because farmers engaged in CSP represent small-
holders residing in marginal environments. Moreover, seed production activities are
mainly facilitated by NGOs, whose works are often criticized as being artificial
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Fig 2.9 Joint monitoring visit in seed production plot (From authors’ photo bank)

because they are mostly donor oriented and lack promotional pathways to scale-up
and scale-out lessons (FAO 1998). Studies carried out in CSP in developing
countries (Bangladesh, Ecuador, Ethiopia, Zambia, Mali, Mozambique, Nepal,
Philippines, and Sudan) have also shown that most of the CSP initiatives collapsed
after the project phase-out, and one of the reasons for their collapse is lack of
institutionalization (Cromwell and Wiggs 1993). It is believed that those CSPs
institutionalized in government programs are expected to receive extension facili-
ties from government agencies (David 2004). Development projects normally adopt
two strategies to institutionalize CSP: registration of SPOs in government agencies,
and organizing joint monitoring visits (Fig. 2.9). In the latter case, stakeholders
including local government officials, media professionals, millers, and traders are
invited to observe seed production demonstrations. These stakeholders get an
opportunity to observe field activities and discuss how their programs and policies
could address farmers’ problems in CSP.

2.5 Summary

Community seed production is a local-level seed management system owned by
farmers. In this system, farmers produce seed at the household level but sell it to the
market through their organization. It provides an institutional mechanism to pro-
mote both modern and farmers’ varieties at local levels. The CSP has been mainly
promoted by development projects, and these projects empower farmers in techni-
cal and managerial skills for seed production and marketing. Because seed produc-
tion initiatives are run by smallholders in marginal areas, CSP should be
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institutionalized in government programs, which requires understanding of how
seed producers and consumers realize incentives in seed production and consump-
tion. This information is necessary to design appropriate policies for enhancing the
sustainability of this system.
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Chapter 3
A Framework for Analyzing Sustainability
of Community Seed Production

Abstract Sustainability issues in community seed production have emerged from
economic and environmental routes, but the first approach is more common.
Concerns associated with the economic route are marginality, artificiality, and
poor capacity. Marginality indicates that farmers involved in community seed
production mostly reside in remote areas with poor communication, transportation,
and government services. Similarly, development project motivation for farmers
without entrepreneurship skills to engage in seed production raises an artificiality
issue. The third concern is related to the engagement of poor and smallholder
farmers in seed production. The environmental concern is how to prioritize local
landraces instead of modern varieties in seed production. This chapter proposes a
framework for analyzing the sustainability of community seed production from the
perspective of how seed producers realize the benefit and how that benefit is
sustained. Household efficiency in seed production and marketing indicates eco-
nomic benefit, adoption of soil conservation practices shows environmental perfor-
mance, and organizational governance indicates social performance.

Keywords Economic benefit » Organizational governance ¢ Soil conservation
practices * Environmental performance ¢ Social performance

3.1 Introduction

The term ‘sustainability’ is derived from the Latin word ‘sustinere,” meaning to
sustain, endure, support, or continue (Onions 1964). It is commonly used in recent
years in the context of ‘sustainable development’ when Brundland’s report defined
“sustainable development as the development that meets the needs of the present
without compromising future generations to meet their own need” (WECD 1987,
p- 14). This definition highlights the necessity for designing development interven-
tions in such a way that the current challenges are met but without deterioration in
the quality of natural resources that provide the basis of our living on the planet.
When adapting this concept in community seed production (CSP), sustainability is
the nondeclining benefit of farmers from seed production. This chapter discusses
sustainability issues in CSP, summarizes the considerations for analyzing the
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sustainability of CSP, and presents a framework to analyze the sustainability of CSP
in the rice-wheat system.

3.2 Sustainability Issues in Community Seed Production

Sustainability in community seed production (CSP) comes from two routes: eco-
nomic and environmental. This section discusses major issues related to these
routes.

3.2.1 Economic Route

The concerns associated with the economic route are marginality, artificiality, and
poor government policy. CSP initiatives in developing countries are implemented
in marginal areas (rain-fed area, poor soil fertility, remoteness, poor farmers).
Concern is raised how the seed producers could be cost effective in these areas
with low crop yield and limited communication and infrastructure facilities
(Bishaw and van Gastel 2008; Khanal and Maharjan 2010). The second concern
is how entities motivated by nongovernmental organizations (NGOs) could manage
a seed enterprise as entrepreneurship is neglected in the programs and policies of
these organizations (Almekinders et al. 1994). This concern became eminent when
reviews showed the poor performance of seed support programs in Asia and Africa
(FAO 1998) in strengthening CSP initiatives. It was found that development pro-
jects focused on seed distribution, and in many cases these projects bought seed
back from farmers, paying a higher price than usual. As a result, once projects
stopped buying seed from seed producers, many of these producers dropped out.

The third economic concern is poor government policies in strengthening CSP.
As already discussed, seed producers are poor farmers, and they operate seed
production activities in marginal areas. It is expected that government programs
and policies address the concerns of seed producers. However, there are concerns in
government policies, some of which are as follows.

Training Programs Do Not Prioritize Institutional Governance Issues Good
governance is one of the success indicators of any joint venture, including CSP, and
it is measured by democracy, participation, equity, and empowerment (Gray and
Kraenzle 1998). Good governance in the organization enhances cohesion, and
accountability among the members, and thereby members’ economic benefits
from seed production. However, governance issues have been neglected in govern-
ment agency training programs. The training programs are primarily focused on
technical aspects of seed production such as maintaining isolation distance and
rogueing. However, CSP faces the challenge of addressing concerns of the poorer
members as they might not participate in seed production or may drop out for
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economic reasons. The SPOs in developing countries have followed a cooperative
modality for their organizational setup, and this modality is expected to solve this
problem. However, an analysis of 24 cooperatives from developing countries shows
that addressing poor members’ concerns might hamper an organization’s economic
performance (Cook 1995). For example, if a one-member-one-vote principle
applies in the decision-making process, farmers who supply a large volume of
produce have no more say than minor suppliers, and this results in inadequate
investments from members in SPOs.

Lack of Mechanism to Provide Follow-Up Support in CSP It is generally
recommended that government agencies provide follow-up support to
NGO-facilitated SPOs (David 2004). This support includes business development,
seed quality maintenance and marketing training, and seed money to develop seed-
processing facilities (Crissman and Uquillas 1992; Tripp et al. 1998; David 2004;
Bishaw and van Gastel 2008). In a newly established CSP, NGOs organize meet-
ings with government agencies to share their project outputs and status of SPOs,
and government agencies make verbal commitments to support SPOs, but these
commitments are less likely to be transformed into reality because of limited
financial resources and human capital in the organizations (David 2004).

Inefficient Seed Quality Control Mechanism Truthful labeling, a system of seed
quality assurance in which producers themselves assure their seed quality, is the
most efficient and economical method of seed quality management in CSP
(Almekinders et al. 1994). This system is recommended for private seed entrepre-
neurs including SPOs for seed quality assurance (David 2004; Tripp 2001).
Although the truthful labeling system is provisioned in seed policies of developing
countries, it is poorly implemented (Lal et al. 2009).

Limited Access to Financial Services Access to finance is a key to successful
operation of any business, and CSP cannot be the exception. Because the time for
planting and harvesting of crops is seasonal in nature, the SPOs need to collect seed
from producers and store it for as long as 7 months before selling in the market. This
system requires prompt payment for seed to seed producers, especially the poorer
members, at the time of seed collection. If SPOs fail to do so, seed might be sold as
grains or farmers could sell their seed to other traders for economic reasons. On the
other hand, finding loans for SPOs in rural areas of developing countries is a
challenging issue because microfinance institutions are mainly concentrated in
city areas (Pradhan 2009; Witcombe et al. 2010). Moreover, these institutions
consider it is risky to lend money to SPOs, considering their relatively poor
management structure and handling seeds of low-profit crops. As a result, SPOs
have to demonstrate collaterals such as land certificates, even if financial institu-
tions agree to provide loans (Pradhan 2009).

Limited Access to Source Seed One of the main reasons farmers buy seeds from
markets is to obtain good-quality seeds of their preferred varieties (Almekinders
et al. 1994). The demand for seed is generally higher once the variety becomes
popularized than it is in the initial stage of popularization. It is therefore important
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for SPOs to prepare an appropriate mix of popular existing varieties and new
varieties. Agricultural research organizations are the main suppliers of source
seed to SPOs, and therefore the types of varieties included in source seed produc-
tion and their quantity influence SPOs. Studies have shown that agricultural
research organizations primarily make a foundation seed production plan that is
not based on the demands of SPOs but considers the availability of breeder seeds at
research stations (Poudel et al. 2003). The breeder seed is primarily composed of
varieties tested in a high-input management condition in researchers’ controlled
conditions. Thus, these varieties cannot address concerns of poor farmers such as
adaptation in a low-input condition.

Participatory crop improvement approaches, such as client-oriented breeding
and participatory variety selection, have been promoted to address this issue
(Witcombe and Virk 1997). These approaches are believed to integrate farmers’
criteria in the variety development and selection process, and some varieties have
been released through these approaches as well. For example, in Nepal few rice and
mungbean varieties developed through the participatory approach have been
released, but the source seed supply of these varieties is a challenging issue
(Joshi et al. 2012). Similarly, the government of Vietnam does not allow for
registration of varieties bred by farmers (Witcombe and Virk 1997). All these
issues indicate that it is quite a challenging task for SPOs to maintain an appropriate
mix of varieties in a seed production plan. The SPOs could also consider
nonreleased varieties in seed production, but producing source seed of these
varieties by themselves is again difficult because of their poor technical capacity
and resource endowments. Another concern associated with source seed in CSP is
how to get a sufficient quantity of the varieties available at agricultural stations. The
foundation seed (source seed) produced in these stations is quite a lot less than the
requirement. A case in Nepal shows that government organizations supply a
negligible quantity of source seed (Table 3.1). Although some private firms are
licensed to produce foundation seed, none of them has started supplying foundation
seeds of cereal and legume crops because of their poor capacity (SQCC 2013).

In addition to government policy in the provision of facilities in seed production,
programs and policies of NGOs also matter. Reviews of the development projects
intended to support CSP in Asia and Africa have shown that these projects focus on
achieving their development goals of poverty reduction by mobilizing such seed
producers’ groups/cooperatives in disseminating seeds/agricultural technologies,
and less emphasis has been given to their capacity building (entrepreneurial skills).
As a result, farmers produced seed but failed to sell their seed in the market as per
their plan (FAO 1998).
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Table 3.1 Foundation seed supply of major food crops in Nepal

Area (ha x | Annual Quantities of seed certified (7)
Crop | 1,000) requirement (¢) | 2004 2005 2006 |2007 |2008 2009
Rice 1,549 19,362 229.1 1939 [232.2 |2445 3273 253.0
Maize 870 6,090 17.7 12.9 17.1 6.7 10.6 124.8
Wheat | 706 21,180 118.4 70.6 92.7 88.9 |180.1 43.6
Lentil 265 1,988 0.96 | NA 0.2 2.5 1.02 | NA

Source: SQCC (2013)

3.2.2 Environmental Route

The second sustainability issue in CSP is the environmental aspect. There are three
environmental concerns in CSP: (1) how to prioritize local landraces in seed
production, (2) how to minimize negative impacts of climate variables in seed
quantity and quality, and (3) how to maintain good soil health in the seed produc-
tion fields.

The concern for prioritizing local landraces in CSP came from farmers’ right
activists and ecologists, and their argument is that more than 80 % of the seeds of
major food crops in developing countries are supplied by farmers’ varieties but
government support is focused only on modern varieties, and farmers’ innovations
are neglected, a consequence of the influence of agricultural scientists (plant
breeders and agronomists), who are mainly guided in a top-down approach. The
ecologists’ idea for prioritizing local landraces in CSP came from the perspective
that these resources are quite adaptable and serve as cheaper sources of crop variety
at a local level.

The second environmental concern is the risk of deteriorating quantity and
quality of seed as a result of climatic vagaries. Seed production in developing
countries is carried out in open fields and in many cases under rain-fed environ-
ments. So, any alteration in climate variables such as rainfall and temperature will
have a detrimental effect in farmers’ performance in seed production. For example,
shifting of the monsoon later than the normal planting season reduces seed crop
yield and seed quality. A similar situation occurs in the crop yield of wheat and its
seed quality with changing rainfall patterns. Delaying in wheat planting is also
associated with increased sterility problem in wheat.

The third environmental issue associated with the rice and wheat (R-W) seed
production system is negative concerns of these crops for soil health and the global
environment. It has been widely realized that soil organic matter is declining in the
R-W system across the production domain (please refer to Chap. 1 for details).
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3.3 Framework for Analyzing the Sustainability
of Community Seed Production

3.3.1 Some Considerations in the Analysis

From an economic perspective, sustainability is nondeclining benefits. However, it
is important to clarify whose benefits are considered and how to measure those
benefits. When CSP is placed in a system context, it captures the interaction of seed
producers and consumers; the former intend to enhance their welfare by maximiz-
ing benefits from seed production but the latter’s interest is to access quality seeds
of appropriate varieties in appropriate locations and costs. Moreover, it is difficult
to measure the benefits realized by these factors directly because generating profit
from seed production is not the only mission of farmers being engaged in SPOs.
Rather, these farmers could realize social (participation) and environmental (bio-
diversity conservation) benefits using the SPO platform. Similarly, beneficiaries of
seed production do not represent people only from the current generation but also
from the future generation. How to measure and balance current and future benefits
is another challenge because such matters as biological species, organizations,
market mechanisms, and market structure continue to change in space and time.
However, maintenance of soil health including ecosystem services could be a more
logical way to consider future benefits for the people. So, how seed producers and
seed consumers realize benefits and how these benefits continue in the future is the
major thrust of sustainability analysis (Brinkerhoff and Goldsmith 1990). Producers
intend to increase their benefits by maximizing crop yield and selling crop produce
at a higher price whereas the intention of the consumer is to access seed at a cheaper
price at the proper time and location and in suitable packaging. Again, how to
balance economic, social, and environmental benefits realized by farmers is another
issue. However, seed production is the economic activity, so social and environ-
mental benefits should be analyzed linking them with economic benefits.

3.3.2 Economic Performance in Seed Production

Seed producers realize economic benefit at two stages: seed production and seed
marketing. Seed production is the household-level activity, and at this stage house-
holds could maximize their benefit by proper allocation of inputs. This benefit could
be measured in terms of technical efficiency and allocative efficiency (Farrell
1957). Morris et al. (1998) argued that realization of efficiency gain by a household
at the production level could motivate them in the marketing stage. Seed producers
could also increase their benefits by increasing the price of their outputs by adopting
value addition and increasing economy of scale; this reduces seed producers’
transaction costs in seed marketing. Previous studies have shown that demographic
(age and education of household, family size), economic (operational land,
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irrigation facility, fertilizer, soil or land characteristics), and institutional (member-
ship in the organization, access to training) variables are associated with farmers’
production efficiency (Rana et al. 2007; Idiong 2007; Piya et al. 2012).

3.3.3 Relationship of Economic Performance
with Environmental and Social Issues

As discussed in the previous section, the economic performance of farmers in seed
production is determined by their capacity to maximize crop yield with the avail-
able resources and by understanding their capacity to increase output price. Envi-
ronmental and social performance emerges within these two contexts. The
environmental concern is mainly related to risk management activities adopted by
farmers and soil conservation practices. These practices address the farmers’
current benefits as well as the potential to generate benefits in the future. The social
issue in CSP is the participation of members in the decision-making process. This
participation is mainly concerned in the seed-selling phase that is carried out by
seed producers through SPOs. Selling seed in the market involves series of activ-
ities starting from demand estimation, processing, storage, price determination, and
distribution. So the social issues in this case are how the concerns of poor members
are addressed and how members participate in the decision-making process (White
1984).

As discussed, seed production is primarily an economic activity, and therefore
the participation issue should be analyzed within the context of that economic
activity. There is variation among members in terms of priority setting. Poorer
members look at SPOs from the aspect of conformance, and they think that SPOs
design policy in favor of the poor members’ concerns by provision of credit or
timely payment for seed. On the other hand, the better-off members (those having
better economic status) look at organization performance from the perspective of
their return on investment. Generating benefits from seed selling might be their
primary concern, and they might consider that poor members’ participation would
be beneficial to them as well because it reduces transaction costs. In addition to
these internal factors, seed producers need to maintain relationships with service
providers such as government agencies and development projects. To manage these
internal challenges and to make linkages with external actors, SPOs form an
executive committee from their members following democratic principles. The
executive body handles these issues by enhancing economic efficiency in selling
seeds through designing policies for good governance in the organization. The good
governance in SPOs could be understood by analyzing their policies for member
participation, incentive system, business plan development, and linkage with ser-
vice providers (Gray and Kraenzle 1998; David 2004; FAO 2010). The incentive
policy makes the members accountable toward their SPOs, and motivates better-off
(more resourceful) members to invest in the organization. This plan also explains
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how to manage the concerns of free riders and horizons and influence cost and
volunteer issues in the analytical framework.

3.3.4 Economic Performance in Seed Consumption

In rural areas, there is heterogeneity of farmers in their socioeconomic character-
istics such as land size. Normally, larger farmers tend to adopt modern varieties in
combination with other agricultural inputs such as chemical fertilizers or pesticides.
On the other hand, the small farmers’ priority might be to grow crop varieties that
need less external input and are more risk averse in nature. Similarly, seed price,
characteristics of crop varieties, cropping pattern, and land characteristics affect the
behavior of farmers buying seed from the market (Nkonya and Norman 1997,
Paudel and Matsuoka 2008). Whether farmers consume seed could be understood
by analyzing their behavior in buying seed from the market, assuming that farmers
buy seed from the market considering not only one benefit (such as crop yield) but
also analyzing the overall benefit they tend to get from the cropping system.

3.3.5 Components of the Framework

Producers Producers represent rice and wheat seed-producing households having
membership in SPOs. Because seed production is carried out at a household level, it
is the household decision that converts inputs (land, labor, capital, and source seed)
into raw seed using technology (knowledge) and achieves economic and environ-
mental performances (Fig. 3.1). The economic performance gained by a household
is efficiency, whereas environmental performance (here it is adoption of soil
conservation practice and risk aversion strategies) shows the basis for continuing
economic benefits for a long time. Households produce raw seed using land, labor,
capital, and source seed. After producing raw seed, they supply it to their organi-
zations (SPOs) for marketing. Then, SPOs convert it into processed seed (with
value addition and labeling) and sell to the consumers. The performance of SPOs in
marketing can be measured in terms of efficiency and governance. The governance
of SPOs is mainly related to how the organizations form rules and regulations in
line with achieving efficiency in marketing. Good governance in the organization is
also needed to manage conflict/risks that emerge from internal and external factors,
because it defines the incentive system for members to work for their benefits in a
collective way. Governance also affects the flow of information within the organi-
zation and provides the basis for implementing a monitoring and evaluation system.
Moreover, it guides how democracy is implemented in the organizations. Partici-
pation of members in the decision-making process is the major way of applying
democratic principles in the organization. However, it is integrated in the
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Fig. 3.1 Conceptual framework of the study (Source: Authors’ own sketch

governance system as a means to reduce risk against inefficiency of organization in
seed marketing.

Consumers Consumers are also rice and wheat farming households residing near
the seed producers, but they grow these crops for food and not for seed. These
households serve as potential buyers of seed produced by the seed producers. These
farmers might get processed seed from SPOs and convert it into rice and wheat
grain using resources such as land, labor, and capital. In the process of conversion,
if they realize a benefit it is more likely that the consumers would continue buying
seed from the seed producers. The benefit might be in the form of crop yield, straw
yield, or suitability of varieties in the cropping pattern or market price. However,
varietal choice and cheap price could address the consumers’ concerns. The adop-
tion of seed/variety is an economic issue, and environmental and social issues are
not focused at this level.

3.3.6 Relationship Between Producers and Consumers

Three theories (system theory, contingency theory, and political economy) explain
the potential relationship between producers and consumers. The system theory
discusses how formal collectivities to informal codes of conduct work in the
process of converting source seed into processed seed. The system theory is
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concerned with the internal process and the relationship between the system and its
environment. It thus forces us to think about a wide variety of social, economic,
political, technical, and other factors involved in seed production and the marketing
process. In other words, it enables us to merge agro-environmental, economic, and
managerial aspects in sustainability analysis, because interaction of these elements
determines the current and future benefits.

The system theory, however, provides little guidance about how to portray
internal system processes or changes in response to externality because the optimal
structure or management styles of the production system are contingent on uncer-
tain and exogenous conditions. Contingency theory thus shares with system anal-
ysis a concern for environment. The assumption in the theory is that any human
aggregation or pattern of behavior has to be seen in relationship to the context of
outside forces that threaten or promote its survival and expansion. The contingency
theory fills this gap and demonstrates how producers can best attain congruence
with the influences of external factors.

Producers can also impart direct influence on consumers. For example, market-
ing strategies such as seed quality, quantity, location, time of distribution, and
publicity could change consumers’ behavior in buying seed. The producers could
also increase their bargaining power while dealing with service providers such as
government agencies, traders, and so on. The households’ phenomena to organize
in groups/association can be discussed with the help of political economy
(Hunington 1968). So, the foregoing framework could be useful to analyze sustain-
ability of CSP because it explains economic, environmental, and social dimensions,
putting seed producers and consumers in context.

3.4 Research Design

The analytical chapters of this book (Chaps. 4, 5, 6, 7, 8, 9, and 10) are based on the
survey data collected from Nepal during October to November 2011. This section
introduces study area and data collection methods adopted in the survey.

3.4.1 Description of Study Area

General Background of the Tarai Region Field survey was carried out in the
three districts Siraha, Chitwan, and Kailali, and these districts represent the whole
Tarai region of Nepal (Fig. 3.2) as they capture the geophysical, climatic, and
socioeconomic variations in the region (Fig. 3.3a, b). This region lies in the
southern part of Nepal, bordering with India, and covers the altitudinal range
from 70 to 650 m above sea level. It occupies 17 % of the total lands of Nepal
but is considered the ‘food basket’ of the country because more than 60 % of the
major food crops including rice and wheat consumed in this country is produced in
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Fig. 3.2 A map of Nepal showing the study districts (Source: Base map from www.ICIMOD.
ORG)

the Tarai. Availability of flat land; better irrigation facilities and communication
and road facilities; and better soil fertility are some of the reasons that make this
region potential for commercialization (Maharjan 2003). Considering this fact, the
Nepalese government has emphasized the sustainable intensification of lands in this
region through different policies and programs. One of the popular programs to
address land intensification is through increased farmer access to diversified crop
varieties choice through CSP (Pokhrel 2012) because the formal system supplies
less than 10 % of the seed requirement at the national level (Khanal and Maharjan
2010). In this regard, different initiatives were implemented in the country to
support CSP from the 1990s. For instance, the ‘National Seed Act’ and ‘National
Seed Policy’ were formed in 1998 and 2000, respectively. The latter paved the way
to involve private agencies in the seed subsector. The District Seed Self Sufficiency
Program (DISSPRO) was introduced in 1998 (Poudel et al. 2003). This program
envisaged creating three seed centers (two in the Tarai, and one in the mid-hills)
across the five development regions. The selected districts were to produce certified
first-generation seed from foundation seed (FS) supplied by research stations. Later,
the area covered by DISSPRO increased to 63 districts (Chand and Karki 2005).
In addition to the government’s led initiatives, several donor-supported projects
were also implemented with the objective to help establish the CSP system in the
country. Some of these projects focusing on cereal seed promotion in the Tarai
region include the Special Program in Nepal (SPIN) project, funded by the Food
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Fig. 3.3 (a) Crop production in the study area (Source: Authors’ photo bank) (b) Livestock
production in the study area (Source: Authors’ photo bank)
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Table 3.2 Characteristics of the study area

Characteristics Siraha Chitwan Kailali
Households adopting agriculture as major source 80.5 70.0 79

of livelihood (%)

Land area (km”) 1,228 2,238 3,235
Cultivated land (%) 60.9 44.3 27.5
Irrigation land (%) 24.8 (21.9) 52 (34) 42.2 (23.3)
Average operational holding per household (ha) 0.721 0.552 0.994
Average family size per household 5.6 4.27 5.26
Annual per capita income (US$) 426 951 583
Average year of schooling (years) 2.82 5.01 3.62
Rice production area (ha) 61,000 29,655 65,500
Rice yield (t ha™") 2.87 3.49 3.1
Wheat production area (ha) 15,725 8,750 34,450
Wheat yield 1.9 3.1 2.07

Source: MoAC (2013), UNDP (2014)

and Agriculture Organization (FAO), which was implemented from 1995 to 1997 in
six Tarai districts. Later, the Department for International Development (DFID)-
funded projects focusing on participatory crop improvement in cereals and legumes
were implemented in Tarai districts from 1997 to 2006. Similarly, another DFID-
funded project focused on strengthening CSP was “Participatory Crop Improve-
ment in South Asia,” implemented from 2008 to 2012 and covering the entire Tarai
districts (Lal et al. 2009; Witcombe et al. 2010; FORWARD 2013).

Characteristics of Survey Area Agriculture is the major livelihood of people in
the study area as this sector engages 70 % of its people in agriculture (Table 3.2).
Sirha is rather smaller in land size (1,228 km?) as compared to Chitwan (2,238 km?)
and Kailali (3, 235 km?) but the proportion of its cultivated land is rather higher
than that of the other two districts. Chitwan district is better off than Sirha and
Kailali in terms of access to irrigation facilities. Benefits from the irrigation facility
will be even less during winter and spring seasons because irrigation canals
connected to a stream or river are the major irrigation sources, and water levels in
these sources go down during these seasons. In other words, any deviation in the
climatic variables such as rainfall patterns would have direct influence in crop
production. Farmers of the study districts are smallholders with operational land
less than 1 ha per household, and the land size of households from Sirha and
Chitwan is even less than the national average landholding (0.8 ha per household)
(CBS 2003). Similarly, there is also quite a variation in area and production of rice
and wheat across these districts. It is clear from Table 3.2 that area under rice and
wheat production is less in Chitwan as compared to the other two districts but the
yield level is the highest among these districts.

Moreover, the average yield of rice (3.49 t ha™') and wheat (3.1 t ha ') in
Chitwan is even greater than the national level of rice (3.3 t ha™') and wheat (2.42 t
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ha™") yields (MoAC 2013). Households make their income from various sources
such as food crops, livestock, salaried jobs, and remittance; however, agriculture is
the most common source of income across the locations. The income of the people
is almost double in Chitwan as compared to the other two districts, which might be
the result of commercial orientation in farming from better communication, edu-
cation, roads, irrigation, and institutional services (Witcombe et al. 2010; Piya
et al. 2012; Khanal and Maharjan 2013).

3.5 Sampling Technique

This study used both primary and secondary data. The primary data consist of
information collected from household surveys and group discussions. A multi-stage
random sampling technique was employed while selecting households for survey.
The detailed procedures used for identifying households as seed producers and
consumers are discussed next.

3.5.1 Seed Producers

A total of 12 SPOs, 4 in each of the aforementioned three districts, were purposively
selected using the list of these organizations registered in District Agriculture
Development Offices. From that list, SPOs having at least 2 years’ experience in
rice or wheat seed production were selected (Table 3.3).

It was found that the number of registered SPOs was quite limited (Chitwan, 10;
Kailali, 6; Siraha, 5), and not all the members of these organizations were involved
in seed production. Thus, 15 seed-producing households from each of the SPOs
were randomly selected for survey. This sampling technique applies to the analyt-
ical Chaps. 5,6, 7,8, 9, and 10.

