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From Challenges to Sustainable Solutions

for Upland Agriculture in Southeast Asia

Pepijn Schreinemachers, Holger L. Fröhlich, Gerhard Clemens,

and Karl Stahr

1.1 Introduction

The mountainous areas of Southeast Asia are undergoing rapid change. For

centuries these areas were characterized by forests, isolation, and the presence of

ethnic minority people who subsisted on rotational swidden agriculture. Although

such conditions can still be found in certain places today, they are no longer

representative of the situation across many of these areas. Forest areas have

reduced, road networks have expanded into the mountains, and the younger

generations of the ethnic minorities have increasingly moved to urban areas. In

addition, traditional swidden agriculture has been replaced with intensified

swiddening systems that use shorter fallow periods and also permanent fields, and

farmers are increasingly using irrigation and agrochemicals—finding themselves a

part of modern supply chains delivering raw materials and food to urban areas. This

book provides an interdisciplinary account of the drivers and consequences, both

positive and negative, of land use change in these mountainous areas, and of the

technical and social innovations and policy strategies used to promote the positive

effects of these changes, while at the same time trying to limit the adverse effects.

For such innovations and strategies to be sustainable, they need to find a suitable

balance between the use and conservation of often fragile natural resources in

mountainous areas. The great diversity of soils, climates, ecologies, ethnicities

and human infrastructures that is typical of mountainous Southeast Asia
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H.L. Fröhlich et al. (eds.), Sustainable Land Use and Rural Development in Southeast
Asia: Innovations and Policies for Mountainous Areas, Springer Environmental

Science and Engineering, DOI 10.1007/978-3-642-33377-4_1,
# The Author(s) 2013

3

mailto:P.Schreinemachers@gmail.com


complicates the attainment of such a balance. In addition, natural resources in

upland areas are generally more prone to human-induced degradation than those

in the lowlands. For instance, the intensification of agriculture on erosion-prone

hills can easily lead to irreversible soil loss and permanently reduce productivity

(Clemens et al. 2010; Wezel et al. 2002b; Dung et al. 2008), plus land use changes

in mountainous areas can have secondary effects on lowland areas through water

and matter cycle adjustments in the hydrological system. Because of these factors,

there are usually no blanket solutions that can be applied to all locations, so instead,

potential solutions have to be developed that can be carefully adapted to local

conditions, in close participation with local people.

This book is based upon the findings of a long-term interdisciplinary research

project undertaken by the University of Hohenheim in collaboration with several

universities in Thailand and Vietnam over the period 2000–2014. Titled Sustain-
able Land Use and Rural Development in the Mountainous Areas of Southeast Asia,
or the Uplands Program, the project’s aims have been to contribute, through

agricultural research, to the conservation of natural resources and an improvement

in living conditions among the rural population in the mountainous regions of

Southeast Asia (see Heidhues et al. 2007). An important feature of the project has

been the very broad range of research carried out into various aspects of mountain-

ous systems, including soils, water and matter cycles, plant production, pig hus-

bandry and aquaculture, as well as farm management systems, markets, institutions,

societies and policies.

Conceptually, the research program builds on the concepts of sustainability,

interdisciplinarity and participation. By sustainability, we mean the capacity of

mountainous land use systems to maintain their economic, social and ecological

states, processes and functions, including maintaining their agricultural productiv-

ity and biodiversity levels, plus their provision of ecosystem services. Sustainability

in economic terms means that land use systems must not only be able to uphold

livelihoods in mountainous areas, but also adapt to changing economic and

environmental conditions, adopt new technologies and take into account demo-

graphic change. Thus defined, the research undertaken by the program has required

an interdisciplinary approach to be taken, in order to address sustainability in a

meaningful way.

Acknowledging the diversity of conditions in mountainous areas in general and

the accompanying need to adapt potential solutions on a local scale, researchers

agreed at the outset of the project to use participatory research methods wherever

possible and meaningful (Neef et al. 2006; Neef 2008). While in conventional

agricultural research, innovations are developed by researchers and then transferred

to extension services and farmers, participatory research tries to involve users at

every stage of the innovation process - from design through to implementation,

which is recognized to be a more efficient and more effective way of conducting

agricultural research (Hoffmann et al. 2007). Neef and Neubert (2011) noted;

however, that participatory methods are not equally suitable and appropriate for

every type of agricultural research; hence, the aim of the Program has been to

optimize rather than maximize the use of such methods.
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1.1.1 Objectives and Outline of the Book

The objectives of this book are threefold. First, it aims to give an interdisciplinary

account of the drivers behind as well as the consequences and challenges of

ongoing changes taking place in the mountainous areas of Southeast Asia. Second,

the book describes how innovation processes can contribute to addressing these

challenges, while third, it describes how knowledge creation can support change in

policies and institutions, those contributing to the sustainable development of

mountainous areas and the livelihoods of the people who live there.

The book is organized into three parts. The first part deals with the consequences

of the transformation of mountainous areas in Southeast Asia in terms of environ-

mental and social challenges. Agricultural intensification in these areas has changed

land use patterns and water cycles, and has increased agrochemicals use and

intensified the erosion of mountain slopes, both of which have in turn affected the

livelihoods of people living in these areas and their level of access to resources. The

four chapters in this first part each describe one major development challenge.

In Chap. 2, Stahr et al. describe how to better plan land use by taking into

account soil and terrain information, in order to allow for the sustainable intensifi-

cation of agriculture in mountainous areas. They describe their experiences with

various methods of collecting soil and terrain information in mountainous areas,

ranging from a low-tech method of participatory soil mapping involving farmers, to

a high-tech method using gamma-ray spectrometry. Although they show that

gamma-ray spectrometry is particularly useful when wishing to create spatial soil

data for inaccessible mountainous terrain, they conclude that the various methods

are actually rather complementary.

In Chap. 3, Fröhlich et al. take a dynamic perspective on the interplay between

soil and water resources, and describe how land use intensification has dramatically

altered the cycling of water and matter (such as plant nutrients and sediments).

They pay particular attention to how changes in land use affect the spatial and

temporal redistribution of sediments and nutrients from hillsides to valleys through

processes of erosion and sedimentation.

