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PREFACE

The Centro Internacional de Agricultura Tropical (CIAT), with headquarters in
Colombia, has as its mission "to contribute to the alleviation of hunger and poverty in
tropical developing countries by applying science to the generation of technology, leading
to lasting increases in agricultural outputs while preserving the natural resource base".
The ultimate goal is to reduce hunger and poverty through the development of sustainable
agriculture, mainly by integrating programs on genetic improvement with those on natural
resources management. The two programs are intimately linked, as sustainable land use
and resource management will contribute to conserving biodiversity, which is a vital
resource for crop improvement. Conversely, more productive germplasm will enable
farmers to increase their yield and raise their income, giving them more resources and
incentives to conserve the productivity of their soil and prevent erosion. -

CIAT can not achieve this goal alone, but only in partnership with national and
international research institutions. Moreover, in order to enhance the adaption of new
technologies, CIAT also collaborates closely with extension organizations and strongly
encourages farmer participation in technology development and dissemination.

Within the Consultative Group for International Agricultural Research (CGIAR),
CIAT has the world mandate for research on cassava production and utilization, while
the International Institute for Tropical Agriculture (IITA), located in Nigeria, has
responsibility for cassava research in Africa. In order to facilitate communication with
national cassava research programs in Asia, CIAT established a Regional Cassava Office
in Bangkok, Thailand, in 1983. Through this Regional Office, a network of cassava
researchers in national research institutes and universities in Asia was established, with
the objective of enhancing communication between researchers, both within and among
countries, in order to increase the efficiency of cassava research with the goal of
improving the productivity and utilization of the crop. This will ultimately contribute to
increased incomes and improvements in the standard of living of cassava producers,
processors and consumers.

To further enhance communication among cassava researchers in Asia, the CIAT
Regional Office has organized Regional Cassava Workshops every three years. These
workshops bring together many cassava researchers from different countries in Asia, who
present the latest progress in their research, mainly in the areas of cassava breeding and
soil/crop management or agronomy. The first workshop was held in Bangkok in 1984
to review the general situation of cassava in Asia, to identify the major constraints and
set research priorities. The second workshop was held in Rayong, Thailand in 1987 to
review the first year’s results in cassava crop improvement and to summarize all
agronomic research that had been conducted prior to that date by national programs.
From this review it was concluded that future agronomic research in Asia should
emphasize mainly the maintenance and improvement of soil fertility and the effective
control of soil erosion. The third workshop was held in Malang, Indonesia in 1990.
This workshop not only reviewed the recent progress in cassava breeding and agronomy,
but also research on cassava utilization, both for human and animal consumption as well
as for industrial usage. The fourth workshop was held in Trivandrum, Kerala, India in
1993 to review the latest progress in breeding and agronomy, as well as to discuss more
effective ways to transfer the new technologies to farmers in order to achieve adoption
and impact. In this workshop extension specialists from several countries were invited



to share their experiences and to join the researchers in the cassava network. This will
further enhance the adoption of many new cassava varieties that have recently been
released, as well as that of new and more sustainable production practices. The
workshop was also an opportunity to discuss a proposal, submitted for funding to the
Nippon Foundation in Japan, to develop a Farmer Participatory Research (FPR)
methodology, mainly to enhance the adoption of more sustainable management practices
in cassava-based cropping systems in Asia. The Nippon foundation approved the project
in late 1993 for a five-year period. It has funded all activities in the area of cassava
soil/crop management research, farmer participatory research and training in FPR
methodologies.

The fifth workshop was held at CATAS in Danzhou, Hainan, China in November
1996. Besides reviewing further progress in cassava varietal improvement and
disemmination as well as agronomy research, it provided an opportunity to present and
discuss the first results of the FPR projects conducted in several pilot sites in various
countries in Asia. Based on these experiences future activities in the project were
discussed. The papers presented in this Sth Regional Workshop are published in this
Proceedings.

During the fifth Regional Workshop in China the Advisory Committee for the
Asian Cassava Research Network met to discuss research priorities, the future outlook
for cassava research in Asia, and to decide on the theme, location and time for the Sixth
Regional Workshop. During this meeting the following members were elected:
Pham Van Bien IAS, Vietnam: Chairman
Kazuo Kawano CIAT, Thailand: Secretary

Zheng Xueqin

G.T. Kurup

Soemarjo Poespodarsono
Tan Swee Lian
Fernando Evangelio
Charn Tiraporn
Reinhardt Howeler

CATAS, China

CTCRI, India

Brawijaya Univ, Indonesia
MARDI, Malaysia
PRCRTC, Philippines
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During the meeting it was decided to organize the sixth workshop in Ho Chi Minh city,
Vietnam at the end of 1999.

CIAT wants to take this opportunity to express its gratitude to the Nippon
Foundation and the Government of Japan for their financial support, not only for funding
the collaborative research and extension activities reported here, but also the organization
of the fifth Workshop in China. Without their financial support the Asian Cassava
Research Network would not be sustainable.

We also like to thank all the members of the organizing committee, mainly from
CATAS, for their hard work and dedication in organizing this event. In spite of
unusually wet weather, they managed to organize an interesting field day to Kongba
village in Baisha county. All workshop participants also much appreciated the excellent
facilities and organization of the workshop, and especially, the delicious Chinese food.
Many thanks to all for their hard work.

R.H. Howeler
CIAT, Bangkok
April 1998
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TRENDS, CONSTRAINTS AND OPPORTUNITIES OF THE ASIAN
CASSAVA SECTOR: AN ASSESSMENT"

Guy Henry* and Clair Hershey®

ABSTRACT

This paper attempts to utilize past cassava production, utilization and market trends,
integrated with regional macro-economic developments, together with a general summary of
current cassava R&D advances, to analyze the principal cassava sector constraints and future
opportunities, both at the country and regional level.

The first section shows where the major cassava production and utilization areas are and
secondly assesses cassava area, yield and production trends from 1980-95 by region and specific
countries (cases), explaining past trends due to a variety of factors, including climatological,
biological, technological (R&D), political and macro-economic aspects.

The second section concentrates on the dynamics of cassava processing, products and
markets, analyzing the major cassava product groups, i.e. cassava for fresh direct consumption,
flours, dried cassava chips and pellets for animal feeds, and cassava starches. Evidence will be
presented to show the significant increases of starch production versus relative declines in pellets.
Macro-policy changes, expanded market demand, technology advances and relative price changes
are some of the major factors explaining these recent developments.

The third section of the paper assesses regional, market (and country) cassava sector
constraints which are stratified into four areas: (a) biological/technical aspects, (b) socio-economic
aspects, (c) institutional aspects, and (d) political aspects. For some of the aspects quantitative
evidence is presented; other aspects are more qualitatively assessed. After this, the most significant
future opportunities are analyzed. These are grouped into three areas: (a) technological, (b)
market, and (c) institutional/political.

The paper ends with the major conclusions and makes several recommendations.

CASSAVA PRODUCTION AND SYSTEMS TRENDS

The Asian continent currently produces about 46 million metric tons (t) of
cassava on 3.5 million hectares (1996). As such, it occupies second place in terms of
global cassava production, and first place in yield (13-14 t/ha). Two-thirds of total
production originates in Thailand and Indonesia alone. Seven countries account for 99%
of the region’s production: Thailand, Indonesia, India, China, Vietnam, the Philippines
and Malaysia (Table 1). About 40% of cassava is used for direct human consumption,
especially in processed form. Most of the remainder is destined for animal feed or
processed for starch (FAOSTAT, 1997).

! This document draws significantly on papers treating the same subject by Henry and Gottret
(1996) and Hershey et al. (1997).

2 Economist, CIRAD-PROAMYL, Montpellier, France; formerly Economist, Cassava
Program, CIAT, Cali, Colombia.

3 Consultant, Manheim, PA, USA; formerly Plant Breeder, Cassava Progran, CIAT, Cali,
Colombia.



Table 1. Cassava area, yield and production in Asia in 1996.

Area Yield Production

(ha) (t/ha) ®
Brunei 130 11.5 1,500
Cambodia 12,500 7.2 90,000
China 230,080 15.2 3,501,070
India 244,000 245 5,979,000
Indonesia 1,300,000 13.1 17,002,500
Laos 5,000 13.7 68,500
Malaysia 39,000 10.3 400,000
Maldives 8 2.5 20
Myanmar 7,300 9.3 68,000
Philippines 215,000 8.8 1,900,000
Singapore 1 10.0 10
Sri Lanka 32,000 9.1 290,000
Thailand 1,265,100 14.3 18,083,600
Vietnam 275,600 7.5 2,067,300
ASIA 3,625,719 13.6 49,451,500

Source: FAOSTAT, 1998

During the past decade, Asian cassava production experienced a growth rate of
0.30% per year. While cassava area experienced a decrease (-0.20%), yields increased
at an annual rate of 0.50%. From the 1980s to the present, the main influences on
cassava production and commerce were rapid growth in many Asian economies with
accompanying changes in food consumption patterns; increased demand from industry for
raw products such as starch; and increasing implementation of trade policies that reduced
cassava’s preferential treatment in European markets. Except for a few products such as
krupuk in Indonesia, cassava generally enters markets where other calorie or industrial
starch sources may readily be substituted. Future growth, therefore, is largely linked to
cost competitiveness, or markets that require specific characteristics that only cassava
provides.

Thailand, is a cassava processed-product export-led country. Nearly all cassava
is grown on small farms of one to five hectares. Chipping and drying is done in nearby
commercial drying floors, while processing for starch is generally done in large factories.
The pellet export industry is heavily dependent on the middle-men who are usually
owners of trucks or drying floors, who consolidate production from these small farms
into processing and marketing channels. The various events that have led Thailand’s
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cassava industrialization development are well described by Titapiwatanakun (1996),
Henry and Gottret (1996), and Hershey ef al. (1997). During the last decade, Thailand
has experienced a major diversification of its cassava product and market mix. While up
to the early 80’s pellets represented 88% of cassava exports (almost entirely to the EU),
the pellet share by 1992 was down to 72% and continues to decrease, in favor of starch.
Furthermore, Thai starch factories are increasingly producing modified starches rather
than lower valued native starch. Total production peaked at 24 million tons in 1989 and
decreased to 18 million tons in 1996 (Figure 1).

For many years a single variety, Rayong 1, occupied almost 100% of the
country’s area. This began changing in the mid-1980s as new hybrids gained popularity
due to market premium assigned to higher starch content. By 1996, new hybrids from
the cassava programs of the Dept. of Agriculture and of Kasetsart University extended
over about one-fourth of the total area. Private industry (mainly starch factories) and
national extension services play an important role in promotion and distribution of new
technology. Mechanized land preparation, fertilizer application, and mechanical or
chemical weed control are now common.

Despite the adoption of new varieties, Thai cassava yields show only a 0.12%
annual increase during the last decade (Henry and Gottret, 1996). This low figure is due
to a large extent to a shift of cassava production to more marginal areas, and because of
reduced fertilization as a consequence of depressed starch and pellet market prices.
Reduced fertilization on soils that have been monocropped for many years will show
adverse effects on yield, nothwithstanding improved varieties.

In Indonesia, the relatively stable area of planting across years is a function of
market diversity and comparative advantage in upland environments not suited for rice.
The multi-use characteristics are fully exploited and provide a range of market options
to stabilize prices. The traditional products in the internal markets are gaplek (dried
cassava chunks used in a variety of local dishes), and krupuk, a crispy snack wafer made
from cassava starch.

Production systems in Indonesia are in general more complex than elsewhere in
Asia. Intercropping is common, especially where there are not severe soil and water
constraints. Common intercrops are upland rice, maize and various legumes. On the outer
islands rainfall is usually less limiting, but poor soils are sometimes a constraint on the
ability to intercrop cereals and legumes. On Java, farms are small and intensively
managed, with few purchased inputs. The starch industry in Sumatra is based on large,
vertically integrated plantations where moderate input levels are applied, and new high-
yielding varieties planted. These industries have joined with the national program in
supporting production research, which has benefitted surrounding small independent
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farmers as well as the plantations. The effects are becoming clear when analyzing
production trends. Over the last decade, production grew with a healthy annual 1.2-1.4%
(Figure 1), this growth being attributed to both increases in area (1.0%) and yield
(0.36%) (Henry and Gottret, 1996). Nonetheless, large areas of Indonesia have suffered
severe droughts during the past five years, and this is again the case in the 1997/98
season. Although this will much less effect cassava (relative to rice, etc.), production for
1998 is estimated to be down from earlier years (FAO, 1997).

Cassava cultivation in India is concentrated in the southern states of Kerala and
Tamil Nadu. The country is distinguished by the world’s highest average cassava yields,
about 24 t/ha. These high yields are accomplished by intensive cultivation, and, in Tamil
Nadu, by irrigation. In Kerala, much of the production is consumed as boiled roots, one
of the few regions in Asia where this is common. Cooking quality is one of the principal
criteria farmers use in selecting varieties for cultivation. In Tamil Nadu nearly all of the
production is for starch and sago. Markets for fresh consumption have been slumped
during several years, drawing attention to the need for product and/or market
diversification. This trend has affected the planted area to cassava, which shows an
annual decline of more than 2%. Hence, less area, but with increasing productivity.

China produces cassava in the southern provinces of Guangxi, Guangdong, and
Hainan (and more recently in Yunnan). Most is planted with few production inputs on
hillsides surrounding rice paddies. Historically cassava was a famine reserve crop,
planted in marginal areas with high risk of crop failure. Production data from China are
not very reliable, but according to FAO, area peaked at 245,000 ha in 1983. Although
a minor crop in China as a whole, it is increasingly looked upon as an efficient producer
of raw material for starch and on-farm pig feeding. Nonetheless, its area is under severe
pressure from competing higher-value crops (fruit trees) and alternative land use.

Like Indonesia, the Philippines is a multi-island economy, but differs in that
population is spread more uniformly across different islands. Cassava fits well within an
agricultural policy that emphasizes self sufficiency in basic foods (except wheat), import
substitution, and development of the small farm sector. Cassava is produced throughout
the Philippines, but is more concentrated on the southern islands, especially the Visayas
region and Mindanao. Most production is on small farms, although there are some large
plantations supplying starch factories. Input use is low in comparison to other countries,
and this is reflected in some of the lowest yields in Asia. Nonetheless, yields in the past
ten years have climbed steadily from about 7 to about 9 t/ha, suggesting adoption of
improved varieties and cultural practices. Cassava area has increased steadily, from about
200,000 ha in 1984 to 215,000 ha in 1996.
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In Vietnam, the area planted to cassava peaked in 1979 at 460,000 ha, but then
declined to nearly half that level because of lack of markets and competition from other
crops. It occupies the poor soils of mountainous and hilly areas, mainly in monoculture
systems. Since many of these soils are highly erodible, their recuperation and
conservation is currently a major research thrust. In early years, most of the plantings
served as a food security crop, but human consumption now occupies only 10-20% of
production. About 30% is used as animal feed, much of it on-farm for chickens and pigs,
after chipping, drying and milling the roots. Industrial uses are on the increase as
Vietnam undergoes rapid economic development. Industry now absorbs about 30-40%
and this is rising. New varieties, mainly introduced from Thailand’s breeding programs,
and diffused with help from large-scale starch processors, are gaining popularity,
especially in the South, for their high yield potential and high starch content. While
cassava data do not show this yet, it is expected that these new varieties will increase
yields significantly in the future. Cassava areas in Vietnam are shifting away from
(semi)urban zones towards "waste lands" and more marginal areas. Due to high industral
demand for cassava and changes in “land property” laws, the average cassava area (per
farmer) in the South is increasing.

PRODUCT AND MARKET TRENDS

Diversity is the defining characteristic of cassava products and markets in Asia,
both within and across countries. About 40% of cassava in the region is destined for
human consumption (FAOSTAT, 1997). In Indonesia, the level is about two-thirds. Most
of the remainder is processed for industrial purposes, principally chips for animal feed,
and starch. Raw roots are not traded on any significant scale. The initial processing
defines to some degree the market sector to which roots can be destined. This is unlike
the grains such as maize which are traded as whole, unprocessed grain, to be converted
into any number of products in the receiving country.

Fresh for Human Consumption

Outside of Kerala, India, and some poorer (isolated) districts of China and
Vietnam, nearly all cassava for food is first processed; direct consumption of baked or
boiled fresh roots is minor. This form of consumption is largely a rural practice, and
often by households having their own backyard garden. Fresh consumption will decline
with increasing incomes, urbanization, changes in dietary preferences and increasing
opportunity cost for cassava from emerging alternative (processed) cassava markets. It
must be noted, however, that cassava will remain a crop representing an on-farm reserve
emergency crop (for human consumption) in times of rice shortfall, as for example, has
been observed in Indonesia.



Chips and Pellets for Animal Feed

The cassava .pellet industry peaked at the end of the 1980s. Since then total
volume has decreased, mainly affecting Thailand* (Table 2, Figure 2). The reduced
exports to the European Union (EU) have only partly been offset by a concerted effort
to penetrate new, non-EU markets. During the early 90s a further shock was delivered
to EU-destined cassava exports, as a result of changes in the Common Agricultural Policy
(CAP), lowering internal EU feed grain prices. Nonetheless, although export prices (and
profits) have been reduced significantly, Thai pellets still can compete with EU internal
(barley) prices. Moreover, due to the 1997/98 baht devaluation, the pellet exports’ price
edge will gain. It is doubtfull that pellet production will significantly rebound in the
future, since domestic competition for roots from the starch factories (who enjoy bigger
margins) is very strong.

Table 2. World trade of cassava products (chips, pellets and starch).

1992-94 1994 1995 1996
Avg.
million metric tons
World exports 9.8 7.2 54 6.4
-Thailand 8.3 59 4.1 5.0
-Indonesia 1.1 0.7 0.5 0.6
-China & Taiwan 0.3 04 04 04
-Others 0.1 0.1 04 04
World imports 9.7 7.2 54 6.4
-EU 6.5 5.2 3.2 3.8
-China & Taiwan 09 0.6 0.7 0.6
-Japan 0.5 0.3 0.4 0.4
-Korea, Rep. of 0.7 0.4 0.3 0.4
-Other 1.1 0.6 0.8 1.2

Source: FAO Commodity Market Review 1996-97

4 For a complete treatise on this subject, see Titapiwatanakun (1996), Henry and Gottret
(1996) and Hershey et al. (1997), among others.
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Figure 2. Exports of cassava products from Thailand between 1970 and 1995.
Source: Thai Tapioca Trade Association

Starch

Starch for industry is classified as native or modified. The technology for
modifying starches by physical, chemical or biological processes is highly advanced and
evolving rapidly, and modified starches are absorbing an increasing market share. Starch-
derived products include sweeteners (high fructose syrup, glucose syrup), dextrins,
monosodium glutamate, pharmaceuticals and various chemicals. Starch is used in large
quantities in the manufacture of paper, plywood, textiles, and as a filler/stabilizer in
processed foods. New products from starch are continually entering the marketplace.
Throughout the region, the industry is moving toward larger, more technologically
advanced plants, and small, less efficient factories are closing. Furthermore, an
increasing trend can be seen in Thailand, Vietnam and China of joint ventures with large
international companies from US, Europe, Taiwan, Korea, Japan, etc. Multinational food
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companies with traditionally corn or potato starch based interest have started to
aggressively diversify into cassava starch manufacturing.

Thailand is leading the Asian starch boom (Figure 2), surpassing Indonesia in
recent years. Both export sales and domestic use have increased significantly. The focus
for exports has been on modified starches, partly for the larger profit margins and partly
to get around some of the import barriers imposed against native starch. Nonetheless, the
increase in starch exports has not nearly kept pace with the decline in pellet exports.
Private and public sectors are cooperating to identify and exploit internal growth markets
for starch as a complementary strategy to export-orientation.

Indonesia’s starch production is utilized mainly in internal markets. Nearly two-
thirds goes into krupuk. Because of the specific starch characteristics required for this
product, maize starch is not a competitor. This gives some insulation from the
fluctuations of world starch prices. Growing demand in the near future is envisioned
from paper, cardboard and plywood industries. Both China and Vietnam have
significantly expanded and modernized their starch industries. Monosodium glutamate and
glucose are rapidly growing markets in both countries. Foreign investors are drawn to
the “newly opened” countries (Vietnam, Cambodia and Laos) to profit from the relatively
cheap factors of production, land and labor, to invest in large-scale starch industries.

Flour

Cassava flours come in many forms. The most common is gaplek in Indonesia.
Roots are peeled, chipped or sliced, and then dried. The dried chunks are ground or
milled to a meal, which is used in a wide array of food preparations. It is consumed
especially in times of rice scarcity, and partially substitutes for rice in rural daily diets.
Cassava flour may partially substitute for wheat flour in bakery and other products. This
is still minor in Asia, but is reported unofficially from several countries (Henry and
Gottret, 1996).

CASSAVA DEMAND PROJECTIONS

Thailand’s continuing campaign to reduce its dependency on the European animal
feed market will dominate directions of the Asian cassava sector for the next decade. This
will take several forms: introducing new production technologies to keep prices
competitive with alternative energy sources; aggressively seeking new markets outside
Europe; development of internal feed markets; and further diversification into starch and
flour, with strong support for research on new processes and products. Other countries
of the region, once with aspirations to penetrate export markets for pellets, are now
recognizing that opportunities will depend very much on increasing production and
processing efficiencies.

Prospects for starch vary widely depending on the specific market. For native
starch, the different sources (maize, cassava, sweet potato, white potato) compete with
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one another on the basis of price. The markets for specialized starch are rather uncertain.
On the one hand there is increasing demand, but on the other, there is a continually
evolving technology for modifying starches to meet specific product properties. Ostertag
(1996) suggests that most developing countries will use their resources most effectively
by first concentrating on developing internal starch markets, in order to reduce the risks
inherent in the export sector.

In a recent study of the major tropical root crops, Rosegrant and Gerpacio (1997)
of the International Food Policy Research Institute (IFPRI) have projected cassava
production and utilization in the year 2020, based on a model that takes into account
virtually all the world’s food production and consumption (International Model for Policy
Analysis of Commodities and Trade (IMPACT). They foresee that moderate demand
growth for cassava products in Asia through 2020 will sustain viable cassava-based
development. The growth sectors vary within the region. In China, growth in feed
demand will be among the strongest anywhere, at 2.08% per year, accompanied by a
continuing trend for lower direct use as food. Southeast Asia should see healthy growth
in all sectors, i.e. 1.4% in food, 0.13% for feed, and a total of 1.25% (including
industrial use) (Table 3). The import demand in the non-cassava producing countries of
East Asia will rise at 1.0% per year, providing some additional market possibilities.

SECTOR CONSTRAINTS AND OPPORTUNITIES

Various factors will define cassava’s potential as a catalyst for further evelopment
in Asia. These factors can be grouped in the domains of policy, market economics,
institutional issues and technology. However, the majority of important
constraints/opportunities deal with overlapping domains.

Policy

The policy arena more than any other will set the stage for cassava’s role in Asia.
Both agricultural policy as well as broader economic policies impact the cassava sector.
Distortions in input and output markets, asset ownership, and other institutional and
market distortions adverse to the poor must be minimized. Government policy
interventions can be divided into direct (impacting on the cassava sector) and indirect
policies. The former includes fertilizer subsidies, credits, crop substitution schemes,
import tariffs and quotas, etc. The latter includes similar interventions but on other crops
(cassava substitutes or complements), that in turn will have an effect on the cassava
sector, such as interventions on feedgrains, foodgrains, etc. Furthermore, there exist
domestic and foreign policies. For Asian cassava sectors, history has shown that direct
and indirect foreign trade policies have had relatively more impact than any other
interventions. There is no indication that this will be significantly different in the future.
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Table 3. Projected production and utilization of cassava® in 2020.

Growth rate for utilization Utilization Production
1993-2 in 2020 in 2020
Food Feed  Total (million t) (million t)

China -1.27 2.08 1.19 39 4.2
India 1.00 0.00 1.00 7.6 7.8
Other East Asia -0.95 1.09 0.63 3.5 0.0
Other South Asia 1.00 0.00 0.83 0.6 0.6
Southeast Asia 1.40 0.13 1.25 27.0 51.1
Latin America 0.26 1.26 0.78 39.3 40.5
Sub-Saharan Africa 2.51 0.29 2.47 166.0 166.0
Developing 2.01 1.18 1.88 248.8 271.1

Liberalized trade has become the economic mantra of the 1990s. The watershed
Uruguay round of multilateral trade negotiations, under the auspices of the General
Agreement on Tariffs and Trade (GATT), is a fundamental influence on the direction of
the global economy. Trade liberalization will bring complex and unpredictable
adjustments in the agricultural sector. The implementation of regional trade agreements
is well-advanced in Asia. The Asia Pacific Economic Co-operation forum (APEC) has
18 members, which in total comprise half the world economy. Most of the major
cassava-producing countries of the region (excepting India) are members. APEC aims
to achieve free and open trade and investment by 2010 for its industrialized members and
by 2020 for the others. Hence, the future implications include decreased barriers within
the APEC trading bloc. This implies for example that protected markets like Japan,
would be more accesible for starch exports. On the other hand, EU policies continue to
evolve especially regarding Asian pellet exports, and this will be crucial for the future.
Careful monitoring, anticipation and timely actions are important.

Market Economics

Stabilizing or increasing demand in an environment of freer trade will depend on
the ability of the industry to respond quickly to shifts in product demand of traditional
markets, and analysis and subsequent penetration of new markets.

