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Preface

On behalf of the Organizing Committee of the first Symposium on the Management of Tropical Sandy Soils,
we would like to extend our hearty welcome to all of you for making time available to attend the Symposium and
more importantly, making your contributionsin the form of papers and posters. Thisisthe first of such a symposium
and we hope that this will be the start of aregular series that will take place in different locations around the globe.
The Symposium is jointly organized by the Land Development Department (LDD) of the Ministry of Agriculture
and Cooperatives of the Royal Thai Government and the Institut de Recherche pour le Developpement (IRD) of
the French Foreign Ministry. The International Water Management Institute (IWMI), Food and Agriculture
Organization (FAO) of the United Nations, and Khon Kaen University (KKU) are co-organizers. We wish to
acknowledge the financial support of the French Embassy in Thailand and for the scientific support of CSIRO Land
and Water, and International Union of Soil Scientist (IUSS). In addition, thanks goes to all of the reviewers who
had significant and valuable input in improving the quality of some of the contributions. Finaly, | would like to
extend a very special thanks to al the committees and individuals who gave up their time and devoted significant
effort to making this event happen. Without their support and dedication this event would not have occurred.

The concept of such a symposium was conceived during a discussion between Drs Yuji Niino, Christian
Hartmann and myself several years ago. We were discussing some the intrinsic properties of light textured soils
from the tropics that included Thailand, Australia, South Africa, West Africa, the Congo and Brazil and their
significance in the production of food, fibre and wood products for significant numbers of worlds population. In
contrast to the unproductive sandy soils of arid and desert regions that most people associate with, these soilsin the
humid and semi-humid tropics are highly productive and of significant economic importance to several nations.
Within the Mekong region alone more that 9 million hectares have soil textures that are characteristically light
textured, with annual rainfall regimes of more than 1,200 mm that support large numbers of people. These soils
were once covered by climax forests with highly efficient ecosystems that have to a large extent been cleared for
aternative use. The question that arisesis— are current changed land use practices sustainable and for how long? It
was these questioned that were the drivers for the development of this symposium.

The response to the symposium exceeded all expectations of the Organizing Committee. There have been
over 100 submissions as either oral or poster papers from participants from over 22 countries, of which the majority
are from developing or emerging economies. These participants bring with them a wealth of knowledge and
experiences to share and exchange. It is hoped that this symposium will be one that meets al of your expectations.
Sawadee krup.

Andrew Noble
Secretary Organizing Committee
October 2005
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Executive Summary

Executive Summary

Light textured sandy soils are ubiquitous throughout the tropics and constitute an important soil resource on
which millions are dependent upon for their livelihoods. Spanning a range of rainfall regimes from the arid to the
humid tropics, they present unique sustainability and environmental challenges to resource managers. Over the
course of the symposium papers were presented on topics that focused on the physical, chemical and biological
attributes of these soils as well as the important social and economic consequences of utilizing this resource.

Sandy soils are characterised by the predominance of rigid coarse particles that are inevitably associated with
small amounts of clay minerals. These physical attributes contribute to the significant spatial and temporal
variability that offers opportunities for greater use of spatial statistics in managing this variability. The inability of
these soils to buffer changes in physical, chemical and biological predisposes them to accelerated rates of
degradation.

A common thread in all of the presentations highlight large differences in soil behaviour associated with
minor changes in intrinsic soil properties that cannot be entirely attributed to natural heterogeneity. This may in
part be due to the precision and quality of analytical tools used to quantify clay and organic matter quantity and
quality, bulk density, pore size distribution or continuity, and sand size distribution. Improved sandy soils
characterization would lead to a better understanding of processes of soil change, a better classification of relevant
factors into a hierarchical system and finally, to more precise management recommendation that would enhance
the sustainable utilization of these soil.

Physical, chemical and biological characteristics of sandy soils often act as a severe limitation in crop
production. Their sandy nature; low organic carbon content; high hydraulic conductivity rates; low nutrient and
water supply capacity; limited buffering capacity; and inadequate biological diversity invariable necessitate high
levels of external inputs. This has potential environmental implications under high rainfall or irrigated agriculture,
elevated costs of production and very low levels of efficiency. By manipulating the constituent components of the
soil through the addition and conservation of organic matter or through the physical application of organic waste
and clay materials, the potential productivity of these soils can be realized. There are thus significant opportunities
in developing innovative management strategies that enhance the productivity of these systems under the diverse
range of climatic conditions in which these soils occur.

Any innovation must integrate not only the limited potential of the tropical sandy soils but aso the socio-
economic situation of the farmers. Within the tropics, these soils are predominantly occupied by resource poor and
often marginalized communities that have limited capacity to address the aforementioned biophysical challenges.
There is an urgent need for the disciplines of soil science, agronomy and the social sciences to come together to
address these challenges in a holistic manner that effectively result in uplifting the livelihoods of the poorest. This
isby no means atrivia task, but one that takes innovation and commitment by governments and leaders.
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WElcome addresses

Deputy Minister of the Ministry of Agriculture and Cooper atives

Distinguished Participants, Guests, Ladies and Gentlemen,

It iswith great pleasure that | join you today in officiating in the opening of this the First International Symposium
on Tropical Sandy Soils. It is appropriate that this Symposium be held here in Khon Kaen, Northeast Thailand for
several reasons as alluded to by the previous speakers.

The Government of Thailand recognizes that agricultural development is akey element inits goal to alleviate rural
poverty and enhance the wellbeing of communities that are dependent on farming as their primary source of income.
In the Ninth National Economic and Social Development Plan (2002-2006), the Government has set a target of less
than 12 percent of the entire population will be afflicted by poverty. This is in line with targets set within the
Millennium Development Goals. It is highly probably that this target will be reached under current favourable
commodity prices.

There are several emerging issues that we are facing within the agricultural sector in Thailand itself and in the
region as awhole. Significant demographic changes have occurred and will continue to occur in Thailand as people
move from rural areas to the cities. Consequently there has been a significant decline in the numbers of young
people adopting farming as a career. As a result labour-saving and productivity-enhancing technologies will need
to be developed and adopted to support agricultural production in the years to come. We need to ensure that as we
move to this new stage in agricultures evolution in Thailand that we have al the mechanisms and safe guards in
place to ensure the adoption of sustainable and safe, environmentally friendly and economic enhancing
agriculturally practices.

Added to this there will be significant increases in the global demands for grains. For example predictions have
been made that if the pattern of Chinese food consumption in 2031 emulates current US consumption patterns, it
would bring Chinese grain consumption to 1.3 hillion tonnes from current levels of consumption of 382 million
tonnes. The production of an additional 1 billion tonnes of grain with existing technologies would either require
converting a large part of rainforests to agricultural land or the adoption of biotechnology and intensification of
chemical agricultural, all with critical environmental implications. Consequently, there will be a requirement to
significantly increase production of grain crops to levels never previously observed. These challenges will be even
more significant when one considers that these improvements in production will have to occur within an
environment with increases in demand for water from sectors other than agriculture, climatic change and declining
land resources. These are challenges that you as scientist will need to overcome.

In conclusion | wish you all afruitful and productive symposium and | do hope you will take the time to experience
the hospitality and generosity of the Thai people.

Ladies and Gentlemen, | now declare the Symposium open. Thank you.



el come addresses

Director General of Land Development Department

Excellencies, Distinguished Participants, Ladies and Gentlemen,
| extend awarm welcome to you and hope your stay in Thailand will be memorable and fruitful.

| am particularly pleased that the of Land Development Department was invited to host this first meeting on light
textured sandy soils and that Khon Kaen was chosen as the venue for this event.

The Northeast of Thailand has over 9.25 million hectares under agriculture and more than 2.2 million farms making
it the foremost agricultural region of Thailand. However, farmers of the region have the lowest farm incomes in
Thailand. In this respect the incidence of poverty in the region is approximately 37% of population. The poor
physical attributes of the region are the primary cause for the low economic returns of farming enterprises and the
high level of poverty in rural communities. The poor soil physical and chemical characteristics, erratic and uneven
distribution of rainfall during the summer monsoon and limited irrigation development all contribute to low farm
productivity. Unlike the highly productive Vertic soils of the Central Plain of Thailand, the northeast is dominated
by deep light textured sandy soils of mixed origin with low nutrient holding capacity; low water holding capacity;
and subject to physical degradation such as surface crusting and compaction. Added to this, over 3 million hectares
are afflicted by some degree of secondary salinization derived from the mobilization of geological salt. The problem
of salinization has been exacerbated by the extensive clearing of climax forests.

With all these soil and water related problems, the northeast is an ideal |aboratory to evaluate and test new and
innovative approaches in the management of these resources. In deed the Land Development Department has over
the past 42 years undertaken significant research and development in addressing these problems. These have
included the comprehensive surveying of the regions soils; routine mapping on a 10 year basis of the extent of
saline soils; the introduction of innovative methods of addressing soil salinity and the reclamation of saline soils;
the introduction of the highly successful ‘ Soil Doctor’ test kit to villages to name a few. Some of our research and
development will be presented here over the next few days in the form of papers, posters and the mid-symposium
field tour.

As we move into the future, the role of the Land Development Department will become critical in addressing the
soil and water related issues of the northeast in a development climate that can at best be described as dynamic.
These challenges will include increasing the productivity of these marginal soils to ensure enhanced household
incomes and more importantly, environmental sustainability and will only be achieved through a functional alliance
between scientists, the community and policy makers. In addition, the skills and expertise that the Department has
accumulated over the past four decades is and will be of significant benefit and assistance to our neighbours that
may not be in the fortuitous position of Thailand.

I wish you all the very best in your deliberations over the next few days and | look forward to receiving the final
report of the Symposium. To you all Thank you and Kop Khun krup.



WElcome addresses

Patrice Cayré, Director of the Department of Living Resources, I'Institut de
Recherche pour le Développement (IRD)

Distinguished Participants, Guests, Ladies and Gentlemen,

It is a great pleasure for me, as co-organizer of this Symposium with the Land Development Department, to
welcome all the delegates to Khon Kaen today.

IRD has the mandate to carry out strategic research with its partners in developing and emerging countries. It is
therefore no surprise that we started to get interested in the properties and management of sandy soils as early as
the late 40'. Indeed, sandy soils are widespread in the dry part of sub-Saharan Africa were IRD first developed its
activities. There was an urgent need to characterize their characteristics and properties, and to find ways to
overcome their limitations. Our researchers addressed this need and in most francophone countries of sub-Saharan
Africawere surveyed and mapped in the 60' and the 70". Then, in the 80’, IRD started new collaborations in South
America. The fate of the sandy soils was again an issue, in particular in Brazil and in French Guyana. As alogical
consequence of this long past, our collaborations in the field of soil science, agriculture and environment started in
Southeast Asia with projects associated with the sandy soils of Northeast Thailand.

We first started a project with the Land Development Department on the chemical and physical degradation and
rehabilitation of the poor acid upland soils in an experimental station located in the Korat region. Further to these
initial studies we jointly developed a project on soil salinity in the Khon Kaen region. Soil salinisation is an
important issue in Northeast Thailand, as you will discover during this Symposium and the field trip, but also in
many other areas around the world. We have lately been involved in a new project, with our two Thai partners
(Land Development Department and Khon Kaen University) and in collaboration with the International Water
Management Institute (IWMI). This project is focused on the effects of the rapid development of rubber cultivation
on the soil and water resources of the region. When | say region, | mean Southeast Asia, which includes not only
Thailand, but also Laos, Cambodia, Vietnam, and Southern China. Rubber tree is being extensively planted
throughout Southeast Asia in marginal conditions, with drastic effects on the ecology and the livelihood of the
farmers. We have decided to launch such a collaborative project because it provides an opportunity to both make
good science and develop regional collaboration. Such collaboration would benefit all the countries involved and
re-enforce the existing projects. Indeed, IRD has developed activities in Laos and in Vietnam in the last 5 years on
the relationships between land use changes and soil properties in mountainous regions, and we hope to start new
projects in Cambodia together with IWMI soon.

Thus IRD has given considerable attention to the sandy soils of Southeast Asian in the last ten years, and this was
one of the reasons for co-organizing this Symposium. | must stress that all the projects have been based on strong
collaboration with the governmental institutions of different countries with the strong support of the French
Embassies, that we would like to thank here.