Lamers et al. in Chap. 4 show that land use intensification in mountainous

areas—particularly the change from subsistence to cash crops—has been

accompanied by a dramatic increase in the use of synthetic pesticides. They show

the high level of risk arising from pesticide use, because local farmers have only

limited knowledge about the correct use of such pesticides and because steep

slopes, high and intense rainfall and the presence of well-developed preferential

flow pathways, mean that a relatively large volume of pesticide residues is

transported from the site of application to adjacent environmental compartments.

In Chap. 5, Saint-Macary et al. look at the socio-economic aspects of land use

intensification, focusing on the nexus of agriculture, natural resource use and

poverty. They show that poverty is an important constraint on the ability of

households to invest in soil conservation practices, and that improving market

access for poor households is important in terms of reducing poverty and supporting
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the more sustainable use of natural resources. However, the authors argue that this

approach needs to be combined with policies that protect the quantity and quality of

natural resources available.

Having described these often daunting challenges, the second part of the book

describes a selection of the technology-based innovation processes used to address

some of them. The three chapters in this part describe innovations introduced with

respect to fruit production, soil conservation and aquaculture.

In Chap. 6, Spreer et al. explain that commercial fruit production requires

intensive irrigation and that while northern Thai farmers have managed to produce

and export increasing quantities of longan and mango fruit, water supplies have

become increasingly scarce and unreliable. They compare the effects of various

irrigation techniques and irrigation schedules on fruit yields and economic returns,

and in particular show that there is the potential, so far unexploited, for farmers to

use plant water stress indicators to optimize their crops’ water and nutrient supply.

In Chap. 7, Hilger et al. show that various common soil and water-saving

technologies—including agroforestry, alley cropping, contour cultivation using

ridges, the use of cover crops, crop rotation, grass barriers, hedges and hedgerows,

plus minimum tillage, mulching and terraces—have the potential to contribute to a

more sustainable cultivation of sloping agricultural land. As compared to conven-

tional cropping systems without such controls, these practices significantly reduce

runoff from sloping land and improve the water holding capacity of the soil, and

they also tend to increase crop yields, but this effect does not show for all methods

immediately after adoption. Despite this, the use of these methods remains infre-

quent, in spite of the fact that they are widely available and farmers are generally

aware of soil fertility decline when it occurs. The challenge for soil conservation is

therefore not only a technological challenge of identifying appropriate methods, but

also a socio-economic challenge in terms of addressing adoption constraints.

In Chap. 8, Pucher et al. describe the aquaculture production system of a Black

Thai community in northwestern Vietnam, which is a significant source of nutrition

and income for local households. They show how the productivity of the grass carp

grown by the Black Thai is constrained by the availability and use of quality feed

resources and the incidence of fish disease, but identify an opportunity to improve

productivity and increase sustainability by enhancing the production of natural food

in fish ponds and introducing the use of supplemental feed such as earthworms, that

can be easily produced on the farm.

The third part also focuses on innovation processes, but from the policy and

institutional perspective rather than the technological solution point of view.

Chapter 9, by Neef et al. discusses the potential and limitation of using partici-

patory methods, such as participatory rural appraisal and multi-stakeholder knowl-

edge and innovation partnerships, to improve the effectiveness of research in

mountainous areas. A review of lessons learned from pilot projects in Southeast

Asia suggests that Payments for Environmental Services (PES) may face a number

of challenges in the particular context of Thailand and Vietnam. The case of a litchi

processing and marketing network in northern Thailand shows the importance of

forging strong alliances with private and public actors and of fostering experiential
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learning and the convergence of expectations among all stakeholders when trying to

develop pro-poor and pro-environmental value chains.

In Chap. 10, Marohn et al. compare seven alternative modeling approaches

based on their ability to represent the complexity of biophysical systems and

farm decision-making processes, which seems particularly important with regard

to mountainous systems, as these are typically diverse in terms of resource and

socio-economic conditions. They focus on an innovative software coupling

approach that combines a process-based biophysical model of plant growth, soil

and water dynamics, with an agent-based model of farm household decision-

making, finding that such an approach is suitable for studying; for example, how

farm households in the uplands of Vietnam respond to a long-term decline in soil

fertility by adjusting fertilizer use and/or adopting soil conservation methods.

In Chap. 11, Schad et al. describe the dynamics of change taking place among

the agricultural knowledge and information systems used in the uplands of Vietnam

since the start of economic liberalization at the end of the 1980s. They observe that

extension approaches have become much more diverse in terms of the methods

used as well as their objectives, yet the traditional focus on technology transfer to

farmers has been maintained. The authors describe the concept of the Ethnic Farmer

Research and Extension Network (EFREN), which is a network approach aimed at

creating closer and more equal relationships between the developers and users of

agricultural knowledge and innovations. They show that this approach is more

responsive to the diverse needs of farmers than the traditional top-down extension

methods commonly used.

Zeller et al., in Chap. 12, describe how the increased integration of upland

agriculture into input and output markets has had an impact on poverty, agricultural

productivity and economic risk. They conclude that the process of agricultural

commercialization has contributed to higher incomes in the uplands of Thailand

and Vietnam, but that policy makers must play a more crucial role in helping to

reduce the negative impacts of these developments on the environment and ensure

that poor people are able to benefit from the process as well.

Although this book is quite comprehensive in terms of the issues it discusses,

some readers will find that certain important issues are not given adequate attention.

First, as the focus of the book is on agriculture and agricultural development, forest

issues and natural ecosystem biodiversity receive little attention, though they are

essential for the sustainability of mountainous areas. Second, the book builds on

field research carried out in the highlands of Thailand and Vietnam, areas selected

for their representation of contrasting institutional and market access situations in

mainland Southeast Asia, but does not cover the whole range of issues present in

these areas and; therefore, is not able to make generalizations regarding the whole

of the region. Laos, Myanmar and Cambodia are much poorer than Thailand and

Vietnam, and their mountainous agriculture has not intensified to the same extent as

in these two countries. Third, while Southeast Asia is extremely diverse with

respect to culture and languages, ethnicity and society, the book pays only scant

attention to these topics, because our research did not have an anthropological

component. Fourth, the innovation processes discussed in the book, focusing on
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water management, soil conservation, fruit trees, aquaculture and extension

services, are far from being exhaustive, and so should be seen as mere examples.

