
THE WORLD BANK GROUP ARCHIVES

PUBLIC DISCLOSURE AUTHORIZED

Folder Title: CGIAR - H-2 - Asian Vegetable Research Development Center (AVDRC) -
Documents 75/77-01

Folder ID: 1762506

Series: Central Files

Dates: 01/01/1975 - 12/31/1977

Fonds: Records of the Consultative Group on International Agricultural Research
(CGIAR)

ISAD Reference Code: WB IBRD/IDA CGIAR-4177S

Digitized: 4/21/2021

To cite materials from this archival folder, please follow the following format:
[Descriptive name of item], [Folder Title], Folder ID [Folder ID], ISAD(G) Reference Code [Reference Code], [Each Level
Label as applicable], World Bank Group Archives, Washington, D.C., United States.

The records in this folder were created or received by The World Bank in the course of its business.

The records that were created by the staff of The World Bank are subject to the Bank's copyright.

Please refer to http://www.worldbank.org/terms-of-use-earchives for full copyright terms of use and disclaimers.

THE WORLD BANK
Washington, D.C.
© International Bank for Reconstruction and Development / International Development Association or
The World Bank
1818 H Street NW
Washington DC 20433
Telephone: 202-473-1000
Internet: www.worldbank.org



Ani?; 1762506
A2003-012 Other #: 170 Box # 205690B

CGIAR - H-2 - Asian Vegetable Research Development Center (AVDRC) -

Documents 75/77-01

DECLASSIFIED
WBG Archives



NmN

4 4

. .



clear that these demands can only be met and late 1972 and formally initiated the research program

mastered within the developing nations themselves; early in 1973. AVRDC held official dedication

the solutions must be adapted to their specific needs, ceremonies on October 17, 1973.

culture, and social structure.
Although an associate member of the Consultative

The Asian Vegetable Research and Development Group on International Agricultural Research
Center (AVRDC) is the international research and (CGIAR), a group of country and organizational
training organization dedicated to the improvement donors, AVRDC receives no funds through the
of selected vegetable crops in lowland tropical Asia. CGIAR framework as do the other international
Vegetables constitute mankind's richest source of centers. Instead, the governments of the Republic of

vitamins, minerals, and plant proteins, and thus China, the Republic of the Philippines, Japan, the
supply an essential supplement to the rice diet which Republic of Korea, and the United States (AID)
predominates in Asia. AVRDC works closely with provide principal funding. Additional donations,
local, national, and international agricultural often earmarked for specific research, come from the

People. Over four billion on the earth today, and programs in a united effort to increase vegetable Rockefeller Foundation, the Asia Foundation, Inter-
increasing. They depend on agriculture; on the skill yields; improve crop quality; expand, refine, and national Minerals and Chemical Corp., the Asian
and industry of farmers; on the national and inter- communicate modern vegetable technology; and Development Bank, USI (Far East) Corp, and others.
national networks for transporting, storing, proces- provide farmers the opportunity to increase their New funds for research are always needed and
sing, and marketing food. The majority live in Asia. incomes through vegetable production and, thereby, inquires are welcomed.

Some of the best farmers in the world live in Asia. enhance the quality of their lives. Located near Shanhua on the rich coastal plain of

For thousands of years they have planted rice and Vulnerability to diseases and pests greatly reduces southwestern Taiwan, AVRDC lies 19 km north of

other crops, and kept pace with increasing food vegetable yields in lowland tropical Asia. Many Tainan City. Land, provided by the Republic of

demand in their countries by expanding production vegetables are poorly adapted to the seasonal high China, contains a 14 ha campus and a 102 ha irrigated

onto new land. Population and food requirements temperatures, humidity, and excessive rainfall. experimental farm. Facilities include the adminis-

have soared, but nearly all Asia's economical agricul- AVRDC scientists focus research on developing tration building, a laboratory complex, the domitory/

tural land is already under production. The Asian varieties which can survive these adverse environ-

farmer must now turn his attention to intensifying mental conditions. They screen each crop for high

land use and increasing yields on existing land. yield potential, nutritional quality, and resistence to

major diseases and insects. In cooperation with local
These are imposing demands on farmers who often farmers, AVRDC scientists then test these improved
imitate the agricultural practices taught by their vegetables on Asian farms under conditions farmers

forefathers; demands which create almost insoluble must face. Together they seek to identify vegetable
problems in nations needing land reform, irrigation production problems which modern science can help

projects, fertilizer and pesticide production facilities, the farmer solve.
modern infrastructure in rural areas, improved

storage, handling, and distribution of food. But they AVRDC was organized in 1971 when representatives

are vital demands. from seven interested countries met in Taiwan to sign

the Charter and Memorandum of Agreement. By
In many cases the developed nations have responded January, 1972, construction of the Center was well

with know-how and modern technology. But it is under way. Staff members assumed their duties in



cafeteria, a service building containing shops and acceptable fruit, and the outstanding plants were

germplasm storage, six greenhouses, and residences crossed with others selected for disease resistance.

for the senior international staff. The experimental The progeny then under went field testing at sites in

farm, formerly planted to sugarcane and now various tropical countries, and selection among these

organized for field experiments, is level with silt loam was based on local need and local conditions. This

soil and an average elevation of 8 m above sea level. time-consuming process produced a heat tolerant,

Visitors are always welcome at AVRDC. disease resistant tomato specifically adapted for high
production under tropical conditions.

The AVRDC community of scientists from 8
countries uses a coordinated multidisciplinary CHINESE CABBAGE (Brassica pekinensis) is a

approach to solve problems limiting both the popular crop in Asia with seasonal problems.

quantity and quality of 6 vegetables: tomato,Chinese Resembling head lettuce in many ways, Chinese

cabbage, sweet potato, white potato, mungbean, and cabbage can be cooked as a leafy green vegetable or

soybean. eaten raw as a salad, and provides a good source of

calcium, and vitamins A and C. Although well-

TOMATO (Lycopersicon esculentun) is a popular adapted to higher elevations and cooler seasons,
and important crop around the world. In addition to Chinese cabbage does not readily form heads in hot

its value as a cash crop, the tomato is versatile in its weather and is vulnerable to disease and insects.

processing uses, adapts well to various cropping AVRDC plant breeders have produced high yielding

patterns, and offers an excellent source of vitamins A progeny from crosses between heat tolerant and

and C. However, tropical tomato production suffers disease resistant parents. Control of diamondback

from vulnerability to diseases, particularly bacterial moths, cabbage butterflies, and aphids generally

wilt, and the inability to set fruit under hot humid requires large inputs of pesticides. However, chemists

conditions. To solve these problems, AVRDC plant are seeking ways to reduce application rates and

breeders screened about 4050 tomato accessions for minimize pesticide residue, while entomologists are

heat tolerance, less than 1% of these produced evaluating promising biological controls.
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white potato does not grow well at low elevations in ' room activities. A research intern program enablesI - -, m-t
the tropics, and production is confined to the cooler specialized training through participation in one of
upland regions. AVRDC has collected and screened the Center's multidisciplinary research teams for

4j 
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white potato germplasm from many potato growing periods ranging from six months to one year.
areas, and has identified materials capable of produc- W Post-doctoral research opportunities are also offered

s ing high yields under lowland tropical conditions. AU at AVRDC.F:'
F' I Seeds have been carefully grown for conversion into

E~u
clones; these have been multiplied and field tested in OUTREACH provides AVRDC scientists the op-
various cooperating Asian countries. At the same F 

portunity to test breeding materials uAder a widey
] time, plant pathologists evaluated the outstanding range of environmental conditions. Initiated in 1975

. j L plants for disease resistance, plant physiologists with assistance from the Asian Development Bank,
" L --- examined photoperiod insensitivity, and nutritional ama AVRDC maintains outreach programs in Suweon,K. 

-
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chemists worked to reduce solanine content (a Korea and Los Bahos, Laguna, Philippines. Active
chemical causing the bitter flavor in white potatoes). field research in both countries has received favorableSWEET POTATO (Ipomoea batatas), an underrated Given varieties better adapted to tropical conditions,
The result is a heat tolerant white potato capable of response locally, and the feedback to AVRDCcrop in Asia, can produce more food per hectare than soybean should become a major protein crop for local
significant contribution to the food needs of tropical scientists is invaluable.rice and requires fewer inputs and less management. food use and an income-generating export crop for
Asia.

Many sweet potato varieties contain sufficient many developing countries. Many of the present AVRDC publishes an annual progress report, re-
vitamin A (P carotene) to prevent night blindness, a soybean varieties are unsuitable because of sensitivity

MUNGBEAN (Vi gna radiata). an ancient and well- ports on the six vegetable crops, and reprints of
prevalent disease in Southeast Asia. However, since to day length and high temperatures. AVRDC,

known pulse in Asia, provides an excellent source of journal papers and technical bulletins written by
most of the sweet potato varieties in Asia were bred cooperating with the International Soybean Program

easily digestible plant protein and is eaten in many AVRDC scientists. These are available free on
for use as an animal feed, both yield and nutritional of the University of Illinois (INTSOY), collects and

forms; including bean sprouts, green beans, dry beans, request and will be sent surface mail. For these
quality are low. AVRDC scientists concentrate on screens soybean germplasm for high yields, early

noodles, and bean curd. Despite its importance, publications and further information, please write:
improving sweet potato yield, nutritional content, maturity, photoperiod insensitivity, and resistance to

mungbean has not received the research attention Office of Information Services, AVRDC, P. 0.
and consumer acceptance. Regular surveys of Asian diseases. A source of true resistance to soybean rust,

directed to most other food crops and yields among Box 42, Shanhua, Tainan 741, Taiwan, Republic
consumption patterns and taste preferences enable considered the most devastating soybean disease, has

Asian farmers remain well below potential. The of China.
the plant breeders to focus on acceptable genetic so far evaded plant pathologists-but the search

mungbean is an indeterminate and erratic producer
materials. Moist types with orange flesh, high yield, continues. Through multiple crossing techniques,

and requires costly multiple harvests. Such uncertain-
and high protein content from North America are plant breeders select superior breeding lines which are

ty increases the farmer's risks and makes him es
being crossed with the dry textured Asian types then evaluated in local programs throughout the

reluctant to invest in a mungbean crop. Aside
which have local adaptability and consumer prefer- tropics. IWKfrom these yield and harvest problems, the
ence. As with the other vegetables, crop management ~umungbean is susceptible to numerous diseases and -, ILI
specialists study the potential of multicropping sweet 

pests. Through plant breeding and widespread
potato after rice or intercropping it with other vegeta- testing in the International Mungbean Nursery, TRAINING PROGRAMS are provided at AVRDC
bles. Agricultural economists study the impact of AVRDC is seeking ways to double yield. for young research and extension specialists who are
production strategies on the local economies. actively engaged in improving vegetable production in

SOYBEAN (G lycine max) provides a major world the tropics. A five month production training course
WHITE POTATO (Solanum tuberosum), a staple source of plant protein, vegetable oil, and animal is offered annually. Trainees have the opportunity to U

-
food crop in many parts of the world, offers a feed. However, yield in the tropics remains low and learn advanced research techniques and improved

potential back-up crop for rice in Asia. However, the crop is susceptible to pest and disease attack. cultural methods both in the field and during class- Ji
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rice diet and increasing the income of
the Asian rice farmer by diversifying his

Vegetables constitute man's richest year-round activities.
source of vitamins, minerals and plant Of the more than 100 crops that are
proteins. In Asia, these vegetable nutri- considered vegetables, AVRDC has select-
ents are needed to supplement the staple ed six for initial research and improve-
diet of rice which is high in starch and ment. They are the mungbean, Vigna
llw in protein. Current vegetable pro- radiata .-(Syn. with Phaseolus aureus);
duction is inadequate to meet these soybean, Glycine max; tomato, Lycoper-
dietary requirements on a year-round sicon esculentum; Chinese cabbage, Bras-
basis in most tropical and subtropical re- sica pekinensis; white potato, Solanum

gions of the world. tuberosum; and sweet potato, Ipomoea
This situation was recognized by batatas.

six Asian countries* in mid-1971 when
they met with representatives from the
United States of America and the Asian

Together with AVRDC s research
Development Bank to form the Asian . .

program, the Center has initiated a resi-
Vegetable Research and Development dent training program for scientists,
Center.

The principal objective of AVRDC is
to increase the yield potential and nutri-
tional quality of selected crops which are

particularly suited for supplementing the

o,
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his program. However, most research in- ion rai g

extension workers and production special- soil analyses, soil management terns should expect to spend between 6
ists who are engaged in increasing vege- and plant nutrition) and 12 months at AVRDC. AVRDC's vegetable production train-
table production in their countries. Participants in the research training .chc s are M.S. or Ph.D. ing program will be initiated in 1976, and

AVRDC will provide these vegetable program are generally classified into candidates from agricultural colleges or will involve the training of vegetable

specialists with an opportunity to learn three categories: research interns, re- universities that permit students to do specialists who are responsible for train-

advanced research techniques and mod- search scholars and research fellows. their thesis research away from campus ing and supervising extension workers,

ern methods of vegetable production. In or at an international research center farm managers or educators.

addition to develo-in their technical under the supervision of a qualified These trainees will spend some of

skills, trainees will be able to expand scientist, their time in the classroom learning mod-

their understanding of communication Those who wish to complete an ern vegetable technology, principles of

principles and the socif-economic factors advanced degree may be nominated as communication, and economic considera-

influencing agricultural production. The research scholars, if admitted to the tions related to tropical vegetable pro-

participant will gain first-hand experience graduate school of a cooperating univer- duction. They will also participate in

in the improvement of vegetable pro- sity. Scholars will have a unique op- small groups which will plan and

duction and quality in tropical climates portunity to conduct research on signi- execute an applied research trial. The

while participating as a member of a ficant problems associated with vegetable trainees will conduct meetings for local

research or a production team under the production in tropical areas while work- vegetable growers to demonstrate the

guidance of a senior AVRDC scientist. ing with scientists in an international results of their projects, and to exchange
center. information with the farmers.

Because AVRDC is not located near
Research Trmng nor affiliated with an agricultural univer-

AVRDC's research and training pro- .sity, the scholar should complete the

grams are designed to improve vegetable course work and qualify as a degree

production using an interdisciplinary ap- candidate before arriving at AVRDC.
proach to solve the problems which limit The role of the university and the candi-

the yield and quality of these crops in date's advisory committee will remain un-
the tropics. Research scientists and tech- changed. The research project will be a

nicians from national research organiza- , , cooperative effort between the scholar,
Moden looraoryfactiesareavalbleforthe advisory committee and a senior scien-

tions will have the opportunity to further the aarticipants to usevinostudyinitvarions"
develop their capabilities by working at aspecs of vegetl Improveen
an international center in close associa-
tion with AVRDC's scientific staff in any
of the following disciplines: Research Interns are usually young

Agricultural chemistry (nutritional men or women who have begun their
composition of vegetables and careers in crop research and are current- . are experienced

pesticide residue analysis) ly involved with vegetable production in scientists, generally with M.S. or Ph.D.

Agricultural economics (production their respective countries. These interns degrees (or their equivalent), who wish

and market analysis, survey tech- will gain research experience working to familiarize themselves with the most

niques) side by side with senior scientists on pro- advanced research techniques and infor-

Crop management (integration of jects directly related to the intern's train- mation regarding vegetable improvement. Thorough and frequent field observations are an

management systems, multiple ing objectives. The fellow will collaborate with a senior essential element of the constant search for

cropping and weed control) It will be the responsibility of the scientist in his field of specialization by solutions to tropical disease problems

Entomology (biological and chemical intern to identify an appropriate problem undertaking an intensive research project

control of insects) (relevant to the problems facing vegetable using facilities which may not be avail-

Plant breeding (selection for yield, growers in his home country), organize able in his country, or by acquainting

nutritional quality, heat tolerance a research project, conduct the field and himself with new techniques that are cur- Sei ra
and disease resistance) laboratory work, and present the results rently being developed and adapted for

Plant pathology (selection for dis- orally and in written form to fellow interns vegetable production in the lowland AVRDC maintains a flexible program

ease resistance and control) and AVRDC's scientific staff. tropics. Appointments as fellows usually for training individuals or groups with

Plant physiology (determination of The length of appointment varies last from one to two years, although special interests or requirements. These

yield potential and heat tolerance) from one month to one year depending shorter periods may be considered. programs may be research or extension

Soil science (chemical and physical on the needs of the particular intern and
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oriented, and may last from a few weeks will have on agricultural development in ing institution and the trainee's supervisor The stipend is intended to cover the

to a year. Each special program will be his country will be a major factor in de- at AVRDC. To the extent that it is prac- individual's incidental expenses, since

carefully considered in reference to termining whether he will be asked to tical, each person will work on an applied basic living accomodations and meals are

AVRDC's objectives as well as the future make a formal application for training, research problem directly related to ve- provided by AVRDC's Cafeteria and

role the participant will have in agricul- Nominees selected for further con- getable production in his country. Par- Dormitory Service.

tural development. sideration will receive the following forms ticipants will always be encouraged to ex- Married trainees may, with the ap-

which must be submitted for admission to change ideas, information and experi- proval of AVRDC, invite their families to

the training program: ences with fellow trainees and AVRDC join them after successfully completing an

- Medical Examination form to be staff members. initial six month training period. AVRDC

completed by a competent physician Upon accepting a training appoint- will provide certain transportation ex-

To qualify for one of AVRDC's train- and returned directly to AVRDC. ment, the participant agrees to devote penses and may adjust the stipend after

ing programs, an individual must meet The Center pays for the examination; his full time to meeting the objectives the family arrives at AVRDC. Married

the following requirements: - Assurance of Position form to be of his program of study. However, scholars and fellows will be considered

- be a staff member of an educational completed by the head of the insti- AVRDC may withdraw the appointment if on an individual basis. Married couples,

or research organization concerned tution presently employing the candi- the trainee does not meet the standard of without children, may occupy a double

with vegetables; date. This grants him a leave-of- excellence expected by the Center. Under room and take their meals in the cafeteria,

- have a bachelor of science degree or absence and assures him of a posi- such circumstances, AVRDC will make ar- if space permits. Families with children

equivalent experience. (A master of tion upon completion of the training rangements for return travel to the ap- must make their own arrangements to rent

science degree or equivalent experi- program; pointee's home. an apartment in nearby Shanhua or Tai-

ence is required for research fellows); - Record of Language Competency for nan. Bus service to AVRDC is available

- be assured of a leave-of-absence research scholars, if required by the from both cities.

from his employment during the cooperating university. AVRDC or cooperating organizations

period of training, and a position Applications will be considered by A gwill pay the costs of tuition and fees to the

upon his return; the Training Office staff and the scientist Governmental and international a- appropriate university for research schol-

- be in excellent physical and mental who will work with the candidate. Scho- gencies, private organizations, and in- ars who have been accepted for graduate

health; and lastic records, experience and letters of terested individuals are encouraged to ud.

- be able to communicate in English. recommendation will be reviewed during provide funds to cover the costs of train-
the selection process. Research scholar ing vegetable specialists. Funds may be
candidates should submit transcripts of deposited with AVRDC to increase the A distinguished group of scientists

previous academic work along with the limited number of scholarships and fellow- from eight countries serve on the Cen-

Candidates are usually nominated application form. If AVRDC considers the ships already available, or funds may be ter's professional staff. These scientists are

by their employing institution, although candidate suitable for appointment as a furnished to meet all or part of the costs

staff members of other organizations are research scholar, the academic records of training a particular individual or

encouraged to identify promising candi- will be forwarded to an appropriate uni- group.

dates and suggest their nomination to versity. Actual training costs for trainees in
their employers. 1975, which includes stipend, room, meals,

To nominate a candidate, write di- laundry services, partial medical care,
rectly to the Training Officer at the Asian travel within Taiwan and training materi-
Vegetable Research and Development Letters of appointment will be sent al wil t antraining fori-als, will cost about US$4,500 for 12
Center (the complete address is on the to those candidates selected for the train- months. Because research scholars are

back cover). ing program. These will contain instruc-
After receiving the nomination, one tions for travel, procedures for obtaining pursuing an advanced degree requiring

of AVRDC's staff members, or a qualified visas, etc. If a candidate has been select- payment of usuand eeiend sch

person acting on the Center's behalf, will ed to receive a scholarship, the conditions ferage sually eserogramscie

arrange to interview the candidate. of the scholarship will be included in the higher. Travel to and from the trainee's
appointment letter. country is not included in this calculation,

but may be easily determined by the

Por of A~' :sponsor.

If the candidate meets AVRDC's The Center will pay each participant

training qualifications, he will be asked a monthly stipend in local currency, be-

to complete an application form. The The program of study will be plan- ginning on the day of arrival at AVRDC

potential impact the nominee's training ned jointly by the candidate, the employ- as specified in the letter of appointment.
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Together with visiting scientists from space available for staff and trainees.
various regions of the world, AVRDC's These laboratories provide excellent op-
staff offer participants in the training portunities to become familiar with
program an exceptional opportunity to modern research instruments. The library
expand their technical knowledge and is located in the same building, and con-
research skills, and to broaden their ex- tains a comprehensive collection of the
periences and perspectives related to ve- world's recent literature on vegetable
getable research and production in the crops and the related plant sciences.
tropics.

The Center's research and training Greenhouse Facilities. These include
facilities include: six greenhouses, a headhouse and several

Research Laboratories. These fa- rooms which are used for studying plant
cilities are located in a modern air condi- growth under a variety of controlled con-
tioned building where the research de- ditions. A screenhouse for disease and
partments have office and laboratory insect studies will be completed in early

1975.

Experimental Farm. A 102-hectare
experimental farm with sprinkler and fur-

n row irrigation, surface drainage and a

44

competent specialists of diverse training
and backgrounds who are confident that
Asian diets can be enriched by improving
several important vegetable crops. I
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system of roads permits experimentation
throughout the year. The farm depart-
ment maintains a large array of equip-
ment for conducting field research. Upon completion of the training pro-

Housing and Recreation. The cafe- gram and return to their respective institu-

teria and dormitory building can accom- tions, participants can expect frequent
modate approximately 45 trainees, and and continued contact with AVRDC's

contains a lounge and a television room. scientific staff. Senior staff members, in
Located nearby are facilities for tennis, cooperation with the Training Office, are - 1
basketball, volleyball, swimming and responsible for developing and imple-
table tennis. Other recreational facilities menting programs which will involve the

are being planned. participant and encourage utilization of

Service Building. This structure pro- the training experience within the agri-
vides facilities for some research and cultural programs of his country.
training activities including seed handling
and storage, and crop management re-
search. The experimental farm and main-
tenance departments are also located in
the service building.

