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CIP RESEARCH AND TRANSFER PROGRAM

Primo Accat.ino1

Mr. Ragkavan, Honorable Minister of Agriculture of the State of Kerala, India.

Dr. Rao, Special Director General of the Indian Council of Agricultural Research.

Dr. Chadha, Deputy Director General of the Indian Council of Agricultural Research.

JOr. Nayar, Director General of the Central Tuber Crop Research Institute at Trivandrum.
Scientists and research managers of international and national instituticns attending
the workshop.

Scientists from CIP, members of the press, ladies and gentlemen.

First of ~11 on behalf of the Director General of CIP"and its staff, I would like
to thank and acknowledge the host institutions of this workshop: The Central Tuber
Crop Institute at Trivandrum, and the Indian Council of Agricultural Research for this
excellent collaboration in the organization of this workshop.

I have planned my presentation on CIP research and transfer program on the basis of
the major objectives of the workshop, which are:

1. To gather knowledge of the sweet potato situation in the countries of Asia in terms
of production, wutilization, constraints, research and technology transfer
activities, international collaboration and needs for improvement.

2. To inform the participants of CIP sweet potato research activities and linkages
already established with international and national research institutions.

3. To develop plans for collaboration in research and technology transfer between the
countries research institutions and CIP to initiate collaborative research and
training projects based on mutual agreements on national and CIP capabilities and
resources and to identify opportunities for research contracts on topics of mutual
interest where alio resources are shared for their implementation.

4. To discuss possible network activities for research, training and technology
transfer among the countries and CIP where the members institutions pool their
physical and human resources for direziions, implementation, evaluation and
funding. The budgeting and the decision making process is executed by the
institutions members of the network.

In accordance with the above major objectives, I would like to present the research
and technology transfer program of CIP with some details on the organization and
strategies vith the purpose of facilitating the up coming decisions on collaborative
activities that might develop between CIP and National Sweet Potato Research Programs
attending this workshop.

lpssociate Director, Transfer of Technology,International Potato Center, P.0. Box 5969,
Lima 100, Peru.



CIP is one of the 13 international agricultural research centers sponsored by the
Consultative Group on International Agricultural Research - CGIAR. CIP collaborates
with research and development agencies throughout the world to achieve two basic
objectives:

- Increase the potato and sweet potato yielding ability, stability and efficiency of
production and utilization in developing areas where it is now grown, and,

- Improve the potato and sweet potato adaptability to grow more extensively and
efficiently in cold, high regions, as well as in warm, low tropical regions.

An international agricultural research center can take one of two routes to conduct
its program: one is for the center to "go it alone," establishing its research
program, developing its new varieties and technological packages, and then
"transferring" them to developing country programs, or directly to farmers. The second
route is for the center to work with national programs frcm the start. CIP has
successfully followed the second route.

CIP's program has as a focal point the exploitation of genetic resources still
available in the center of origin of potato and sweet potato and to use them for
improvement worldwide.

CIP research develops technologies to solve major problems of potato production in
developing countries. Results are further evaluated under a range of developing
country conditions in collaboration with national research institutions. This enables
both CIP and national program scientists to quickly determine if the technology is
applicable to growing conditions in specific regions.

The Research at CIP is organized into Departments. For administrative purposes
scientists are assigned to Departments according to their discipline. The Departments
of Taxonomy, Breeding and Genetics, Pathology, Entomology and Nematology, Prhysiology,
Social Science and Research Support are headed by a senior scientist responsible to the
Director of Research.

Maximum interaction of teams of specialists in various scientific disciplines is
gained by grouping research projects into specific areas of research concentration
(Thrusts). Each Thrust has a leader responsible for projects in that particular area
of research concentration.

CIP scientists may work simultaneously on several projects within different Thrusts
as a leader or as a cooperator to provide essential interdisciplinary input.

Before a project begins at CIP, several factors are considered. Advantage is taken
of the built-in, tvs-way communication between National Programs and Lima headquarters
through Regicnal Offices to determine specific problems. Also considered is
accumulated documentation on the problem and whether CIP has the expertise and
facilities to do the necessary research and the amount of work expected from the
scientists who would be involved.

The organization plan permits flexibility for changes in priorities without major
shifts in staffing. Additional commodities - sweet potatoes, for example was added
without a major increase in funding for staff and facilities.



Regional Research and Training at CIP is guided by priorities developed through
headquarters and regional scientists and their national counterparts. The specialists
of the Training and Communications Department contribute with guidance and
responsibilities toward human resource development and communication flow of
information. Priority areas for regional research are currently: regional germplasm
evaluation, adaptation of potato and sweet potato to tropical conditions, strengthening
national seed systems and planting material, developing technology for potato
production from true seed, tissue culture and rapid multiplication methods for seed and
planting materials, improving post-harvest technology, agronomic management, and
socio-economic studies.

The Regional Research and Training Program works directly with national scientists
to conduct production-oriented research and exploit technology available from CIp and
elsewvhere. Host countries and boundaries for CIP's eight regional programs shift
occasionally in response to emerging national capabilities and political developments.

Regional staff members collaborating with national scientists are responsible for
identifying key production problems, testing and adaptive research, multiplication and
distribution of genetic materials, training, and related activities that strengthen
national potato research and extension programs. CIP has few physical facilities at
its regional stations and relies on a national institute or another center for office
space and logistical support.

Short-term consultants are not a substitute for permanent personnel in regional
programs. Effectiveness in region depends on detailed knowledge of the individual
countries, insights that can only be built up over time by regional scientists in the
field. :

CIP's philosophy is to involve institutions and scientists throughout the world in
research, training, potato and sweet pnotato improvement while keeping its own program
modest in scope and sharply focused on developing country needs. Several strategies
help to accomplish CIP program.

1. Members of the Board of Trustees represent diverse countries, disciplines, and
experiences. The 35 individuals who have served on CIP’s board are from 17 different
nations; 17 from developing and 16 from developed countries. The board has an active
role in management, and evaluates the programs and budget annually.

2. CIP's social science program provides management and research scientists with
up-to-date information on potato production and use in developing countries. Through
their participation in interdisciplinary teams, social scientists also keep the
interest of producers and consumers foremost in research and training programs.

3. Progress in all research projects and training 1is reviewed in a week-long annual
meeting of all CIP scientists, representatives of national programs, and board members.

4. Planning Conferences periodically review progress and establish guidelines for
future research in each major research area. To date, near 30 conferences have had 300
invited participants from 45 countries attending.

5. Based on planning conferences, assessments of developing country needs and CIP's
comparative advantages, a long-term plan till year 2010 was issued in 1987. The plan,



goes to policy makers and potato scientists around the world. It is periodically
updated to reflect research progress as well as changing perceptions of developing
country needs and capabilities.

6. Vhen country leaders seek external funding for a potato program, CIP attempts to
link the country with a donor agency and a locally-tased international agency which can
administer the funds «nd implement the project. This strategy called the "third
dimension approach" allows CIP to minimize the administrative burden of handling large
numbers of special projects. A program such as this has been conducted in Bangladesh,
Nepal, Pakistan, and Bhutan.

7. Many developing countries unable to afford a comprehensive potato research program
solve their problem through CIP-sponsored collaborative country research networks.
These country programs pool their resources to establish their own integrated research
programs which investigate problems of mutual interest.

Five collaborative networks are not functioning: two in South America and one each
in Central America, Central Africa, and South East Asia.

8. Direct research collaboration between scientists in CIP and national programs is
achieved by working jointly in collaborative research projects which are the research
unit of CIP's Regional Research Program. More than 100 such projects underway in 50
developing countries.

9. CIP Thrust research is linked to scientific expertise and research facilities
throughout the world by means of research contracts. Contracts motivate research to
work on priority problems of developing countries, and provide operating funds for
conducting needed research. Flexibility is provided for changing research priorities
without incurring major changes in headquarters staff and facilities.

10. CIP's training program is based on the philosophy that research and extension
eiforts conceived and executed collaboratively with national programs are more
appropriate, effective and longer 1lasting than those conceived and executed
independently by CIP. All general production training and many specialized courses are
conducted in regional and national programs. Since 1978, CIP has trained or
facilitated training for about 5000 researchers and extensionists from 102 countries.

11. Experiences in development and dissemination of seed storage technology led CIP's
post-harvest team to formulate the "Farmer-back-to-farmer" research model. Based on
the belief that problem-solving agricultural research should begin and end with the
farmer, this model relies on interdisciplinary teamwork in all phases of a continuous
research/diffusion process. The model is now serving as guide to applied potato
research in a number of technological areas in several countries. Moreover,
agricultural policy makers and development specialists working on other crops and
problem areas have expressed great interest in the model, as a guiding framework for
applied research and development.



PRESENT STATUS AND FUTURE PROSPECTS OF
SWEET POTATOES IN BANGLADESH

Adbus Siddiquel and Mamunur Rashid?

1. THE COUNTRY

Bangladesh, a land of about 144,000 km¢ is situated in the north-eastern part of
the South-Asian sub-continent roughly between 20.75° to 25.75° north latitude and from
88.30° to 92.75° east longitude. Except for the hilly regions in the north-east and
south-east, the country consists of low flat and fertile land. About 1/3rd of the vast
low lying plain is subject to annual floods.

The country is in the humid tropical region. The weather throughout the country
tends to remain mild due to the influence of the Bay of Bengal aiad the monsoon wind.
The annual rainfall varies from 1,112 to 5,096 mm with an average of 2076 mm. About
80% of the rainfall is received during June to Octcber, i.e., in the second half of the
hot season (Fig. 1). The hot season starts from mid February. The winter, extending
from early November to mid February, is almost dry. The mecn minimum temperature
during the period vary from 8° to 13°C.

The country has a large population_ of over 95 million people (the approximate
population density is 660 inhabitants/km¢) in relation to a limited area of available
cultivable land (8.91 million hectare). At the present growth rate, the population of
this country will exceed 140 million by the year 2000.

The economy of Bangladesh is traditionally and predominantly agricultural. About
91% of the country’s population is rural, and 80% of them are engaged in agriculture.
Nearly 1/5th of this number is estimated to be landless. More than 75% of the
country’s population lives below the pcverty line. The agriculture, as a whole,
centinues to be traditional with its old cultural practices and low yielding crop
varieties. Yields of most of the crops are of the world’s lowest. As a consequence,
the country is far from self-sufficient in food. The country has to import food grains
every year to meet the deficit (Fig. 2). It is apprehended that in the year 2000 food
deficit of the country will rise to about 3 million tons.

Crop production in Bangladesh is dominated by rice. Other major food crops are
vheat, potato and sweet potato. There has been a significant increase in the
production of rice, wheat and potato during the period from 1973 to 1985. The position
of sweet potato, however did not change much (Fig. 3).

1Department of Horticulture, Bangladesh Agricultural University, Mymensingh,
Bangladesh.

2Tyber Crops Research Center, Bangladesh Agricultural Research Institute, Joydebpur,
Gazipur, Bangladesh.
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Traditionally and habitually a Bangladeshi’s meal consists of a plated of boiled
rice and some curry. The average per capita per day intake of cereals in this country
is over 500 grams compared to less than 100 grams of roots, tubers and vegetables. The
daily calorie supply per capita is about 1,900, which represents less than 85% of the
estimated requirements.

2. PRESENT SITUATION OF SWEET POTATO PRODUCTION IN BANGLADESH

Sweet potato is an important supplementary food crop of Bangladesh. Among the food
crops it stands fourth in respect of production. The crop is normally grown in the
vinter season, the optimum time of planting being mid October to early November. The
duration of sweet potato in the field is about five months in this country. The
country produces about 714 thousand tons of sweet potato per year, with an average
yield of 10.9 t/ha (Scott, 1988). With some minor year to year fluctuations, virtually
there had been no major change in the production pattern of sweet potato in this
country since 1971/72 (Table 1). But in case of other food crops, like rice, potatoes
and wheat a remarkable increase in production took place during the stated period (Fig.

3).

Compared to 10373, 573.7 and 110.3 thousand hectares of land under rice, wheat and
potatoes in Bangladesh, sweet potatoes are grown in only about 66 thousand hectares of
land. The area under sweet potatoes comprise only about 0.74% of the total cultivable
land of the country. The relative aiea, production and yield of the major food crops
.of Bangladesh are shown in Fig. 4.
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The important sweet potato growing areas of Bangladesh comprise the river belts,
‘Char’ lands, deltas and seasonally inundated flood plains of the country (Fig. 5).
The major sweet potato growing districts are Comilla, Dhaka, Noakhali, Faridpur,
Barisal, Patuakhali, Jamalpur, Kishoreganj, Mymensingh and Rangpur (Table 2). Mostly
the small and marginal farmers are involved in the production of sweet potato in this
country. About 447 of the sweet potato growers of Bangladesh grow sweet potatoes in
less than 0.1 hectare of land; and only 8% of the growers allot more than 1.0 hectare
of land for the production of sweet potatoes (Anonymous, 1984).

A recent thorough survey conducted by the Root Crops Project of Bangladesh,
however, has indicated that the production level of sweet potatoes in Bangladesh was
underestimated in all other reports including those of Bangladesh Bureau of Statistics
(BBS) and FAQ. As per the survey, Bangladesh produced 1,240 thousand tons of sweet
potato in 82.36 thousand hectares of 1land in 1983/84, the average yield being 15.05

t/ha (Rashid, 1985).

3. IMPORTANCE AND USE OF SWEET POTATOES IN BANGLADESH

Sweet potato is a neglected crop in Bangladesh, and is considered as a poor man’s
food in this country. Almost the entire lot of sweet potatoes produced in Bangladesh
is used locally as human food. During the harvesting season sweet potatoes are
consumed as a staple or supplementary staple food, particularly in the rural areas. It
is also consumed as a snack. Sweet potatoes are served mainly in the boiled and baked

10



form. The sweet potato roots and leaves are also widely used as a vegetable both in
the rural and urban areas. After harvest, the vines are used as cattle feed.

Sweet potatoes are mostly consumed fresh in this country. Only in limited
quantities sweet potato flour mixed with wheat flour is used in making breads and
cakes. Industrial use of sweet potato in Bangladesh is negligible. Very limited and
occasional use of sweet potatoes in the manufacture of starch has been reported.

Table 1. Production trend of sweet potato in Bangladesh
during 1971/72 to 1985/86.

Production Area Production Yield

year (000 ha) (000 t) (t/ha)
1971/72 67.26 735.32 10.93
1972/73 63.73 680.45 10.68
1973/74 60.60 626.79 10.34
1974/75 66.59 707.33 10.62
1975/76 71.65 778.11 10.86
1976/77 70.59 743.63 10.53
1977778 71.87 770.36 10.72
1978/79 72.93 782.40 10.73
1979/80 72.39 778.77 10.76
1980/81 67.93 693.25 10.21
1981/82 66.27 680.61 10.27
1982/83 65.99 702.30 10.64
1983/84 65.30 701.77 10.75
1984/85 61.51 671.78 10.98
1985/86 55.87 602.29 10.78
Source: BBS

In the past, the importance of sweet potatoes was not recognized by the planners
and policy makers of Bangladesh. Consequently, until recently, the crop did not
receive any attention for its improvement and extension. Sweet potatoes are now
considered as an important crop in the post-flood crop rehabilitation programme due to
its high yield, low production cost and high nutritive value. It has also been
realized that a greater thrust, leading to increased production and consumption of
non-traditional staple food like sweet potatoes, should be given in order to minimize
the food shortage of the country.

11
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Table 2. Area and production of sweet potato in different
districts of Bangladesh during 1985/86.

Name of Area Production Yield
District (ha) (t) (t/ha)
Bandarban 151.8 1352 8.91
Chittagong 2678.1 35862 13.39
Comilla 7795.5 84695 10.86
Khagrachari 372.5 3947 10.60
Noakhali 3894.7 37480 9.62
Rangamati 234.8 2251 9.59
Sylhet 1864.4 24444 13.11
Dhaka 3374.5 41620 12.33
Faridpur 3301.6 35388 10.72
Jamalpur 5014.2 72217 14.40
Kishoreganj 2836.0 30910 10.90
Mymensingh 2471.7 34600 14.00
Tangail 1601.2 17892 11.17
Barisal 5161.9 50335 9.75
Jessore 753.0 6651 8.83
Khulna B827.9 12926 15.61
Kushtia 524.3 4128 7.87
Patuakhali 4358.3 20863 7.08
Bogra 1421.1 11348 7.99
Dinajpur 712.6 4895 6.87
Pabna 2325.9 21465 9,23
Rajshahi 1174.1 10198 B.69
Rangpur 3018.2 26818 8.89
Bangladesh ' 55868. 3 602285 10.78

Source: BBS, 1987

4. PROBLEMS RELATED TO PRODUCTION, STORAGE AND MARKETING OF SWEET POTATOES IN
BLANGLADESH

4.1. Cropping Patterns and Agronomic Aspects

As sweet potatoes are grown mainly in the flooded river belts and ’Char’ areas, the
lands used in the production of sweet potatoes are mostly single cropped. As soon as
flood water goes down at the end of rainy season, the lands are prepared and sweet
potato vines are planted. Planting generally takes place in the months of October and
November. The crop is harvested in March-April; and only after a few weeks of

13



harvesting flood water comes in and inundates the land again. The pattern thus is
'Fallow - Fallow - Sweet Potato’. However, in some relatively high lands broadcasted
aus paddy is grown immediately after the harvesting of sweet potatoes, the cropping
pattern being ‘Broadcasted Aus Paddy - Fallow - Sweet Potato’. 1In few instances
‘Broadcasted Aus Paddy - Transplanted Aman Paddy - Sweet Potato’ followed by
'Broadcasted Aus Paddy - Fallow - Sweet Potato’ pattern is found, particularly where
the land is medium high (Elias, 1985).

Most of the sweet potatoes are grown under rain-fed condition in Bangladesh. A
survey conducted throughout the country showed that only 8% of the sweet potato growers
irrigate their crop (Anonymous, 1984). Althcugh irrigation increases the yield of
sweet potato to a great extent (Anonymous, 1985), the crop is raised without irrigation
due to the dearth of irrigation facilities in most of the present sweet potato growing
areas.

The production of sweet potatoes can be extended in the double and triple-cropped
areas, where flood water does not get in and there is facility for irrigation.

In Bangladesh sweet potatoes are propagated entirely by vine cuttings. Both tip
and middle cttings are used. Vines are maintained in a small piece of land. In areas
where the crop is grown in flooded soils; seed vines are maintained around homesteads
during the rainy season. Farmers either use their own vines or procure the same from
neighbouring farmers or from the local market. Up to recent past there was no
institutiial source for the supply of seed vines. Limited quantities of seed vines of
improved sweet potato varieties are now supplied by the Agricultural Research Stations,
Agricultural Extension Department and Bangladesh Agricultural Development Corporation.

The sweet potato groweru often do not maintain an optimum spacing during the
planting of vines. Plant spacings vary widely from place to place and farmer to
farmer. Growing of the crop in flat method is more common throughout the country.
However, in some areas ridges are made during the growth of plants.

About 60% of the sweet potato growers do not apply any chemical fertilizer in their
crop. Those who apply fertilizers, do not do so in a judicious manner. Use of cowdung
or farmyard manure is also not very common. This is mainly due to lack of awareness
and knowledgz. A good benefit can be obtained by applying balanced fertilizers
particularly with high yielding varieties and under irrigated conditions (Siddique et
al., 1985; Hossain et al., 1987).

Most of the farmers do not take any loan for sweet potato cultivation. There is no
institutional source of loan for the production of sweet potato. About 50% of the
growers are in the opinion that 1loan is not required fur the cultivation of sweet
potato. It is not due to their solvency, but mainly due to the utilization of a small
piece of land and poor production practices followed.

