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Country :

Pro.iect Title :

REPORT SUMMARY SHEET

Thailand

Improving Food and Agricultural Production
with Nuclear and Related Technology

Pro.iect Number. UNDP : THA/85/004 , IAEA: THA/5/031

Total Government Contribution. Baht 123,420,500.-
Total UNDP Contribution , US$ 1,514,753.-

Executine Agency : International Atomic Energy Agency (IAEA)
through its joint programme with the Food and
Agriculture Organization of the United Nations (FAO).

Title of Report :

Number of Volumes ".

Terminal Report

One

Party responsible for preparing the report: Executing Agency on
the basis of draft prepared by the project management..

Objectives : - to generate new genetic sources of disease
resistant varieties of economically important crops
by supporting ongoing national plant breeding
programmes with mutation induction and related methods.

to make appropriate use of nuclear techniques in
soil science within ongoing field and laboratory work,
to optimize the use of fertilizers, biofertilizers and
water; to maximize biological nitrogen fixation in
legumes under different farming systems; and to
evaluate local deposits of natural rock phosphates as
sources of phosphorus in acid soils.

to improve livestock productivity at the small
farm level through the utilization of isotope and
radiation techniques in field trials, emphasizing
reproductive performance and health aspects.

In the majority of the over ninety Work Plan Activities
undertaken in laboratories and field stations of three
Departments, four Universities as well as OAEP, the above
intended objectives were achieved or are likely to be.

Outputs : Generally, the outputs consist of improved mutant material
to be made available to plant breeders as well as
reports and recommendations on improved soil-water-
plant management practices and livestock management.
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In most cases these outputs were produced. It should be
borne in mind, that while some of the research activities were
started before the project, others have only been supported for
the last one or two years.

Findings: Main achievements were the strengthening of
interinstitutional and international collaboration*
Over 30 scientists trained under fellowships or
scientific visits abroad in addition to those having
received on-the-bench training or participated in
National Training Courses. Two service functions were
established in support of project activities, several
national workshops or seminars were arranged and some
50 scientific papers and 15 technical consultants
reports were published as of November 1990. Results
from project activities were presented in detail at
Seminars held in December 1990. In many cases results
were obtained which have a direct practical impact on
the agricultural development in Thailand. These are
summarized in the report.

Recommendat ions
The main recommendation is to maintain the R and D momentum,

which the project has initiated, and to capitalize on its gains
through the support of a suitable follow-up project.

Lessons learned : The project suffered a few problems and draw-
backs, some of which were man-made and others caused by
environmental incidents (e.g. climatic, plant disease
infections). In the former cases an occasional lack of
direction and/or dilution of effort appears to be the
main reason.

Furthermore, technical problems with one of the
major items of equipment (mass spectrometer) could
possibly have been avoided, had the purchase been made
contingent on a very strict clause regarding
installation by the supplier and payment in
installments.

' *
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2. INTRODUCTION

Thailand is a food producing and exporting country. The
potential for increasing food and agricultural production are
great due to the favourable climatic conditions. Therefore
research and development has emphasized agriculture and food
production, not only for its own consumption but also because of
the country's favourable export situation.

The Government is committed to developing programmes that
transfer resources necessary to improve the incomes of the rural
poor, and it is recognized that future agricultural growth must
come from intensification rather than opening up new lands. The
Government has therefore taken various steps to accelerate
agricultural production by modernizing the present infrastructure
programmes for soil and water management, plant production and
efficient livestock productivity.

Experience has shown that nuclear and related technologies
can help solve practical problems in food and agriculture more
effectively and economically. Nuclear techniques often represents
the only means of solving a problem hindering production improvement.
This has led to significant advances in agriculture in many
countries, including Thailand.

Pioneering efforts applying isotope and radiation
techniques in food and agriculture in Thailand started around
1960, and the country has been receiving IAEA assistance through
its Technical Assistance and Coordinated Research Programmes. The
early efforts centred around rice breeding and fertilization
problems, mainly at Department of Agriculture and Kasetsart
University, but were later extended to other Departments and
Universities working on a variety of agricultural problems of
economic significance.

Thai scientists have been trained under IAEA fellowships or
in FAO/IAEA International Training Courses in the use of nuclear
techniques in food and agriculture. However, the previous
support was scattered in respect of time and place, and a need
developed for a follow-up and improved inter-institutional
coordination with emphasis on field problems.

The present project was therefore designed to consolidate
earlier efforts of applying relevant nuclear and related
techniques and to assist ongoing research and development in
three substantive fields:

a) in Plant Breeding, having a catalytic and coordinating
function in work to genetically alter plants by mutation
induction, primarily through irradiation, to achieve resistance
or tolerance to diseases in a number of economically important
crops.



b) in Soil Science, where soil management practices that
lead to efficient fertilizer use and optimal use of natural
resources such as local rock phosphate deposits or atmospheric
nitrogen through biological nitrogen fixation, result in
decreased dependence on imported fertilizers. Likewise, practices
that ensure conservation of the available water in the soil
contribute to an improved and economic crop production. Nuclear
techniques applied to the above fields provide an efficient
complementary tool to conventional development efforts and are
often superior, and reduce the time required to identify and
economically improve soil, fertilizer, water and cr-op management
practices.

c) in Animal Science, where poor reproductive performance
and diseases are major limiting factors in livestock production.
In the case of reproduction the Government has recognized the
value of reproductive hormone analyses through isotope and
related techniques particularly at Chulalongkorn University and
the project aims at strengthening similar work in other parts of
Thailand with emphasis on buffalo and cattle.

The project is technically complex, decentralized and covers
a variety of crops and disciplines. Besides experimental
installations (laboratories, greenhouses, livestock sheds and
fields) at the headquarters of the participating institutions,
viz.

DOA Department of Agriculture
DLdD Department of Land Development
DLD Department of Livestock and Development
KU Kasetsart University
KKU Khon Kaen University
CMU Chiang Mai University
CU Chulalongkorn University
OAEP Office of Atomic Energy for Peace

project field experiments are carried out at over 30 Experiment
Stations and Research Centres in the North, North East and
Central parts of Thailand in addition to work in many villages
and country wide surveys.

This five-year project became operational on 1 January 1986.
A project Work Plan was established during the first months
defining over sixty individual Activities. In line with the
dynamic nature of the project the Work Plan was revised at
intervals, the latest Revision II dated April 1989. Each
Activity is assigned to one primary counterpart in addition to
other colleagues.