Administration Building. The admin-
istrative offices and the offices of Training
and Crop Management, Information Ser-
vices, and Agricultural Economics are
located in this building which also contains
a 120-seat auditorium and several class-
rooms.

10,(nda esoc



sj

*IT

4N4

4-

4I



AVRDC SWEET
POTATO
REPORT '76

*

I4.1



/3a"*(,« chi/Awe. A)eaU&y anA d4a it 4ody
and mid . f4," pawzd e a. t 4ich i4
p4aeitasi, aeA minedal ac euiential t
he we/I-4eing of 9poing c/eA dwehe4 they

liae i" 2acca ov Manda. [Jaadaica/, egeta4e
cons~f&e r4 M04d imod e a/Ay nepte4tW
o"4e 4l ee i d ze-d d
counrie 44.te tupics

The Asian Vegetable Research
and Development Center

Sweet Potato Report
for 1976



About this Report

The scientists at the Asian Vegetable Research and Development Center
_C) have been charged with the vital task of developing appropriate

teclorg~cies and improving production of six vegetable crops in the hot,
humii, llanid tropics. Although rice is the principal staple food in
these -ns, AVRDC's vegetable crops are effective nutritional supplements
to a r dieL as they supply plant protein, vitamins, and minerals.
Additionally. these vegetables offer Asian farmers opportunities to in-
crease their incomes and, thereby, enhance the quality and security of
their lives.

The Sweet Potato Report for 1976 summarizes research conducted at the
Asian Vegetable Research and Development Center (AVRDC), and in cooperation
with various national programs. Persons desiring additional details of the
work reported may contact Dr. John N. Hubbell , sweet potato coordinator, or
the research worker directly responsible.

Research reports are published summarizing 1976 activities in white
potato (Solanum tuberosum), Chinese cabbage (Brassica pekinensis), tomato

(Lyeopersicon esculentum), mungbean (Vigna radiata), and soybean (Glycine
max). These reports and other technical papers may be obtained by writing
the Office of Information Services at AVRDC. Please be sure to give your
complete mailing address.

Data are presented in metric units. Monetary values have been con-
verted to equivalent U.S. dollars. Tomato yields are calculated as fresh

weight. See page48 in the Appendix for description of weather and soil
environment at the center during 1976.

"Check" means an untreated experimental plot unless stated otherwise.
A single asterisk (*) means significant at the 5% level; a double asterisk

(**) means significant at the 1% level. Pedigrees in the AVRDC breeding
program are identified by a slant (/), e.g. HDK 6/B 6708. If the progeny
is then crossed with another parent, the pedigree would be designated with
a second slant bar. Beyond three crosses, however, the designations are

/4/, /5/, etc. Commercial chemical names are occasionally used for identi-
fication; such use does not imply an endorsement by AVRDC.

Information and conclusions reported herein are solely the responsi-

bility of AVRDC.

Correct citation: Asian Vegetable Research and Development Center

1977. Sweet Potato Report for 1976, Shanhua, 741, Taiwan, Republic of

China.
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The Asian Vegetable Research
and Development Center

Sweet Potato Report

for 1976

RESEARCH OBJECTIVE
*

Higher productivity of roots
with more available protein
and 3-carotene

Varietal resistance to sweet
potato weevil and the witches'
broom disease

Development of management prac-
tices to optimize farmers'
returns

Better consumer acceptability of
more nutritious roots and tips
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Introduction

Sweet potatoes can produce more food per hectare than rice and they
require fewer inputs and less management. Thus the sweet potato is an
important crop to exploit in a world of rising population and fixed area
for food production.

Sweet potatoes are popular in Papua New Guinea where people eat an
average of 1 kilogram per day. In the U.S. sweet potato served as candied
yams is a popular dish. The plant's tips (leaves) are popular greens in
the Philippines and West Africa. But in Taiwan, demand for the crop is on
the decline. Acreage is dropping rapidly. AVRDC economists conducted a
survey of Taiwan farmers this year to get their point of view and gain
more insight into reasons why they abandon the crop. (See page 8 ).

The drop in hectarage results largely from three causes: (1) People
in Taiwan are showing preference for other foods as their incomes rise;
(2) hog producers, who once utilized 70 percent of the sweet potato pro-
duction, are switching to processed feeds because they are easier to store
and handle; and (3) irrigation water is being made available to more and
more farms, permitting wider choice of crops. The first two causes reduce
the demand and price for sweet potatoes and speed the switch to alternative
crops as the irrigation water is made available.

Sweet potatoes grow with vigor under a wide range of adverse environ-
ments. Their durability may be their greatest agronomic asset but also
results in lowered esteem for the crop. Generations of Chinese have sur-
vived periods of famine by consuming sweet potatoes. Thus they generally
regard the roots as food for the poor. Given a choice, they prefer rice.
In Taiwan, the sweet potato is a victim of a healthy economy.

Taiwanese first planted sweet potato for human food, then for animal
food, and now the trend is toward starch manufacturing as a major use.
This progression might be followed to advantage in other developing coun-
tries.

The sweet potato may need a selling campaign in Taiwan, including
development and promotion of new recipes before demand will influence
farmers to expand production again. Work might also be done on fitting
sweet potato into processed feed formulas for livestock. Researchers at
AVRDC are working on making the sweet potato tastier, more nutritious and
more appealing, as well as more productive. By increasing the vitamin A
content in sweet potatoes, they are also providing a food that can prevent
xeropthalmia, a blindness found in children in many Asian areas, caused by
vitamin A deficiency.



Economic Analysis of Sweet Potato
Production in Taiwan

Over the period 1971-5 the area planted to sweet potatoes in Taiwan
declined dramatically. Yields per hectare have shown a steady increase,
averaging 214 kg gain per year from 1970 to 1975 but the hectarage has
declined so rapidly that the volume of total production also shows a
steep decline (Fig. 1).

A survey was made in 1976 to evaluate changes in yield and planted
area from the farmers' point of view and shed more light on these trends.
Sweet potatoes are grown as first, second, fall, and fall relay (planted
in rice) crops. We chose the six districts listed in Table 1 because
they best represented the island-wide trends in planted area for each of
These seasons or planting method. In each district, a sample of farmers
was interviewed between June and September, 1976. Fig. 2 shows the loca-
tion of the villages where interviews were made.

Three types of questionnaires were used. One type was given to 129
current producers of sweet potatoes. This was a production-cost question-
naire. Another 122 growers were given a production factor questionnaire
designed to determine producer attitudes. The third type, designed to
seek reasons for abandoning sweet potatoes, was answered by 68 former
growers.

Fertilizer

The survey indicated farmers might be putting more fertilizer on the
fall relay crops than is profitable. (Note high fertilizer investment
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Price US$/t A Planted area Volume
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/\...Planted area /\ / \ O~h O~
// \ ly . \

10.50- -240 -3540

9.55- 220 -3220

8.40- Volume - 200 -2900

7.40- t I - 180 -2580
Price II

6.30 - - 150 -2100
1955 1960 1965 1970 1975

Fig. 1. Area planted to sweet potatoes has declined rapidly in Taiwan since
1970. Volume of production hasn't declined quite as much because yield per
hectare has shown a good increase.

Table 1. Crops represented in the sampling by district.

District Crop name a Duration in Average Percent change in
the field yield planted area,1971-5

t/ha

Taitung first Feb-July 14 -11

Pingtung second June-Oct 12 - 1

Miaoli second Aug-Jan 14 - 1

Kaohsiung fall Oct-Apr 22 - 6

Tainan fall Oct-Apr 28 -18

Changhua relay Oct-Feb 13 - 9

aThese terms are the ones in current use in Taiwan.

and low yields in Changhua in Table 2). Their nitrogen applications
averaged 3.6 times more nitrogen and 1.6 times more potassium than the
standard recommended for sweet potato by the Chiayi Agricultural Experi-
ment Branch Station (Table 3). Farmers may intend some of this fertilizer
for subsequent crops.

9
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Fig. 2. Location of sample municipalities for AVRDC sweet potato survey, 1976.

Yield Bank by Season

The fall crop ranked highest with an average yield of 25 t/ha. This
was expected, because climatic conditions are the most favorable in the
fall. The first crop yielded 14 t/ha, the relay crop 13 t/ha, and the
second crop 13 t/ha. The farmers interviewed explained that wind and in-
adequate water reduced second crop yields, shading by the rice reduced

10



Table 2. Production budgets for sweet potato by district.

Item District
Taitung Pingtung Miaoli Kaohsiung Tainan Changhua

No. farmers interviewed 22 17 20 20 30 20

Season 1st crop 2nd crop 2nd crop Fall crop Fall crop Relay
Yield (kg/ha) 14,275 12,662 14,101 21,794 28,163 13,284
Price (US$/100 kg) 4.2 4.7 3.4 4.5 3.7 2.9
Revenue (US$) 601 600 482 975 1,038 385
Expenses (US$)

A. Cash (US$)
Human labor 54 55 33 82 91 54
Animal power 34 18 14 64 28 14
Machine power 15 43 0 67 50 12
Chicken manure 0 0 1 5 0 0
N 32 18 16 42 34 60
P 14 5 6 18 12 22
K 15 8 8 21 21 21
Seedling 32 24 30 83 131 48
Pesticide 3 3 < 1 2 5 8
Fuel 3 42 0 4 16 < 1
Water fee 11 1 16 0 47 29
Land tax 14 8 24 38 42 40

Subtotal 227 226 148 427 480 305

B. Non-cash (US$)
Family labor 157 115 217 172 141 206
Animal power 110 121 128 40 49 70
Machine power 3 3 0 22 17 0
Compost 30 46 24 50 86 166
Interest on land 25 23 71 128 87 139
Interest on capital 6 5 3 13 14 8

Subtotal 331 313 442 424 394 590

Total 558 539 590 852 874 894

-arm Return (US$) 374 374 335 548 558 80
Net Profit (US$) 43 61 -108 123 164 -510



Table 3. Fertilizer use in relay sweet potato, fall crop compared with
Chiayi Agricultural Experiment Station standard and the relay
crop in Changhua.

Item N. K

--------- kg/ha --------

Experiment station standard 66 110

Relay sweet potato (Changhua district) 239 173

Fall crop (Tainan) 122 145

relay crop yields, and unfavorable temperatures reduced first crop yields.
These perceptions are generally supported by environmental data.

Effect of Irrigation Availability

Sixty-seven percent of the farmers surveyed planted sweet potatoes on
irrigated fields. Eighty-four percent of fall crop farmers, 48% of second
crop farmers, 42% of first crop farmers, and 100% of relay crop farmers
used irrigation. Overall, the irrigated crops yielded more than rainfed
crops.

Type of Soil

On the farms included in the survey, best yields came from clay loam
and loam soils, followed by sandy loam, clay, sandy, and gravelly soils
(Table 4).

Table 4. Mean yielda of sweet potato root grown in several soil types
and seasons in Taiwan.

Soil type
Season gravel sandy sandy loam loam & clay loam clay

------------------------- t/ha ---------------------------

First 14.0 14.0 15.5 14.0 10.0

Second 8.4 12.5 10.6 12.5

Relay - 18.5 7.9 13.5 13.8

Fall - 24.3 17.2 28.9 19.5

aAverage based on replies of farmers in the survey.
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Fig. 3. Average yield of sweet potato, inter-
cropping compared with monocropping.

Intercropping

Yields were higher for single cropping the sweet potatoes than for
intercropping them with rice (Fig. 3).

Costs and Returns

Table 2 shows the average costs and returns for a subsample of farmers
in each of the six districts. The fall season samples (in Tainan and
Kaohsiung districts) showed decided yield advantage. Net profit followed
yield trends for the different seasons, with the exception of the second
crop in Pingtung. There the costs of second crop were low enough to
raise the crop from bottom in yield to third rank in net profit.

Labor

Labor costs are depicted in Table 2 and hours of labor, in Tables 5 and
6. Planting, seeding, and harvesting were the most labor consuming prac-
tices. Forty-one percent of the labor cost is for harvesting.

Influence of Inputs

Influence of various input mixes for the farms was explored by com-
puter, using the mathematical technique, mutivariate regression analysis.
Assuming no interdependencies, we concluded that:

1. Season and district differences (rainfall, elevation, latitude) influ-
ence yield more than soil type.

13



Table 5. Labor hours per hectare for sweet potato production, 1975-76.

District (No. of farmers interviewed)
Taitung Pingtung Miaoli Kaohsiung Tainan Changhua

(22) (17) (20) (20) (30) (20)

1st crop 2nd crop 2nd crop fall crop fall crop relay
hrs % hrs % hrs % hrs % hrs % hrs %

Land preparation 0 0 8 2 0 0 0 0 0 0 3 0

Bed formation 0 0 0 0 25 5 3 1 5 1 14 2

Basal fertilizer 12 2 20 5 20 4 34 6 42 7 126 19

Planting 81 17 82 20 50 9 128 23 112 20 152 23

Intertillage & weeding 84 17 42 10 128 24 89 16 135 29 95 15

Top dressing 21 4 25 6 7 1 5 1 0 0 29 4

Vine turning 56 12 17 4 42 8 31 6 41 7 38 6

Irrigation 19 4 17 4 3 1 19 3 17 3 2 0

Pest control 4 1 7 2 1 0 3 1 8 1 7 1

Harvest 208 43 189 46 267 49 240 43 204 36 181 28

Total 485 100 407 100 543 100 552 100 564 100 647 100



Table 6. Measures of sweet potato production efficiency and income in six districts of Taiwan.

District
Measure Taitung Pingtung Miaoli Kaohsiung Tainan Changhua

Season 1st crop 2nd crop 2nd crop fall crop fall crop relay

Number farmers reporting 22 17 20 20 30 10

Average field size (ha) 0.46 0.53 0.44 0.44 0.48 0.43

Value of output/ha (US$) 601 600 482 975 1,038 384

Human labor/ha (hrs) 485 407 543 552 564 647

Animal power/ha (hrs) 136 146 94 81 58 72

Machine power/ha (hrs) 6 14 0 28 16 4

Compost/ha (kgs) 5,797 5,818 1,577 5,045 8,546 12,774

N/ha (kgs) 74 39 36 87 84 132

P/ha (kgs) 41 13 15 46 38 57

K/ha (kgs) 75 40 41 105 106 93

AVP*/human labor (hrs) 1 1 1 2 2 1

AVP/animal power (hrs) 4 4 5 12 18 5

AVP/machine power (hrs) 100 43 35 65 96

AVP/kg of compost 1 1 1 1 1 1

AVP/kg of N 8 15 13 11 12 3

AVP/kg of P 15 46 32 21 27 7

AVP/kg of K 8 15 12 9 10 4

AVP = Average value product.



2. The contribution that inorganic fertilizers made to increase in yield
did not differ significantly according to soil type. However, anal-
ysis on a seasonal basis showed significant influence of fertilizer on
yield in two districts. In the second season crop in Miaoli, potas-
sium fertilizer increased yields an average of 411 kg per $1 invested.
In the Kaohsiung district fall season crop, the addition of $1 worth
of phosphorus increased yield by 1042 kg.

3. Compost was found to have little influence on sweet potato yields in
any of the regions.

4. Other investments such as those in insecticides and seedlings had a
significant influence on sweet potato yield only on sandy soil and
loam soil.

Attitudes of Producers and Former-Producers

Based on the interviews with 122 producers of sweet potato and 68
former producers who have now abandoned the crop we came to the following
conclusions:

1. The farm size of current sweet potato producers is 1½ times that
of former-producers, but the cropping intensity index per unit area
on the land of current producers is higher than that of former-pro-
ducers. This suggests a very high use of labor in producing house-
holds.

2. The family size of producers is 1.2 members larger, and their
families have almost 1/3 more members in the agricultural work
force. They work 33 percent more hours per week ir-the summer and
34 percent more hours per week in the winter, which suggests that
the entire farm operation of sweet potato producing households is
more labor intensive than that of former producers.

3. Sweet potato producers tend to grow less rice and more field crops
than those who quit, suggesting that the availability of irrigation
water is a key factor in decisions to switch from sweet potato and
dry land crops.

4. Low yields of sweet potato are not a significant determinant of
abandonment, as shown by the fact that producers are getting only
17 tons per hectare while former-producers got 20 tons per hectare.
Only 29 percent of former-producers said they stopped planting sweet
potato because of low yield.

5. Current sweet potato producers raise 72% more hogs than former-pro-
ducers and use a much higher percentage of sweet potato chips in
their feed mixture. Thus, hog-raising is directly related to the
cultivation of sweet potato.

6. The management background of producers is not significantly dif-
ferent from that of former-producers. Producers have about one
year less of education, are one year older, and have only slightly
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lower general levels of education in the family than former-pro-
ducers.

7. The main crops which have replaced sweet potato are sugarcane,
rice, corn, tomato, and peanut, in that order. The main competing
crops cited by current producers are corn, sugarcane, peanut, to-
mato, and soybean.

8. Sweet potato is intercropped by about 37% of current producers as
compared to a similar percentage for former-producers. More of
the former-producers, however, said their purpose in intercropping
was to increase income.

9. Fifty-four percent of the producers rotate their sweet potato pro-
duction plots. The main reasons they give for rotating are to
improve soil conditions and because there is a larger system of
rotation on the farm. The main reasons given for planting in the
same plot were: (a) limited number of parcels,and (b) wanted to
plant sweet potato only on rainfed land.

10. Thirty-eight percent of the farmers are willing to add more ferti-
litizer (although we have seen that this may not necessarily con-
tribute to higher income), while 20 and 32 percent, respectively,
are willing to increase their use of insecticides and irrigation.

11. The major problems of growers in 1976 were natural constraints,
insects, low yield, and low price, in that order.

12. Only 48% of all the farmers interviewed listed insect problems in
the 1975-76 growing season. The main pests they cited were weevil,
sweet potato leaf folder, and aphid.

13. The conditions under which current producers would plant more
sweet potato are (a) an increase in sweet potato price (which is
unlikely in view of the downward shift in demand over time), (b)
an increase in farm land area, (c) an increase in hog price, and
(d) an increase in sweet potato yield.

14. Farmers seem unaware of the possibilities of reducing production
costs as an alternative to increasing yields in making sweet
potato production more profitable.

The cost and return pattern revealed in the survey poses a dilemma
for researchers. Should they try to elevate yields under optimum condi-
tions (fall) still further? This would tend to increase the peak season
production and lower prices to farmers. This might or might not benefit
consumers and starch manufacturers because low prices eventually cause
farmers to switch to other crops.

An alternative is to concentrate on developing low cost input
technology for the first and second season crops. The country's increase
in production might be negligible but the farmers who lacked alternatives
to growing sweet potatoes would be more likely to benefit.
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The new AVRDC variety 35-2 is giving excellent yields and has a high beta carotene content.

Breeding Tastier, More Nutritious
Sweet Potato Varieties

EXPANDING THE WORLD GERMPLASM COLLECTION

We received additional cultivars in 1976 from the Philippines, Singa-

pore, and Indonesia, giving us a total of 374 cultivars. A large seed

collection of improved populations was also received from the USDA Vege-

table Breeding Laboratory, Charleston, South Carolina.

Fifty-nine crosses were made in early 1976, most of them single

crosses involving cultivars with one or more desirable traits (Table 7).

This was fewer than usual because some parental lines did not flower at all

and other lines didn't flower simultaneously.

Our entomologist identified six cultivars which showed low preference

by weevil and fair yield. We are now using these cultivars in our cross-

ing program, along with six lines which flower more readily to 
allow inter-

pollenation among them.

SEGREGATING POPULATIONS

The seeds we produced and received gave us 3,269 genotypes (Table 8).

All genotypes were increased and planted in replicated trials for pre-

liminary observation.
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Table 7. Sweet potato crosses made in 1976.

Kind of crosses No. of crosses

Resistance to witches' broom 14

High a-carotene 10

Good eating quality 17

High yield and protein content 18

Total 59

Table 8. Summary of information on segregating populations, 1976.

Populations No. of genotypes

Cross-combinations 259

Open-pollinated seeds: IITA 1,828

USDA 1,182

Total 3,269

Screening for Minimum-input Cultivation

The cropping intensity in Asia and the Far East is low because about
80% of the arable land is dependent upon seasonal rains, lasting about 5
months. Rice is the dominant crop during the monsoon season. After the
rainy season the residual moisture may be just enough for a month's growth
of another crop but not sufficient to bring a crop to maturity. Also, many
of the farmers cannot afford the high cost of inputs for crops other than
rice. Therefore, a drought-tolerant, minimum input sweet potato could pro-
bably increase the present low cropping intensity in these areas.

We examined field performances of our sweet potato materials to
determine if minimum input varieties can be developed for planting
immediately after a rice harvest. We grew 194 cultivars and 495 breeding
lines in a field previously planted to rice to select for genotypes that
would give good yield under low level fertility, low management, and
water stress (Trial I in Table 9). After the rice harvest the field was
rotovated, bedded, and planted. No irrigation, pesticide, or fertilizer
was applied. The materials with the best yields in this screening were
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In trials to screen accessions for performance under minimum input, a number of lines
were found that produced well in spite of little weeding and no irrigation, pesticides,
or fertilizer investment.

evaluated further (Trial II) following the same procedure. In our first

screening yields ranged from 0 to 17.8 t/ha for the cultivars and 0 to
19.5 t/ha for selections. In Trial II, the yields ranged from 0 to 12.9

t/ha for the cultivars and 0 to 8.4 t/ha for selections. The yield dif-
ference between Trial I and Trial II could be attributed to the colder

weather and excessive weed competition for food, water, and light from

Chenopodium sp. which characterized the growing conditions in Trial II.

The weeds grew to a height of about 1.5 m and probably reduced drastically
the solar radiation that the sweet potato received. The experimental

plots, however, were weeded three weeks before harvesting for ease of ga-
thering yield data.

The yields were impressive considering that the only inputs involved
were minimal land preparation and planting of sweet potato cuttings.
Average sweet potato yield in most tropical Asian countries is about 8

t/ha.

