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WELCOMING ADDRESS 

Dr. Vichitr Benjasil 
Director 
Field Crops Research Institute, 
Department of Agriculture, 
Bangkhen, Bangkok, Thailand 

In the name of the Department of Agriculture of the Thai Government I wish to welcome 
to Thailand all the participants of this Workshop on Cassava Breeding and Agronomy Research 
in Asia. In collaboration with the Regional Cassava Program of the Centro Internacional de 
Agricultura Tropical (CIAT), the Department of Agriculture has helped to organize this workshop
in order to establish closer links and collaborative research with breeders and agronomists of 
the various cassava producing countries in southern Asia. 

During this week we hope to share with each other the experience we have gained in 
cassava research, both in the development of new and higher yielding varieties, as well as better 
cultural practices, in order to improve the efficiency of our research effort. While we all know 
that cassava is one of the most efficient producers of carbohydrates and is an extremely important 
crop for many farmers, especially in the more marginal areas, it is also well known that most 
governments in Asia have given priority to research on rice, and that funding for cassava research 
is generally very limited. Thus, under these circumstances, it is not only desirable but absolutely 
necessary to pool our combined knowledge and experience of this crop in order to speed up
its development, not only as a subsistence staple but as a highly productive and highly versatile 
crop that has a multitude of end uses, both for human and animal nutrition as well as for 
industrial purposes. 

There remains a challenge for both breeders and agronomists, to develop better varieties 
and management practices for cassava cultivation in order to increase the productivity and the 
standard of living of the poorest sector of the population-our cassava farmers. This task will 
be more efficiently done and more easily accomplished through the collaboration with other 
national cassava programs as well as with international institutes like CIAT. I therefore hope
that the deliberations during this week will be fruitful and will lead to the establishment of a 
cassava research network in order to increase cassava productivity in the region and improve 
the lives of our peoples. 



CIAT CASSAVA PROGRAM AND ITS ROLE IN ASIA 

Kazuo Kawanol' 

CGIAR Centers 
The 1950s and 1960s were a period of widespread public and scientific concern that the 

rapidly growing population in less developed countries would soon outstrip the world's capacity 
to provide food. With the initiative of the Rockefeller and Ford Foundations, which had ample 
experience in cooperating with national agricultural research programs of less developed 
countries, the International Rice Research Institute (IRRI) was established with the cooperation 
of the Philippine government in the early 1960s. The Rockefeller Foundation's cooperative 
program in Mexico evolved about the same time into the establishment of CIMMYT, the 
International Maize and Wheat Improvement Center. The common objective of the research 
efforts of these two institutes was to improve the quantity and quality of food production in 
developing countries. The basic strategy was to apply scientific research that had been successful 
in temperate zone food production to tile tropical zone. Concentration on key crop commodities 
and an interdisciplinary crop improvement approach were the style of this new research endeavor. 
The advantage of international centers in collecting, evaluating and distributing world germplasm 
resources and offering communication and training opportunities to national programs soon 
became obvious. 

The spectacular success of new high-yielding strains of rice and wheat adapted to high
input cultural conditions not only increased the production of major food commodities in many 
tropical countries, but also convinced administratoi, of both developed and developing countries 
of the benefit of investing in tropical agriculture research. This led to the establishment of the 
International Institute of Tropical Agriculture (IITA) in Nigeria and the Centro Internacional 
de Agricultura Tropical (CIAT) in Colombia in the late 1960s. The Consultative Group on 
International Agricultural Research (CGIAR) was established in 1971 to coordinate the 
management of these international agriculture research centers around the CGIARworld. 
is an association of countries, international and regional organizations, and private foundations. 
The international agriculture research centers under the auspices of CGIAR, which have now 
grown into 13 centers, are commonly called CGIAR centers (Figure 1). 

While much of the original research strategy is still valid, the CGIAR centers have 
increasingly identified problems which could not be solved simply by applying production 
technology developed in temperate countries to the tropics. The basic difficulty of tropical 
agriculture stems from the tremendous variability in crop germplasm, in pests, and in the 
production systems, as well as the highly complex edapho-climatic and socio-economic situations 

I Cassava breeder and coordinator, CIAT Cassava Aian Regional Program, Bangkhen, Bangkok, Thailand. 
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/Fiqulre'1. '(I.R Ceteltrs inl 1986. 

in which each farmer conducts his production. "Low-input techlnology" , " Sustainability" 

"Social equiy" or ")ecentralization of crop improvenient" are tlie key words ini these days, 

especially among ihe C(.iIA R centers whose research commodities are small farmers' crops, such 

as beans and cassava of, CIAT. The l'inal ob.iectives of' the endeavor rest on the strengthening 

of national prog rais by olfering techiology and ilforiation which can better be handled by 

internitionial centers through ilterrnatioial cooperation. 

Cassava Progran at CIAT 

Cassava is olle of' the most elTicieni producers of' carbohydrates in the tropics (de Vries 

'l al., 1967; Martin, 1970; No.jima and Hirose, 1977: Kawano et ul., 1978, Cock, 1982) and 

iiiider mar.ilgin:ll soil ald raiil'all condit ions it is unsurpassed 1 other crops (Cock an(l -loweler, 

1978). II is grown tlhroughout the tropics by'small f'ariiiers, using traditional methlods of cultivation 

in areas \\iti poor soils. Cassava is lie 'ourtlh most inportant crop iin terms of' dietary energy 

prodtuced and consumed withinnlihe tropics (Table 1). More recetl, it has been used increasingly 

for animal 'ecd and indlustrial starch. ]'le iinportance and potential ol cassava, however, has 

beti largely neglected whein coinl pireL with otlher crops, as can )e s'cel 'rom lhe (listicil .ilyall 

amount of resources allocated to research oin this crop (Table 2). 

Cassa' a origiunated in Latin America and most of its evolition took place there. It was 

widcly disiribuied throughout the lowland tropics of L.atin America, and bel'ore the arrival of the 

Europeans in i lie 1511 century it (lid not exist ouiside ilhis contineint. However, in Ile post-

Colombian era, he crop spread rapidly, first to Africa and latcr to Asia. 

Germplasm variation of' a crop species is richest at lhe center of origin and diversification 

of lhe species. Evoliion of disease and pest species that thrive oin a crop pariallels tle evolution 
ot1 lie crop species; thus, tile nuiher of biological yield constraints is highest in file centcr of' crop 

origin aiid diversif'ication (Jlennings and Cock, 1977). 
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Table 1. Calories produced and utilized for direct human consumption within the tropics from major staples. 

Calorie consumption Tropics
Crop Billions of calories per day TO 

Tropics World World
 

Rice 
 924 2043 45
 
Sugar 
 311 926 33
 
Maize 
 307 600 51
 
Cassava 
 172 178 97 
Sorghum 
 147 208 71 
Millet 
 128 204 63
 
Wheat less than 
 100* 1877 5 
Potato 54 434 12
 
Banana 
 32 44 73
 
Plantain 
 30 30 100
 
Sweet Potato 
 30 208 14 

*Wheal figures are distorted by the fact that major production zones in Brazil, Mexico and India are outside tie tropics 
and have beeni adjusted to account for this.
 

Source : FAO Food Balance Sheets 1975 -- 1977.
 

Table 2. 	Research expenditure as a percentage of commodity value for various crops in Asia (excluding China and 
Japan) in 1959 and 1974. 

Percentage of product value 
Crop Expended on research 

1959 1974 
Cotton 0.43 0.58 
Rubber 


0.40 0.57
 
Sugarcane 
 0.10 0.24
 
Wheal 0.08 0.23 
Maize 0.06 0.12
 
Rice 
 0.05 0.12
 
Sorghum and Millcts 
 0.04 0.11
 
Pulses 
 0.02 0.06
 
Roots and Tubers 
 0.01 0.03 

Source : R.-. Evenson (1978). 

True to the theory, nearly the entire germplasm variation of cassava exists in Latin America; 
the African and Asian germplasm consis's of a part of the Latin American germplasm and its 
local recombinants. A broad spectrum of diseases and pests is found in Latin America, while 
the number of diseases and insects is less in Africa and especially in Asia. African mosaic disease 
seems to be the only major disease of cassava that does not exist in Latin America. 

This background makes Colombia, South America, a logical location for an international 
center of cassava research. Thus, a cassava program was established in the early 1970s at 
the Centro lnternaclonal de Agricultura Tropical (CIAT) in Cali, Colombia. The importance 
of' African mosaic disease, and the overwhelming importance of cassava to the African diet,
led to the establishment in the late 1960s of the Cassava Program of the International Institute 
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for Tropical Agriculture (IITA) at lbadan, Nigeria with the regional responsibility for cassava 

research in Africa. 

The CIAT Cassava Program seeks to develop improved technologies in support of increased 

production efficiency and utilization of cassava. One of the cores of the new production technology 

will be improved germplasm having increased yield potential and tolerance to diseases, insect 

pests, and adverse soil and environmental conditions. Additional constraints will be minimized 

through the development of low-input, but sustainable management practices. Training and 

communication, to make the developed technology more readily available, are also important 
parts of the program. 

Cassava in Asia 

Of the new world food crops introduced into tropical Asia, cassava has become the most 

important on the basis of production. Nearly 40% of the world cassava is now produced in 
Asia (Table 3). The crop's peculiar adaptability to upland conditions, particularly where there 

are either soil or moisture constraints, and its multiple end-market uses, give cassava a certain 

malleability in adapting to different production and demand conditions. Cassava is an important 

food source in India, Indonesia and the Philippites, an important export crop in Thailand, and 
an important source of starch in all these countries. One of the dominant trends in the Asian 

food economy is the rising demand for livestock products and the derived demand for carbohydrate 

and protein sources for concentrate feeds. A large and growing domestic food market remains 
unexploited in most countries (Table 4). 

Cassava's role in each country's agricultural economy is different, but in each case cassava 

can be a basis for meeting mttltiple policy objectives (Table 5). Cassava, because of its multiple

market potential, can play a major role as a source of income generation for small farmers in 

upland areas. A further advantage in satisfying growing domestic markets by increasing domestic 

Table 3. Cassaa produclion in the iorld and Asia. 