The project has emphasized international as well as national
training. A number of national workshops or training courses
have been held to further strengthen inter-institutional
cooperation.
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Twenty three international consultants and experts visited
the project (Annex 2) interacting with relevant counterparts out
of the total exceeding 50 (Annex 1).

A Project Committee chaired by the Project Director has
ensured overall direction, coordination and implementation. Four
Technical Committees were responsible for the optimum
coordination of all activities among the institutions and
scientists concerned. The day-to-day management of the project
was entrusted to an international CTA during the first year
followed by a national CTA for the remaining time.

The project assisted in strengthening two service functions:
the "Central Service Facility" (for isotope analyses) and the
"In-vitro and Mutation Breeding Service Unit", both at Department
of Agriculture.

Several technical publications and reports have been
as a result of project activities.

issued

An Evaluation Mission visited the project in October 1988.
A total number of four Tripartite Reviews were held in 1987, 88,
89 and 90 respectively.



3. DEVELOPMENT PROBLEMS AND IMMEDIATE PROBLEMS ATTACKED

The project was designed to contribute to the
intensification and economic improvement of agricultural
production, both in relation to food crops and livestock, through
the wider application of isotope, radiation and related
technologies to plant breeding, soil science and livestock
development activities all within ongoing work.

The immediate problems which the project was intended solve
were :

a) Plant Breeding:

- to provide plant breeders with genetically improved
material through induction of mutants, primarily by gamma
irradiation, for the development of disease tolerant or
resistant varieties. These include food legumes (Soybean,
Sugar Pea, Field Pea, Yardlong Bean, Mungbean, Black Gram
and Cowpea), fibre crops (Roselle, Jute and Cotton),
cereal grains (Job's Tears, Upland Rice and Sorghum), oil
crops (Castor Bean and Sesame), and vegetatively
propagated crops, (Cassava, Sugarcane).

Rationale for using nuclear and related techniques :

Plant breeding is inherently a long-term and open-ended
process. The range of successive actions needed to develop and
release (to the farmers) an improved mutant crop variety may
start by irradiation of seed or other plant parts from a
promising line , which , however, may be susceptible to a
disease. Irradiation has usually been carried out abKU or OAEP,
and often included experiments to determine the appropriate
radiation dose. Several generations of the irradiated material
must be grown, and promising plants selected, genetically
purified and tested. Back-crossing to the recurrent parent is
often necessary in order not to lose desirable traits and at the
same time retaining the new desirable character.

Testing of mutants at experimental stations is a
prerequisite before the mutant variety can be included in
nationwide field trials. If performance is then deemed
satisfactory, the variety may be officially released, requiring
multiplication on a large scale for its transfer to the public.

In certain cases (e.g. perennials) tissue-culturing has
proven a method of choice for propagation, with or without
mutation induction, either by irradiation or through somaclonal
variation. Grafting (e.g. in fruit trees), as well as other
vegetative propagation methods is then usually employed.

V- <*



b) Soil Science :

- to develop cultural practices to : improve fertilizer use
efficiency, make optimal use of naturally occurring rock
phosphates, improve soil water management practices and
assess root distribution patterns, optimize biological
nitrogen fixation and utilize Azolla as nitrogen bio-
fertilizer in rice.

Rationale for using nuclear and related techniques :

The work, which is mainly carried out in the field, is based
on the use of isotopes as tracers for plant nutrients such as
nitrogen, phosphorus and sulphur. This technique enables the
distinction of a nutrient from different sources (e.g. from the
soil, fertilizer, compost or air)t and therefore provides the
only means of direct determination of the amount of the nutrient
taken up in the plant from a particular source under field
conditions.

Likewise, a neutron probe makes it possible to measure the
water content in the soil as well as the soil compaction under
field conditions at any time and at any depth during the growth
period, without disturbing the crop.

c) Animal Science :

- to improve the reproductive performance of buffalo and
cattle. In addition, activities deal with the epidemiology
and control of the Liver Fluke disease in livestock.

Rationale for using nuclear and related techniques :

Studies on reproductive physiology have been centered at the
Chulalongkorn University with related work initiated and now
going on at the Universities of Kasetsart, Khon Kaen and Chiang
Mai. The work is based on determination of minute quantities of
the reproductive hormone progesteron in blood and milk samples
through the application of RIA and ELISA techniques. Knowledge of
the levels of this hormone enables an early diagnosis of
pregnancy, oestrous confirmation and identification of ovarian
activities post partum, leading to management decisions in order
to improve the animals reproductive performance. This has also
included nutritional and health aspects, and field work now
involves animals in a number of villages as well as breeding
stations and farms.

Another aspect of the work has dealt with the effects of the
Liver Fluke disease in buffalo and cattle. A radiation attenuated
vaccine to bs produced under the project was to be tested.as a
control measure against the disease.

J



A NOTE ON PROJECT DESIGN

The project is problem-oriente-d, and not technique-oriented.
In this respect nuclear and related methods have always played a
complementary role in ongoing R and D in the project, and are not
meant to replace traditional approaches for solving a particular
problem.

Appropriate and intelligent use of nuclear techniques often
requires specialized training and instruction, and the project
has foreseen this through its expert and fellowship components.
Specialized equipment is also a prerequisite and has in most
cases been provided by the project. In two cases the
sophist icat ion and cost of certain items of equipment made a
centralization desirable in this otherwise decentralized project
and two "Service Units" (dealing with isotope analyses and plant
tissue cultures, respectively) were established at DOA. The
latter unit was also supported by an IAEA TC project.



4. OUTPUTS PRODUCED AND PROBLEMS ENCOUNTERED

A. Outputs produced

1) Plant Breeding

The project document stipulates :

(a) New improved disease resistant, high yielding, early
maturing and better quality mutant lines of food legumes,
fibre crops, cereal grains, oil crops and vegetatively
propagated crops, to supplement the existing germ plasm
collection.

(b) Access by farmers (through established extension
mechanisms) to new field-tested and disease-resistant (and
otherwise improved) varieties of the aforementioned crops.

However, the Evaluation Mission (ref. page 6 of its Report)
found that the outputs are too ambitious if the above wording is
to be taken as indicating fully tested improved mutant varieties
ready for release.