The Symposium will be a great opportunity to give ageneral overview of the present knowledge on the management
of tropical sandy soils and to expose the latest results obtained throughout the world. We expect that it will help
identify the research needs and suggest directions. IRD is committed to assist its partners in pursuing research
projects on these promising tracks.

| wish you al avery interesting and fruitful Symposium. Thank you for your attention.
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FAO Regional Office for Asia and the Pacific

The Vice Minister of Agriculture and Cooperatives
Governor of Khon Kaen Province

Distinguished delegates and participants
Representatives from partners, donors and NGOs
Ladies and gentlemen,

On behalf of Dr. He Changchui, Assistant Director-General and Regional Representative of FAO Regiona Office
for Asia and the Pacific, | would like to extend a warm welcome to this international symposium Management of
Tropical Sandy Soils for Sustainable Agriculture.

Natural resources in the region are subjected to increasing degradation, pressure and competition, mainly due to
population growth, urbanization and economic development. The transition from subsistence agriculture towards
intensification, commercialization and industrialization in response to increased population and changing
consumption patterns increases water pollution and consumption and degrades physical, chemical and biological
properties of soil, resulting in lower productivity. Land becomes more vulnerable to natural disasters, in coasta
areas, floodplains, rangelands, mountains and rural watersheds, and their impact becomes much more serious.

To address these issues, FAO focuses on activities aiming at improved management and sustainable use of land
and water resources for food security and improved livelihoods. Priority areas of the current programme include
sustainable land management, soil and water conservation, land resources evaluation and monitoring; integrated
plant nutrient management; and soil biodiversity and fertility/productivity improvement.

The degradation and misuse of land and water resources affects the livelihood of rural people, the food security at
the national level as well as the socio-economic development of the population in more than 110 countries.
Particularly the poorer and marginal population groups and women, those who suffer from inequitable access to
natural resources, are most affected while the income gap between rural and urban areas increases.

Land degradation reduces land quality and affects available water resources. An estimated $42 hillion in income
and 6 million hectares of productive land are lost every year due to land degradation and declining agricultural
productivity. About 2000 million hectares of soil has been degraded through human activities. Land degradation is
thus closely linked to poverty in developing countries and potential threat to poor people who live in areas with
fragile soils and unreliable rainfall. Realizing traditional systems of land use are either breaking down or no longer
appropriate due to population pressure, the alternative management and technology options to cope with the
problems are needed.

Sandy soils cover some 900 million hectares, mainly in the dry zone. Several million hectares of highly leached

sandy soils are found in the perhumid tropics, notably in South America and in parts of Southeast Asia. Small

areas of sandy soils may occur in al parts of the world. Many sandy soils are non-used wastelands. Sandy soilsin

the tropics are chemically exhausted and highly sensitive to erosion and therefore demand cautious management if
used for agriculture. Main production constraints are due to its course texture a low water holding capacity and
high infiltration rate which represent the main production constraints.Nutrients contents and nutrient retention are
normally low, thus causing a low inherent fertility status for agricultural production. However , sandy soils can be
very productive when appropriate management is applied and water is available for crop cultivation by means of
irrigation or because of a shallow water table.

FAO promotes and assists governments and the international community mitigating land degradation,
desertification, deforestation and loss of biodiversity as crucial means for reducing hunger and aleviate poverty.
Integrated planning and management of land resources to improve management of natural resources are addressed
by developing and testing effective assessment methodology for land degradation. FAO will assist implementing
national and regional projects to marshal the extensive knowledge and varied expertise already available worldwide
by creating a new, more interactive and comprehensive framework of assessment methods, and by capacity building
and testing this framework in real-world situations.
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Ladies and gentlemen,

The overall goal of the symposium is to exchangeknowledge and experiences between scientists, extension
practitioners and policy makers on land and water degradation and sustained management and remediation of
degraded land and water resources.

It gives me much pleasure to see participants from all regions where large areas of sandy soils have been utilized
for agriculture, and representatives from a large number of international and regional organizations at this
symposium. The task ahead of usis challenging, and no single organization can deal with it effectively alone. FAO
is ready and willing to work with partners to undertake the work that lies ahead for integrated approaches for
sustainable management of tropical sandy soils.

| am confident that your collective wisdom and expertise provide afirm footing to build this strategy.
| wish you well in your endeavour and look forward to seeing the output of this symposium.

Thank you.
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Strategic management for poverty alleviation of people inhabiting
problem soil areas

Rojanasoonthon, St

Abstract

The relationship between poverty and the inability of communities to acquire basic needs to improve their
standards of living is quite distinct. In most cases, the lack of water and the incapability of individuals to deal
with problem soils are the major factors leading to reduced well being of the people. His Majesty the King
shows His utmost innovation in using the “ natural way” to address this problem. The six devel opment study
centers located strategically throughout the country signify the problem soil areas and their rectified methods
to be learnt by the farmers. A strategic approach is the key factor here and stems from first hand information
of the area and the need of the local people. The so called “ natural way” concentrates on retaining rain water
longer in the soil or inducing more water in the area as well as in the soil. Building top soil, growing more
crops and trees, bring back moisture or retaining water through vetiver grasses to the soil and in the area are
necessary correction measures so that agricultureis possible. The approach is also multidisciplinary in nature
with various participatory actors. The “ New Theory” is another attempt by His Majesty to signify
a sustainable unit that people can comfortably live with enough to eat. Full concepts of sufficiency economy
are needed to apply in this context. The Royal Project in the north signifies good long activities that took
36 years to develop and has a truly sustainable approach. We are successfully running parallel value chain
creation, having good management in teaching the hill tribes to grow valuable crops for the market as well as
maintaining sustainable natural resources and a stable environment. Once these people have the sense of
belonging to the highland area the parallel value chain as practices in the Royal Project Foundation is
possible. Time is a necessary constraint in this type of endeavour. Intelligence, utmost thoroughness and
carefulness are needed in bringing the various fields of knowledge to be used in every step of planning and
executing the work to be done. Therefore, above all, good management is indispensable in this attempt. The
final outcome is nevertheless, the ability to be self reliant by the hilltribes as well as maintaining the ecological

sound principles of the natural resources and environment.

I ntroduction

Problem soils are substancial in occurrence in
Thailand. Being sandy or infertile is only one of the
very common conditions that influence peoples
livelihood making it difficult to make a living. There
are also many other soil related conditions such as
saline soil, shallow soil, gravelly soil, hard pan soil,
lateritic or plinthitic soil, acid sulphate soil, and many
others. Many of these problem soils are the result of
substantial use of the land without any rehabilitation
processes being put in place. Soils become, depleted,
degraded, eroded or washed away. This problem is
spreading as time goes by, particularly with increasing
population pressure or more mouths to feed. The
situation is getting more serious, particularly when
other conditions such as water crisis and related
problems are escalating. Taking the problems of sandy

! Royal Project Foundation, Kasetsart University,
Bangkhen, Bangkok 10900, Thailand

and infertile land, production from such areas is
limited, the people then, do not have enough to eat.
They, finally, fall in the categories of poor or very poor.
Mr. Anan Panyarachoon, a noble Thai statesman once,
pointed out that there are 4 categories of conditions
that relate to the poor. They are poor in money,
opportunity, knowledge and life path. These are all
related, being poor in one of the aforementioned
condition will affect all the others. Likewise increasing
one of these factors e.g. money, alone will not aleviate
the poverty.

ADB reported that in the Asia and the Pacific
region, there are at least 780 million people, consider
poor, 57% earn less than $2 per day, and the “ultra’
poor (Surarerk, 2005) with less than $1 per day
amounts to 600 million people. Of all these, poor
people, 300 million in India and 100 million in China.
In Thailand the TDRI sets the number for the poor at
10 millions. Others think that the figure may be as high
as 12 millions.
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Alleviation of poverty is a very common
strategy observed by most countries and international
organization. How much, how far that they can achieve
is one of the conditions that needs to the judged
overtime using some specific indicators. In Thailand,
every other government has tried their hand in poverty
aleviation, usually with mixed success (Surarerk,
2005).

Thus, tropical sandy soil conditions are one of
the very early causes of the problem which needs
careful management. The inability to aleviate poverty
in the past is due to the lack of a multidisciplinary
approach, is needed for this kind of operation and
management. The elaboration that follow covers the
necessity of rehabilitation processes for strategic
approaches.

His Mgjesty the King's initiative's has many
cases studies that address soil problems and all these
related activities are strongly delineated. They are all
multidisciplinary in nature. The last coverage depicts
the sustainable development approach as signified in
the activities of the Royal Project Foundation
following 36 years of experiences in development
activities that have focused on the highlands, in
Northern Thailand.

Rehabilitation Processes

Development for rehabilitation must take
account of the local environment in terms of the
physico-chemical environment, the socio-economical
environment and the cultural environment. The first
step in the process in to visit the location and find out
what the people really want and then fully explain how
they can best achieve their aims in practices. To be
exact, it must answer the basic needs and improve the
standard of living. The rehabilitation processes should
cover the following main items.

Improvement of the soil and related factors

Constraints that affect the soil can be described
are physically, chemically and biologically. If it is
a sandy soil, fine material needs to be added directly
or indirectly such as in case of His Majesty’'s
deliberation. He suggests the slow method by trying to
retain rain water longer in the soil so that plant could
grow on them and improve further the moisture to the
soil . If it is fruit tree, finer material can be placed in
the planting hole at the establishment of the tree. A U
shaped row of vetiver grasses could be planted
immediately on the lower slope of each tree to retain
moisture longer in the sail. If in the field crop area or

vegetables, leguminous crops can be ploughed in
several times to improve the texture and biological
factors of the sandy soil. Chemical fertilizers could be
added according to the results of analyses. This
“natural” way of His Majesty usually takes time but it
is reasonable and sustainable. If water can be obtained
more readily through reservoirs or streams, the process
may be faster. Rows of vetiver grasses are quite
effective in helping water retention in the soil, and thus
more available to plant growth. In the sloping area
where vetiver grasses rows were most effectively
produce the so called “living natural wall” to check
erosion. Strategy has been used to describe this.

Another important factor that is often neglected,
istherole of socia factorsin influencing development.
In any rehabilitation procedure, among the villagers we
should find their natural leaders or encourage the
formation of groups to solve their own problems and
lay the foundations for being self-sufficient. It closely
follows the structure of traditional Asian society which
usualy follows afamily — like pattern in its leadership.
A “father figure” who will do what ever is necessary
to keep them in good health and prosperity.

His Majesty’s Approach on Multidisciplinary
Improvement of Problem Soils

s Khao Hin Son, Chachoengsao Province

This Royal Development study Center is located
on sandy infertiled soils. Although the annual rainfall
is as high as 1,200 mm/yr the soil can retain only half
the amount of incoming precipitation. Severe erosions



Conference key note addresses

on open surfaces deplete all those would be nutrients
of the soil. His Mgjesty the King pointed out that the
aims should be to maintain the balance of nature and
develop the soil to slowly sustain a variety of crops.
Most of al to retain water longer in the soil so that the
plant can grow. Vetiver grass was established,
particularly along the contour lines of the hill slope.
Top soil was missing due to erosion in the early stages
of their development program. Leguminous green
manures were ploughed in repeatedly to improve the
top soil condition. His Majesty, after amost 15 years,
indicated with pleasure that now the place is nice with
trees, a lot of people helped to achieve this goal and
now it can be a role model for the farmers. He aso
mentioned that earlier even cassava could not grow as
these soils, now it was completely changed, and
everybody was happy.

s Huai Sai, Phetchaburi Province

The Huai Sai the site is an excellent
rehabilitating example of truly bad land. The sail is
sandy infertile with salt as well as a hard pan in the
subsoil. Forests had been completely destroyed and
erosion were very severe. When His Majesty saw the
area he said if we did nothing to it, it will turn into
adesert. With limited rainfall, there was a need to store
water, consequently at least four reservoirs were
constructed. According to His Majesty suggestion,
there were many ingenious simple procedures that
would assist in preserving the top soil during
cultivation. He strongly suggested the use of vetiver
grass as a natural dyke deep into the soil, since vetiver
produces a thick deep root system. This natural dyke
would help to retain the moisture longer in the soil,
thus helping trees to grow as well as other crops
including vegetables.

Two important phrases were said by His
Majesty to signify the important role of people
participation i.e. “Forester should plant trees into the
people heart first, then those people will plant trees in
the ground and look after them by themselves’. Also
“If you leave the forest to regenerate by itself, given
enough time it will turn to be full forest in due course.”

Two other types of land with problems
associated with soil for comparison can be elaborated
aswell:

m At Khao Cha-Ngum, Ratchaburi Province
This is an example of degraded soil in sloping

areas together with sandy texture soil with gravelly
laterite or phinthite pebbles. No top soil remain to
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begin with, His Majesty again, pointing out that the
area needs moisture in order to facilitate plant growth.
Manures and green manures through leguminous plants
had been repeatedly ploughed in. In addition, vetiver
grass was introduced and functions very well in
retention of water when planted along the contour
lines. Each fruit tree was reinforced with vetiver strip
along diamond shaped polders to retain more water
around the trees. It should be noted here that, this type
of land, shallow soil with thick gravelly laterite pebbles
in Thailand cover at least 68,765 km?2, Again, His
Majesty and a group of soil experts finally, built up the
areainto a productive site once again it took more than
10 years.