Area Yield Production 
Country (million ha) (fresh, i/ha) (fresh, million tons) 

Thailand 1.23 16.3 20.0
 

Indonesia 1.50 9.7 14.5
 

India 0.31 18.1 5.6
 

China 0.25 15.7 3.9
 

Vietnam 0.50 6.0 3.0
 

Philippines 0.26 8.1 2.1
 

Sri L.anka 0.06 13.4 0.8
 

Malaysia 0.04 10.6 0.4
 

Total Asia 4.16 12.1 50.5 

Total Africa 7.49 7.5 56.5 

Total Ialin-America 2.36 12.0 28.4 

Tolal World 14.20 9.6 136.5 

Source: FAO, 1986. 
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Table 4. Principle factors determining expansion of cassava production and utilization. 

Country Major market Dominant constraint Constraint factor 

Thailand Export pellets Demand EC export quota and price competitiveness in 

international markets 
Indonesia Fresh food Demand Relative price and availability of rice 

Starch Supply Infrastructure, Farm land (Java) 
India Fresh food Demand Relative price and availability of rice 

Starch Supply Infrastructure and price competitiveness, Farm land 
China Starch Supply Farm land, Price policy 

Export pellets Supply Farm land, Price policy 
Philippines Fresh food Demand Relative price and availability of rice 

Starch Supply Infrastructure and price competitiveness 
Malaysia Starch Supply/Demand Price competitiveness and import policy 

Table 5. Potential role of cassava in agricultural policies of Asian countries. 

Agricultural policy objectives 
Thailand 

Contribution according to country 
Indonesia India China Philippines Malaysia 

Food and nutrition policies 
a. Flexibility in rice policies x x 
b. Nutrition of the poor X X X 
Farm income and land use 

a. Higher small-farm income in 
upland areas x x x x x 

b. Exploitation of frontier areas x x x x 
Balance of paymets 
a. Increased export earnings X x 
b. Import substitution X X X 

production is the positive impact on the balance of payments. Cassava isamajor, if not the major, 
crop in a position to foster income growth in the upland areas of tropical Asia. 

Cassava Regional Program for Asia 

Compared with Africa or Latin America, cassava yields in Asia are high. Part of this isdue 
to the significantly lower disease and insect pressure, since Asia isoutside cassava's center of origin.
The other factor is the more intensive cassava cropping systems found in Asia. Yet, the average 
yields, in general, remain far below the known potential of the crop. What still remains largely 
undefined is the means of achieving this high yield capacity in varying situations. National cassava 
research programs in Asia that have emerged over the last two decades are comparatively strong, 
and continued cooperation with CIAT will broaden the research basis of the national programs. 

The functions of the CIAT Cassava Asian Regional Program are : 

1. Distribution and utilization of CIAT's Latin-American germplasm in Asian national 
programs through direct cooperation. 
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2. Development of better cultural and soil management practices for increased cassava 
production and sustainable production systems in cooperation with Asian national programs. 

3. Coordination between national programs and CIAT with special emphasis oiltraining 
and communication. 

The Green Revolution that swept the Asian continent in the late-sixties and seventies was 
limited to relatively well-off farmers in the irrigated areas. The next major challenge is to raise the 
productivity and incomes of small farmers in the upland areas. Dealing with a small farmers' crop, 
grown mostly under low-input conditions, progress may be slower, yet this is one inevitable 
research commitment towards greater social equity. 
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CASSAVA BREEDING IN THAILAND 

-Sophon Sinthuprama-1

Charn Tiraporn- / 
-Watana Watananonta

Introduction 
Cassava is considered as one of the most drought resistant crops in the tropics. In 

Thailand cassava is one of the most important economic crops eventhough it is not a staple 
food of the Thai people. It is a cash crop produced by a large number of small farmers and 
nearly all the production is processed into animal feed components or fIzerch. Next only to 
rice, cassava is Thailand's second major export crop, making Thailand the principal cassava 
exporting country in the world. In 1986 Thailand exported 6.6 million tons of cassava products, 
earning US$ 723 million. About 95% of the total production is exported, mainly as pellets 
(900), followed by chips (60/6) and starch (4076). The most important market is the European 
Economic Community, amounting to 5.3 million tons in 1986. Domestic use is only about 
50 of the total production, and is utilized as starch for industrial use, and as pellets for the 
production of animal feed. 

In I hailand cassava occupies the third largest area, next to rice and corn (Table 1). 
The area under cassava increased from about 328,000 ha in 1972/73 to over 1.3 million ha in 
1982/83. The major cassava area is in the Northeast region amounting to 61% of the total 
area, followed by the Central Plain region with 33%, and the North region, with 6%. The 

Table 1. Planted area and production of major field crops in Thailand, 1985/1986. 

Crop Planted area Production Farm value 
(000 ha) (000 ton) (mil.S) 

Rice 9,510 17,930 1,599 
Corn 1,980 4,934 339 
Cassava 1,240 15,255* 457 
Sugar cane 551 24,093* 220 
Murgbean 548 323 82 
Sorghum 310 41 28 
Soybean 244 309 76 
Peanut 125 171 47 

* Fresh weight. 

Source: Office of Agricultural Economics, 1986. 

I_/Field Crops Research Institute, Department of Agriculture, Bangkhen, Bangkok, Thailand, 10900. 
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area under cassava quadripled during the ten years with an annual growth rate of 16%. Total 
cassava production also ;ncreascd about four times in the same period, from 4 million tons of 
fresh root in 1973 to about 19.3 million tons in 1983, corresponding to an annual growth rate 
as high as of 19.3% (Table 2). The increase was almost entirely due to an increase in planted 
area. The minor flu ations from year to year are mainly caused by price variations which 
in turn are due to tne foreign market situation. During this period, there was no consistent 
increare in yield, which ranged from II to 15 t/ha, with an overall national average yield of 
13.5 t/ha (Table 2). 

Table 2. Cassava planted area, production and average yield In Thailand. 

Year Planted area Production Yield 
(000 ha) (000 ) (t/ha) 

1972/73 328 3,974 12.12 
1973/74 432 5,668 13.12 
1974/75 473 6,240 13.19
 
1975/76 593 8,100 13.65
 
1976/77 679 10,138 14.93
 
1977/78 960 12,372 12.89
 
1978/79 1,010 15,048 14.90 
1979/80 1,041 11,136 
 10.69
 
1980/81 1,270 17,744 13.97
 
1981/82 1,236 17,788 14.39
 

198L/83 1,385 19,316 13.95
 
1983/84 1,405 19,985 14.22
 
1984/85 1,477 19,263 
 13.04
 
1985/86 1,240 15,255 12.30
 

Source :Office of Agricultural Economics, 1986. 

Cassava Production and Principal Constraints 

Edafo-climatic conditions: 

In both major cassava growing regions, the Northeast and Central Plain, the normal 
onset of rain (over 100 am/month) is in May and the termination in October. Both regions 
are predominantly dry for six consecutive months (November to April) receiving less than 
50 mm rainfall per month. 

Following the Great Soil Group classification the major cassava soils in Thailand are 
classified as Gray Podzolic soils. The soils are highly leached with low base saturation (35-50%) 
and low levels oif N, available P, and K. They are light in texture and are moderately to 
excessively drained. Available moisture storage ranges from 60 to 80 mm per meter of soil. 
The soil pH is between .. 0 and 6.0 in the surface soil and decreases with depth. The pH of 
the subsoil ranges from 4.5 to 5.0 in the subsurface, and 3.8 to 4.0 at the lowest depth. 

Cultivars used: 

"Table type" cassava cultivars are grown in a very small acreage for fresh human 
consumption and processing into desserts. The principal cultivar of this type is called "Hanatee". 
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"Industrial type" cassava is grown on a much larger scale for chip and pellet making and for 
starch extraction. 

The great majority of the cassava area is planted with a single genotype, Rayong 1. 
All evidence shows that it is a typical farmers' cultivar. Yct, Rayong 1 is basically a high 
yielding cultivar and its ability to tolerate sub-optimal conditions is striking. This cultivar is 
suitable for harvest in 12 months or more after planting. It is not an ideal cultivar for early 
harvest, hence, not suitable for relay or sequencial cropping systems. The selection and 
recommendation of Rayong I was one of the most important factors responsable for successful 
cassava production in Thailand. 

Biological yield constraints: 

Cassava bacterial blight (CBB), caused by Xanthiomonas campestris pv. 1nanithotis, is 
the only major disease of cassava that is widely spread in the country. Rayong 1 is moderately 
susceptible to CBB; however, it is not well known how much effect CBB has on cassava 
yields. Brown leaf spot, caused by Cercosporidiumhenntgsii and mites (Tetrantvchus truncatus) 
are commonly observed, but their effects on yield are not well known. 

At present, cassava in Thailand is affected by , comparatively small number of diseases 
and pests. However, this is no guarantee for the future because of the dynamic nature of 
biological yield constraints. The present sittuation of' more than one million hectares planted 
with virtually one single genotype is extremely vUlnerable to any future change in the disease 
and pest situation. Diversification of cassava genotypes is therefore very important, and 
extra care should be taken to avoid accidental introduction of diseases and insecls. 

Cassava Breeding to Overcome Productivity Constraints 

The national average yield of 13.5 t/ha is rather low compared with experimental yields 
of more than 50 t/ha obtained in Thailand or at CIAT. There are clones with much higher 
root dry matter content than Rayong I. Hence, there is still much room for yield improvement 
through additional germplasm collection/introduction and breeding. 

Gerlnplasm collection and infrodaction: 

Cassava breedin.; research began with the collection of local cultivars throughout the 
country and their systematic evaluation in 1956 at Rayong Field Crop Research Center in 
Rayong province. There were not many cultivers and several, collected from various locations 
and having different names, were identified to be the same genotype. This was called "Local 
Rayong", to be used in comparison with introduced cultivars. It appeared that Local Rayong 
yielded higher than all introduced clones from .ava, the Virgin Islands and CIAT. This 
cultivar was named Rayong I by the Department of Agriculture in 1975. Before 1960, some 
twenty cultivars had been iniroduced, probably from Malaysia, Java and Mauritius. From 
this stock, the venerable Rayong I probably emerged. l)uring the 1960's, more clones were 
introduced, from lava in 1963, and from the Virgin Islands in1965. The first introduction of 
planting material from CIAT took place in 1970. 