4.2, Germplasm and Varieties

A large number of indigenous varieties of sweet potato are grown in Bangladesh.
The varieties are mainly of two types - red skinned and white skinned, both having
white flesh. There is a great variation among the indigenous varieties in shape, size

14



and yield of tubers (Hossain and Siddique, 1985; Anonymous, 1985). Two high yielding
and nutrient rich improved varieties, namely, Tripti and Kamalasundari have been
released recently (Siddique, 1986). The farmers are still growing the indigenous
“arieties extensively due to non availability of vines of the improved varieties.

4.3. Pest Problems

Sweet potatoes are relatively free from serious insect pests and diseases in the
field. However, in some areas and seasons weevil attack (Cylas formicarius) becomes a
problem. The weevil often seriously damages the tubers in storage. Among other insect
pests, cut worms, hairy caterpillar and crickets cause some damage in the field. There
is no clear evidence of any major disease. Application of insecticides and fungicides
is very uricommon. Damages caused by rats often become serious.

4.4. Storage of Tubers and Associated Problems

Sweet potatoes are highly perishable, and are seldom stored for a long period in
Bangladesh. Most of the tubers are consumed or sold immediately after harvest. Some
of the growers store a part of their harvest for future sale or consumption. The
tubers are stored in the dwellirg houses or in ’‘Doles’ (bamboo made container). In the
dvelling houses the tubers are kept either on a bamboo made platform or on the floor.
Sometimes sand or wood ash is used between the layers of stored tubers. Rot, insect
damage and sprouting are the common causes of spoilage in storage. The length of
storage period under ordinary room conditions varies from 1 to 6 months, but in most
cases not more than 3 months. Sweet potatoes are not cool stored in Bangladesh.

4.5. Marketing of Tubers and Associated Problems

Most of the sweet potato growers sell a part of their produce in the local markets.
The big growers often sell their crop from the field to the visiting ‘Beparis’
(traders) who transport the same mostly by boat to the consuming markets. Sweet
potatoes are also directly brought to the city markets by the growers. The main
channel of sweet potato marketing in Bangladesh is ‘Grower - Faria - Aratdar -
Retailer’. The important sweet potato assembling markets in the country are Savar,
Babuganj, Bera-Nakalia, Nandina, Daudkandi and Takerhat (Ahmed, 1985). Rapid
perishability of the tubers, storage problems, increased transport cost and market
glutting during the peak harvesting period are the major problems in the marketing of
sweet potatoes in Bangladesh.

4.6. Price and Profitability

The price of sweet potatoes in Bangladesh is gradually increasing over the years.
The average whole sale prices in the important markets of the country were Tk. 946,
1,416 and 1,629 per ton in 1983, 1984, and 1985 respectively (Ahmed, 1985). In this
country more than 80% of the sweet potatoes produced are sold. The farmers consider
this crop as a very profitable one. Under the existing production practices,
cultivation of sweet potato requires an average cost of about Tk. 6,000 per hectare.
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About 63% of this cost is incurred due to labour and 22% due to seed vines. With an
average yield of 11 t/ha, the average gross margin stands at about Tk. 5,000 per
hectare, compared to Tk. 3,000 in case of wheat (Clements, 1985).

4.7. Import and Export

A number of varieties and breeding lines of sweet potato were imported from time to
time from different countries, namely, Taiwan, Japan, Nigeria and USA. The materials
vere collected in the form of tubers or seeds, and were used in the varietal
improvement of sweet poiato in Bangladesh. The collected genotypes are being
maintained by BARI at Joydebpur. There is no report of any import or export of swee.
potatoes for human or animal consumption or for industrial use.

5. RESEARCH ON SWEET POTATOES IN BANGLADESH

5.1. Historical Background

Until 1980, sweet potato did not find a good place in any institutional research
programme. Only a few field experiments were conducted mostly in connection with
postgraduate studies. In 1980 a contract research project sponsored by the Bangladesh
Agricultural Research Council was initiated for overall development of the tuber crops
having greater emphasis on sweet notato and aroids. The project was initially for 3
years, but subsequently extended for 5 more years. One of the authors of this paper,
Dr. Md. Mamunur Rashid acted as the Coordinator of the project. Since 1 July, 1988 the
activities of the project have been merged with the present Tuber Crops Research Center
of BARI.

5.2. Objectives and Achievements

The research project had the following objectives:
- To develop improved varieties of sweet potato
- To standardize the method of production and storage
- To explore the possibilities of processing of the crop.

Substantial achievements have been made under the project. Two improved varieties
of sweet potato named Kamalasundari and Tripti developed by the project have been
released through the National Seed Board. Kamalasundari is very rich in carotene
content, and Tripti is a high yielder.

Production technology in respect of time of planting, type of planting material,

spacing, manuring and irrigation have been standardized. It was not possible to give
adequate attention to the storage aspects. A number of experiments on the utilization
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of sweet potato flour as an ingredient of bakery products were conducted. Good results
vere obtained, but the findings have not yet been packaged into usable technology.

5.3. Institutional Facilities and Manpower

The root crop project mentioned earlier was implemented jointly by BARI and the
Bangladesh Agricultural University. In doing so, existing physical facilities of both
organizations were utilized. With the merger of the tuber crops with potato, the
facilities available at the Tuber Crops Research Center of BARI will be utilized for
future research activities. BARI has a network of sub-stations for field experiments
throughout the country. A laboratory for research on the quality aspect of sweet
potato is needed to be developed.

The contract research project on root crops was implemented with the help of both
full time and part time scientific staff. For future research activities on sweet
potato, there will be a shortage of trained manpower. New positions of scientific
staff have been created, wid recruitment will be made in near future. Specialized
training of the new recruits will be necessary.

6. EXTENSION AND EDUCATION ON SWEET POTATOES IN BANGLADESH

Sweet potato was so long absent from the routine activities of the extension
department. With the development of new improved varieties and associated production
technology, the department of extension has included the crop in their programme.
Several hundred demonstration trials of the new varieties are planned for the 1988/89
crop season. The extension department has a big network of staff up to the village
level.

Sweet potato has been given adequate coverage in the curricula of the agricultural
colleges and universities. It is included in the horticulture syllabi both at the
undergraduate and postgraduate level. There is a programme of introducing short
training courses on sweet potato for the officials of the extension department.

7. INTERNATIONAL COLLABORATION

In implementing the contract researcn project on tuber crops from 1980 to 1988,
technical assistance in the form of supply of germplasm and literature was received
from different international institutions like AVRDC and IITA. Several scientists from
AVRDC and IITA have visited Bangladesh to see the sweet potato programme. There has
hovever been no formal agreement with any international organization for support to
this programme. For implementing the contract research project, partial financial
support was available from USAID, Netherlands government and the International
Foundation for Science.

A nev project named Crop Diversification Project (CDP) in which overall development
of pulses, oil seeds and tuber crops (potato and sweet potato) is envisaged is going to
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be started from the current year. The project, initially approved for 5 years has
research, seed production and extension components for each group of crops and also has
provision for development of infra-structure and manpower .

8. FUTURE PROGRAMME FOR RESEARCH AND DEVELOPMENT OF SWEET POTATO

8.1. Strategies for Development

As the season of growing sweet potatoes in Bangladesh is specific, an increase in
its production will create problem for its marketing and storage. Experiences have
shown that under ordinary room conditions the roots can be stored for only 2-3 months.
Cold storing will make it too costly for the consumers vho are mostly of low income
group. To avoid the problems it is essential to find alternative uses for the roots.
Manufacture of industrial starch and animal feed from sweet potato are two prospective
areas for exploration. At the same time efforts may also be made to increase its
direct consumption. In the coming years studies on the feasibility of establishing
mini factories for the processing of sweet potatoes will constitute a major area of
activity. Sweet potato flour may also be promoted as an ingredient of various food
items, particularly by mixing it with wheat flour.

8.2. Research programmes and priorities

For the overall development of sweet potato in Bangladesh it is necessary to
strengthen research activities in the following areas:

8.2.1. Variety development

The two newly released improved varieties are moist fleshed and relatively less
sweet. Due to the moistness of flesh the varieties have encountered some dislikings
from the consumers who are used to dry fleshed varieties. 1In view of this fact it is
necessary to develop varieties that combine high yield with dryness and sweetness of
flesh and high carotene. Hybridization work towards this direction has already been
started and will be strengthened during the coming years.

8.2.2. Storage

The area of storage deserves serious and immediate attention. It may be possible
to extend the storage period of sweet potatoes to some extent by applying simple
management practices. The economic feasibility of storing sweet potatoes under
refrigerated condition will also be examined.
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8.2.3. Processing

The per capita direct consumption of sweet potato in Bangladesh cannot be increased
substantially mainly due to the briefness of the period of its availability. Hence,
processing in some form or other offers the possibility of taking up a programme for
the expansion of sweet potato production in this country. Since the potential yield of
sweet potato is high and its production cost is relatively low, the crop is expected to
be a cheap raw material for processing. The assumption needs to be confirmed through
research.

8.2.4. Infra-structure and man power development

Physical facilities for conducting field oriented experiments on sweet potato are
available. The existing network of research sub-stations of BARI can be used for this
purpose. Laboratory facilities of the tuber Crops Research Center are not adequate for
conducting research in different areas. Additional laboratory equipments will be
required.

Manpowver with specialized training on sweet potatoes, particularly in the area of
post-harvest technology and processing is very much lacking. Training of manpower in
processing and breeding will be needed in order to implement the proposed research
programme.

8.2.5. International collaboration

So long the international collaboration for sweet potato research in Bangladesh was
limited to the procurement of germplasm from AVRDC, IITA and some other organizations.
In the coming years there is a plan to extend the same to other activities so that
expertise available in other countries may be wutilized, particularly in the area of
processing. In view of the new mandate of CIP to take up sweet potato, the existing
cooperation with that organization will be strengthened.

9. REFERENCES

Ahmed, D. 1985. Marketing and trade in spice and root crops. Proc. Workshop on
Present Status and Future Prospects of Research on Root and Spice Crops.
Banglagdesh Agri. Res. Council, Dhaka, Bangladesh. pp. 65-72.

Anonymous. 1984. Annual Report of the Project "Root Crops Development in Bangladesh,"
1983-84. Bangladesh Agri. Res. Inst., Joydebpur, Gazipur, Bangladesh. 58 p.

Anonymous. 1985. Annual Report of the Project "Root Crops Development in Bangladesh,"
1984-85. Bangladesh Agri. Res. Inst., Joydebpur, Gazipur, Bangladesh. 66 p.

BBS. 1987. Yearbook of Agricultural Statistics of Bangladesh, 1985-86. Bangladesh

Bureau of Statistics, Govt. of the Peoples Republic of Bangladesh, Dhaka,
Bangladesh. pp. 262-64.

19



Clements, D. J. 1985. Economic potentialities and constraints of spices producticn in
Bangladesh. Proc. Vorkshop on Present Status and Future Prospects of Research on
Root and Spice Crops. Bangladesh Agri. Res. Council, Dhaka, Bangladesh. pp-.
60-64.

Elias, S. M. 1985. Agro-economic survey of sweet potato and constraints to its
production. Proc. Workshop on Present Status and Future Prospects of Research on
Root and Spice Crops. Bangladesh Agri. Res. Council, Dhaka, Bangladesh. pp.
43-49,

Hossain, M. M. and M. A. Siddique. 1985. Sweet Potato Production, Use and Improvement
(in Bengali). Mrs. Hena Siddique, Bangladesh Agri. Univ. Campus, Mymensingh,
Bangladesh. 112 p.

Hossain, M. M., M. A. Siddique, and B. Chowdhury. 1987. Yield and chemical
composition of sweet potato as influenced by timing of N-K fertilizer application
under different levels of irrigatior. Bangladesh J. Agri., 12(3):181-88.

Rashid, M. M. 1985. Status of research on root crops in Bangladesh. Proc. Workshop
on Present Status and Future Prospects of Research on Root and Spice Crops.
Bangladesh Agri. Res. Council, Dhaka, Bangladesh. pp. 19-22.

Rashid, M. M. 1985. Status of research on root crops in Bangladesh. Proc. Workshop
on Present Status and Future Prospects o. Research on Root and Spice Crops.
Bangladesh Agri. Res. Council, Dhaka, Bangladesh. pp. 19-22.

Scott, G. J. 1988. Marketing Bangladesh’s Potatoes: Present Patterns and Future
Prospects. CIP-ADAB, Dhaka, Bangladesh. p. 7.

Siddique, M. A., M. A. Rahim, and M. G. Rabbani. 1985. Influence of N-K fertilizers
on the yield of three sweet potato cultivars. Punjab Vegetable Grower, 20:29-34.

Siddique, M. A. 1986. The progress of sweet potato varietal improvement in Bangladesh
- a reviev. J. Root Crops, 12(2):57-61.

USDA. 1988. United States’s Economic Assistance to Bangladesh: A Challenge of
Development (in Bengali). United States Development Agency. Dhaka, Bangladesh.
20 p.

20



SWEET POTATO PRODUCTION AND RESEARCH IN CHINA

S. Y. Lul, Q. H. Xuez, D. P. Zhang3, and B. F. Song4

1. INTRODUCTION

Sweet potato (Ipomoea batatas (L.) Lam) is one of the major crops in China. It was
introduced into China 420 years ago. Since then, it has spread to almost every
province of China. It can be grown from Hainan Island in the South (18 N) to
Heilongjiang province in the North (45 N) and at elevation ranging from sea level to
more than 2,000 m. Sweet potato now ranks as the fourth most important crop after

rice, wheat and corn.

Growing sweet potato provide famine relief food for the people. It is also being
fed for animal husbandry particularly pigs and used as raw material for starch
industry. On a worldwide basis, China is the largest sweet potato producer. It
produces and utilizes approximately 80 percent of the world’s sweet potato. China has
a massive amount of experience and expertise .n sweet potato production and research.
Also, many problems and constraints need to be solved and removed.

2. COUNTRY PRODUCTION DATA

From 1940’s-1980’s, sweet potato sown area in China varied greatly, about 3,344,000
hectares in 1946 increased to 5,811,000 ha in 1950. The sown area peaked in 1963 with
9,640,000 ha in the wake of the 1959-62 famine period. From then on, area declined
steadily. Total sweet potato sown area in China is now at its lower level in recent
history. In 1987, 6,174,700 ha of sweet potato were planted.

The average yields, however increased steadily from 8.9 t/ha (1940-1949) to 13.35
t/ha (1970-1979), and to 17 t/ha in 1982-1984. The yield level vary a lot in different
regions. In Shandong, average yield has increased to 24.46 t/ha in 1987, but Guangxi
province has the lowest yield of 4.94 t/ha only. This differences are attributed to
natural conditions, varieties, agronomy practice and mostly, the supplementation of
fertilizers. (See Table 1, and Table 2).

INational Beijing Agricultural University, Beijing, The People’s Republic of China.
2Jiangsu Academy of Agricultural Sciences, Nanjing, The People’s Republic of China.
3Sichuan Academy of Agricultural Sciences, Chengdu, The People’s Republic of China.

4International Potato Center, Region VIII, Beijing, The People’s Republic of China.
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Categorized according to the conditions of geography, climate and cropping systems,
the production area in China can be divided into five zones.

2.1. Northern Spring Cropping Zone

It is a,narrov area including a portion of north China and northeast China. About
5% of Chinese sweet potato is planted in this zone, mainly in spring cropping.

2.2. Yellow-Huai River Basin

It locates between Yellow River and Huai River, and it covers 40% of China’s total
sweet potato growing area. In this region, sweet potatoes are planted in both spring
and summer cropping.

2.3. Yangtze River Basin

This belt includes some portions of those provinces along Yangtze river only except
Qinhai plateau and mountain area in west Sichuan, about 30% of China’s total sweet
potato distributed in this zone mainly cropped in summer type.

(g%}

4. Southern Summer and Autumn Cropping Zone

It is a narrowv and long belt between Yangtze river basin and the Tropic of Cancer.
About 157 of Chinese sweet potato cultivated there mainly in summer and autumn
cropping.

2.5. Southern Autumn and Winter Cropping Zone

Only 10% sweet potato are planted in this zone but sweet potato can be grown here
all year round. This zone includes the southern coastal area and some islands in South
China Sea. (See Table 3).

3. IMPORTANCE OF SWEET POTATO IN CHINA

Sweet potato is one of the most important crops in China. It ranks the fourth in
terms of sown area only after rice, wheat and corn. Historically it had played a very
important role in providing relief food against famine in the event of calamity. Sweet
potato is an integral part of life of every family. In 1950’s, about 60 percent of
total Chinese sweet potato was for direct human use. Even before 1970's, sweet potato
vas still served as staple food in the rural area.

In the past ten years, sweet potato for human consumption has declined rapidly due
to bountiful harvests of other crops such as rice, wheat and corn. Now, most of sweet
potato in China is used as food for livestocks, particularly pigs, and used as raw
material for starch processing.
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China’s food crop production peaked in 1984 (400 million tons). After that, it
declined and has hovered for several years. Calamities, particularly drought made it
difficult to increase the yield of other fine grain crops without big amount of input.
So, in those areas where irrigation is not available, sweet potato is the best choice
for its lower input requirement, comparative stable yield and high productivity.

China’s food supply is about 370 kg per capita, that is the biggest restriction of
the developing of animal husbandry; sweet potato has been playing a very important role
in pig feeding which provide most portion of protein for Chinese people. In Sichuan
province, the biggest pork producer of China, it is estimated that 60% of sweet potato
is used as food for pigs.

The following utilization purposes were investigated by the Chinese Agricultural
Ministry in 4 biggest sweet potato producing provinces (1987).

About 14.4 percent of sweet potato in these provinces were used as staple food and
food processing. (Processing is wusually made in family or village enterprises,
products include noodles, dried, candied and preserved sweet potato bits, jam and other
handicraft items).

About 43.3 percent used as food for livestocks (mainly for pigs). A small portion
was used as food for cows and poultry. Sweet potato vine are also used for this
purpose.

33.3 percent are used for industrial purpose, major products are starch, alcohol,
citric acid, etc.

Nine percent is used as seed plus storage losses.

4. PRINCIPAL PROBLEMS

4.1. Seed Production

Practically, there is no sweet potato seed production system in China. Seed
company has not put sweet potato into their business due to the high cost on storage
and transportation. Farmers have to propagate and store seed by themselves, which
often results in variety mixing. Even though the seed division of Chinese Agricultural
Ministry had a regulation on seed roots tuber grading and quality requirement, it has
not been conducted practically.

4.2. Germplasm and Variety

Large number of new varieties have been developed by Chinese Scientists since 1950,
which has greatly improved the sweet potato production in China. Also, a lot of work
has been done on germplasm collection preservation and utilization. However, the
varieties used in production have some shortcomings, such as lack of multiresistance.
Xushu 18 is the example, it has good resistance to root rot and has high productivity
but is very susceptible to black rot and rot nematode. Vhen this variety was
distributed to Sichuan, black rot limited its yield productivity. Poor adaptability is
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another problem. In 1985, 4 starch type varieties were released by the national
breeding program, but they were not accepted by farmers due to their poor adaptability
in barren land. Varieties with superior characteristics are inadequate. The demand
for high dry matter, good eating quality and high yield has not been met. No
population improvement approach taken as a part of variety improvement in China.
Further genetic improvement has gradually become more difficult due to lack of superior
parental clones in breeding program.

The selection method and efficiency also need to be improved.  Such as rapid
screening and identification of nutrition quality and disease resistance.

4.3. Diseases

More than 30 different sweet potato diseases have been reported in China. Among
them, black rot (Ceratocystis fimbriata), root rot (Fusarium solani), rot nematode
(Ditylenchus destructor), and bacterial wilt (Pseudomonas solanacearum) are considered
as 4 major diseases. Scab (Sphaceloma batatae) and Fusarium wilt (Fusarium oxXysporum
var. batatae) are also important diseases in some areas. During storage, soft rot
(Rhizopus nigricans) and dry rot (Fusarium spp.) are the greatest pathological
limitation.