3.5.2 Seed Consumers

Seed consumers are also the farmers who grow rice and wheat for grain purposes
(for food) and not for seed. These farmers were chosen from nearby villages of the
selected SPOs (Fig. 3.4), and it was assumed that they could truly represent the
potential buyers of seed produced in CSP. As in seed producers, 15 households
were also chosen randomly from one of the selected villages, for a total of
180 households for survey. Moreover, one group discussion in each village was
organized to triangulate some of the issues captured in the household survey and to
collect village-level information relevant to rice production and consumption
(Fig. 3.5).
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Table 3.3 Profile of community-based seed producers selected for the study
Involved
vDC/ Years of Total in seed Surveyed
District | municipality | SPO name establishment | members | production | households
Kailali | Munuwa® Kisak* 2001 58 28 15 (53.7)
Tikapur® Kisan® 1997 26 20 15 (75)
Masuriya® Sayapatrib 2009 20 15 15 (100)
Chaumala® Kalika® 1999 18 15 15 (100)
Subtotal 120 78 60 (80)
Siraha Padariya® Fulbari 2009 20 19 15 (78.9)
Gadha® Sagarmatha® | 2007 25 20 15 (75)
Gadha® Janadibya® 1998 25 23 15 (65.2)
Siraha® Sampaid* 2009 20 15 15 (100)
Subtotal 90 77 60 (77.9)
Chitwan | Patihani® Unnat® 2003 98 64 15 (23.43)
Parwatipur® Shreeram® 2003 54 45 15 (33.33)
Saradanagar® Pragati“l 2001 74 48 15 (31.25)
Madhabpur® | Bij Bridhi® 1998 48 28 15 (53.57)
Subtotal 270 185 60 (32.43)

Figures in parentheses indicate the proportions of the concerned seed production organization
(SPO) members

Full names of SPOs: Krisak = Bij Bridhi Krisak Sahakari Sanstha; Kisan =Krisak Bij Bridhi
Krishi Sahakari Sanstha; Sayapatri = Sayapatri Biu Utpadak Krishi Samuha; Kalika = Kalika Biu
Utpadak Samuha; Janadibya = Janadibya Krishi Sahakari Sanstha; Fulbari = Salhes Fulbari Biu
Utpadak Krisak Samuha; Sagarmatha = Sagarmatha Bahuudeshiya Sahakari Santha;
Sampaid = Sampaid Biu Utpadan Samuha; Unnat=Unnat Bij Bridhi Krisak Samuha;
Shreeram = Shreeram Bij Bridhi Krisak Samuha; Pragati = Pragati Bijbridhi Krisak Samuha; Bij
Bridhi = Bij Bridhi Company

#VDC Village Development Committee

"Municipality

“Cooperative

4Group

“Producer company (converted from group in 2006)

3.6 Summary

The sustainability issue of the CSP system has emerged mainly from economic and
environmental routes. However, the former is more established, because farmers
engaged in CSP represent smallholders who carry out seed production activities in
low-value crops, and government services to support CSP are poor. This chapter
discusses the major sustainability issues in CSP and provides a framework for
analyzing CSP, putting seed producers and seed consumers in the background.
How seed producers realize benefits and how those benefits continue in the future is
the main thrust in the analysis. The capacity of households in mobilizing resources
in seed production and marketing represent the potential economic benefit they
realize from seed production. Adoption of soil conservation practices in seed
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Table 3.4 Profile of seed consumers selected for study in the area

VDC/
District | municipality Total number of households | Households chosen for the study
Chitwan | Jagatpur 30 15 (50)
Gitanagar 45 15 (33)
Birendranagar 27 15 (56)
Mangalpur 29 15 (52)
Kailali Gadariya 27 15 (55.5)
Durgauli 23 15 (65.2)
Joshipur 28 15 (53.5)
Udasipur 41 15 (36.5)
Siraha Hakpada 30 15 (50)
Sisbani 33 15 (45)
Mahadevpratoha 19 15 (78.9)
Betauna 25 15 (60)

Source: Survey 2011
Figures in the parentheses indicate the proportion of total households

production represents the environmental performance, whereas organizational gov-
ernance captures both social and institutional concerns. Soil conservation practices
together with risk management practices explain the continuity of current benefits
in future, whereas economic benefit and organizational governance show the
adaptive and innovation capacity of farmers. The framework discussed in this
chapter is based on theoretical ideas and findings from previous studies. Thus, it
is important to analyze the sustainability of CSP using empirical data.
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Chapter 4
Farmers’ Behavior in Buying Rice and Wheat
Seed from Market

Abstract The market has a significant role in the success of any economic inter-
vention, including seed production. So, it is important to analyze the characteristics
of potential consumers and their behavior in buying seed from markets while
assessing the performance of community seed production. This chapter analyzes
the impact of socioeconomic characteristics in household behavior in buying rice
and wheat seed. A set of demographic, economic, and institutional variables was
tested for their impact on the probability of buying rice and wheat seed from
markets by using a binary logistic model. Data obtained from 180 households
spread across the three Tarai districts of Nepal were used in the analysis. Results
show that 72 % of households buy rice seed from the market whereas 62 % buy
wheat seed. Most households buy at least two rice varieties but only one variety of
wheat. Household behavior in buying seed is mainly influenced by education,
operational holding, irrigation facility, household membership in farmers’ groups
and cooperatives, and seed price.

Keywords Socioeconomic characteristics * Farmers’ behavior ¢ Rice and wheat
seed » Market

4.1 Introduction

Seed is the most important input in agriculture, and its quality determines crop
production potential and efficiency of other inputs used in crop fields (Almekinders
et al. 1994). Considering this, research and development agencies motivate farmers
for using quality seed as the potential of seed is likely to deteriorate over time
because of physical admixture and genetic erosion. On the other hand, motivating
farmers in buying seeds is important for seed producers to enhance their economic
benefits as the buyers’ behavior determine seed consumption. Farmers buy seed
from the market for three principal reasons: to receive a new variety, to get quality
seed of existing varieties, and to receive genetic material when they lose seed stock
because of such disasters such as fire, flood, and drought. However, the first reason,
a new variety, is more common (Gauchan et al. 2005; Rana et al. 2007). In spite of
the benefits of growing quality seeds, farmers do not frequently buy seed from
markets, especially in open-pollinated crops including rice and wheat. Rather, part

© Springer Japan 2015 55
N.P. Khanal, K.L. Maharjan, Community Seed Production Sustainability
in Rice-Wheat Farming, DOI 10.1007/978-4-431-55474-5_4



56 4 Farmers’ Behavior in Buying Rice and Wheat Seed from Market

of the crop harvest will be saved for next year’s planting, or households may receive
seed from different informal networks such as friends, relatives, and neighbors.

Farmers’ behavior in buying seeds can be discussed from the perspective of
economic benefits. However, understanding those economic benefits is not simple
in subsistence farming because crop yield is not the only determinant explaining
benefits from the adoption of new seed, because straw yield and its quality,
suitability of seeds in the existing cropping systems, and tolerance to biotic and
abiotic stresses might be important in choosing new seeds (Joshi et al. 2001; Khanal
and Maharjan 2014). In irrigated upland domains of the rice-wheat system, farmers
could choose early-maturing rice varieties that do not produce as much as crop yield
as the medium- or late-maturing types (Yadav et al. 2005; Kafle et al. 2012; Khanal
and Maharjan 2014) but contribute to maximizing their benefits from the overall
cropping system perspective. Growing early-maturing rice varieties allows farmers
to grow wheat in a timeframe that increases its yield by minimizing terminal
drought during the milking stage (Regmi et al. 2009). This arrangement also
encourages farmers to grow spring season crops, such as vegetables, after the
wheat harvest (Khanal and Maharjan 2014). Moreover, the valuation methods and
level of benefits farmers realize from new seed also vary with demographic factors,
resource endowments, and institutional variables (Nkonya and Norman 1997,
Sheikh et al. 2003; Joshi and Bauer 2006; Rana et al. 2007; Paudel and Matsuoka
2008; Khanal and Maharjan 2014). The aforementioned factors make it complex to
measure farmers’ behavior in buying seed directly. This chapter analyzes house-
holds’ behavior in buying rice and wheat seed from the market indirectly from a
microeconomic perspective.

4.2 Methodology

4.2.1 Site Selection and Sampling Technique

The study was carried out in Siraha, Chitwan, and Kailali districts representing the
Tarai region of Nepal. This region contributes more than 60 % of the total rice-
wheat system of Nepal (MoAC 2011). In each district, four village development
committees (VDCs), the lowest administrative unit, were selected for household
survey. These VDCs include Jagatpur, Mangalpur, Gitanagar, and Birendranagar
municipality (Chitwan district); Hakpada, Sisbani, Mahadevparoha, and Betauna
(Siraha); and Gardaiya, Joshipur, Durgauli, and Udasipur (Kailali). One ward
(of nine wards) from each VDC, and 15 households from each ward, were randomly
selected, making 180 households for field survey. The survey was carried out using
a semi-structured questionnaire tested in households not involved in the survey.
One group discussion in each ward was organized after the completion of the
household-level survey to collect additional necessary information.
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4.2.2 Empirical Model

A binary logistic model (BLM) was used to analyze the impact of socioeconomic
variables on farmers’ behavior in buying rice and wheat seed. In this case, the
dependent variable is binary, that is, it is 1 if farmers buy seed from the market and
0 otherwise. Although linear probability models such as ordinary least squares
(OLS) can be used to analyze binary choice data, certain assumptions of classical
regressions such as non-normality and heteroscedastic error, and questionable R* as
a measure of goodness of fit, are violated. Logit and probit models have been
developed to address these issues; however, the logit model is preferred if the
choice variables are mutually exclusive with each other (Long and Freese 2006).
Previous researchers (Joshi and Bauer 2006; Paudel and Matsuoka 2008) also
adopted a BLM to analyze farmers’ behavior in buying seed. Theoretically, the
BLM is given in Eq. 4.1 (Agresti 1996):

LH(PX/(l —P)=pPo+BXi+0Xi+. ... piXi + & (4.1)

where Ln is log, i is the ith observation in the sample, P, is the probability of
farmers buying seed from the market in consideration of the given explanatory
variables (X;,) and (1—P,) is the probability of non-adoption. f is the coefficient of
intercept, and f1, fBs. . ... ... By are parameters to be estimated, k indicates the types
of explanatory variables, and ¢; is error term. Because the BLM is estimated through
a maximum likelihood method, the coefficients do not show the average impact of
independent variables on the probability of buying seed from the market. So, the
marginal effect of socioeconomic variables on dependent variables was estimated
after estimating the BLM (Sheikh et al. 2003). The marginal effect values are used
to discuss the influence of explanatory variables on households’ probability of
buying seed.

Specification of the Model and Variables

With reference to the theoretical model given in Eq. 4.1, the operational model used
in the study is specified in Eq. 4.2.

Y =py+ B, In age of HHH + 8, In education of HHH
+ f; In family labor + B, In off-farm income
+ fs In operational land + S In livestock (4.2)
+ B; In chemical fertilizer 4- ¢ irrigation 4 3, CBO
+ P10 In seed price + f;; Chitwan

Here, Y represents the binary dependent variable (0, 1). Explanatory variables
were selected considering production theory, previous studies, and the field situa-
tion. These variables are classified as demographic [age and education of household
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Table 4.1 Socioeconomic variables included in binary logistic regression

Expected

Variables Definition sign
Age of head of Age of household head (years) -
household (HHH)
Education of HHH Formal education of HHH (years of schooling) +
Family labor Labor force unit (LFU)* at household +
Off-farm income Household annual cash income from off-farm sources +

(NRs)
Operational land Operational land for crop production (ha) +
Livestock Livestock standard unit (LSU)b at household +
Chemical fertilizer Total cost of chemical fertilizer (NRs ha™') +
Irrigation 1 if farmers have access to public irrigation facility, and +

0 otherwise
CBOs 1 if any member of household has membership in farmer +

group/cooperative, and 0 otherwise
Seed price Price of seed (NRs kg™ ") —
Chitwan 1 if farmers from Chitwan district, and O otherwise +

CBOs community-based organizations, NRs Nepalese rupees, I US$ NRs 82.96

“LFU is the measurement of labor force, where people from 15 to 59 years old regardless of their
sex were categorized as 1 person = 1 LFU; in case of children (10—14 years old) and elderly people
(>59 years old), 1 person = 0.5 LFU

PLSU is the aggregates of different types of livestock kept at a household in standard units
calculated using the following equivalents: 1 adult buffalo = 1 LSU, 1 immature buffalo = 0.5
LSU, 1 cow = 0.8 LSU, 1 calf = 0.4 LSU, 1 pig = 0.3 LSU, 1 sheep or goat = 0.2 LSU, 1 poultry
or pigeon = 0.1 LSU (Khanal and Maharjan 2014)

head (HHH) and family labor), economic (off-farm income, operational land,
livestock, chemical fertilizer, irrigation, seed price); and institutional [household’s
membership in community-based organizations CBOs)]. The description of the
explanatory variables and their hypothesized influence on a household’s seed-
buying behavior is summarized in Table 4.1.

Commonly, the HHH is the major decision maker of the household, and there-
fore its characteristics might influence the household decision in buying rice and
wheat seeds. It was hypothesized that a younger HHH might be better off in buying
seed from market as compared to an older HHH because of having a better linkage
in the market (Paudel and Matsuoka 2008). It was hypothesized that the education
of HHHs might have a positive impact on household seed-buying behavior as it
contributes to innovativeness and creativity. Higher-educated people could estab-
lish a better linkage with research and extension agencies, and these agencies are
the major sources of accessing training and inputs for crop production (Sheikh
et al. 2003; Joshi and Bauer 2006). Similarly, family labor is an important input in
subsistence farming, and it was hypothesized to have a positive influence on
household seed-buying behavior. Households with more family labor might have
motivation to increase crop yield by integrating different inputs including labor.
Availability of family labor means that households are more likely to implement
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field activities on time (planting, weeding, fertilizer application), and it motivates
farmers to buy seed (Paudel and Matsuoka 2008).

Among the economic variables, a household’s off-farm cash income was
assumed to have a positive impact on seed-buying behavior: access to credit is
still challenging in the study area as most of the banks and micro-finance institu-
tions are located in the cities, and it is difficult for small farmers in these areas to
access credit (Pradhan 2009). It was hypothesized that those having access to
off-farm income could more easily get cash for buying necessary inputs for rice
and wheat production and implementing crop husbandry activities in time. Simi-
larly, operational landholding was considered to have a positive influence consid-
ering their motivation to increase the yield by combining other agricultural inputs
(Tiwari et al. 2008). Livestock is the integral component of the Nepalese farming
system, and farmers use all the manure, whatever is produced at the household, on
their fields. Hence, livestock standard unit was calculated as a proxy variable to
represent the amount of animal manure applied in rice and wheat and is assumed to
have a positive influence on buying seed for these crops. In addition to animal
manure, farmers also use chemical fertilizers in rice and wheat production, and this
was hypothesized to have a positive impact on a household’s seed-buying behavior
considering its positive linkage with crop yield (Paudel and Matsuoka 2008; Regmi
et al. 2009).

Similarly, it was hypothesized that access to irrigation could have a positive
influence on a household’s seed buying as it has also a positive link with crop yield.
However, seed price was hypothesized to have a negative influence on seed buying
considering an inverse relationship between price and demand.

The institutional variable included in this study is the household’s membership
in an agricultural group or cooperative (referred to as community-based organiza-
tions, or CBOs, in this chapter), and it was considered to have a positive impact on
seed-buying behavior. Those farmers having membership in CBOs are more likely
to access extension facility including training from these agencies in those areas
where the agricultural extension system is focused on the group approach (Tiwari
et al. 2008). Moreover, Chitwan district has better road networks, infrastructure,
and extension facility as compared to the other two districts. These factors would be
additional sources of variation in the model and could distort the result. To address
this issue, Chitwan (location) was used as a dummy variable while running the
model.

As per the regression rule, diagnostic tests were carried out to check the
heteroscedasticity and multicollinearity problem in the data. For this, selected
explanatory variables were regressed against the dependent binary variable using
the ordinary least squares (OLS) technique. The variation inflation factor (VIF) test
was carried out to check multicollinearity among the variables. The VIF value for
the dependent variables remained below 10 , suggesting no problem of multicol-
linearity. The Breusch-Pagan/Cook-Weisberg test was carried out to test for the
heteroscedasticity, and the null hypothesis of heteroscedasticity was strongly
rejected (p value less than 0.004).
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4.3 Results and Discussion

4.3.1 Description of Study Variables

The study shows that for rice 72 % of the households buy seed from the market, and
the seed comprises 17 varieties. These varieties are both modern varieties (58.8 %)
and farmers’ varieties (41.2 %). Of the total modern varieties (10), only 50 % of
them (Savitri, Hardinath 1, Ramdhan, Mithila, and Radha 4) were released by the
Nepalese government, whereas the other 4 modern varieties (Kanchhi Masuli, Sarju
52, Sona Masuli, and Sawa Masuli) are those released by the Indian government in
the 1970s and introduced in Nepal’s Tarai districts through informal channels
(farmer-to-farmer contact) because of the open-border system between Nepal and
India. However, 63 % of the households buy wheat seed from the market. It was
found that farmers bought a total of seven modern varieties, all of which have been
released by the Nepalese government (Nepal Agriculture Research Council; NARC
2011). Among these varieties, Gautam (65 %) remains the most popular wheat
variety, followed by NL 297 (50 %) and BL 1473 (25 %). In contrast to rice, wheat
seed is exported to India from Nepal through an informal way. Households buy rice
and wheat varieties from the market from various sources, but neighboring farmers,
agrovets (local traders), farmers’ groups, and agricultural stations are used, in order
of importance. There are also regional differences in the types of varieties bought
by farmers. For example, Hardinath 1, Ramdhan, and Radha 4 have wider adapta-
tion across the surveyed districts whereas other rice varieties have niche specificity.
For instance, Savitri in Chitwan, Sarju 52 in Kailali, and Kanchhi Masuli in Siraha
are more popular than other varieties grown in these locations. There is also
variation in number of varieties bought by farmers. For rice, 83 % of households
buy seeds of at least two varieties, and 17 % grow one rice variety. However, wheat
is almost the opposite: 78 % of households grow only one variety (Fig. 4.1).
Table 4.2 shows the summary statistics of socioeconomic variables of the
households included in the binary logistics model with reference to their mean
and standard deviation. The average age of the HHH is 41.9 years, but it varies from

Rice Wheat

B One B Two or more W One & Two or more

Fig. 4.1 Farmers’ behavior in buying rice and wheat seed from the market (From Survey 2011)
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17 to 74 years. The majority (96 %) of HHHs have attended formal schooling, and
their average years of schooling are just 5.2 (primary education in the Nepalese
standard). The average labor force of a household is 3.2 persons, but this number
varies from 2 to 15. Similarly, the average operational holding per household is
0.78 ha (range, 0.06—4.67 ha), which is similar to the national average operational
holding (0.8 ha). Household annual cash income is NRs 59,922, but only 63.3 % of
households receive cash income from agriculture. Two-thirds of the households
(66.67 %) receive cash income from non-farm sources such as a salaried job,
remittance, wage labor, or small business. The average non-farm income of house-
holds is NRs 49,531, varying from NRs 4,780 to NRs 122,600. Livestock is an
integral part of farming system in the study area. All the households were found to
have raised livestock, and the average livestock unit (LSU) in the study area is 3.46,
varying from 0.5 to 201. Cow, buffalo, goat, poultry, and pig are the major livestock
species being raised by farmers.

In addition to animal manure, 90 % of farmers apply chemical fertilizers in rice
and wheat. The sources of chemical fertilizers are urea (nitrogenous fertilizer, 60 %
N), diammonium phosphate (18 % N and 48 % P), and muriate of potash (60 % K).
It was found that the ratio of chemical fertilizers applied by farmers in rice fields is
N:P:K (44.9:25:20.9 kg hafl), and this dose is smaller than the recommendation
made for irrigated rice in the Tarai region of Nepal of 100:30:30 kg ha™"'. Fertilizer
application is also similar in wheat where farmers apply N:P:K (50.9:22:17.9 kg
ha_l), and it is also lower than the recommended fertilizer dose for irrigated wheat
(MoAC 2011). Farmers apply both potassium and phosphorus as basal applications
during final land preparation, whereas nitrogen (urea) is applied 30 to 50 days after
planting.

Chemical fertilizer cost (NRs) was used to represent the amounts of chemical
fertilizer applied in rice and wheat crops. On average, farmers apply chemical
fertilizer at a cost of NRs 5,244 ha~' and NRs 5,405 ha™' in rice and wheat,
respectively. Sampled households use irrigation from both public irrigation sources
(such as canal from river or stream) or private irrigation sources (tube well).
However, only 34 % of the households have access to public irrigation source.
Similarly, 56 % of the households have membership in CBOs.

4.3.2 Result of Binary Logistic Model

The significant log-likelihood statistic shows that the variables chosen for the study
fit the model well (Tables 4.3 and 4.4); that is, the coefficients of explanatory
variables are significantly different from zero. Moreover, the percentage correctly
predicted from the model is also high (74.5 % for rice and 68.4 % for wheat). These
results show the goodness of fit of the model in the given data set. The study shows
that the coefficients of most of the independent variables are as hypothesized;
however, there is some variation.
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Table 4.3 Impact of socioeconomic variables on farmers’ behavior in buying rice seed

Variables p P value Marginal effect”
Age of HHH 0.031 0.184 0.0041
Education of HHH 0.112 0.121 0.013
Family labor —0.043 0.165 0.117
Off-farm income —0.0031 0.243 0.0001
Operational land 0.811 0.124 0.140
Livestock 0.0027 0.943 0.0003
Chemical fertilizer 0.0002 0.705 0.0002
Irrigation 0.812 0.037%sk* 0.301
CBO 0.641 0.079%* 0.127
Seed price —0.240 0.0127%* 0.014
Chitwan 0.221 0.014%%* 0.125
Constant —2.184 0.012

Log likelihood, 85.37**, n = 107; percentage correctly predicted, 74.5, pseudo R?,0.22

*, ** %% indicate significance at 10 %, 5 %, and 1 % levels, respectively

“Marginal effect = p (1—p)B, where p is the probability of the event occurring, and f is the
parameter estimated from the model

Table 4.4 Impact of socioeconomic variables on farmers’ behavior in buying wheat seed

Variables s p value Marginal effect®
Age of HHH —0.002 0.952 —0.0006
Education of HHH 0.177 0.097* 0.043
Family labor —0.018 0.528 —0.0045
Off-farm income —0.001 0.233 —0.001
Operational land 1.58 0.032%%* 0.3902
Livestock 0.395 0.324 0.0973
Chemical fertilizer 0.003 0.415 0.0009
Irrigation 1.70 0.075* 0.401
CBO 1.24 0.021%%* 0.352
Seed price 0.35 0.024%%* 0.214
Chitwan —1.72 0.277 —-0.376
Constant —-3.23 0.235

Log likelihood, —22.54**, n=115; percentage correctly predicted, 68.4; pseudo R, 0.45

* Rk FEE indicate significance at 10 %, 5 %, and 1 % levels, respectively

*Marginal effect = p (1—p)p, where p is the probability of the event occurring, and p is the
parameter estimated from the model

Among the explanatory variables, irrigation, household membership in CBOs,
and seed price have shown significant influence on household decisions to buy seed
from the market. Households that access an irrigation facility realize a rice yield
12.4 % higher than their counterparts (2.42 t ha—"). Similarly, in wheat crops, those
accessing irrigation facilities experienced higher grain yield (4.7 %) than those who
do not have irrigation access (1,879.8 kg ha™').



64 4 Farmers’ Behavior in Buying Rice and Wheat Seed from Market

In this study, household membership in CBOs represents access to extension
facilities (e.g., agricultural training) of government and nongovernment organiza-
tions. The significant coefficient and high marginal effect signify the influence of
CBO membership on household behavior in buying both rice and wheat seed from
the market. As shown in Table 4.3, the marginal effect of households having
membership in CBOs is 0.127, which indicates that households having membership
in CBOs have a 12.7 % higher probability of buying rice seed from market than
those not having membership. The influence of CBO membership is also positive,
and even higher in wheat. Households having CBO membership have 35.2 %
higher probability of buying wheat seed from the market. This finding is consistent
with other studies (Paudel and Matsuoka 2008; Tiwari et al. 2008). Associated
reasons might be better access to agricultural training and other technical facilita-
tions households receive from extension agencies (DFID 2010). In the group
discussions, farmers opined that as a member of the CBO households participate
in the monthly meeting and demonstration plots. They also discuss the problems,
lessons, and potentials of new crop varieties and technologies in monthly meetings.
All these factors might have influenced adoption decisions.

This study also shows that the price of seed is significant in a household’s
decision to buy seed from the market; that is, households encountering a higher
seed price are less likely to buy seed from the market. Thus, it is necessary to supply
rice and wheat varieties at a reasonable price to enhance their motivation in buying
seed. The essence of reasonable price here is seed price comparable with grain price
of the respective commodity.

Farmers opined that normally seed price remains 15-20 % higher than grain
price both in rice and in wheat. This small price difference between seed and grain
might be because major suppliers in rice (93 %) and wheat (82 %) seed are
neighboring farmers. Previous studies have shown that farmers normally compare
seed price with grain price in open-pollinated crops because they could use home-
saved seed if the price difference of these two categories of seed is high
(Almekinders et al. 1994).

In addition, education of the HHH and operational land have also shown
significant positive impact on household behavior in buying seed. Household
response toward these variables is also in the same direction in rice, although
nonsignificant. The positive impact of education is linked with household creativity
and extension contact. Similarly, the motivation of larger operational holdings in
buying seed is also clear as per the hypothesis, and it might result from the higher
commercial orientation of larger operated households in maximizing their benefits
from crop production.
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4.4 Conclusion

This chapter analyzed farmers’ behavior to buy rice and wheat seed from the
market. It was found that 72.1 % of farmers buy rice seed from the market but
this proportion is only 63 % in wheat. The majority of farmers buy at least two rice
varieties from the market but in wheat they buy only one variety at a time. Seed-
buying data alone could not provide the total household variety diversity portfolio
of these crops because farmers grow many other local varieties from households’
saved seed. A binary logistic model was used to understand the impact of
household-level characteristics on farmers’ seed-buying behavior. The result
clearly shows that irrigation facility, household membership in CBOs, and seed
price have significant roles in motivating farmers to buy seed from the markets.
Although an irrigation facility has a significant positive impact on household seed-
buying behavior, it might be a challenging task for governments and extension
agencies to support this facility considering their resource constraints. Develop-
ment of drought-tolerant varieties could be an alternative strategy in such cases.
This study also suggests motivating farmers to actively engage in groups and
cooperatives because, despite the significant positive influence of household mem-
bership in a CBO, about half the households are not engaged in a CBO. Moreover,
this study shows that households experiencing higher price of seed are less likely to
adopt improved varieties. Thus, emphasis should be placed on rice seed production
at local levels so that cost of production and transportation could be reduced,
thereby enhancing accessibility of cheaper rice and wheat seeds to the farmers.
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Chapter 5
Technical Efficiency in Rice and Wheat
Seed Production

Abstract Measuring technical efficiency is a popular approach to understand
farmers’ performance in seed production. This chapter measures farmers’ technical
efficiency (TE) in utilizing seed, chemical fertilizer, labor, livestock, and opera-
tional land for producing rice and wheat seed using survey data collected from
180 households across the three Tarai districts of Nepal. The stochastic frontier
production model was used for data analysis as it gives us better estimates of
efficiency in utilizing the aforementioned resources by removing measurement
errors. Results show that farmers are 81 % efficient in utilizing resources; this
ranges from 36.7 to 95.2 %. They have also similar technical efficiency level
(78.3 %) in wheat seed production, and there is wide variation in efficiency
(38.6-94.6 %) across the selected households. The differences in efficiency level
are explained by the education of household head, land rent, and farmers’ experi-
ence in seed production. This study recommends provision of irrigation facility, soil
measurement methods, and vocational training to enhance farmers’ efficiency in
rice and wheat seed production.

Keywords Rice-wheat seed production » Technical efficiency ¢ Stochastic frontier
model

5.1 Introduction

The term efficiency shows the ratio between output and input. This term has been
popular in the literature since Farrell (1957) elaborated ideas about technical
efficiency (TE) and allocative efficiency (AE). In the frontier concept, a firm is
said to be technically efficient if its output falls from possible maximum output
level in the given set of inputs, and similarly a firm is said to be allocatively efficient
if it applies the inputs in appropriate proportion (by equating the ratio of marginal
product of input with input price ratio) in the observed input price and output level
(Battese and Coelli 1995). Farmers’ efficiency in resource mobilization can be
measured from production (TE), cost (AE), or profit (profit efficiency, PE) func-
tions. Measuring efficiency is a popular approach to understand farmers’ perfor-
mance and, if inefficiency exists, it forms a basis for designing support strategies

© Springer Japan 2015 67
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(World Bank 2011). The gain in efficiency would contribute to transforming the
seed production system from subsistence to commercial (Morris et al. 1998).

This concept has resulted in a number of past studies in efficiency, and these
studies have rejected Schultz’s hypothesis (Schultz 1964) that poor farmers in
developing countries are efficient in utilizing their resources (Kalirajan 1999;
Rahman 2003; Hassan and Ahmad 2005; Ghaderzadeh and Rahimi 2008;
Kamruzzaman and Islam 2008; Dung et al. 2011; Sohail et al. 2012; Piya
et al. 2012). These studies have identified the existence of a wide range of efficiency
among rural households, ranging from 12 % to 98 %. In a practical sense, it is very
difficult to compare the efficiency level of farmers from one study to another
because of variations in choosing input variables. This difficulty necessitates the
measurement of efficiency at a local level using most commonly used input vari-
ables so that location-specific appropriate policy recommendation could be made.
Thus, this chapter measures the technical efficiency of farmers in producing rice
and wheat seed with the inputs used by farmers: source seed, chemical fertilizer,
labor, livestock, and operational land, and identifies the socioeconomic variables
influencing efficiency of farmers.

5.2 Methodology

5.2.1 Study Area and Sampling Technique

This study was carried out in three Tarai districts (Siraha, Chitwan, and Kailali) of
Nepal in November 2011. The Tarai is the major rice and wheat production domain
of Nepal. Four seed producer organizations (SPOs) with at least 2 years of expe-
rience in rice and wheat seed production from these districts were purposively
selected. Fifteen households from each of the selected SPOs were chosen for the
field survey, making a total of 180 sample households.

