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contributions in precisely measuring the extent of diversity that exists, its
geographic and ecological structure and dynamics. However, support from other
sciences for basic understanding of plants and their environment (agronomy,
biochemistry, botany, ecology, ecophysiology, evolution and genetics, as well as
economics and the social reasons for germplasm conservation), will be essential.

Box2 Why is genetic diversity important?

Conventional plant breeding teaches that genes associated with low yield potential in
landraces can be eliminated through pure line selection, Data from the 1950s from Thai
Rice Department supporting this have been cited (Oka 1988). But Oka went on,
“However, the yield data have come from experiments under the same cultural
management (optimal condition of experimental stations - BR) for a few years and
provide ro information on yield stability under changing environments. Gene diversity
in populations would bring about population buffering to stabilise yield, as discussed by
Allard and Bradshaw (1964)". Indeed, a preliminary study at Chiang Mai University
suggests that a very high degree of genetic diversity within a local rice variety called
Bue Chamee (wild fowl rice, in Karenese) may be the reason for its success in highland
paddies over a wide area in the mountains of northern Thailand with a highly diverse
biophysical and socioeconomic environment. Characterisation of local genetic diversity,
with morphological and physiological analysis, aided by modem biotechnology, will
enable the true value of genetic diversity to be precisely measured. [t may then be
possible to select for productivity without sacrificing diversity.

Many consider the erosion of the Oryza genetic system in the Mekong Region to
have begun with releases of modern varieties which replaced numerous older
varieties with only a few mew ones. The modem vareties are products of
modemn plant breeding. They include promising local varieties that have been
through pure line selection to make them genetically homogenous; they also
include high yielding vardeties and hybnid rice. In Thailand high yielding
varieties are still grown on a relatively limited scale. However, Thailand has
taken to ‘improving’ local elite varieties since the 1950s. Through pure line
selection, a local Thai elite variety from Bangkhla near Bangkok named Khao
Dawk Mali became KDML105, which gave rise to RD15 and a glutinous rice
RD6 through mutation breeding. These three varieties together account for 60%
the country’s main season planting, and more than 90% of the rice area in many
provinces (OAE 1998). The three are, unfortunately, genetically very close. In
the early 1990s a blast epidemic decimated tens of thousand hectares of this
presumably homogenous population of the KDML 105 stock in several
provinces. This genetic homogenisation of local traditional cultivars continues in
Thailand, and is now being repeated with local rice germplasm in Lao PDR
(CGLAR website) and possibly Myanmar.
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research team from Chiang Mai University has since found other similarly
genetically diverse populations in other parts of Thailand.

Gene flow from introduced germplasm into wild populations would have been
going on ever since rice varieties were moved around the region (eg. with the
different waves of migrations from southem China into Myanmar, Thailand, Lao
PDR and Vietnam and various maritime, river and over-land trade traffics that
plied the whole of the region, including mountainous areas long before colonial
time). The introduction of GM rice and the advent of modern biotechnology,
however, add some new and potentially dangerous elements to the local rice-wild
rice genetic system.

This involves the process of gene ‘transformation’ ie. introduction of the ‘exotic’
or ‘trans’ genes from other species. The Bt gene that confers tolerance to insect
damage comes from a bacterium called Bacillus thuringiensis. Other GM crops
often contain genes transferred from micro-organisms, including viruses. A
potential danger lies in the possibility of genetic interactions of these transgenes
with other major genetic systems, from the crop species and its wild relatives to
pests, pathogens and weeds and beneficial insects, micro-organisms such as
nitrogen fixing bacteria and mycorrhizal fungi, and various other life forms down
the trophic chain. The simplest scenano for such genetic interactions would be
an ‘escape’ of a gene for resistance to specific herbicides from GM rice into wild
rice. The biotechnology method of embryo culture and embryo rescue has also
enabled ‘wide-crosses’ (ie. hybridisation between rice and other species of the
Oryza genus) to be made. Wild rice is increasingly used as a source of disease
resistance and other useful genes (eg. cytoplasmic male sterility for hybrid rice).
For example, Pathumthani 1, one of Thailand’s new non—photoserisitive,
aromatic rices, contains some wild rice genes.® The genetic barrier between
cultivated rice and its wild relatives is likely to be much reduced in cultivated
rice varieties that have incorporated wild rice genes. A recent study by the USA
National Research Council concluded that gene migration between the transgenic
crop and wild populations of squash in the United States could pose an
environmental risk (NRC 2000). This risk is associated with introgression of the
transgenes (of the transgenic yellow squash, Freedom II, which is resistant to
watermelon mosaic virus 2 and zucchini yellow mosaic virus) into wild
populations.

Even more recent is a report of definitive evidence of transgenic contamination
in local maize germplasm in the remote mountainous region of Sierra Norte de
Oxaca, in Mexico (Quist and Chapela 2001). In this native germplasm, the
researchers found weak but clear evidence of p-35S, a promoter from the
cauliflower mosaic virus, ‘widely used in transgenic crops, presence of the

5 Songkran Chitrakomn, personal communication.
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International and national legal framework

The Agreement on Trade Related Aspects of Intellectual Property Rights
(TRIPS)® has obliged developing countries to enact laws to confer ownership
rights to intellectual and tangible property which are products of creativity,
invention, and know-how (intellectual property) as well as biological materials
and devices (tangible property). Means of protecting such property that have
been applied to plant germplasm include patents, trade secrets, trademarks and
geographic marks and appellation origin. ’

The last one allows legal rights to make and market certain kinds of products to
certain geographical regions only, eg. Champagne from the region by that name
in France, and similarly for Bordeaux, Burgundy, Cognac, Scotch, and so on.
This is currently applied to wine and spirits only, but there are signs that
agreements are being reached in the World Trade Organisation {WTQ) to extend
the application to food and other agricultural products as well. On the plus side
for the Mekong Region, it will mean that no one else will be allowed to export
That rice or Yunnan ham. But there will also be a down side, in that the Mekong
Region will no longer be able to export Basmati and Japanese rice, or other
products claimed by other geographical regions.

The UPOV (International Union for the Protection of New Varieties of Piants)
Convention of 1961 established the principle that an improved variety can be
legally owned by the breeder. The Convention is concerned with protecting the
results of conventional plant breeding, so is generally believed to have the full
weight of the seed industry behind it. The Exceptions of the Breeder’s Right
{Article 15) allows plant breeders to use without restriction protected varieties in
the production of new varieties. In its 1991 revision the UPOV Convention was
brought in line with contemporary technological developments. In particular, it
extended protection to ‘essentially derived varieties’ in an attempt to strengthen
protection for plant breeders who initially develop a new and distinct variety
against others who merely make derivations from the initial work. Article 14,
5(c) says that “Essentially derived varieties may be obtained for example by the
selection of a natural or induced mutant, or of a somaclonal variant, the
selection of a variant individual from plants of the initial variety, backcrossing
or transformation by genetic engineering".

Many developed countries have enacted legislation to protect plant breeders’
rights in new varieties which complies with the UPOV Coavention. For
. example, Australia’s Plant Variety Right Act 1987 broadly followed the criteria
for protection agreed under UPOV, and its Plant Breeders’ Rights Act 1994

¢ One of the trade agreements made in the General Agreement on Tariffs and Trade (GATT),
known as the Uruguay Round, which concluded on December 15, 1993, In specific reference to
the protection of plant varieties, the TRIPS Agreement “requires that protection be provided either
by patents or by an effective sul generis system or a combination of both” (Article 273 (b)).
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0O the protection of intellectual property rights of plant breeders in order to
provide incentives for research and development of new plant varieties,
based on the principles of biological safety and food security; and

Q the protection of the rights of farmers and local communities to share in the
benefits from development of new varieties based on ‘their’ traditional
varieties, in order to provide incentives to communities to conserve
traditional and local plant varieties.

However, for all its high minded intentions, the law still lacks a mechanism for
implementation two years after its enactment. Among the obstacles for the
NPVP 2542’s streamiined implementation, especially for communities” rights, is
genetic variation within populations of local rice varieties. For various
biological, ecological and management reasons, local rice varieties are often not
genetically uniform, but are mixtures of several genotypes. Varations are
sometimes obvious and can be distinguished visually, others are less obvious and
can be distinguished only with special tests. Yet, like other laws originally
designed to protect plant breeders’ rights, the application of NPVP 2542 is based
on the plant variety’s uniformity and its ability to ‘breed true’ ie. all primary
traits are maintained in succeeding generations. A community or communities
can claim ownership to a particular local variety only if they can show that it is
genetically uniform and breeds true. The NPVP 2542 law will therefore not
allow claims to many local rice varieties in the region. It would be unrealistic,
and logistically and financially impossible, to expect public institutions such as
the Department of Agriculture to bear the burden of such proof.

The drive to apply the NPVP 2542 to communities’ rights to germplasm is often
based on the fear of ‘biopiracy’ by multi-nationals. However, all who champion
the property rights of local communities should be made aware of potential
conflicts among local communities in the application of the NPVP 2542. Local
germplasm has historically been an ‘open source’ resource, and many have
contributed to development and conservation of local varieties. There is also a
potential confusion in the use of names for local varieties, which is often the only
handle for local recognition of a variety. The same name is sometimes used for
different varieties, and one variety may be known by different names in different
locations. Again it would be unrealistic and costly to put the burden of proof of
ownership on a public institution such as the Department of Agriculture. Neither
will it be adequate to simply post property right claims at the district or sub-
district office (as is now common practice with land ownership claims) and
expect other comumunities to register their objection.

It is as yet unclear if the objectives of the NPVP 2542 will be realised by the
application of the law. But enforcement of the law can help prevent piracy of
privately developed crop varieties as well as GM crops such as Br cotton.
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That Rice Research Institute. Some of this variation may have come from the
original farmers® heterozygous population at Bangkla that had not been through
pure-line selection.

This genetic variation within the population has apparently not done Thailand’s
internal high quality rice market and its US$ 300 million a year export any harm.
It however complicates the application of NPVP 2542, and weakens the
protection of its local germplasm. For a start the Thai Rice Research Institute
will have to determine which of its many breeders’ versions of KDMLI10S is the
‘real’ one that is protected by the faw. NPVP 2542 may even encourage a form
of biopiracy. A private person or company can simply select any of the
numerous forms of local variety that have been grown by some farmers for a
long time. Strict enforcement of the law would force these farmers to pay a
licensing fee to the owner of the registered ‘new variety’, who would also be
legally empowered to sell the variety or take it out of the country.

Patent and plant breeders rights laws in developed countries (eg. Australia,
Europe, Japan and the USA) all empower individuals and corporations to poach
at will from the common pool of plant genetic resources, including the part that
is being ‘held in trust’ by CGIAR centres.® According to the tradition of
germplasm sharing, farmers and communities may not object sharing with others
even in far away countries. The problem anses because original users of the
common genetic resource can now be ‘fenced out’ by the new legal owners
empowered by the various property right laws.

Yet another aspect of the property right problem is highlighted by the issue of
rice quality in Thailand. Like any other rice producing country, Thailand badly
needs R&D to improve acceptability to farmers of new ‘improved’ rice varieties
released from its breeding programmes, to make better use of all of the new
inventions and improvements in rice genetics, including higher yields, more B-
carotene, more iron and zinc etc. Furthermore it will enable rice breeders to
explore other definitions of ‘quality’ to expand the country’s market opportunity,
and lessen dependence on just the one single quality type of Thai Hom Mali.
Apart from reducing the risk in the market, this will also mitigate the risk in the
production system which is currently too dependent on a very narrow gene pool
of KDML105 and its mutant sisters, RD6 and RD15.

In order to do this, as discussed above, Thailand will need capacity in
biochemistry, genetics (the old-fashioned Mendellian kind as well as molecular)
and ecophysiology. Skills need to be -acquired, tools (gas chromatography,
various spectrometry and electron microscopy, and so on) mastered to enable
various quality characteristics to be quantified, and screening procedures

® As referred to clsewhere, several CGIAR members, including IRRI, have been involved in recent
disputes about germplasm ownership.
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Harnessing biotechnology for the Mekong Region:
the next 30 years

Building local technical capacity

Pre-fabricated GM crops and modem biotechnology alone are definitely not
going to be enough to enable the Mekong Region to reap the full benefits of
biotechnology. And without some local capacity for understanding the key
functions and processes in the region’s important plants, animals and microbes,
the GM crops that will inevitably arrive will pose a real threat. The question is
whether the Mekong Region can develop the necessary local capacity to handle
these threats and make the most of what biotechnology has to offer.

My answer to this is “Why not? . If the capacity for agricultural science in the
region has been somewhat limited, it was surely not because of any lack of
aptitude but more because there has been no real demand for, and so no
investment in, good research. Now suddenly Thailand and Yunnan are awash
with public money chasing good research, and Vietnam most probably will soon
follow. On the evidence of our record, good and useful agricultural science will
not simply just happen because of all this money.

The region is as much in need of capacity in agricultural research management as
in technical capacity. A number of regional and relatively long term (say, 10 to
15 years) projects on well chosen agricultural problems could explore and teach
how this could be done. The next generation of scientists and professors will be
part of this process by making graduate programmes, especially already
established and well funded ones like Thailand’s Royal Golden Jubilee PhD
programme, and perhaps the equivalent in China and Vietnam, an integral part of
this effort. Provisions for graduate level training in Thailand, Vietnam and
Yunnan for individuals from Cambodia, Lao PDR and Myanmar in the first 10 to
15 years would help towards building local capacity for graduate training, and
thus perpetuate such capacity in these countries afterwards. Carefully matched
collaboration with advanced labs in developed countries can also make valuable
contributions. Issues of intellectual property will need to be addressed in any
collaboration in general, and on germplasm specifically.