Black rot is a problem in all sweet potato growing area, but in South China it is
less severe than in north. Root rot mostly occur in Yellow River and Huai River basin.
Yield reduction caused by this diseases range from 10-100 percent.

Rot nematode, though can be a problem in all China. Severe yield loss was found in
north China. It also damaged tubers during storage. Ten to fifty percent yield
reduction is estimated.

Bacterial wilt of sweet potato, a disease caused by Pseudomonas solanacearum has
been reported only in south China. In this region it does occur; it can be severe,
causing yield reductions estimated from 30-40% to 70-80%.

The root-knot nematode is another destructive nematode of sweet potato; it is
mainly distributed in Shangdong coast area and Zhejiang province, reducing both yield
and root quality.

In recent years, concern for virus diseases was increased due to the increasing
virus symptoms in collected germplasms. In Xuzhou Institute SPFMV and SPLV were
identified in two thirds of their introductions presenting virus sypmtoms.

In Sichuan province, one very susceptible variety Okinawa 100, often exhibited
field losses estimated at 30 percent. Clonal material with healthy appearance derived
from meristem tip tissue culture yielded 47% more with 3% higher dry matter than
diseased (SPFMV) material.

In all China’s sweet potato production, however virus disease has not been a

serious problem yet. Also, they are not well characterized and little is known about
their yield reduction effect.
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4.4. Pests

The weevil (Cylas formicarius) is the most important insect pest in south China, it
attacks the sweet potato tubers both in the ground before harvest and during storage.
The estimated yield loss ranges from 5 to 20 percent in Guangdong province.

More than 20 different sweet potato insect pests are also found in China.
Generally speaking, the yield reduction caused by pests are much less than diseases.

4.5. Storage

Sweet potatoes are stored in two forms: one is stored in form of fresh tubers,
another is ir dried chips. The latter is only available in north China and is much
more safer than the former.

During storage, soft rot is the most important problem followed by black rot, the
former is caused by Rhizopus sp. that penetrates wounds. In the 1960’s, a guod
storage system had been developed by Cliinese Scientists and well practiced in rural
areas. The storage loss was greatly reduced by avoiding injuries to tuvers, avoiding
cold storage temperatures, using fungicide dip prior to storage and heat treatment for
healing. But storage loss have increases since commune was dismantled in the 70’s and
large heated stores are no longer used. Control of rots is necessary, especially for
prolonged storage of seed tubers. In Hebei province, estimated storage losses are
10-20 percent while in Anhui province 40% of sweet potato was rot during storage.

Additional storage problems are rot nematode and green mold (Botrytis cinerea), the
latter also causes soft rot.

4.6. Constraints Related to Cultivation

-  Environmental stresses such as drought and flooding (mostly drought)

- Poor soil fertility which often associated with drought stress. Usually
encountered in hillside, production area.

- Frost injury during the early spring cropping or towards the end of the summer
cropping season.

- Low production input available for sweet potato cultivation. Sweet potato usually
received little input of fertilizer and water, which leads to poor seedling growth
in the nursery, delayed transplanting time and poor root production.

- Planting density is often inadequate when intercropped with corn or other crops.

4.7. Marketing
The major barriers in sweet potato marketing is no stable market requirement for

sweet potato. Not like rice, wheat and corn, the government grain bureau has not
purchased sweet potatoes in recent years. The starch or alcohol factory only puichase
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dried chips and most of their requirement is bought during peak season when the price
is lower. Payment to farmer 1is entirely on delivery of product contrasting with the
circumstances for some other crop subject to advance purchase agreements (free credit)
or subsidized input (e.g. high quality fertilizer) allocation prior to planting, or as
revard for sales.

4.8. Utilization and Processing

Starch production is mostly a family or village business and the product is often
made into noodles, but this business was not very profitable due to poor product
quality and backward processing technology. Besides, lack of facilities and equipment
in processing is also concerned. The waste after starch extraction is not used which
might be a useful resource for further processing.

5. QUARANTINE REGULATION AND GERMPLASM EXCHANGE

The national custom is in charge of the quarantine for import and export of sweet
potato for human or animal consumption.

International germplasm exchange requires the involvement of the Quarantine office
of the airport and the Institute of Crop Germplasm Resources (ICGR). Two sweet potato
diseases Pseudomonas batatae (Cheng et al.) and Xanthomonas batata (Hwang et al.) are
for strict control. Virus diseases are not mentioned in the quarantine regulation.
The incoming germplasm will be first received by National Quarantine office (Q0) and
then by either Q0 or ICGR for phytosanitary status. In the case of germplasm export
from China, ICGR checks germplasm and coordinates with Q0 for issuing phitosanitary
Statement.

6. NATIONAL SWEET POTATO PROGRAM

Sweet potato research program is under the leadership of Chinese Agricultural

Ministry and National Science and Technology Committee. More than 100 Chinese
scientists are emphasizing on breeding program. Breeding objectives are set up for
three types of use. However, all new varieties should have good adaptation for

environment and growing conditions of the area and have resistance to at least one of
the four major diseases/pests.

6.1. Staple Food or Supplementary Staple Food

Specific attributes for this type of use are high nutritional value (5 mg of
B-carotene per 100 g of fresh roots, 10 mg of Vitamin C per 100 g of fresh roots),
sweetness (3% of soluble sugar per 100 g of fresh roots) and good shape (spindle
type). Yield requirement is not as strict as for industrial use, but acceptable yield
is required.
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6.2. Animal Feeding

High vine yield as well as high root yield are needed. During a growing period,
vines are usually harvested three times or more by farmers. Thus, varieties should
have a vigorous vine regrowth after vine cutting. The target is to get varieties with
a total dry matter yield (vines and roots) 107 higher than that of Xushu-18, the

leading variety.

6.3. Industrial Use

The present leading variety is Xushu-18 with a dry matter content of 27-28%, and
starch content of about 20%. The aim is to produce varieties which have starch
contents higher than Xushu-18 by 3% and 2% in the spring crop and summer crop,
respectively. Yield should be as good as or better than that of Xushu-18 and thus,
total starch yield per unit area must be 10% higher than that of Xushu-18. Genotypes
of white color starch are highly desirable.

6.4. Breeding Strategies

The methodologies that have been utilized by the sweet potato breeders in China to
select and develop improved cultivars are as follows:

Germplasm introduction, testing and selection, intervarietal hybridization and
selection, inbreeding, hydridization with wild relatives, induced mutation, and natural
clonal variation.

To explore new breeding methods to backstop breeders national program are actively
involved in developing and testing some nev basic ideas such as mutation breeding,
cytochemical screening techniques, use of wild germplasm, in vitro variation selection,
protoplasm fussion and genetic transformation.

Most of the breeding projects are carried out in agricultural research institutions
and universitites in more than 20 provinces. The main research groups are in Xuzhou,
Nanjing, Shangdong, Beijing, Sichuan, Zhejiang, and Guangdong. The germplasm resources
were assembled in Xuzhou and Guangdong respectively. Presently, 15 provinces were
included as active members in the breeding program at national level. Three
agro-ecological regions are designated. Annually, 20 or 30 entries are submitted by
member provinces and evaluated in about 20 locations.

6.5. Education and Extension

There are more than 30 Agricultural Universities in China. The crop breeding and
agronomy department in almost every university have the courses on sweet potato. Now
M.S. training for sweet potato science is also available in Beijing, Zhejiang Henan,
Sichuan, etc.

The Agricultural Bvreau and Seed Company in each province is in charge of new
variety examination, approving an extension.
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6.6. Future Plan

Now, China’s sweet potato breeding has reached a plateau due to the inadequate
parental lines with superior characteristics and slow improvement on the breeding
methodology. New idea and new germplasm must be taken into use for the further
progress.

First, the conventional breeding method should be still considered as the main
approach for sweet potato development in future. Certainly, it is necessary to enhance
the breeding efficiency rather than enlarge the breeding scale. The breeding goal has
to be altered from the single quantitative selection into qualitative selection such as
for high starch content purpose.

Second, the modern biotechnology probably can bring a bright future to sweet potato
breeding. For instance, haploid breeding should be a desirable approach to induce more
heterosis in sweet potato than general sexual plants. The plant tissue and cell
culture in vitro of sweet potato can provide an opportunity for increasing the
possibility of inducing genetic variation for somatic clonal variation selection. The
in vitro fertilization technique, the protoplasts fussion and genetic transformation
will make introduction alien gene into cultivar possible.

7. INTERNATIONAL COLLABORATION FOR SWEET POTATO IMPROVEMENT

China has had some collaboration with international organizations and foreign
countries for sweet potato improvement. CIP has already had contract and project with
two Chinese institutions (Xuzhou Sweet Potato Institute and Gangdong Agricultural
Academy) on germplasm research. IITA also has a coooperation project with Guangdong
AAS on this aspect. AVRDC have had its regional trail at Xuzhou, Jiangsu, Sichuan and
Guangdong. FAO/IAEA had collaborated with Beijing Agricultural University on radiation
mutation breeding for sweet potato.

The Chinese Scientists hope to strengthen and broaden these collaboration in the
folloving aspects:

Exchange methodology and technology for sweet potato improvement.

Exchange germplasm and wild relatives to broaden the genetic background.

Exchange production and research experience and information.

Cooperation on virus diseases identification, postharvest and processing
technology.
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Table 1. Sweet potato sown area, yield, total output in
China

Ages Sown area Yield Total output
(’000 ha) (t/ha) (million tons)
1940's 581.1 8.90 51.50
1950’s 721.8 10.65 76.59
1960's 948.7 9.60 90.95
1970's 813.0 13.35 105.63
1980's 675.0 17.00 110.50
Table 2. Production data of top ten sweet potato

producing provinces in China (1986).

Provinces Sown area Yield Total output
('000 ha) t/ha) (000 tons)
Sichuan 1,229.50 15.53 19,100.00
Shangdong 818.00 24,46 20,015.00
Henan 783.30 11.38 8,910.00
Anhui 658.20 21.06 13,860.00
Guangdong 579.50 11.96 6,930.00
Hebei 351.90 15.98 5,625.00
Jiangsu 275.10 24,17 6,650.00
Hunan 265.20 13.39 3,350.00
Guangxi 236.70 4.94 1,170.00
Fujian 216.80 15.25 3,305.00
China total 6,174.70 16.22 100,165.00
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Table 3.
zones.

Climate conditions and cropping systems in five production

Environment and

Sweet Potato Production Zones

cropping type I II ITT v v
Rainful (mm/year) 450-750 480-1100 780-1800 960-2690 1510-2060
Annual average
temperature (C) 10.5 13.8 16.6 20.0 22.4
Frost-free
period (days) 130-140 210 225-310 290-350 325-365
Cropping type Mono tripple double- double- tripple
cropping cropping cropping cropping or multi-
in 2 years or cropping
tripple
cropping
in 2 years
Main rotated Maize, Maize, Vinter Spring Soybean,
crops soybean, soybean, wheat, vheat, Peanut,
potato, peanut, barley, soybean, early
spring rape, rape, early rice,
vheat, vinter pea, rice vegetables
sorghum, wheat faba
millet
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SWEET POTATO PRODUCTION, UTILIZATION AND CONSTRAINS IN INDIA

G. G. Nayar and P. G. Rajendran1

1. INTRODUCTION

Sweet potato, the highest amount of calorie producer per unit land area of all
useful crops, is yet to receive its due importance in India. Apart from its importance
as a food crop, it has recently come to be considered promising as an industrial raw
material with reference to biomass energy. But ironically the area and production of
sweet potato in India has recently come down. In 1980-81 the country had an area of
0.208 million hectares under the crop and the production was 1.5 million tonnes of
tubers. In the year 1985-86 the area was reduced to 0.17 million hectares and the
production came down to 1.36 million tonnes (Table 1). The productivity of sweet
potato in India is almost 50% of the world/Asian average (8.16 t/ha). The crop
occupies only about 0.11% of the total cropped area of the country which is lesser than
the area under potato (0.46%) and cassava (0.17%).

Eventhough the crop is grown in 19 States/Union territories of the country, the
bulk of area and production confined to Orissa, Bihar and Uttar Pradesh (Fig. 1).

2. GENETTC STOCKS AND VARIETIES

The important centre in the country with regard to sweet potato germplasm is CTCRI,
Trivandrum. A total number of 835 genetic stocks are being maintained at the centre
vhich are being systematically evaluated based on important descriptec-s and catalogued.
The exotic sources are Japan, Taiwan, Nigeria, Puerto Rico, USA, Sudan, Nairobi,

Argentina.

Recently a joint exploration and collection programme was undertaken along with
NBPGR regional station, Trichur and few collections have been added to the germplasm
from Karnataka.

About 275 accessions of sweet potato are being maintained at NBPGR Satellite
Centre, Amaravathi.

Germplasm is also maintained in the two All India Coordinating Centres of tuber
crops as follows:

R.A.U. Centre, Dholi 498 accessions
CTCRI regional Station Bhubaneswar 407 accessions

lcentral Tuber Crops Research Institute, Trivandrum 695 017 India
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SWEET POTATO PRODUCTION IN INDIA 1985-86

HIMACHAL PRADESH

PUNJAB’

ARUNACHAL PRADESH

RAJASTHAN s
NAGALAND

MADHYA PRADESH MIZORAM

MAHARASHIRA

STATES PRODUCTION (TONNES)

ANDHRA PRADESH ORISSA 4,43,716

KARNATAKA UTTER PRADESH 2,87,274

BIHAR 2,90,380
KARNATAKA 46,156
MADHYA PRADESH 42,307

KERALA 38,691
TAMIL NADU 30,146
ASSAM 27,360
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Table 1. Sweet Potato Area and Production 1985-86

Area Production
(ha) (Tonnes)
Andhra Pradesh 2,700 14,800
Assam 8,248 27,360
Bihar 35,669 2,90,380
Gujarat 856 12,540
Haryana 1,082 19,165
Karnataka 7,053 45,155
Kerala 4,601 38,691
Madlhya Pradesh 7,123 42,307
Maharaahtra 5,200 74,400
Orissa 58,673 4,43,716
Punjab 72 429
Rajasthan 1,893 3,308
Tamil Nadu 1,398 30,146
Tripura 1,397 13,753
Uttar Pradesh 31,834 2,87,274
Arunachal Pradesh 300 1,400
ALL INDIA 1,72,649 13,60,645

Source Agricultural situation in India August 1987.

In the recent past, the following number of exotic collections have been introduced
to India through NBPGR.

Source No. of Form of
collection introduction
Nigeria 87 seedling True seeds
selection

Puerto Rico 12 Tuber

U.S.A 2 Tuber

Japan 2 Tissue culture
China 6 Tissue culture
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3. PROBLEMS IN THE EXCHANGE OF GERMPLASM

Germplasm exchange in the form of tuber is likely to transmit many diseases, insect
problems from the source to the new centre. So introduction of genetic stocks through
in vitro culture is adopted to check bacterial, fungal and mycoplasm infection.

4. PRESERVATION OF GENETIC RESOURCES

Sweet potato germplasm is rormally propagated in field by means of vine cuttings.
This is risky as valuable materials may get lost due to adverse weather insect or
disease problems. So in viiro preservation technique has been initiated at CTCRI as an
alternative method of preserving sweet potato germplasm.

The successful introduction of a sweet potato plant through in vitro culture would
imply that the plantlet is probably free from bacterial, fungal and mycoplasm
infections. The plantlet may still however, be infected with viruses or viroids. The
maintenance of the plantlet in vitro (rather than in the field) does, however, limit

further viral degeneration o the collections that could result from cross
contaminations. It is therefore, possible to enhance the phytosanitary status of the
collections by in vitro introduction. It is also beneficial to virus/viroid

eradication programmes which already have the germplasm in in vitro.

5. POPULAR VARIETIES GROWN IN MANY SWEET POTATO REGIONS

In Kerala, "Kanhangad" is the most popular local variety. Recently CTCRI has
developed and released two sweet potato varieties for early harvest viz. "Sree Nadini"
and "Sree Vardhini" which have recorded an average yield of 20 t/ha at 105 days after
planting.

In Bihar X-5 (RS-5), X-24, X-25, V-35 and Kalmengh have been identified as
promising varieties. They have recorded an average yield of 15-20 t/ha.

In Andhra Pradesh, S-30 (Samrat), C-71, KRalmegh and OP 21 are the promising
varieties. In Tamil Nadu, V-35 and Co-2 are the popular varieties. In Jorhat, V-35

and C-43 are reported to be good yielders. For Maharashtra region, H-268 developed by
CTCRI is the popular variety.

6. BREEDING ASPECTS

Although sweet potato is an important food crop, the improvement of the crop has

been given very little attention. The major problems in breeding are non-blooming,
erratic blooming and low fertility of blossoms due to self-and cross-incompatibility
and sterility (Fujise, 1964, Martin, 1965, 1967). Seed set is rare even in the most
compatible groups. High seed set may indicate good physiological balance or low
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genetic load and high seed set may lead to 1long term yield improvement (Jones and
Dukes, 1976).

6.1. Major Breeding Objectives

- High yield potential

- Palatability

- Resistance/tolerance to pests and diseases
- Wider adaptability

- Early maturity

- Drought resistance

-~ Good keeping quality

- Processing and nutritional value

6.2. Breeding Strategies

The conventional breeding methods 1like introduction, selection and hybridization
are extensively used in sweet potato improvement.

7. INTRODUCTION

Genetic stocks are collected from as many diverse sources as possible and they are
systematically evaluated for various economically important characteristics.

8. SELECTION

The larger the population size one can handle the higher the selection intensity
that can be imposed on the population and retain genetic diversity for the improvement
of trait. Mass and recurrent selection techniques have been used for sweet potato
improvement in India.

9. HYBRIDIZATION AND EVALUATION OF OPEN POLLINATED PROGENY

These two techniques have been extensively used in the breeding of the crop. Two
high yielding single cross hybrids H-41 and H-42 were released by CTCRI in 1971 for
cultivation in Kerala State (Magoon et al., 1970). Another high yielding double cross
hybrid H-268 was released for Konkan region of Maharashtra. Taking advantage of the
incompatibility mechanism prevalent on sweet potato, screening of open pollinated
seedlings lead to the identification of two promising selections 76-0P-217 and 76-0P-
219 (Nayar et al., 1984). Rajendra Agricultural University, Bihar released a high
yielding, early maturing hybrid 80/168 developed by CTCRI (Nair et al., 1986) recorded
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a yield of 19 t/ha in 3 months and contained high carotene of about 7000 i.u. which is
very near to that in carrot.

10. POLYPLOIDY

Interspecific hybridizations have been successfully done between diploid species
but crosses between tetraploid species and between diploid and tetraploid species have

been less successful. Miyazaki and Kobayashi (1975) succeeded in synthesizing
Tetraploid Sweet Potato (2n= 4x= 60) by using the species I. trifida (3x) I. batatas
(6x) and I. leucantha (2x). By crossing tetraploid ~sweet potato with hexaploid

species few pentaploid sweet potato (2n= 5x= 75) were synthesized (Vijaya Bai and
Hrishi, 1977). A few pentaploid were found superior to the hexaploid in yield and
other attributes. Two high yielding promising pentaploid identified were 5x 45 and 5x
34. Successful crosses between hexaploid and pentaploid were done and many obtained.
Some of the superior pentaploid lines are under various stages of evaluation.

11. AGRONOMIC PRACTICES

In India sweet potato is grown throughout the country, utilizing the monsoon rains
during KRharif (June-July) and under irrigation during rabi (October-November).
Investigations carried out at different regions on the optimum time of planting
revealed that planting in late September or early October (Shanmugavelu et al 1972)
and in the months of October-November (Singh and Mandal, 1976) resulted in the highest
tuber yields of sweet potato in hilly tracts of Tripura when planted in June.