Innovations in agroforestry, integrated pest and nutrient management, and crop-

livestock systems, can be important for mountainous areas, but are not extensively

dealt with here.

1.2 Study Areas in Thailand and Vietnam

The research in this book focuses on mountainous areas in Thailand and Vietnam,

representing two contrasting cases at different levels of development and market

access, and with different institutional settings. Thailand has a multi-party democ-

racy and strong market institutions, whereas Vietnam in contrast has a single party

system and has only recently allowed private enterprise to become established in

parts of its economy. Population growth has slowed in both countries over recent

years, but in Vietnam the growth rate of 1.2 % per year is still double that of

Thailand, as can be seen from Table 1.1. As Vietnam’s economic development has

been much more recent, so the poverty rate is higher than in Thailand, but more

recently has declined considerably. These general statistics are; however, not

representative of the situation in mountainous areas. For instance, Minot et al.

(2003) estimated that population growth in Son La province was 2.2 % in 2,000 and

reported an 81 % poverty rate in rural areas of the province. Zeller et al. in Chap. 12,

also confirm that upland households have a much higher rate of chronic poverty

than lowland households.

Much of the research presented in this book is based on field data collection

carried out over four sites, these being the Mae Sa watershed and the karstic area

around Bor Krai village in northern Thailand, and the Chieng Khoi and Muong Lum

sub-catchment areas in north-western Vietnam, as shown in Fig. 1.1. The general

statistics for these sites are shown in Table 1.2.

Bor Krai village (located in Pang Ma Pa district, Mae Hong Son province) is

situated in a relatively remote limestone area in Thailand, where farmers grow

maize and squash as cash crops and upland rice for home consumption, though their

cash income is mainly derived from pig husbandry. In terms of land ownership,

none of the farmers has land titles, as the village is located in a forest conservation

area. The farmers practice swidden agriculture, but fallow cycles have reduced

from 4 to 5 years during the 1990s, to 2–3 years at present. Pest problems,

particularly weeds, have intensified recently, and so farmers have started to use

herbicides. In 2008, a large agro-industrial company, Charoen Pokphand or ‘CP’,

introduced maize contract farming to the village, under which it provides hybrid

maize seeds, fertilizers and pesticides to the farmers, who then have to sell their

products to the company at a guaranteed price. In spite of the greater reliance on

external inputs, the villagers say they prefer the new system because it gives them

higher yields, saves labor and allows them to earn a higher income. Since introduc-

tion of the hybrid maize, some farmers have reduced their fallow periods to 1 or

2 years only.
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The Mae Sa watershed, which is located in Mae Rim district, Chiang Mai

province in Thailand, has intensive commercialized upland agriculture. The

watershed overlaps with Suthep-Pui National Park, but agriculture is allowed

on those plots that were already used before the Park was established in 1986.

The watershed contains people from the Thai ethnic majority who live across

five villages mostly located in the central valley, as well as people from the

Hmong ethnic minority who live in seven villages located in the mountains.

None of the Hmong farmers hold secure and transferable titles over their

agricultural land, but 54 % of the Thai farmers do, in spite of the fact that

both groups have most of their fields inside the National Park. While research

Fig. 1.1 The location of the four main research sites (squares) in Thailand and Vietnam

Table 1.1 General statistics for Thailand and Vietnam

Statistic Thailand Vietnam

Population (million)a 67.8 88.1

Population growth (annual %)b 0.6 1.2

Poverty headcount ratio at USD 2 a day (PPP) (%)c 11.5 48.4

Employment in agriculture (%)d 41.7 57.9

Arable and permanent crop land (million ha)e 18.9 9.4

Forest area (million ha)f 19.0 13.7

Very steep slopes (>30 %) (% of land area)g 26 33
aThe World Bank 2011 (2009 data)
bThe World Bank 2011 (2009 data)
cThe World Bank 2011 (2004 data for Thailand, 2006 data for Vietnam)
dThe World Bank 2011 (2007 data for Thailand, 2004 data for Vietnam)
eFAO 2011 (2008 data)
fFAO 2011
gTerrastat database (http://www.fao.org/nr/land/information-resources/terrastat/en/)
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Table 1.2 Comparison of the four research sites, in Thailand and Vietnam

Statistic Thailand Vietnam

Bor Kraia Mae Sab Muong Lumc Chieng Khoid

Type of

delineation

Village

(8.5 km2)

Watershed

(77 km2)

Sub-catchment

and commune

Sub-catchment

and commune

Settlement characteristics

Main

ethnicities

Lahu Hmong, Thai Black Thai, Hmong Black Thai

Villages 1 12 9 5

Farm

households

60 1,490 436 471

Household size

(persons)

5.7 5.1 5.2 4.9

Children (%

population)

NA 24 34 22

Farm size (ha) 4.1 1.6 1.2 1.7

Topography and edaphic conditions

Elevation

(m.a.s.l.)

550–1,020 616–1,540 780–1,320 410–975

Soils Luvisols,

Acrisols,

Cambisols

Acrisols,

Cambisolsf
Luvisols, Alisols Luvisols, Alisols

Lithology Limestone Granite, gneiss Limestone, clayey

shale, alluvial

sediments

Sandstone,

claystone

Climate

Mean Rainfall

(mm/year)e
1,178 1,210 1,189 996

Mean annual

temp. (�C)e
21.3 21.6 21.3 23.3

Land coverg

Forest (% of

total area)

67.9 NA 53.4 29.7

Paddy (% of

total area)

0.1 0.02 14.2 3.5

Land cover

changeh
– fallow þ non-ag. land use þ upland fields þ upland fields –

forest– forest, – fallow

Farming

Irrigated (% ag.

land)

0 79 20 (paddy) 16 (paddy)

Main

subsistence

crops

Upland rice Some paddy rice Paddy rice, upland

rice, vegetables

Paddy rice

Main cash

crops

Maize, squash Litchis, cabbages,

flowers, bell

peppers,

chayote

Maize, cassava Maize, cassava

(continued)
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previously carried out in Vietnam showed that the study farmers did not invest in

soil conservation practices because of insecure land titles (Saint-Macary et al.