In both trials, the crops depended on residual moisture and natural

precipitation to meet their water requirements. In Trial I, natural pre-

cipitation was 97 mm during the entire cropping season with 604 mm of

evaporation. In Trial II it was 128 mm with 646 mm of evaporation.
Optimum yield is generally obtained with 530-660 mm of precipitation dur-

ing the growing seasons.

Most of the minimum input selections were either yellow- or white-

fleshed. We are looking for orange-fleshed lines, which are rich in 6-

carotene. The flowering selections can facilitate our breeding program
since non-flowering types may not flower even with appropriate treatments.

Selection 0122-2 has both these characters.

During the wet season of 1976, the good yielding accessions and

selections from Trial II were classified into table and industrial
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Table 9. Highest yielding sweet potatoes under minimum input conditions.

Varietal Marketable yield Root Floweringaea Triala Trialb flesh Foeing
name I mean color habito

-------------- t/ha ---------

Cultivars:

Tainung 31 18 7 12 White F

Taiwan 2 17 9 13 " NF

PI 315342 14 5 10 " F

PI 344129 14 14 14 " NF

PI 318548 14 4 9 Yellow F

Tainung 10 14 9 11 Yellow NF

Tainan 14 13 5 9 White NF

PI 344123 13 13 13 Yellow NF

PI 318849 12 - 12 Yellow F

Tainung New 10 12 9 10 White NF

Tainung 57 (check) 11 4 8 White F

Selections:

278-1 20 8 14 Yellow NF

277-1 18 5 12 Yellow F

0122-2 16 8 12 Orange F

272-8 15 2 8 Yellow NF

015-10 15 2 8 Orange NF

010-2 14 4 9 Yellow NF

272-2 13 8 11 Yellow F

171 (check) 4 2 3 Orange NF

aPlanted November 15, 1974 and h rvested April 19, 1975 (155 days);
based on yields from 10 hills. Planted Nov. 19, 1975 and harvested
April 21, 1976 (153 days); based on yields from 20 hills. cNF=non-flower-
ing; F=flowering.

varieties on the basis of flesh color and entered into preliminary yield
trials in a field previously planted to rice. After the rice harvest,
the field was rotovated, bedded, and planted. Again, no pesticide or
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supplemental irrigation was applied. A total of 30 kg N/ha, 60 kg P/ha,
and 90 kg K/ha, however, was supplied in one basal application and one

side dressing. The results are in Table 10.

In both groups, some breeding lines outyielded the local checks.

These yields too, were impressive considering the amount of inputs in-

vested.

Table 10. Performance of minimum input selections (table cultivars i.e.
orange root flesh) compared to local cultivar; 1976, AVRDC.a

AVRDC selection Pedigree Marketable yield Pest rating Rat damage
(or acc.) no. (or varietal name) Ct/ha) score (T)D counts (T)b

Table cultivars (orange root flesh)

0122-2 B 6708 (OP) 26 1.8 4.6
209-2 B 6708/OK-9-3 24 2.0 2.4

272-9 Red Tuber Tail/Allgood 21 1.5 1.5

016-2 HDK 12 (OP) 20 1.7 3.8

171 (check) Tainung 63 14 1.8 3.2

L.S.D. 0.05 5 0.3 1.5

Industrial cultivars (white of yellow root flesh)

(154) Tainung 10 27 1.9 1.6
C 5) Tainung New 10 25 2.0 2.3

C 57) (check) Tainung 57 19 1.7 2.2

(115) PI 344123 18 1.5 1.1

276-2 Red Tuber Tail/OK 6-3-1-6 17 1.8 1.7

L.S.D. .05 6 0.3 1.4

a Planted July 28 and harvested Dec. 6 (130 days). bData were transformed using
-rX+ 0.5 before analysis.

Screening for Moisture Tolerance

In 1975, we were not able to obtain reliable marketable yield data
because our experimental plots were under water many times. We observed
that while the tops showed luxuriant growth, numerous small roots were
produced which failed to enlarge. We had also observed that our yields
were better when we planted during the wet period and harvested during
the dry period. In 1976 our screening trials for marketable yield were
planted in the latter part of the wet season.

In the moisture tolerance screening, we included 124 and 203 cultivars
for table and industrial use, respectively. The table varieties were
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Typhoons and heavy rainfall are an annual sumer threat to vegetables in much of the tropics.
Sweet potatoes are the least damaged and go ahead and produce suitable yields after waterlog-
ging at AVRDC.

divided into 2 sets, the industrial varieties, into 4. All entries were
planted in a 5-meter, single-row plot spaced at 0.30 meter between hills
and one meter between rows. The randomized complete block design with two
replications was used. The experimental plots were irrigated prior to
bedding. After that, no additional irrigation was applied. No pesticide
application was made. A total of 30 kg/ha, 60 kg P/ha, and 90 kg K/ha was
supplied in one basal application and one side dressing. Marketable
yields varied from 0 to 9 t/ha for the table and 0 to 4 t/ha for the
industrial cultivars.

Yield Trials

Our yield trial entries were divided into two groups: table and
industrial varieties. Within each group two sets of trials based on matu-
rity (early and late) were conducted. Trials were conducted in spring and
summer of 1976. Each entry in all the trials occupied a 6-meter, 4-row
plot, spaced at one meter between rows and 0.3 meter between plants. The
randomized complete block design with 3 replications was used. The ferti-
lizer rates were 30 kg N/ha, 60 kg P/ha, and 90 kg K/ha. Split application
of fertilizer was followed. Just before making the beds, fertilizers at
the rate of 60 kg P/ha and 45 kg K/ha were incorporated in the soil and then
at about 1½ months after planting 30 kg N/ha and 45 kg K/ha were side dress-
ed. No pesticide was applied in any of the trials. In the winter trials,
two supplemental irrigations were given; the summer trial did not receive
any supplemental irrigation.

Significant differences in marketable yields were observed, except
for the early maturing industrial selections. Combined analysis of variance
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Table 11. Best performing sweet potato selections compared to local cultivars; 1975-76, AVRDC.a

AVRDC Pedigree or Marketable yieldb Pest- Rat
selection cultivar winter summer average rating damage
(or acc. no.) name score counts

---------- t/ha ----------
Early maturing

Table selections:

35-2 HDK 6/B 6708 15 19 17 1.6 4.0
35-1 HDK 6/B 6708 6 24 15 1.3 4.8
171 (check) Tainung 63 2 14 8 1.7 2.8

LSD (.05) 3 5 4 0.5 2.4

Industrial selections:

010-2 HDK 8 (OP) 14 20 17 1.6 3.1
57 (check) Tainung 57 10 16 13 1.8 3.2

LSD (.05) 4 8 4 n.s. n.s.

Late maturing

Table selections:

209-3 B 6708/OK 9-3 5 33 19 1.9 3.2

171 (check) Tainung 63 3 19 11 1.1 2.2

LSD (.05) n.s. 4 2 2.7 1.6

Industrial selections:

243-2 B 6708/Tainung 56 21 19 20 1.8 2.6
272-9 Red Tuber Tail/allgood 19 21 20 1.9 0.7
152 (check) Red Tuber Tail 17 16 17 1.5 0.7

LSD (.05) 6 5 4 0.4 0.9

aData are means of 3 replications; combined analyses of variance were conducted for yield
after variances were found homogeneous using Bartlett's test for homogeneity of variance.
bWinter trial planted Oct. 28 (1975) and harvested April 6 (160 days); summer trial planted
July 28 and harvested Nov. 15 (119 days). OData are based from summer trial only; data
were transformed to x + 0.5 before analysis of variance.



Some sweet potato varieties do not
flower naturally in Taiwan. To
encourage flowering for breeding
purpose, workers graft nonflowering
varieties to root stock of varieties
that flower. Clockwise: making the
cut in root stock stem, inserting
stem of nonflowering variety, clamped
graft, and the workers.

showed significant interaction between season and cultivars which indicates
that some cultivars yield better in summer and some yield better in winter.
In general, however, the yields were higher during the summer trial than
during the winter trial (Table 11). This may be accounted for since selec-
tions were made for warm weather production. There were, however, a few
selections which yielded equally well regardless of season.

Tip Yield Trials

Sweet potato leaf tips serve as additional green leafy vegetables
during the wet season when it is difficult to grow other leafy vegetables
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AVRDC accession 117 continued to show resistance to witches broom in heavily infected
fields at Penghu Island (the Pescadores).

efficiently. Tips are commonly eaten in the Philippines, Indonesia, and
other parts of Southeast Asia. We conducted a second productivity evalua-
tion (the first was conducted in 1975) of cultivars which we found to
posses tips having acceptable attributes for human consumption.
Ten cultivars were included in this trial. We used a randomized complete
block design with three replications. All 15-cm long tips were harvested
six consecutive times at 14-day intervals, except the last harvest which
was carried out after 25 days.

The yield and other horticultural traits of the promising entries are
given in Table 12. Tip weight yields varied from 10 to 16 t/ha, and num-
ber of tips varied from 613,000 to 1,176,000 per hectare. (The eating
quality evaluation will be discussed under a separate heading below.)
When the roots were dug 130 days after planting, we found that some entries
could yield as high as 15 t/ha in spite of the high tip harvesting fre-
quency. The effect of the high harvesting frequency was quite noticeable
in the case of Dilaw, Kinangkong, and HM 16 which gave little root yield.

Resistance to Witches' Broom

Cuttings of five sweet potato accessions that were selected for re-
sistance to witches broom in 1975 screening trials at Chi Din were planted
at a heavily infested area in 1976 at Penghu Island to confirm their
resistance.

Alternate spreader rows of mycoplasma-infected susceptible sweet
potatoes were used to amplify the spread of the causal organism. Only
one of the 5 accessions (acc. no. 117) was confirmed as resistant to sweet
potato witches' broom under the epiphytotic conditions of Penghu (Table 13).
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Table 12. Tip yield, tip acceptability scores, and root yield of 10 sweet potato cultivars; 1976, AVRDC.Y

AVRDC Cultivar Tip yieldb Acceptability Marketable Flesh color
acc. no. name wt no. To of tipsd root yielde of root

(t/ha) (1000/ha) (7 to 1) (t/ha)

212 Dilaw 16 1415 38 4.3 2 Yellow

229 Kinangkong 14 3525 59 4.7 1 White

119 PI 344138 14 1863 43 5.2 15 Yellow

112 PI 344120 14 2082 46 5.5 15 Yellow

8 Daja 380 13 744 27 4.6 10 Yellow

104 PI 318856 12 1250 35 5.0 16 Orange

33 Earlyport 11 968 31 4.7 9 Orange

127 HM 16 11 1307 37 4.9 3 Orange

31 Rose 10 613 25 5.0 6 Orange
Centennial

1 BNAS-White 11 1233 36 4.9 12 Yellow
(check)

LSD 5% 3 5 ns 3

aPlanted Jul 28; data are means of 3 replications. bHarvest 6 times at 14-day intervals from Sep 6 to
Nov 23. OTransformation using square roots of the no. of tips/ha. dMeans of scores of 21 taste panel
members with 2 replications; 7 (highly acceptable) to 1 (highly unacceptable). eHarvested Dec 6 (130
days).



Table 13. Disease rating of 5 cultivars of sweet potato to the witches'
broom infection planted at Penghu, 1976.

Accession no. Varietal name % infectiona

117 PI 344129 0

8 Daja 380 14

172 American Yellow Skin 28

115 PI 344123 33

12 HDK 3 100

Planted: April 15, 1976. Inoculation: Natural epiphytotic conditions.
Reading taken: July 16, Aug 10, Aug 20 and Sept 10, 1976. aCultivars

exhibiting less than 8% infection are considered resistant; 8 to 20%,

intermediate; and 21 to 100%, susceptible.

Sensory Evaluation of Leaf Tips and Roots

Three organoleptic evaluations were conducted to assess the eating

quality of leaf tips and roots of promising cultivars. Twenty-one panel

tasters were involved in the leaf tip evaluation; 51 and 30 tasters par-

ticipated in the two root tasting panels.

Samples for leaf tip evaluation were prepared by blanching about thir-

ty 10 cm tips for eac'h entry for^3 Minutes in boiling water. Then they

were placed on white plates and served to the taste panel for evaluation.

The eating quality characteristics assessed by the panels were tenderness,

flavor, stem color, leaf color, hairiness, and general acceptability.

The root samples were prepared by slicing the roots into pieces about

5 mm in thickness and steaming them in a pressure cooker for 15 minutes. The

steamed samples were placed on white plates and served to the 
taste panels

for evaluation of their flavor, dryness, stickiness, color, and general

acceptability. Analysis of data suggests that for subsequent tasting it

would be appropriate to separate the panel by nationality.

In the root evaluation, two check cultivars were used, one from 
the

Philippines and the other from Taiwan (Table 14). Taste panels compared

selections 031-3 and 35-2 favorably with Tainung 63 and rated them better

than BNAS-white as far as flavor was concerned. Except for selection 128,

all other entries had better flavor than BNAS-white, the Philippine check.

Selections 031-3, 272-6, and 35-2 were scored as dry as BNAS-white.

All entries were comparable in stickenss with the checks except

selection 35-1. The panels scored selections 031-3 and 35-2 as more

acceptable in color than BNAS-white but comparable with Tainung 63. They

scored selection 128, which was purple, the lowest under this category.

Other entries were rated slightly acceptable, except for selection 031-3

and Tainung 63, which were generally rated acceptable.
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Table 14. Average eating quality scores of seven sweet potato cultivars.a

AVRDC
selection Eating quality characteristics

or acc. no. flavor dryness stickiness color acceptability

-- scores:1 unacceptable to 7 highly acceptable ---

031-3 Rose Centennial (OP) 5.61 5.21 5.26 5.71 5.73

35-2 HDK 6/B 6708 5.32 5.09 5.16 5.24 5.19

35-1 HDK 6/B 6708 4.78 4.58 4.61 5.09 4.82

272-6 Red Tuber Tail/aligood 4.84 5.05 5.03 4.08 4.69

128 PI 315345/Acadian 4.03 4.78 4.86 3.58 4.10

171 (check) Tainung 63 5.35 4.98 5.06 5.48 5.61

1 (check) BNAS-white 4 39 5.12 5.06 4.73 4.60

LSD (.05) 0.26 0.19 0.20 0.38 0.23

a All values are means of scores of 51 taste panel members over 3 replications.

As in the leaf tip evaluation, nationality exhibited the greatest
difference in mean squares for eating quality characteristics. The Chinese
registered considerably higher mean squares for flavor and color, indicat-
ing their difficulty in assessing these characteristics.

In our taste evaluation, we used mostly the research staff of AVRDC.
It would be desirable to use some large consumer panels in the future.
However, we also hope to select a small group of 5 to 10 panel tasters for
their acuity and consistency in recognizing differences among samples.
We also plan to use other methods of preparation such as baking of the
roots and use of sauce in evaluating leaf tips.
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Weevils, the chief sweet potato insect pests, attack both roots and stems.

Select Cultivars with Resistance
Sweet Potato Weevils

During 1976 we screened 65 cultivars at two locations for resistance

to the sweet potato weevil (Cylas Formicarius elegantulus). Thirty-three

cultivars, selected for resistance in earlier field screening at AVRDC were

planted at Penghu Island, a substation of Kaohsiung District Agricultural

Improvement Station. The selections were planted in a randomized com-

plete block design with 3 replicates and a plot size of 
1 x 6 m. Sweet

potato weevils were released into the field one month after planting and

marketable size roots of each cultivar were evaluated at harvest. Accord-

ing to our evaluation criteria, i.e., number of weevil larvae, pupae,

adults, and percent damaged root, 3 cultivars were ranked as resistant,

17 moderately resistant, and 11 susceptible.

Another field screening was conducted at AVRDC in the spring of 1976

in which 32 cultivars were evaluated for weevil resistance using the same

procedures as in the previous experiment. Four cultivars were ranked as

resistant, 12 as moderately resistant, and 15 as susceptible. Table 15

lists the infestation levels of resistant and susceptible check 
entries

screened at both locations.

Thirteen cultivars from Penghu screening and seven from AVRDC 
screen-

ing were sent to our cooperators in the Philippines and Thailand for test-

ing.

During the summer of 1976 we studied the biology of sweet potato

weevils in storage to find out whether their life cycle under our storage
conditions differed from what has been observed in other places. We found

that the female weevil excavates a cavity just beneath the surface of the

roots and deposits eggs singly or in groups of up to 26 eggs in the cavity.

The egg is oval in shape with creamy-white color and grainy surface and

measures about 0.50 x 0.80 mm. The incubation period lasts from 4 to 13

days. The larva is a legless grub with a light-brown head and is
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Table 15. Infestation levels of resistant cultivars along with susceptible
checks in two field screenings during 1976.

AVRDC Varietal name Mean number of Weevil damage
acc. no. weevils/kg sample rating(%)

Penghu screening

143 OK-8-72 0 0
108 PI 320453 0 0

134 HM-606 2.2 3.0

5 Tainung New No. 10 55.2 32.0
(check)

AVRDC screening

15 H-D-K-6 0 0
110 PI 324886 0 6.1

155 Tainung No. 17 1.4 0

53 PI 315345 2.6 2.6

16 H-D-K-12(check) 44.3 67.4

nearly pure white in color when hatched but changes to ivory white when
it becomes mature. We observed three instars during the larval period
of 18-20 days before the grub becomes a pupa. The pupa is about 5 mm
long, initially pure white in color but later the eyes, wing pads, and
legs turn brown to near black and the remainder of the body becomes
yellowish. During the entire larval and pupal period the insect remains
within the sweet potato root. The adults emerge after a pupal period of
2 to 9 days.

Chemical Control of Sweet Potato Weevil

Although five tests of insecticides for the control of sweet potato
weevil were conducted in the field during 1976, none provided control
that was statistically significant at the 5% level. However, from sub-
jective comparison of the data, it was apparent the Primicid 5 G and
Dyfonate 5 G banded at 3 kg and 2 kg a.i./ha, respectively, and Thiodan
and Surecide sprayed monthly at 2 kg and 0.5 kg a.i./ha, respectively
provided some population suppression.

We also evaluated the use of phostoxin fumigant for the control of
weevil in storage. Various sizes of weevil infested roots with a total
weight of approximately 0.5 kg were placed in 12-liter containers. Phos-
toxin tablets were added at the rate of 1.6 and 3.2 g/liter volume. The
roots were dissected and weevil counts were made after a treatment hold-
ing period of 72 hours. Table 16 summarizes the results.
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Table 16. Mortality of different stages of the sweet potato weevil fol-

lowing treatment with phostoxin.

Phostoxin dose Mortality (%)
mg/liter larvae pupae adults

3.2 100 100 100

1.6 98 96.3 100

1.3 0.7 4.7

It was found that both levels of phostoxin were effective in killing

this insect. Phostoxin fumigation thus appears to be an effective way

of eradicating the weevil in storage. Caution must be observed -n its

use, however, because the phosphene gas is very toxic to mammals. A pro-

longed fumigation period at high humidity also tends to encouraf the

decomposition of the roots.

Testing Molluscicides

Giant African snail (Achatina j'uZica) is a polyphagous mollusc that

attacks sweet potato in the field, especially during summer. It feeds

mainly on leaves and tender stems. Among the 4 molluscicides (Mesural,

Metaldehyde, Luxan Slakken, and Temik) utilized in one experiment during

1976, we found application of Luxan Slakken around sweet potato 
vines at

a rate of 1 kg a.i./ha gave the best control.
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Obtain Response from Nitrogen;
None from Potassium

The first of a series of crop management experiments to determine the
response of sweet potato root yield to nitrogen and potassium was conducted
at the Center from November, 1975 to May, 1976. Nitrogen levels ranged
from o to 60 kg/ha with 30 kg/ha increments, and potassium levels from 0 to
180 kg K20/ha with 45 kg K20/ha increments. A highly significant linear
response to nitrogen was observed (Fig. 4),given by the following equation:

Y = 21.4 + 0.1 N

where Y denotes root yield in tons/ha and N is amount of nitrogen applied
expressed in kg/ha. No response to potassium was observed in this first
trial.

Tests with Wider Range of K

Next a soil science experiment was initiated with three nitrogen
levels -- 0, 30, 60, kg/ha -- the same as in the previous trial but four
potassium levels -- 0, 100, 200, and 300 kg P205/ha -- which gave an in-
crease in range from 180 to 300 kg/ha. Another trial was conducted with
200 kg K20s/ha,distributed in four separate combinations of basal and
top dressing at 30 or 50 days after planting. There was no response of
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Fig. 4. Sweet potato yield response to

applied nitrogen, yi, Nov. 26, 1975 to May
26, 1976 and y2, Sept. 6 to Dec. 12, 1976,
AVRDC.

root yield to the potassium applications. There was a significant linear

response of root yield to the nitrogen applications (Fig. 4 ) given by

Y = 14.8 + 0.1 N

Where Y denotes root yield in tons/ha and N is amount of applied nitrogen

in tons/ha. Both trials indicate that within the range of applied nitrogen

studied, an addition of 10 kg N/ha increased root yield by 1 ton; or $1

invested in nitrogen produced an increase in yield of 287 kg worth about

$13.50.

Sweet Potato Management Levels after Rice

To determine the most important input requirements for sweet potato

production under low levels of management after the second rice crop, a

series of experiments was initiated in 1975. The first experiment was

designed as a randomized complete block with 3 replications and a split

plot arrangement of treatments. Main plot treatments included planting

methods and supplemental irrigation, and the subplots included weed con-

trol, supplemental fertilizer, and vine turning. The first experiment was

harvested in 1976.

Lowest yields occurred in plots with no weed control (Table 17).

Chenopodiwn album and a few other weeds predominated in the weedy plots.

Where weed control was practiced, there was a significant difference in

root yields between the management treatment with no fertilizer plus vine

turning and the treatment with fertilizer and no vine turning. 
Vine turn-

ing may not be necessary during the cool-dry season. This experiment fail-

ed to indicate differences in yield between rice-stubble culture and bed

culture. Supplemental irrigation and fertilizer applied at banking time

both failed to increase yield.
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Table 17. Yields of sweet potato roots, vine, and weed fresh weight on
plots, given various management, AVRDC Dec 1975-May 1976.