Sweet potato is usually propagated through vine cuttings obtained either from
freshly harvested plants or from nursery. Ray et al., 1983, observed that the
recurrent use of vine as planting material did not show any market variation in the
market grade tuber yield, but it significantly increased weevil infestation in tubers.
Vines obtained from nursery are healthy and vigorous resulting in maximum tuber
production (CTCRI, 1971).

Mount method, ridge and furrow method, bed method and flat methods are practiced in
different parts of the country. Among the different methods of land preparation, the
highest tuber yield was realized on mounds (Ravindran and Mohan kumar, 1987). A close
spacing is generally recommended for maximum yield. A spacing of 30-60 cm between rows
and 15-20 cm between plants within rows is ideal. However, when planted on mounds no
specific spacing is followed and vines are planted on top of mounds accommodating 3-6
slips per mound. By adopting the above spacing about 83,000 cuttings are required to
plant one hectare of land. At the time of field preparation and planting 5 t/ha of FYM
or compost is to be incorporated. A fertilizer dose of 75:50:75 kg/ha of NPK has been
recommended for the Kerala region. Full dose of P, K and half dose of N has to be
given as basal and the remaining half dose of, N as top dressing at 30-35 days after
planting along with intercultural operation and earthing up.
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12. PROBLEMS RELATED TO DISEASES

Sweet potato is comparatively free from serious diseases in India although the crop
has been reported to be attacked by more than 40 diseases in field and storage, from

different countries. Among the diseases reported viz. Leaf spots (Cercospora
timorensis, C. ipomoeae, Helminthosporium euphorbiae, Alternaria capsiciannui,

Colletotricum capsici). Stem rot/wilt (Fusarium oxysporum var. batatas), Collar rot
(Sclerotium rolfsii) root rot (Rhizoctonia solani) and tuber rot (Rhizopus sp.) are
reported in India. Stem rot/wilt caused by Fusarium oxysporum var. batatas is
important and widespread in Orissa, West Bengal, U.P. and Bihar. A few foliar diseases
reported on this crop are inocuous in nature and therefore harmless. An unconfirmed
report of a mosaic disease transmitted by aphids has been made from west Bengal and

Bihar.

13. PESTS OF SWEET POTATO

Though nearly eighty species of insects and non-insect pest infest sweet potato,
the most destructive and wide spread one is the root and shoot boring weevil. (Cylas
formicarius Fab). Eventhough insects like wireworms, whitegrub and ground beetles feed
on the edible roots, none of them comes anywhere near sweet potato weevil in inflecting
direct damage, yield loss and at times total destruction of the crop. The weevil
attacks sweet potato in the field as well as the tubers in storage. In the field,
adults feed on tender buds, leaves, vines and tubers, while grubs feed on vines, roots
and tubers. Pre-treatment of wvines with 0.05% fenthion or fenitrothion and foliar
spray with the chemical at monthly intervals is recommended for controlling sweet

potato weevil,

Studies have indicated that sweet potato weevil incidence is a complex phenomenon
influenced by several factors such as seasons, type of soil, moisture, age of the crop,
varietal susceptibility and cultural practices including crop sanitations, crop
rotations, etc. Two cropping sequence viz. (i) paddy-sweet potato-cowpea and (ii)
paddy-paddy-sveet potato were ideal in controlling the pest. Recently synthetic sex
pheromone has been found successful in reducing substantially the male population of
weevil in sweet potato fields. Thus we can integrate mechanical and cultural
practices, use of pheromone, resistant/tolerant variety and biological means with
minimum use of insecticide, for the effective control of weevil (Pillai et al., 1987).

14. NEMATODE ON SWEET POTATO

Tvo important nematodes infesting sveet potato in India are root knot nematode
(Meloidogyne spp.) and reniform nematode (Rotylenchulus reniformis). Heavy
populations of Rotylenchulus reniformis, a semi endoparasitic nematode is encountered
from soil and root of sweet potato. The symptoms and damage associated with the
nematode require detailed investigation. Besides, sweet potato is also infected by
Radopholus similis but the damage caused by this nematode is not studied so far in
India.
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15. PROCESSING, STORAGE AND UTILIZATION OF SWEET POTATO

Processing and storage of sweet potato is one of the important aspects in the
management of sweet potato production technology. Shelf life of sweet potato is
affected by various factors 1like physiological and microbiological changes, resulting
from harvesting and handling damages and improper storage conditions (Ann. 1969, Cooley
et al., 1954). The primary storage problems are respiration, development of pithiness,
internal cork formation and decay.

15.1. Curing

Sweet potato should be cured immediately after harvest preferably at 85°F and a
relative humidity of 85-90%. Only a small ventilation need be provided during curing to
prevent CO9 accumulation and oxygen depletion.

15.2. Chilling

Sweet potato cannot be storaged for long at temperatures below 55OF at this leads
to chilling injury in the tubers (Lieberman et al., 1958). If stored below 30°F, the
tubers freeze and are ruined.

15.3. Storage houses

The primary objective of storage conditions is to reduce the physiological and
pathological losses. The cured sweet potatoes have to be stored at temperatures of
55-60C0F with RH of 85-90%.

15.4. Dehydration of sweet potato

An alternative method to improve the shelf 1life of sweet potato is the conversion
to chips and flour. Drying emerges as the most cost effective processing method of
Sweet potato as compared with canning and freezing.

15.5. Utilization

The post harvest processing of sweet potato has not been practiced to any great
extent in India, unlike in other countri-s 1like USA where canned sweet potato flakes

etc. are very common and popular. Tuere 1is very good scope for these products in
India. Flour based products like liquid glucose, high fructose syrup and alcohol also
seem to have good promise. In addition the vines can be used for feeding animals

either as such or after ensiling. The excess tubers can be used as carbohydrate source
in animal feed. In some parts of eastern India, the harvested tubers are treated with
a red dye to make the color more attractive. In Maharashtra state, boiled pulp of
sveet potato is dried into shreds and used during feasts and festivals (Nanda, 1984).
The only processed product of sweet potato available in India is sweet potato flour.
The tubers are cleaned, sliced, and dehydrated in the sun in open yards. They are
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povdered and used as supplement to cereal flours in bakery products, pancakes, pudding
etc. The flour has been used in production of "chapathi" (a hand made cake) along with
vheat flour. The flour can be used as dough conditioner in bread manufacture as
stabilizer in ice creams and also consumed along with peanut cake. In CTCRI, some
attempts have been made to produce bread and biscuits using sweet potato flour. It was
found that up to 25% substitution of wheat flour with sweet potato flour can be carried
out without very much affecting the quality of the products. They are sweeter, but are
slightly harder and more dark, colored compared to wheat bread.

CTCRI has done some work on pickling of sweet potato chips. 1%, 2%, 5% brine and
50% sucrose syrups were tried as medium for pickling. However, the chips could be
stored at ambient conditions for only € weeks in 50% sucrose syrup. Sweet potato
starch can be extracted similar to cassava starch, except that the pH is maintained at
8.6 by using lime water which floculates the impurities and also dissolves the
pigments. The tubers are ground with lime water and starch is separated by washing
over a series a screens. It is bleached with sodium hypochlorite and centrifuged. The
yield is around 20%.

Sweet potato starch has a granule size of 15-25 and it has a high viscosity with a
reasonably high viscosity breakdown. Other properties are similar to cassava starch.
Pregelatinized starch has been used in production of pudding type products. CTCRI has
successfully carried out conversion of sweet potato starch to alcohol on a laboratory
scale. Liquid glucose and high fructose syrup can also be conveniently manufactured
from sweet potato starch and Japan is reported to produce most of its liquid glucose
using sweet potato starch. India can also divert excess produce for extraction of
liquid flucose and alcohol.

16. NATIONAL SWEET POTATO PROGRAMME

The National Commission on Agriculture in India, has made a targeted production of
10 million tonnes of tubers from an area of 0.5 million hectares by 2000 AD. It is
envisaged that the average yield of sweet potato has to reach the mark of 20 t/ha from
the present level of productivity of 8.16 t/ha. The reasons for low productivity are:

- Prevalence of late maturing inferior varieties adapted to low fertility conditions.
-  Poor management practices including plant protection measures.

- Limited product diversification and absence of organized marketing channel for the
produce.

Good progress has been made in identifying and testing cultivars suited to
different agro-climatic zones capable of yielding 25-30 t/ha tuber yield. Emphasis has
also been given to replace the traditional long gestation varieties with early
maturing, high yielding cultivars less susceptible to sweet potato weevil which can be
conveniently accommodated in the prevailing cropping patterns :n different parts of the
country. Proper cultural and management practices have been standardized to realized
the full production potential from sweet potato. Attempts are also being made for the
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proper utilization, processing and marketing of the tubers to make sweet potate
cultivation more profitable and attractive.

The improved production technologies identified for different agro-climatic zones
are being extended through various development departments and all India Coordinatec
projects on tuber crops inprovement programme of the Indian Council of Agricultural
Research. Keeping in view of the importance of sweet potato in food, feed and industry
research activities are wundertaken in the following centres in India: Bihar,
Maharashtra, Tamil Nadu, Andhra Pradesh, Kerale, West Bengal, Karnataka and Assam. In
these centres work is mainly centred around collection and evaluation of sweet potatc
germplasm, agronomic stability and adaptability of genotypes, standardization of
suitable agrutechniques and distribution of elite seed materials to farmers.

17. INTERNATIONAL COLLABORATION FOR SWEET POTATO IMPROVEMENT

In 1987, ICAR has entered into a memorandum of understanding with CIP, for
collaborative research programmes on sweet potato. Consequently there has been a spate
of joint endeavours in the research and development activities of sweet potato in
India. In August, 1968, the two institutes have jointly organized an international
training course on sweet potato production in Trivandrum. A series of advanced
training programme for the benefit of scientists of both the centres are also being
formulated. The regional workshop on sweet potato which is being organized here today
is also outcome of the joint effort between ICAR and CIP.
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SWEET POTATO PRODUCTION, UTILIZATION, AND
RESEARCH IN INDONESIA

Ibrahim Manwan and Ahmad Dimyatil

1. INTRODUCTION

In the Fifth Five-Year Development Plan (REPELITA V) starting in 1989, the
Government of Indonesia will give an emphasis on food diversification after reaching
rice self-sufficiency in the current Five-Year Development Program (PELITA IV). Sweet
potato may play an important role in the diversification program since it has been the
second most important root crop after cassava.

Food crops have given a significant contribution to the Gross Domestic Product
(GDF) of Indonesia. In 1985 from the total GDP of Rp 94,491.5 billion about Rp 22,412
billion or 23.72% was contributed by agricultural commodities. Food crop contribution
to the country’s GDP was the largest among those given by agricultural commodities.
Food crops in 1985 gave 61.4% of the total contribution given by agriculture or about
14.56% of the national GDP. At the same year the contribution of sweet potato was Rp
102.24 billion or about 0.77% of the food crop contribution or 0.46% of the
agricultural contribution (CBS, 1988). This was smaller than its proportion in the
previous years. In 1981 when the contribution of food crops was 60% of the total
agricultural GDP, sweet potato contributed 0.7% of the agricultural contribution (AARD,
1984). ‘

Current figures on sweet potato production reflect the diminishing importance of
the crop in the increasing agricultural development. Harvested area of sweet potato in
the last four PELITA periods declined considerably from 403,866 ha in 1968 to 253,067
ha in 1986. During the same period, its yield increased enly slightly from 6.05 t/ha
to 8.46 t/ha. Consequently, during the same period production decreased slightly from
2,364,297 tons to 2,090,568 tons (Central Bureau for Statistics, 1969-1988).

Java is still the most important production area, although the harvested area on
this highly-populated island considerably decreased from 247,018 ha in 1968 to only
99,219 ha in 1986. Hectarage wise, the second most important production area is Irian
Jaya vhere the harvested area increased slightly from 27,947 ha in 1968 to 42,838 ha in
1986. The regions with the highest production of sweet potato is still Java with the
production of 940,065 tons, followed by Sumatera with 314,791 tons, Nusatenggara with
308,643 tons, and Irian Jaya with 239,893 tons. However, if the population in each
region is taken into consideration, the degree of importance of sweet potato was
highest in Irian Jaya with 169.2 kg/capita/year, followed by Nusatenggara with 32.3

Ipirector and Root-Crop Research Coordirator, respectively, Central Research Institute
for Food Crops, Ministry of Agriculture, Republic of Indoresia.
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kg/capita/year, and Sulawesi with 17.6 kg/capita/year. In Java the ratio was only 9.2
kg/capita/year (CBS, 1988). Soenarto (1987) estimated the average consumption of sweet
potato in Jayawijaya, Irian Jaya was 3 kg/capita/day which indicates higher consumption
rate thah the figure above.

Nationally, sweet potato’s role as human food is still the most important one. 1In
1984 and 1985 food balance sheet data, 88% of the sweet potato production was used for
human consumption (CBS, 1985-1986). The figures of production per-capita ratio in
different regions indicate to some extent the degree of importance of sweet potato as
human food in the corresponding area. 1In Irian Jaya sweet potato is the most important
staple food although taro (Colocasia esculenta) 1is also used by several ethnic groups
in the lowlands. It is also an important staple in Nusatenggara in addition to rice,
maize, and other root crops. In other islands such as Java, Sumatera, Sulawesi and
Kalimantan sweet potato is an additional food used as snacks, desserts, or salads.

The role of sweet potato as livestock feed is still unimportant. In 1984 and 1985
only 2% of the production was used for feed. However, the figure indicate only the
marketable product used for feed. Other parts of the plant such as leaves, vines,
pencil roots, and damaged roots are also used for feed. In Irian Jaya, regular storage
roots from certain cultivars are exclusively given to pigs (La Achmadi, 1988).

The amount of sweet potato used for industrial processing has not been recorded
nationally. Our observations, however, indicate that sweet potato is indeed used for
making catch-up, chips, and other products in home, small-scale, and medium-scale
industries. One of the catch-up factories near Jakarta operating 300 days a year, uses
about 30 tons of sweet potato daily.

The importance of sweet potato in the Indonesia’s economy is felt more by the
farmers growing the crop. The commercial farmers in Java considered sweet potato as
technically and economically advantageous for it is easy to maintain, it does not
require a lot of inputs, it is less risky than most vegetables, its marketing is easy
since the channels and mechanisms exist, and the farmers feel that ‘hey have sufficient
skills and konwledge to manage the business (Dimyati et al., 1988). Commercial farmers
are less dependent on sweet potato than subsistent farmers using sweet potato for their
staple. The commercial farmers may change their crop to more profitable ones. 1In
Irian Jaya where svweet potato is the life of the people they are more dependent on the
crop. The crop is even used in their rituals and ceremonies (Mampioper, 1988; La
Achmadi, 1988).

2. PROBLEMS IN PRODUCTION AND UTILIZATION

2.1. Planting Material

The farmers meet their planting material need by themselves either from previous
crop or from stored rcots. Apical parts of the vines are usually taken for planting
material in the overlapping cropping pattern found in several producing areas in Java
and in most parts of Irian Jaya. This practice may cause the spread of diseases such
as scab and viruses. Many farmers, however, do know the danger and avoid using
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infected cuttings or renew their planting material using root sprouts every 3-4 crops.
In the intermittent cropping pattern the use of storage root to produce planting
material is a common practice.

2.2. Germplasm and Varieties

The cultivars used by the farmers are different from one region to another. They
are mostly local cultivars adapted to each production region. In Java the farmers grov
one or two most popular cultivars in a large area with, to a lesser extent, several
additional less popular ones. This practice apparently may cause genetic erosion and
endanger the future breeding efforts. In contrast, in Irian Jaya the farmers usually
grov a large number of cultivars in a particular field. For instance, in a subdistrict
of the district of Jayawijaya, the Daniese grow 65 clones in the valley area and 16
clones on the hillslopes. However, the possibility of genetic erosion still exists
since they tend to grow earlier-maturing varieties recently. Severall late-maturing
cultivars were rarely found (La Achmadi, 1988).

Sweet potato breeding has been done at several research institutes under the
coordination of Central Research Institute for Food Crops (CRIFC) and in several Root
Crop Research Centers of several Universities. Collection of 1landraces and
introduction of exotic material from overseas are maintained by Bogor Research
Institute for Food Crops (BORIF), Root Crop Research Centers of Brawijaya University at
Malang, East Java and Cendrawasih University at Manokwari, Irian Jaya. Two introduced
cultivars, Southern Queen 27 and Portorico, were released by BORIF and widely grown by
farmers in and around Bogor area. The most recent releases from BORIF Daya (1978),
Prambanan and Borobudur (1981) were not equally adopted, probably because of the
less-preferred taste. The three cultivars have high yield and high carotene and
moisture content, whereas the farmers and consumers prefer cultivars with "dry" texture
(Dimyati et al., 1988).

2.3. Agronomic Practices

Cultural practices of sweet potato vary widely from one place to another. Soil and
vater management seems to be the most important aspect emphasized by the farmers.
Fertility is maintained by traditional practices which are sufficient to sustain the
current level of productivity.

In Java, most farmers grov sweet potato on single-row ridges with different
dimensions depending primarily on the depth of solum. The soil is plowed, drained, and
dried before the ridges are made. The ridges are rewatered up to three fourth of their
heights just before planting. These ridges are dug up along their sides 3-4 weeks
after planting to improve soil structure, to provide the place for fertilizer

application, and to remove the weeds. The kinds and rates of fertilizer applied are
also different from one place to another. Many farmers do not apply fertilizers at
all. For those who use fertilizers, single and double applications are equally common.
The types of fertilizers commonly used are urea, ammonium sulphate,

triplesuperphosphate, and potassium chloride. The rates applied, however, are usually
lower than the recommendations for each area. Fertility seems to be maintained by crop
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rotation with rice and other crops or by intercropping with other food crops such as
bean and peas.

In Irian Jaya, farmers’ practices are even more diverse than those in Java. The
cultural practices of sweet potato in the highland areas are highly developed.
Cropping systems practiced in the Baliem Valley and Paniai lake areas are the best
examples of the various sophisticated cultural practices. Soenarto (1987) described
the growth and development of sweet potato and analyze nutrient cycling under the
cultivation system in the Baliem Valley known as Wen Hipere. La Achmadi (1988)
described briefly Wen Hipere as well as the two systems for the hillslopes of the
valley known as Yabu and Wen Wanggangwi. The prominent features of Wen Hipere are the
sophisticated drainage channels which also function as nutrient traps therefrom and mud
is smeared to the mounds of sweet potato. The mud is enriched by placing weed material
and crop residues into the ditches. These mounds about 30-40 cm high are parts of beds
of 3-5 m wide by 5-10 m long. The ditches and beds are permanent structures used
repeatedly without changes during both sweet potato growing period and fallowing
period. The duration of fallowing period depends on the growth rate of certain
indicator species such as Dedonia viscosa whose importance is reflected in its use in
the ritual ceremonies of the Daniese.

In the drier area, the hillslopes of the valley, the drainage channels are shallow.
Sweet potato is grown on beds with mounds (Yabu) or without them (Wen Wanggangwi).
Since the sedimented material in the ditches is little, the application of ditch sludge
is consequently restricted. Maintenance of fertility in the two systems is done by
building soil beds on the burried weed and crop residues in the ditches of previous
crop. The beds are made parallel with the slopes making the soil prone to erosion. To
prevent this, wooden or rock barriers are built at certain intervals to slow-down the
runoff.

Similar level of sophistication is observed in the cropping systems on lake-shore
gardens and hill slopes at Enarotali and Wagete or on highland narrow valleys and hill
slopes at Tiom, Polimo, and Angguruk (Anonymous, 1988).