Intellectuat and tangible property rights

The current climate of suspicion and mistrust surrounding the property rights
relating germplasm and research findings are an obstacle to collaboration and a
distraction for working scientists. Sofne standard air-tight memoranda of
agreement for sharing biologtcal materials, information and trade secrets for the
purpose of germplasm research would help calm nerves and remove the fears
that are now holding up much needed collaboration. However, there is no
alternative to researchers in public institutions, including universities, having
some basic intellectual property rights capacity. Innovations often simply
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regional or provincial licensing agreement, along with their efficacy over space
and time. Such experimentation could also explore research management
capacity that will have to deal with not only the technical agronomic, biological
and ecological side of GM crops, but aiso how to manage conflicting interests of
different stakeholders, from farmers, consumers and NGOs who have appointed
themselves guardians of public safety.

Looking after native germplasm

Clearly rice needs careful biotechnology management to safeguard the species’
native gene pool. This could also teach lessons on the management of gene
pools of other native species. Evidence of gene migration in Oryza discussed
above clearly points to a danger from GM rice. It appears that how a GM rice
hybridises with locai wild rice and how their progenies behave could be
important cnteria that must be determined before any GM rice can be released
into the field in the Mekong Region. Understanding phylogeography of local
cultivated and wild rice populations on the other hand will help with gene pool
management at the national level. For example, stringent standards for releasing
GM rice might need to be enforced only in regions with genetically unique rice
populations and not everywhere.

Concluding remarks

The case of rice and wild rice raises the possibility that the whole gene pool of a
native crop species and its wild refatives may become contaminated and
decimated through gene migration. Much has been achieved in transfer of
biotechnology to Asia in the last 10 years or so. But in the Mekong Region there
is still insufficient capacity to adapt biotechnology for local use and to forestall
any potential harmful impacts. There are no *widely adapted’ GM crops nor
safety protocols that can be simply and safely transferred from elsewhere. The
region needs to develop its own regulatory and local scientific capacity to cope
with biotechnology. Such technical capacity is, however, dependent on a local
capacity for managing agricultural science research that can find the fine balance
between understanding and application.
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Uplands land use
Kanok Rerkasem

The uplands of mainiand Southeast Asia stretch from Myanmar to Vietnam and
include parts of Cambodia, Lao PDR, Thailand and neighbouring Yunnan
Province of China. The uplands, defined here as lands more than 600 metres
above sea level, encompass about half of the total land area of the Mekong
Region. The uplands are home to many diverse ethnic groups and include
pockets characterised by rapid population growth and severe poverty.
Significant land use changes are taking place, many of which are leading to
tensions within and between upland communities, and between ‘upstream’ and
‘downstream” watershed communities. Food security remains one of the major
challenges for upland communities and the governments in the region, but the
changing socioeconomic landscape has seen-other related concerns emerge.

Agricultural production for subsistence, traditionally dominated by shifting
cultivation, is rapidly being replaced or added to by other forms of land use.
There are still some communities which rely almost totally on the produce from
their subsistence agricultural system. However, many more are now involved in
some type of commercial production. New enterprises and land uses are
providing new opportunities, but also creating tensions and conflicts. These
conflicts arise from internal and external pressures, including govermment
policies. In this chapter I discuss some concerns, focusing on: 1) tensions
between crop production, commercialisation and ecosystem/biodiversity
conservation; 2) relevance and effectiveness of public policies; and 3) conflicts.

Although I do make some reference to all parts of the Mekong Region, I draw
most of my examples from northern Thatland, Vietham and Lao PDR. At the
end of the chapter I put forward a series of questions for policy makers and
researchers. Interventions aiming to support poor and marginalised people in the
uplands should address these questions, and of course others which are beyond
the scope of this particular chapter.

Crop production, commercialisation and ecosystem/biodiversity
conservation

A number of factors contribute to the tension between crop production and

protection of ecosystems and biodiversity at local and watershed levels. These

include the complex relationships between internal and external factors such as

population levels and growth, migration, state land tenure policies, customary

tenure arrangements, commercialisation, social obligations within traditional
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Table 1 Ethnic minority groups in the Mekong Region (by country)
Country Number of Population (million people) % Total

ethnic groups
Minorities Toral

Cambodia 36 0.31 9.45 3.3
Lac PDR 47 2.01 4.88 41.2
Myanmar >12 >6.8 46.55 14.6
Thailand 10 0.79 58.27 1.4
Vietnam 53 9.88 73.81 134
Yunnan 25 13 42 31
Total 183 32.79 23496 14

Sources: Derived from various texts (Ma Yin 1989, World Resources Institute 1994, Kampe
1997). The data include some ethnic minority people not resident in uplands.

Large-scale infrastructure development projects, such as construction of the Nam
Ngum dam in Lao PDR or the Hoa Binh dam in Vietnam, have also displaced
peaple and affected land use in surrounding areas. For example, between 50—
60,000 people from the Muong and Tai minorities were displaced by the huge
Hoa Binh project whose reservoir extends 230 kilometres back from the dam
wall on the Song Da (Black) River, flooding about 200 km® of forests and
farmland (Hirsch 1998).

There has been a large increase in capital intensive and land extensive
monocropping in the uplands. In some parts of the region, this is not a new
phenomenon. For example, following the end of the civil war in China in 1949,
the communist government promoted the transformation of large parts of the
Yunnan uplands. Rubber', sugarcane, tea trees and other plantation crops were
introduced or vastly expanded. Opium cultivation was totally eradicated. Credit,
inputs and terracing earthworks were initially subsidised as part of this
transformation. Plantations were seen as ‘modern’ agriculture replacing the
‘primitive’ shifting agriculture practised by the area’s ethnic minorities, such as
the Hani, Jino, Lisu and other smaller groups. Masses of Han Chinese were
relocated to work in the collective plantations. Many Han migrants settled in the
southernmost counties of Xishuangbanna and Simao in the Lancang Jiang valley
(Upper Mekong watershed) and the Red River valley, areas bordering on
Myanmar, Lao PDR and Vietnam (Chapman 1991, Kanok Rerkasem 1999). Part
of the Yunnan transformation also saw many upland communities move to lower
elevations, when land was available, to get involved in wet rice cultivation.
During this period, the introduction of hybrid rice — via the Green Revolution —
promoted large increases in yields. Due to recent decentralisation to increasingly

! Rubber plantations are usually located fower than 600 metres above sea level, hence their impact
above that height is indirect. -
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evaluated. There is concern that intensive farming systems, driven by business
goals, are linked to increased destruction of natural forests, biodiversity
reduction and general land and water degradation associated with soil erosion,
soil fertiiity depletion, water pollution etc..

The commercial production of high value crops, vegetables and fruit trees also
requires substantial water in the dry season. Sprinkler-fed irrigation is
economically feasible and relatively easy to install. Large expansion of
commercial production in the uplands will increase water use in upstream
watersheds and reduce water availability downstream. The extent of future
impacts of this problem has yet to be quantified but conflicts over upstream
water use are increasing, especially in Thailand. Vietnam’s upland landscapes
are also changing with the advent, for example, of large areas of coffee
monocultures and less degrading tree crops such as persimmon, apricot, plum
and lychee.

It must be remembered that Thailand uplands are relatively well-connected to
markets, aided by large-scale infrastructure development, especially highway
networks. Other parts of the region, such as parts of the Vietnam uplands, are far
less well-connected which obviously disadvantages producers by giving them
fewer practical options. A separate basic issue is that all the commercial
systems, reliant on external markets, are vulnerable to unpredictable market
prices. At the time of writing, the troubles facing coffee producers dealing with
a world-wide glut offer a harsh lesson that getting the agronomy right is only part
of the battle. These problems have diminished the potential of the alternative
crops to improve the general livelihoods for the upland ethnic minority
populations.

[t has been recognised for some time that the promotion of cash crops in the
Mekong Region, especially subtropical and temperate species of vegetables, fruit
and cut flowers, has to be considered in relation to international trade agreements
administered by the World Trade Organisation (WTO}, and large-scale
infrastructure development such as highway networks and international river
transport (TDRI 1994). There will be strong market competition for these
commodities. For example, China, which is the biggest producer of these crops
and boasts a more favourable climate and lower costs of production, could
successfully take over the Mekong Region markets and jeopardise development
efforts in the promotion of cash crops on a wider scale. Of the Mekong Region
countries, Vietnam is next in line to join the WTO. Nevertheless, with or
without trade agreements, legal and ‘illegal’ trade in these crops has already
spread throughout the border areas of the region.

There are many proposals for governments in the region to develop collaborative
programmes for large scale production of major cash crops and forest
plantations. Some private sectors and agribusiness companies have already

327



nMawuon 1.14

UPLANDS LAND USE

exploitation for timber production. Each has been used to restrict people’s
access to forested areas.

In Vietnam, a policy push for ‘non-shifting’ agriculture was adopted in the 1980s
aiming to fundamentally change the dominant type of farming system by an
estimated 2.9 million people from 400,000 ethnic minority families in 34
mountainous provinces (Sargent et al. 1991). This has involved a comprehensive
socioeconomic development programme for ethnic minorities, as well as for
forest protection and restoration. State funds have been directly channelled to
projects in the form of cash payments and interest-free loans to households
contracted to protect and restore forests. It is claimed that at least 600,000
people in 378 communes have stopped shifting cultivation, with some 140,000
hectares coming under permanent crop production. A mid 1990s study reported
an increase in forest cover of 47,000 hectares of newly planted forests and
70,900 ha of tree plantations for industry (Le Duy Hung 1995). Agroforestry
development is also promoted with support from government to sustain local
livelihoods based on multiple sources of products (Do Dinh Sam et al. 1997).
The greatest incentive in this programme was a revised land law providing up to
50 years tenure for iand users investing in commercial tree crops. However, no
funds were made available for land improvements. Consequently, rehabilitating
degraded forest has proven very difficult.

Table 2 Extent of land under shifting cultivation in mountain areas of the Mekong Region

Country Area (10° ha) % forest used for
Land Forest Shifting shifting
cultivation cultivation
Cambodia 17,652 12,163 n.a na
Lao PDR 23,080 13,173 400 304
Myanmar 65,774 28,856 181 0.63
Thailand 51,177 12,735 400 3.14
-N. Thailand . 16,966 7,523 400 5.32
Vietnam 32,536 8,312 3,500 42.1
Yunnan/China 39,410 9,533 130 1.36
Total 229,629 84,772 >4,611 5.44

Sources: (Fujisaka 1991, Lovelace 199!, Do Dinh Sam 1994, i3anetjee 1995, FAQ 1995, TDRI
1997)

The beneficiaries of the programme have turned out to be the lowland majority
ie. the ethnic Vietnamese, or Kinh groups. Limited funds and prejudice against
ethnic minority cultures have been the major constraints to extending this kind of
programme to remote mountain communities. A further weakness of this
programme is the lack of community participation and local initiative. As the
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Box 1  Understanding traditional land use

There is still much to be learnt about traditional land uses, such as shifting cultivation. |
Even the terminology and classification of shifting cultivation remain to be c¢larified as
knowledge about shifting cultivation increases. For example, the ‘pioneer’ form of
shifting culitivation was classified as the most destructive form in terms of forests and
natural regeneration processes (Grandstaff 1980). Others see it as a system with a very
long fallow -period (Kunstadter and Chapman 1978, Chunthaboon Sutthi 1996). As
productive land for cultivation is diminishing, the so-called ‘pioneer’ shifting cultivators
turm to rotational practice with managed fallow. A practical taxonomy of shifting
cultivation may have significant value for the design and development of altematives to
shifting cultivation. Above ali, a shifting cultivation community tends to practise a
mosaic pattern of land use eg. the Tay of northern Vietnam incorporate wet rice fields,
homegardens, fish ponds, livestock, tree gardens, swiddens, managed fallow and forests.
The whole production system may be referred to collectively as a2 composite swidden
(Rambo 1996, Rambo and Le Trong Cuc 1998).

Mosaic patterns of land use are quite common in mountain areas of Southeast Asia. This
production approach can be found even in a former pioneer shifting cultivation
community (TDRI 1994). A study in the Hmong village of Pah Poo Chom in Chiang
Mai Province of northern Thailand has shown that after eradication of opium growing,
these former pioneer swiddeners have completely tumed to alternative cash crops,
cabbage and lychee in particular. On the surface, the village land use system is very
simple and dominated by a few cash crops, but household subsistence is derived from
numerous additional livelihood activities. These include the production of upland rice
from small swidden fields and the distribution of harvests from some 52 species of non-
rice swidden crops grown along field edges and in homegardens (maize, waxy corm,
sweet sorghum as well as many local vegetables and root crops). Another part of the
mosaic is the sale of local livestock and collection of minor forest products from
community-managed forests or household agroforestry plots. These mosaic patterns of
land use are also now being classed as agroforestry landscapes (Thomas 2002).

Forest cover

Forest cover policies are obviously connected to shifting cultivation policies.
Governments in Vietnam and Yunnan are hoping to increase forest cover by
increasing incentives such as long term land allocation to individual households.
These various experiments provide opportunities for the regional exchange of
lessons and experiences to improve the situation.