Management treatmentsa Yields Weed
weed control fertilizerb vine turning root vine fresh weight

------------- t/ha ----------

- + 3.2 4.2 7.3

+ + 3.4 7.8 9.6

+ - 4.0 7.0 8.6

+ - + 17.7 22.3 1.8

+ + + 19.8 26.9 0.4

+ + - 21.3 31.6 1.5

LSD 5% 3.2 7.0 3.2

a + = Yes - = No bFertilizer was 20 kg/ha N, 100 kg P205 , and60 kg/ha K205 basal; and 30 kg/ha N and 90 kg/ha K20 side dressing atbanking.
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Nutritional Progress and Potential
for Sweet Potatoes

Sweet potato tips were evaluated as a leafy vegetable. The terminal

portionsof the vines with the tender leaves are popular greens in some

countries. Materials (ten cultivars) were obtained from a sweet potato

tip yield trial to evaluate the nutritional constituents of selected leafy

vegetable type sweet potato lines.

Analysis for Nutritional Constituents

Sweet potato tips (15 cm) were harvested at 40 days after planting.

Various nutritional constituents were analyzed and compared with

(Table 18) the nutritional constituents of five common leafy vegetables.

The experiments led to the following conclusions:

1. There are significant varietal variations of dry matter content,

vitamin B2, vitamin C, ash content, fiber content, and oxalate
content among the varieties tested.

2. Compared with other leafy vegetables, sweet potato tips provide

good vitamin A, B2, iron, and protein sources. The vitamin B2
content of sweet potato tips probably is one of the richest vita-

min B2 sources among vegetables (including fruits and root vege-
tables) and this vitaminis deficient in most Asian countries
including Taiwan, Korea, and possibly Japan.
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Table 18. Nutritional constituents of leaf tips of 10 sweet potato cultivarsa and of five common leafy
vegetables.b

AVRDC Entry Water Protein Fiber Ash Ca Fe Vit A Vit B2  Vit C Oxalateacc. no.Oxlt

-------- g---- % ----------- -mg/100g- -IU/100g- -- mg/kg-- ------- mg/1g-----

112 PI 344120 87.1 2.8 1.8 1.41 67 3,4 5390 3.7 43 3.6
33 Earlyport 87.7 2.4 1.9 1.51 72 3.6 4870 3.6 41 2.8

119 PI 344138 86.8 2.7 1.8 1.51 72 3.9 5740 3.1 35 3.4
229 Kinangkong 87.1 2.9 1.9 1.63 71 3.4 5390 3.6 37 3.9
212 Dilaw 87.8 2.7 1.9 1.65 84 3.6 3520 3.1 33 3.9

(check)1 BNAS-White 83.6 3.0 2.3 2.14 58 4.8 5290 2.9 39 3.3
8 Daja 380 86.3 2.4 2.0 1.63 72 3.6 4850 4.1 36 4.4

31 Rose 85.5 2.8 2.0 1.82 90 3.7 8320 3.6 73 4.5
Centennial

127 HM 16 85.4 2.8 1.9 1.69 73 5.0 5780 3.4 32 3.0
104 PI 318856 83.9 2.8 2.2 1.79 87 4.4 6650 3.5 44 4.2

Mean 86.1 2.74 1.96 1.68 74.4 3.94 5580 3.5 41.07 3.7
LSD 5% 1.23 ns 0.28 0.26 ns ns ns 0.5 10.68 0.9

Nutritional constituents of five common leafy vegetables
Water convolvulus (EP) 91.8 2.3 0.9 1.0 94 1.4 4200 2.0 43 -10.0
Spinach 92.3 2.3 0.8 1.7 70 2.5 10500 1.8 60
Amaranth, green (EP) 87.8 1.8 1.3 2.1 300 6.3 1800 2.3 17 17.5

Amaranthus hybridusHead lettuce 96.3 0.9 0.3 0.2 14 0.2 4300 0.3 6 -
Leaf mustard 91.7 1.6 0.6 0.8 138 0.7 2700 1.9 94 -

a10 cultivars were planted July 28, 1976 and 15 cm tips were harvested Sept 6, 1976. All values are
means of 3 replications. bAdapted from T.C. Tung, P.C. Huang, H.C. Li, and H.L. Chen, "Composition
of foods used in Taiwan"; from Sidki Sadik, "Oxalates contents of some leafy vegetables." Proceedings
of International Institute of Tropical Agriculture Seminar 1971.



3. Oxalate is present in sweet potato tips, although the content is

not so high as in amaranth and spinach.

4. The fiber content is relatively higher than in other leafy vege-

tables, especially when the plant is getting older (Table 19).

This may reduce its acceptability.

Table 19. Fiber content of sweet potato tips at various harvest times*.

Days after plantingAcc. # Entry 40 79 118 Mean

112 PI 344120 1.81 1.75 2.35 1.97

33 Earlyport 1.85 1.83 2.01 1.90

119 PI 344138 1.79 1.89 2.20 1.96

229 Kinangkong 1.85 2.14 2.42 2.14

212 Dilaw 1.83 1.75 2.11 1.90

1 BNAS-White (check) 2.26 2.26 2.42 2.31

8 Daja 380 2.01 2.11 2.00 2.04

31 Rose Centennial 2.03 1.99 2.57 2.20

127 HM 16 1.94 1.95 2.40 2.10

104 PI 318856 2.24 2.09 2.29 2.21

Mean 1.96 1.98 2.28 2.07

LSD (between harvest mean) 5% 0.08

LSD (between entry means) 5% 0.20

Date planted: July 28, 1976. 15 cm tips were harvested. All values are

means of 3 replications.

Protein and Oxalate Content

Above ground portions of two sweet potato cultivars were 
analyzed for

the distribution of protein and oxalate content. The tips consisting of

the vine and leaves in the first 15 cm from the apex and the remaining

leaves were separated into groups of 15 cm intervals. 
The distribution of

each of the nutritional constituents along the stems is presented in Figure

5. Note that the oxalate contents of both varieties increased basipetally.
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Fig. 5. Distribution of protein content and oxalate
content of sweet potato leaves at various positions
along the stem from 0, the tip, back toward the base.
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A difference of three-fold may be obtained between the tip and older leaves.

The protein content further supports the idea that only young tips of

sweet potato should be eaten.

Taste Tests

Relationships were studied between physical and morphological
characteristics and eating quality scores by test panels.

Some chemical or morphological characteristics of sweet potato tips

were measured in the laboratory. Those analytical data were compared with

the results obtained from an organoleptic evaluation in which panels failed

to detect differences in the flavor, hairiness, and general acceptability.

Thus tenderness was the only eating quality characteristic we used in this

study. There was a significant negative correlation between tenderness and

dry weight per leaf (r=-0.717) and diameter of stem at cutting point

(r=-0,672). Tenderness was not significantly correlated with fiber and dry

matter content in this experiment.

Relationship of Sweet Potato Yield and Protein Content

Many crops have a negative correlation between yield and protein con-

tent. The usual argument against breeding for high-protein in the staple

crop is that any increase in protein is accompanied by a corresponding

decrease in yield. We wanted to see if this relationship exists in sweet

potato.

Four trials were associated with this project. The first trial was a

yield trial conducted in 1974. Seventeen varieties were planted in AVRDC

fields with three replications. The second trial was conducted in the

spring of 1975. Nine varieties selected on the basis of their protein

content were planted in AVRDC fields under a higher management level. The

third trial was conducted in the winter of 1975 by a contracted Pingtung

farmer. Ten varieties were included in this experiment. Again a higher

management level was applied. The fourth trial was the fertilizer

experiment conducted by crop management in the winter of 1975. Only one

line was planted under 15 different fertilizer treatments.

Sweet potato samples were analyzed for their dry matter content and

protein content with the over (1050 C) dry method and the micro-kjeldahl

method.

The ranges of yield and protein content of these four trials 
are

summarized in Table 20. The correlation coefficients between yield and

protein content are also given. First trial yields were relatively low

but had a wider range of protein content among lines . The.nega-

tive correlation coefficient between yield and protein count was not signi-

ficant in the first trial but was highly significant in the second and

third trials (Table 20). In the fourth trial we found a highly signifi-

cant positive correlation. In the second trial yleld was improved by

better management but the protein content was reduced. 
Results of the

first three trials indicate that there is a negative correlation between

yield and protein content.
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Table 20. Range of root yield and protein content in four sweet potato trials.

Trials No.of Root yield Protein content of Correlation coefficient
entries dry fresh dry wet dry wet

----- t/ha ---- ----- % ------

1 17 0.4- 6.3 1.1-24.4 4.6-8.6 1.3-2.3 -0.40 -0.30

2 9 1.8-10.0 5.8-41.1 1.6-6.5 0.4-1.7 -0.78** -0.83*

3 10 3.2- 7.1 12.5-30.8 4.5-6.6 1.0-1.8 -0.82** -0.87**

4 1 4.9- 7.6 4.9-31.9 3.0-4.4 0.6-1.1 0.75 0.68

*a
Significant at the 5% level. "Significant at the 1% level a Trial 1 - 3replications low management level. Trial 2 - 3 replications, high managementlevel. Trial 3 - 6 replications, high management level. Trial 4 - 3 replications,15 management treatments.

The fourth trial shows a different side of the picture. One line
(AVRDC selection 35-2) was planted under different levels of nitrogen and
potassium. Nitrogen significantly increased both the yield and
the protein content of the root (Fig. 6). A highly positive correlation
between these two characteristics was observed in this experiment.

% of protein content

1.0-

0.8

0.6- P=0.7 + 0.004 N

0.4-

0 30 60
Nitrogen (kg/ha)

Fig. 6. Sweet potato protein content response to
applied nitrogen; Nov. 26, 1975 to May 26, 1976,
AVRDC.



Three of the accessions used were included in the first three trials.

The yield performances of those lines and their protein contents are

summarized in Table 21.

Table 21. The root yield and protein content of three accessions included
in three sweet potato trials.a

Trials
Acc. no. I II III

yield protein yield proteinb yield proteinb

t/ha % t/ha % t/ha %

30 5.4 2.3 5.8 1.7 12.5 1.7

171 10.2 2.1 13.5 1.7 14.9 1.5

167 1.1 1.32 41.1 0.4 23.9 0.9

aSome trials as first 3 trials in Table 20. bFresh weight basis.
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Trainees enrolled in AVRDC's
vegetable research and-pro-
duction short courses study
in the classroom and do at
least one field experiment
under direction of scientists.

Training
Program

AVRDC's research and production training programs offer a wide range
of opportunities to vegetable research workers and production specialists
in tropical countries. The participants learn by doing at the side of
AVRDC's scientific staff. Upon their return home, they strengthen national
programs and serve as valuable cooperators in the testing of AVRDC breed-
ing materials and technology under local conditions.

During 1976, 57 trainees from 9 countries participated in various
training programs. Trainees working on sweet potato research included:

Chaiute>g SagwansupyakoLn, Thailand - Effects of photoperiod, grafting, and
some chemicals on flora induction in sweet potato.

Concepeion E. Magboo, Philippines - Yield and yield components of two sweet
potato varieties at three harvest periods.

Rong Sheng Liu, R.O.C. - Yield trial of promising sweet potato selections.

Su-hu Chen., R.O.C. - Heat stability of sweet potato trypsin inhibitors.

Kuo-Chin Lin, R.O.C. - A preference test of sweet potato weevil for select-
ed sweet potato varieties at the AVRDC controlled-environment room, 270C,
65-89% RH.

43



International Cooperation

Philippine Outreach Program

Promising plant material was selected from an initial collection of
400 sweet potato accessions and breeding lines from AVRDC planted at the

Economic Garden in Los Bahos and saved for increase. Along with later

additions from Taiwan and from the Philippines, this material served as a

basis for distribution to 11 different agencies in the Philippines as

well as 2 agencies outside the Philippines for increase and further test-

ing in different locations (Table 22). Visayas State College of Agricul-

ture, where the Root Crops Research Center of the Philippines is located,
received the largest collections -- a total of 503 accessions.

At the Economic Garden, 6 preliminary yield trials were planted in

November and December, 1975 with minimum input under rainfed conditions;
they were harvested in May, 1976. As usual for sweet potato, the results

were variable. Entry PI 344129 did well under both minimum and conven-

tional input conditions, but AVRDC selection 1-2 which produced the highest
yield under minimum input did not rank well in the conventional input trial

AVRDC Plop

!JILL TRIAL

AVRDC sweet potato lines are
being tested in many countries.
Upper left, Q. E. Eusebio, BPI
researcher stands beside the
test plots of AVRDC's Philip-
pine Outreach project at Los
Baios. Upper right, selec-
tions at the Los Banos field
are checked for diseases. At
right, AVRDC scientist (left)
checks roots of AVRDC lines
being tested by researchers
at the Taiwan Agriculture
Research Institute near Chia-
yi.
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Table 22. Sweet potato material distributed in 1976 by the Philippines
Outreach Program.

Date Organization Material distributed

Jan. 14, 1976 Central Luzon State University Varietal increase 40
(Dr. F.F. Campos) cultivars.

March 2, 1976 Don Severino Agricultural College Varietal increase
(M. Ocampo & M.B. Matel) 54 varieties

March 3, 1976 Development Academy of the Varietal trial 5
Philippines (M. Gunzi) varieties

March 3, 1976 Central Mindanao University Varietal trial 5
(J.D. Escarlos) selections

March 14, 1976 Visayas State College of Agri- Sweet potato germ-
culture (Dr. M. Villanueva) plasm collection 446

varieties

March 4, 1976 V I S C A Sweet potato germ-
(Dr. M. Villanueva) plasm collection 57

varieties of tubers

March 22, 1976 C M U Varietal increase
(J.D. Escarlos) 16 varieties

March 22, 1976 Mindanao State University Varietal increase
(Dr. A. Bautista) 16 varieties.

April 2, 1976 United States Agency for Inter- Small yield trial
national Development 12 varieties
(R. Wackernagel)

Sept 6, 1976 Davao Fruit Corporation Varietal increase
(R. Castro) 78 entries

Nov. 14, 1976 AVRDC Taiwan Germplasm collection
(Dr. R. L. Villareal) 10 varieties

Nov. 25, 1976 Palawan National Agricultural Varietal increase
College 6 entries
(Dr. James Eder)

Dec 9, 1976 Bangladesh Agricultural Research 10 entries
Council 10 cuttings each
(Dr. M.A. Mannan)

Dec. 17, 1976 Philippine Packing Corporation 89 entries
(Dr. W. Schnitzler) 5 cuttings each
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(Table 23). Central Luzon State University reported 143-1 as yielding 41
t/ha in 110 days during which time the local check failed to produce
fleshy roots.

Other Philippine Cooperation

Francico E. Mercado, scientist II, and his associates of the Philip-
pine Sugar Institute conducted a yield trial of some AVRDC sweet potato
breeding lines as intercrop with sugarcane. Only one of 18 cultivars,
selection 14-1, produced a suitable yield, 10 t/ha.

Servillano R. Gumasing reported a study he conducted to determine the
yield of some AVRDC breeding lines when harvested at different maturity
dates. The experimental plots were neither fertilized nor irrigated.

The yields were generally low for all entries except for selections 015-9,
0125-1, and the check, BNAS-white. For some selections, yield continued

to increase up to 140 days. However, most entries appeared physiologically
mature in 120 days. In the groups left 140 and 160 days, most entries

started to sprout.

At the Institute of Plant Breeding, IPB, Dr. Azucena L. Carpena grew
14 entries in a rice paddy. No tillage was done and cuttings were planted

in dug-out hills at 45,000 plants/ha. Fertilizer rates applied were 60-90-

90 kg of N, P, and K/ha. Watering of single hills was done only once,
immediately after planting. Only two entries, selection 35-1 and the

check, BNAS-white, gave suitable yields of 15 and 11 t/ha, respectively.
These yields were very impressive considering the extreme hardness of the

paddy soil. It was observed that selection 35-1 produced roundish roots

and developed at the upper layer of the ground surface as opposed to the

subterranean types which had elongated roots that burrow deeper into the

ground. The former type fits better under highly compacted clay paddy soils.

Bangladesh

Andy Ryskamp, agriculturalist of the Mennonite Central Committee,
Bangladesh, obtained some of our sweet potato breeding lines. The interest
of their group in sweet potato is to introduce to Bangladesh varieties
that are richer in vitamin A, since local varieties are white-fleshed ones
that are low in this vitamin. Orange fleshed selections 35-1 and 200-2
gave the highest yields, 16 and 11 t/ha respectively, in 118 days.

Thailand

In Thailand, two trials were conducted by Mrs. Somporn Drabyasara and
her associates. One trial was conducted at Pachong Training Farm and the
other at Kampangsan Station. Our breeding materials were comparable with
the check cultivar as far as yields were concerned. Mrs. Sompaorn report-
ed, however, that our selections were softer and had poorer keeping quality
than Okud. The most serious defect of all entries, including Okud, was
susceptibility to weevil damage. We plan to send them either seeds or
seedlings of our materials with improved resistance to weevil.
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Table 23. Mean yields of marketable fleshy roots for the top 2 entries and the check from rainfed sweet
potato trials located at the Economic Garden, Philippines.

No. Rank of Mean Mean total
Trial of entry A P fCross marketable yield root yield

entries within trial AVRDC no. t/ha % of check (t/ha)

MINIMUM
INPUT A
Nov. 1975 12 1 1-2 BNAS WHITE/HDK 8 13 130 18

2 BNAS(check) - 10 100 14
3 HDK-12 - 10 96 14

MINIMUM
INPUT B
Nov. 1975 12 1 PI 318548 - 13 167 15

2 PI 153907 - 12 154 13
3 BNAS(check) - 8 100 9

MINIMUM
INPUT C
Nov. 1975 12 1 DAJA 380 - 11 215 13

2 PI 344129 - 10 200 11

7 BNAS(check) - 5 100 6

CONVENTIONAL
INPUT
Nov. 1976 19 1 PI 344129 - 32 107 33

2 BNAS(check) - 30 100 31
3 PI 318548 - 29 97 30

12 1-2 BNAS WHITE/HDK 8 14 47 15



Appendix
CROP ENVIRONMENT

Weather. The amount of precipitation in 1976 (1357 mm) at AVRDC was 42%
less than that occuring in 1975 (2380 mm) and 23% below the 73-year mean

of 1771 mm/yr (1897 -19 70 )a. There were 75 rainy days (normal is 107) and
most of the rainfall occured in July and August (Fig. 1). In addition,
available solar energy for 1976 was 1.3% above the 5-year average for
Tainan City (Fig. 2).

mm/month

Precipitation:
- 976

(total 1357mm)
400 o--e mean 1897-1970 -

(1771 mm/yr)
Evaporation:
A-A 1976 \

300- (total 1939 mm) • \
- mean 1900-1970 *

(1560 mm/yr) \

200

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 1. Monthly precipitation and evaporation data for 1976 at AVRDC compared
with means from 1897 to 1970 and from 1900 to 1970, respectively, for Tainan
City. (Reference: Central Weather Bureau, 1974, Summary to meteorological
data -- Taiwan. Vol iI).

Calories/cm2 per day (monthly average)

500.

400-

300 - •-• 1976, AVRDC

v--v 1969 -1973, TSRI

200

Jon Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 2. Solar radiation during 1976 at AVRDC compared with 5-year average
at Tainan City.

Central Weather Bureau. 1974. Summary of Meteorological Data-Taiwan,
Vol. Il1. Taipei, Taiwan, R. 0. C.
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Daytime temperatures were high from May through October (above 300C)
and minimum temperatures were above 21 0 C (Fig. 3). During the winter
months (Dec, Jan, Feb), temperatures often dropped below 14 0 C, and daytime
maximum temperatures ranged from 220C to 250 C. Soil temperatures (10 cm
depth) were slightly cooler than the mean daytime temperatures.

The day length at AVRDC ranges between 13 hr and 33 min on Jun 21 to
10 hr and 43 min on December 21. If civil twilight is considered, an
additional hour and 20 minutes should be included.

During 1976, three weak tropical storms occured; however, damage to
experimental crops in the field was minimal.

Soil. Although four soil series are present in the Experimental Farm,
80% of the area consists of the Take series. In general, the soil is
moderately well drained and is derived from a calcareous alluvial parent
material. The soil type is a silt loam with approximately 1.4% organic
matter.

The mean bulk density of the soil is 1.67 g/cm3 . The water available
to plants ranges from 23% (field capacity) to 8% (wilting point). The
experimental fields are irrigated, when necessary, from wells ranging in
depth from 20 to 50 m.