2.4. Pest and Diseases

The most important insect pest for sweet potato in Indonesia is root weevil (Cylas
formicarius) whose importance has been recorded from production centers in Java
(Dimyati et al. 1988) and Irian Jaya (La Achmadi 1988). 1In Java the intensity of
weevil infestation is usually less than 5%, but the intensity higher than 50% may be
observed during extremely dry periods. Sufficient irrigation of the crop every 2-4
weeks can suppress the pest effectively according to many farmeis experiences. This
may explain why sweet potato cultivation in the drier areas is restricted. Other pests
occasionally observed by farmers in Java are Aphis sp., Agrius convolvuli, Omphissa
sp., Brachmia convolvuli, Tabidia aculealis, Cassia obturtata, and rats.

The most important disease observed in Java and Irian Jaya is scab (Sphacelosoma
batatas). The disease was also reported from Lampung. The occurence of the disease
has been kept at low intensity in Java probably because of the proper use of planting
material and crop rotation. In Irian Jaya the intensity is also kept at low level
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perhaps due to multiclonal culture. Moisture and temperature in most highlands in
Irian Jaya are favorable for the disease outbreak (Amir, 1988).

Viruses were reported from dry areas in Lampung, South Sumatera which is not an
important sweet potato production area. Nematodes have never been recognized nor given
any attention.

2.5, Storage

For commercial farmers in Java, and perhaps other islands as well, storage of sweet
potato is not important. All farmers sell the root before or just after harvest. Only
small portion, 50-200 kg per harvest, of the root is brought home for family use or
given to neighbours or visitors. There are several ways of storing root: spread over
cemented or uncemented floor, spread over wooden or bamboo bench, piled under the
bench, or put into bamboo container. Almost always the most popular clones have also
longer storability than most other clones. Storage is not an important issue for
traders either. Sweet potato is usually sold out within 1-3 days in the major markets.

So far storage is not a problem in Irian Jaya. The farmers harvest sweet potato at
certain intervals to obtain large roots and to allow the remaining small roots to grow
to the desirable sizes. Therefore they do not store large quantity of roots for long
period of time. However, the efforts for increasing food availability through
diversification which may also involve increasing cropping intensity, introducing
intermittent harvests and reducing crop’s growth duration, may impose the need for
longer term storage of roots to fill the gap between harvests (Anonymous, 1988).

2.6. Distribution, Marketing, and Utilization

In many cases the demand for sweet potato in the consumers’ centers is fulfilled
from the sorrounding production centers as well as from production centers in remote
areas which needs well-established transportation and marketing infrastructure. No
marketing studies on sweet potato have been done in Indonesia. A preliminary survey is
being underway in a collaborative work between CIP and Central Research Institute for
Food Crops. Our informal survey (Dimyati et al., 1988) revealed that the existing
distribution and marketing systems in Java are sufficiently efficient to provide the
outlets for sweet potato production and to create pricing reasonably affordable by the
consumers and attractive to the farmers. Distribution and marketing are not important
in Irian Jaya, where most sweet potato is consumed for farmers’ own need.

In Java, transportation infrastructure is well-established and sufficiently
maintained to support distribution of sweet potato from production sites to the
consumers’ points. Most farmers sell their sweet potato to village traders, who are
usually among the farmers, prior to harvest. These village traders sell the product to
collectors from within or outside the village who bring the root to large-scale traders
who own lots in the major markets in the big towns who then sell the product to small
retailers, processors, or consumers. The collectors play the most important role among
various traders in channelling sweet potato from the producers to the consumers. They
are the most mobile in seeking the sellers and the potential purchasers, the most
active in sorting-out the product, and in many cases they have to provide big capital

47



since the product is usually consigned to the big traders in towns. The farmers
usually receive 50-60%7 of the consumers’ price depending on the distance between
production and the consumer centers.

Ve believe that the current status of sweet potato utilization is only sufficient
to sustain current lavels of production and productivity. It will need more
alternative uses to create more demand for sweet potato which in turn will encourage
better marketing and pricing. This is expected to trigger more production and higher
productivity through the use of more land and production inputs.

3. NATIONAL SWEET-POTATO PROGRAM

3.1. Production Systems

There are two distinct types of farmers involved in sweet potato production:
subsistent farmers who grow sweet potato for their own need and to feed their own
livestocks and commercial farmers who usually sell most of their product although may
still store a small portion of it for their consumption. The first type of farmers are
common in Nusatenggara and Irian Jaya where sweet potato is an important staple food.
The second type of farmers are common in Java and other major islands.

In Java and several other major islands, sweet potato is mainly grown in the paddy
field (sawah) in the post-rainy or dry season after rice crop. The land planted to
sweet potato may be irrigated or rainfed. Additional growing areas are found on
rainfed drylands (tegalan). The altitudes range from almost sea level to the frost
line but with decreasing tendency towards altitudes higher than 700 m.a.s.l. due to
competition from vegetable crops.

In Irian Jaya growing areas of sweet potato spread over lowland and highland areas
from about sea level to the frost line with increasing importance towards higher
altitude. At lower altitudes Colocasia play an important role substituting for sweet
potato. However, the problem of leaf blight (Phytophthora colocasiae) may reduce its
significance in the future. At higher altitudes white potato is spreading recently but
its potential has yet to be realized (Anonymous, 1988).

The prominent feature of sweet potato production in Irian Jaya is the continuous
planting and harvesting to meet the food supply of the people. Monocropping is
predominant with varietal mixture in each growing space as a common practice.

3.2. Research program

The Central Research Institute for Food Crops (CRIFC) 1is the main organization
responsible for coordinating research activities on food crops which include cereals,

legumes, and root crops. CRIFC is one of several commodity-oriented Coordinating
Centers under the Agency for Agricultural Research and Development (AARD) of the
Ministry of Agriculture. The mission of CRIFC is implemented by six Research

Institutes for Food Crops located at Bogor (BORIF) and Sukmandi (SURIF) in Vest Java,
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Malang (MARIF) in East Java, Sukarami (SARIF) 1in West Sumatera, Banjarbaru (BARIF) in
South Kalimantan, and Maros (MORIF) in South Sulawesi.

In addition to the CRIFC system, there are other institutions doing research on
root crops such as universities, non-ministerial research institutions, and private
sectors. Among universities are Bogor Agricultural University, Brawijaya University at
Malang, Pattimura University at Ambon, Maluku, and Cendrawashih University at
Manokwari, Irian Jaya each having Root Crop Research Center.

Collaborative work has been undertaken by MARIF, MORIF, Brawijaya University, and

Cendrawasih on root-crop research including sweet potato with a project supported by
IDRC and the Government of Indonesia.

3.3. Extension and Education

Although it is almost impossible to quantify, the allocation of resources for sweet
potato within extension and education programs 1is proportionally small. Sweet potato
is usually included in the books or brochures for extension material. Sweet potato is
also included in the campaign for food crop intensification known as BIMAS, and acronym
for Mass Guidance in Indonesian. However, the level of intensification program is much
lower than those for rice, corn, and soybean (Secretariate of BIMAS Guiding Body,
1988). Therefore, it is easy to understand that the diffusion of technology is slow,
slower than that of rice, corn or soybean.

Fertunately, sweet potato still takes part in the education program. Most major
universities do teach production techniques of sweet potato as part of annual crop or
food crop production in their curricula. Sweet potato may also enter students’ notes
or reading assignments vwhen they are learning general agronomy or agricultural
economics. Student theses concerning sweet potato, however, are rarely found on the
bookshelves of the libraries. In the agricultural technical school sweet potato
cultural practice is also taught as part of annual crop production course. The course
consists of lecture and field practice which gives the students elementary skill to
growv sweet potato.

3.4. Research Personnel

The number of personnel involved in sweet potato research at research institutes
under CRIFC is summarized in Table 1.
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Table 1. The number of professional, holding BS degree and up, on root crop program at
CRIFC.

Disciplines BORIF SURIF SARTF BAR:F MARTF MORIF TOTAL

Agronomy 3 3 2 1 3 1 13
Physiology 2 - 1 - 1 - 4
Breeding 2 - 1 1 - 1 5
Entomology 1 4 - - 1 - 6
Pathology 3 1 - - - - 4
Economics 1 - - 1 2 - 4
Postharvest 1 3 2 - 1 1 8
Total 13 11 6 3 8 3 44

Out of the 44 people working on root crops 3 hold a PhD degree, 17 MS, and 24
BS/Ir. Working experiences of the persennel range from three to 23 years. It is clear
that more recruitment is needed. However, recruitment is difficult at this time due to
limited budget for new positions. To alleviate the problem two ways can be considered:
temporary contract and reallocation of statf, i.e. acquiring personnel from other
program to work for sweet potato. Disciplinary fields that need additional personnel
the most are breeding, physiology, pathology, and economics. Furthermore, our program
has no social scientists. Recruitment should be considered.

3.5. Future Plans for Improvement

Sweet potato improvement program should comprise both research and development
activities. There are tremendous problems associated with the efforts to improve sweet
potato production and wutilization. However, limited resources allocated for sweet
potato research limits the extent of the research work. Several of the criteria for
setting research priorities are: the relative importance of the problems to be solved,
the possible extent of application of research results, economic significance of the
problems, social and political considerations, probability of research project to be
succesful, and the applicability of the research results in the real farmers conditions
(Manvan and Dimyati, 1988).

The future plans for sweet potato improvement in Indonesia are divided into two
categories: those for subsistent, those for commercial system, and those common for
both systems.

For subsistent farming systems the likely activities are:

- improvement of multiline cultivars,
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- introduction of better fertility maintenance such as using leguminous crops during
fallow period,

- better soil conservation techniques,
- development of storage techniques,

- introduction of intermittent cropping system combined with diversification with
cash-earning crops or other alternative food crops such as potato.

Priorities for commercial farming system are:
- development processing and utilization technologies to find new alternative uses,

- marketing studies including identification of potential markets for newly developed
products,

-  improvement of cultivars suitable for food, feed and processing industry,
- survey on farmers’ and consumers’ preferences,
- studies on adoption of technologies by farmers.

Activities that are common for both subsistent and commercial farming systems or
independent of the systems are:

-  further characterization of the systenms,
- collection and evaluation of local germpiasm,

~  improvemen: of base population of breeding material in the forms of continuously
improved gene pools, and

- development of integrated pest management procedures.

It is also clear that considering the existing resources, no single research
institution can handle all aspects of improvement program. The endeavors should be
done collaboratively by these different institutions. Collaborative work will make
more effective and efficient use of the resources. Even the collaborative work should
not be exclusive to national institutions. International collaboration has always been
and wvill always be useful in the research an¢ development program. Indonesia’s sweet
potato program has taken the benefit from international collaboration so far. Many
introduced varieties from IITA, AVRDC and other institutions abroad have been used in
our breeding program. Another area of international collahoration is the training of
manpover. International collaboration also plays a significant role in providing or
seeking additional funds for research and development. International donor agencies
like World Bank, UNDP, USAID, IDRC, ADB, ACIAR, etc. have helped agricultural research
program in ludonesia. Their significant contributions are expected to continue in the
future.
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COUNTRY REPORT OF LAO P. D. R. PARTICIPANTS

B. Souvirnmonh and S. Inthisane

1. INTRODUCTION
Mr. Chairman, Distinguished Delegates, Ladies and Gentlemen.

Let me on behalf of the Lao People Democratic Republic participants extend our
heartiest congratulations and felicitations to all, at this sweet potato workshop.

I would now like to introduce my country in this meeting and speak on the sweet
potato production at the present and in the future in my country.

Laos is situated in South-East_ Asia between 100-108 longitude and 13-23 latitude
which covers an area of 236,800 km2 comprising 680,000 hectares arable land. Laos is
mountainous country ranging between 100-2,800 m above sea level. There are plains in
the Middle and the South and along the rivers. The 1low- land and plateau area is
estimated 3’440,000 hectares. Major crop production are the Boulovens and Nahay
plateau in the South and Middle of the country respectively, they are 600-1,300 m above
sea level. Laos is influenced by a moonsoon system which brings two seasons per year
from June-October the rainy season, November-May the dry season.

The present population of the country is estimated at more than 3900,000 involving
68 tribes with diversified traditions and cultural practices. They are mainly
concentrated in the low-land and along the rivers where the soil is more fertile and
the infrastructures are available. Laos is 1land-lock country. In recent years Laos
lives vith the calamitiies of nature, flood and drought which play a profound influence
on the lives of the people and the economy of the country.

There are two systems of farming in my country:

- Permanent cultivation mainly in the low-land where the flood irrigated production
of paddy rice is practiced.

- Shifting cultivation is carried out in uplands where every year thousands of
hectares of forest are destroyed.

Laos has the ability to greatly improve its agricultural production. But because
of the low level of agricultural technology available in the country this improved
production has been unable to be realized at present. There are many examples of
fertile areas in Laos such as the Boulevens plateau, which are used well below their
full potential.
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2. IMPORTANCE OF SWEET POTATO IN LAO PEOPLE DEMOCRATIC REPUBLIC

The total area under sweet potato and other root crops production is 16,600
hectares with an average yield of 7.12 tonnes per hectare. The main crop is rice grown
on a total area of 663,500 hectares with an average yield of 1.5 tonnes per hectare.
Other production figures are listed in table No. 1.

In Laos sweet potato is wused to supplement the main staple rice and is eaten
seasonally. In the lowland it is sown in the period October to January and consumed
from January to May and in the highland sown May-June and consumed November-October.
As well as tuber, the young shoot of the vine is consumed as a vegetable. A small
amount is used for livestock feed and the industrial processing is neglieible. The
technology of processing is not available in my country.

Sweet potato is presently of low economic, but has some social importances. The
price of sweet potato as displayed in the iarket is approximately the same as paddy
ri:e and sometimes may be higher. Sweet potato plays a minor role in the Lao diet and
is consumed seasonally which also includes festivals and ceremonies.

In Laos the only planting material used are runners of local varieties. There are
no imported varieties or brecding programs at present. There are pests and diseases in
Laos that affect the tubers and above ground vegetation. The expected consequences
are leafless vines, the holes and galleries in the tubers rcots in the tuber etc.

3. PRODUCTION ZONES, AGRONOMIC PRACTICES, MARKETING BARRIERS, FUTURE PROGRAMS OF SWEET
POTATO PRODUCTION.

There are three production zones of sweet potato:

- In the highland it is grown, mixed with rice in the slash and burn system and is
planted in holes. Maintenance is done the same as rice. Tubers are harvested as
they are required.

- In the lovland like the Vientiane plain sweet potato is sown after the rice
harvest, vhere there is alluvial soil and irrigation available. Land preparation
begins with ploughing and harrowing by animal power. The sweet potato is sown in
seedbeds with the space of 10-15 cm, the seedbed width is 80-100 cm and height is
30-40 cm. Fertilizer and pesticide application is minimal. They are harvested 4-5
months after planting, giving the yield of 7-9 tonnes per hectare.

- The third production zone is that of the vegetable farmers along the river banks
vhere there are many plots of alluvial soil left after the rivers have subsided.
The sweet potato is planted on the ridges with spacing of 10-15 cm. The ridge is
prepared by hand with hoe and rake, the ridge height is 20-30 cm and its width is
60-80 cm. Chemical are not used, the farmers harvest their potato in March-April
yielding 7-€ tonnes per hectare.

In my country the sweet potato is eaten seasonally bacause storage technology is
non-existant. The tubers can generally only be stored for a few days.
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However the crop is grown in all provinces of Lao People Democratic Republic.
Table No. 2 gives area and yield per province. The main barriers to marketing are
transportation, storage, processing and food preparations. It is consumed as boiled,
roasted, fried, steamed pctato plus it is made into a cake.

Concerning quarantine regulations and germplasm exchange Laos has no germplasm
exchange programs and no quarantine regulations unless the goverment becomes aware of
diseases that are likely to be introduced. There are no facilities at present for the
quarantine of imported germplasm. Increasing food production 1is a priority of the
country as in the 5 year plan 1986-1990. Therefore the goverment is interested in
importing improved genetic material.

I would like to mention that there are no national public or private institutions
doing any work with sweet potato in the country. We are keen to start a national
improvement program with sweet potato production. To do this we need:

- A center for sweet potato applied research to fit into Lao farming systems.

- An improved germplasm through international collaboration with other countries
research centers.

- Lao People Democratic Republic has an acute shortage of trained agriculturists

especially extension workers. So any training collaboration progrums and exchange
of sweet potato production information would help improve Lao agriculture.

Mr Chairman, Distinguished Delegates,

I would like to take this opportunity to express our sincere appreciation for
having a chance to participate in this workshop. Thur enabling us to learn more about
the success of other countries in sweet potato production as well as to share in their
experiences all of which proves valuable to us.

Thank you.
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Table 1. National Agricultural Production, 1985.

AREA YIELD PRODUCTION

000 ha t/ha 000 t
RICE 663.5 1.06 1,308.28
TRRIGATED RICE 383.1 2.67 1,022.87
UPLAND RICE 270.4 1.28 345.31
SWEET POTATO AND
OTHER TUBER CROPS 10.2 8.38 85.40
CORN 26.9 1.24 33.34
MUNGBEAN 4.3 0.62 2.60
SOYBEAN 3.05 0.72 2.51
PEANUT 14.0 0.78 11.30
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Table 2. Yield and area of Sweet Potato and other tuber crops in the country
by provinces.

1985 1986 1987
AREA YIELD AREA YIELD AREA YIELD

1. VIENTIANE

MUNICIPALITY 361 17.9 218 14.23 165 6.0
2. PHONGSALY 257 8.5 545 8.55 685 8.66
3. LUANGNAMTHA 52 8.0 180 8.11 225 8.26
4. OUDOMXAY 1,300 8.0 1,329 5.0 1,500 8.0
5. BOKEO 150 8.25 129 8.33 150 8.46
6. LUANGPRABANG 286 8.0 275 8.08
7. HOUAPHANH 2,530 7.8 3,065 7.8 3,855 7.9
8. SAYABOULY 680 5.0 289 6.0
9. XIENGKHOUANG 1,187 8.0 289 5.5 3,941 5.04
10. VIENTIANE 486 8.9 254 7.7 422 8.02
11. BOLIKHAMXAY 360 6.66 365 6.8 260 6.7
12. KHAMMOUANE 300 7.93 365 8.0 330 8.1
13. SAVANNAKHET 1,150 9.0 983 9.0 1,300 9.0
14. SARAVANE 190 18.95 970 7.57 1,220 17.6
15. SEKONG 545 7.3 1,774 7.3
16. CHAMPASACK 225 6.95 61 8.0
17. ATTOPEU 206 8.0 200 7.5
TOTAL 10,200 8,687 16,652
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SWEET POTATO CULTIVATION IN MALAYSIA: A COUNTRY REPORT

N. M. Shukorl and M. H. Khelikuzzaman?

1. ABSTRACT

Among the root crops, sweet potato ranks second to cassava. A total of 3,563
hectares were planted with sweet potato in 1985.

The crop is not as profitable as other short term crops like vegetables. Its
production in Malaysia is entirely a smallholders’ activity with average farm size of
less than 0.1 ha.

Farmers grow their own selected varieties which vyield ranges from 10 t/ha to 22
t/ha. Some of the problems faced by farmers are inferior production techniques, soil
and moisture problems, nonavailability of good planting materials and varieties, pest
infestation, shortage of labor, poor storage and uncertainty in marketing.

The Malaysian Agriculture Research and Development Institute (MARDI) and University
of Agriculture, Malaysia (UPM) undertake the bulk of the research on sweet potato in
collaboration with Asian Vegetable Research and Development Center.

2. INTRODUCTION

Malaysia is a tropical country with a population of about 13.34 million. It is
situated between 19 to 7° north of equator. It has an average temperature of 25-279c¢,
uniform all year round. The humidity is high (80-85%). Annual minimum and maximum
rainfall are 1,651 mm and 4,216 mm, respectively. There are two periods of heavy rains
which occur in April and May and from October to December.