2010), this has not been a significant impediment to land use intensification in

the Mae Sa area, as 79 % of the agricultural area is irrigated and farmers grow a

diversity of cash crops such as litchis, as well as vegetables such as cabbages,

lettuce and chayote, plus ornamental flowers (chrysanthemums and roses) and

greenhouse vegetables (bell peppers and tomatoes). (See Neef et al. 2000 for a

comparison of the land tenure security that exists in the mountainous areas of

Thailand and Vietnam). Farmers in the study area are well-integrated into

modern supply chains (Schipmann and Qaim 2010, 2011) and use many

fertilizers and pesticides (Schreinemachers et al. 2011). About a third of the

households in the watershed are not engaged in farming, while 58 % of the

farm households perform paid work outside their own farm. In turn, almost all

farm households (92 %) hire agricultural labor, the majority of which is of Shan

ethnicity. Much of the research carried out so far into fruit production, including

off-season litchi production and fruit tree irrigation, fruit processing (including

fruit drying) and post-harvest innovations, has taken place in the Mae Sa

watershed area.

In Vietnam, the research studied two communes in Yen Chau district (Son La

province). The Muong Lum sub-catchment represents a relatively remote area, one

that is difficult to access by road. It is located at a high altitude (700–1,100 m.a.s.l.)

and is a limestone area with clay shale and alluvial sediments. Of the nine villages

in the sub-catchment, five are inhabited by the Black Thai ethnic group and four

villages, located at higher altitudes, are inhabited by the Hmong. Birth rates are

relatively high and nearly half the population is below the age of 20 (Dang et al.

2008). The amount of land per household is relatively small at 1.2 ha. Between

April 2008 and January 2009, 67 households were moved to the commune from the

area impacted by the Son La hydropower project, and this increased the population

by 13 % and aggravated the problem of land scarcity (Bui and Schreinemachers

Table 1.2 (continued)

Statistic Thailand Vietnam

Main livestock Pigs (major),

chickens

Pigs, chickens

(minor)

Aquaculture, cattle,

buffalos, chickens,

ducks, goats, pigs

Aquaculture,

cattle,

buffalos,

chickens,

ducks, goats,

pigs
a2004 data from Schuler (2008)
bData based on a stratified random survey of 295 farm households in the upper part of the

watershed in 2010 (Schreinemachers et al. 2010b)
cBased on a stratified random survey of 141 farm households (Dang et al. 2008)
dBased on a stratified random survey of 159 farm households (Dang et al. 2008)
eFor data reference see Chap. 3
fBased on data for Mae Sa Noi sub-watershed from Schuler 2008
gBased on data from (c) a land use survey carried out in the main valley of the Muong Lum

commune (Haering 2008) (d) satellite classifications (Thanh 2009)
hIncrease (þ), decrease (�)
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2011; Bui et al. 2013). The Black Thai farmers in Muong Lum grow paddy rice,

while the Hmong farmers mostly grow upland rice, and in addition, farmers keep

livestock for their own consumption and grow maize for sale. The possibility of

growing higher value crops is limited because of the inaccessibility of the

commune.

The Chieng Khoi sub-catchment, on the other hand, is located nearer to the

district center of Yen Chau. The sub-catchment is situated in a rift valley (called a

graben), which can be divided into a northern and a southern part. The northern part

has a lower altitude (400–545 m.a.s.l.) and is characterized by steep hills and a

valley which is used for agriculture, with soils (Alisols and Luvisols) derived from

cretaceous red beds and alluvial deposits (Clemens et al. 2010). The southern part is

extremely steep, rising up to 975 m.a.s.l., and is made up of limestone rock and

covered with primary forest (ibid.).
Farmers in Chieng Khoi grow paddy rice intensively for their own consumption,

using large amounts of fertilizers and pesticides. To generate cash income, they

practice the mono-cropping of maize on the mountain slopes surrounding the village,

and to intensify this maize production they have adopted high yielding maize

varieties, use mineral fertilizers and plow their sloping fields with buffalos. Some

of the fields are already eroded so badly that maize cultivation is no longer possible.

Where soil fertility is low, farmers prefer planting cassava, which is frequently

intercropped with maize. Farmers were previously given user rights over their

paddy land and sloping land for a period of 20 years, as specified in a so-called

‘red-book’, plus were given individual user rights over the nearby forest land for a

period of 50 years. Livestock are an important source of food as well as cash income,

plus households raise fish in ponds, and keep cattle, pigs, ducks and chickens.

1.3 Drivers of Land Use Change in the Mountainous Areas

of Southeast Asia

The intensification of agriculture in mountainous areas and its integration into

input and output markets has largely been driven by four interrelated processes:

economic development, policy change, new technologies and population growth,

each of which is described in the following section.

Thailand since the early 1980s and Vietnam since the late 1980s have been

through rapid economic development, driven largely by export oriented

manufacturing, but also by export oriented agriculture. In both countries, this eco-

nomic growth has led to a significant reduction in poverty and a concomitant increase

in the purchasing power of the population (see Kakwani and Krongkaew 2000 for

Thailand; Minot and Baulch 2005 for Vietnam).1 Although urban centers and low-

land areas have been at the center of this development, it has had profound impacts on

1Kakwani and Krongkaew (2000) estimated that poverty in Thailand had fallen to 32.6 % in 1988

and 11.4 % by 1996.
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mountainous areas, through an increased demand for food, fodder and other raw

materials, plus an increase in labor opportunities in urban areas (Minot et al. 2006).