The introduction of CIAT germplasm in the form of hybrid seeds started in 1975. Ten 
hybrid clones were first introduced in the form of meristem culture from CIAT in 1979. 
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Table 3. Introduction of cassava germplasm to Thailand through the Department of Agricuture. 

Year Number of genotypes
introduced 

Origin 

Before 1960 about 20 Malaya, Java, 

1963 7 cultivars 
Mauritius, etc. 
Java 

1965 44 clones Virgin Island 
1970 5 accessions CIAT 
1975 900 seeds CIAT 
1977 10 hybrid clones CIAT 

6170 seeds CIAT 
1978 7720 seeds CIAT 
1979 10 hybrid clones CIAT 
1980 3050 seeds CIAT 
1981 1400 seeds CIAT 
1982 7450 seeds CIAT 
1984 7900 seeds CIAT 
1985 6650 seeds CIAT 
1986 6600 seeds CIAT 
1987 8600 seeds CIAT 
1988 9200 seeds CIAT 

Source Field Crops Research Institute, Dept. Agric. 

Introduction of CIAT seed populations from more specifically defined cross parents, adapted 
to the Thai conditions, started in 1982 (Table 3). All these introductions have passed and are 
passing through several evaluation steps of the breeding program, and selected clones are 
utilized in hybridizations. 

Germplasm introduced from CIAT contributed to increase the genetic variation. Many 
crosses were made every year between Thai and CIAT clones, supplemented by a smaller 
number of crosses between Thai clones. From the CIAT hybrid seeds introduced in 1975, two 
cultivars were developed, Rayong 2 and Rayong 3. 

Breeding program: 

The breeding program, based on open-pollinated seeds from Rayong I and introduced 
cultivars, started in 1971. Not much was gained from the selections "ofopen-pollinated seeds. 
Controlled hybridization started in 1975 by utilizing limited germplasm from Java, the Virgin 
Islands and CIAT. With the return of researchers, trained at CIAT since 1977, the breeding 
program at Rayong Research Center began to function as the core of the national program. 

Breeding objectives: 

The major objectives of the cassava breeding program are: 

1. high yield, in terms of dry matter and starch, 

2. good adaptation to local production environments with drought tolerance etc., 

3. early harvestability, 
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4. diversification of germplasm, including resistance to diseases and pests, etc. 

5. good plant type for intercropping, easy harvest, etc. 

Breeding a high yielding cultivar is based on high yield, high harvest index, and high 
root dry matter content. High yielding cultivars will contribute to higher productivity, hence 
decreasing the cost of production and increasing their competitiveness with feed grains. Higher 
root dry matter content will lead to lower cost through higher value of the roots and lower 
cost of processing. Breeding for early harvest is done by high yield selection at an early age. 
Early cultivars will increase the opportunities for more efficient land usage, better cropping 
systems and crop rotation to minimize soil erosion. Resistance breeding focuses on resistance 
to CBB and mites. Breeding for drought tolerance also aims at finding cultivars that can be 
used for late rainy season plantings. Finding clones suitable for intercropping is another 
important selecion target. 

Structure of varietal testing 

The development of new cassava cultivars involves the following steps: 

1. Hybridization: Some 12,000 to 20,000 hybrid seeds from 200 to 250 crosses are 
obtained every year at Rayong Research Center. The majority of these come from controlled 
pollinations between Thai and CIAT clones. Several thousands open-pollinated seeds are 
collected. Some 6,000 to 8,000 hybrid seeds introduced from CIAT are added to these every 
year. 

2. Seedling selection : From 15,000 to 20,000 F, seeds arc planted at I x 1.5 m spacing. 
Selection is based on plant vigor, disease/insect incidence, harvest index and yield. About 
1070 of the plants arc selected for the single-row trial. 

3. Single-row trial : Stakes from selected plants from the seedling trial are planted in 
a single row of 10 plants. The rows are one meter apart. Every 10 rows Rayong 1 is planted 
as the control. About 10-20% selection is practised based on designated objectives. 

4. Preliminary yield trial: Selected clones from the single-row trial are planted in 
5 x 10 m plots with two replications in Rayong Center. 

5. Standard yield trial : About 20 clones are evaluated in 5 x 10 m plots with 4 
replications in two to three stations located in major cassava growing areas. 

6. Regional yield trials : About eight to ten clones, including local cultivars, are 
evaluated in 5 x 10 in plots with 4 ic-plications in six to ten stations located throughout the 
major cassava growing areas. 

7. Farmers' field trials : Promising clones from regional yield trials, usually three to 
five clones, are tested on farmers' fields in 5 x 10 m plots with 4 replications. The trials are 
conducted by using farmers' land and labor, but the management input is the responsibility 
of the researchers. The number of trials depends on the resources available. 

8. Farmers' field test : The best clones are compared with the farmers' crop in farmers' 
fields using the farmers' technics. Large plots (1600 sq.m.) are required. Extension workers of 
the Department of Agricultural Extension from the area and farmers participate in the evaluation. 
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When the best material is approved, it is named as a new cultivar and released by the 
Department of Agriculture. 

9. Production of planting material : Promising clones are multipled on a small scale 
in research stations. Once the cultivar is named and released, only a limited area of multiplication 
plots is kept in the research stations. The planting material produced is turned over to the 
extension workers from the Department of Agricultural Extension, who in turn use it for 
demonstration and multiplication in selected farmers' fields. 

10. Distribution of planting material : Distribution of a released cultivar to farmers 
is done mainly by extension workers. Materials are obtained from research stations and 
selected farmers who had planted the new cultivar in the previous season. Research stations 
also distribute materials to nearby farmers. 

Achievements 

Recommended cultivars 

Rayong I is basically a farmers' cultivar. However, it was collected, purified, evaluated, 
named and recommended by the Department of Agriculture. It is a high yielding cultivar with 
moderately high harvest index. The cultivar provides a good quantity of high quality planting 
stakes, and sprouts well even tinder water deficient conditions, which makes this cultivar 
highly versatile. Data from CIAT suggest that Rayong I is supperior to most Latin American 
cuhivars under conditions similar to those found in the Thai cassava area. 

Rayong 2 was selected from hybrid seeds of CM 305 cross, which was introduced from 
CIAT in 1975. Its fresh root yield, dry matter content and starch content (calculated from 
Reihmann scale) are similar to those of Rayong I. This cultivar is a table type, good for 
making fried chips and other convenient foods, and has a higher yielding capacity than its 
counterpart Hanatee, the traditional table type cultivar. Its yellow root flesh contains high 
carotene. Some agronomic characters of Rayong 2 are shown in Table 4. Rayong 2 was 
released in 1984. 

Table 4. Characteristics of Rayong 2 compared with Rayong 1. 

Character Rayong 2 Rayong I 

Height (cm) 285 282 
Outer root skin color light brown cream 
Flesh color light yellow wlitze 
Fresh root yield (t/ha) 21.5 23.5 
Dry matter content (0o) 29.8 30.8 
Starch content (%) 19.0 20.0 
HCN (peeled) (ppm) 24 43 
Carotene (ug/IOOg) 502 80 
Vitamin A (IU/lOOg) 837 130 
CBB resistance MS MS 

Source : Field Crops Research Institute, Dept. Agric. 

14 



Rayong 3 was selected from hybrid seeds of CM 407 cross, which was introduced from 
CIAT in 1975. The results of experiments conducted from 1979 to 1984 show that the root 
dry matter and starch contents of Rayong 3 are higher than those of Rayong 1. while fresh 
root yield of Rayong 3 is similar to that of Rayong 1. Some characteristics of Rayong 3 are 
compared with those of Rayong I in Table 5. Higher starch content results in a higher price 
being paid for roots of Rayong 3. The differential is $ 0.74/ton per 1% starch. The higher 
dry matter content of Rayong 3 is welcomed by the chippers because it results in a shorter 
time required for drying. Rayong 3 was released in 1983. 

Table 5. Characteristics of Rayong 3 compared with Rayong I. 

Character Rayong 3 Rayong l 

Height (cm) 174.0 282.0
 
Fresh root yield (t/ha) 19.7 
 22.5
 
Dry matter content (Sb) 37.0 
 30.0 
Dry yield (t/ha) 7.3 6.7 
Starch content (0/1) 25.3 19.2 
Starch yield (t/ha) 5.0 4.3 
H.I. 0.57 0.45 
H.N medium high
 
CBB 
 MS MS 

Source : Field Crops Research Institute, Dept. Agric. 

Rayong 60 was selected from a cross between CIAT and Thai clones (M Col 1684 x 
Rayong 1). It has outyielded Rayong I by 24% in fresh and 31% in dry root yield at 6-8 month 
harvest in a series of regional and on-farm trials (Table 6). At 12 month harvest, Rayong 60 
has outyielded Rayong I by 40o in fresh and 45% in dry yield (Table 7). This clone was 
approved, named and released by the Department of Agriculture on September 30, 1987. It 
can be used both for early and for 12 month harvests. Characteristics of Rayong 60 and 
Rayong I are compared in Table 8. 

Table 6. Yield parameters of Rayong 60 and Rayong I at 6-8 month harvest in various trials from 1984 to 1987. 