= At Phikun Thong, Narathiwat Province

Here the situation is quite different since thisis
the area in dominately by acid sulphate soil that
atypical of low lying areain the south. The soil isvery
acid when dry and oxidized. His Majesty started off by
visit the area and observed the yellow jarosite crytals
that develop when these soil dry and oxidize, giving
a very strong acid condition. He put up a very strong
suggestion in tricking the soil or Klaeng Din that we
should somehow, try to make an acid sulphate soil by
ourselves (Vijarnsorn et.al. 2002). Nobody ever
thought that this was possible. It took us almost 4 years
with continuous wet and dry condition to inundate with
acid water. Hisintention is very clear, if we can do that,
then we should be able to make a reverse engineering
and concurrently correct the situation of strong acid
as found. The experiment was a success, it is the only
one in the world. Among other things, it was from
a non soil scientist, let alone being a King himself.
The following recommendations were developed
and offered to farmers to deal with the strongly
acidic situations that common to the south. (Vijarnsorn,
2002)

1. Itisimperative to control the water level above
the pyrite mud layer.

2. Improve the soil conditions by flushing with
rain water to regularly the acid from the profile.
This can be significantly enhanced by the
application of lime dust. It is always important
to maintain the water level above the pyrite
acid-prone mud layer asindicated earlier.

3. Moaodifying the topography of the area either by
creating a slight slope that will allow surface
drainage to occur. The building of raised bunds
for cultivation will assist but core must be taken
not to disturb the acid mud.



Conference key note addresses

4. If possible, the whole area should be able to
control water level at all time both at a desired
depth and sloping surface for easier drain or
wash out if desire.

The manual also give further detailed instruction
for the specific cultivation of rice, vegetables, field
crops and fruit trees, (Vijarnsorn, 1993)

m At Phu Pan, Sakon Nakhon Province

This area, in the northeast region covers at |east
33% of the whole area of Thailand and is dominated
by infertile soils. These soils are deprived of nutrients
being sandy and have a low ability to retain water. In
many places of the northeast there are numerous
geological salt layers resulting in saline soils in many
of the low land areas. To be exact the overall ecological
system has been destroyed. His Majesty has stressed
the rebuild “developing model” for the northeast, and
the utmost need for water. The study at Phu Pan, was
instrumental for His Mgjesty’s creation of sustainable
development in the form of the “New Theory”.

m At Huai Hong Khai, Chiang Mai Province

The main theme is watershed management,
creation of water reservoirs and conservation practices.
Many suggestions were made such as check dams, wet
forest and wet fire line and a suggestion by His
Majesty for hill tribes to grow 3 types of wood for
4 benefits etc.

To round up the whole process, Khung Kraben
Bay project represents a situation were saline soils are
close to the sea in Chanthaburi Province. This project
is representative of environment conservation and the
coastal zone ecology management. Here, mangrove
restoration is promoted since it is the breeding ground
of al living animals of the sea.

Overal there projects summarizes the way His
Majesty sees and suggests priorities of activities
dealing with integrated approaches leading to the so
called “natural way”. We can summarized them as
follows:

1. Conserve top soils by not ploughing and
exposing the top soil sinceit’s prone to erosion

2. Finding areas where rain water can be stored
and use al possible ways to retain water. Small
reservoirs, check dams, diversion dams can be
built, with the help of vetiver roots, moisture can
be retained in the soil longer.

3. Test plots for a bad soil situation (check plot) is
needed to compare after the treatment.

4. Retain the “after plot” for comparison. It is
advisable to plant trees and vetiver strips to
retain moisture as well as other possible other
crops.

5. If thereis hardpan, it is advisable to use vetiver
roots to open up the pan by punching holes in
the pan and grow vetiver in the hole below the
pan layer to assist in destroying the pan.

6. Retain all original trees as well as introduce
varieties of fast growing species.

7. Determine the moisture holding capacity in the
soil usually before planting appropriate type of
trees. Control the overal level of water in canals
and rivers (Bang Nara), His Majesty through
their initiative has been able to contain the
activity of the acid sulphate soil conditions in
the south.

Strategic Approaches — Multidisciplinary in
Action

Some of the very important principles that His
Majesty seemsto follow in his action are as follows:

“In any venture, we are willing to put in money
and effort which may seem useless, but in the
end we may be able to reap the fruits directly or
indirectly. The government, thus, will have to
invest in many of this kind of development
projectsif we look closer, we will see that if the
people enjoy a better standard of living, have a
good income the government will be able to
levy more taxes and gain more credit for the
country asawhole.”

His Majesty has also said “Our economy has
traditionally been based upon agriculture. The national
income which has contributed to creating prosperity to
the country has been derived mainly from agricultural
productivity. More importantly, he also stressed on the
salient point that “ To be successful in farming we must
acquired knowledge of agriculture, marketing and
elementary economics’.

Four of the major concerns that His Majesty
always keep in mind are:

1. His Magjesty insists that instant prosperity can
not be expected. The first step in any form of
local development is for the community to be
self supporting in food. Everything else is,
naturally, of secondary importance.

11
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2. The second most important point is that His
Majesty clearly understands the need to
integrate all the activities connected with
production. One simply cannot say that an area
needs to grow e.g. vegetable, without research
into the type of soil needed at the site, the
amount of water available, the amount of
rainfall, the demand of the market, the distant to
the market etc.

3. The third point concerns the transfer of
technology. His Majesty creates the idea of
setting up centres of development study so that
the centres will function as living museums for
the farmers. The centres integrate the results of
the study into models of development which
people can take as examples and apply it to their
daily lives. All of the six development study
sites situated mostly in area with their own
typical problem soils. Thus, the farmers can
learn directly on the problem solving criteriain
any particular area.

4. Most of the problems stem from the inability to
realize that you can not singly approach the
problem. Only multidisciplinary or holistic
approach is possible to remedy them in totally.
In integrated, sustainable development, people
participation is important. A good leader of
a group of people in the lead with good
followers should be identified. The ability to
function properly in integration, take the
precedent of activities and fitting jigsaw puzzle
together at appropriate time is significant. It is
amust and of course, it is part of the strategic
management that should apply and operate in
each situation accordingly.

One of the studies relating to economic self
reliance of the rural people (TISTR, 1995) cover quite
well the integration of major factors including social
factors which make the integration more compl ete.

It is important to realize that impoverished
people lack many things. A study on economic self-
reliance of rural people (TISTR, 1995) came to the
conclusion that there are 5 main factors that affect rural
people. These conditions we call TERM S for short and
it covers the following: Technology, Economics,
Resources, Mind and Socia condition. All these factors
are commonly related and integrated therefore a lack
one of these factors will normally lower the other four
factors. The dominant condition of resources, in this
case, sandy infertile soils, usually results in two
important effects i.e. low water holding capacity for
cropping and they are usually infertile due to alack of
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nutrients. If you have your mind set on making thing
better i.e. to improve the soil by enriching them with
nutrients together with a process of adding organic
matters and finer materials (clay). We should try to
grow crops on them, particularly leguminousi.e. if we
have enough water. It is thus, an indirect way to
moisten up the soil but it is one of the necessities to
building up soil quality for sustainable agriculture.

Sustainable Development-Definition

World commission on Environment and
Development (1983) gives definition of sustainable
development as follows:

“Sustainable development is development that
meets the needs of the present without
compromising the ability of the future
generation to meet their own needs’

In Thailand, the definition used by the
committee attending international meeting on
sustainable devel opment at Johannesberg (2002) set the
definition as follows:

“Sustainable development in the Thai context is
the development that relies on holistic nature
with all aspects being equally. It is based on
factors of natural resources, Thai local wisdom
and culture together with participation from all
sectors concerned and shows respect to each
other. In particular, it should have the ability to
become self-reliance and be just as good in
quality of life as others.

One concise version of sustainable devel opment
is from our imminent monk Payutto (1998)
“A development that has ability to maintain explicit
balance between human activities and the law of
nature”’. He gave also good explanation of 3 key words
in sustainable development as follow. Sustainable
development has a characteristic of integration i.e.
make it holistic which mean all related components
must integrate in total. Another characteristic is, it
should have balance or make explicitly balance
between human activities and the law of nature.

The National Economic and Social
Development Board (NESDB) has spent considerable
effort in promoting the concept of sustainable
development (seminar in sustainable development in
Thai context, 2002) that finally resulted in the
definition as follow:

“Development that creates balance in all
measures of socio-economic, natural resources
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and environment as well as enhancing long
lasting good quality of life for al people.”

Rojanasoonthon (2003) introduce a condition
called “Dynamic Equilibrium” to signify the ability to
change each time environment at factors change. This
is paramount to sustainability. This aspect occurs
continually with various lengths of time before it
reaches a new equilibrium. Finally, Rojanasoonthon
(2003) indicated that sustainable development is “ Any
strategy for development that contains ample ability
to balance all change factors in natural resources,
socio-economic and culture. That ability is called
dynamic equilibrium. Any development that has there
attributes is called sustainable development”.

To sum up, sustainable development needs to
cover 3 main factors i.e. environment, economics and
social.

m Sustainable development: philosophy

Once the philosophy of thinking is basis on the
culture of giving or teaching. The order of precedence
is incorrect along such hierarchy. Since in real life
however, the paradigm may be more correctly focused
on the culture of seek or research before giving and
teaching. His Majesty the King took such precedence
seriously and was always prepared to find out or seek
for himself by talking to local people and making first
hand visits to the affected areas. His Mgjesty’s decision
therefore is based on sound factors affecting existing
problems. Appropriate solutions are then applied,
taking full account of all influencing factors. One
of His Majesty approach towards sustainable
development falls under the concept of the “New
Theory”, a philosophy that centres on. His Majesty
tries to have sustainable agriculture for the farmers.
The components should be simple and practical, with
the connotation of the principle of a sufficiency
economy. That is moderate and reasonable. The major
issue is thus, the necessity of having an adequate
internal immune system against any impacts caused by
both external and internal changes.

The New Theory starts with the average holding
of 15 rai (1 ha = 6.25 rai), the lowest possible area
required to be sustainable (5 rai for rice field, 5 rai for
horticultural crops, 3 ral for pond or reservoir and 2 rai
for house) His Mgjesty said also that “the New Theory
must be implemented in places where it is suitable for
example Khao Wong District, Kalasin Province’.
Certain adaptations are possible for example in many
places, water is not available or unreliable and the
conditions, therefore are not sustainable for this design.

m Time factor in sustainable devel opment

The importance of time is crucial for
sustainability since adjustment as the result of various
factors need different time intervals in adjusting to
reach another equilibrium. For the new situation
certain change may occur. For Khao Hin Son it took
15-20 years before the King was satisfied with what he
saw. For another 3 places, Hua Sai, Khao Cha-Ngum
and Phikun Thong, it took about similar time span. For
Royal Project Foundation, of which we think it had all
the conditions of true sustainable development, until
now it is 36 years. Giuseppe di Gennaro, UNFDAC
executive director in the early 1980, wrote himself
(Renard, 2001), on a meeting he had with King
Bhumibol Adulyadej on 30 June 1982. The King said
that according to his point of view at least 30 years
would be required to complete the task (work on the
highland). Gennaro wrote that he argued with the King
and stated that a long time frame such as that would
not encourage financial support from external donors.
The King listened in silence and Gennaro was so
assured that he had change His Mgjesty’s mind. He
finally admitted that he was completely wrong. It was
proven, by the fact that His Mgjesty knew even then
that to make the hill tribes better off, grow no opium,
cut no trees and even look after the forest. It took time
as well to get al collective efforts for help from many
people, many organizations in order to reach that goal.
His estimation was 30 years at least.

m Sustainable Development: case of: Royal Project
Foundation

Roya Project originated from His Mgjesty the
King's private study in 1969 following his visits to the
hill tribes in the North of Thailand. For almost four
decades the Royal Project under the directorship of
H.S.H. Prince Bhisate] Rgjani has successfully fulfilled
His Majesty’s wish by placing emphasis mainly on
R&D through marketing which lead to the proper
cultivation of crops for opium substitution in the
highland. Better standards of living of the tribes has
been conceived which resulted in their willingness to
look after the forest and watersheds. In 1992, the Royal
Project Foundation was setup through a Royal
Command purposely to render services effectively with
permanent budget allocation. The project is now
helping the hill tribes to help themselves in growing
useful crops to sell in the market under “Doi Kham”
brand and enable them to continue striving for better
standards of living.