The overwhelming preference for rice as the starchy staple, and the increasing
demand for meat, will keep per capita cassava consumption levels low throughout Asia.
This growth in meat consumption, however, is the basis for projecting strong potential
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to use cassava for on-farm feeding, or in balanced rations, for pigs and chickens.
Already, a clear increasing trend is identified of on-farm pig feeding (including cassava
chips or processing waste) in many sub-urban areas of southern China and Vietnam, to
satisfy the rapidly growing demand for pork in urban populations.

Cassava’s competitive position in national and international markets is closely
linked to internal and world supplies and market prices of alternative commodities or
products. Because of cassava’s versatility, it may compete with a range of products in
different markets. In the market for balanced feed rations, cassava in dried chip or pellet
form competes mainly with sorghum or maize, and sometimes barley. In world markets,
maize is the principal source of starch. In the principal cassava-producing countries of
Southeast Asia, rice, maize and cassava production all increased three to five-fold in the
past twenty-five years. Even this dramatic success, however, was not adequate for
supplying the food needs of growing and somewhat more affluent populations. Grain
imports, especially of wheat and maize rose from near zero in 1960 to 17 million tons
in 1995. The challenge for cassava products will lie in remaining competitive following
decreasing grain prices. This must be accomplished by reducing production and
processing costs, but especially the former. The current devaluation of many national
currencies in SE-Asia may have severe negative effects for their economic development,
but it may be a blessing in disguise for their cassava product exports.

Besides price, fortunately, specific intrinsic cassava starch characteristics
command a premium, or constitute an edge over potato or maize, in many upstream
modified starch-based products. Although these industries are extremely competitive and
secretive, they also can be very lucrative. The identification and penetration of these
markets will take a concerted technology and marketing R&D effort.

Infrastructure

Subsistence farming requires virtually no infrastructure, no need for purchased
inputs, and no need for highways for reaching markets. Commercial agriculture, on the
other hand, depends heavily on infrastructure. The World Bank notes that rapid economic
expansion and urbanization have outstripped the capacity of existing infrastructure, and
created serious impediments to further investments and growth. Insufficient electricity
generation capacity, outdated and inadequate telecommunications facilities, poor roads
and inefficient ports are the most crucial infrastructure problems. Purchased inputs for
agriculture are for the most part available, but may not be used on cassava because of
other constraints. There is little likelihood of major investment in infrastructure aimed
solely at supporting cassava development, but the general development of the region will
bring benefits to cassava production, processing and marketing.

Technology Development
Technology development includes the identification, generation and adaptation of
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technology components suitable for alleviating the principal constraints of cassava
production, processing and marketing domains. Besides the alleviation of constraints,
technology must target opportunities that are presented through careful analysis.

Henry and Gottret (1996) and Van Norel (1997) analyzed and quantified the
principal cassava production constraints in Asia. Hershey et al. (1997) adapted and
summarized the results, shown in Table 4. Based on these and other findings, Table §
shows an assessment of expected impact on (a) income, equity and food security, and (b)
the environment, by R&D intervention. As such, policy makers, investors and R&D
agencies can more specifically target desired technology options.

Technology Transfer

Technology transfer for cassava is often a bottleneck to achieving impact.
Transfer may fail either because the techniques are inappropriate or insufficient, or the
technology itself may not be acceptable. Both have had a significant role in Asia; both
are amenable to correction and improvement. In a well-functioning system, information
flows both ways between the producer and the user of new technology. It is in this sense
that technology transfer has an integrative function for the entire production, processing
and utilization system.

Technology transfer is normally considered an institutional function, the act of
moving technology from the hands of science to the fields or factories of end-users, by
a public extension service, or by private companies aiming at making a profit. Few of
the conventional resources or practices exist at adequate levels for cassava. Virtually all
programs in Asia report that extension services for cassava do not function optimally, and
some barely at all (CIAT, 1995). In this environment, many programs have used
unconventional and creative means to fill the gap left by institutional deficiencies.

The Department of Agriculture in Thailand uses three separate channels for its
highly successful transfer of new cassava varieties: direct transfer to farmers, mainly by
way of on-farm regional trials and demonstration plots; through chip and starch factories,
who promote new varieties to upgrade the quality of the raw product available; and the
more traditional extension service methods. In Indonesia and especially in Vietnam,
starch factories have also complemented the extension service to multiply and distribute
new varieties. India has the most structured technology transfer system, and in general
a better staffed public service sector than most countries. They have been able to achieve
impact both with new varieties and agronomic practices.

The cassava sector has the opportunity to be at the forefront of designing and
testing unconventional technology transfer systems. The lack of institutional resources has
already motivated public and private partnerships, and an array of other means to get
technology to end-users. A survey of methods that have succeeded and those that have
failed, and brainstorming about future planning, could be a highly useful exercise for
Asia, and with implications elsewhere.
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Table 4. Cassava constraints analysis for Asia, with comparison to global”.

Yield Total  Total Total
gainin  Area yield yield yield
Constraints affected affected gain gain gain as %
area(%) (%) (%) (000 tons) of global®
Soil Management 35 17,067 36
Low soil fertility 32 68 22 10,690 32
Soil erosion 17 60 10 5,039 43
Surface temperature 11 26 3 1,338 62
Crop Management 21 10,291 22
Sub-opt. land preparation 8 33 3 1,262 22
Quality of planting material 17 48 8 3,958 19
Inadequate spacing 8 47 4 1,853 30
Weeds 18 37 7 3,218 23
Intrinsic varietal traits 24 11,384 31
Low yield potential vars. 26 89 24 11,384 31
Climate 11 5,153 25
Drought 16 58 9 4,496 26
Low winter temperature 0 8 1 658 54
Diseases 2 929 3
Root rots 6 5 0 151 5
Bacterial blight 6 19 1 553 6
Anthracnose 2 15 0 132 5
ICMV 6 3 0 92 1
Other leaf/stem pathogens 0 82 2 1,042 30
Pests 3 1,478 7
Green and red spider mites 6 38 2 1,112 9
Mealybug 2 2 0 16 0
Whitefly 4 3 0 51 10
Termites 2 3 0 i3 5
Mammalian pests 5 2 0 46 3
Scale insects 5 9 0 211 52
Tipacola plagiata 11 0 0 9 100
Total potential production increase 96 46,301 23
Post-harvest 21 9,923 32
Quality 22 60 13 6,390 31
Processing 15 24 4 1,806 30
Product marketing 20 18 4 1,727 47

Total cassava sector

116 56,224 24

 Other constraints with near zero potential yield gain are excluded from the table.
? Total yield gain in Asia as percent of global yield gain.

Source: adapted from Henry and Gottret, 1996.
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Integrating the System and the Actors

Basic economic theory and experience show that changes in production,
processing and marketing of cassava need to be integrated and coordinated to provide
broad benefits across the system. Increased production in a constrained market simply
depresses prices for producers. Expanded markets without ability to increase production
capacity can restrain market growth due to excessive price increases. New or more
efficient processing may be needed to fit the demands of new markets, or to process
increased volumes of raw materials. Unless the integration of these phases are anticipated
during the technology development process, the products of research and development
will not be implemented in an optimal manner.

Both producers and consumers hope for some imbalance in the supply/demand
dynamics. Naturally, these hopes extend in different directions, i.e. producers want
excess demand to raise farm-level prices, and consumers hope for excess supply to
depress prices. At the same time, both recognize their own long-term financial health
depends on that of the other, i.e. supply and demand are in dynamic balance.

Even though the markets for cassava are much better developed in Asia than in
either Africa or Latin America, attention to the continued balance in production,
processing and marketing is warranted. The integration of actors -- R&D institutions,
farmers, processors, marketers and consumers -- does not always develop optimally in
a laissez faire atmosphere. The integrated project experiences in Latin America are a
valuable lesson with high potential for application in Asia as production systems and
markets undergo rapid changes (Ospina et al., 1996).

Instutional Aspects

While the preceeding section treats the integration of stakeholders at the sector
level, a similar integration is required at the the institutional level. Who are the main
players or stakeholders here? They include foremost: national governments, (national and
international) R&D agencies and networks, extension services, private sector, NGOs,
farmer/processor/trader associations or representative bodies, and donor agencies.
Because of different goals, several of these stakeholder groups may have different
priorities and interests. However, the challenge lies in integrating these different actors
around a common cause and action agenda, whereby individual tasks should be divided
according to relative comparative advantages. A case in point is the on-going IFAD
spearheaded Global Cassava Strategy process. Since 1996, a series of activities co-
conducted by a large variety of principal cassava stakeholders (national and international)
are gearing towards the formulation and implementation of a globally acceptable co-
owned cassava strategy. As such, the final (end of 1998) result is expected to be a
common cassava agenda (globally and regionally) that will be shared and acted upon by
actors on the demand side (demands and opportunities of the sectors) and the supply side
(governments, R&D agencies, networks, donors, ...).
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Information Management and Communications Technology

Asia as a whole has relatively advanced communications systems. This can have
a large impact on integrating the components of a research and development system,
especially if policymakers, researchers, development specialists, farmers, processors,
marketers, and industry managers are all linked together. The internet makes this possible
in ways that were not remotely possible just a decade ago. A very important use of the
internet is to diffuse information regarding technology, technology generators and
diffusers, farm and market products, volumes and prices, financing opportunities, etc.
On the one hand, improved and timely information diffusion will strengthen marketing
efficiency and technology diffusion, on the other hand, it offers an opportunity to better
integrate (supply and demand of) the different actors in the cassava arena.
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PROGRESS IN CASSAVA BREEDING AT THE CHINESE ACADEMY
OF TROPICAL AND AGRIC. SCIENCES (CATAS)
Lin Xiong, Li Kaimian, Zhang Weite and Huang Jie'

ABSTRACT

During the past 16 years the Chinese Academy of Tropical and Agricultural Sciences
(CATAS) has made good progress in developing improved cassava varieties for China. Several
improved varieties have been released in south China, of which cv. SC124, with high yield and
good cold resistance, is already being planted on a large scale, mainly in Guangxi and Yunnan
provinces. SC8002, which is characterized by a high yield potential and tolerance to cold, has
mainly been released in Guangdong province, while SC8013, with high yield and good wind
resistance, is being inultiplied for planting in the typhoon affected areas of Hainan and Zhanjiang
district of Guangdong. The release of these new varieties will improve the present situation of
dependence on only two varieties, and will promote varietal comparisons, as well as stimulate the
development of cassava production in China.

In recent years, a large F, population and its progeny clones have been produced from
true seeds, which were mainly introduced from CIAT/Colombia and from the Thai-CIAT
program. Up to 1995, a series of breeding materials with different characters have been evaluated
and selected; out of these, three new varieties have been released, more than 30 accessions have
been used as cross parents, and 15 promising clones have been recommended for testing in
Regional Trials. In 1996, 316 clones were tested at the Single-row Trial, 63 clones were further
evaluated at the Preliminary Yield Trial, and 54 clones were included in the Advanced Yield
Trials. Most of the clones in the Regional Trial and the Advanced Yield Trial were characterized
by high yield and high dry matter content (especially clones OMR33-10-4 and OMR34-11-3 have
very high dry matter content); their performance at the later stages is closely being watched.
Also, some good clones were selected from the Preliminary Yield Trial in 1995/96, such as
ZM9315, ZM93255, ZM9317, ZM93236 etc., and OMR36-63-6, OMR36-40-9, OMR36-05-9 etc.
from the Single-row Trial; these showed significantly higher yields compared with the check
variety, SC205, while their root dry matter contents were higher than 40%, the harvest indices
were over 0.62 and they had good wind resistance.

High-yield, high dry matter content and good wind resistance are still our major
objectives in cassava breeding. From our experience we are convinced that it is impossible to
make any major breakthrough in our breeding program by just using our native genetic resources.
There are two ways for us to realize our objectives in the future: 1) selection from the
hybridizations between our local germplasm and those from CIAT/Colombia or the Thai-CIAT
program, such as ZM9036, ZM8803, ZM9057 etc.; and 2) the comprehensive evaluation and
direct selection of the seed materials introduced from CIAT/Colombia or the Thai-CIAT program.
While the importance of the former scheme is increasing, up to now, many of the good clones
with high yield, high dry matter content and high harvest index were selected from this latter
source. As such, the materials introduced from CIAT/Colombia or the Thai-CIAT program and
their hybrids with the local genetic materials are playing an important role in cassava varietal
improvement in China.

INTRODUCTION
Cassava is the fourth most important crop in southern China, following rice,
sugarcane and sweet potato. It is used mainly as animal feed and for starch

! Chinese Academy of Tropical & Agricultural Sciences (CATAS), Danzhou, Hainan, China.
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manufacturing, which both play an important role in the agricultural economy. Cassava
production makes full use of available land resources, especially in upland and hilly
areas, as well as in marginal areas with poor soils. In recent years, cassava production
and its economic value have increased due to the rapid development of the animal feed
and starch industry, as well as to improvements in marketing channels for cassava
products. More and more attention has been paid to the release and planting of new
varieties and the use of good cultivation technologies. Considerable progress has been
made in cassava varietal improvement at the Chinese Academy of Tropical and
Agricultural Sciences (CATAS), with CIAT’s cooperation and support. A national
cassava network, including cassava breeding, selection, testing and extension, has been
established. New varieties, such as SC124, SC8002 and SC8013 have been released in
different regions of the country because of their high yield potential. In addition, many
promising clones are constantly being selected from F, seedling populations and from
their progenies. Some of these with high yield, high root dry matter content and wide
adaptability will be further tested, and when approved, will be released and extended as
new improved varieties in the future.

VARIETAL IMPROVEMENT AT CATAS
Collection, Evaluation and Utilization of Cassava Germplasm

In China, all cassava varieties that are now planted at a large scale were
introduced from abroad. Some local clonal progenies, which had evolved through natural
or artificial selection from natural crosses, also exist, but these are very limited and
scattered, with less than 20 accessions in total. Therefore, cassava germplasm in China
can mainly be attributed to direct introductions or to cross breeding of local with
introduced germplasm. Over the years, CATAS has introduced more than 30 accessions
from CIAT/Colombia or from the Thai-CIAT program, and a number of cross parents
from CIAT’s breeding materials have also been evaluated and are now being conserved.
A cassava germplasm bank has been set up at CATAS, which presently has more than
120 accessions; their major characteristics have been evaluated, and are being catalogued
and documented. This forms the foundation for cassava breeding and is a source of
genetic diversity for selecting cross parents. From the materials of CIAT/Colombia or
the Thai-CIAT program, a group of special germplasm has been evaluated and selected:
Nanzhi 188 and CM3044-2 were found to be male-sterile, CM3993-9 and SM614-1 have
high dry matter content, while MCol 22 and CM1585-13 are characterized by short plant
height, wind-resistance and abundance of female flowers. Thus, materials from CIAT
or the Thai-CIAT program have not only played an important role in cassava breeding,
but are also a useful genetic resource in China. CATAS has developed some promising
clones, such as ZM9036, ZM9057, ZM9079, ZM9l111, ZM9315 etc, through
hybridization between local materials with those from CIAT or from the Thai-CIAT
program.
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Multiplication and Extension of Improved Varieties

With the further development of the animal feed and starch processing industries,
as well as the starch-based chemical industry, demand for cassava roots have dramatically
increased in China. Therefore, the release and rapid multiplication of improved varieties,
$O as to increase cassava yields, is very important to satisfy producers’ and consumers’
needs. CATAS has bred and recommended new varieties, such as SC124 and SC8002,
which have high yield and are cold tolerant, as well as SC8013 with high yield and wind
resistance. These varieties have been tested and released in Guangdong, Guangxi,
Hainan and Yunnan provinces.

In recent years, the new variety SC124 was mainly released in Guangxi and has
also been introduced and recommended to Jiangxi, Guizhou, and Sichuan provinces. It
is estimated that in 1995 a total of 8000 ha were planted with this variety. In 1992,
SC124 was also introduced into the districts of Honghe, Yuxi and Simao of Yunnan
province to be demonstrated in a total area of 1.6 ha under different soil conditions; this
resulted in a significant increase in yield. According to the report of the Cassava Feed
Resource Development and Utilization Group of Jinping County of Yunnan, its average
yield was 45 t/ha, while the highest yield was 85.7 t/ha, which was about three times
higher than that of the local variety. This was mainly attributed to the high yield
potential of this variety in regions that are not affected by typhoons. Up to 1996, SC124
has been extented to 6775 ha in Yunnan province only.

In 1994, the improved varieties SC8002 and SC8013 from CATAS were
recommended for further testing and release in China. Results of tests and
demonstrations at different locations over the years indicate that both SC8002 and
SC8013 have high yield potential and wide adaptability (Table 1). SC8002 had an
average yield of 33.7 t/ha in 12 locations, outyielding the check varieties SC205 and
SC201 by about 22 and 36%, respectively. The leaf life of SC8002 was 5.8 and 5.9
days longer than those of SC205 and SC201, respectively (Table 2). Meanwhile, its cold
resistance was only slightly lower than that of SC124. This variety has been further
tested and released in Guangdong, Guangxi, Hainan and Yunnan provinces with a
potential extension area of 4000 ha. However, the planted area in 1996 was estimated
at 1300 ha.

The new variety SC8013 has very good wind resistance and had a mean yield of
37.9 t/ha in nine different locations, outyielding SC205 and SC201 by about 38 and 53%,
respectively. Its leaf life was 6.1 and 6.2 days longer than those of SC20S and SC201,
respectively (Table 2). In addition, its dry matter content was higher than those of the
check varieties. This is a breakthrough in breeding for wind resistance in China, as it
provides a good possibility for high and stable yields of cassava also in typhoon affected
areas. It will be further extended in Hainan and in Zhanjiang district of Guangdong with
a potential area of 3400 ha, of which 600 ha will be planted in 1996. This variety is now
being tested for rapid multiplication using the shoot propagation system.
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Regional Trials of Promising Clones

CATAS has -established a national cassava network in China, including
experiment stations in Guangdong, Guangxi and Hainan provinces, to conduct the
Regional Trials. During 1992-1995, 22 promising clones have been evaluated in
Regional Trials, and those found to have high yield and wide adaptability, such as
OMR33-104, ZM9036, ZM9057, SM1542-3 and SM1592-3 have been selected for
further testing (Table 3).

Table 1. Fresh root yield (t/ha) of SC8002 and SC8013 in comparison with those of
two local varieties in different regions of southern China.

Location SC8002 SC8013 SC205 SC201
Hongxing State-farm, Guangdong 31.7 36.6 24.1 -
Lecheng Agri-technical station, Guangdong 33.8 - 29.7 26.4
Qiongzhong, Hainan - 46.3 31.5 -
Fengshun, Guangdong 31.7 58.5 30.0 -
Qinzhou, Guangxi 30.6 - - 28.9
Wuxuan, Guangxi - 40.2 - 20.6
Dingan, Hainan - 20.2 - 11.7
Wuming, Guangxi - 57.6 - 44.4
Zengcheng, Guangdong 30.7 - - 239
Boluo, Guangdong 33.4 - - 30.0
Guangning, Guangdong 36.4 - 19.7 -
Jiexi, Guangdong 43.8 - 28.8 -
Zijin, Guangdong 49.5 - 214 -
Baisha, Hainan 22,5 26.0 21.3 -
Nanning, Guangxi 23.3 225 - 21.4
Guilin, Guangxi - - - -
CATAS 37.0 33.2 41.5 15.5

Among the clones listed in Table 4, SM1592-3 and SM1542-3 are progenies from
the F, population of 1992, and their yields were the highest among 24 clones that were
included in the Advanced Yield Trial in 1994. Root dry matter contents of these two
clones were above 38%. Results of the Regional Trials conducted i 1995 again indicate
that these two clones showed good yield performance; they need to be further evaluated
in the future. OMR33-10-4, ZM9036 and ZM9057, which are clonal progenies from the
F, population of 1990, also continued to show high yield potential and high root dry
matter content under different conditions over the years (Tables 4 and §).
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Table 2. Leaf life and various root characteristics of SC8002 and SC8013 in
comparison with those of two local cassava varieties as determined in
different regions of southern China.

Variety Average Fresh root RDMC®  Starch HCN

leaf life yield (%) content (mg/kg)
(days) (t/ha) (%) (fresh wt.basis)
SC8002 77.9 33.7 38.6 29.9 44.6
SC8013 78.2 37.9 419 32.0 325
SC205 72.1 27.5 38.1 30.2 63.4
SC201 72.0 24.7 37.7 30.3 128.2

YRDMC= root dry matter content.

The weight of roots of F, seedlings OMR33-10-4, ZM9036 and ZM9057 were
3.8, 5.8 and 4.3 kg, respectively. They have shown good performance and stable high
yields as well as high root dry matter contents at the CATAS experimental station.
During 1992-1995, their average yield were 34.4, 19.8 and 20.9% higher than SC205,
respectively. Of these clones, OMR33-10-4 has a significantly higher yield potential than
S$C205, outyielding the latter by up to 78% in term of dry yield; also, it has better wind
resistance. This clone was selected by farmers who participated in the FPR project at the
pilot sites of Hainan. It is therefore being further propagated, hoping that it will become
a new variety with high yield and good quality (high RDMC) in south China.

Evaluation and Selection of Clones

For more than 16 years CATAS researchers have been cross breeding cassava.
From 1992 to 1995 CATAS introduced and produced 560 cross parents as well as 23,060
true seeds, of which 17,477 seeds and 216 parents came from CIAT/Colombia and the
Thai-CIAT program. From these, 11,092 plants have been produced for the F,
population and 1648 good plants have been selected. In 1996, 316 clonal selections were
included in the Single-row Trial, 63 clones in the Preliminary Yield Trial, 54 clones in
the Advanced Yield Trial, and 15 promising clones were recommended to be further
tested in Regional Trials throughout southern China.
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Table 3. Average results of evaluations of promising cassava clones in Regional
Trials conducted in varions locations during 1992-1995.

Clones No.of Fresh root Dry root Root dry matter

locations yield(t/ha) yield(t/ha) content(%)
ZM9057 6 38.2 14.5 38.0
SM1592-3 8 37.6 13.5 36.0
ZM9036 5 32.8 12.8 39.1
OMR33-104 6 29.4 11.7 39.7
SM1542-3 6 27.8 1.1 36.4
SC205 6 28.1 10.9 38.9
SC201 5 28.3 10.3 36.5

Table 4. Average fresh and dry root yields of three promising clones in comparison
with those of the check variety SC20S in Regional Trials conducted in 1992
to 1995.

Clones 1992 1993 1994 1995

Fresh Dry Fresh Dry Fresh Dry  Fresh Dry RDMC
(t/ha) (t/ha) (t/ha) (t/ha) (%)

OMR33-10430.8 12.7 419 16.1 28.1 10.8 23.8 9.0 383
ZM9036 24.1 104 313 123 28.1 11.1 24.2 9.6 39.6
ZM9057 27.0 113 336 126 312 116 23.6 86 37.2
SC205 237 85 314 116 210 8.0 23.8 83 36.6

Table 5. Fresh root yields (t/ha) of three promising clones and of the local check
varieties in Regional Trials conducted in different locations. Data are
average yields for 1992 to 1995.

Locations OMR33-104 ZM9036 ZM9057 SC205 SC201 SC102
Baisha, Hainan 28.1 36.0 34.0 25.5 - -
Qiongzhong, Hainan  43.5 47.0 66.3 52.6 - -
Dingan, Hainan 244 20.6 23.8 - - 10.0
Xuwen, Guangdong  35.0 - 31.0 28.9 - -
Lurong, Guangxi 25.3 16.1 245 - 13.6 -
Nanning, Guangxi 18.5 209 13.1 - 16.6 -
Wuxuan, Guangxi 31.7 55.4 28.6 35.0 - -

Danzhou, Hainan 28.1 25.4 242 25.3 - -
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Results of the Advanced Yield Trial in 1994 and 1995 indicate that some good
clones, such as OMR34-11-3, SM1542-3, SM1691-3, ZM9111, ZM9244, ZM9281 etc,
which were selected from Preliminary Yield Trials in 1993 and 1994, showed higher
yield potential compared with SC205 (Table 6); of these, OMR34-11-3, SM1542-3 and
ZM9I111 had better comprehensive characteristics. Especially OMR34-11-3 has good
plant type, high harvest index, high RDMC, good wind resistance, while both its yield
and RDMC were the highest in the Preliminary Yield Trial of 1993 and the Advanced
Yield Trial of 1994. 1t is a very interesting clone. ZM9079, ZM9066, ZM9045 etc,
also showed very high yield potential, but these will need to be further tested. Some
clones with high RDMC, such as ZM9315, ZM9317, ZM93255, ZM93236, OMR36-63-
6, OMR36-40-9 and OMR36-05-9 were selected from the Single-row and Preliminary
Yield Trials in 1995 (Tables 7 and 8).

Table 6. Yield parameters and other characteristics of lines selected from the
Advanced Yield Trial conducted in CATAS in 1995.

Clones Dry root Fresh root RDMC Plant Root

yield(t/ha) yield(t/ha) (%) type shape

OMR34-11-3 10.7 27.3 39.2 45 4.0
ZM92157 10.0 29.4 34.1 4.0 4.0
ZM9266 9.6 27.5 34.8 5.0 35
SM1595-2 9.6 31.6 30.5 5.0 5.0
ZMI111 9.5 28.4 33.5 5.0 43
SM1691-3 9.1 25.0 36.5 5.0 45
SM1542-3 8.4 23.8 35.3 5.0 43
SC205 8.2 23.2 35.6 5.0 4.0
DISCUSSION

Breeding Efficiency Using Germplasm of Different Origin

All breeding materials used at CATAS originated from CIAT/Colombia, the
Thai-CIAT program, or from locally produced true seeds. The material from
CIAT/Colombia showed a wide genetic variability and, in general, had very strong vigor
with early and prolific branching. Many high yielding clones, such as CM4031-2 and
CM4040-1 were produced from this material; however, in general, their root dry matter
content was low. But in recent years, some of these clones are characterized by high
yield as well as high RDMC, such as SM1542-3, SM1592-3 and SM1691-3.
Undoubtedly, these materials will always be an important source of genetic variability for
cassava breeding programs in China.

