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ABSTRACT

Agriculture practices are essentially tools for achieving the basic needs of
rainfed farmers in dryland areas. In Myanmar, dryland dwellers are efficiently
applying these tools through their resource conservation farming systems. This study
covered 77 rainfed farming households in Indawkyaw Village, Kyaukpadaung Sub-
district of Mandalay Division in Myanmar. It explored the existing farming systems
and agriculture practices, as well as the social, economic and environment impacts of
these practices and it made recommendations for more sustainable practices and the
delivery of alternative job opportunities for the improvement of the well-being of the
local people.

Household surveys, in-depth interviews and site visits were conducted for
gathering information. The study reveals that most of the farmers have adopted
sustainable agriculture and farm management practices and are making efforts towards
the conservation of their dryland resources. The study found that all of the people in
Indawkyawe Village rely on rainfed farming for their livelihoods with a sesame-
pigeon pea based cropping pattern. It was found that the only way for local people to
improve their livelihoods is through expanding agriculture-related activities.

Statistically significant differences at 0.05 levels were found among three
defined levels of sustainability of agriculture practices and income, productivity of
sesame and groundnut in their farming. Although the present agriculture practices are
compatible with resource conservation practices of the area, the study found that in
addition to sesame based cropping, further drought tolerant crops and improved
varieties could be introduced to ensure food sufficiency and improved livelihoods for
the locals.

KEY WORDS: AGRICULTURE PRACTICES/ DRYLAND FARMING/
IMPROVEMENT/ LIVELIHOODS/ SUSTAINABILITY
ASSESSMENT
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CHAPTER I
INTRODUCTION

11 Background and justification

Drylands occupy more than 6 billion hectares or 41% of the Earth’s land area
and are home to more than 2 billion people, or one third of the human population in
the year 2000 (Millennium Ecosystem Assessment, 2005). The vast majority of
dryland dwellers, some 1.4 billion, live in Asia (including Russia). Another 270
million live in Africa and 140 million in Europe, while 177 million live in North,
South and Central America and the Caribbean. Some of the world's wealthiest
countries such as the United States, Canada, Australia and Spain are also partly
dryland (David T., 2006). In Myanmar, about 12 million people making up 23% of the
total population live in the Dry Zone area of the country.

Drylands include all terrestrial regions where water scarcity limits the
production of field crops, horticulture, fruit trees, forage, wood, and other ecosystem
provisioning services. Populations in arid, semi-arid and dry sub-humid climatic zones
are greatly affected by environmental vulnerability and poverty. Scenarios of future
development show that, if unchecked, desertification and degradation of ecosystem
services in drylands will threaten future improvements in human well-being and
possibly reverse gains in some regions. In order to maintain the dryland ecosystem and
environment, sustainable agriculture practices are very important for protecting and
improving the livelihoods of those living in dryland areas (Millennium Ecosystem
Assessment, 2005).

In fact, dryland populations on average lag far behind the rest of the world in
human well-being and development indicators (Millennium Ecosystems Assessment,
2005). Furthermore, the Global Environment Outlook notes that nowadays about 90%
of dryland dwellers live in developing countries (UNEP, 2007). A large part of the
surface of the world is arid and characterized as too dry for conventional rainfed

agriculture. Yet millions of people live in these regions and if current trends in
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population increase continue, there will soon be millions more (Creswell R., 1998).
Clearly, agricultural production is limited by climate, and these limitations are most
significant in developing countries. Insufficient rainfall is the main climatic limitation
in these areas, greatly curtailing the growing period available for crops. Overall, 63%
of the land area of developing countries is climatically suited to rainfed agriculture but
this endowment varies considerably between regions. The potential base for dryland
agriculture is therefore very limited in some regions and any further curtailment of
potential due to changes of climate could severely strain their ability to feed drylands
communities (Parry, 1990).

Dryland regions have large numbers of poor people and they are custodians of
these globally important environmental resources. The Dry Zone, one of the poverty-
stricken areas in Myanmar, occupies approximately 13 per cent of the country’s total
land area. About 23 per cent of the total population lives in this region, and the
majority depend on agriculture and allied activities for their livelihoods. Furthermore,
these people rely on an unstable income from agriculture and limited opportunity for
employment in this area (JICA, 2007). Therefore, sustainable dryland agriculture
practices are a necessity to meet the people’s food security needs and for the
conservation of the drylands environment, since degradation of these lands will have a
negative impact on the environment and the biodiversity of ecosystems (Creswell R.,
1998).

Drylands are characterized by a lack of water, which constrains their two
major interlinked services: primary production and nutrient cycling. Over the long-
term, natural moisture inputs (i.e., precipitation) are counterbalanced by moisture
losses through evaporation from surfaces and transpiration by plants (i.e., evapo-
transpiration). This potential water deficit affects both natural and managed
ecosystems and thus constrains the production of crops, forage and other plants and
has great impacts on livestock and human well-being. However, drylands are not
uniform, but rather differ in their degree of water limitation. According to the United
Nations Convention to Combat Desertification (UNCCD), four dryland subtypes are
recognized as dry sub-humid, semiarid, arid and hyper-arid subtypes, based on an
increasing level of aridity or moisture deficit. The level of aridity typical for each of

these dryland subtypes is given by the ratio of its mean annual precipitation to its
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mean annual evaporative demand, expressed as potential evapotranspiration. The
long-term mean of this ratio is termed the "Aridity Index" (Al). Drylands are areas
with an Al value of less than 0.652. Using Al values, the four dryland subtypes can be
positioned along a gradient of moisture deficit (FAO, 2005).

Dryland agriculture is a dynamic and highly complex system in which the
major limitation on food and fiber production is deficiency of water (Dryland
Agriculture, 2006). Dryland agriculture is a commonly used term although there is not
a common definition. Dryland agriculture and rainfed agriculture are synonymous;
however some people draw clear distinctions between them. Dryland agriculture in
this study is considered as all phases of land use under semi-arid conditions except
where irrigation is practiced. Therefore, livestock systems, crop-livestock systems,
and crop systems are all important types of dryland agriculture (Steward B., 2006).

Under these circumstances, recognizing the vulnerability of dryland
environment and taking into consideration the management of sustainable dryland
resources, this study on sustainable agriculture practices will contribute towards the
conservation of dryland resources and provide opportunities for improvement of the

community livelihoods.

1.2 The importance of agriculture in drylands

The agricultural sector is likely to be one of the most sensitive sectors to
climate variability and climate change because the sector depends so much on a
seasonal climate, particularly on rainfall quantity and its distribution pattern. Rice
farming, especially rainfed rice production, which is the major agriculture practice in
most Southeast Asian countries providing a staple food for populations worldwide,
largely depends on stable rainfall pattern and water availability. As a result, an
unstable climate can threaten the food security and livelihood of many countries in the
region (IPCC, 2001). The potential impacts of climate change on dryland agriculture
are therefore critical, since agriculture plays a significant role in providing food for
human population, and agricultural products provide major work opportunities and
income to rural people in many countries (Boulidam S., 2005).

In the Dry Zone of Myanmar, annual rainfall ranges from 700mm to 1270mm,

and is concentrated in the wet season. The monthly distribution is uneven and
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unstable, and the annual range can be very large in the area so that harvest failures are
often caused by drought. Chronic poverty and unstable livelihoods with little prospect
of increasing agricultural production results from low rainfall, poor soil and small
farm size. Furthermore, increasing population pressures, the limited chance for
improvement of their livelihoods coupled with the devastation of natural resources are
aggravating the poverty situation and it is predicted that the rate of poverty in the
population will increase without proper countermeasures (JICA, 2007).

1.2.1 Biodiversity in drylands

Drylands have great biological value. They are the original homes of many of
the world's most important food grains: wheat, barley, millet and sorghum as well as
botanical medicines, resins and oils and they are the habitat of many animal and bird
species. Moreover, according to the World Resources Institute, 42 of the world’s 234
hotspots of plant diversity, each containing at least a thousand species of vascular
plants, are in drylands. It is clear that drylands’ communities need to protect their
great biological value and ecosystems in a sustainable manner (Millennium Ecosystem
Assessment, 2005).

1.2.2 Nature of the dryland plants

Plants are adapted to aridity by several mechanisms:

. There are plants with a short life cycle that can germinate, grow, and
reproduce during a very short period of available moisture.

. Some have deep root systems which have the ability to gather water
over a wide area; others store up water in their tissues and release it
very slowly.

o Some plants are protected from water loss by wax or other
impediments, and some have very small or narrow leaves to reduce
water loss.

. Some plant tissues can withstand much desiccation without dying.

Crop plants in arid regions may have any or a combination of such

mechanisms. Therefore, many scientists and conservation groups stress the

importance of sustainable management in dryland areas to protect their biological
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diversity but they also see agriculture as an effective route to greening the world's
drylands through sustainable dryland agriculture practices (Creswell R., 1998).

1.3  Statement of the problem

The declining availability of water resources, worsening water quality, the
effects of heat and wind, disease and pest problems are reducing crops yields and
leading to unsustainable agriculture practices in drylands. The deterioration of natural
resources through soil erosion and deforestation is resulting in unstable production
levels (JICA, 2007). Studies of sustainable resource management in dryland areas are
needed to improve agriculture practices. Hence, this study documents the proper
management of practices. Sustainable dryland agriculture practices are important for
the community’s food security and the conservation of the area’s natural resources. In
this context, the argument of this research is that the improvement of the community’s

livelihoods is dependent on sustainable dryland agricultural practices.

1.4 Objectives of the study
The objectives of the study are as follows:
1. to study the agriculture practices employed in the research area
2. to analyze and compare the social, economic and environmental
consequences of the sustainable and unsustainable agriculture practices
3. to make recommendations for the improvement of livelihoods and the

well-being of communities in the research area

15 Research questions
The research sought answers to the following questions:
1. What agriculture practices are being used in Dry Zone farming?
2. What are the social, economic and environmental consequences of these
practices?
3. Are there more sustainable practices or other opportunities available for

improving the livelihoods of the drylands community?
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1.6 Hypotheses
The hypotheses tested in this research are as follows:
1. Agriculture practices in the Dry Zone are sustainable.
2. Sustainable agriculture practices will have positive impacts on social,

economic and environmental indicators.

1.7  Relating objectives, research questions and hypotheses
The following diagram shows the relation between objectives, research

questions and hypotheses in the study (Figure 1.1).

’\ Research

question (1)

Objective (1)

Research

Objective (3) X
question (3)

T Research
Objective (2
j ( )> A Hypotheses
(1and 2)

Figure 1.1 Relating objectives, research questions and hypotheses
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1.8  Conceptual framework
Agriculture practices
\ 4
A 4 A 4 Y A 4
System of Cropping Soil and water Farming
land use pattern conservation practices
- Mono - Crop rotation - Agro- - INM, IPM*
cropping «p| - INter- ” forestry was Organic and
- Multiple cropping - Agronomic chemical
cropping - Mixed, cover practices fertilizer and
cropping pesticide
A A\ 4 A\ 4 A\ 4
A
A A
Social impact Economic impact Environmental impact
- education - productivity - soil erosion
- health “—* - income <+—> - land degradation
- housing - job opportunity - pests, diseases
- others

A

Recommendation for improving
livelihoods

Figure 1.2 Conceptual framework of the study

Note 1: INM = Integrated Nutrient Management, IPM = Integrated Pest Management

The conceptual framework indicates that agriculture practices can impact
social, economic and environmental indicators (Figure 1.2). The impacts of
agriculture practices will be determined and an assessment made of their

sustainability. Based on the findings, recommendations will be made to improve
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livelihoods for the dryland community. The improvement of community livelihoods
will also be aimed at the conservation of the natural resources of the dryland area.

1.9 Scope of the study

The research was conducted in Kyaukpadaung, Myingyan District, Mandalay
Division of Myanmar. The UNDP had launched the Human Development Initiative
Programme in 1993 in the most fragile and resource poor dry zone townships of
Chaung U, Kyaukpadaung, and Magway. Therefore, Kyaukpadaung had been chosen
as the study site as it represents the common characteristics of Dry Zone characterized
by low rainfall, frequent drought, inadequate safe drinking water, low-land
productivity, and high level of land degradation. The sample village is purposively
selected to cover rainfed agriculture systems. The average annual rainfall in
Kyaukpadaung is 750 mm, and average monthly temperature ranges from a minimum
of 9°C (December) to a maximum of 42°C (March). The map of study area is shown
in Plate 1.1.

The total land area of the Sub-District is 1, 964 km?, and agricultural land
shares 55 per cent of the total area. Land holding size per household is considerably
reduced from 2.3 hectare in 1999 to 1.5 hectare in 2003 as a consequence of increased
number of farming households, fragmentation due to division of land among the
married sons and daughters, and accelerated land degradation (Kyaw D. and Jayant K.
R., 2006).

This study provided information of the practices used in dry zone agriculture
and the consequences of using unsustainable practices which can negatively affect the
Dry Zone environment. Moreover, the study made recommendations for more
sustainable agricultural practices as a priority for conserving dry zone resources and
improving the community livelihoods. Specifically, the study aimed to:

- review the condition of the study area and study the agricultural
practices used in Kyaukpadaung

- identify unsustainable agriculture practices and their effects

- observe sustainable agriculture practices that have been adapted to

the dry zone environment
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- make recommendations for more sustainable practices in dry zone

agriculture

Plate 1.1: Map of study area

1.10 Definitions

Community livelihoods — sources of income for a group people to live on the
area (Anonymous, n.d.a)

Dryland agriculture — all phases of land use under semiarid conditions except
where irrigation is practiced in farming (Steward B., 2006)

Sustainable —  capable of being continued with minimal long-term on the
environment; the present use, consumption or harvesting of
natural resources that can be continued into the future

(Anonymous, n.d.b)
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Unsustainable — the present use, consumption or harvesting of natural
resources that can not be continued into the future
(Anonymous, n.d.c)

No-till systems — permanent residue cover, minimal soil disturbance, control or
zero grazing, diverse cropping rotations and integrated weed
management (Goddard T. et. al, 2008)

1.11  Thesis outline

This thesis is made up of five chapters. The current chapter, outlined the
importance of dryland agriculture, discussed the background and justification of the
study and presented the research questions, objectives and the conceptual framework
based on which the study is conducted. Chapter 2 discusses the literature that has been
reviewed for investigating the important issues of drylands and the best practices for
the improvement of dryland areas. Chapter 3 elaborates the methodology for
conducting the research, along with the details of the sampling methodology, the
questionnaire and the interpretation of the results. Chapter 4 presents and discusses the
results of the research, while chapter 5 presents the conclusions and makes
recommendations on how the livelihoods of the communities in the Dryland Zone of
Myanmar can be improved.
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CHAPTER I
LITERATURE REVIEW

2.1 Introduction

The aim of this chapter is to discuss the various literatures cited in regard to the
issues and best practices used in dryland areas from a holistic view. This chapter
initially focuses on the concept of sustainability and its application to the sustainable
agriculture, then discusses the main issues of the world’s drylands and how these
affect the social, economic and environmental sectors. Finally, the ways to solve
conservation of dryland resources and improvement for the community livelihoods
and their future generations through the agriculture practices are reviewed. The
concept of sustainability and best practices studied in this chapter will support the
research area of Dry Zone in Myanmar.