The Foundation has 3 major roles in doing
research with 4 research stations, development and
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technology transfer through 37 development centres
throughout the north covering 5 provinces (Chiang
Mai, Lampoon, Mae Hong Son, Chiang Rai, Payao). In
al we look after about 100,000 people in 306 villages
covering about 2,000 km?. In the market, our produce
is marketed under the trade name of “Doi Kham” are
safe with good quality. We have about 41 types of
fruits (mostly temperate) about 67 kind of flowers and
almost 137 varieties of vegetables and herbs. At
present, our top vegetable products are sent to Thai
International kitchen. We also airfreight vegetables and
herbs to Singapore on aregular basis.

One of the attempts by the Royal Project
Foundation is to deal with integrated factors in the
highland is to use the computer based tool for
modeling and simulation to process copious datain the
highland. The project was setup in 1997 with the
Australian National University which was sponsored
by ACIAR (Australian Centre for International
Agricultural Research). The Thai side by the Royal
Project Foundation through Royal Thai government
supports with full cooperation from various
government agencies and universities i.e. Kasetsart,
Chiang Mai and Mae Jo Universities and Forestry,
Agriculture, National Park, Land Development
Departments. The project is called IWRAM-DSS
(Integrated Water Resources Assessment and
Management Decision Support System). This flexible
decision supports system software development
methodology deal mainly with hydrology model,
erosion model, crop model and socio-economic model.
This IWRAM project can be applied to other river
catchment, resource environment and promote its use
by key stakeholder agencies (Jakeman, A. et al. 2005)

With 36 years of service up on the highland of
the north, we now have enough time on our side for
sustainable practice. The Royal Project has performed
and continued to perform our original objectives in
elevating the hill tribes standard of living as well as
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help them to help themselves. Most importantly, we are
keeping a watchful eye on the natural resources and
environment. Strict conservation practices on sloping
land are observed. In fact, agriculture is preferred on
the lower slope and flatland. Correct land use planning
isapplied. On sloping land, practices such as terracing,
hill side ditch, orchard terrace, check dams, wet fire
line, wet forest and many others conservation practices
are commonly used. His Majesty has strongly
recommended the use of vetiver grasses which have
deep and profusely roots to reduce erosion and retain
moisture longer in the soil. Roads or transporting
routes were constructed and now connected to most of
our development centres.

We are now, running parallel value chain
creation. On one hand we are competing to produce
best produce for the market and on the other hand we
are looking after the sustainable environment and
natural resources on the highland. Considering that we
operate on the roof of Thailand, so our position there
is significant and necessary. His Majesty even made
a speech on such issue, by introducing a successful
project dealing with opium replacement crops and stop
the hill tribes from slash and burn practices. Then, we
can retain them in one place, have a reasonable life
also they help us to look after the forest and soil. The
benefit occurring therefore will be significant and long
lasting or in fact, sustainable.

Conclusion

Records show that whenever there is a case
where people can not make aliving out of the land are
two main factors that we should take into account. i.e.
soil and water. Water is normally quite apparent, but
with soil the problem may not be so evidence.
Attacking the soil problem solely, normally will not
yield long lasting result. The approach has to be more
of multidisciplinary in nature, problems are mostly
related and integrated. This kind of dispute needs
a somewhat “natural” approach such as outline by His
Majesty’s direct involvement in many of the examples
delineated. One thing is certain, it normally will take
time and we have to see into it that this factor has been
taken as a necessity. Other factors that are always
missing is the involvement of local people in the area
together with the socio-economic factors which need to
be taken into account from the start. A sense of
belonging is quite important for the participation of
the local stakeholders. Integration of various activities
also involves many people and many authorities.
Sustainability do need adjustment and dynamic
equilibrium (ability to readjust as situation change).
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His Majesty’s concept on sufficiency economy specify
moderation or reasonableness, including the necessity
of having an adequate internal immune system against
any impact caused by both external and internal
changesis the main force behind sustainability.

Intelligence, utmost thoroughness and
carefulness are needed in bringing the various fields of
knowledge to be used in every step of planning and
executing the work to be done. Therefore, above all
good management is indispensable in this endeavor.

The very final question of all activities relating
to people on development is: “Are they self reliant?’
and may be we should add also “Are our natural
resources still intact?” Again, it will be undoubtedly
double our assurance if we have positive answers to
both questions. Then, we can say that, we have real
sustainable development.
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Poor soils make poor people and poor people make the soil worse

Alfred E. Hartemink!

Keywords: soil science, population growth, food production

Abstract

Throughout the world there is a strong evidence to support the link between poverty and soil conditions.
In subsistence agriculture the wealth of people on low fertility sandy soils is much lower than those living on
rich volcanic soils. But there are great differences between regions in the world and this talk focuses on
historical developments in soil research in tropical and temperate regions. One-third of the soils of the world
are situated in the tropics and as such support more than three-quarters of the world population, yet more is
known about the soil resources of the temperate regions than these important soils of the topics. Snce the
Second World War, soil research has immensely contributed to crop production increases in the temperate
regions and the discipline has greatly benefited from new instrumentation and devel opments in other sciences.
Soil research in tropical regions started later and its scope has not changed much: the feeding of the growing
population, land degradation and nutrient management remain important research themes. The amount of
research in environmental protection, soil contamination and ecosystem health is relatively limited. Mineral
surpluses are a major concern in many temperate soils under agriculture whereas the increase of soil fertility
is an important research topic in many tropical regions. The impact of soil research on poverty alleviation,

crop production or rural livelihoods will be discussed.

I ntroduction

Soil science is a relatively young science that
emerged some 150 years ago. It developed in Europe,
North America and the Russian Empire (Kellogg,
1974). Soil surveys started in sparsely populated areas
where there was ample land for farm extension and
thus a clear need for soil inventories (e.g. Russian
Empire and the USA). In more densely populated
Western Europe where land was relatively scarce
research efforts were devoted to maintain and improve
soil conditions, and in most European countries soil
survey organizations were only established after the
Second World War. Soil science has always had
a strong focus on increasing agricultural production
needed for an increasing human population (van Baren
et al., 2000). One could argue that the focus of
attention of soil research was related to the availability
of land driven by human population pressures.

The increase in human population has been
phenomenal with dramatic increases over the
100 years and has resulted in a continuous debate on
man’s role and impact on the earth. Much of the debate

1 ISRIC — World Soil Information, PO. Box 353, 6700 AJ
Wageningen, The Netherlands, E-mail: afred.hartemink@
wur.nl
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is related to food production, poverty and the
environmental effects of increased land use pressure
due to a growing population. Different views on the
effects of a growing human population have been
published and in this paper some of the arguments are
discussed including an overview of facts and figures.
The aim of this paper is to provide a brief historical
overview of studies on the relation between soil
science, population growth and food production. Much
has been written about these subjects and this paper is
not aiming to review all available literature, but to
summarize some of the major outcomes from such
studies in order to sketch the main trends and
developments. It starts at the end of the 18" century —
which is some decades before soil science emerged.

Human population growth

Global population hardly changed up to
1000 BC and slightly decreased in medieval times
(Figure 1). The real increase started from 1650
onwards when global population passed through the
“Jbend” of the exponential growth curve. Population
growth remained below 0.5% up to 1800 and was
about 0.6% in the 19" century. In the first half of the
20™ century growth was 1%, but the largest rate
occurred in the second half of the 20" century when the
world population grew over 2% in afew years.
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Figure1l. World population estimates for the years —
10,000 BC to 2000 and the years 0 to 2000. Based on
reconciliation of published data

The main reason for the exponential increase in
human population since the 1600s is science and
technology — in particular medical, industrial and
agricultural sciences. The conquest of infectious
diseases in infancy and childhood and other medical
inventions are the main contributors to the exponential
growth of the human population. Another factor is the
decline in traditional breastfeeding practices by
urbanisation and by the premature introduction of
animal milk or infant milk (Short, 1998). Also the
increase in food production in Europe in the 17" and
18™ century due to advanced cultural techniques
(ploughing, liming) and more stable societies resulted
in an increase in human population. Important

inventions like the acidulation of bones by J.B. Lawes
and technological marvels like the Haber-Bosch
process that allowed the industrial production of urea
indirectly caused a large increase in the European
population.

Since 1950, the world population has grown
amost linearly. Official statistics have shown that the
annual increase in human population was 85 million in
the late 1980s and had decreased to 80 million per year
in 1995 (Smil, 1999). Currently the world population
isgrowing by 1.3% per year, which is significantly less
than the 2.0% growth rate of the late 1960s. Population
growth has been different in different regions. More
than 80% of the population livesin developing regions,
and Asia accounts for 61% of the world total. Two out
of five peoplein the world live either in Chinaor India.
According to the population division of the United
Nations, Africa’s population is now larger than that of
Europe but in 1960 Africa had less than half Europe's
population.

There are great differences in the age
distribution of different countries. Thisisillustrated in
Figure 2 where the age distribution of the population
of New Zealand (top) and Uganda (bottom) is shown.
Such uneven distributions may be further aggrevated
by Aids and other infectious diseases that dramatically
affect national population pyramids.
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Figure 2.

Population age distribution of Uganda (top) and New Zealand (bottom)
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It has been estimated that the world population
would be 9.4 billion by 2050. Fischer and Heilig
(1997) estimated that the average population increase
between now and 2015 is 80 million per year which
will decrease to around 50 million per year in 2050.
Doubling of the human population by 2050 is therefore
unlikely and the UN Department of Social and
Economic Affairs has also lowered its forecast to
8.9 hillion in 2050 as global population growth is
slowing down (Lutz et a., 1997; Smil, 1999). About
one-third of this drop is due to the unexpectedly dire
ravages of AIDS in sub-Saharan Africaand parts of the
Indian subcontinent.

Population growth is also slowing down due to
a change of attitude in the developing world, which
accounts for over 95% of the population growth. In
1969, people in the developing world had an average
of six children compared to three today. The population
keeps on growing, however, because more babies
survive and old people live longer and in Africa each
women has on average five children. By 2050, there
will be three times as many people in Africa than in
Europe.

A new focus of attention is developing in
demographic studies and in Western Europe and the
USA the focus of the public, political and scientific
debate has shifted from globa population growth to
population ageing (Lutz et al., 1997). Two hundred
years after Malthus' essay that is quite a shift of focus
— at least for those parts of the world where food is
ample. The fear exists that the issue of ageing will
detract the much-needed attention from those areas in
the world where populations keep on increasing,
hunger is widespread and a higher food production is
needed to nourish current and future generations. That
combination is mostly found in developing countriesin
tropical regions.

Food production and soil science

More food needs to be produced when the
population grows if starvation is to be avoided. In the
absence of massive food relocation, the extra food
needs to come from either the available land through
intensification, better crop husbandry practises and
new high yielding varieties (yield increases) or through
taking more land into production (areaincreases). Both
production increase and area increase depend on
a thorough knowledge of the soil and technological
applications of this knowledge. Soil science, being
essentially an interdisciplinary and applied science,
has a long tradition of considering increased food
production for the growth of the human population.
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Soil erosion emerged in the first half of the
20" century as an obvious factor affecting food
production in relation to the expanding human
population. In the USA the question whether sufficient
food could be produced for a growing population
followed the “dustbowls’ in the 1930s caused by
severe erosion by wind. One of the first global
overviews of soil erosion was prepared by Jacks and
Whyte (1939) titled “ The rape of the earth — A world
survey of soil erosion”. They concluded: the world
food production was seriously affected if erosion
would remain unchecked.

After the Second World War when international
organisations such as the FAO were established and
many countries were aiming at independence, the
feeding of the growing population became an
important area of research. Increasing food production
was a concern in Western Europe because of the
devastation after the war and the baby boom.
Fortunately, science came out of the war with high
status and was overall respected (Tinker, 1985). There
was great optimism and positivism in the 1950s and
agricultural research rapidly expanded. Most, if not al,
agricultural research was directed towards agricultural
production, which increased dramatically thanks to
technological developments and major investments in
agricultural infrastructure. Even though the term
“green revolution” is mostly being reserved for
agricultural production in developing countries, it
could apply as well to post-war agriculture in Western
Europe (Bouma and Hartemink, 2002). There is no
doubt that soil science played an important role in the
increase of agricultural productivity, and Malthus
would have been correct predicting that population
growth would outstrip food supplies but for the
discoveries of soil scientists (Greenland, 1991).