5.2.2 Empirical Technique

The stochastic frontier production model (SFPM) was used to analyze technical
efficiency (TE). Two types of parametric frontier production functions are used in
the literature in measuring the TE of farmers, deterministic and stochastic; how-
ever, the latter is considered more efficient because it considers two error terms, one
of which separates the random noise effect from the total residual (also called
composed error), and therefore the model gives a consistent estimate for efficiency/
inefficiency (Battese and Coelli 1995). The theoretical idea of the SFPM is that no
one can produce output beyond the theoretically possible limit. The measurement
of efficiency/inefficiency is thus possible to show how far away from the theoretical
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limit are the agents. Aigner et al. (1977) and Meeusen and van den Broeck (1977)
originally proposed this model, and its functional form is expressed as given in
Eq. 5.1:

Yi = f(xi; Bexp(vi — u;) (5.1)

Here, Y; is the quantity of production of the ith farm with i ranging from 1, 2. . .n, x,
is the explanatory variable input, § is the vector of parameters to be estimated, v;
represents the two-sided error term accounting for random variation in output
caused by factors outside the control of farmers such as measurement errors,
diseases, pest infestations in the fields, and natural calamities. Another term, u;,
represents the error term associated with farm-level technical inefficiency, and this
inefficiency might occur from variation in socioeconomic variables such as educa-
tion, extension, or infrastructure. Here, v; is assumed to distribute independently of
each u;, and both these errors are supposed to be not correlated with explanatory
variables (x;). The noise component, v;, is assumed to have zero mean and constant
variance (62, ) and be distributed normally, whereas the inefficiency component u; is
assumed to have zero mean with variance (03) and be distributed half normally. As
proposed by Aigner et al. (1977), the log-likelihood function for the half-normal
model is given in Eq. 5.2. This likelihood function estimates whether variation
among observations is the result of inefficiency or occurred by chance. From the
likelihood function (5.2), we get 6% and A%, where o7 is the total variation and is
estimated by 6> = 62 + c>and 2> = ¢,2|0%. If A = 0, there is no inefficiency effect,
and the variation in the data is just the result of random noise, and the higher value
of A reflects a greater inefficiency effect, as explained by the model

In L(Y:|, o}) = —fln (n0?) Zlnq){ } 20228 (5.2)

where ¢; = v; = u; = In Y; — x;fis a composite error term and ¢(x;) is a cumulative
distribution function of the standard normal variable evaluated at x;. The TE of
farmer; in the context of stochastic production function can be expressed as

TE; = Y, /Y; = f(x;; B)exp(vi — )/ f (xi; Blexp(vi) = exp(—u;) (5.3)

where Y} is the maximum possible output, and Y;, x;, B, v;, and u; are as already
explained. Here, TE, represents TE and is the ratio of farm output (crop yield in this
research) relative to the maximum output that can be produced in the same level of
input vectors. The value of TE; ranges from O to 1. If TE;=1, Y; achieves the
maximum value of f(x;; ), exp (v;), and TE, < 1 represents the shortfall of produc-
tion from the maximum possible production level in the environment characterized
by stochastic elements that vary across farmers.

As mentioned already, this study has adopted the two-stage procedure in esti-
mating the SFPM. In the first stage, TE was computed from the model using the
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variables of seed, labor, chemical fertilizer, livestock, and operational land. In the
second step, TE (as dependent variable) was regressed against socioeconomic
variables of farmers or farm using ordinary least squares, as this technique can be
applied if the efficiency values are greater than O and less than 1. Previous studies
have also adopted the two-stage procedures to analyze the efficiency of farmers in
developing countries (Kalirajan 1999; Sharma et al. 1999; Piya et al. 2012).

After estimating the SFPM, the TE was predicted using the formula given in
Eq. 5.3, and TE score was regressed against socioeconomic variables (Eq. 5.4) to
find their impact on TE.

TE; = 69 +6; In age of HHH + 6, In education of HHH
+ 63 In family labor + 64 In off — farm income
+ 85 In irrigation cost + J¢ In land rent 4 d7 In experience
+ 8 training + d9 Chitwan + o;

(5.4)

Data for family labor were calculated using the active labor force unit (LFU).1
Similarly, the household’s livestock possession was estimated through the livestock
standard unit (LSU).” The LSU represents the amount of organic manure used by
households in the crop field because there is no system for trading organic manure
in the study area, and whatever manure is produced at the household is incorporated
in the crop field. Irrigation cost was estimated considering electricity and labor
costs in case of tube well use, whereas it is labor cost for those using an irrigation
canal. Similarly, land rent is the value of share crop land estimated by household.

Here, 6 represents the parameters associated with socioeconomic variables, and
w; is the error term. The sign of socioeconomic variables and their description are
presented in Table 5.1. Of these variables, the impact of age and education of HHH
were hypothesized to be positive (Ali and Flinn 1989; Rahman 2003). Training and
experience in seed production are capacity enhancement variables, and these vari-
ables were assumed to have a positive influence on TE (Rahman 2003). Similarly,
the influence of irrigation cost on TE was assumed as negative. The influence of
land rent was hypothesized as positive because this represents the land quality and
has a direct link with crop yield (Ghaderzadeh and Rahimi 2008). The majority of
the labor force in rural areas is supplied by the farmers’ family members, which
makes it easy to access labor when required, and easy accessibility of labor might
contribute positively to production. So, family labor at a household was hypothe-
sized to have a positive influence on TE. Similarly, household income from an
off-farm source was also assumed to have a positive contribution to TE, as farmers

'LFU is the measurement of labor force, wherein persons from 15 to 59 years old, regardless of
their sex, were categorized as 1 person = 1 LFU, but for children (10-14 years old) and elderly
persons (>59 years old), 1 person = 0.5 LFU.

2LSU is the aggregate of different types of livestock kept at a household in a standard unit
calculated using the following equivalents: 1 adult buffalo = 1 LSU, 1 immature buffalo = 0.5
LSU, 1 cow = 0.8 LSU, 1 calf = 0.4 LSU, 1 pig = 0.3 LSU, 1 sheep or goat = 0.2 LSU, and
1 poultry or pigeon = 0.1 LSU (Khanal and Maharjan 2014).
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Table 5.1 Socioeconomic variables used in the model

Expected
Variable Description Coefficient |sign
Age of head of Age of HHH in years 3 +/—
household (HHH)
Education of HHH | Formal schooling years of HHH in years 6> +/—
Training If household attended agricultural training, 03 +
=1, and O for otherwise
Labor Labor force unit (LFU) available at households | &, +
Irrigation cost NRs ha™! in the cropping season Os -
Land rent NRs ha™! per cropping season J6 +
Experience Years of household participating in seed 67 +
marketing
Off-farm income Amount of cash money households receive Og +
from members in a year (NRs year™ ")
Chitwan If household from Chitwan = 1, and O for 9 +
otherwise

could accomplish agricultural activities in timely fashion if they have access to
off-farm resources (Ali and Flinn 1989; Wang et al. 1996; Rahman 2003).

We have used Chitwan as the dummy variable in the analysis, considering that
this district might have a positive influence on TE for reasons of better infrastruc-
ture and extension facility. Before running the stochastic frontier production model
and ordinary least squares model, data were validated for multicollinearity,
heteroscedasticity, and endogeneity issues.

5.3 Results and Discussion

5.3.1 Summary of Study Variables

The average age of a head of household (HHH) is 46.8 years, but this varies from
16 to 78 years. In general, HHHs have lower secondary school level education
(7.96 years), but this varies, from O to 18 years. Not having formal schooling does
not explicitly indicate no education, because many household heads are also
engaged in informal education schemes supported by nongovernment organizations
(NGOs); however, this study has not captured this factor in the analysis. Most of the
households (78 %) receive training from government agencies and NGOs, and this
training represents general orientation about crop production including site selec-
tion, crop husbandry, and plant protection.

As rice is a water-loving crop, irrigation frequency is substantially higher (three
to four times in a month) than that of wheat (two to three times in a growing
season). However, there is not much difference in irrigation costs between rice and
wheat, indicating that irrigation costs during the wheat growing season (winter
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Table 5.2 Summary of the explanatory variables

Variable inputs Overall Chitwan Siraha Kailali

Age of HHH 46.8+11.43 49.8+12.05 46.1+10.9 44.6+10.8
Education of HHH | 7.96 £4.02 10.6 £2.97 6.8+4.1 64+34
Training 0.78 £0.41 0.81+0.39 0.68 £0.46 0.85+£0.36
Family labor 3.4+0.37 221+1.35 4.12+£1.25 4.23+£2.04
Irrigation cost 1,863 + 1,135 1,822 + 1,369 2,267 +1,169 1,500 4 605
(rice)

Irrigation cost 1,545 +945 1,224 + 654 1,854 + 876 1,721 £ 876
(wheat)

Land rent 6,145 4+ 1,827 8,310+ 872 4,125 + 655 6,000 £ 2,540
Experience 4.37+0.97 5.84+0.35 4.2+0.57 4.1+£0.52
Off-farm income 42,998 + 52,622 | 53,990 4 14,566 | 43,510+ 16,540 | 25,950 + 16,452

Source: Survey 2011
SD standard deviation, 1 US$ = NRs. 82.96

season) is substantially higher than those in the rice season (rainy season). Land rent
varies across households and the district, and it has been used as a proxy variable to
represent land quality and was measured as value of share cropland.

There is also quite a variation in land rent, ranging from NRs 3,000 to NRs
9,000 ha™ "' per cropping season (i.e., 6 months) in the study area, and this figure is
also higher in Chitwan as compared to the other two districts (Table 5.2).

5.3.2 Findings from the Stochastic Frontier
Production Model

Table 5.3 presents the findings from the stochastic frontier production model. The
significant log-likelihood test (Wald test) signifies that variables chosen fit the
model well. Moreover, the likelihood ratio test for the “absence of inefficiency in
the model” is rejected, which indicates that the inefficiency effect explained in the
model is higher than random noise.

The marginal effect of input variables was also estimated because the stochastic
frontier model was run through the maximum likelihood method, and coefficients
of input variables do not represent their average impact on the dependent variable.
All the input variables except labor and land have a positive response on yield. The
marginal effect of labor is —0.11, indicating that 1 % increase in LFU leads to
decrease in rice yield by 0.11 %. The impact of chemical fertilizer and livestock is
also positive.

Similarly, all the input variables except livestock show a significant positive
impact on wheat yield. The marginal impact of seed on wheat yield is 0.38, which
means wheat yield could be increased by 0.38 % with a 1 % increase in seed rate.
This result shows that farmers use seed at a rate of 115.69 kg ha™ ', which is less
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Table 5.3 Effect of explanatory variables on crop yield

Rice Wheat
Marginal p Marginal

Variables Coefficient |p value | effect Coefficient |value | effect
Seed 0.335 0.75 0.158 0.28 0.001 |0.125
Labor —0.221 0.017#* | —0.111 —0.154 0.037 | —0.128
Chemical fertilizer | 0.089 0.081* | 0.089 0.315 0.002 |0.235
Livestock 0.032 0.057* 0.020 0.012 0.549 | 0.009
Operational land —0.018 1.90 —0.019 0.053 0.041 |0.023
Constant 7.40 0.124 2.01 0.189
Model Log likelihood: —110.38%*%, Log likelihood: —110.38%**,
characteristics 6°=0.143, A =2.35, 6°=0.143, A =2.35,

Likelihood ratio = 46.58*** n =121 Likelihood ratio = 46.58%%*,

n=121

* k% F%% indicate significance at 10 %, 5 %, and 1 % level, respectively

than the recommendation made in wheat production (120 kg ha™') under irrigated
condition in the Tarai region of Nepal (MoAC 2010). The marginal effect of labor is
—0.154, which is significant at the less than 5 % level of significance, implying that
1 % increase in labor leads to decrease in wheat yield by 0.154 %. The reason
behind the negative response of labor to wheat yield might be that most of the labor
involved in seed production is supplied by family members and they are unpaid, and
in the absence of better job opportunities in the rural areas they could spend more of
their time than is required in farming. Sohail et al. (2012) have also found similar
results in Pakistan.

5.3.3 Farmers’ Technical Efficiency

The results show that the efficiency of farmers in rice seed production is 81 %: it
varies from 36.7 to 95.2 %, suggesting that farmers could improve their efficiency
in rice seed production by 19 %. Efficiency level also differs among the districts.
The average efficiency of farmers in Chitwan, Siraha, and Kailali is 85.1 %, 75.8 %,
and 81.8 %, respectively. Previous studies have also identified a wide range of
efficiency among the farmers. For example, Kyi and Oppen (1999) found average
efficiency of farmers to be 88 %, ranging from 39 % to 93 % in irrigated rice
production in Myanmar. Similarly, Idiong (2007) found the efficiency of Nigerian
rice farmers to be 77 %, ranging from 48 % to 99 %. The recent study by Piya
et al. (2012) found the efficiency of Nepalese rice growers to be 74 %, ranging from
35 to 100 %. All these studies also indicated wide variation in efficiency level
among the study households.
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Farmers are 78.3 % efficient in seed production of wheat. However, production
efficiency varies from 38.6 to 94.6 %, so that farmers could improve wheat
production efficiency by 21.7 % (range, 5.4—-61.4 %). Moreover, more than 70 %
households are above 70 % efficiency level in seed production. Studies from other
developing countries have also shown a wide range of efficiency among wheat
growers. For example, Hassan and Ahmad (2005) reported 93.6 % (range,
58-98.5 %) efficiency in the mixed farming system of Pakistan. Similarly,
Ghaderzadeh and Rahimi (2008) found the technical efficiency of farmers to be
65.6 % (range, 30-94 %) for rain-fed wheat farming in Iran. Similarly, Sohail
et al. (2012) estimated 60 % technical efficiency (range, 25—85 %) of wheat
growers in Pakistan.

5.3.4 Impact of Socioeconomic Variables on Technical
Efficiency

A total of nine socioeconomic variables were tested for their impact on TE, and the
results show that direction of impact of most of the variables is as per the expected
sign, except for family labor, training, and age of HHH (Table 5.4).

In rice, education level of the HHH, household experience on seed marketing,
land rent, and location have a significant positive influence on TE. The significant
positive response of education of HHH on TE indicates that efficiency of the
farmers would be further increased with the current education level (7.8 years).

In the study area, 35.6 % of HHH are still below the primary education level
(1-5 years of formal schooling), and this category of households experiences less
yield (16.6 %), higher yield loss (17.6 %), and operates in the lower efficiency level

Table 5.4 Influence of socioeconomic variables on technical efficiency

Rice Wheat

Variables Coefficient (p value) Coefficient (p value)
Age of HHH —0.0325 (0.251) 0.031 (0.29)
Education of HHH 0.0042 (0.06)* 0.023 (0.416)
Family labor —0.014 (0.876) —0.016 (0.392)
Training 0.052 (0.264) 0.010 (0.680)

Irrigation cost

0.008 (0.968)

0.03 (0.02)**

Land rent

0.045 (0.005)***

0.152 (0.0001)***

Experience

0.063 (0.0112)**

0.059 (0.31)

Off-farm income

0.0545 (0.0683)

0.008 (0.297)

Chitwan

0.034 (0.13)

0.023 (0.387)

Constant

0.023 (0.04)**

—0.318 (0.127)

Goodness of fit

R?, 0.56; adjusted R?,0.52

R?, 0.46, adjusted R?, 0.43

* *% F%% indicate significance at 10 % level, 5 % level, and 1 % level, respectively. Values given
in the parentheses are the p values, n =121
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Table 5.5 Observed yield, yield loss, and technical efficiency of significant variables

Variables ‘ n ‘ Observed yield Yield loss® Technical efficiency (%)
Education of HHH

Primary (<5 years) 36 3,453 1,203 0.73
Above (>5 years) 85 4,027 991 0.79

p value 0.002%** 0.005%%** 0.0017%%*%*
Land rent (NRs for 6 months)

<7,000 50 3,655 1,108 0.758
>7,000 71 4,571 873 0.831

p value 0.001%** 0.008%%** 0.0017%%*
Experience (years)

<3 45 3,648 1,263 0.7568
>3 76 3,904 1,016 0.783

p value 0.006%** 0.0001*** 0.0008***

* x* #%% indicate difference between categories by 10 %, 5 %, and 1 %, respectively
*Yield loss = maximum possible production — observed production, and maximum possible
production = observed production/TE

(8.7 %) compared to those having higher education. Previous studies have also
shown the positive response of education on TE of farmers (Idiong 2007; Piya
et al. 2012). The better performance of higher-educated HHH might reflect their
better analytical capability and extension contact (Battese and Coelli 1995). The
study also shows that a 1 % increase in land rent leads to a 0.045 % increase in
TE. Land rent represents land quality, and to compare the level of land quality with
efficiency, households are divided into good land quality households (>NRs 7,000/
season/ha) and poor land quality households (<NRs 7,000/season/ha). It was found
that the households in the former category achieved higher yield (20 %), experi-
enced less production loss (21 %), and these farmers operate at a higher TE level
(8.78 %) as compared to their counterparts (Table 5.5).

The study also shows the significant positive influence of household experience
with seed production on TE. As shown in Table 5.4, 1 % increment in years of
experience leads to increased efficiency of farmers by 0.063 %. Households with
more than 3 years of experience in seed production realized 3.6 % higher efficiency
as compared to those having less experience (p =0.047). Other studies have also
shown a positive link between farmer experience and level of technical efficiency
(Kyi and Oppen 1999; Idiong 2007). The reason behind the higher efficiency of
experienced farmers might be their better skills in managing resources compared to
less experienced farmers.

As for rice, land rent has significant positive impact on TE in wheat production.
As shown in Table 5.4, the coefficient for the impact of land rent on TE is 0.152,
which means 1 % increase in land rent leads to an increase of TE in wheat seed
production by 15.2 %. Thus, households evaluating higher quality for their land
tend to be more efficient than those evaluating their land as lower quality. As shown
in Table 5.6, households evaluating their land as being of better quality obtained a
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Table 5.6 Comparison of yield loss and technical efficiency among different categories

Variables ‘ n ‘ Observed yield (kg ha™ ') ‘ Yield loss (kg ha ) | Technical efficiency (%)

Irrigation cost (NRs hafl)

<1,000 44 2,833 635 81.22
>1,000 77 |2,719 726 77.10

p value 0.03%* 0.08* 0.04%*
Land rent (NRs ha™ ')

<7,000 143 [2,504 733 79.72
>17,000 37 12,806 595 83.050

p value 0.05%* 0.013%* 0.024 %

* ** indicate significance at 10 % and 5 %, respectively

12.06 % higher yield, experienced 18.8 % less yield loss, and operated at a 4.17 %
higher efficiency level than their counterparts. The positive response of land quality
on efficiency of wheat production was also reported by previous studies (Sharma
et al. 1999; Kamruzzaman and Islam 2008). In a focus group discussion, farmers
stated that soil fertility and access to a irrigation facility are the major determining
factors for land quality by farmers.

Another socioeconomic variable having significant impact on TE is irrigation
cost. One unit increase in irrigation cost leads to increasing TE by 3 % (Table 5.4).
There is also a significant difference between households paying higher (>NRs
1,000) and lower (<1,000) irrigation cost in observed yield, yield loss, and TE
(Table 5.6).

Irrigation cost in this case mainly represents labor cost involved in repair and
maintenance of the water canal as only 3.5 % of households used a tube well for
irrigating wheat fields. Better performance of households realizing higher irrigation
costs means their better access to an irrigation facility because households tend to
pay higher costs where water is available in irrigation canals during winter season.
Previous studies have also shown the positive influence of irrigation on farmer TE
(Wang et al. 1996; Sharma et al. 1999). Also, households with better access to an
irrigation facility could motivate the farmers to combine other inputs (such as
chemical fertilizer) for higher production (Wang et al. 1996; Ghaderzadeh and
Rahimi 2008).

5.4 Conclusion

This chapter has analyzed the technical efficiency of seed-producing households in
rice and wheat seed production using the most commonly used inputs through a
stochastic frontier production model. The efficiency level also represents the
potential benefits households realized in the seed production stage by utilizing
existing resources. Results indicate a wide variation in efficiency level among the
seed producers, and the variation is mainly explained by the HHH’s education level,
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land rent, irrigation cost, and experience. From these findings, three policy
measures could be recommended. The education of household heads is low in the
study area, and it might not be feasible to provide formal education, considering
their age, but the provision of practical oriented/field-based training would contrib-
ute to their efficiency. The second policy measure would be the provision of an
irrigation facility in a seed production area. The third policy recommendation from
this study is land management, suggesting the adoption of soil fertility management
measures to improve the efficiency of farmers in rice and wheat seed production.
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Chapter 6
Profit Efficiency in Seed Production Under
Rice—Wheat Farming

Abstract Profit efficiency is a tool to measure the performance of economic agents
in utilizing their resources. This chapter measures profit efficiency of seed pro-
ducers in using chemical fertilizer, labor, animal manure and operational land in
rice-wheat cropping system using stochastic frontier profit function. Data for this
study was collected from 180 households involved in rice and wheat seed produc-
tion across the three Tarai districts: Siraha, Chitwan, and Kailali of Nepal. Result
shows that households are 41.1 % efficient in utilizing the aforementioned inputs,
and the efficiency level among the households varies from 6 to 84 %. This variation
is mainly explained by gender, physical structure, technical empowerment, incen-
tive system, and diversification. This study recommends the integration of social
benefit and technical empowerment indices along with economic benefit while
evaluating the performance of community seed production.

Keywords Profit efficiency ¢ Rice-wheat system « Community seed production ¢
Nepal

6.1 Introduction

The importance of community seed production (CSP) in improving farmers’ access
to diversified varieties of open-pollinated food crops in a cost-effective way has
been recognized in the recent literature (David 2004; Witcombe et al. 2010; Khanal
and Mabharjan 2010; Srinivas et al. 2010). The assumption of cost-effectiveness is
mainly based on farmers’ potentials in reducing costs for seed production and
distribution as these activities are implemented at local levels (narrow geographic
boundary). In addition, CSP provides ample opportunities to promote local land-
races and famer-led technological innovations. Despite these potential benefits of
CSP, very limited studies have been published on farmer performance in this
system (Poudel et al. 2003; Srinivas et al. 2010; Witcombe et al. 2010). The
measurement of efficiency in utilizing resources is the popular approach in under-
standing farmers’ performance in agriculture, including seed production. The
efficiency can be measured from production and profit functions; farmers’ technical
efficiency in utilizing resources has been already discussed in Chap. 5. This chapter
analyzes the efficiency of farmers in utilizing commonly used household-level
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resources from profit function to measure profit efficiency (PE). This approach is
considered more appropriate when farmers face variation in output price (Ali and
Flinn 1989). The PE combines both production and cost functions, as any deviation
in allocation decision is translated into profit function, and this it supplements the
research findings discussed in Chap. 5.

There are few studies on PE (Rahman 2003; Wang et al. 1996; Alli and Flinn
1989), and these studies have identified technical, communication, infrastructure,
and credit constraints for increasing PE in agricultural crops. These studies have
considered a single crop in the analysis; however, consideration of system perspec-
tive would be necessary to make practicable recommendation to farmers because
farmers apply soil conservation practices including animal manure in their fields
considering the existing cropping system (Khanal and Maharjan 2014). Therefore,
this study intends to measure PE of Nepalese seed producers under the rice-wheat
system from a cropping system perspective.

6.2 Methodology

6.2.1 Study Area and Sampling Technique

Data from this study were collected from households involved in the CSP scheme
under the rice-wheat (R-W) system. Three districts, Siraha, Chitwan, and Kailali,
were purposively selected to make the study representative of the Tarai region
(plains area with altitudinal range from 70 to 650 m above sea level). From each of
these districts, four farmers’ seed producer organizations (SPOs) with at least
2 years of experience in rice and wheat seed production were selected in consulta-
tion with District Agriculture Development Offices. Then, 15 seed-producing
households from each of the selected organizations were randomly selected to
make the sample size of 180. From the selected households, costs of production
and profits from rice and wheat seed production were measured.

6.2.2 Empirical Model
General Background of the Model

This study utilizes the stochastic frontier profit (SFP) model proposed by Battesse
and Coelli (1995) for measuring PE. In this model, PE is defined as the ratio of
observed profit and frontier profit. There are two approaches in PE measurement
under the SFP model: (1) simultaneous modeling of major explanatory variables
associated with the profit relation, and those creating inefficiency, and (2) adoption
of the two-stage procedure. In the latter procedure, the SFP model is run using the
major variables involved in the profit relation, and PE score is estimated. Then,
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possible inefficiency causing variables are regressed against the efficiency score.
The first approach is more efficient than the second one because the second
approach assumes the independence of error terms in first and second stages
(Battesse and Coelli 1995; Rahman 2003). Theoretically, profit function is given
in Eq. 6.1:

= f(PijaZik)~eXP(Hi) (6.1)

where z; is the normalized profit of the ith household, which is defined as the
difference between gross revenue less than total variable costs. p;; is the price of jth
variable inputs faced by ith farmer divided by output price. Similarly, z; is the level
of k fixed factors in the ith household. Similarly, y; is the error term representing
inefficiency effect in the model and is considered to make truncation O of the
normal distribution with mean yu; = 6y + Xd,w,; and variance 0124. v; is the
two-sided random error term, which represents the variation occurred in the
model resulting from random factors including measurement errors, disease, and
climate factors. w represents the factors associated with inefficiency in the model,
d is the types of inefficiency factors, and ¢ is the vector of coefficients in the
inefficiency model. The profit efficiency of farmers in the context of SFP model is
measured using Eq. 6.2.

PE; = E[Exp — (1| = E[Exp — 5~ 3 owlv] (62)

The variance parameters of the model are expressed in terms of
i aﬁ +02, andy = 6/% /6?. Here, y explains the proportion of inefficiency effect

explained in the model, and its values range from O to 1.

Specification of the Model and Variables

This study adopts the SFP model in trans log functional form for data analysis
(Eq. 6.3). The decision to use this functional form was based on the significant
likelihood ratio test between Cobb—Douglas and trans log forms (p = 0.024); this
shows the rationale for considering the interaction effect among variables in the
model, the function form of which is presented in Eq. 6.4:

T =ay+ Zln plj + %Z erkln pln p;( + Z Z@ﬂlnx/jlnzl
+Z ByInz; + %ZZ(phlnzllnz, +v—u

p==8+» Wy +o (6.4)

(6.3)

where
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7' = restricted profit (total revenue minus total variable cost) normalized by output
 price (p,)
p; = price of the jth inputs (p;) normalized by p,; J = (1) average labor wage,
(2) fertilizer price; z; = quantity of fixed inputs: (1) livestock, and (2) operational
land for seed production (ha).

In is natural log; and a, 7z, @, ¢, and 6 are the parameters to be estimated.
Similarly, k and ¢ are the multiplication factors. The variables representing ineffi-
ciency effect (w) include (1) gender (this is a dummy variable, and a male-headed
household is expected to have positive influence on PE); (2) age of household head
(HHH), which represents farmer’s experience in crop husbandry, and (3) education
of HHH, that indicates innovativeness and rationale decision in input use, both of
which were assumed to have a positive impact on PE (Table 6.1). Another demo-
graphic variable (4) dependency ratio was assumed to have a negative effect on PE
considering shortage/risk of labor supply in seed production activities. The other
variables expected to have positive impact on PE are (5) physical index, (6) incen-
tive index, (7) technical index, and (8) soil health index.

The physical index represents the households’ physical assets such as house
type, irrigation structure, and availability of a tractor at a household. House type
affects the seed price as concrete-roofed households tend to get a higher price for
their seed because of their ability to protect seeds from pests, diseases, and excess
moisture. Similarly, access of irrigation structure (canal) and tractors enhances
labor use efficiency and thereby the PE. The variables associated with the incentive
index represent a household’s realization of economic and social benefits being
involved in seed production, and the consideration of these benefits is crucial in
CSP, especially those operating in the initial phase of their development (Khanal
and Maharjan 2014). Being engaged in CSP, households receive various training,
visits, and orientation from development agencies. These activities empower the
farmers in seed production and marketing, and the outcome of these activities is
reflected in profit efficiency. Similarly, soil conservation practices contribute to the
soil organic matter, and the impact of these practices is depicted in PE. Index values
for infrastructure, incentive, technical empowerment, and soil health were esti-
mated separately using the principal component analysis (PCA)' procedure. The
detail of the components under each index is given in Table 6.2. Similarly, the R-W
system was assumed diversified if farmers grew any additional crops after wheat
harvest, and its impact on PE was assumed positive considering the contribution of
soil health to PE (Khanal et al. 2008).