2.2 Concept of sustainability

The Earth summit that was held in Rio de Janeiro in 1992 set the stage for
global leaders to face a wide range of environmental problems and challenges. The
conference has been criticized by many who claim that it was not successful in coming
up with policies of a sufficiently fundamental nature to deal with the problems that the
world is facing. But if seen from the other side the summit offered a wide range of
solutions to tackle the global problems, with Agenda 21 providing the focus for
international cooperation and coordination (Quarrie, 1992). The concept of
sustainability or sustainable development was first introduced in the Bruntland report
in 1987. In a global context sustainability means social or economic development
without causing any harm or deterioration of the present condition of the environment.
It states that any such economic or social development must aim at ameliorating the
quality of the environment while achieving the targeted goals. Over time,
sustainability has become an integral part of every development project and also has

developed many complexities (Pezzoli, 1996).
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The Bruntland report has shown that poverty and increasing population are
causes of environmental degradation. High death rates in the past had been a balancing
factor for population but with the globalizing of health care the death rates have gone
down. The only viable solution is to instead control birth rates. This is possible only
when families want fewer children as children represent source of wealth and security
(United Nations, 1987).

In the situation in which social or economic development does not occur and
the populations grow, the environment is inevitably degraded and leads to poverty. A
solution is basic economic and social development. An alternative for this is constant
degradation of the “commons” as more forests will be cleared, more meadows will be
grazed and more fisheries will be destocked (Hardin, 1968). This suggests that the
developing countries would be forerunners of sustainability.

The constant increase of global temperatures because of human deeds and the
loss of biodiversity, eutrophication of rivers because of excessive chemical use in the
farmlands, down stream pollution and contamination with hazardous wastes are not
ingredients of the natural cycle. These are the implications of the industrialization and
the greed for excessive production. Where not only economic development is
considered and the environment is neglected the results are as described above. Thus
there is now a global movement aimed at achieving sustainability (Haughton and
Hunter, 1994).

All the factors mentioned above can result from farming policies and
regulations but the final aspect of enforcing a policy depends on the participation of
the local communities. The signals of change created by the factors above cannot force
the changes. The local communities based on their cultural attitudes determine how to
resolve their social, economic and environmental conflicts in the methods that create
improvement. Hence the local culture in community based approach becomes

important in enforcing or implementing sustainability (WCED, 1987).

2.2.1 Applying sustainability in agriculture
Food is a basic human need, and producing enough to feed the growing
population of developing nations is one of the biggest challenges facing the modern

world. The first of the eight Millennium Development Goals (MDGs) is a pledge by



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Natural Resource Management) / 13

the international community to halve the number of people in the world suffering from
extreme hunger by the year 2015, a promise that puts agriculture at the heart of the
development agenda. Three out of four people in the developing world depend directly
or indirectly on agriculture for their livelihood. Indeed, for most low income countries,
agriculture which includes livestock, fisheries and forestry, is the most important
sector of the economy, generating up to one half of gross domestic product, and often
the main source of foreign currency (SciDev.net, 2008). For instance, in Myanmar, the
agriculture sector accounts for 43% of GDP, 35% of total export earnings and employs
66% of the labour force (MOALI, 2007). Therefore, agriculture must also be sustainable
to reach the basic human needs without deterioration of the environment.

Today great attention is needed in dealing with “poverty” and “lack of
development” because of the high number of people in the developing world without
proper shelter, clean water, basic sanitation and nutrition. The concept of sustainable
development and from this, of sustainable agriculture development, is now being
debated on all fronts (international, regional and national levels). Meeting with the
challenge of promoting sustainable agriculture growth with greater equity so as to
improve living standards and quality of life, will require the continued support of
science, research and environmental education programs (Kyaw. D., 1995). In this
respect, this study sought possible ways of contributing to sustainable drylands

development in the study area.

2.3 Important issues of drylands

2.3.1 Population growth in drylands

Population growth is a significant factor for land degradation in drylands.
According to the State of Food and Agriculture the world's population is expected to
increase by 50 percent between 2000 and 2050, with the developing countries home to
almost all of that growth. The provision of ecosystem services generally, and also
agriculture-based services in particular, is being challenged as never before by the
combined effects of expanding populations, rapid economic growth and greater global
integration. Therefore, agriculture is being asked to provide an ever-growing supply of
ecosystem-based goods and services. Particularly, the problem of arid areas with large



Myat Thuzar Thein Literature Review / 14

populations is essentially one of human ecology. The inherently limited resources
within arid and semi-arid regions set the ultimate limit of production (FAO, 2007).
Furthermore, the erratic rainfall in decrease results in widely fluctuating
production often leading to scarcity, which imposes more stress on these populations.
In general, the population density of both human and livestock in the arid region is
much higher than the global average. As population increases, the demand on natural
resources is further magnified. This has led to further intensive use of land and other
natural resources in drier regions. The consequence is an imbalance between the
human and animal population on the one hand and plants, water, and land resources on
the other. As the demand by the first persists and increases, the resources tend to
become depleted and, as depletion proceeds, the stress upon them becomes even
greater. Thus, a process of progressive degradation of resources is set into operation,
which intensifies with drought. If not checked timely and effectively, it leads to loss of
vegetation, leading to loss of biodiversity. The barrenness of the land affects the
hydrological cycle which can affect the rainfall pattern for the region. In the semi-arid,
sub-humid regions of the country also, there are some areas such as the Gangetic

Plains, where the population density is one of the highest in the world (UNEP, 2006).

2.3.2 Water shortages

Water shortages in drylands are projected to increase over time due to
population increase, land cover change, and global climate change. The availability of
water in drylands is projected to decline further from the current average of 1300 cubic
meters per person per year (in 2000), which is already below the threshold of 2,000
cubic meters required for minimum human well-being and sustainable development.
Furthermore, obtaining a sufficient, regular and clean supply of water is one of the
highest priorities for people who live in drylands. Often the only water available is
surface runoff during rainy seasons, groundwater, or water that is collected with more
novel techniques such as trapping fog droplets using large nets (Millennium
Ecosystem Assessment, 2005).

Global climate change will make access to water more difficult as droughts
become more frequent. This, alongside a rising population, is likely to contribute to

migration as well as possible conflicts over water supplies. This increased water stress
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will lead to reduced productivity of croplands and availability of freshwater, resulting
in further adverse impacts on human well-being in drylands. But the world has a good
record for avoiding water conflicts, partly through well defined treaties between
countries that share water resources. Therefore, water will become more important as
competition for water resources increases (David T., 2006).

Furthermore, according to the Food and Agriculture Organization, agriculture
accounts for about 70 percent of all water use worldwide and up to 95 percent in many
developing countries and thus influences both the quantity and quality of water
available for other human uses. Changes in agriculture practices could contribute to
water quantity by promoting the recharge of groundwater aquifers, but perhaps the
most important contribution agriculture could make to improve the quantity and
quality of available water resources is through more efficient use of the water it
requires. A further possibility is the reuse of wastewater for agricultural purposes;
currently, about 2 million hectares are irrigated and the potential exists to increase this
area significantly (FAO, 2007).

2.3.3 Land degradation

Land degradation in the drylands is due to a number of factors including
climatic variations and human activities. Man-made causes include expansion of
agriculture and unsustainable agricultural practices such as over cultivation, nutrient
inputs, poor irrigation practices, deforestation and overgrazing. Such unsustainable
resource management practices are often induced by population pressures, social
conflicts and disruption of social systems, inappropriate government policies and
poverty (Millennium Ecosystem Assessment, 2005). With a view to the above
unsustainable agricultural practices, dryland communities will have a better
understanding of questions how unsustainable agriculture practices cause land
degradation and reduce farm productivity (UNEP, 2006).

Moreover, land is an essential productive asset on which many livelihoods
depend, particularly in the drylands of the developing world. For the poorest
populations, land degradation has enormous implications for productivity, food
security and sustainable livelihoods. Land systems that impose unequal and or

insecure access to land and its products reduce the ability of the marginalized drylands
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populations to gain food security and thereby reduce hunger and poverty. Besides
living in challenging natural environments, drylands populations also struggle to be
acknowledged in planning and are often left without essential services (Snel M.,
2000).

Generally, land degradation is a long-term loss of ecosystem function and
services, caused by disturbances from which the system cannot recover unaided. It
blights a significant proportion of the land surface, and as much as one third of the
world's populations suffer from its effects. Established evidence links land degradation
with loss of biodiversity and climate change, both as cause and effects (UNEP, 2007).

Furthermore, direct effects of land degradation include losses of soil organic
carbon, nutrients, soil water storage and regulation, and belowground biodiversity and
also indirectly, it means a loss of productive capacity and wildlife habitat. For
instance, in rangelands it disputes wildlife migration, brings changes in forage,
introduces pests and diseases, and increases competition for food and water. Water
resources are diminished by disruption of the water cycle, offsite pollution and
sedimentation. Therefore, the threat to sustainable development posed by land
degradation has been recognized for decades, including by the 1992 Earth Summit and
the 2002 World Summit on Sustainable Development, but responses have been
hamstrung by weaknesses in available data, particularly in relation to the distribution,
extent and severity of the various facets of degradation (UNEP, 2007).

Individuals especially in the poorest segments of society are driven to degrade
land and soil because of their necessity to secure basic needs (e.g. provision of food)
for their day to day survival. Falling agricultural yields, malnutrition, and water
depletion, particularly in the event of external shocks and extreme events (e.g.
drought) and in conditions where population density is high, compels individuals to
preclude longer term investments to preserve land and to act within shorter time
horizons, exacerbating land degradation. Given that many poor people have
sustainably utilized fragile ecosystems over long periods of time, many argue that
underlying misguided policy, and market failures (e.g. insecure land tenure) are
mainly to blame in diminishing poor people's time horizons that in turn results in land
degradation (Snel M., 2000).
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Land degradation in the Myanmar Dry Zone is becoming a matter of serious
concern for its negative implications on the livelihood of the rural population and the
environment from which they largely depend. An ever increasing population in
combination with unfriendly climatic conditions triggers the rapid misuse of the land
and over-exploitation of natural resources. As a consequence, soil erosion by water
and by wind and the progressive removal of the vegetative cover are becoming
common features observable in most parts of the Dry Zone. Therefore, land
degradation is a most dangerous form of negative ecological process, taking gradually
irreversible forms as the process advances and accelerates (Volli F. P. C., 2001). With

the decline of land based resources, the future of the land is at risk.

2.3.4 Desertification

Desertification is land degradation in the drylands due to a number of factors
including climatic variations and human activities. Desertification has emerged as an
environmental crisis of global proportions, currently affecting an estimated 100 to 200
million people, and threatening the lives and livelihoods of a much larger number. As
a result of desertification, persistent reductions in the capacity of ecosystems to
provide services such as food, water and other necessities, are leading to a major
decline in the well-being of people living in drylands. According to Millennium
Ecosystem Assessment, there are no signs that the desertification trends are abating on
a global scale (Adeel. Z., 2006)

Desert margins, generally called drylands, have great biological value. They
are the original homes of many of the world’s most important food grains, wheat,
barley, millet and sorghum, and botanical medicines, resins and oils, as well as many
animal and bird species. Dryland soils are unusually vulnerable to degradation. New
soil forms only very slowly in these arid environments, and salts tend to build up
owing to infrequent rains. The dry sparsely covered topsoil is easy victim to erosion
by wind or by rains when they do come (Millennium Ecosystem Assessment, 2005).

Desertification may arise from human misuse of the land or climatic change,
and may or may not be reversible. Either way it can force people to leave the land. A
fifth of the world’s drylands, or around a billion hectares, are thought to be affected by

human-induced soil erosion, and an estimated 250 million people, including many of
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the poorest, most marginalized and politically weak citizens, are directly affected by
land degradation in arid areas. According to Global Environment Facility,
desertification has major economic and social impacts. The annual loss of income as a
result of land degradation is estimated at US$ 65 billion annually, and this does not
include the difficult to measure but extremely important costs incurred in social and
environmental terms to the current and future generations (GEF, 2006). Therefore,
international action to improve management of the world's drylands is concentrated on
the 1996 United Nations Convention to Combat Desertification, but it has so far failed
to attract substantial funding from donor nations (Millennium Ecosystem Assessment,
2005).

2.3.5 Soil erosion

Soil erosion is the natural process of removal of soil by water or wind. Soil
erosion becomes a problem when the natural process is accelerated by inappropriate
land management, such as clearance of forest and grasslands followed by cropping
which results in inadequate ground cover, inappropriate tillage and overgrazing. It is
also caused by activities such as mining, infrastructural and urban developments
without well-designed and well-maintained conservation measures. Loss of topsoil
means loss of soil organic matter, nutrients, water holding capacity and biodiversity,
leading to reduced production on-site (UNEP, 2007).

Drylands are arid and semi-arid tracts normally typified by a highly fragile
natural resource base. Soils in these areas are often coarse textured, inherently low in
fertility, organic matter, and water holding capacity, and easily susceptible to wind and
water erosion (Reddy, G. P. et. al, 2002). A fifth of the world's drylands, or around a
billion hectares, are affected by human-induced soil erosion, and an estimated 250
million people, including many of the poorest, most marginalized and politically weak
citizens, are directly affected by land degradation in arid areas. One reason for this is
that dryland soils degrade easily. The impact of this is that new soils can only build up
slowly in these arid environments. The dry sparsely covered topsoil is easy victim to
erosion by wind or by rains when they do come (World Atlas, 2007).

Other natural and human factors, including wind and rain erosion, global

climate change, heavy grazing, agricultural chemicals and single-crop systems, can
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also degrade soils. Dryland soils are unusually vulnerable to degradation. Today,
cereal yields in the world’s drylands are low compared with yields in other regions,
with some of the lowest yields in sub-Saharan Africa. In this context, soil degradation
causes a decrease of crop yields, thus drylands communities need to follow sustainable
agricultural practices without impacting the environment and natural resources (David
T., 2006).

In the Dry Zone of Myanmar soil erosion is high, particularly in the form of
water erosion during the rainy season. Rills, gullies and rivers full of sediments show
that a considerable amount of soil is carried away, mainly during the destructive
intense storms which characterize dry zone rainfall patterns. Most erosion occurs on
the cultivated land in the form of sheet, rill and often gully erosion, rapidly curtailing
yields and income levels as a consequence. However, it also occurs on pastures,
marginal lands and forest areas which are not properly managed. The overall
phenomenon is described as a vicious cycle spiraling downwards towards
desertification, poverty and starvation (Volli F. P. C., 2001).

2.3.6 Loss of biodiversity

Dryland ecosystems contain a variety of native animal, plant and microbial
species that have developed special strategies to cope with the low and sporadic
rainfall, and extreme variability in temperatures that prevail in these ecosystems. They
are highly resilient and recover quickly from prevailing disturbances such as fires
herbivore pressure and drought. Dryland ecosystems cover a variety of terrestrial
biomes which are extremely heterogeneous. A major driving force of biological
diversification in dryland environment is relative aridity. Within each aridity zone,
significant variations between sites are introduced by topography and geology and also
by variations in the most limiting factors. The resulting patchwork of habitats
determines the distribution of living organisms (Edouard, 2002). Habitat loss and
fragmentation are among the most important causes of loss of important dryland
biodiversity (Jama B. and Zeila A., 2005).

Extinction is a feature of all biological systems, but extinction of global
biodiversity is now proceeding at an alarmingly high rate. It is generally agreed that

the following five causes are responsible for the loss of biodiversity: Fragmentation,
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degradation or outright loss of habitats; Overexploitation; Pollution; Introduction of
non-native (alien, or exotic) species; and Climate change. The specific condition of
each of these causes to dryland ecosystem degradation and biodiversity loss varies
with regions. For instance, in Australia, two thirds of the continent consists of
rangelands, of which 60 percent are used for commercial extensive ranching worth 2
billion Australian dollars annually. It is estimated that over the last century, 12 percent
of Australian dryland mammals have gone extinct and 8 percent of bird species are
under threat. Most of these losses occur in areas used for large scale commercial
ranching which, therefore, is the main cause of ecosystem degradation and
biodiversity loss in Australian drylands (Edouard G. B., 2002).