From our experience in recent years, we believe that the materials from the Thai-
CIAT program have shown over the years a high selection efficiency and a very high
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RDMC, whether they are individuals or populations. The two promising clones,
OMR33-10-4 and OMR34-11-3, are typical representatives of this. Seven clones were
selected from the Single-row Trial of 1995, of which five clones originated from this
material (Table 8). Among the 17 clones with more than 40% RDMC, a harvest index
of more than 0.60, and strong resistance to wind, 13 came from Thai-CIAT materials.
This is a very clear indication that the materials from the Thai-CIAT program have
shown a very high selection efficiency. They will play an ever more important role in
cassava varietal improvement in China, especially in increasing cassava root dry matter
content.

Table 7. Yield parameters and other characteristics of lines selected from the
Preliminary Yield Trial conducted at CATAS in 1995.

Clones Dry root  Fresh root RDMC"  Harvest Plant Root
yield(t/ha) yield(t/ha) (%) index type shape
ZM93253 11.4 33.8 33.7 - 5 4
ZM9315 11.3 28.1 40.2 0.48 3 3
ZM93255 11.0 273 40.5 0.48 2 3
ZM9317 10.9 275 39.7 0.54 3 4
ZM93236 10.5 28.2 37.4 0.51 5 4
SC205 10.1 217 36.3 0.50 3 3

V' RDMC = root dry matter content

The locally produced materials can not be ignored, as they are still an important
resource for cassava breeding in China. But it is very difficult to make any breakthrough
by using only the limited native genetic resources. Therefore, in order to widen the
genetic variation and make faster progress, a combination of utilizing native germplasm
with those coming from abroad, so as to produce better cross parents, should be most
successful. Some elite clones, such as ZM9036, ZM9111, ZM9315, ZM9137, ZM93253
and ZM93236 were selected from the hybrids between the native materials with those
introduced from CIAT/Colombia or the Thai-CIAT program. Obviously, the materials
from CIAT/Colombia and Thai-CIAT will be an indispensable source of germplasm, and
these will greatly affect the impact of cassava breeding in China, both now and in the
future.
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Table 8. Yield parameters of lines selected in the Single-row Trial conducted at
CATAS in 1995.

Clones Dry root Fresh root RDMC Harvest
yield(t/ha) yield(t/ha) (%) index
OMR36-63-6 17.1 40.4 423 0.63
OMR36-05-9 144 354 40.8 0.67
OMR36-40-9 13.4 320 41.8 0.59
ZM9454 12.8 30.0 42.5 0.52
OMR36-11-3 12.6 36.0 35.0 0.55
OMR36-05-7 12.3 33.8 36.4 0.63
ZM9495 12.2 34.0 35.9 0.57

SC205V 12.1 344 35.2 0.61
the highest yield in the Single-row Trial

Relationship Between Root Yield, Harvest Index, Biomass and Root Dry Matter
Content

As Dr. Kawano has stated, "cassava harvest index is hereditary, and there is a
close relationship between root yield and harvest index". From Figure 1 we can see that
cassava root yield in CATAS was strongly and positively related to harvest index. It
means that high yielding clones can usually be selected from those having high HI and
strong vigor.

Biomass is a function of the clone’s native vigor, but is also seriously affected
by the soil and climatic conditions. Kawano (1987) reported that both biomass and
harvest index were naturally very important to fresh root yield, especially in poor soils.
Figure 2 shows that there was a strong positive correlation between fresh root yield and
biomass under the conditions of CATAS. That means that low biomass production or
low HI immediately disqualifies any clone from the selection. Yet, either high biomass
or high HI alone are not a guarantee for high yield, especially at very high yield levels.
Thus, only a good combination of these two characters can lead to high yields.

Root dry matter content of cassava is also an hereditary character, but has no
clear relationship with fresh root yield. However, from Figure 3 we can see that fresh
root yield and RDMC are not contradictory characters either. This means that selection
for both high yield and high RDMC is a realistic objective. Our experience at CATAS
has proven this point, i.e., clones having both high yield and high RDMC have been
selected, such as OMR33-10-4, OMR34-11-3, ZM9036, ZM9111 and ZM9315.
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CASSAVA VARIETAL IMPROVEMENT AND DISSEMINATION IN GUANGXI
Tian Yinong and Lee Jun'

ABSTRACT

The Guangxi Subtropical Crops Research Institute (GSCRI) began their cassava varietal
introduction and improvement program in 1981. Since 1985, GSCRI has introduced cassava
hybrid seeds as well as promising clones by tissue culture from CIAT/Colombia, from the Thai-
CIAT program, as well as from other institutes. Through continuous selection and experiments,
several promising clones, such as SM1113-1, SM1600-1, CM5443-1, SM1741-8 etc. have been
identified, and these have been tested to a certain extent in on-farm trials. Since their release and
dissemination these clones have awakened great interest by both farmers and starch factories.
Some of them have now spread to other provinces. In China, high yield and high starch content
of cassava varieties are still the most important factors in raising the comprehensive benefits
resulting from cassava production. This is also the only way to change the stagnated position of
cassava production, which in the past increased mainly by increasing the area planted. At the
moment, many local governments of the principal cassava growing areas are conscious of this and
have started to spend money on the introduction and dissemination of new higher-yielding
varieties.

INTRODUCTION

In recent years, the cassava planting area and total production in Guangxi
province of China have greatly increased (Table 1), the average annual rate of increase
from 1991 to 1995 being 6.4 and 17%, respectively. This is the result of the continuous
development of cassava processing, the products of which have had a good market. In
many areas farmers have adopted new cropping systems and have increased their
production investment, resulting in an increase in cassava root yield, as well as the
income derived from growing cassava (Tables 2, 3 and 4).

The cassava growing area in Guangxi is mainly concentrated in Yulin, Wuzhou,
Nanning and Liuzhou districts, which are located in the middle and eastern parts of the
province (Figure 1). The cassava area and production in these four districts account for
55 and 50% of the total in Guangxi, respectively, and the cassava processing industry is
also mainly established in these areas, except for Yulin district. The natural conditions
in these areas are comparatively favorable and communications are well-developed. But
they also have a solid industrial foundation, so these areas developed rapidly and all these
districts belong to the economically developed areas of Guangxi. But, being a low-value
crop, cassava is also partly being replaced by other crops. Thus, the main cassava area
in Guangxi seems to be moving to the western and northern parts from the eastern and
middle parts (Figure 2). The data of cassava area for the most recent years in different
districts of Guangxi have shown this. The western and northern parts of Guangxi include
the two districts of Baise and Hechi; these are mainly hilly and mountainous areas, with
low fertility soils and poor natural conditions, so they are the two less-developed districts

! Guangxi Subtropical Crops Research Institute, Nanning, Guangxi, China.
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of Guangxi. For a long time there were very few processing factories and farmers
planted cassava usually on steep slopy land without any investment in production, so that
yields were very low. The roots were mostly used for feeding livestock. In recent
years, the government has given some "assistance projects” to this area and several starch
(or alcohol) factories were built one after another, while some cassava production bases
have been set up. They have introduced some new cassava varieties and adopted new
production technologies, so the yield of cassava increased markedly. Compared with
1990, the cassava area in these two districts in 1995 had increased more than 20,000 ha,
and total production increased 356,106 t. They account for 34% of the total increase in
area and 18% of the total increase in cassava production in Guangxi. In 1995, the
cassava area and production in these two districts accounted for 17.5 and 15% of the total
in Guangxi, respectively, while in 1990 this was only 12 and 12%.

Cassava Varietal Improvement at the Guangxi Subtropical Crops Resarch Institute
(GSCRI)

SC201 and SC205 are the two most important varieties, which are estimated to
account for 85% of the total cassava growing area in Guangxi. These two varieties were
introduced into Guangxi about 60 years ago. Since cassava has not been an important
commodity in the past, farmers did not pay any attention to adopt new varieties or new
production technologies. This is the reason that yields in Guangxi were low for a long
time. In the 1980s, although several new cassava varieties were introduced, few of these
were really adapted to the conditions of Guangxi. Because only 1-2 cassava varieties
were used until the beginning of the 1990s, there was little potential to increase farmers’
income. Moreover, the harvest period is short and is mainly concentrated in Dec and
Jan, so except in these two months, only dried chips can be used for processing. In view
of this, many starch factories appealed to agricultural institutes to introduce or improve
new cassava varieties with high yield and high starch content, and they have been willing
to fund some of the research.
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Table 2. The yield and gross income from planting different cassava varieties in
Laibin county of Liuzhou district, Guangxi, China in 1995.

Fresh root Price Stem Price Gross

yield roots yield stems income

Variety (t/ha) (yuan/t) (t/ha) (yuan/t) (yuan/t)
SC201 (local) 22.5 360 254 200 13,180
SC205*(new) 26.3 370 21.5 430 18,976
SC124 (new) 30.0 360 25.6 1100 38,960

* SC20S is a new variety for Laibin county but is common in southern Guangxi

Table 3. Comparison between several crops in terms of gross and net income in
Laibin county of Liuzhou district Guangxi, China in 1995.

Yield Price Gross income Net income

(t/ha) (yuan/t) (yuan/t) (yuan/t)
Cassava 22.5 360 8,100 3,600
Orange 225 1900 42,750 33,000
Sugarcane 60.0 270 16,200 7,200

Mango 1.5 3200 24,000 16,800
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Table 4. Comparation between several intercropping systems in terms of gross
income in Laibin county of Liuzhou district, Guangxi, China in 1995,

Cassava fresh Price Intercrop Price Gross
root yield roots  yield intercrops income
(t/ha) (yuan/t) (t/ha) (yuan/t) (yuan/ha)

Cassava+ Watermelon 22.5 360 30.0 400 20,100
Cassava+ Peanut 24.8 360 1.9 3,200 15,008

Cassava+ Watermelon seed21.8 360 0.5 14,000 14,848

Source: Laibin State Farm

The Guangxi Subtropical Crops Research Institute (GSCRI) began their cassava
varietal introduction and improvement program in 1981. At that time, they were mainly
working on the introduction of promising clones or new varieties from other Chinese
institutes, which were tested in the Institute and then distributed to State Farms. Since
1985, GSCRI has introduced cassava hybrid seeds as well as promising clones by tissue
culture from CIAT/Colombia, from the Thai-CIAT program, as well as from other
institutes. In the last decade, GSCRI has introduced a total of 23,733 cassava hybrid
seeds from 432 parent combinations (Table §).

In consideration of the natural conditions of cassava production in Guangxi and
based on the demands from farmers and starch factories, the general objectives of the
cassava varietal introduction and improvement program in Guangxi are to develop
promising clones with the following characteristics:

- High root yield and high harvest index
- High root starch content

- Non-branching growth habit

- Tolerance to wind

- Good root shape

- Early harvestability

During the past ten years, GSCRI has made good progress in developing
improved cassava varieties (Table 6). Through continuous experimentation and selection,
four promising clones have now been identified, i.e. SM1113-1, SM1600-1, CM5443-1
and SM1741-8 (Table 7). These four promising clones were higher yielding than the
local varieties SC201 or SC205 at three locations (Nanning, Mingyang and Laibin). The
yields of clone SM1113-1 at Nanning, Mingyang and Laibin were 23.2, 52.5 and 28.4
t/ha, respectively. The yields of clone SM1600-1 at Nanning and Laibin were 24.9 and
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40.7 t/ha, respectively. The yields of clone CM5443-1 at Nanning and Laibin were 29.5
and 34.0 t/ha, respectively; and the yields of clone SM1741-8 at Nanning and Laibin
were 32.2 and 36.0 t/ha, respectively. The root dry matter content of clone SM1113-1
is also very high (Table 8).

Cassava Varietal Dissemination in Guangxi - Channels and Procedures

The channels for cassava varietal dissemination in Guangxi are as followed:
- Committee of Science and Technology
- Extension Station of Agricultural Technology
- State Farm (starch factory)

- New Technology Development Company
- Private enterprises

As the department responsible for science and technology, the Committee of
Science and Technology is not only in charge of carrying out policies of the government
in the countryside, but also plays a very important role in disseminating the achievements
of science and technology. It is the key unit for spreading new technologies from
scientific institutes to rural areas. The local Extension Station of Agricultural
Technologies is the unit responsible for spreading agricultural technologies directly to
farmers, but normally they work by introducing new high yielding technologies to
agricultural communities.

State Farms are separate units with all these functions. There is an Agricultural
Research Team (ART), which is composed of technical staff whose members have
graduated from an Agricultural School or University (College). State Farms tend to have
alot of land. So, in general, State Farms are not only a good experimental site, but are
also an ideal place for scaling-up agricultural production. Trials conducted in State
Farms normally conform to the standard.

New Technology Development Company is a new organization, which has
expanded rapidly in recent years; most of these are operated by the government and are
especially engaged in the introduction and dissemination of technologies.

The private entrepreneurs are people who achieve success during the rapid
development of a modern economy; among them are many who are operating in
agricultural production. They are not only businessmen but also producers, and they
have not only capital but also flexible management strategies which allows them to easily
adopt new things and take advantage of their conditions to quicken the tempo of
agricultural development.
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Table 5. Number of cassava hybrid seeds supplied by CIAT to GSCRI in Guangxi, China,
from 1985 to 1996.

No. of No. of Source
Year seeds crosses
1985 1,500 30 CIAT/Colombia
1986 1,800 36 CIAT/Colombia
1987 - - -
1988 1,950 32 CIAT/Colombia
1989 2,250 45 CIAT/Colombia
1990 3,350 59 CIAT/Colombia, Thai-CIAT program
1991 1,560 51 CIAT/Colombia
1992 1,500 21 CIAT/Colombia
1993 2,189 35 CIAT/Colombia
1994 2,550 47 CIAT/Colombia, Thai-CIAT program
1995 2,000 30 CIAT/Colombia
1996 3,084 46 CIAT/Colombia, Thai-CIAT program
23,733 432
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Table 7. Promising clones selected at GSCRI in Nanning, Guangxi, China, from

1987 to 1995S.
Clones Parents Main features
SM1113-1 MCol 2215 high yield, high starch content, good plant type, high HI
SM1600-1 MPar 126 high yield, high HI, good plant type
X3 high yield, good plant type, high HI

CM5443-1 MBra 35xCM523-7 high yield

SM1741-8  MPar59 high yield

Table 8. Yield and oher traits of promising clones in GSCRI in Nanning, Guangxi,

China, 1992-1994.
Fresh root Root DM Dry root Harvest
Clones yield content yield index
(t/ha) (%) (t/ha)
SM1113-1 23.2 39.5 9.2 0.65
SM1600-1 249 34.3 8.5 0.64
X3 22.7 324 7.4 0.66
SC201(local) 20.0 36.5 1.3 0.54

SC124(new cv.) 224 35.5 8.0 0.57
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The procedures for cassava varietal dissemination in Guangxi are shown in
Figure 3. The Guangxi Subtropical Crops Research Institute normally disseminates
improved cassava clones through State Farms or starch factories (most starch factories
are owned by State Farms). Promising clones are first sent to the representative State
Farms (mostly located in the eastern, southern or middle part of Guangxi, but also in the
northern part) to conduct on-farm yield trials. An agronomist from the Agriculture
Research Team (ART) is appointed by the Farm to be responsible for the trial; data on
cassava biological characters are taken regularly. During the harvest, the whole staff of
the ART comes to evaluate the trial in the field. The characters evaluated include: fresh
root yield, starch content, plant type, root shape, harvest index, germination, wind
tolerance, etc. In the second year, the experiment is expanded. During the harvest the
local government invites representative farmers from nearby villages to participate in the
field day and to evaluate the new varieties. Then, these farmers may take some planting
material of the selected varieties to be multiplied and planted in a demonstration trial in
their own villages, so as to step-by-step disseminate these to other growers. Another case
is as follows: since the harvested roots are mainly for selling to starch factories, there is
a special relationship between farmers and starch factories. Actually, farmers get much
informations and advice about growing cassava from starch factories; in other words, the
farmers trust the starch factory. So it should be affirmed that the dissemination of
cassava improved varieties through starch factories is one of the most rapid and effective
channels.

Distribution of Promising Clones Selected by GSCRI

Since 1994 GSCRI has successfully recommended several promising cassava
clones to farms and starch factories. In 1994, GSCRI cooperated with Mingyang starch
factory, the biggest cassava starch factory in China, in conducting a Regional Yield Trial
at the State Farm in which the factory is located. The results show that SM1113-1
produced a very high yield of 52.5 t/ha in a sandy clay soil, 53% higher than that of
SC205; and the starch content of SM1113-1 was 2% higher than that of SC205. In
March, 1995, upon the invitation of Laibin State Farm, we set up an On-farm Yield Trial
there. From the time of planting until harvest, the leadership of this Farm attached great
importance to the trial. On Dec 1995, with the support of CIAT and the Guangxi Starch
Association, we held a very successful "field day” on cassava varietal improvement.
More than 40 participants (mainly farmers) from farms, institutes, starch factories, etc.
attended the field day. They carefully evaluated all promising cassava clones in this trial
in terms of yield, starch content, plant type, harvest index, wind tolerance, etc. The
results of this trial indicate that some new cassava clones, such as SM1113-1, SM1600-1,
etc. not only produce higher fresh root yields but also have a higher starch content than
SC201, which is the most important variety that has been used in Guangxi for a long
time. Other biological characters, such as plant type, root shape, etc., were also better
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than SC201. All the participants, including specialists of the Guangxi Starch Association
and farmers, highly appreciated the progress made by the GSCRI cassava program.
After this field day, many farms and starch factories in Guangxi province wanted to
introduce these cassava clones. In 1996 we distributed these clones to Xingan county in
the north, to Qinzhou city in the south and to Baise in the northwestern part of Guangxi,
as well as to Shimao and Zhenyuan of neighboring Yunnan province.

We believe that the identification of above-mentioned promising clones will
greatly help the development of the cassava starch industry in Guangxi, as well as the
development of the agricultural economy of these mountainous areas. Since their release
and dissemination, these clones have awakened great interest by both farmers and starch
factories and even by the government. As of 1996, the national Ministry of Agriculture
and the Guangxi provincial Science and Technology Committee have supported programs
on cassava varietal improvement and dissemination at GSCRI. In view of the history and
the present situation of cassava production in China, high-yielding and high-starch content
cassava varieties are still the most important factors in raising the comprehensive benefits
resulting from cassava production. This is also the only way to change the stagnated
position of cassava production, which in the past increased only by increasing the area
planted. At the moment, many local governments of the principal cassava growing areas
are conscious of this and have started to spend money on the introduction and
dissemination of new higher-yielding varieties.

REFERENCES

Lu Rongjun. To establish the trading system of cassava and promote the development of the
cassava industry in Guangxi. (in Chinese)

Tian Yinong, Lee Jun, Zhang Weite and Fang Baiping. 1995. Recent progress in agronomy
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BREEDING AND VARIETAL IMPROVEMENT IN THAILAND
Jarungsit Limsila', Atchara Limsila', Watana Watananonta' and Kazuo Kawano?

ABSTRACT

In Thailand cassava breeding is the responsibility of the Rayong Field Crops Research
Center of the Department of Agriculture (DOA), and of Kasetsart University (KU). From 1975
to 1992, six cultivars have been released for industrial use, i.e. Rayong 1, Rayong 3, Rayong 60,
Rayong 90, Sri Racha 1 and Kasétsart 50. All these recommended cultivars are widely adopted
by farmers, but the area planted with improved cultivars was increasing only slowly due to the
low multiplication rate of cassava. Therefore, in 1992 the Government approved the allocation
of 11 million US dollars for the DOA and the Department of Agricultural Extension (DOAE) to
rapidly multiply stakes of those cultivars and distribute those to the farmers, in order to replace
about 240,000 ha of Rayong 1 with new high-yielding cultivars by the year 1996. According to
the most recent survey by DOAE, this target has been well accomplished before the end of the
project period.

During the past three years, the cassava breeding program in Thailand continued to
emphasize selection for high yield and high dry matter content, as well as some other desirable
traits, especially high total plant weight and harvest index, and good plant type, germination and
survival under stressful conditions. One of our successes has been the release of another industrial
cultivar, Rayong 5, in October 1994. Rayong § is superior to Rayong 1 in many aspects. It has
been well adopted and is spreading rapidly in many parts of the country.

For Thai cassava breeders it seems to be increasingly more difficult to produce new
clones that can surpass the exellent cultivars KU 50 and Rayong S; however, some of our new
clones, such as CMR33-57-81 and CMR33-53-181 appear quite promising, and CMR33-57-81
may be released as Rayong 7 in the next 2-3 years.

INTRODUCTION

Cassava in Thailand is produced mostly for export in the form of hard pellets,
chips and starch, and the major markets are in the EU countries. During the past ten
years (1985-1994) there has generally existed a situation of overproduction, since the
demand for cassava roots was less than 20 million tons, while the supply was usually
over 20 million tons. The Government was well aware of this problem and became even
more concerned when the EU’s CAP Reform was gradually implemented between 1993
and 1995. In 1992, the Thai Government established the policy to reduce the cassava
planting area from 1.5 million ha to 1.28 million ha by encouraging farmers to replace
cassava with fruit trees, fast growing trees, pastures and livestock.

In 1995 the area under cassava was reduced to 1.3 million ha and the production
was only 18 million tons. However, contrary to expectations, the cassava root price went
up to 1.20 baht per kilogram, which had never happened before. It looked as if the
Government had been successful in reducing the cassava planting area, but in fact the
drastic decline in cassava area was a direct result of the low cassava root price during the

! Rayong Field Crops Research Center, Huay Pong, Rayong, Thailand.

2 CIAT, Dept. Agriculture, Chatuchak, Bangkok, Thailand.
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previous two years, 1993 and 1994. In response to the attractive price of cassava in
1995, it can be predicted that the cassava planting area will rapidly increase again after
this year.

While the Government tried to decrease the cassava planting area during the past
few years, at the same time it encouraged farmers to change from the local cultivar,
Rayong 1, to the newly released cultivars, in order to improve the efficiency of
production. The Department of Agriculture (DOA) and the Department of Agricultural
Extension (DOAE) of the Ministry of Agriculture and Cooperatives initiated a five year
project, starting in 1992, to rapidly multiply stakes of the improved cultivars and to
distribute these to the farmers. The project’s target is that Thailand will have an area
under new improved cultivars of about 240,000 ha by the year 1996. According to the
DOAE statistics, this target has already been accomplished during the 1995/96 planting
season. The national average yield is expected to increase from 13.75 t/ha to 14.68 t/ha
at the end of the project.

CASSAVA VARIETAL IMPROVEMENT
Background

Since 1975 and until 1992, the Rayong Field Crops Research Center of the Field
Crops Research Institute of DOA, and Kasetsart University (KU) have released six
cultivars for industrial use and one cultivar for direct human consumption. The
background and the outstanding characteristics of those cultivars are described in Table
1.

Breeding Objective

The main objectives of cassava breeding in Thailand is to improve root yield and
dry matter content (or starch content) in order to satisfy the needs of the farmers and the
factories. It was suggested by Kawano (1988) and Rodjanaridpiched et al. (1995) that
cassava yields should be improved through the simultanious improvement of total biomass
and harvest index. Aside from the above important characteristics, the following
characteristics are also our breeding and selection criteria:

- early harvestability

- good plant type (tall and non- or less-branching)

- good stake quality (germination and storage duration)

~ - good root shape with white flesh
- tolerant to major pests and diseases
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Table 1. Background and outstanding characteristics of seven released cultivars.

Year Background and outstanding
Cultivar Released Parents characteristics
Rayong 1 1975 unknown Selected from local land race.
Exellent agronomic traits. Relatively
high yield. Moderately resistant to
major pests and diseases. Well adapted
to low inputs.
Rayong 3 1983 (F) MMex 55 Selected from CIAT F1 hybrid seeds.
(M) MVen 307 High dry matter content.
Rayong 60 1987 (F) MCol 1684 Selected from CIAT F1 hybrid seeds.
(M) Rayong 1 High fresh yield. Recommended for
early harvesting. Excellent agronomic
trails.
Sriracha 1 1991 (F) MCol 113xMCol 22  Selected from KU F1 hybrid seeds.
(M) Rayong 1 Excellent agronomic traits. High dry
matter content.
Rayong 90 1991 (F) CMC76 Selected from DOA F1 hybrid seeds.
(M) va3 High dry matter content. Relatively
high yield.
Kasetsart 50 1992 (F) Rayong 1 Selected from KU F1 hybrid seeds.
(M) Rayong 90 High yield and high dry matter content.
Well adapted to unfavorable conditions.
Rayong 2 1984 (F) MCol 113 Selected from CIAT F1 hybrid seeds.
(M) MCol 22 Recommended for human

consumption. Relatively high yield, and
carotene andvitamin A contents. Low
HCN content.

Recent Progress

During the past three years, the DOA has released one industrial cultivar called
Rayong 5, and has tested two promising clones, i.e. CMR33-57-81 and CMR33-53-181,
in farmers’ fields.