'PCA = a1x; + aaxa + - - -, @mXy, where PC = the principal component, a; is weight of variable
1 (value ranging from 1 to n), and x;. . .x, are the observations.
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Table 6.1 Variables and their expected relationship with profitability and profit inefficiency

Expected
Variables Definition Mean + SD sign
Profitability
Output price Average price of seed (NRs) 28.0+7.05
Profit Profit (NRs)/ha 37,447 £ 24,163
Labor (L) Labor cost (NRs/day) 257.8 £ 86.05 +
Fertilizer (F) Average price (NRs/kg) 32.54+6.33 +
Livestock (Li) LSU*household 3.86+2.97 +
Land (La) Operational land (ha) 0.86+0.26 +
Profit inefficiency
Gender of house- 1 if male, and O otherwise 0.744 £0.44 —
hold head (HHH)
Age of HHH Years 44.5+1.50 —
Education of HHH | Education of HHH (years) 7.96 +4.02 —
Dependency ratio® | Proportion of dependents in HHH 0.441£0.19 +
Infrastructural As explained in Table 6.2 1.024+0.58 -
index
Incentive index As explained in Table 6.2 1.847 +£0.67 —
Technical As explained in Table 6.2 1.433+0.60 —
empowerment
Soil health index As explained in Table 6.2 0.915+0.61 -
Diversification 1 = if farmers grow additional crops than |0.192+0.24 -
index rice and wheat, 0 = otherwise

1 US$ =NRs. 82.96

“LSU is the aggregates of different types of livestock kept at the household in standard unit
calculated using the following equivalents: 1 adult buffalo = 1 LSU, I immature buffalo = 0.5
LSU, 1 cow = 0.8 LSU, 1 calf = 0.4 LSU, 1 pig = 0.3 LSU, 1 sheep or goat = 0.2 LSU, and
1 poultry or pigeon = 0.1 LSU

®Dependency ratio (DR) was calculated using the following formula: DR = number of inactive
members divided by total members in the household. People outside the age range of 15-59 years
and handicapped people were considered dependent (Khanal and Maharjan 2013)

6.2.3 Description of Variables

Farmers grow rice (0.873 ha) and wheat (0.473 ha) for seed, and the proportion of
the total operational land occupied by these crops in the respective crop production
season (rice, June to September; wheat, October to March) is 68.9 % and 37.36 %,
respectively. Seed, labor, and chemical fertilizers are the major variable inputs, and
they share 5 %, 70 %, and 25 % of the total variable costs. Chemical fertilizers
applied in the R-W system are in the form of diammonium phosphate (containing
18 % nitrogen and 46 % phosphorus), muriate of potash (containing 60 %
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Table 6.2 Summary of different indices created to use as explanatory variables in model

PCA
Types Specification weight
(A) Infrastructural index: variability explained in component one = 57.04 %
1. House type 1 if concrete roof (33.8 %), and O otherwise 0.5231
2. Irrigation facility 1 if access to irrigation canal (55 %), and O otherwise 0.5875
3. Tractor use 1 if use tractor (84.4 %), and 0 otherwise 0.6174
(B) Incentive index: variability explained in component one = 50.28 %
1. Price 1 if higher price for seed than grain (85.5 %), and 0.4871
0 otherwise
2. Training 1 if received training from/through SPOs (78.3 %), and | 0.4107
0 otherwise
3. Loan 1 if taken loan from SPO (43.8 %), and O otherwise 0.2735
4. Source seed 1 if source seed received through SPOs (92.2 %), and 0.4627
0 otherwise
5. Prestige 1 if realized social prestige (78.8 %), and O otherwise 0.4424
6. Profit in seed 1 if get economic profit generated by SPOs in marketing | 0.3310
processing (64.8 %), and 0 otherwise

(C) Technical empowerment index: variability explained in component one = 53.2 %

1. Knowledge of source 1 if heard any one of the seed categories — breeder/ 0.4504
seed foundation (77.22 %), and 0 otherwise

2. Households’ engage- 1 if household removes unwanted/diseased plants 0.530
ment in rogueing (86.67 %), 0 otherwise

3. SPO’s facilitation in 1 if SPO’s members facilitate in rogueing (75 %), and 0.569
rogueing 0 otherwise

4. Seed lab’s inspection in | 1 if field inspection by seed lab (46.6 %), and O otherwise | 0.437
field

(D) Soil health index: variability explained in component one = 33.4 %

1. Zero tillage (ZT) 1 if ZT adopted (46.6 %), and O otherwise 0.5188
2. Compost improvement | 1 if used effective microorganisms (20 %), and O others | 0.3560
3. Green biomass (GB) 1 if GB incorporated (51.6 %), and 0 otherwise 0.3233
4. Seed priming (SP) 1 if SP adopted (60.5 %), and O otherwise 0.4726
5. System of rice intensi- | 1 if SRI adopted (12.22 %), and O otherwise 0.3728
fication (SRI)

6. Integrated pest man- 1 if botanical pesticides adopted (27.7 %), and 0.3705

agement (IPM)

0 otherwise

Figures in the parentheses in

dicate adoption
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phosphorus), and urea (containing 46 % nitrogen). These fertilizers are applied both
in rice and in wheat at the rate of 91.6 kg nitrogen, 60.5 kg phosphorus, and 31.2 kg
potash, and rice shares 60 % of the total chemical fertilizer consumption. Livestock
manure is the major source of organic matter in seed production under the R-W
system, and the manure is applied targeting rice. On average, farmers make a profit
at the rate of NRs 37,447 ha™! (Table 6.1) from seed production of these crops, and
it varies from NRs 12,616 ha~' to 270,925 ha". In the process of profit estimation,
gross revenue from seed as well as by-product (straw) was considered. The per unit
labor wage was calculated by taking average of male and female labor wage, and
chemical fertilizers and output price estimation were calculated similarly. As
indicated in Table 6.2, only 33.8 % of households have a concrete roof, less than
half of them use a canal irrigation facility to irrigate crops, and bullocks are the
major source of animal power. It was also found that households realize incentives
from various sources while engaging in seed production; however, farmers perceive
that access to source seed (92.2 %), output price (85.5 %), social prestige (78.8 %),
training (78.3 %), profit (64.8 %), and easier access to loans (43.8) are the major
incentives in order of importance. Moreover, seed producers realize benefits from
technical empowerment as well as soil health improvement practices.

6.2.4 Results

This study shows that the variables chosen for this study fit the model well. The
significant log likelihood (p < 0.000) indicates that coefficients of explanatory
variables are significantly different from zero. Similarly, the likelihood ratio test
for p =0is rejected at p < 0.000. Similarly, the value of y is 0.677, which means that
67.7 % of the inefficiency effect is explained in the model (Table 6.3). All these
figures indicate the goodness of fit of the model. Labor wage and fertilizer price
show positive impact on profitability of the R-W system, whereas the impact of
livestock and operational land on the profitability is negative. There is also signif-
icant positive influence of fertilizer and land size interaction on profitability of the
R-W system.

Overall, households are 41.1 % efficient in utilizing the given resources (labor,
chemical fertilizer, animal manure, and land), but there remains a 58.9 % ineffi-
ciency effect in the allocation of resources. Moreover, the efficiency level varies
from 6 to 88 %. Efficiency level also varies across the district. Farmers of Chitwan
are more efficient (46.9 %) than those of Kailali (45.8 %) and Sirha (31.5 %)
districts (Fig. 6.1). Previous studies have also shown variation in efficiency levels
among the households in agricultural production. For example, Rahman (2003)
found 77 % PE with range from 16.8 to 94.8 % in Basmati rice production among
Bangladeshi farmers. Ali and Flinn (1989) reported mean PE of 69 % with a range
of 13-95 % for Basmati rice producers in Punjab, Pakistan. Similarly, Assa
et al. (2012) found 74 % (range, 31-99 %) efficiency among Malawi’s potato
farmers.
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Table 6.3 Output from stochastic profit frontier model

Variables Coefficients Standard deviation p value
Labor wage (L) 2.493 3.118 0.424
Fertilizer price (F) 7.734 3.313 0.014%*
Livestock unit (Li) —0.175 0.335 0.602
Operational land (La) —0.304 0.586 0.604
0.5*%(L*L) —1.546 1.382 0.263
0.5%(F*F) —3.586 1.924 0.062*
0.5*(Li*Li) 0.177 0.090 0.048%%*
0.5*(La*La) 0.049 0.123 0.690
L*F —1.506 1.213 0.214
L*Li —0.235 0.211 0.124
L*La —0.840 0.114 0.463
F*Li 0.464 0.408 0.255
F*La —0.807 0.460 0.079%%*
Li*La 0.524 0.324 0.215
Constant 4.522 3.539 0.208
Explanatory variables

Gender —0.663 0.329 0.0447%*
Age of HHH 0.003 0.013 0.771
Education of HHH —0.0329 0.064 0.610
Dependency ratio —0.718 0.691 0.299
Physical structure —0.166 0.46 0.097*
Incentive index —0.077 0.016 0.037%%*
Technical empowerment —0.246 0.151 0.012%%*
Soil health index —0.041 0.108 0.425
Diversification index —0.028 0.021 0.027%%*
Constant 1.972 0.998 0.158

n=148, Wald chi-square 2 (13) =124;1 (p=0.000); likelihood ratio test (for sigma p=0)=
18.76 (p =0.000). 6% = 0.425, 63 =0.2025, y=0.677
* % %% indicate significant at 10 %, 5 %, and 1 % level of significance, respectively

agg \ e
0B

Districts

Fig. 6.1 Profit efficiency of farmers across the districts (From Survey 2011)
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The variation in efficiency level could be explained by understanding their
relationship with inefficiency-inducing variables. All the inefficiency variables
included in the model except age of HHH showed their direction of impact as per
expectations. However, significant influence was found in gender of HHH, infra-
structural index, incentive index, technical empowerment index, and diversification
index. Observed profit, profit loss>, and PE were computed and compared between
categories of the significant variables.

It is clear from the study that that male HHHs gain higher profit (30 %), realize
less profit loss (11.7 %), and remain in significantly higher PE (29.2 %) level than
those households headed by women. A similar result was observed in households
with concrete roof, access to irrigation facility, and access to a tractor (Table 6.4).
The majority of households have houses with grass or mud-tile as roofing materials,
and this category of households operate in 4.8 % less PE than those having a better-
quality house, such as those having a concrete roof. The influence of irrigation
facility is even higher (15.27 %) than that of house type and tractor access (10.5 %).

Moreover, this study shows the significantly positive role of incentive variables
on PE. The variables used to estimate incentive index (Table 6.2) are further
summarized with respect to observed profit, profit loss, and PE (Table 6.5). House-
holds getting a higher output price, training, credit facility, source seed, and profit in
seed processing are at higher PE levels as compared to their counterparts. However,
the influence of credit (19.7 %), source seed (29.9 %), and profit at seed processing
(17.7 %) remain rather higher as compared to the others. In spite of the aforemen-
tioned economic benefits, households realize social benefits (prestige) from seed
production, and those realizing a social benefit have higher profit and operate at a
higher profit efficiency level. Households declare that becoming members of SPOs
would help farmers to strengthen their relationship with other service providers,
which might have implications for accessing agricultural inputs and training
(Khanal and Maharjan 2014).

In addition to the incentive indicators already discussed, seed-producing house-
holds realize the sense of empowerment by engaging in different types of training,
visits, demonstrations, interactions, etc., and the outcomes of the empowerment
could be translated into PE. As given in Table 6.6, the majority of households are
aware of source seed, meaning that they know growing source seed is required for
producing improved or truthfully labeled seed. These households fetch 21.4 %
higher PE than those not aware of source seed. Similarly, it was found that
households involved in rogueing (removal of unwanted plants from fields) by
themselves, and those receiving rogueing supports from technical subcommittee
members of their organizations, realize 12.5 % and 12.8 % higher PE, respectively,
than their counterparts. In addition, seed laboratories owned by government

? Profit loss = Maximum possible profit — observed profit, and maximum possible profit
= Observed profit/PE
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Table 6.4 Comparison of profit, profit loss, and profit efficiency in structural variables

Observed profit (NRs Profit loss (NRs Profit efficiency
Variables n |ha™h ha™!) (%)
House types
Concrete roof 54 | 48,584 56,381 44.1
Others 94 131,738 51,651 39.3
p value 0.021%* 0.214 0.097*
Irrigation facility
Yes 92 {53,492 52,517 46.87
No 56 |17,837 54,790 31.6
p value 0.000%** 0.127 0.001%**
Tractor use
Yes 130 | 42,186 55,258 423
No 18 | 11,710 39,792 31.8
p value 0.001%%** 0.06* 0.09*

* ** %% indicate difference between categories by 10 %, 5 %, and 1 %, respectively

Table 6.5 Comparison of profit, profit loss, and profit efficiency of incentive variables

Variables | n | Observed profit (NRs hafl) | Profit loss* (NRs hafl) | Profit efficiency (%)

Price

Price 24 152,779 47,420 46.4
No 124 |34,974 54,530 40.0

p value 0.0773* 0.334 26.3
Training

Training 120 | 41,419 53,428 43.0
No 28 |23,089 53,156 33.0

p value 0.0299%* 0.324 0.058%*
Loan

Yes 72 | 47,814 58,609 43.1

No 76 |29,338 48,420 39.1

p value 0.0082%#** 0.059* 21.4
Source seed

Yes 143 140,451 52,564 42.3
No 5 | 1,837 76,636 12.4

p value 0.0014 %% 0.054%:* 0.001*%%*
Profit in seed processing

Yes 106 | 45,182 45,032 46.1

No 42 |23,698 74,438 28.4

p value 0.0031%#%** 0.000%** 0.000%%**
Prestige

Yes 125 | 40,280 53,676 41.4
No 23 126,862 51,753 39.1

p value 0.058%* 0.324 12.4

* x* wE% ndicate difference between categories by 10 %, 5 %, and 1 %, respectively
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Table 6.6 Comparison of profit, profit loss, and profit efficiency of technical variables

Observed profit
Variables n (NRs ha™h) Profit loss (NRs ha™!) Profit efficiency (%)
Knowledge of source seed
Yes 125 43,701 51,703 44.7
No 23 16,246 61,613 23.3
p value 0.0008 0.170 0.00071***
Household engagement in rogueing
Yes 136 41,319 52,827 42.1
No 12 12,279 59,612 29.6
p value 0.0043 0.256 0.049%*
SPO facilitation in rogueing
Yes 123 40,984 49,722 432
No 25 25,456 71,360 30.4
p value 0.031 0.0025 0.0203**
Field inspection by seed laboratory
Yes 74 50,488 47,895 47.5
No 74 27,698 58,859 34.6
p value 0.0011 0.0423 0.0017%**

* k% *%% indicate difference between categories by 10 %, 5 %, and 1 %, respectively

agencies provide technical facilitation in CSP, especially in disease and pest
management as well as rogueing. As in the previous case, those receive technical
facilitation from seed laboratories realize 12.9 % higher PE than those do not
receive that support.

We had used cropping system as a dummy to represent diversification in R-W
system, and the result shows that households adopting diversification realize a
0.8 % higher profit efficiency as compared to those not adopting this practice. As
explained earlier, mungbean is the major crop adopted by farmers in the diversifi-
cation scheme. So, higher profit efficiency of seed producers under crop-diversified
schemes could be the result of nutrient supplementation from legumes in soil.
Farmers grow mungbean utilizing residual moisture and nutrient, and the biomass
is incorporated into the soil after one or two pickings of pods (about 80-90 days
after seed sowing).
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6.3 Discussion

Measuring profit efficiency is one of the popular approaches to understand farmers’
performance in utilizing resources, especially among smallholder farmers in devel-
oping countries (Ali and Flinn 1989; Rahman 2003; Assa et al. 2012). This study
has measured PE of farmers in rice and wheat seed production in a system
perspective, which adds value in the existing efficiency literature because studies
grasping the system perspectives are more likely to capture ground realities. This
study shows the better performance of male-headed households in PE, which might
be the result of better access of agricultural inputs such as chemical fertilizers to
male-headed households. As learned from group discussions, availability of chem-
ical fertilizer at appropriate times, volumes, and locations is a challenging issue in
the study area. There is uncertainty about the availability of chemical fertilizers
from the government mechanisms, and to address this issue, farmers go to India to
buy chemical fertilizers. Because importing fertilizers from the Indian market
without paying tax is not legally permitted, farmers, especially male-headed fam-
ilies, are in a better-off situation to bring fertilizer because of their better connection
and risk-bearing capacity; this is further verified by the significantly higher amount
of chemical fertilizers (p =0.041) applied by male-headed households than those
with a female head in a year, and the impact of chemical fertilizer on PE is positive
(Table 6.3).

This study has recognized the importance of household infrastructural index in
PE, and it indicates that household PE could be improved by the provision of
physical assets including community seed storage, irrigation schemes, and tillage
machinery. The relationship between community seed storage and PE can be
explained from two dimensions. First, it improves seed quality by addressing the
constraint of poor households who cannot sell seed in the market because of seed
quality deterioration at storage (as is common in thatched-roof houses from seepage
of moisture). Second, a seed storage facility might improve households’ commer-
cial orientation, which contributes to PE (Piya et al. 2012). Similarly, this study
shows the positive impact of incentive variables: access to source seed, credit
facility, and benefit from seed processing. Better performance of source seed
accessed in PE might result from the linkage of source seed in increasing quantity
and quality of seed production. Moreover, household realization of access to source
seed as incentive while producing seed in an organized way implies that there is a
challenge to obtain source seed, especially for those seed producers who are not
engaged in groups/cooperatives, because government organizations (source seed
suppliers) prioritize SPOs for source seed allocation assuming that source seed
multiplied by SPOs could be collected back and utilized to address seed demand at
the national level. The system of collecting seed back by project-implementing
agencies is common in Asia and Africa (FAO 1998).

The positive role of credit facility on profit efficiency implies the necessity to
integrate saving and credit schemes in the SPO development modality to enhance
household PE, especially in those places where seed producers are in an early
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developmental phase. Previous studies on CSP have also highlighted the impor-
tance of credit in household performance in seed production and marketing (David
2004; Khanal and Maharjan 2010).

This study has also established that seed producer incentive can also be mea-
sured from the perspective of technical empowerment, and this benefit is ignored in
the economic literature. However, it matters for the resource-poor farmers because
farmers engaged in CSP are usually the members of farmers’ groups and cooper-
atives, which were established not necessarily to maximize their profit from seed
production but to enhance members’ socioeconomic empowerment. The key indi-
cators of empowerment measured in this study are knowledge about source seed,
rogueing, and accessing services from extension agencies, and these variables have
direct linkage with PE. The impact of these empowerment variables might not be
limited to seed production activity only but could positively influence other on-farm
and off-farm activities carried out by households.

6.4 Conclusion

This chapter measured the profit efficiency of seed producers involved in rice and
wheat seed production using the stochastic frontier profit function. Variables
considered in the efficiency measurement are labor, chemical fertilizer, livestock,
and land. Some inefficiency-causing variables such as gender, education, depen-
dency ratio, infrastructural index, incentive index, technical empowerment index,
soil health index, and crop diversification index were also simultaneously modeled
with major efficiency-determining variables. Results show that households are
41.1 % efficient in utilizing the aforementioned resources, and there is wide
variability in the efficiency level among the households. This variation results
from inefficiency generated by gender, infrastructure, incentive, and crop diversi-
fication indices. This study indicates the necessity to empower women farmers to
enhance their efficiency in seed production and marketing. It also shows that PE
could be improved through the provision of infrastructural facilities such as irriga-
tion facility, seed storage, and agricultural machinery. Similarly, this chapter has
validated that households realizing economic and social incentive by having
engaged in SPOs are more efficient than those who did not realize these incentives.
Moreover, there is a positive link between technical empowerment and PE, imply-
ing that incentive index (especially social benefit) and empowerment index could
serve as important variables to measure the economic performance of farmers in
CSP. The use of these indices would be much more useful where the seed CSP is in
the early phase of its development.
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Chapter 7
Households’ Behavior in Selling Rice
and Wheat Seed in the Market

Abstract In community seed production, farmers produce seed at the household
level but sell it to markets through their organizations. To maximize benefit at
marketing, farmers tend to sell the maximum proportion of the seed produced in a
household, but this does not hold true in subsistence farming. This chapter analyzes
the impacts of socioeconomic variables in household seed-selling behavior in rice
and wheat. A field survey was carried out in three Tarai districts of Nepal including
180 households, and data analysis was done using the Heckman selection model as
it captures selection bias. Results showed that 65 % of the surveyed households sell
rice seed in the market and the sold seed comprises 64.4 % of the total rice seed
produced by a household. Similarly, for wheat 44.4 % of households participate in
the market and sell 92.5 % of the produced seed. This chapter also identifies the
significant roles of family labor, irrigation facility, operational land, training, share
collection, and seed price in household behavior in selling rice and wheat seed in
the market.

Keywords Rice-wheat seed selling « Household behavior « Heckman selection ¢
Nepal

7.1 Introduction

In the community seed production (CSP) system, farmers realize benefits at two
stages. In the production stage, they maximize the seed yield by proper allocation of
resources, whereas in the marketing stage, they tend to increase seed price. Benefits
realized in the first stage have been already discussed in Chaps. 5 and 6. This
chapter discusses benefit realized by farmers at marketing stage. The marketing
stage is mainly handled by seed producer organizations (SPOs), and normally these
organizations are formed and managed by seed producers following democratic
principles (David 2004; Witcombe et al. 2010). The marketing stage starts from the
collection of seed from farmers to the SPO store, and it also involves several other
activities such as seed processing, market research, and distribution. It is hypoth-
esized that seed producers sell the maximum portion of their produced seed to SPOs
soon after the crop harvest. The underlying reason behind it is that this approach
increases the economy of scale of seed marketed by SPOs. However, this
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assumption might not hold true in subsistence farming because part of the produced
seed would be used as grain for food for the household or bartered with neighbors
and relatives for social and economic reasons (Almekinders and Louwaars 1999;
David 2004). So, it is quite difficult to quantify the effect of socioeconomic reasons
in household seed-selling behavior directly (Setimela et al. 2004; Bishaw and van
Gastel 2008; FAO 2010; Srinivas et al. 2010). Therefore, this chapter adopts an
indirect approach to solve this problem by analyzing the impact of socioeconomic
variables on farmers’ behavior in selling seed in the market.

7.2 Methodology

7.2.1 Study Area and Sampling Technique

This study was carried out in three Tarai districts (Siraha, Chitwan and Kailali) of
Nepal in November 2011. In these districts, rice-wheat system is the popular
cropping system. Four SPOs with at least 2 years of experience in rice and wheat
seed production were purposively selected. Fifteen households from each of the
selected SPOs were chosen for field survey, making the total of 180 sample
households.

7.2.2 Empirical Method

The Heckman selection model (Heckman 1979) was used for data analysis, and this
model is considered preferable to ordinary least squares (OLS) if all the households
do not participate in the market as it captures the selection bias. This model consists
of two equations: the first equation is called the selection equation that gives the
impacts of socioeconomic variables on probability of a household selling seed in
the market, and the second equation, the outcome equation, indicates the impact of
these variables on seed sold. These two equations were simultaneously modeled
using the maximum likelihood method as it is more efficient than the two-step
procedure (Nawata and Nagase 1996; Nawata 2004). To separate these two equa-
tions, the price of seed was used as an identifier variable in the selection equation.
The outcome and selection equations are presented in Egs. 7.1 and 7.2, respectively.

Y = xif + p (7.1)
Z;k =w;a+ €; (72)
where, y; is volume of seed sold in the market, z;® is a latent variable. Similarly, x;

and w; are the explanatory variables associated with outcome and selection equa-
tions, respectively. S is the vectors of coefficient, and y; and €; are the error terms.
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The operational models of the outcome and selection equations are given in Egs. 7.3
and 7.4, respectively.

Ln seed sold = f, + p,age of HHH + f,education of HHH+
f;family labor + B, 1n off-farm income + Psoperational land+ (7.3)
Belivestock + P,irrigation + Pgroof type -+ Pgshare + By, training +

Market participation = oy + a;age of HHH + aeducation of HHH+
asfamily labor + a4 1n operational land + asoperational land+
aglivestock + ayirrigation + agroof type + agshare + ajptraining+
ajseed price + €;

(7.4)

where In is log. Seed sold indicates the quantity of seed sold by households in the
market, and it serves as a dependent variable in the outcome equation. It is possible
that farmers sell seed not only to SPOs but also to others such as local farmers,
agrovets (seed traders supplying agricultural inputs), development projects, and so
on. But farmers, in group discussions, opined that they rarely sell seed directly to
other users. Rather they sell seed to their SPOs (taken membership), and the SPOs
handle the marketing process. So, SPOs are the first-hand buyers of rice and wheat
seed produced by households. Similarly, market participation is the dependent
variable in the selection equation, which shows whether farmers sell seed to
SPOs (i.e., dummy variable that takes the value O or 1).

A total of 11 socioeconomic variables were chosen as explanatory variables
considering economic theory, findings from previous literature, and experience of
farmers as the combination of these strategies would help to draw the relevant
variables for the study (Eq. 7.2). These variables include demographic (age and
education of the household head, HHH, and family labor), economic (operational
land, irrigation facility, off-farm income, livestock, and roof type), and institutional
(training, collection of share in SPOs). The justification for the selection of these
variables is given below.

The impact of age and education of HHH was hypothesized positive because age
represents experience and education indicates the analytical capability, both of
which might have positive impact on households’ market participation and the
volume of seed sold. Similarly, seed production of rice and wheat is carried out in
rural areas where the majority of the work is done by the family members. Also,
seed farming of these crops is seasonal in nature when most of laborers are busy in
their own household activities. Even those wanting to hire laborers might not get
them on time and could not operate field activities properly, which might influence
the quantity and quality of seed. So, it was hypothesized that family labor (LFU)'
would have positive impact on both market participation and volume of seed sold.

' LFU is a measure for labor force, where people from 15-59 years old regardless of their sex were
categorized as 1 person = 1 LFU, but in case of children (10-14 years old) and elderly people
(>59 years old) 1 person = 0.5 LFU
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Operational land, irrigation facility (proportion of the total operational land with
irrigation facility). and organic manure might have positive linkage on crop yield
(Azam et al. 2012). Thus, these variables were assumed to have positive impact on
household seed-selling behavior. Livestock (LSU)* was used as a proxy variable to
represent the amount of animal manure applied in the field. Similarly, those having
higher off-farm income might be less affected by cash/food shortage, especially
from crop harvest until seed sold to SPOs, would be more motivated toward seed
selling. Moreover, the SPOs are poor in physical structure (e.g., storage house,
grading machine) in countries where seed industry is poorly developed, so they
have to store seed at their personal houses for a few months after rice harvest until
the SPO makes arrangement to store it in the common place/store (Fig. 7.1). Those
having concrete-roofed houses would be more likely to be motivated toward seed
selling as they could store the seed, maintaining its quality, for a longer time period
than their counterparts. It means that in thatched-roofed households there might be
a greater possibility of seed quality deterioration from leakage of moisture from

Fig. 7.1 Rice and wheat seed storage structure (From authors’ photo bank)

2LSU is the aggregate of different types of livestock kept at household in standard units calculated
using the following equivalents; 1 adult buffalo = 1 LSU, 1 immature buffalo = 0.5 LSU, 1 cow =
0.8 LSU, 1 calf = 0.4 LSU, 1 pig = 0.3 LSU, 1 sheep or goat = 0.2 LSU and 1 poultry or pigeon
=0.1 LSU (Khanal and Maharjan 2014)
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outside. Lower-quality seed might be rejected in the market, and even if accepted,
households could get a lesser seed price.

Training and household’s share (cash deposited at SPOs by farmers) are the two
institutional variables considered in the study. It was assumed that those receiving
training in any aspect of seed management (production, quality control, and mar-
keting) might be better off both in market participation and seed-selling volume as
training tends to enhance household motivation toward seed selling. Similarly,
those who deposited cash at SPOs as share were assumed to have better perfor-
mance in seed selling, because profit generated from marketing of seed could be
distributed to farmers based on their proportion of the deposited share. The detail of
dependent and explanatory variables used in the study is presented in Table 7.1.

Before running the Heckman selection model, data were validated for multicol-
linearity and heteroscedasticity. The Variance Inflation Factor (VIF) method was
used to detect multicollinearity because this method is preferred over the correla-
tion coefficient method (Pindyck and Rubinfield 1981). We did not find a problem
of multicollinearity in the explanatory variables used in the model as the values are
less than 10. The test for homogeneity of variance was conducted using the

Table 7.1 Description of explanatory variables and their expected sign

Expected
Variables Definition Mean £SD sign
Age head of Age of HHH in years 46.83+11.43 +
household (HHH)
Education HHH Formal schooling years of HHH 7.96+4.02 +
Family labor Labor force unit (LFU) at household 3.44+1.44 +
Operational land Total land for rice seed production (ha) Rice: +
0.95+0.36
Wheat:
0.628+0.354
Off-farm income Annual household cash income from 42,998+38,234 |+
off-farm sources (NRs)
Irrigation Operational land area under irrigation 54.5+26.8 +
facility (%)
Livestock Livestock standard unit (LSU) 3.86+5.77 +
Training 1= if household received seed manage- 0.783+0.413 +
ment training, 0 = otherwise
Share 1= If farmers put share in the organization, |0.644+0.480 +
0 = otherwise
Roof type 1 = if households have concrete roof and | 0.338+0.645 +
0 = otherwise
Seed price Price of rice seed (NRs kg~ ") Rice: +
18.02+2.81
Wheat:
20.25+3.54

Source: Survey 2011
1 US$ = NRs 82.96
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Breusch-Pagan/Cook-Weisberg test for heteroscedasticity, and the null hypothesis
of constant variances of the residuals was not rejected (p>0.25) across the
explanatory variables.

7.3 Results and Discussion

7.3.1 Seed Production and Selling

Farmers carry out rice seed production activity in most of their total operational
land (79 %). However, there is variation in the proportion of land allocated for rice
and wheat seed production. In rice, farmers grow seed on 0.95 ha, varying from 0.33
to 5 ha. Similarly, land allocated for wheat seed production averages 0.628 ha,
ranging from 0.33 to 2.6 ha. Moreover, all the surveyed households were found to
engage in rice seed production but 97 % of them were involved in wheat seed
production. Rice yield (3,838 kg ha™') is quite higher than wheat yield (2,750 kg
ha™') in the study area, and there is high variability in yield within each crop across
the households. On average, households sell 2,087 kg rice seed and 1,684 kg wheat
seed, and these figures represent 64.4 and 92.5 % of the total seed produced at
household level in a year, respectively. Moreover, 65 % of the surveyed households
sell rice seed in market but only 44.4 % of households sell wheat seed. It was found
that households mostly sell seed through SPOs, and in some cases they sell seed as
grain once seed quality has is deteriorated by intense rainfall during the crop
harvest.

7.3.2  Summary of Explanatory Variables

Average age of HHH is 46.83 years but it varies from 17 to 75 years. Household
heads undergo formal schooling for about § years, but 65 % of households have
limited education, within the primary education level. Average off-farm income of
households is NRs 42,998, which accounts for 31 % of the total annual cash income
of the household. Public water canals connected with rivers are the major irrigation
source, and households irrigate 54.5 % of their land using this source of irrigation.
Similarly, the average LSU is 3.86, and major animals raised by farmers include
cows, buffaloes, goat, and poultry (Table 7.1).