Various books and journal articles have
reviewed the history and developments in soil science
(Greenwood, 1993; Hartemink, 2002; Russell and
Williams, 1977; van Baren et al., 2000; Yaalon and
Berkowicz, 1997). In addition, detailed reviews on
developments in soil chemistry (Sparks, 2001), soil
physics (Raats, 2001), soil microbiology (Insam,
2001), soil variation (Heuvelink and Webster, 2001)
were recently published. These reviews all show the
enormous progress that has been made in our
understanding of the fundamentals of soil properties
and processes. At the same time the reviews show in
which areas (e.g. agriculture or the environment) soil
science has made major contributions.

Lal (Lal, 2001) summarized the cause of
increased food demand in the 19" and 20" century and
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a number of causes were related to the soil and its
management: ploughing, terracing, soil erosion control,
irrigation and soil fertility management through
manure and inorganic fertilizers. Mermut and Eswaran,
2001 reviewed the developments in soil survey and
mapping, soil technology, soil microscopy, pedology
and classification of soils, and the mineral and
organic components of soils. Several technologies
have emerged from these developments including
agroforestry, conservation tillage and precision
agriculture. Major progress has been made in
environmental soil science, and soil science has also
been instrumental in studies on land degradation and
sustainable use of natural resources and in studies on
carbon cycling and sequestration (Mermut and
Eswaran, 2001).

Future outlook for food production

The world produces more than enough food at
present to feed everyone, but nevertheless many people
still starve or are undernourished (Latham, 2000). In
absolute terms the world already produces enough food
to feed ten billion people but the problem is that most
of it isfed to animals. It is poverty and not a physical
shortage of food that is the primary cause of hunger in
the world (Buringh, 1982; Latham, 2000; Pinstrup-
Andersen, 1998). Additional problems are inequitable
distribution of food supplies, spoilage and other losses
between production and consumption, politics (Ross,
1999) and war and trading policies. Many international
aid programmes aim to aleviate poverty for it is the
main cause for hunger and environmental degradation
(McCalla, 1999). So total global food production is not
a good indicator, or as Dudal stated: It is not enough
for the world as a whole to have the capability of
feeding itself, it is necessary to produce more food
where it is needed (Dudal, 1982).

Between 1960 and 2000 the world population
doubled. But the green revolution during that period
brought about substantial increase in food production
and quality, these increases resulted from better
varieties, improved irrigation and drainage, increased
fertiliser use, improved pest and weed control,
advances in food storage and transport, increased area
under agriculture (Ross, 1999). The impact of land
degradation on food productivity is largely unknown.
In addition there is the loss of land to non-agricultural
use which is high (Buringh, 1982). There is also
limited extra land to bring into production (Eswaran
et al., 1999; Young, 1999) which is contrary to
predictions made in earlier studies (e.g. Buringh et a.,
1975; Meadows et al., 1972).

Prospects for increasing food production depend
on improved technologies, a biotechnological
revolution, widening of food sources (e.g. sea weed),
more land in production (Ross, 1999). Doubling yields
in complex and intensive farming systems without
damaging the environment is a significant challenge
(McCalla, 1999). Progress towards a ‘greener
agriculture’ will come from continued improvementsin
modern high-yield crop production methods combined
with sophisticated use of both inorganic and organic
nutrient sources, water, crop germplasm, pest
management and beneficial organisms (Sinclair and
Cassman, 1999).

An important consideration when discussing
food production and population growth is under-
nourishment, which is referred to by FAO as the status
of persons whose food intake does not provide enough
calories to meet their basic energy requirements (FAO,
2000). In 1999, FAO estimated the incidence of under-
nourishment in the developing countries at some
800 million persons or 18% of the population. It was
960 million in the late 1960s, or 37% of the population
(FAO, 2000). Projections indicate that it will decrease
to 576 million by 2015, and to 401 million by 2030.
So both absolutely and relatively the number of
undernourished people is on the decline and
projections for the future show improvement although
hundreds of millions people remain undernourished in
the future. Much depends on political resolutions and
will-power but if all resources are harnessed, and
adequate measures taken to minimise soil degradation,
sufficient food to feed the population in 2020 can be
produced, and probably sufficient for a few billion
more (Greenland et al., 1997).
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Sandy soils of Asia: a new frontier for agricultural development?

Eswaran, H.%, T. Vearasilp?, P. Reich', and F. Beinroth®

Keywords: Sandy, skeletal soils, distribution, agricultural limitation.

Abstract

The three major groups of land that are generally considered fragile are the steep lands or hilly terrain,
the swamps and the sandy and skeletal soils. The sandy and skeletal soils occupy about 86,000 kn? in Asia
(dunes and shifting sands in deserts are excluded in this discussion). Sandy or skeletal soils present problems
beyond the capacity of poor resource farmersto address. Intensity of use of such systems was low to negligible
in the past but this situation has rapidly changed. Exploitation of stressed ecosystems for arable cropping
will increase with increasing population and the concomitant demand for food. From this perspective, it is
important that sandy soils be viewed as the next frontier for agriculture and a comprehensive research agenda
be developed to use the soils in a sustainable manner. If sandy and skeletal soils are presented as the next
frontier for agricultural development, the time may be opportune to mount a concerted research and
development effort. In practically all countries of Asia, there is constant pressure to expand the area of land
under arable cropping. All countries also have fragile ecosystems and so the challenge is one of reducing
ecological risk. Compared to other groups of soils, the sandy and skeletal soils pose minimum level of risk to
the environment. Economically, they present immense problems for sustaining the livelihoods of resource poor
farmers. Economic viability of agriculture on these soils is the challenge that research and devel opment must
address if these are to become the next frontier for agriculture development. With all the advances in

technology, our ability to address this group of problem soils may be better today than ever before.

I ntroduction

The beginning of the new millennium saw
tremendous advances particularly in information
technology and with a general enhancement of the
quality of life in most countries of the world there was
optimism about the immediate future with respect to
sustaining the anticipated population increases.
Population growth, though viewed as a blessing at the
family level, is a great concern at the nationa level,
particularly in Asia. The current trends suggest that
population growth rates have decreased slightly but
even this is not adequate for many countries in Asia
that would negate further significant increases in food
production.

In practically every country in Asia, a large
proportion of the energy and capital of anation is used
to address concerns of food security. In industrialized
countries such as Japan, Singapore, and South Korea

1 USDA Natural Resources Conservation Service, PO.
Box 2890, Washington, DC 20013, USA,

2 Land Development Department, Chatuchak, Bangkok
10900, Thailand, and

3 Department of Agronomy, University of Puerto Rico,
Mayaguez, Puerto Rico.
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or countries that have adequate natural resources
such as Malaysia, wealth is accumulated through
non-agricultural means and food imports provide for
national food needs. Other countries have to enhance
the productivity of land and this implies sacrificing
biodiversity and utilizing stressed lands. An earlier
study of Eswaran et a. (1999) observed that, “Asiais
losing its genetic resources at an alarming rate. Human
incursions to natural systems are probably initiating an
accelerated process of extinction of species greater
than the disappearance of dinosaurs. The core problem
is of course the addition of millions of humans at
decreasing time spans. We must accept that in the
threatened and critical zones, technological fixes may
no longer be an option. We must not allow the
pressures of poverty, greed, and development to
destroy the very resources that can offer solutions to
the problem. Soil and water protection, preservation,
and conservation take on urgency never before felt in
the history of Asian society.”

In a recent study, Engelman et al., (2005)
suggested that the limit of per capita arable land is
about 0.07 hectares. This is the bare minimum land
capable of supplying a vegetarian diet for one person
under ideal conditions without the use of fertilizers or
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Table 1. Population and estimates of per capita arable land in selected Asian countries. Data Source: Engelman, R.

et al. (2005)
POPULATION ARABLE LAND
Countries 2000 2005 Arableland Arableland Arableland
per capita. 1975 per capita. 2000 per capita. 2025
(thousands) (thousands) (hectares) (hectares) (hectares)
Singapore 4,018 4,998 0.00 0.00 0.00
Brunei Darussalam 328 473 0.07 0.02 0.01
Bangladesh 137,439 210,823 0.12 0.06 0.04
Bhutan 2,085 3,843 0.10 0.08 0.04
Japan 127,096 123,798 0.05 0.04 0.04
Republic of Korea 46,740 52,065 0.06 0.04 0.04
Viet Nam 78,137 105,488 0.13 0.09 0.07
Korea, Dem. Peopl€e's Rep. 22,268 25,872 0.12 0.09 0.08
Nepal 23,043 38,706 0.18 0.13 0.08
Papua New Guinea 4,809 8,023 0.19 0.14 0.08
Sri Lanka 18,924 22,529 0.14 0.10 0.08
China 1,282,437 1,479,994 0.11 0.11 0.09
Pakistan 141,256 250,981 0.28 0.15 0.09
Philippines 75,653 107,073 0.20 0.13 0.09
Indonesia 212,092 272,911 0.19 0.15 0.11
Lao People’'s Democratic 5,279 8,721 0.25 0.18 0.11
Republic
India 1,008,937 1,351,801 0.27 0.17 0.13
Cambodia 13,104 22,310 0.27 0.29 0.17
Myanmar 47,749 60,243 0.33 0.21 0.17
Afghanistan 21,765 45,193 0.56 0.37 0.18
Thailand 62,806 77,480 0.41 0.29 0.23
Malaysia 22,218 31,326 0.38 0.34 0.24
Mongolia 2,533 3,478 0.57 0.52 0.38

amendments. They estimate about 420 million people
live in countries that have less than 0.07 hectares of
cultivated land per person and about 75% of thisisin
Asia. When per capita arable land is projected to the
year 2025 as undertaken by Engelman et al. (2005) the
number of countries that reach this benchmark
increases as shown in Table 1. Globally, the population
belonging to this category is expected to increase to
about athousand million persons.

In practically every country of Asia, al suitable
land is being used for agriculture and cultivation has
also spilled over to marginal lands. With increasing
rural populations, agriculture is moving upsiope onto
steep landscapes with all the negative consequences of
erosion, or invading the wetlands with concomitant
impacts on hydrology. Other negative effects on the
ecosystem and biodiversity have been repeatedly
emphasized. In many countries, there are sandy and
skeletal soils, which are of inferior quality in
comparison to lands that are currently cultivated but
probably they are a much better alternative to steep
lands or wetlands. These are two distinct groups with

respect to management technology needs and land
uses, however in this paper they are considered
together as they also share similar constraints,
particularly for resource-poor farmers.

The purpose of this paper is to report on
previous assessments of the extent of sandy and
skeletal soilsin Asia, evaluate some general constraints
for agriculture and then to justify their status as one of
the new frontiers for agriculture. Research in the
management of these soils has not received the
attention they deserve. It is from this perspective of
demanding special attention that such systems are
considered as the next frontier for soil research.