Degradation of habitats due to changes in land use is the immediate most
serious threat to dryland biodiversity. This first and foremost affects wild biodiversity,
but as populations increase, and the urban and industrial sectors are not able to absorb
this increase, there will be pressure on agricultural land, leading to agro-habitat
degradation as well. The root causes of these factors are population increase, decades
of market distortions and disincentives that encourage natural resource exploitation
and mono-cultures, at the expense of dryland adapted sustainable development. This
has been compounded by the “benign neglect” of drylands. Loss of biodiversity
caused by land use systems is further exacerbated by climatic factors at both local and
global scales (Swift J., 1993).

The physical processes of land degradation, biodiversity evolution or
extinction, and climate change are intimately inter-twined, especially in dryads. Land
degradation reduces natural vegetation cover, and affects productivity of crops,
livestock and wildlife. Soil micro-organisms are also affected through soil erosion.
The loss of biodiversity likewise undermines the environmental health of drylands and
makes them more prone to further degradation. The vicious cycle fuels increased soil
erosion, which causes increase in sedimentation of rivers and lakes. This contributes to
the degradation of international water and affects biodiversity in rivers, lakes and
coastal ecosystems (Lean, 1995). Therefore, biodiversity conservation is an important
element in sustainable management of resources especially for rare and endangered
species (Jama B. and Zeila A., 2005).
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2.3.7 Climate change

Global climate change poses an ominous threat to food security and to rural
livelihoods in the developing world (CGIAR, 2007). Drylands ecosystems are very
vulnerable to overexploitation, inappropriate land use practices and climate change.
Desertification and frequent droughts are threatening many areas of the sub region.
Vulnerability to climate change is a major issue, and is likely to add only further
incremental stress to ecosystems already under pressure (IUCN, 2007). Drylands are
areas with limited water resources. The aspect of drylands is based on their climatic
character. Rainfall is scarce, unreliable and concentrated during a short rainy season
with the remaining period tending to be relatively or absolutely dry. High temperatures
during the rainy season cause much of the rainfall to be lost in evaporation, and the
intensity of tropical storms ensures that much of it runs off in floods. Water supply is
not only meager in absolute terms but also of very limited availability for human and
natural uses. The two dominant characteristics of dryland climates are aridity and
variability (FAO, 2005).

According to Global Environmental Outlook, climate change is a major global
challenge. Impacts are already evident, and changes in water availability, food security
and sea-level rise are projected to dramatically affect many millions of people.
Adaptation to anticipated climate change is now a global priority (UNEP, 2007). The
vulnerability of tropical developing countries to climate change is likely to be greater,
due to low adaptive capacity linked to limited financial and human resources,
availability of and access to appropriate technologies, and strong and effective
organizations and institutions. Where these are low, vulnerability becomes
correspondingly higher. Capacity to adapt can only be realized, however, if adaptation
to climate change is effectively integrated into national economic development plans,
with adequate support and goodwill. To date much research has been carried out on
climate change in drylands. This has mainly focused on potential impacts on physical
and biological systems, while paying little attention to socio-economic systems and
development (Ekaya W. N., 2007).

Global climate change may in turn accelerate desertification if higher
temperatures increase evaporation or if rainfall decreases. Human activity is the

fundamental cause of desertification. The natural fragility of dryland ecosystems
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renders them extremely vulnerable to inappropriate land use and over-exploitation.
This is particularly true during periods of environmental stress such as seasonal
dryness, drought, or high winds. Over-exploitation of the land can result from many
different forms of social, economic, and political pressure. People may be
“marginalized” and pushed onto unsuitable land due to land shortages, poverty, and
other forces beyond their control. Farmers often over-cultivate the few available areas
of fertile land to increase production of export crops. Unless such pressures are eased,
dryland communities will become increasingly vulnerable to climate variation (UNEP,
1993).

Natural climate variability can accelerate the process of desertification.
Changes in the frequency and severity of drought contribute substantially to dryland
degradation and desertification. Declining rainfall can also cause changes in
vegetation. Reduced vegetation cover and soil quality can affect local climate by
raising temperatures and reducing moisture levels. These effects may extend beyond
the desertified area, resulting in regional changes in climate and atmospheric
circulation, which in turn may accelerate the process of dryland degradation (UNEP,
1993).

2.3.8 Unsustainable agriculture practices

Meanwhile, unsustainable agricultural practices are compromising the natural
resource base upon which all food production depends. In many regions, land
productivity has begun to stagnate or even decline. Poor agricultural practices cause
soil erosion, salinization, water logging and depletion of the soil nutrients needed for
plant growth. Moreover, unsustainable agriculture practices such as unsuitable
agricultural land use, poor soil and water management practices, improper crop
rotation, poor irrigation practices, disease and pest problems are also reducing crops
yield and are the principal problems of agriculture in drylands (UNEP, 2002). Misuse
of chemical fertilizers and pesticides pollutes surface and underground water (David
T., 2006). Drylands communities can avoid resource degradation by improving their
agriculture practices and enhancing pastoral mobility in a sustainable way

(Millennium Ecosystem Assessment, 2005).
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2.3.9 Cultural identity and diversity

Dryland peoples identify themselves by their use of their surrounding
ecosystem and create their own unique ecosystem-inspired culture. Drylands have
high cultural diversity, in keeping with the ecosystem diversity along the aridity
gradient. One expression of this is that 24 % of global languages are associated with
the drylands' grassland, savanna, and shrub-land biomes. Typical to drylands are the
diverse cultures that have historically played a key role in development of dryland
farming system. Ecosystem functions and diversity generate cultural identity and
diversity that in turn conserve ecosystem integrity and diversity. Therefore, a
relationship exists between land degradation and cultural degradation in drylands
(Hillel, 1991).

In drylands, the heritage value can be nurtured either by landscapes that reflect
the human striving for “"conquering the desert" or by ones reflecting aspirations to
"live with the desert". Transformation of rural to urban ecosystems is an expression of
changed livelihoods that modify the landscape and its cultural values and often
degrade cultural heritages. Actions to conserve outstanding Cultural Heritage Sites
that are cultural landscapes are under way and 21 such sites have been identified, of
which 8 are in drylands. Dryland ecosystems also contribute to human culture through
both formal ("scientific”) and traditional knowledge systems. Drylands have
generated significant contributions to global environmental sciences (UNESCO,
2004).

Dryland traditional knowledge has co-evolved with the cultural identity of
dryland peoples and their environment and its natural resources and has generated
many unique systems of water harvesting, cultivation practices, climate forecasting,
and the use of dryland medicinal plants. The degradation of this knowledge in many
cases has often led to adoption of unsustainable technologies. The exploration,
conservation, and integration of dryland traditional knowledge with adapted
technologies have been identified as priority actions by Committee of Science and
Technology of the United Nations Convention on Combat Desertification (UNCCD,
2000).

Many groves, tree species, and individual trees have spiritual significance to

dryland peoples due to their relative rarity, high visibility in the landscape, and ability
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to provide shade. In ancient times in the Middle East and North Africa, spiritually
significant social and religious activities took place under tree canopies. The sites of
individual trees have been used for anointing rulers, hosting legal hearings, burial of
community and religious dignitaries, and religious rituals, and individual trees
themselves have become sacred and named after deities. For instance, the Hebrew
names of Quercus and Pistacia (the dominant species of the eastern Mediterranean
shrubland and woodland biomes) — Alon and Ela — derive from the words for God and
Goddess respectively. Protected from grazing and cutting, these sacred trees have
reached dimensions far larger than they ever attain in their natural climax community
(Zohary, 1973).

These sacred groves often conserve islands of indigenous ecosystems in a
transformed landscape and contribute to a unique cultural landscape. Similar services
are also provided by other drylands, such as the religious, ceremonial, and historical
sites of native Americans and aboriginal Australians. In hyper-arid drylands, trees are
far rarer and indigenous nomadic people do not generally identify individual trees as
sacred, although they can have spiritual values (Williams and Diebel, 1996). The
conception of dryland peoples among non dryland groups is one of human struggle
against harsh natural conditions producing rich cultures nurtured by strong moral
values as well as naive romantic notions of life in the desert (Fernandez and Busso,
1997). However, while the media has largely promoted the conservation of desert
heritage in recent years, others have responded by trying to "green" desert areas or
make them "bloom" which has often resulted in an aesthetically appealing landscapes
of oasis-like patches of agricultural land set in sharply contrasting surrounding desert
but with a loss of dryland biodiversity (Safriel, 1992).

2.4  Best practices in drylands

2.4.1 Agriculture activities in drylands

Dryland agriculture, also referred to as rainfed agriculture, is practiced on 84%
of total area cultivated in the world and provides about 67 % of the world's total food
output. Improving both the productivity and sustainability of rainfed agriculture in the
more difficult and marginal environments is a challenging task. Also, rainfed

agriculture growth is nearly stagnant in arid and semi-arid tropics, and green
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revolution technologies have had little impact in these areas. The challenge, therefore,
is to introduce technologies that increase agricultural production and sustainability.
Biotechnology appears to be one of the options employed to meet this challenge
(CGIAR, 1997).

Dryland agriculture is providing rural community’s with food sufficiency
through agricultural activities. Because drylands make a significant contribution to the
GDP particularly in terms of food grains and oil crops such as groundnut, sesame,
sunflower, legume, and bio-fuel plants and so. The major dryland cereals and legumes
(together with vegetable and fruits) constitute the main crops and basic food for 800
million farmers in drylands (CGIAR, 1997).

Agriculture activities in dryland areas are increasing productivity and reducing
risks of crop failure through improving water conservation and usage, these measures
involve the use of drip irrigation, intercropping and sustainable land management
system. The most important opportunity for improving water management in dryland
cropping systems is increasing the use of crop residues as surface mulch, but this is
also the most serious constraint. It is a constraint not only because there is not
sufficient residue produced in dry years, but in many developing countries, crop
residues are commonly removed from the land and used for animal feed or household
fuel (Stewart, 2006).

For instance, dryland farming has a distinct place in Indian agriculture
occupying 67 per cent of the cultivated areas, containing 44 per cent of the population.
Two thirds of the livestock live in these regions. The resource poor infrastructure and
low investment in technology and inputs characterize it. Nowadays, agriculture in
India is managed on the basis of natural resources that safeguard agricultural
production. More often, emphasis is placed on the analysis of issues on sustainability
of dryland agriculture system where selective farmers are switching over from modern
intensive farming to other productive natural farm practices. Improvement of dryland
farming is a key to the development of agriculture and removal of poverty in rural
areas (Sheharawat P. S and Singh S., 2003). Therefore, the importance of agriculture
activities in drylands will enhance income opportunities for their communities and

conserve the natural resources in drylands.
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2.4.2 Integrated nutrient management techniques

Limited availability of additional land for crop production, along with
declining vyield growth for major food crops, have heightened concern about
agriculture’s ability to feed a world population expected to exceed 7.5 billion by the
year 2020. Decreasing soil fertility has also raised concerns about the sustainability of
agriculture production at current levels. Integrated management of the nutrients
needed for proper plant growth, together with effective crop, water, soil and land
management, will be critical for sustaining agriculture over the long term. Integrated
nutrient management (INM) is an approach that seeks to both increase agricultural
production and safeguard the environment for future generations. It is a strategy that
incorporates both organic and inorganic plant nutrients to attain higher crop
productivity, prevent soil degradation, and thereby help meet future food supply needs.
It relies on nutrient application and conservation and new technologies to increase
nutrient availability to plants (Gruhn P., 2000).

Plants require food for their growth. Soil is the medium from where plants
derive these essential elements of food. Soil has a limited ability to cope with the
nutritional requirement of plants. For healthy growth and optimal yield, nutrients must
be available to plants in correct quantity, proportion and in a usable form at right time.
To fulfill these requirements chemical fertilizer or natural manures are needed.
Application of chemical fertilizers makes the soil fertile and increases productivity of
plants, but also has an adverse effect on soil and environment. Therefore, fertility and
productivity of the soil needs to be restored by using organic fertilizers. There is a
need to organize the supply of nutrients to crop through organic and renewable sources
and strengthen the Integrated Nutrient Management (INM).

The use of organic manures, apart from improving physical and biological
properties of soil, helps in improving the use of efficiency of chemical fertilizers.
Decreasing soil fertility has also raised concerns about the sustainability of agricultural
production at current levels. For increasing agricultural productivity there will have to
be a greater focus on using available nutrient resources more efficiently and
effectively than in the past. Integrated management of the nutrients is needed for
proper plant growth, together with effective crop, water, soil and land management
(Rehaman A., 2007).
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In every region of the world it is necessary to develop appropriate techniques
for agriculture. Integrated Nutrient Management (INM) practices will play a key role
in increasing yield. INM is based on maximizing the use of organic material, ensuring
access to inorganic fertilizer and improving the efficiency of it use, maximizing the
use of plant nutrients. Moreover, the adoption of climate resilient crop varieties and
animal breeds as well as more prudent management of crops, animals and natural
resources that sustains their production while providing other vital services for people
and the environment (ICARDA, 2007).

The categories considered in the integrated nutrient management are compost,
farmyard manure, poultry manure, green manure, manure of gobar gas plant, oil cakes,
blood meal, fish manure, steamed bone meal, wood ash, sewage and sludge, biological
sources, sugarcane press mud, coir pith, bio-fertilizers (Rehaman A., 2007).

In order to meet the food demands of a rising population, farmers must manage
nutrients and soil fertility in an integrated way. Required yield increases of major
crops cannot be attained without ensuring that plants have an adequate, balanced
supply of nutrients. Integrated nutrient managements can address many of the problem

besetting poor, smallholder farmers in all over the world.

2.4.3 A tool for combating desertification

With ever increasing demographic pressure, the land is subject to greater and
greater stress. Deforestation and desertification threaten greater stress in drylands.
Furthermore, deforestation and desertification threaten to reduce once fertile land to
unproductive dust. In the dry season, wind erosion carries away topsoil; in the rainy
season it is washed into streams and rivers. For instance, in some countries like Mali,
West Africa, 30 per cent of soil degradation is attributable to wind erosion, and 50 per
cent is due to water erosion (UNCCD, 2005).

Nowadays, Jatropha is planted as a tool for combating desertification in
drylands. Jatropha curcas is an oil-bearing plant, found mostly in developing
countries. It is grown around crop fields and gardens to keep out animals, to act as a
windbreak, and to reduce soil erosion by wind and water. Jatropha hedges reduce the
degrading effect of the wind and water, as soil collects at the base of the hedges and

these accumulations reduce erosion by surface runoff. It is very easy to grow, as a
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cutting taken from a plant, left to dry for two days, and then simply pushed into the
soil, it will take root. Jatropha needs only 400 mm of annual rainfall to grow, which
means it can flourish in semi-arid regions. Jatropha grown from seed takes two years
to produce seed, those from cuttings take just one year. This means that Jatropha can
be an important weapon in the fight against desertification in the fragile environment
in drylands (UNCCD, 2005).

Traditionally the seed has been harvested by women and used for medical
treatments and local soap production. The oil, which can be pressed from the seed, is
non-edible. However, this oil can be used as an alternative fuel for diesel engines, due
to its similar chemical properties. This is especially important in developing countries
because of the use of small diesel engines in multi-purpose platforms to provide basic
energy services to rural people. Mostly, the diesel in developing countries needs to be
imported, and it is expensive for rural communities. The precipitate produced as a by-
product of mechanical pressing of Jatropha seeds is rich in nitrogen and can be used as
a high-quality organic fertilizer, improving the productivity of gardens (UNCCD,
2005).