In Vietnam the government has been paying cash to encourage upland farmers to
plant and manage forest trees. Public funds have underpinned initiatives such as
Programme 327, which was established in 1992 to provide state loans for
agricuitural and forest development on degraded lands and for forest protection

*Urban migration and off-farm employment in general have increasingly been incorporated into the
livelihood strategies of upland peoples, but these factors are beyond the scope of this chapter.

331



nawusn 1.14

UPLANDS LANQ USE

population pressure. However, this strategy shifts the pressure to traditional
upland populations and the environment. In Vietnam, the government had plans
to move five million lowlanders to the uplands in the 1970s and 1980s. In Dak
Lak province alone, resettlement policies brought in more than 300,000 people,
mostly northerners, between 1976 and 1996. During the same period, however,
spontaneous migration brought in about another 350,000 people. The results
were deforestation, water scarcity and conflict between resource users (Ahmad
2000). The upland plateau of middle Vietnam may be capable of carrying a
greater population, but systems need developing which are more economically
and ecologically sustainable. The massive transfer of lowland populations with
inappropriate practices of non-traditional shifting cultivation may upset the
traditional practices that continue to exist in mountain areas, threatening local
livelihoods and environmental well being. For example, land competition would
threaten the practice of long fallow in rotational shifting cultivation. Shorter
fallows lead to severe land degradation and impede natural forest regeneration.

In Lao PDR, despite a sparse upland population, the government still adopted a
policy of relocation from the hills for many reasons eg. forest protection,
improved access to government support and services, prevention of illicit crop
growing, promoting sedentary settlement and so on. In Palaveck of Muang Hom
district near Xieng Khuang, massive numbers of Lao Soung (highland ethnic
minorities, in this case principally Hmong) have moved down to the valley floors
for wet rice cultivation as an alternative to traditional shifting cultivation with
opium. Development of paddy terraces was encouraged with government
incentives eg. land tenure, agricultural tax breaks, extension services and
infrastructure development (roads, small-scale irrigation etc.). Other government
policies, especially large infrastructure development such as dams and national
highways, also drove many upland communities to relocate. In the Nam Ngum
area, large populations of Lao Thueng (midland ethnic minorities) have resettled
along the roadside with the high expectation of eamning alternative income. In
the case of dam construction, where villagers are moved from the reservoir sites
and often receive little support from the government, the settlers resume shifting
cultivation in the hills above the reservoir, with consequences for the reservoir’s
sedimentation load.

In the early 1960s, Thailand also adopted resettlement schemes for hill tribes in
the north. The concept of resettlement was to. develop the remote upland
peoples. A few Nikhom Chao Kao (resettlement areas for hill tribes) were
established to bring hundreds of thousands of upland people to lowland sites.
The Thai experience of resettlement was not successful, however, and most
people could not remain in the nikhom areas, fleeing instead to join relatives
returning to their original villages in the mountains (Chupinit Kesmanee 1987-8).
The problems were due to inadequate support for subsistence, unsuitable sites for
farming, a lack of necessary infrastructure and so on. But today, resettlement of

KX X]

-




mMawudn 1.14

UPLANDS LAND USE

Box3 The effort to reduce opium production in northern Thailand

Thirty years of experience have now been gained from an enormous effort by Thailand's
govermnment, with assistance from international donors and agencies, at a cost of more
than US$206 million (Renard 2001) to eradicate opium production. The initial emphasis
in northern Thailand was on eradicating illicit opium cultivation, promoting border
security and pursuing social integration. In 1972, an opium eradication campaign was
promoted through a development strategy of crop replacement. A wide range of cash
crops (both annuals and perennials) was introduced to replace income from opium.
Infrastructure, road construction in particular, was developed extensively to support large
scale production of cash crops for external markets. In 1983 the Office of Narcotics
Control Board and the United Nations Funds for Drug Abuse Control jointly identified
some 72 major opium-producing areas in northern provinces to target large scale
highland development projects. This Area Planning Approach helped to target
development efforts to about 60% of the entire area of opium growing in the country
(ONCB 1983). As a consequence, opium production in northern Thailand declined
sharply from over 145 tons in 1965 to about 30 tons in the 1980s and a further drop to the
insignificant level of an average of 14.5 tons for the past five years, 1995-2000 (Kanok
Rerkasem 1999, ONCB 2001). At the same time the importance of traditional land use
has zlso declined.

Traditional shifting cultivation is now very rare and permanent cropping has become the
mazjor type of land use. Long-fallow shifting cultivation is constrained from exceeding a
seven-year cycle and many former opium growers have tumed to production of cash
crops and commercial fruit trées for external markets. Taken together with the
population increase and other extemnal forces, competition for land and natural resources
is increasing. Sustainability of land use has become a critical problem and social conflict
in land use within upland communities and between the upland and the lowland
communities has increased.

Throughout the long development effort in the uplands of northern Thailand, the
approach evolved from the initial implementation of the crop replacement approach in
the early 1970s to integrated rural development from the 1970s to late 1980s and a
participatory approach from 1990 up to the present. Despite some of the negative
consequences, development in northern Thailand has been offered as an ‘Alternative
Development Model’ for neighbouring countries like Lac PDR, Myanmar and Vietham
for opium eradication projects (UNDCP 2000). Regional collzboration in upland
development projects would indeed benefit from careful evaluation of this Thai
experience. Many initiatives are being proposed, including the United Nations
International Drug Control Programme (UNDCP) Regional Cooperation on the
Eradication of Illicit Dmg Crops and Alternative Development and the World
Agroforestry Centre’s Global Project on Alternatives to Slash and Burn (ASB).

Traditional shifting cultivation is becoming rare in the region, especially Yunnan
in China, Vietnam and northern Thailand. In Mae Chaem and Mae Sarieng of
northern Thailand, for example, the fallow period of the former long-fallow
shifting cultivation systems of the Karen and Lua people has now been reduced
to five years or less. Without extemnal inputs, the productivity of upland rice of
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This issue of land security in Thailand is one of the main areas for concern in
highland development and political debates. Thailand is unique in the region for
its refusal to grant land rights to ethnic minorities and hence many highlanders
reside in areas which are claimed by the state. There are virtually no tenure
arrangements. Traditional land tenure arrangements should be taken into account
in order to promote sustainable use of land and forest protection, Karen in
Thailand, for example, are known to have strong community control over land
use and land allocation to member households, following customary rules and
regulations (Prasert Trakamsupakorn 1997). Protected areas such as headwater
and utility forests are community owned and managed. Land for shifting
cultivation and fallow fields are shared and allocated to individual households in
the cropping phase. Only paddy lands are privately owned. Without recognition
of the value of these traditional land tenure practices, land disputes and conflict
over land resources designated for other uses often arise between the villages and
other stakeholders, especially forestry department rangers.

The Thailand situation differs from other countries in the Mekong Region, where
local administration and social integration of ethnic minorities is more advanced
(Chayan Vaddhanaphuti 1996). With little progress made in the past, there have
been many land disputes and conflicts at various scales, including within single
communities, between communities, as well as between communities and
government agencies. Instead of enabling communities to play a role in forest
and watershed protection, intervention has involved increased imposition of state
control to maintain the functions of ecosystems and biodiversity through strict
nature preservation. This then puts pressure on village land by appropriating it
for other uses such as forest conservation and reforestation and aggravates land
disputes in local communities. Consistent with the on-going processes of
decentralisation and innovation required by the 1997 Constitution, present
forestry policies make mention of local participation and the roles of community
organisations (eg. fambon administration organisations at the subdistrict level).
However, it is questionable whether such concepts have been absorbed into the
institutional culture of forestry and other departments. In the non-governmental
sector, participatory land use and local watershed management are becoming
popular approaches to conflict resolution, land use planning, monitoring and
evaluation at the local level (Uraivan Tan Kim-yong 1990, Prasong Jantakad and
Carson 1998). Over 30 NGOs are using such approaches with almost 500
villages, forming networks in the northern provinces to participate in the process
of local and national campaigns for land use rights and a community forestry bill
(Table 3).

On the operational side, participatory approaches are being used in Thailand to
empower communities to reduce land disputes between villages in local
watersheds. The process of public participation in policy is still in the project
phase and the state has yet to put it into effect on a large scale. It remains to be
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economic and political factors (eg. majority and state prejudice against
minorities, insurgency concerns, drug-related issues etc). Lowland communities
often blame upland people for land and forest degradation, and especially a
decline in waier volume, which they attribute to both shifting cultivation and
extensive cash crop production. Lowlanders also criticise uplanders for chemical
pollution in natural streams. While in some instances such claims might be true,
the wholesale stereotyping of upland land use practices is unwarranted.
Depletion of lowland water may be associated with increasing water use in the
uplands due to different types of land use, including state forest plantations with
high water requirements, but it is also associated with a dramatic increase in dry
season production (and water demand) by lowlanders. Shifting cultivation
includes many types of land and forest management and some types are
inappropriate. But upland farming also includes a diversity of traditional land
and forest management practices that check soil erosion, sustain fertility and crop
productivity with biological processes and conserve natural biodiversity in
village land use systems. Whatever the roots of the tension, resolving land and
forest degradation will mean eliminating misconceptions about land degradation
and biodiversity protection with specific reference to upland communities.

Policy intervention questions

Interventions that could support the poor and marginalised people of the uplands
are raised here in the form of key questions.

Are there examples within the region of successful cases of upland management where
people can make a living while protecting the environment and biodiversity?

Examples of ‘best practice’ in land management in the Mekong Region uplands
are claimed frequently with very little systematic investigation and
documentation. Much is known about farmers’ management and conservation of
biodiversity but good analysis of this indigenous management is much harder to
find. That is, the literature is rich in description but poor in critical analysis. I
therefore propose that case studies are needed to analyse both successful and
unsuccessful land management practices so as to help identify useful strategies
and necessary conditions for success. The conditions may focus on biophysical,
technical as well as institutional aspects of management systems. The results
could then be used in the design and development of alternative upland
management policies. It would also be useful to have a utilitarian taxonomy of
the traditional land management practices of shifting cultivators across the
region.

An interdisciplinary approach would be appropriate for the above field-based
study. A range of appropriate tools and methods should also be chosen for field
investigation as well as analysing the results. Many tools and methods are now
available eg. participatory appraisal (Chambers 1983, Pretty et al. 1995,
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Lessons leamed from the case studies proposed above could be exchanged
through community interaction, cross-country visits and regional training
SESSIoNS.

How can government agencies play a significant rofe in building, fostering and supporting
local capacity and community organisation at the grassroots level, and its effeclive
interaction with other levels?

For future development to be consistent with a “people’s participation’ paradigm,
government agencies, development workers and other relevant actors will have
to shift from implementing a conventional top down approach to more interactive
approaches at various levels of administrative structures and social organisation.
This will involve:

O Providing effective, transparent and accountable mechanisms linking local
(community) resource management to provincial, prefecture and district
governments and govermnmental agencies involved in formulating and
implementing policies at national and other relevant levels.

O Increasing technical capacity for appraisal, monitoring and evaluation,
including appropriate information ‘feedback’ mechanisms and channels for
two-way flows of information.

Q@ Coordinating the sharing and “wise use’ of common resources, including
equitable distribution of costs and benefits among villages sharing
watersheds and between upland and lowland villages.

O Incorporating and promoting land management and sustainable livelihood
systems of rural communities, taking into account the management of
environmental services and biodiversity-rich ecosystems.

Research questions to support sustainable land use

Several critical research questions about sustainable land use in the Mekong
Region uplands remain to be answered. The following questions focus on issues
related to upland land use in transition. The research area covers a wide
spectrum of land use, from traditional shifting cultivation to permanent fields.
Various questions will need to deal with institutional aspects, while others may
be purely technical.

1. How can the productivity of upland rice and associated crops be maintained
with shorter fallow cycles?

2. How can cash crops be grown, especially on acidic steep land, with
minimum soil erosion?

3. How can productivity of upland crops be maintained or improved with
minimum use of water and agricultural chemicals?
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I. How may the six countries learn from each other’s developmental lessons in
upland management, including successful and unsuccessful experiences?

2. What is the real local cost of “exporting” cash cropping to marginal land in
other countries within the region? There are many proposals for
governments in the region to develop collaborative programmes for large-
scale production of major cash crops and forest plantations. Some private
sectors and agro-industrial companies have aiready conducted such
programmes on a commercial basis. Examples include maize and soybean
production for Thailand in Lao PDR and Myanmar, eucalyptus plantations
for the Chinese pulp industry in Thailand, rubber plantations for China in the
Wa area of Myanmar, and so on.

3. What impact will major Mekong Region infrastructure development (eg.
roads, bridges and Mekong River traffic) have on upland land use
sustainability?

4. How may the devastating effects of regional trade in minor forest products
be minimised, and the extraction process be managed sustainably? Can
some of the species be domesticated and properly managed?
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Boron Nutrition of Crops and Genotypic Variation in
Boron Efficiency
Boron nutrition of crops
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Agronomy Department, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200

Thailand

1. CROP RESPONSES TO LOW BORON

Adverse effects of boron (B) deficiency on physiological processes are
associated with both vegetative growth and reproductive growth (Dell and
Huang, 1997). The vegetative processes reportedly affected by B deficiency
are root and leaf growth, vascular differentiation and assimilate partitioning;
reproductive ones include flower and gametes development, fertilisation and
fruit growth. Boron responses of crops in farmers’ fields, however, can be
very different from those that interest plant nutritionists and physiologists.
The adverse effect of B deficiency on individual physiological processes is
relevant to farmers only when it also affects crop productivity, i.e. its
economic return. Such effects may be associated with whole plant responses
or directly involved in the forrnation of the quantity of yield (e.g. fruit and
grain set) and/or quality of the product.