Plant breeding is by nature a lengthy, slow process, and the
Evaluation Mission feels that realistic outputs under the project
should rather be the availability to plant breeders of improved
(i.e. disease resistant or tolerant) mutant material.

In the above sense the project has generally progressed
satisfactory and has produced outputs in the majority of the
relevant activities.

2) Soil Science

According to the Project DocumentaTechnical Report based on
field experiments throughout the country (except the South)
should be made available with recommentations on :

(a) Improved soil, fertilizer and water management
techniques and other cultural practices that lead to optimum
fertilizer use efficiency in rainfed areas of the North and
North-East, emphasizing upland and highland rice, legume-
cereal intercropping and soybean followed by rice ;

(b) Appropriate use of rock phosphates of local origin to
replace synthetic phosphate fertilizers in acid soil with
paddy rice ;

(c) Management practices that lead to optimum efficiency in
the use of available water resources for different cropping
systems in rainfed areas of the North .and North-East.



(d) Cultural practices for leguminous crops under different
farming systems that enhance biological nitrogen fixation
thereby decreasing dependence on nitrogen fertilizers in the
Central Plain, North and North-East;

(e) Cultural practices for rice that
use bio-fertilizers such as

Azolla and thus decrease dependence on nitrogen fertilizers.

The list of Publications and Reports, Annex 6 amply
demonstrates the outputs produced so far. Delays in commissioning
the mass spectrometer purchased under the project has, however,
delayed reporting on a few otherwise completed field
experiments.

3. Animal Science

The project document defines the following outputs:

(a) Technical reports based on field tests throughout the
country with recommendations on management practices that
result in an increased reproduction rate of livestock;

•V

(b) The development of a radiation
against the liver fluke disease.

attentuated vaccine

Again, Annex 6 shows the outputs produced,
demonstrating a satisfactory implementation,
particularly as regards output (a).

technical reasonsIn the case of the output (b) various
necessitated terminating the activity to produce a radiation
attenuated vaccine.

4. Institution Building

The project document foresees a Central Services Unit at the
Department of Agriculture., twith appropriate equipment and trained
staff) for analysis of N samples in support of agricultural
research in Thailand.

This Unit has been established but delays were encountered
in making the main piece of equipment - a Mass Spectrometer
operational (ref. item B.I).

Another Service Unit, the "In-vitro and Mutation Breeding
Service Unit," was not explicitly foreseen in the project
document, but was established at DOA with inputs from the project
as well as from an IAEA TC project, THA/5/032.

10
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5. Manpower Training

The output listed in the project document is :

Officials of Government implementing agencies trained abroad
(Austria, Denmark, Federal Republic of Germany, USA, UK,
Sweden, Brazil, Sri Lanka, Philippines, German Democratic
Republic and Canada) in mutation plant breeding, soil
science, animal science and N techniques as well as
trained "in-service" by project experts in these same
fields at the Central Service Unit and at various project
field sites.

This output was produced according
details are shown in iter.i 6.2 and Annex 3.

to plans, and

V

B. Problems encountered

Problems were encountered, partly being man-made and partly
beyond human control, i.e. environmental.

1) Man-made problems

- The most serious problem is the delay in obtaining a fully
operational mass spectrometer,- assembly at the Central
Service Unit for analyses of N soil and plant samples
derived from project trials.

There are many reasons for the delay, such as faulty
equipment parts, replacements being broken in transit, in-
efficient services etc.

This situation has caused delays in the interpretations of
some otherwise completed field experiments. In many cases the
problems were solved by analyzing the N contents with an
emission spectrometer already operational at the Central Services
Unit or by sending the samples for analysis in the FAO/IAEA
laboratory near Vienna, at IRRI or in Canada.

- Ino.few cases Activities were requested and approved for
inclusion in the Work Plan, but were later withdrawn because
the counterpart had been transferred.

- Plans to produce a radiation attenuated vaccine against
Liver Fluke in livestock had to be abandoned for technical
and other reasons. Alternative protection by chemicals was
found more feasible.

11
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2) Environmental problems.

- Quite a number of plant breeding and soil science field
experiments had to be repeated because the crops had been
destroyed by e.g. non-anticipated infections by pathogens,
occasional droughts in fields where no irrigation was
available or by the unusual and violent hailstorms in and
around Chiang Mai and Khon Kaen during the beginning of
1990.

In all cases, delays have been the result.

C. Cost effectiveness

It is always difficult - if not impossible - to assess cost:
benefits due to the application of research findings.

However, disease resistant plant varieties, increased
fertilizer use efficiency, optimum use of natural resources such
as water, atmospheric nitrogen or rock phosphates or improved
birth rate in livestock (such as mentioned in item 7.1.4) all
contribute to an improved economy for the farmers. In this regard
the project has indeed produced meaningful contributions because
it has supplemented ongoing conventional research and development
by making it possible for the scientists to reach solutions to
their problems faster and more accurate However, innovations
resulting from project findings may not immediately be utilized
by the farming community because of often prevailing conservative
traditions, education or other social aspects.

12
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5. OBJECTIVES ACHIEVED OR LIKELY TO BE ACHIEVED IN THE
NEAR FUTURE

The project Work Plan and its regularly approved revisions
include a total of 95 individual Activities mainly in the fields
of Plant Breeding, Soil Science and Animal Science. Each such
Activity has a specified and detailed objective defined within
the more general immediate objectives of the project. Thus, each
Activity in the Work Plans addresses problems set forth in the
project document thereby contributing to the overall development
objective of the project, i.e. the intensification and economic
improvement of agricultural production in Thailand.

Annex 7 shows a list of all the 95 Activities approved by
the Project Committee for support by the project.

The distribution and status of these Activities is shown
the table below :

in

Subject

Central Services
Plant Breeding
Soil Science
Animal Science

Total

Number of
Activities

3
3?
39
14

95

Status !
•a. — — — — *

Withdrawn

7
i

2

10

continous

2
«

2,

5

Completed

1
5
16

22

Awaiting 15N i
analysis !

3 :

3 :

-i

Thus, out of 95 Activities 10 (or 10.5%) were withdrawn for a
variety of reasons (ref. the PPER's), 5 represent a continuous
service, 22 have been completed and reported (Annex 6) and 3
still await isotope analyses although otherwise completed. While
these latter three categories amount to 30 Activities (or 31.6%)
a remainder of 55 Activities (or 57.8%) are still being
implemented.