Temperatures 0C (monthly mean)
35

30 - -. x -. x -

25- X

20- X N.
15 -A

5

10- max min

Air temp (1976): *-e A---A

(1897-1970): o--o A--A
5 - Soil temp (ocm)(1976): X- -x

0 ' 1 1 1 -
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 3. Temperature ranges for 1976 compared with the means for Tainan City (1897-1970)Soil temperatures (10 cm depth) for 1976 are also included.
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Index to Accessions
Acc. no. Country of origin Variatal Pages

1 Phiiippines BNAS-White 27,28,29,37
38, 46, 47

5 Taiwan, ROC Tainung New 10 21, 22, 31

6 Taiwan, ROC Tainung New 21 21

8 Indonesia Daja 380 27, 28, 37, 38, 47

10 Laos HDK 8 47
12 Laos HDK 3 28

15 Laos HDK 6 23, 29, 31

6 Laos HDK 12 31, 47

18 Taiwan, ROC Taiwan 2 21

25 USA Acadian 29
26 USA Allgood 22, 23, 29

30 USA fantennial 42

1 USA Rose Centennial 27, 37, 38

33 USA Earlypor2 37, 38
USA Pi 315345 29 3

i54 USA i 318548 2, 47

57 Taiwan, ROC Tainung 57 22 3

58 Taiwan, ROC Tainan 14

7 Japan Pi 153907 2/

2 Philippines P; 315342 21

Peru P; 318856 27, 37, 38

06 Pru P1 318859 21

8 Peru pi 320453 31
0 New Hebrides P! 324886 31
2 Thailand F! 344120 27, 37, 38

1 Ryukus Island pi 344123 21, 28

17 New Guinea P1 344129 21, 26, 28, 44, 47

119 New Caledonia PI 344138 27, 37, 38

122 USA B 6708 23, 29

127 USA HM 16 26, 27, 37, 38

134 USA HM 606 31

136 USA OK-6-3-106 22

143 USA OK-8-72 31

151 USA OK-9-3 22, 23

152 Taiwan, ROC Red Tuber Tail 22, 23, 29

154 Taiwan, ROC Tainung 10 21, 22

155 Taiwan, ROC Tainung 17 31

164 Taiwan, ROC Tainung 56 23

167 Taiwan, ROC Tainung 60 42

171 Taiwan, ROC Tainung 63 21, 22, 23, 28, 29, 42

172 USA American Yellow 28
Skin

212 Philippines Dilaw 26, 27, 37, 38

229 Philippines Kinangkong 26, 27, 37, 38



Index to Crosses
Breeding no. Parentage Pages

1-2 BNAS-White/HDK 8 44, 47
10-2 HDK 8 (OP) 21, 23
14-1 Sweet Potato 45/HDK 12 46
15-9 HDK 6 (oP) 46
15-10 HDK 6 (OP) 21
16-2 HDK 12 (OP) 22
31-3 Rose Centennial (OP) 28, 29
35-1 HDK 6/16708 23, 28, 29 46
35-2 HDK 6/B67o8 1823, 28, 2 29, 41

122-2 B 6708 (op) 20, 21, 22, 23125-1 B 7078 (OP) 46
128 PI 3153 45/Acadian 28, 29
143 Tainung 57/Tainung 63 46
200-2 B 6 708 /Centennial 46
209-2 B 6708/OK 9-3 22
209-3 B 6708/OK 9-3 23
243-2 B 707 8/Tainung 56 23
272-2 Red Tuber Tail/Allgood 21
272-6 Red Tuber Tail/Allgood 28, 29
272-8 Red Tuber Tail/Allgood 21
272-9 Red Tuber Tail/Al lgood 22, 23
276-2 Red Tuber Tail/OK 6-3-106 22
277-1 Red Tuber Tail/OK 6-3-118 21
278-1 Tainung 27/HDK 8 21
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Sen-Hsiung Lai, B.S., tkeaAch cststant
Tai-Lih Hu, B.S., kLuecach as6iitant+
Long-Sheng Chang, B.S., Lcnea uch cta~tant

Romeo T. Opena, Ph.D., a&5ocictte pfcta4 brLeede
(white potato 9 Chinee cabbage)

San-Ho Lo, ,L.ecftch a,6 rcktnt
Cheng-Feng Hsieh, B.S., teectch assiztant

Wa-Lee Lim, Ph.D., post doctotal gefflow in pant pathologg
Oi-Cheng Ng, B.S. , teacuch ccusitcart
Lih-Chyong Su, B.S., cLea)ch casiztant*
Hsiao-Lin Hu, B.S., tc.eaach csistctnt
Lee-Yuh Pai, B.S., uLeseatch asistctnt*
Su-Yi Lee, B.S., Aucutch azioctant

James J. S. Tsay, M.S., necuach cstLotant (ptant phgsioogy)
Li-Jean Wang, M.S., uteatch ctssiotant

Robert I. Rose, Ph.D., cntomoeogist
Chich-Yeong Su, M.S. , tescatch. assiotant
Chin-Lin Wang, M.S., ac.6ectch cLtLotant
Shang-Ping K. Luo, B.S., Leeoatch azsLstant

LEGUME PROGRAM

Charles Y. Yang, Ph.D., piogam Zeade 9 p£tant pcthologiolt
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Tian-Chen Wang, B.S., tegecutch cuiootant
Li-Fan Hu, B.S., acoa ch cois-tant
Li-Ping Yan, B.S., 4esecutch cmtitant*
Morgan H. M. Ueng, B.S., Aeneach asisitant

Hyo-Guen Park, Ph.D., csuocicte ptant breedent (mungbectn)
Nung-Che Chen, M.S., cassiotant pant bLeede/t+
Chien-Nan Yang, M.S., 'tezaLch calatant
Shing-Huan Wu, B.S., <neanLch aL6i4tant
Tai-Yun Chyau, B.S., <Leoca/'ch a6Ltant
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S. Shanmugasundaram, M.S., sccenti4ic associate in peant bzeeding (,oybean)
Tong-Shroung Toung, B.S., ieaach azUlatant
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Raymond D. William, Ph.D., cAop management speclaist
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Jing-Ju Chen, B.S., pteeaach azalztant*
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Peter H. Calkins, Ph.D., azociate agiucetu'a£ economlst
Kuang-Rong Huang, M.S., aea,,Lch aszlstant
Han-Chou Liaw, M.S., testch aL5itant*
Hu-Mei Wang, M.S., teataxch a.6l6tant
Shu-Yuh Huang, B.S., teseaxch aL4Ustant
Chiung-Pi Liu, B.S., eseach azslstant
I-Jean Cheng, B.S., stati5ticat alatant

Takashi Yoshida, Ph.D., soiL scientist+
Takayuki Yoshizawa, Ph.D., 6oiL 6cLentia

Maw-Sheng Lin, M.S., eseach asaltant
Ray-Kuen Lin, B.S., Aeafch aszistant
Chih-Ping Chu, B.S., 'caeatch assstant
Chi-Min Huang, B.S., Leach azcltant
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+ Left during 1976

++ On leave for 2-year mission to Saudi Arabia.
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INTERMEDIATE TECHNOLOGIES OF VEGETABLE PRODUCERS IN TAIWAN

C. S. Tsou, C. S. Tayto'L, M. R. Menegctq, and R. D. Wittiam +

Abstract

Intermediate technology as practiced by small vegetable producers in
Taiwan is defined as an appropriate technology that is both compatible
with the human, material, and economic resources of a given group of
users and more effective in meeting their needs than the previous
technology. The vegetable producer is portrayed as a pragmatic
problem solver who upon identifying a production or marketing
constraint is capable of devising or selecting an appropriate
technology based on his situation.

The dimensions involved in the determination of appropriate
technologies include time, location, and scale. The evolutionary
and condition-specific characteristics of such technologies are
illustrated with examples of vegetable production and marketing in
Taiwan.

Emphasis is placed on the interactions among farmers, government,
and research workers. The farmer as a potential user of a technology
is responsible for identifying problems and determining the appro-
priateness of a particular technology in overcoming the constraints.
The government's role consists of identifying and promoting appropriate
technologies so that the society might benefit from improved vegetable
production and distribution. Local, national, and international
vegetable research programs are charged with the development of
alternative technologies that meet the changing needs of small farmers
for improved, year-round production of vegetables.

Introduction

Technology, even intermediate technology, is generally treated on an

impersonal 'nuts and bolt' basis. However, technologies are developed

by men to overcome constraints and to achieve desired goals. In

recognition of this vital human component, may we introduce Farmer

Hong of Shanhua, Taiwan, an experienced vegetable producer and

veteran practioner of appropriate technology.

+Chemist, Information Specialist, Agricultural Economist, and Crop
Management Specialist, respectively, at the Asian Vegetable Research
and Development Center (AVRDC), PO Box 42, Shanhua, Tainan 741,
Taiwan, R. 0. C. Paper presented at the XXIV Annual Congress of the
American Society of Horticultural Sciences. Tropical Region, Puerto
Rico, Dec. 5 to 10, 1976.
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Mr. Hong's vegetable production operations have been carefully

observed and recorded by an agricultural economist at the Asian

Vegetable Research and Development Center (AVRDC) for the past

three years. Last summer, the agricultural economist and Mr. Hong

were surveying the effects of a severe typhoon on his field of

recently transplanted Chinese cabbage. About 75% of the crop was

destroyed and required replanting. What would he do? Farmer Hong

said that he'd 'think' about his answer for awhile and left on his

motorcycle. Within a week, he announced his decision to replant

most of the field with common cabbage instead of Chinese cabbage.

He had utilized a most appropriate vehicular form of technology, i.e.,

his motorcycle, to crisscross the countryside and see how much

Chinese cabbage had been planted or was being planted by other farmers

after the typhoon. Noting that many of the local farmers were

transplanting more Chinese cabbage, he decided to replant with

common cabbage which was receiving less attention and, thus, would

probably have a higher price at harvest.

This resourceful use of his motorcycle to survey the local

environment and gather the information necessary to gain a competitive

advantage serves as an example of the Taiwanese farmer's casual use

of appropriate technology. Mr. Hong's cace also illustrates some of

our difficulty in preparing this paper. Appropriate technologies

are not usually unique or novel in Taiwan and, therefore, are not

always readily visible.
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For generations, vegetable producers in Taiwan have shrewdly used

their limited resources and abundant talents to develop technologies

appropriate to given situations. Recently, the development of

vegetable production and marketing systems has been accelerated,

and some of the 'vegetable' technologies we describe do not necessarily

fit within the framework of so-called 'labor-intensive intermediate

technologies.' Therefore, we prefer the term 'appropriate technology'

and portray the development of such technologies as an evolutionary

process from the viewpoint of what can be transferred.

Definitions

Lawand (1974) defined an appropriate technology as "one that is

compatible with the human, material, and financial resources of a

given community or society, yet is more effective or viable than the

traditional technology it is replacing". In essence, we consider

appropriate technology as the use of the correct tool at the proper

time to accomplish the desired purpose with optimum efficiency and

economy. A user of such technology would, therefore, define a

particular problem and identify the constraints. Then, with an

understanding of his capabilities and available resources, he develops

and implements a strategy for adjusting or changing his current

technologies. Dimensions involved in determining an appropriate

technology from a user's perspective include location, time, and scale.
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Perspective

Our major concern during the preparation of this paper was the

transferability to other societies of technologies used by vegetable

producers in Taiwan. In our travels throughout the Asian tropics

and elsewhere, we are frequently told that, Taiwan, and particularly

Chinese farmers, are a special case: e.g., the Taiwanese work very

hard and are well organized. Therefore, some of our counterparts in

other countries argue that technology developed in Taiwan would be

unsuitable for their conditions.

Without a doubt, Taiwan is a special case. However, we believe

that understanding the principles of technology transfer, i.e., the

reasons causing the development of appropriate technologies and the

methodologies being used by farmers-and government workers to define

a problem, consider possible solutions, and decide on a course of

action, is more important than to merely transfer engineering blue-

prints or exchange anecdotes about that'interesting little windmill

that one observed deep in the jungle.'

A critical factor in pursuing a greater understanding of the

principles involved in developing or transferring appropriate

technologies is the realization by farmers and extension and research

workers that appropriate technologies do, in fact, exist. Often,

however, such technologies are ignored or do not become available

until the society and its leaders decide that their current technologies

are no longer appropriate for their needs or conditions.
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We believe that the Taiwan case is especially useful because of

the experience in influencing the attitudes of the people towards

change by creating and fostering a fertile atmosphere for both change

and the adaptation or development of appropriate technology. For

the past thirty years, for example, a popular saying among the people

on this crowded little island has been "Conquer the difficult!"

Indeed, the government has institutionalized this spirit by annually

bestowing national recognition on those whose imaginative use of

appropriate technology has been most noteworthy. Such recognition by

the society and its leaders is vital to the development of appropriate

technologies.

In addition to the societal recognition of the need for and the

value of progress, there should also be a concerted integration of

policy and institutions at various levels and in most sectors to move

the country forward. Based on our observations, some of the motiva-

tional factors that have encouraged progress towards such national

goals include: economic stress and incentive, demand for improvement,

alert and effective public sector intervention, well-organized

communication systems, research workers who try to become well

acquainted with users' needs and conditions, and a wide range of

alternative technologies that users can select from. Some of these

factors may be considered initially to be goals that policymakers

interested in appropriate technology might strive for.

Considering vegetable production and marketing technologies

in Taiwan, we would argue that the strategies pursued by the farmers,

government, and research workers to encourage the development and

proliferation of appropriate technologies over the past several
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decades are most worthy of study by those who are interested in

transferring such technologies to their country. Although the

principles of crop production are generally transferable, the specific

cultural practices, for example, developed by tomato farmers and

research workers in one country may not be suitable for their

counterparts in another country. However, the societal incentives

that caused farmers in Taiwan to develop appropriate cultural practices

for tomato production may also find application elsewhere. Therefore,

we will briefly describe the evolutionary nature of appropriate

vegetable production and marketing technologies in Taiwan, stressing

the underlying principles instead of the individual technologies.

Examples

Farmers will consider the commercial production of vegetables within

favorable market, climatic, and soil conditions. However, a crucial

production factor is the assured availability of water, particularly

during the seasonal dry periods.

Time Dimension. In Taiwan, rice production is the major concern of

the government+ in the agricultural sector. To ensure that the

production of rice is more than sufficient to supply domestic demand,

all arable land has been classified according to its capability to

produce one or more rice crops per year based on the availability of

irrigation water. Related polices were also carefully considered

such as the regulations of rice prices and land taxation. The

highest priority was assigned to the rehabilitation of irrigation

+In this context, we refer to the government of the Republic of China
and its actions after 1945.
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and drainage systems damaged during World War II and the development

of new, single-purpose irrigation projects to increase agricultural

production (Wen, 1976).

Wang described irrigation as fundamental to the development of

intensive farming and the only practical way of increasing productivity

in the traditional small-farm system of Taiwan. Of course, irrigation

was not new to Taiwan. Immigrants from the mainland of China

introduced irrigation as early as the 14th century (Ko and Levine,

1972). Development of irrigation systems continued and recent

government polices included: (i) governmental commitment to implementing

irrigation schemes of varying scales that would maximize the amount

of water available to rice farmers and other producers of high priority

crops such as sugarcane, (ii) national capital invested in dams and

canal works, (iii) farmers organizations consisting of 24 self-

governing irrigation associations, and (iv) water supplied to the

fields according to the requirements of the designated crop for that

particular area, e.g., rice or sugarcane. Although most of these

policies were concerned primarily with rice, they have facilitated

the expansion of vegetable production by providing appropriate

systems of inputs, transportation, and farmers' organizations.

Scale Dimension. Because the price of rice was controlled, farmers

interested in a cash profit could grow vegetables during the dry

season, but could not depend on public irrigation water. The means

of supplemental irrigation had to be devised according to local condi-

tions to supply water to their vegetables. For example, farmers

near the sea coast could rely on simple windmills to pump water for

their dry season vegetable crops. Further inland, where there was
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less wind, farmers devised foot-operated pumpsets. The more successful

farmers obtained fuel-operated or electric pumpsets as they became

available. Farmers in a small area of southern Taiwan merely inserted

a bamboo pipe into the ground to take advantage of the local artesian

aquifer. In another small area near the Taipei vegetable markets,

drip irrigation was used by farmers on land immediately below one of

the new dams. Other types of irrigation technology such as sprinkler

irrigation are currently available to Taiwan's farmers, but are not

yet considered to be appropriate by most farmers (Wen, personal

communication).

Location Dimension. The urban population of the island's major city,

Taipei, continued to increase in both quantity (1.1 million in 1965

to 2.2 million in 1975) and affluence (per capita income 1970=US$302,

1975=US$925) (Bureau of Budget, 1970 & 1976). The vegetable price

index also increased, especially during the early 1970s (Fig. 1) as

the traditional vegetable production areas were unable to keep pace

with the increased demand.

The government became increasingly concerned about improving

vegetable production both for domestic consumption, particularly during

the summer season for the urban populace and for exports to earn

foreign exchange. Specific areas were identified and designed for

specialized vegetable production. Irrigation and other resources were

then made available to these areas.

Initial attempts to better organize and expand traditional high-

land vegetable production areas near Taipei such as Shih-lin and

Pei-tou had been made. These areas were limited in size. Therefore,
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other areas were identified for vegetable production, although they

were farther away from Taipei. In 1973, these initial efforts and

experiments were incorporated into a program entitled "Establishment

of Specialized Vegetable Production Areas (SVPA)" by the Joint

Commission on Rural Reconstruction (Menegay, 1975).

The SVPA program has been a systematic attempt to develop all

aspects of vegetable production and marketing as well as a focal

point for directing both research and extension efforts to the

problems of vegetable farmers concentrated in specific locations.

This program used an integrated approach to (i) identify and organize

groups of interested vegetable growers located in favorable vegetable

producing areas with suitable climate and sufficient water supply;

(ii) provide production incentives such as credit, inputs, and

technical assistance; and (iii) form a collective marketing system

based on a network of strategically located assembly stations linked

through the Farmers Association organization to a large wholesale

market in major consumption areas such as Taipei.

Because the new SVPAs were located considerable distances from

the urban market, farm-to-market roads and assembly stations in each

production area were constructed to better integrate production and

marketing functions. The type of assembly station depended upon local

conditions. For example, the lowland assembly stations were open-

sided structures with corrugated asbestos roofs and had a concrete

floor space of approximately 200 square meters. In constrast, the

assembly stations in the highlands (where strong winds severely damaged
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the lowland-type structures) were flat-roofed, open-sided, reinforced

concrete buildings and varied in size.

Despite these improvements in infrastructure, the risks involved

with summer vegetable production in Taiwan were still too high for

most farmers to consider the investment without the development of

additional technology to reduce damage from typhoon, heavy rains, etc.

Research workers were given the responsibility of developing such

technologies.

Screen houses were tested for several years at the Taipei District

Agricultural Improvement Station. These are structures covered with

green plastic screen supported by a wire network that was attached

to reinforced concrete pillars, 1.8 meter high, that lean outward

from the center to keep the wire taut. The screen houses were provided

to several SVPA farmers on a subsidy basis, i.e., at approximately

75% of the total cost (in early 1973, a 0.1 ha screen house cost

approximately US$300). These structures provided protection to the

crops from heavy rain and wind damage, especially during the typhoon

season. Other reported advantages included reduced production costs

per crop because of a shorter growing period, less evaporation, and

maintenance of the proper balance of moisture in the soil (Lu).

Disadvantages included high construction costs, short life expectancy

of the plastic screen used initially, unsuitability for raising fruit

and root vegetables, and limitation of locations where there is heavy

fog.
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To facilitate the use of appropriate technology, a revolving loan

fund was established for each production team at each SVPA to provide

an available and flexible source of credit for the purchase of

production inputs such as seeds, fertilizer, pesticides, plastic screen,

pumpsets, etc. A local SVPA committee reviewed each loan from this

fund. The loan was repaid by deducting the amount loaned from the

revenue received from the vegetable sold through the collective SVPA

marketing system. Regular meetings of local production teams served

as feedback mechanisms between the farmers and research workers.

Consequently, the screen houses were improved by changing the type of

screen. Appropriate cultural practices for the leafy green vegetables

grown under the screen were also developed.

Other farmers modified this technology to fit their conditions.

One farmer near Taipei used the plastic screen, but placed it on a

bamboo frame which was approximately 30 to 40 cm high and as wide and

long as the row. Because the plastic screen could be removed at

harvest and planting times, this system was much more flexible and,

of course, less expensive. This technique became popular in the Taipei

area, and after some study by research workers has also been made

available to vegetable producers throughout the island.

Although the developments in infrastructure and production

technologies were substantial, the policymakers also had to devote

their efforts to improving the vegetable wholesale marketing system

and, thus, reduce some of the risks for producers and the high prices

for consumers. The traditional suspicions of collusive market

transactions, sharp price fluctuations, etc. were among the short-

comings that required attention.
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After attempts to regulate the activities of the private whole-

sale market proved unsatisfactory, a government-operated wholesale

market was established according to the collective marketing ideal of

the SVPA program, i.e., the vegetables produced by the SVPA farmers

were collected and shipped directly to Taipei for sale in the public

wholesale market. Because of the direct competition with the

established private markets, the new market had to be efficiently

organized with better economies of scale and consistently offer

competitive farm prices. In addition, producers in each SVPA had to

be informed of the current prices. However, this approach was un-

successful due to the strong competition from the private merchants.

In September 1974, the government inaugurated an island-wide

market communication system, which was based on a telecommunication

network between the wholesale market and the specific production areas.

Three months later, the public and all private vegetable wholesale

markets in Taipei were closed and all vegetables were then channelled

through the Taiwan Area Fruit and Vegetable Transportation and Marketing

Company's large and modern facility. This newly formed company, jointly

owned and operated by both government and private interests, was given

the tasks of improving marketing efficiency, reducing the marketing

channels, and better managing the timely flow of vegetables in Taipei.

Concluding Remarks

The examples of vegetable production and marketing technologies that

we have described are, perhaps, unique to Taiwan. However, the

principles of societal commitment to progress and integrated action
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are not. Concerted efforts by vegetable producers, government

policymakers, and research and extension workers can be successfully

accomplished, provided that all are realistic.

We have portrayed the vegetable producer in Taiwan as both

resourceful and practical. He is responsible for both identifying

problems in either the production, or distribution of vegetables, or

both. As the intended user of a particular technology, he is the

principal judge of its effectiveness in overcoming the constraints

and obtaining the desired results.

The government also has an important role in identifying and

promoting appropriate technologies so that the society might

benefit from improved vegetable production and distribution. Policy-

makers can also stimulate the society to foster improvements and the

conditions which make the use of appropriate technologies common

practice.

In one sense, we could argue that there is no shortage of

appropriate technology for vegetable production. Such technologies

have been and will continue to be developed by research workers at

different levels throughout the world. However, most of these efforts

have been conducted outside the tropics. For the less developed

countries of the tropics, the availability of current technology is

as much a concern as its appropriateness.

National agricultural research programs of most tropical countries

generally assign a low priority of the improvement of vegetable crops.
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Such national vegetable programs can be roughly grouped according

to degree of organization, i.e., organized groups of scientists and

administrators versus individual efforts. Obviously, such programs

differ in their capability to develop or select appropriate technologies

for domestic vegetable producers and their ability to collect, maintain,

and screen large amounts of germplasm.

The AVRDC is an international vegetable research institute that

is located on the fringe of the Asian tropics. As an international

center, AVRDC can focus the skills and knowledge of an international

and multidisciplinary group of scientists to develop the technological

principles necessary to remove some of the constraints to vegetable

production in the tropics. We are able to maintain large collections

of germplasm for use in developing breeding materials for our national

counterparts. Our concentration of staff and modern experimental

facilities make it possible to train young scientists and production

specialists in a tropical setting. Thus, AVRDC seeks to both complement

and stimulate the efforts of national vegetable programs in tropical

countries to further the development of appropriate vegetable

technologies.
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INTRODUCTION

The farmers of Taiwan are well known throughout Asia as efficient
producers of quality vegetables and for their use of such cultural
practices as frequent pesticide application, increasing use of fertil-

izers, multiple cropping techniques, etc. In fact, a sizable segment
of the overseas Chinese living in Southeast Asia are noted for their
vegetable-related activities. These include the cultivation of

vegetables in the highlands of Baguio (Philippines) or in the lowlands

around Bangkok (Thailand) as well as the operation of marketing

systems that supply consumers in many urban centers.

