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Integration of Environmental and Sustainable”
Development into Agricultural Educational Programe

Pongsak Angkasith”

Abstract . In the past three decades, agricultural productivity has increased remarkably in many parts of the
world, including Thailand, with the application of modem technologies and with publi¢ and research policies support-
ing the Green Revolution. Thailand's policies have encouraged farmers to grow crops and raise livestock for sale as
exports. Cash crops of rice, maize, mungbean, soybean and longan have changed land-use patterns and made
Thailand the world's leading exporter of rice.

This success has entailed negative consequence, including overproduction and low market prices, over-
dependence on external inputs and associated risks, degradation of soil and water resources, and toxicity to farm
workers and other living organisms. Problems in marketing agricultural exports have become increasingly serious.
Farmers have incurred high debts to make the capital investment needed to shift to high-production agriculture.

Deforestation and land degradation have become critical. In some parts of the country (particularly the
ecologically more fragile Northeast), farmers notice a greater tendency for drought in the wake of deforestation, and
problems due to soil depletion and salinization. In the North, farmers have noticed an increase in health problems due
to agricultural chemicals. Community organization concerned by the dwindling flow of local rivers have launched
campaigns to protect their watersheds. Government, private, and religious organizations particularly non governmen-
tal organizations (NGOs) have organized campaigns and seminars to raise public awareness of environmental
problems. Many Thai universities, including the Faculty of Agriculture, Chiang Mai University (CMU), are also
working in this area.

The objective of the Faculty of Agriculture, CMU, is to provide students with the concepts and tools of an
interdisciplinary approach for analyzing the function and development of agricultural systems in order to dewign,
implement, and  evaluate sustainable alternatives. Student learn the fundamentals in basic courses, followed by more
indepth studies in specific majors like Land Resource Management, Agroforestry, and Agricultural Systerns. The
programme prepares students for careers in extension, development and research.

Y Case Study from Consultation Meeting in ROME, 30 November - 4 December 1993.
¥ Assoclate Professor in Agricultural Extension Education and Dean, Faculty of Agriculture, Chiang Mai University, Thailand.
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Intregation of Environmental and Sustainable Development
into Agricultural Educational Programe

The Faculty's research directly related to sustainable agriculture has included M.S. thesis research on sustain-
able systems of agriculture; ongoing research on alternative agroforestry systems for ethnic minorities in Northem
Thailand; and international collaborative research on the Sustainability of Agricultural Systems of Southeast Asia,
involving other researchers in the Southeast Asian Universities Agroecosystems Network (SUAN). The Faculty is
also closely involved in a number of development projects.

From its experience, the Faculty of Agriculture, CMU, has found that its structure provides a firm foundation
for providing interdiscriplinary leaming of agricultural systems for sustainable development. Interdisciplinary ap-
proaches can be especially well integrated in programmes at the postgraduate level, where students already have a
basic understanding of fundamentals, and administrative cooperation among departments is more easily arranged. Its -
research and outreach through involvement with development programmes add real-world elements to student
experience and preparation of careers.

The process of addressing Faculty programmes on the envrionment and sustainable agriculture can proceed
best through the sharing of experiences among insititutions. ‘This can involve collaborative research, aemmmd
expert consultations (such as the recent consultation on Agroforestry curricular hosted by CMU and organized by
FAO), and short-term exchange of students and Faculty staff. i

Other Thai universities also playing important roles in education, research, and extension of sustainable
agricultural practices, include : the Faculty of Agriculture, Khon Kaen University (Northeastern Thailand), the
Faculty of Agriculture, Kasetsart University (Bangkok), and the Faculty of Natural Resource Management, Pririce of
Songkhla University (Southern Thailand). At Khon Kaen University, the interdisciplinary approach has developed
through its strong programmes in agroccosystems research and farming systems research. At Prince of Songkhla
University, sustainable agriculture through natural resource management has become a required course for agriculture
students.

All these programmes in Thailand generally share constraints that can be met through the provision of:
- resource persons who can join in both teaching and research

- téaching materials and more sophisticated equipment for measuring environmental effects

- scholarships

- information dissemination assistance

At the Faculty of Agriculture, CMU, these needed inputs could build on the interdisciplinary foundation
and help the Faculty provide leadership forimproved research and education that comprehensively addresses key
issues emerging in environmental degradation and sustainable agricultural development, for the benefit of the people
in Thailand and othercountries with similar agroclimatic conditions. '
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Introduction

In the past three decades, agricultural pro-
ductivity has increased remarkably in many parts
of the world with application of modern technolo-
gies and with public and research policies sup-
porting the Green Revolution. Modern agricul-
ture is generally associated with inputs of chemi-
cal pesticides and inorganic fertilizers, and some-
times with mechanized monoculture. Its greatest
vitues are the increased production of food and
fiber to satisfy a growing world population, and
greater income for a number of farmers.

- The practice of modem agriculture, how-
ever, has had other consequences, including over-
production and resultant low market prices, over-
dependence on external inputs and associated risks,
degradation of soil and water resources, toxicity
to living organisms, and other forms of environ-

mental pollution.

The growing evidence and public aware-
ness of these problems suggest the need to con-
sider potential alternatives 1o modern agriculture
for encuring economic and ecological sustainability.
Such alternative systems both indigenous and re-
cently developed exist and can provide a founda-
They include
many variations of integrated agriculture, low-en-
ergy, low-chemical-based production, and natural
farming. These systems often have the advan-
tages of less dependence on chemical and other

tion for further improvement.

external inputs and greater diversity of economic
activites and biological components. The practice
of altemative agriculture could lead to greater long-
term development by shifting the focus from maxi-
mum production to a goal of reduced production
costs and risks, controlled pest and disease prob-

lems, improved farm income, and minimal ad-

. verse affects to the environmental system. At this

Juncture, it is important to identify, assess, and
modify existing sustainable agriculture systems for
more beneficial and wider practice.

As the regional university for northem Thai-
land, Chiang Mai University's Faculty of Agricul-

ture is committed to playing a key role in this shift
toward sustainable agricultural development

through its three main functions of education, re-
search, and extension. The mountainous region’s
wealth includes forest and water resources as well
as potentially sustainable indigenous systems of
agriculture.

Purpose of This Case Study

This case study examines the roles of the
Faculty of Agriculture at Chiang Mai University
(CMU) in promoting sustainable agriculture through
its present activities and future plans in research,
education, and extension, particularly as they
reflect and support the FAO policy and UN

General Assembly Resolution No. 42/168. In
particular, this study will :



1. Examine the activites of the Faculty of
Agriculture, CMU, in environmental
and sustainable agriculture.

2. Identify roles, strategies, and appropri-
ate approaches through which the
Faculty can contribute to and imple-
mentation of Agenda 21 of the UN
Conference on Environment and
Development (UNCED)

3. Suggest a line of action and policies to
strengthen the contribution of the
Faculty of Agriculture, CMU, to
agricultural education and training in
environmental management and sus-
tainable agricultural and rural develop-

ment.
Methodology

This case study was prepared through docu-
mentation of discussions and interviews concem-
ing the environment and sustainable development
with lecturers, professors and researchers involved
in the Faculty's educational programs (both de-
gree and non-degree programs), research programs,
and outreach (or extension) campaign activities.
A datbase was also complied and statistically
analyzed.

Scope of the Study
This study is limited to the roles and activites

of the Faculty of Agriculture, CMU, and related
institution involved in education, research and ex-
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tension in agriculture for sustainable development.