The above figures demonstrate, that while some 10% of the
individual objective were not achieved, the remaining 85
Activities either have reached their objectives (35%), or are
likely to achieve them (65%) in the near future.

13
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6. ACHIEVEMENTS, FINDINGS AND RESULTS

The Project aims at assisting ongoing agricultural research
through the transfer of isotope, radiation and related techniques
in a number of fields, where these techniques have proven their
value in solving problems of economic and practical significance.
Therefore, general agricultural development is not an objective
of the project.

The statements on achievements, findings and results
following below are all documented in project repoits such as the
yearly Project Performance Evaluation Reports, a large number of
consultant reports (including the CTA's Field Reports) and
the Publications that have resulted from project activities
(Annex 6). Lists of fellowships and national meetings arranged
under the project are shown in Annexes 3 and 5. Finally, a list
of all research Activities approved by the Project Committee for
support is shown in Annex 7. Full technical reports on the
Activities are published in the Proceedings of the final National
Seminar on "Strengthening Improving Food and Agricultural
Production with Nuclear and Related Technology in Relation to
Project THA/85/004", held in Chiang Mai 17-19 December 1990.

6.1 Interinstitutional and international collaboration

A major achievement is the close cooperation and
collaboration initiated or strengthened between scientists
from different institutions in Thailand as well as abroad.
The various Workshops/Training Courses held under the
Project have constituted one important vehicle in promoting
cooperation - where it didn't already exist -, and visits of
experts have in several cases been followed-up by continued
cooperation on an individual basis.

The list of publications shown in Annex 6 also
demonstrates extensive collaboration with scientific
organizations abroad, such as :

(i) participation of more than 10 Thai scientists in a
number of FAO/IAEA Coordinated Research Programmes,

(ii) other related international technical cooperation
projects such as FAO/IAEA/UNDP/RAS/82/002, FAO/IAEA/UNDP/RAS
/89/045 and the following IAEA TC projects THA/5/026, THA/5/
028 and THA/5/032.

(iii) ACIAR, AVRDC, BOSTID, IDRC, IFDC, IRRI, JICA and USDA/
ARS.

14
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6.2 Training

Training has been promoted through international
fellowships, scientific visits and lectures or seminars with
participation of international experts.

6.2.1. International Training

A total of 38 Thai scientists either have already
completed their training (36), or are soon going to be
trained (2) abroad under fellowships or scientific visits -
with an average duration of two to four months (Annex 3).

In addition, group training has been offered by Project
experts and other foreign visitors through many lectures and
seminars.

6.2.2. National Training

National Workshops (which do have a training component)
or Training Courses have been held under the auspices of the
Project, and Proceedings from these events have been
published, see Annexes 5 and 6. In addition, on - the
-bench training has been offered at the two Service Units
(see item 6.3) as well as at CU in the techniques and inter-
pretation of hormonal analyses (RIA, ELISA).

6.3 Project Service Functions

The Project has assisted in the establishment and
upgrading of two Units located in existing laboratory
buildings:

6.3.1. Central Services Unit

The Unit was established in the Isotope Laboratory of
the Division of Agricultural Chemistry, DOA, and equipment
has been provided to supplement already existing facilities.
In this laboratory, all isotope analyses as well as some
chemical determinations are carried out in samples derived
from project activities.' In fact, this Unit is the only
laboratory in Thailand able to analyze the stable isotope
N which is extensively used by the soil scientists,

particularly in work on biological nitrogen fixation.

The Unit hosted a National Training Course on the Use
of Stable and Radio Isotopes in Soil Water Relationship
Studies in 1988, and also offers on-bench training for
graduate students and technicians who then take part in the
ongoing research or analyses in the Unit.

I
Tj
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In spite of the technical difficulties encountered with
the mass spectrometer, icthe fully functioning Emission
Spectrometer has enabled N analyses to be made in approx.
2500 plant and 500 Soil samples from Project activities as
well as from a JICA supported project at the Soil Science
Division, DOA.

6.3.2. Central In-vitro and Mutation Breeding Service Unit

The Unit was established at the Division of Plant
Pathology and Microbiology, DOA, with support not only from
the Project, but also from the IAEA TC project THA/5/032.
The Unit consists of a tissue culture laboratory and a
greenhouse, and aims at biotechnological studies on tissue-
cultures and mutation induction in plantlets or in-vitro as
a service to plant breeding activities under the Project, as
well as for the development of disease screening techniques.
On-bench training is also offered here.

The Unit offered individual training in tissue culture
techniques to a technician of the Applied Radiation and
Isotope Department of KU, 3 technicians and 2 researchers of
Plant Pathology and Microbiology Division of DOA and a
graduate student of CU.

The Unit has serviced researchers from OAEP, DOA and KU
since 1988. Mulberry plantlets from OAEP were screened in
in-vitro or in greenhouse for bacterial blight resistance.
Researchers of DOA and KU who work on cotton, sesame, garden
pea, red kidney bean, citrus etc. are also using the
greenhouse or in-vitro laboratory facilities.

Finally, researchers assigned to the Unit carry out
research on in-vitro propagation of tomato, mulberry and
other crops.

6.4 Research and Development

The following examples of
achievements represent highlights •-

6.4.1 Plant Breeding

technical project

The Project has assisted plant breeders during various
phases of the work to obtain disease resistance. The project
output of releasing advanced breeding lines or clones was
attained in several crops. The following achievements are
particularly noteworthy :

16
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Soybean : A rust tolerant to resistant mutant variety, Doi
Kham (81-1-038) has been distributed to farmers in certain
areas. (This mutant has also been reirradiated to adapt it
to highland conditions, especially in the North, with traits
such as early maturity and short plant type in combination
with disease resistance).

Coordinated yield trials of advanced soybean lines
including mutants focus on resistance and tolerance to
other diseases(Purple Seed, Anthracnose, Bacterial Pustule,
Downy Mildew and Crinkle Leaf). In this work Doi Kham proved
resistant to Crinkle Leaf, and other advanced mutant lines
promising resistance to Anthracnose or tolerance to Purple
Seed were developed suitable for cross-breeding.