The majority of HHHs in the study area received seed management training
(78.3 %) from government organizations and nongovernment organizations
(NGOs). About one third of the households (33.8 %) had concrete-roofed houses.
About two thirds of the households (64.4 %) have adopted the share collection
practice in their organizations. The average seed price for rice and wheat is NRs
18 kg~ ' and NRs 20 kg~ !, respectively. This price is the value of seed paid by SPOs
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to their members just after crop harvest. This rate is set by SPOs considering the
grain price of the same commodity, the previous year’s seed price, and the seed
price set by a national seed company.

It was found that SPOs pay an additional NRs 2—3 kg~ for seed as compared to
grain, considering that the additional amount covers farmers’ additional costs
incurred for seed production as compared to the grain production of the same
commodity.

7.3.3 Output from Heckman Selection Model

Table 7.2 presents the results from the Heckman selection model. The table shows
that the variables chosen for the study fit this model well, as shown by the
significant log-likelihood function (p < 0.004); that is, the coefficients of explana-
tory variables used in the models are significantly different from zero. Also, the
log-likelihood ratio test rejected the hypothesis of the absence of correlation
between the error terms of outcome and selection equations (rice: p =0.690,
p=0.027; wheat: p=0.032). This finding justifies the estimation of these two
equations simultaneously using the Heckman selection model instead of OLS,
which nullifies the censored observations. Because the equations were modeled
using the maximum likelihood method, the coefficients of explanatory variables do
not represent their average impact on the dependent variable. So, marginal impact
of explanatory variables on dependent variables was estimated, and these impact
values are used to discuss the degree of influence of these variables on the
dependent variable. The study shows that the impact of most of the explanatory
variables is in line with their hypothesized direction. However, the impact of some
variables differs between the outcome and selection equations.

In rice, age of the HHH shows a significant positive impact on the volume of
seed sold in the market. Households with a HHH 1 year older tend to sell a 1.9 %
higher amount of seed than those with an average-aged HHH. The impact of this
variable on market participation is not significant. There is significant positive
impact of operational land on seed sold volume in the market, but its effect on
market participation is not significant as in the age of HHH. An increase of 1 ha in
operational land increases the seed sold volume by 6 %. Irrigation also showed
significant positive impact on seed sold volume, which would be increased by 4.2 %
with increase in the irrigated land by 1 %.

In contrast to the foregoing findings, livestock, training, and household share in
SPOs showed significant positive impact on household participation in the market
instead of volume of seed sold. As shown in Table 7.2, one unit increase in LSU
leads to increasing the probability of a household selling seed in the market by
7.1 %. Similarly, there is significant positive impact of training on market partic-
ipation. The households that attended training had increased probability to sell seed
in the market that was is 15.5 % higher than the non-attendees.
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The better performance of trained households in market participation might be
the result of their better skills in seed quality management and commercial orien-
tation (Witcombe et al. 2010). Similarly, there is significant impact of the house-
hold practice of share collection on market participation, and its impact on seed sold
volume is also positive but not significant.

In wheat, family labor, operational land, off-farm income, share, and seed price
show significant impact on household behavior in seed selling in the market. As in
rice, the direction and magnitude of impacts of these variables on selection and
outcome equation vary. One unit increase in family labor increases the probability
of wheat growing for seed production by 0.3 %, but the magnitude of its impact is
quite higher on volume of seed sold (9.9 %). This phenomenon could be explained
from linkage of family labor with seed yield and its quality. Households with more
family labor could plant wheat seed in timely fashion, and as a result this crop will
be less affected by terminal drought and give a higher yield. Second, households
with more family labor could adopt seed quality assurance measures such as
rogueing (removal of unwanted plants from fields) in time. As a result, a greater
portion of their produce is likely to be accepted by the technical subcommittee of
the SPO as quality seed. The significant impact of operational land on volume of
wheat seed sold would be their higher commercial orientation and greater amount
of produce than their counterparts. Moreover, this study shows a significant positive
impact of off-farm income on selecting a wheat crop for selling seed in the market,
but its impact on volume of seed sold is not significant.

7.3.4 Discussion

Output price is the common indicator used to capture farmers’ realized benefit level
in marketing, especially in cash crops where the value chain is long and clear,
which might not be applicable in seeds of open-pollinated seeds of food crop
varieties. In this case, for example, if seed price increases farmers would sell a
smaller portion of seed than their original plan because the same amount of benefit
would be generated from selling a lesser seed quantity when selling at a higher
price. However, it increases seed stock that farmers utilize for their different
livelihood needs such as consuming seed in the form of food if not treated with
pesticides in case of disasters. Again, it is quite difficult to separate benefit realized
by households at two different phases (production and marketing) because the same
households participate in these phases. Moreover, seed producers do not have full
control of seed price determination as various internal and external factors interact
in this process (Janvry et al. 1991; Benefica et al. 2006). Some of the internal factors
contributing to raise price are strategies in marketing (processing, value addition,
and distribution). However, adopting these strategies is not simple for small farmers
residing in a marginal area (rain-fed areas) (Lanteri and Quagliotti 1997; Omit
et al. 2009; Azam et al. 2012). In this context, the adoption of the indirect approach
in analysis of household behavior is quite relevant, and identifying factors that
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motivate farmers in selling seed would be useful in designing appropriate extension
policy as incentives could gear up seed industry growth in the country (Morris
et al. 1998).

This study shows notable variation in market participation and the volume of
rice and wheat seed sold across the households. In the case of rice, about two thirds
of the surveyed households have participated in rice seed marketing and they sell a
similar proportion of the total rice seed produced at the household. But in the case
of wheat, a lesser proportion of households participate in the market but they sell a
higher proportion of produce in market, possibly because there is a larger and more
consistent demand for wheat seed than that of rice. Previous studies have also noted
poor participation of farmers in the market in developing countries, especially in
open-pollinated seed (Almekinders et al. 1994; Lal et al. 2009). Almekinders
et al. (1994), and Wiggins and Cromwell (1995) argue that the poor performance
of households in market is the consequence of poverty, poor marketing skills, and
poor physical structures.

This study recognizes the importance of training on household behavior on rice
and seed selling. In rice, a household that attended training sold 20 % more seed
than their counterparts, whereas in wheat, households attending training sell 60 %
more seed than their counterparts. Thus, the impact of training is much higher in
wheat than in rice. Farmers take training on crop husbandry, seed quality mainte-
nance, and marketing from projects implemented by NGOs and government agen-
cies. Although 78.3 % of the households attended seed management training, only
65 % of the market participants received marketing training, mostly organized by
NGOs. Moreover, some farmer received agricultural training from government
agencies (32 % of the sample households), but the content of this training was
focused on technical aspects of seed production with little or no information about
marketing and entrepreneurship aspects, possibly the influence of the government
policy document called ‘District Seed Self-Sufficiency Program’ on government-
implemented projects. This policy document, which was designed and
implemented by the Department of Agriculture in 1997, is focused on seed pro-
duction and the marketing issue is ignored (Lal et al. 2009; Witcombe et al. 2010).

Another motivating factor for farmers to participate in seed marketing is the
system of share holdings in SPOs. The share-collected households sell 26 % and
21 % more seed than their counterparts in rice and wheat, respectively. The higher
motivation of share-collected households in selling seed would be their higher
future benefit (at the marketing phase). In spite of this, only 50 % of households
reported that their SPOs have distributed profit generated from seed marketing to
their members, but some households (26 %) have been benefited by taking loans at
cheaper interest from their SPOs to manage their household activities. In addition,
the revenue collected at the organization level (from share collection and profit
from seed marketing) has been mobilized for the development of a seed-processing
facility (storage building and grading machine) at the organization level. The
practice of share collection by households is considered important from the social
perspective as well because it enhances household ownership and accountability
toward SPOs. For instance, those with a larger amount hold higher voting rights in
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the decision-making process. This norm is similar to that of private companies and
not to the general cooperative principle where ‘one member, one vote’ is applied
regardless of the distribution of shares among the members (Acharya 2009).
However, 75 % of the households included in this study are organized either in
informal groups or cooperatives.

Moreover, the significant impact of livestock on household participation in the
market might be its contribution to soil fertility and thereby crop yield. There is a
positive correlation between LSU and crop yield both in rice (r = 0.6) and in wheat
(r=0.58). Livestock also contribute to a household’s cash income, but only 20 % of
farmers have received cash income from this subsector. The impact of operational
land and irrigation facility is also significant and positive in household seed-selling
behavior, implying that farmers with greater seed production area and better
irrigation facility are more likely to sell greater quantities of seed in the market;
this raises the concern of how to improve smallholders’ performance in seed
marketing. However, strategies such as timely payment for seed or provision of
credit and an insurance system could address the small farmers’ concerns and
concerns of those growing rice under rain-fed conditions (Kugbei 2007).

7.4 Conclusion

This chapter analyzes households’ behavior in selling rice and wheat seed in the
market from a microeconomic perspective using the Heckman selection model.
Results show that although there is great enthusiasm of households for rice and
wheat seed production, many households have not shown good performance in
marketing for various socioeconomic reasons. These constraints are small land size,
limited irrigation facility, limited credit, limited training, and labor. It is also clear
from this study that factors contributing to crop yield also influence a household’s
seed-selling behavior. These findings represent one approach to increase the busi-
ness volume of SPOs. Increasing business volume is necessary to cover manage-
ment costs of SPOs. These costs, at the time of the field study, were partially
covered by development projects and the executive members were voluntarily
engaged in their organization work. However, these organizations should cover
their management costs by themselves to emerge as local enterprises in the future.
Another approach for enhancing business volume of SPOs would be increasing
their membership. However, this approach might increase management complex-
ity, especially in the benefit-sharing process, because of the poor record-keeping
system in SPOs. The associated issues in covering management cost are also related
to the diversification of products supplied by SPOs. Given the limited demand for
seed in the local market, it is quite difficult for SPOs to cover management costs
while selling the seeds of only one or two crops.
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Chapter 8
Adoption of Soil Conservation Practices
in Rice—-Wheat Farming

Abstract Soil conservation practices harmonize economic, social, and environ-
mental benefits for the rice-wheat farming system. This chapter analyzes the
influence of socioeconomic factors on the adoption of existing soil conservation
practices in community seed production. Potential environmental and social bene-
fits are linked with economic gain as these benefits have time and risk questions to
be realized by smallholder farmers. Data for the study were collected from 180 seed
growers across the three Tarai districts of Nepal. Major soil conservation practices
used in the rice-wheat cropping system are animal manure, zero tillage, and green
manure. A multivariate probit model was run to identify the influence of socioeco-
nomic factors on the adoption of zero tillage, green manure, and other practices.
The result shows that households having less family labor, more operational land,
and a higher risk aversion characteristic are more likely to adopt the zero-tillage
practice. Similarly, those having access to an irrigation facility are more likely to
adopt green manure crops. Irrigation facility, training, and risk aversion character-
istic have a significant positive impact on the other practices whereas application of
chemical fertilizers has significant negative impact on them.

Keywords Sustainability ¢ Multivariate probit model ¢« Green manure ¢ Zero
tillage

8.1 Introduction

Sustainability of the rice-wheat farming system has been a concern in recent years
as long-term fertility trials show a stagnant or declining yield trend of these crops
(Ladha et al. 2000; Tripathi et al. 2006; Erestein and Laxmi 2008). Similarly, the
yield trend of these crops is fluctuating and almost stagnant, especially after 2000 in
developing countries (FAOSTAT 2014). Although the exact causes of this problem
are not yet fully understood, decreasing organic matter, increasing costs of culti-
vation, and scarcity of irrigation water are notable contributory factors (Timsina
and Connor 2001; Erestein and Laxmi 2008). Moreover, being an intensive
cropping system, the rice-wheat farming system is considered to have significance
in emitting greenhouse gases such as methane (CH,) and nitrous oxide (N,O) (Lal
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et al. 1998; Khanal et al. 2012). The aforementioned challenges of rice-wheat
farming system apply to the community seed production (CSP) system as well.
Soil conservation practices (SCPs) have been found to contribute to both of these
objectives by contributing economic, environmental, and social benefits to farmers.
Different types of benefits rendered by SCPs are given in the reviews by Erestein
and Laxmi (2008), Ereistein (2009), and Khanal et al. (2012). Economic benefit is
related to increase as well as stability of crop yield because soils with high organic
matter have a more stable structure and can resist shocks such as intense rainfall
(Fig. 8.1). Similarly, organic soil reduces the cost of cultivation and increases the
rental value of the land. Social benefit is related to leisure time (e.g., zero tillage
reduces the labor requirement), and environmental benefit is related to maintaining
environmental quality (soil, air, water, and biodiversity). Despite these notable
benefits of SCPs, farmers need to choose an appropriate bundle of SCPs across
the diverse socioeconomic contexts to sustain crop yield. Most of the previous
studies on SCPs are about zero tillage, focusing on maintaining rice and wheat crop
residues on the soil surface (Belknap and Saupe 1988; Lal et al. 1998; Erestein and

Fig. 8.1 An experiment comparing the stability of natural (forest) soil () and cultivated soil (a).
Procedure: (1) Use three test tubes, filled with water to three fourths of length; (2) collect soil from
cultivated field (C) and from forest area (F); (3) grind soil and remove plant debris; (4) put 50 g
soil from C and F into test tubes (a and b, respectively), stir for 1 min with rod or spoon;
(5) compare color of soil solutions after 5 min. Result: Most of the soil in test tube a is dissolved
making the solution opaque, but it is opposite in test tube b, where most of the soil is deposited at
the test tube bottom. Test tube c is the control (water only)
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Laxmi 2008), and using seed drills for wheat planting in the mulched fields. These
studies might have less policy implication for the small/subsistence farmers where
there is a tradition of using residues from rice and wheat as feed for animals, fuel for
household energy, and as thatching material. Small holders rarely adopt the tractor-
drawn zero-till seed drill method unless there is development of local entrepreneur-
ship for production and supply of repair and maintenance of the machinery
(Erestein 2009). Rather, the zero-tillage (ZT) practice has been traditionally
adopted in the form of surface seeding (broadcasting of seed manually) of wheat
in rural areas of developing countries (Tripathi et al. 2006; Gupta and Sayer 2007).

Previous studies on soil conservation issues have identified ZT (Granatstein
et al. 1987; Ladha et al. 2000; Shah et al. 2011), green manure (Dahal et al. 1993;
Devkota et al. 2006; Pandey et al. 2008), the system of rice intensification (SRI)
(Upreti 2008), botanical pesticides, animal manure, and compost (Lal et al. 1998) as
appropriate SCPs for small farmers. However, these studies mainly focused on
technical matters and are based on researcher-controlled experiments, neglecting
the influence of socioeconomic factors for their adoption. This chapter aims to
contribute to the existing knowledge gap by presenting the influence of these factors
in the adoption of SCPs.

8.2 Conceptual Framework

As already discussed, SCPs provide different economic, social, and environmental
benefits to farmers, but the consideration of economic benefit might be more
appropriate for small farmers because environmental and social benefits to be
realized by this category of farmers are prone to time and risk questions and are
not easily visible (Lee 1980). However, measuring economic benefits realized by
farmers from SCPs is neither simple nor direct. Farmers could realize different
economic benefits from the same SCP. For example, zero tillage contributes in
water saving, reducing cost of cultivation, and building up soil organic matter.
However, it is quite difficult to analyze how farmers prioritize these benefits.
According to microeconomic theory, farmers as profit maximizers tend to innovate
technologies in the process of utilizing the existing SCPs continuously, which
makes it more difficult to put the long-term benefits to be realized by farmers
adopting SCPs into utility functions. Moreover, criteria set by researchers and
policy makers about economic benefits to be realized by farmers from SCPs
might be different from those of the farmers. Further, farmers adopt these practices
considering rice and wheat as a system, meaning that if SCPs are applied to one
crop, farmers think that succeeding crops could be benefited by the SCPs (Kassie
et al. 2012) as a consequence of improved soil quality. In this context, adoption
studies carried out from the perspective that the farmers adopt these practices by
perceiving potential costs and benefits from available SCPs in the cropping system
could be more logical (Tripathi et al. 2006; Kassie et al. 2012). According to the
adoption and diffusion theory (Rogors 1995), perception is a step in the technology
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adoption process, and it affects other steps of technology adoption. Perception is
influenced by various demographic (age, education, labor, attitude), biophysical
(disease, pest, climate stress, field characteristics), and economic, social, and
institutional (land tenure, linkage) factors (Shiekh et al. 2002; Erenstein and
Laxmi 2008; Kassie et al. 2012).

8.3 Methodology

The study was carried out in three Tarai districts: Siraha, Chitwan, and Kailali,
representing eastern, central, and far-western development regions. The Tarai
region, also known as the food basket of Nepal, is the major domain of the rice-
wheat farming system that accounts for 66.2 % of cultivated land and 71.4 % of the
production volume of these crops. Four seed producer organizations (SPOs) having
at least 2 years of experience in rice and wheat seed production, and registered at
District Agriculture Development Offices (DADOs) of the concerned districts, were
selected. Fifteen households in each of the organizations were randomly chosen for
the household survey, making a total sample size of 180. Group discussions were
also held at SPO and DADO levels to complement the data collected from the
household survey.

8.4 Empirical Model

8.4.1 Theoretical Concept

This chapter uses the multivariate probit (MVP) model to analyze the impact of
socioeconomic variables for the adoption of different SCPs. This model fits in the
analysis because the dependent variable is multivariate, binary, and factors of the
dependent variables are correlated. This model assumes that given a set of explan-
atory variables the multivariate response is an indicator of the event with some
unobserved latent variables (Z), assumed to arise from the multivariate normal
(Gaussian) distribution, and falls within a certain interval (Tabet 2007). As
discussed in the conceptual framework, farmers could integrate different SCPs to
address their economic goal considering the cropping system perspective, which
justifies the modeling of SCPs simultaneously using the MVP model rather than the
univariate probit model. Although the multinomial logit model has been used to
analyze the similar data in the literature, the MVP is more suited for correlated
binary dependent variables that are not mutually exclusive (Shiekh et al. 2002;
Young et al. 2009). Also, the MVP model relaxes the independence of the irrelevant
alternatives property assumed by the logit model (Tabet 2007). This model was also
used by previous researchers (Cappelari and Jenkins 2003; Kassie et al. 2012) to
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analyze the impacts of socioeconomic factors in household decisions for the
adoption of SCPs. Theoretically, the MVP model can be presented as given in

Egs. 8.1 and 8.2:
([ 1if Zijoo
Y”( 0 if no ) (8.1)
Zij= xip+e& (8.2)

where Y;; is the binary dependent variable taking value O or 1 on the ith households
and jth options in the dependent variable. Similarly, Z is the vector of latent
variable, and f is a matrix of the regression coefficient associated with explanatory
variables (x). Moreover, € is a vector of the residual error term distributed as
multivariate normal distribution with zero mean and unitary variance, g;” N(0, X),
where X is the variance—covariance matrix having value 1 on the leading diagonal.
The off-diagonal element in the correlation matrix, p;; = pj, represents the
unobserved correlation between the stochastic elements of the jth and kth items.
The relationship between Z;; and pj is given by the likelihood of the observed data
that can be obtained by integration over the latent variables Z (Eq. 8.3).

p(Y,'j = 1/)(,‘,,5,2) = /A,‘j, .. .,/A,‘Hb,,(Z,‘j/X,’,ﬂ,Z)dZ,‘j (83)

where A;; is the interval (0,00) if Y;;= 1, and the interval (—oo, 0) otherwise.

Similarly, ¢{Z;;/X;,,p;) is the probability density function of the standard
normal distribution. The study uses the simulated maximum likelihood (SML)
method using the Geweke Hajavassiou-Keane (GHK) simulator in STATA devel-
oped by Cappelari and Jenkins (2003) to estimate the MVP model. According to
Cappelari and Jenkins (2003), the SML simulator tends to be consistent once the
number of observations and number of draws tend to be infinitive. The number of
draws is considered to be the square root of the sample size if the latter is 1,000 and
above. However, for a small sample size the number of draws should be increased
from its default number (5) to enhance the precision of the coefficient. So, the
number of draws was set as 100 while estimating the model.

As per the regression rule, diagnostic tests were carried out to check the
heteroscedasticity and multicollinearity problems in the data. For this, the same
set of socioeconomic variables was regressed against the choice dependent vari-
ables individually using the ordinary least squares (OLS) technique. The variation
inflation factor (VIF) test was carried out to check multicollinearity among the
variables and did not find a problem as the values for explanatory variables across
the three equations was less than 10. Similarly, the Breusch-Pagan/Cook-Weisberg
test showed that the selected data set was free from heteroscedasticity as the null
hypothesis of constant variances of the residuals was not rejected in all the tested
equations.
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8.4.2 Variables and Operational Model

A total of five SCPs [compost, zero tillage (ZT), green manure, system of rice
intensification (SRI), and botanical pesticides] were found to have adopted by the
farmers in seed production. Among these practices, ZT was adopted only in wheat
whereas all other practices were adopted targeting mainly for rice. The SRI consists
of a package of practices, such as planting seedlings 10 to 14 days old, maintaining
wider spacing, provision of major nutrients from organic matter, and drainage
(Upreti 2008). However, none of the farmers was found to have adopted the
complete package of practices of SRI. So, those who adopted single seedlings
while rice transplanting with any one of the foregoing practices were considered
adopters of SRI. The variable animal manure was dropped from the analysis as all
the farmers were found to adopt this practice. Then, the remaining five variables
were used as dependent variables in the model. Again, the number of farmers
adopting botanical pesticides, SRI, and compost were limited (Table 8.1). Thus,
these three variables were combined under the name ‘others,” and finally this
variable and two other variables (green manure and zero tillage) were used as
dependent variables in the model. The operational model used in this chapter is
given in Eq. 8.4.

(Zero tillage = B,y + P, age+ P, education+ B3 family labor + p,4 income + f,5 operational land

+P,6 livestock + B, Infertilizer cost + B,g irrigation + B, diversification index (DI) + B, training + &,)
(Green manure = By, + f,, age -+ Py, education + Py family labor + B, income + p,5 operational land+
Bye livestock + By, In fertilizer cost+ Pyg irrigation + Png DI+ By, training + ¢;) (Others = P, + f., age+
B, education + B3 family labor 4B, income + p_5 operational land + B4 livestock 4 f; In fertilizer cost+
Beg irrigation+ B9 DI+ B, training + &)

(8.4)

Here, Ln = log, B., Py, and P, are the vectors of the coefficients of explanatory
variables related to zero tillage, green manure, and other practices, respectively.
The explanatory variables used in the study were chosen on the basis of economic
theory and previous studies. However, to capture the field reality, variables were
validated with farmers before implementing the field survey. The literature shows
that demographic, economic, and institutional variables might influence a house-
hold’s decision for adopting SCPs, but the hypothesized relationship of the vari-
ables with adoption choices is specific to the conservation issue and locality
(Ereistein 2009; Kassie et al. 2012).

The explanatory variables are classified as demographic, economic, and institu-
tional. The summary of the variables and their hypothesized relationship with the
dependent variables is given in Table 8.2. The demographic variables included in
the study are age and education of household head (HHH) and family labor. Age
and education were hypothesized to have positive influence on the adoption of all
dependent variables as they contribute to the human capital (Ervin and Ervin 1982),
whereas the influence of family labor on ZT was assumed negative as this technique
saves labor and allows farmers timely wheat sowing (Tripathi et al. 2006).
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Table 8.1 Summary of soil conservation practices

Categories | Overall ‘ Chitwan | Siraha | Kailali | p value
Zero tillage

Adopters 84 (47) 17 (28) 30 (50) 37 (62) 0.001
Non-adopters 96 (53) 43 (72) 30 (50) 23 (38)

Compost

Adopters 36 (20) 6 (10) 3(5) 27 (45) 0.000
Non-adopters 144 (80) 54 (90) 57 (95) 33 (55)

System of rice intensification (SRI)

Adopters 22 (12) 3(5) 4(7) 15 (25) 0.001
Non-adopters 158 (88) 57 (95) 56 (93) 45 (75)

Botanical pesticide

Adopters 50 (28) 20 (33) 5(8) 25 (42) 0.000
Non-adopters 130 (72) 40 (67) 55(92) 35 (58)

Green manure

Adopters 109 (51) 31 (52 32 (53) 46 (77) 0.007
Non-adopters 71 (39) 29 (48) 28 (47) 14 (23)

Source: Field survey 2011
Figures in the parentheses indicate percentage

The economic variables included in the model are income, operational land,
livestock, fertilizer cost, irrigation, and the variety diversification index (VDI). The
income variable included in this analysis represents the proportion of income
generated from farming, and it was hypothesized to have positive impact across
all the SCPs. As shown in Table 8.2, operational land was hypothesized to have
positive influence across the dependent variables as this category of households has
higher motivation to maximize crop production utilizing different resources
(Shiekh et al. 2002). Household access to an irrigation facility was considered
negative in the case of ZT because farmers normally use ZT in rain-fed areas,
utilizing the residual moisture retained in the soil from the monsoon season
(Tripathi et al. 2006). However, the impact of irrigation was hypothesized positive
on ‘green manure’ and ‘other practice’ as irrigation might influence households for
the adoption of these practices. The influence of livestock was assumed neutral to
ZT and other practice, but it was hypothesized negative in case of green manure,
because it might not be necessary to apply animal manure when green manure is
applied in the field, as green manures are rich in plant nutrients. Similarly, the
influence of fertilizer cost was assumed neutral to ZT but negative in green manure
and other practices. Moreover, an irrigation facility was hypothesized as positive
for green manure and other practices but negative for ZT.

Diversification of crop varieties is the common measure to address risks among
smallholder farmers. It was hypothesized that higher risk averters are more likely to
adopt SCPs because SCPs also contribute in enhancing the diversity of soil
microbes (Belknap and Saupe 1988). The VDI was calculated as a ratio of number
of rice varieties grown by a household to the total number of rice varieties grown in
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Table 8.2 Summary of explanatory variables and their expected sign

Variables Definition Mean=+ SD Expected sign
Age of HHH Age of household head (years) |46.83 £11.43 + ve to ZT and —ve to
others

Education of Formal schooling attended by | 7.96 =4.02 +ve to all

HHH HHH (years)

Family labor Labor force unit at household |3.41 £0.37 — ve to ZT and +ve to
(LFU)* others

Income Proportion of income received | 0.40 £ 0.25 +ve to all
from farming

Operational Total operational land of 1.15+0.90 +ve to all

land households (ha)

Livestock Livestock standard unit 3.86+4.88 —ve to green manure
(LSU)b and +ve/—ve to others

Fertilizer cost Chemical fertilizers house- 6,649.1 +4,850.4 | —ve to all
holds (NRs/ha/year)

Irrigation 1 = access to canal irrigation, | 0.55 £ 0.49 Same as family labor
0 for otherwise

Diversification | Variety diversification index | 0.19 £0.07 +ve to all

index in rice

Training 1 = Attended agriculture 0.783 +£0.41 +ve to all
training, and O for otherwise

ZT zero tillage, SD standard deviation, 1 US$ = NRs 82.96

“LFU is the measurement of labor force, where people from 15 to 59 years old regardless of their
sex were categorized as 1 person = 1 LFU, but in case of children (10-14 years old) and elderly
people (>59 years old) 1 person = 0.5 LFU

PLSU is the aggregates of different types of livestock kept at household in standard unit calculated
using the following equivalents; 1 adult buffalo = 1 LSU, [ immature buffalo = 0.5 LSU, 1 cow =
0.8 LSU, 1 calf = 0.4 LSU, 1 pig = 0.3 LSU, 1 sheep or goat = 0.2 LSU and 1 poultry or pigeon
=0.1 LSU (Khanal and Maharjan 2014)

the concerning SPOs. The institutional variable considered in this study is a
household’s linkage with government and nongovernment organizations. These
organizations provide training to the seed growers in various dimensions of seed
production including SCPs. So, households attending agricultural training were
used as a proxy variable to represent their linkage with these organizations. It
was assumed that trained households are more likely to adopt SCPs because of
the knowledge and experience they acquire from training.

8.5 Results and Discussion

8.5.1 Descriptive Analysis

As shown in Table 8.1, 46.67 % of the households adopt ZT practice in wheat, and
the proportion of households adopting this practice is higher in Kailali as compared
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to Chitwan or Siraha. Overall, 50.56 % of the households have adopted green
manure, and the category of the green manure adopters is also higher in Kailali as
compared to other districts. The green manure crops grown by farmers are maize
(Zea mays), Dhaincha (Sesbania spp.), and Til (Sesamum indicum) in Chitwan,
whereas it is mungbean (Vigna mungo) in Siraha and Kailali. Few households
(20 %) were found to adopt compost, and Kailai district has the majority of the
adopters.

Farmers prepare compost mainly using the biomass from forest (dried fallen
leaves), and it is supplemented with an effective microorganism and/or manure
slurry to accelerate the decomposition of leaves. Only 12 % of the households adopt
SRI, and the proportion of SRI adopters was also higher in Kailali as compared to
the other two districts. Similarly, only 27 % of the households use botanical
pesticides to control pests/diseases in rice; this does not mean that the remaining
households use chemical pesticides, as only 3 % of households were found to use
chemical pesticides in rice for weed control.

As discussed previously, we have combined SRI, compost, and botanical pesti-
cides under the group ‘other practice’ in this research. The summary statistics show
that overall 44 % of households adopted ‘other practices,” and the proportion of
adopters is higher in Kailali (76 %) as compared to Chitwan (40 %) and Siraha
(16 %).