No. Fresh yield Dry yield Dry matter Starch 
Year Trial of (t/ha) t/tha) content (WO) content (076) 

trials R60 RI R60 RI R60 RI R60 RI 

84 Preliminary 1 23.3 15.2 6.7 3.7 39.9 33.9 28.3 24.1 
85 Standard 3 15.3 13.9 3.6 3.2 35.6 36.6 24.0 25.3 
85 Standard I 27.5 28.9 6.1 4.3 33.0 31.8 22.0 22.8 
86 Regional 3 15.1 14.3 4.1 4.1 38.4 37.8 27.8 27.3 
86 Regional 4 19.6 16.5 4.6 3.7 34.3 33.8 22.0 21.4 
87 Standard I 26.2 17.1 7.1 4.6 37.9 37.8 27.1 26.8 
87 Regional I 22.3 17.6 6.0 4.4 37.7 36.2 26.8 18.9 
87 Fartn trial 2 23.0 16.6 5.6 3.1 34.9 32.2 24.5 18.9 

Average 19.7 15.8 4.9 3.7 36.2 34.9 24.9 23.5 
Relative to RI (Wo) 125 10W 131 100 104 I() 105 100 

Source Field Crops Research Institute, Dept. Agric. 
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Table 7. Yield parameters of Rayong 60 and Rayong 1 at 12 month harvest in various trials from 1984 to 1987. 

No. Fresh yield Dry yield Dry matter Starcih 
Year Trial of (t/ha) (t/ha) content (%) content (/) 

trials R60 RI R60 RI R60 RI R60 RI 

84 Preliminary I 29.5 17.3 9.7 5.3 32.8 31.0 19.8 17.5 
85 Standard I 34.3 26.6 14.0 10.2 39.5 38.3 24.7 27.8 
86 Regional I 36.8 30.8 12.3 10.8 33.3 35.0 20.7 23.0 
86 Farm trial 10 23.5 15.1 7.1 4.6 32.9 30.7 19.8 18.0 
87 Farm trial 2 31.2 29.1 9.5 9.1 30.7 31.3 17.1 17.7 
87 Farm test 1 23.6 18.2 8.3 5.6 35.0 30.8 23.0 17.0 

Average 	 26.4 18.9 8.8 6.0 33.2 31.5 20.0 18.8 
Relative to RI (07o) 140 100 145 100 105 100 106 100 

Source : Field Crops Research Institute, Dept. Agric. 

Table 8. Characteristics of Rayong 60 compared with Rayong I. 

Character 	 Rayong 60 Rayong I 

Height (cm) 	 275 220 
Fresh root yield (t/ha) 

8 month 19.0 15.8 
12 month 	 26.4 18.9 

Dry matter content (01/6) 

8 month 36.2 34.9 
12 month 33.2 31.5 

Dry yield (t/ha) 

8 month 	 7.6 5.4 
12 month 8.8 	 6.0 

Starch 	content (010) 
8 month 24.9 23.5 

12 month 20.0 	 18.8 

Starch 	yield (t/ha) 
8 month 4.9 3.7 

12 month 5.3 3.6 
Fresh yield per day (kg/ha) 

8 month 81.9 65.6 
I? mnbth 72.5 51.9 

H.I. : 8 month 	 0.67 0.55 
HCN : 8 month 	 M. high M. high 
CBB resistance MS 	 MS 

Source 	: Field Crops Research Institute, Dept. Agric. 

Promising new clones : 

There is a very promising clone, (CMC 76 x V43) 21-1 in the final stages of evaluation 
in farmers' fields. It was selected from hybrid seeds of a cross between CMC 76, from CIAT, 
and V43 from the Virgin Islands. (CMC 76 x V 43) 21-1 outyielded Rayong I by 8% in fresh 
and 25% in dry yield at 12 month harvest. Dry matter and starch contents of (CMC 76 x V 43) 
21-1 are higher than those of Rayong I (Table 9). 
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Table 9. Yields parameters of (CMC 76 x V 43) 21-1 and Rayong I at 12 month harvest in various trials from 1980 
to 1986. 

No. Fresh yield Dry yield Dry matter Starch 
Year Trial of (t/ha) (t/ha) content (%) content (%) 

trials RI 21-1 RI 21-1 RI 21-1 R! 21-1 

1980 Preliminary I 42.6 42.2 13.7 15.4 32.1 36.4 19.5 25.0 
1981 Standard 3 36.9 36.7 10.5 14.0 32.8 38.2 19.8 27.3 
1982 Standard 3 19.4 23.5 5.9 8.2 30.6 34.9 16.3 22.9 
1983 Regional 4 29.2 33.4 9.5 12.1 32.6 36.3 19.7 24.9 
1984 Farm trial 10 22.3 22.8 7.2 8.7 31.6 34.5 18.4 22.3 
1985 Farm trial 8 14.2 16.2 4.5 5.9 31.2 35.4 17.7 23.6 
1985 Farm Test 18 16.8 18.1 5.1 6.5 30.9 35.8 17.2 24.1 
1986 Regional 3 26.6 27.1 8.2 9.4 30.1 33.3 16.4 20.4 
1986 Farm trial 2 21.0 22.8 6.6 8.3 31.6 36.5 18.2 25.2 
1986 Farm Test 18 19.9 21.6 6.4 8.0 32.2 37.0 19.2 25.8 

Average 20.5 22.2 6.5 8.1 31.5 35.9 18.2 24.2 
Relative to RI ('o) 100 108 100 125 100 114 100 133 

Source : Field Crops Research Institute, Dept. Agric. 

Another promising clone, CM 3299-15, was selected from hybrid seeds of CM 849-1 x 
M Col 22 cross, introduced from CIAT in 1982. CM 3299-15 outyielded Rayong I by 12% 
in fresh yield and 16% in dry yield. Its starch content is higher than that of Rayong I (Table 
10). Its plant type and root shape are very favorable. 

Table 10. Yield parameters of a promising clone, CM 3299-15, and Rayong I in various trials from 1985 to 1987. 

No. Fresh yield Dry yield Dry matter Starch H.. 
Year Trial of (t/ha) (t/ha) content (07) content (0o) 

Trials RI CM RI CM RI CM RI CM RI CM 

85 Preliminary I 30.3 31.9 9.8 10.3 32.8 32.4 19.9 19.4 0.50 0.64 
86 Standard 3 23.7 29.4 7.4 9.3 31.4 31.8 18.0 18.4 0.49 0.54 
87 Regional 6 32.1 35.1 10.1 11.6 31.0 32.8 17.4 20.0 0.53 0.57 

Average 29.4 33.1 9.3 10.8 31.3 32.5 17.8 19.5 0.51 0.57 
Relative to RI (00) 100 122 100 116 100 104 100 109 100 111 

Source : Field Crops Research Institute, Dept. Agric. 

Performance of Rayong 3 in farmers' fields. 

Rayong 3 was released in 1983. Planting materials had been multipled in research station 
and farmers' fields simultaneously with the final evaluation. In 1987 planting material was 
distributed to farmers to be grown in about 1,000 ha. 

The results of 153 tests in farmers' fields from 1983 to 1986 showed that Rayong 3 had 
an average fresh root yield of 19.4 t/ha, dry matter content of 36.1 %, dry yield of 7.0 t/ha, 
and starch content of 24.2%, whilst those of Rayong I were 21.9 t/ha, 32.0%, 7.0 t/ha and 
19.8%, respectively. 
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Constraints and Prospects 

Thai farmers prefer to adopt a new cultivar in the hope that a higher yield and a higher 
price can be attained without large additional costs. The major constraint in releasing new 
cultivars is the slow rate of propagation of cassava, which makes availability of large 
quantities of planting material for distribution to farmers difficult. There are no cassava 
multiplication farms of the government or private sector. Starting with about 100 ha of 
Rayong 3 in 1985 and a multiplication rate of 1 to 10, it requires at least 5-6 years to plant 
this cultivar in 0.6 million ha, about half of the total cassava planting area. 

Rapid propagation or single two-node propagation may help hasten planting material 
production and distribution of newly released cultivars. But these methods are costly. 

Major yield increases on a large scale through the release of new cultivars will not be 
realized in a short period of time. Although Rayong 3 has a higher starch content, it may not 
replace Rayong I on a large scale because the total dry matter yield of Rayong 3 does not 
greatly exceed that of Rayong I. There are a number of promising hybrid clones for high yield 
and earliness in the pipeline, yet it will take some time before any one of these passes to the 
production fields. 

Whether we can obtain new clones with a yielding capacity sufficiently high to significantly 
reduce the production costs depends on future work. It is expected that high yielding cultivars 
will provide the opportunity for higher competitiveness in the international market. Also, higher 
yielding cultivars may induce farmers to grow cassava only in areas that are not susceptible to 
erosion. Additionally, early cultivars, will increase the possibility for better land use through 
better cropping systems and crop rotation to avoid soil degradation. 

Summary 

Cassava is one of the most important economic crops in Thailand. It is produced by 
small farmers and its products are exported mainly to the EEC. The production has increased 
rapidly and steadily during the last two decades through the expansion of planted area. The 
national average yield has been stagnant at about 13.5 t/ha, which is higher than the world 
average yet low compared with the potential of the crop. 

Major production problems include declining soil fertility, soil erosion and the limited 
genetic diversity of the crop. The research effort of the Department of Agriculture has 
resulted in the identification of a high yielding, versatile cultivar, Rayong 1. Latinamerican 
germplasm, provided by CIAT, is now well incorporated into the breeding system. High yield 
capacity and early maturity are important selection targets. 

The Thai cassava breeding program includes every step of varietal improvement activity. 
Selected clones are evaluated in research stations located in the major cassava growing areas. 
Extension workers and farmers are involved in testing the promising clones before the release 
of new cultivars. 

Three cultivars, Rayong 2, Rayong 3 and Rayong 60 have been released. Rayong 2 
and Rayong 3 were developed from CIAT hybrid seeds. Rayong 3 has high root starch and 
dry matter content, while Rayong 2 is good for human consumption. These two cultivars 
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performed well in research stations and farmers' fields. Recently, Rayong 60 was released. It 
is high yielding and suitable for early harvest. There are many promising clones along the 
various steps of evaluation. 

Superior cassava cultivars will provide the opportunity for reducing the cost of production, 
increasing farmers' income as well as the competitiveness of the product in the international 
market. 
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CASSAVA VARIETAL IMPROVEMENT AT KASETSART 
UNIVERSITY, THAILAND 

Chareinsuk Rojanaridpiched! 