L and Resour ce Stresses

The kinds of edaphic constraints to food
production are summarized in Table 2. The study of
Eswaran et al. (1999) showed that only about 21% of
the land in Asia is stress-free land. There are about
58,000 km? of lands with long cold periods, which
precludes use of the land for most agricultural
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Table 2. Edaphic constraintsto food production

Category

Examples of Stress Factors

INTRINSIC STRESSES
Chemical conditions

Physical conditions

Climate-controlled

Catastrophic events
Biological conditions

Nutrient deficiencies; excess of soluble salts— salinity and akalinity; low base saturation, low
pH; aluminum and manganese toxicity; acid sulfate condition; high P and anion retention;
calcareous or gypseous condition

High susceptibility to erosion; steep slopes, shallow soils; surface crusting and sealing; low
water-holding capacity; impeded drainage; low structural stability; root restricting layer; high
swell/shrink potential

Soil moisture deficit; extreme temperature conditions regimes; insufficient length of growing
season,; flooding, water-logging; excessive nutrient leaching

Floods and droughts; landslides; seismic and volcanic activity

Low or high organic matter content; high termite population

Holistic (Soil behavior)
Conditions

Low soil resilience; natural soil degradation

INDUCED STRESSES
Chemical conditions
Physical conditions
Biological conditions

plant species (weeds)

Landscape conditions

Acidification, through use of acidifying fertilizers; contamination with toxicants
Accelerated soil erosion; soil compaction; subsidence of drained organic soils
High incidence of pests and diseases; allelopathy; loss of predators; colonization by exotic

Impaired ecosystems (Poor soil health); lack of aesthetic value of agricultural landscape

purposes. These are mainly in, Mongolia, Northern
Chinaand in the high mountains of Pakistan and India.
The deserts of Asia are the Thar Desert of India and
Pakistan, and the Taklamakan desert of China
extending into Mongolia. Moisture availability is
restricted unless irrigation is available. With good
irrigation, as around Urumchi in China, the deserts are
very productive. In the absence of appropriate drainage
outlets, as in parts of Pakistan and India, there is
arapid build up of groundwater and salinity. Sustainable
agricultural systems can be developed on the deserts
if appropriate land management is practiced. Steep
sloping land and soils with shallow depths, due mainly
to underlying rock, cannot be used for most agriculture
without capital-intensive inputs to prevent environ-
mental degradation. Most countries of the region have
such lands and if the climate is favourable, they are
generally under forests. In the semi-arid and arid parts
of the region, the steeper terrain and shallow soils are
generally used for grazing of small ruminants. These
four land resource constraints — continuous moisture
stress, continuous low temperatures, steep slopes, and
shallow soils — are land use constraints that cannot be
corrected easily by technology. Such lands have great
difficulties in supporting sustainable agriculture and
are singled out here to compare with lands with sandy
and skeletal soils. The latter also present constraints
specifically for their function of crop production but
in contrast to the other four mentioned earlier, many
of the constraints can be overcome with appropriate
technology.
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Eswaran et al. (2003) developed a procedure to
undertake a global assessment of land resources
stresses using soil and climate information. They
defined 24 broad stress classes for this global exercise.
Other stresses may be important locally. These can be
represented on national or regional maps. Each of the
24 stresses listed in Table 3 requires a different level
of investment to correct for agriculture use. The ability
to correct the stress with minimal cost is the over-
riding factor employed to prioritize the classes in the
list. The cost of correcting the stress varies with the
country and the kind of stress (Buol and Eswaran,
1994). For sustainable development, an understanding
of the kinds of stresses and the costs involved in
correction and maintenance is essential. This approach
is used to make an assessment for Asian countries
(Table 4). As a priority listing is followed and as
multiple stresses are not considered, some of the
classes in the beginning of the list may incorporate
some stresses listed later. For example, areas
designated as ‘continuous moisture stress, which
essentially are the deserts of the region, may have soils
with salinity problems and if sandy or skeletal have
low water holding capacity. As the assessment is made
on a small-scale map, polygons on this map may have
inclusions that may not have the depicted stress. This
empirical assessment can be improved at national level
by the use of detailed maps. However, the present
assessment is made to provide regional information
only and isreliable for this purpose.
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Table 3. Description of major land resource stresses or conditions

LAND
STRESS QuUALITY  MAJORLAND CRITERIA FOR ASSIGNING STRESS
CLASS CLASS STRESSFACTOR
25 IX Extended periods of moisture Aridic SMR, rocky land, dunes
stress
24 VIII Extended periods of low Gelisols
temperatures
23 VIII Steep lands Slopes greater than 32%
22 VIl Shallow soils Lithic subgroups, root restricting layers <25 cm
21 VII Salinity/alkalinity “Slic, halic, natric” categories;
20 VII High organic matter Histosols
19 VI Low water holding capacity Sandy, gravelly, and skeletal families
18 VI Low moisture and nutrient status ~ Spodosols, ferritic, sesquic & oxidic families,
aridic subgroups
17 VI Acid sulfate conditions “Sulf” great groups and subgroups
16 VI High P, N, organic compounds Anionic subgroups, acric great groups, oxidic,
retention families
15 VI Low nutrient holding capacity Loamy families of Ultisols, Oxisols.
14 \% Excessive nutrient leaching Soilswith udic, perudic SMR, but lacking mollic,
umbric, or argillic
13 \% Calcareous, gypseous conditions  With calcic, petrocalcic, gypsic, petrogypsic
horizons; carbonatic and gypsic families; exclude
Mollisols and Alfisols
12 \% High aluminum pH <4.5 within 25 cm and Al saturation >60%
11 \% Seasonal moisture stress Ustic or Xeric suborders but lacking mollic or
umbric epipedon, argillic or kandic horizon;
exclude Vertisols
10 v Impeded drainage Aquic suborders, ‘gloss’ great groups
9 v High anion exchange capacity Andisols
8 v Low structural stability and/or Loamy soils and Entisols except Fluvents
crusting
7 Il Short growing season duetolow  Cryicor frigid STR
temperatures
6 Il Minor root restricting layers Soils with plinthite, fragipan, duripan, densipan,
petroferric contact, placic, <100 cm
5 11 Seasonally excess water Recent terraces, agquic subgroups
4 I High temperatures Isohyperthermic and isomegathermic STR
excluding Mollisols and Alfisols
3 I Low organic matter With ochric epipedon
2 ] High shrink/swell potential Vertisols, vertic subgroups
1 I Few constraints Other soils

From an analysis of the dominant stresses,
Eswaran et al. (1999) estimated the land quality
(Table 5). It is interesting to note that some countries
do not have any Class | land. Afghanistan has also an
insignificant amount of Class Il land. Classes | to Il
lands are generally the most productive lands of
a country though their ability to withstand mis-
management varies. Of the three classes, Class Il is
least resilient which implies that they are most prone
to degradation. It is probably correct to assume that,
with the exception of a few countries such as Papua
New Guinea, Class | to Il lands are mostly under
agriculture, unless they were set-aside a few decades

ago as national parks or forest reserves. Classes |V
to VI are generally more prone to degradation and are
lands subjected to an onslaught by the land-less. These
are the hilly lands and some of the swamps. Most
governments are unable to prevent people from using
these lands; the more astute governments try to assist
the farmers to implement some kind of conservation
technology. Land is a limiting resource in many of the
countries. With time, the situation will worsen due to
soil degradation which reduces the performance of the
soil. Exponential growth of urban centres consumes
large areas of prime land as the centres originally
developed on land that had the potential to feed the
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Table4. Land quality classesin Asia. Data from Eswaran et al., 1999

Land Area (Km?) LAND QUALITY CLASSES
COUNTRY Total Arable
IX VI VII VI \Y A% 111 I |
Land land
AFGHANISTAN 647,500 80,452 521,551 13,739 70,466 9,415 32,487 46
BANGLADESH 133,910 96,486 3,692 33,893 88,156
BHUTAN 47,000 1,340 651 11,378 1,286 33,676
BRUNEI 6,627 337 1,786 41 4,800
CHINA 9,326,410 972,981 2,001,504 1,942,030 2145410 426,145 1,144529 832,285 426,324 370,226 37,491
INDIA 2,973,190 1,687,020 388,717 47,303 257,938 59,969 1,037,310 84,565 44,741 902,935 149,864
INDONESIA 1,826,440 317,294 1,493 20,178 259,885 401,403 691,849 194,988 26,586 217,715 13,143
JAPAN 374,744 45,391 166 161,491 547 64,375 107,722 2,677 37,647
KAMPUCHEA 176,520 24,713 49,171 42,705 34,830 40,858 8,938
LAOS 230,800 8,108 4,788 16,878 195,003 10,817 3,335
MALAYSIA 328,550 48,387 27,023 39,248 244,747 10,817 101 7,233
MONGOLIA 1,565,000 14,192 882,799 595,594 51,789 14,403
MYANMAR 657,740 104,796 13,625 21,515 13,869 471,576 88,972 144 67,990
NEPAL 136,800 23,804 228 15,442 29,663 79,544 11,785
NORTH KOREA 120,410 20,128 381 88,917 2,992 1,640 1,239 23,729 1,516
PAKISTAN 778,720 212,674 650,528 9,674 67,001 44 39,282 83 10,477 1,623
P N.G. 452,860 5,227 40,759 16,440 39,737 182,834 87,494 29,636 55,526 4,833
PHILIPPINES 298,170 93,230 94 155,272 48,844 22,057 32,676 36,189 2,977
SINGAPORE 638 10 327 56 76 136 25
SOUTH KOREA 98,190 20,335 55,032 26,852 2,707 13,573
SRI LANKA 64,740 18,898 1,748 2,706 10,018 2,411 421 35,789 2,954
TAIWAN 32,260 3,170 18,477 2,996 3,983 5,383
THAILAND 511,770 209,130 15,362 97,140 226,722 23939 121,642 26,959
VIETNAM 325,360 65,610 13,592 76,168 169,816 39,265 7,700 17,067 1,607
TOTAL 21,115,069 5,242,475

Table 5. Some of the land resource stresses in countries of Southern Asia

composed of sandy or skeletal materials (Class 19) is highlighted

(Area in km?). Land area of soils

COUNTRY STRESSCLASS
18 19 20 21 22 23 24 25

AFGHANISTAN 9,303 23,653 45,977 13,576 515,367
BANGLADESH 3,595
BHUTAN 9,088 520
BRUNEI 1,786
CHINA 23,831 305,401 1,751,670 1,883,637 1,941,323
INDIA 6,206 25,387 241,353 48,917 401,982
INDONESIA 37,774 67,883 175,463 53,108 17,747 1,313
JAPAN 135,139 139
KAMPUCHEA
LACS 4,769
MALAYSIA 369 21,497 4,264
MONGOLIA 35,280 16,489 595,594 882,799
MYANMAR 4,403 16,878 13,477
NEPAL 29,607 15,413 228
NORTH KOREA 1,257 87,687 381
PAKISTAN 48 9,761 62,979 10,503 706,251
P. N. GUINEA 3,480 11,161 36,138
PHILIPPINES 2,415 68
SINGAPORE
SOUTH KOREA 49,312
SRI LANKA 581 1,167
TAIWAN 277 18,200
THAILAND 544 14,171
VIETNAM 1,093 11,839
Total 37,774 86,224 232,546 404,743 2,547,825 53,885 2,568,680 4,462,808
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community and road or river links to other centres.
Those countries which have opted for large scale
irrigation programs to compliment their food producing
capacity are generally at risk due to salinization and or
alkalization which slowly but surely accompanies
irrigation in arid and semi-arid envionments.

In the drier countries of the world the supply of
water may become alimiting factor before the inability
of the land to produce food is felt (Postel, 1989, 2000).
Waterways traversing nations, or even states as in
India, have become areas for conflict when limits of
the resource base are reached. Further, the increasing
requirements of non-agricultural water use will inflate
prices resulting in stringent irrigation policies that will
be reflected with gains in efficiencies of production.
Inadequacies or inefficiencies of irrigation (Postel,
2000) continuously reduce the effective amount of land
that can be used for food production.

A further factor that prevents efficient use of
land in many developing countries is the purchasing
power of the land users, which is the result of poverty
(Swaminathan, 1986). Appropriate technological inputs
in many of these countries can double production.
However, farmers have no capital to invest in the land
or there are no incentives, when they do not own the
land. They have fewer facilities and an inadequate
knowledge base to implement land management
technologies and thus there can be few expectations of
managing land degradation. Sustainability and the
efficient use of the land can only occur through the
appropriate application of modern knowledge.
Reincarnating past technologies is not a solution to the
challenges of today; it is an excuse for a lack of
national will and ineptitude.

Incursionsinto Stressed Systems

A characteristic feature in most Asian countries
is that the farm population is declining much faster
than that observed in urban areas. Urban areas, in
recent years, have seen dramatic increases in
population but this is due to influx from rural areas
where job opportunities are few. Thisis generally aso
an indication of the limits of land for farming. In
practically al countries, land that is reasonably suitable
for agriculture is aready under agriculture. Protected
lands are usually a small proportion of the nation’'s
land area but even these are prone to illegal land use.
Table 5 lists a few constraints relevant to this paper
(reader is referred to Eswaran et al., 2003, for the
complete table). The three major groups of land,
referred to previously, that are generally considered
stressed are the steep lands or hilly terrain (classes 23

and 22), the swamps (class 20) and the sandy or
skeletal soils (class 19). Unlike the steep lands and the
swamps where the farmer can eke out aliving by using
these landscapes, sandy or skeletal soils present
problems beyond the capacity of the resource-poor
farmers. Thus intensity of use of sandy and skeletal
soils or even incursions into such systems was low to
negligible in the past but this situation is rapidly
changing.

To alarge extent, sandy deposits are characteristic
of deserts and in the assessment these are considered
as areas with continuous moisture stress (class 25) and
keyed out earlier in Table 5. The sandy, gravelly and
skeletal soils (class 19) are mainly in the areas of
rain-fed agriculture. There is about 86,000 km? of such
lands in Asia. The sandy soils are grouped with the
skeletal soils (soils with high amounts of stones or
lateritic gravel) because the land use problems are
similar resulting in similar management constraints.
The constraints are also a function of technology and
this distinguishes this fragile ecosystem from the
others.