Rayong 5, previously identified as CMR25-105-112, was obtained from a cross
between 27-77-10 and Rayong 3, made in 1982 at the Rayong Field Crops Research
Center. It was released by DOA on October 28, 1994. It is one of the attempts to
improve cassava cultivars through an improvement of the top parts along with the roots.
Table 2, in which data from hundreds of trials are compiled, indicates that Rayong 5 is
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higher in total plant weight and harvest index, and has higher root yields than Rayong
1, Rayong 3, Rayong 60 and Rayong 90.

Rayong 5 is now widely adopted by cassava growers due to its high yield and
other outstanding properties, such as ease of harvest due to its good root shape and root
formation, good germination and drought tolerance. Table 3 shows the yields of Rayong
5 when planted in the early rainy season and in the late rainy season, compared with
those of Rayong 1. Its fresh root yield, dry root yield and dry matter content were
higher than those of Rayong 1 by 20, 31 and 9% in the early rainy season plantings,
respectively. For the late rainy season plantings, its fresh root yields was higher than

Rayong 1 by 28%, partly due to the better survival of plants of Rayong 5 during the dry
season.

Promising clones

It seems to be increasingly more difficult for Thai cassava breeders to create new
cassava clones that are superior to the already existing excellent cultivars Kasetsart 50
and Rayong 5. However, two promising cassava clones, CMR33-57-81 and CMR33-53-
181, were selected by the Rayong Field Crops Research Center staff from crosses made
in 1990.

Table 2. Yield parameters of Rayong 5 compared with all previously released cultivars. Data
from Regional Yield Trials and On-farm Trials conducted from 1988 to 1993.

RS Rl R3 R60  R90 KUS50

Top yield (53 trials)

Total plant weight (t/ha) 39.8 38.6 30.1 37.4 37.3 39.4
Leaf and stem weight (t/ha) 14.3 16.2 11.1 13.8 13.7 14.6
Harvest Index 0.64 0.58 0.63 0.63 0.63 0.63
Root yield (120 trials)

Fresh root yield (t/ha) 27.6 22.7 19.9 26.5 24.7 25.3
-Relative to R1 (%) 121 - 88 117 109 111
Dry matter content (%) 34.8 32.3 353 32.5 36.0 35.5
Dry root yield (t/ha) 9.7 1.4 7.1 8.7 8.9 9.1

-Relative to R1 (%) 131 - 96 117 120 123
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Table 3. Average yield of Rayong 5 and Rayong 1 when planted in the early rainy season and
in the late rainy season from 1988 until 1993.

Rayong 5 Rayong 1 % RelativetoR1
Early rainy season planting (78 experiments)
Fresh root yield 26.9 22.5 119
Dry matter content (%) 34.8 31.8
Dry root yield (t/ha) 9.4 7.2 130
Late rainy seaon planting (42 experiments)
Fresh root yield (t/ha) 29.0 22.6 128
Dry matter content (%) 35.0 33.2
Dry root yield (t/ha) 10.3 1.7 134

CMR33-57-81 was obtained from a cross between Rayong 1 and Rayong S, while
CMR33-53-181 was obtained from crossing OMR26-14-9 with Rayong 1. The progenies
were evaluated in eight Regional Trials and in 15 On-farm Trials during the 1994/95 and
1995/96 seasons. The trials were conducted in two major cassava planting areas of the
country, the Northeastern region (Nakon Ratchasima, Khon Kaen, Maha Sarakarm,
Kalasin, Roi Et, Mukdahan and Sakhon Nakon provinces), and the Central Region
(Rayong, Chonburi, Chantaburi, Prachinburi and Suphanburi provinces).

The data from 11 trials in the Central Region and 12 trials in the Northeastern
Region during the 1994/95 and 1995/96 seasons are presented in Table 4. Considering
the fresh root yield, dry matter content, dry root yield, total biomass and harvest index
of the two promising clones and the check varieties, i.e. Rayong 1, Rayong 90 and
Rayong 5, from each region and the average of the two regions, the following
conclusions could be drawn:

-CMR33-57-81 and CMR33-53-181 produced higher fresh root yields, dry root yields
and total biomass than Rayong 1, Rayong 90 and Rayong S in both regions, while
maintaining a high harvest index at the same level as that of Rayong S.

-CMR33-57-81 performed excellently in the Northeastern Region, while CMR33-53-181
performed very well in the Central Region.

-The root dry matter contents of the two promising clones are higher than that of Rayong
1, but not as high as those of Rayong 90 and Rayong 5.

CMR33-57-81 and CMR33-53-181 are now in the On-farm Trials and are
expected to be released specifically for each region in the next 2-3 years.

Activities through CIAT
Since 1985 the DOA has provided cross-pollinated (CMR) and open-pollinated
(OMR) F, seeds to CIAT for distribution to other cassava producing countries in Asia.
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From 1985 to 1993 74,568 F, seeds were provided to CIAT and another 27,570 seeds
were provided during the past three years (Table 5). Kawano (1993) indicated that the
Thai breeding materials were well-adapted to the semi-arid and seasonally dry lowland
tropics; therefore, they are offering excellent selection opportunities in most national
cassava breeding programs in Asia.

Table 4. Fresh root yield, dry matter content, dry root yield, total biomass and
harvest index of CMR33-53-181 and CMR33-57-81 compared with check
varieties in Regional and On-farm Trials during 1994/95-1995/96.

Central Northeastern
Region Region Average

(11 trials) (12 trials) (23 trials)
Fresh root yield (t/ha)
CMR33-53-181 329 32.0 324
CMR33-57-81 28.9 36.0 32.6
Rayong 1 243 25.4 249
Rayong 5 27.4 28.5 28.0
Rayong 90 28.1 249 25.2
Dry matter content (%)
CMR33-53-181 31.9 344 33.2
CMR33-57-81 31.3 34.8 33.2
Rayong 1 30.0 329 31.5
Rayong 5 333 354 34.4
Rayong 90 34.2 34.6 343
Dry root yield (t/ha)
CMR33-53-181 10.3 11.1 10.7
CMR33-57-81 9.0 12.6 10.9
Rayong 1 7.1 8.6 7.9
Rayong § 9.0 10.2 9.6
Rayong 90 8.5 8.8 8.6
Total biomass (t/ha)
CMR33-53-181 4.6 52.7 49.0
CMR33-57-81 37.8 55.1 47.2
Rayong 1 39.0 46.7 43.2
Rayong § 37.4 49.3 439
Rayong 90 37.8 44.0 41.1
Harvest Index
CMR33-53-181 0.69 0.63 0.66
CMR33-57-81 0.72 0.67 0.69
Rayong 1 0.60 0.56 0.58
Rayong 5 0.69 0.61 0.65

Rayong 90 0.67 0.59 0.63



54

In May 1995, Thailand had an opportunity to be the host of a Workshop on
Cassava Breeding Methods and Practices, organized by CIAT for Asian cassava
researchers. The workshop provided the participants with ample opportunities for
learning from the Thai varietal improvement and dissemination programs and for sharing
experiences among each other.

Table 5. Number of cassava F1 hybrid seeds exchanged between CIAT and the DOA.

Year Number of seeds
Hybrid seeds introduced from CIAT 1975-1993 137,448
1994 9,843
1995 11,964
1996 9,781
Total 169,036
Hybrid seeds provided to CIAT 1985-1993 74,568
1994 7,678
1995 11,223
1996 8,669
Total 102,138
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VARIETAL IMPROVEMENT AND DISSEMINATION BY KASETSART
UNIVERSITY, THE THAI TAPIOCA DEVELOPMENT INSTITUTE,
AND THE DEPT. OF AGRICULTURAL EXTENSION
Chareinsuk Rojanaridpiched', Somporn Phongvutipraphar?, Piyawuth Poolsanguan’®
Kaival Klakhaeng*, Vichan Vichukit' and Ed Sarobol'

ABSTRACT

For decades a cassava yield stagnation has been observed in Thailand. In addition,
current prices of cassava roots and products are highly fluctuating, as they depend on the
European Union market’s price of cereals, the subsidy of which will be relaxed and will soon
disappear. Since 1992 the Thai government has been implementing a policy of reducing the
cultivated area, while maintaining the quality and total production of cassava, by the replacement
of the traditional local variety, Rayong 1, by higher yielding new varieties. The objective of this
paper is to describe the varietal improvement of cassava by Kasetsart University (KU), as well as
the cooperative multiplication and dissemination of new, improved cultivars to farmers by KU,
the Thai Tapioca Development Institute (TTDI) and the Department of Agricultural Extension
(DOAE). Two popular cassava cultivars, Kasetsart SO and Rayong 5, were officially released in
1992 and 1994, respectively. Subsequent breeding efforts at KU have concentrated on the cross
between Rayong 5 and Kasetsart 50. The preliminary results shows that several F, clones from
the cross had potential dry root yields 10-30% higher than those of the parents. These promising
clones have harvest indices and root starch contents similar to those of the parents, but have a
significantly higher total biological yield.

Regarding varietal dissemination, in 1994 KU produced 750,000 long stems, and in 1995
1.5 million long stems of Kasetsart 50, for the DOAE to distribute to cassava farmers for further
multiplication and distribution. Participating farmers received free cassava stems and 15-15-15
fertilizer at the rate of 625 kg/ha. In 1994, the multiplication area was 5,440 ha involving 2,458
farmers from 25 provinces. Additionally, in 1995, there were 3,899 participating farmers from
22 provinces, who multiplied cassava in 6,274 ha.

In 1993, the TTDI was founded as a foundation, with an initial trust fund of US$24
million. Later, in 1995 TTDI cooperated with KU in distributing 1.79 million stems of Kasetsart
50 to 1,198 cassava farmers from 11 provinces, while 5.97 million stems of Kasetsart 50 and
484,000 stems of Rayong S were distributed in 1996 to 4,243 cassava farmers from 23 provinces.
Subsequently, in 1995, farmers who planted Kasetsart 50 indicated very satisfactorily performance
of this new variety. An average yield of 26.47 t/ha was obtained by 26 surveyed farmers who
planted Kasetsart 50, as compared with the national average yield of 14.6 t/ha.

INTRODUCTION

Thailand is the world’s leading cassava pellet and starch exporter. Around 4.7-
7.3 million metric tons of cassava pellet, and about 500,000-700,000 tons of starch were
exported during 1990-1994. The major importer of cassava pellets is the European

! Dept. of Agronomy, Kasetsart University, Bangkok, Thailand.
2 The Thai Tapioca Development Institute, Huay Bong, Nakorn Ratchasima, Thailand.
3 Sri Racha Research Station, Kasetsart University, Sri Racha, Chonburi, Thailand.

¢ Department of Agricultural Extension, Bangkok, Thailand.
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Union (EU). Since 1993 the EU has started to reduce the high support price of its
cereals; this will inevitably reduce the price of Thai cassava roots in the EU market.

In order to safeguard the Thai cassava farmers two policies have been launched.
First, to decrease the cassava planted area by replacing cassava with fast-growing trees,
fruit trees and pastures, and secondly, to increase cassava productivity through cultivar
replacement. The traditional Rayong 1 cultivar is to be replaced with new, high-yielding
cultivars, such as Kasetsart 50 and Rayong 5.

Two institutes have conducted cassava breeding research, i.e. the Rayong Field
Crops Research Center (RFCRC) under the Field Crops Research Institute (FCRI) of the
Department of Agriculture (DOA), Ministry of Agriculture and Cooperative (MOAC),
and Kasetsart University (KU). Besides the farmers own efforts, a large-scale
multiplication, promotion and distribution project has been conducted by both the
Department of Agricultural Exptension (DOAE) and the Thai Tapioca Development
Institute (TTDI). Since 1994, the adoption rate of new cassava cultivars has been
increased at a dramatic rate.

VARIETAL IMPROVEMENT BY KASETSART UNIVERSITY

RFCRC is the major Center for cassava breeding in Thailand. Several new
varieties have been released by RFCRC, namely, Rayong 1 in 1975, Rayong 3 in 1983,
Rayong 60 in 1987, Rayong 90 in 1989, and Rayong 5 (formerly called CMR25-105-
112) in 1994. The breeding program at Kasetsart University is relatively small.
Nevertheless, the variety Sriracha 1 was released in 1990, and in cooperation with
RFCRC and the Centro Internacional de Agricultura Tropical (CIAT), Kasetsart 50 was
released in 1992. Details of these varieties were summarized by Rojanaridpiched et al.
(1995).

Rayong 1 is a selection from a local land race. It has excellent agronomic triats,
such as good germination, vigorous vegetative growth, favorable plant type, moderate
harvest index (HI), tolerance to mites, and the capacity to give relatively high yields
under average farmer conditions. More than 1 million ha were planted with Rayong 1
every year. Thus, it can be stated that Rayong 1 is the most successful cassava variety
in the world, and the success of the Thai cassava industry is largely due to the excellent
characteristics of Rayong 1 (Limsila ez al., 1992).

Several breeding strategies have been proposed since 1985. Tan (1987) suggested
that the goal of cassava yield improvement was to improve HI while maintaining the
same canopy strength of traditional cultivars. In addition, Kawano (1988) showed that
a simultaneous improvement in HI and total biological yield (TBY) in these genotypes
would result in higher yield than those of presently available cultivars, both in high and
low-yielding environments.  Later, Kawano et al. (1990) showed that further
improvement in HI and TBY were possible. Rojanaridpiched et al. (1995) tested the new
cultivars, Rayong 3, Rayong 60, Rayong 90, Rayong S and Kasetsart 50 in comparison
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with Rayong 1 in 53 locations during 1991 and 1992. Rayong 3, which had higher HI
but lower TBY than Rayong 1, yielded higher than Rayong 1 only in very high- yielding
environments. Rayong 60 and Rayong 90, which had higher HI and similar TBY to
Rayong 1, yielded higher in high-yielding environments, but in low-yielding
environments Rayong 60 yielded lower, while Rayong 90 yielded higher than Rayong 1.
Kasetsart 50 and Rayong 5, which had higher HIs and TBYs yielded higher than Rayong
1 in all environments.

Kasetsart 50 and Rayong 5 are popular cultivars because of their higher fresh root
yields and higher root starch contents than Rayong 1, while their plant types are as
vigorous as that of Rayong 1. Since the release of Kasetsart 50 in 1992 and Rayong 5
in 1994, the breeding objective at KU has been to breed for new clones with higher yield
than Kasetsart 50 and Rayong 5, while maintaining the root starch content and other
agronomic triats equivalent to, or better than, these two cultivars.

Since the KU breeding program is not so large, that breeding effort has been
concentrated on the cross between Rayong S and Kasetsart 50. The two cultivars were
derived from different parents; therefore, in-breeding effect should not occur. The
pedigree of Kasetsart SO and Rayong S are as follows:

cultivars pedigrees

Kasetsart 50 Rayong 1 x Rayong 90
Rayong § 27-77-10 x Rayong 3
Rayong 90 CMC76 x V43

27-77-10 CM321-170 x MCol 1684
Rayong 3 MMex 55 x MVen 307

The cross between Rayong 5 and Kasetsart 50 was made in 1991/92. The first
year selection from 963 seedling plants (seedling selection) was based on plant type, root
yield, root starch content and HI. Consequently, 204 plants were selected in 1992/93 at
Sriracha Research Station. For the second year selection, each selected plant or clone
was planted in a Single-row Trial at Sriracha Research Station in 1993/94. Selection was
based on the same criteria as the seedling selection with additional consideration on root
shape (compact roots) as a criterion for ease of harvest. A total of 108 clones were
selected. These 108 clones were preliminarily tested at Huay Bong Station of TTDI in
Nakhon Ratchasima. This preliminary yield test of 108 clones was split up into several
sets. Each individual set consisted of ten clones with three additional check cultivars, i.e.
Rayong 1, Rayong 5 and Kasetsart 50, and was replicated twice. Several clones had
higher root yield and total plant weight than Rayong 1, Rayong 5 and Kasetsart S0, while
maintaining as high a root starch content and HI as Rayong S and Kasetsart 50 (Table
1). A total of 28 clones were selected.

These 28 selected clones were grouped and tested in farmers’ fields during
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1995/96. Yield data are shown in Tables 2 to 4. Even though each promising clone was
tested in only one location, the performances of several clones were very encouraging.
When compared with the traditional cultivar Rayong 1, dry root yields of several
promising clones were 39-113% higher than that of Rayong 1. In the last decade, it has
been difficult to find any clones that yielded higher than Rayong 1. All of these
promising clones were the F, from the cross between Rayong 5 and Kasetsart S0. These
two parents have several good chareteristics, such as high root yield, starch content, HI
and TBY. The dry root yield of MKUC34-114-206 was 38% higher than that of
Kasetsart 50 (Table 2), while that of MKUC34-114-54 was 25% higher than that of
Kasetsart 50 (Table 3), and that of MKUC34-114-85 was 12% higher than that of
Rayong 5 (Table 4).

Table 1. Yield data of some selected clones harvested at 12 months after planting
from a Preliminary Yield Trial at Huay Bong, Nakhon Ratchasima in

1994/95.
Clones Fresh root Root starch HI Total plant
yield content weight
(t/a) (%) (t/a)

Set I

MKUC34-114-187 50.4 24.7 0.53 95.2

MKUC34-114-206 342 245 0.50 68.6

Rayong § 335 23.2 0.49 68.9

Kasetsart 50 21.1 21.6 0.41 51.7

Rayong 1 16.0 10.0 0.28 56.5
Set 11

MKUC34-114-200 39.2 26.8 0.54 72.7

MKUC34-114-175 39.6 215 0.57 69.6

Rayong 5 37.0 23.7 0.53 69.6

Kasetsart 50 30.6 23.8 0.53 57.3

Rayong 1 21.7 18.6 0.36 60.5
Set 111

MKUC34-114-54 33.1 233 0.43 76.4

Rayong 5§ 39.2 245 0.57 68.6

Kasetsart 50 30.0 24.4 0.31 66.6

Rayong 1 233 16.7 0.38 74.2
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Clones Fresh root Root starch HI Total plant
yield content weight
(t/ha) (%) (t/ha)
Set 6
MKUC34-114-17 41.2 249 0.4787.5
Rayong § 26.7 27.0 0.5449.0
Kasetsart 50 29.8 26.1 0.5554.0
Rayong 1 26.5 159 0.3674.0
Set 7
MKUC34-114-84 52.8 225 0.6877.8
MKUC34-114-85 415 20.5 0.5575.4
MKUC34-114-64 38.1 22.0 0.5175.2
Rayong 5 325 25.6 0.5163.7
Kasetsart 50 38.1 23.2 0.5766.7
Rayong 1 325 159 0.4277.2

Table 2. Yield data of some promising clones planted at Sriracha Research Station
in 1995 and harvested at 10 months after planting.

Total plant weight

Clones Root yield (t/ha) Root starch  HI
content
fresh dry (% ofR,”) (%) (t/ha) (% ofR,")

MKUC34-114-206 23.31 8.13 187 22.6 0.69 34.12 144
MKUC34-114-200 21.85 7.25 167 20.4 0.66 33.10 140
MKUC34-114-175 19.02 6.30 145 20.3 065 29.29 124
MKUC34-114-187 19.20 6.04 139 18.0 0.59 32.05 136
Kasetsart 50 17.36 5.89 135 21.3 0.63  27.58 117
Rayong 5§ 1477 480 110 19.5 0.68 21.58 91
Rayong 1 1576 434 100 12.8 0.67 23.54 100
LSD(P <0.05) 589 1.85 - 1.13 0.06 8.06 -
CV(%) - 3.37 561 16.15 -

YR,=Rayong 1

18.09 17.61
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Table 3. Yield data of some promising clones planted at Huay Bong, Nakhon
Ratchasima in 1995 and harvested at 9 months after planting.

Clones Root yield (t/ha) Root starch  HI Total plant weight

content
fresh dry (% of R,") (%) (t/ha) (% of R,")

MKUC34-114-54 23.86 8.53 213 23.7 0.59 40.75 149
MKUC34-114-64 23.58 8.35 208 23.1 0.62 36.85 135
MKUC34-114-84 22.40 8.11 202 243 0.64 34.35 126

MKUC34-114-206 21.16 7.50 187 23.2 0.59 35.33 129

Kasetsart 50 19.16 6.80 170 23.0 0.54 35.05 128
Rayong § 17.06 6.00 150 22.8 0.56 30.60 112
Rayong 1 12.66 4.00 100 18.1 0.47 27.21 100
LSD (P<0.05) 6.34 242 - 3.14 - 8.58 -
CV(%) 24.66 26.61 - 9.58 - 18.40 -

YR,=Rayong 1
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Table 4. Yield data of some promising clones planted at Khonburi, Nakhon
Ratchasima, in 1995 and harvested at 8 months after planting.

Clones Root yield (t/ha) Root starch  HI Total plant weight

content
fresh dry (% ofR,”) (%) (t/ha) (% ofR,")

MKUC34-114-85 2823 9.78 197 22.2 064 4389 160
MKUC34-114-17 25.64 9.21 185 23.9 055 4648 169

Rayong 5 248 871 175 224 0.61 41.01 149
Kasetsart 50 2125 7.71 155 245 0.58 36.71 134
Rayong 1 14.89 496 100 20.5 0.54 2738 100
LSD (P<0.05) 6.01 2.26 - 1.55 005 9.75 -
CV(%) 19.66 20.85 - 4.63 474 11.79 -
"R,=Rayong 1

This promising F, from the cross of Rayong S x Kasetsart 50 also possessed the
same high root starch content and HI as the parents, but some clones had higher TBY.
This result was simply the segregation from the cross between two good parents, which
resulted in some better F,.

Results from KU’s cassava breeding program indicated that it is possible to get
a high yielding clone of cassava by a few selected crosses between two good parents.
Further progress in the Thai cassava breeding program will depend on the flow of new
selected genetic materials into hybridizing schemes.

Future Breeding Direction

Recently, Thailand is facing a severe farm labor shortage. Thus, further
improvements in cassava production depend more on mechanization. A compact root
shape to enhance the ease of machine harvesting must be considered in the future. Also,
very little attention has been paid to root HCN. Some complaints about the high HCN
content of the roots of new cassava cultivars have been received from the starch industry.
In a modern starch factory, 300-600 metric tons of fresh cassava root are crushed daily.
Consequently, vaporized HCN released in small closed-in areas may be harzardous to
workers in the factory.
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VARIETAL MULTIPLICATION AND DISSEMINATION

Before the official release of Kasetsart S0 in 1992 and Rayong S in 1994, most
cassava planting stakes were exchanged freely among farmers. New improved varieties
have a high root starch content (23-24% for Kasetsart 50 and Rayong 5, as compared to
18% for Rayong 1) and a high root yield. The price of fresh roots from these two new
varieties was about 0.10 baht per kilogram higher than from Rayong 1. Hence, with
these two new varieties, farmers will get both a better yield and a higher price. Some
progressive farmers and factory owners multiplied and sold planting stakes of these new
varieties themselves. At the early stage of varietal release, one long stem of Kasetsart
50 might cost about 2-5 Baht. As a consequence, farmers in several locations shifted
their activities from cassava root production to cassava stake production. Several systems
of multiplication were used, such as the planting of two-node cuttings or very thin stakes,
or leaving plants in the field to cut stems twice a year instead of harvesting roots
annually. Several farmers earned large amounts of money from selling Kasetsart 50
stakes. Unfortunately, the actual amount of stakes multiplied by farmers could not be
verified.

There are two new major programs of cassava varietal multiplications. Firstly,
under the project entitled "Increase the Potential of Cassava Production,” the DOAE,
mandated by MOAC, has been in charge of multiplication plots totaling 6,400 ha
annually for new varieties over a three year period (1994-1996). Participating farmers
are responsible for the multiplication of cassava stems. Stakes from these multiplication
plots have been disseminated to other farmers to set up distribution plots totaling 19,200
ha annually for three years, from 1995 to 1997. At the end of the project (1998) it is
expected that 364,800 ha of Rayong 1 will be replaced by new higher yielding cultivars.

Secondly, The Thai Tapioca Development Institute (TTDI), which is a nonprofit
foundation, was established in Sept 1993, with an initial trust fund of US$24 million
from the government. The main objectives of TTDI are: 1. to develop high quality
cassava roots at low cost for industrial usage; 2. to develop new technology for the
manufacture of new products from cassava; and 3. to develop markets for cassava
products. Under the program of "Cost Reduction in Cassava Production”, a large-scale
multiplication and distribution of new cassava cultivars has been conducted since 199S.
Details of the program of DOAE and TTDI will be discussed in the following sections.

"Increase the Potential of Cassava Production" by DOAE

According to the plan, a total of 6,400 ha of multiplication plots are planted
annually in farmers’ fields by farmers under the supervision of DOAE’s extension
agronomist for three years (1994-1996), resulting in planting material for a total area of
19,200 ha. New cassava cultivars are Rayong 3, Rayong S, Rayong 60, Rayong 90 and
Kasetsart 50. RFCRC, under DOA, produces basic planting material of Rayong
cultivars, while KU produces Kasetsart 50 for DOAE to plant in the farmers’ fields.
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Participating farmers receive free planting material of the new cassava cultivars and free
15-15-15 fertilizer at the the rate of 625 kg/ha. After harvest, it is expected that five
times the original amount of cassava stakes can be obtained. Of each five stems, farmers
keep two for their own production, while the remaining three stems must be returned to
DOAE for further distribution to neighboring farmers. The distribution of new cassava
cultivars has been organized and controlled by village commitees.