Mungbean : Advanced breeding lines are now in final yield
tests. A mutant, KDSI No.7, is being tested for resistance
to Cercospora Leaf Spot, and a few plants which are tolerant
have been identified. (Mutants with increased seed size and
shorter plants have also been obtained).

Cowpea : Resistance to Bacterial Blight and also Root Rot
have been found, and the mutant line having se veral other
useful traits including big seed size, better plant type and
synchronous flowering are now ready for final yield trials
before release. Other mutant lines were found with high seed
yield > 2 tons/ha, high number of pod/plant, and high %
shelling.

Jute : Mutant lines with higher fibre yield and tolerance
to Stem Rot were identified.

Cotton : An advanced breeding line with better fiber
quality and good yield was developed, and is now used as a
parent in cross breeding. Promising mutants have been
selected for Leaf Roll and Bacterial Blight.

Job's tears :
resistance to
advanced stage.

A population with a higher level of
Smut has been developed which is now at an

Upland rice : Mutant lines, adapted to Northern Thailand,
with resistance to Blast and with a better plant type were
developed.

In addition to the above examples the following work
shown promising results and will probably produce outputs :

has

Sugar Pea. Field Pea : Although resistance against Powdery
Mildew and Fusarium Root Rot was not so far obtained through
mutation induction, some tolerance has been obtained. Lines
from the Nordic Gene Bank and from USA did show higher
degree of resistance to Powdery Mildew, and are now used in
cross.breeding.

17
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Roselle : Ongoing work has shown promise in producing Collar
Rot disease resistance.

Sesame : Resistance is sought against the severe soil-borne
diseases Macrophomina Root Rot and Stem Rot. A method for
laboratory screening was developed. Some promising mutants
are being further developed.

Work with Yardlong bean has not resulted in mutants
resistant to CAMV, and will be discontinued. Mutation induction
in Sorghum to achieve Head Mold resistances have been
unsuccessful, primarily because the disease is caused by a
complex of several pathogens. Efforts to obtain Gray Mold
resistance in Castor Bean were fruitless, particularly because of
low field infection. Work on Cassava to produce resistance to
Bacterial Wilt has been withdrawn from the project due to lack of
success. However, some mutants with improved yield were found,
and work is continuing. Likewise, the Sugar Cane activity was
withdrawn, but work continues on a small scale. Callus cells are
irradiated with the objective of deriving plantlets and plants
resistant to smuts and with reduced flowering.

Finally, valuable work has been carried out on mutation
induction with in-vitro propagation and screening for disease
resistance in support of many of the above activities. Protocols
for tissue culturing as well as inoculation and screening methods
either in the greenhouse or in-vitro were developed, - the main
targets being Bacterial Blight of tomato and mulberry as well as
mulberry Root Rot, Roselle Leaf Blight and banana Leaf Spot.

Further work not limited to in-vitro culturing alone dealt
with Soybean Rust and Anthracnose, Sugar Pea Powdery Mildew,
mungbean Cercospora Leaf Blight, Yardlong bean Virus, roselle
Collar Rot, .jute Stem Rot, Job's tears Smut, cassava Bacterial
Blight and Upland rice Blast Virus. Peach and nectarine were also
included in the work, comprising irradiation of buds and grafting
in an orchard in the highlands of the North.

6.4.2 Soil Science

The project has assisted Thai soil scientists in their
problem- oriented research to make appropriate and optimal use of
isotope labelling, neutron scattering and gamma absorption as
tools in their ongoing work. The work has primarily dealt with
fertiliser use efficiency, water management, use of local
deposits of natural rock phosphates and biological nitrogen
fixation, but a number of important side issues such as root
distribution, nutrient balances or nutrient losses have been the
subject of investigations as have e.g. the selection of efficient
Rhizobia Strains, or the role of molybdenum and the influence of
herbicides on BNF.
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A variety of practical results has been achieved, and
in many cases reported or published as project outputs. As
is always the case with conventional fertilizer experiments,
these results are normally limited to the particular test
crop, and valid for the.soil type and climatic conditions
prevailing at the experimental site, but conclusions on
improved cultural practices can often be drawn on a reginal
scale.

of research theWithin the different categories
following achievements are noted :

Fertilizer Use Efficiency

Balance sheets were established for sulfur and nitrogen
in a lowland rice soil at Ubon Ratchathani and also for
nitrogen in a low-land soil at Chiang Mai. Recommendations
were made on the timing and placement method of nitrogen and
sulfur fertilizers, as well as on the kind of sulfur
fertilizer.

Field trials demonstrated that rice straw should be
incorporated in submerged soil together with nitrogen
fertilizer. This practice would help sustain and possibly
increase soil organic matter, which in turn would contribute
to an increased soil productivity.

Several activities have dealt with the fate of urea in
normal - as well as acid sulfate - lowland rice soils.
Special attention was paid to minimizing labor need but
maximizing fertilizer efficiency. It was found that gaseous
losses of broadcast urea (the preferred method by farmers)
was not significantly reduced by simultaneous application of
NBPT, a urease inhibitor. Other field trials suggested the
use of urea mudballs or urea supergranule as the method of
preference to obtain higher yields, better fertilizer
utilization and a reduction of nitrogen " losses.
Recommendations were made that mudballs should be the
preferred method of application where labour cost is cheap
relative to the cost of urea, whereas broadcasting and
incorporation of urea in the top layer should be practiced
wherever labour is expensive.

Field experiments on Reddish Brown Lateritic Soil of
widely different fertility have lead to recommendations that
nitrogen should be applied to maize (alone or intercropped
with a legume) either as a single application at planting or
a split application at planting and 1 month later. This
provides a choice for the farmer to suit economical
circumstances such as fertilizer price, labor cost and risk
of crop failure.

Similarily, on the Reddish.Brpwn Lateritic soil field
experiments showed that in a maize-groundnut intercrop,
maize should grow in double rows with spacing of 40 cm
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within double rows and 110 cm between double rows, and that
groundnut should be grown in one row between the maize
double rows to ensure maximum yields while sustaining soil
nitrogen status or reduce need of nitrogen fertilizer.

A field study on the efficiency of nitrogen fertilizer
applied to tomato has demonstrated the significance of a
split application. It was recommended that split application
be made at 20 and 40 days after planting in low nitrogen
soils, and that application of most fertilizer nitrogen be
made at 40 days in soils with moderate to high nitrogen
status.