Management Related Properties

As most of the papers in this Conference will
deal with management of these soils, the purpose here
isto highlight the major kinds of sandy or skeletal soils
and important properties with respect to management.
In Soil Taxonomy (Soil Survey Staff, 1999), dunes and
shifting sands are considered as non-soils. The typical
sandy soils are the Psamments, which are deep deposits
of sand of alluvial or aeolian origin. Table 6
summarizes some selected properties of soils from
Thailand having sandy textures. The Hua Hin Series
represents the typical sandy soil, a deep sandy Entisol.
The sand is composed of quartz, and there is less than
1% clay; organic matter is also extremely low. The
code “WRD” on the second last column of Table 6
refers to Water Retention Difference. WRD is
a measure of the water holding capacity and the very
low values highlight the most constraining property of
such soils. The low clay content points to the low
nutrient holding capacity; any nutrients held are
generally by the organic matter in such soils. When the
soils have high amounts of gravel asin the Muak Lek
Series, the effective volume of the active (clay) fraction
isreduced. In skeletal soils, despite arelative high clay
content, the soils behave like sands. The Ban Thon and
Narathiwat Series show other kinds of soils on such
deposits. Some of the pedological properties vary but
the basic management related constraints are similar.
Thisis also the case of Ultisols and Alfisols formed on
sandy materials.
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Table 6. Propertiesof some soilswith sandy or sandy skeletal particle size classes

Hua Hin; Quartzipsamment

Depth ) % Cl 0 q 0 o Bulk WRD 0

(Cm) Horizon pH % Clay % San % Grav Density (cm/cm) 0.C.%
0-18 A, 4.9 0.7 98.1 1.08 0.04 0.18
18-30 A, 51 0.8 97.7 1.10 0.06 0.08
30-46 Cu 52 05 98.7 112 0.02 0.06
46 — 60 Cn 53 04 99.3 1.05 0.03 0.02

Muak Lek; Haplustalf

Depth ) % C| 0 q 0 o Bulk WRD 0

(Cm) Horizon pH % Clay % San % Grav Density (cm/cm) 0.C%

0-8 A 6.0 18.1 61.0 58 144 0.12 1.98
8-24 AB 55 204 59.1 46 1.36 0.10 119
24-41 Bt 5.8 24.4 54.5 42 124 0.16 113
41 - 86 C 6.4 214 54.0 52

Ban Thon; Tropohumod

Depth . % Cl 0 q 0 o Bulk WRD 0

(Cm) Horizon pH % Clay % San % Grav Density (cm/cm) O0.C%

0-17 Ap 4.2 16 96.4 1.63 0.05 1.08
17-37 E, 4.7 22 97.1 0.20
37-80 E, 5.0 0.8 98.3 0.12
80-90 Bh, 44 6.2 88.5 1.37 0.11 4.32

Nar athiwat; Sulfic Fluvaquent

Depth ) % C| 0 q 0 o Bulk WRD 0

(Cm) Horizon pH % Clay % San % Grav Density (cm/cm) 0.C%

0-8 A 5.6 39 92.0 1.13 0.25 2.55
8-18 A, 55 0.4 93.0 0.98 0.23 2.92
18-53 C, 34 22 921 0.5 041 8.15
53-110 G, 4.0 8.8 74.2 10.91

Sandy or skeletal soils have a high proportion of
drainage pores. Water and dissolved substances are
rapidly lost to deeper layers in the soil or translocated
to groundwater. These soils have been referred to as
droughty soils and also nutrient deficient. From
a productivity point of view, the soils are least
attractive even to the ‘illiterate’ farmer. Other kinds of
problems arise, when more intensive agriculture is
initiated. Agricultural activities such as pesticide-
mixing and tank rinsing, and storage of manure,
fertilizer and fuels may pose many risks on sandy soils.
Handling agrichemicals requires extra precautions on
such soils due to their rapid contamination of
groundwater and aquifers. Even wells on such soils
must be a significant distance away from contaminant
sources.

Higher doses of fertilizers are sometimes
recommended to counteract the low fertility and the
inability of the soils to retain nutrients. Over-
fertilization with nitrogen frequently leads to
contamination of the groundwater; high concentrations
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of nitrate in drinking water is a health hazard
particularly to the very young and the very old. A
nutrient-management plan, based on leaching losses
and retention ability of the soil, should be adhered to.
Sandy soils have poor structure and in semi-arid
environments, it is extremely difficult to maintain
a reasonable ground cover. Wind erosion will result
and blown particles may carry applied fertilizers to
water bodies. It is hence important to have residue
enhancing crop rotations, cover cropping, reduced
tillage, shelter belts, and even grassed waterways.

It is long been recognized that enhancing the
organic matter content is key to alleviating the soil
moisture and nutrient retention problems. Conventional
agronomic practices have not been successful or the
systems have not been sustainable and this presents one
of the greatest and immediate research challenges for
the use of these soils. One option is to test species of
grasses that are drought prone and have the capacity to
produce high amounts of above and below-ground
biomass. Miscanthus giganteus is one such species and
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produces about 40-60 tonnes/ha of biomass. Its
palatability to animals is not high but can be used as
a component in other highly digestible fodders.
A number of ornamental varieties of miscanthus are
also known to exist under various common names.
Miscanthus can be harvested every year with a sugar
cane harvester and is normally grown in cool climates.
However, it would be an interesting grass to be tested
in the tropics. Like other bioenergy crops, the
harvested stems of miscanthus may be used as fuel for
the production of heat and electric power, or for
conversion to other useful products such as ethanal. If
miscanthus can be grown on sandy soils and the
biomass is used for bioenergy, it would be one of the
most efficient uses of such soils.

As suggested several times, water stress is the
most important problem for crop production and the
temptation of farmers is to apply as much water as
possible. Irrigating sandy soils requires increases in
fertilizer and pesticides for most crops to produce
a maximum economic (profitable) yield. Nitrogen
fertilizer and certain pesticides when applied to sandy
soils have the potential to move downward (leach) in
the soil profile, possibly into the groundwater. This is
one of the reasons that the timing and amount of
irrigation water applied are crucia decisions for each
operator. Applying too much water means increased
pumping costs, reduced water efficiency, and increased
potential for nitrates’ and pesticides’ leaching below
the rooting zone and into the groundwater. Delaying
irrigation until plant stress is evident can result in
economic yield loss and, consequently, poor use of
some agrichemicals. Some under utilized chemicals are
then subject to even greater leaching potential after the
growing season when the greatest soil recharge events
from rainfall usually occur.

Concluding Observations

Exploitation of stressed ecosystems for arable
cropping will increase with increasing population and
the concomitant demand for food. From this
perspective, it is important that sandy soils be
considered as the next frontier for agriculture and
a research agenda developed to use the soils in
a sustainable manner. The challenge, particularly on
a global scale, can be viewed as being of sufficient
importance in terms of land areainvolved globally and
the proportion of people who will be impacted that it
can be articulated as one of the main agriculture issues
to be addressed in the Millennium Project of the United
Nations. At the end of March 2005, the World Bank

released on their website a preliminary report of the
“Millennium Ecosystem Assessment Report” and
reported that humans have changed ecosystems more
rapidly and extensively in the last 50 years than in any
other period. They do recognize that in some sectors
there have been net gains in human well-being but in
genera economic development has been at the expense
of degradation of other services. They stress that
degradation of ecosystem services could grow
significantly worse during this new Century.

Recommendation 5 of the 10 Key Recom-
mendations in the Millennium Project reads,
“ Developed and developing countries should jointly
launch, in 2005, a group of Quick Wn actions to save
and improve millions of lives and to promote economic
growth. They should also launch a massive effort to
build expertise at the community level.” Several Quick
Win efforts have been identified and oneis, “ Amassive
replenishment of soil nutrients for smallholder farmers
on lands with nutrient-depleted soils, through free or
subsidized distribution of chemical fertilizers and
Agroforestry, by no later than the year 2006.”
Recommendation #9 is also relevant to this new
frontier, “ International donors should maobilize support
for global scientific research and development to
address special needs of the poor in areas of health,
agriculture, natural resource and environment
management, energy, and climate.”

The sustainable development of sandy and
skeletal soils has never received any serious attention
in the past for various reasons, including the fact that
sustaining the productivity in other ecosystems also
presented several challenges. If sandy and skeletal soils
are presented as the next frontier for agricultural
development, the time may be opportune to mount
a concerted research and development effort. In
practically all countries of Asia, there is a constant
pressure to expand the area of land under arable
cropping. All countries also have fragile ecosystems
and so the challenge is one of reducing ecological risk.
Compared to other groups of soils, the sandy and
skeletal soils pose minimum level of risk to the
environment. Economically, they present immense
problems for sustaining the livelihood of the resource
poor farmers. Economic viability of agriculture on
these soils is the challenge that research and
development must address if these are to become the
next frontier for agriculture development. With all the
advances in technology, our ability to address this
group of problem soils may be better today than ever
before.
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Analysis of spatial distribution patterns of soil properties and their determining
factors on a sloped sandy cropland in Northeast Thailand

Funakawa, S., Yanai, J.2, Hayashi, Y.}, Hayashi, T.}, Noichana, C.3, Panitkasate, T.2,
Katawatin, R.® and Nawata, E.!

Keywords: geostatistical analysis, heterogeneity of soil properties, runoff generation, sloped sandy
cropland, soil organic matter dynamics

Abstract

Sandy soils are widely distributed in Northeast Thailand. e analyzed spatial distribution patterns of soil
properties and their possible determining factors on a sloped cropland near Khon Kaen City, Northeast
Thailand. Our research site included a sugarcane field on a slope, a mango plantation in the lower slope,
a wetland rice field in the lowland, and teak plantation on the opposite slope. In total 116 soil samples were
collected from a 510 x 270 m field at a 30-m interval and the spatial distribution patterns of soil properties
were evaluated using geostatistical analysis. As a result, a clear spatial variation was observed for soil
organic C and N contents, particle size distribution, and their related properties. In the teak and/or mango
plantations the soil texture was finer and the contents of C and N were higher than the sugarcane field. Soil
organic matter (SOM) dynamics and soil erosion were postulated to be driving forces that could bring such
heterogeneity of soil propertiesin the slope land. The SOM dynamics was analyzed at five representative plots
on the slope in terms of topography and land use. Both the SOM stock in the upper 15 cm soil layers and
annual soil respiration was higher under the tree vegetation than at the sugarcane plots. Annual soil
respiration was high often exceeding 40% of the SOM stock. The SOM was considered to rapidly increase
under tree vegetation through litter input. The condition of surface runoff generation, which was usually
strongly related to the process of soil erosion, was analyzed on three slopes in Northern and Northeast
Thailand using a runoff-gauge connected to a data-logger. The rainfall intensity of the Khon Kaen plot was
higher than the other two plots in northern region and the surface runoff occasionally occurred throughout
the rainy season with no clear seasonal trend, this not being observed on the other two plots, at which the
surface runoff occurred more often during the latter half of the rainy season due to higher rainfall intensity
and/or capillary saturation of surface soils. Thus redistribution of soil properties due to SOM dynamics and/
or soil erosion was considered to proceed with ease on the sandy sloped land. It would be more reasonable to
adapt agricultural systems to the unique conditions of these agro-ecozones through spatial or site-specific
land management rather than to eliminate or decrease the risks of SOM decomposition or soil erosion.

I ntroduction

The agro-ecological conditions of Northeast
Thailand are characterized by the wide distribution of
sandy soils, irregular occurrence of rainfall events
during the rainy season, and undulating topography
with relatively gentle slopes. These conditions might
traditionally have been disadvantageous for
agricultural development in the area. Nowadays, after

! Graduate School of Agriculture, Kyoto University,
Kyoto, 606-8502 Japan, funakawa@kais.kyoto-u.ac.jp.

2 Graduate School of Agriculture, Kyoto Prefectural
University, Kyoto, 606-8522 Japan.

3 Faculty of Agriculture, Khon Kaen University, Khon
Kaen, 40002 Thailand.

the development of transport infrastructure and
domestic/international market economy, market-
oriented agriculture is being widely adopted. Rainfed
paddy rice in lower slope positions that is primarily for
household consumption and sugarcane and/or cassava
plantations as commercial cropsin the middle to upper
slopes are most widely observed especially in the
northern half of Northeast Thailand. The humid
climatic conditions of the region are conducive for the
development of natural forests. It is said that atotal of
490 x 10° ha of forest has been cleared for agricultural
use during the period of 1961-1998 in the region
(Roya Forest Department 1998). Because most of the
changes have occurred over the past several decades,
the sustainability of agricultural production in near
future is not secure.
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When considering the sustainability of
agricultural production on tropical sandy slopes, both
spatial and temporal evaluation of the dynamics of soil
resources are required as well as analyses of nutrient
budgets and/or erosion risks at a representative plot
scale. As a case study, we selected a cropped field
extending several hundred-metres in extent on slopes,
which included sugarcane fields, tree plantations and
wetland rice cultivation. The following analyses were
carried out in the present study: 1) analysis of the
spatial distribution patterns of soil properties on slopes
using a geostatistical technique, 2) evaluation of SOM
dynamics under different land uses patterns on the
slope and 3) analysis of the processes associated with
surface runoff generation in comparison with that in
other regions of Northern Thailand.