Changes in policy have facilitated or driven these economic developments,

while economic development has, in turn, also facilitated policy change. For

instance, the de-collectivization of agriculture in Vietnam with the passing of

Resolution 10 by the Communist Party in 1988, shifted farm decision-making

from the collective level back to the household level, thus recognizing that

collective control had been steadily eroding since the mid-1970s (Saint-Macary

et al. 2010; Sikor and Truong 2002). De-collectivization, together with the lifting

of barriers to private trade and improvements in the road infrastructure, has

allowed farm households in mountainous areas to intensify their production

(Muller and Zeller 2002); however, forest conservation has become increasingly

prominent in both Thailand and Vietnam, as well as in the other countries of

Southeast Asia, and these countries’ governments have demarcated conservation

areas, while discouraging farmers from practicing swidden agriculture (Forsyth

and Walker 2008; Fox and Vogler 2005). This has been accompanied by the

promotion of permanent field agriculture and attempts to intensify cultivation

through the introduction of high value crops (Minot et al. 2006).

The introduction of new technologies has been the third driver of land use

change in mountainous areas over recent years. Few external inputs are used in

traditional swidden agriculture, but where agriculture has intensified this has

been accompanied by the introduction of new seeds and mineral fertilizers and

pesticides, as well as irrigation equipment in some areas such as sprinklers, and

mechanization in the form of hand-held tractors and rice mills. Sikor and Truong

(2002), and Muller and Zeller (2002), described how in the absence of new

technologies, land use in the mountainous areas of Vietnam became more

extensive during the 1970s and 1980s, but then intensified in the 1990s when

farmers started using fertilizers and improved seeds, and the amount of available

land became more limited.

Population growth is the fourth driver of land use change in mountainous

areas, as it has led to increased land scarcity, which in turn has created a need

to intensify land use and shorten traditional fallow cycles (Nikolic et al. 2008;

Wezel et al. 2002a). Shorter fallow cycles and the more intensive tillage of

mountain sides can rapidly deplete soil fertility, as soils easily erode from the

steep terrain. This is accompanied by increased topsoil disturbances under

conditions of heavy rainfall, leading to a downward trend in terms of crop

yields. This situation has the potential to create a vicious circle of lower

productivity, lower incomes and food insecurity, and a subsequent need to

further shorten fallow cycles (Pandey and van Minh 1998; Ziegler et al.

2009). However, because of the three other drivers of land use change, actual

incomes have generally increased and poverty has declined, as farmers have

been able to obtain better prices, adopt improved crop varieties and fertilizers,

and earn cash by working outside their own farms (Minot et al. 2006; Sikor and

Truong 2002).
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1.4 Challenges to the Sustainable Development

of Upland Agriculture

As a consequence of these four drivers, farming systems in the mountainous areas

of Thailand and Vietnam have been transformed from near subsistence systems—

growing upland rice and sometimes opium poppies (Papaver somniferum) and

using swidden agriculture with long fallow periods, to commercial farming

systems—using external inputs to intensively grow cash crops such as maize,

vegetables, fruits and flowers (Table 1.3). This change in land use has been

accompanied by technological change and the monetization of labor relationships.

For instance, through the process of agricultural commercialization, labor sharing

arrangements that are common in subsistence agriculture have been increasingly

replaced by wage labor and contract farming arrangements, with household

members also increasingly engaged in off-farm work.

Economic studies have shown that commercialization and market integration,

which generally mean a diversification of agriculture away from rice, have led to a

reduction in poverty and greater levels of economic well-being among households

(Minot et al. 2006; Tipraqsa and Schreinemachers 2009; Zeller et al. in Chap. 12),

yet each stage of the commercialization process also has its challenges, as shown in

Table 1.4. For instance, as farmers engage in high-value crop production they are

increasingly exposed to price variability and social risks (Fischer and Buchenrieder

2009; Sricharoen et al. 2008) or environmental risks from unabated soil fertility loss

(Wezel et al. 2002a; Schmitter et al. 2011; Schad et al. 2012). We describe these

challenges in more detail in the following sections.

1.4.1 Sustainable Use of Soil and Water Resources

Mountainous areas in mainland Southeast Asia are characterized by the presence of

fragile natural systems with steep slopes, high rainfall intensities, seasonally dry

periods and naturally erodible soils (Sidle et al. 2006). Due to these conditions, land

use change and land use intensification can change the quality and dynamics of soil

and water resources in various ways (Ziegler et al. 2009), and these soil and water

dynamics are intricately linked. Being rich in organic matter, topsoil contains a

significant proportion of the nutrients and carbon necessary for plant growth, and is

therefore essential for agricultural production and for a stable soil structure that can

withstand erosive storm events with a limited breakdown of soil aggregates. Soil

sealing occurs when this structure is disturbed through increased tillage, as the

impact of rain drops disperses soil particles, which in turn fill pores on the soil

surface, rendering the soil relatively impermeable to water and leading to increased

surface runoff which in turn can lead to the detachment and erosion of matter,

including nutrients and soil organic matter. The disturbance of the topsoil also

fastens the mineralization of organic matter, decreasing the structural stability of
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the soil. Other off-site effects of erosion include reservoir siltation and the down-

stream sedimentation of arable land (Clemens et al. 2010). Changes in the water

runoff pathways within a watershed also alter stream flow responses and stream

water quality, as discussed in Fröhlich et al. (Chap. 3). In addition, road construc-

tion and logging—which also accompany the process of agricultural intensification,

can reduce the strength of wetted soils on sloping lands and increase susceptibility

to shallow landslides (see Ahlheim et al. 2010).

Dung et al. (2008) measured an average annual amount of soil loss of 20 Mg/ha

in the cultivated fields of Hoa Binh province in northern Vietnam, as compared

to < 1 Mg/ha in fields under secondary forest fallow. Comparing forest land with

arable land in north-western Vietnam, Haering et al. (2010) found that the conver-

sion of forest land to arable land reduced organic matter content by 66 %, nitrogen

by 67 %, phosphorus by 75 %, cation exchange capacity by 56 % and raised soil

compaction by 40 %.

Clemens et al. (2010) found that farmers in north-western Vietnam were gener-

ally aware that more intensive maize cultivation increases erosion and reduces crop

yields, but they found that farmers tended to underestimate these impacts. Saint-

Macary et al. (2010) found that most farmers in the same area knew about methods

of soil conservation, but found them economically unattractive. Using simulation

modeling, Marohn et al. (in press) confirmed that soil conservation methods tended

to be unattractive for farmers under existing economic conditions, but showed that

they became more attractive as the prices of mineral fertilizers rose.