Kasetsart University is the Thai name for agricultural university. In 1985 there were 70 
departments, 1,412 lecturers, 5,189 staff members, and 11,083 students. Several cassava research 
projects have actively been conducted in various departments such as Agronomy, Soil Science, 
Animal Science, Microbiology, Products Development, and Agricultural Economics. Research 
projects are coordinated by the Kasetsart University Research and Development Institute 
(KURDI). There are ten research stations, of which four involve field crops. 

Accomplishments and Present Status of Cassava Breeding Program 

A cassava breeding project was launched by the introduction of hybrid seeds from CIAT 
in 1975. Subsequently, seedling selection began in 1976 with 2,574 seeds; their pedigrL S -,re 
shown in Table 1.The majority of the seeds were obtained from open-pollinations of 230 
selected CIAT germplasm accessions at CIAT, in Cali Colombia. Clones selected from this 
seed population have been tested from 1981 to 1986 in a total of 23 trials, of which II trials 
were conducted by the Field Crops Research Institute of the Department of Agriculture. The 
best selected clone was MKU 2-151 from the cross MCol 113 xMCol 22. MKU 2-151 had a 
yield, averaged over all the trials similar to that of Rayong I (Table 2). This clone was not 
released as a commercial cultivar, but was registered as a parent in the hybridization program. 

r
Table 1. Code, pedigree and number of seeds introduced from CIAT in 1975 fo selection. 

Code Pedigree Number of seeds 

MKU I Open-pollinated 1,006 
MKU 2 MCol 113 x MCot 22 342 
MKU 3 MCot 113 x MCol 638 224 
MKU 4 MCol 113 x MCol 647 295 
MKU 5 MCol 647 x MCol 638 129 
MKU 6 CM 2-6 x CM 309-206 80 
MKU 7 CM 180-4 x MCol 638 58 
MKU 8 Open-from MVen 285 122 
MKU 9 CM 152-14 x MCol 638 99 
MKU 10 MCol 113 x MMex 55 219 

Total 2,574 

I/ Plant Breeder and Associate Professor, Department of Agronomy, Faculty of Agriculture, Kasetsart University, 
Bangkok 10903, Thailand. 
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Table 2. Dry root yield (t/ha) of MKU 2-151 from 23 trials during 1981-1986. 

Sriracha Res. Stn. Field Crops Res. Inst. Farmers' fields
 
Clones 
 81-84 84/85 84/85 85/86 86/87 85/86 Average 

No. of trials No. of locations 

3 3 I 3 7 6 

MKU 2-151 10.5 8.8 14.6 9.1 9.2 7.3 9.0
 
Rayong 3 - 8.3 10.6 6.9 8.4 8.2 8.2
 
Rayong I 9.8 9.9 9.3 7.4 10.2 
 8.0 9.1 

The progress of the breeding project was delayed from 1981 until 1984 because the 
principle breeder was on study leave. The germplasm flow in the breeding project is summarized 
in Table 3. The pi oject operates in close cooperation with tile Field Crops Research Institute 
(FCRI). As a part of the activities, selected clones have been sent to FCRI for field trials and 
vice-versa. Some of the selected clones from the preliminary yield trial in 1986/87 have shown 
very promising results (Table 4). Since Rayong 1 is exceptionally well adapted to the Thai 
environment it is too early, with this preliminary yield trial, to conclude that Rayong I can be 
replaced by those clones. lost of the promising clones are F hybrids with Rayong I. New 
promising clones are added into the hybridization and evaluation programs every year. It is 
hoped that in the near future Rayong I may be replaced by superior clones. 

Table 3. Stage and number of cassava clones in breeding program from 1984 to 1987. 

Number of clones
 
Stage 
 Year 1984/85 1985/86 1986/87 1987/88 

F1 seedling trial 4,114 7,884 3,433 5,000 
Single row trial - 375 435 202 
Preliminary trial  - 93 97
 
Regional trial  - - 10 

Table 4. Performance of selected clones from a preliminary yield trial at Sriracha in 1916/87. 

Clone Fresh root yield StarchCl( t/ha) (%) Hl 

Group I 
(MKU 1-506 x Rayong I) # 34 30.1 17.6 .59 
(Rayong I x Rayong 3) # 2 38.0 18.4 .65 
(MKU 2-162 x Rayong I) # 23 31.8 20.4 .62 
(MKU 1-316 x Rayong I) # 91 43.3 14.8 .67 
Rayong I (check) 30.5 15.0 .58 

Group I1 
O1. 27-77-10 # 60 29.4 18.6 .50 
Rayong I (check) 21.6 13.7 .48 
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Utilization of Local, Introduced and CIAT Developed Germplasm 

Before the release of Rayong 3 by the Department of Agriculture in 1983, there were 
only 3 commercial cassava cultivars, namely Rayong 1,Hanatee, and Munsuan. Rayong I is 
a very important cultivar with more than one million hectares under cultivation for industrial 
purposes. Hanatee and Munsuan are economically less important since the roots are used only 
for human food. Yields of these two cultivars are inferior to that of Rayong I but the HCN 
content of roots iElower (Table 5). 

Table 5. Yield of three local cassava cultivars from 3 trials during 1984/85. 

Cultivar Fresh root yield(1/ha) (I/ha Root starch content(Gb)Root(0/o) HCN 

Rayong I 

Hanatee 
36.6 

27.1 
21.4 
20.7 

high 

low 
Munsuan 21.0 21.1 low 

Rayong I possesses excellent agronomic characteristics such as high yield, good 
germination, good plant type, wide adaptation, case of harvest and moderately high root 
starch content. Kawano et al. (1986) slated that the iuperior agronomic characteristics of 
Rayong I were the main factor for successful cassava production in Thailand. 

Introduced cassava germplasn is necessary since local germplasm is very limited. Seeds 
and meristem cultures were introduced from CIAT, Malaysia and Indonesia through the 
CIAT in vitro culture laboratory (Table 6). Additional breeding materials have been obtained 
from the Field Crop Research Institute also. 

Table 6. Kasetsart cassava germplasm introduction from (CIATand other countries with CIAT coordination. 

Year Type of germplasm 

1975 8,000 F seeds from CIAT 

1984 9 clones of incristem culture from ('I AT, 

(MBra 12, CM 681-2, NICub 74, CM 981-8, CM 523-7, CM 507-37, 
CM 342-170, CM 982-20, and Mven 156) 

1985 3,150 F, seeds f:oni CIAT 

1986 Meristem culture :64 clones from Indonesia, 68 clones from Malaysia 

Without irrigation most of the CIAT-clones tended to germinate poorly under Thai 
conditions (Kawano et al., 1986). Our F1 seedling introduction from CIAT in 1975 when 
planted at Sriracha in single row trials in 1977 gave the same result (Figure 1). Unlike the low 
germination characteristic, these materials showed more promising variation in root starch 
content when compared with Rayong I (Figure 2). However, clones recently introduced from 
CIAT through meristem culture showed satisfactory germination, compared with Rayong I 
and Rayong 3, when planted in the dry season at Sriracha (Table 7). 
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Figure 1. Germination of 1,046 cassava clones introduced from CIA Tas Sriracha in 1977-78. 
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Figure 2. Root starch content of 729 cassava clones introducedfrom CIA Tat Srirachain 1977-78. 
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Table 7. Germination of CIAT cassava clones planted in November, 1986 at Srtracha Research Station. 

Clones Germination (0) 

CM 981-8 77.5
 
MCub 74 
 93.8
 
CM 523-7 
 95.4
 
CM 681.2 
 99.6
 
Rayong I (local check) 
 87.9 
Rayong 3 (local check) 98.8
 
LSD (0.05) 
 9.46 

Introduced materials have been evaluated through the steps of evaluation trials and 
selected clones have been incorporated into the hybridization scheme. Our breeding objective 
is to develop cassava cultivars for industrial purposes; thus, from the 'ocal germplasm only 
Rayong I is used in the hybridizations with selected introduced clones. 

Future Directions and Priorities 

Cassava industry personnel mentioned earliness, high root yield, and high root starch 
content as the most desirable characteristics expected in new cultivars. Earliness is one of the 
objectives of several cassava breeding programs. Up to date there is no cassava cultivar that 
is clearly suited to early harvesting. We tested 10 cassava clones with harvesting time at 8, 10 
and 12 months. Interaction between clone and harvesting time was not detected in the 
analysis of variance for fresh and dry root yield. The result indicate that cassava clones in 
this experiment responded similarly to harvesting time. Hence, selection for earliness is not 
included in our objectives. 

Our short term goals in breeding are: 
I. higher root starch content than Rayong 1 with similar root yield; or higher root 

yield than Rayong I with similar root starch content, 
2. similar agronomic triats to Rayong 1, 
3. not susceptible to diseases and insect pests. 

For the long term objectives, new clones should be higher in both fresh root yield and 
starch content than Rayong 1, but with similar agronomic triats as Rayong 1. 

Needs of Network Research and Cooperative Projects 

Continuous flow of cassava germplasm into the project is necessary for the future 
success. Hence, we set the first priority for germplasm introduction and exchange. International 
varietal trials are also important to obtain further information on cultivar performance and 
disease and insect pests reactions. These tasks can be accomplished by coordination and 
support from an international institute such as C-1AT. 

Reference 
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CASSAVA BREEDING IN INDONESIA 

Roberto Soe;,arjoJ 
Soemarjo Poespodarsono1 
J. Hardono Nugroho 2 

Introduction 

Cassava (Manihot esculenta Crantz) ii Indonesia has a great potential, both for domestic 
consumption as well as for export purposes. Its harvested area is presently about 1.4 million 
hectares with an annual production of about 15 million tons (Table 1). 

Table 1. Cassava harvested urea and production in Indonesia, 1981-1985. 

Year Harvested area Production 
(000 ha) (000 t) 

1981 1,412 13,673
 
1982 
 1,440 12,636
 
1983 
 1,452 13,798
 
1984 1,485 14,205
 
1985 
 1,492 15,403 

Source : Achmad Affandi, 1986; Central Bureau of Statistics, 1985. 

The crop is grown in monoculture as well as intercropped with other crops. It is 
grown mainly by small farmers, but large scale plantations of over a thousand hectares also 
exist in the country. The roots are processed into a multitude of end products ranging from 
simple boiled roots for direct human consumption to starch and liquid sugar produced in large 
factories (Soenarjo, 1986c). 