The area under root or tuber crops is small compared to rubber, cocoa, fruits and
oil palm, the major plantation crops of the country. The area is also smaller compared
to vegetables. In 1984, only 7,289 hectares were grown to root crops (Table 1)
(Ministry of Agriculture Malaysia, 1981-1985). Tapioca is the main root crop grown.
Other root crops are sweet potato (Ipomoea batatas), taro (Colocasia esculenta), yams
(Dioscorea spp.), tannia (Xanthosoma spp. ), giant taro (Alocasia spp. ), Hausa potato
(Coleos tuberosus), Queensland arrowroot (Canna edulis), and arrowroot (Maranta
arundinacea) (Khelikuzzaman, 1987a).

1MARDI, Tanah Rata, Cameron Highlands, Pahang, Malaysia.

2MARDI, Serdang, Selangor, Malaysia.
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The present report attempts to give an overall view of sweet potato production in
Malaysia with respect to status, problems and constraints, and research projects
conductad on the crop.

3. CURRENT CROP SITUATION

3.1. Production and Consumption Status

Sweet potato was an important food substitute in Malaysia during and shortly after
the Second World War when rice, the staple food, was in short supply (Chan, 1977). At
present, the crop is no longer widely cultivated as a food crop in the country.

Among the root crops, sweet potato ranks second to cassava (Table 1). A total of
3,563 hectares were planted with sweet pctatoes in 1985 (Table 2). The area is
steadily declining. State of Sabah and Sarawak in the East Malaysia are the major
producers. In the Peninsula, sweet potato areas are mainly situated in the states of
Kelantan and Malacca, 31% and 28% of the total area, respectively (Azmi, 1985).

The crop is not as profitable as other short-term crops like vegetables. The cost
of production is estimated at US $690.00 per hectare and net returns total US $631.00
(vield of 11 t/ha and price of US $0.12 per kilogram) (MARDI, 1985). Thus, sweet
potato is mainly favored under conditions not suitable for other crops such as in
single-crop paddy fields and on "idle" farm land (Khelikuzzaman, 1987b).

At the minimum reported yield of 10 t/ha (Khelikuzzaman, 1987b), the estimated
production of sweet potato for 1985 was more than 35,630 t with an approximate value of
more than US $4.3 million (MARDI in 1985 reported a moderate price of US $0.12 per

Kg.).

The per capita consumption of sweet potato is estimated at 2.74 kg. The tubers are
boiled, fried in butter, moulded and made into cakes or cooked with vegetables for
immediate consumption. They are also taken as snacks in different forms of
preparation: roasted, candied or in cool:ies. Sometimes, the tubers are used by
bakeries, confectionaries, and tomato sauce manufacturers.

3.2. Production system

Sweet potato production in Malaysia is entirely a smallholder activity. It is
backyard crop vwith an average farm size of less than 0.1 ha. (Saad and Yap, 1985). It
is cultivated as part of market-gardening or for home consumption. It is often planted
in rotation with paddy, groundnut, maize and tobacco, or intercroped with young
perennial crops like rubber, o0il palm and fruits (Khelikuzzaman, 1987b).

Farmers grow their own selected varieties. Farmers select certain varieties based
on consumer preference. Varieties with soft texture which are sweet, yellow or orange
in color are preferred for boiling and cooking. Varieties for frying are those with
white or purplish flesh and harder texture (Khelikuzzaman, 1987b). Yields of 10 t/ha
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on sandy loam and 22 t/ha on peat have reported by farmers (Khelikuzzaman, 1987b). The
majority of the farmers save their own planting materials from one planting to another.
Some obtain planting materials from other farmers.

Farmers plant sweet potato on raised beds. Cuttings of 20-25 cm long are planted
on the beds at a spacing of 20-30 cm between plants.

There is no standard fertilizer practice. Most farmers do not fertilize their
crop. Those who do fertilize use poultry manures supplement with NPK compound
fertilizers (12N: 12P90g : 17 Ky0: 2 Mg and 15N: 15 P905: 15K90), as the main source of
nutrients. Farmers rarely spray their crops with insecticides or fungicides.

Harvesting is normally done manually 4 to 5 months after planting. The vines are
sometimes used as feed for livestock and freshwater fish.

Most of the sweet potato produced is marketed fresh. The marketing system follows
the pattern of farmers-collectors-truckers-vholesalers-retailers-consumers. By far the
most prevalent is the consigning method of selling vhereby the produce is consigned by
the farmers through local collectors or transport agents (or truckers) for sale in the
terminal market with prices known only after scale at such market.

4. PROBLEMS AND CONSTRAINTS

4.1. Production techniques

Farmers’ yields are low and inconsistent. Most farmers use traditional cultural
management techniques. In general, the crop is not properly managed.

4.2, Soil and moisture

The more fertile soils of the country have been utilized for plantation crops and
vegetables. Land for sweet potato is usually marginal or problem soils, and greater
inputs and management skills are essential to grow the crop economically. Irrigation
and drainage facilities in these areas are absent, and moisture stress and vaterlogging
are regular problems. Lack or excess of moisture reduces the yield considerably
(Khelikuzzaman, 1987b).

4.3. Planting materials and varieties

There are no established sweet potato cultivars in Malaysia (Khelikuzzaman, 1987b).
Most of the varieties which are currently available are low in yields and some are of
poor quality (Khelikuzzaman, 1986b). Farmers in rainfed paddy areas find it difficult
to get high quality planting materials for use in the following season (Khelikuzzaman,
1978b).
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4.4, Pests

Two pests are of economic importance, i.e. the sweet potato weevil (Cylas
formicarius) and the stem or vine borer (Omphisa anastomolasia) (HO, 1970). The more
serious 1s the sweet potato weevil. Yield ~loss of up to 80% has been reported due to
the weevil. Losses due to borers are slightly more than 40%.

4.,5. Other problems

Cultivation of sweet potato requires high labour inputs, especially for harvesting
which is normally done manually. Thus, the present shortage of labour inhibits the
expansion of the crop.

Sweet potato tubers are considered highly perishable and have poor storage life.
Post-harvest rot is often a problem for some farmers (Khelikuzzaman, 1987b).

The price of sweet potato is unstable and is usually tied up with the problem of
seasonality in both supply and demand. Market outlets are not always secured and
market demand is uncertain.

5. RESEARCH AND DEVELOPMENT

The objectives of the sweet potato research programme in Malaysia can be summarized
as follows (Khelikuzzaman, 1987b).

- To increase the productivity of sweet potato through breeding and selection for
superior varieties adapted to various agro-ecological regions, for use as food as
well as for industrial purposes.

- To develop new technologies in the cultivation of sweet potato in order that
productivity may be raised, and costs of production reduced, ultimately improving
farm income.

- To develop and improve products from sweet potato.

5.1. Varietal development.

Varietal development and :improvement work date back to 1948 when a variety testing
programme was initiated. Research conducted in 1948, 1965 and 1966 resulted in the
identification of four high yielding varieties, namely Large White, Serdang-1 Hoey Tong
and Empat Bulan (Chan, 1966; Khelikuzzaman, 1987b).

Germplasm collection in Malaysia was and is still being carried out by the
Malaysian Agricultural Research and Development Institute (MARDI) and University oi
Agriculture, Malaysia (UPM). Several intensive and systematic collection trips have
been carried out for local and introduced germplasm. At present there is a total of
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624 accessions (Table 3) (Khelikuzzaman, 1987b). Accessions from these collections are
being evaluated and characterized, and promising ones are being evaluated further.

Wide variations exist in respect to tuber skin and flesh color, yields, leaf shape
and color, vine pigmentation and plant type (Saad and Yap, 1985: Khelikuzzaman, 1987a).
Bukit Nega was identified as the best yielding variety (Table 4) (Khelikuzzaman,
1987b).

Variations were also detected in tuber number, dry matter content, susceptibility
to the sweet potato weevil, and starch content and quality (MARDI, 1987). One of the
accessions, namely Accession 30, has a dry matter content of up to 37.9% (MARDI, 1987).
Four accessions, namely Accession A34, 198, 174, 94, and A150 have been identified as
being less susceptible to weevil. Accessions 93 showed a starch yield of up to 7.5
t/ha. Results of evaluations conducted on some of the accessions are presented in
Tables 4 and 5.

MARDI has opted to collaborate with AVRDC to expedite its sweet potato
improvement programme. A total of 27 superior varieties from AVRDC have been tested in
two yield trials. Yield data of some of the best yielding varieties are presented in
Table 6 and 7. Varieties CN941-32, 1444, CN1219-1 and 1423 have great potential and
will be tested further.

5.2. Crop management

Studies done on planting density showed that a spacing of 90 cm x 20 cm gave the
best yield (Chan, 1969).

On mineral soils, the ratio of N and K fertilizer given to the crop is critical
(Chan, 1977). Application of fertilizer with low N and high K (i.e. 1N: 2K90 by
weight) increases tuber yield. Optimum yield was observed at a fertilizer rate of 35
kg N, 35 kg P905 and 67-70 kg K90 per hectare (Chan, 1966: Chan, 1977).

The yield of sweet potato responds to liming up to a pH of 5.8 on pest soil (Chew,
1970). Higher rates of N and K are needed when sweet potato is planted on peat (Chew,

1970).

Currently, studies to formulate fertilizer, cultural and management practices for
cultivation of sweet potato on tin-tailing and bris soils (both sandy) are being
conducted (Khelikuzzaman, 1987b).

Work on the modification and utilization of a potato harvester to harvest sweet
potato is being undertaken at MARDI (Khelikuzzaman, 1987h).

5.3 Pest control

Chemicals for the control of sweet potato weevil have been evaluated by MARDI.
Presently, Gamexane 20 E.C., and Heptachlor at the concentration of 4 ml/l are
effective in reducing the weevil population (Khelikuzzaman, 1987b).
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5.4 Post-harvest technology

MARDI has conducted several research projects to supply the local sweet potato
processing industry with an insight of the sweet potato processing aspects and its
potentials. The emphasis is on the improvement and development of suitable sweet
potato-based products, its processing techniques, and appropriate packaging materials
for the products. Three products, namely sweet potato chips, sweet potato crackers and
high fructose glucose syrup (HFGS), are currently under study. The studies include
aspects of packaging, sensory evaluation and shelflife.

6. FUTURE NEEDS

There is a need for concerted efforts to develop, improve, and promote the crop in
Malaysia.

Breeding and selection should be given top priority to improve yield, quality and
resistance to weevil.

Suitable and optimum cultural and management practices of the crop as well as the
management of its environment need to be develop. The research must include the study
of proper water management of the crop to alleviate the problem of adverse conditions,
development of an efficient and storage technology. One of the major factors involved
in the successful cultivation of sweet potato is the supply of adequate nutrients for
the plant growch (Khelikuzzaman, 1987b). Therefore, economical and suitable fertilizer
recommendations are needed.

Research on the control of weevil is essential.

7. CONCLUSION

Sweet potato has great potential in the various agroecosystems in Malaysia. Since
it can grov on a variety of soils, it has potential in off-season paddy fields,
abandoned or "idle" low-lying areas and other marginal soils.

It can also be used as an intercrop in the major plantation crops because it can
double as a cover crop and cash crop. It can also be grown in rotation with other
short-term crops or on integration with livestock and freshwater fish.

Hovever, attempts to develop the crop further in Malaysia must take full account of

the problems reiated to wutilization, marketing, post-harvest handling and storage,
supply of planting materials and appropriate production technology.
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Table 1. Hectarage under sweet potato as compared to other
root crops and vegetables.

Year Vegetables Colocasia Tapioca Sweet Coleus
esculenta potato  tubcrosus

1980 11,303 1,529 13,331 2,604 239

1981 9,562 1,530 11,759 2,083 184

1982 12,540 1,199 8,393 1,543 174

1983 12,513 846 7,418 1,644 92

1984 13,474 780 4,975 1,447 87

Source: Ministry of Agriculture Malaysia

Table 2. Hecta.age under sweet potato
cultivation in Malaysia (1976-1985)

Year Peninsular?@ SabahP SarawakP

Malaysia
1976 2,096 - -
1977 2,493 - -
1978 2,782 - -
1979 2,263 - -
1980 2,604 - -
1981 2,083 1,613 -
1982 1,543 1,523 -
1983 1,644 1,846 -
1984 1,447 1,602 -
1985 1,240 1,258 1,065

lsource: Ministry of Agriculture Malaysia

2source: Saad, M. S., 1986 (pers. comm.)
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Table 3. Number of sweet potato accessions currently
in the germplasm collection.

Number of accessions

Source

Collected Surviving
Peninsular Malaysia 606 524
Sabah 25 18
Sarawak 102 82

Table 4. Average performance of the top 10 varieties over
five locations in peninsular Malaysia.

Variety Fresh Dry tuber Dry matter
tuber/yield yield content of
(t/ha) (t/ha) (%)
Bukit Naga 14.7 a 4.0 a 23.8 d
Empat Bulan 12.0 b 3.3 b 25.1 cd
Large White 11.0 be 2.7 bed 20.7 e
Vhite Baby 10.9 be 3.1 be 24,1 d
CH-1 10.6 be 3.0 bed 23.2 d
Nakamurasaki 10.1 be 3.0 bed 23.8 bed
Serdang-1 9.9 ¢ 3.2 b 29.6 b
Reza 7.5d 2.5 cd 26.9 ¢
Vong Fatt Chai 7.5d 2.3d 24.7 d
Keledek 7.1d 2.7 bed 31.2 a

Means on the same column bearing the same letter/s are not
significantly different from one another at the 5% level of
probability (DMRT).
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Table 5. Harvest data of nineteen top-yielding potato accessions from 50
tested at University Kebangsaan Malaysia, Bangi, Selangor.

Accession Fresh Tuber Dry matter Harvest Weevil Starch Starch
tuber number content of index suscepti- content yield o
yield per tuber bility of tuber tuber
(t/ha) plant (%) (%) (%) (t/ha)

Bukit Naga-

Check-Variety
48.9a 6.1a 20.5ef 0.521ab 41.9abc 6.7 3.3

270 43.6ab 2.8cdef 17.1f 0.458abcd 19.7abede 7.0 3.1

285 40.7abc  4.1bcd 20.5ef 0.413abcdef 27.2abcde 6.6 2.7

101 36.1labc  4.8ab 23.8cdef 0.57a 46.2a 8.4 3.0

299 34.5abc  4.5abc 20.6ef 0.388bcdef 17.5abcdew 6.1 2.1

242 32.3abc  2.6cdef 32.4abc 0.356bcdef 2.9% 8.4 2.7

276 30.7abc  4.1bcde 25.2bcdef 0.473abc 31.0abcde 7.6 2.3

282 28.3bc 4.0bcdef 27 .8bcde 0.437abcdef 29.8abcde 2.9 0.8

5 28.1bc 3.3bcdef 26.2bcdef 0.499abc 20.8abcde 10.3 2.9

A 246 27.5be 2.8cdef 22.6¢cdef 0.300def 14.8bcde 5.7 1.6

274 25.9bc 2.1f 20.5ef 0.303def 21.6abcde 18.7 4.8

185 25.1bc 2.3def 22.7cdef 0.344bcdef 13.0bcde 4.8 1.2

221 23.5¢ 3.1bcdef 27.7bcde 0.269f l.1e 4.6 1.1

172 23.4¢ 3.8bcdef 28.4abcde 0.275ef 24 .6abede 3.6 0.8

278 23.4c 2.6cdef 26.0bcdef U.287ef 21.9abcde 4.8 1.2

93 22.6¢ 2.7cdef 28.0bcde 0.279%f 23.1abcde 33.3 7.5

192 22.3c 3.2bcdef 24.7bcdef 0.347bcdef 26.2abcde 8.6 1.9

6 22.2¢ 2.5def 26.6bcdef 0.288ef 20.3abcde 7.2 1.6

130 22.1c 2.9cdef 31.7abed 0.305def 3.4e 10.4 2.3

1 21.3c 2.3def 31.8abced 0.270f 25.9abcde 13.3 2.8

Note: Figures in the same letter are not significantly different at the 0.05% probability
level.

Harvest Index = Weight of tubers __
(Weight of tubers + Weight of foliage)
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Table 6. Harvest data of sixteen promising varieties from AVRDC and MARDI at
Serdang, Selangor.

Variety Fresh tuber Dry tuber Tuber no. Dry matter Plant
Yield yield per content of establish-
(t/ha) (t/ha) plant tuber (%) ment (%)

CN 941-32 15.94a 3.77abc 5.57a 23.47ab 79.30a
I 444 15.33ab 5.40a 5.30a 35.55a 78.13a
CN 1219-1 13.50abc 4,22ab 4.44b 32.85a 74.67a
Bukit Naga 12.89bcd 3.66abcd 2.95de 27.67ab 63.77a
CN 1028-15 12.89bcd 2.62bcd 2.93de 20.25ab 71.23a
I 423 12.50bcde 3.50abcd 4.29 28.00ab 70.0l1a
CH-1 12.00cde 3.30abcd 2.63ef 28.06ab 72.37a
Large White 11.67cdef 1.69cd 2.69%f 16.11b 7G.07a
CN 1229-16 11.08cdef 3.78abc 4.33bc 33.95a 74.67a
Local

Variety 10.33defg 3.25bcd 2.31ef 30.93ab 71.23a
AIS 0122-2  9.56efgh 1.92cd 3.53cd 20.41ab 73.57a
CN 1100-13 8.92fgh 2.45bcd 3.73bc 27.49ab 70.13a
Empat B:lan 8.72fghi 2.12bcd 2.35ef 24.29ab 70.07a
AIS 35-2 7.58ghi 1.65cd 2.03f 21.86ab 67.80a
Serdang-1 7.17hi 2.11bcd 2.56bcd 29.92ab 68.90a
Nakamurasaki 5.89i 1.52d 2.17ef 2% .58ab 74.67a

Note: Figures in the same column bearinz the same letter/s are not
significantly different from one another at the 0.05 probability level
(DMRT).

Dry tuber yield (%)= Dry matter content of tuber (%) x Fresh tuber yield.
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Table 7.

Harvest

data of sixteen promising sweet

MARDI/AVRDC yield trail at Serdang, Selangor.

potato varieties

from a

Variety Fresh tuber Dry matter Tuber Dry matter Plant
yield (t/ha) yield of number content of establishment
tubers per plant tuber (%)
(t/ha)@

CN 1219-1 20.9a 5.1a 4.8a 24,1bcdef 91.7ab
T 423 18.4ab 4,0abed 3.0bc 22.1cdef 90.0ab
Bukit Naga 17.6abc 4.8abc 2.3bed 26.9bcde 96.7a
CN 1280-3 15.9abcd 4 .0abced 2.4bcd 24, 7bcdef 98.3a
PC1-177 15.8abcd 5.0ab 3.0b 31.1abc 97.5a
CN 1028-15a 14.8abcde 2.0defghi 1.6de 14.5f 85.0ab
CN 1181-312  14.7abcde 2.7cdefgh 2.5bed 18.4ef 87.5ab
Local

Variety 14.7abcde 3.8abcdef 2.4bced 23.9bcdef 95.8ab
CN 1232-9 14.4abcde 3.5abcdefg 1.8bcde 24.5bedef 94.2ab
AVRDC

Selection 1  14.2abcde 2.7cdefgh 1.5de 18.9def 77.5ab
I 444 13.1abdef 2.8bcdefg 2.1bcde 21.0cdef 93.3ab
CN 1028-15b  12.9abdefg 2.5bcdefghi  2.0bcde 19.4def 78.3ab
AVRDC

Selection 5 12.3abcdefg 3.9abcde 2.4bcd 32.5ab 89.2ab
Empat Bulan 11.6abcdefg 3.1labcdefgh  2.1bcde 38.1a 82.5ab
CN 1229-16 10.1abcdefgh  2.8bcdefgh 2.4bcd 26.9bcde 91.7ab
CN 941-32 9.7abcdefgh 1.7defghi 1.9bcde 16.8ef 80.8ab

;

Note: Figures in the same column bearing the same letter are not significantly

different at the 0.05% probability level.