Table 1.3 Characterization of farming systems by level of agricultural commercialization

Characteristics

Agricultural commercialization

Near subsistence Semi-subsistence Semi-commercial Commercial

Land use

system

Swidden

agriculture with

long fallow

cycles and

burning to clear

soil and release

nutrients

Intensified

swidden

agriculture

with shorter

fallow cycles

requiring

fertilizers

Intensified

swidden

systems and

permanent

fields on

hillsides with

irrigation

High fertilizer

use,

permanent

cropping

systems,

irrigation and

greenhouses

Subsistence

crop

Upland rice (many

varieties)

intercropped

with various

other crops

Upland rice with

fewer other

crops

Upland/paddy rice —

Cash crops — Maize, cassava,

tea and coffee

Cabbages,

pumpkins, tea

and coffee

Vegetables, fruit

trees,

tomatoes and

flowers

Farm labor Household and

labor sharing

Household and

labor sharing

Household labor

and hired labor

Hired labor and

household

labor
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Moderate levels of sediment flow from upper to lower slope positions in the

landscape may benefit the lower slopes by providing additional nutrients (Schmitter

et al. 2011), but severe soil erosion leads to the accumulation of eroded infertile

subsoil material in the lower slope positions, that which may no longer support

intensive agricultural production (Clemens et al. 2010).

As natural systems are complex in their behavior, the effects of land use change

depend on a multitude of processes and site specific characteristics with various

spatial and temporal dimensions (Phillips 2003). Hence, similar conditions and

processes may develop in different ways and adjust to multiple states at varying

times and on different scales (Bruijnzeel 2004). As a consequence, it is difficult to

generalize regarding resource stock changes that occur due to land use change and

intensification; it also complicates the definition of what is environmentally sus-

tainable. Simplified narratives of causes and effects can be influential, but not

necessarily conducive to addressing the problem of conserving natural resources

(Forsyth and Walker 2008).

Table 1.4 Sustainability challenges by level of agricultural commercialization

Challenges

Agricultural commercialization

Near subsistence Semi-subsistence Semi-commercial Commercial

Sustainable use

of soil and

water

resources

Low anthropogenic

soil loss;

recovery of soil

infiltration

capacity after

short periods of

cultivation

Topsoil structure

starts to

deteriorate

with surface

erosion;

changes in

water flow

paths towards

overland flows

Building of

reservoirs to

allow dry

season

cultivation.

Change in

storm runoff

dynamics.

Irreversible

soil fertility

loss in absence

of soil

conservation

measures

High irrigation

water use and

water quality

issues;

reservoir

management

essential for

year-round

irrigation

water supply

Risk of

synthetic

pesticides

No pesticides.

Rotations,

burning and the

use of multiple

rice varieties

help control

pests

Herbicides as

weed

problems

intensify

Herbicides,

insecticides

Intensive use of

mostly

fungicides and

insecticides;

pesticide

resistance

Poverty,

agriculture

and

sustainable

resource use

Not much is sold

and cash is

mostly

generated

through off-

farm labor

Cash crops

affected by

price risk;

storage can

help to

manage this

for some crops

Financial risk

emerges from

the need for

short-term

credit.

Contract

farming could

be an option to

manage risk

High economic

risk can give

high profits,

but can also

lead to

bankruptcy if

not managed

well
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1.4.2 Limiting the Risk of Synthetic Pesticides

Few synthetic pesticides are used in near-subsistence farming, as intercropping,

crop rotations, long fallow periods and the use of multiple varieties help to control

weeds and insect pests and any other plant health problems, while fallow and forest

areas provide habitats for the natural predators of insect pests. Land use intensifi-

cation in the mountainous areas of Southeast Asia has tended to be accompanied by

more intense pest problems (Wezel 2000; Roder et al. 1995; Pandey and van Minh

1998), leading to an increase in synthetic pesticide use in order to manage these

problems. A study comparing gross crop margins to levels of synthetic pesticide use

in northern Thailand by Schreinemachers et al. (2011), showed that a 10 % increase

in gross crop margins was associated with an 8 % increase in pesticide use.

As upland farmers in some areas have moved from near-subsistence to commer-

cial agriculture within one or two decades, the rate of increase in pesticide use has

been rapid, while knowledge about the adverse impacts of pesticides on ecosystems

and human health has remained limited. In addition to their geophysical and

hydrological characteristics, this lack of knowledge makes mountainous areas

particularly vulnerable to the risks of incorrect pesticide use. Studying pesticide

pollution in upland paddy rice systems in Vietnam, Lamers et al. (2011) showed

high levels of environmental and human risk exposure related to pesticide residues.

1.4.3 Poverty, Agriculture and Sustainable Resource Use

In spite of strong economic growth in Thailand and Vietnam and significant

reductions in poverty rates, widespread poverty persists, especially in mountainous

areas. Surveying nearly 300 households in the Yen Chau district of north-western

Vietnam over 2 years, Zeller et al. (in Chap. 12) classified 41 % of the upland

households as chronically poor, but only 3 % of the lowland households. As the

average rate of chronic poverty for the district was 8.4 %, it shows that the average

hides important variations between upland and lowland households.

Poor households have less access to formal credit sources and on average pay

higher interest rates on loans (Saint-Macary et al. in Chap. 4), and are also more at

risk on average than wealthier households, plus have a higher discount rate (that is,

a stronger preference for current over future income). As a result, poorer

households are less interested in making the long-term investments necessary in

order to sustain their natural resource base; for instance, by applying soil conserva-

tion techniques. The challenge for sustainable agriculture in mountainous area is to

balance the pressing need for improved livelihoods among the upland population

with the equally pressing need for a sustainable use of natural resources.