The Case Study Context

For a long time, Thailand was well known
as an agricultural country where the fertile land
could grow every kind of crop and could support
cvery kind of livestock. Major agricultural ex-
ports are rice (ranked number 1 in the world),
maize, cassava, and and sugar canc. Table 1 shows
the structure and area coverage of agricultural hold-
ings inw:hoftheommn'y'sfouncgions.'rablez
shows the breakdown of the country's land arca
among the five land-use categories of rice, field/
vegetable crops, permanent crops, forest and pas-
ture, and other areas.

Thailand's policies have encouraged farm-
ers to grow crops and raise livestock for sale as
exports. Five major crops are grown for export
and have essentially changed the land-use patterns
(Table 3). Among livestock farms, five types of
livestock provided farmers with good income
(Table 4).

About 58.19% of the total Thai population
is engaged in agriculture, composed of 52.61%
males and 47.33% females.

Thai farmers organized their own associa-
tions by 1949, with legal recognition in 1972.
Farmers associations, mainly involving male farm-
ers, became active in agricultural promotion and
technology transfer. Some associations proved
more sucessful than others.
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Farm housewives were also a target clicn-
tele of activities by the Department of Agricul-
tural Extension, under the Ministry of Agriculture
and Cooperatives, designed to assist farmers in
agriculture, home economics, and other activities
involved with farm management. Farm house-
wives were encouraged to set up their own asso-
ciations, which became even more effective than
many of the farmer associations to which their
husbands belonged.

The Department of Agricultural Extension's
programs with children began in 1953 with activi-
ties in elementary schools. Later, youth programs
were. promoted in selected areas, and eventually
at the national level. Now, national conferences
of youth groups are held annually. Youth organi-
zations and 4-H clubs have had verying levels of

success in some provinces.

Thesc three types of organizations of men
farmers, farm housewives, and young people have
become the channels for agricultural and rural de-
velopment in Thailand today.

Thai agriculture for a long time pursued
monoculture in its traditional agriculture systems,
as they could be supported by the existion condi-
tions of rainfall, soil, seed, etc. As the develop-
ment of agriculture worldwide has involved more
advance technologies for increased production.
Thailand incorporated these advanced inputs to
keep place.
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Thai extension services promoted chemical
fertilizer, insecticide use and mechanized farm
operations throughtout the country. Due to com-
petition in the agricultural export market this cam-
paign for high-technology agriculture provided Thai
farmers with a high return. Farmers followed the
experts' recommendations and invested in more
chemicals in order to increase their  operations
year-round, with at least two crops per year on
average. This promotional campaign an adoption
by Thai farmers make Thailand the world's lead-
ing exporter of rice.

This system, however, led to over-produc-
tion in some years. Problems in marketing agri-
cultural exports were in some cases caused by the
world market and in others by the country's export
system. More recently, marketing problems have
become more serious, affection rice, cassava,
maize, coffee, and livestick crops. Thai authori-
ties have reconsidered the role of high-technology
systems and the country's agriculture development
plans in view of this continuing complex problem

and its political consequences.

Besides the problem of market, other prob-
lems have emerged with physical, social and eco-
nomic dimensions. Agricultural industries have
grown up to support and exploit the monoculture-
based system of cash crop production, and farm-
ers now face social conflicts as they struggle to
gain negotiating leverage with these agri-businesses
for better farmgate prices for their crops. Farm-
ers also face help levels of debt incurred by the
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capital investiments needed to shift to high-input, 2. To promote greater income generation

high-production agriculture. and distribution at the regional and
local levels.
Environmental problems have become more
serious. In some parts of the country (particularly For the plans, agricultural development

sector, it defined the objectives and targets of :
1. Accelerated increase in production and
rationalization of this agricultural expan
sion 1o consider market demand, pro-
motion of appropriate land uses,
clarification of policies on irrigation and
water use, fertilizer promotion, and
private sector promotion

the ecologically fragile Northeast), farmers are
recognizing symptoms of climatic change invoving
drought and soil salinitization.

The Concern of Thai government and edu-
cational institutions with these problems of imbal-
ance in natural resource use and pollution led
them to be cited in the country's Plan for Econo-

mic and Social Development in two of the plan's 2. Specific area agricultural development,
three main purposes : mainly for the rural poor and their land
1.To accelerate human resource develop- use and quality of life.
ment conceming quality of life, envi- 3. Greater income and fairness to farmers
ronment, and natural resources, and from their agricultural products.
Table 2. Area of holding by land use
Area of holding Percentage
Land use 1087 1083 1088 1087 1983 | 1088
Total area of holding 10,042,423 21,625,068 22,461,975 100.0. | 1000 |100.0
Rice 18,261,560 18,847,152 | 14,078,040 665 | 64.0 62.7
Fleld/vegetable crops 5,600,070 6,521,544 6,742,082 285 | soz2 30.0
Permasent crops 451,381 633,707 787,350 2.3 29 | 85
Forest and pasture 846,267 310,505 361,350 17 15 1.6
Other areas 108,136" 308,085" 402,244% 1.0 14 2.2

y Mm“m’.wmmwubyw
¥ Including all area occupied by buildings '
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Table 8. Major crops by name of crops
Number Percentage of change
Ttem
1978 1983 1988 1988/78 1988/88
. No. of hoidings reporting $23,200 037,873 1,000,688 +13.9 +7.7
_ Planted area 18,320,318 | 187157168 | 14,644,657 29 +8.8
Maize
" No. of holdings reporting 220,774 825,587 345,984 417 +6.3
Planted area 3,508,723 4,610,385 | 4,902,520 +81.8 +8.1
Mung bean
No. of holdings reporting 162,184 194,305 | 150,100 4278 18.2
Planted area 2,130,678 | 2,028,645 1,795,728 +532 AL5
Soybeéan
No. of holdings reporting 86,412 86,208 162,402 +20.9 +88.2
Planted area 440,349 624,609 1,317,183 +41.9 +110.8
Longan
No. of holdings reporting 20,868 56,310 188,680 +167.8 +150.7
Total no. of trees 908,408 1,550,275 | 3,843,106 472.8 +188.7

Source ! National Statistical Office

2. Natural resource development policy that
addresses appropriated use and conser-
vation of forest, mining land and water
resources

Besides agricultural policy and plans, the
Seventh Economic and Social Development Plan
pinpoints policies that concern the environment
and natural resource development.

1. Environmental policy which will

Thailand's national legistation governing the
cavironment was revised in 1991, The Ministry
of Science, Technology and Environment became
responsible for environmental control, conserva-

promote the knowledge and campaign
on pollution of the environment by
chemical substances, including
agricultural chemicals.
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tion, development and promotion. For environ-
mental concerns, the Ministry has established a
Committee for National Environmental, which
addresses problems involving pollution of water,
soil, air and other resources dxalamcausedby
favorites vehicles and misuse of agricultural

products.

According to the legistation. the Thai gov-
ermnment established policy at the national and lo-

cal levels for development of the environment,
particularly the nation's agricultural land. The Thai
Plan for Economic and Social Development in
two of the plan’s three main purposes :govemn-
ment is government is aware that the use of ad-
vanced technologies can also cause problems for
the consumer of agricultural products and aims to
address these through prevention and protection.
To promote awareness of environmental problems,
«many organizations both governmental and pri-

Table 4. Livestock and type of livestock
Number Percentage of change
Item
1978 1988 1088 1983/78 1988/88

Cattle

No. of holdings reporting 219,867 171,745 | 170,788 218 0.8

No. of cattle 989,108 900,004 1,222,609 9.0 +85.9
Buffalo

No. of holdings reporting 382,624 309,529 185,730 -10.1 -40.0

No. of buffaloes 1,214,400 906,516 627,709 -25.4 -80.8
Pig

No. of holdings reporting 418,468 282,900 301,174 32.4 +6.4

No. of pigs 1,422,361 794,963 1,150,091 -44.1 +44.7
Chicken

No. of holdings reporting 726,338 1,117,326 899,257 +53.8 -19.5

No. of chickens 13,565,062 16,935,602 | 10,550,379 +24.8 +15.4
Duck

No. of holdings reporting 124,008 154,347 185,190 +24.5 -12.4

No. of ducks ™~ - 1,548,920 | 2,228,790 | 1,240,808 +43.9 443

Source ! National Statistical Office
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vate, particularty non-governmental organizations
(NGOs) have organized campaigns, seminars,
roundtable discussions, and other forums’ for de-
livering information to the public. Many univer-
sities are also working on research and training in
this area. Their educational programs also in-
clude sustainable agriculture and environmental
education in their curricula for B.S. and
M.S. degree.