Status of the Breeding Program 

Cassava breeding is a part of the Root and Tuber Crops Program of the Central Research 
Inst;:,"ec for Food Crops (CRIFC) in Bogor. Malang Research Institute for Food Crops 
(MinRIF) under the auspices of CRIFC has the mandate to do research and development work 
on all palawija (non-rice) crops, including cassava. The Root and Tuber Crops Program of 
CRIFC has its headquarters at MARIF, which is expected to be the palawija center of Indonesia 
in the future. The very low level of government financial support for cassava research obliged 
the cassava varietal improvement program of CRIFC to depend heavily on the resources of 

]J Plant Breeders at Malang Research Inst. for Food Crops and Univ. of Brawijaya in Malang, Indonesia, respectively. 
/ Research and Development Manager, P.T. Urnas Jaya Farm, Lampung, Indonesia. 
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P.T. Umas Jaya Farm in southern Sumatra, one of the largest private plantations in the 
country, to carry out the major part of the actual breeding and selection work. This arrangement 
proved highly successful, and research conducted at Umas Jaya is now the most important 
genetic evaluation/selection scheme for cassava production under high rainfall conditions. 

Cassava varietal evaluation/selection has recently started also at the University of 
Brawijaya (UNIBRAW) in Malang, in cooperation with CIAT and the International Development 
Research ':nire (IDRC) from Canada. The cassava evaluation at UNIBRAW appears to 
offer a good selection scheme for cassava production under low rainfal conditions. An 
integrated root crop research program is being formed, encompassing MARIF and UNIBRAW 
so as to make better use of limited resources and avoiding duplications. 

Objectives and Priorities 

The main objectives in the breeding program art- to develop superior cassava clones 
that are suitable for industrial use as well as for fresh human consumption (Soenarjo, 1986b). 

For industrial use cassava clones should have the following characteristics: 

- High HCN content of roots ( > 100 ppm) to prevent wild pig damage as well as theft 
- Non-branching growth habit 
- Easy to harvest 

- Suitable for mechanization. 

For fresh human consumption cassava clones should be characterized by: 
- Low HCN content of' roots (< 30 ppm) 

- Good eating quality 

In addition, those clones have to possess the following common attributes: 

- High yield and high harvest index 
- Early harvestability 
- Tolerance to major pests and diseases 
- High root starch content 
- Good root shape 
- Broad adaptation to various soil and climatic conditions 

Recently the demand for cassava clones with high starch content has been increasing. 
Meanwhile the incidence of cassava bacterial blight (CBB) in the wet region, and mites 
(Tetranchus sp.) in the dry region are becoming more serious. Additional research priority 
should be given to these problems in the future. 

Strategy 

In general, Indonesia can be divided climatically into two major regions: wet and dry. 
The wet region has an annual rainfall of over 1500 mm with less than four dry months. This 
region is located mainly in the western part of' West Java and in Sumatra. The dry region 
extends from the eastern part of West Java toward the east of lndcnes:i up to Nusa Tenggara 
and East Timor. This region is characterized by annual rainfall of less than 1500 mm and 
over four dry months. 
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The major constraints in the wet region are acid soils with low fertility and high incidence 
of CBB, while those in the dry region are drought stress and red mite infestations. 

For these reasons the breeding activities are now centered at Lampung in South Sumatra 
and in Malang in East Java, representing the wet and dry regions, re:;pectively. Selected clones 
obtained from each evaluation site are distributed to other important cassava growing regions 
for further evaluation. 

Utilization of Local and Introduced Materials 

To increase genetic variability the program has been maximizing the use of both local 
and introduced materials. Most local clones from both wet and dry regions, considered as 
potential cross parents, are now being used in the breeding program. 

Many local clones have poor yield potential, low harvest index and other undesirable 
characteristics. However, these clones have been adapted to the region for many years. Past 
evaluation indicate that local clone!: such as Muara, Bogor, Gading, Faroka, Manalagi and 
Genjah Kretek or Balerante have several good characteristics. 

A cross of a local clone, Ambon resulted in a new improved cultivar, Adira I, which 
is suitable for fresl >uman consumption. Another cross with Muara has given an outstanding 
new cultivar, Adira 4, which is suitable for industrial use. 

Introduction of cassava germplasni from other countries has been limited and CIAT 
has been the major source of cassava germplasm. In the recent five years, the breeding programs 
of both CRIFC and UNIBRA,V have received more than 10,000 F1 hybrid seeds through this 
channel. Now that an integrated root crop improvement program, including both CRIFC/ 
MARIF and UNIBRAW, has been organized and cooperative breeding activities with private 
plantations in Sumatra are %wellcoordinated, our integrated program can take the sole respon
sibility for receiving germplasn materials from CIAT and appraising the breeding potential 
of these materials in the breeding/selection program. 

The clones selected from these seed introductions are being evaluated in various steps 
of our evaluation/selection scheme. The most advanced among these are now entering the 
advanced yield trial stage in Lampung, Sumatra, and in 'lalang. 

Because of' limitations of' land and resources it was decided to prevent the possible loss 
of the most valuable local genetic material by sending 50 local cultivars and 14 breeding lines 
to CIAT through meristem ,alture to be included in CIAT's world cassava germplasm oank 
(See section "Cassava breeding - CIAT headquarters"). 

Accomplishment in Cassava Breeding 

During the past decade the program released three improved cassava clones, namely 
Adira 1, Adira 2 (released in 1978) and Adira 4 (1986). Among these, Adira I has proven to 
be a successful cultivar for fresh consumption and Adira 4 appears to be highly promising for 
industrial (large plantation) use. 

Adira I is a sweet cultivar with only 30 ppm of HCN content in the root and is suitable 
for fresh human consumption and fermented cassava (home industry). This cultivar is suitable 
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for small scale farmers who usually grow cassava intercropped with other food crops. It can 
be harvested at 7 to 8 months, having fresh root yields of 25-30 t/ha with 38-40% root dry 
matter content when grown on reasonably good soils with good cultural practices and with 

nearly continuous rainfall. 

Adira 4 on the other hand, is more suitable for production on large plantations for 
industrial use (Soenarjo, 1986a) since it is a bitter cultivar with approximately 90 ppm HCN 
content in the root. It has a good root shape and compact root system as well as good plant 
type. Its harvest index is usually over 0.60 and its non-branching habit enables the crop to be 
handled mechanically. This cultivar is well adapted to wet regions, but can show reasonably 
good performance in the dry region as well. It can be harvested at 9-10 months after planting 
with fresh root yields of 35-45 t/ha, with 36-37% root dry matter content when grown under 

good conditions. This cultivar is also well adapted to marginal soils with a soil pH of 4.5-5.5. 
Adira 4 can produce 30-40% higher yields than Adira I and 50-700,'u higher yields than local 

cultivars (Soenarjo and Hardono, 1984). This clone was planted in considerable acreage even 
before its formal release in 1986. It is spreading rapidly among cassava piantations in Lampung 
as well as in other areas. It is now estimated to be planted in approximately 10,000 hectares. 

Intensive cooperation with CIAT and the Uias Jaya Farm started with the introduction 
of 4600 F1 hybrid cassava seeds from CIAT in 1983. This seed population has been evaluated 

through the established evaluation steps of conventional cassava varietal improvement, including 
single plant selection, single-row trial, non-replicated preliminary trial, replicated trial and 
advanced yield trial (Chart I). From tile original 4600 genotypes, 31 cleared all these steps to 
be included in tile advanced yield trial. Additional seed introductions have been made thereafter 
and the derived clonal materials are being evaluated similarly. 

All the 31 clones, which "ere selected from the 1983 seed introduction, outyielded 
significantly the local traditional cultivar, Kretek, and several gave higher dry root yields than 
Adira 4 (Table 2). The general characteristics of CIAT derived clones in comparison with 
traditional cultivars is their high harvest index, similar to that of Adira I or Adira 4. Evaluation 
of the same 31 clones for reaction to major diseases and pests revealed that the CIAT population 
contained much wider genetic variability in reaction to CBB, brown leaf spot and mites than 
the local cultivars, which were shown to be mo tl) susceptible (Table 3). This clearly indicates 
that the introduction of CIAT germplasm, when properly managed, adds useful genetic variation 
required by the national cassava breeding program (Soenarjo et al., 1986). 
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Date No. of clones/seeds Activity 
Jul 1983 460 IntroductionI 
Aug 1983 4600 Germination 

Sep 1983 2906 Transplanting (F1 trial) 

Jun 1984 1906 
ISingle 

574I 
Harvest 

plant selection 
Planting (Single-row trial) 

Mar 1985 574 

95I 
Harvest 
Single-row selection 
Planting (Preliminary trial) 

Mar 1986 95 

31I 
Harvest 
Selection 
Planting (Replicated trial) 

Dec 1986 

Dec 1987 

31 

13 

I13 

6Selection 
6 

Harvest 
Selection 
Planting (Advanced trial-I) 

Harvest 

Planting (Advanced trial-Il) 

Chart I. Schemetic presentation of evaluation/selection of the 1983 CIAT seed Introduction. 
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Table 2. Result of advanced yield trial at Umas Jaya Farm, Lampung, Sumatra, Indonesia, harvested at 8.5 months. 

Root Root Root 

dry fresh dry 

Clone Parents yield yield matter H.1. 