The urban-industrial expansion now taking place in the rapidly

changing environment of Southeast Asia continues to absorb the land

customarily devoted to vegetable production around the municipal areas.

Yet at the same time, the increasing populations of these urban

complexes demand greater quantities of food. In the case of Taipei

City, this loss of productive farm land is accentuated because the

hilly terrain and the water-logged land surrounding the city are not

well suited for vegetable production. In addition, the damage caused

by the increased incidence of disease and insect attack during the

summer months is dwarfed by the very heavy rain and strong winds of

that season's typhoons. Coinciding with or partially caused by this

wide range of environmental problems are the fluctuating market prices

- l- -i-1 r-- - -
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that can ruin a vegetable producer as eas7y as any catastrophe of nature.
Recently the "Specialized Vegetabie Production Areas" (SVPA) program was

initiated by the Joint Commission on Rural Reconstruction (JCRR) in Taiwan to
deal with the inherent difficulties of vegetable production and marketing,

particularly during the summer season. This program was designed to create a

system to compete with the existing way of growing and marketing vegetables

(Chart 1) by introducing cost-saving production techniques, improved cultural

practices, and efficient marketing channels linked directly to major consumption

centers. The program's organizers expect that the resulting increase in supply

during the summer months should help to stabilize vegetable prices.

From a marketing perspective, the basic idea was to improve the existing

infrastructure in key vegetable production areas and link these areas directly

to the wholesale markets in both Taipei City and Kaohsiung City. Although

the initial benefits are directed towards these two wholesale markets, the

other wholesale markets in Keelung, Taichung, and Tainan will subsequently

be affected. This system reinforces the strengths of select locations with

their experienced vegetable producers by lowering production costs and

organizing more direct market linkages instead of changing traditional cultivation

patterns.

The approach of SVPA program was integrated as follows: (i) to identify
and organize groups of interested vegetable growers located in favorable

vegetable producing areas with suitable climate and sufficient water supply;

(ii) to provide production incentives such as credit, inputs, and technical

assistance; (iii) to form a collective marketing system based on a network of

strategically located assembly stations linked throuqh the Farmers Association

(FA) organization to a large wholesale market in major consumption areas (e.g.,

Taipei City's Hwa Chiang Market and Kaohsiung City Fruit and Vegetable Market).

With the intention of observing Taiwan's vegetable farmers and understand-

ing how this approach could both benefit the rural farmer and urban consumer,

all 10 of the specialized vegetable production areas were visited by AVRDC staff

members*. An overview of the SVPA program, characteristics of representative

farmers, and comments on various aspects of this integrated approach are presented

*
Field survey conducted summer 1974.



in this paper. Although the author's intent is to describe this worthwhile program,
various possible improvements are also suggested.

SVPA OBJECTIVES

The objectives of the SVPA program were:
1) To increase the supply of quality vegetables during the summer (hot and rainyseason;

2) To practice group production and collective marketing of vegetables in orderto promote the vegetable farmers' welfare and to reduce the number of market-ing transactions between the farmer and the consumer;
-

Hsin-Yin Chen, "A Study of Vegetable Retailing Costs in Taiwan," Herman South-worth, Some Studies of Fresh Fruit andVegetable Marketing in Asia. (Singapore,The Agricultural Dievelopment Council, Inc., 19714).
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3) To promote the hygienic production of vegetables;
4) To make possible the timely use of production inputs through loans

from a 'revolving fund'; and

5) To reduce both losses and costs of shipping vegetables by improving
Taiwan's farm to market road system.

ORGANIZATION

The SVPA integrated production and marketing system evolved from a
number of earlier small projects in Peitou and Shihlin (near Taipei
City), and in a major vegetable production zone of central Taiwan (e.g.,
Hsilo). The experiences of those projects and the successful organization
of production-marketing systems for such crops as mushroom and asparagus
served as program guidelines.

Areas traditionally known for their experienced vegetable farmers
were selected. Forming the system within such a favorable environment

had the distinct advantages of requiring very few changes in cultivation

patterns, shorter duration for implementation, relatively low adminis-

trative cost, and fewer organizational staff members. In short, this

approach simply increased the dimensions of both the local cropping
patterns and the existing institutional structure. Yet, on the other

hand, a disadvantage is the program's 'demonstration of impact' effect.

It may be difficult to measure immediate significant improvements over

the previous system since the level of production was already high in

these particular areas. Therefore, until the new system encompasses a

large area or benefits a large number of farmers, its effect may

initially appear to be marginal.

STRUCTURE

This program, entitled "Establishment of Specialized Vegetable
Production Areas," was initiated and financed by the Joint Commission on
Rural Reconstruction's Plant Industry Division. It consisted of three
phases, namely "phase one' from January 1973 through June 1973, 'phase
two' from July 1973 through June 1974, and 'phase three' from July 1974

through December 1974.
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The budget granted by the Central Government was allocated

according to specific priorities within each phase. The timeliness of

each priority rather than the actual amounts spent are relevant because

any adaptation of this system would probably require substantially

different amounts of funding. During phase one, the largest expenditure

(more than 80 percent of the phase one budget) was for the construction

of 29 assembly stations and 300 screen houses. Additional screen

houses were constructed in subsequent phases. The second phase emphasized

salaries and travel costs (37 percent of its budget) as well as pesticide

costs (25 percent). During the final phase, the emphasis centered on the

improvements of feeder roads (65 percent of the phase three budget) while

the costs of chemicals and biological pest controls required less (13

percent). Phase one received 75.7 percent; phase two, 8.3 percent; and

phase three, 16 percent of the total SVPA budget. Clearly, the emphasis

was on physical infrastructure rather than building institutions.

The Provincial Department of Agriculture and Forestry (PDAF) was to

sponsor and promote the program, supervise its implementation by other

agencies, and act as coordinator of the program's various segments.

The Reconstruction Bureau of the Taipei Municipal Government (TMG)

was initially in a collaborating role but, as the program developed,

became a sponsor promoting the program in the Taipei area. It was

directly responsible for the two Township Farmers Associations (TFA)*

within the immediate Taipei area (Chart 2).

The respective District Agricultural Improvement Stations (DAIS)**

cooperated by advising on technical matters and examining the activities

of the local Farmers Associations related to vegetable production and

marketing.

* There may be some confusion here since the local FAs in the municipalities
(e.g., Taipei) are referred to as District FAs. In this paper, however, I've
referred to all local FAs as TFAs.

** Taiwan is divided into seven "agricultural improvement" districts.
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The Provincial Farmers Association (PFA) and the respective County

Farmers Associations (CFA) were mainly responsible for supervising and

coordinating the implementation of the program. This included assisting the

Township Farmers Associations in making shipment plans with wholesale

markets.

The SVPA program was implemented on the local level by the

various Township Farmers Associations. The TFAs organized the vegetable

farmers; encouraged them to use hygienic cultivation practices; stressed

the safe and collective use of pesticides; promoted the community operation

of the local assembly stations for mutual benefit; and supervised the

grading, packing, and other marketing activities at those facilities.

IMPLEMENTATION

Several potential SVPAs were selected according to their high level

of vegetable production, the status of their local TFAs, and their accessi-

bility to major highways. These selected TFAs were asked to determine the

interest of the local vegetable farmers and to organize the interested

farmers into 'production teams', usually on an individual 'li'* or village

basis. This grouping was designed to avoid the usually 'isolated' or

'scattered' vegetable-grower situation, so that the production and marketing

functions could be organized more efficiently.

These 'production team' members designated, as a group, a total of

approximately 20 ha of their land for the SVPA program. Each participant

set aside a certain portion of his land for year-round vegetable production.

This portion was not necessarily the same size as that of other participants

nor the same parcel for the whole year. However, it had to be located in the

same general location as the land of the other production team members. The

flexibility of this group approach is illustrated by one of Hsilo's production

teams, which consisted of 100 farmers with an average of 0.2 ha of vegetable

land per team member, whereas one of the teams near Panchiao with only 21

* The smallest political subdivision in Taiwan.
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farmers committed an average of over 1 ha per member for this program. Thus,

instead of a concentrated 20 ha plot as a SVPA, one usually found vegetables

being cultivated in various small parcels within a particular area. This

approach was compatible with each farmer's particular multiple-cropping

system and required little change in existing production patterns. Also, as

a basis for the collective purchases of various chemicals and use of the

unique marketing channels, this type of organization appears flexible enough

to be practical.

Each production team's farmers elected a team 'chief' from among

themselves to represent them and manage their group activities. The chief

then chose a 'vice-chief' to coordinate most of the inter-group activities

(often a younger farmer with some technical capabilities) and a secretary to

keep records and schedule various team projects. These officers managed

matters concerning the supply of materials, technical assistance, and public

relations. They also served as a source of feedback to the participating

institutions and the program's organizers.

Communications

Monthly or bi-monthly production team meetings were held to keep the

channels of information, advice, and feedback functioning. Meetings were

organized by the team's chief and vice-chief, and varied from regular sessions

related to the team activities and production problem to special sessions.

Extension and research workers from the respective DAIS introduced new

varieties, improved cultivation techniques, and crop planting advice

through these meetings. The frequency and importance of such meetings differed

considerably from team to team.

Production Inputs

To increase farm income through the reduction of production costs,

capital was provided to each team in the form of a -NT$80,000 "revolving

fund" for the purchase of production inputs such as seeds, fertilizer,

pesticides, plastic screen, water pumps, etc. A local SVPA committee, usually

consisting of one representative from the DAIS, the CFA, the Township

Government, and the TFA in addition to the production teams' chiefs, reviewed

each loan from this fund. The loan was repaid by deducting the amount loaned
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from the revenue received from the vegetables sold through the collective

SVPA marketing system. When the loanee was not actively participating

in this marketing system, the repayment arrangement was similar to

that of other FA loans.

The fertilizer allocation scheme was especially attractive during

the recent fertilizer-scarcity* period. Priority was generally given

to production team members for the TFA's allotted quota of fertilizer

from government sources. Amounts allocated were on a per area basis

rather than a per farm basis. In some of the northern SVPAs (those

located in mountainous areas), the quantity of fertilizer was usually

sufficient, although the type of fertilizer was a serious problem. More

phosphorous and potassium fertilizers were urgently needed, whereas

mostly nitrogen types, e.g., urea, were consistently provided. Awareness

of local soil fertility requirements is an important allocation consider-

ation.

Pesticides were provided free or at a nominal price in special bi-

yearly distribution schemes. It appeared that the proper use of

appropriate insecticides and fungicides were frequently discussed at the

monthly meetings, and that technical advice was often given to the

participating farmers. One strategy was to organize "on-farm"

demonstrations of a spraying program covering a concentrated 20-ha area

for one cropping season, thus showing the benefits of collective efforts.

Detailed evaluations of this approach are not yet available.

Seeds, except for special introductions from the DAIS, were

generally purchased locally by the individual farmers. Other subsidized

inputs, such as pumpsets and drainage materials, were provided through

special grants. These subsidies were determined by the particular

requirements of each local SVPA. For instance, Hsilo obtained 25

subsidized pumpsets and Panchiao, 118. Panchiao also received funds for

the construction of at least 1,482 meters of drainage ditches covering

an area of 82.7 ha. Usually these subsidies offset one-half to two-

thirds of the total cost with the farmer paying the remainder.

* Related to the oil crisis which began to seriously affect fertilizer
production in 1973.
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Cultivation Techn i ques

Cultivation techniques refer to 'hygienic' cultivation practices, the

safe use of pesticides, and the screen house. 'Hygienic' cultivation

initially meant discontinuing the use of night soil (human feces) and

some other forms of compost. However, two factors have changed that

approach, namely the recent fertilizer scarcity and the farmers' convictions

that these forms of compost are beneficial for vegetable production. One

TFA extension head mentioned that some farmers complained of yield reduction

after discontinuing the use of compost for an extended period. Our

observations of the SVPA program, especially in the Taipei area, would

confirm the continued wide-spread use of night soil, which when properly

handled is an effective and safe form of compost.* Further research on

the different composting procedures would definitely be useful to the

vegetable growers and SVPA administrators.

Promoting the safe use of pesticides meant disseminating information

on the proper amounts to use, methods of spraying, and especially the

timing of pesticide applications. In addition, chemicals with low

toxicity were recommended to replace the more toxic chemicals. Conversations

with farmers and newspaper articles indicated that the Chinese consumer is

concerned about toxic residues on vegetables, whereas the farmer who sprays

the day before taking his vegetables to the market is more concerned that

they have an insect-free appearance. In an attempt to correct this situation,

methods of growing and using natural enemies of harmful insects were

introduced on a limited scale. AVRDC's research on biological control agents

will benefit from the findings of this experiment, and the further develop-

ment of this technique should be of special interest in the future.

Screen houses were developed for vegetable production and tested

for several years at the DAIS in the Taipei area (Figure 1). They were

designed to increase the production of quick maturing, leafy vegetables

during the summer season, usually a low vegetable production period. A

* According to several st udies in Japan.



screen house is a structure covered with green plastic screen supported

by a wire network attached to reinforced concrete pillars, 1.8 m high.
The pillars lean outward from the center to keep the wire taut. The
screen houses were provided to several SVPA farmers on a subsidy basis,
i.e., at approximately 75 percent of the total cost (in early 1973, a
0.1 ha screen house cost approximately NT$12,000)*. The size initially

recommended was 0.1 ha. However, several of the observed screen houses
exceeded that size. These structures provide protection to the crops
from heavy rain and wind damage, especially during the typhoon seasons.

Other reported advantages included reduced production costs per crop
because of a shorter growing period, less evaporation, and maintenance

of the proper balance of moisture in the soil. 1

"High-raised Screen House Vegetable Cultivation" by Wu-Tung Lu, Agricultural
Improvement Station, Taipei District (in Chinese).

*
Exchange rate :approx NT$ 40 =US$ 1.
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Disadvantages included high construction cost, questionable life
expectancy of the plastic screen (approximately 18 months)*, unsuitability
for raising fruit and root vegetables, ** and limitation of locations
where the screen house can be used, e.g., not in Keelung or Chitu where
there is heavy fog. Other reported shortcomings ranged from reduction in
yield in the cooler seasons to decreased storage life of leafy vegetables***
as well as possible damage from small insects and diseases.**** The use
of screen houses for vegetable production is receiving further study by
the Taipei DAIS.

We observed that several farmers accepted the screen house on a
subsidy basis, but few (whom we asked) seemed willing to try it at their
own expense. However, a modified version found in one farmer's field
was becoming popular. This portable unit, approximately 30-40 cm high
and as wide and long as the row, seems to be a practical adaptation of
the 'screen house' technique, giving nearly the same benefits as the larger
structure but with considerably reduced costs. The portability of this
modified screen house allows it to be removed easily at harvest time or
when another crop is to be planted in the field.

In addition to the above-mentioned cultivation techniques, the
respective DAIS was responsible for giving the farmers specific,
problem-oriented technical assistance as well as improved varieties and
pesticide information.

Marketing

Marketing involved two major components at the producer level, namely
the assembly station (first phase) and feeder road improvements (third
phase). At the consumer level, the Hwa Chiang Wholesale Market in Taipei

*The deterioration is believed to be caused by the lack of an "UV inhibitor"
in the plastic. Plastic screen containing this inhibitor should last longer
in the field.

**Generally, only leafy vegetables have been commercially grown inside screen
houses.

In the case of headed Chinese cabbage; after harvest the heads were more
easily contaminated by soft rot bacteria and spoiled more quickly than
heads grown in open fields, according to several growers.

****The high humidity environment appeared especially suitable for high
aphid populations and the diseases they transmitted.
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was to be a major improvement in the total vegetable marketing system of Taiwan.
The lowland assembly stations are open-sided structures,(Figure 2),

with corrugated asbestos roofs and a concrete floor space averaging 60 'ping'.*
The assembly stations in the highlands, e.g., near Peitou (where high winds
heavily damaged the lowland-type structures) are flat-roofed, open-sided,
reinforced concrete buildings which varied widely in size (Figure 3).

Each production team has its own assembly station located near the
group's fields. The team members bring their vegetables to the station to
clean, sort, grade, and pack them for shipment. A rented truck collects the
vegetables from the station and delivers them to a designated wholesale
market. One or more of the TFA extension staff coordinates and supervises
these activities and records the quantity that each farmer brings. We observed
that while these facilities were generally serviceable, there were marketing
problems limiting their efficient use. Sufficient coordinating and supervising
staff were often not available.

A price incentive, which not only covered the extra labor costs
required for grading the vegetables but also offset the farmer's advantage of
having several competing buyers for his produce, was generally lacking.
Frequently the lack of timely market information (e.g., daily wholesale
vegetable prices in Taipei) seriously limited the farmer's ability to get a

2. 2*A 'ping' equals 3.3 m 2. Therefore, the total floor space averaged 198.7 m
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fair price for his produce. Price manipulation by local vegetable merchants,
the limited demand from the Hwa Chiang Wholesale Market,* and the costs of

transporting the vegetables to Taipei from the southern and central areas

were serious problems for SVPA farmers. The impact of price stabilization

and related marketing factors require further study to make this aspect of

the program more effective.

The Hsilo SVPA provides an example of how this marketing system with

its network of assembly stations should work. A daily telephone call to

the Hwa Chiang Wholesale Market is made to get an estimate of the volume

of those vegetables available from this SVPA that could be sold within a

given price range. With this information, the extension agents contact the

farmers growing these particular vegetables and arrange for them to

deliver a certain amount of their produce that day to the assembly station.

The farmers bring their harvested vegetables to the assembly station where

*V

The Hwa Chiang Wholesale Market was closed December of 1974 and was replaced
by the Taiwan Area Fruit and Vegetable Transportation and Marketing Company
(see page 23).
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they grade and pack them for shipment. TFA marketing clerks (usually one

senior clerk and three junior clerks) record the amount per farmer and

help supervise the grading, packing, and loading of the vegetables into

the TFA's truck.* When the vegetables are sold to wholesalers in

Taipei City, the amount is credited to the TFA's account which, in turn,

credits each particpating farmer's account. Payment to the farmer may

take several days, depending on that day's volume. This. exceptional

example seems efficient. However, it still leaves farmers in the usual

predicament of deciding which vegetables and the quantity of each to

plant. Although production plans are drawn up by the TFA, their usefulness

is questionable due to the uncertain market situation. In addition,

the implementation of this approach on a large scale would require a very

large support staff to maintain daily contacts between the farmers and

the TFA's record-keeping system.

One frequently mentioned, cost-saving measure was the feasibility

of each TFA purchasing its own trucks. If there are no policy restrictions

on the use of such vehicles, i.e., the type of load hauled on the return

trip, this measure could help reduce costs as well as ensure access to

adequate transportation.

The improvement of feeder roads in the last phase of the program

was intended to decrease marketing losses due to transportation problems

and to give the farmers better accessibility to major transportation

routes. The SVPA program subsidized 50 percent of the expense for this

project with the remainder paid by the farmers or the local township office

or both. Although certain mountainous areas need this construction because

of frequent road damage caused by heavy rains, other priorities would have

been more beneficial initially, such as price incentives or varietal

improvements.

PRODUCTION TEAM CHIEFS

We interviewed 29 team chiefs and 2 vice-chiefs**to identify how

* The Hsilo TFA owns its own truck.

** The latter two individuals were recommended as more representative than
their particular team chiefs.
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these teams functioned, who actually participated, what common characteristics

existed among them and what types of problems they faced. The interviews were

conducted in July and August 1974 and represented 86 percent of all the team

chiefs in the SVPA program. Basic data were gathered on farm size, the

family labor force, major farm assets, cropping patterns, problems related

to vegetable production and marketing, and team activities. Our intention

was to form an overview of the SVPA's team chiefs who are representatives of

the production team as well as farmers.

The team chiefs were distributed as follows: southern Taiwan

townships of Luchu - 2 and Poutzu - 2; central Taiwan townships of Hsilo - 3,

Yungching - 2, and Hsihu - 5; and northern Taiwan townships and districts of

Chupei - 4, Hsinchuang - 3, Panchiao - 3, Peitou - 3, and Shihlin - 4. The

map (see title page) shows these locations. We expected and found a very

heterogenous population of farmers due to the variety of locations and the

small size of the sample. Consequently, our remarks are indications of areas

for further study.

On the average, a team chief was 48.7 years old with 5.4 years of

education. His family consisted of eight to nine members; i.e., the farmer,

his wife (who usually worked with him in the field), a few children of

various ages and occupations, and one to two relatives such as a parent, a

sister, or a son's wife and child. His average farm size was 1.3 ha
2

(relatively large compared to Taiwan's average farm size of less than 1 ha)

and consisted of three or more parcels (i.e.,separately located pieces of land).

Comparsion of Team Chiefs

One way to consider these local representatives of the SVPA program

was by location, i.e., southern, central, and northern Taiwan. However,

the only clear differences attributable to location were in the man to

land ratio and cropping patterns. The four families in the south averaged

3.2 persons per ha, the 10 from the central area averaged 9.9 persons per

ha, and the 17 from the north averaged 6.2 persons per ha (7.1 in the lowlands

2 "Historical Evolution and Future: Prospects of Multiple Crop Diversification
in Taiwan", Y. T. Wang and Terry Y. H. Yu, Seminar on Multiple Crop
Diversification in Taiwan and Its Relevance to Southeast Asian Countries,
Oct. - Nov. 1973, Taipei, Taiwan.
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and 4.1 in the highlands). These ratios agree with Taiwan's population dis-
tribution, showing relatively small, intensively cultivated farms in the

central area, a somewhat lesser population per farmland-area concentration

in the north and more sparse concentrations in the south.

The southern team chiefs generally planted an intermix of rice,

field crops, and vegetables; those in the central areas emphasized vegetables

and the two rice crops; and the northern team chiefs were predominately

vegetable growers.

Another approach was to study the farmers' 'perceived' work schedule.

In an attempt not to use preconceived standards related to working time,

these farmers were asked how many hours per day and days per week do you

usually work on the farm during both the summer and winter. Work in this

context implied activities related to both production and marketing of crops

and livestock. The consistent response of seven days per week led to

further inquiries.

We found that unlike many other countries, holidays are taken mainly

when brief slack periods of farm work permit or occasionally for certain

religious, family, or national holidays rather than on a periodic basis.

This was a year-round schedule not just seasonal. The industrious farmer

doesn't have time to observe many holidays, considering the pressures of

planting and harvesting plus other field operations spread over a number of

different crops grown simultaneously as well as sequentially.