Faculty of Agriculture, Chiang
Mai University

The Faculty of Agriculture was established
in 1967, and became the fifth faculty of Chiang
mai University, the first "regional university” in
Thailand. The Faculty grown steadily over the
last two decades, in quality and quantity.

The Faculty is committed to three majors
functions : instruction, research and extension. The
Faculty of Agriculture strongly believes that, for
greatest impact, its functions should not be pur-
sued behind closed doors. In its pursuit of excel-
lence and relevance in wgchhg,mun:h and ex-
tension, the faculty vigorously promotes collabo-
ration with relevant institutions within and outside
the country. However, the decision to establish
an institutional linkage normally considers the sym-
biotic nature of the forementioned trilogy of func-
tions. It also considers the potential for optimum
- utilization of available resources and expertise to
contribute to the progress and development of the
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beneficiaries to whom the institutions are account-
able.

In 1993, the Faculty of Agriculture had an
enrollment of 804 in eight bachelor-degree
programmes : Agriculture Economics, Agricultural
Extension, Agronomy, Animal Sciénce. Entomol-
ogy, Horticulture, Plant Pathology and Soil Sci-
ence and Conservation. The Faculty also offers
seven Master's degree programmes, with a cur-
rent enrollment of 233 in graduate studies : Agni-
cultural Extension, Agricultural Systems,
Agronomy, Animal Science, Entomology, Horti-
culture and Soil Science and Conservation.

As of June 1993, a total of 2,857 students
have graduate and 188 Master'sdegrees have
been conferred

The academic year is devided into two se-
mesters. Each semester is approximate 18 weck
long. There is also a summer session, which runs
for 8 weeks.

The Faculty offers courses along individual
academic disciplines and evaluates the amount of
credits each student may take per semester. A
one-credit course requires one hour of lecture or
two-three hours of laboratory work each week for
the regular session. A three credit course requires
three hours of lectures per week throughout a se-
mester.
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Current Roles and Activities of the Fac-
ulty of Agriculture in Promotion of Sound
Environmental Practices, Sustainably Ag-
riculture, and Rural Development

Mandate

Covering substantive educational programs
and development project, the Faculty's
mandate can be broadly classified into four main
categories of activites and objectives:

* to produce graduates in agricultural fields
of high academic standard, who are
endowed with a high sense of morality
and creativity

* to act as an information center exten-
ding and disseminating proper and
advanced agricultural knowledge and
technology to farming communities,
particularly in the North of Thailand.

® to cooperate and to coordinate with
other international institutes and orga-
nizations for the economic improvement
of the Southeast Asian people

The Faculty's current course of teaching and
research related to the environment and sustain-
able agriculture is indicated in following two tables.

Interdisciplinary research has been practiced
at the Faculty's Multiple Cropping Center since
1970, and developed into the postgraduate pro-
gram in Agricultural System in 1984. Ficld re-
search can be accomodated by four highland
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research stations, apart from numorous stations
operated by the Department of Agriculture (DOA)
and Royal Forest Department (RFD) in northern
Thailand. On-farm research and watershed stud-
ies can be conducted in cooperation with many
government and non-government projects, The
project sites cover a broad spectrum of ecological
and sociocconomic conditions representing many
part of tropical and subtropical areas.

Articles and papers produced through the
Faculty's rescarch program share the findings with
colleagues in the academic and official commu-
nity. Recent and current rescarch directly related
to sustainable agriculture includes :

* M.S. Thesis research studied Sustainability

of Forestry Production Systems (1990)

* Ongoing research on Developing Alter-
native Agroforestry Systems for Ethnic
minorities in Northern Thailand is build-
ing on the more sustainable systems prac-
ticed by Karen and Lisu minoritics in the
area.

» Ongoing research on the Sustainability of
Agricultural Systems of Southeast Asia,
involving collaborators in the Southeast
Asian Universities-Agroecosystems Net-
work (SUAN), is examing the shifting
cultivation systems of southern China,
cassava production in Northeast Thailand
and other systems in Southeast Asia to
develop a methodology for comparing
features and indentifying technological
and/or policy interventions.



Awareness of appropriate approaches for
environmental development and sustainable agri-
culture are promoted in the Faculty's interdisci-
plinary system in which a student leams through
basic courses (general education) and more in-
depth studies in specific majors like land resource
management, agroferestry and agricultural systems.

This system aims to produce graduates with
applied skills and an analytical framework for
determining appropriate agricultural system com-
ponents in a given agro-environment for more sus-
tainable production.

The Faculty of Agriculture raises public
awareness of environmental problems through
arange of channels, including :

® two radio programs :the University
station (FM 100 MHz) and the Royal anmy
station (AM 73.8 MHz)

® two newspaper : Northern Region, Thai
News.

e campaigns involving participation by
students and the public for tree growing
and garbage collection

e seminar and workshops on specific
topics, like proper use of insecticides,
chemical fertilizers and botanical
pesticides

In its outreach programs, the Faculty of
Agriculture conducts community service training
courses for farmers in areas related to use of
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pesticides. Training topics are determined by
emerging problems in the nearby farming
community.

In addition, the Faculty is closely involyed
in a number of development projects in the
northem region, including Royal Projects and
Special Development projects launched under
the patronage of H.R.H. King Bhumibhol.

As mentioned carlier, the Faculty aims to
create students’ awareness of cnvironmental prob-
lems arising from inappropriate agricultural prac-
tices, and provide students with tools for assessing
appropriate adaptations to suit the local environ-
ment and development goals. Within the Fac-
ulty, the general assessment of the constraints
that limit impact in this areas are :

» lack of up-date teaching materials

e lack of support for long-term rescarch

* inadequate experience with on-farm

research

The Faculty hopes that future integrations
of its program can better educate students in envi-
ronmental problems related to agriculture and
effective design of sustainable agricultural systems
for the people of northern Thailand and similar
agrochmatic areas.
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Environmental Content/Message

The Faculty of Agriculture, CMU, has been
involved with information campaigns on environ-
mental protection in agriculture through educa-
tional research and community service. Messages
have included :

1. the danger of accumulated insecticides
and pesticides in vegetable production and
the need for farmers to use these chemi-
cals with caution.

2. the nature of soil and water pollution
caused by agricultural chemicals and the
advantages of organic fertilizers

3. the negative effect of deforestation and
reduced forest cover on local rainfall pat
terns and climate.

These messages have been conveyed through
many media, including training courses, seminar,
information campaigns and articles in newspapers
and radio programs.

Faculty staff impart knowledge and prac
tices of conservation for the local farm environ-
ment and/or natural resource management through
the following subject areas :

e Soil Science and Conservation (about 9

courses)

e Plant Protection both Entomology and

Plant Phatology, including biological con
trol, integrated pest management taught
at B.S. and M.S. levels (about 7 courses)

e Cropping Systems and Agricultural

40

System taught in an international program
(8 courses taught)

e Land Resource and Natural Resource
management (to be offered to M.S. stu-
dents in 1995)

* Agroforestry curriculum for M.S. students
(to be offered in 1994)

In its community extension program, the
faculty raises public awareness through mass me-

Scope and Extent of Integration of Environ-
mental Elements

It the national level, almost all tertiary
educational institutions in Thailand offer
programmes for students related to the environ-
ment, following the policy outlined in the Seventh
National Economic and Social Development Plan,
which includes an Educational Development Plan.