4Dry matter yield of tubers (%)=Dry matter content of tuber (%) x Fresh tuber yield.
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COUNTRY PAPER - PAPUA NEW GUINEA

W. Hadfieldl

Although sweet potato is by far the most important subsistence crop in P.N.G. there
is remarkably little reliable information on production and in the past ten years
estimates have ranged from 600,000 tonnes per annum, through 1.8 million tonnes to 2.4
million tonnes. Later on I will postulate on possible reasons for these vast
differences but it is important to note that P.N.G. is a major producer of sweet potato
and it forms the basis of subsistence farming systems in the highlands and is, in some
areas of the lowlands, replacing taro as the major staple. I would suggest that a
figure of 2 million + 200,000 tonnes will suffice for the purposes of this paper and I
will continue and discuss the importance of the crop in P.N.G.

The highlands of P.N.G. are the most densely popuiated areas of the country and for
many hundreds of years have been geographically isolated from the coastal areas. Over
the course of time man, pigs and sweet potato have formed an association so interwoven
into the anthropology of the people that it is difficult to speak of one of them in
isolation. 1t is mainly because of this there is far more literature on sweet potato
in the Anthropology section of the National Library than in the Agricultural section
and that attempts to extrapolate the results of detailed studies in a single village to
the vast areas of the highland provinces have produced such conflicting figures on
national production.

In general, sweet potato is used as a basic staple for the bulk of the population
of the highlands and the surplus is fed to pigs.

It is estimated that about 40% of the total production is fed to pigs but again
this figure must be treated with caution. Pigs have no natural enemies in P.N.G. and
nave a very special place in tribal ritual, bride price and social status. When the
pig population becomes such that they actually compete for food with people there tends
to be ’'pig kills’ which reduce numbers very considerably and the cycle starts again.

The build up of the pig population can be regarded as a form of storage into which
surplus sveet potato production is placed until required and pigs are virtually the
only animals which are involved in the highlands farming system.

A few attempts have been made in the industrial processing of sweet potato but none
have reached the commercially viable stage as yet. The main reason is the high costs
of the raw material and transportation to industrial centers and there is little
likelihood of these costs being reduced in the foreseeable future.

Ipirector, Crops Research, Department of Agriculture anu Livestock, Port Moresby, Papua
New Guinea.
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Map 1 : Agricultural system of Papua New Guinea
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Finhros (1986) estimates post harvest losses at 30% and a recent paper by Joaghin
(1987) gives details of comparative prices of locally produced staples compared with
imported rice and discuss the consequences in terms of likely future trends.

As stated previously sweet potato is the major staple food in the highlands and
various estimates on the proportion of total calory intake have been made over many
years. Some 600 plant species are known to be eaten at one time or another in P.N.G.
and the seasonality and availability of many of these species will affect the estimates
but some 80% cf total calorific intake would be a reasonable figure.

Problems in the cultivation of sweet potato are quite sharply divided into
"research worker perceived" and "farmer perceived” and I will not attempt to slavishly
follow the outline given in the country paper format until I have had the chance to
enlarge on this statement.

For some hundreds of years farmers have selected varietie: of sweet potato which
they recognize as possessing some desirable characteristics and we have almost 1300
varieties available on our research stations. These collections remain a largely
untapped resource as we have neither the manpower nor irnfrastructure to deal with more
than a minute proportion of the collection. Until this mass of material has been fully
exploited it does not appear to be a particularly valuable exercise to embark on a
breeding programme to increase the number of untested varieties.

There may be up to 40 varieties being used in a single village and all these
varieties will have been chosen for one or another characteristic found desirable by
the farmer. Differences in taste, texture, colour, duration of harvest period, ease of
propagation, cold tolerance, etc., may all be involved, as well as the total yield and
size of tuber. In general the varieties may be site specific and not at all suitable
for other locations which may be apparently very similar.

The validity of attempting to carry out protein analysis of 1300 varieties in
multilocation trials is extremely doubtful before reliable yield trials have been
completed and although I do not expect too many people to agree with me I consider that
most of the research carried out on sweet potatoes in P.N.G. over the past 40 years has
not produced sufficient clear cut or reliable data to convince farmers to change either
their methods or their varieties. Subsistence farmers do not normally have access to
chemicals, whether they are fertilizers, herbicides, fungicides or insecticides and
even if research had been able to produce a tested recommendation they do not have the
means to carry it out in the vast marcrity of cases. In other words research has been
oriented towards the researcher rather than the farmer and the result is a huge
collection of random pieces of information which lack general applicability to the
major problems of the crop. Two examples of this may serve to illustrate my point.
The visit of a consultant nematologist to P.N.G. resulted in a two year project on
wvhich a number of nematodes were identified, nematicides applied and populations
monitored. By the time the project was completed no evidence had been presented which
demonstrated a loss of yield from nematodes, or, equally important, whether nematode
populations were affected by the normal practice of not using the same piece of land
for more than a single crop.

We have been involved in a virus project for almost four years, with at least two
more years to go; and both ACIAR and SPC are collaborating in this work. A tissue
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culture laboratory has been set up, personnel trained in the relevant techniques and a
significant proportion of our limited resources utilized in these trials. I would
welcome unequivocal evidence of the effect of the infection on yields of sweet potato
under P.N.G. conditions rather than assume that viral symptoms must signify a reduction
is yield.

We do have pests and diseases and these will be discussed in detail during the
appropriate sessions in the course of this most valuable workshop but at this point I
am merely indicating areas where I feel we need to concentrate on the relevance of
research to problems.

Little needs to be said regarding quarantine regulations and germplasm exchange.
Import and export for human or animal consumption is not carried out in P.N.G. and the
exchange of genetic material is a continuous process which is subject to the normal
quarantine requirements of P.N.G. and no major problems exist in this area.

In terms of Research P.N.G. does not have a national sweet potato programme as such
and for many years has carried out either ad-hoc research or participated in a variety
of regional projects with varying degrees of success. A long series of transfe-s,
resignations, reorganizations, fundiiig problems, etc. has been respcnsible for the
fragmented research effort and less than 25% of the trials carried cut in the past 20
years have actually been published in any form.

This is by no means a situation unique to P.N.G. but it does not provide a
satisfactory base from which to embark on a new programme. You are all at least more
avare of these problems than I am and I will take this opportunity to inform you of our
nev research programme with particular reference to sweet potato.

The Crop Research Division of the Department of Agriculture and Livestock is now
entirely committed to subsistence farming research, mainly through a Farming Systems
approach.

The resources available to the Division are not sufficient, either in manpowver or
funding to continue the component research into individual crops which was possible ten
years ago. The formation of autonomous research institutes for coffee, cocoa, coconuts
and oil palm, the creation of a Food Management Division dealing with food grains,
citrus, minor crops, etc., plus the separation of Plant Protection, Animal Health,
Chemistry and other functions had left the severely reduced Research Division with no
specific role and a radical reorganization was necessary if it was to maintain
viability. This structure and programme which will clearly indicate our priorities and
vhere P.N.G. can fit into the regional projects for the most important subsistence
crops is outlined below.

The whole research programme is based on the simple premise that, due to a rapidly
increasing population and consequent reduction in available land per unit of population
the traditionally stable low input subsistence farming systems of P.N.G. are under
stress. The stress on the system will continue as long as population increases more
rapidly than the availability of suitable land.

For many tropical countries the situation in P.N.G. would be regarded as almost
utopian and there is certainly no evidence of a crisis in either food supply or
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population pressure. Unfortunately there is equaliy little evidence that the lessons
nov being painfully learned in other countries are even being taught in P.N.G.

The fact that P.N.G.’s time bomb has a 1longer fuse than most will not affect the
final result unless action is taken to defuse it in the near future and the programme
is designed to make this action possible.

Traditional subsistence farming systems are noted for the complexity of their
detail and have provided happy hunting grounds for anthropologists, human geographers
and other social scientists. Basically however they are virtually identical with
minimal or no input systems throughout the tropics in that land is cleared, a crop or
crops are planted and harvested until yields become unacceptable when the area is
abandoned and a new area cleared. It may have taken more than 20 years fallow before a
piece of land was reused and this may well have permitted the soil to regain its
original fertility although information on fertility is poor. This system still exists
in a few isolated areas of P.N.G. with very low population densities but in the
Highlands fallow periods have generally been reduced to between 5-8 years in several
provinces and in parts of the coastal areas and specially in East New Britain fallows
of 6-12 months are being practiced.

In the past decade there has been a very significant increase in the area of good
land turned over to cash crops, mainly coffee in the highlands and cocoa in the coastal
regions. The entry into the cash economy by such a significant part of the population
has had many effects but only those relevant to the research programme need be
considered here. The first is that land planted to coffee or cocoa is obviously
unavailable for subsistence farming and secondly that the requirements of the cash crop
in terms of labour inputs reduce mobility and tends to concentrate populations in the
areas most suitable for the cash crop. The reduced subsistence base is compensated for
by the access to cash and ability to purchase food in the market place and again PNG
does not differ from many other countries in this respect. There are however some
risks attached to the dependence of world commodity prices and these risks are now
becoming clearer to P.N.G. smallholders who have seen incomes fall dramatically in the
last two years and it is likely that this fall will continue.

There is considerable potential for a smallholder to increase yields of his cash
crops but this would require cash inputs which cannot be afforded if prices are low.
He is rarely in a position to revert to subsistence farming unless ne uproots his cash
crop as land is no longer freely available in the area and there is always a hope that
prices will improve.

There exists therefore two major classes of small farmer, the purely subsistence
farmer using a minimum input system and under increasing pressure for the land on which
the inherent stability of this system depends, and the cash crop smallholder whose
survival is the cash economy depends on world commodity prices over which he has no

control.

There are five research stations in the Division of which three (Bubia, Keravat and
Laloki) are in the lowlands and two (Kuk and Aiyura) are in the highlands. Bubia is
the center for Lowlands Farming Systems Research and has a multidisciplinary team of
scientists including agronomists, plant protection scientists, agricultural economists
and supporting staff. Rapid Rural Appraisals have led to the formulation of a research
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programme vhich will investigate methods to overcome those biological constraints to
sustainability which have been identified by the team.

Kuk has a similar team working on highland systems and the programme is at a more
advanced stage due to the completion of RRA’s earlier than Bubia, and has already built
the necessary extension linkages between scientists and farmers. On farm trials are in
progress and further trials will be laid out as the programme progresses.

Keravat, which is shared with the Cocoa/Coconut Research Institute has developed a
cocoa/coconut farming system research programme whic' aims to combine cash crop and
subsistence farming in the cocoa areas of East New Britain when population density is
the highest in P.N.G. and fallow periods are becoming too short to sustain even basic
productivity for much longer. This team has only recently been formed and completed
its first rapid rural appraisal from which its programme will be formulated.
Cooperation with the CCRI and the local extension services is built into the programme
vhich is already generating considerable interest.

A smaller but similar programme is planned for Aiyura which shares the station with
the Coffee Research Institute and the size of this programme is limited by the
facilities available but the collaboration of the CRI will add to the resources as well
as help them to fulfill their obligations to the smallholder coffee sector. Aiyura
will also be the centre for the DAL Agroforestry project which has been formulated as a
result of a months consultancy visit by Professor J. Ewel of Florida University.

This project will be shared with DAL’s Land Use Section and the Chemistry Section
who will carry out fundamental studies on soil fertility and erosion with the Aiyura
team.

The remaining station (Laloki) is not representative of any major climatic zone in
P.N.G. and will act as the center for germplasm agronomy for the Division. It will
also be the major station for the biological control programme which is being developed
in collaboration with the South Pacific Commission, ACIAR, CSIRO and other Regional and
International bodies. In view of the very limited capacity of smallholders and
subsistence farmers to apply chemical control measures againsi the potential increase
of pests and diseases as cultivation methods become more intense and concentrated I
regarded a biological control programme as a priority area and special attention has
been given to this.

Laloki has excellent but virtually unused post harvest facilities and an officer
has been sent overseas to gain experience in post harvest work as these seems little
point in advising farmers to grow food and watch it rot because storage advice is not
available.

The above gives the base outline of what is in fact a detailed and comprehensively
integrated farming systems research programme designed specifically for P.N.G.
conditions. It has not been easy to produce such a programme out of the structure left
behind in the reorganization process but it is viable and if allowed to develop without
further changes offers an opportunity for research to serve the most neglected sector
of the countries population.
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Finally, I turn to the main reason why I am here this week which is to try and
workout relevant international and regional cooperative research programs which do not
weaken PNG’s already very fragile research structure. We already have ongoing projecis
with ACIAR, SPC, AEPBR and have signed an agreement with EEC in which P.N.G. will
provide our collection for screening, selection and testing for improved varieties at
multilocation trial plots. This is a large regional project and our resources are now
spread very thinly. We have already heard from the previous country papers how diverse
are the major problems and very few individual countries are in a position to handle
all of them. Our research effort is now geared to overcoming the constraints to the
long term sustainability of subsistence farming systems, which are based in low input
traditional methods, under the inevitability of increasing population leading to an
eventual shortage and therefore potential degradation of available land. We are not
very concerned with making industrial alcohol or sweet potato chips but are concerned
with the survival of a system which involved almost 80% of the rapidly increasing
population of Papua New Guinea. I trust that as a result of the deliberations taking
place here this week it may be possible to identify some solutions to our problems and
if so, the efforts of the organizers will not be wasted.
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SWEET POTATO RESEARCH AND DEVELOPMENT IN THE PHILIPPINES

M. K. Palomar, E. F. Bulayog1 and Truong Van Den?

1. INTRODUCTION

Root crops, especially sweet potato, play a major role in the diet of Filipinos.
The staple food for people in the hilly and marginal areas is sweet potato, with either
rice or corn as supplement. Occasional consumers also use sweet potato in various
snack preparations. The average per capita consumption from 1968 to 1984 as reported
by the Department of Agriculture (DA) was 18.68 kg. Likewise, about 5% of the total
sweet potato production is used as animal feed (DA, 1984).

The industrial use of sweet potato (SP)} has been recognized with the advent of
industrial processes utilizing SP as an additive, as one of the energy sources in
commercial feed manufacturing or as the major raw material in SP fluor/starch
processing. In various baked products, SP flour can substitute for 20-60% of wheat
flour. New fruit-like food products from SP with similar appearance, taste and
nutrient content to that of processed fruit items have also been developed. These
include: delicious SP, SP catsup, SP jam/spread and SP beverage/concentrate.

Aside from the above mentioned uses, the Philippine Root Crop Research and Training
Center (PRCRTC) has developed a technology on soy sauce production from sweet potato.
A natural fermentation technique is followed using SP flour instead of wheat flour
(100% substitution). A project has just been initiated to transfer the technology to
farmer-cooperatives using a "grassroot-based" development approach.

The present tight economic situation in the Philippines calls for the use of cheap
and indigenous agricultural materials for food or commercial uses. Increased sweet
potato processing and utilization can help sustain SP demand for industrial uses.

2. PRODUCTION AND PRODUCTION ZONES

In 1986, the sweet potato harvest in the Philippines was 800,614 t of fresh roots.
The Bicol region had the highest contribution at 237,543 t or about 30% of the national
production (Table 1). Its high SP production is attributable to its being in a
typhoon-belt area where high standing crops do not thrive well; hence, SP seems to be
the most appropriate crop.

1pirector and Research Assistant, respectively. Philippine Root Crop Research and
Training Center (PRCRTC), Visca, BayBay, Leyte, Philippines.

2Section Head, Food Technology Section, Department of Agricultural Chemistry and Food
Science (DAC-FS), Visca, Baybay, Leyte, Philippines.
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Only Western Mindanao among the Mindanao regions had the lowest productivity at
2.17 t per hectare. It is because Western Mindanao is situated along the coastal area
with generally rocky soil. Other Mindanao regions, particularly Central Mindanao, had
better productivity because they are located in valleys and wide plains with relatively
cool temperature suitable for root crop production. 0f all the regions, however,
Ilocos had the highest yield per hectare at 7.99 t.

Table 1. Sweet potato p:wduction in the Philippines by region.

Region Area Production Yield

(ha) (t) (t/ha)
Ilocos 8,210 65,566 7.99
Cagayan Valley 5,390 19,035 3.54
Central Luzon 6,180 28,645 4,64
Southern Tagalog 8,470 40,231 4.75
Bicol 34,840 237,543 6.82
Western Visayas 7,890 32,256 4.09
Central Visayas 23,060 69,643 3.02
Eastern Visayas 39,320 152,915 3.89
Western Mindanao 6,750 14,662 2.17
Northern Mindanao 11,870 65,728 5.18
Southern Mindanao 8,970 46,499 5.18
Central Mindanao 3,830 27,891 7.28
PHILIPPINES 164,770 800,614 4.86

Source: Bureau of Agricultural Statistics (1986), Manila.

3. PRINCIPAL PROBLEMS OF THE SWEET POTATO INDUSTRY

3.1. Seed Production

Varietal improvement in the Philippines is now being undertaken by the University
of the Philippines at Los Bafios (UPLB), Visayas State College of Agriculture (ViSCA)
and PRCRTC. Conventional breeding techniques are being used due to lack of training
and facilities on non-conventional breeding techniques such as recombinant DNA.
Breeding is a relatively long and tedious process. Distribution of seed cuttings for
propagation and production is constrained by the low adaptability of the resulting
hybrid to certain localities. Aside from financial constraints, there is also a
groving problem on the maintenance, characterization, documentation, improvement and
evaluation of accessions due to lack of facilities for biochemical analysis and the
absence of efficient and reliable in vitro storage techniques for sweet potato.
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3.2. Agronomic Practices

Production technologies of SP in relation to edaphoclimatic conditions have been
improved. One major problem identified, however, is the attitude of the farmers
towards improved production technologies. Technology adoption is slow since farmers
tend to be very selective and extremely cautious as to what to adopt and (the extent of
adoption). Other problems in relation to the technologies also exist hence, these
technologies must be tested on farmer fields in differeat locations.

3.3. Pests and Diseases (Production and Storage)

Pest infestation is compounded by almost non-existent pest management practices
ainong SP farmers. Sweet potato insect pests are classified into two groups: the stem

and tuber feeders, and the leaf and shoot feeders. The former group causes greater
damage than the latter, although some of the defoliating species may at times endanger
the crop during pest outbreak. On the other hand, fungi, viruses, bacteria and

nematodes have been found to infect SP and cause yield losses as high as 50% and in
severe infection may even cause total yield loss. Some of the diseases affect the crop
in the field, while ovhers affect the crop after harvest. Poor root quality due to
deformed root, undesirable color, texture and flavor reduces SP marketability.

Control measures that have been recommended range from chemical and biological to
integrated pest management. Results, however, are still subject to verification in
relation to economics and applicability. Current researchers are directed at the
improvement of these control measures in terms of effectivity.

3.4. Distribution and Marketing

The high perishability of sweet potato calls for a ready market and efficient
transport services. The value of the product declines when it reaches the market
deformed and dessicated. Both rural and urban markets prefer SP in fresh form. The
lack of and poor transport facilities result to inefficient product distribution and
marketing. In cases where there are commercial or industrial processors as ready
markets, imbalance between price and product form exists. When SP’s are sold as dried
chips, the farmer-producer has to incur additional costs in chipping and drying. Both
time and labor, and even monetary costs, have to be added into the price. However, the
buying price of SP dried chips seems only a few cents higher than the price in fresh
form; if the above costs are to be considered the farmer-producer is at a disadvantage.

Moreover, farmers lack the entrepreneurial capabilities in dealing with product

market. In general, they do not have the knowledge in presenting their product into
the market in relation to form, time and place utilities.