1.1 Physiological vs. Field Responses

Field responses to B application have been documented on 132 crops in
80 countries (Shorrocks, 1997). However, not all of the physiological
responses to low B documented are encountered in field grown crops on low
B soils. Two of the most rapid response to B depletion or deficiency are
inhibition or cessation of root (Bohnsack and Albert, 1977; Dugger, 1983,

Boron in Plant and Animal Nutrition, Edited by Goldbach et al.,
Kluwer Academic/Plenum Publishers, New York 2002 269
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Marschner, 1995, Shelp, 1993, Dell and Huang, 1997} and leaf elongation
(e.g. Kirk and Loneragan, 1988, Noppakoonwong et al., 1993, Huang et al.,
1996). However, reports of such effects of B deficiency from the field are
extremely rare. Some of these responses do not lend themselves readily to
field observation. Some of the physiological responses are also less relevant
to whole plant and crop response than others.

Some of the physiological processes are less sensitive to B deficiency
than others. Without detectable effect on vegetative growth, B deficiency
may cause yield losses in field grown wheat through grain set failure
{Rerkasem and Loneragan, 1994). The B level sufficient in meeting demand
for vegetative growth in wheat can be insufficient for its anther and pollen
development (Rerkasem et al 1997a). In barley, the level of B that is
limiting to grain set may also depress the number of spikelets spike™ (Jamjod
and Rerkasem, 1999), while tillering may actually be promoted (Ambak and
Tadano, 1991). In oilseed rape reproductive growth has been found to be
more sensitive to B deficiency than vegetative growth, with root growth
even less sensitive than above ground vegetative plant parts (Asad, 1998).
For B deficiency to become limiting to root growth, external B had to drop
to about half the level that was limiting to above ground vegetative growth.
Thus long before B deficiency can become severe enough to limit above
ground vegetative or root growth, field grown crops may have already failed
through the adverse effect on reproductive growth and seed yield.

1.2 The B Limiting Step

Differential sensitivity to B deficiency may also be found among
individual steps of each developmental stage. The most sensitive, which
might be called “the B limiting step(s)”, will be the one(s) through which
whole plant response and crop performance are limited by B deficiency.
Adverse cffects of B deficiency on reproductive growth have been reported
to be associated with male sterility in many cereal species. Cross pollination
experiments have established that male fertility is the B limiting step in
wheat {Rerkasem et al., 1993; Rerkasem and Jamjod, 1997a). While B
deficiency also causes male sterility in maize, the B limiting step may be
pollen germination which is dependent on B concentration in the stigma or
silk rather than male fertility (Vaughan, 1977, Agarwala et al., 1981). For
barley, it is yet unclear that B deficiency depresses grain set primarily
through pollen germination as well as causing male sterility. However, the
same level of B deficiency that depresses grain set has also been reported to
depress the number of spikelet spike' at the same time (Jamjod and
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Rerkasem, 1999). Thus, barley grain yield may be depressed by B
deficiency through its compounding effects on at least two B limiting steps.

The adverse effect of B deficiency on reproductive development may be
related to higher demand for B in reproductive tissues or difficulties in
supplying B to them, or both. In those crop species in which B is
immobilised in older tissues, reproduction may fail due to B deficiency even
while large amounts of B is present in the whole plant (Brown and Shelp,
1997). When the old B can be recycled to supply elevated demand for
reproduction, plant B could be more efficiently used, as has been
demonstrated in a gene transfer experiment in tobacco (Brown et al., 1999).
Phloem loading, transport and utilisation of B for reproduction were ail
enhanced as the result of the sorbitol production activated by the introduced
gene. The management of crop B nutrition may be made more efficiently,
by means of genetic manipulation or fertiliser management, if the B limiting
step can be identified.

1.3 The Timing of Boron Sensitive Events

In addition to their relative sensitivity to B deficiency, the relevance of
the B response of certain physiological processes to whole plant response,
and thus that of crop productivity, may also be dependent on the
chronological order of their occurrence. Boron deficiency during early
growth, e.g. adversely affecting germination and seedling growth, may have
a direct bearing on final seed yield quite independently of how other
physiological processes respond to B. In China, survival of transplanted
oilseed rape seedlings may sometimes be depressed by B deficiency, an
effect that can closely correlate (R? = 0.77) with seed yield (Xue et al, 1998).
The seed of grain legumes containing insufficient B when sown in low B
soils may grow into abnormal seedlings (Rerkasem et al, 1990, Rerkasem et
al, 1997a). These abnormalities during early growth, which include the
absence of the entire cpicotyl, no growth after unifoliate leaves, ragged
trifoliate leaves, or arrested apical growth accompanied by premature lateral
branching, may have a long lasting effect that is reflected in a depression of
seed yield. Sensitivity to B deficiency of male gametogenesis is especially
important to yield response to B in cereals, e.g. wheat (Rerkasem et al, 1993)
and barley (Jamjod and Rerkasem, 1999). The adverse effect of B on male
fertility is less relevant in those species in which B deficiency causes the loss
of flower buds or whole flowers before anthesis. A typical symptom of B
deficiency in field grown sunflower is the corky and briftle peduncle that
develops into a horizontal break that can result in the loss of the whole
flower head (Fernandez et al.,, 1985, Rerkasem, 1986). Similarly, flower
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buds in B deficient black gram may begin to shed as soon as they are formed
{Rerkasem et al., 1987a).

1.4 Boron and Quality

Apart from quantity of yield, the B limiting step in crop production may
be associated with the quality and therefore price of the harvested crop, i.e.
seed and fruit. A specific symptom of B deficiency that has been known for
a long time is the hollow heart in peanut (Harris and Brolmann,1966).
Boron deficiency has to be severe enough to cause at least 40 percent of
hollow heart to have any effect on seed yield, but in some markets a marked
reduction in price can result from only one or two percent of hollow heart.
Percentage hollow heart has been found closely correlated to infection by the
Aflatoxin causing fungus, Aspergillus flavus, {Rerkasem et al., 1988),
although it is still unclear if this is a specific association with the low seed B
status or a secondary one of damaged seed in general. The adverse effect of
low seed B on germination, found at < 10 mg B kg in green gram (Bell et
al.,, 1989) and soybean (Rerkasem et al., 1997a), can be expected in other
species. The management of B for fruit production is complicated by the
different effects of B on yield and various quality charactenistics. For
example, the B level that has no effect on fruit number or yield may be
limiting fruit size and shelf life in avocado (Smith et al., 1997).

The case of apple in Yunnan in south-western China (Dong et al., 1997)
illustrates the complex situation of B nutrition in fruit trees for which
optimum B levels may be quite different for yield and various quality
characteristics, which are also different from those associated with other
physiological responses. To manage for optimum apple production in
China, orchards with Golden Delicious at 7 x 7 m spacing generally try to
keep about 400 fruit per mature tree, thinning excess fruit by hand as
necessary. The effect of B deficiency in causing fruit abscission is of no
consequence as long as it does not leave fewer than 25% of the total fruit set.
The low B that causes about 75% fruit drop, however, is likely to be also
limiting to fruit size. Applying B increases fruit size and sugar:acidity ratio,
but beyond a certain level this may have adverse effects on other quality
characteristics including a loss of fruit firmness and overshooting the market
preferred sugar:acidity ratio.
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2. OVERCOMING BORON DEFICIENCY IN
FARMER’S CROP

On most agricultural soils, it should be possible to correct the problem of
B deficiency with an application of 1-2 kg B ha'. Incidences of B
deficiency that continue to occur in farmers’ fields throughout the world
clearly indicate inaccessibility of this simple and relatively inexpensive
solution to many farmers. The on-farm management problem associated
with B deficiency is related to the difficulty of diagnosis and the
management of B fertilisers.

2.1 Diagnosis

Although various methodologies for diagnosing B deficiency have been
available for a long time (Bell, 1997), affected crops in farmers’ fields are
rarely diagnosed as such. Few farmers in the developing world are aware of
soil and plant analyses as a means to determine if crop nutrition is the yield
limiting factor. For those who happen to have the knowledge, supporting
logistics that would enable samples to be properly collected, analysed and
results interpreted and returmed in good time are virtually nonexistent.
Exceptions are industrial crops such as rubber and large oil palm estates and
timber plantations. Quality control of analytical standard is another common
problem in labs that are in operation. Furthermore only a few labs in parts of
the developing world where B deficiency is a problem are set up to conduct
B analyses in soil or plant, although the equipment and other costs involved
are relatively inexpensive. Using visua! symptoms that are distinctive and
specific to B deficiency for diagnosis can be effective and cost very little.
The hollow heart symptom in peanut has been successfully used to map
areas prone to B deficiency in Thailand, percentage of seed with hollow
heart in a crop used to indicate the severity of deficiency (Rerkasem et al
1987b). The major bottleneck is getting such information through to farmers
and farm advisors. Booklets or postcards containing distinct and specific
symptoms of a few crops common to the area, e.g. peanut, papaya, mango
will do for many tropical countries, that can be made widely available may
go a long way towards alleviating B deficiency in farmers’ crops.

In addition to zll the difficulties above, another obstacle to overcoming B
deficiency in farmers’ crops is related to its highly variable nature. Year to
year variation in crop B responses due to climatic conditions is well known,
and continues to be reported in the literature (e.g. Xue et al, 1998).
Compounding this variability is the wide range of genotypic variation in the
response to low B that can be found in many species of the world's major
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food crops (see below for more detail discussion on the topic). Incidences of
B deficiency observed in farmers’ field in one year may not be confirmed
next year when the weather becomes less dry, less humid or less cold, or
farmers switch back to older varieties known to be unaffected in the same
way. The final verification of B deficiency diagnosis with fertiliser trials can
also be rendered erroneous by B contamination in the basal fertilisers used.
Many formulae of compound fertilisers and macro-nutrients in Asia have be
found to contain large amounts of B (Bell et al, 1990},

2.2 Management of Boron Fertiliser

Brazil, Bangladesh, China, Nepal and Thailand are some of the countries
where B deficiency has been identified on broad national or regional scale.
Among these, the only country where B fertiliser is routinely applied to
farmers’ crops is Brazil. Brazilian farmers on low B soils are required to
include B in their fertiliser management package as a condition for securing
farm loans. In the other countries, incidences of B deficiency continue to be
common among farmer’s crops. Boron fertiliser is applied only
occasionally, mostly to high valued crops. For example, tobacco fertiliser in
Northern Thailand and Yunnan in south-western China have contained B for
many decades. In Thailand foliar B application is routine in vegetables
production and orchards of tropical fruits, e.g. durian, rambutan and
mangosteen, even in areas where B deficiency has never been diagnosed
such as near Bangkok and in the South (Sumitra Poovarodom, pers comm).
For high value crops, this trend to apply B as a preventive as well as a
corrective measure, can also be found in other countries.

For many important field crops, e.g. wheat and pulses, however, the
uncertainty of diagnosis combined with the uncertainty of return means that
B deficiency may continue to be an important cause of yield loss in many
parts of the world. Breeding and selecting for B efficiency may offer a
solution. In the next section this paper will examine potential and limitation
of genotypic variation in B efficiency as a means for overcoming B
deficiency, and also other implications of genotypic variation in B efficiency
in crop B nutrition.

3. GENOTYPIC VARIATION IN BORON
EFFICIENCY

In many crop species, genotypes growing on the same soil may be found
affected differently by B deficiency. Such genotypic variation in the
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response to low B has been reported in monocotyledons and dicotyledons,
herbaceous plants and trees, field crops, vegetables, fruits and timber species
(Rerkasem and Jamjod, 1997b). Nutrient efficiency has been defined as the
ability of a genotype to grow and yield well in soils too deficient for a
standard genotypes (Graham, 1984). The practical interest in B efficiency in
crop introduction and breeding program is, however, to eliminate genotypes
that are less B efficient than existing materials as well as to identify those
that may be even more efficient. Furthermore, for B it is generally the newly
introduced germplasm that are adeversely affected by deficiency when older
established genotypes are not (Rerkasem and Jamjod, 1997b, Anatawiroon et
al., 1997, Srivastava et al., 2000). Many authors have successfully evaluated
genotypes for B efficiency based simply on their performance in low B
relative to the performance in B sufficiency (e.g. Xue et al., 1998, Stangoulis
et al,, 2000). It appears that B efficiency could be defined either without
reference to standard genotypes, as these authors have done, or with standard
genotypes that can be either more B efficient or inefficient, or preferably
both.

Genetic diversity of B efficiency can mean a difference between
complete crop failure and normal yield in some crop species. In bread wheat
the most efficient genotypes will set grain and yield normally in soils in
which the most inefficient set no grain at all (Rerkasem and Jamjod, 1997a).
Similariy for lentil, Nepalese landraces named ‘Simal’ and ‘Simrik’ yielded
1.2 t/ha of grain on a soil in which a very large proportion of introduced
germplasm was so adversely affected by B deficiency that they yielded
nothing at all (Srivastava et al., 2000). Another crop species with almost as
large differences between the most B inefficient and efficient is black gram
(Rerkasem, 1991). In other species, e.g. oilseed rape (Xue et al,, 1998,
Stangoulis et al, 2000), green gram (Rerkasem, 1991), sunflower (Blamey et
al., 1984), and barley (Jamjod and Rerkasem, 1999), the differences may not
be quite so large. However, even in such species B efficiency can mean a
difference between a crop that is an economic failure or success. Selecting
for B efficiency therefore offers a simple means by which yield and
economic loss due to B deficiency can be prevented, especially in those
crops in which B fertiliser application is for some reason not feasible.