According to survey estimates, about 80%
of the country’s student receive exposure to envi-
ronmental information considered to be basic
knowledge for awareness of environmental prob-
lems, through all media. Only about 40% of the
country’s students however are enrolled in educa-
tional programmes that actively teach environmen-

tal issues.

Among B-S-level students at the Faculty of
Agriculture, CMU, about 9% receive general in-
formation conceming environmental problems and about
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45% of B.S -level students are involved in courses At the M.S. level, however, all student re-
that teach methods for assessing environmental ceive at least general information on environmen-
problems and sustainable Agriculture (by gender,  tal issues and sustainable agriculture and 60% re-
about 60% male and 40% female). ceive such knowledge through classroom teaching

Table 5. Research actiyities related to environmental and sustainable agriculture

Research area ' No. of studies Percentage of total

L Crop production (Agronomy, Horticulture) 3 4.22

2. Agricultural systems 30 42.20

s Entomology 5 7.04

4 Soil Scieace and conservation 8 8.46

5. Soclo-economics 7 7.04

a. Forest Ecology and agroforestry 4 5.64

7. Resource restoration, maintenances and 7 9.80

conservation

8. On-Farm research y 2 2.82

0. Enudun and rural dndo'-at 6 4.85

10. Joint research s 422

Total 71 100.00
Table 6. Activities concerning environmental and sustainable agriculture

Area of activites Amount (time) Percentage
Training 6 1714
Special lecture e 5 14.28
Seminar ‘ 14 40.00
Workshop : ' 10 2858
Total 35 100,00
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and research (70% male, 30% female) M.S. stu-
dents are in the specializations of Agricultural
Systems, Soil Science, Entomology Agricultural
Extension, Agronomy, Horticulture and Animal
Science (calculation base on enrollment and in-

formation distribution).

The Faculty of Agriculture's interdiscipli-
nary approach to agriculture and rural develop-
ment proves particularly conductive for integrat-
ing clements of environmental assessment. Key
areas in the general educational programme where
this integration is taking place are the fields of
Biological Control, Soil Conservation, and Forest
Resources. The fields of specialization most closely
involved with sustainability issues are Forest Re-
sources and Soil Science at the B.S. level, and
Agricultural Systems and Agroforestry at the M.S.

level.

Table 7
programmes and courses offered, both in the Fac-

shows the proportion of

ulty of Agriculture and more widely in Chiang
Mai University, that concern the environment and

sustainable agriculture.

Concerning the number and proportion of
Faculty staff with experience in environmental and
natural resource management studies, and the to-
tal time allocated for teaching and research in these
areas: the Faculty has 66 staff involved in rescarch
and instruction in these areas, out of its total 117
staff. Calculated on the basis of teaching and
research workload, this figures to be 198 hours
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per week, out of 1,218 total hours per week, or

“about 16.25%.

Regarding government budget support, of
the total US$ 3.88 million in 1993, an estimated
US$ 1.16 million is allocated to environmental
education research and promotion. This amount

is divided between capital investment for land,

buildings and equipment and operation costs for
teaching materials, salaries, utilities and other.

There remains great scope for further in-
tegration of environmental issues into existing
courses and new courses in the Faculty of Agri-
culture, in view of staff interest in related prob-
lems evident in Northern Thailand, such as in-
creasingly scarce water resources, climate change,
abuse of agricuimral chemicals (for example, in
tobacco cultivation), and socioeconomic effects on
In the North and else-

where in Thailand, the environment has become a

agricultural production.

"hot" issue and is widely featured in media ar-
ticles and even advertisements, and the Faculty
has responded both though revising its offering of
courses and involvement with various develop-

ment projects in the areas.

Still, in making the Faculty's programme
in environmental issucs and sustainable agricul-
ture more comprehensive, the following must be
addressed :

e A policy statement should clarify what
is maint by sustainable agriculture,



. particulary as it affects students’ career
opportunitics after graduation.

o Staff experience and expertise in these
fields must be enhanced.

® Support for long-term research (espe-
cially critical in environmental ficlds
where changes and trends are gradual)
is necded to reinforce the Faculty's
teaching programme.

e More up-to-date teaching materials and
equipment must be obtained.

In addressing these needs, the Faculty
welcomes support from ' international organiza-
tions and donor countries in terms of :

e resource persons who can join in both

Intregation of Environmental and Sustainable Development
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teaching and research
e teaching materials and more sophisti
cated equipment for measuring environ
mental cffects
e scholarships
* information dissemination

If these needs are addressed and the holis-
tic, interdisciplinary foundation of the Faculty's
structure is further built upon, the Faculty of Ag-
riculture can help provide leadership, both in Thai-
land and more widely in the Asia-Pacific region,
for improved research and education that compre-
hensively addresses the key issues emerging in
environmental degradation and agricultural
developtmqt.

Table 7. Proportion of course work related to environmental development and sustainable

agriculture
B.S. Programme M.S, Programme
Total courses related (%) Total courses related | (%)
Chiang Mai University (overall) 3024 69 228 1483 02 6.20
Faculty of Agriculture 2538 29 1146 153 a7 2418
Ratio 1:2.98 12,49
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Table 8. Number of staff and proportion of Faculty time devoted to environmental develop-

ment and sustainable agriculture

B.S. Programme M.S. Programme
Total courses related (%) Total courses related (%)
Faculty teaching staff 117 29 24.78 109 37 33.04
Time allocated (hour) 355 90 25.36 154 114 74.02
Ratio 1:3.1 138

Process of Integration the

Environment into Course

Offerings by the Faculty of
Agriculture

Since the approval of the Seventh
National Economic and Social Development Plan
for the period 1992-1996 the Plan’s component
Educational Development Plan has also been
implemented to make Thailand's university pro-
gram responsive to the changing development
condi-tions in the country. Agricultural educa-
tion at the tertiary level was revised according to
society’s changing needs. As a result the Faculty
of Agriculture, CMU, is introducing several new
programmes : Forest Resources, Agroforestry,
Landscape Design, and Land Resource Manage-

ment.

The process by which new course offer-
ings are proposed, determined and prepared con-
sists of two parts : policy and planning and aca-

demic curriculum development.

k’olicy and Planning Level

1. Change in Social Needs and Biophysical
Situation, local and global changes

(Department Committee . Judgment
of Value) l

2.Value and Benefit to Society
(Faculty Committee : Support)

3.Value and Benefit of Society
(University Committed : Policy and
Support) |

4. Value
(University Council : Approval of
Policy)




hcademic Process of Curriculum
t

After the policy has been approved by the
[niversity Council the development of a curriculum
proceeds as follows:

Ministry of University Affairs
(for & jon)

University Council
(for approval)

University C
(for policy and support)

blinricy Academic Committee  Faculty Committee

(course content)

l

r-ulty Academic Committeee—y Department Committee]

(support)

(course content) (course content and

implementation)

The Faculty's process starts at the depart-
ment level, from which the proposed change goes
to the Faculty Committee for a judgment of the
proposal's value and dewermination of support. The
Faculty Committee presents its determination to
the University Committee for and assessment of
policy, plans and support. From there it is passed
to the University Council, the top policy body in
the University.
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If policy support is given at this level the
University sends the proposal back to the Faculty
for formulation of course content which is done
mostly by the Department Committee. Their for-
mulation is reviewed by the Faculty’s Academic
Committee before it is presented for detailed con-
sideration by the University Academic Commit-
tee for approval. The result is reported to the
University Committee and the University Council
for final consideration and approval.