Water Use Efficiency

A collaborative field experiment with maize
demonstrated that highest water use efficiency was also
obtained from plots with highest yields as a result of
adequate fertilization. This would imply that increasing
maize yield by fertilizer application would not result in a
requirement of more water supply.

Several experiments dealt with crop water regime under
different fertilizer and compost rates with maize alone or
intercropped with soybean. It was found that compost applied
along with chemical fertilizers markedly produced higher
yields of baby corn grown on light textured soils of the
Map-Bon series, and the treatment also improved water use
efficiency. Quantitative findings on soil moisture content
and storage as well as evapotranspiration during the growth
period were reported.

Root Distribution

Using the P-32 injection technique the root
distribution patterns of ground nut intercropped with
cassava and shrub pepper were assessed. Field trials showed
that roots of shrub pepper were condensed at the top 5 cm
and expanded 15 cm around the stem during the early stage of
growth, and this lead to recommendation on appropriate
fertilizer application. The study on root characteristics of
groundnut resulted in recommendations on appropriate spacing
in the intercropped system.

Biological Nitrogen Fixation

No less than 14 activities have dealt wî li biological
nitrogen fixation in soybean, mungbean and groundnut as well
as soybean intercropped with maiae and rice, and Azolla as
nitrogen biofertilizer in rice. One recently started
experiment aimed at determining nitrogen fixation in trees
(Casuarina). All experiments have been carried out in the
field with the objective to improve nitrogen fixation and
minimize environmental constraints, to increase .yield
production and to reduce the need for costly .nitrogen
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fertilizer application.

The studies have emphasized direct measurement of the
amount of nitrogen fixed as influenced by cultivar
varieties, cultural practices, frequency of irrigation,
Rhizobium strains (indigenous as well as applied),
fertilization with starter-nitrogen and phosphorus,
herbicides and the essential micronutrient molybdenum.

General results reported include recommendations on
cultural practices to increase nitrogen fixation. Thus, the
frequency of irrigation need only be bi-weekly. Low levels
of nitrogen fertilizer should be used to stimulate early
plant growth, but excessive additions reduce the benefits of
fixation. Herbicides generally inhibit fixation, but often
this inhibition was countered by the benefits of reduced
weed competition. Some five strains of |L_ .iaponicum were
found superior and selected for Thai conditions in soybeans,
and recommendations also include proper inoculation for the
other legume crops. All these major achievements have been
or will be fully documented in detail.

It should also be stressed that the second major
achievement of these studies on biological nitrogen studies
is the cadre of soil scientists and microbiologists now
fully capable of conducting world class research.

Positive results were obtained in field studies on the
relationship between soil and fertilizer nitrogen in a low-
land rice clay loam in Nakon Pathom. This provides an
essential base for further fertilizer recommendations based
on chemical soil tests.

A pot experiment with rock phosphate applied to low-
land rice has lead to a better understanding of these Thai
natural resources from Ratchaburi and Lampoon. As could be
expected-and depending on the fineness and reactivity of the
rock phosphates - their use improves with soil acidity.

Nitrogen fixation in tree crops requires preliminary
research but the activity with Casurina has had a good start
in a fieM near Khon Kaen. The work is part of an IAEA/FAO
coordinated research programme.

Efforts to assess root distribution in mulberry in
studies of root rot, did not succeed, because the trees
could not be infested with the pathogen used under the
experimental conditions.

6.4.3 Animal Science

The project has primarily supported work to improve the
reproductive efficiency of cattle and buffalo by hormonal
assays in milk and blood. This technique allows detection of
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oestrus and pregnancy, thereby providing a strong tool to
evaluate different animal management systems for improving
productivity.

Furthermore, the project has assisted work to assess
the importance and economic implication of the liver fluke
disease in livestock as well as attempts to produce and make
use of a vaccine based on irradiated parasites.

The following achievements have !>een reached :

Animal Reproduction

Eleven Activities were devoted to implementing
progesterone assays to monitor the reproductive efficience
in cattle and buffalo. This work was started more than 10
years ago at the CU. , and the project ha.« now seen the
techniques transferred to three other universities (KU, CMU
and KKU) on a routine basis.

This work first necessitated training at CU of staff
from the other universities in the technique and
interpreting the results. Furthermore CU provided technical
support to the participating universities and also
implements an analytical quality control of the data
produced. This technology transfer from the leading
university to the laboratories committed in the project has
proven very successful.

With the support of the project these efforts have
always aimed at improving the livestock productivity - and
thus economy - in the villages and the commercial sectors.
Thus a system of mobile units was set up to service villages
around the Key-laboratories, and - roost important - the
understanding and collaboration of the farmers was secured
through meetings and gatherings in the villages. Training of
local veterinarians and extension personnel became part of
the work, which was carried out in the larger context of
artificial insemination (AI) on a routine scale.

It is probable that the current high level of AI usage
in the dairy and beef industries in the villages is due in
large part to the trail blazing efforts of the CU group, who
demonstrated what was possible and the benefits to be
gained. At present the tota] out-reach work involves the
participation of over 250 villages in the North and North-
East.

The group at KKU also heads a highly successful
project, partly due to the strong farming system framework
in which it operates. The use of milk and blood progesterone
assays seems to have captured the imagination of the
farmers, and this tool has been used to good effect, not
only to study the reproductive cycle, increase the
efficiency of AI and assess embryonic mortality but also as
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a vehicle to establish improved record keeping,
control and better husbandry practices generally.

parasite

Starting from scratch the laboratories at CMU and KU
are now functional and operational, and although CMU has
collected some solid, useful data in the villages, this has
not yet been on any continuing basis. KU is beginning to
form links with villages, cooperatives, larger commercial
producers and AI centres in order to more fully exploit the
utility of the progesterone assay.

Benefits of the project are far greater than just the
transfer and application of an analytical technique and
identifying methods of improving reproductive efficiency in
cattle and buffalo. Of equal importance is the fact that the
project has encouraged and facilitated meaningful dialogue
and interaction between senior university staff and the
livestock producers. This has resulted in valuable data sets
being collected from and with the villages and strengthened
the appreciation of Thai scientists of the real problems of
their livestock production systems and producers.

The large sets of data that have been collected in the
villages, particularly by CU and KKU, potentially provides
the basis for future approaches as well as the answers to
problems relating to genotypes and the environment. It
should then also become possible to quote solid cost
benefit data from the work.