In 1994, the actual multiplication area was 5,440 ha, involving 2,458 farmers
from 402 subdistricts in 134 districts in 25 provinces. Later, in 1995, the actual
multiplication area was 6,274 ha, involving 3,899 farmers from 377 subdistricts, 125
districts in 22 provinces. The total area of multiplication of each cultivar in 1994 and
1995 are shown in Table 5. For this project, KU produced for the DOAE 750,000 long
stems of Kasetsart 50 in 1994 and 1.5 million long stems in 1995.

"Cost Reduction in Cassava Production" by TTDI

In the middle of 1993 TTDI bought 260 ha of land at Huay Bong in Nakhon
Ratchasima province. This land was used to establish the "Center for Cost Reduction in
Cassava Production”. At this Center, Rayong 60, Rayong 90, Sriracha 1, Kasetsart SO
and Rayong 1 were planted for yield comparisons in large plots. In late 1994, it was
found that Kasetsart 50 had a high root yield, high root starch content, and vigorous
stems, suitable for efficient multiplication. Therefore, the TTDI committee decided to
multiply Kasetsart 50 for distribution to farmers.

Table S. Area planted for the multiplication of new varieties by farmers under
contract with the Department of Agricultural Extension in 1994 and 1995.

Cultivars Multiplication areas (ha)
multiplied

1994 1995
Sriracha 1 - 17
Rayong 3 599 -
Rayong 5 - 1,620
Rayong 60 2,315 690
Rayong 90 2,146 2,591
Kasetsart 50 420 1,356

Total 5,440 6,274
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In late 1994, about 1301 farmers from 11 provinces of the Northeast received
training at the TTDI’s Center on how to increase the productivity of cassava production.
Researchers from KU and RFCRC functioned as trainers. Farmers who attended the
training were eligible to receive 1,500 long stems of Kasetsart 50. This amount of
planting material is enough to plant about 0.8 ha. Farmers who received the planting
material of Kasetsart 50 must, after harvest, distribute 4,500 long stems of Kasetsart S0
to neighboring farmers. TTDI produced its own planting material of Kasetsart 50 and
bought some directly from KU. Distribution of stems of Kasetsart 50 to farmers who
attended the training in 1994 was done in the early rainy season of 1995. A total of
1,797,000 long stems of Kasetsart SO were distributed to 1,198 farmers from 11
provinces as summarized in Table 6.

Table 6. Summary of farmers trained and new cassava cultivars distributed to
farmers by TTDI in 1995 and 1996.

1995 1996
No. of farmers trained at TTDI (persons) 1,301 7,089
No. of farmers having received stakes from TTDI 1,198 4,243
No. of farmers having obtained stakes from neighbors - 1,431
Area planted with Kasetsart 50 by TTDI-trained farmers (ha) 958 4,398
Area planted with Rayong S by TTDI-trained farmers (ha) - 140

In 1995/96, 7,089 farmers from 23 provinces attended the cassava training
courses. This year, the project’s operational procedure is similar to that in 1994/95 with
some modification. In 1994/95, each farmer who obtained 1,500 stems of Kasetsart SO
had to distribute about 4,500 stems to neighboring farmers. The target number of
distributed stems was 5.3 million, but the actual number of stems distributed was only
about 3.0 million (56.7% of target) because of the high demand for Kasetsart 50 stakes,
and the reluctance of farmers to give the stakes to neighboring farmers. Both Kasetsart
50 and Rayong 5 are favored by farmers. Therefore, in 1995/96 TTDI required the
farmers to return stems on a 1: 1 basis. A total of 5.9 million stems of Kasetsart 50 and
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0.484 million stems of Rayong 5 were distributed to 4,243 farmers. Another 1,431
farmers obtained Kasetsart 50 from their neighbors who in turn had received stems from
TTDI in 1995. This resulted in a total of 8.5 million stems. The area planted to
Kasetsart 50 and Rayong 5 distributed by the TTDI project is shown in Table 6.

Varietal Adoption

Since the release of Rayong 3 in 1983, considerable efforts were made to
multiply and promote this cultivar. Klakhaeng et al. (1995) estimated that the area
planted to Rayong 3 in 1992 was 108,000 ha or about 7.3% of the total cassava growing
area. However, the yield potential of Rayong 3 is lower than that of Rayong 5, Rayong
60, Rayong 90 and Kasetsart 50. Rayong 3 is characterized by a very small plant type
compared with Rayong 1, which makes it unsuitable for growing in poor soil.

Currently, the surveyed data by DOAE revealed that in 1994 and 1995 the total
area under new cultivars was 296,254 and 387,861 ha, respectively (Table 7). In 1995,
the area under new cultivars was about 29% of the the total planting area. It was found
that the area under Rayong 3 had decreased from 135,421 ha in 1994 to only 14,953 ha
in 1995. Among the new cultivars, the area under Rayong 60 was larger than that of
Rayong 90, which was followed by that of Rayong 5 and Kasetsart 50 (Table 7). Details
of cultivar distribution among various provinces are shown in Table 8. The area planted
to new cultivars in 1995 was concentrated in some provinces, such as Nakhon
Ratchasima, Prachin Buri and Chachoengsao. Areas planted to new cultivars of some
provinces, such as Chaiyaphum, Udon Thani, Nong Khai, which are leading production
areas as well, were not as large as those of Nakhon Ratchasima, due in part to the long
distance from research stations.

It is surprising that the area under new cultivars in 1995 was already 29% of the
total cassava area, even though, the target acreage of DOAE was only 20%. The
cultivation area of the newest cultivars, Rayong 5 and Kasetsart 50, is likely to increase
dramatically in the near future, because of their high yield potential and root starch
content. Rayong 60 has also high yield potential, but the root starch content is equivalent
to that of Rayong 1, which results in a lower root price in the rainy season. Rayong 90
has high yield potential and high root starch content, but its germination rate is reduced
dramatically if stakes are stored longer than 3-4 weeks.

The area planted to new cultivars will increase rapidly if the distribution effort
is concentrated in areas where the new cultivars are presently not yet widely grown. The
rapid expansion of cultivated area of new cultivars in 1994 and 1995 may partly be due
to the farmers’ own efforts. The positive impact of DOAE’s and TTDI’s programs on
expansion of cultivated area is likely to be materialized in the next couple of years.
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Table 7. Areas planted to new cassava cultivars in Thailand in 1994 and 1995.

Cultivars Planted area (ha)

1994 1995
Rayong 3 135,421 14,953
Rayong 60 125,049 207,589
Rayong 90 35,461 81,049
Kasetsart 50 322 17,846
Rayong 5 NAD 66,424

Total 296,254 387,861

YNA = Not available

Table 8. Total planted area of cassava and area planted to new cultivars in some
leading cassava growing provinces of Thailand in 199S.

Planted area (ha)

Total area RS R60 R90 KU 50
Nakhon Ratchasima 297,679 5,467 71,095 18,777 5,640
Chaiyaphum 83,980 54 460 884 377
Chachoengsao 70,334 4,640 6,080 7,587 3,200
Prachin Buri” 67,580 7,979 16,353 5,302 4,059
Udon Thani 66,097 1,752 6,781 710 322
Nong Khai 61,369 40 174 10 16
Kamphaeng Phet 59,175 30,757 18,454 12,303 -
Kalasin 58,019 3,225 2,726 2,530 168
Khon Kaen 57,319 92 724 476 249
Chon Buri 42,439 269 838 2,908 274
Rayong 39,843 1,520 939 1,463 422
Phitsanulok 39,520 117 2,080 152

Total (41 provinces)” 1,322,859 66,423 207,588 81,049 17,846

Vincluding Srakaew province.
2in each column the figure reflects the total cassava cultivation area of 41 provinces.
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An evaluation of the root yield of Kasetsart 50 was conducted by TTDI. A
survey of yield performance from 26 farmers in 8 provinces who had received Kasetsart
50 from TTDI in 1995 was conducted during April 1996. An average yield of 26.4 t/ha
with 27% root starch content was obtained from Kasetsart 50, as shown in Table 9. The
result is very satisfactory in comparison to the nation average yield of around 14 t/ha.
With this result, the-TTDI committee approved further multiplication of new cultivars in
1997 for the third year.

Table 9. Yield of Kasetsart 50 in farmers’ fields, as indicated by a survey of 26
TTDI-trained farmers in 1996.

Provinces No. of farms ~ Germination ~ Root Root starch
surveyed (%) yield content
(t/ha) (%)
Chaiyaphum 2 87 23.6 23
Nakhon Ratchasima 6 70 25.5 25
Buri Ram 4 78 32.9 28
Khon Kaen 5 78 29.2 28
Kalasin 2 70 21.3 27
Sakon Nakhon 4 83 29.3 27
Nongbua Lampoo 2 87 248 27
Udon Thani 1 81 18.5 28

Average 77 26.4 27
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CASSAVA VARIETAL IMPROVEMENT IN VIETNAM
Tran Ngoc Ngoan', Tran Ngoc Quyen?, Trinh Phuong Loan® and Kazuo Kawano*

ABSTRACT

In recent years (1990-1995) the cassava area in Vietnam has remained stable, or has
increased slightly in the south due to the new demand for cassava roots used for starch processing.
Therefore, our cassava breeding program, in collaboration with CIAT, has put a high priority on
developing new varieties with high yield potential and high dry matter and starch content in the
roots.

Due to the particular agro-climatic conditions in Vietnam the country can be divided into
two large regions. The south is characterized by a tropical climate, while the north has a sub-
tropical climate. So, new varieties adapted to these specific environments are also needed.

Out of the 29 promising clones introduced from the Thai-CIAT program in 1989 and
1990, two best selections, KM60 and KM94, have been giving 17 to 112% higher dry root yields
and 10 to 103% higher fresh root yields compared to the local cultivars at research stations, and
30 to 47% higher fresh root yields in cassava production zones. Both KM60 and KM94 were
officially released early in 1995. They were grown over 7000 ha in 1995 and are expected to be
planted in about 30,000 ha in the 1996/97 crop year. The additional economic benefit resulting
from adoption of the new cultivars was estimated to have reached 0.95 million US dollars in 1995
and is expected to reach 5 million US dollars in 1996.

Some promising clones may be adapted to specific locations. Clone SM937-26 gave very
good yields at Lam Dong and Khanh Hoa provinces, CMR29-60-15 and SM1157-3 in Ha Tay
province, while SM1157-3 and SM981-3 were best in Bac Thai province. These clones are now
included in Regional Trials and in the On-farm Evaluation Network in 1996.

Follow-up selection of genotypes adapted to our cassava production conditions started in
1990. Some promising clones, like OMR33-17-15 in the south and CM4955-7 in the north, are
being evaluated on farmer’s fields this year. They are both the result of intensive selection by
HARC and the Agro-forestry College in Bac Thai from hybrid seeds provided by CIAT/Colombia
and the Thai-CIAT program. Although the rate of selection with CIAT/Colombia materials is not
quite as high as those from the Thai-CIAT program, the greater genetic diversity of this material
is playing an important role in cassava breeding and genetic improvement in Vietnam. Results
from our current selection will identify new high-yielding cultivars and bring economic benefits
for growers and processors; they may also open up new export opportunities by greater product
competitiveness in international markets.

INTRODUCTION

During recent years (1990-1995) the cassava area in Vietnam has been stable or
has slightly increased in the south by the setting up of new starch and monosodium
glutamate factories. The demand for cassava fresh roots as raw material for these
factories ranges from 270,000 to 600,000 t/year. Traditional rural processing of cassava

! Agro-forestry College of Thai Nguyen University, Thai Nguyen, Bac Thai, Vietnam.
2 Hung Loc Agric. Research Center (HARC) of I1AS, Thong Nhat - Dong Nai, Vietnam.
3 Potato and Vegetable Research Center (PVRC), Thanh Tri Van Dien, Hanoi, Vietnam.

¢ CIAT Asian Cassava Program, Dept. Agriculture, Bangkok, Thailand.



70

fresh roots into starch and maltose around Ho Chi Minh city and Hanoi consumed about
395,077 ton fresh roots in 1992, and this is expected to reach 898,740 ton fresh roots by
the year 2000. Cassava is thus becoming an industrial crop in some parts of the country.

Therefore, the cassava breeding program in Vietnam, in cooperation with CIAT,
has put high priority in developing new varieties that have high yield potential and high
root dry matter content, which is suitable as raw material for the processing industry.
Breeding materials, both in the form of stem cuttings from the Thai-CIAT program and
hybrid seeds from CIAT/Colombia and the Thai-CIAT program have been introduced and
evaluated in order to select the most suitable genotypes under our cassava production
conditions.

Soils and Agro-Climate

Vietnam is located between latitudes 8.5 and 23.5° N and longitudes 102 and 110°
E. The country has been divided into seven Agro-ecological zones. In general, the
northern part is characterized by a subtropical climate with low winter (15°C) and high
summer (29°C) temperatures. Most rain falls during the summer months of May to Sept.
In the south, the climate is tropical with relatively little fluctuation in monthly
temperatures, which vary from 25 to 29°C. The rainy season is about one month delayed
compared with the north, but total rainfall is similar (Nguyen Huu Hy ez al., 1995).

The soils of Vietnam are closely associated with its topography. It was estimated
that in Vietnam about 66% of cassava is grown on Ultisols, 17% on Inceptisols, 7% on
Oxisols, 4% on Alfisols, 2% on Entisols and 3% on Vertisols (Howeler, 1992). The soil
pH generally varies from 4.5 to 6.0. Therefore, one important breeding objective is to
develop new varieties adapted to specific environments.

Breeding Objectives and Materials

Cassava breeding in Vietnam is mainly conducted by three institutions under the
coordination of the National Root Crops Program, i.e. Hung Loc Agricultural Research
Center in the south, the Agro-Forestry College of Thai Nguyen Univ. in Bac Thai and
the Potato and Vegetable Research Center in Hanoi.

Breeding materials have been introduced from CIAT since 1989 and upto 1995
these consist of:

-29 promising clones from the Thai-CIAT program

-Hybrid seeds from CIAT/Colombia

-Hybrid seeds from the Thai-CIAT program

The general cassava breeding objective in Vietnam is to develop promising clones
with the following characteristics:

-High yield potential and high dry matter and starch contents in the roots

-Sweet varieties for specific end-uses
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-High harvest index (HI)

-Early harvestability (8-10 months)

-Adaptation to acid infertile soils and to low levels of inputs
-Good plant type for association with other crops

-Specific adaptation to a given region

Research methodologies as well as on-farm evaluations have followed the CIAT
breeding scheme.

ACHIEVEMENTS
Evaluation of Promising Clones Introduced from the Thai-CIAT Program in 1989

Success of Two New Recommended Varieties, KM60 and KM94

After the introduction in 1989 of 29 promising clones from the Thai-CIAT
program in the form of stem cuttings, a series of intensive evaluations have been
conducted by the cassava breeding network throughout the country. From this, two
varieties, Rayong 60 and Kasetsart 50, were selected and renamed as KM60 and KM94,
respectively. These have been released as new varieties and have been widely adopted
by farmers. In the south, these varieties have been giving from 66 to 103% higher yields
than the improved local cultivar, HL23, in terms of fresh roots, and from 75 to 112%
in terms of dry root yield at research stations; and from 30 to 38% higher fresh root
yields in on-farm production trials (Tables 1 and 2). In the north, the yields of KM60
and KM94 at research station trials were only 10-13% higher than those of the local
cultivar, Vinh Phu, but in on-farm production their fresh root yields were 30-47% higher
than those of Vinh Phu (Tables 1 and 2). The dry matter contents of these varieties are
also 4-8% higher than those of the local cultivars.
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Table 1. Comparison of average yield parameters of KM60 and KM94 with those
of local varieties at Research Stations in North and South Vietnam from

1990 to 1995.
Clones Fresh root % of Dry matter % of Dryroot % of
yield control content control yield  control
(t/ha) (%) (t/ha)
NORTH
KM9%4 249 110 40.0 108 9.85 117
KM60 25.6 113 385 104 9.96 119
Vinh Phu 226 100 37.0 100 8.36 100
SOUTH
KM94 36.60 203 38.3 104 14.0 212
KM60 29.95 166 38.7 106 11.6 175
HL23 18.00 100 36.5 100 6.6 100

Table 2. Comparison of average fresh root yields of KM60 and KM94 with those of
local varieties in On-Farm Production in North and South Vietnam from

1992 to 1995.
Clones South North
t/ha % of control t/ha % of control
KM94VY 35.0 138 25.6 147
KM60 33.0 130 22.6 130
Local cultivars 25.2 100 - -
- - 17.3 100

Vinh Phu

"Data for 1995 only
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Both KM60 and KM94 were officially released early in 1995 and were quickly
disseminated in cassava production areas by the cassava technology transfer network. It
was estimated that about 7,000 ha were grown with these two varieties in 1995 and that
the area planted exceeded 30,000 ha in 1996.

The adoption of KM60 and KM94 as new high-yielding cultivars partly satistifies
the increasing demand for good raw materials for the starch processing industry. It is
also bringing additional economic benefits to farmers, which was estimated to have
reached 0.95 million US dollars in 1995 (Kawano, 1995).

Varietal Selection for Adaptation to Specific Regions

One of the most important characteristics of KM60 and KM94 is that they are
adapted to a wide range of agro-ecological conditions as well as to variable farmer’s
practices; hence, in this case there is little interaction between genotype and environment.
But for future genotypes it may be necessary to exploit more fully the potential of certain
clones for specific regions.

Results of yield trials conducted at Hung Loc Research Center in south Vietnam
have shown that SM937-26 gave very good yields at Lam Dong and Khanh Hoa
provinces (Table 3), while CMR29-60-15 and SM1157-3 were good in Ha Tay (Table
4), and SM981-3 and SM1157-3 were the highest yielders in Bac Thai province (Table
§). These clones are now included in the Regional Trials and On-farm Evaluation
Network in 1996.

Table 3. Results of Regional Yield Trials conducted by Hung Loc Agric. Research
Center in Central and South Vietnam in 1994.

Clones Fresh root yield at various locations (t/ha)

Average
Thua Quang Quang Khanh Binh Dac Lam yield
Thien Nam  Ngai Hoa Thuan Lac Dong (t/ha)

KM94 42.1 345 388 525 21.5 27.3 26.5 34.7
SM937-26 338 277 26.2 56.4 18.8 19.6 25.0 29.6
CMR937-14 - - - 42.6 15.5 - 22.2 26.7
KM60 404 26.8 348 644 19.5 25.2 249 33.7

Local check” 37.5 21.5 169  57.6 19.3 13.5 199  26.6

YLocal checks: H34, Nam Thuc and Gon
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First Promising Clones Selected from Hybrid Seeds

The introduction of hybrid seeds of selected crosses from CIAT started in 1990.
Recurrent evaluation from this seed is an opportunity to select those genotypes most
adapted to our specific cassava production conditions. During five years of intensive
selection from the seeds introduced in 1990 and 1991, OMR33-17-15 gave very
promising results in the south (Table 6) and CM4955-7 in the north (Table 7).

Table 4. Results of an Advanced Yield Trial conducted at the Potato and Vegetable
Research Center in Hanoi in 1995.

Clones Fresh root Root dry Dry root Harvest
yield matter content yield index
(t/a) (%) (t/ha)
KM9%4 26.83 40.1 10.76 0.64
KM60 22.67 38.4 8.71 0.60
CMR29-60-15 24.83 39.1 9.71 0.61
SM1157-3* 23.00 37.4 8.60 0.59
CMR25-33-105 21.33 37.7 8.04 0.66
SM981-3* 18.50 38.8 7.18 0.55

Vinh Phu (Local) 19.50 38.6 7.53 0.58

Table S. Results of an Advanced Yield Trial conducted at Agro-forestry College in
Bac Thai in 1995.

Clones Fresh root  Total biomass Harvest Root dry Dry root
yield yield index  matter content yield
(t/ha) (t/ha) (%) (t/ha)
Vinh Phu 17.1 26.5 0.64 38.4 6.5
KM60 20.5 30.5 0.67 41.4 8.5
SM1157-3 28.0 45.3 0.62 41.6 11.6
SM981-3Y 24.0 36.0 0.66 41.6 10.0
OMR25-33-105 19.8 27.0 0.73 41.6 8.2
CMR29-60-15  20.0 32.0 0.62 43.2 8.6
SM937-8" 22.6 359 0.63 40.0 8.9

DClones have been selected from hybrid seeds at Hung Loc Agric. Research Center
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Table 6. Fresh root yield of OMR33-17-15 in comparison with those of KM94,
KMG60 and local cultivars at some locations in South Vietnam in 1994.

Fresh root yield at various locations (t/ha)

Average
Clones Xuan Tra Long Tay Ho Chi yield
Thanh Co Thanh Ninh Minh (t/ha)
OMR33-17-15 271.1 357 41,0 293 49.5 40.5
KM94 27.8 425 46,0 41.7 50.4 41.7
KM60 23.1 371 - 30.6 - 30.3
Local cultivars 12.7 - - 26.1 21.1 19.9

Source: Tran Ngoc Quyen, 1994

Observation of Yield Potential of Materials Introduced from CIAT/Colombia and
the Thai-CIAT Program

It is obvious that cross parents have not been selected only for our ecosystem.
Some progenies may show good performance, while others may not be quite so good in
the new environment. Therefore, it is also important to estimate the yield potential of
different materials under our own conditions to get feedback for future selections. From
hybrid seeds introduced in 1993, we have seen that the selection rate in F, seedlings
derived from hybrid seeds from CIAT/Colombia was lower than from the Thai-CIAT
materials, i.e 18.5 and 21.0%, respectively. Especially in Single Row Trials, the
selection rate of CIAT/Colombia materials was much lower than that of Thai-CIAT
materials (14 and 40%, respectively) (Table 8). This observation was confirmed in the
Preliminary Yield Trial conducted at the Agro-forestry College in Bac Thai in 1995
(Table 9). The best clones that have been selected for the Replicated Yield Trial in 1996
indicate that Thai-CIAT materials seem to be better than CIAT/Colombia materials for
direct selection of promising clones that can be recommended for cassava production.
It is too early to draw any conclusion, because the success of a breeding program
depends not only on the skill of the breeders but also on the breeding materials. So,
having good parental materials with wide genetic variability will give us a good chance
to select the most suitable genotypes for both direct-use and for the future breeding
program.
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Table 7. Results of an Advanced Yield Trial conducted at Agro-forestry College in
Bac Thai in 1994,

Clones” Fresh root Total biomass Harvest  Root dry Dry root
yield yield index  matter content  yield
(t/ha) (t/ha) (%) (t/ha)
Vinh Phu(check) 15.6 25.8 0.60 38.4 6.0
KM60(check) 24.5 40.0 0.61 41.5 10.1
CM4955-7 30.0 48.5 0.62 41.5 12.4
SM1035-1 21.0 37.6 0.55 39.8 8.3
CM7889-10 18.7 29.7 0.63 38.9 1.2
CM7909-2 18.5 33.7 0.55 36.3 6.7
CM7889-2 15.8 28.3 0.56 41.5 6.5
SM1200-6 16.2 24.7 0.65 38.3 6.2
SM1079-1 14.7 30.3 0.48 40.4 59

DClones had been selected from hybrid seeds introduced in 1991

Table 8. Results of an evaluation of the selection rate of materials introduced from
CIAT/Colombia and the Thai-CIAT program in F1 Seedling and Single
Row Trials conducted at Agro-forestry College in Bac Thai in 1993 and

1994.
Stage of evaluation CIAT/ Thai-CIAT  Vinh Phu KM60
Colombia (check) (check)
F1 Seedling Trial §
-Total seeds 3000 1004 - -
-No of clones harvested 384 262 - -
-No of clones selected for next step 71 55 - -
-Selection rate(%) 18.5 21.0 - -
Single Row Trials
-Mean fresh root weight(t/ha) 16.3 22.8 17.6 23.5
-Mean total plant weight(t/ha) 32.6 39.0 31.7 375
-Mean harvest index 0.50 0.58 0.55 0.62
-Mean RDMC? 373 41.6 39.4 4.3
-No of clones selected for next step 10.0 21.0 - -
-Selection rate(%) 14.0 40.0 - -

1)RDMC=Root dry matter content
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Table 9. Average yield parameters of clones selected from seeds introduced from
CIAT/Colombia and the Thai-CIAT program in a Preliminary Yield
Trial conducted at Agro-forestry College in Bac Thai in 1995.

Mean traits CIAT/ Thai-CIAT  Vinh Phu KM60
Colombia (check) (check)

All entries mean

-Fresh root yield(t/ha) 23.9 253 26.4 30.0
-Biomass yield(t/ha) 45.6 45.6 45.2 46.2
-Harvest index 0.52 0.55 0.58 0.64
-RDMC"(%) 38.5 38.8 38.8 39.2
-Starch content(%) 273 27.6 27.4 28.1
Clones selected for RYT?

-Fresh root yield(t/ha) 27.3 32.0 - -
-Biomass yield(t/ha) 47.1 52.2 - -
-Harvest index 0.58 0.61 - -
-RDMC(%) 37.2 39.6 - -

-Starch content(%) 25.6 28.3 - -

YRDMC = Root dry matter content; RYT = Replicated Yield Trial

CONCLUSIONS

During the past five years much progress has been made in cassava varietal
improvement in Vietnam. Figure 1, 2 and 3 show that in all three institutions involved
in cassava breeding in Vietnam, the fresh yield of the breeding population increased
markedly compared to that of the control varieties, while the root dry matter content also
increased to 5-10% above that of the control varieties. Two high-yielding varieties,
KM60 and KM94, that are well adapted to our conditions have been officially released
and have brought additional economic benifits for farmers.