4. CROP BREEDING AND IMPROVEMENT FOR
LOW BORON SOILS

Yield and economic losses are the obvious outcome for growing B
inefficient crop varieties on low B soils. In addition, B inefficiency in
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introduced germplasm can be a major obstacle to crop improvement. For
example, in China the introduction of high quality cultivars of oilseed rape,
low in either or both of erucic acid and glucosinolates, have led to severe
yield losses due to their extreme B inefficiency (Yang et al., 1993).
Similarly, 82% of a lentil germplasm, numbering almost 500 entries,
introduced into Nepal for the purpose of improving local lentil production,
were found to be extremely inefficient compared with local landraces
(Srivastava et al.,, 2000). Our own evaluation of CIMMYT germplasm also
found very high frequencies of B inefficiency in bread wheat, and also
durum and triticale that are distributed widely throughout the wheat growing
world (Table 1).

Table 1. Frequency distribution (%) of boron inefficiency in bread wheat, durum and triticale
genotypes by GSI in sand culture without added B*

Nursery or trial® Number of Frequency (%)
entries
Inefficient. Moderately Efficient
efficient
29IBWSN 409 97.3 22 0.5
4HTWYT 49 61.2 34.7 4.0
17ESWYT 49 87.7 10.2 2.0
28IDYN 49 100.0 0.0 0.0
28ITYN 49 98.0 20 0.0
28ITYN 49 98.0 2.0 0.0

a) Inefficient, GSI = 0-70%; Moderately efficient, GSI = 71-85%; Efficient, GSI > 85%,
with Fang 60 as B efficient standard.

b) From CIMMYT, Mexico: the 29" Intemational Bread Wheat Screening Nursery; 4™
High Temperature Wheat Yicld Trizl, 17th Elite Selection Wheat Yield Trial, 28th
International Durum Yield Nursery, 28th International Triticale Yield Nursery.

Source: Adapted from Rerkasem and Jamjod (2001)

When the soil on which a crop breeding and improvement program is
carried out is diagnosed with B deficiency, a common course of action is to
apply B fertiliser over the whole station. For lentil in Nepal, it has been
suggested that evaluation of introduced germplasm should be conducted on
soils in which B is not limiting (Srivastava et al., 2000). However, unless B
deficiency as the limiting factor for a particular crop species has also been
removed from farmers’ fields, screening for B efficiency should be essential
at some stage before materials selected for superior agronomic
characteristics reach the farmer’s field. Evaluating for B efficiency can
greatly enhance the cost effectiveness of crop improvement and breeding
program serving soils prone to B deficiency, especially in those species in
which genotypic variation in the response to low B in the soil is very large as
found in wheat and lentil. Such screening would ensure that B inefficient
genotypes that are certain to fail in farmers’ fields are eliminated before they
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reach costly yield trials and on-farm evaluation. With all of our knowledge
and understanding on the subject, it would indeed be a pity if farmers’ crops
should fail just because newly released, supposedly “improved”, varieties
happen to B inefficient.

Where B efficiency already exists, increasing the frequency in germplasm
would be a simple matter of including B efficiency as one of the breeding
objectives. The parentage of B efficient Fang 60 and Sonora 64 are actually
very common among the pedigrees of CIMMYT wheat (Skovmand et al
2000). The relatively high frequency of B efficiency in the 4dHTWYT in
Table 1 is therefore not surprising. As we have seen in Thailand’s wheat
improvement programn (Rerkasem and Jamjod, 1997), unintended selection
pressure can quickly lead to increases in the frequency of B efficiency. A
similar selection pressure clearly does not exist for the rest of the
germplasm. Boron efficiency is not one of the breeding objectives of this
major international breeding program at CIMMYT, and international yield
trials and nurseries in Table 1 are intended for a wide range of environments
most of which do not have B deficiency as a limiting factor. However, a2 B
inefficiency frequency of 90% to almost 100% would defmitely be a
constraint to the potential usefulness of the germplasm on low B soils.

5. CONCLUSION

There are numerous observations and reports of physiological responses
to B deficiency in plants. Not all of these are equally relevant to whole plant
responses in the field and productivity of farmers’ crops. The key to
understanding crop B nutrition is the B limiting step, through which whole
plant response and crop performance are limited by B deficiency. The
management of crop B nutrition may be made more efficiently, by means of
genetic manipulation or fertiliser management, if the B limiting step can be
identified. The evidence of a wide range of genotypic variation in B
efficiency in major crop species has two implications to crop production on
low B soils. Firstly, economic success and failure for the particular crop that
individual farmers grow will depend on the degree of B efficiency of the
crop varieties grown. Secondly, a crop breeding and improvement program
will have failed if farmers are constrained from adopting newly released,
supposedly improved crop varieties because of their B inefficiency. It is
encouraging that work on B efficiency now goes on in major crop species
such as wheat, lentil and other pulses and oilseed rape on low B soils such as
Nepal, Bangladesh, and China. The problem of B deficiency in these and
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other crops on low B soils will not be overcome unless crop improvement
objectives specifically include B efficiency or B fertiliser is applied.
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1. INTRODUCTION

Wheat production in Bangladesh has grown from about 32,000 tons from
60,000 ha in 1961 to almost 2 million tons from 800,000 ha by the year
2000. Wheat has contributed significantly to the country’s food security.
Bangladesh wheat crop, however, often suffers from the problem of grain set
failure. Boron (B) deficiency has been identified as one major cause of this
problem. Soils on which wheat is grown in Bangladesh commonly contain
0.1-0.3 mg hot water soluble B kg (HWS B), at which B deficiency has
been shown to cause grain set failure through male sterility (Li et al 1978§;
Rerkasem and Loneragan 1994). On the other hand, wheat genotypes have
been shown to respond differently to low B {Rerkasem and Jamjod, 1997).
This study evaluated a set of wheat varieties and advanced breeding lines
from Bangladesh national breeding program to assess their response to B in
two experiments conducted at Chiang Mai University, Thailand.

2. MATERIALS AND METHODS
Experiment 1 compared three Bangladeshi wheat varieties (Gourab,
Kanchan, and Sourav) with two B inefficient (SW 41 and E 12) and one B

efficient (Fang 60) standard genotypes in a sand culture at 4 levels of added

Boron in Plant and Animal Nutrition, Edited by Goldbach et al.,
Kluwer Academic/Plenum Publishers, New York 2002 299
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B (0, 0.1, 0.3 and 10 uM), in three replicates. Experiment 2 evaluated 37
released varieties and advanced breeding lines of wheat from Bangladesh
national wheat programme, in duplicate blocks, in the sand culture with 0
and 10 uM of added B (B0 and B10) and in a low B soil (0.1 mg HWS B kg
“Vin the field. Also included in the experiment were the three B efficiency
checks from experiment 1. In sand culture, plants were grown in freely
drained earthenware pots (¢J 30 cm, 30 cm deep) containing washed river
quartz sand. The pots were watered twice daily with 1 liter of nutrient
solution (1000 pM CaCl,, 250 pM MgSO, 500 uM KH,PO,, 10 pM
FeEDTA, 250 pM K,S0,, 1 pM MnS0O,, 0.5 pM ZnSO,, 0.2 uM CuSO,, 0.1
uM Co0S0,, 0.1 uM Na,MoO, and 5 mM KNO; ) with the varying levels of
B. The pots were flushed with water once every 4-5 weeks to wash out
excess salt. In the ficld, entries were sown in duplicate blocks, each entry in
one meter row with 0.25 m spacing between rows. At maturity the B effect
was assessed on grain set and yield components in the main stem from all
plants in pots and from ten randomiy selected ears from the field.

3. RESULTS AND DISCUSSION

In sand culture without added B, Kanchan and Gourab had similar Grain
Set Index {GSI, Rerkasem and Loneragan, 1994) as the B inefficient SW41
and E-12 at about 20% compared with 59 % in Sourav and 89 % in the B
efficient Fang 60 (Tab. 1).

Table 1. Effect of boron on grain set (GSI, %) in three major wheat varieties from Bangladesh
compared with B efficient (Fang 60} and inefficient (SW 41, E-12) checks

Variety/ Boron level {:M)

Genotype 0 0.1 0.3 10
Kanchan 19.7aA 82.1bcBC 83.1bA 84.0bA
Gourab 22.6aA 86.8bC 91.9bBC 91.1bAB
Sourav 58.8aB 88.6bC 93.9bC 91.4bAB
Fang 60 (E)* 89.1aC 92.7aD 88.2AB 931.9aB
SW 4l (1) 20.73A 67.8bA 84.7cAB 88.1cAB
E-12 (Vi) 14.7aA 74.9bAB 34.9cAB 86.8cAB

F-test Genotype ** Boron ** GxB **

Differences (by LSD p < 0.03) in same row indicated by lowercase letters and in same
column by uppercase letters. ** significant at p < 0.01
a) E = efficient, I = inefficient, VI = very inefficient

Without added B, the GSI of 37 varieties and advanced breeding lines
from Bangladesh ranged from 4% to 55% while it was 82% in Fang 60, 30%
in SW 41 and 17% in E-12. Increasing B in the nutrient solution to 10 pM
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increased GSI to 80% to 90% in most genotypes. The GSI in B0 of the
germplasm correlated well with the GSI in B0 relative to B10 (Fig. 1). As
previously suggested (Anantawiroon et al 1997), the inclusion of B efficient
and inefficient checks enable germplasms to be evaluated for B efficiency in
low B in the absence of B sufficiency control. Based on their GSI in sand
cuiture without added B, out of 37 genotypes from Bangladesh, 6 may be
considered very inefficient, 28 inefficient and 3 moderately inefficient no
genotype was even moderately efficient (Tab. 2). The B inefficiency of the
germplasm was confirmed in the field.
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Figure I. GSI in BO and GSI in B0 relative to B10 for a wheat germplasm from Bangladesh.
Solid circles are. from top, B efficient (Fang 60}, and B inefficient (SW 41 and E-12) checks

The two common Bangladeshi varieties, Gourab and Kanchan, were in
the same B inefficient class as SW 41. More than 90% of the germplasm
tested, which contained released varieties and advanced breeding lines from
Bangladesh, was also in this same B inefficient class. The remainders,
including the standard variety Sourav were only slightly less inefficient. For
an area with widespread low B soils where B fertilizer is still rarely applied
in farmers’ field, it seems that breeding and selecting for B efficiency would
be desirable, especially since genetic sources for B efficiency already exist.
It is known that B fertilizer is sometimes applied on station where breeding
programs are conducted, to enable germplasm evaluation without the yield
potential being limited by B. However, for genotypes destined for low B
soils where B fertilizer is not used by farmers, evaluation of B efficiency
would be essential some time before advanced breeding lines reach on-farm
trials.
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Table 2. Frequency distribution of boron efficiency in a wheat germplasm from Bangladesh
and their response to boron

Boron GSI (%) Number Mean GSI (%) in each class®
Efficiency class® in BO of entries BO B10 Field®
Very inefficient 0-20 7 9.8 84.5 28.2
Inefficient 21-50 27 ng 8315 47.0
Moderately 51-70 3 53.7 88.4 62.0
inefficient

Moderate efficient 71-85 0 ne ne ne
Efficient >85 0 ne ne ne
Fang GO (Efficient) 825 97.1 84.3
SW 41 (Inefficient) 29.9 85.5 338
E-12 (Very Inefficient) 16.8 §5.5 38.8

a) Rerkasem and Jamjod (1997) b) ne =noentry ¢) Soil with 0.1 mg HWS B kg™

4, CONCLUSION

A wheat germplasm from Bangladesh evaluated for B efficiency has
been found to be largely inefficient. Considering the widespread occurrence
of low B soils in the country, we suggest that boron efficiency should be
included as one of the wheat breeding objectives.

ACKNOWLEDGEMENTS

Plant nutrition research in our lab at Chiang Mai University is supported
by Thailand Research Fund. Support from DANIDA. enabled the first author
to carry out this research in Chiang Mai. We wish to thank Dr M
Zaifuzzaman of the Bangladesh Wheat Research Centre for the wheat
germplasm used in the study.

REFERENCES

Anatawirron, P., Subedi, K.D., and Rerkasem, B. 1997, Screening wheat for boron
cfficiency. In: Boron in Soils and Plants. R.W. Bell and B. Rerkasem, eds. Kluwer
Academic Publishers, The Netherlands, pp. 101-104.

Li, B.H., Li, W H., Kui, M.C., Chag, W.S,, Jern, H.P., Li, C.R., Chu, W.J,, and Wang, C.L.,
1978, Studies on cause of sterility of wheat. Journal of Northeastern Agricultural
College 3: 1-19.

Rerkasem, B., and Jamjod, S., 1997 Genotypic variation in plant response to low boron and
implications for plant breeding. Plant Soif 193: 169-180.