At the national level new courses are re-
ported to the Ministry of University Affairs. Then
new courses in environment and sustainable agri-
culture are offered to the students. Lecturers
and professors who have been involved in the pro-
cess since preparation of the course outline and
content then prepare the teaching materials, with
assistance from technicians both in terms of sub-
ject matter and in preparation of audiovisual aids.
Text books, articles and other publications are
prepared based on research recommendations and

researchers’ experience.

Integration of environmental issues into
the educational programme has proceeded in this
manner, following and initial assessment of emerg-
ing social needs at the local and national levels.
Farmers' difficultics with cash-crop agriculture and
awareness of related environmental problems have
cmcnged' more or less simultuaneously in North-
ern Thailand and elsewhere in the country.

+ At present, the Faculty of Agriculture, CMU
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was introduced aspects of environmental develop-
ment and sustainable agriculture through the
programmes of Soil Conservation, Integrated Pest
Management, Biological Control, and others.

New programmes to be introduced in the
next two to three years include, at the B.S. level
Forest Resourced and Landscape Design, and

Agroforestry and Land Resource Management at
the M.S. level.

The Faculty staff has also included envi-
ronmental education into its work of outreach and
information dissemination using mass media and
professional journals.
prove their knowledge and skills through academic
meetings, seminars and workshops. Some receive
specialized training and the national and/or inter-
national levels. Independent research for indepth
study further develops the knowledge area and
thus the educational offering.

Faculty continues to im-

Example : Development of the
Agroforestry Programme

The Faculty's recent addition of a study
programme in Agroforestry, to be offered to stu-
dents in 1994 illustrates the openness of the inte-
gration process at Chiang Mai University.

- Based on perceived needs for agroforesty
in the environment of Northern Thailand and in-

terest at the Faculty level the outline of an M.S.
programme in Agroforestry was developed. This
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process was supported by the FAO-implemented
Asia-Pacific Agroforestry Network (APAN), which
organized a regional expert consultation on Cur-
riculum Development in Agroforestry, hosted by
Chiang Mai University with the Royal Forest De-
partment in June 1993. The consultation provided
the opportunity for the Faculty of Agriculture to
present its plans to colleagues from Agriculture
and Forestry Faculties from throughout the Asia-
Pacific region and to learn about other approaches
to integrating this element of sustainable agricul-
ture in curricula. The report of the consultation
will provide guidelines for developing a variety of
courses in agroforestry and community forestry at
different levels.

‘Suppon for research in this programme will
be provided by the Ford and Rockefeller Founda-
tions; it is hoped that student scholarships will also
be provided.

Monitoring and Evaluation

For further improvement in the environmen-
tal aspects of the Faculty's programme the Faculty
arranges an Academic Committee for monitoring
and follow-up and to provide guidance to new
programmes. Program evaluations take place ev-
ery three years, involving former students and
outside experts.

At the Facuity of Agriculture the needs of
the society of Northern Thailand and the interest
from Faculty staff combine to offer great poten-



tial for creating a model of intcgration of sustain-
able agriculture aspects in a Faculty of Agricul-
ture programme.

Summary of Lessons Learned

From its experience in addressing the
issues of environment and sustainable agriculture
in its programmes, the Faculty of Agriculture,
CMU, has identified the following lessons :

1.Regarding interdisciplinary relationships,
the Faculty has found that its internal
structure including the Multiple Cropping Center,
provides a firm foundation for providing interdis-
ciplinary learning. Interdisciplinary approaches
can be particularly well integrated in programmes
at the postgraduate level; at that level students
already have a basic understanding of fundamen-
tals, and administrative cooperation among
deparments is more easily arranged.

2.Regarding its role in education on the en-
vironment and sustainable agriculture the Faculty
tries to prepare students for a range of careers in
research development policy and education by
developing their understanding of system dynam-
ics and of how to assess the impact of changes
and interventions in a given system.

3.The Faculty has found that its rescarch
and outreach through involvement with govemn-
ment and non-government development

programmes (for example with the Royal Forest
Department in developing local capacity for
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watershed management) helps to add real-world
elements to its experience and education. This
channel can to be more fully developed.

4.Regarding coverage of environment-re-
lated educational programmes in the student body
and community growing interest in Northern Thai-
land due to immediate problems provides perhaps
the best catalyst for development appropriate re-
sponses by the Faculty in its offerings to students.

5.In terms of interagency collaboration in
multidisciplinary programmes the Faculty's expe-
rience has been positive with govemment agen-
cies such as the Royal Forest Department. Great
scope remains to develop interagency cooperation
with other parts of the university. For example
the Faculty plans to pursue this with the Faculty
of Social Science's Resource Management and
Development Center through the focus of an
exchange programme with the University of
Wisconsin (Madison) in the United States.

6.In terms of integrating biophysical aspects
of environmental processes with the socioeconomic
aspects of environmental management the Faculty's
approach through systems analysis is' very
supportive. The Faculty's experiences with Farm-
ing Systems Research and with Agroforestry rein-
force this style of integration in new programmes.

7.Socioeconomic trade-offs must be faced
in the development of sustainable agricultural

systems; these trade-offs and methods of assess-
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ing them must be conveyed to students. It is not
always possible to both increase and sustain food
production and income. For example among
hill-tribe minorites in northern Thailand the
Faculty's research shows that introduction of a
market-based cash-shop system for income  gen-
eration not always the best way for socioeconomic
advancement. In these fragile ecosystems certain
communities have developed subsistence systems,
in these cases, introduction of only one or two
marketable components such as coffee trees, can
supplement the system for appropriate  devel-
opment.

8. Developing new Faculty programmes can
proceed most efficiently, in terms of institutional
learning through the sharing of experiences among
institutions. The Faculty of Agriculture’s collabo-
rative rescarch with other SUAN researchers on
sustainable agricultural systems in Southeast Asia
illustrates the research avenue for this exchange.
Seminars and expert consultations that examine
experience with curricula and teaching such as the
recent consultation on Agroforestry curricula hosted
by CMU and organized by FAO offers a second
approach. Shortterm exchange of students and
Faculty staff offer a third channel for exchange
and development.
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FAO Head Quater in ROME. And hope this study
will be the convincing knowledge of the intregration
of Environmental and Sustainable Development
into Agriculture Educational and Extension
Programme in any agricultural universities in the

world.
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Induction of Off-season Flowering in Mango by Grafting
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Abstract  Induction of oﬁ-mn flowering of conventional mango cultivar (flowering once a year) could
be achicved through grafting of such a scion on branch of multi-flowering mango cultivar, Grafting should
be made at one month before flowering time of rootstock plant. Scion grafted on flowering branches of
rootstock showed a good flowering performance. A low fruit set was however the main problem observed,
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Table 1 Off-season flowering of mango shoot grafted on Chok-Anan (everbearing cultivar)

Scion No. of No. of No. of flowering shoot
3 scion saccess rootstock of scion
Man-khom 20 ' 20 17 16
Nong-Sang 20 20 16 . 15
Kiew-Sa-woez 20 ! 18 8 5
Toag-Dum 20 19 12 11
Nam-Dok_mai 20 20 13 12

Source : iMwIAN0L, 2535

Table 2 Off-season fruit setting of mango cultivals grafted on chok - Anan (everbearing

cultivar)
Varieties No. of No. of No. of Average
grafted Success flowering shoot fruit/shoot
" Fah-lan 24 20 1 1.00
Nong-sang 24 20 1 0.21
Kiew-Sa-Woey 24 18 8 0.20
Nam-Dok-Mai 24 21 15 021