Breeding materials introduced both from CIAT/Colombia and from the Thai-
CIAT program have played a significant role in cassava varietal improvement in
Vietnam. At present, several promising clones selected from these materials, which have
some outstanding characteristics, may in the future supply the raw material for processing
factories, for animal feed and for other specific end-uses through further breeding and
the strengthening of the technology transfer network.
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CASSAVA VARIETAL DISSEMINATION IN VIETNAM
Hoang Kim', Tran Ngoc Quyen", Pham Van Bien® and Kazuo Kawano®

ABSTRACT

Before 1985, Gon, H34 and Xanh Vinh Phu were the most popular cassava varieties in
Vietnam. From 1986 to 1993, HL20, HL23 and HL24 were selected from the local variety
collection by Hung Loc Agricultural Research Center (HARC) and were grown extensively in
South Vietnam with annual areas of about 70,000 to 80,000 ha planted to these varieties.

More recently (1993-1996) the Vietnam Root Crops Program in cooperation with CIAT,
selected and recommended two new cassava varieties, KM60 (Rayong 60) and KM94 (MKUC 28-
77-3); these were recognized and released for production by the Ministry of Agriculture and Rural
Development (MARD). The two varieties are now widely grown in an area of about 15,000 ha
in 1996.

The report presents the linkage between cassava research and extension activities in
Vietnam. Experiences and methods of cassava varietal dissemination include ten mutual link-up
activities (ten Ts). The most important one was the establishment of the Vietnam Cassava
Research and Extension Network (including advanced cassava farmers, researchers, extensionists,
managers of cassava research and development projects, cassava trade and processing companies),
and the establishment of on-farm research and demonstration fields (Farmer Participatory Research
- FPR).

The Vietnam Cassava Research and Extension Network obtained good results during the
period of 1993-1995. Advanced farmers who obtained high yields and high profits due to the
growing of improved cassava varieties, became attractive models for other cassava growers,
resulting in the expansion of new varieties. In Tay Ninh province, for example, in 1990 the
cassava growing area was 3,350 ha, with an average yield of 10.8 t/ha and a total production of
36,200 tons. With the planting of new high-yielding varieties and new cultivation techniques, in
1995 the cassava growing areas had increased to 18,870 ha with an averaged yield of 20.5 t/ha
and a total production of 386,900 tons.

Six essential conditions for the successful cassava varietal dissemination in Vietnam
include: Materials, Markets, Management, Method, Manpower and Money (six Ms). However,
other problems should be taken into account: Crop competition (especially between cassava and
sugarcane); soil fertility degradation and erosion; and decreasing varietal diversity.

INTRODUCTION

Cassava in one of the main crops in Vietnam (Table 1). It plays an important
role in the strategy of national food security. It is also a main source of raw material for
starch and animal feed factories. In 1995, the total cassava area reached 277,500 ha with
an average yield of 8.0 t/ha and a total production of 2,211,700 tons (General Statistical
Office, 1996).

! Hung Loc Agric. Research Center (HARC) of IAS, Thong Nhat, Dong Nai, Vietnam.
2 Institute of Agricultural Sciences of South Vietnam (IAS), Ho Chi Minh city, Vietnam.

3 CIAT Asian Cassava Regional Program, Dept. Agriculture, Bangkok, Thailand.
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Table 1. Area, yield and production of principle crops in Vietnam in 1995,

Crop Area Yield Production
(’000ha) (t/ha) (’000t)
Food crops
Rice 6,765.6 3.69 24,962.8
Maize 556.8 2.13 1,484.2
Sweet potato 304.6 5.53 1,685.8
Cassava 271.5 7.97 2,221.7
Vegetables 328.2 12.62 4,145.6
Beans 187.5 0.68 126.7
Annual industrial crops
Groundnuts 259.9 1.28 3344
Soybean 121.1 1.03 125.5
Sugarcane 224.8 47.60 10,711.2
Tobacco (leaves) 27.0 1.00 27.0
Mulberry 21.8 6.84 148.9
Cotton 14.6 0.71 10.0
Rushes 9.0 6.49 ’ 59
Jute 42 2.27 9.5
Perennial industrial crops
Rubber 278.4 0.84" 122.7
Coffee (beans) 186.4 2.18Y 218.1
Tea (dry) 66.7 3.41Y 180.9
Cashew nut? 250.0 0.83" 100.0
Fruits? 310.0 - -
Pepper? 7.0 1.28 9.0

U The harvested areas of rubber, coffee, tea and cashew nut in 1995 are:
146,900, 99,900, 53,000 and 120,000 ha, respectively.
Source: General Statistical Office, 1996

Cassava areas and production in Vietnam have flucated markedly during the period
from 1976 to 1995 (Figure 1). The biggest cassava area was 461,400 ha with a total
production of 3,422,000 tons in 1979. Cassava root yield increased from 7.5 t/ha in
1980 to 8.0 t/ha in 1995 (Nguyen Van Thang, 1996).

Before 1985, the most popular cassava varieties grown in Vietnam were Gon, H34
and Xanh Vinh Phu. During the period of 1986-1993 (Table 2), three cassava varieties,
HL20, HL23 and HL24, were selected from local cassava collections and released by the
Hung Loc Agricultural Research Center (HARC). They were grown annually on about
70,000 ha in South Vietnam (Tran Ngoc Ngoan et al., 1995).
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Table 2. Cultivar distribution in representative cassava growing regions in Vietnam
(% in each region).

Region

Cultivar Northern  Red North South  Central  South-
(local name) Mountain River  Central  Central Highlands eastern

Region  Delta Coast Coast Region
Mi Xanh(Vinh Phu) 51.2 42 9.8 0 0 0
Mi Trang 16.0 92.7 275 0 0 0
Chuoi 12.9 0 0 0 0 0
Man 0 2.1 6.9 0 0 0
Du 1.4 0 2.0 0 0 0
Ha Bac 1.1 0 25 0 0 0
Gon(Mi Do) 1.7 1.0 11.8 6.6 2.0 12.4
H34 0 0 9.6 28.2 77.0 6.8
HL20 0 0 0 0 0 33.6
HL23 0 0 0 36.3 0 8.2
HL24 0 0 0 0.7 21.0 30.9
Others 9.8 0 30.0 28.2 0 8.1

Source: Tran Ngoc Ngoan el al., 1995

The Vietnam Root Crops Program, with strong supports from CIAT, has made
considerable progress since 1988. During the period of 1993-1995, two new cassava
varieties, KM60 (Rayong 60) and KM94 (MKUC28-77-3), were recommended and
allowed to be released for production by the Ministry of Agriculture and Rural
Development (MARD). The two varieties are now widely grown in an area of about
15,000 ha in 1996.

Advanced farmers who obtained good yields and high profits from growing
improved cassava varieties became attractive models for other cassava growers, resulting
in the expansion of new varieties. In Tay Ninh province, for examples, the total cassava
area in 1990 was 3,350 ha with an average yield of 10.8 t/ha and total production of
36,200 tons. However, with the planting of new high-yielding varieties and applying
new cultivation techniques, the cassava area increased to 18,870 ha with an average yield
of 20.5 t/ha and a total production of 386,900 tons in 1995 (General Statistical Office,
1996).

This report presents methods and experiences in cassava varietal dissemination
in Vietnam. The report also introduces the initial results and discusses the essential
conditions required for success in cassava varietal dissemination, and outlines new
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problems and challenges in cassava production in Vietnam.

METHODS OF CASSAVA VARIETAL DISSEMINATION IN VIETNAM:
A CASE STUDY OF HARC.
1. Establishment of National Cassava Research and Extension Network

The chart shown in Figure 2, indicates the coordination between cassava research
and extension activities. It was considered essential to build up a National Cassava
Research and Extension Network, which includes advanced cassava farmers, researchers,
extensionists, managers of cassava research and development projects, as well as cassava
trade and processing companies. The network was established in 1991 and workshops
have been organized annually at HARC. The objectives, responsibilities, subjects and
methods of operation were further developed and adapted to Vietnamese production
conditions in the course of the years (Hoang Kim et al., 1995).

2. Establishment of Demonstration Fields and On-farm Research (OFR)

On-farm research and the transfer of technologies were particularly emphasized:
HARC focussed mainly on three related research areas, i.e. breeding, cultivation
techniques and the transfer of technologies (Hoang Kim et al., 1995). Methodologies to
study cropping systems, developed by IRRI, (Zandstra et al., 1981; Carangal, 1990) and
agricultural ecology systems analysis (Conway, 1986) were used in cassava research and
development programs.

Cassava breeding lines were evaluated first in Preliminary Yield Trials (PYT),
which are non-replicated with a plot area of 12-36 m?. The selected accessions then were
evaluated in Standard Yield Trials (SYT) and Regional Yield Trials (RYT) using a
completely randomized block design (CRBD) with a plot area of 30-50 m? and 3-4
replications.

The most promising clones were demonstrated on farmers’ fields with 4-5
varieties (including two local popular varieties) per household. Each variety was grown
in 10-30 m? without replication. Two to four promising varieties (including one local
variety) were then selected and evaluated in pre-production plots of 1000 m? per variety.
A field day was organized at harvesting time.
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3. Ten Mutual Link-up Extension Activities (ten Ts)

The extension methodology used by the Institute of Agricultural Science of South
Vietnam (IAS) can be summarized by the following ten words starting with the letter T
(in Vietnamese):

1. Thu nghiem Trials

2. Trinh dien Demonstrations

3. Tap huan Training

4. Trao doi Exchange

S. Tham vieng Farmer tours

6. Tham quan hoi nghi dau bo Farmer field day

7. Thong tin tuyen truyen Information, propaganda

8. Thi dua Competition

9. Tong ket khen thuong Recognition, praise and reward
10. Thanh lap mang luoi Establish good farmers’ network

nguoi nong dan gioi

RESULTS AND DISCUSSION
a. Results

HARC’s cassava germplasm includes 71 local cultivars and 26 cultivars and
promising clones introduced from CIAT, as well as 26,652 hybrid seeds introduced from
CIAT/Colombia and from the Thai-CIAT program. KM60 was the highest yielding
variety in all RYT and On-farm Trials from 1990 to 1992 (Table 3). This variety is
preferred because of its higher starch yield as compared to the local ones. It is also
tolerant to drought and has a straight stem and little branching.

KM94 has been the best variety in all SYT at HARC from 1991 to 1993 (Table
4). KM94 was also evaluated in RYT in 25 locations in several provinces in 1994. It
was selected for production because of its consistent high yield (Table 5 and 6). KM60
and KM94 are now expanding rapidly in production. In the latter part of 1996 the two
varieties are being planted in about 15,000 ha (Table 7), mainly concentrated in Dong
Nai, Tay Ninh, Song Be, An Giang, Quang Ngai, Gia Lai, Lam Dong, Ba Ria-Vung
Tau, Dac Lac, Binh Thuan and Binh Dinh provinces.

A comparision in terms of economic returns between KM60 and HL20 in Dong
Nai (Table 8) shows that KM60 produced a profit of 7.71 million dong/ha, while HL20
only gave 4.19 million dong/ha (Ao Van Thinh, 1996).
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An outstanding example is Tay Ninh, where the new high-yielding cassava
varieties are rapidly replacing the local low-yielding clones. Before 1990, Gon, H34 and
Binh Duong varieties comprised 100% of production. In 1995, however, the new
varieties covered 80-90%, while the newest clones, i.e. KM60, KM94, SM937-26, and
KM95, covered about 20% of the total cassava area of Tay Ninh. According to Table
9, the averaged yield in 1995 was 20.5 t/ha in 18,850 ha, resulting in a total production
of 386,900 tons, as compared to an average yield in 1990 of 10.8 t/ha, a planting area
of 3,350 ha and production of 36,200 tons (Tran Vien Thong, 1996).

An economic analysis shows that in Tay Ninh the planting of KM60 could give
a net income of 4.46 million dong/ha with an average yield of 20 t/ha in 1995 (Table
10).

Table 11 shows the inputs and economic benefits obtained by three advanced
cassava farmers who planted the new variety KM60. Private companies that participated
in the cassava R&D system also promoted greatly the varietal dissemination and the
change in cropping systems. In 1995, KM60 and KM94 were released as national
varieties.

Table 9. Cassava growing area, yield and production in Tay Ninh province
fromn 1990 to 1995.

Year Area(ha) Yield (t/ha)  Production (t)
1990 3,355 10.8 36,210
1991 7,366 11.5 85,142
1992 7,173 11.7 83,652
1993 9,337 13.7 129,624
1994 15,846 18.7 196,598

1995 18,849 20.5 386,904

Source: General Statistical Office, 1996.
Tran Vien Thong, 1996.
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Table 10. Cost and return analysis per hectare for a new cassava production
scheme using cultivar KM60 in Tay Ninh province in 1995,
assuming a yield of 20 t/ha fresh roots.

Unit Amount Unit price Total price
(°000d) (’000d)

1.Total cost: 3,937
Plowing buffalo-day 3 140 420
Other land preparation buffalo-day 1 150 150
Planting man-day 12 12 144
Weeding man-day 10 12 120
Harvesting man-day 30 12 360
Transportation pick-up 4 200 800
Planting stakes bundle 50 10 500
Chemical 72
Herbicide liter 2 170 340
Urea bag of 50 kg 1 148 148
Ammounium sulfate bag of S0 kg 3 75 225
Single superphosphate  bag of 50 kg 6 48 288
Potassium chloride bag of 50 kg 3 90 270
Farm yard manure t 2 50 100

2.Gross income: 8,400
Root harvest t 20 300 6,000
Planting stakes bundle 400 6 2,400

3.Net income: 4,463

1US$ = 11,000 dong
Source: Agriculture and Forestry Service of Tay Ninh province.
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Table 11: Cost of production, gross and net income of three advanced cassava
farmers in South Vietnam in 1995/96.

Name of farmer

N.H. Cuong Ho Sau T.Q. Thanh

Item (Dong Nai) (Ding Nai)  (Tay Ninh)
Variety planted KM 60 KM 60 KM 60
Farm size (ha) small medium large
Yield (t/ha) 25 30 25
Price fresh roots (d/kg) 500 350 570
Total production costs(’000d/ha) 6,440 4,210 3,930
Gross income(’000d/ha) 12,500 10,500 14,250

Net income(’000d/ha) 6,060 6,290 10,220

Source: Nguyen Hung Cuong, 1997
Ho Sau, 1997
Tong Quoc Thanh, 1997

b. Six essential conditions for the successful cassava varietal dissemination

To ensure that the cassava varietal dissemination is successful, the following
factors should be of mayor concern: Materials, Markets, Management, Method,
Manpower and Money.

Materials: The Vietnam Root Crops Program maintains a collection of promising
cassava germplasm, consisting of both local varieties and clones introduced from CIAT;
this constitutes a very important genetic resource for the country and guarantees future
progress in cassava varietal improvement (Figure 4).

Markets: Cassava utilization for human consumption decreased. However,
cassava demand for industrial and animal feed processing increased greatly in Vietnam.
From 1990 up to 1996, the cassava market has been expanding. Many cassava
processing factories were established and are now operating, thus greatly stimulating
cassava production and development (Figure 5).

Management: Changes in goverment policy and economic reform created
favorable conditions for agricultural development and stimulated the use of new varieties
and the application of advanced cultivation techniques in cassava production. The
Cassava R&D Network also plays an essential role in the evaluation and dissemination



98

of new varieties (Huang Kim ez al., 1995).

Method: It is essential to plant demonstration fields and on-farm trials and to
conduct Farmer Participatory Research (FPR) to enhance varietal dissemination. Varietal
improvement should be combined with studies of cultivation techniques in certain
cropping systems.

Manpower: Vietnamese farmers, especially advanced farmers, are quick and
active in the testing and planting of new varieties. Cassava researchers, extensionists,
processors and trades must also be firmly linked and work together through the cassava
R&D network.

Money: Funding for cassava R&D activities have come from the goverment,
agricultural products trade companies, the agricultural extension budget, international
cooperation programs, various countries and from non-governmental organizations
(NGOs). Presently, funding for cassava R&D in Vietnam is very limited. However, it
has increased in recent years.

c¢. Constraints to cassava production

1. Crop competition: Sugarcane, rubber, coffee, fruit trees and cashew nuts are
competing with cassava, especially sugarcane. By the year 2000, Vietnam will try to
produce one million tons of sugar, 220-240 thousand tons of coffee, 180-200 thousand
tons of rubber and 120 thousand tons of cashew nuts. A total of 29 sugar factories are
operating to implement the planned objective. Rubber, coffee and fruit trees are
receiving big investments from the goverment. Competition from other, more valuable
crops may become a big problem for cassava production. The development of cassava
varieties suitable for each agro-ecological region and more productive cropping systems
are important to be abie to make cassava an economically attractive crop.

2. Soil fertility degradation and erosion: In Vietnam, cassava is mainly grown on
grey Podzolic soils of low fertility and with slopes of 0-15%. In the past, fertilizer
application was very limitted. Growing cassava continuously in a certain area usually
leads to yield reductions. Studies on fertilizer application, legume intercropping and
suitable cultivation techniques for sloping soils are therefore required.

3. Genetic erosion: Cassava varictal improvement has greatly increased
production. However, the planting of new cassava varieties has created pressure to
eliminate old varieties and has narrowed the cassava germplasm base. Although no
serious outbreaks of pests or diseases have occured, genetic diversity should be
maintained in the cassava R&D program.

CONCLUSIONS AND RECOMMENDATIONS

Conclusions
1. Cassava varietal dissemination in Vietnam has made quick and reliable progress. The
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Vietnam Root Crops Program in cooperation with CIAT, recently (1993-1996)
selected and recommended two new cassava varieties: KM60 (Rayong 60) and KM9%4
(MKUC 28-77-3). These were released for production by the Ministry of Agriculture
and Rural Development (MARD). The two varieties are now widely grown in an area
of about 15,000 ha in 1996. Advanced farmers, who obtained high yields and high
profits due to the growing of improved cassava varieties, have become good models
for other cassava growers to follow, resulting in the expansion of new varieties.

2. Experience in the linking of cassava R&D activities in Vietnam included the
establishment of the Vietnam Cassava Research and Extension Network and the
establishment of on-farm research and demonstration fields and Farmer Participatory
Research (FPR); these involve ten mutual link-up activities, called the "ten Ts" (in
Vietnamese).

3. Six essential conditions for successful cassava varietal dissemination in Vietnam
include: Materials, Markets, Management, Method, Manpower and Money ("six Ms")
Vietnam now has favorable conditions for cassava production. However, other
problems should be taken into account, such as crop competition (especially from
sugarcane); soil fertility degradation and erosion; and decreasing varietal diversity.

Recommendations

1. Further strengthening of cooperation between the Vietnam Root Crops Program and
CIAT, not only in varietal improvement but also in the area of on-farm research and
transfer of technologies.

2. Use of biotechnology in cassava breeding and the multiplication of planting materials.

3. Studies on intercrop competition, soil fertility maintenance and erosion control, and
ways to enhance varietal diversity.

4. Trying to win financial support from cassava processing and trade companies (Vedan,
Ajinomoto, etc) and International Agricultural Research Organizations (CIAT, IDRC,
ACIAR) as well as from countries and non-governmental organizations.
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BREEDING AND VARIETAL IMPROVEMENT OF CASSAVA IN INDIA
S.G. Nair, P.G. Rajendran, S.K. Naskar, M.T. Sreekumari, M. Unnikrishnan
and M.N. Sheela'

ABSTRACT

An analysis of the recent trend in cassava area, production and yield during 1993-96
revealed an impressive increase in Tamil Nadu, which is the predominant state where cassava is
grown as an industrial crop. Its present yield of 29 t/ha is the highest in the world. Even though
the overall national trend in cassava area and production is declining, India’s current average yield
of 21 t/ha is also the world’s highest.

In India, cassava breeding is mainly carried out at CTCRI in Thiruvananthapuram and
at its regional centre at Bhubaneswar. The All India Co-ordinated Research Project on Tuber
Crops, with eleven centres in the country, is also engaged in cassava improvement in a limited
way. The Tamil Nadu centre has recently identified a high yielding short duration variety, H-119,
while the Assam centre has identified two varieties, i.e. H-165 and Sree Prakash, suitable for the
region. The co-ordinating centres in Madhya Pradesh and Andhra Pradesh, along with the CTCRI
regional centre at Bhubaneswar, have been evaluating the promising exotic germplasm received
from the Thai-CIAT program. High root yields of more than 35 t/ha were recorded for some of
the CIAT selections, i.e. CMR33-67, CMR36-32, SM2077 and SM2090.

Attention is currently being given to the development of early maturing, good cooking
quality varieties, which can be harvested at sixth months, so that they can effectively be utilized
in cassava-rice double cropping systems as practised in Kerala. Three short-duration indigenous
clones, i.e. CI-649, CI-731 and CI-732, were identified, which are now in the pre-release stage.
These varieties are also included in the initial evaluation trial of the All India Co-ordinated
Research Project on Tuber Crops.

Breeding efforts are also focused on developing high yielding, high starch varieties for
areas like Tamil Nadu, Andhra Pradesh and Madhya Pradesh. A unique approach in this direction
is the production of "triploids”. The triploids, possessing high yield combined with high starch
recovery, hold much promise to become popular in regions like Salem district of Tamil Nadu,
where the crop is grown for the starch industry. A triploid, 2/14, has already been proposed for
release under the name *Sree Harsha’ by the State Varietal Release Committee.

Studies are also in progress on the possibility of using sexual seed for the rapid
propagation and spread of cassava. Results indicate that even unselected first clonal progenies of
promising parents have a comparable root yield and dry matter production capacity as those of the
high yielding released varieties of cassava.

Cassava mosaic disease is still posing great problems in germplasm conservation. Use
of a nursery technique with three noded cuttings coupled with thorough screening and roguing of
CMD affected plants in the nursery and field was effective in the recovery and quicker
multiplication of symptom-free plants.

INTRODUCTION

Cassava (Manihot esculenta Crantz), popularly known in India as tapioca, is
reported to have been introduced into India sometime in the seventeenth century by
Portuguese traders who visited South India. Many of the "types" under cultivation today
have originated either by selection from the lines introduced in the early days from exotic

! Central Tuber Crops Research Institute (CTCRI), Thiruvananthapuram, Kerala 695017,
India.
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sources through chance seedling progenies or through natural mutations. The crop is
now grown in an area of 235 thousand hectares with an annual production of 5.34 million
tonnes (FAO, 1994). In India the cultivation of this crop is mainly concentrated in the
southern states, i.e., Kerala, Tamil Nadu and Andhra Pradesh, and to some extent in the
northeastern mountainous region. The three southern states together account for about
96% of the cassava area and 98% of production in India.

Area, Production and Yield

An analysis of cassava planted area and production shows an enormous increase
up to 1974/75 (0.39 million ha), after which it started declining fast until 1985/86 (0.27
million ha), followed by a slower decrease thereafter. The production area in Kerala
during the last three years (1991-94) is showing a slight decreasing trend (Table 1). The
major factor accounting for this decline in area is the shift in cropping pattern in Kerala
State, where plantation crops are starting to dominate the agricultural economy.
However, cassava production statistics for 1992-95 reveal that in Tamil Nadu, the
predominant state where cassava is grown as an industrial crop, the area, production and
yield have all increased impressively. The area under cassava in Tamil Nadu has
increased from 76,431 ha in 1990 to 85,543 ha in 1994 with a production of 2.856
million tonnes. The hybrids H-165 and H-226 occupy more than two thirds of the
cassava area in Tamil Nadu. Similarly, in Andhra Pradesh the same two varieties are
gaining popularity and are currently grown in an area of about 16,300 ha. In Assam, H-
165 and Sree Prakash have been found to be promising and have been recommended for
cultivation in the state in 1995. Tamil Nadu’s present cassava yield of 29 t/ha is the
highest in the world. Even though the overall national trend in area and production is
declining, India’s current cassava yield of 22 t/ha is the world’s highest and more than
double that of the world average of 10 t/ha.

Table 1. Area, production and yield of cassava in Kerala.

Year
1991/92 1992/93 1993/94
Area ("000ha) 141.88 135.03 130.99
Production (*000t) 2670.55 2629.13 2602.20
Yield (t/ha) 18.82 19.47 19.87

Source: Farm guide 1997, Gowt. of Kerala.
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Cropping Systems

The cropping system of cassava in Kerala has undergone a tremendous change,
from mainly upland monocropping to multiple cropping. The suitation is entirely
different in Tamil Nadu and Andhra Pradesh, where cassava is cultivated as an upland
monocrop. In Tamil Nadu, cassava is grown mainly as an irrigated crop under full-sun
conditions, except in Kanyakumari district, where it is grown as a rainfed crop under
both upland and lowland conditions (Ramanathan ez al., 1990). In the irrigated area,
more than 75% of the area is planted with the high-yielding hybrid varieties H-165 and
H-226, \zrhereas local varieties are grown in about 80% of the rainfed area. In the
irrigated and rainfed areas, Jan/Feb and April are the main months of cassava planting,
respectively. Similarly, there is a striking difference in terms of varietal dissemination
in Kerala vis-a-vis neighboring states of Tamil Nadu and Andhra Pradesh. While the
local varieties dominate (75% of the area) the cassava area in Kerala, in the other two
states mainly hybrids are grown. It was also observed that while there is great genetic
diversity in Kerala state, only a few varieties prevail in the other states.