Amawudn 1.16

Boron Efficiency in Bangladeshi Wheat 303

Rerkasem, B., and Loneragan, J.F., 1994, Boron deficiency in two wheat genotypes in a
warm, subtropical region. Agren. J. 86: 887-890.



nawuin 1.17

The Effect of Boron on Pollen Development in Two
Wheat Cultivars (Triticum aestivam L., cv. ‘Fang 60’
and ‘SW 41%)

DUANGJAI NACHIANGMAL', BERNIE DELL?, LONGBIN HUANG™*

RICHARD W BELL? ,and BENJAVAN RERKASEM'

' Agronomy Department, Chiang Mai University, Chiang Mai, Thailand, - School of
Environmental Science, Division of Science and Engineering, Murdoch University, Murdoch,
Perth, WA 6150, Australia; * School of Biological Sciences and Biotechnology, Pivision of
Science and Engineering, Murdoch University, Murdoch, Perth, WA 6130, Australia

1. INTRODUCTION

Boron deficiency causes male sterility in wheat but sensitivity differs
among cultivars. In previous studies, a B- inefficient cultivar (cv. SW41)
growing in sand culture at low B supply produced pollen that appeared
normal at vacuolated young microspore stage, but by anthesis, had become
deformed and empty containing no starch (Rerkasem et al, 1997). {t has
been suggested that the adverse effect of B deficiency may be related to the
B requirement during the critical phase of anther development surrounding
pollen meiosis: the period from premeiotic interphase through meiosis to
late tetrad (Rawson, 1996; Huang et al., 2000). This study was to test the
effect of short term B deficiency on pollen quality of B efficient and
inefficient wheat cultivars to determine whether different sensitivities to B
deficiency during critical stages of pollen microsporogenesis might explain
the known cultivar differences in B efficiency.

Boron in Plant and Animal Nuirition, Edited by Goldbach et al.,
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2. MATERIALS AND METHODS

Seed of wheat (Fang 60-B efficient and SW 41-inefficient: see Rerkasem
et al. 1997) were imbibed in aerated 2 mM CaSQ, solution for 24 hours n
the dark at 25°C. Seedlings were then transferred into trays containing 8 L.
1/3 strength nutrient solution with 10 uM H;BO; and (give final conc in 8L)
MES (2-[N-Morpholino]ethanesulfonic acid) solution and pH was adjusted
to 6.0 £ 0.2 everyday with 1 M KOH or 10 % H,S80,. Four days after
germination, uniform seedlings were transferred to pots containing 5 L of
complete nutrient solution with adequate B (10 pM). Nutrient solution was
continuously aerated with filtered air and the dry weight increment of extra
plants was used to calculate the amount of nutrients for maintaining nutrient
supply with programmed nutrient additton (Asher and Blamey, 1987).
Seedling roots were rinsed in three changes of 5 mM CaSQ; solution in
order to remove B adsorbed on the root surface before transplanting. Two
uniform plants per pot were transferred into the B treatments: either low B
(0.1 uM B, -B) or adequate B (10 pM B, +B) during the critical stage of
pollen development (premeiotic to late tetrad). Pollen developmental stages
were identified by dissecting extra plants and staining the rmicrospores with
DAPI (4’-6-Diamidino-2-phenylindole2HCl, Sigma Lot 104F-0542) and
examining them under a UV-fluorescence microscope (Vergne et al., 1987).
After 5 days of treatment, plants were transferred back to adequate solution
B supply (10 pM) and harvested at anthesis. Anthers were coliccted and
fresh pollen examined for viability by the fluorochromatic (FCR) test
(Heslop-Harrison et al, 1984) and absence or presence of nuclei by DAPI
Starch accumulation in pollen was assessed by the iodine (KI/1,) test.

3. RESULTS AND DISCUSSION

Withholding B for 5 days depressed pollen viability at anthesis in the B-
inefficient wheat cultivar (cv. SW 41) by 40-70 % (Fig. 1). In contrast to
previous reports, starch accumulation in both cultivars was not affected by
the temporary B deficiency (Tab. 1). Furthermore, the pollen of SW41 in B-
also appeared to differ from SW41 in B+ and Fang 60 in B- and B+ in two
other respects. Many of the pollen of SW41 in B- remained attached in
pairs and their mitotic nuclei were fewer (Fig. 2).

The cultivar SW41 was more sensitive to B deficiency during the critical
stage of microsporogenesis than Fang 60. B deficiency during meiosis has
been previously shown to inhibit anther elongation and severely depressed
pollen viability (Huang et al., 2000). In SW 41, B deficiency decreased B
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content 1n anthers (Rerkasem et al., 1997). It is possible that the adverse
effect of pollen development is caused by inadequate supply of B to the ear
and anthers. Rerkasem and Loneragan (1994) and Rerkasem et al. (1997)
could not detect any difference in flag leaf and whole ear B concentrations
between tolerant and susceptible cultivars and Subedi et al. (1999) even
found that a tolerant cultivar had lower B in the flag leaf. Therefore, it is
unclear whether cultivars differ in B demand or ability to deliver B into the
ear. However, B deficient Fang 60 and SW 41 did not differ in their pattem
of B partitioning after flag leaf emergence onwards (Subedi et al.,, 1999).
This contradicts a conclusion drawn by Rawson (1996) that the tolerant
genotypes can utilise previously stored B when uptake is limited during the
critical reproductive stage. Therefore, the mechanism for B efficiency is
still unclear.

Unlike in previous reports (e.g. Li et al,, 1978 and Da Silva and da
Andrade, 1980), this study found the effect of low B on pollen viability
without any effect on starch accumulation. Starch accumulation was not
sensitive to B withdrawal in the 5 days during premeiotic to late tetrad. In
wheat, starch is normally visible about 12 to 24 h after pollen grain mitosis [
and the microspore was packed with numerous starch at mitosis II (Bennett
et al, 1973). In this study, the B supply would have been restored during
starch accumulation. It is unclear what role B plays in starch accumulation,
if any. The presence of starch obviocusly does not indicate viable pollen. On
the other hand, it is interesting that inviable pollen can continue to
accumulate starch.
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Figure . The effect of short term B deficiency on pollen viability (%) in two wheat cultivars
by fluorochromatic (FCR) test.
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Figure 2. The pollen at anthesis by DAPI test; (a) +B, Fang 60: (b}+B, SW 41, (¢} -B, Fang
60, (dy-B, SW 41.

Table I. Reaction to KI/I, staining for starch in the pollen of two wheat cultivars at anthesis.

Cultivar Boron treatment

-B + B
Fang 60 +++ +H
SW 41 ++4 +++

+++ = most pollen were stained black.
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22 Intensification and diversification of land use
in the highlands of northern Thailand!

KANOK RERKASEM, CHARAL THONG-NGARN, CHAWALIT
KORSAMPHAN, NARIT YIMYAM, BENJAVAN RERKASEM

NORTHERN THAILAND covers an area of approximately 171000 km? and its 17
provinces are characterized by long mountain ridges and narrow valleys, Four
major rivers, the Ping, Wang, Yom and Nan, flow southward and are the major
tributaries of the country’s biggest waterway, the Chao Phraya. The area
shares borders with Laos and Myanmar, and contacts with neighbouring
countries in the Mekong subregion can be traced back as far as 1050, the Thai
Era of Lan Na (Penth, 2000). The population is now close to one million,
made up of several main ethnic minority groups, including Karen?, Hmong,
Lahu, Lisu, Yao, Akha, H'tin, and other small minority groups such as Lua,
Khamu, Shan and Yunnanese (Haw) Chinese (National Security Council and
National Economic and Social Development Board, 1993; Department of
Public Welfare, 1995). Virtually all of these people make a living by growing
rice for subsistence and other crops for cash income, which in the days before
the 1970s and 1980s included the opium poppy (Papaver somniferum).
Originally, crop production activities were based on two broad groups of tra-
ditional shifting cultivation land-use systems, termed rotational and pioneer -
shifting cultivation (Kunstadter et. al.,, 1978: Grandstaff, 1980). Rotational
shifting cultivators typically settled in one place, and grew crops in a rotation
involving 1 year of cropping and 5-10 years of fallow. Pioneer shifting culti-
valors were migratory. Crops were grown on land cleared from mature
forests, and the whole village would pick up and move to a new site after a
few years of continuous cropping. Traditionally, opium was the major cash
crop of the pioneer shifting cultivators. This system, which may or may not
have been practised in its classic form, had been particularly severely abused
for its destructive impact on biodiversity and the soil.

The land-use systems have undergone marked changes since 1960. In this
chapter, we describe these changes in general, and provide examples from
four villages to highlight some positive and negative aspects of the new
systems.

The highlands in the context of national policy

Development efforts of the Thai government began in the highlands in the
1970s. With support from various international assistance schemes, they were
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directed at eradicating opium poppy cultivation. Central to these efforts were
attempts to develop alternative cash crops. The first highland development
master plan was initiated in 1983 with assistance from the United Nations
Fund for Drug Abuse Control (UNFDAC). It targeted areas and groups
involved in opium poppy cultivation (Office of the Narcotic Crops Control
Board and UNFDAC, 1983). A second master plan of a similar nature fol-
lowed in 1988. An important element of these master plans was the
coordination of a large number of development activities initiated and sup-
ported by several international agencies and bilateral assistance agreements,
and implemented as numerous ‘highland development projects’.

These largely externally funded projects, which lasted untii the late 1990s,
helped to direct considerable public investment into the highlands in the
form of road building, schools, health services and electrification, as well as
the transfer of agricultural technology. Currently public investment for devel-
opment comes from the Royal Thai Government. There has been a national
master plan for highland community development, the environment and nar-
cotic crop control for a period of five years from 1997 to 2001. Apart from
this, the highlands receive public investment allocation on the same basis as
the rest of the country. Support for development in the highlands is now at a
much tower level than in the 30 years before 1990. The exceptions are a hand-
fu!l of villages that continue to receive substantial financial, technical and
marketing assistance for their cash cropping through the Royal Project,
which is partly funded privately through the Royal Project Foundation and
partly publicly from a budget allocation to the Ministry of Agriculture and
Cooperatives.

Establishment of permanent villages

Traditionally villages were highly mobile. Pioneer shifting cultivators moved
in.search of new forests after 5-10 years of continuous cropping. The vitlages
of rotational shifting cultivators also split to establish new settlements when
the population grew too large to be accommodated by the existing land. By
the mid-1970s, however, movement had virtually stopped. Many Hmong,
Lisu, Lahu and Akha villages became permanently settled in the 1960s or ear-
lier. They acknowledged the increasing difficulty of finding new forests to
clear. To settle, they frequently bought developed wet-rice land and the asso-
ciated technology, including the irrigation system, from lowland Thai or
Karen farmers. Apparently opium production was sufficiently productive to
allow at least some highland farmers to accumulate enough wealth to buy
irrigated wet-rice land and invest in commercial crop production.

The trend towards permanent settlement was reinforced by national pol-
icies instituted since the 1960s. Originally very few people in the mountains
who belonged to any of the ethnic minority groups were recognized as
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citizens of Thailand.? Permanent settlement is still required as a first step
towards official recognition and eventually to Thai citizenship. Citizenship
has been granted to only about one-third of the population. Prevision of
health and education services, roads and electricity offered further incentives
to settle permanently. There was also pressure through the national conser.
vation and reforestation policy. Although the highlands had always beeq
regarded by law as national property. they had until relatively recently beep
treated as a [ree good. In the past 40 years large areas of the hightands have
been designated watershed areas, national parks, forest and wildlife reserves,
with strict enforcement of conservation faws. All of these factors combined to
make village movement and setting up of new settlements virtually
impossible.

New cropping systems

New cropping systems have developed with permanent settlement. Thanks to
strict enforcement of drug control laws, opium poppy cultivation has almost
disappeared. To meet demand for home consumption by older addicts some
small areas of cultivation remain, but these are well hidden. Wet-rice is grown
by all ethnic groups. often in small highland valleys. Where dry season irriga-
tion is available, rice may be followed by another crop, usually soybean or
vegetables. Areas suitable for wet-rice are keenly sought after, but the
amount of relatively flat land with sufficient water supply is limited.
Cultivation on the slopes is still widespread, and much of it is on very steep
gradients. Some land is cropped annually, some with two or three years fal-
low, and occasionally with the original full cycle of 5-10 years fallow. Upland
rice, maize and various other food and cash crops are grown. The very short
fallow periods, and sometimes lack of a fallow period, are associated with low
yields and heavy weeding requirements. Farmers are reluctant to apply costly
fertilizers and pesticides to subsistence-crops, but do use them on high-value
cash crops such as cabbages, coffee, tomato, potato, ginger, lettuce and flow-
ers. Furthermore, all of the high-value crops that are grown in the dry season
are irrigated by a system of sprinkler irrigation fed gravitationally from
mountain streams and springs. These raise another set of problems.

Sustainability problems of cropping intensification

Improved national transportation, rising incomes in Bangkok and other
cities, and a temperate environment, combine to create special opportunities
for crop production in the highlands. The cooler climate provides an advan-
tage for the production of temperate fruits, vegetables and flowers. During
the monsoon season, vegetable production in the highlands has far fewer
problems with insect damage than in the lowlands and there is better surface

i
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drainage on the slopes. Lychees are harvested much earlier and fetch very
high prices. Research to find aliernatives to opium and to evaluate new crop
species and types began in the 1970s, and has continued with increasing com-
mercial interests and initiatives. The two most recent additions are potato
production to supply the fast-growing demand of manufacturers of potato
products, and hybrid maize seed production. Commercial seed producers
have discovered that the mountains provide the ideal conditions for isolation
of populations to prevent unintended cross-fertilization between breeding
lines.