Another reason for the farmers' heavy work schedule was the decreasing

amount of time the farm children actually spend working in the field. Higher

education is considered more important and their studies require most of the

children's time. Likewise preparation for very competitive entrance

examinations demands much study time. Their infrequent work also adversely

affects the quality of their labor during vacations since they tire more

easily and are less able to endure the heat. Thus, the burden of increased

field work is placed on the farmer and his wife. This intensive work

aspect will continue to be investigated because such work schedules could

be a serious human cost related to multiple cropping and intensive vegetable

cultivation. Would others be willing to use such intensive cultivation

practices? Will today's youth be willing to continue that life style?
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Several farmers stated that they worked over 10 hours per day and seven
days per week during the summer. Those who worked longer hours tended to
be younger than the average (i.e., 49 years old) and better educated. This
was not expected, because of the general movement of Taiwan's youth from
agriculture to other occupations. However, the small sample size and
the select nature of the elected team chiefs may account for this.

The more expensive farm resources such as power tiller, water buffalo,
hogs (ten or more), and yellow cattle, were usually found on the larger
farms. The younger team chiefs tended to own power tillers (10) whereas
water buffalo owners (7) were generally the older team chiefs. Ownership
of a power tiller usually required that several family members be able to
operate it in order to offset part of its high initial cost by renting out
its services. The water buffalo as a power source was more common in the
past whereas the power tiller (mechanization) is becoming a part of the
present trend in Taiwan agriculture.

When considering farm size relative to various socioeconomic character-

isitics and farm resources (Table 1), we found that as the farm size increased,
the average number of resources increased. If the four ranges are condensed into
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those with 1 ha or less and those with more than 1 ha, the latter had more family

members who consequently spert more total hours of work in their fields and owned

more farm animals such as hogs, water buffalo, chickens, and ducks. But frum an

intensive labor input per land area perspective; those families with 1 ha or less

averaged 213.5 hours of work per week per ha, while those with 1 ha or more worked

only 123.2 hours per week per ha.

As a group, the average number of farm work hours per week of the team

chiefs'-families during the summer (207 ha) was more than during the winter

(172 ha). The farmers stated that although the longer summer days allowed

for more field work, the heat impeded the work pace. The longer hours spent in

the field during the summer would also indicate that there is more leisure time

in the winter in which the farmers could attend special agricultural extension

courses or engage in home handicraft types of enterprises, thereby increasing

either their agricultural knowledge or their incomes.

Among the various crops, rice ranked first in both production area and

number of growers. Twenty (65 percent) of the team chiefs grew rice. All

the southern and central Taiwan team chiefs grew rice compared to only 35

percent of those in the north. However, all the team chiefs had some land in

vegetable production throughout the year.

The five vegetables grown by the largest number of farmers were

Chinese cabbage,* pai tsai,** common cabbage, spinach and leafy mustard, respective-

ly. Pai tsai was the most commonly grown summer vegetable.

We found that team chiefs farming in the lowland SVPAs near Taipei City

grow a wider range of leafy vegetables (averaging 6 types per year). The central,

southern, and highland areas averaged three types of vegetables per year. The

major exception, Hsilo in central Taiwan (averaging 7 types per year), had daily

shipments to the Hwa Chiang Wholesale Market.

Ten (33 percent) of the team chiefs grew vegetables in screen houses,

*
In this paper, the heading type.of Chinese cabbage (Brassica pekinensis) is
referred to as "Chinese cabbage".

** A non-heading type of Chinese cabbage (Brassica chinensis). The common name,
pai_ tsai, is used.
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especially during the summer typhoon season. Seven of these of farmers were in
the northern SVPAs. The screen houses ranged in size from 0.1 ha to 0.35 ha with
an average size of 0.19 ha.

Problems from the Team Chiefs' Perspective

Major problems in growing vegetables tend to vary widely from place to

place. Through our interviews, we sought to identify those that the team

chiefs felt were most prevalent.

Twenty-seven team chiefs* were asked, "What are your major problems in

growing vegetables?" A shortage of fertilizer was considered to be the

most important and immediate problem (78 percent), while fluctuating prices,

a more persistent problem, was mentioned by 56 percent. When asked what

their fellow members would consider to be problems, they felt that their

responses would be about the same.

After this inital question the interviewer used a prepared list and

asked each team chief about 'additional problems' that they had not

mentioned. From that list, labor shortage, seasonal factors, and weeds

received from 48 to 41 percent of the interviewees' response, respectively.

Whether the 'additional' problems referred to by the interviewer were

simply not remembered, of less importance, considered to be beyond anyone's

control, or perhaps just part of being a farmer cannot be determined by

this approach. However, we were able to identify the 'problems' that

definitely are not considered important to these vegetable producers such

as inexperience, rice production, and the particular rotation system.

Problems such as limited land, poor soil, and insufficient capital also

were of less concern to the team chiefs.

The environmental problem of summer typhoons was a major reason for

the SVPA program. In fact, typhoon damage during the summer months (May

through September) directly affected 27 of the team chiefs' crops. Of the

vegetables affected, paj tsai was most frequently and seriously damaged

during the 1973 typhoon season. The extent of reported damage ranged from

20 percent to 100 percent of the vegetable crops of those farms affected.

Further research on techniques to reduce the heavy rainfall damage to

vegetables would definitely benefit the farmers. Reduction in damage would

As the answers of four interviewees were not clear, the responses

of only 27 team chiefs are considered for this question.
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help stabilize the prices of those vegetables in the wholesale markets by

making a consistent supply available.

Fifty percent of the team chiefs said labor limitations and twenty

percent stated that their crops rotation system were the main reasons

for not expanding the area under vegetable cultivation. If the expansion

of the vegetable production area is a major criteria for the success of

this program, the very real problem of labor shortage must be resolved

first.

Farmers Association Responsibilities and Problems

The persons in change of the local promotion of the SVPA program were

usually from the TFA staff. Apparently their numbers and roles differed

from place to place. The extension chief was generally responsible for the

system's operation, and one or more extension agents supervised the daily

assembly station transactions.

The PDAF has recently assigned young promotion-technical agents to

several of the more important SVPAs near Taipei. This position seems to

reinforce the technical input of the TFA related to the marketing component

of this program, however, their actual role and responsibilities could be

more clearly defined. Also a motorcycle should be provided to these

technicians because it is an essential extension tool for today's active

agricultural agent who is responsible for widely dispersed areas.

Several extension heads and managers of the TFAs that are directly

responsible for a particular SVPA were asked what further incentives

could stimulate an increase in vegetable production. They stressed

guaranteed prices (such as that used by Taiwan's mushroom industry) and a

larger fertilizer allotment.

In the two southern SVPAs, the TFA personnel cited high transportation

costs and the seasonal unavailability of trucks as particular problems,

whereas in the northern SVPAs, they mentioned price fluctuation and

collective-marketing management difficulties. Other problems mentioned

were the overflow of sea water into many fields in Shihlin and the lack of

essential phosphorous and potassium fertilizers in Peitou.

Beneficial programs suggested by the TFA personnel included improving

storage facilities, studying consumer demand in order to develop better

farm production plans, and increasing the capacity of the target wholesale
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market. The latter point entails selling consistent amounts and more
types of vegetables, maintaining a competitive price, and increasing the
number of buyers.

OBSERVATIONS and CONCLUSIONS
The overall "Specialized Vegetable Production Areas" concept has merit

as a comprehensive approach to the inherent problems of vegetable production
and marketing. These problems include: many widely dispersed farmers
producing limited amounts of vegetables, mainly on a seasonal basis; high
input cost requirements coupled with consistently high labor demands;
crop susceptibility to excessive rain, wind, and heat with related insect,
diseases, and weed problems; produce with a limited storage life, bulky
in size and easily damaged during transport; and marketing systems with
numerous types of middlemen and unpredictable, fluctuating prices. In
summary, perishable vegetables are a very risky cash-crop.

The production component of this system appears to function well in
terms of organization, continuous availability of technical support,
supply of most production inputs, and the selection of areas favorable
for vegetable production. In other words land, labor, and capital were
available to some degree, although labor shortages must be given more
attention.

While there is a feedback mechanism (communication linkages upwards
from the farmer in the field to the program administrators) from production
team members through their team chief to the TFA and then to the various
organizing agencies, a lack of communications or an inability to act upon
'what is known'at the administrative level seemed evident at the time of
the survey. A few simple examples of farmers' recommendations that had
gone unanswered are: the continued over-supply of nitrogenous fertilizers to
the mountain areas where the soil requires more phosphorus and potassium for
vegetable production; the need for someone to be regularly assigned to
each assembly station to record arrivals and be responsible for their
security, .enabling the farmer to return to his work after repacking his
produce; and the need to either build a storage room for heavy-duty baskets
adjacent to the assembly station or to have a large number of baskets
brought to the station a few hours before the scheduled shipment time,
instead or requiring each farmer to get them from the distant TFA's warehouse.

The marketing component of the system deserves further consideration.
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Since this approach is in direct competition with other marketing agents

such as the local merchants, the system must be more efficiently organized,

have better economies of scale, and be more reliable in terms of competitive

farm prices. Complications at the wholesale market level (e.g., insufficient

demand) inhibit competitive or guaranteed prices. This collective marketing

system cannot work without each SVPA's continual awareness of the Taipei

market price per vegetable and some assurances that the farmers' vegetables

will be purchased after being transported long distances. Again, the

collective marketing idea is practical but without these and other pre-

requisities, it results in 'collective losses'. Likewise, restriction on the

types and quantities of vegetables marketed may be necessary in the initial

pnases, but a strong market demand for a wide range of vegetables must soon

evolve or the producers' risks will continue to be too great.

The SVPA strategy has a number of advantages over the existing vegetable

marketing situation found in many countries. Avoiding the extremes of either

total government control of the marketing system or of total control by a few

powerful merchants, this approach can help create a healthy form of competition

between the two. This should increase the supply for the consumer and the

income for the producer as well as reduce the producer's risk. Another benefit

is the accessibility of the national and international research institutes to

the farmer. With problem-oriented research, they can identify current problems,

conduct farm-level experiments in particular problem areas, and note the

results of their suggested solutions. Likewise, new varieties and improved

management techniques can be adapted quickly and assessed within these limited

areas rather than on a whole country basis.

Two major developments have occurred since our visit to the SVPAs.

Inaugurated in September 1974, the new "Market Communication System" organized

by PDAF and based on a telecommunication network between key market and

production areas, should significantly reduce the problems related to late

or non-existent market information at the farm level. On December 1, 1974,

the Hwa Chiang Wholesale Market (government operated), the Central Market

(privately operated), and other smaller wholesale markets in Taipei City were
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closed by the government, and all vegetables were then channelled through the
Taiwan Area Fruit and Vegetable Transportation and Marketing Company operating
at its large, modern facility in Taipei. This new marketing company will
atterpt to improve marketing efficiency, shorten the marketing channels, and
form of transaction by managing the flow of vegetables into Taipei.

According to Dr. H. Y. Chen, Senior Marketing Specialist of JCRR, this

change at the wholesale market level will help alleviate several of the

marketing problems in the SVPA program. The collective marketing approach

when extended to other TFAs has resulted in improved quality vegetables.

The TFA's produce is usually among the first to be sold when the auctioning

begins at 2:3C AM, whereas the produce from local shipments (approximately

75 percent of the total supply per day) takes considerably longer to sell.

Disadvantages of the previous marketing system, i.e., underweighing, delinquent

payment to shippers, and unknown prices, are eliminated. In addition, as

the number of wholesalers increases, the influence of previously powerful

merchants should be reduced.

An important question for an integrated approach, such as this SVPA

program, which competes with the private marketing sector is: How and where

should initial losses be absorbed so as to insure an efficient system for the

long run "competitive" advantage? This question has no easy answer, yet it ,

must be carefully considered. Similarly, questions of insured production plans

or marketing quotas per participant are also critically relevant as are those

concerning the enforcement and implementation of such measures. Without an

assured price range and having no expectant price higher than the price in
the local market, there is no realistic way to implement such production

plans. For instance, we found that nearly two-thirds of the team chiefs

still sold most of their vegetables outside the collective marketing system.

Another interrelated factor to consider in certain areas is the competition

to the SVPA's collective marketing system from local cooperative marketing

organizations or even various TFAs which already operate their own local

vegetable markets.

Only a limited number of new varieties and cultural techniques have been

introduced in the SVPA program. Improved varieties with higher yields and

adaptability for summer season production (such as heat-tolerant varieties of
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Chinese cabbage and tomato) can quickly be assessed for farmer acceptibility

within this framework. Progressive production team members would probably
be willing to test innovative techniques and obtain the consensus of other

farmers regarding the techniques and varieties.

A thorough assessment of the SVPA program's impact on vegetable production

and marketing in Taiwan would require additional detailed studies such as that
3conducted by C. Y. Lin3. His evaluation, made after the program's first year

of operation, was able to point out some of the initial problems and also

suggested possible sources of action to resolve them. Our brief exposure can

only raise more questions and help keep alive the interest in this very

promising approach to an integrated system. Hopefully, further action-oriented

experimentation with this system, complemented by research, can produce a

viable example for other Asian countries, where serious vegetable production-

marketing problems exist.

3C. Y. Lin, Economic Evaluation of Phase One of the Specialized Vegetable
Production Area Program (in Chinese).
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THE MISSION OF AVRDC

It is the purpose of AVRDC to increase the yield potential and nutri-

tional value of selected vegetable crops that are especially useful in supple-

menting the rice diet and diversifying the year-round activities of rice far-

mers in tropical and sub-tropical Asia.

The Center concentrates its initial attention on 6 crops that are im-

portant, and which have yield constraints that can be appreciably reduced

through an intensive, sharply focused research program.

These crops are important because they contain higher levels of

protein, vitamins, and minerals than do the major cereals and thus contri-

bute to the improvement of nutrition. These crops, furthermore, are

adapted to upland soils and many have short growth duration so that they

can readily be intercropped or fit into mixed cropping patterns. They are

generally of high market value, so that they can improve the income of

farmers even on small farms. Vegetable crops also require high inputs of

labor and are capable of generating employment opportunities on the farm

and in allied industries.

From among the more than 100 different crops that authorities class

as vegetables, AVRDC carefully selected, for major attention, the mungbean,
Vigna radiata; the soybean, Glycine max; the tomato, Lycopersicon esculentum;

the sweet potato, Solanum tuberosum; the Chinese cabbage, Brassica pekinensis.
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THE RESEARCH PROGRAMS

During 1976 the research programs at AVRDC were restructured

into commodity oriented groups rather than the academic discipline groups

originally formed. This was done so that more attention could be focussed

on the commodity and an integrated, interdisciplinary approach could be

more easily directed toward the priority problems. This brings AVRDC's

programs into more nearly the same form as the other Centers and the

current budget presentation reflects the new organization. Staffing in each

of the programs is not as complete as is desirable and would be possible

in a larger Center.

The three research programs are the Legume Program, the Horti-

cultural Crops Program, and the Nutrition, Environment, and Management

Progran. The budget statement for 1976 and request for 1977 reflects

the first year of operation under the new system. Further changes may

be found desirable with experience.



THE LEGUME PROGRAM

Staff (Manyears) Cost
Principal Regular '000's US$

1976 1977 1976 1977 1976 1977
4.0 4.0 60.0 60.0 227.5 243.0

Soybean. While the soybean is a major world crop in the temperate zone,

suitable varieties have not been developed for most tropical areas. The

soybean can contribute enormously to the protein supply in the Asian tropics

if adapted, high-yielding varieties, and suitable technology is made available.

Major problems identified for attention are daylength sensitivity, tolerance

to high temperature, and greater resistance to insects and disease.

The Center's germplasm collection exceeded 9,000 accessions

during the year and distribution of seeds of accessions and segregating

breeding lines was made to 47 cooperators in 20 countries.

Nine soybean cultivars were classified as moderately resistant to

the rust disease (Phakopsora pachyrhizi) and 25 were found to be resistant

to purple seed stain (Cercospora kikuchii). AVRDC will cooperate with

INTSOY and several Asian countries to form an International Working Group

on Soybean Rust and has developed a standard system for evaluating the

rust disease.

Varietal differences in severity of beanfly (Melanagromgza sp. ) damage

were observed during the year and effective insecticides were identified for

cot, rol of this pest. In addition, a parasite, known to control the beanfly,

was introduced from Hawaii and is being studied in Taiwan.
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Nitrogen fertilizer applications again showed yield improvement

on Center soils when applied at flowering.

An economic survey of Taiwan soybean farmers provided a base-

line for additional technology adoption and provided a model for other similar

studies in Asia.

Mungbean. Mungbean is grown on over 2 million hectares in South and

Southeast Asia. It is an excellent source of protein and is used in many

forms, including bean sprouts, green beans, boiled dry beans, and noodles.

This crop is well adapted to the high temperatures of the humid tropics

but has never received appropriate research attention. Its yield potential

might be doubled by the development of varieties that make more efficient

use of solar energy and soil nutrients and that are more resistant to insect

and disease attack.

During 1975 over 400 crosses were made and testing of the pro-

geny has shown the crop to be unusually susceptible to variations in environ-

mental factors. Yield was found to have a negative co-relation with plant

height and the number of days from planting to first flowering. The cultivar,

PHLV #8, was found to have the highest mean yield in 3 seasons of testing.

It also produced a high percentage of yield in the first picking.

Resistance to beanfly was found to be greater in the rice bean

than in mungbean, while the Adzuki bean was subtantially less resistant.

Furadan applied weekly at a rate of 2 kg of active ingredient per hectare

gave the best control of beanfly in spring and fall field tests.
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Resistance to a complex of root diseases (Pythium, Rhizoctonia,

ind Fusa riun) was found in 7 accessions tested in a pathogen nursery.

Yield !oss to Cercospora leaf spot exceeded ,7/o in field trials, however,

.10 accessions were identified with resistance to the Cercospora canescens

organism.

A Rockefeller Foundation Visiting Scientist from Michigan State

University made interspecific crosses between mungbean and related Vigna

species using an inimunosuppressant. Interspecific crossability between

mungbean and rice bean was increased and preliminary cytological evidence

showed that chromosomal pairing was also increased. The barrier of

sterlity of F, plants remains to be overcome.
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HORTICULTURAL CROPS PROGRAM

Staff (Manyears) Cost
Principal Regular '000's US$

1976 1977 1976 1977 1976 1977
4.0 5. 0 71 71 248. 6 272. 1

Tomato. The tomato is a popular crop almost everywhere and is an

important source of Vitamins A and C. The tomato provides an excellent

cash crop for small farmers and generates employment through its high

labor requirement and potential for processing in factories which may be

located in rural areas. In the tropics, the tomato has shown poor fruit-

set when night temperature exceeds 23 0 C, and the crop is susceptible to

many diseases. AVRDC is conducting the first massive tomato breeding

program in the tropics and substantial progress has been made toward develop-

ing high yield varieties for tropical climates.

Bacterial wilt resistance has been introduced from 3 different

sources. The F 4 lines showed over 40% survival under heavy innoculation

with bacterial wilt pathogen, while less than 8% of earlier genarations similarly

innoculated survived. A trial of 17 AVRDC breeding lines showed 70% sur-

vival in other Taiwan locations while only 4% of check varieties survived.

Trials in Malaysia, the Philippines, and Thailand also showed surperior

bacterial wilt resistance, larger fruit set, and higher yield than check

varieties. Problem areas remain in that AVRDC lines were susceptible to

damage by worms, were of modest quality, and were susceptible to several

virus diseases.

During 1975, 3,750 accessions were screened for tolerance to

7



high temperatures. The top ten selections showed 65% to 80% survival

compared to 18% to 57% for check varieties. A fruit set rating of medium

or better was observed on about 6% of the total.

Chinese Cabbage. Chinese cabbage is also a popular crop that does not

tolerate hot weather and is readily attacked by several serious diseases and

many insects. Research activities concentrate in the 3 areas of heat to-

lerance, disease resistance, and insect tolerance.

A July, 1975, yield trial of heat tolerant accessions showed that

some cultivars could yield 7 to 8 ton/hectare in 36 to 46 days after being

transplanted. It was generally observed that heat tolerance was significantly

correlated with lower number of veins per leaf, greater leaf thickness, and

shorter leaf length. Heat tolerant varieties appeared to react better to a

shorter period of vernalization than heat sensitive cultivars.

The best combining selections from mass-pollinated populations

were shown to have heads 18-23% heavier in the first cycle of recurrent

selection. Further selections will be made in these populations to continue

the trend toward larger head size.

Segregating populations tested in the hot dry season in Chiang

Mai, Thailand, produced heads 3 to 4 times larger than those produced in

Taiwan.

Screening for disease resistance revealed 9 cultivars resistant

to downy mildew (Peronospora parasitica), 8 cultivars resistant to bacterial

soft rot (Erwinia carotovora), and 6 resistant to Turnip Mosaic Virus.
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Sweet Potato. The sweet potato is an underrated food crop in the tro-

pics since more people can be fed from a hectare of sweet potato than

from a hectare of rice. In addition to Vitamin A, sweet potato contains

more minerals than does rice and its tops provide a source of protein,

vitariin and minerals. The improvement program concentrates on increas-

ing protein and carotene content of varieties otherwise similar to those

now commonly being grown. While working toward this preliminary goal,

efforts naturally will be made to develop early maturity, higher yield,

insect and disease resistance.

Previously identified cultivars with high carotene, high protein,

and high yield were intercrossed with varieties from Laos (HDK series)

and showed superior vigor in the field.

30 Lines were classified as having moderate resistance to the

sweet potato weevil. The sweet potato weevil was effectively controlled by

application of Heptachlor at 4 kg/ha.

Six selections were identified to be resistant to the mycoplasma-

caused witches' broom disease.

In a minimum input trial, marketable yields of 20 ton/ha were

produced in plantings made following a rice crop without the application

of herbicide, pesticide, fertilizer, .or irrigation water. Only 96 mm pre-

cipitation fell during the 155-day growth period. A yield of 22 t/ha was

measured in trials of AVRDC selections in both Thailand and the Philippines

in 1975.
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White Potato. The white potato does not produce high yields at low

elevations in the tropics and AVRDC, in consultation with. CIP in Peru,

is making major research efforts to correct this deficiency.