Sm:lrw:m.u%
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Table 8 Effect of everbearing rootstock on off-season flower induction in Nam-Dok-Mai

No. of flowering shoot

Everbearing No. of Success Flowering date
varieties Nam-Dok-Mai Scion" Rootstock Nam-Dok-mai after grafting
Chok-Aanan 27 23 21 42
Pim-Sen-Man-Tawai 25 6 4 46
Nam-Dok-Mai-Tawai # 4 11 0 -
Man-Duen-Gow 11 0 0

" Scion number grafted on each everbearing varietie = 30 (in March)

Source : im 2537
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Integrating Woody Perennial Species
for Sustainable Agriculture in a Rainfed Upland

2. Comparison of Four Year-old Mango Cultivars

53v¥8 Savivian ¥ uaz edns nIzuave
Tavatchai Radanachaless ' and Adisorn Krasaechai "

Abstract. The comparison of performances 15 mango cultivars whichwereintegratedinto
traditional soybean cultivation for developing sustainable agriculture in the rainfed upland at the Chom Tong
LandReform Project area has been studied since 1989. Results of the first four years according to the fruit
yield and other components indicated that ecach mango cultivar had its own positive characteristics and
advantages. Salaya with 81 fruits/tree. was the highest fruit production cultivar in the fourth year. Pet-Ban-
Lad and Kacw-Luem-Rang were ready to be harvested as early as the third week of April, while the others werc
in May or even later. Chok-A-Nan yiclded three batches of fruits per year, distinctively indicating itself as an
off-season cultivar. The processing cultivars are always in demand by the local fruit processing plants.
Kaew-Hua-Chook was one of thosc cultivars. It was an average cultivar with the only disadvantage of high
percentage of fruit bursting. All rainfed upland mangoes yielded a high proportion of unmarketable fruit sizes.
In addition, the mango cultivars harvested ripe including Nam-Dok-Mai often performed ungualified fruit
skin in the market. The cultivars which obtained relatively wide canopies with tall trunks such as Pim-Sen-Man,
Tong-Dum, Og-Rong, Nong-Sang, Chao-Khun-Thip and Nang-Klang-Wan created some difficulties of pesticide

application and fruit harvesting. Summer storm was the major cause of mango mortality from second to

Y madnRseou ausinwasmaai unimodoFualuy Foalmi 50200,
Department of Horticulture, Faculty of Agriculture, Chiang Mai University, Chiang Mai 50200.
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fourth year. It also damaged a number of ready-to-harvest fruits. Yields of soybean integrating withmango
gradually declined from the first towards the fourth year, with the yield of fourth year being only 97 kg/frai, about
65 % of that of monocropped soybean. The status of fruit tree growing in the surrounding upland rainfed
areas and suggestions for further study were also discussed.
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Table 1. Growth rate of stem diameter, height and canopy width of the 4 year-old
mango trees integrated inte the traditional upland rainfed soybean cultivation
during 19890-1998,

Growth rate of
Mango
cultivar Rep. Stem dlameter(a) Height(b) Canopy width(c)
(mm/month) {cm/month) (cm/month)
1. Nam-Dok-Mai 8 178 a.63 4.90
2. Kaew-Hua-Chook 7 1.87 449 6.04
3. Nang-Klang-Wan L] 202 5.47 8.15
4. Pet-Ban-Lad 7 171 4.32 5.43
6. Pim-Sen-Man 6 .77 6.10 8.20
6. Nong-Sang 7 2.48 4.84 6.52
7. Rad 5 2.05 4.28 5.43
8. Fah-lan 7 1.08 3.45 5.74
9. Ksew-Loem-Rang 7 1.81 EX1 512
10. Salaya 8 144 2.43 4.60
11 Chso-Khun-Thip 4 2.59 5.66 6.40
12. Kiew-Sa-Woer 7 2186 4.61 5.89
18, Chok-A-Nan 7 196 3.74 5.26
14. Og-Rong 7 231 4.81 6.56
15. Tong-Dum 5 237 6.59 6.59
Mean ; 2.08 442 5.86
F-test =. .. ..

v, $3.66 2116 20.64
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Table 1 (continue)

LSD.(0.05),
nl n2 (a) (b) ()
8 8 0.01 0.02 0.08
8 7 0.01 0.08 0.03
8 8 0.01 008 0.04
8 5 0.01 0.03 0.04
8 4 0.01 0.08 0.04
7 7 0.01 0.08 0.08
7 8 0.01 0.08 0.04
7 5 0.01 0,08 0.04
7 4 0.01 0.04 0.05
8 8 0.01 0.03 0.04
6 6 0.01 0.08 0.04
L) 4 0.02 0.04 0.06
5 5 0.02 0.04 0.05
5 4 0.02 0.04 0.05
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Table 2. Causes of mortality of the four year-old mango trees integrated into traditional
upland rainfed soybean cultivation during 1989-1993.

Number of dead tree

Cause of mortality First year Second year Third year Fourth year
(1989.90) (1990-91) (1991-92) (1992-98)
Planting on the 1 2 " =
termite mound
Storm perturbation - 5 . 2
Unknown 1 1 3 -
Total 2 8 3 2
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Table 8. Mortality of the four year-old mango trees grown at the Chom Tong Land

Reform Project area, 1989-1998.

Mortality
Mango No. of tree Total
cultivar observed 1* year 2% year 8™ year 4™ year
1980-90 1990-91 199192  1992-93
1. Nam-Dok-Mai 9 s ’ % - =
2. Kaew-Hua-Chook 8 - . 1 2 1
8. Nang-Klang-Wan 8 - 1 - 1 2
4. Pet-Ban-Lad 15 - - - -
6. Pim-Sen-Man 7 - 1 = 2 1
6. Nong-Sang 9 - - 1 1 2
7. Rad 14 2 1 : 3
8. Fah-Lan 7 - - - -
9. Kaew-Luem-Rang 8 1 - - - 1
10. Salaya 8 - . < - -
11. Chuo-Khun-Thip 7 1 2 . - s
12. Kiew-Sa-Woer 7 - - - .
18. Chok-A-Nan 8 . 1 - E 1
14. Og-Rong a . 1 - - 1
16. Tong-Dum 5 - - - -
Total 128 2 8 s 2 15
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Table 4. Fruit bearing trees, numbers of fruits per tree before and after fruit dropping
of the four year-old mango trees grown at the Chom Tong Land Reform

Project area, Chiang Mai, 1998.
No. No. No. No.
Mango of trees of fruits of fruits/tree of fruits/tree
cultivar observed bearing tree before fruit after fruit
1. Nam-Dok-Mai * 0 0 4478 $8.00
2. Kaew-Hua-Chook ° 7 7 50.57 80.57
8. Nang-Klang-Wan * [ 5 57.80 80.40
4. Pet-Ban-Lad * 15 12 11.50 8.67
5. Pim-Sen-Man * 6 [ 73.38 63.16
6. Nong-Sang * 8 7 26.57 20.71
7. Rad * n 10 18.30 10.80
8. Fah-Lan * 7 8 4.67 s34
9. Kaew-Luem-Rang © 7 6 54.00 42.00
10. Salaya * 8 8 03.26 80.50
11. Chao-Khun-Thip * 4 s 4.67 2.67
12. Kiew-Sa-Woer * 7 2 150 1.50
18. Chok-A-Nan * 1 5 28.00 28.80
14. Og-Rong * 7 @ 66.83 50.38
15. Tong-Dum * 5 4 15.25 10.00
Total 114 06 2 3