All of the new cash crops are subject to wild price fluctuations. Downturns
in prices threaten the food security of poor village families who have con-
verted completely to cash cropping. The new crops require heavy fertilizer
and pesticide applications. Intensive cultivation with a bare soil surface dur-
ing the wet season contributes to soil erosion and has led to sedimentation
behind dams and weirs and in paddy fields. There are also downstream hydro-
logical consequences. Expansion of irrigated cropping in the highlands has
been blamed for many mountain streams and springs running dry in the dry
season. Conflicts have erupted between highland and lowland cornmunities
on these issues. In the Mae Taeng Irnigation Project of the Royal Irrigation
Department. for example. the decline of dry season stream flow during the
five months December to April from 1972 to 1991 led to an overall reduction
of flow of 60.8 million m? over the 19 years, averaged at 3.2 million m3 per
year (Thailand Development Research Institute, 1995). In-1993 an ugly con-
frontation broke out between an upstream Hmong community in Paklouy
village and lowland farmers in Chom Thong district of Chiang Mai valley who
had their water supply for irrigation dry up (Benjasilaraks and Silaraks, 1999;
Rakyuthitham, 2000). Few of the accusations and counter accusations are
substantiated by actual measurements, and it is not certain how the problem
of upstream-and downstream conflict can be tesolved in a near future.

Against this general background, the highlands are nevertheless a place of
much diversity in both the environment and how farmers and communities
respond to new challenges and opportunities. The case studies below, cover-
ing people with diverse ethnic backgrounds and contrasting traditional land-
management systems, illustrate local innovation and adaptability. The villages
are located in Chiang Mai and Mae Hong Son provinces (Figure 22.1). Two
of these, Loh Pah Krai and Pah Poo Chom, are former opium-growing,
pioneer shifting cultivator villages. The other two, Mae Rid Pagae and Tee
Cha, are Karen, who are traditionally sedentary.

Loh Pah Krai ~ from opium to wet-rice and home gardens

This Lahu village had been a typical pioneer shifting cultivator village before
the villagers settled at Mae Ai. north of Chiang Mai, in the mid-1960s. Within

[
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the life-time of some of the older members, the village had moved through
and, in their own words, "eaten up several forests’ in Chiang Rai and Chiang
Mai provinces. To settle permanently, the village bought a sizeable tract of
irrigated rice land from some lowland Thais. This was not simply a transfer of
land ownership. Along with the land, the Lahu farmers also secured the tech-
nological and management skills associated with wet-rice cultivation and the
irrigation system. By the mid-1990s they had adopted a double crop system
of rice and soybean in the wet-rice fields, and developed an effective scheme
for sharing scarce dry season water with downstream villages as well as within
the village.

When thev first settled. the village was also growing some upland
rice and maize on the slopes in short two or three year rotations. By the
early 1990s most of the upland fields were cropped every year, often with
double-cropping systems of maize or upland rice followed by a grain
legume, such as soybean. payee (Lablab purpureus) or ome of the
Vigna species. A number of fields within ten minutes walk from the
village houses had been developed into home gardens. Some 33
cultivated species were identified in one of the gardens (Table 22.1). Many of
the species were grown for sale outside the village, but others provided a
year-round supply of focd. herbs, spices and animal feed. The food crops were
readily shared within the village. Some species were incorporated into vege-
tative contour conservation strips, for example, lemongrass {Cymbopogon
citraties), pigeonpea (Cajanus cajun) and cha-om (Acacia pennata subsp.
insuavis).

Pah Poo Chom — many ways to biodiversity utilization and
conservation

Pah Poo Chom is a Blue Hmong village situated in Mae Taeng watershed,
north of Chiang Mai. The villagers settled on a mountain ridge at 940 m
above sea level in 1963. and by 1970 most of the surrounding forests had
been cleared and cropped with rice. maize and opium. According to the
Tribal Research Centre of the Department of Public Welfare, the village was
in a stage of extreme poverty, crop yields were low, and opium addicts
accounted for 80 per cent of the adult male population and also included
some women and even young children (Oughton, 1970; Oughton and Imong,
1970). Based on evidence from this village and many other highland villages,
imminent collapse was predicted for highland cropping systems in the 1960s
and 1970s (see Keen, 1972: Walker, 1975; Cooper, 1984). Since the early
1990s Pah Poo Chom has been transformed. Cash cropping has been
adopted in a major way. but successful management of its biological diver-
sity has also contributed to food security, income generation and
conservation of biological diversity.
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Table 22.1 Crop species found in a home garden belonging to a tarmer from Loh py
Krai, Mae Ai District, Thailand

Crop type Common name Screntific name
Introduced tree crops Bamboo Dendrocalamus asper
Lychee Litchi chinensis
Santol Sandoricum koeljape
Mango Mangifera indica
Jackfruit Artocarpus heterophylius
Tamarind Tamarindus indica
New crops grown for cash Adzuki bean Vigna angularis
Soybean Glycine max
Payee Lablab purpureus
Ginger Zingiber officinale
Green gram Vigna radiata
Local plants Cha-om Acacia pennata subsp. insuavis
Banana Musa sapientum
Papaya Carica papaya
Jujube Ziziphus jujuba
Upland rice Oryza sativa
Maize Zea mays
Sugarcane Saccharum officinarum
Sweet sorghum Sorghum vulgare
Ma Kua Solanum spp.
Chilli pepper Capsicum spp.
Pineappte Ananas comosus
Pumpkin Cucurbita moschata

Wax or white gourd
Cowpea, several lypes

Benincasa cerifera
Vigna unguiculata

Pigeonpea Cajanus cafun
Mustard green Brassica spp.

Taro Colocasia spp.

Pak Ped Vernonia sithetensis
Lemongrass Cymbopogon citratus
Sweel potato lpomoea batatas
Tobacco Nicotiana tabacum
Sesame Sesamum indicum

Source: Rerkasem et al, {1995)

Lychee trees and sprinkler-irrigated vegetables, principally cabbage, have

become the main source of cash income. Villagers market most of their vege-
tables in Chiang Mati, carrying them in their own pick-up trucks. Agricultural
land now accounts for only one-quarter of the village land. The balance 1s
made up of natural forests, two parts conservation forest and one part utility
forest dominated by bamboos, especially Dendrocalamus and Bambusa
species (Figure 22.2). The largest number of species was found in the conser-
vation forests, followed by the utility forests, the home gardens, agroforest
edges between fields and lychee/vegetable intercrops (Table 22.2)4 A large
proportion of the species in each Land-use Stage are used. Harvesting bam-
boo shoots for sale is an important source of income especiaily for poorer
villagers, Traditional crops that were part of the opium and upland rice swid-
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Figure 22.2 Land-use map of Fah Poo Chom, Thailand

dens have been conserved and incorporated into new cropping systems. The
wild, semi-domesticated and traditional crops and vegetables from Pah Poo
Chom (see, for example, Table 22.3) contribute significantly to village food
security. They also find ready demand among the urban Hmong community
around the Chiang Mati market. A traditional Hmong waxy or glutinous corn
is now popular in the city market. Several clumps of a special bamboo are
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managed by one old man, who crafts them into the Can, a traditionat Hmonp
musical instrument. Sold for 30004000 baht’ each, several of these are made

each year and are sometimes exported to Hmong communities in Laos.

Table 22.2 Number of plant species in various Land-use Stages and Field Types of
Pah Poo Chom village, Thailand

Land-use Stage/Field Type Number of Species’
Total Used % Used

Conservation forests (10 X 10 m) 152 133 87.5
Utility forests (10 x 10 m} 135 110 815
Bamboo dominant 89 82 921
Agroforest edges {total in the 3 sample plots) 89 68 76.4
Wild mangc dominated (10 X 10 m) 33 27 81.8
Wetter area (10 X 30 m) 18 14 77.8
Patch close to village, near road (20 » 50 m) 63 48 73.0
Home gardens (total in two gardens) 68 57 83.8
Garden 1 (30 X 30 m) 45 38 84.4
Garden 2 (25 X 30 m.) 45 34 756
Lycheefvegetable intercrops (10 X 10 m) 34 12 353
Upper slopes 19 12 63.2
Lower slopes 12 5 41.7

"Numbers of spacies do not add up to the total in each category and grand total because some species
occurred in more than one sample.
Source: Field Survey (1999)

Table 22.3 Useful piant species and their numbers in one semi-cultivated field
(5 X 10 m) in Pah Poo Chom, Thailand

Species with common or local name Number of plants
in sample
Domesticated Zea mays Waxy corn (Kaopode in Hmong) 300
Allium ascalonicum  Shaliot 1150
Brassica juncea Leaf mustard (Pak-kahd in Hmong) 250
Cucwrbita moschata Pumpkin 4
Coriandrum sativum Coriander 5
Ipornoea balafas Sweet potato 3
Litchi chinensis Lychee seedlings 1
Serni-domesticated Momordica sp. Wild bitter gourd 20
Solanum torvum Susumber 1
Wild herbaceous  Crassocephalum Lum Phast 1
crepidioides
Amaranthus viridis  Amaranth 1
Asytasiella neesiana Edible fern 11
Phrynium capitatum Tong Sard for food wrapping 9 clumps
Musa acuminata Wild banana 22 hills
Zingiberaceae sp.  Kong: edible fruit, leaves for 5 hills
lining rice storage container,
fibre for rope making
Total 15 species 1783

Source: Field Survey {2000)
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Mae Rid Pagae — cash cropping improving food security

Mae Rid Pagae is a Skaw Karen village at 1200 m above sea level, some four
tours by road from Chiang Mai. In the past, the limited irrigated wetland and
‘sustainable’ rotational shifting cultivation provided enough food for the
population only in some years. There were sometimes bad years in which pro-
duction fell short and many had to walk to the nearby town of Mae Sariang
to seek work. As the population grew and the national conservation policy
limited expansion of crop production into forest land, the problem of food
security worsened. The luxury of adequate rice production with long fallow
rotation in traditional shifting cuitivation was impossible and farmers had to
find viable alternatives to support their livelihood.

Cabbage production began in the early 1980s. Currently, visiting traders
buy direct from farmers and truck the crop to Bangkok and beyond.
However, it is not a monoculture of cabbage that has been adopted by Mae
Rid lagae. Instead. new cropping systems have evolved, incorporating trad-
itional components and the cabbage. In the irrigated fields, cabbage is grown
with irrigation in the dry season following the wet-season rice. On the slopes,
upland rice and cabbage are grown in alternate years, The problem of sharply
fluctuating prices has not cased, but rice vield has been greatly boosted by the
incorporation of cabbage. This is probably due to the residual organic and
inorganic fertilizers used in cabbage production, and the effect of clean-
weeding of the cabbage in reducing weed infestation of rice. Farmers’ reports
of rice yield having doubled or tripled have since been confirmed in crop-
cutting surveys.

The village also has the advantage of a well-structured soil that is iess sus-
ceptible to erosion than many others. Vegetative contour strips have been
adopted, incorporating weed species such as Cirromolaena odorata, to check
water flow down the slopes. However. farmers do acknowledge that they
have begun to receive complaints from downstream villages about perceived
water contamination with pesticides. In practice, the use of pesticides is
limited to the dry season crops that are grown in areas with supplementary
irrigation only.

Tee Cha - Pada fallow, a local innovation

In 1999 the population of Tee Cha numbered 148 in 41 houscholds. The Pwo
Karen village, established more than 200 years ago, is situated almost on the
Myanmar border in Mae Hong Son province. It is one of a few villages where
rotational shifting cultivation is still apparently sufficiently productive to
meet food security needs (Figure 22.3). A good forest cover, with numerous
uses and services. dominates land use. Being relatively isolated, lack of access
to the market limits cash cropping. The cropping system in Tee Cha is

1
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Figure 22.3 Land-use map of Tee Cha, Thailand

predominantly subsistence and is managed partly on a communal basis.
Upland rice is grown in rotation with six years of fallow. The fallow manage-
ment, mainly controlling fire and restricting the use of the regenerating
forest, felling and burning the mature fallow, and the allocation of land-use
rights, are communally organized. Managing the rice crop is an individual
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enterprise for each farm household, although there is much <haring and
exchanging of germplasm and labour.

The seven-year cycle where land is cropped with upland rice every seventh
year, is much shorter than the traditional ten-year or more cycie that used to
be common in the region. Farmers attribute sustainability of the shorter crop-
ping rotation to the dominance of Pada (Macaranga denticulata Muell. Arg.)
during the fallow years. The fallow-enriching properties are recognized by
other ethnic groups of northern Thailand, the H'tin and Khamu, who cali it
Teen Tao (Tong Tac in northern lowland Thai). and by forest ecologists
(Whitmore, 1982). Pada is a small tree of the. Euphorbiaceae family and it
begins to flower and produce seed after three vears. In the cropping vear.
Pada seedlings emerge as a thick carpet among the rice. presumably from a
seed bank that accumulated during the previous three years. Farmers manage
Pada in a number of wavs. The seedlings are not considered weeds, so are not
destroyed during hand weeding of the rice. However stands may be thinned
if they become too densc and seedlings mayv be transplanted to areas with
poor establishment.

The observations of farmers about the tree’s value is corroborated by field
observations. Preliminary measurements indicate that Pada trees play a
major role in nutrient cycling of the cropping svstem. Nutrients such as nitro-
gen, phosphorus and potassium have been found to accumulate in the
biomass of Pada-dominated fallow after the sixth vear in much greater
amounts than in Pada-less fallow after ten years (Zinke et al.. 1978). A good
stand of Pada, which reaches almost over the farmers’ head by the time of
rice harvest, is associated with an upland rice vield that is about twice the
yield with few or no Pada. Attempts to establish Pada in neighbouring vil-
lages where it does not occur naturally. however. have so far been
unsuccessful

Adapting to change

Since the 1960s land use in the highlands of Northern Thailand has under-
gone dramatic change due t¢ external and internal pressures, which have
included national conservation and highland development policies. popula-
tion growth and rising expectations and aspirations of the villagers
themselves. Intensive land use has replaced traditional shifting cultivation but
some villagers, by using local innovations, have been better able to adjust
their land-use systems to cope with the impact of change on food security and
the environment.