Table 8.2 presents the summary of explanatory variables used in the analysis
with respect to their mean and standard deviation. In case of dummy variables, the
mean value indicates the percentage of households adopting the practices. For
example, the mean value for irrigation facility is 0.55, meaning that 55 % of the
households have access to a public irrigation source. Farmers primarily use chem-
ical fertilizer in rice, and its use is quite lower than the national recommendation for
rice (100:30:30 N:P:K kg ha™") (Tripathi et al. 2006). Overall, farmers apply major
plant nutrients at 24.7 kg N, 20.9 kg P, and 17 kg K ha'. These nutrients are
supplied through different chemical fertilizers such as urea (46 % N), diammonium
phosphate (18 % N and 46 % P), and muriate of potash (60 % K).

8.5.2 Results from Multivariate Probit Model

The study shows that the direction of response of most of the socioeconomic
variables is as per the expectation with few exceptions (Table 8.3). The significant
likelihood function, as given by the Wald test, indicates that the variables chosen in
the study fit the model well. Also, the likelihood ratio test rejected the hypothesis of
the independence of the error term of individual equation (p = 0.0001). Households
having more family labor are significantly less likely to adopt the ZT practice,
which might be because of the ability of households having more family labor to
plant wheat on time, as wheat planting after the end of November could decrease
the crop yield (Aslam et al. 1993).
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Table 8.3 Impact of socioeconomic variables on the adoption of soil conservation practices

Variables Zero tillage (1) Green manure (2) Other practices (3)
Age of HHH 0.007 (0.411) —0.010 (0.242) 0.0019 (0.830)
Education of HHH —0.010 (0.695) —0.010 (0.706) —0.022 (0.423)
Family labor —0.015 (0.0675)* —0.014 (0.680) —0.014 (0.679)
Income 0.001 (0.337) 0.004 (0.745) 0.002 (0.546)

Operational land

0.380 (0.008)***

0.170 (0.206)

0.025 (0.835)

Livestock

0.001 (0.850)

—0.008 (0.274)

0.003 (0.638)

Fertilizer cost

0.001 (0.204)

—0.001 (0.108)

—0.001 (0.030)**

Irrigation

—0.073 (0.735)

0.394 (0.033)**

0.540 (0.013)**

Diversification index

2.933 (0.055)%*

2.21 (0.745)

3.548 (0.024)%*

Training

0.005 (0.984)

0.161 (0.500)

0.477 (0.064)*

Constant

—1.525 (0.021)**

—0.169 (0.155)

—1.704 (0.011)**

p21=0.496 (0.001)***, py3=0.321 (0.005)***, p3;=0.302 (0.006), n=180; Wald test log
likelihood =—318, «chi square (30): 49.35, p=0.0014; log-likelihood ratio test;
P21 =p21=p21 =0, chi-square =27.72, p =0.0001; n=180; number of draws = 100; figures in
the parentheses indicate probability values; * **, *** significance at 10 %, 5 %, and 1 %,
respectively

This study also shows the positive linkage between ZT and wheat yield as ZT
adopters received 8 % higher yield (Table 8.4) than the control group (those who do
not apply any SCPs), but it does not indicate that the increased wheat yield was only
the result of early planting of wheat (escape of terminal drought; i.e., desiccation of
floral parts before maturity from high temperature) because ZT also contributes to
the increase in soil organic matter. Granatstein et al. (1987) found 0.2 % increment
in organic matter after the adoption of ZT practice continuously for 10 years in
wheat. Similarly, Shah et al. (2011) also found better performance of ZT wheat
when integrated with mulch. Perhaps because of improved soil quality, ZT adopters
achieved 3.1 % higher rice yield as compared to the control group. Similarly, the
study shows that households with greater operational holdings are significantly
more likely to adopt the ZT practice (Shiekh et al. 2002). Moreover, households
with higher VDI are also significantly more likely to adopt this practice. VDIs here
represent the attitude of farmers toward risks, and it shows that the risk aversion
characteristic could positively motivate farmers to adopt ZT. Farmers argued that
the most important risk they assume to have reduced from adopting ZT is escape of
the crop from terminal drought because it allows them to sow wheat seed on time,
that is, within November. Belknap and Saupe (1988) also noted that planting of
wheat after first week of December significantly decreases the wheat yield.

Similarly, green manure adopters achieved 24.8 % higher yield in rice as
compared to the control group. This practice also has a complementary role in
enhancing the productivity of zero tillage and other practices (Table 8.4), which
might be the result of the improvement of soil quality.

In addition, even if green manure were applied only in rice, green manure
adopters achieved 13.4 % higher yield in wheat as well. It clearly shows the role
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Table 8.4 Rice and wheat yield under different soil conservation practices

Rice (kg ha™") Wheat (kg ha™")
Conservation practices | Mean+ SE Over control (%) | Mean+ SE Over control (%)
Zero tillage (ZT) 3,420 £378 3.1 2,685 £ 167 8
Green manure (GM) 4,140+228 |24.8 2,818+ 152 |[13.4
Other practice (OP) 3,745 £237 12.9 2,607 £237 4.9
ZT*GM 3,702+£200 |[11.6 2,620 £ 132 54
ZT*OP 3,748 £208 13.02 2,602 £223 4.7
GM*OP 4,036 196 |21.7 3,045+£221 |225
ZT*GM*OP 4,322+147 |30.3 3,148 £ 153 |26.68
Control 3,316 £ 129 - 2,485+ 102 -

Source: Field survey, 2011
SE standard error

of green manure in enhancing the productivity of rice-wheat farming system as a
whole.

Previously, researchers have also found positive results using green manure on
rice and wheat yield as well as other characteristics of soil such as microbial
diversity and aeration (Dahal et al. 1993; Devkota et al. 2006; Pandey
et al. 2008). Farmers grow different green manure crops in their land in the spring
season (April to June) after harvesting wheat and before transplanting the main
season rice (July to October), and incorporate their green biomass into soil during
the final land preparation for rice. Of the various socioeconomic variables tested for
using green manure, only irrigation shows a significant impact. Thus, households
having access to an irrigation facility (canal irrigation from a river/stream) are more
likely to grow green manure crops, which shows that irrigation is one of the
constraints for the adoption of green manure crops. Although there is ample
opportunity for the use of underground water through tube wells for irrigating
green manure crops, only 5 % of the adopters were found to have their own tube
well, and farmers argued that the lower adoption of tube-well irrigation was caused
by high installation costs, although 55 % of the households have an irrigation
facility and farmers in the group discussion stated that water level in the irrigation
canal is reduced by 50 % to 75 % in the spring season. As a result, many farmers
have to wait for rainfall to sow a green manure crop, and sometimes they fail to sow
seed for these crops. In contrast to ZT, most farmers (90 %) are aware of the role of
green manure in the improvement of soil quality. Although there is no significant
influence of chemical fertilizer on green manure adoption, the negative coefficient
of chemical fertilizer to some extent indicates that households adopting more
chemical fertilizer are less likely to adopt a green manure crop.

As in ZT and green manure, other practice adopters received higher yield both in
rice (12.9 %) and wheat (4.9 %) as compared to the control group (Table 8.4). The
reason for higher crop yield in improved practice adopters might be the contribution
of the practice to enhance soil organic matter. The adoption of an improved practice
is influenced by irrigation, training, fertilizer cost, and variety diversification. Thus,
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households having an irrigation facility, having taken agricultural training, and
having higher risk aversion characteristics are more likely to adopt an improved
practice, but those using more chemical fertilizer are significantly less likely to
adopt an improved practice. This factor also justifies farmers’ behavior in adopting
an improved practice, considering the economic perspective, although the practices
also contribute in saving water (e.g., SRI), and reducing pollution, but enhancing
soil quality.

Furthermore, other socioeconomic variables not already discussed did not show
any significant influence on the adoption of SCPs. However, these variables may
also be important in a household’s decisions.

8.6 Conclusion

This chapter shows that seed producers adopt different SCPs in seed production
under the rice-wheat farming system. These practices include ZT, SRI, and
improved practices, and the proportion of households adopting these practices is
46.67 %, 50.56 %, and 44 %, respectively. The influence of households’ socioeco-
nomic variables on the adoption of zero tillage, green manure, and improved
practice in the rice-wheat farming system was analyzed using the MVP model.
Although SCPs provide economic, social, and environmental benefits, economic
consideration was adopted in the analysis because social and environmental bene-
fits realized by small farmers have time and risk questions. There is a positive
linkage of SCPs with crop yield in both rice and wheat, which justifies the use of
economic considerations in the analysis, although SCPs impart other benefits as
well. The results of the MVP model indicate that influence of socioeconomic
variables varies across SCPs. Households with less family labor, more operational
land, and higher risk aversion characteristics are more likely to adopt zero tillage.
Similarly, those having an irrigation facility are more likely to adopt a green
manure crop, which shows the importance of promoting mungbean in the irrigation
domain. However, it is important to promote a basket of SCPs in the rice-wheat
system and to raise people’s awareness about the economic and ecological benefits
rendered by SCPs through training.
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Chapter 9

Risk Management in Community Seed
Production Under Rice-Wheat Cropping
System

Abstract In community seed production, seed producers face various physical and
financial risks, the impacts of which are reflected in profit from seed production.
This chapter analyzes the profit risk incidence, risk gap, and risk severity of seed
producers involved in rice and wheat seed production, using cross-sectional data
collected from 180 households. Households that realized profit at less than average
amounts were considered to be at risk. The results show that 32.7 % of the surveyed
households are at risk, and there is a 65.23 % risk gap across the households under
this category. The risk severity of these households is 42.54 %. Share collection and
crop diversification are the common risk management practices adopted by sur-
veyed households. Household behavior in adopting these practices has also been
analyzed using univariate probit model. It is clear from the analysis that households
with a younger household head, and those associated with the Brahmin caste, are
more likely to adopt the share collection practice. Similarly, households associated
with a less-educated household head, and smaller operating landholders, are more
likely to adopt crop diversification practices. Moreover, those that are better off in
physical assets, that realized higher incentive, and with better technical capacity are
more likely to adopt both these risk management practices.

Keywords Profit risk ¢ Rice-wheat system ¢ Univariate probit ¢ Crop
diversification « Share collection

9.1 Introduction

Farmers involved in community seed production (CSP) represent smallholders who
are residing in marginal areas and engaged in seed production of open-pollinated
varieties of food crops (Khanal and Maharjan 2010). These farmers confront risks
from various factors such as finance, climate, pests, diseases, and market and
human factors (Kugbei 2007; Srinivas et al. 2010). The financial risk is associated
with uncertainty/problem in accessing credit to implement seed production activ-
ities on time, and this might have a significant negative impact on quantity and
quality of seed production. Access to credit is also important after crop harvest
because without a credit facility many smallholders might be compelled to sell seed
as grain soon after the crop harvest (Khanal and Maharjan 2013). As a result,
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farmers could not get the potential benefit they intend to get from seed marketing,
that is, increasing output price by processing and value addition (Khanal and
Maharjan 2013). Financial institutions consider it is risky to lend to smallholders,
and these institutions are poorly developed in the rural areas of developing coun-
tries (Pradhan 2009).

Similarly, climate risk is associated with negative impact of climate variables
such as rainfall and temperature on crop yield and output price. Generally seed
producers intend to be benefited by extension agencies and policy makers. How-
ever, these farmers could face risks from these organizations because of their
changing subsidy policies, accountability, and project implementation modalities
(Almekinders et al. 1994). The presence of risks in CSP from these sources has
given impetus to the development of a number of risk management strategies as
these strategies could enhance resilience of CSP by improving farmers’ adaptive
and innovative capacity (McGuire and Sperling 2013). The common strategy for
risk management for smallholder farmers is diversification of livelihood strategies
including crop varieties. However, seed producers adopt different risk management
strategies considering the possibility of risks appearing in both crop production and
marketing phases; therefore, one strategy alone could not address the risks experi-
enced by households in these two phases. This chapter analyzes profit risks in seed
production under the rice-wheat farming system and farmers’ behavior in adopting
different risk management strategies.

9.2 Methodology

9.2.1 Study Area and Sampling Technique

This study was carried out in three Tarai districts of Nepal: Siraha, Chitwan, and
Kailali. These districts capture the overall heterogeneity available in the Tarai
region (plains area with altitudinal range from 70 to 650 m above sea level).
Among the districts, Sirha lies in the eastern development region and is considered
a drought-prone district. Located in the far-western development region, Kailali has
been suffering from flood; whereas Chitwan lies in central Nepal and remains
almost neutral in terms of drought and flood (MoE 2010). From each of these
districts, four farmers’ seed producer organizations (SPOs) with at least 2 years of
experience in rice and wheat seed production were selected in consultation with
district agriculture development offices. Then, 15 seed-producing households from
each of the selected organizations were randomly selected to make the sample size
of 180. From the selected households, data on household resources, and costs of
production and profits from different crops grown under the rice-wheat farming
system were measured.
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9.2.2 Empirical Technique for Risk Estimation

We measured risk incidence, risk gap, and risk severity using profit variable (gross
revenue less total variable costs involved in rice and wheat seed production). In
agricultural production, risk can be measured by analyzing input price, output price,
crop yield, and profit. However, the profit captures the essence of the other three
variables. In this case, risk incidence is the proportion of households having gross
profit less than the average gross profit of the total sampled households (Eq. 9.1).
Similarly, risk gap is the extent to which individuals on average fall below the
average profit line. In other words, risk gap is the average profit less actual profit for
poor-performing seed producers whose profit remains below the average profit line.
The risk gap can be expressed in terms of risk gap index (Eq. 9.2) as the proportion
of risk gap in the population (those realizing profit above average have zero risk
gap). It can also be taken as the cost of eliminating profit risk in CSP, because it
shows how much to transfer from non-risk households to the risk ones. To address
the issue of inequality among the households, risk severity index was also estimated
(Eq. 9.3) by squaring the risk gap: this is simply the weightage sum of risk gap
where the weights are the proportionate of risk gaps themselves.

Risk incidence — b (9.1)
1. G
Risk gap = —Y  — 9.2
isk gap N,; 7 (9:2)
1N (G
Risk ity = — 2 9.3
isk severity N;{Y} (9.3)

where Ny, is the number of households with gross profit below average, N indicates
the sample size, G; is the difference between observed profit and average profit
(Y -Y ) , Y = observed profit of the surveyed household, and Y = mean profit of the
surveyed households.

9.2.3 Empirical Technique for Analyzing Risk Management
Strategies

General Background of the Model

The univariate probit (UVP) model was employed to analyze farmers’ behavior in
adopting risk management practices (RMPs) in seed production and marketing.
These practices include share collection and crop diversification. It is believed that
these practices could address risks coming from various sources. For example, the



124 9 Risk Management in Community Seed Production Under Rice-Wheat. . .

practice of collecting shares (practice of collecting cash at SPOs) is believed to
address financial risk as those collecting shares in these organizations are more
likely to access s credit facility from the respective SPOs. The share-collecting
households could also minimize the human risk because of their empowerment as a
result of a training facility. Similarly, the practice of crop diversification addresses
the risks posed by climatic factors (Valandia et al. 2009). The crop diversification in
this study indicates whether households grow other crops for seed production
purposes in addition to rice and wheat. These RMPs are binary in nature, and
farmers could adopt one or a combination of these strategies simultaneously to
address risks coming from various sources. These two choices are not mutually
exclusive, and this justifies the use of the probit model for data analysis (Cappelari
and Jenkins 2003).

This model assumes that given a set of explanatory variables, the univariate
response is an indicator of the event that some unobserved latent variables (Z),
assumed to arise from the univariate normal distribution, fall within a certain
interval (Tabet 2007). Also, the UVP model relaxes the independence of the
irrelevant alternatives property assumed by the logit model (Shiekh et al. 2002;
Young et al. 2009). Theoretically, the UVP model can be presented as given in
Egs. 9.4 and 9.5:

v, — (1 if z,->0) (9.4)

0if Zj<0

Zi=xip+¢ (9.5)

where Y; is the binary dependent variable taking value O or 1 in the ith households.
Similarly, z; is the vector of the latent variable, § is a matrix of the regression
coefficient associated with explanatory variables (X;), and € is a vector of the error.
As per the regression rule, diagnostic tests were carried out to check the heterosce-
dasticity and multicollinearity problems in the data.

For this, the same set of socioeconomic variables was regressed against the
dependent variable separately using the ordinary least squares (OLS) technique. A
variation inflation factor test was carried out to check multicollinearity among the
variables and did not find this problem in the selected data set. The summary of
these variables is presented in Tables 9.1 and 9.2, respectively. These variables are
classified into demographic, economic, and environmental. Gender, age, and edu-
cation of household head (HHH) and caste are the demographic variables, and their
impacts in selecting these RMPs were hypothesized as positive. Here, gender
represents male-headed households, and its impact on RMPs was assumed positive,
considering the better access to production resources by men. The age of the HHH
represents household experience in seed production, and caste indicates whether the
sample households belong to the Brahmin caste. Households that belong to the
Brahmin caste were assumed better off in adopting RMPs than those from other
castes because of better access to resources. Education in this chapter represents
better analytical capability and extension contacts, and those having higher
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Table 9.1 Summary of explanatory variables used in the model

Expected

Variables Definition Mean sign
Gender HHH male = 1, 0 = otherwise 0.744 £0.44 | +ve
Age of head of household | Age of HHH (years) 46.8+£11.43 | +/—ve
(HHH)
Education of HHH Education of HHH (years) 7.96+4.02 | +ve
Caste 1= Brahmin, 0 = otherwise 0.624+0.49 | +ve
Family labor Labor force unit (LFU)*/household 3.4440.19 | +ve
Land Operational land (ha) 1.15+0.26 | +ve
Livestock Livestock standard unit (LSU)" per 3.864+2.97 |+ve

household
Physical index As explained in Table 9.2 1.02+0.58 | +ve
Incentive index As explained in Table 9.2 1.8474+0.68 | +ve
Technical empowerment As explained in Table 9.2 1.433+0.59 | +ve
index
Soil health index As explained in Table 9.2 0.915+0.61 |+ve

1 US$ = NRs 100

“LFU is the measurement of labor force, wherein people from 15 to 59 years old regardless of their
sex were categorized as 1 person = 1 LFU, but children (10-14 years old) and elderly people
(>59 years old) 1 person = 0.5 LFU

PLSU is the aggregates of different types of livestock kept at household in standard unit calculated
using the following equivalents: 1 adult buffalo = 1 LSU, I immature buffalo = 0.5 LSU, 1 cow =
0.8 LSU, 1 calf = 0.4 LSU, 1 pig = 0.3 LSU, 1 sheep or goat = 0.2 LSU, and 1 poultry or pigeon
=0.1 LSU (Khanal and Maharjan 2014)

education are more likely to choose the RMPs (Valandia et al. 2009). Another
demographic variable is family labor, and its impact on RMPs was also assumed
positive. Seed production in the study area is mainly carried out by family labor,
and laborers from outside the households are required only in the critical crop
production periods if existing family laborers are not sufficient to accomplish crop
husbandry practices (Khanal and Maharjan 2013). Those with more family labor
are more likely to adopt RMPs.

These variables contribute on enhancing the economic benefits as well as
safeguard seed producers from risk factors (Valandia et al. 2009).

Similarly, all the economic variables—off-farm income, operational land, live-
stock, infrastructure index, incentive index, technical index, and soil health index—
were assumed to have positive impact on adopting these practices.
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Table 9.2 Summary of different indices created to use as explanatory variables in model

PCA
Types Specification weight
(A) Infrastructural index: variability explained in component one = 57.04 %
1. House type 1 if concrete roof (33.8 %), and O otherwise 0.5231
2. Irrigation facility 1 if access to irrigation canal (55 %), and O otherwise 0.5875
3. Tractor use 1 if use tractor (84.4 %), and O otherwise 0.6174
(B) Incentive index: variability explained in component one = 50.28 %
1. Price 1 if higher price for seed than grain (85.5 %), and 0.4871
0 otherwise
2. Training 1 if received training from/through SPOs (78.3 %), and 0.4107
0 otherwise
3. Loan 1 if taken loan from SPO (43.8 %), and O otherwise 0.2735
4. Source seed 1 if source seed received through SPOs (92.2 %), and 0.4627
0 otherwise
5. Prestige 1 if realized social prestige (78.8 %), and O otherwise 0.4424
6. Profit in seed 1 if get economic profit generated by SPOs in marketing | 0.3310
processing (64.8 %), and 0 otherwise

(C) Technical empowerment index: variability explained in component one = 53.2 %

1. Knowledge of source | 1 if heard of any one of the seed categories (breeder/ 0.4504
seed foundation) (77.22 %), and O otherwise

2. Household engage- 1 if household remove unwanted/diseased plants 0.530
ment in rogueing (86.67 %), 0 otherwise

3. SPO facilitation in 1 if SPO members facilitate in rogueing (75 %), and 0.569
rogueing 0 otherwise

4. Seed lab’s inspection | 1 if field inspection by seed lab (46.6 %), and O otherwise | 0.437
in field

(D) Soil health index: variability explained in component one = 33.4 %

1. Zero tillage (ZT) 1 if ZT adopted (46.6 %), and O otherwise 0.5188
2. Compost 1 if used effective microorganism (20 %), and O otherwise | 0.3560
improvement

3. Green biomass (GB) 1 if GB incorporated (51.6 %), and O otherwise 0.3233
4. Seed priming (SP) 1 if SP adopted (60.5 %), and O otherwise 0.4726
5. System of rice inten- | 1 if SRI adopted (12.22 %), and O otherwise 0.3728
sification (SRI)

6. Integrated pest man- 1 if botanical pesticides adopted, (27.7 %), and 0.3705

agement (IPM)

0 otherwise

PCA = ajx; + apx; + - - -, aX,, where PC = the principal component, a; is weight of variable
1 (value ranging from 1 to n), and x;. . .x,, are the observations

9.3 Results

9.3.1 Risk Incidence, Risk Gap, and Risk Severity

This study shows that 67.22 % of the surveyed households are at profit risk, and a
similar level of risk gap (65.23 %) exists among households facing profit risk;
however, the risk severity is quite less (42.54 %) than the aforementioned figures.
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Table 9.3 Risk incidence and risk gap between different household categories

Risk incidence | Risk gap Risk severity

Variables Categories n (%) (%) (%)
Caste Brahmin 76 |66.17 62.6 39.19

Others 45 167.85 69.6 48.44
Gender of HHH | Male 87 |65.41 63.9 40.83

Female 34 |72.34 68.6 47.06
Age of HHH 59 years and 109 |69.42 64.9 42.12

younger

Over 59 years 12 |52.17 67.4 4543
Education of 5 years and 30 | 73.17 77.8 60.53
HHH younger

Over 5 years 91 |65.46 61.0 37.21
Cash income NRs. 50,000 and 50 |85.54 68.3 46.65

less

More than NRs. 71 |51.54 60.8 36.97

50,000
Operational 2 ha and less 113 | 70.18 66.2 43.82
holding More than 2 ha 8 |42.1 51.4 26.42
Crop Not diversified 99 | 67.78 47.2 22.28
diversification Diversified 22 |64.51 69.2 47.89
Share collection | Collected 68 |58.62 57.3 32.83

Not collected 53 |82.81 75.2 56.55
Agricultural Attended 90 |63.82 60.7 36.84
training Not attended 31 |79.48 78.1 61.00

There is also variation in the risk variables between households with different
socioeconomic backgrounds (Table 9.3).

For example, risk incidence is higher in households belonging to a non-Brahmin
caste as compared to those belonging to the Brahmin caste category. The same
situation applies in risk gap and risk severity. A similar result was found in female-
headed households compared to those headed by men. The larger risk gap in
female-headed households indicates wider disparity in risk in this household cate-
gory as compared to that of the male-headed group. Similarly, risk incidence is
higher in households with younger HHH, but it is just opposite in risk gap and risk
severity.

The study shows that the majority of households are smallholders, but risk
incidence, risk gap, and risk severity are higher in this category than the counter-
part. Similarly, risk is higher in less cash earning households with respect to its
incidence, gap, and severity. Those collecting shares in seed producer organizations
(SPOs) have less risk incidence, risk gap, and risk severity. Moreover, households
receiving training about seed production face less profit risk than those who have
not attended training.
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Fig. 9.1 Adoption of risk management practices (From Survey 2011)

9.3.2 Risk Management Practices Adopted by Seed Growers

Seed growers adopt three kinds of RMPs in CSP: crop diversification (25.24 %),
share collection (64.44 %), and crop protection (7.8 %) (Fig. 9.1). This result
indicates that share collection is the most common practice adopted by seed
growers. However, the proportion of share collection adopters is higher in Chitwan
as compared to the other two districts. The latter was adopted only in Chitwan
District with the facilitation of a development project, and the number of adopters
for this practices are very limited. So, the crop protection scheme was dropped from
the analysis, and the other two RMPs were considered in the analysis.

9.3.3 Impact of Socioeconomic Variables on Risk
Management Practices

The study shows that the selected variables fit the model well, as indicated by the
significant Wald test (p =0.000), and it indicates that coefficients of explanatory
variables are significantly different from zero (Table 9.4). It is clear from the study
that most of the socioeconomic variables have shown the expected sign with
dependent variables. However, significant impact was observed in age and educa-
tion of HHH, caste, family labor, operational land, infrastructure index, incentive
index, technical empowerment index, and soil conservation index.

Age has a significant negative impact on share collection, and this shows the
higher motivation of younger HHHs in adopting share collection practices in seed
production. However, elderly people are more likely to adopt a crop diversification
practice. As per the hypothesis, education has a positive impact on share collection
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Table 9.4 Coefficient of univariate probit model

Variables Share collection (1) Crop diversification (2)

Gender (male = 1) | —0.072 (0.059) 0.209 (0.187)

Age —0.026 (0.017)** 0.014 (0.0087)

Education 0.055 (0.052) —0.057 (0.042)**

Caste 1.12 (0.875)%** 0.951(0.658)

Family labor —0.050 (0.041) 0.064(0.048)**

Operational land 0.001 (0.001) —0.0066 (0.006)**

Livestock 0.020 (0.015) —0.066 (0.047)

Off-farm income 0.238 (0.124) 0.033(0.024)

Infrastructure index | 1.391(0.984)%%** 0.796 (0.478)%**%*

Incentive index 1.535 (0.978)*** 0.959 (0.748)***

Technical empow- 1.784 (1.458)%*** 0.705 (0.642)*

erment index

Soil health index —1.077 (—0.985) 0.498 (0.358)%#**

Constant 2.852 1.799

Model n=121, log likelihood = 133.473 | n=121 log likelihood = 122.473
characteristics (p=0.000), pseudo R*=0.142 (p=0.002), pseudo R*>=0.178

Values in the parentheses indicate marginal impact
* k¥ k%% jndicate significant at 10 %, 5 %, and 1 % level of significance, respectively

practice but its impact on crop diversification is negative, implying that elderly
people are less educated but their preference is for adopting crop diversification
practices.

Moreover, this study shows that Brahmins are significantly more likely to adopt
share collection practices, which might be because of their better contact to
extension agencies in accessing production inputs. Similarly, this study shows
that households with more family labor are significantly more likely to adopt a
crop diversification practice. Moreover, the response of crop diversification is
negative toward operational land, which shows the tendency of smallholders toward
crop diversification. Those with a higher infrastructural index adopt all three
strategies, meaning that those with access to an irrigation facility, good-quality
house, and tractor facility are more likely to adopt all three RMPs. The impact of
incentive index is also similar to that of infrastructure.

9.4 Discussion

This study analyzed the risk issue in CSP under the rice-wheat cropping system, and
the results show that the majority of households are under risk. In the group
discussions farmers contended that uncertainty in rainfall has been a challenging
issue in recent years in rice and wheat seed production. This conclusion is further
justified by the household survey that most households (65 %) considered changing
weather patterns (rainfall) as the most important risk in seed production. Other risks
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in their order of importance are access to source seed (46 %), fertilizer (43 %), and
output price (39 %). The rainfall trend in the study areas also supports farmers’
opinion because it is quite varied across the years (Fig. 9.2). Rice is grown from
June to October (monsoon); therefore, the total amount of rainfall during these
months was captured in the analysis. July is the month for rice transplanting, and
farmers start seedbed preparation from mid-June. Any deviation in rainfall pattern
during July affects rice seed production in quantitative and qualitative terms
because it hampers timely transplanting of the young seedlings. Dry weather is
expected during rice harvesting time (September/October) from the seed quality
perspective because rainfall during this time period caused deterioration in seed
quality (seed color and germination). However, the amount of rainfall during the
monsoon is in an increasing trend in Chitwan, but it is decreasing by 2.17 mm per
month in July, implying that the onset of monsoon rainfall has been shifted later.
Similarly, monsoon rainfall is in an increasing trend in Kailali but it is decreasing in
October, and this indicates a good weather pattern for rice seed production in
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Fig. 9.2 Rainfall trend in summer and winter seasons in the study area (From raw data from
Department of Hydrology and Meteorology, Kathmandu, Nepal)
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Kailali. However, there is decreasing rainfall trend in Siraha in the entire rice seed
production season. Farmers from Chitwan argued that early-maturing rice varieties
such as Radha 4 and PR 101 are more prone to damage from rainfall in October.