Therefore, planting Jatropha in abandoned fields and as hedges around
gardens, the Jatropha plant could be used to regenerate degraded land that is no longer
suitable for farming, thus serving as a barrier to the advancing desert. Moreover, the
processing of Jatropha products have been created job opportunities and alternative
income especially for rural women. For instance, women in Mali are the key actors in
several Jatropha related activities. Women collect the seeds and sell them to a buyer
from outside the community. Women make soap, either from the seeds in a traditional
way or better quality soap from the oil itself. They also participate in the planting of
Jatropha. So, women are also important beneficiaries of the multi-purpose platforms,
because the time and energy consuming work involved in such kinds of activities and
considerably reduces the workload of women and leaves time for other activities to
improve their lives (UNCCD, 2005).

In this context, not only Jatropha can be seen as a tool for combating
desertification in drylands but also improving the income opportunities for the dryland
livelihoods.
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Plate 2.1 Jatropha plant and fruit in Myanmar

2.4.4  Agrotechnology in drylands

Cultivation of integrated crops and horticulture in drylands consists of
selecting crops and varieties suited to diverse agro-ecologies and developing
appropriate low cost management options (e.g. rotation, inter-planting, husbandry
methods, and pest control) and also identifying varieties that combine drought
resistance, giving adequate yields under rainfed conditions in dry areas and large
yields with a little supplemental irrigation. Planting fruit trees can help rehabilitate
degraded hill slopes in low rainfall areas. For instance, planting olive trees can help
prevent land degradation. Production packages are being developed for various
horticultural crops and communities are being trained in home processing and other
value-addition methods. Therefore, horticulture is already a strong industry in many
dryland areas (ICARDA, 2007).

Mulching is the covering of the soil with crop residues such as straws, maize/
sorghum stalks or standing stubble. The cover protects the soil from raindrops impact
and reduces the velocity of runoff. Maintaining crop residues on the farm or applying
mulches has a number of advantages in controlling soil erosion and improving fertility
of the soil. Mulching indeed is one of the most effective methods to minimize erosion.
A crop residue covering the ground decreases raindrop erosion, slows down the water
flows and increases the infiltration rate as the pores of the soil are not clogged

(through surface sealing by clay particles after rains). It also encourages insects and
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worms to make holes into the ground, thus increasing the permeability of the soil
(Volli F. P. C., 2001).

Cover crops are crops grown for the purpose of ground protection under row
plantation crops such as pigeon peas or as a conservation crop on fallow lands during
the off-season. Cover crops should provide an adequate and rapid ground cover and
thus protect the soil from erosion. Besides the protection of the soil, they can also play
an important role in replenishing organic matter and nutrient contents of the soil.
Maximum benefits can be obtained if the cover crops are legumes and periodically
ploughed in. Green manure crops are grown to maintain or increase the soil organic
matter and nitrogen content of the soil, before reaching their maturity or start
competing for the soil against erosion but not as much as cover crops (Volli F. P. C.,
2001).

Plate 2.2 Green manure crop cultivation in Mae Hong Son, Thailand

Intercropping is a practice of growing two or more crops along the contour
simultaneously in the same plot in a fixed pattern in one season. The aim of
intercropping is to increase crop production and provide protection to the soil against
erosive forces. Intercropping is a widely applied traditional technique. Different
planting times and different length of growth periods spreads the labour requirement
of planting and harvesting, but also allows mid-season change of plan according to the
rain in the early part of the season. The various leaf arrangements of different plants
allow light to be better intercepted over time. The contrasting patterns of root growth,
which utilize different soil layers, optimize the use of available soil moisture and

nutrients. Mixed stands of crops suffer less from insect damage and diseases, and they
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normally protect the soil surface more effectively than pure stands (Volli F. P. C,,
2001).

Crop rotation is one of the oldest practices known for fertility restoration and
pest/ disease control and it consists of growing different crops one after another on the
same piece of land. Plants of the same crop develop their roots at the same depth of
soil profile and thus the proliferation of the root systems in the same depth results in a
strong competition for moisture and nutrients. Therefore, if the same crop is growing
on the same land year after year, the soil nutrient in that stratum decreases sharply and
the crop yield consequently declines. On the other hand, if different crops are rotated,
the depletion of soil nutrients and decline of crop yields are not as serious as when the
same crop is grown year after year. Different crops have different characteristics that
enable them to exploit the soil at different depths (\Volli F. P. C., 2001).

Therefore, application in such kinds of agro-technology can contribute to the
cultivation of field crops and seasonal vegetables as a marketable product and benefit
dryland farmers.

2.4.5 Agro-forestry contribution to sustainable land use

Drylands typically suffer from unsustainable land uses that have evolved in the
recent past. Although some semi arid lands can sustain limited intensity farming, this
needs to be tempered with mechanisms that will make this sort of land use more
sustainable in the long term and contribute to the resilience of the land. Sustainable
land uses are those land uses that produce public goods and services for consumption
by the people while at the same time ensuring the protection of the natural resource
base upon which those particular modes of production or land uses are anchored.
Agro-forestry can contribute to the evolution of sustainable land use in drylands. This
is possible because in the first place agro-forestry as a concept was mooted, and
evolved, with core concerns about ecological and economic sustainability, resilience
of environment, diversity of income. It is a system that blends production such as food
and income security at household and community level with ecosystem services (Jama
B. and Zeila A. 2005).

Dryland agro-forestry is aimed at increasing diversity of options available for

mitigating the impacts of changing ecological circumstances and worsening economic
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environments, for instance, mono-cropping or livestock rearing alone. It is an option
that results in better usage of available energy and monetary resources, better usage of
available moisture, nutrients and space. There are also other added advantages such as
cleaner waters in rivers and lakes, an effect that results from the water purification
potential of some trees. This can be useful in sewerage systems of municipalities that
suffer from sewerage disposal problems. Agro-forestry can also assist in enhancing the
resilience of dryland environments (Jama B. and Zeila A. 2005).

Land wuses in drylands are generally determined by the prevailing
environmental conditions. A high premium is usually placed on the degree of
resilience of a particular ecosystem. Due to the fact that agro-forestry systems have
more than one production component and are complex in terms of structure and
functioning, they are more resilient than most of the prevailing modes of production.
Because there is a diversity of tree and shrub species involved, the vulnerability of one
species to environmental stresses such as pests and insect attacks is more than offset
by the functioning of the other species. The trees and shrubs can also reduce the over-
reliance of animal production systems, giving the land more time to fallow. In the
same light, the number of persons exposed to the vagaries of nature such as droughts
and famine are reduced. By combining woody perennials with forage and food crops,
arid and semiarid areas that are too fragile for sustainable, intensive mono-cropping
systems can produce food for human consumption, forage for livestock as well as meet
the energy needs of households (Jama B. and Zeila A. 2005).

Dryland agro-forestry does not operate in a vacuum. It complements other land
uses. For example, it can combine very well with the main existing land use in the
drylands: nomadic pastoralism. Once the herdsmen have been educated on the
implications of increasing the primary productivity of the rangelands through the
mechanism of agro-forestry, they will be more than willing to try this option out, as
demonstrated by the West Pokot experience. For purposes of management of
watersheds and water towers, agro-forestry offers the prospect of both on-site (e.g. soil
fertility management and soil conservation, increased infiltration capacities of soils,
reduced surface runoff and reduced erodibility of soils) and downstream benefits
(positive effects from reduced surface runoff, stabilization of stream flow because of

reduced runoff, reduction in sediment loads of water bodies, water purification
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capacities of trees, which absorb nutrients and sometimes pesticides and other agro-
chemicals, including heavy metals that would otherwise cause water resource
pollution) (UNEP, 2007).

Adoption of soil conservation measures can greatly reduce erosion. This
includes use of less extensive tillage, mixed and perennial cropping, livestock rotation,
revegetation, and terracing. Terracing, for example, carefully manages the flow of
water - to almost level surfaces on otherwise strongly sloped land - to avoid erosion
(UNEP, 2007).

2.4.6 No-till farming practice

Water is the principle limiting factor in dryland cropping systems. Surface soil
physical properties influence infiltration and cropping systems under no-till
management may affect these properties through residue addition. No-till farming
practices were developed to protect the soil surface from sealing by rainfall, to achieve
and maintain an open internal soil structure, to enhance biological processes in the
soil, and to develop a means for safe disposal of any surface runoff that nevertheless
will occur (Shaver T. M., 2002).

No-till (NT) farming practices encompass four intertwined soil and crop
management techniques: (1) minimal soil disturbance — restricted to planting/ drilling,
i.e. no plowing, disking or other form of soil cultivation; (2) permanent vegetative soil
cover — crop, cover crop, and weed residues are maintained on the surface and none
are burned; (3) direct-sowing — specialized equipment inserts seeds and fertilizer
(chemical, organic) through, across, below residues, lime and non-nitrogen fertilizer
mostly applied on the surface; and (4) sound crop rotation — combining different plant
families (e.g. cereals and legumes), generating adequate biomass, and continuously
using cropland. All four techniques must be adhered to if economically and
environmentally favorable results are to be obtained in a sustainable fashion. The key
point is that no till farming practices mimic ecologically sustainable forest ecosystems
(Shaver T. M., 2002).

In an NT system, crops are planted in previously unprepared soil by opening a
narrow slot, trench, or band of sufficient width and depth to achieve proper seed

coverage and fertilizer placement. No other soil preparation is performed and the soil
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remains covered by plant residues from previous crops and or cover crops, and most
plant residues remain undisturbed on the soil surface after seeding. A word of caution,
however, is required when the same crop or cover crop is grown on the same piece of
land each year; this encourages the build-up of diseases, weeds, and insect pests,
which in turn lower yields and decrease profits. Crop rotation is essential to minimize
such problems when employing an NT system (Pieri C., 1995).

Farming practices affect soil characteristics, which may also affect soil
functions, and consequently have the potential to improve or minimize environmental
benefits to the soil. From this perspective, conventional tillage with harrowing that
incorporates organic residues is less desirable for the environment. Conventional
tillage leaves the soil bare for significant periods of time with high potential to
increase water runoff and raise soil surface temperatures. Internally, conventional
tillage compacts the soil and collapses the pores and tunnels constructed by soil fauna,
thus changing the water, gas, and nutrient- holding capacities of the soil. The
incorporation of organic residues strongly affects soil biological activity and
stimulates the decay rate of these residues as well as residual soil organic matter.
Consequently, under tropical conditions, plowing under crop residues usually
decreases soil organic matter (Pieri C., 1995).

No-till farming practices have overall positive agro-ecological effects.
Undisturbed soil that is permanently protected by vegetative cover mimics or even
improves the functions which occur in native ecosystems, including maintenance of
porous and soft soil layers through litter accumulation, intense biological activity,
movement of soil fauna, and root growth. These functions improve efficient water,
heat, and gas transfers within the entire soil profile. Such a system of nutrient
recycling and improved water-use efficiency is similar to the elegant balance of forest
environment. In addition, crop rotation and cover crops are used to maximize the
biological controls of weeds, insect pests, and diseases (Pieri C., 2002).

According to the practices used in NT farming, for instance, Brazilian farmers
said that NT approaches were reduced costs and increased yields, both of which led to
increased net income and also small scale, resource poor farmers said that when they
switched from conventional farming methods to the NT approach, they reduced the

number of trips across the field from 40-60 per cent and with that extra time they were
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able to earn more off-farm income and diversify their operations into specialty crops,
more livestock, or add value to raw products through food processing or other avenues
(Pieri C., 2002).

Knowing the benefit of NT farming, dryland farmers selected NT farming to
manage their resource utilization and increase productivity, for their improved farming

and maintaining ecosystem to a certain extent.

2.4.7 Dripirrigation

Perhaps the most innovative development in water utilization has been drip
irrigation, conceived in Israel some 35 years ago. In areas where water is scarce, drip
irrigation provides the most efficient way to conserve irrigation water use in
agriculture. Drip irrigation can supply from one liter to 20 liters per hour, delivers
water directly to the plant through a system of plastic tubes, thereby preventing losses
due to evaporation. If the flow rates are set correctly, water losses due to deep
percolation can be minimized. Drip irrigation also enhances water and fertilizer use
efficiencies. The water losses by drainage are considerably reduced with the low
volume irrigation practice and also provide a moist environment for the roots which
optimizes growth, while keeping the rest of the plant relatively dry which helps
prevent diseases. With a peak water utilization rate of 95%, this method is suitable for
intensive cultivation (Sharmasarkar, 2000).

Intensive cultivation in green houses is accompanied by high water
consumption. Drip irrigation systems designed for use in greenhouses, use low-flow
emitters that deliver 200cc per hour. The unique feature of this method is the uniform
spread of moisture throughout the media, which also reduces the amount of drain-off
water. Irrigation drippers have been developed for use with effluents. These drippers
allow controlled water distribution and are clog-resistant. Filter traps installed inside
the irrigation lines consist of a serrated plastic unit that sets up a whirling flow in the
water passing through it, sweeping away any dirt and particles. This prevents
blockages in the narrow water outlets of the drippers. There is a growing interest in the
technology. Drip irrigation systems are typically about 90% efficient as compared to
sprinkler systems which are about 75% efficient. Till recently, it has been associated

with big investments and large-scale commercial plots. A new, worldwide trend,
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however, focuses on low-cost, simple drip irrigation systems for small farmers
(Sharmasarkar, 2000).

Regarding the upgrading global agriculture through drip irrigation, for
instance, in Israel, eighty percent of farms are owned and run by kibbutzim (collective
villages) and moshavim (cooperative villages). The remaining 20% are mainly citrus
groves in the center of the country owned by large private companies. Kibbutzim often
develop, design, manufacture and market their own agro-technology inputs. Drip
irrigation was developed in a kibbutz and all major manufactures of the equipment are
kibbutz-based. Drip irrigation systems and greenhouses are more productive when the
infrastructure is custom designed, installed and later maintained to meet a customer’s
specific needs. Productivity of fertilizers, pesticides and genetically developed seeds
and livestock can be maximized by consultation with professionals. Israeli agro-
technology, from irrigation and efficient water management to fertilization techniques
and genetically improved seeds and livestock, has dramatically improved local yields
and could go a long way towards feeding a hungry world (IMOFA, 2001).

Dryland farmers are now applying drip irrigation techniques to increase their

productivity and reduce the amount of water usage as an agriculture practice which is

also contributing to the conservation of dryland resources in a sustainable way.
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Plate 2.3 Drip irrigation apply in Mae Hong Son, Thailand
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2.5  Conclusion

This chapter had dealt with the concept of sustainability and its application to
sustainable agriculture development in the dryland areas. The literature review had
shown that the importance issues of drylands conditions and solutions for sustainable
drylands development are encouraging agriculture practices through the improvement
of community livelihoods and conservation of the dryland resources. On the other
hand, this chapter had shown that the agriculture practices contribute opportunities for
the improvement of community livelihoods and food security for dryland dwellers.
Hence, this chapter showed the outcome of best practices is giving raise to the
objectives and research questions for this study. The methodology applied in this study
had discussed in the next chapter.
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CHAPTER I
METHODOLOGY

3.1 Introduction

This chapter describes the design and methodology applied in the research and
shows the evaluation of the dryland agriculture practices regarding their sustainability.
The method of sampling and way of determining the sample size is described, along

with the methods and techniques employed in data collection and data analysis.

3.2  Research design

Different agriculture practices and the consequences of unsustainable practices
as well as less sustainable agriculture practices in the study area were observed. Both
quantitative and qualitative methods of research were applied in the study through the
collection of demographic data by household survey and in-depth interviews, site
visitations and field observations. Primary and secondary data were collected. The
sub-district and village’s profiles were reviewed. The household survey was conducted
in the purposively selected village of the study area for constructing benefit and cost
analysis of rainfed farming households. A questionnaire had been prepared for farming
households in Kyaukpadaung (Appendix A) in order to determine the impact of

agriculture practices.