(t/ha) (t/ha) content 

(o0) 

CM 4013-3 UJF CM 728-2 x CM 922-2 17.2 47 36 .63 

CM 4014-5 UJF CM 728-3 x CM 681-2 16.1 46 35 .63 

CM 3433-6 UJF CM 681-2 x CM 91-3 13.7 38 36 .69 

CM 4049-2 UJF CM 1015-19 x CM 849-1 13.7 37 37 .62 

CM 4049-7 UJF CM 1015-19 x CM 849-1 13.7 38 36 .64 

CM 3435-5 UJF CM 681-2 x CNI 91-3 13.3 39 34 .68 

CM 4051-4 UJF CM 1015-34 x M Pan 51 13.3 39 34 .61 

CM 3970-4 UJF CM 342-170 x M Col 1684 13.1 36 36 .61 

CM 3997-26 UJF CM 681-2 x CM 849-1 13.0 37 35 .66 

CN1 3341-13 UJF CM 342-170 x CNI 523-7 12.9 33 39 .62 

CM 4013-8 UJF CM 728-2 x CM 922-2 12.9 39 33 .66 

CM 3997-5 UJF CM 681-2 x CM 849-1 12.6 36 35 .65 

CM 3997-7 UJF CM 681-2 x CM 849-1 12.6 37 34 .63 

CM 3959-5 U.JF M Col 22 x CM 180-5 12.6 36 35 .62 

CM 4031-10 UJF CM 922-2 x CM 507-37 12.6 34 37 .60 

CM 4045-6 UJF CM I15-13 x CM 922-2 12.6 35 36 .61 

CM 3504-9 UJF CM 728-2 x CM 523-7 12.2 34 36 .63 

CM 3998-13 UJF CM 681-2 x CM 922-2 12.2 33 37 .60 

CM 3997-14 MJF CM 681-2 x CM 849-1 12.2 36 34 .55 

CM 4045-1 U.1F CM 1015-13 x CM 922-2 12.2 34 36 .67 

CM 3997-19 UJF CM 681-2 x CM 849-1 11.9 33 36 .66 

CM 4040-2 UJF CM 1015-19 x CM 922-2 11.9 33 36 .62 

CM 3380-10 UJF CM 586-1 x CM 523-7 11.6 34 34 .63 

CM 3341-9 U.F CM 342-170 x CM 523-7 11.5 32 36 .60 

CM 4058-9 UJF CM 1015-42 x CM 180-5 11.5 32 36 .66 

CM 4063-12 UJF CM 1015-42 x CM 849-1 11.5 32 32 .69 

CM 4031-11 UJF CM 922-2 x CM 507-37 11.2 35 32 .66 

CM 3993-28 UJF CM 681-2 x Ni Col 1684 10.8 30 36 .63 

CM 3970-1 UJF CNI 342-170 x M Col 1684 10.1 28 36 .57 

CM 3341-2 UJF CM 342-170 x CM 523-7 9.5 25 38 .51 

CM 3967-2 UJF NI Bra 12 x CM 922-2 10.2 29 35 .57 

M-30 (Selection from local breeding program) 14.1 42 35 .68 

Adira 4 (Selection from local breeding program) 12.2 33 37 .62 

Rayong I (Introduction from Thailand) 9.2 27 34 .52 

Adira I (Selection from local breeding program) 9.1 24 38 .60 

Kretek (Leading local cultivar) 7.7 25 31 .48 
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Table 3. Resistance characteristics of selected clones compared with those of local clones at Umas Jaya, Lampung, 
Indonesia, 1985/86. 

Clone Root dry CBB 2 Brown 3 Mite 4 

yield (t/ha) leave spot 

Selected clone 
CM 4013-3 UJIF 17 MR R MS
 
CM 4014-5 UJF 16 R R 
 MR
 
CM 3433-6 UJF 14 R 
 MS R
 
CM 4049-2 UJF 
 14 MR R MR
 
CM 4049-7 UJF 
 14 MS R MR
 
CM 3970-4 UJF 
 13 MR R R
 
CM 3341-13 UJF 
 13 R S MR
 
CM 4031-10 UJF 
 13 R R R
 
CM 4045-6 UJF 13 R 
 ;riS MR
 
CM 3998-13 UJF 
 12 MR MS S 

CM 3997-19 UJI: 12 MR R S
 
CM 4031-11 UJF 
 II R R R
 
CNI 3970-I UJF 
 10 R R MR 

l.ocal clones 
M-30 14 MR S S
 
Adira 4 
 12 MR MS S
 
Rayong 1 
 9 MS MR MS
 
Adira-1 
 9 MR MS MS
 
Kretek 
 8 NIS MS MS 

I) R: Resistant, MR: Moderately resistant, MS: Moderately susceptible, S: Susceptible. Evaluated by R. Soenarjo, 
CRIFC, Indonesia.
 

2) Cassava Bacterial Blight (caused by,\'anthonmonus manihotis)
 
3) Caused by (rcosporidiutm ht'nningsi
 

4) Tetranychu. spp. 
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CASSAVA VARIETAL IMPROVEMENT IN INDIA 

G.G.Nayar.
 

R.B.Nair-


P.G. Rajendran_ 

Introduction 

Among the root and tuber crops grown in India, cassava (Manihot esculenta Crantz) 
takes the second position to potato with regard to area and production. While potato is 
predominantly grown in the temperate northern region, cassava is mainly cultivated in the 
southern states of India having a tropical climate. The tuberous roots of cassava are a rich 
source of starch. They are used as a staple human food, as animal feed and as an industrial 
raw material. 

According to NacM illan, cassava (tapioca) was introduced into Ceylon (Sri Lanka) 
and India by the Portuguese during the 17th Century, while Blurkhill states that it was directly 
introduced from SouthI1 America into India in 1840 (Abraham, 1956). The planting material 
was brought to the Malabar coast. -1Tholh tile original material was limited in number, at 
present a large number of cultivars are available, which have resulted from bud mutations or 
open pollinalions. Ovcr the years they have been selected for desirable attributes and adaptation 
to local conditions and requirements. Thus the majority of cultivars possessed native or local 
names which generally indicated the features of' the plant such as "Kayyalachedi" (like 
elephants) "Ethckka kappa" (like banana fruit) etc. 

Though cassava has been cultivated in India for a long time, improvement work in 
this crop did not receive due attention. Earlier attempts in cassava breeding in India have been 
reviewed by Abraham (1957), Magoon (1968, 1970), etc. For a long time after its introduction, 
the crop was restricted to the erstwhile Travancore State, from where it slowly spread to the 
other neighboring states and to the northeastern region of India. 

Though cassava is presently cultivated in many different states in India, the major 
share is contributed by Kerala state with about 70 per cent and 75%of tie area of tie total 
production. Data on total area, production and yield of cassava in India since 1950, shows 
that there was a progressive increase in area and production up to 1975, afltcr which there was 
a decrease inarea and total production (Table 1).However, cassava yields showed a steady 
increase from 5.8 t/ha in 1950 to 18.9 t/lia in 1985, which is a three and a half fold increase 
and is quite significant. 

j Ireeders, Central Tuber Crops Research Institute, Trivandrum 695117, India. 
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Table I. Area, production and productivity of cassava in India. 

Year Area Production Yield 
(000 ha) (000 ton) (t/ha) 

1950 218.2 1265.6 5.8 
1955 222.1 1594.1 7.1 
1960 236.7 1644.6 6.9 
1965 229.7 3095.7 13.5 
1970 345.2 5129.6 14.9 
1975 392.0 6638.3 16.9 
1980 320.8 5668.1 18.3 
1985 307.9 5573.5 18.9 

Source Agricultural Situation in India. 

Research on the varietal improvement of cassava was initiated by tile then existing 
Travancore University. Realizing the significance of tile varietal improvement to achieve high 
yield, breeding was carried out through introduction, varietal hybridization and through 
production of chromosomal lines. The scheme of tile work was further enlarged under a 
cassava improvement program, jointly financed by the Indian Council of Agricultural Research 
and the Government of Travancore-Cochin (present Kerala). Realizing the importance of 
root and tuber crops in the Indian economy, the Central tuber Crops Research Institute (CTCRI) 
was established by the Indian Council of Agricultural Research in 1963 as a National Centre 
for the overall improvement of tropical root and tuber crops (other than potato) in India. In 
the program cassava received the first priority among the various crops under purview. This 
paper presents a comprehensive overview of research conducted by the cassava varietal 
improvement program of CTCRI in India. 

Germplasm Collection and Evaluation 

For any meaningftl breeding program to succeed, availability of diverse genetic 
material in the crop is of great significance. In cassava, which had a meagre 75 types reported 
during the 1950's, the collection has !,een steadily increased to a total of 1354 genetic materials 
in 1986. These include 605 indigenous, 689 exotic, 60 hybrids and four wild species. The 
exotic collectiot includes materials received from CIAT, Brazil, IITA, Madagascar, Malaya, 
Sri Lanka etc. Amnong the exotics, a major share has been received from CIAT, in Cali, 
Colombia. These clones were extensively used in the hybridization program and a few promising 
lines could be identified. However, most of these clones were highly branching in nature. 
In 1984, several thotsands hybrid seeds from 158 crosses were received and their progenies 
are now tinder observationm. 

Based on the detailed studies of the morphological and root characteristics, the genetic 
stock in cassava could be grouped into various classes in relation to various traits. The studies 
also helped to identify duplicates in the collection. Ithas also been noted during the collection 
that the same cultivar is known by different names at different places. 

The evaluation of the introduced clones in the early period has resulted in the identi
fication of two promising cultivars, M-4 and M-6 from Malaya. Originally, when cassava was 
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introduced into India, the roots were primarily used as a food item and emphasis was given to 
the cultivars having good culinary qualities. The clone M-4, which was introduced in the 
1940's, showed good culinary qualities and even today it is the best cultivar accepted for 
table purposes in Kerala, where cassava is used mainly for human consumption. M-4 is 
characterised by a predominantly non-branching growth habit, relatively light green leaves, 
late flowering, roots with pink rind, white flesh and the cooked roots are mealy and soft. 
The HCN content in the cooked root is negligible and the taste is good. M-4 was found to 
be highly field tolerant to cassava mosaic disease, although it is suscceptible to Cercospora 
leaf spot. The roots should be harvested at about 10 months after planting. Due to the selection 
pressure many cuhivars that were popular at one time have disappeared from cultivation during 
the course of time. More recently Magoon et al., (1970) have reported that Ace. No. 2371 
and 1310 are high yielding selections from materials received from Madagascar. 

Cassava Breeding 

Intervarietal hybridization 

In the comprehensive scheme of research, jointly financed by Indian Council of 
Agricultural Research and the Govt. of Travancore-Cochin, a varietal improvement program 
was initiated. This included selection from existing clones, intervarietal hybridization, inter
specific hybridization and artifical production of chromosomal races (Abraham, 1957). As a 
result of inter-varietal hybridization, H-96 and H-105 were identified as high yielding clones. 