Giving poor households an economic incentive to sustain natural resources;

therefore, requires targeted pro-poor programs to be introduced by governments,

or alternatively well-designed market-based mechanisms such as payments for
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environmental services. Zeller et al. (in Chap. 12) showed that pro-poor programs,

as implemented in Vietnam, need to be targeted more effectively, as wealthier

households at present receive more support than poorer households. Market-based

mechanisms might therefore be an interesting way to complement such programs,

as rewards can be linked directly to the provision of ecosystem services by the poor

(Ahlheim and Neef 2006; Neef et al. in Chap. 9).

1.5 Finding Solutions Through the Creation of Knowledge

and by Developing and Adapting Innovations

The research carried out so far by the Uplands Program can be roughly divided into

research aimed at developing and testing innovations, and research aimed at

creating knowledge about land use systems, though combinations of the two have

occurred such as research into the local adaptation of technologies, and into the

knowledge and innovation partnerships developed between researchers and

stakeholders. However, we will use this division in the following section in order

to give an overview of the contributions the Program has made to date.

1.5.1 Innovation Development

Researchers at the Uplands Program have developed, tested and adapted various

innovations, as illustrated in Table 1.5, those intended to promote more sustainable

land use in mountainous areas. In Thailand, much of the effort has been focused on

fruit tree production, as fruit trees are economically important in northern Thailand,

and growing trees on mountain slopes is environmentally more sustainable than

growing annual crops, as trees are more effective at preventing erosion, regulating

the flow of rainwater and maintaining biodiversity (cf. Bruijnzeel 2004).
Litchi has been the focus of a number of case studies aimed at testing improved

management tools such as water saving irrigation methods (Spreer et al. 2007;

Pinmanee et al. 2011), biological pest control (Schulte et al. 2007), vegetation

studies (Euler et al. 2006), plant hormonal processes (Hegele et al. 2010), fruit

drying (Precoppe et al. 2011; Janjai et al. 2011) and post-harvest methods (Reichel

et al. in press). Other case study crops have included longan and mango, with the

research on longan focusing on the identification of those plant hormones that

induce flowering (e.g., Bangerth et al. 2010; Tiyayon et al. 2011), and the research

on mango focusing on irrigation methods in Thailand (e.g., Spreer et al. 2009) and

fruit set in Vietnam (Römer et al. 2011).

In Vietnam, fruit production in mountainous areas is much less common because

poor road connections to urban markets lower its profitability; therefore, livestock

production tends to be more important and is carried out for home consumption
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Table 1.5 Examples of innovation developments introduced by the uplands program in Thailand

and Vietnam

Innovations Objectives Main outcomes

In Thailand

Artificial flower induction

(Bangerth 2006)

To reduce irregular bearing and

improve the average farm

gate price by artificially

inducing flowering in litchi

trees

Advances have been made to

understand hormonal

processes in litchi trees, but a

practical method for AFI has

not been found

Optimization of fruit

drying (Precoppe

et al. 2011)

To add value to litchi fruit by

processing fresh fruit within

the community using a locally

available dryer that is

optimized to local conditions

A fruit dryer has been optimized

and farmers in two

communities have

successfully dried litchis and

even exported dried litchis to

Europe

Greater irrigation

efficiency (Spreer

et al. 2009)

To reduce the irrigation water

used in mango production

through the use of partial root

zone drying

Innovation was shown to be

successful both in greenhouse

experiments and under field

conditions

Soil and water

conservation on sloping

land (Hilger et al., in

Chap. 7)

To make highland production

systems more sustainable by

integrating cover crops and

mulching methods, plus

introducing fruit trees on

sloping land

Yield advantages were shown to

be very substantial as

compared to conventional

practices and the method was

extended to several

communities

In Vietnam

Improving the performance

of local pig breeds

(Lemke and Valle

Zárate 2008)

Improving the meat quality of

local pig breeds through a

community-based breeding

program and improvements in

the breeding stock

Performance of local pig breeds

is lower than that of improved

breeds but there is much room

for improving performance

and local pig breeds could

obtain a price premium

Improving the performance

of grass carp

aquaculture

(Dongmeza et al. 2010)

Improve small-scale grass carp

production through improved

feeding practices and disease

prevention

Significant increases in grass carp

productivity are possible by

better using the locally

available sources of protein-

rich fish food

Improving agricultural

extension services

(Minh 2010)

Improve agricultural extension

using a network approach in

which farmers, extension

agents and researchers

collaborate on equal terms

and which is more responsive

to the needs of local farming

communities than the

traditional top-down

approach

Testing of the concept in a pilot

commune showed that it

stimulated farmers to interact

and motivated them to

participate in the innovation

process. It led to diverse

extension activities reflecting

the diverse demands of local

farmers

Note: Selection of recent examples of published research within the context of the uplands

program
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purposes as well as for sale. Our research on innovation developments in Vietnam

has therefore focused on improving the performance of smallholder pig production

by initiating a community-based pig breeding program in a Black Thai ethnic

minority village, a program incorporating two distinct local pig breeds and simul-

taneously working to improve the competitiveness of the system through organiza-

tional changes and by improving marketing (Lemke et al. 2006; Lemke and Valle

Zárate 2008; Herold et al. 2010). Research has also studied the local institutional

arrangements used within community-based pig breeding programs (Schad et al.

2011) and the marketing of local pork as a high-value specialty product (Roessler

et al. 2008). Another component of the research project has focused on raising the

productivity and sustainability of small-scale grass carp aquaculture systems,

finding that disease prevention and improved feeding are the key strategies needed

to accomplish this (Dongmeza et al. 2010).

Our research has also tested various agronomic methods aimed at the sustainable

cultivation of crops on sloping lands. The findings of this research suggest that

given the current short fallow cycles used in mountainous areas, the burning of

fallow vegetation should be avoided as it leads to high rates of soil erosion, while

the amount of plant nutrients supplied via the ashes is low and as a consequence

yields decline rapidly at each cropping cycle (Dung et al. 2008). Studying the rate

of erosion on moderately sloping maize fields in north-eastern Thailand, Pansak

et al. (2008) recommended a combination of minimum tillage with legume relay

cropping as an alternative to contour hedges and grass barriers, as these tend to be

unpopular among farmers, compete as they do with crops for space, nutrients and

water. Based on long-term experiments within upland agriculture in northern

Thailand, Hilger et al. (in Chap. 7) recommend three main strategies: (1) the

digging of contour furrows on slopes to break the water flow, decrease runoff and

increase the penetration of rainwater into the soil, (2) the use of any type of

biodegradable mulching material to protect the soil from direct rainfall impact

and reduce evaporation, and (3) multiple cropping to create a permanent soil

cover as well as to generate a permanent income flow for farm households. The

use of a combination of these strategies has been shown to reduce erosion, improve

the water holding capacity of soil and improve crop yields when compared to

conventional practices.