Wheat is grown from October to March (winter season), and any deviation in
rainfall during crown root initiation stage (3040 days after seed sowing, which
falls in December), total winter rainfall, and rainfall during crop harvest (March)
would have a negative impact on quantity and quality of wheat seed. As in rice,
farmers in Kailali have less risk from rainfall on wheat seed production. However,
farmers from Chitwan face risk in wheat seed production because of water shortage
during the crown root initiation stage of wheat (from 25 to 35 days after seed
sowing in wheat) if availability of an irrigation facility is not considered. The
increasing rainfall trend in March would also reduce wheat seed quality.

It is quite obvious that farmers adopt crop diversification strategies to minimize
risk from various factors, including climate. It was found that farmers not only
diversify crops but also diversify varieties within the crops selected for seed
production. The share collection scheme is also related to managing risks from
climatic factors. Farmers argue that it might be possible to harvest immature seed
crops quite earlier than the recommended date; if farmers wrongly guess the
occurrence of rainfall (as there is no system for weather broadcasting in farming
communities) there is a possibility of harvesting non-matured seed with reduced
quality. But those collecting shares in the organizations feel more accountable
toward their organizations and feel more resilient to address the shock (reduced
income) because they are more likely to get a loan from the SPOs than their
counterparts. This study has also clearly shown that households realizing incentive,
with better physical structure (including access to water canal for irrigation) and
technical capacity, are more likely to adopt these practices, indicating an avenue for
policy implementation. Crop insurance is the most common tool practiced in
developed country to address risks in crop production but it has been adopted in
the study area. Few farmers adopted this practice with the assistance from the
development project and its impact is yet to be analyzed, but farmers believe that
households collecting shares are interested in engaging in this practice.

9.5 Conclusion

This chapter analyzed risks in rice and wheat seed production using cross-sectional
data. Households performing below the mean level were considered as risky in seed
production in the analysis. Seed producers face risks in input and output price as
well as crop yield, and the effect of all these variables is reflected in profit. Thus,
gross profit made by households in seed production under the rice-wheat cropping
system was considered in the risk analysis. The results show that 32.7 % of the
surveyed households are at risk, and that there is a 65 % risk gap and 42.54 % risk
severity across the households under this category. This study also shows that share
collection and crop diversification are the common risk management practices
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adopted by surveyed households. Moreover, it is clear from the study that house-
holds with younger household heads and households associated with the Brahmin
caste are more likely to adopt the share collection practice. Similarly, households
associated with a less-educated household head and smallholders are more likely to
adopt crop diversification practices. Moreover, it is clear from this chapter that
infrastructural index, incentive index, and technical index motivate farmers for the
adoption of RMPs.

Appendix 9.1: Annual Calendar for Production
and Marketing of Rice and Wheat Seed

Jan |Feb |[Mar |Apr |May |Jun |Jul |Aug |Sept |Oct |Nov |Dec

Rice S S S S M P P 1 1 H H C
Wheat | I I H H C S S S M P P 1

P planting, [ intercultural operation, H harvesting, C seed collection from
household, S storage of seed, M seed marketing
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Chapter 10

Organizational Governance and Its
Relationship to Household-Level Economic
Indicators: Evidence from Community Seed
Production

Abstract Organizations are role-oriented institutions, and in the economic sense
they tend to contribute in generating benefit to their members by minimizing costs
in input and output marketing. This chapter intends to measure the organizational
governance and to assess its linkage with household-level economic indicators.
Household data were collected from 180 seed growers and governance data from
12 seed producer organizations of Nepal in 2011. The governance was measured
considering organizations’ practices in members’ participation, business plan
development, incentive system, and linkage with service providers. Results show
that the organizations are better off in participation and linkage as compared to
business plan and incentive system. There is a positive impact of governance
indicators on profit efficiency and proportion of rice and wheat seed sold by
households in the market. However, the degree of impact of these indicators on
the proportion of seed sold is higher as compared to that of profit efficiency.
Moreover, organizations with higher educated leaders have better governance
indicators. Thus, development of educated leaders would be an important strategy
to enhance organization governance and thereby economic benefits at the house-
hold level.

Keywords Governance ¢ Incentive ¢ Business plan ¢ Participation ¢ Linkage

10.1 Introduction

Organizing farmers in groups and cooperatives is a popular tool in developing
countries for their socioeconomic empowerment (Cook 1995; Acharya 2009).
Extension agencies take this approach as a cost effective strategy for delivery of
extension services. It is believed that these organizations serve as an innovation
platform for members to learn from each other through a self-help approach
(Cochrun 1994). Similarly, organizations have potential to enhance economy of
scale in marketing of agricultural products, and organized farmers have higher
bargaining power in the market chain as compared to individual households. With
this assumption, research and development agencies have prioritized the formation
and strengthening of agricultural groups or cooperatives in the community seed
production (CSP) system. These organizations are termed seed producer
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organizations (SPOs) in this chapter. In spite of the great potential of SPOs in
supplying a diverse varietal choice of food crops in rural communities, the perfor-
mance of these organizations is not properly understood; some available studies
show variation in the performance of these organizations and the reasons for this are
not clear (Khanal and Maharjan 2010; Witcombe et al. 2010; Pokhrel 2012). This
chapter measures organizational governance and makes its linkage with household-
level economic indicators. The economic indicators are profit efficiency (PE) and
the proportion of rice and wheat seed sold by households. The PE represents the
economic benefits households realize from production stage (from seed sowing to
seed sold by households to SPOs). Similarly, the proportion of seed sold by
households is a proxy variable to represent the level of the potential benefits of
households from seed marketing.

10.2 Conceptual Framework for Measuring
Organizational Governance

Organizational governance refers to the instrument that organizations deploy to
achieve their intended goal (Hunington 1968). Because seed production in rice and
wheat crops is carried out at the household level and seed marketing is handled by
SPOs, the governance of SPOs is analyzed putting rice and wheat seed marketing in
that context. As already discussed, there might be wide socioeconomic differences
among the SPOs members because these organizations were developed to contrib-
ute to the socioeconomic condition of farmers residing in the particular geographic
area, and this means the criteria to participate in such organizations are residence
within a geographic boundary and involved in agricultural activities. So, partici-
pants of these organizations are more likely to have heterogeneity in demographic,
economic, and institutional resources. This trend might lead to inefficiency of SPOs
in marketing because of linkage of these resources with variability, frequency, and
economy of scale of SPO output (processed seed). For example, poorer members of
SPOs might supply a lesser proportion of their total produced seed to their SPOs as
compared to richer members for reasons of food insecurity. Also, being small
organizations owned by small farmers, SPOs have to address risks from external
factors such as government policy, climate, and market through contingent deci-
sion. To address the external factors, SPOs could develop mechanical, adaptive,
reactive, or interactive strategies and make contingent decisions (Brinkerhoff and
Goldsmith 1990) in line with an organization’s efficiency. The governance system
contributes in addressing these strategies as it defines a mechanism for maintaining
authority, formality, hierarchy, and information flow.

Usually, each SPO forms an executive committee from their members to make
decisions in the organization following democratic principles. It is believed that the
governance system developed by the executive body will address internal and
external challenges faced by the SPO. For example, the incentive system could
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address the issue of variability, frequency, and economy of scale. Similarly,
member participation could also contribute to the efficiency of the organization
by enhancing the members’ accountability toward their organizations. More
informed households would be more loyal and more accountable toward their
organization’s decisions (White 1984). Organizational governance can be assessed
by measuring the performance of the SPO executive body in designing strategies
addressing the aforementioned internal and external challenges: participation,
incentive system, business plan, and linkage. It is believed that these strategies
could also enhance institutional innovations for organizational efficiency in differ-
ent risk scenarios (Cromwell and Wiggins 1993; Mywish et al. 1999; David 2004;
Bishaw and van Gastel 2008).

10.3 Methodology

10.3.1 Study Area and Sampling Technique

This study was carried out in three Tarai districts of Nepal: Siraha, Chitwan, and
Kailali, representing eastern, central, and western parts of the country. The Tarai
region (70-650 m above mean sea level) is the major food basket of the country,
contributing 70 % of the total rice and wheat production. District selection was
purposive, but four SPOs with at least 2 years of experience in producing seeds of
these crops, and registered in district agricultural development offices, were
selected randomly from the available SPOs listed in each district. Then, 15 house-
holds from each SPO were chosen for the household survey, making the total
sample size 180. Appendix 10.1 depicts the profile of these SPOs. Information
related to governance was collected through group discussion with SPO executive
committee members and study of existing SPO documents and facilities.

10.3.2 Indicators for Organizational Governance

Four indicators (participation, incentive system, business plan, and linkage) were
used to assess organizational governance. However, five subindicators under each
of the these indicators were developed based on the existing literature and farmers’
experience from the perspective of what makes the SPOs successful to achieve their
intended goals. For example, in case of ‘participation,” subindicators were devel-
oped relative to the vulnerable members to participate and in what activities they
need to participate considering the welfare of all the members. The study considers
women’s participation, poorer members’ concerns, members’ participation in the
annual meeting, and activeness of subcommittee members (technical, financial, and
marketing subcommittees).
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It was hypothesized that addition of new members to the existing SPOs could
enhance social capital and economy of scale in seed marketing. Similarly, the
business plan is the key operational document, showing how organizations imple-
ment their policies to achieve intended outputs and to minimize risks from internal
and external factors. The SPO business plans were analyzed considering the clarity
of subcommittee members’ roles to implement their activities and the SPO methods
in market research, product diversification, quality control, and publicity of seed in
the market. The SPOs stated that members could realize incentive in two ways:
economic benefit and social benefit (transparency of information). The
subindicators reflecting economic benefits include collecting shares (money) in
the organization, as it could enhance members’ motivation to sell seed in the market
through their SPOs, a payment system for executive members based on their
workload, and an incentive system to seed growers so they could sell most of the
seed their households produce to their organization. Similarly, indicators reflecting
transparency in the organization include a system of sharing executive committee
decisions with general members and a system for common property management.
The common property in this case are materials (e.g., sprayers to manage diseases
and pests) that SPOs obtain from development projects. These materials may be
utilized for a household’s benefit in addition to their common benefit when used at
the organizational level. It would be more likely that executive members misuse
their power in using these materials in their personal activities if a proper system is
not established.

Similarly, SPOs need to maintain good linkage with agriculture research stations
to enhance access to source seed, laboratory facilities for testing seed quality, and to
access credit as well as training from extension agencies (David 2004). Details of
subindicators associated with the aforementioned indicators are summarized in
Appendix 10.1.

10.3.3 Measurement and Ranking of Indicators

Each subindicator receives a score from 1 to 4, where 4 represents the best
performance (USAID 2005), based on their level of development (Appendix 10.1).
The subindicators and their score values were validated in two SPOs not included in
the study sample before implementation of the field study. After assigning a score
for each subindicator, average scores of the major indicators were calculated. Then,
using the average score, major indicators are categorized as low, average, good, and
very good. The relationship of these categories and score is as follows:

Score <2.5 = low

Score of 2.5-3.1 = average
Score of 3.2-3.7 = good
Score >3.7 = very good
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10.3.4 Measurement of Profit Efficiency in Rice and Wheat
Seed Production

Profit efficiency of households in seed production under the rice-wheat system was
measured through the stochastic frontier production model developed by Aigner
et al. (1977) and Meeusen and van den Broeck (1977). This model is considered
better than a deterministic model as it removes the nonsystematic variation in the
model and increases the precision of interest variables. Previous scholars have also
used this model (Rahman 2003), given as follows:

LnY; =By +pLlnx; + v, — y; (10.1)

Here, Ln is the logarithm, Y, is gross profit from seed production under the rice-
wheat system (NRs ha™'), p is the vector of parameters to be estimated, and x;
represent inputs. These inputs include labor (NRs per labor force unit, LFU"),
chemical fertilizers (money spent for chemical fertilizers, NRs/ha), livestock (live-
stock standard unit, LSU?, as a proxy indicator to represent amount of animal
manure applied in the field), and land (land used in rice seed production, ha). v;
represents the two-tailed error term accounting for random variation in output from
factors outside the control of farmers such as measurement errors. Another term, y;,
represents the error term associated with farm-level inefficiency and is assumed to
have zero mean with variance (ai) and distributed half normally.

PE; = Y,/Y; = f(Xi; B) exp (vi — ;) f(Xi; ) exp (vi) = exp (—u;)  (10.2)

where Yl.* is the maximum possible output, and Y, x;, §, v;, and yu; are as explained
earlier. PE; indicates profit efficiency, a measure of the output of the farm relative to
the maximum output using the same input vectors. The value of PE; ranges from
0 to 1. If PE; = 1, Y; achieves the maximum value of f(x;f) exp (v;) and PE; <1
represents the shortfall of production from the maximum possible production level
in the environment characterized by stochastic elements that vary across the
farmers.

10.4 Results and Discussion

10.4.1 Opverall Performance

In general, SPOs have better performance in participation and linkage as compared
to the business plan and incentive system (Fig. 10.1). However, there is quite an
amount of variation among these organizations with reference to the aforemen-
tioned indicators. SPOs from Chitwan District (Bijbridhi, Pragati, Shreeram, and
Unnat) are better in these indicators than those of Siraha and Kailali. Overall,
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Fig. 10.1 Comparison of governance indicators across the organizations (From Survey 2011)

Sampaid (SPO from Siraha District) showed the least performance with reference to
the overall indicators whereas Bijbridhi showed the highest performance.

10.4.2 Performance Relative to Indicators
Participation

Overall, female farmers represent 48 % of the total members of SPOs, and they are
also involved in the executive committee, except for three SPOs of Siraha
(Table 10.1). Women’s involvement in an executive committee means that they
could raise their voice in the organizations. But in none of the SPOs were women in
the most influential position, that is, chairperson. As mentioned previously, SPOs
have heterogeneous members with reference to resource endowment (e.g., land);
thus, it might be difficult for poorer households to participate in seed marketing if
their organizations do not provide a credit facility or early payment for seed that the
households supply to the SPOs. It was found that all SPOs have a policy of
prioritizing the poorer people with credit or timely payment for the seed they sell
to their organizations. The SPOs of Chitwan and Kailali have adopted the practice
of early payment for seed.

However, two SPOs, Unnat and Bijbridhi, have adopted the practice of provid-
ing both services (credit facility for implementing seed production activities and
early payment of seed for their poorer members). There is no clear-cut written
mechanism at SPOs for selecting poorer members; however, executive committee
members agreed that they decide which are their poorer members on the basis of
land size and annual household cash income.
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All the organizations have the system of holding general assembly on a yearly
basis, and this event is supposed to choose new leadership from the members.
However, in most of the SPOs, except Shreeram and Unnat, the same people have
been in the executive committee since the beginning of their organizational estab-
lishment. It was found that in most cases subcommittees have been formed, but they
are functioning in only two SPOs (Unnat and Bijbridhi). In most cases there had
been no entry of new members since the establishment of the organization, and
those who have been added as members after the establishment of SPOs do not have
an equal number of shares to those of founder members. For example, in Shreeram
founder members have six shares, with one share being equivalent to NRs 5,000,
but newcomers have received shares at the rate of three shares per member.
However, newly entered members have not been discriminated in Unnat and
Bijbridhi.

Business Plan and Its Implementation

All SPOs have drafted their annual business plan, except in Bijbridhi, where there
was no detailed information about who should lead what activity (Table 10.2). It
was found that SPOs consult with farmers, agrovets, and NGOs before preparing
their annual business plans, but the involvement of these actors varies across these
organizations. In Kailali (Sayapatri, Janadibya, and Sagarmatha), there was no
system of doing any market research, but they produce seed based on the accessi-
bility of source seed from development projects regardless of the types of rice
varieties they receive. In Fulbari and Sampaid, they organize a meeting with the
local community before preparing the business plan. The organizations from Kailali
and Pragati consult with local agrovets and the local community in this process. The
study shows that all the SPOs grow both modern and farmers’ varieties of rice but
only Krisak, Kisan, Unnat, and Bijbridhi sell fertilizer to their members in addition
to seed.

Similarly, all the SPOs sell seeds of other crop varieties; however, maize and
kidney bean were found only in Chitwan, although wheat is common across the
districts. SPOs state that diversifying products help SPOs to minimize their man-
agement costs as well as to reduce the necessity of taking an organizational loan.

Only SPOs of Chitwan sell their seed in truthfully labeled bags (including name
of crop and variety, germination percentage, weight, seed treated/not treated with
pesticides, and name of the producing organization). However, Janadibya,
Sampaid, and Sayapatri SPOs sell rice seed without tagging. Among SPOs of
Chitwan, Bijbridhi sells more than 70 % of the total rice seed production using
proper labeling and bagging.
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Incentive System

All SPOs have adopted the practice of collecting cash amounts in their organiza-
tions. They call it ‘share,” and there is a system whereby profit made by organiza-
tions from seed-marketing activities would be distributed to the members/
shareholders based on the proportion of share amount they deposited in the orga-
nization. However, fewer than half of the members have collected shares in the
SPOs of Siraha and in two SPOs of Kailali. Most of the members (more than 75 %)
deposit shares in SPOs at Chitwan. Only two SPOs (Unnat and Bijbridhi) distrib-
uted the profit generated from seed marketing to their members based on the
proportion of their share ownership (Table 10.3). In other cases, the share amount
has contributed to increase their organizations’ cash reserve.

The second issue in the incentive system is the provision of incentive to the
executives who are involved in the organization’s management tasks. In six SPOs
(four from Siraha and two from Kailali), there was no system of providing incentive
to the executives although they are involved in various stages of seed marketing.
Similarly, executive members take some resources from the respective SPOs on a
consensus basis, especially at the time of major festivals such as Dashain (festival);
there is no written rule how much resource is distributed to the executive members
when they are involved in the organizations’ tasks. However, in case of three SPOs
of Chitwan (Unnat, Bijbridhi, and Shreeram) executive members are paid based on
their involvement, especially in rogueing (i.e., removal of diseased or unwanted
plants/weeds from seed production plots).

It was found that Unnat, Bijbridhi, and Shreeram provide seed and fertilizer in
subsidy to their seed growers, but other organizations have not developed such
practices.

Transparency of organizations’ decisions to their members is considered to be
vital in improving cohesion among the members in any organizations. Members
who are more informed about their organizations’ decisions are more likely to be
more flexible toward these decisions and more accountable toward their organiza-
tions (White 1984). It was found that SPOs of Chitwan have better performance in
record keeping as compared to SPOs from the other two districts. Moreover, SPOs
obtain different materials (such as sprayers and grading machines) from develop-
ment projects. However, only Bijbridhi has adopted the practice of providing these
materials to their members for their household activities on a payment basis.

Linkage

The Nepal Agricultural Research Council (NARC) provides source seed to seed
producers whether seed production is carried out individually or by a group, but
priority is given for farmers engaged in SPOs. Thus, it is easier for farmers to access
source seed if they approach NARC through their organizations. It was found that,
except SPOs of Siraha, all other SPOs bring source seed when visiting NARC
stations (Table 10.4). However, two-way communication has been established only
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in Chitwan, meaning that in Chitwan not only do SPOs visit NARC stations to
access source seed but also NARC’s professionals visit SPOs in the process of
monitoring seed crops in the field. SPOs commented that these NARC visits have
been useful to enhance seed quality because farmers get technical advice from these
professionals about pests and disease management as well as rogueing.

SPOs were also found to have consulted with seed labs for testing seed quality
and with District Agriculture Development Offices (DADOs) to access agricultural
training. In these districts, the relationship of SPOs with seed labs and DADOs is
similar to that with NARC stations. Moreover, even if the National Seed Policy
2000-envisioned Village Development Committee (VDC) is an important local
resource center to support SPOs from the government side, there is poor coordina-
tion of SPOs with VDC. Except in SPOs of Sayapatri, where a seed storage house
has been built with partial funding from VDC, there is poor communication
between VDCs and SPOs. The SPOs of Chitwan have taken a loan from the
Nepalese government bank, named the Agriculture Development Bank, which
has a mandate to provide loans to the farmers, using their executive members’
property (e.g., land, houses) as collateral. The bank’s policy on asking collateral
while providing loans to SPOs might hamper seed production and marketing
because SPOs are run and managed by smallholder farmers. In Siraha and Kailali,
SPOs get loans from their members where the interest rate is quite similar to that of
the Agricultural Development Bank.

10.4.3 Impact of Governance Indicators on Economic
Indicators

Governance indicators have a positive impact on household-level PE and the
proportion of seed sold by households in the market. However, the degree of impact
of the governance indicators on the proportion of seed sold is higher than on PE
(Figs. 10.2, 10.3, 10.4, 10.5). The coefficient for the impact of participation on PE is
9.38, which means that one unit increase in participation tends to increase the PE of
household by 9.38 %. However, linkage has the highest impact on PE and the
proportion of seed sold (Fig. 10.5); one unit increase in linkage leads to increasing
the proportion of a household’s seed sold by 23.70 %.

To complement the forgoing analysis, the governance indicators and economic
indicators were summarized at the SPO level (Table 10.5). It is clear from the table
that SPOs of Chitwan have better economic and governance indicators as compared
to those from the other two districts. Moreover, the governance indicators were also
compared with characteristics of the SPO leaders (Table 10.6), considering that
their leaders’ characteristics could be related to the organizations’ performance in
governance. Although there are 7 to 11 members in the executive committee of the
selected SPOs, chairperson and secretary were chosen in the analysis because the
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Table 10.5 Household-level governance and economic indicators across SPOs

Profit Seed

efficiency | sold

District | CBSPOs Participation | Planning |Incentive |Linkage | (%) (%)
Kailali Krisak 3.0 2.8 24 32 56.44 25.52
Kisan 3.0 2.8 24 3.0 50.98 33.85
Sayapati 3.0 2.0 1.8 2.8 37.78 26.33
Kalika 3.0 1.8 1.8 24 31.25 9.14
Siraha Fulbari 2.6 2.4 1.8 2.6 29.42 48.68
Sagarmatha | 2.2 2.2 1.8 2.8 29.92 49.30
Janadibya 2.2 2.0 1.8 2.6 42.03 42.40
Sampid 1.8 1.6 14 1.6 10.78 53.47
Chitwan | Unnat 4.0 3.6 3.8 3.8 42.45 94.44
Shreeram 34 3.6 3.8 3.8 54.21 61.48
Pragati 3.0 3.0 3.0 3.6 44.75 62.73
Bijbridhi 3.8 4.0 3.8 3.8 46.24 90.13

Source: Survey 2011

SPOs stated that these positions are most influential in the SPO decision-making
process. So, the characteristics (age, years of formal education and training) of
these two positions were compared with SPO governance indicators.

Here, age represents experience whereas education and training represent the
intellectual ability of the leaders, meaning that SPOs leaders more highly intellec-
tual can have better performance in governance. There is similarity in age of the
leaders across SPOs. However, variation exists in education level and leader
attendance at business plan training. Leaders’ education level is higher in Chitwan
as compared to Siraha and Kailali (Table 10.6). There is also a similar trend in
average education level of SPO members across the districts (Chitwan, 10.4 years;
Kailali, 6.0 years; Siraha, 6.5 years); this means the average education level of the
general members reflects the leaders’ education in this study. Similarly, SPO
leaders from Chitwan district have received business plan training from NGOs,
but this was lacking in the other two districts. The attendance on business plan
training by SPOs of Chitwan might be a consequence of their higher education level
as higher-educated leaders might have better linkage with development projects.

Previous studies have also recognized the importance of education for the better
performance of agricultural cooperatives (Acharya 2009; Witcombe et al. 2010) as
the leaders having these skills could show better performance in organizational
governance. However, Nkhoma (2011) argued that illiterate leaders are more likely
to be corrupted and opportunistic, and they turn the organizations toward financial
mismanagement and nepotism. These types of leaders might not want to develop a
system for proper allocation of incentives in a transparent way.

Similarly, accountability is another aspect affected by low education level.
Generally, less-educated leaders are less accountable toward what they are sup-
posed to do. These leaders have a better opportunity to misuse power, such as
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diverting activities in accordance to their own priorities without doing proper
consultation with other members or designing activities in the interest of political
parties (Chriwa et al. 2005). It is clear from the study that three SPOs especially,
namely Bijbridhi, Unnat, and Shreeram, are better in both economic and gover-
nance indicators.

These three organizations were also promoted by development projects but
leaders of these organizations were school teachers who are more highly educated
than other members. Being local teachers, they had the capacity to motivate farmers
to organize in groups/cooperatives, developed planning and incentive systems, and
could make linkage with development projects to access resources.

When these organizations implemented the share collection policy, some mem-
bers dropped out of the organizations because they were not confident about the
safety of their investment. But after a few years (especially in Unnat and Bijbridhi),
some of those farmers who had dropped out rejoined the same organizations as they
viewed the SPO’s progress. Thus, better-performing SPOs have tried to generate
and promote innovation in their development pathway, which is driven by effi-
ciency gain, and this phenomenon is similar to what Morris et al. (1998) used to
discuss about the evolution of the maize seed industry. It is quite difficult to expect
that all SPOs will go through the same model and achieve the same level of
performance, but the process of their transformation might be useful to those
working in community seed production. We discuss this matter in the next section.

10.5 A Case of Institutional Innovation in Bijbridhi

10.5.1 Motivation for Seed Production

The Bijbridhi SPO was evolved from a group named Pithuwa Biu Utpadak Krisak
Samuha (PBUKS), which was formed in August 1994 by nine farmers. These
farmers were involved as contract seed producers for Agricultural Input Corpora-
tions (AIC), the government corporation responsible for supplying agricultural
inputs in Nepal at that time. While engaging in seed production, farmers realized
that producing seed would be more profitable than producing grains of cereal crops.
Farmers also thought that the AIC was paying them a low rate for their seed, with
the justification that seed produced by these farmers was of poor quality (low
physical and genetic purity). Similarly, seed produced by farmers was scattered
and low in volume, which increased the transportation costs of AIC. Even if they
had a contract with AIC, there was no certainty that AIC would buy the total
produced seed from the farmers every year as per the contract agreement. For these
reasons, farmers decided to form their own organization to produce and sell seed in
the market. These farmers also received motivation from NGOs and DADOs to take
part in seed production in an organized way.



10.5 A Case of Institutional Innovation in Bijbridhi 153
10.5.2 Functioning of the Group

The group was formed with the objective of improving its members’ socioeconomic
conditions. This objective was not set by the farmers themselves but by develop-
ment projects implemented in the area with the poverty reduction motive. After
setting up the objective, the group was legally registered in DADO of Chitwan in
August 1996. Then, all the members started producing improved seeds of rice,
wheat, maize, lentil, and kidney bean, collecting source seed from NARC stations.
Looking at the benefits acquired by these farmers from seed production, neighbor-
ing farmers, who were growing the aforementioned crops as grain, approached the
group for membership. The group decided to increase its members to enhance its
economy of scale, and by 2001 the members in the group increased to 61. The
newly entered members had to pay a membership fee at the rate of NRs 50 per
member (later it was increased to NRs 100). The major attraction of new members
to enter into the group was that they would receive extension facilities from DADO
(technical training, exposure visits), agricultural research stations (source seed,
training), seed laboratory (seed testing facility), and NGOs (training, visits).

The group formed an executive committee from their members wherein the
members were selected democratically from the general assembly (annual meet-
ing), and the committee had a 2-year tenure. There were three subcommittees:
technical, marketing, and finance. The technical subcommittee had to be involved
in the selection of seed grower farmers, maintenance of isolation distance of seed
plots, removal of diseased and off-type plants, seed quality inspection at threshing,
and pesticide application. Seed quality indicators considered at threshing were
diseased seed, inert materials, and seed color. Seed growers agreed that seed
color is the most important seed quality indicator for seed consumers (local
farmers) as this determines whether the seed has been harvested from a properly
matured crop and whether it is infected with disease. Seed crops planted late or
soaked by heavy rain during harvesting could not produce a bright shining color on
seed coat.

The group also started lending to their group members using the funds collected
at the organizational level from various sources. As already discussed, the most
common sources were the group membership fees and commission/benefits
received from seed sale. For example, members had to pay NRs 2 per kilogram
of seed sold to the group fund. Similarly, money collected from other sources, such
as fees charged for visitors, and donations given to the group by government and
nongovernment agencies was also included in the group fund.

10.5.3 Challenges in the Group

In spite of the concerted effort from various organizations for enhancing the group
capacity, the group savings could not be substantially increased (NRs 15,000 in
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2005 as compared to NRs 12,000 in 2000). The executive members argued that the
major reason for lower group performance was that the group became completely
dependent on extension agencies for accessing source seed and selling their seed.
Extension agencies bought most of the seed SPO produced for their project, even
paying a comparatively higher price than that in the market. As a result, in some
years, when projects did not buy seed, farmers could not sell seed as per their plan
as the price set by the group was quite a bit higher than that for seed available in the
market through other, different means, because the group set the price with refer-
ence to what development projects had paid for their seed in previous years. Also,
cases of conflict started increasing among the members because of the organiza-
tions’ inability to develop physical resources for seed processing and marketing,
low group savings, and the inability of SPOs to address the concerns of the poorer
members.

10.5.4 Conversion of Group to Producers’ Seed Company

In 2005, some members of the group, those involved in technical and marketing
subcommittees decided to form a producer seed company. These people had
already gathered information about seed demand and established good linkage
with research and development agencies. In a group discussion, executive commit-
tee members of the organization argued that although the proposal for setting up a
company was discussed in the SPO’s meeting only 16 members agreed on the
proposal, and they formally registered the seed company in 2006 in accordance
with the Nepalese Company Act 2004. All the members deposited shares
amounting to NRs 4,000-10,000, and they bought a seed grader machine and
built a seed storage house (Fig. 10.6) using funds collected from share amounts
from members and grants they received from development agencies such as DADO
(NRs 25,000) and District Development Committee (NRs 20,000). Similarly,
responsibility was given to the executive committee members of the organization
based on their competency and commitment. For example, the organizational
manager was selected from the members with bachelor-level education in com-
merce, paying his monthly salary. The manager is also the secretary of the organi-
zation, and the executive committee has delegated full authority to him to
implement activities authorized by the committee. In a meeting, the manager of
Bijbridhi argued that he collects information regarding amount of rice seed avail-
able with competitors and associated price routinely from the market by telephone
calls. He mentioned that collecting these types of information is important to design
strategies for addressing uncertainty of seed price.