3.2.1 Selection of study site

The Dry Zone was selected as the study area according to the following
criteria:

(a) The country is generally divided into four regions: the western and northern
hilly region, the Shan plateau, the central, and Tanintharyi and Rakhine coastal area.
According to Central Statistical Organization (2001), the Dry Zone is prone to natural
disasters every year. The region is one of the rice deficit regions, having extreme

weather and deforestation. About 80 per cent of the population is living in the rural
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area and they rely on agricultural activities for their livelihoods. Most of the farming
households are landless, marginal, and small farmers. Their characteristics are
representative of the central rural region of Myanmar and therefore the Dry Zone area
will be chosen for studying the nature of drylands and its dependency on agriculture
activities.

(b) According to the Multiple Indicator Cluster Survey (1997), the Dry Zone
has the highest percentage of households in low economic status. The Household
Income and Expenditure Survey (CSO, 1997) also pointed out that Dry Zone and
Rakhine State have the lowest household income and expenditure among seven States
and seven Divisions in Myanmar. The Dry Zone will be chosen for the research study
on dryland agriculture practices.

(c) The wvarious administrative units are: national, state and division
(provincial), district, sub-district (township) and village. The smallest administrative
unit is the Village Peace and Development Council (VPDC) at the village level. The
socio-economic studies in Myanmar are normally based on sub-district and village
levels. Therefore, this study selected Kyaukpadaung sub-district (one of the resource
poor sub-district in the Dry Zone) and village of the sub-district.

(d) The UNDP launched the Human Development Initiative Program Phase I,
Phase I, and Phase Il in Chaung U, Kyaukpadaung and Magway Sub-districts of the
Dry Zone area since 1993. The secondary documents related to socio-economic data
are available for these townships. Among these townships, Kyaukpadaung was
purposively selected because this township is most populated and also poorest in
resources such as low land productivity and high land degradation. Because of
different cropping systems in this area, Indawkyawe village was purposively selected
to cover the rainfed cropping systems. The selected village was representative of the

distinct features of the Dry Zone agriculture.

3.2.2 Study area

In order to understand the nature of dryland agriculture practices in the Dry
Zone, Indawkyawe village was selected for the study. The Dry Zone occupies
approximately 87,189km?, it is situated in lower Sagaing, Mandalay and Magway

Divisions, with 57 sub-districts. About 12 million people reside in this area with the
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average population density of 99 persons per square kilometer. Most of the upland
area of the Dry Zone suffers from various land degradation problems. The climate is
influenced by the southwest monsoon, leading to a bimodal rainfall pattern with an
average annual rainfall of less than 750 mm. Nowadays, there has been an increasing
recurrence of drought. For example, the study area (Kyaukpadaung) suffers two years
of drought in three years by receiving low rainfall and this regularly causes crop
failure.

Kyaukpadaung is situated on the Mandalay-Magway-Yangon highway and is
240 km and 635 km from Mandalay and Yangon City, respectively. It has access to
transportation networks such as road and railway. The total area of the township is
1,964 km? and the agricultural land occupies the largest share (55%) of the total area.
The rural population, living in 335 villages, is about 78 per cent of the total population
(TPDC, 2008).

There are two major cropping systems: rice-based and sesame-based cropping
systems. The dryland occupies about 80 per cent of the total agriculture land. The
farmers in the dryland grow intercropping of sesame and pigeon pea in the early
monsoon season. After harvesting of sesame, groundnut or pulses or sorghum is
grown. In the rice-based cropping system, rice is grown in the monsoon season and it
is followed by sunflower or chickpea. In addition, the farmers also grow cash crops of

onion and chilies.

3.2.3 Sampling and sample size

Indawkyae village was purposively selected to cover rainfed cropping systems
of the Dry Zone. The major crops of the selected village are rice, sesame, groundnut,
pigeon pea, sunflower and green gram.

A systematic random sampling method was used in selecting the samples.
Neuman (2003) suggest that for a study with a population under 1000, the required
sample size has to be higher for accuracy hence a sample size of about 30% is
suggested, and for a moderately large populations (about 10, 000) the sample size can
be about 10% for population over 150, 000 the sample size ratio can be 1%.

According to systematic random sampling, an initial starting point was chosen

at the random, and thereafter at three regular interval households in the sample village.
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The household survey was conducted to collect information on the impacts of social,
economic and environment relating to their agriculture practices and to find ways of
improving community livelihoods. In addition to income and expenditure data, other
socio-economic data was collected as well as cropping patterns and a seasonal
calendar was developed through a structured questionnaire.

Due to time and financial limitations in data collection, it was impossible to
cover the whole area of the Dry Zone. The household characteristics of the selected
village were similar in terms of ethnicity, religion, family size, cropping patterns and
farming systems. Total population, number of households or sample population and
sampling size is presented in Table 3.1. In statistics, population means the entire
collection of individual or measurements about which information is desired, while
sample means a subset of the population selected for the study. In this context, the
number of households was analyzed as a sample population and a sample size of 77

households was selected from the population.

Table 3.1 Population number, sample population and sampling size

Village Number of Number of households Sampling size
population or sample population (households)
Indawkyae 1420 222 77

3.3  Questionnaire

A structured questionnaire was used for the study (Appendix A), designed to
test the hypothesis and answer the research questions. Information was gathered
regarding the households’ demographic information, systems of land use, cropping
patterns and agriculture practices. Finally, the questions included the view of the more
sustainable agriculture practices of the respondents on the improvement of community

livelihoods.

3.4  Relating objectives, research questions, questionnaire and hypotheses
The following diagram explains the relationship between objectives, research

questions, questionnaire and hypotheses used in the study (Figure 3.1). The
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questionnaire was used to gather information in order to meet the objectives, answer

the research questions and test the hypotheses of the study.

Research Questionnaire
question (1) (1,2,3,4,5,6)

Obijective (1)

Hypotheses

(Q7u8e)stionnaire (1and 2)

Research
question (2)

Objective (2) >

Questionnaire
(1,2,3,4,5,6,7,8)

Research

Objective (3) :
question (3)

Figure 3.1 Relating objectives, research questions, questionnaire and hypotheses

3.4.1 Objective 1:  To study the agriculture practices employed in the
research area

Questions 1 to 6 were used to meet the first objective and research question

and were also used to test the hypotheses. Furthermore, these questions helped in the

understanding of communities farming practices, finding out more sustainable

agriculture practices that could be adapted to the dry zone condition and so improve

their livelihoods.

3.4.2 Objective 2:  To analyze and compare the social, economic and
environmental consequences of sustainable and
unsustainable practices

Questions 7 and 8 were used to address the second objective and research

question, and the information gathered supported the hypothesis test. These questions
sought to determine the problems facing farmers in the dry zone arising through their

unsustainable agricultural practices, misuse of chemical fertilizers and pesticides.
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3.4.3 Objective 3:  To make recommendations for the improvement of
livelihoods and well-being of communities in the
research area

In order to make recommendations, the information from the questionnaire was

analyzed and more sustainable practices were identified along with opportunities for

improving livelihoods.

3.5  Testing the hypotheses

Hypotheses testing were done through the household questionnaire as

described here.

3.5.1 Hypothesis 1: Agriculture practices in the Dry Zone are sustainable

For testing whether the agriculture practices employed in the Dry Zone are

sustainable, all items include in the questionnaire were tested for sustainability.

3.5.2 Hypothesis 2: Sustainable agriculture practices will have positive
impacts on social, economic and environmental
indicators

Similarly, all items of questionnaire would be tested for the hypothesis 2. With

respect to the achievement of sustainable agriculture practices, the collected
information and results would be explained the positive impact on social, economic
and environment relating to the agriculture practices and improvement of community

livelihoods.

3.6 In-depth interview
Relevant information was acquired through in-depth interviews. Important
information from the sub-district leader, village leader and elder persons during the
interview were gathered such as overview and socio-economic situation of the village,
managing the study area, understanding of agriculture practices and conservation of
dry zone resources, problems, conflicts and recommendation for more sustainable

practices and the development of community livelihoods in the sub-district.
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3.7  Secondary data collection and review

Secondary data of the sub-district and village profile data, map, annual
progress reports, project’s documents and research papers/reports of Ministry of
Agriculture and Irrigation and Central Statistical Organization (CSO), FAO and
UNDP were collected. Sources of data and information acquired were listed in table
3.2.

Table 3.2 Sources of secondary data and information acquired

Sources of data Information acquired

Ministry of Agriculture and Kyaukpadaung Sub-district (Township) land use
Irrigation pattern, cropping pattern, crop yield, irrigated area,
sub-district map
Myanma Agricultue Service Rainfall distribution, crops sown area

Sub-district Office

Township Peace and Facts about Kyaukpadaung Sub-district

Development Council (TPDC)

FAO Agriculture sector review

UNDP Guideline on soil and water conservation for the
Myanmar Dry Zone

CSO Statistical year book 2005

3.8  Data analysis and statistics

Following data collection, the information were entered into a Microsoft excel
spreadsheet. For the quantitative data analysis, basic tools and methods in statistical
analysis were applied using Statistical Products and Service Solutions (SPSS) version
13 and Microsoft excel 2003 software. Statistics for data analysis consisted of
descriptive statistics which include percentage value, mean value, standard deviation,
and maximum and minimum values obtained form the variables in the study. The
results from the study filled the gap of knowledge in recognizing the benefit of

sustainable agriculture practices in the dryland areas.
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3.8.1 Analysis of the relationship between dependent and independent
variables
The possibility of a relationship was tested between agriculture practices and
social, economic and environment indicators. Oneway ANOVA test was chosen as the
statistical method for this research because the design was between groups including
four groups in an independent variable (unsustainable, less sustainable, more
sustainable, and sustainable agriculture practices) and 11 dependent variables (social
impact includes education, health and housing; economic impact includes
productivity, income and job opportunity; and environmental impact includes soil

erosion, land degradation, pests, diseases and weed outbreak) (Table 3.3).

Table 3.3 Variables, scales and units of measurement

Variables Scales Units

Dependent variables

- productivity - interval - kg per ha per year

- income - interval - Kyats per year

- job opportunity - interval - number of jobs

- education - interval - formal education attainment of  household heads
- health - interval - number of illness

- pests - interval - number of pests outbreak

- diseases - interval - number of diseases outbreak

- weed - interval - number of weed outbreak

- housing - nominal - type of housing materials, tenure/ownership of

residential house

- soil erosion - ordinal - 0-3 (0=no, 1= low, 2=medium, 3= high)

- land degradation - ordinal - 0-3 (0=no, 1= low, 2=medium, 3= high)

Independent variable
- agriculture practices - nominal - four levels of sustainability of agriculture practices
(1= unsustainable, 2= less sustainable, 3= more

sustainable and 4= sustainable)
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3.9  Evaluation of agriculture practices

Evaluation of the agriculture practices is based on the conceptualization of the
study mentioned in chapter 1 (figure 1.1). Agriculture practices included in this study
are system of land use, cropping pattern, soil and water conservation and farming
practices. The system of land use includes mono cropping and multiple cropping.
Cropping pattern includes inter-cropping, mixed cropping, crop rotation, cover
cropping. Soil and water conservation includes agro-forestry and mulching practices.
Farming practices includes integrated nutrient management (INM), integrated pest
management (IPM), application of chemical fertilizer, chemical pesticide, organic
fertilizer and organic pesticide. The study assigned 11 agriculture practices as
sustainable and 3 as unsustainable (table 3.4). In the evaluation of agriculture
practices, each household is given a score of +1 for each sustainable practice used and

a score of -1 for each unsustainable practice used.

Table 3.4 Evaluation of agriculture practices

Evaluation of agriculture practices

System of land use
Mono cropping “ Reduce productivity and income earning
Multiple cropping ®° Getting more income and food security

Cropping pattern

Inter-cropping ° Farm managing and resource conservation
Mixed cropping ° As above
Crop rotation ° As above
Cover cropping ® As above

Soil and water conservation
Agro-forestry ° Farm managing and resource conservation
Agronomic practices As above

including mulching®
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Table 3.4 Evaluation of agriculture practices (cont’d)

Evaluation of agriculture practices

Farming practices

INM °® Farm managing and resource conservation
IPM ® As above
Chemical fertilizer Negative effect to the dryland environment
Chemical pesticide “ As above
Organic fertilizer ° Farm managing and resource conservation
Organic pesticide ° As above

Note: u = unsustainable practice, s = sustainable practice

In order to calculate the score given for the sustainable and unsustainable
practices used households, the distributions of score were found zero to seven for the
agriculture practices. After that farmers assigned into three levels of sustainability of

agriculture practices as shown in table 3.5.

Table 3.5 Assigning three levels of sustainability groups

Score Levels Sustainability groups
<3 1 unsustainable
3-5 2 moderately sustainable
>5 Z more sustainable

3.10 Conclusion

This chapter described the methodology of the study. The chapter began with a
discussion of the research design where possible methods of collecting data and
analysis were discussed and the sample size for study was selected. The sample size
was chosen by the method suggested by Neuman (2003). The study would be
conducted using a structured questionnaire and the data would be collected from the
rainfed farming households as well as in-depth interviews with sub-district and village
leaders in Kyaukpadaung sub-district. Furthermore, the relation of objectives, research

questions, hypothesis and questionnaire was explained here.
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CHAPTER IV
RESULTS AND DISCUSSION

The background and importance of the study were presented and discussed in
the previous chapters. Related studies contributed to the conceptualization of this
research. They also served as a basis for the formulation of useful research
methodologies to gather information for effective evaluation of the dryland agriculture
practices concerning the improvement of community livelihoods and also conservation
and management in the study area. This chapter presents the results of the quantitative
and qualitative analysis of dryland agriculture practices. The socioeconomic
characteristics of the respondents, land use and cropping patterns of the farmers,
evaluation of agriculture practices, factors that influence in their farming and

improvement for their livelihoods are presented and discussed.

4.1  Socioeconomic characteristics of the respondents

The people of the Indawkyae village in Kyaukpadaung sub-district are mostly
relying on rainfed farming for their income and livelihoods. That is why they are
considered dryland dwellers of the central dry zone in Myanmar. Most of them are still
applying rainfed agriculture practices adapted by their farming experience and the
unpredictable weather conditions. The total number of respondents in the area was 77
households covering 439 people, or about one fourth of the total village population in

2007.

4.1.1 Age distribution

Age distribution was calculated in two parts: respondents and all of household
members in the surveyed households. Since almost all of the respondents are heads of
the households, most of them are male. The average age of the household respondents
was 56, the youngest was 35, and the oldest was 77. Household members ranged from

1 to 85 years of age with the average being 34 years. Table 4.1 shows the age
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distribution of respondents and all of the household members. The largest age range

was 20-50 with 214 or 48.7 % of the surveyed households.

Table.4.1. Age distribution of respondents and household members

Age distribution . Standard .. .
Observations Mean . Minimum  Maximum
(years) deviation
Respondents 77, 56.49 9.547 35 77
Age =30-40 5
Age =41-50 15
Age=51-60 32
Age=61-70 18
Age =71-80 7
All households 439 33.93 18.130 1 85
members
Age <20 122
Age 20-50 214
Age>51 103

4.1.2 Educational attainment

The village has a middle school, with 6 teachers and 363 students. Regarding
the educational attainment of respondents, 39 (50.6%) of the respondents had reached
primary level of education, 32 (41.6%) reached secondary, 2 (2.6%) reached tertiary
and 4 (5.2%) has no education. Furthermore, with respect to the educational
attainment of all the household members, 152 (34.6%) had primary, 165 (37. 6%) had
secondary and 103 (23.5%) had tertiary levels and 19 (4.3%) had no education.