Mean S . 36.80 29.56

a cating preference: ripe
b processing mango
c eating preference: green
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Table 6. Yield, yield components and crop residues of the upland rainfed soybean
cultivated between rows of mango trees at the Chom Tong Land Reform
Project area 1989 - 1992,
1* yr(1089) Y 2™ yr(1900)" ™ yr (1991) ¥ 4" yr(1092)”
Item
Without  With Without  With Without  With Without With
mango  mango  mango mango mango  mango mango mango
Yield kg/rai ¥ - 132.3 281.7 2101 160.2 1258 148.9 96.8
Plant/sqm . 26.8 22.6 23.0 447 482 40.7 27.7
Node/plant . 11.4 11.6 10.8 8.9 9.6 111 10.8
Pod/plant - 22.0 22.0 21.0 16.0 12.0 16.5 16.0
Seed/pod . . . . 18 1.8 13 14
100-seed . 12.0 13.0 12.0 1.0 18.0 13.1 11.9
weight (g)
Crop residues - 187.0 240.0 2180 1650 130.0 215.0 147.8
DM (kg/rai)
Height (cm) - 833 390.6 438 39.5 31.0 45.2 432

" Soybean cultivar : CM 60
¥ Soybean cultivar : SJ 5
¥ Yield at 12% Standard moisture
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Table 6. Total growing area  of mango trees
(rai)” and types of propagating
materials used by the farmers at
the Chom Tong Land Refrom

Project area Chiang Mai, 1989-
93.
Planting material Total
Year (rai)
Grafted Seeded Both Total

1989 5 63 - 08 160.0
1990 il 100 1 18 875.0
1091 ) 68 1 78 800.0
1992 8 100 7 15 8375
1998 5 70 & 80 800.3

' Survey made during August-September of cach year.
¥1 rai = 1,600 sq.m.
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A Comparative Study of Highland Arabica Coffee
Extension Strategies of Thai-Norwegien Church Aid
Highland Development Project and Thai-Australia

Highland Agricultural and Social Development Project

Siziay winuen Y
Theeradej Promwong "

/

Abstract : The strategies of the coffec extension implemented by the two projects were different in
terms of approach (problem - oriented/bottom - up or extensionist - oriented/top - down), working employment
(government officers or direct hired), sustainability of the project (sustained or unsustained) and cropping
system (mixed or mono) coffee production, incomes, adoption of farmers, attitude towards coffee growing and
participation were main factors to assess the strategies of the coffes extension, from the comparison study,
the resuits showed that only production, income and adoption of the hilltribes between 2 projects were

significantly difference.
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Highland Coffee Research and Development Centre, Faculty of Agriculture, Chiang Mai University.
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Effect of Sulfuric Acid and Potassium Nitrate on
Germination of Creeping Signal Grass Seed
( Brachiaria humidicola (Rendle) Schweick.)

o Inersvimnd ¥ woz svin seyenm ¥
Watana Kodpat V', and Tanart Thunyarpar ¥

Abstracts . The effect of sulfuric acid on sced soaking for 2 to 10 minutes was studied on the viability of
creeping  =ignal grass. It was found that sulfuric acid at the concentration of 98 % did not affect the seed
viability as tested by Tetrazolium method. Soaking the seed in 98 % H SO_for 10, I5 and 20 minutes before
tonkinglheseedinKNO, at2,6 and 10 percents for 4 hours and then washed the seed in water for
13 hours, showed that, 20 minutes soaking H‘SO‘ gave the percentage of germination higher than soaking
for 10 and 15 minutes. Wheras 6 % KNO  gave the percentage of germination higher than 2 or 10 %. Since
the interaction of HSO, and KNO, was found, the cffect of KNO can be scen when the time of H SO,
soaking was 20 minutes. Soaking the sceds in H SO, for 20 minutes in addition to KNO, either6or 2 %
gave the highest percentage of germination, which were 20 times higher than the untreated control,

Y queewadatven noaomvsdad nanlgdad nsznsanwasuazannIsinisinual vawysys 76120

Phetchaburi  Animal Nutrition Research Center,Div. of Animal Nutrition, Dept.of Livestock Development, Ministry of

Agriculture, Petchaburee, 76120, Thailand.
¥ auznwasmaas unimmdoi¥ealmni 9. Fvabni 50200
Fac. of Agriculture, Chiang Mai University, Chiang Mai 50200, Thailand.
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Index words : NTIIBAYBUVAA Creeping Signal grass, Brachiaria bumidicola, seed germination
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Table 1 Effect of H!SO‘ 98 % on

germination of creeping signal
grass seed.
' Soaking time (minute) Percent germination
10 ! 11.48a"
15 9.61a
20 17.62 b

" Means followed with similar letter are not significantly

different at 95 % level by LSD.
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Table 2 Effect of KNO, on germation of
creeping signal grass seed.

KNO, concentration (%) Percent germination
2 1220a"
[ 1467 b
10 1171 a

¥ Means followed with similar letter are not significantly
different at 95 % level by LSD.

Table 3 Average germination percentage
of seed treated by H’SO‘ and
KNO' compared to the un-
treated control.
Treatment Percent germination (%)
SO, 20 min KNO, 6% 20.20a"
SO, 20 min KNO, 2% 1857 a
Control 171 b

" Means followed with similar letter are not significantly

different at 95 % level by LSD,

wennINTidanyT msudaly HSO,
willfniusaudumsuviudalu KNO.
(Fig.1) nanfie nisusidalu HSO, WM 20
wift udauylu KNO, ' 6 lﬂafwuvf weld
tﬂoswunmmmnqmqa 92029 nlofiaun
FlndRvedy msuvdaly HSO, WM 20
win muﬁ'wuﬂu KNO, 2 wodiwud
unzeoe Treamentlinlodisudninen
gannms hilgmaniilsyana 18-20
(Table 3)
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1839 Tyt Cunha and Casali (1989) 14
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Fig 1 Interaction of H SO and KNO_on germination percentage of creeping signal grass

seed,
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Suitable Type of Sugar for
Nham Production Using Mixed
Bacterial Starter Cultures

nlsori 350017 ¥ dnvan qeuzTnanmd ¥ Basmay madina”

Jrsssd  vIseate” uer gsen ygowes”

Pairote Wiriyacharee” , Lakkana Rujanakraikarn” Issarapong Pongsirikul” ,
Wiwat Wattanatchariya’ and Suthaya Boonthanom"

Abstract . Five types of sugar; sucrose, lactose, maltose, glucose and saccharose; were used for this study.
This experiment is to investigate a suitable type of sugar with carbohydrate source (cooked rice and sticky rice)
for Nham production using mixed bacterial starter cultures. For this experiment, it was found that 0.5 % of glucose
used in Nham formulation made the good quality of the product. The Nham is also composed of high reducing
sugars (0.9130 + 0.0183 %) which was suitable for the growth of nitrate reducing bacteria. Additionally, the lactic
acid bacteria used the residual reducing sugars to produce lactic acid. After 48 hours of fermentation, the product
had total acidity as lactic acid (1.0392 + 0.0205 %), pH (4.23 + 0.00) and residual carbohydrate (1.6354 + 0.1068
%). The mean ideal ratio scores of colour, visual texture, firmness, juiciness. smoothness, sourness, saltiness, spiciness
and overall acceptability were 1.25 +0.27, 0.79 + 0.18. 093 +0.13, 1.03 + 0.14, 0.82 + 0.17, 0.96 + 0.12,
1.03 +0.11, 0.82 + 0.21 and 0.71 + 0.17 respectively.

" auzgRInHnITIIONRT A Yinedudoalw Foalmi s0200
" Faculty of Agro - Industry, Chiang Mai University, Chisng Mai 50200, Thailand
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Table 1 Ingredients and quantity for Nham production made with mixed bacterial starter
cultures (Sugar as the main studied factors).