1.5.2 Knowledge Creation

Much of our research has focused on enhancing our knowledge of how land use

systems in mountainous areas function. In line with the structure of this book, we

can broadly divide this research into three categories: research into the sustainable

use of soil and water resources, research into pesticide use and pollution, and

research on the nexus of poverty and natural resource use (Table 1.6). Unlike

technology development, which can have an immediate impact, the development

of knowledge has a stronger focus on influencing policy and can; therefore, have a

much wider, but often less noticeable impact.
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Table 1.6 Examples of knowledge development within uplands program research in Thailand

and Vietnam

Type of knowledge Research question Main finding

Sustainable use of soil and water resources

Adoption of soil

conservation (Saint-

Macary et al. 2010)

What factors enable or constrain

the adoption of soil

conservation methods in the

upland areas of Vietnam?

The adoption of soil conservation

is mainly constrained by

insecurity over land titles

Soil mapping methods for

upland areas (Schuler

et al. 2010)

What soil mapping approaches

are most suitable for

application in the

mountainous areas of

Thailand?

A combination of local soil

knowledge, the Maximum

Likelihood and Classification

Tree methods is the most

useful

Soil information for

sustainable land use

planning (Clemens

et al. 2010)

How can local and scientific soil

knowledge be used to make

land use in the uplands of

Vietnam more sustainable?

Local and scientific knowledge

are complementary. Soils

most prone to erosion are

derived from sandy material

and/or located on the middle

or lower slopes of the

landscape

Soil fertility management

(Marohn et al. in

press)

How do biophysical dynamics and

the land use decisions of

farmers interact in the

adoption of soil conservation

methods on sloping land in

Vietnam?

The adoption of soil conservation

is sensitive to the price of

mineral fertilizers, with low

fertilizer prices impeding

adoption of soil conservation

methods

Reducing pesticide risks

Fate of agrochemicals

(Kahl et al. 2008)

How are pesticides leached from

agricultural fields into surface

waters in an upland region in

Thailand?

Preferential interflow is the main

pathway for pesticides to leach

from agricultural fields.

Upland areas appear

particularly susceptible to

pesticide leaching

Pesticide pollution of

surface water and

groundwater (Lamers

et al. 2011)

What is the environmental

exposure of surface water and

groundwater to pesticide

pollution in the uplands of

Vietnam?

Serious problems in terms of

pesticide pollution levels in

paddy rice systems

Poverty, natural resource use and risk

Collaborative market

development in litchi

(Tremblay and Neef

2009)

How can small-scale litchi

producers be empowered with

the innovative practices, skills

and attitudes needed to

conserve natural resources?

Collaborative market

development gave farmers

higher farm gate prices and

made the system more

sustainable

Ex-ante impact of

innovations in litchi

(Schreinemachers

et al. 2010a)

What impact would litchi fruit

drying, off-season litchi

production and more efficient

irrigation have on household

incomes, soil loss and

pesticide use?

At current price levels, the

innovations would have an

insignificant impact in the

selected study area in Thailand

(continued)
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1.6 Conclusion

The intensification and commercialization of land use in the mountainous areas of

Southeast Asia has generally improved the livelihoods of ethnic minority people,

those who previously relied on subsistence agriculture. Yet, rapid land degradation,

pesticide pollution and persistent poverty are important challenges that need to be

addressed in order for mountainous land use systems to become more sustainable in

environmental, economic and social terms. Various technological and social

innovations are available to address certain aspects of these challenges, but adop-

tion rates remain low. Our research shows that innovation processes are more

successful when using a participatory approach that takes into account diversity

in the demand for innovations and that allows people to test innovations and adapt

them to their needs. Taking into account this diversity appears to be particularly

relevant for mountainous areas, as these are characterized by diverse biological,

climatic, economic, social and cultural conditions.

Our research also shows that intensified land use systems in mountainous areas

are characterized by very substantial inefficiencies; for instance, in terms of

agrochemical use, animal nutrition, soil care and irrigation water use, giving

many opportunities to improve their performance through the better sharing of

knowledge. An extension system in which farmers, extension workers and

researchers cooperate on equal terms was shown here to be more fruitful than the

conventional top-down approach. Therefore, as poor farm households face

difficulties in benefitting from the agricultural commercialization process, it

remains important for governments to complement policies promoting market

development with programs that give targeted support to poor households.

Table 1.6 (continued)

Type of knowledge Research question Main finding

Integration into modern

supply chains

(Schipmann and Qaim

2010)

What are the benefits to be

derived from modern supply

chains as compared to

traditional markets, and what

factors constrain farmers

participating in them?

Weak infrastructure, missing land

titles and limited access to

information constrain farmers

from adopting the innovation

Rehabilitation after

hydropower-induced

resettlement (Bui et al.

2013)

What factors enable or constrain

farm households from

rehabilitating their livelihoods

after being resettled into a new

location in Vietnam?

Severe constraints to livelihood

diversification and agricultural

intensification constrain

resettled households in terms

of rehabilitating their

livelihoods

Note: Selection of recent examples of published research within the context of the uplands

program
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Römer MG, Huong PT, Sruamsiri P, Hegele M, Wünsche JN (2011) Possible physiological

mechanism of premature fruit drop in mango (Magnifera indica L.) in northern Vietnam.

Acta Hortic 903:999–1006

Saint-Macary C, Keil A, Zeller M, Heidhues F, Dung PTM (2010) Land titling policy and soil

conservation in the northern uplands of Vietnam. Land Use Policy 27(2):617–627
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