Table.4.2 Educational attainment

Education (grade) Observations ~ Mean Standard Minimum  Maximum
deviation
Respondents 77 6.06 2.577 0 13
Grade=0" 4
Grade =1-5 39
Grade = 6-10 32
Grade =11-15 2
All household members 439 7.71 3.898 0 15
Grade=0" 19
Grade = 1-5 152
Grade=6-10 165
Grade = 11- 15 103

* Grade = 0 refers to respondents with no education.
®Grade = 0 refers to household members with no education ( 4) and children under 5 years old (15).



Myat Thuzar Thein Results and Discussion / 50

4.1.3 Health

Kyaukpadaung sub-district has a 50 bed hospital with 5 doctors, two sub-
hospitals, 7 rural health centers and 36 sub-rural health centers at the village level.
Only about 10 percent of the villages have a health center. However, every village has
one midwife and a community health worker (TPDC, 2008). The Indawkyawe village
has no health center. In case of serious illness or emergency they have to go to the
Kyaukpadaung sub-district or Myinchan District or Mandalay Division’s hospitals.
According to the survey, there were four cases of poisonous snake bite that resulted in
a loss of lives because of lack of immediate medical treatment. Most of the
respondents’ household members are in good health. Some 80.5% suffered common
diseases like flu, body pain and headache, while 11.7 % of them suffered general types
of diseases such as paralysis, diabetes, gout, gastro-enteritis, and asthma. A further
7.8% of respondents’ household members suffered tuberculosis (TB) and are taking

medical treatment.

4.1.4  Job opportunity

The major and first occupations of sampled households were sesame based
cropping farmers. Most of the sample households had more than one occupation. The
minor occupations were toddy palm collection, livestock breeding, businesses,
government employees, waged workers and agricultural laborers. The study found that
the majority (54 or 70.1%) of the households had a major occupation and a minor
occupation, 18 or 23.3% of the households had a major occupation and two minor
occupations and only one household had a major and three minor occupations. Just 4

or 5.6 % of the households worked in one occupation only.

4.1.5 Types of housing

Concerning the types of housing in the Indawkyawe village, there exist four
types of housing: brick and galvanized iron (GI) sheet roof house; wood and GI sheet
roof house; wood and toddy leaves roof house; and hut. The majority (56 or 72.7%) of
the households were wood and GI sheet roof type of housing, 15 (or 19.5%) were
roofed with wood and toddy leaves and 5 (or 6.5 %) were brick and GI sheet roof



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Natural Resource Management) / 51

houses. Only one household was a hut. The conditions of almost all the houses were

mostly good, with only one house in poor condition.

4.1.6 Household size
Respondents’ household size was an average of 5.70 members ranging from 1
to 13 members. The majority (67.5%) of the household size was between 4 and 7

members.

4.1.7 Farm size
With respect to the respondents’ farm size, Table 4.3 reveals that the maximum
farm size is 8.1 ha and minimum farm size is 0.40 ha while the average farm size is

3.23 ha. Most of the farmers (40 or 51.9%) owned between 2 and 4 ha.

Table.4.3 Farm size (n=77)

Farm size (ha) Observations Mean Standard deviation =~ Minimum Maximum
Farm size range 3.2289 1.6722 0.40 8.10
Less than 2 12
2-4 40
4-6 16
6-38 8
8-10 1

4.1.8 Farming experience

Almost all the farmers had several years experience of rainfed farming. The
average was 32 years and the range was from 4 to 68 years. The study found that some
farmers had previously worked as waged laborers, worked outside the country or in

business before they become farmers.

Table.4.4 Farming experience (n=77)

Farming experience . Standard L )
Observations Mean . Minimum Maximum
(years) deviation
Farming experience 32.19 13.979 4 68
Year = 1-10 9
Year=11-20 10
Year =21-30 19
Year =31-40 22
Year =41-50 11
Year =51-60 5

Year=61-70
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419 Income

Although the whole village relied mainly on agriculture activities, nevertheless
agriculture alone could not satisfy their needs because of the uncertainty in the amount
of rainfall and the frequent drought periods. Farmers can not accurately estimate the
yield of their harvest. Therefore, it is necessary for dryland dwellers to find more
income opportunities from agriculture related small scale agro-based industry and
other sources.

Indawkyawe villagers have two types of income: on-farm and off-farm. The
annual household on-farm income was calculated from agriculture, toddy palm trees
and livestock breeding activities’ income. The annual household off-farm income
includes income from business, and work as government employees, waged workers
and agricultural laborers of all the household members.

Income from the toddy palm was very small for this year. Farmers could not
make the value added products because of an imbalance between the costs of
production and income earning (negative profit) with respect to the market failure, this
study found that only 21% of farmers had an income from toddy palm. Moreover, the
study found that 96% of respondents had livestock breeding activities such as cattle
and poultry (chicken, pig and goat) breeding. 43% of farmers earned a small income
from cattle and poultry breeding activities. Cattle are mostly using for land preparation
and some for selling, poultry are also used for household consumption and for selling.

According to the survey, only 40% of respondents’ families had off-farm
income. A study of the off-farm income revealed that 12% of the farmers earned under
500 thousand Kyats and 17% of the farmers earned from 501 to 1000 thousand Kyats.
Also, the highest incomes were found in just 2 households or 2.6% from 2001 to 3000
thousand Kyats only.

Table 4.5 shows that the total annual minimum income of respondents was 358
thousand Kyats with a maximum of 6,953 thousand Kyats depending on their
activities and land holding size. (at present, the exchange rate is 1USD = 1,000 Kyats).
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Table.4.5 Income of surveyed households in a year (n=77)

Income (Thousand Kyats) Mean Standard deviation Minimum Maximum
On-farm income 1653 959.016 178 5513
- Agriculture income 1,603 940.991 178 5503
- Toddy palm income 18 52.716 0 400
- Livestock income 31 66.058 0 330
Off-farm income 344 601.442 0 2940
Total income ? 1,997 1,141.875 358 6,953

*  Total income of each household includes agriculture and livestock activities, businesses,

government employees, waged workers and agricultural laborers of all family members’ income in a
year. This might be differed also on their land holding size. Regarding the minimum income 0 means
some households had no activity in that area.

4.1.10 Expenditure of surveyed households

Most of the household expenditure relates to household consumption.
Education is free up to high school level in Myanmar, but some incurred costs are
required for stationary and school uniforms. Medical treatment costs are very high
because of the lack of a health centre in the village. The study found that most of the
respondents’ household members were healthy. There were a few costs for house
renovations and there is a voluntary village development fund to which villages may

contribute.

Table 4.6 Expenditure of surveyed households in a year (n=77)

Expenditure (Thousand Kyats) Mean Standard deviation Minimum Maximum
Education 187.70 186.722 0 600
Clothing 57.53 20.594 10 130
Medical treatment 23.27 87.962 0 700
House renovation 10.65 2.610 5 15
Village development fund 4.81 3.289 1 10
Household consumption 981.81 190.517 600 1500
Total expenditure ? 1,265.77 316.339 616 2,115

? Total expenditure of each household includes the costs for education, clothing, medical treatment,
house renovation, village development fund and household consumption over a year. This can vary
depending on the family size. Regarding the minimum expenditure 0 means some households had no
cost with the respective expenditure.

4.2 Land use and cropping patterns

4.2.1 Land use pattern

Agricultural land occupies the largest share (55 %) of the sub-district. In
addition, about 28 % of the area is forest, 15 % is waste land, while residential and

reserved forests land each make up 1%. Around 87 % of the agricultural land is
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dryland. The rainfed land, degraded land and irrigated land comprises 3 %, 8 % and
2 % of the agriculture land (TPDC, 2008). Rainfed land occupies the highest portion
and farmers grow various crops such as sesame, groundnut, sorghum, sunflower,
pulses and culinary crops for their home consumption and income earning. With
respect to the land use pattern of Indawkyawe village, the study reveals that all of the

farmers (100 %) are utilizing most of their land for rainfed agriculture.

4.2.2 Cropping patterns

The cropping pattern is varied within the Kyaukpadaung sub-district depending
on the rainfall distribution, the different types of soil and the topography. Among the
surveyed households, double cropping is the main pattern but a few households are
still in single cropping. Particularly, the cropping pattern of Indawkyawe village has
sesame-pigeon pea, called sesame based cropping pattern. The major objective of the
sesame-pigeon pea pattern is to reduce the farming risk and ensure a minimum use of
farm inputs. Also, pigeon pea is a drought tolerant crop; therefore farmers use it for
inter-cropping with sesame.

After harvesting sesame, a groundnut-pigeon pea pattern is followed by double
cropping. Sorghum is also an important crop for fodder and grown as sequence
cropping, following sesame or pulses on the fertile land. Moreover, some farmers
practice the cropping patterns of sesame-groundnut and sesame-sunflower to ensure
both for household oil consumption and income earning. It is noted that the people in
Kyaukpadaung sub-district prefer sesame oil for their cooking and some people use it

for traditional medicine.

Types of crop cultivation

Table 4.7 shows the types of crop cultivation among the surveyed
households. Mostly, households cultivated sesame (98.7%), groundnut (85.7%) and
pigeon pea (100%) and then followed by green gram, sorghum and cow pea.
Furthermore, 12 or 15.6% of the surveyed households grow rice and 14 or 18.1 %

grow other crops (horticulture and culinary crops) for their household consumption.
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Table.4.7 Types of crop cultivation (n=77)

Type of crops Number of farmers cultivating crop
Sesame 76
Groundnut 66
Pigeon pea 77
Rice 12
Sunflower 7
Sorghum 19
Cow pea 14
Green gram 32
Others * 14

* Others crops include horticulture and culinary crops such as onion,
garlic, chili, tomato, and flowers

Cultivation of selected crops

Cultivation of selected crops is important for rainfed farming.
Depending on the availability of rain water, farmers selected at least two suitable crop
varieties which were adapted for the conditions of the rainfed area. The majority
(32.5%) of farmers selected four kinds of crop and one of the households selected
eight kinds of crop in the one year. Table.4.8 reveals the number of crops selected.

The total sown area of the Indawkyawae village from 2004-2008 is
shown in Figure 4.1. It seems there was a stable sown area of 984 ha from 2006 to
2008 for the sesame-pigeon pea based cropping pattern, while a slight increase of the

groundnut sown area of 105 ha in 2008.

Table.4.8 Cultivation of selected crops

Selected crops Observations Mean Standard Minimum Maximum

(n=77) deviation
Number of crops * 4.34 1.429 2 8
Crops =2 9
Crops =3 11
Crops =4 25
Crops =5 16
Crops =6 10
Crops =7 5
Crops =8

* Number of crops are mentioned into each household cultivation in a year.
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Crops sown area of 2004-2008
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Figure 4.1 Crops sown area of Indawkyawe Village

4.2.3 Cropping calendar

Figure 4.2 shows the cropping calendar of sample households with double
cropping of two types of seasonal crops: early monsoon and late monsoon crops. In
the early monsoon season, most of the farmers grow sesame-pigeon pea and some
grow groundnut-pigeon pea. For the late monsoon season, most of the farmers grow
late groundnut after harvesting sesame. Year round farmers grow pigeon pea and other
crops such as horticulture and culinary crops mainly for their own consumption. All of
the farmers grow mainly sesame, groundnut and pigeon pea crops as their major

source of income.
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April | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. | Jan. | Feb. March

Sesame , Green gram Late Groundnut

Monsoon Groundnut

Pigeon pea
Sorghum
Sunflower
Rice
Cow pea

Others (horticulture and culinary crops)

Figure 4.2 Cropping calendar

4.2.4 Rainy days and rainfall distribution

The dry zone is characterized by low and highly variable rainfall and can lead
to drought and increased risks for rainfed farming. The rainy season is from June to
October in Myanmar but the months of April and May experience early rain and the
months of December and January can experience late rain. Table 4.9, and Figures 4.3
and 4.4 reveal the rainy days and rainfall distribution from 1999-2008 in Indawkyawe
village. During the ten year period, the average number of rainy days was 57 with the
distribution of 845 mm in the village, and the number of rainy days ranged from 43 to

64 days and rainfall distribution from 684 mm to 1153 mm.

Table.4.9 Rainy days and rainfall distributions for 1999-2008
Year 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 Avg®

Days 64 58 59 56 62 43 53 64 54 52 57
Distribution ~ 791 1029 940 919 721 767 684 1153 732 709 845

(mm)

Avg"= Average rainy days and rainfall distributions
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Rainy days from 1999 to 2008
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Figure 4.3 Rainy days for 1999-2008
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Figure 4.4 Rainfall distribution for 1999-2008

4.2.5 Agriculture practices

Sustainable agriculture practices are very important techniques for rainfed
farming in dryland areas. The survey found that farmers were applying ten types of
agriculture practices: mono-cropping, multiple cropping, inter-cropping, mixed
cropping, crop rotation, cover cropping, mulching, agro-forestry, integrated nutrient
management (INM) and integrated pest management (IPM). Table 4.10 shows that 39
households (50.6%) were applying three types and 20 households (26%) were

applying four types of agriculture practices in their farming.
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Table.4.10 Agriculture practices

Agriculture practices Observations Mean Standard Minimum  Maximum
(n=77) deviation
Number of agriculture 3.45 1.058 2 8
practices *
Practices =2 9
Practices =3 39
Practices = 4 20
Practices = 5 5
Practices = 6 3
Practices = 8 1

* Number of agriculture practices is mentioned into each household applying in their cultivation.

4.2.6 Application of fertilizer and pesticide

To increase yield and improve household food security, farmers apply both
chemical and organic fertilizer and pesticide in their farming. Even though farmers
could not afford the cost of these chemical inputs even at very low levels of less than
125 kg/ha (15:15:8 compound fertilizer) the study found that 95% of respondents were
applying both organic and chemical fertilizer. In addition, most of the farmers were
using farm manure and compost as the organic fertilizer and neem pesticide, a
domestic product from Myanmar, as an organic pesticide. Table 4.11 shows the

application of fertilizer and pesticide usage by respondents’ households.

Table.4.11 Application of fertilizer and pesticide * (n=77)

Application Organic Chemical
Fertilizer 73 74
Pesticide 18 64

* Application of fertilizer and pesticide were mentioned in
the applicable households.

4.2.7 Pests, diseases, and weed outbreaks

Because of the unpredictable weather conditions, farmers occasionally face
pest, disease and weed outbreaks. This might be one cause of low productivity and
crop failure before and after harvesting time. Table 4.12 reveals the number of
outbreaks of pests, diseases and weed in the surveyed households. An average of 2, 1,

and 1 kinds of pest, disease and weed outbreaks occurred respectively.
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Table 4.12 Number of pests, diseases and weed outbreaks (n=77)

Outbreaks Observations Mean Standard Minimum Maximum
deviation
Pests outbreak * 1.74 1.302 0 5
Outbreak = 0 14
Outbreak = 1 20
Outbreak = 2 27
Outbreak =3 7
Outbreak = 4 6
Outbreak = 5 3
Diseases outbreak 0.69 0.892 0 3
Outbreak = 0 44
Outbreak = 1 15
Outbreak = 2 16
Outbreak = 3 2
Weed outbreak 1.09 0.632 0 4
Outbreak = 0 8
Outbreak = 1 57
Outbreak = 2 10
Outbreak = 3 1
Outbreak = 4 1

* Number of pest, disease and weed outbreaks are mentioned into 0 (no outbreak), 1 (one kind of pest,
disease or weed outbreak), 2 (two kinds of pest, disease or weed outbreak), 3 (three kinds of pest,
disease or weed outbreak), 4(four kinds of pest or weed outbreak) and 5 (five kinds of pest outbreak).