Cassava Utilization and Varietal Distribution

Change in the utilization pattern of cassava roots have contributed to a great
extent to the spread of hybrid varieties and improved production technologies. In Kerala,
the major portion (> 70%) of cassava is used for direct human consumption, whereas in
Tamil Nadu and Andhra Pradesh 70% of production is utilized as industrial raw material
for the manufacture of starch and sago. There are about 1000 small-scale starch factories
in Tamil Nadu and about 45 in Andhra Pradesh, but in Kerala there are only 20 units.
With the wide-spread availability of cereals like rice and wheat resulting in a reduced
consumption of cassava as a cereal substitute, the crop’s diversification to industrial
processing is the only alternative to sustain and increase the current level of production.
With the cassava-based industries picking up in Tamil Nadu and Andhra Pradesh, it is
no surprise that cassava hybrids have become popular in those states. Even in Kerala,
which has low industrial utilization of cassava, the yield of cassava has remarkably
increased from 7-8 t/ha in the 1950s to 18-19 t/ha in the 90s. This was achieved mostly
by low external-input improved production practices, along with a limited coverage of
high-yielding varieties.

There is a distinct variation in the preference for cassava varieties in different
regions of Kerala. A survey conducted by CTCRI revealed that the local varieties are
still very popular in Kerala state (68%) and their concentration is highest in central and
northern regions with a coverage of 80-90% of the area in Kottayam and Malappuram
districts (Table 2). In Trivandrum district, local varieties occupied about 53% of the
area and in Quilon around 36% (Ramanathan et al., 1989). The improved variety M4
is very popular throughout the state and its dominance is especially noticeable in the
southern region.
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Table 2. Varietal coverage of cassava in various districts of Kerala.

Varietal coverage in each district (% of area planted)

Varieties Trivan Quilon  Pathanama Kottayam Malap Overall
drum thitta puram
Local varieties 52.76 35.55 12.65 81.65 90.51 68.78
Improved variety M4 40.63 49.26 53.94 18.35 9.21  25.13
High-yielding varieties
H-165 4.68 2.25 5.45 - 1.65
H-226 0.15 10.80 22.02 - 0.15  3.27
Sree Visakham 1.22 1.07 - - 0.13 0.4
Sree Sahya 0.56 1.07 5.94 - - 0.73

Source: Ramanathan et al., 1989

The utilization pattern of cassava in various districts of Tamil Nadu was observed
to have an influence on the varieties preferred for cultivation by the farmers. As most
of the production is used for direct human consumption in Kanyakumari district, good
tasting local varieties are preferred and are presently grown in about 80% of the area
(Table 3). The improved cassava variety M-4 had a coverage of only 6% of the area.
The high-yielding varieties H-165 and Sree Visakham (H-1687) were also rather popular
in this district and they accounted for about 13% of the area. With the concentration of
cassava-based starch and sago factories in and around Salem, there was a preference for
growing high-yielding varieties in the districts of Salem, South Arcot and Dharmapuri.
About 75% of the cassava area in each of these districts was found to be planted with the
hybrids H-165 and H-226. The remaining 25% of the area in Salem and Dharmapuri
was planted to the popular local variety "Burma" (Ramanathan et al., 1990).

Table 3. Varietal coverage of cassava in various districts of Tamil Nadu.

Varietal coverage in each district (% of area planted)

Varieties Kanyakumari Salem South Arcot =~ Dharmapuri Overall
Local varieties 80.21 27.83 7.65 27.58 23.10
Improved varities M-4 6.40 - 11.33 - 441
High-yielding variteties
H-165 4.76 5.15 57.03 - 22.33
H-226 - 67.02 23.99 72.42 49.73
Sree Visakham 8.63 - - - 0.43

Source: Ramanathan et al., 1990.
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VARIETAL IMPROVEMENT
Germplasm Collection and Breeding

In India breeding research in cassava is mainly centered at the Central Tuber
Crops Research Institute (CTCRI), in Thiruvananthapuram, Kerala and at its regional
Centre in Bhubaneswar. The All India Co-ordinated Research Project on Tuber Crops,
whose headquarters is located at CTCRI, is also engaged in a limited way in cassava
improvement. Out of the eleven centers located at different Agricultural Universities and
at the ICAR Research Complex for the Northeastern Hill Region in Shillong, eight
centers are conducting cassava research.

Genetic variability is the essence of any plant breeding program. An assembly
of diverse genetic stocks of any crop is the raw material from which a new variety can
be moulded to suit the requirement of the farmers. A germplasm bank, including wild
relatives from within and outside the country, has been built up. The CTCRI germplasm
bank presently maintains 781 exotic and 806 indigenous acessions of cassava, as well as
eight wild species. The All India Co-ordinated Research centres maintain 765
indigenous accessions. Many of the local varieties of cassava under cultivation in Kerala
are either chance seedlings or are bud mutations selected for desirable characteristics and
maintained by farmers through vegetative propagation. Varieties best suited to the
requirements imposed by the local conditions are generally adopted and popularized in
various cassava growing areas. Moreover, the tendency of farmers to clonally multiply
the self-sown seedlings, if these are bestowed with any desirable attributes, particularly
better root characteristics, led to the addition of numerous varieties (Nair and Pillai,
1995). The majority of these types have local names, which generally indicate one of
the striking features of the plant.

A systematic evaluation of the genetic stocks has resulted in the identification of
several promising clones, which were later utilized either as parents in the intervarietal
hybridization or were released as varieties. As such, six varieties, i.e. H-165, H-226,
H-97, Sree Visakham, Sree Sahya and Sree Prakash, have been released from the Central
Tuber Crops Research Institute (Magoon et al., 1970; Jos et al., 1981). The Kerala
Agricultural University released a short duration cultivar called "Nidhi". Attention is
currently given for the development of early-maturing, good cooking quality varieties,
which can be harvested at six months, so that they can effectively be utilized in the rice-
cassava crop rotation program now in vogue in Kerala state. Research in this direction
has resulted in the identification from the germplasm bank of three short-duration
indigenous clones, i.e. CI-649, CI-731 and CI-732, which are now in the pre-release
stage in Kerala. These varieties are presently under initial evaluation in Andhra Pradesh,
Tamil Nadu and Madhya Pradesh under the All India Co-ordinated Research Project on
Tuber Crops.
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Evaluation of CIAT Germplasm

Cassava seeds received from CIAT were initially screened at the Regional Centre
in Bhubaneswar. During the period from 1989-96, five sets of cassava botanical seeds
comprising 119 accessions were introduced from CIAT. Out of five sets, four sets of
seeds were evaluated preliminarily for yield characters and their reaction to diseases.
Germination percentage of seeds ranged from 0-100%. The highest average germination
was observed in the third batch (63.2%). Seedlings were evaluated in the field.
Harvesting was done at 7-10 months. The fresh root yield, along with the number of
selections made in each batch, are presented in Table 4.

Table 4. Fresh root yield obtained and the number of selections made in four
batches of cassava seeds received from CIAT.

Range in Average No.of
fresh root root yield selections
Batches yield (t/ha) (t/ha)
1* batch 0.00-24.69 5.43 1
2™ batch 4.94-43.02 8.11 1
3~ batch 8.64-43.20 19.45 9
4™ batch 0.00-37.65 12.86 3

The root yield ranged from zero to 43.2 t/ha. The highest average yield of 19.45
t/ha was recorded in the third batch. A total of 14 high-yielding lines were selected
(Table 5).

The highest fresh root yield (43.2 t/ha) was obtained with CMR36-32, which was
not significantly different from that of CMR33-67 (43.02 t/ha). SM2077 and SM2090
were the next highest yielders, which recorded 37.65 and 35.18 t/ha, respectively.
Cassava Mosaic Disease (CMD) was not noticed at the Regional Center in Bhubaneswar,
but when these promising selections were transferred to the germplasm bank at CTCRI,
clear CMD symptoms were noticed in all the clones. The most important disease noticed
at the regional center was witches broom, which infected six accessions, i.e. CMR38-58,
CMR36-12, CMR36-38, CMR36-116, CMR36-71 and CMR36-73. Angular spot disease
and leaf spot disease were also noticed. The fifth set of seeds received from CIAT was
distributed to the Regional Center in Bhubaneswar as well as to the Co-ordinating Centers
in Madhya Pradesh and Andhra Pradesh for further evaluation and selection.
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Table 5. Performance of 14 selections from cassava botanical seeds received from

CIAT.

Fresh root yield Root Root
Selections (t/ha) color? taste?
OMR32-02 24.69 w NB
CMR33-67 43.02 w S
CMR36-32 43.20 w S
CMR36-34 22.21 w NB
CMR36-38 22.21 w NB
CMR36-116 25.91 w S
CMR36-123 28.50 w B
CMR36-159 22.21 w S
OMR36-28 23.44 w S
OMR36-31 28.38 w B
OMR36-73 23.45 w B
CM8619 25.43 w S
SM2077 37.65 w S
SM2090 35.18 w NB
YW = white

2NB=not bitter; B=Dbitter; S=sweet

Production of Chromosomal Lines

Polyploidy breeding has great potential in crops where the economic produce is
a vegetative part, especially when it can be clonally multiplied. The somatic
chromosome number in cassava is relatively low (2n = 36), and hence the plant can
tolerate higher ploidy. So the production of induced tetraploids (4n = 72) and triploids
(3n = 54) constitute yet another basic approach to cassava improvement. Auto-
tetraploidy is being induced with colchicine in a wide range of genotypes, so as to
provide considerable variability at the polyploid level and allow a large-scale
hybridization program, followed by selection among polyploid types (Magoon et al.,
1969). The induced tetraploids so far produced have also been successfully utilized for
the production of triploids. Triploids are obtained by crossing induced tetraploids with
some of the cultivated cassava types; they were found to be superior to colchicine-
induced tetraploids in yield and sometimes outyielded diploids (Jos et al., 1987). The
triploid plants consistently showed higher root dry matter (DM) contents. The triploid
2/14 produced a higher root yield, dry matter (>45%) and recoverable starch content
(>35%) under multi-locational trials than the standard cassava check varieties. This
promising triploid was proposed for release to the State Variety Release Committee under
the name "Sree Harsha".
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Enhancement of Carotene in Cassava

In most cassava clones, the flesh or the edible portion of the root is white and
devoid of any carotene. Yellow pigmented cassava varieties are cultivated in a limited
way in Colombia, the Philippines, Jamaica and in some south African countries (Oduro,
1981). Among a total of 654 accessions screened for carotene, 21 clones had yellow
flesh (Moorthy et al., 1990). The frequency of high-carotene clones were found to be
higher among the exotic collections. The carotene content ranged from 65 IU/100 g to
670 1U/100 g. An attempt was made to elevate the carotene levels through genepool
development from the existing genetic resources (Jos et al., 1990). By simple recurrent
selection the carotene content could be elevatd to 1500 IU in the first cycle, to 2200 IU
in the second, to 3217 IU in the third, and to 3985 IU/100 g in the fourth cycle (Table
6).

Table 6. Carotene content of cassava roots in the fourth cycle of recurrent selection.

Carotene content

Color of flesh No. of clones (IU/100g)
Orange 12 2000-398S
Yellow 9 2880-3925
Yellow orange 12 2200-3400

Interspecific Hybridization

Interspecific hybridization and genome analyses carried out on different crops
have opened up new avenues of improvement of crop plants and have successfully
contributed to the development of radically new and better types (Magoon, 1967). By
virtue of sharing a common genepool, cassava is easily crossable with a number of wild
species, and the occurrence of desirable genes makes interspecific hybridization one of
the most significant approaches in cassava germplasm development. However, the
absence of any wild species in Asia makes it difficult to procure the materials and to
maintain the species under our conditions; the lack of clonal propagation in some of
them, as well as their poor flowering, make the interspecific hybridization also rather
difficult. Though half a dozen species were used in the program, success could be
achieved only in four combinations, i.e. cassava x M. glaziovii, cassava x M. tristis,
cassava x M. flabellifolia and cassava x M. caerulescence. The hybrid, cassava x M.
caerulescence was found to be completely free of CMD symptoms. However, the
transfer of tolerance to the cultivated varieties was hindered by its erratic flowering and
female sterility. Interspecific back-cross (BC1 and BC2) populations were grown for
CMD screening and evaluation. Fifty seven per cent of the back cross population was
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completely free of CMD symptoms. Twenty eight hybrids recorded yields ranging from
2.0-3.5 kg per plant.

True Cassava Seed Program

In the traditional production system it is difficult to bring large new areas under
cassava cultivation because of the low multiplication rate, bulkiness of planting material,
difficulty in transportation, rapid loss of viability of the planting material and the high
risk of introducing disease and pest problems (Rajendran and Ravindran, 1993). Studies
using sexual seeds have revealed that in the true seed program the multiplication rate
could be raised to above 1:150, as compared to 1:10 in the conventional method.
Promising cultivars have been identified which can produce more than 200 kg of sexual
seeds per hectare. At the time of transplantation of the seedlings in the field, the tap root
is cut and removed, which contributes to a high clonal yield at the seedling stage.

The first clonal progeny lines of promising parents had comparable root yield
potential and root dry matter production as those of the popular clonal varieties. These
studies indicate that cassava propagation from true seed has considerable potential in
some new industrial areas due to their high multiplication rate, ease in covering extensive
areas with lesser expense and comparable root yield and dry matter content. The
incidence of CMD is considerably reduced in these progeny lines.

Rapid Multiplication of CMD-free Plants

A quick method was developed at CTCRI for the multiplication of mosaic free
planting material. Symptom-free plants are selected from the field and stems are
collected. The stems are cut into small stakes having only 3 to 4 nodes. In the normal
practice, the setts are planted directly in the field. But in this new system, a nursery
stage is introduced before transplantation to field. The stakes are planted on nursery beds
and left to sprout. Screening for CMD symptoms is done as soon as leaf emergence has
started. Only symptom-free settlings are transplanted to the field at 25 days after nursery
growth. Roguing is also continued in the main field. At harvest, symptom-free stems
are again collected and setts are screened through this nursery technique before
transplanting to the field.
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CASSAVA RESEARCH PROGRAM AT TAMIL NADU AGRICULTURAL
UNIVERSITY (TNAU) IN INDIA
S. Thamburaj'

ABSTRACT

Cassava is cultivated in Tamil Nadu in an area of 85,983 ha with an annual production
of about 2.5 million t of roots (1993-94). At the world level, Tamil Nadu ranks first in yield,
with 28.7 t/ha, as compared to the Indian average of 22.8 and a world average of 9.6 t/ha. In
Tamil Nadu cassava is grown mainly in Salem and Kanyakumari districts located in the dry
western zone (60% irrigated and 40% rainfall) and the high rainfall southern zone (mostly
rainfed), respectively. The area under cassava is increasing in other districts of Tamil Nadu as
well.

With respect to varieties, about 50% of the total area is grown with high-yielding
varieties, like H-226 and MVD-1 in most areas of Salem district, and with Co-1, Co-2, Co-3 in
different parts of Tamil Nadu. Locally adapted and traditional varieties, like Burma and Malabar,
are still under cultivation, but they are low yielding and susceptible to cassava mosaic disease.

The cassava germplasm collection has now increased to 480 accessions, including some
CIAT clones. Two early maturing clones were identified, i.e., H-119 from CTCRI, Trivandrum,
and Co-3 developed by Tamil Nadu Agr. Univ. in Coimbatore. The crop duration is 7 1/2 to 8
months with a high yield of 32 and 35 t/ha, respectively, and a starch content of about 30%. For
the high rainfall zone of Kanyakumari district, the local clone Adukkumuttan performs well,
giving a 15 to 28% increase in yield compared to the released varieties. For coastal areas of
South Arcot district, two clones, i.e. ME-46 and ME-10, were shown to be better, with a yield
of 44 t/ha; these are now under further evaluation. Under the Asian cassava breeding network
a total number of 85 hybrid progenies were received from CIAT/Colombia and the Thai-CIAT
program. Preliminary evaluation has indicated that a few clones have high root yields of more
than 5 kg/plant, high starch content of over 35%, field tolerance to mosaic virus and a shorter
crop duration of 7 to 8 months.

The optimum fertilizer rate for Co-3 cassava under irrigated conditions was found to be
60:60:120 kg N-P,04-K,0/ha, which increased the yields by 36% over the control. For the
recently developed short-duration clones, like H-119, CI-590 and S-856, under irrigated conditions
the optimum spacing and fertilizer requirements are 75 x 75 cm and 75:25:75kg N-P,05-K,0O/ha,
respectively.  Application of Azospirillum inoculum at 2 kg/ha as basal dressing with
recommended fertilizers, combined with three foliar sprays of zinc sulfate (0.5 %) and iron sulfate
(1.0%) at 60, 75 and 90 days after planting, increased the root yield and starch content of Co-1
and Co-2 varieties. Under abundant water supply, cassava intercropped with groundnut can be
irrigated at 0.6 IW/CPE ratio with an interval of 12 days and the application at 10 t/ha of coconut
husk waste. Under limited water supply, irrigation may be reduced to 0.45 IW/CPE ratio with
an interval of 16 days.

INTRODUCTION

In India, the major cassava growing states are Kerala and Tamil Nadu. In Tamil
Nadu cassava is an industrial crop grown in an area of about 86 thousand ha (1994/95)
with a production of 3.24 million tonnes of roots per year (Figure 1). Tamil Nadu

! Head, Horticultural College and Research Institution, TNAU, Coimbatore - 641 003, Tamil
Nadu, India.
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accounts for 33% of the area and 46% of cassava production in India. The area has
increased considerably during the last ten years because of the industrial exploitation of
the crop. In 1986/87 there were only 48 thousand ha with a production of 1.8 million
tonnes. The crop has now acquired a status of one of the important commercial crops
in the state. Tamil Nadu is blessed with varied soil and climatic conditions that are well
suited for cassava growing. Already Tamil Nadu has the highest cassava yield, with a
range from 14.76 to 60.33 t/ha and a mean of 37.72 t/ha. This could be attributed to the
growing of high-yielding varieties released by CTCRI in Trivandrum and by Tamil Nadu
Agricultural University, and the adoption of recommended crop production technologies,
both under irrigated and rainfed conditions. The Indian average cassava yield is 22.87
t/ha, while it ranges from 5.1 to 14.4 t/ha in most other cassava growing countries.

Tamil Nadu state is divided into seven agroclimatic zones and the major
traditional cassava growing areas in the western part of the state are the districts of
Salem, South Arcot Vallalar and Dharmapuri (60% irrigated and 40% rainfed) and the
southern district of Kanyakumari (mostly rainfed) (Figure 2). There are about 800 sago
and starch factories in and around Salem, South Arcot Vallalar and Dharmapuri districts
which depend on cassava roots. The number of factories in Salem district alone is 650.
It is estimated that 60% of the cassava starch produced in India is from Salem district.
This district accounts for 44% of area and 47 % of production of cassava in Tamil Nadu.
Because of ease in cultivation, few pests and diseases problems, drought tolerance and
the increase in root prices, the area under cassava is also increasing in other districts of
Tamil Nadu, i.e. in Periyar, Tiruchirapalli and Coimbatore districts.

Even though the area is increasing, the production is not sufficient to meet the
demand of the factories, which operate only about six months of the year. The industries
operate at only 50% of capacity. Hence, there is a need to increase the cassava area and
production in Tamil Nadu.

There is also scope for further increases in yield through the development of new
varieties with high yield and higher starch content and the recommendation of zone-
specific packages of practices, especially suited for rainfed culture of cassava.
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RESEARCH ACCOMPLISHMENTS
Earlier Research on Cassava

As far as the varietal situation is concerned, about 50% of the total area is grown
with high-yielding varieties like H-226, MVD-1 (in most areas of Salem district), and
Co-1 and Co-2 and Co-3 in different parts of Tamil Nadu. The salient features of these
varieties are shown in Table 1.

Another improved variety MVD-1 (Mulluvadi 1) was released during 1983 by
the State Department of Horticulture through clonal selection. It yields 34.5 t/ha in a
duration of nine months. The roots contain 35% starch. It is a non-branching type and
exhibits field tolerance to mosaic virus. Locally acclimatized and traditional varieties like
"Burma” and "Malabar", are still under cultivation, but they are low-yielding and
susceptible to CMD.

The recommendations on agronomic requirements and utilization of cassava,
based on earlier field experiments at TNAU are: 1) use of single-bud setts for rapid
multiplication, 2) dipping the setts in a superphosphate slurry, 3) use of ridges and
furrows (75 x 90 cm) for irrigated crop; bed system for rainfed crop (60 x 60 ¢cm); and
mound system (90 x 90 cm) for high-rainfall zones, 4) application of 25 t/ha of FYM
with 50:50:100 kg/ha of N-P,0,K,O for irrigated crop, 5) growing of intercrops like
onion and blackgram, 6) use of growth hormones TIBA at 1000 ppm, Alar at 1000 ppm
or bioregulator Ethrel at 500 ppm, 7) irrigating cassava at 60% moisture with a
consumption of water of 1607 mm and witholding water one month before harvest, 8)
allowing two shoots per sett, 9) adoption of no-tillage method with application of organic
mulch of banana pseudostem or cumbu stalks, 10) pre-emergence herbicide application
of pendemethalin at 1.0 kg a.i./ha, followed by two hand weedings, 11) utilizing cassava
leaves for rearing silkworm, 12) using dry flour of cassava leaves in cattle or pig feed,
13) utilization of seed for extraction of edible oil, 14) use dry cassava chips or pellets as
cattle feed, 15) development of recipes for Indian foods like pergath, bonda, stuffed
parota, sweet balls, susiam, munthirirotu, idly, halva, idiappam, vermicelli, ready mixes
of soji and bakery products, 16) protein enrichment of cassava vermicelli by the
incorporation of green gram, bengal gram or soybean flour and 17) development of
animal feed pelletization.

Earlier work on mutation breeding indicated the possibility of inducing variability
for higher yield, compact growth habit, early maturity, higher starch content and lower
HCN. A protocol for in-vitro propagation of cassava has been developed. Research on
the use of true cassava seed indicated that soaking the seeds in potassium nitrate solution
(0.5%) for 24 hours prior to planting enhanced the germination as well as the seedling
vigor. The performance of plants raised from true cassava seeds is being studied.
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Table 1. Salient features of cassava varieties developed by Tamil Nadu Agric.

University.
Particulars Co-1 Co-2 Co-3
Year of release 1974 1984 1993
Root yield (t/ha) 30.11 37.65 42.58
Crop duration (days) 255-270 255-270 240
Starch content (%) 35.00 34.35 35.60
Taste Sweet Sweet Sweet
Color of skin Brownish white Brownish white Dark brown
Color of flesh White White White
Incidence of mosaic disease Low Very low Very low
Branching habit Non-branching Branching at Branching

later stage

Current Research on Cassava
1. Crop Improvement

For any breeding program to succeed, the availability of diverse genetic material
is important. With that in view, attempts were made to enrich the cassava collections.
The germplasm bank at TNAU has presently the following number of accessions:

Indigenous 115
From CTCRI, Trivandrum 30
From CIAT/Colombia and the Thai-CIAT program 525

Total 670

Polyploidy breeding has been reported to have many advantages in cassava. The
two promising triploids developed at CTCRI, Trivandrum, were tested for two years at
Coimbatore. The results have indicated that the triploid variety 2/14 was similar to the
check Co-2 with respect to root yield, DM and starch content. Results of the triploids
being tested under Salem conditions are shown in Table 2.

Developing varieties with a shorter crop duration is another important objective
in cassava breeding. Four short duration clones, i.e., H-119, CI-590, S-856 and H-5/78,
were evaluated for three seasons. The results indicate that the clones H-119, CI-590, S-
856 and H-5/78 have a shorter crop duration of 7 1/2 to 8 months. Among these four,
H-119 recorded a significantly higher average root yield of 36.43 t/ha. It is a non-
branching clone. However, the clone H-119 was found to be susceptible to CMD under
Coimbatore conditions (Table 3). Good performance of H-119 has also been reported
by Nanda er al. (1996) under Madhya Pradesh conditions, a non-traditional area of
cassava cultivation in India.
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Table 2. Performance of triploid cassava varieties in Salem, Tamil Nadu, India.

Root
dry Root
Root yield (t/ha) matter starch
, content  content
Clones 1993 1994  Average (%) (%)

76/9 (CP.4(2x) x S-300 (4x) 19.5 18.3 18.9 45.8 34.2
2/14 (CP.2 (2x) x H-2304 ¢4x) 28.6 25.3 27.0 48.2 35.6

H-1687 30.0 238 269 39.1 30.2
H-2304 18.5 20.6 19.6 41.6 31.5
M4 224 245 23.5 38.1 30.0
Co-2 28.4 27.1 27.8 48.6 35.0
SED 0.887 0.957 0.922

CD (P=0.05) 2.14 2.310 2.230

Table 3. Performance of short-duration cassava clones in Coimbatore, Tamil Nadu,

India.
Root yield (t/ha) Crop Root
duration starch
Clones 1987/88 1988/89  1989/90 Average (days) content
(%)
H-119 343 38.3 36.7 36.43 230 32.0
CI-590 204 28.7 26.9 25.33 240 33.0
S-856 29.5 30.7 30.7 32.96 230 30.8
H-5/78 13.9 27.1 30.6 23.06 240 30.6
SED 1.43 2.27 1.80

CD(P=0.05) 4.02 6.35 3.78

Based on these results, the best two clones, H-119 and S-856, were tested in
multi-locational trials in farmers’ fields in Coimbatore using Co-2 as a check. Again,
the clone H-119 had a significantly higher yield of 30.56 t/ha, a 13.0% increase over Co-
2. The root yield of S-856 was 27.80 t/ha, which was not significantly different from
that of Co-2. However, with regard to quality, Co-2 registered better consumers’
preference (80.2%) than H-119 (78.5%) and S-856 (78.0%). The mosaic incidence was
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also higher in H-119 and S-856 (65.0 and 61.2%, respectively) as compared to that of
Co-2 (5.2%).