Animal Parasitology

This work comprised three Activities relevant to the
control of Liver Fluke : country wide survey on the
prevalence and economic impact of the disease; research
aimed at producing a vaccine based on radiation attenuated
parasites; and demonstration of the practical use of the
vaccine in field tests.

Result shows that the overall prevalence of the disease
in cattle and buffaloes in Thailand is 11.8%, varying from 0
to 33.0% in cattle (average 13.9%) and from 0 to 21.7% in
buffaloes (average 8.9%). These figures were significantly
lower in highland areas and areas without water reservoir.
The highest infection rate encountered was 52%.

Eggs of liver fluke are first detected in feces
buffalo calves as early as less than one month of age.

of
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G.5 Workshops Symposia and Seminars arranged by the Project

As shown in Annex 5 a total number of five Workshops
(three in plant breeding, two in soil science), one
symposium in animal science and three seminars (parallel
sessions in plant breeding, soil science and animal
science, respectively) were held under the auspices of the
project.

These events, which were open to everybody interested,
had threefold objectives :

a) strengthening inter-institutional collaboration
b) exchange of information
c) training and advice

During each of the above meetings, project counterparts
presented progress reports of their Activities, and the
results were discussed. Whenever project experts were
present the discussions were held in English, and usually
these experts offered lectures.

In many respects the above meetings played the same
coordinating role as the Coordinated Research Programmes of
the Joint FAO/IAEA programme or the FAO research networks,
and indeed they included a component of training, usually
bringing the level of competence and enthusiasme of the
technically poorer participants up to that of the better
ones.

Proceedings of
published (Annex 6).

6.6 Publications

all the above meetings have been

'•' \

i

The project has produced a large number of reports and
publications.

a) Management reports include yearly Progress Reports or
PPER's, regular Field Reports issued by the national
and international CTA's, a number of reports on special
issues including the Work Plans, and the Evaluation
Mission Report of 26 October 1988.

b) Consultant reports submitted by project experts so far.
Annex 6 lists 16 such reports, but the list is not
complete.

c) Proceedings of National Meetings. All meetings and
training courses listed in Annex 5 have resulted in
Proceedings with summaries or detailed reports of all
Activities in the project.

d) Publications A total of 56 technical publications and
reports resulting from project activities (15 in plant
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breeding, 24 in Soil Science, 17 in Animal Science)
have so far been published or are in press in Thai as
well as in English in international journals. These are
all listed in Annex 6.

6.7 Pro.iect Activities

Annex 7 shows all the 95 Activities approved by the
Project Committee, listed by numbers, project area and
field, title, implementing institutions, indication on when
each Activity was established and comments.

57% of the Activities were established at the beginning
of the project. In line with the dynamic character of the
project 23% were established approx. during the second and
third year of the project, and 20% during the fourth year.
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7. Conclusions, Technology Transfer and Lessons Learned

7.1 Conclusions

The project has shown positive impacts on the agricultural
development in Thailand. These may be summarized in the following
conclusions.

7.1.1 General

Groups of researchers from various institutions have
been brought together to discuss and subsequently to
collaborate on the solution of economically important
agricultural problems. Many of them have received additional
specialized training for short periods on the application of
nuclear and related techniques in their own fields. They
have also been given opportunities to interact with
international experts brought in by the project, and in many
cases the project has supported their work with equipment
and supplies (Annex 4). In other words a national
institution network on nuclear application in agriculture
has been established.

Two tospecialized laboratories have been established
service project activities. One of these provides facilities
for N analyses and it appears to be the only one in
Thailand.

All of the more than fifty scientists engaged in project
activities have been given opportunities to interact with
collegues in other parts of the country through the many
meetings, which have been arranged by the project, and they
have all been encouraged to publish their results in Thai or
English. Most of these publications or reports contain
recommendations on improved agricultural including livestock
management practices.

7.1.2 Plant Breeding

Breeding improved crop cultivars is - as indicated
earlier in this report - a dynamic, continuing process. By
its very nature, breeding requires several generations until
the outstanding breeding lines are identified and stabilized
as pure lines. After this stage several additional
seasons/generations are required for preliminary and
advanced tests by the breeders. The outstanding lines are
then tested by the Ministy of Agriculture, which decides on
their release as new varieties to the farmers. Therefore,
when assessing this five-year project, the expectations
should be in. accordance with this frame.
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Some of the project activities in plant breeding
existed before the project became operational;

others were started during the last few years.

Keeping the above in mind
the project has already provided a satisfactory impact

on Thai agriculture in its search for improved, in casu
disease resistant or tolerant crop varieties, with two
outstanding examples : the Doi Kham Soybean mutant and the
Cow Pea mutant resistant to two diseases. Other examples
are a higher yielding upland rice or an early

high-yielding castor bean cultivar.

7.1.3 Soil Science

In contrast to plant breeding (and also animal
science), the soil science activities are characterized by a
variety of field, greenhouse and laboratory experiments
usually lasting for a year or two only. Therefore, by its
very nature, relative many more soil science activities have
been completed and documented than has been the case in
plant breeding or animal science.

These reports and publications contain
recommendations on cultural practices such as
source, timing and placement of fertilizer, on management to
preserve water in the soil, for instance by adding compost,
and making the most efficient use of natural resources
such as locally available rock phosphates and atmospheric
nitrogen. In the latter case recommendations have been made
on the variety of the legume and on the most efficient
Rhizobium strain to be used as inoculant. Recommendations
are normally valid for the particular soil type and climate
in which the trials were performed.

This work all contributes to improving agricultural
productivity, at the moment primarily because the trials
have been carried out in demonstration fields. A greater
impact would be achieved through intensification of the
links to the Department of Agricultural Extension (see also
item 7.2).

7.1.4 Animal Science

The project can feel justly proud of the stimulus this
project has provided and will continue to provide to the
Thai livestock industry. In the words of one recent senior
expert, the Thai government has at its disposal one of the
best understandings of what is happening to livestock
production in its villages and possible avenues of
improvement. Furthermore, it has a core of dedicated,
informed and sympathetic group of animal scientists and
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veterinarians with the knowledge and technological skills to
participate in and guide the rapid changes that are
occurring in the villages.