3.5. Processing and Utilization

The farmers’ preference to sell their product in fresh form may create a market
glut particularly in SP growing areas of the country and therefore reduce the price of
the product. However, the government’s effort in promoting the use of locally
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available materials in industrial processing has somehow created an additional market
for SP, particularly in livestock feed processing. The ban on yellow corn importation
exerted pressure among feed millers to substitute corn with SP meal in commercial feed
rations. But after a few years of using SP meal, feed millers now are confronted with

the following constraints:

3.5.1. Physical characteristic of the milled product
Taking into account that the poultry industry is the major market of feedmillers,

powdery feeds are not preferable since they tend to reduce appetite. Chickens are
prone to eat grain, and poultry raisers are conditioned to buy feeds with yellow corn.

3.5.2. Need for additives

Poultry meat and eggs require pigments. Pigmentation provided by yellow corn
cannot be supplied by SP and therefore would require the feed manufacturers additional
cost load for pigments.

In bakery products, an average of only about 40% of the wheat flour can be
substituted with SP flour because of the resulting difference in odor and color.

4. INTERNATIONAL TRADE AND GERMPLASM EXCHANGE

4.1. Export for Human or Animal Consumption

The demand for sweet potato in the international market is inevitable. The
Department of Agriculture (1986) reported that the European Economic Community needs SP
meal for animal feeds at two million tons per year. There is also the big demand of
Japan and Hongkong for yellow-fleshed SP in sweetened form as human food. The
Philippines was able to supply the international market only about 73 t of dried SP
chips (CB, 1986).

4.2. Germplasm Exchange

The existing varieties of SP commonly grown in the Philippines are a mixture of
natives and hybrids. 1In the effort to improve the characteristics and quality of SP,
cooperating countries, particularly in the tropics where SP is abundant, exchange of
materials or accessions of SP for breeding purposes is essential.

The creation of PRCRTC gave more impetus to sweet potato research. Realizing the
importance of genetic resources, one of the earliest projects conducted by PRCRTC was a
collection expedition throughout the Philippines and in some parts of Southeast Asia.
Presently, there are 1,079 accessions of SP maintained in the PRCRTC field genebank.
Many of these accessions have duplicates at the National Plant Genetic and Resources
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Laboratory (NPGRL) at UPLB. Unless new collections can be made from the arra where an
accession was originally taken, a lost accession is lost forever. It is alsu costly to
maintain many duplicates, but one cannot be absolutely sure that two accessions having
similar  morphological characteristics are totally the same. Biochemical
differentiation is necessary, but as mentioned earlier, the country does not have
enough facilities for this purpcse.

5. NATIONAL SWEET POTATO PROGRAMS

5.1. Production

The Philippine Seed Board has approved and recommended 11 SP varieties, namely:
VSP’s 1-6, UPLSP-1, UPSLP-5 (G113-2B), BPI SP1-LO 323 (Kinabakab), UPLSP-2 (Tinipay),
BPI SP2 (CI 693-9). These varieties were recommended primarily due to their high
yielding characteristics. The extent of their wutilization, however, is dependent on
several factors such as:

-  Purpose

A variety cun be selected based on its intended use. If for table use or when
simply boiled, varieties with high dry matter content are preferred. Other HYV’s
are suitable for animal feeds and other processed SP products.

-  Method of harvest

Some farmers opt to use varieties that are not highly susceptible to weevil because
they do not harvest the crop at once.

- Vine characteristic

Other varieties do not have creeping vines and some farmers prefer these creeping
varieties for vegetable production.

Different varieties may have different characteristics as different users
have different preferences. Moreover, there are varieties that are now found

susceptible to minor pests and diseases. Varietal improvement projects
therefore are presently initiated by PRCRTC to minimize if not get rid of the
effects of the above mentioned constraints. Production tools and equipment

are also undecr evaluation and modification to enhance SP production. Target
beneficiaries of these efforts are both the marginal and medium- to
large-scale SP farmers. However, there is specific bias towards the small
farmers throughout the SP growing regions.

5.2. Research

PRCRTC is mandated to spearhead all SP researches in the country.
Research priorities are directed at processing and utilization (food and
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feed), varietal improvement, pest management, postharvest storage, and
production and processing tools/equipment. Recently, the potential of SP as
an indigenous crop with high yield and nutritional value, particularly
Vitamin A., Vitamin C and minerals has been recognized. Efforts are now
geared towards improving the economic value and upgrading the status of the
commodity from being a subsistence to a market-oriented crop. Socioeconomic
studies are presently conducted to update information on SP growers,
technological adoption (evaluation and constraints studies) and marketing of
SP roots and products. PRCRTC is aided by the Bureau of Plant Industry and
its experiment stations. Some interr:tional funding agencies provide
financial and technical assistance.

5.3. Extension

Mature technologies are disseminated through various trainings and
demonstrations. Development of the required equipment/tools needed in the
above.mentioned processing and utilization technologies, as well as economic
feasibility studies are being conducted to facilitate the transfer of
technology. Arrangements have been made with private companies for
commercialization of the products. For SP-based livestock feed, a Pilot Feed
Mill located at ViSCA has been in operation to supply feed requirements of
the livestock raisers in the neighboring towns.

Talormation diffusion through radio and print, primarily through the
Philippine Rootcrops Information Service (PRIS), is also being made to arrive
at a wider clientele coverage. The effort is made possible with the
cooperation of the following agencies: Department of Trade and Industry,
Dejartment of Agriculture, Department of Science and Technology, Philippine
Council for Agriculture, Forestry and Natural Resources Research and
Dezvelopment, Visayas State College of Agriculture and other state colleges
and universities in the Philippines.

5.4. Education

Agricultural colleges and universities provide agricultural education.
The knowledge about SP industry from production to marketing and various SP
researches is basically offered by ViSCA where PRCRTC is located. Some of
the academic institutions involved as cooperating stations of PRRTC in its SP
research are Camarines Sur State Agricultural College, Benguet State
University, Tarlac College of Agriculture and the University of the
Philippines at Los Bafios.

6. SWEET POTATO R AND D WORKERS
As of 1987, the country has a total of 174 SP research and development

personnel. Of these, 87 (50%) are B.S. graduates, 57 (33%) are i.S. and
about 30 (17%) are Ph. D.'s. Fields of specialization include: plant
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breeding, agronomy, plant pathology, entomology, postharvest/horticulture,
biochemistry, food science, agricultural economics and sociology.

7. INTERNATIONAL COLLABORATION

International collaboration includes financial assistance, germplasm
exchange, international symposia and conferences, trainings, scholarships and
exchange of scientific publications.

In 1986, an International Sweet Potato Symposium was held ViSCA to
identify priority areas for SP research. One important output of the
scientific gathering was the putting up of a newslétter to serve as a medium
for SP information dissemination.

The SP program of PRCRTC is implemented in cooperation with the
International Development Research Center (IDRC), International Potato Center
(CIP), Food and Agriculture Organization (FAO), International Foundation for
Science (IFS), Tropiral Product Institute (TPI) or the new ODNRI, Japan
Society for the Promotion of Science, and other international agencies
prcviding valuable assistance.

8. REFERENCES
Bureau of Agricultural Statistics (BAS). Crop Statistics, 1986.
Central Bank of the Philippines (CB). Philippine Agricultural Trade, 1986.

Department of Agriculture (DA). Agricultural Commodity Reports, 1984.
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THE OUTLINE FOR SWEET POTATO IN KOREA

Moon Sup Chinl

1. COUNTRY PRODUCTION DATA AND PRODUCTION ZONES WITHIN THE COUNTRY

1.1 P®roduction Data

Sweet potatc is not indigenous crop in Korea, it was introduced in 1763 from Japan.
After then, sweet potato has been an important crop in Korea until 1965 because it
withstands environmental extremes, such as droughts and typhoons, which few crops ca::
tolerate, and it was tolerance crop to unfavorable conditions of soil. Until 1965, it
had been cultivated throughout the country as the famine relief crop because yield
potentiality of sweet potato was higher than other staple crops and food production was
not sufficient to supply the local Jemand as the food consumption.

Sweet potato had rolled as the third most important summcr upland crop on a
quantitative basis, after rice and barley, and sweet potato usua“.ly has been cultivated
after the harvest of a winter crop like barley. For many generations the sweet potato

has been an important crop in Korea. It ranked the third in importance of human food
among staple food crops. Maximum area and production was in 1965, when 2,997 thousand
metric tons were produced on 152,426 hectares. Since 1965, area planted, total

production, per capita consumption and relative importance of sweet potato among food
crops has decreased. These changes have occurred in spite of rapid increases in
population and substantial increase in yield of sweet potato preduced per unit area
(Table 1, Fig.l).

Table 1. Area planted, production yield, and index

Year Area planted Yield Production Percent
(1,000 ha) (t/ha) (1,000 t) Area Yield Production
1965 152 19.7 2,997 100 100 100
1975 95 20.7 1,953 62 105 65
1985 34 23.5 787 22 120 26
1986 28 24.6 684 18 125 23

1Crop Experiment Station Rural Development Administration Suwon, Korea.
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Fig. 1. Changes of sweet potato area planted, production
and yield per hectare.
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A number of factors have contributed to changes in status of crop.
The reasons are as following:
- Increased urbanization of our population.

- Movement of farm labor to the factory due to the rapid economic development,
specially young farmers have been leaving their farmland.

- Government low price measures and imporfation of the cheaf materials of starch and
alcoholic processing.

- Dietary changes of Korean.

- Cash crop growing on sweet potato area like vegetable, ginseng or fruit.

- Decreased farm population and farm labor shortage.

- Difficulties of transport and storage during winter.

- Affluent living of farmer and no mechanical power on sweet potato cultivatinn.
- Dislike the sweet potato cultivation.

- Low income with sweet potatoes to farmers compared with other competing summer
upland crops such as vegetable crops.

As shown on the Table 1, during twenty years, Area planted of 1985 has been reduced
to 22 percent and production of 1985 was 26 percent compared to that of 1965 but yield
of unit ar=a has been increased to 20% percent.

Fig.1l shows you more clear information on the changes of sweet potato area,
production and yield increasement.

1.2. Production Zones

After sweet potato was introduced to Korea it has been grown everywhere throughout
country for human consumption as the staple food or subsidiary food nearly until 1970,
because it was well adapted to Korea. Sweet potato area planted has beeu decreasing
sharply every year which caused :o remove the sweet potato cultivation to the poor soil
like newly reclaimed land or to the sea coast and islands, where other crops can not be
grown because of the wind damage. There are two types of farmers who cultivate the
sveet potatoes. One is the commercial farmer and the other one is the non commercial
farmer. The commercial farmer plant the sweet potatoes on the reclaimed land of the
inland to sell the whole sweet potatoes as a supplement food, but people living on the
islands or sea coast cultivate the sweet potatoes for their own consumption as part of
staple food during winter or to sell sweet potatoes for the alcohol or starch
processing. On the other hand, sweet potatoes are grown in a small scale everywhere in
Korea and people who raise the livestock, have tendency to grown the sweet potato for
their animal feed.
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2. IMPORTANCE OF SWEET POTATO IN THE COUNTRY

Sweet potato is a very important crop in the view of economic points. It has the
potentiality to produce high yield for short period in a unit area and is suitable for
human consumption. The numbers supporting peoples with production of sweet potato in a
unit area is nearly double compared to rice in the energy basis and cost producing
calorie is one fifth compared to the cost of rice. Therefore, sweet potato has
potential to support the many people with the cheap expenses for production (Table 2).

Table 2. Comparison of sweet potato with other food crops in the economic view.

Ttems
Crops Calorie No. of supporting Cost
(100 gr) k Cal/ha people (Won/k Cal)

Rice 359 13,320 13.5 652
Barley 337 6,670 6.8 288
Soybean 410 4,550 4.6 537
Sweet potato 134 24,200 24.6 149
White potato 72 7,840 8.0 931
Corn 255 5,860 5.9 262

Sweet potatoes are used primarily for human food, but they may also be used for
animal feed, alcohol, starch, and various other industrial purposes. Approximately 70
to 80 percent were used as human food, of sweet potatoes produced each year in Korea
before 1965, but uses for human food has been reduced after 1965. On the other hand
industrial purposes for alcohol processing have been increasing every year (Fig. 2).
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Fig. 2. Changes of weight of imported raw material for
beberage alcoholic processing and cost.
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Requirements for industrial purposes are not sufficiently covered with the local
product, therefore most of materials for alcohol processing have been imported from
abroad, so we feel an urgent need to increase the area and producticn of sweet potato
to supply the raw material for alcohol processing. In this point sweet potato is also
a very important crop as the industrial crop to help cut down the expenses for
purchasing the material for alcohol processing from outside. Sweet potatoes are
considered to be an important crop because they grow well in any place; either in the
sea coast area which is abundant with wind damage or in the newly reclaimed Jand in
wvhich other crops can not grow well. They give more stabilization yield than other
crops do and they have the strong tolerance power to project the soil from the soil
erosion. For the above reason, sweet potato has been cultivated for a long time in
Korea. A large part of sweet potato is prepared directly for human food and is not
prepared canned, frozen, or dehydrated, but recently, some factories are developing
sweet potato flakes.

During the winter we do not have enougt source for vitamins with the fresh
vegetables on the farm, we now recommend one variety with high carotene, dark

orange-flesh color to farmers after developing it in 1987. This variety is very
suitable for rav flesh and is edible without having to be steamed Petioles of sweet
potato also used as vegetables. Limited quantities of sweet potatoes are used as

high-carbohydrate feeds for hogs, poultry and other dcmestic animals, most of sweet
potatoes are fed rav on farms where sweet potatoes are gicwn. Considerable portions of
the cull roots are used for animal feed because of their unmarketable root size. Vines
and foliage, as well as storage roots are used for animal feed after preparing silage.
We have one developed variety for both animal feed and alcoholic processing which has
high yield potentiality. Sweet potatoes are very good crops as a sourze of animal feed
if they are properly handled and stored, but sweet potatoes for feeding raw are
restricted by handling and storage problems resulting from the high water content and
perisha ility of sweet potato. In industrial processing in Korea, a lot of sweet
potatoes had been used for starch production until 1970 with the white- or very light-
flesh varieties but now the uses for starch production are not much (Fig. 3).

Starch production industry on a commercial basis has failed because of cheap

material imported but sweet potatoes are increasing for the purposes of beverage
alcohol processing because demand of beverage alcohol has been increasing in Korea.
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Fig. 3. Changes of alcohol and starch production percenit with
local sweet potato production.

3. PRINCIPAL PROBLEMS

3.1. Seed Production

In order to produce seed we have to induce the sweet potato to flower. The method
is as follows:

In the early spring, we plant morning glory seed to use as the root stock and sveet
potato is also bedded to get the cutting to use as the scions. The work of grafting is
done by hand and the sweet potato cuttings which were grafted, are kept carefully under
the shadow. After cuttings are revived, shortday treatment is given to sweet potato
for a long time to induce flowering. In this point, shortday treatment and grafting
procedure require a lot of tedious man power.

3.2. Germplasm and Varieties

We have about 300 germplasms and varieties, those varieties are planted every year
to maintain and to use as the breeding program but most of the germplasms and varieties
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are not used as the breeding program. Only they have to be maintained every year.
They could be also harbour to the all kinds of pathogens and viruses, as the result of
long year maintaining of varieties of germplasms with the methods of field cultivation.
We need to maintain those germplasm in vitro culture method to escape from viruses but
ve do not do that because of shortage of manpower facilities and technique. Our
breeding program can be classified into several types according to their principal

uses.

- Food types
- Feed or industrial types
-  Vegetable types

From the 3rd seedling, selections are carried out in the view of productiveness,
appearance, skin and flesh color, acceptable edible qualities and resistance to
diceases. Adaptation tests are conducted at the different places in country from 5th
seedlings. Many varieties are used for both processing and fresh market in practice.
Foodtype varieties, specially those ior fresh market use, are often designated as
dry-flesh or moist-flesh according to the feel sensation in the mouth during
mastication of the steamed sweet potatoes. It is difficult to test the taste and
evaluate the quality like dry-flesh or moist-flesh because it needs experienced person,
the results are different among people and qualities are different according to
produced soil fertility and soil taxtures.

3.3. Diseases, Pest and Nematodes

Fungus, virus, bacteria and nematode cause the damage to the sweet potatoes. Among
the many diseases, nematode and bacteria are not serious losses in yield and quality.
Some of the diseases affect sweet potato in the field primarily, others mainly during
storage, handling and marketing. Some are serious both in the field and during
storage. We have quite a long year for sweet potato breeding, but we only have
emphasized on yield and have neglected to the disease control. Recently we have tested
the resitance to storage diseases especially on softrot and blackrot and selected one
resistence variety to softrot. Losses are heavy during storage as a result of softrot
and other diseases, which may make damaged roots unsalable or shorten the storage life
of roots and the period of time over which they may be marketed. We don’t have any
difficulties on fungi disease test but we don’t have any idea on viruses. According to
the symptoms, several virus diseases have increasingly serious effect on sweet potato
production.

Their symptoms are as follows:

Chlorotic leafspot, yellow dwarf, stunting, lowering of the vitality of the plants,
less formation of roots, many cellulose roots and yield reduction. Therefore one of
our leading varieties was removed from the recommendation to growers but we don’t know
still the name of virus diseases, transvector their virus character and method of

control.

3.4. Storage

Sweet potatoes are stored for six or seven months during winter from October to

93



late ¢ . April at low temperature between 10° to 17° C, but the optimum temperature is
ranged between 120-15°C with the 85-90% relative humidity. Storehouse, storing boxes,
and incidental equipment are always sterilized before uses. In order to keep the sweet
potato well in the store house, optimum temperature and optimum relative humidity are
very important but it is costly to store the sweet potatoes because temperature of
outside is sometimes very low.

That is why market price of sweet potatoes are very expensive during storage or
after storage. We have several storage methods for sweet potatoes during winter. They
are, indoor all-underground storage, ? storage, indcor semi-underground storage and
tunnel siorage. Among above methods, there is no completely safe method.

3.5. Distribution

Once new variety is improved and small amount of breeder’s roots are propagated at
the breeding station, Provincial Office of Rural Development requested amount of sweet
potatoes according to their option and they propagated the sweet potatoes to distribute
to farmers. Therefore ve do not have much problems in sweet potato distribution but
breeder’s roots are multiplied every year to distribute to Provincial Office of Rural
Development. While the breeder’s roots are growing in the field every year, they are
easily attacked by viruses, fungi and bacteria diseases. That is why improved variety
would give the lov yield due to the viruses, fungi or other pathogens after a long
year.

3.6. Marketing, Utilization and Prucessing

Marketing of sweet potatoes in Korea goes on from August, the time of early
harvesting, to June of the following year. Market price is very flexible from time to
time. The price from early harvesting is the maximum price. From that time to early
November, the price has been decreasing until the lowest price start again to rise up
after November because sw2at potatoes ~oming to market are the stored ones. They are
all food types but industrial types are sold by the fresh or dehydrated forms to the
Agriculture Cooperative Association and Agriculture Cooperative Association supplies
those fresh or dehydrated sweet potatoes to the factories for starch or alcoholic
processing. Those are sold by the low prices with which government set up, compared to
those of market prices. Therefore farmers have tendency not to produce the industrial
types. On the other hand, demand of industrial types for alcoholic processing has been
increasing but with the local production, demands weight for industria. types can not
be satisfied. So that importing for industrial purposes has been increasing every
year.

4. QUARANTINE REGULATIONS AND GERMPLASM EXCHANGE

So far we have not exported sweet potatoes for human or animal consumption because
production of sweet potatoes have not been enough. But import for human or animal
consumption would be possible in future especially import for animal consumption is
more urgent because we import corn, barley, soybean. sorghum and other cereals for
animal feed. We do not have any difficulties in quarantine regulations to import the
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dehydrated sweet potatoes for animal feed . Also we can easily exchange germplasm of
sweet potatoes for the purpose of 