Geostatistical analysis of spatial variation of soil
properties on a sloped sandy agricultural
landscape in Khon Kaen Province

1. Materials and methods
Experimental field

The study was carried out on farmer’s fields in
Ban Sam Jan, Khon Kaen Province, which was located
N 16°35-36" and E 102°47-48’". The experimental field
covered 270 m from southwest to northeast and 510 m
from northwest to southeast with an average slope
gradient of 5%, and included a sugarcane field on the
slope, a mango plantation in the lower slope, wetland
rice field at the bottom, and a teak plantation on the
opposite slope (Figure 1). Soil was typically sandy
(>90% sand fraction) and was classified as a Typic
Ustipsamments according to Soil Taxonomy (Soil
Survey Staff 2003). The mean annual temperature and

Figurel. Land use and sampling plots in the SJ study
site, Khon Kaen Province
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precipitation are 27.4°C and 1,190 mm, respectively, at
Khon Kaen City (1951-1975).

Sampling method

A topographical map was developed by
measuring relative elevation at 30 m intervals before
the start of rainy season (March) in 2002. At the same
time, soil samples were collected as a composite of
5 sub-samples from surface 0-10 cm layers of soil
within a 50 cm circular area centred on each position.
In total 116 samples were collected. After deter-
mination of moisture content of the fresh soils,
they were air-dried and passed through a 2 mm mesh
sieve prior to chemical analysis consisting of: pH
(in water), total C and N (by dry combustion),
available phosphate (Bray Il method), exchangeable
bases, and particle size distribution (by combination of
sieving and pipette methods). Soil moisture content
was again measured at the end of rainy season of the
same year at the same plots.

Satistical analysis

Mean and coefficient of variation (CV) were
determined for each soil property. A statistical software
SY STAT 8.0 was used in the analysis (SPSS Inc.
1998). In the geostatistical analysis, a semivariogram
was used to evaluate the spatial variability of the
properties, representing the relationship between the
lag or any integral multiple of the sampling interval
and the semivariance. In this study, two indices were
used to evaluate the spatial dependence of the soil
properties. One is the Q value, which indicates the
spatia structure at the sampling scale (Goerres et al.
1997). Thisvalue is given by the following equation:

Q=(S-N)/S )

where S and N are the sill and the nugget variance,
respectively. The value ranges between 0 and 1. If the
value is 0, no spatial structure is detected on the
sampling scale used, and as the Q value approaches 1,
the spatial structure is more developed and more of
the spatial variation can be explained by the
semivariogram model on the analysis scale used. The
other is the range, which indicates the limit of spatial
dependence. In the analysis, the semivariogram model
with the greatest r2 value was used for the estimation
of the semivariogram parameters. Maps of each
property were computed subsequently using block
kriging, by taking account of the data within the range
distance. Block kriging was used instead of punctual
kriging because it enables the evaluation of regional
patterns of variation rather than local details, due to the
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construction of smoother maps with smaller estimation
variances. A geostatistical software, GS+ Version 3.1
for Windows (Gamma Design Software), was used in
the analysis (Robertson 1998).

2. Results and discussion

According to topographical map in Figure 2,
the difference in the elevation was about 15 m along
the longest side of the field. The northwestern part was
the highest and the relative elevation decreased
towards the southeast, reaching a low at the bottom of
the slope in the paddy and then again increasing as
one moved up the opposite slope. Table 1 summarizes
the descriptive statistics, i.e. the mean, maximum,
minimum values and CV of the 116 data for physico-
chemical properties of the surface soils (0-10 cm)
studied. The soils were generally sandy with an
average sand content of 93.3%. The clay content varied

\\

n

) Ll

Figure2. Relative elevation (m) of the SJ study site

Tablel. Descriptive statistics of physicochemical
properties of the 0-10 cm depth on soils at the SJ site

average maximum minimum cVv*?

Sand (%) 93.3 98.3 81.6 3.2
Silt (%) 42 13.0 0.1 54
Clay (%) 2.5 6.1 0.2 48
Total carbon (g kg ") 3.35 13.53 1.31 58
Total nitrogen (g kg’l) 0.29 0.87 0.05 49
Available phosphate (mg kg’]) 192 861 35.0 67
Exchangeable K (cmol, kg’l) 0.07 0.35 0.01 73
Exchangeable Mg (cmol, kg ') 0.18 0.76 0.01 77
Exchangeable Ca (cmol, kg’l) 0.81 391 0.14 84
pH 5.46 7.42 4.16 11
Moisture content (Mar.) (%) 39 229 0.1 165
Moisture content (Nov.) (%) 13.1 49.9 0.7 77

* Coefficient of variation (%)

widely from 0.2 to 6.1% and as a result the contents
of total C and N and exchangeable bases also varied
with high CV values of greater than 50%, indicating
a considerable within-field variability in the study
field.

To investigate the spatial dependence of the soil
properties, geostatistical analysis was applied. The
range, nugget variance, sill and Q value for each
property were estimated using the fitting model with
the greatest r2 value (Table 2). Maps of each property
were computed subsequently using block kriging, by
taking account of the data within the range distance
(Figure 3). According to Figure 3a-c, the area around
the mango plantation just above the lowest part of the
main slope was covered by relatively fine soils,
suggesting that the soil particles eroded from upslope
were caught in this part of the slope. The soils in the
middle part of the main slope exhibited predominantly
a coarse texture. Table 2 shows that the values of the
range were approximately 130 to 140 m for sand, silt
and clay contents with Q values of around 0.5,
indicating a moderate development of the spatial
structure for these variables.

Table2. Descriptive statistics of physicochemical
properties of the 0-10 cm depth on soils at the site

Nugget (V) Sill(S) Range(R) Q value Model r?
Sand (%) 4.98 9.97 140 0.50 Spher.” 0.91
Silt (%) 2.86 571 131 0.50 Spher. 0.82
Clay (%) 0.77 1.54 140 0.50 Spher. 0.56
Total carbon (g kg ') 0.98 4.65 264 0.79 Expo. 0.97
Total nitrogen (g kg ') 0.0065 0.0332 446 0.80 Spher. 0.99
Available phosphate (mg kg ') 5660 17110 112 0.67 Spher. 0.64
Exchangeable K (cmol, kg ) 0.001 0.028 218 0.50 Spher. 0.92
Exchangeable Mg (cmol, kg ‘) 0.002 0.020 80.4 0.93 Spher. 0.86
Exchangeable Ca (cmol, kg ') 0.305 0.923 811 0.67 Spher. 0.82
pH 0.180 0.381 266 0.53 Expo. 0.96
Moisture content (Mar) (%) 6.8 74.2 230 0.91 Expo. 0.97
Moisture content (Nov) (%) 0.1 311.1 762 1.00 Spher. 0.96

* Spher., spherical; Expo., exponential.

The soil properties relating to organic matter
and nutritional elements (i.e. total C, total N, available
P, exchangeable K, Mg and Ca) were also high in the
area covered by the teak plantation on the opposite
slope as well as in the lower part of the main slope
covered by the mango plantation (Figure 3d-i). This
might be due to the function of tree vegetation, at
which some nutritional elements were obtained by tree
roots from further down the soil profile and then
returned to the surface soils together with litter fall.
According to Table 2, the values of the range varied
ranging from 80 to 800 m with Q values of 0.5to 0.9.
Thus the spatial distribution patterns of these properties
were strongly developed by the presence of the tree
vegetation.

The lowland soils are generally believed to be
more fertile than the upland soils. The paddy field in
the present study, however, exhibited a low fertility
in terms of available P and exchangeable bases
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Figure 3. Spatial distribution of selected soil propertiesat the SJ site

(Figure 3f-i). Soil pH in the paddy field was also lower
than in the lower part of the upland slopes (Figure 3j).
Higher moisture contents both at the end of dry and
rainy seasons suggested that in the lowland paddy the
moi sture regime was more percolative than the upland
fields, resulting in nutrient losses in this location.

Thus accumulation of fine particles of soils,
which were eroded from further up of the slopes by
herbaceous weeds and/or tree vegetation and organic
matter/nutrient turnover under different vegetations
(i.e. sugarcane and tree vegetation) were postulated
to be the driving forces that could bring spatial
heterogeneity of soil properties in these undulating
sandy cropland.

SOM dynamics under different vegetation on
sandy slope land in Ban Sam Jan, Khon Kaen
Province

1. Materials and methods

Based on the distribution patterns of soil
resources (Figure 3), five plots were selected for field
studies associated with determining SOM dynamics
(Figure 1). Plots 1, 2 and 3 were located in the sugarcane
field, whereas Plots 4 and 5 were situated under mango
and teak plantation, respectively. To estimate the
amount of C input into the soils under tree vegetation,
we measured litter input at Plots 4 and 5 during the
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period of 22 April 2004 to 21 April 2005 using litter
traps in five replications. The C output from the soils
was estimated by measuring in situ field soil
respiration rate using a closed chamber method. Soail
respiration rate was measured 16 times during the
period from May 2003 to April 2004. The procedure
basicaly followed the guidelines of Andersen (1982).
Two series of PVP cylinders were prepared in each of
five replications on the five plots. One series (15 cmin
height and 14.4 cm in diameter) were inserted into the
soils to a depth of 5 cm, and the others (height 30 cm
and diameter 14.4 cm) was inserted to a depth of
15 cm, the bottom of which was later covered with fine
mesh to support inner soils. For each measurement, the
bottom of the latter cylinders was covered by a plastic
sheet to prevent carbon dioxide (CO,) invasion from
plant-root respiration. We assume that soil respiration
in the former included both SOM decomposition and
plant-root respiration, whereas that in the latter was
assumed to practically exclude root respiration. The
rate of soil respiration was calculated based on the
increase of CO, concentration 30 min after covering
the tops of the cylinders. Both the initial and final CO,
concentration was measured using a portable infrared
CO, analyser (Anagas CD98; Environmental
Instruments, Leamington Spa, UK). At the same time,
soil temperature and volumetric moisture content were
measured at each plot. Soil temperature and moisture
were also continuously monitored by data-logger
(CR10X; Campbell Co. Ltd., Logan, USA) at Plot 2.
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2. Results and discussion

According to the data-logger’s monitoring (data
not presented here), the surface soils once being wet
started to immediately dry down after each rainfall
event even in the mid-rainy season on the sandy soils.
In the year 2003, the rainy season commenced in late
May and finished at the end of September, with
arelatively long drought in July. Soil temperature was
mostly above 25°C during the rainy season.

The seasonal fluctuation of litter fall in the
forested plots (Plots 4 and 5) is given in Figure 4. At
both plots, higher amounts of litter fall were evident in
the latter half of the dry season presumably due to
a higher water stress. On the other hand, as shown in
Figure 5, soil respiration was higher during the rainy
season. In order to estimate total soil respiration
throughout the year, we first established an equation
that represented the relationship of the in situ hourly
soil respiration rate and environmental factors (such as
soil temperature and moisture) by multiple regression
analysis. We then calculated hourly soil respiration rate
by substituting each parameter of the equation using
monitored data, and summed up the hourly soil
respiration rates for a given period. In the first step, we
assume the Arrhenius-type relationship between soil
temperature and respiration rate, as follows:

Cqn = 20°e®RT 2

where C,, is an hourly soil respiration rate with or
without root respiration (mol C ha? h?), 6 is
a volumetric soil moisture content (L L), E is the
activation energy (J mol-1), R is the gas constant
(8.31 J mol* K1), T is an absolute soil temperature
(K), and a and b are coefficients. The equation was
then rewritten in the logarithm form:

InC,, =Ina+ bln6 — E/RT ©)]
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Following this, a series of coefficients (a, b and E) are
calculated by stepwise multiple regression analysis
(p = 0.15) using the measured data, C,,,, 6 and T (SPSS
Inc. 1998).

The results of regression analysis are summarized
in Table 3. The coefficients relating to soil temperature
(E) was usually rejected (p = 0.15) except for the cases
in whole soil respiration in Plots 3, 4 and 5, indicating
that under the tropical climate in the present study the
effects of seasona fluctuation of temperature on soil
respiration rate were rather limited. In contrast,
coefficient b usually caused a fluctuation o