An example is the Lao Klong village near Roi Et. Here
CU is intensively involved with the voluntary cooperation of
all farmers (who have to pay a token fee for the services).
Besides regular weighing of each buffalo cow, conjugated
steroid hormones produced at CU are injected to activate
i.a. ovary functions. Further, blood samples are taken for
progesterone assays and AI is carried out.

The village has approx. 200 buffalo cows, and during
the last few years of work the pregnancy rate is reported
having increased from 30% to 83%. This achievement is of
direct relevance to the income of the farmers, thereby
significantly improving their living standard.

The above village is one of presently 10 villages,
where CU is engaged in regular services and assistance, but
similar work is also carried out in some 250 other villages,
although on a less intensive scale. This work provides a
real impact on livestock development in Thailand, as it is
carried out not only by CU but also through KKU and in near
future also through CMU and KU.

7.2 Technology Transfer

Transfer of technology and findings from the
laboratories or field experiments to the farmers through
established channels is a prerequisite for achieving
impacts on the agricultural productivity.

In the case of this project, all work has been carried
out in support of already ongoing research in the various
Thai Departmental or University laboratories or experimental
stations. Thus findings under the project will be
transferred according to the already existing mechanisms in
these institutions.

Training has been one of the most important vehicles in
transferring technology. Scientists have learned specialized
approaches abroad or in Thai leading institutions such as
e.g. CU (radioimmunoassay) or the two service Units. As
already mentioned above, the workshops have also contributed
as an incentive to training and cooperation.

Once experiments have yielded results, various
mechanisms may be open for transferring the findings.

Findings from universities are transferred t,o
researchers in other institutions by university publication
(e.g. the Buffalo Journal established at CU) and
newsletters, and to farmers by poster presentations and
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demonstrations such as e.g. during the "National Agriculture
Day" held annually, rotating between Bangkok, Khon Kaen,
Chiang Mai and Songkhla.

Furthermore, all research results are reported during
the annual conferences held by DOA. These meetings are also
attended by DOAE personnel. Special meetings are called when
for example new varieties are to be released, and often DOA
researchers are guest speakers during DOAE's training
programmes for extension personnel or for farmers. DOA also
offers regionrl training programmes for farmers.

In this process "peer evaluation" is a normal feature.
Thus, a new improved crop variety must be tested and
screened in national trials before release, and findings
indicating an improved cultural practice must be repeated on
a large scale to end up as a recommendation. This naturally
is a lenghthy process.

Nevertheless direct technology transfer
have been the result in several cases.

to farmers

The work on livestock improvement in the villages is a
case in point, and the fact that many crop and soil
experiments have been carried out in farmers fields is
another. Thus, farmers requested and received improved
foundation seed of the soybean variety Doi Kham, and
following cultural practices recommended by project
counterparts, the farmers could obtain higher yields thus
increasing their income. Another example is an improved smut
resistant variety of Job's tears, of which farmers asked
for, and obtained, seeds although the variety had not yet
been officially released.

Likewise, farmers having witnessed results in their own
fields, have reguested and received Rhizobia strains found
efficient, through project activities, for maximizing
nitrogen fixation. Actually, these strains are now being
widely distributed by DOAE (Department of Agricultural
Extension).

This all goes to show that ways and means of direct
technology transfer could be accellerated, but this is
hardly a direct project objective.

7.3 Lessons Learned

1) Because the project is decentralized in a number of
institutions around the country, concern was expressed (by
the Evaluation Mission) of an occasional lack of direction
and dilution of efforts. Each major aspect of the programme
should focus on a particular core institution (as
successfully demonstrated in animal reproduction work).
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2) The project has proved the value of the use of nuclear
techniques in accelerating the development of solutions to a
wide range of problems applicable to Thailand. Ii. this
work the ready availability of personnel to provide
leadership to particular, activities is a crucial component
in ensuring success.

3) Project activities have not been selected to satisfy the
professional curiosity of the counterpart scientists, but to
solve practical problems of economic significance to Thai
agriculture, and the individual researchers have
enthusiastically joined in the various tasks, within the
financial framework of the Government support.

30

<-i



\

8. RECOMMENDATIONS

A. Organizational

a) Even greater coordination and teamwork among researchers for
integrated approaches.

b) Continuation of annual meeting of researchers to coordinate
efforts and plan problem-oriented research. Government
personnel involved in varietal release and or extention
services should participate.

c) Strengthen the transfer of technology to the farmlevel,
through existing extension organizations (particularly in the
field of soil science).

d) Earmark National Budget for future nuclear research in
agriculture

e) Define and establish a mechanism for enhancing the transfer
of livestock Technology from the Universities to DLD and to
encourage collaborative research.

f) The project should be extended for a few months without
additional funds to allow services of few experts on follow-
up missions and fellowship already being arranged.

g) In view of the benefits of the project, to capitalize on its
gain and to maintain momentum a new three year IAEA/UNDP
follow-up project is recommended to :

1) - further support existing isotope laboratories and
inclusion of the Prince Songkhla University in the
South.

2) -

3) -

4) -

5) -

6) -

include the Southern Part of Thailand in efforts to
improve reproductive performance of small animals,
primarily goats.

emphasise work on cropping systems, particularly in the
problem soils ; - also in the South.

develop lines in relevant crops such as rice, cassava
and food legumes which are resistant or tolerant to
salinity.

further accelerate the transfer of hormonal assays in
efforts to improve reproductive performance in
livestocks in villages through mobile units.

accelerate
livestock.

work on early disease diagnosis in

31

~?'A



B. Methodological

- to make increased use of the excellent genetic plant
resources available in the region at e.g. AVRDC (soybean,
mungbean), IRRI (rice), IITA. (Other grain legumes) and the
genetic resource units of IBPGR.

i)

j)

k)

- to further integrate the in vitro culture work with
traditional plant mutation breeding.

- to initiate interdisciplinary research
plots in farmers fields.

in demonstration

- to enhance a stronger cooperation and interaction between
groups working on water resources and soil fertility/plant
nutrition.

1) - to continue supporting the Central Services Unit at DOA
its isotope analyses service and training.

in

m) - in soil and plant sciences to emphasise work on problem
soils (saline, acid sulphate), as well as water management,
use of rock-phosphates, biological nitrogen fixation,
multiple cropping; and to de-emphasize root pattern studies.
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