Many other successful cropping systems and practices can be found in
other villages throughout the mountains of northern Thailand. These obser-
vations belie the general belief that intensification of agriculture in the
mountains is not sustainable and inevitably leads to vield decline and
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degradation. To understand how some farmers and villages in these difficy
environments succeed, however, has required a holistic approach to the study
of village land management that recognizes variations in time, space and the
management units that exist in the agroecosystem. We conctude this chapter
with three characteristic factors that have contributed to these farmers more
successfully adapting to change.

First, the mountains are agroecosystems with great diversity. This diversiyy
includes variability in: '

O the physical environment, for example, soil properties and microciimates

o the social and economic context of the farming system

O the local management capacity that may range from the different agro-
nomic skills and ability to learn of the individual farmers. to the
community’s capacity to manage common resources or interact effectively
with the market or the provincial and national government.

Second, there is a great diversity of plant genetic resources available in these
mountain villages, including domesticated, semi-domesticated and wild
species that are little known to outsiders, but that have been incorporated
into successful new cropping systems.

Third, the innovations that have given rise to new cropping systems would
not have materialized without the farmers’ intimate knowledge of the specific
sets of physical and socio-economic conditions defining their particular
environment and the knowledge of the plant genetic resources available to
them.

Innovations and knowledge originating from the outside can become
useful only when they happen to fit local conditions. Modern agriculture and
its various associated sciences have a great potential to benefit these moun-
tain farmers. The challenge is to identify how they can be made relevant to
local needs and conditions. Since it will never be possible to completely char-
acterize the local variability, the best thing is to work closely with farmers.
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Chapter 17

1 PLEC began work in Amazomwan Brazil in 1992, and work in Amapd, already
begun under another project, was then incorporaied into PLEC. The task reported
here overlaps the period of the two projects.

2 For more complete discussions of the formation of the smallholder timber industry
see Pinedo-Vasquez et al. (2001) and Sears ¢t al. (2000).

Chapter 18
1 Translated by Liang Luohui, Managing Coordinator of PLEC.

Chapter 19

1 This was a student paper when it was wnitlen in the mid-1990s. Even though there
have been some changes in the stluation at Baka. and in the market for Amonium
villosum, since that time. the paper is reprinted without substantial change.

2 55000 mu s approximately 3700 hectares: 1 ha is equivalent to 15 mu.

Chapter 20

1 We thank San Long, and Mi Ba for helping us in the field work. Liang Luohui has
given invaluable assistance with linalization of the English version of this paper.
Kevin Coffey advised on the use and interprelation of the indices employed.

Chapter 21

1 One hectare is equivalent to 15 mu.

Chapter 22

1 The authors wish to acknowledge support for part of the-work reported in this
chapter from UNU-PLEC and Thailand Research Fund

2 Karen, Hmong, Lahu, Lisu are some of the most common ethnic minority groups
living in the mountainous areas of mainland Southeast Asia.

3 Although some groups, including the Karen. have been in Thailand for several hun-
dred years, others are migrants within the twentieth century.

4 Use of these edges between fields is a particulariy distinctive feature of the Pah Poo
Chom system. A few are substantial, with natural as well as planted trees. The crops
and other products obtained from them are mainly used for self-provisioning. and
in this respect they constitute an important diversification of what is otherwise
largely a commercial system of land use.

5 At the time of this research US$1 = Bt43.

6 Research into Pada currently being undertaken includes its biology of seed pro-
duction and dormancy, its contribution to productivity of upland rice in the
cropping system, its role in nutrient cycling and relationship with other key faliow
species. The role of mycorrhiza and nitrogen-fixing endophytes in the nutrition of
Pada is also being investigated. This work is supported by UNU-PLEC and
Thailand Research Fund.
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Response of upland and lowland rice cultivars to waterlogged and well-drained soil conditions

(AU Buaga’ Richard W. Bell’ iaziugy925yal gninyy’
'niadne 15 aasinuasmaas v Inodode vy Foaluyl 50200

*School of Environmental Science, Murdoch University, Murdoch, WA 6150, Australia

Abstract : Rice in Thailand is mostly grown in rainfed lowland ecosystems, where water supply is variable during the
growing scason. However, there is limited understanding of how Thai rice cultivars adapt to changes in water regime.
The objective of this work was to examine the responses of upland and lowland rice cultivars to waterlogged and well-
drained soil conditions. Two upland (Sew Mae Jun and Kae Noi) and two lowland (Chainat 1 and KDML105) cultivars
were compared in waterlogged (W+, the soil surface was submerged under 10 cm. of water) and well-drained (W0, water
the plant everyday but not have water standing in the pot) soil, with three replications. There were separate pots for each
harvested at 2, 4, and 8§ weeks in which root and shoot length, root and shoot dry weight, total root volume, aerenchyma
development and nutrient content were measured. Shoot and root growth of all cultivars grown in waterlogging
throughout were higher than in drainage throughout, except Kae Noi. Shoot and root growth of Kae Noti in both of
waterlogged and well-drained soil conditions were not different. Aerenchyma development of Sew Mae Jun and KDML
105 were not different in two water soils conditions, while Kae Noi was higher in W+ at 5 cm from the root tips. Nutrient
contents of all cultivars were also generally higher in waterlogged soils. Nitrogen contents of upland rice cultivars in
well-drained soil were higher than lowland rice cultivars. Moreover, nitrogen contents of upland rice cultivars were equal
in both s0il water conditions. Whereas, lowland rice cultivars in well-drained soil were 50% less than in waterlogged soil
conditions. Phosphorus contents had the same response to soil water conditions as nitrogen contents. Specific nutrient
uptake of root, Kae Noi and KDML 105 were equal in both of soil water conditions, while Sew Mae Jun and Chainat 1 in
weil-drained soil were higher than in waterlogged soil.
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Table I Root dry weight of four rice cultivars when grown in waterlogging (W+) and well-drainage (W0) soil

conditions at 4 weeks.

Root dry weight (g)
Cultivar

W+ wWo
Sew Mae Jun 0.36 Ba 0.16 Bb
Kae Noi .28 Ba 0.30 Aa
Chainat 1 0.49 Aa 0.25 Ab
KDML 105 0.50 Aa 0.20 Ab

Mean 0.41 0.23
F-test LSD, .

c” -
W’ 0.07
GxW’ 0.13

ns = non significant (p<0.05), * significant at p < 0.05. The difference between water treatments in the same row is

indicated by lower case letters. The difference between cultivars in the same column is indicated by upper case letters.

Table 2 Root dry weight, shoot dry weight and total dry weight of four rice cultivars when grown in waterlogging

(W+) and well-drainage (W0) soil conditions at 8 weeks.

RDW {g/plant) SDW (g/plant) Total dry weight {g/plant)
Cultivars
W+ Wwo W+ Wwo W+ Wi
Sew Mae Jun 3.86 Ba 2.07 Bb 13.0Aa 11.7Aa 16.68 Ba 13.77 Aa
Kae Noi 3.46 Ba 3.32 Aa 89Ca 11.2 Aa 11.36 Ca 14.52 Aa
Chainat { 5.53 Aa 1.26 Bb 15.6 Aa 8.9 Bb 21.13 Aa 16.16 Ab
KDML 105 3.92 Ba 2,16 Bb 17.5 Aa 11.1Ab 2142 Aa 13.26 Ab
Mean 4.19 2.20 13.76 10.73
F-test LSD, . F-test LSD,,. F-test LSD,,,
G" - G" - G" -
w’ 0.47 w’ 217 w’ 3.54
GxW’ 0.94 Gxw’ 4.34 GxW’ 5.01

i

§
i

ns = nen significant (p<0.05), * significant at p < 0.05. The difference between water treatments in the same row is

; Indicated by lower case letters. The difference between cultivars in the same column is indicated by upper case

letters.
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Table 3 Shoot length of 4 rice cultivars when grown in waterlogging (W+) and well-drainage (W0) soil conditions

at § weeks.

Shoot length (cm)

Cultivar
W+ wo
Sew Mae Jun 80.6 Ba 68.4 Ab
Kae Noi 73.2Ca 67.9 Aa
Chainat 1 60.3 Da 51.9 Bh
KDML 103 92.2 Aa 633 Ab
Mean 76.58 62.90
F-test LSD, .
G~ -
w’ 2.98
Gxw’ 5.96

ns = non significant (p<0.03), * significant at p < 0.05. The difference between water treatments in the same row is

indicated by lower case letters. The difference between cultivars in the same column is indicated by upper case letters.

Table 4 Nitrogen, phosphorus, and potassium contents (mg/plant) of four rice cultivars when grown under

waterlogged and well-drained soil conditions for 8 weeks.

N contents (mg)} P contents (mg) K contents (mg)
Cultivars
W+ W W+ wo W+ Wwo
Sew Mae Jun 6.04 Aba 5.34 Aba 2.48 BCa 1.54 Aa 2.79 2.54
Kae Noi 5.16 Ba 6.56 Aa 228 Ca 1.82 Aa 2.1 2.38
Chainat 1 6.60 Aba 3.38Bb 338 ABa 1.10 Ab 3.14 1.82
KDML 105 816Aa  428ABb 357 Aa 1.54 Ab 1.64 238
Mean 6.49 4.89 2.92 150 295a 2285
F-test LSD, F-test LSD,,, F-test LSD,,
¢" - G" - G~ -
W 114 w' 0.48 W’ 0.53
GxW’ 2.29 GxW 0.96 GxW"™ -

ns = non significant (p<0.05), * significant at p < 0.05. The difference between water treatments in the same row

isindicated by lower case letters. The difference between cultivars in the same column is indicated by upper case letters.
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Table 5 Nutrient uptake (mg /g root DW) in 4 rice cultivars under waterlogged and well drained soil conditions

for 8 weeks.
N uptake (mg/g RDW) P uptake (mg/g RDW) K uptake (mg/g RDW)
Cultivars
W+ wo W+ wo W+ Wi
Sew Mae Jun 1.57T Ab 2.57 ABa 0.64 0.74 0.73 Ab 1.22 Aa
Kae Noi 1.49 Aa 2.02 Ba .66 0.56 0.65 Aa 0.73 Ba
Chainat 1 1.19 Ab 2.70 Aa 0.61 0.88 0.57 Ab 1.46 Aa
KDML 105 2.65 Aa 2.11 ABa 0.89 0.80 0.92 Aa 1.19 Aa
Mean 158 235 0.70 0.75 0.72 115
F-test LSD,,. F-test LSD, . F-test LSD,
" - G" - G~ -
w’ 0.34 w" - w’ 0.20
GxW 0.68 GxW* - Gx W’ 0.40

ns = non significant (p<0.05), * significant at p < 0.05. The difference between water treatments in the same row is

indicated by lower case letters. The difference between cultivars in the same column is indicated by upper case letters.

Table 6 Root-shoot ratio and Relative response to water of four rice cultivars when grown in waterlogging (W+)

and wel-drainage (W0) soil conditions at § weeks.

Cultivar Root-Shoot Ratio Relative response to water
W+ W0 WHW+
Sew Mae Jun 0.30 ABa 0.18 Bb 0828
Kae Noi 039 Aa 0.30 Aa 1.17 A
Chainat 1 0.36 Aa 0.14 Bb 048 C
KDML 105 0.23 Ba 0.21 ABa 0.69 BC
Mean 0.32 0.21 0.79
F-test LSD,,, F-test LSD, .
G’ 0.072 G 0.29
w’ 0.051
GxW’ 0.10

ns = non significant (p<0.05), * significant at p < 0.05. The difference betwecn water treatments in the same row is

indicated by lower case letters. The difference between cultivars in the same column is indicated by upper case jetters.
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(KN-W+) {KDML105 W+)

Figure 1 Aerenchyma appearance of Kae Noi (KN) and KDML 105 in waterlogged (W+) and well-drained soil

condition at 5 cm from the terminl root.
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Comparative Response to Boron deficiency in Barley and Wheat
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Abstract

To determine if boron (B) deficiency, commonly reported to depress grain set
in wheat, has the same effect in barley, two experiments compared three wheat and
three barley genotypes at various B levels in sand culture. Plants were grown with
varied levels of added B, from 0 to 10 pM. Without added B, the genotypes ranged in
Grain Set Index (GSI) from 0 to 93 % for wheat and 0 to 67 % for barley. Boron
concentration of the ear and flag leaf at boot stage in wheat and barley correlated

(r=0.8 - 0.9, p <0.01) with the effect of B on GSL Grain set was the only response
to low B, also measurable in decreased number of grains ear”’ and grains spikelet”, in
wheat. In barley, B deficiency also depressed the number of spikelets ear”’ by 23 to

75 % and induced a “rat-tail” symptom of terminal spikelet degeneration. There was
a weak correlation between ear and flag leaf B and the effect of B on ear size in barley
(r=10.47 and 0.37, respectively, p < 0.1). In some barley genotypes, the low B level
that depressed grain set sometimes also delayed ear emergence and depressed the
number of ears plant™ but sometimes increased tillering. These results demonstrate
that the phenotypic response to low B is more complex in barley than wheat.
Different strategies may be required for managing B nutrition and different
approaches for selecting B efficient genotypes in the two species.
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