4.2.8 Soil and water conservation practices
Depending on soil and water conservation practices, farm management is an
important factor for crop production. The study found that respondents were managing
their farming through the agronomic conservation practices such as intercropping,
mixed crop cultivation, crop rotation, cover cropping, relay cropping, mulching,
summer furrow, minimum tillage, compost making and efficient use of fertilizer were
done for the soil and water conservation with the following objectives:
- intercropping was done to increase crop production and provide protection
to the soil against erosive forces
- mixed crops cultivation with selected deep rooted and shallow rooted crop
varieties and selection of suitable cropping pattern were done for the

conservation of soil and water
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crop rotation was done for the controlling diseases, pests and weed
infestation. It is known that different crops are not equally susceptible to
the same kind of pests or diseases

cover crops were grown for the purpose of ground protection under row
plantation crops such as pigeon peas or as a conservation crop on fallow
lands during the off-season. Cover crops provide an adequate and rapid
ground cover and thus protect the soil from erosion. Besides the protection
of the soil, they can also play an important role in replenishing organic
matter and nutrient contents of the soil

relay cropping was done for the intention is to leave the soil in better
conditions for the next season crops

mulching was done for the covering of the soil with crop residues such as
straws, sorghum stalks or standing stubble. The cover protects the soil from
raindrops impact, reduces the velocity of runoff, controlling soil erosion
and improving fertility of the soil

summer furrow was done for the objectives of weed control, and collecting
and saving water before planting.

minimum tillage was done for land preparation and saving water

inter cultivating was done following planting for the objective of weeding
and soil ventilation.

the choice of crops and their population density were geared towards crops
able to sufficiently and rapidly cover the soil surface and thus protect the
soil against soil erosion, and produce satisfactory yields with the limited
moisture available

the application of compost would improve soil fertility, water storage and
reduce runoff

soil and water conservation practices allow fertilizers to be used with less

risk of leaching, loss and wilting, especially in case of N applications
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4.3  Analysis of social, economic and environmental impacts

4.3.1 Analysis of social impact and agriculture practices

An analysis was carried out to determine whether there was a difference
between the three levels of sustainability of agriculture practices on the social
indicators of education, health and housing. The study reveals that there was no
significant relationship between the means of education, health and housing for the
three levels of agricultural sustainability (p>0.05) (table 4.13). Therefore, the
education attainment of household heads, health of family members and their type of

housing did not depend on agriculture practices.

Table.4.13 Oneway ANOVA test results for the social impact from agriculture

practices

Social SG n Mean Std. Min  Max Sig SG Mean
Impact Deviation Difference

Education 1 9 6.22 2.386 4 10 2 258

3 -.194

2 56 5.96 2.730 0 13 1 -.258

.846 3 -452

3 12 6.42 2.065 4 10 1 194

2 452

Health 1 9 22 .667 0 2 9 -.099

3 139

2 56 .32 .636 0 2 1 .099

448 3 238

3 12 .08 289 0 1 1 -.139

2 -.238

Housing 1 9 2.33 .500 2 3 2 .190

3 250

2 56 2.14 .596 1 4 1 -.190

.549 3 .060

3 12 2.08 289 2 3 1 -250

2 -.060

Note: (1) SG = sustainability groups (1 = unsustainable, 2 = moderately sustainable practices,
3 = more sustainable practices)

4.3.2 Analysis of economic impact and agriculture practices

An analysis was carried out to determine whether there was a difference
between the three levels of sustainability of agriculture practices on the economic
indicators of agriculture income, job opportunity and productivity (Tables 4.14 and
4.15). Table 4.14 reveals that a significant difference was found between the means of

agriculture income for the three levels of agriculture practices (p=.012 <0.05).
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Regarding the multiple comparison tests for the analysis of mean differences of
agriculture income between the sustainability groups, a significant difference was
found among all the groups. Therefore, this finding indicates that agriculture income is
impacted by agriculture practices whereby in this study the income of the
unsustainable group was less than half or 42% that of the other groups.

Regarding the analysis of job opportunity, there was no significant difference
between the mean of job opportunity of household heads for the three levels of
agriculture practices: (p>0.05) (table 4.14). The major occupations of household heads
were farmers, and a few farmers were working at additional off-farm jobs. Therefore,

job opportunity of household heads did not depend on agriculture practices.

Table 4.14 ANOVA test results for the economic impacts from agriculture practices

Economic SG n  Mean Std. Min  Max Sig. SG Mean
Impact Deviation Difference

Agriculture 1 9 742 579.196 248 1838 2 -966.381(*)
Income 3 -1012.011(*)
(Thousand 2 56 1709 V203 1y) Al Y 4508 1 996.381(*)
Kyats) 012%* 3 -45.631
30 e 1754 679.425 919 3029 1 1012.011(*)

2 45.631

Job 1 9 2.56 726 2 4 2 377
Opportunity 3 472
(number of 2 56 2.18 .543 1 3 1 =377
jobs) .108 3 .095
3, N2 2.08 289 2 3 1 -472

2 -.095

Note: (1) SG = sustainability groups (1 = unsustainable, 2 = moderately sustainable practices,
3 = more sustainable practices)
(2) **significant at 0.05 level
(3) Exchange rate: 1USD = 1000 Kyats

An analysis of productivity found that there were significant differences
between the means of sesame and groundnut yield for the three levels of agriculture
practices: (p = .015 < 0.05) and (p = .004 <0.05) respectively. Because sesame and
groundnut were major crops, productivity mainly depended on agriculture practices
and determined their income.

According to the multiple comparison tests for the analysis of mean differences

of productivity of sesame and groundnut between the sustainability groups, the
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significant difference was found on the productivity of sesame between the moderately
sustainable group and the more sustainable group.

The analysis reveals (Table 4.15) that the average sesame yield of households
was lowest in the more sustainable group and it is noted that one of the households did
not cultivate sesame (Table 4.7), Respondents pointed out that sesame is a sensitive
crop to rainfall especially during the harvesting time. The study found that farmers
grew groundnut two times in a year and that the productivity is impacted by
agriculture practices, whereby the unsustainable group was just over one quarter or
26% that of the other groups.

There was no significant difference between the mean of pigeon pea (Table
4.15) because farmers cultivated pigeon pea as an intercrop with sesame. After
harvesting of sesame, some farmers grow groundnut in the replacement of sesame. But
some farmers did not grow another crop with pigeon pea again, and then they left
pigeon pea until harvest and also they did not apply even farm inputs and then farmers
find out jobs for their additional income earning. The study found that other crops

such as cow pea, green gram and sunflower were cultivated as minor crops.

Table 4.15. ANOVA test results for crop productivity from agriculture practices

Economic SG n Mean Std. Min  Max Sig. SG Mean
Impact Deviation Difference
Sesame 1 9 403.27 30.245 363 423 2 -10.442
(kg) 3 45.368
N=76 2 56 413.71 39.585 242 484 015%* 1 10.442
’ 3 55.810(%)
3 12 357.90 122.234 0 423 1 -45.368
2 -55.810(*)
Groundnut 1 9 158.72 315.032 0 728 2 -362.960(%)
(kg) 3 -443.489(%)
N=66 2 56 521.68 319.966 0 784 004 1 362.960(*)
' 3 -80.528
3 12 602.21 284.770 0 840 1 443.489(*)
2 80.528
Pigeon 1 9 591.40 120.968 403 726 2 -12.001
pea 3 -53.764
(kg) 2 56 603.40 139.251 0 726 575 1 12.001
N=77 ' 3 -41.763
3 12 645.16 119.121 403 726 1 53.764
2 41.763

Note: (1) SG = sustainability group (1 = unsustainable, 2 = moderately sustainable,
3 = more sustainable practices)
(2) **significant at 0.05 level
(3) 0 =no cultivation for respective crops
(4) N = cultivation of respective crops in the observations
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In addition, analysis was carried out to determine whether there was a
difference between the three levels of sustainability of agriculture practices on
agriculture income and chemicals cost per hectare per year. Agriculture income in this
analysis refers to net agriculture income: after deduction of all the costs of production:
costs of land preparation, seeds, hired labors, harvesting, chemical and organic
fertilizer and pesticide for each crop. Therefore, the mean of agriculture income
presented is net agriculture income apart from toddy palm and livestock income for
the three levels of sustainability of agriculture practices used households (Table 4.16).

Table 4.15 shows that the moderately sustainable group had higher sesame
production than the more sustainable group and table 4.16 shows that net income was
also higher for the moderately sustainable group. It is thus clear that income is
strongly related to sesame productivity.

Furthermore, Tables 4.16 reveals that households with unsustainable
agriculture practices had the lowest per ha agriculture income and the highest per ha
cost of chemical input. Therefore, the findings suggest that to improve income and
manage their environment it is advantageous for farmers to use organic fertilizer and

pesticide rather than the more expensive chemicals.

Table 4.16 Mean of agriculture income and chemicals cost

Unsustainable Moderately More Total
sustainable sustainable mean
n=9 n=>56 n=12 n=77
Agriculture income 434,164 574,415 506,296 547,514
per ha per year
Chemicals cost per 42,180 40,689 34,030 39,825
ha per year
Net income 391,984 533,726 472,266 507,698

4.3.3 Analysis of environmental impact and agriculture practices

An analysis was carried out to determine whether there was difference between
the three levels of sustainability of agriculture practices on the environmental
indicators of soil erosion, land degradation, and pest, disease and weed outbreaks. The
study reveals that there was no significant relationship between the mean of soil

erosion, land degradation, or pest, disease and weed outbreaks for the three levels of
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agriculture practices (p>0.05). Although there were low levels of soil erosion and land
degradation on a few farms these were minimal and although there were a few pest,
disease and weed outbreaks, farmers could avoid these through their farming practices.
While the study reveals that agriculture practices appear to have no negative impact on
the environment of the study area, it is noted that the sample size was quite small and

the numbers of farmers using unsustainable practices was very low.

4.3.4 Explanation of the results

In this study, the sample covered 77 households or 35% of the total households
in the village. The study found that only 7 households were affected by soil erosion
and 6 by land degradation. Both of these were at low levels. In reality, there could be
some further wind or water erosion occurring but these were not detected by the study
as the respondents claimed that these were not a problem. However, many other
studies have found that poor agriculture practices can result in soil erosion and land
degradation. A further explanation is that the sample size was too small for the
statistical analysis especially for analyzing the environmental impacts. It is noted that
selected study area is in a flat plain. Also, most farmers are following sustainable
agriculture practices and soil erosion and land degradation are low in this area,

therefore the study would not like to categorically state that there is no relationship.

4.4  Existing problems

4.4.1 Un-favorable weather condition

Kyaukpadaung sub-district is characterized by low and uncertain rainfall,
ranging from 700 mm to 1270 mm annually. Moreover, drought occurs every 5 to 10
years although the recurrence of droughts in the area is increasing. The variation in
monthly rainfall is even greater. These variations significantly affect the agriculture
activities in Indawkyawe village. Because of lack of rainfall at the transplanting time,
the farmers face double costs for their crop productions when they have to replant.
Some farmers received only the cost of seed from their harvest. The uncertain rainfall
and frequent drought increase production costs while decreasing income and food

sufficiency of the rural household.
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4.4.2 Low productivity

Farmers lack improved drought resistant seed varieties which could require
lower applications of chemical fertilizers, and the low soil moisture content results in
low productivity of various crops. The majority of farmers use their own seeds for
many years, resulting in low yield and poor quality. The farmers have to rely on soil
moisture content which produces low yield and low quality of crop production.
Furthermore, farmers rely heavily on draught cattle for crop production but it is
expensive to own draught cattle especially given the scarcity of fodder. Thus farming
practices become inefficient with fewer heads of cattle, and sometimes these are
shared between households during the land preparation period. The marginal farmers
and landless farmers cannot afford to raise animal as feed stuffs are expensive in the

dry zone.

4.4.3 Lack of technology

Although modern sustainable technology is the main engine of growth in
agriculture, there is a lack of research and technology on farming systems, soil
management techniques, water harvesting techniques, crop rotation practices, soil
conservation techniques etc. Because of the erratic pattern of rainfall and wide
variation of soil types, a wide range of measures and crops suitable to the dry
condition need to be developed. As the subsistence farmers can only take small risks
in production, the development of technology must consider a package which is able
to fulfill their needs and resolve the constraints at low cost. Most research activities
are planned in a centralized manner but the majority of farmers are not able to adopt

new technologies with unknown risks.

4.4.4 Insufficient water

The availability of water is critically important for their farming and household
use. Presently, they rely on rain water for both their household use and agriculture
purposes. Indawkyawe village has only three tube wells and a solar pump which
cannot meet household needs. Therefore, more tube wells are required to supply

enough water for their household use.
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4.45 Weak extension services

Although the Kyaukpadaung sub-district has an Agriculture Sub-district
Office, staff numbers and demonstration plots are too few leading to poor access of
extension services by small farmers. This could explain the low rate of adoption of
new technologies, limited food production, and loss of expected income which does
not cover the cost of production when a drought period occurs during the growing

s€ason.

4.4.6 Low level of off-farm sector development

Due to the low level of off-farm sector development in the dry zone,
opportunities for income diversification of the rural poor are limited. Most of the rural
poor depend on off-farm income such as from casual labor mostly in the agro-based
industries. The major constraints of the off-farm sector development are lack of
capital, low level of raw materials, low technology and lack of electricity. The lack of
raw materials for agro-industry is a function of low procurement price offered by the
government. In order to generate employment in the dry zone, adequate capital with
reasonable interest rates and improved technology for a particular industry are

required.

4.5  Conclusion

The results of the research were presented in this chapter. It is noted that
dryland dwellers rely mainly on rainfed farming for their livelihood and the
development of the area is very important for their subsistence. The output of the
analysis revealed that the difference in income of the respondents’ household is related
with sustainable agriculture practices. In terms of soil and water conservation, the
respondents’ households were well managed through their farming systems. Due to the
nature of drylands, a shortage of rain water is normal, and the study found that the
rainfed farmers must be diligent in their use of water. Existing problems identified in
the area includes un-favorable weather condition, low productivity, lack of
technology, insufficient water supply for household use, weak extension services and
low level of off-farm sector development. The conclusion and recommendation of the

next chapter will be based on the presented results and discussion.
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CHAPTER V
CONCLUSION AND RECOMMENDATIONS

Based on the presented results and discussion, this chapter concludes the study
titled “A Sustainability Assessment of Dryland Agriculture Practices in Myanmar and
their impact on Local Livelihoods” and summarizes the findings, develops conclusions
and formulates recommendations for further study.

The study looked at the rainfed farming households of Indawkyaw village,
Kyaukpadaung sub-district, Manadalay Division in Myanmar. Both quantitative and
qualitative methods of research were applied through a household survey consisting of
77 households, in-depth interviews with the heads of the village and sub-district, and
site visitations. Secondary data of the sub-district and village, maps and annual reports
were collected from respective agencies. Data analysis was done by using Statistical
Products and Service Solution (SPSS) version 13 and Microsoft Excel 2003 software.
Oneway ANOVA test was chosen as the statistical method for the research. The
hypotheses were tested to see whether a relationship existed between agriculture

practices and social, economic and environment indicators.

51  Summary of findings

The major findings are presented according to the sequence of the study
objectives after which conclusions are drawn. General findings about existing
agriculture practices, consequences of social, economic and environment between the
three levels of the sustainability of agriculture practices and recommendation for more
sustainable practices and opportunities for the improvement of community livelihoods
in the study area are presented.