Of the 120 populations added to the Center's germplasm during

the year, 23 were received from CIP. All the seeds of these acquisitions

and sonic 11,000 plants in 30 populations were grown at high elevation

during the summer season at the Center and in the Philippines in winter.

Two AVRDC selections yielded up to 600 g/hill with a high per-

centage of marketable tubers. A yield of 22 t/ha in Mindano, Philippines,

was achieved although some disease susceptibility (Alternaria) and "second

growth" limited the yields. Mulching applied during high temperature

periods accelerated the emergence of plants but did not affect final yield.

Mulching reduced tuber "greening" and promoted haulm growth.

Yield trials of the Mexican collection were initiated in Southern

Taiwan, Malaysia, and the Philippines.

One of the key enzymes involved in starch biosynthesis, sucrose

synthetase, showed a significant reduction in level at high temperatures.

Phosphorylase, granular starch synthetase, and soluble starch synthetase

did not show this reaction. A shift to low temperatures for as little as one

week produces marked increase in sucrose synthetase activity. Kinetic

studies also showed UDP to be required in high concentration for a signifi-

cant level of sucrose synthetase activity at high temperatures (37 0 C).
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Differences in UDP level may be useful as a screening method for po-

tential tuber enlargement.

Studies of potassium concentration in plant organs showed a large

K increase in the tuber after 48 days of growth. Potassium tended to re

main at higher concentration (3.2%) in the dry matter of plants grown at

high temperatures than at low temperatures (2. 4%).

Soil applied insecticides were absorbed by both sweet and vh ite

potatoes but remain at higher concentration in the white potato. This is

attributed to the shorter growth duration of white potato, which was harvested

before the insecticides vere degraded or lost from soils in this test.
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OUTREACH PROGRAMS

Staff (Manyears) Cost
Principal Regular '000's US$

1976 1977 1976 1977 1976 1977-
1.3 3.0 3 6 84 195

On April 15, 1975, the Asian Development Bank made funds

availakile to establish Outreach Programs in three Asian countries: Korea,

Thailand, and the Philippines.

The Korean Sub-Center, established in 1974, continued work on

cabbage, soybean, tomato, and potato although the Resident Scientist was

not on post. Trainees were enrolled at the Center and breeding and

screening for disease resistance was in progress. Some resistance to soft

rot and Turnip Mosaic Virus was identified in Chinese Cabbage.

The Resident Scientist arrived in the Philippines in May, 1975,

and research and training objectives were vigorously pursued. Trials have

been initiated with all six crops and have been grown at locations through-

out the country.

The Technical Assistance Agreement has not yet been signed

with the Royal Thai Government but scientific exchange is underway.
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NITRITION, ENVIRONMENT, AND MANAGEMENT PROGRAM

Staff (Manyears) Cost
Principal Regular ' 0 00's US$

1976 1977 1976 1977 1976 1977
5.5 6.0 59 59 265.7 282.9

The Nutrition, Environment and Management Program is designed

to coordinate and facilitate the research on aspects of vegetable crops that

are common to all. The program serves to emphasize the importance of

nutritional value of vegetable crops and to highlight the inter-reaction of

environmental variables on the nutritional quality of these crops. Both

agronomic and economic management studies are included in this program in

order to emphasize the inter-dependence of these subject matter areas, and

to permit a closer working relationship among scientists involved in these

studies.

Nutrition. The trypsin inhibitor in sweet potato showed a 13-fold variation

among the 20 lines tested in small animal feeding trials. Unfortunately,

trypsin inhibitor activity was found to be highly correlated (r = 0. 92) with

the protein content. The rate of heat degradation of the inhibitor also varied

with varieties, suggesting that a high protein sweet potato might be developed

with a readily degraded tripsin inhibitor.

Study of Vitamin C loss during cooking of Chinese cabbage showed

that only 43% of original Vitamin C content could be recovered after 2 mi-

nutes of pan frying, or 20 minutes of boiling. Frying for only 1 minute

increased recoverable Vitamin C to 56%.
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Mungbean protein was shown to be approximately equal in quality

to that of soybean in tests of digestable protein, biological value, and net

protein utilization. The starch in the mungbean, however, interferes the

ability of animals to utilize the mungbean protein. A mixture of about 2. 5%

mungbean with rice improves the combined chemical score of these two foods.

A microbiological assay for measuring methionine and cystine concentration

was adopted for routine use in screening mungbean protein. Black gram

(Vigna mungo) was shown to contain nearly 3 times the average methionine

content of mungbean.

Environment. Long term studies of pesticide residues in the soils clearly

show that residence time in tropical soils is substantially shorter than in

tempe rate zone soils, particularly for chlorinated hydrocarbon. The half-

life in AVRDC soil for DDT and Dieldrin was from 3 to 8 months whereas

publications from the temperate zone list half-life time from 24 to 48 months.

Organic phosphate insecticides, on the other hand, have about the same re-

sidence time ranging from 0. 5 to 1. 5 months. Carbofuran and other carba-

mate insecticides appear to persist somewhat longer than carbamates ge-

nerally are reported to do in the temperate zone.

Management. Management studies directed toward improvement of produc-

tion during the summer rainy season include mulching and soil ammendments

for potato. Rice straw mulch perpendicular to the row axis sheds rain into

the furrow reducing bed erosion and compaction. Best results were with

beds mulched with rice straw combined with rice hull and sand.
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Herbicide trials in soybean showed that Alachlor at 2 kg/ha

pre-emergence glave the best control of annual grasses and some broad-

leaf weeds. In mungbean, Butachlor applied at a rate of 1 kg/ha showed

the best results and neither herbicide persists in the soil.

An economic survey of farms producing Chinese cabbage during

the summer months showed that marketable head size was smaller than in

winter but still acceptable to the consumers. Higher summer prices re-

sulting from decreased summer supply appears to be due to crop damage

by severe weather and reduced yield, since some varieties tolerate high

temperatures.

A study of staking methods for tomato during the summer mon-

soon season showed that neither staking method increased the yield or

fruit quality since storm damage was unusually high.

The dramatic expansion of tomato processing in Southern Taiwan

in recent years is shown to have resulted from a combination of favorable

environment, a cropping system permitting an additional cool season crop,

appropriate varieties and other tomato technology, and a market opportunity.

The large tomato canneries are supplied from farmer teams who arrange

contracts through their own representative at guaranteed prices, partially

in exchange for inputs, transportation, and shipping containers. Production

costs presently are about 40% of those in California, and yield averages

10 t/ha higher than those in the USA and 20 t/ha above mean yields in

Japan.
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The response of sweet potato to potassium proved to be highly

variable. Typically application of only 50 kg/ha of nitrogen resulted in

low response to higher levels of potassium. One variety showed a signifi-

cant increase in yield (to 40 t/ha) as the K/N ratio increased.

A response to boron applied as foliar spray 10 times during the

growing season was observed for both tomato and Chinese cabbage. The

response to boron increased with higher levels of nitrogen and fertilizer in

tomato as was not unexpected on the AVRDC soils with high pH.
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TRAINING, INFORMATION AND RESEARCH SERVICES

Staff (Manyears) Cost
Principal Regular '000's US$

1976 1977 1976 t977 1976 1977
5. 0 5. 0 81.0 83.0 400. 8 427.1

Major progress in the training program was achieved during

1975 with the arrival of the Training Officer. Full time service

of a senior staff member is now assigned to this task.

During the year 11 research interns/scholars from 6 countries

completed 42 man-months of training. Countries served were the

Philippines, Thailand, Korea, Indonesia, Micronesia and the USA.

Six sum:ner-trainees from the Republic of China gained experience

in entomology, plant physiology and plant breeding. A post-doctoral

research fellow from Pakistan initiated work on fertilizer practices

for the soybean.

Planning was completed for the first Vegetable Production

Training Course scheduled for February, 1976. Two such 5-month

courses per year are contemplatcd.

Information Services were strengthened with the addition of

an assistant specialist and with the ordering of additional equipment.

The Annual Report was published and distributed to about 3, 200

research'ers, libraries, extension workers, students and administrators.

An information brochure was distributed in both Chinese and English

and a number of slide sets were designed for research and training

17



programs. A collection of recipies for preparation of AVRDC's

six crops was begun and will be compiled for publication during 1976.

The library acquired about 1, 000 new monographic titles

and now subscribes to nearly 300 journals. A bibliography of-each

crop was begun with work on the mungbean and a Chinese cabbage

bibliography was scheduled for early initiation.

The experimental farm continued to command a large budget

and serviced 'ae research programs actively. A Crop and Land

Management Committee was formed to help advise the form on matters

of land assignment, drainage and irrigation improvement and soil

fertility evaluation. The Farm Superintendent left during the year

to serve with the Chinese Agricultural Mission in Saudi Arabia and

was replaced by the Assistant Farm Manager.

The Seed Laboratory multiplied seeds of about 8, 000 accessions

during 1975 for scientists at the Center and abroad. Nearly 5, 000

samples of seed were distributed to 57 countries and over 80, 000

packets of seed were sealed and put in long term storage.
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ADMINISTRATION

Staff (Manyears) Cost
Principal Regular '000's US$

1976 1977 1976 1977 1976 1977
5. 0 5.0 18 19 400.1 26.1

The Administrative staff of the Center consists of the

Director, two Associate Directors, the Comptroller and the Executive

Officer. No changes in the staff or structure are proposed during 1976

or 1977, except for the addition of one secretarial position.
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THE PHYSICAL PLANT

The Center now has the following buildings:

1. An administration building which accommodates the Director

and Associate Directors, the Comptroller's office, the

Executive Officer, the Office of Information Services, the

department of Agricultural Economics, and the auditorium.

Also it contains the Training Office, and classrooms for trainees.

2. A laboratory building accommodating the natural science programs.

It also contains the library which has a capacity of about

80, 000 volumes.

3. A service building which provides facilities for the motor pool,

farm machinery repair and storage, and the handling and

storage of seed. The physical plant is maintained from this

building which contains the carpentry, plumbing, and electrical shops.

4. A total of 14 three-bedroom houses and 6 apartment houses for

senior staff and research associates. Thus the Center can

accommodate 20 scientists and their families.

5. Six greenhouses, a headhouse and a new screenhouse for

entom6logy aj'd Intra4 pafhology.

6. A cafeteria-dormitory building, which also contains the guest-

house facilities. The principal use of this building is to accommodate

research scholars and trainees. However, some unmarried staff

members live there. The guest house section has 8 beds (4 rooms),

a private dining room and lounge.
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CURRENT FINANCIAL SUPPORT

Unlike the other international agricultural research centers

(all of which are supported by bilateral grants within the framework

of the Consultative Group on International Agricultural Research),

AVRDC is mainly supported by six countries: the Republic of

China, Japan, the Republic of Korea, the Republic of the Philippines,

the Kingdom of Thailand, and the United States of America. The

Asian Development Bank participated in the formation of the Center

by making an initial grant of $300, 000 for the first 2 years. The

Kresge Foundation provided funds for the Cafeteria-Dormitory building,

and the Taiwan Canners Association provided $250, 000 toward

building costs.

Funds either committed or already received in 1976 are

listed below:

The Republic of China 693, 500

The United States of America 600, 000

The Republic of the Philippines 75, 000

The Kingdom of Thailand 75, 000

Japan"' 75, 000

The Republic of Korea 75, 000
Total Core Income 1 , 593, 500

Carry-over from 1975 257, 726

Assured miscellaneous income 35, 000
Total Funds 1, 886, 226
Total Approved Budget , 9 53, 700

Japan also provides the salary of a soil sc ientist.

The Rockefeller Foundation firnishes the Director of the Center.

21



Firm pledges of support for the second 5-year period

(1976 - 1980 inclusive) have been received from the Republic of

China, United States of America, Japan, Korea and the Philippines.

Thailand made a contribution for 1975 but has not yet decided in

favor of a long term commitment. Additional contributions from

donor members are being sought.

Minimum support through 1980 is assured from the

Republic of China based on a projected budget of a little over $10 million

for the 5-year period.



BUDGET PROPOSAL FOR 1977

The AVRDC budget for 1976 is $1, 973, 700 as shown in

Table 1. The 1977 budget estimate is based on that for the previous

year and also reflects the change in organization of research programs.

We can maintain a productive research and training operation with

the annual 7 percent increase, but rising costs do present an erosion

of real resources available for the work of the Center. The total

estimated hudget for 1977 is $2, 093, 400 as approved by the Board

of Directors in 1975.

The number of principal staff in 1977 will be 27, of whom

5 are in administration, 3 are in the research support operation,

and 14 are directly involved in research and training. This figure

reflects the planned addition of an agricultural economist in mid 1976

and the Outreach Horticulturist who has been in the Philippines since

May 1975. The average salaries for the principal staff are lower

than those for the other international centers. This is mostly because

AVRDC has established the Research Associate and Scientific

Associate positions for certain indigenous staff and for a few foreigners.

Under this system, the Chinese receive higher salaries than they

would at local universities and research institutes. The Scientific

Associate grade has been newly established to provide improved retire-

mient and insurance benefits for most principal staff through IIE

appointments.
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Substantial upward adjustment in salaries was brought about

in 1976 because the research assistant category had been rewarded

at too low a level to retain staff. Over 25% of research assistants

resigned during 1975 resulting in some delays in research activities.

The fund allocations for research by crops (Table 2) show that

AVRDC spends the most money on soybeans, and mungbeans, followed

by tomatoes, Chinese cabbage, sweet potatoes and white potatoes.

Although it is not expected that the order or emphasis will

change greatly during the next two years, it is likely that some major

problems of the Chinese cabbage will be solved before too long, and

funds devoted to this crop will decrease drastically. The amount spent

on the white potato will also decrease, depending upon the success of

the program and budget support during the next two years.
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FUTURE CAPITAL AND PROGRAM REQUIREMENTS

An Assessment Team of independent Asian and American

scientists submitted a report to the Board of Directors of AVRDC

on July 12, 1974. In the report, the team expressed the opinion that

!VRDC needs $300, 000 to $50b, 000 anndally beyond its present budget.

They recommended that a soil microbiologist and a statistician be

added to the staff.

At the )resent time, all houses are assigned to senior staff.

One of the scientific associate-level people has been promoted; a

training officer has been added; and we need a house for the soil

microbiologist, the statistician and a visiting scientist.

As we project our housing needs, we find that 4 additional

residences will be required. At present prices, the estimated cost

of these houses is $260., 000 and is rising.

An additional $200, 000 is needed to cover the salaries of

those to be promoted and to cover expected increased prices. The

7 percent per year projected for the next 5 years is probably in-

adequate to meet inflation.

We sincerely believe that we can stabilize AVRDC's staff and

facilities at the suggested level.
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This would give us a total of 1.8 staff houses, the number

originally planned. The 6 apartment houses would be used for

research associates and visiting scientists.

We have recommended to our Board of Directors that AVRDC

be allowed to expand to this extend (really only one truly new position),

if the funds can be found.

If we do not take the action outlined above, we would face the

following conseaiences:

I. Qualified Research and Scientific Associates (or their

equivalent) could not be promoted to a position of senior rank.

2. A few senior scientists and their families would be required to

rent inferior houses in Tainan (an inequality that would be difficult to

live with).

3. We would have to get along without a soil microbiologist and

the statistician.

This is a serious defect for a program that involves intensive

research on two major food legumes, and seeks ways of increasing

nitrogen fixation by free-living soil bacteria.

The estimated budget through 1980 is shown in Table 3. The

Board of Director s of AVRDC has approved this budget in principle

and has voted to record in the minutes that it is a minimum budget

to carry out the mission of the Center.
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Table 4 presents a summary of the budget request and deficit

items not now being funded from core contributions or special projects.
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ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER
TABLE 1. CORE BUDGET EXPENDITURES ESTIMATED FOR 1976 AND PROJECTED FOR 1977

(Cost in thousands of U.S. Dollars)

Principal Staff Regular Staff Supplies & Home Leave &
Man-Years Cost Man-Years Cost Expense Foreign Travel Equipment Total1976 1977 1976 1977 1976 1977 1976 1977 1976 1977 1976 1977 1976 1977 1976 19771. Administration

General 5. 0 5.0 80.0 86.6 18.0 19.0 49.0 52. 5 14.0 16.0 18.0 51.5 10.9 10.0 400.1 426.1(incl. postage,telephone 
32.9 35.4

& cable)

Buildings & Grounds --- --- --- --- 56.0 58.0 103.7 110.6 31.5 33.5 --- --- ---
Motor Pool, Security 29.9 30.0

(incl. vehicle repair)

II. Legume Program 4.0 4.0 57.5 62.5 60.0 60.0 96.8 102.8 28.0 31.0 27.9 30.9 17.3 15. 8 227. 5 243.0
Mungbean
Soybean

III. Horticultural Crops Prgm. 4. 5 5.0 77.0 86. 1 71.0 71.0 96. 3 104.2 36.0 39.0 30.7 34.2 8.6 8.6 248. 6 272. 1Tomato
Chines€Czabbage
Sweet Potato
White Potato

IV. Nutrition, Environment & 5. 5 6.0 59.0 69. 3 59. 0 59. 0 105. 4 111.0 34. 8 43.0 30. 8 34. 3 26. 8 26. 3 265.7 282. 9Crop Management Prgm. 8.8 ----
(incl. economic surveys)

V. Training, Communication 17.8 21.3 12.6 10.3 400.8 427.1
& Research Services

a. Office of Information 1.0 1.0 11.0 12.0 7.0 7.0 14.9 15.6 22.8 24.0 --- --- ---Services
b. Library 1.0 1.0 4.4 4.8 5.0 5.0 10.3 11.0 6.4 6.9Books and journals 31.0 32.0
c. Experimental Farm 1.0 1.0 4.3 4.7 51.0 52.0 70.8 74.0 76.3 79.4 --- ---- --- --- -
d. Computer Services --- --- --- --- 3.0 4.0 6. 6 10.0 9. 5 12.0
e. Seed Laboratory 1.0 1.0 4.5 4.9 10.0 10.0 11. 8 12.0 5.2 7.0 --- --- --- - -
f. Training Office 1.0 1.0 12.5 13.5 5.0 5.0 9.1 9.7 7.0 8.0 -- - --- ---Scholarships 

52.0 54.0
VI. General Expense 

349.8 387.1

VII. Capital Expenditures 
61.2 55.0

TOTAL 24.0 25.0 310.2 344.4 344.0 349.0 574.7 613.4 426.2 451.2 155.2 172.2 76.3 70.0 1,953.7 2,093.4



TABLE 2.

DISTRIBUTION OF FUNDS TO
RESEARCH (BY CROPS) AND OTHER ACTIVITIES

1976 1977
Amount % Amount %

Crop Research Programs 1, 123.2 57.4 1. 195.4 57. 1

Mungbean 234.7 12.0 276.3 13.2

Soybean 281.6 14.4 295.1 14.1

T omato 195.7 10.0 209.3 10. 0

Sweet Potato 144.9 7.4 157.0 7. 5

Cabbage 176.1 9.0 165.5 9.4

White Potato 90.2 4. 6 60. 7 2. 9

Training 80.6 4. 1 84.7 4.0

Other Support

General Administra- 201.9 10.7 216. 6 10.3
tion

Building & Grounds 165. 2 8. 4 174. 2 8. 3

General Expense 382. 8 19. 5 422. 5 20. 2

GRAND TOTAL 1, 953. 7 100. 0 2, 093.4 100. 0



THE ASIAN VEGETABLE RESEARCH AND DEVELOPMENT CENTER

Projected Core Budget for -1976-80

(In US Dollars)

Contribution
Donor/Source 1976 1977 1978 1979 1980 Total '0

Republic of China 693, 500 743, 600 794, 300 848, 600 906, 600 3, 986, 600 36

United States of America 600, 000 600, 000 600, 000 600, 000 600, 000 3, 000, 000 27

Republic of the Philippines 75,000 75,000 75,000 75,000 75,000 375,000 3

Republic of Korea 75,000 75,000 75,000 75,000 75,000 375,000 3

Government of Japan 75,000 75,000 75,000 75,000 75,000 375,000 3

Kingdom of Thailand 75,000 75,000 75,000 75,000 75,000 375,000 3

Carry over 257,726 -- -- -- -- 257,726 2

Total 1,851,226 1, 643, 600 1,694, 300 1,748,600 1,806,600 8,744, 326

Approved Budget 1,953,700 2,093,400 2,240,100 2,396,900 2,564,700 11,248,800 100

Deficit 102, 474 449, 800 545, 800 648,300 758,100 2,504,474 23

Project, Non-Core or Restricted Income

Private Foundations 35,000 40,000 50,000 50,000 50,000

Commercial & Industrial firms 25, 000 35, 000 45, 000 50, 000 50, 000

Miscellaneous grants, 30, 000 50, 000 70, 000 80, 000 80. 000
Scholarships & Training

Sub-Total 90,000 125,000 165,000 180,000 180,000



TABLE 4.

SUMMARY OF ADDITIONAL CAPITAL AND
RECURRENT BUDGET REQUESTS FOR AVRDC

(1976 and 1977)

Annual Recurrent
Program Item Cost (US$) Capital (US$)

1. Additional core budget 200. 000
requests

2. Construction and furnishing 260, 000
new houses

3. Sweet potato nutrition studies 58, 000
Amino acid analyzer 12, 000
Auto analyzer 30, 000

4. Microbiologist 35, 000 40, 000
Statistician 35, 000 40,000

Key-punch operator 7,000 10,000
Programrner 1-5, 000

5. Interspecific crosses in food 130,000
legumes (in cooperation with
U. S. universities)

6. International conference on 35, 000
target crop, economic surveys
and training 515, 000 392, 000

TOTAL ...... A........ US$907,000



TABLE 5.

OUTREACH PROGRAM BUDGET AND MANPOWER STATEMENT

Republic of Republic of the Kingdom of
Item Korea Philippines Thailand Total

US Dollars)
Salaries, perquisites 50,000 50,000 50,000 150, 000
and travel

Fellowships 18,000 15, 000 40, 000 73, 000
(including travel)

Transport, Equipment, 37, 000 40,000 15, 000 92, 000
and Supplies

AVRDC Supporting 15,000 15,000 15, 000 45, 000
Services

Contingency 10, 000 10,000 10,000 30, 000

TOTAL US$ 130, 000 130, 000 130,000 390, 000

Man Year

1976 0. 5 1.0 1. 5

1977 1.0 1.0 1.0 3. 0
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