Ingredients Quantity

Meat system |
Ground lean pork (%) 80
Sliced pork skin (%) 20

Curing agents % of meat system
Sodlum chioride (NaCl) 3
S«ll-nltnte(NaNOl) 0.08
Sodluaultr&(NaNO‘) 0.02
Sodium tripolyphosphate (NaP O ) 0.8
Sodium erythobate 0.06

Starter cultures | cfu/g of meat system
Lactobacillus plantarum 10,
Pediococcus cerevisiae 10,
Micrococcus varfans 10,

Carbohydrate source : % of meat system
Cooked rice 8
Sticky rice
Sucrose, lactose, maltose, 0.5
glucose and saccharose”

Seasonings : % of meat system
Minced garlic 4
White peper (powder) 0.05
Minced bird chilli 2
MSG 0.2

Y Studied factors,
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Table 2 Reducing sugars content during Nham fermentation using mixed bacterial starter

cultures (sugar as main studied factors).

Reducing sugars (%) + Standard deviation”

Treatment
0 hours 6 hours 12 hours 18 hours 24 hours 48 hours

1 0.6470+0.0219" 0.5747+0.0278" 0.1284+0.0062" 0.1364+0.0040" 0.0547+0.0005" 0.0532+0.0000"
2 0.4684+0.0080" 0.4261+0.0097° 0.0916+0.0015" 0.0506+0.0011" 0.0557+0.0000° 0.0525+0.0000*
8 0.8484+0.1144° 0.9625+0.0164° 0.4111+0.0087° 0.8962+0.0064° 0.8757+0.0051" 0.2619+0.0189"
4 0.8252+0.0813° 0.8893+0.0164° 0.6215+0.0184" 0.3413+0.0029° 0.8045+0.0197° 0.2014+0.0074"
5 0.9130+0.0183° 0.99901+0.0170° 0.9691+0.0013° 0.5434+0.0008° 0.3956+0.0086° 0.2947+0.0082"
6 0.5617+0.0880° 0.5022+0,0280" 0.4468,0.0026' 0.2325:0.0041" 0.1948+0.0087° 0.0407+0.0005"

v

97

mean within column with different superscripts differ significantly at P<0.05
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Table 8 Total acidity as lactic acid durig Nham fermentation using mixed bacterial
bacterial starter cultures (Sugar as main studied factors).

Total acldity as lactic acid (%) + Standard deviation "

Treatment

0 hours 8 hours 12 hours 18 hours 24 hours 48 hours
1 ' 0.3714+0.0079" 0.4504+0.0262' 0.6085+0.0079" 0.7389+0.0205' 0.8732+0.0172' 0.9799+0.0194
2 03477400112 0.3556+0.0187° 0.624340.0187° 0.7849+0.0177°  0.8258+0.0181' 0.9709+0.0112
8 0.3685+0.0112% 0.3714+0.0177° 0.5413+0.1452° 0.7083+0.0411' 0.8021+0.0088 0.9878+0.0326
4 0.3398+0.0070° 0.35064+0.0008" 0.561140.0895" 0.5828+0.0276" 0.8772+0.0395' 0.9720+0.0481
5  0.335040.0205° 0.430740.0205' 0.6164+0.0112° 0.6579+0.0197  0.7868+0.0131° 1.0892+0.0205
8  0.300340.0000° 0.3350+0.0205" 0.563240.0250° 0.6282+0.0119°  0.8100+0.0181% 0.9349+0.0595

w

mean within column with different superscripts differ significantly at P<0.05

Table 4 pH of Nham during fermentation using mixed bacterial starter cultures.

(Sugar as main studied factors).

pH + Standard deviation

Treatreat

0 hours 6 hours 12 hours 18 hours 24 hours 48 hours
1 6.24+0.01" 6.05+0.01 5.08+0.00' 4.56+0.02° 4.46+0.00° 4.13+0.01
2 8.17+0.01" 6.10+0.00 5.014+0.00"  4.5240.00" 4.43+0.03" 4.1740.08"
3 6.11+0.01" 6.00+0.01 5.28+0.00" 4.72+40.00" 4.6240.01° 4.28+0.00°
4 6.12+0.00" 6.05+0.05 5.4240.00° 4.6740.00° 4.58+0.00" 4.20+0.00"
5 6.12+0.01 6.08+0.08 5.7640.02' 4.7140.01° 4.55+0.08° 4.23+0.00
8 6.04+0.06" 6.17+0,01 5.8040.01° 4.82+40.00" 4.6840.00° 4.28+0.02°

" mean within column with differcat superscripts differ significantly at P<0.05
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Table 5 Carbohydrate content during Nham fermentation using mixed bacterial starter

cultures (Sugar as main studied factors).

Carbohydrate (%) + Standard deviation

Treatment

0 hours 8 hours 12 hours

18 hours 24 hours 48 hours

(S I NI

8.5029 + 0.83517 3.0842 + 0.2578" 2,1334 + 0.1267" 1.2441 + 0.2057" 1.6443 + 0.3619"
8.3720 + 0.4841 2.1043 + 0.08368" 2.1857 + 0.1306" 1.6635 + 0.1348" 1.6705 + 0.2836"
8.3954 + 0.8026 3.9931 + 0.2445° 2.8140 + 0.1096" 1.6658 + 0.1885"
8.7694 + 0.0655 3.6752 + 0.1240' 25008 + 0.2769° 2.2404 + 0.0680° 1.6504 + 0.2415" 1.6593 + 0.2949°
8.9008 + 0.2600 8.1142 + 0.1907° 3.0506 + 0.0936" 1.8425 + 0.0686" 1.3718 + 0.0925"
4.2696 + 0.1109 3.2151 + 0.4872' 2.2726 + 0.1285™ 2.1642 + 0.0666° 2.8218 + 0.56170"

0.5022 + 0.1908"
1.9860 + 0.2892"

1.9421 + 0.4347° 1.3923 + 0.1175°

1.6354 + 0.1068"
2.3100 + 0.3425"

"
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mean within column with different superscripts differ significantly at p<(0.05
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Table 6 Sensory evaluation of Nham made with mixed bacterial starter cultures and

different sugar.
Treatment Colour Visual Texture Firmness Juiciness Smoothness
1 118 + 0.18 0.89 + 0.14 088 +018 1124018 0.84 + 017
2 1.38 + 0.25 001 + 0.11 084+018 1.08+017 0.90+012
s 1.85 + 020 091 + 016 0.86+012 1.02+028 0.82+017
4 1.81 + 0.26 0.91 + 0.10 081+012 102+026 0.82+014
5 1.25 + 0.27 0.79 + 018 003 +018 1.038+014 082+017
6 1.18 + 0.28 0.89 + 0.12 0983+018 109+016 0874011
Table 6 (continue)
Treatment Sourness Saltiness Spiciness Overall
zcceptability
1 1.01 + 012 1.08 + 016 0.89 + 0.22 0.78 + 0.14
2 0.05 + 0.11 1.60 + 2.40 0.80 + 0.22 0.69 + 019
s 0.97 + 0.10 1.04 + 017 0.80 + 0.21 0.74 + 017
4 0.95 + 0.11 1.00 + 019 0.86 + 0.22 0.71 + 018
5 0.6 + 0.12 1.08 + 011 0.82 + 0.21 0.71 + 017
6 1.02 + 0.09 1.07 + 018 0.88 + 0.20 0.76 + 0.13

Note : 1. use 14 general panelists

2. mean within column with different superscripts differ significantly at P<0.05
3. matio near or equal 1.00 better attribute than the others
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