Ten types of agriculture practices were identified in the study area: mono
cropping, multiple cropping intercropping, mixed cropping, crop rotation, cover
cropping, mulching, agro-forestry, integrated nutrient management (INM) and

integrated pest management (IPM). The majority (39 or 50.6%) of respondents was
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applying three types and 20 (26%) were applying four types in their farming. 76
households (98.7%) were using intercropping of sesame-pigeon pea and only one
household (1.3%) was inter-cropping groundnut-pigeon pea in the early monsoon
season. Farmers were applying both chemical and organic fertilizer and pesticide in
their farming. While farmers could not really afford the cost of the chemicals, they
nevertheless were applying low levels of chemical fertilizer (96.1%) and chemical
pesticide (83.1%). Most of the farmers were using farm manure as an organic fertilizer
(94.8%) and neem pesticide (23.3%) as an organic pesticide. Most of the respondents’
household mainly cultivated sesame (98.7%), groundnut (85.7%) and pigeon pea
(100%) and then followed by green gram, sorghum and cow pea. The majority
(32.5%) of farmers selected four kinds of crops and one of the households selected
eight kinds of crop in one year.

Concerning the social, economic and environmental consequences of
sustainable and unsustainable agriculture practices, the study found that the social
impact such as education, health and housing were not related to the agriculture
practices. The economic impact such as productivity, income and job opportunity with
respect to agriculture practices were investigated and it was found that only sesame
and groundnut productivity were significantly different based on agriculture practices
because most of the households were cultivating sesame and groundnut as a major
crops for income. With respect to income, there was a significant difference depending
on agriculture practices. Agriculture or on-farm income is the major sources of
income, but off-farm income can supplement household income. To meet their
household food security needs, farmers need to find off-farm.

Regarding environmental impacts such as soil erosion, land degradation, pest,
disease and weed outbreaks it was found that a few farms experienced soil erosion (9.1
%) and land degradation (7.8 %) in the village. Most of the farmers were applying
resource conservation practices and it is noted that the village is in a flat area, but
nevertheless, agriculture practices might have some influence on the low level of soil
erosion and land degradation. With respect to pest, disease and weed outbreaks,
farmers were applying farm management and agronomic practices for preventing these
occurrences. There were no significant differences on pest, disease and weed

outbreaks based on agriculture practices.
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With respect to the recommendations for more sustainable practices and
opportunities for improvement of community livelihoods, the study makes the
recommendation for more sustainable practices, not only sesame-pigeon pea cropping
but also a diversity of drought tolerant crops and improved varieties should be
introduced in their farming. Farmers should cultivate double cropping or crop rotation
for getting more benefit from agriculture activities. The application of organic
fertilizer and pesticide will benefit the small scale farmers and marginal farmers. Soil
and water conservation practices are also important to the rainfed farmers for their
crop production, and farmers must follow soil and water conservation techniques to
reduce soil moisture loss and harvest failure. In order to fulfill their food security and
households’ expenditure, the opportunities for improvement of community livelihoods
are required. The development of off-farm job opportunities such as in agriculture
related activities (agro-based industry) will have a positive impact on food security

and well-being.

5.2  Objectives, research questions and hypotheses
The study included 3 objectives, 3 research questions and 2 hypotheses, and
was successful in the fulfillment of its objectives, answering the research questions

and testing the hypotheses. The following sections draw conclusion.

5.2.1 Objective 1: To study the agriculture practices employed in the
research area

The agriculture practices used in this study included the system of land use,
cropping pattern, soil and water conservation and farming practices. The system of
land use consisted of mono cropping and multiple cropping. The cropping pattern
consisted of inter cropping, mixed cropping, crop rotation, and cover cropping. Soil
and water conservation practices here consisted of agro-forestry and mulching.
Farming practices consisted of integrated nutrient management (INM), integrated pests
management (IPM), applications of chemical fertilizer and pesticide and organic
fertilizer and pesticide. Sesame based cropping is the main cropping pattern and most
of the farmers were applying inter cropping with sesame and pigeon pea. Also double

cropping with groundnut followed the harvesting of sesame. The study found that
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agriculture practices used in the area were well adapted to the conditions and most of

the farmers are applying farm management and resource conservation practices.

5.2.2 Objective 2: To analyze and compare the social, economic and
environmental consequences of the sustainable and
unsustainable practices

The study analyzed and compared three levels of sustainability of agriculture

practices and their consequences on social, economic and environmental indicators.
The impact of agriculture practices on the education attainment of household heads
and health situation of family members were not found. The study found that most of
the houses were in good condition and the only one was in poor condition. Regarding
the economic impacts, the results showed that those households following sustainable
agriculture practices had higher yields in their crop production, more income and more
job opportunities than those household following less sustainable agriculture practices.
According to the statistical analysis, there was no relationship between
agriculture practices and environmental impact such as soil erosion, land degradation,
pests, diseases and weed outbreaks. However, while other studies have found that poor
agriculture practices can result in soil erosion and land degradation, the sample size of
the present study was quite small, and the number of farmers employing unsustainable
practices was very low. Furthermore, there were a few pests, disease and weed
outbreaks but these could often be prevented by farm management and agronomic
practices. Therefore, the study cannot state that there is no relationship in general
because the current study was too small, most farmers are following sustainable
agriculture practices and soil erosion and land degradation are at low levels in the flat

area.

5.2.3 Objective 3: To make recommendations for the improvement of
livelihoods and well-being of communities in the
research area

The study found that most of the farmers in the Indawkyawe village are

following sustainable agriculture practices. However, farmers could diversify from

sesame-pigeon pea to more drought tolerant crop varieties. For instance, farmers could
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inter crop sesame with pigeon pea, and in the case of heavy rain or drought, sesame
yield would be decreased or curtailed while pigeon pea yield could still cover their
cost of production. To optimize the benefit from their agriculture activities, the study
suggested that farmers cultivate double cropping year round.

Furthermore, every farmer can cultivate vegetables and culinary crops for their
household consumption and food security. The study found that most of the
households bought rice for everyday meals. Productivity from rice cultivation is
variable and often too low to meet the household needs. Therefore it is recommended
that farmer’s time and energy would be better spent growing more reliable crops and
buying rice. In addition, it is recommended that farmers seek more off-farm work
opportunities to supplement households’ financial needs.

5.2.4 Research questions and hypotheses

The hypotheses, as mentioned in chapter 1, were tested and the research
questions have been addressed. An explanation on the testing of the hypotheses and
answering for the research questions are discussed here.

The first hypothesis of the study was whether agriculture practices in the Dry
Zone are sustainable. The study found that most of the farmers (76.6%) are following
sustainable agriculture practices and only 23.4% are unsustainable. However, most
want to increase productivity of respective crops through the use of chemical fertilizer
and pesticide. The study revealed that most farmers were applying organic fertilizer
and pesticides. It was found that the majority of farmers have much experience in their
farming and can manage their farms well. Therefore, the results show the agriculture
practices in the Dry Zone are sustainable.

The second hypothesis of the study was whether sustainable agriculture
practices will have positive impacts on social, economic and environmental indicators.
The study found that the dryland dwellers of Indawkyawe village depend mainly on
agriculture related activities. The development of on-farm income was the basis for
their self-sufficiency and income. The study found that there has a significant
relationship between agriculture practices and net on-farm income. Improvement of
on-farm activities enhanced their livelihoods and opportunities for their development

while off-farm income supplemented to fulfill their households needs. Ultimately, the
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improvement of their livelihoods supported the development of socio-economic and
conservation of their environment. Therefore, the study reveals that the application of
sustainable agriculture practices in Indawkyawe village had a positive impact on

social, economic and environmental indicators.

5.3  Recommendations
The recommendations are based on the study findings described in chapter IV

and the conclusions from the previous sections of this chapter.

5.3.1 Rainfed Farmers

The study found that dryland dwellers mainly rely on rainfed farming for their
livelihoods and the development of the area is very important for their subsistence.
Agriculture practices are an important tool for meeting the basic needs of rainfed
farming in dryland areas, for providing their food sufficiency and income. To reduce
the risks of rainfed farming, the study recommends that the present sustainable
agriculture practices used in the area be maintained and enhanced by modern
agriculture techniques. However, farmers need to consider not only sesame based
cropping, but also a diversity of drought tolerant crops, and improved varieties could
be introduced for their food security and improvement of their livelihoods.

The study found that most of the farmers want to apply more agrochemicals in
an effort to increase their crop productivity. For the conservation of dryland
environment and long term profit to the small scale farmers, the study recommends
that farmers rely more on locally available fertilizer and pesticide while reducing the
usage of chemicals as much as possible. Furthermore, farmers could diversify to areas
such as livestock breeding and to adding value to their toddy palm products. The study
recommended that rainfed farmers must maintain their diligence and understanding of
the consequences of unsustainable practices.

The development of off-farm job opportunities is important to improve their
livelihoods, and it was found that farmers need to work more than one job to cover
their households’ expenditures. Even though education costs are not high up to high
school level, for study at university, costs can be too high for some households.

Furthermore, some households have not enough income to meet their expenditure,
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thus farmers need to find extra work in areas such as agriculture related agro-based

industry or off-farm jobs that could support their living.

5.3.2 Decision makers

It is recommended that decision makers from the Government support the
development of infrastructure in the village such as the establishment of a rural health
centre, providing the availability of electricity in the village, establishment of an office
for the Village Peace and Development Council, establishment of a village level

library and water supply facilities.

5.3.3 Further research

There is a need for further research in the areas of sustainable environment and
agriculture development related issues such as study on soil and water conservation
practices, dryland resource management, farming system development, experimental
research on drought tolerant crops and improved varieties (such as sesame, groundnut,
Cow pea, pigeon pea, cassava, sorghum, horse gram and millet) and possible ways for
generating off-farm income. Such government projects would greatly enhance

sustainable dryland development in the Dry Zone of Myanmar.
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Questionnaire for studying a sustainability assessment of dryland agriculture practices

in Myanmar and their impact on local livelihoods in Kyaukpadaung, Mandalay

Division, Myanmar

This questionnaire used as a tool for data collection for M. Sc research of Mrs. Myat

Thuzar Thein, a postgraduate student in Natural Resource Management, International

Programme of the Faculty of Environment and Resource Studies, Mahidol University,

Salaya, Nakhonpathom, Thailand.

Village: Indawkyae Village

Questionnaire NUMDbET: ..........ccccoveiviiiniianniannnn,

1. Household (HH) characteristics
No. Status in Age Sex Education Major Second
HH (yr) (M/F) Level Occupation | Occupation

1 Father

2 | Mother

3

4

5

6

7
How long do you work on farm? ... ... Years
How much land do you own? Acre
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Housing: O own Orent [ notown (landless)

Type of housing materials: ........ ..o

e Health

Types of | Frequency Access to | Treatment Hygiene

diseases doctor education

Malaria

Diarrhea

Common

fever

Tuberculosis

Others

2. Income / consumption dimension

Household income/consumption

Average total household income ..............ccooeiiiiiiiiiiiiinn.. Kyat/year
Average total household expense .............ccevviiiiiiiiiis cviiennn.. Kyat/day
- Average total HH expense for food ...................ccoin. Kyat/day
- Average total HH expense for housing ............................ Kyat/year
- Average total HH expense for clothing ............................ Kyat/year
- Average total HH expense for health care ......................... Kyat/year
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3. System of land use

Agriculture

Others

e  Agriculture O mono-cropping O multiple cropping

Appendix / 86

Type of

crops

)

Cultiva-

ted area

2

Yield
per acre

(basket)

3

Productivity
(basket/yr)

“

Consumpt-
ion per year

(basket/yr)

(6)

Surplus/ Sale
per year
(basket/yr) and
sale price per
unit

(7

Annual
income

(Kyat/yr)

®)

Rice

Sesame

Ground-

nut

Pigeon

pea

Sunflower

Green

gram

Others

e Seasonal calendar

Type of cropping pattern: OJ rice-based O sesame based

Type of

crops

Jan | Feb

Mar

Apr | May

Jun | Jul

Aug Sep

Oct

Nov Dec

Rice

Sesame

Groundnut

Pigeon

pea

Sunflower

Green

gram

Others
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e Livestock

HH use or
Types Collected amount consumption Sale Remarks
(umit) (amount, unit/year) (Kyat/uni
(1 2 3 “4) ®)
Cow
Chicken
Pig
Goat
Sheep
Others
e Forestry
HH use or
Types Collected consumption Sale Remarks
amount (unit) (amount, (Kyat/unit)
unit/year)
(1) 2 3) “4) )
Wood/ timber
Mushroom
Honey bee
Medicinal plant(s)
Bamboo
Firewood
Toddy palm

Others
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4. Inputs and costs
e Labor
Household member: .........................e persons
Hired: ..o persons

Average working days and wage rates of household members

Major ) Wage rate of
Minor ) Wage rate of Total
employment major : )
Members 1 employment minor income/
working ) employment/
working employment/day month
days/month day
days/month (Kyat) (Kyat)
(Kyat)
(D ) 3 “4) (&) (6)
Father
Mother
Average working days and wage rates of hired labor
No. of hired | No. of Cost average for | Total cost for hired labour
Crops labour days/month hired labour per season
(Kyat/person /day) (Kyat/ person/season)
(M 2 3 (6)
Rice
Sesame
Groundnut
Pigeon pea
Sunflower
Green gram
Others

Do you have enough food or not? ..o
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e Fertilizers

Crops kg Cost per kg Total costs

Rice

Sesame

Groundnut

Pigeon pea

Sunflower

Green gram

Others

e Pesticides

Crops kg Cost per kg Total costs

Rice

Sesame

Groundnut

Pigeon pea

Sunflower

Green gram

Others

e Insecticides

Crops kg Cost per kg Total costs

Rice

Sesame

Groundnut

Pigeon pea

Sunflower

Green gram

Others

Others:
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5. Existing agriculture practices

) Inter cropping

) Mixed cropping

) Crop rotation

) Cover cropping

) Mulching

) Agroforestry

) Integrated Nutrient Management (INM)
) Integrated Pest Management (IPM)
) Chemical fertilizer

) Organic fertilizer

) Chemical pesticide

N e N T e e e T e e e e

) Organic pesticide

( ) Others: ... " B S . ....................c.coconnneeen

Are there existing agriculture practices being sustainable or unsustainable?

O Sustainable O Unsustainable

6. Existing soil and water conservation structures
() Check dam
() Contour bunds
() O RS oo

() Land degradation Ranks: O=no...I1=low........ 2=medium ...... 3=high......
() Water  Remarks: .......oooiiiiii i e
() Diseases  Kinds: ......c.oiiiiiiiiiiii e
() Insect pests  Kinds: ........ooeiiniiiiiiiii e
() Pests  KINds: ..o.uoeii
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() Weeds KINdS: .o,
() Climatic condition Remarks:..........ooooiiiii
() Farm to market road Remarks: .............oooiiiiiiiiii
() Misuse of chemicals Remarks: ............cooiiiiiiiiiiii e,
() O RS o

8. Management issues

Quantify S o
\/ Participation HH
Type of Type of When it is affected . )
) in Conservation
resources problems started (estimated o
management Activities
acres)
(M 2 G3) (4) ®) (6)
Soil and land
Water
Forests

Is there related regulation for management of natural resources? How?

How do you manage the conditions of drought, erratic rainfall pattern and poor soil

quality in your farming?

Do agriculture practices conserve dry zone resources and improve the community

livelihood?
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APPENDIX B
QUESTIONNAIRE FOR IN-DEPTH INTERVIEW

A checklist for in-depth interview

Place of interview: OO0 Sub-district: Kyaukpadaung, O Village: Indawkyawe,

O Elder person

1. What is the situation of socioeconomic, natural resources and infrastructure
development of your village?

2. What are the problems facing in their farming?

3. Does your village produce enough food for their households?

4. What kinds of inputs and development programs are needed as priorities to
increase production, consumption and employment?

5. What development programmes (employment, farming practice, reduce

environmental degradation, and health) would improve income opportunities?
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