For the high-rainfall zone of Kanyakumari district, the local clone,
Adukkumuttan performs well with 20-28% higher yields than the released varieties.

For coastal areas of South Arcot Vallalar district, two clones, i.e., ME-46 and
ME-10, were found to be the best with a mean root yield of 44 t/ha; they are now under
further evaluation.

Cassava is grown on a large-scale in Salem district of Tamil Nadu. Sofar,
varieties developed at CTCRI, Trivandrum, and at TNAU, Coimbatore, have been
introduced. However, there is a need to develop or identify varieties more suited to the
conditions that exists in this altogether different environment. With this objective, a total
of 13 clones were tested during 1995 in a farmer’s field in Salem. Among the clones,
S-1315 performed best with a root yield of 4.5 kg per plant, followed by CE-22 (3.5 kg)
and H-2304 (3.0 kg). There was no virus incidence in the clones H-97, CI-167, H-119,
H-2304 and Co-2 under field conditions.

There exists a possibility of introducing true cassava seeds for commercial
cultivation in Tamil Nadu where CMD is noticed on a large scale. To elucit basic
information, research was conducted at the Department of Seed Technology of Tamil
Nadu Agricultural University. The seed maturation studies conducted in true cassava
seed have indicated that seeds attained physiological maturity 60 days after flowering
under Coimbatore conditions. The physical index of maturity was the color change from
green to yellow. Delayed harvest resulted in the shattering of the seeds (Nepolian,
1995). Germination studies on true cassava seeds have brought out that soaking of seeds
in 0.5% KNO, solution for 24 hours prior to planting resulted in 94% germination.
Storage studies revealed that cassava seeds can be stored at 6.26% moisture for ten
months under ambient conditions without a decrease in germination. Rajendran et al.
(1993) reported that the seeds could be stored for four to six months with good
germination, while the seed viability reduced thereafter under Kerala conditions. Sowing
at 2 cm depth in soil with 50% water holding capacity was observed to be optimum
(Nepolian, 1995). Studies on the physiology of root development in plants raised from
true cassava seed is in progress at the Horticultural College and Research Institute, Tamil
Nadu Agricultural University, Coimbatore.

2. Evaluation of CIAT Hybrid Clones

Under the International Evaluation Network Programme, seeds of 109 cassava
hybrids were received from CIAT/Colombia and from the Thai-CIAT program during
1993. The seeds were sown in polybags in the nursery and the seedling progenies were
transplanted. Among 109 hybrids only 91 established in the field. A total number of
525 clonal progenies were forwarded to further clonal generations. From the seedling
progenies, stakes were prepared and clonal progenies were evaluated for two clonal
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generations during 1995 and 1996. The results on the variability of the progenies for
morphological traits, root yield, harvest index, starch content and reaction to cassava
mosaic disease are presented in Tables 4 and 5. Based on the performance of these
clonal progenies, a total number of 20 and 38 clonal progenies were selected during 1995
and 1996, respectively. The data on root yield along with other traits are presented in
Tables 6 and 7.

The following 21 CIAT hybrid clones were selected for non-branching habit,
which will be tested later for high density planting. The figures in parenthesis indicate
the number of clones in each hybrid exhibiting non-branching habit.

CM8487 (3), SM1450 (2), SM1454 (8), SM1520 (2), SM1542 (13), SM1557 (1),

SM1636 (1), SM1673 (2), SM1679 (2), SM1784 (8), SM1789 (10), SM1791 (4),

SM1858 (1), SM1864 (3), SM1969 (3), OMR36-05 (12), SM1780 (2), SM1883

(3), SM1890 (3), SM1891 (6) and SM 8208 (4).

Based on the performance of two seasons’ clonal generations, the following 16
clones were selected for short-duration (early harvestability), ranging from 205 to 225
days. The figures in parenthesis indicate the clone number (ME) of each hybrid.

SM1475 (359), SM1858 (578), SM1470 (356), SM1544 (426), SM1665 (476),

SM 1475 (358), SM1454 (323), SM1774 (521), SM1432 (310), SM1454 (321),

SM1447 (314), SM1460 (349), SM1523 (398), OMR36-4-1 (633), SM1787

(245), and SM1670 (200)

Since flowering is an important trait for breeding programs, the CIAT hybrid
clones were also evaluated for their flowering habit. Among the clonal progenies, a total
number of 33 and 48 clones flowered during 1995 and 1996, respectively. Out of these,
the following 12 clones flowered uniformly during both years. The figures in parenthesis
indicate the clone number (ME) of each hybrid.

SM1437 (175), SM1765 (208), SM1787 (242), SM1788 (249), SM1789 (250),

SM1789 (255), SM1447 (312), SM1519 (375), SM1521 (383), SM1564 (445),

SM1789 (566) and SM1858 (578)

The third clonal generation is in the field. Based on the performance of the
clonal progenies, a few selected ones will be forwarded for regional evaluation trials in
order to identify promising ones and to release as a new variety suited for cultivation in
Tamil Nadu.

3. Crop Production Research

Nutrient management is an important aspect in cassava and studies on this aspect
have provided useful results. Application of 10 tonnes of FYM + 60:75:100 kg/ha of
N-P,0,-K,0, 2 kg/ha of Azospirillum, combined with three foliar sprays of 0.5% zinc
sulfate and 1% ferrous sulfate (60, 75 and 90 days after planting) resulted in root yields
of Co-1 and Co-2 varieties of 34.57 and 35.43 t/ha, respectively (Table 8). The starch
content was also the highest (39.98%) in Co-2 in this treatment. There was no
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significant difference in the HCN content of the root parenchyma. A quantity of 2 kg
of Azospirillum inoculum is to be mixed with one liter of water, made into a slurry and
the basal 1/3 of the stake is to be dipped for 20 min in the slurry before planting.

Table 4. Range in plant characteristics of hybrid clones received from CIAT

1995 1996
Characters Range Mean CV Range Mean CV
(%) (%)
Plant height (cm) 121.3-291.6 210.75 13.1 118.8-296.2 205.86 9.1
Stem girth (cm) 2.0-11.6 7.21 15.2 2.1-17.2 8.06 14.8
Root length (cm) 6.8-45.2 18.18 14.0 6.1-61.0 23.06 16.2

Length of peduncle (cm) 0.04.6 1.20 8.5 0.0-59 1.36 9.6
Dry matter content (%) 18.2-37.5 26.52 16.2 17.5-40.2 29.22 17.2

Starch content (%) 21.0-36.8 31.20 10.6 22.0-37.2 30.51 11.2
HCN content (mg/kg) 12.2-40.3 2256 11.2 14.5-41.6 23.19 10.4
Harvest index (%) 32.0-66.7 47.07 123 28.1-59.0 43.71 10.2

Fresh root yield (kg/plant) 1.3-3.5 241 199 1.249 227 285
Foliage weight (kg/plant) 1.3-5.1 2.63 26.2 1.6-5.2 2,77 26.7

From another study, the optimum fertilizer dose for the newly released cassava
variety Co-3 under irrigated conditions was determined to be 60:60:120 kg/ha of N-P,O,-
K,O, which increased the root yield by 36% over the control.

A trial was conducted for three seasons to assess the fertilizer and spacing
requirements for the short-duration clones H-119, CI-590 and S-856. The results indicate
that all three short-duration clones produced higher yields at a closer spacing of 75 x 75
cm and a lower dose of fertilizers of 75:25:75 kg/ha of N-P,0,-K,0. Besides the root
yield, the dry matter and harvest index were also increased. The interaction effects were
significant, and irrespective of the fertilizer dose, closer spacing resulted in higher root
yields.

Nitrogen use efficiency by crops is of major interest in the tropics. Nitrogen is
subject to leaching, denitrification and volatilization, which makes it unavailable to
plants. Hence, studies were conducted under irrigated conditions on the use of
nitrification inhibitors with nitrogenous fertilizers. The results of the trial on the use of
slow-release fertilizers conducted for three seasons has indicated that the root yield in
cassava was increased by all the four slow-release fertilizers (Table 9). However, a
significantly higher average yield of 34.8 t/ha was obtained with the application of neem-
coated urea; the next best treatment was sulfur-coated urea (32.3 t/ha).
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Table 5. Evaluation during 1995 and 1996 of plant characteristics of cassava hybrid
clones received from CIAT.

Character

Variations 1995 season (%) 1996 season (%)
Vigor Very poor 2.80 2.50
Poor 9.21 8.00
Intermediate 50.50 55.80
Good 26.20 27.20
Very good 11.29 6.50
Flowering Nil 85.21 89.87
Few 2.50 2.12
Intermediate 8.18 5.21
Abundant 3.11 2.80
Plant height Dwarf (<200 cm) 49.64 44.85
Medium (200-300cm) 46.04 49.47
Tall (>300cm) 4.32 5.68
Stem girth Thin (<Scm) 5.60 55.47
Medium (5-10cm) 84.20 85.05
Thick (> 10cm) 10.20 9.48
Branching habit Non-branching 69.20 68.14
Early-branching 18.50 20.04
Late-branching 12.30 11.82
Lodging None or light 40.80 42.55
Intermediate 55.20 52.25
Severe 4.00 5.20
Petiole color Pink 58.00 58.65
Green 37.50 36.71
Pink +Green 4.50 4.64
Emerging leaf color  Green 61.20 61.18
Pink 38.80 38.82
Root length Short (<20cm) 36.20 39.08
Intermediate (20-30cm) 45.10 42.36
Long (>30cm) 18.70 18.76
Length of peduncle  Nil 85.20 66.65
Short (< 3cm) 5.60 25.25
Intermediate (3-5cm) 5.26 5.04
Long (>5cm) 3.94 3.06
Root color White 10.00 10.08
Light brown 24.60 23.84
Dark brown 65.40 66.08
Flesh color White 69.00 69.15
Cream 28.90 28.66
Yellow 2.10 2.19
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Character Variations 1995 season (%) 1996 season (%)
Root shape Conical 2.50 2.41
Conical cylindrical 38.00 38.51
Cylindrical 56.00 55.14
Irregular 3.50 3.94
Constrictions None or few 80.00 82.05
Intermediate 16.80 13.57
Several 3.20 4.38
Foliage and root Very good 45.00 42.80
evaluation Good 25.00 20.60
Regular 15.20 18.20
Bad 7.58 8.00
Very bad 7.22 10.40
Dry matter High (>30%) 26.10 22.15
Medium (20-30%) 40.80 42.63
Low (<20%) 33.10 35.22
Starch content High (>30%) 23.20 24.10
Mekium (25-30%) 52.10 53.26
Low (<25%) 24.70 22.64
HCN content High (> 30mg/kg) 30.00 31.65
Medium (20-30mg/kg) 45.28 40.15
Low (<20mg/kg) 24.72 28.20
Harvest index Low (<0.40) 20.95 38.35
Medium (0.40-0.50) 54.36 30.40
High (>0.50) 24.69 31.25
Fresh root yield <2 55.67 62.88
(kg/plant) 2-3 33.49 19.00
34 8.13 9.17
>4 2.71 8.95
Incidence of CMD 0 (no CMD) 2.60 2.56
(score) 1 0.50 0.24
2 1.21 1.73
3 7.90 8.64
4 34.50 31.75
5 53.29 55.08
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Table 6. Yield data of selected CIAT hybrid cassava progenies” grown at TNAU in

1995.

CIAT Clone Plant  Root yield  Foliage Harvest Starch
hybrid No.  No. height (kg/plant)  weight index content

(ME) (cm) (kg/plant) (%)
OMR36-42 641 297 5.6 5.20 0.52 36.25
OMR36-05 671 288 4.4 8.30 0.35 35.20
OMR36-67 645 238 4.0 5.10 0.44 35.15
SM7564 656 304 4.9 4.00 0.55 36.00
CM8487 296 175 35 2.70 0.69 33.50
SM1432 306 127 3.0 1.90 0.68 33.10
SM1432 310 231 3.2 3.30 0.49 34.10
SM1456 332 205 3.0 3.25 0.48 33.90
SM1460 347 270 3.2 3.20 0.50 33.90
SM1470 356 270 3.1 3.20 0.49 33.20
SM1673 397 151 3.1 2.25 0.58 33.30
SM1789 564 185 3.7 3.20 0.53 35.30
SM1855 572 210 3.1 5.20 0.37 34.30
SM1858 578 245 4.0 3.00 0.57 36.80
OMR36-05 618 258 3.8 4.10 0.48 35.00
OMR36-05 625 259 3.9 2.60 0.60 35.12
OMR36-42 654 248 3.6 6.00 0.37 34.86
OMR36-42 637 266 3.5 4.20 0.45 34.90
OMR36-42 640 240 3.0 2.60 0.54 33.85
SM1564 657 240 3.2 4.10 0.44 33.90

Yclonal progenies obtained from sexual seed received from CIAT in 1993.
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Table 7. Yield data of selected CIAT hybrid cassava progenies” grown at TNAU in

1996.
CIAT Clone Plant Root yield  Foliage Harvest Starch
hybrid No. No. height  (kg/plant) weight index content
(ME) (cm) (kg/plant) (%)
SM1444 183 270 6.0 3.65 0.62 35.00
SM1414 186 350 73 9.00 0.45 35.62
SM1432 302 217 4.1 4.60 0.47 34.80
SM1432 310 250 52 6.20 0.46 36.10
SM1447 314 267 5.1 7.50 0.40 35.50
SM1454 321 255 5.2 4.20 0.55 35.90
SM1454 343 205 55 3.40 0.55 35.96
SM1460 346 225 5.1 4.85 0.46 35.90
SM1460 344 256 5.1 2.70 0.57 30.90
SM1470 356 226 7.0 6.00 0.54 35.50
SM1475 358 266 5.6 7.50 0.57 36.20
SM1475 359 323 9.0 10.70 0.46 36.80
SM1521 384 185 4.3 5.70 0.43 34.80
SM1523 398 240 55 4.30 0.56 35.90
SM1544 426 195 5.8 1.80 0.76 35.30
SM1545 430 215 5.0 7.00 0.42 36.20
SM1573 464 110 4.0 2.50 0.62 34.80
SM1665 476 225 5.8 4.50 0.56 35.20
SM1670 200 168 4.9 3.40 0.59 35.60
SM1670 201 240 4.1 2.00 0.67 34.60
SM1718 218 260 4.3 5.60 0.43 35.00
SM1774 269 285 9.8 5.20 0.65 36.40
SM1774 521 204 55 4.80 0.53 35.00
SM1783 222 228 4.8 4.70 0.51 35.50
SM1784 539 295 4.5 4.00 0.53 34.90
SM1784 541 180 4.0 0.85 0.82 34.00
SM1784 551 220 4.6 4.70 0.50 35.00
SM1787 240 277 4.0 4.50 0.41 34.00
SM1787 243 200 4.2 3.70 0.53 34.25
SM1787 245 240 4.8 3.70 0.36 35.00
SM1787 256 295 4.1 5.00 0.45 34.60
SM1789 251 290 4.1 5.20 0.44 34.60
SM1855 573 220 4.6 2.20 0.68 34.80
SM1858 578 245 85 5.60 0.60 36.20
SM1883 265 267 8.0 6.00 0.57 36.00
SM1890 270 280 7.0 3.90 0.64 35.00
SM1891 278 268 4.1 4.90 0.46 34.82
OMR36-41 635 178 50 2.80 0.63 35.10

clonal progenies obtained from sexual seed received from CIAT in 1993.
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Table 8. Effect of micronutrients (Zn and Fe) and biofertilizer (Azospirillum) on the
yield and starch content of two cassava cultivars grown at TNAU.

Fresh root yield (t/ha) Starch content (%)

Treatments Co-1 Co-2 Co-1 Co-2
Control (fertilizers only) 16.50 22.40 32.60 34.14

Fertilizers+ Zn+ Fe+ Azospirillum  34.57 35.43 35.16 39.98

Earlier studies on intercropping indicated that Bellary onion (Allium cepa var.
cepa) and blackgram were suitable intercrops for cassava. In a separate study by
Mohammed Yassin (1995) conducted for two years on the N management and
intercropping in cassava, it was found that growing vegetable cowpea or sunhemp as
intercrops and incorporating the haulms into the soil increased the root yield of cassava
from 18.87 to 45.0 t/ha in the first experiment, and from 13.45 to 35.63 t/ha in the
second experiment. The cost benefit ratio was higher, i.e. 1:3.8 and 1:2.8 during the
first and second years, respectively, as compared to monocropped cassava. The starch
and DM content of the root was also increased. The effect was more pronounced when
neem-coated urea or prilled urea + Azospirillum at the rate 2 kg/ha were applied.

Ayyaswamy (1994) conducted experiments on irrigation scheduling and inter-
cropping systems in cassava. The results have indicated that under abundant water
supply, cassava grown as an intercrop in groundnut and irrigated at 0.6 IW/CPE ratio
with an interval of 12 days and with coconut fibre waste (as soil amendment) applied at
10 t/ha increased the root yield and net returns per hectare. Under limited water supply,
the same treatment with a change in irrigation scheduling at 0.45 IW/CPE ratio, applied
at an interval of 16 days, was found optimum. There was improvement in both dry
matter and starch content of the roots.

4. Post Harvest Technology

Research programs are in progress at Tamil Nadu Agricultural University on the
processing of cassava roots. Susheela Thirumaran and Aruna Seralathan (1996)
conducted experiments on the production of cassava-based defatted soyflour noodles. The
results showed that the noodles had desirable properties, such as a more than six months
shelf life and significantly high acceptability scores, while providing 340 kilo-calories of
energy and having 16% protein. They have suggested that extrusion of nutritious noodles
can be initiated as a commercial venture for school lunch programs.
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Table 9. Effect of the application of slow-release nitrogen fertilizers on the yield of
cassava grown in TNAU.

Root yield (t/ha)

Treatments 1992/93 1993/94 1994/95 Average
Prilled urea 30.3 31.4 33.1 31.6
Urea super-granule 29.6 30.8 31.2 30.5
Neem-coated urea 33.5 34.2 36.7 34.8
Sulfur-coated urea 30.5 32.7 33.6 323
Tar-coated urea 28.8 27.6 30.8 29.1
Control 24.7 26.1 27.9 26.2
SED 0.688 0.456 0.513

CD(P=0.05) 1.480 0.970 1.262

At Tamil Nadu Agricultural University, the College of Agricultural Engineering
is involved in the development of machinery for cassava harvesting and processing. A
root puller (harvester), chipper, peeler, mechanical stirrer for starch settling tanks, sago
roaster and pelletizer are some of the pieces of equipment developed for use in small-
scale industries.

THRUST AREAS AND SUGGESTIONS

1. Cassava in Tamil Nadu is affected by mosaic virus disease as a result of which the
yield is considerably reduced. The incidence is greater in Salem, South Arcot Vallalar
and Dharmapuri districts. Resistant varieties are to be developed. It is observed that
there are variations in the susceptibility of clones to cassava mosaic disease in different
agro-climatic zones. Some of the clones susceptible at Coimbatore are free from CMD
at Salem or Kanyakumari in Tamil Nadu. It is suspected that there may be strains or
races of the virus which needs to be investigated.

2. In Salem district, there are location-specific problems in cassava fields, like twisting,
knotting and splitting of roots, which affect the root yield and industrial quality. The
reasons are to be investigated and suitable remedial measures suggested.

3. Occurrence of root rot caused by Sclerotium rolfsii has recently been noticed in some
locations of Salem district and resistant varieties and suitable management practices are
to be developed.

4. In most of the locations cassava is grown as a rainfed crop. Unlike Kerala, the annual
amount of rainfall is only 800-900 mm. There is a need to develop varieties adapted to

rainfed cultivation and a package of cultural practices are to be developed.

5. In some parts of Salem and South Arcot Vallalar districts, cassava is grown in hilly
areas at an altitude of SO0 masl. There is a need to develop varieties for these zones
along with agronomic practices.

6. Much emphasis is now given for production of organic foods. There is a need to
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intensify research on organic gardening with special reference to the use of organic 8-
manure, biofertilizers and biocontrol of pests and diseases.

7. Crop improvement programs are therefore to be planned with the objective of
developing varieties with shorter crop duration (< 7 months), high root yield (> 35 t/ha),
high starch content in roots (>35%) and resistance to biotic (mosaic virus, root rot, tip
drying, leafspot and mites), and abiotic (drought and salt) stresses. Due emphasis is to
be given to developing crop production technologies suited to varied agroclimatic zones
of Tamil Nadu. It is also necessary to develop technologies for the manufacture of value-
added products utilizing cassava as the raw material.

8. The major reason for slow adoption rate of improved varieties is the lack of planting
material. There is a need for the development of large-scale rapid multiplication of elite
clones including in-vitro propagation.

9. It is estimated that 60% of the starch produced in India is from cassava roots and the
entire quantity is used for domestic consumption. At present the machinery used in the
sago and starch factories is old, which results in lower productivity and it takes a longer
time for extraction; these need to be modernized. Further, starch produced in these
factories do not reach the standards for export. The starch recovery is only 60% and
40% of the starch left in the fibrous waste material is used in cattle feed.

10. There exists the possibility of manufacturing starch and animal feed pellets for export
purpose. In Dharmapuri district, one fully-automated factory is being established for the
manufacture of starch, exclusively for export. A few factories have been set up for
manufacture of other value-added products, like industrial alcohol, sorbitol, liquid
glucose, dextrin, high-frutose syrup, glue, cattle feed etc. This is a good beginning.
There is need to develop varieties suitable for these various end-products and optimum
growing and processing technologies.

11. The major constraint in the cassava industry is the high degree of price fluctuation,
both for fresh roots and for products like starch and sago (Figures 3 and 4). There is
a need to stabilize the market prices of roots and cassava-based products.

12. The starch and sago factories require a large quantity of water for starch extraction
and the effluent discharge pose a health hazard to the people and animals, as well as for
the environment. Hence there is a need to modernize factories and to develop new low-
cost effluent treatment technologies.
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RECENT PROGRESS IN CASSAVA VARIETAL IMPROVEMENT
IN THE PHILIPPINES
Algerico M. Mariscal and Reynaldo V. Bergantin'

ABSTRACT

In recent years cassava has become an important raw material for various domestic needs
(food, feed, alcohol and high fructose sugar). To cope with high demand for cassava roots the
breeding and selection program has been intensified to identify varieties that are high yielding and
having high starch and dry matter contents. The continuous introduction of improved cassava
populations from the Thai-CIAT program and from CIAT/Colombia contributed to the
identification of good varieties, and, consequently, the establishment of cassava genepools having
a wide genetic base. This has led to the establishment of a breeding program using the best
parents of local and foreign sources.

Progress in selection for the last three years was observed but was not phenomenal. In
fact, from the regional trials jointly conducted by PRCRTC and its cooperating stations, two new
varieties of cassava from CIAT/Colombia selected by the University of the Philippines at Los
Banos, were released by the National Seed Industry Council. These are CM3419-2A as PSB CV-
11 and SM972-20 as PSB CV-12. Both are intended for food and feed because of their low levels
of HCN.

Using the popular variety Lakan as check for the selection and evaluation among
introduced materials from CIAT/Colombia and Thailand, gradual progress is made in yield and
dry matter content. Superior varieties have been identified but are still in the pipeline for further
testing.

Varietal dissemination of new varieties has been intensified through on-farm trials and
demonstration farms in strategic areas where farmers have the opportunity to observe and select.

The involvement of the private sector, specifically the San Miguel Corporation, in the
creation of high demand for cassava has paved the way for the rapid increase of production in
terms of area and varietal dissemination.

For the last two years the Agribusiness Division of San Miguel Corporation has supported
3,000 ha of cassava in Mindanao. Support given is in terms of planting material, land preparation
and fertilizer input. All produce will go to San Miguel with a price profitable to the farmers.
The projected cassava area needed to meet the needs of San Miguel Corporation is 55,000 ha.
To this effect, variety trials are conducted in farmers’ fields using recommended varieties (Rayong
60, Rayong 90, Rayong 5, KU-50 and the VC series) in Mindanao. Furthermore, rapid
propagation is planned to back-up the need for more planting material.

Aside from the San Miguel Corporation, starch millers throughout the country continue
to expand their production area due to the high demand for starch. High HCN varieties are
preferable. VC-5, which is high in HCN, is now planted in more than 3,000 ha in Lanao, while
more than 1,000 ha of Lakan are planted in Negros Occidental to support Unistarch.

Further selection will focus on identification of superior varieties with high starch content
and high yield while having low to high levels of HCN.

INTRODUCTION
In recent years, domestic utilization of cassava in the Philippines has markedly
increased. This is basically because cassava is recognized as a cheap raw material for

! Cassava Breeders, Philippine Root Crop Research and Training Center (PRCRTC),
ViSCA, Baybay, Leyte, Philippines.
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production of food, feed and other industrial products. This recent development has
finally realized the projection of the 1984 Asian Cassava Workshop in Thailand about the
future potential of cassava in Asia. In fact, Walters (1983), Lynam (1986) and Singh
(1986), emphasized that cassava will play a major role in satisfying the domestic needs
of the country and that any future increase in the output used by the cassava producing
countries in Asi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>