The company realized that the seed produced only by the existing members
would not be sufficient to cover their management cost. So, they contracted with
300 growers (with about 300 ha) residing in six VDCs (Pithuwa, Jutpani, Chainpur,
Kathar, Padampur, and Shaktikhore), and one municipality (Ratnanagar). They also
increased the number of crops and their varieties in seed production and marketing,
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Fig. 10.6 Storage house of seed producer company (From authors’ photo bank)

and their volume of seed sold started increasing over the years (Fig. 10.7). The
majority of seeds of these varieties (>75 %) are sold in labeled bags with the brand
name Kisan Ko Biu, meaning farmers’ seed, with different packaging sizes, and the
type of packaging materials was also based on consumer demand.

Moreover, the company used to sell the majority of its seed to NGOs, DADOs,
and local farmers. In 2010, the company sold 557.3 t of seed where the share of rice
seed was 45 %. There is increasing trend of rice seed sold by the organization, most
of which is sold to agrovets (>90 %), and the remaining to the local farmers. The
company record shows that its seed has been disseminated to 35 districts of Nepal.
The company has developed an incentive system to seed producers, executive
members, and has good linkage with government agencies and NGOs. They
produce both local varieties and improved crop varieties to address the consumer
demand. The members of these groups also participate in various meetings related
to agriculture and the seed system in the country.

10.5.5 Relationship Between Group and Company

The Company has been able to maintain good relationships with PBUK; 25 mem-
bers of this group are also the shareholders in the company. The non-shareholders
of the company, especially the poorer members of the group, are also benefited
from the company as they could access quality seed from this organization. Some of
the group members sell seed to the company. Similarly, the company provides local
farmers with seed, chemical fertilizer, and bio-fertilizers, even with a loan if
needed. Moreover, the company is also benefited from the group as it takes a loan
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Fig. 10.7 Rice seed sold by Bijbridhi over the years (From Survey 2011)

from PBUK as the members are still continuing monthly saving from the beginning
of its organizational establishment. The committee members claimed that PBUK
provided the foundation for the establishment of Bijbridhi because those members
involved in PBUK internalized the benefits from seed production and marketing
activities. As a result, they developed confidence in seed management activities and
opened a private company using their own investment.

10.5.6 Reasons for Success of the Group

Among SPOs surveyed in the study, Bijbridhi was found most successful as it has
covered the marketing cost (Table 10.5) and provided additional benefits to the
members. Also, it has captured the issues of both small and large farmers by
including both farmers’ variety and modern varieties in seed production plans.
Moreover, it has developed strategies to address the risks that create organizational
inefficiency in seed marketing by designing governance strategies. There might be
various factors contributing to the success of this organization but one clear-cut
difference between Bijbridhi SPO and other poor performing SPOs (such as
Pragati) is leadership. The group (PBUK) was led by high-school teachers; some
other primary school teachers and retired staff from agricultural extension agencies
were included as members in the group. The educated leaders allowed the group to
become able to develop an incentive system in the organization, and developed
seed-processing structures (grading machine, seed storage, and threshing floor)
through the public—private partnership approach. Even after changing the organi-
zation structure from group to company, the educated and experienced people were
selected for the executive committee. Similarly, subcommittee members were also



10.6 Conclusion 157

chosen based on their skills and commitments. These leaders also were able to make
connection with development projects working in the district to access training on
various aspects of seed management. As in the Bijbridhi SPO, the importance of
educated leaders is also clear in other SPOs of Chitwan District (Sect. 10.4.3), but
this does not mean that leadership is the only factor for the good performance of
SPO. Education of seed consumers and accessibility of agricultural inputs such as
an irrigation facility, source seed, and an extension facility are better in Chitwan
District.

10.5.7 Challenges for the Company

Key challenges faced by Bijbridhi are uncertainty to access source seed as per their
demand, an irrigation facility, and risks from rainfall variability. For instance, the
organization had requested 10 t source seed of rice from the NARC station, but it
supplied only 50 % of the demanded amount in 2010, justifying this by the
availability of limited seed quantity at its store. In many cases, the source seed
was of poor quality in terms of germination and genetic purity. Unpredictable
rainfall has been a key concern of seed production in this SPO. In 2011, the
organization failed to collect 20 t of rice and 25 t of wheat, which accounts for
10 and 15 % of the total estimated rice and wheat seed production in the
organization.

10.6 Conclusion

This chapter measured the governance of SPOs with respect to participation,
business plan, incentive system, and linkage. These governance indicators were
regressed with household-level economic indicators (profit efficiency and propor-
tion of seed sold by seed producers in the market) to see their relationship. The
governance indicators were measured from organizational policies and practices,
whereas economic indicators were based on household-level data. Results show
that, in general, SPOs have better performance in participation and linkage as
compared to the incentive system and business plan. In most SPO leaders do not
get economic benefits directly from SPOs, but the social benefits such as social
prestige and increased networking with different service providers motivates them
to be in leadership. It is necessary to consider these social benefits in evaluating the
performance of SPOs because the objective of these organizations is not limited to
contributing to household profit from seed production but also contributes to their
socioeconomic development.

Moreover, it was found that most of the organizations have a policy to support
poorer members by the provision of credit and timely payment for their seed, but
this has been adopted only in a few cases. There is a positive impact of governance
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indicators on households’ economic indicators, and SPOs with higher educated
leaders have better governance indicators, possibly because more highly educated
leaders are more able to access services from service providers, to develop the
incentive system for enhancing members’ accountability toward SPOs of members
in seed production and marketing, and to prepare an appropriate seed production
and marketing plan. This input suggests to development agencies how they could
improve performance of SPOs through education, but this does not mean that
provision of an educational program alone is sufficient to strengthen community
seed production. Lack of source seed, poor soil fertility, risks from climate stress,
and poor seed processing and irrigation facilities are the common concerns for the
sustainability of this system.

It is also clear from the analysis that CSP serves as a platform to empower
farmers in seed production and marketing. Once it becomes mature, some of the
members could set up new local corporations. This transformation happens in those
areas where farmers have better access to physical and institutional facilities. The
poor members might not join in the newly formed entity because of their resource
constraints but they will benefit from the availability of seed supplied by the newly
formed entity at a reasonable price at the local level.

Appendix 10.1: Indicators and Scores Used to Assess
the Capacity of SPOs

1. Participation

Scores
Subindicators | 1 2 3 4
1.1 Women <10 % women 11-25 % 26-50 % women Women in the
participation members in the women mem- | members in the executive
organization bers in the organization committee
organization
1.2 Participa- | No written rule Written rule Special consider- Special consider-
tion of poor exists but not ation for poor in ation for poor in
(support strat- operationalized | credit or timely payment and

egies to poor)

payment

credit both

1.3 General Never held Held but not Regular but same | Held regularly,

assembly regular members in the and some mem-

(annual meet- executive commit- | bers changed

ing of tee from the

CBSPOs) beginning

1.4 Not formed Formed but not | At least one sub- At least two com-

Subcommittee functional committee func- mittees functional
(no meeting tional (>2

within a year)

meetings in a year)

(continued)
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Scores
Subindicators |1 2 3 4
1.5 Entry of No system for System exists New people New people
new members | entry of new but no mem- entered in the entered in the

members (only
founder mem-
bers exist)

bers entered in
the
organization

organization with-
out equal share

organization with
the provision of
equal share

2. Business plan and its implementation

Sub- Scores

indicators 1 2 3 4

2.1 Role Not Available in draft Operational plan Detail operational
clarity in the | available | form but operational developed but roles | plan developed and
business plan plan not developed not specified roles specified

Business plan. . ..

Scores

Subindicators | 1 2 3 4

2.2 Market Consultation Consult with Consultation local Consultation

research is not done local farmers farmers and local with farmers,
with agrovets local and distant
stakeholders agrovets

2.3 Product Seed produc- | Seed production | Two or more crops Sell two or more

diversification | tion of only of two or more | and inclusion of local | crops seed and
one crop crops varieties other inputs

2.4 Seed Simple bag- Seed packaging | Seed packaging in Seed packaging

quality assur- | ging but no in branded bags | branded bags, use of | in branded bags

ance tagging but no tagging | tagging for <50 % for >50 % seed

measures seed

2.5 Publicity | No publicity Sending letter Sending letter and Publicity through

of products to organizations | publicity in agricul- FM radio

ture fairs
3. Incentive system
Score

Subindicators 1 2 3 4

3.1 Share collec- | No system of Less than 50 % of | 50-75 % of the More than

tion from mem- | collecting share |the members members 75 % of the

bers in the members

organization

(continued)
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Score
Subindicators 1 2 3 4
3.2 Incentive to | All voluntarily | Occasional basis | Occasional basis Defined norms
executives only to both chairperson to pay chair-
chairperson and executives person and
executives
3.3 Incentives to | No system for | Technical facili- | Technical facilita- | Technical
growers providing tation or subsidy | tion and subsidy facilitation,
incentive to on fertilizer/seed | exist but not crop subsidy and

seed growers exists insurance crop insurance
Incentive system. ..
Scores
Subindicators | 1 2 3 4
3.4 Informa- | Written docu- Very raw, unclear | Draft type of Good record-
tion ments do not and poor record- simple record- keeping system
management | exist keeping system keeping system | using ledger
books

3.5 Common | No system for System exists but Mobilized based | Mobilized based
property the use of com- | not in function on rotation on payment to the
management | mon property organization

4. Linkage with service providers

Scores
Subindicators 1 2 3 4
4.1 Linkage of CBSPOs | No Poor linkage Visit to NARC | Two-way visits and
with agricultural stations | linkage | with some station and source seed received
(NARC) for source seeds communication | source seed
received
4.2 Linkage of CBSPOs | No Poor linkage Visit to seed Two-way communi-
with seed testing linkage | with some laboratory and cation between seed
laboratory communication | services laboratory and
received CBSPOs
4.3 Linkage of CBSPOs | No Poor linkage Visit VDCs and | Resource tapping
with VDC linkage | with some formal commu- | from the
communication | nication exist organization
4.4 Linkage of CBSPOs | No Poor linkage Visit bank and | Resource tapping
government bank linkage | with some formal commu- | from the
communication | nication exist organization
4.5 Linkage of CBSPOs | No Poor linkage Visit DADOs Good linkage
with DADOs linkage | with some and formal (received training or
communication | communication | other sources)
exist
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Chapter 11
Institutionalization of Community
Seed Production

Abstract Community seed production initiatives are being implemented in the
form of projects, and lessons from these projects should be institutionalized in the
programs and policies of corresponding stakeholders for enhancing their impacts
for food security of the people. These stakeholders might not be able to adopt the
project outputs quickly as technology adoption is a gradual process, so stakeholders
need to innovate ideas to promote/adapt lessons generated by the projects in
different contexts. Some of the areas for innovation include participatory approach,
leadership, education, entrepreneurship skills, source seed production, and its
distribution.

Keywords Institutionalization ¢ Dynamic leadership * Participatory approach ¢
Local capacity building « Education

11.1 Introduction

Institutionalization is a process through which new ideas and practices are
introduced, accepted, and used by individuals and organizations so that these
ideas and practices become part of their norms in their actions. Institutionalization
involves changes in stakeholders’ behavior and development in response to internal
and external stimuli (Ejigu and Waters-Bayer 2005). The concept of this process
came in the community seed production (CSP) system to mainstream the lessons
generated in the process of its implementation into the stakeholder’s programs and
policies. Mainstreaming the lessons is important because the CSP intends to
catalyze innovations in formal and informal seed systems to strengthen the inte-
grated seed system (ISS) in farming communities. The ISS could address the
diverse ranges of crop varieties demanded in rural farm communities and the
objectives of the organizations that advocate seed from different perspectives:
means of conserving local biodiversity, food security, source of livelihoods, and
source of rural entrepreneurship and income. The first three perspectives are
development oriented and highlight the values of seed from the social and envi-
ronmental perspective. However, the fourth is economically focused and discusses
how private seed companies emerge and their impacts on food security and income
of people. Both these perspectives are important, and how to harmonize both these
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perspectives in programs and policies of organizations dealing with seed issues is a
great concern.

The second value of institutionalizing CSP is to promote accountability of
development agencies in delivering extension facilities even after project phase-
out. There is a growing realization that organizing seed production demonstrations
in some locations and provision of some short-term training (as adopted by most of
the development projects) to seed producers would not automatically change their
attitudes and behavior to address efficiency and equity issues in seed production and
marketing. Rather, it raises concerns for the continuity of such behaviors beyond
the project framework. It demands follow-up support from government agencies
even after the termination of support from development projects. Ironically, it has
been learned that government agencies would not support the outcomes of donor-
funded projects through their regular programs because of their resource constraints
and lack of policy framework for the documentation and institutionalization of
project outcomes (Bishaw and van Gastel 2008; Srinivas et al. 2010).

The institutionalization of CSP is considered important not only for the contin-
uation of project outcomes in the future but also to enhance their impacts in the
wider mass by scaling out project lessons through programs of extension agencies
(FAO 1998). The integration also contributes in communities’ resilience to climate
stress (Bishaw and van Gastel 2008; Srinivas et al. 2010; Witcombe et al. 2010;
McGuire and Sperling 2011, 2013). This chapter summarizes key lessons learned
while analyzing the sustainability of CSP in the preceding analytical chapters
(Chaps. 4, 5, 6, 7, 8, 9, and 10), and discusses the process of institutionalizing
those lessons.

11.2 Lessons to Be Institutionalized

As discussed in Chap. 3, the major quest of sustainability discussed in this book is
how seed producers realize benefits and how these benefits can continue in the
future. The benefits can be measured from farmers’ performance in utilizing
resources (technical efficiency, profit efficiency), environmental performance
(farmers’ behavior in soil conservation practices), and social performance (organi-
zational governance). It is seen from the analysis that households with higher access
to resources are benefited more in CSP although this system is targeted for resource-
poor farmers. It raises a critical question about how the benefits of resource-poorer
households could be enhanced. Here, the benefit is a relative term, and it would be
worthwhile to compare the benefits among the seed producers involved in the same
seed producer group/cooperative. Heterogeneity of members with respect to
resources, education, and orientation is a common phenomenon in rural seed
areas. Therefore, it might not be practicable to consider members’ homogeneity
with respect to the foregoing characteristics in seed producer groups/cooperatives
operating in the initial phase of seed industry development. The key consideration
here is how the heterogeneous members in the organization work together for their
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economic and social benefit. The realization of benefit is the main driver to change
seed production from the subsistence level to the commercial stage. For this
transformation, it is important to create innovations in the following aspects.

1.

Leadership has a key role in enhancing the performance of CSP. Good leaders
could effectively address the conflict of interests among members and develop
external influences (e.g., politics, government policies) in their favor. The
conflict of interests among the members could be harmonized by developing
an incentive system, business plan, transparency, and members’ participation in
the decision-making process. Education contributes in developing dynamic
leaders who are better off in designing these strategies as compared to those
who are not educated.

Entrepreneurship is a key to enhance seed producer performance in seed
production and marketing because it enhances farmers’ willingness to develop,
organize, and manage a business venture along with its risks to achieve the
objective of the organization. The concern of entrepreneurship is related to how
seed producers increase their group capital, including a seed-processing facility,
how to address credit constraints in the SPOs, how to maintain cash flow in a
year, what kinds of varieties or complementary activities could be integrated in
CSP to enhance economy of scale of SPOs, and so on. Group saving contributes
to the SPO capital reserve, and it also makes the member more accountable
toward their organization as the benefits collected from seed marketing are
distributed among the members based on the amount of money they collect in
the group fund.

Incentives realized by seed producers are not necessarily economic in nature,
but they could realize social benefits such as technical empowerment, social
prestige, and networking with different service providers. These benefits
explain why executives of seed producers work voluntarily in the early phase
of their organizational development. Thus, it is important to integrate social
benefits while evaluating the performance of CSP.

Maintaining soil health contributes to sustainability of community seed produc-
tion because it determines current benefits (production efficiency) and potentials
for future benefits. The adoption of soil conservation practices (animal manure,
zero tillage, green manure, system of rice intensification, and improved
composting) provides the basis for harmonizing current and future benefits in
seed production.

Seed producer groups and cooperatives serve as a platform to enhance the
socioeconomic empowerment of their members. These structures are less
formal than private companies but accommodate even the very poor farmers.
The organizations transform from less formal to more formal, and efficiency
gain by the member catalyzes their transformation. The pace of transformation
is faster in SPOs with resource-rich members, suggesting development of two
types of strategies by development agencies in strengthening CSP. First, SPOs
located in a favorable environment (better irrigation facility, road network, and
communication facility) should be promoted from the perspective of



166 11 Institutionalization of Community Seed Production

transforming them into local seed companies. In the transformation process, the
whole organizations (groups/cooperatives) might change to companies, or a
few resourceful and empowered farmers may set up new companies. It is more
likely that poorer members could also directly join in the company if they have
access to a credit facility. Even if they could not join, resource-poor farmers
are benefited from the newly established local companies as they could access
improved seed and associated crop production technologies at the local level in
a reasonable price.

Second, development projects should consider SPOs located in environments
less favorable from the development perspective. Seed producers/members of these
organizations should be made aware of the benefits of using improved seed and
mechanisms to access source seed from government organizations or seed compa-
nies. The SPOs might not sell a large volume of seed outside the organization but
could take the membership of well-functioning seed companies located in the
accessible area. In this case, SPOs could focus their activities in seed production
whereas seed companies facilitate seed marketing.

11.3 Future Directions in Institutionalizing Community
Seed Production

The community seed production system, as an integrated system, catalyzes
innovations in formal and informal systems to achieve the broad objective of
enhancing food security through seed security. For this, stakeholders should inte-
grate lessons of CSP implementation into their working modalities. Knowledge
integration is a continuous process and it might be changing over time. However, it
should address the efficiency of the seed production system and development
constraints such as empowerment, transparency, and inclusion. This section dis-
cusses the innovations to be made by formal and informal stakeholders with
reference to the problems that hinder the strengthening of the CSP system. Stake-
holders associated with the formal system are national agricultural research and
extension agencies, regulatory bodies, and local government; and those included
under the informal system are seed producer organizations (SPOs) and
nongovernmental organizations (NGOs).

11.3.1 Formal Stakeholders

National agricultural research centers have the major role in supplying source seed
of crop varieties to seed producers. However, varieties included for seed production
in these organizations are not appropriate for smallholder farmers residing in
marginal environments. To address this issue, it is important to increase



11.3  Future Directions in Institutionalizing Community Seed Production 167

Table 11.1 Innovations with reference to problems across the formal stakeholders

Problems Innovations

National agricultural research system

Lack of source seed of varieties Effective models for actor participation (e.g., participa-
preferred by farmers tory plant breeding)
Efficient technique for the registration of crop varieties
Low volume of source seed Cost—benefit analysis of source seed multiplication
available channels
Development of source seed production centers at local
levels
Government extension
Focus on technical training Methods to integrate entrepreneurship in different levels
of training
Poor access in marginal areas Mechanisms to integrate seed delivery techniques with
local NGOs
Regulatory body
Limited capacity and centrally Promote truthful labeling in community seed production
located (CSP)

Incentive mechanism is needed to promote seed lab at
local level

Strategies to stop/monitor malpractice in seed production,
processing, and distribution

Local government

Poor linkage with CSP Documentation of seed producer groups and cooperatives

Strategies to motivate local people to establish source seed
production centers/seed lab

Appropriate business models to foster public—private
partnership

participation of farmers in variety development phase, which can be done by
adopting the participatory plant breeding (PPB) approach in the process of crop
varietal development (Table 11.1). Participatory variety selection (PVS) and client-
oriented breeding (COB) are the popular tools to implement the participatory PPB
approach. In PVS, available crop varieties are demonstrated in fields through
farmers’ leadership and in their management conditions. There are three steps in
the PVS implementation: (1) variety collection, (2) experimentation in farmers’
fields, and (3) scaling-out. The varieties to be considered in this process would be
modern and farmers’ varieties; thus, PVS allows farmers to choose appropriate
varieties in their management. In COB, farmers get opportunities to select lines of
their interest in the segregating materials (i.e., genetically non-fixed material) in
their management condition. This strategy offers farmers wide selection opportu-
nities with reference to their preferred traits, which is just opposite to that of
conventional breeding where only a few selected lines are evaluated in farmers’
fields. Moreover, some of the better lines selected from COB are further evaluated
in larger plots in PVS. The adoption of PVS and COB in the national agricultural
research stations takes time.
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As these organizations are mainly guided in the top-down approach, some
innovations need to be made by research stations for the adoption of the PPB
approach. Some of the areas of innovation include appropriate models for
implementing PPB in the target environments, variety registration, and stake-
holders’ participation. Another concern with research systems is the low volume
of source seed available to seed producers. Agricultural research organizations
could address this issue by increasing areas under source seed production by
mobilizing their own networks, or by contracting out this facility to the private
sector. However, more innovation is needed regarding cost—benefit analysis for
source seed production through different channels. Understanding the cost—benefit
situation would be helpful to develop appropriate source seed production schemes
at local levels.

Government extension offices increase peoples’ awareness toward improved
seeds and associated production technologies through training, demonstration,
interactions, etc. But the training content of these institutions is mainly focused
on technical dimensions, neglecting entrepreneurship and institutional develop-
ment. So, the entrepreneurship concept should be integrated in the training curricula
of extension agencies, but these agencies should innovate how these concepts could
be integrated considering the trainees’ categories and the depth of knowledge
required for them. Similarly, how to promote CSP on a wider scale is a common
concern, and government extension agencies are in stress for not being reached in
marginal areas because of their limited resources. In this context, developing
mechanisms to strengthen CSP through NGO networks would solve this problem.

Seed regulatory agencies design policies for the seed quality control mechanism.
The seed testing laboratories provide this facility, but they are mostly concentrated
in urban areas, and owned by government agencies. In this context, the regulatory
agencies should design appropriate policies to encourage people to establish seed
laboratories at local levels. The concerning issue here is the development of
incentive mechanisms to attract local people to set up seed laboratories at private
levels. Similarly, it is important to promote a truthful labeling scheme in CSP
because this approach substantially reduces seed certification costs and empower
seed producers to assure their seed quality themselves. This approach does not
mean that national seed laws should not monitor the seed quality issue in CSP.
Several malpractices might happen in the process of implementing CSP, especially
in the early phase of their development, because of poor implementation of seed
law; for example, selling grain in the name of seed just by changing sacks. This
problem could be addressed by formation of a local level (district) seed manage-
ment committee involving seed producers, traders, and research and development
agencies, and its mobilization to monitor seed quality in the market. Another
strategy would be encouraging seed producers to diversify seed packaging size so
that distributors do not have an opportunity to handle loose seeds.

Similarly, malpractice might happen while distributing seeds by development
agencies in the name of humanitarian aids, just after conflict or disasters. These
agencies normally choose seed distribution as a means of cooperation because seed
is cheap, easy to handle, and applicable in the agrarian societies. Seed distribution,
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however, negatively affects CSP if it is not properly handled. For example, if relief
agencies import the bulk of seeds from foreign countries without understanding their
appropriateness in the targeted agroclimatic and socioeconomic conditions, CSP will
be affected from two perspectives. First, seed producers could not sell the anticipated
amount of seed in the market because consumers could receive seed free of cost from
humanitarian agencies. Second, if the performance of distributed seed is not good it
hampers the credibility of improved seed in the farm communities, and thus affects
seed demand. To address these complexities, the seed regulatory body should design
appropriate guidelines for seed-distributing agencies on the basis of seed security
assessment in the targeted environment. A local government agency could coordinate
among those associated with the seed subsector, which could promote public—private
partnership to develop physical facilities in seed producer organizations.

11.3.2 Informal Stakeholders

The role of NGOs in empowering in technical and managerial aspects of seed
production has been well established; however, NGOs should change their strategy
of project implementation from input distribution to capacity building and network-
ing (Table 11.2) as the failure of the input distribution approach has been already
learned in establishing sustainable CSP. Similarly, NGOs could empower SPOs for
improving their organizational governance, such as mechanisms of incentive sys-
tems, business plans, linkage, and participation. However, they need to innovate
how they could reach marginal areas, and how the lessons learned by NGOs could
be disseminated in the wider mass.

Table 11.2 Innovations with reference to problems across the informal stakeholders

Problems ‘ Innovations

Nongovernment organizations
Activities focused on materials | Activities focused in capacity building and networking

supply Organize interactions in the leadership of seed production
organizations (SPOs)/local clubs

Development of modules to operationalize business plan in
local language

Poor access in marginal areas Mobilize trained/experienced seed producers to facilitation

Seed producer groups/cooperatives

Low capital reserve and poor Appropriate modality for increasing business transactions
physical facilities such as increasing membership or contracting with smaller
groups

Develop good proposal for public—private partnership and
contact service providers

Poor organizational governance | Appropriate incentive systems to poorer members

Explore mechanism for realizing social incentives by SPO
leaders
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Farmer Groups and Cooperatives

There are two important concerns in seed producer groups and cooperatives: low
capital reserve/poor physical facilities, and poor organizational governance. The
first aspect could be addressed by increasing business transactions by motivating
seed producers to sell the maximum proportion of seed in the market through the
promotion of group saving schemes, training, and irrigation facilities. Another way
to increase seed transaction volume at SPOs could be increasing their membership
or contractual arrangement with farmers for seed production in nearby villages.
Moreover, SPOs could also supply inputs that are complementary to seed produc-
tion such as organic fertilizers, bio-pesticides, and agricultural tools. These activ-
ities could also help SPOs to maintain cash flow around the year and to minimize
their management costs. The SPOs could also attract support from government
agencies and NGOs to develop their physical facilities through a public—private
partnership approach. For this, they need to develop convincing proposals demon-
strating how they can contribute to the proposed project and the monitoring and
evaluation system of the proposed projects.

Seed producer organizations are also poor in business plan development and
incentive systems, and development of these systems is related to the education of
their executives. However, most of the SPOs leaders have poor education. It is also
difficult to bring educated members in as SPO executives as they could get better
opportunities and therefore might not be willing to take on that challenging position.
Even if they want to enter an SPO, other members of SPOs would feel it was risky to
offer them leadership positions because of the possibility they would drop out in a
short time period. In the third case, the existing leaders, even if their performance is
poor, do not want to leave that position for lack of incentive, because these leaders
take benefits from SPOs in indirect ways (e.g., improved social relationships).
However, there would be three options to promote educated leaders in SPOs:
(1) selecting higher-educated leaders from the existing members, (2) creating an
opportunity for entry of educated leaders outside SPOs but from the same locality,
and (3) providing a higher education opportunity for the existing leaders.

The implementation of the first two options is related to the development of
incentive systems at SPOs. In this case, the incentive should be sought not only for
potential educated leaders but also for existing leaders who have already been in a
leadership position for a long time. The contribution of existing leaders needs to be
respected by members because they handled the organization in difficult situations
when other members were not interested in taking on the management responsibil-
ity. The SPOs might not be able to provide financial incentive to their leaders,
especially those SPOs in the early developmental phase, considering their poor cash
reserve. Rather, consideration of social benefits such as recognition as advisors or
life members of SPOs would be useful to sort out this problem. The third option for
developing educated leaders in SPOs is sending leaders for higher study. However,
vocational training could be more appropriate for SPOs in the early phase of
development because most of the leaders are middle aged.
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11.4 Conclusion

Community seed production catalyzes innovations in both formal and informal
systems to enhance food security in rural areas. This system is mainly owned by
smallholder farmers in marginal areas and is promoted by development projects on
a small scale. However, the lessons learned from the system should be institution-
alized for its further expansion. These lessons are the adoption of participatory
approach, dynamic leadership, entrepreneurship, and capacity building. However,
the concerned stakeholders should be enabled to internalize the relationship of these
lessons to the benefits they intend to get from seed production and marketing. This
idea necessitates stakeholders’ active engagement in the process of implementing
CSP in farmer-led and other supported models. Once the players are engaged and
interacting with each other, they internalize the key problems in the seed production
and consumption chain and share lessons they have learned. Organizing joint
monitoring visits at seed production demonstrations is a common practice for
engaging participants in discussions, and these activities are mainly organized by
development projects. However, organizing this event by SPOs would enhance
their capacity and reduce the costs for organizing the event.

This book has measured the economic, environmental, and social performance of
seed producers engaged in rice and wheat seed production and operating in a low
institutional development and poor capacity. As already discussed, some lessons have
been generated, and some approaches in measuring the performance of CSP have
been validated. The most important approach is establishing a linkage between
organizational governance and household-level economic benefits, opening avenues
for extension agencies and policy makers to design their policies for strengthening
CSP. However, lack of soil fertility data prevented relating governance indicators to
environmental performance. So, future research should address this issue. Other
important topics to be covered in future studies include the following:

¢ Modalities and cost—benefit analysis for source seed production schemes at local
levels

e Roles of organizational structures in the performance of seed producer
organizations

e Appropriate modalities for developing crop protection/insurance schemes in
CSp
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