In the initial period, the Central Tuber Crops Research Institute placed emphasis in 
the breeding program to develop high yielding clones. Large scale intervarietal hybridizations 
by selected parents from the germplasn accessions, have been carried out to achieve this 
goal. As a result of continuous efforts, six hybrid clones have been reported by Magoon et al. 
(1970) as high yielding. Among them, 1-1-97, 1-1-165 and 1-1-226 were released for cultivation in 
1971 based on their consistently high yielding performance in inLilt i-location trials. At central 
Mysore, the clone 1-1-97 recorded a yield as high as 84.7 I/ha, whereas the yield of' the control, 
viz. M-4, was only 31.0 r/ha. Oie of the hybrids, H-3641, developed at CTCRI has been
 
identified as high yielding in Tamil Nadu and 
was released there as cultivar "Mulltivadi-l". 

The Tamil Nadu AgricuLhtnrc University has also released Co-I and Co-2 as high yielding 
cultivars (Shanmugavell C a., 1987). Co-I is a selection from a local collection, while Co-2 
is a clonal selection from the seedling progeny of a local type. The yield of' Co-I is about 
30-38 t/ha and the recorded 1II('N content is 10 mg/kg in the flesh. 

Later attempts in the varietal hybridization at CTCRI have resulted in the isulation of 
two still higher yielding hybrids, viz. 1-1-1687 and I-2304 developed from a single cross and 
multiple crosses, respectively (.os el al., 1980). The mean yields reported for H-1687 and 
H-2304 are 44 and 45 t/ha, respectively, based on a number of trials conducted at different 
locations. 

Kawano el al. (1978) reported extensive studies on the factors affeciing the efficiency 
of hybridization and selection in cassava and considered controlled pollination as highly 
recommendable. The pedigree of the hybrids developed at CTCRI are shown in Chart I. It 
can be seen from the chart that both indigenous and exotic accessions have been selected as 
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Acc. No. 1026 X Ace. No. 300 
(Manjavella (Brasilian origin 
- indigenous) - exotic) 

(1) H-97 

Acc. No. 84 X Ace. No. 257 
(Chadayamangalamvella (Kalikalan 
- indigenous) - indigenous) 

(2) H-165 

Acc. No. 18 X M-4 
(Ethakkakaruppan (Malayan crigin 
- indigenous) - exotic) 

(3) H-226 

Acc. No. 1501 X S-2312 
(indigenous) (Madagascar origin 

- exotic) 

(4) Sree Visakham 
(H-1687) 

Ace. No. 468 X Acc. No. 174 
(Indigenous) (Indigenous) 

H-3027 X S-1310 Ace. No. 82 X M-4 

(Madagascar origin (Indigenous) (Malayan 
- exotic - exotic) 

H-3939(8) X H-3588(1) 

Sree Sahva 
(5) (H-2304) 

Char[ I. Pedigrees of the five released cultivars. 

parents in the crossing program. Though hybrid clones were developed by using exotic 
accessions received from other countries as parents, they did not prove to be superior in yield. 
The hybrids H-1687 and H-2304 have been released for general cultivation in Kerala state in 
1977 with the names "Sree Visakham" and "Sree Sahya", respectively. These two clones 
were further released at the national level in 1983, after conducting multi-location trials in 
other parts of the country. The salient features of the five hybrids are given in Table 2. The 
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Table 2. Salient features of released hybrid cultivars. 

Cultivar 
Growth 
duration 

Yield 

t/ha 
Starch 

content 
Cooking 
quality 

Response 
to CMD 

(months) (range) (%) 

H-97 
H-165 
H-226 

Sree Visakham (H-1687) 
Sree Sahya (H-2304) 

10 
8 

10 

10 
II 

25-30 
33-38 
30-35 
33-38 
35-40 

30 
24 
29 

26 
30 

Fair 
Poor 
Fair 

Fair 
Fair 

Tolerant 
Tolerant 
Susceptible 

Tolerant 
Tolerant 

yields given are the mean of various trials conducted over the years at various locations. The 
root flesh of Sree Visakham is light yellow because of a high carotene content of about 466 
IU, and this cultivar is thus more nutritious. 

Among the five released cultivars (Table 2), H-97, H-226, Sree Visakham and Sree 
Sahya should be hatvc,, e l at about 10-11 months. Though H-165 can be harvested at 8 
months with a satisfactory yield, the root quality, especially the cooking quality and starch 
content, are poor. "Sree Prakash" is a selection from the germplasm accession S-856 and has 
been found to be good for early harvest (Nair et at., 1987). During several years of testing 
the average yield was 35-40 t/ ha at 7 months (Table 3 and 4). Tile plant type isgood with high 
leaf retention, occasionally branching at the top, and the roots are shallow bulking and radial 
in arrangement. The cultivar "Sree Prakash" is highly tolerant to the major diseases and 
pests and probably suited to cultivation in the non-traditional areas in India, where short 
duration cultivars are preferred and rainfall is relatively low. 

Table 3. Fresh root yield (t/ha) of trials conducted with cassava selections for earliness at CTCRI Farm. Crop 

period is 7 months. 

Years 
1983 1984 
 Mean 

S-856 43.6* 26.5* 35.0 
H-I19 33.6 18.6 26.1 
H-5/78 33.6 17.3 25.4 
H-1687 30.4 16.9 23.6 
M-4 16.8 10.9 13.8 
H-165 32.8 18.0 25.4 

CD at 5% 8.1 2.3 

Source : Nair et al., 1987. 

In recent years, interest in cassava has spread to other parts of India. Today, its 
cultivation has reached non-traditional areas, especially as a source of industrial raw material 
and as an ingredient in animal feed. The crop was unknown to these areas and its potential 
is yet to be assessed. Thus, the breeding strategy now focusses on the development of cultivars 
having the following characteristics 
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Table 4. Fresh root yield (/ha) of 6 early maturing cassava selections under multilocation trials in Kerala state. 

Entries Trivandrum Mavel ikkara Chokkad Kozha1985 1986 1985 !986 1985 1986 1985 1986 Pooled mean 

S-856 26.2 41.9 37.6 55.0 39.1 40.5 36.3 39.5
 
H-5/78 17.1 35.0 
 24.6 24.4 24.4 26.0 - 35.0 26.6
 
H-119 18.5 30.1 27.5 
 19.5 29.9 27.0 - 22.1 25.0
 
Ci-590 
 17.5 30.6 20.8 23.4 28.1 24.4 - 30.3 25.0
 
H-1687 14.9 26.0 
 20.8 20.8 22.2 31.1 - 22.6 22.2
 
H-165 (check) 14.8 27.0
33.7 24.2 30.9 24.8 27.3 - 33.4 

CD at 51/o 3.2 7.3 11.1 5.6 11.5 7.8 - 8.5 

Source : Nair et aL, 1987. 

1. Early harvestability (6-7 months), 
2. High content and good quality of starch (>30 percent), 
3. Drought tolerance, 
4. Low fertilizer requirement, 
5. Ideal plant type for intercropping, 
6. Shade tolerance, 
7. Disease and pest tolerance. 

Recent studies of seedling and the following clonal population from different cross 
combinations, have shown that the occurence of cassava mosaic disease (CMD) was high in 
those crosses in which at least one of the parents was susceptible to the disease. 

Due to the hardy nature of' the crop, cassava in Kerala is generally cultivated in marginal
land and to a great extent uitder partial shade of coconut. Sonic attempts have been made in 
screening promising germplasm accessions under partial shade conditions. However, the 
results show that the best selections under partial shade could produce only about 12 t/ha. 
Among the clones tried tinder shade, triploids, which possessed broader and thicker leaves, 
yielded better than the diploids. It is felt that the screening of true seedlings as well as their 
clonal generations may help to identify certain genotypes with tolerance to partial shade. 

Polyploids and mutation breeding : 

Based on the information available for many other crop plants, induction of polyploidy 
and development of other chromosomal lines were tried as early as 1957 (Abraham et al., 
1964). Though tetraploids did not show superior yield performance, the triploids, developed 
by crossing tetraploids with diploids, have shown superiority over tetraploids. Jos et al. 
(1972) and Nayar (1975) also reported on tetraploids in cassava. Though the tetraploids were 
noted to be almost similar in yield to their respective parents, the former showed a marginal 
increase in protein content. Jos et al. (1985, 1987) have reported on triploids in cassava 
resulting from crossing diploids with colchicine-induced tetraploids. Though a few of the 
selected triploids showed higher dry matter and extractable starch content, they did not prove 
to be superior in yield to their parental lines. Incidentally, the roots of triploids have been 
reported to be bitter and poor in culinary qualities. 
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To correct specific genetic defects in popular cultivars, mutation breedings was initiated 
and the results have been reported by Abraham (1957), Vasudevan et al. (1967), Nayar (1975) 
and Nayar and Rajendran (1975). The studies were of a preliminary nature and a few special 
morphological and chlorophyl materials have been reported. A mutant with short petioles, 
isolated by Nayar and Rajendran (1985) from H-165 is reported to have practical application. 
Incidentally, the chlorophyl-mutant reported by Nayar and Rajendran (1985), showed 
conspicuously high HCN content, both in the leaves and roots, and it appears that HCN 
content in cassava is controlled by recessive genes. 

Inter-specific hyoridization : 

Though cassava roots are rich in starch, the protein content is negligible. Induction of 
tetraploids enhanced the protein content by about one percent, but this increase is not 
considered to be substantial. To enhance the protein content and to incorporate disease 
resistance into cultivated cassava, hybridization between ceara rubber (Manihot glaziovii) 
and selected clones of cassava was attempted. Repeated back crossing of inter-specific hybrids 
to cassava was carried out, but acceptable root quality did not recover (Abraham, 1972). 

Tissue culture techniques : 

Tissue culture techniques have also been standardized recently to develop disease-free 
materials by merist em culture and for germplasm preservation. 

Summary 

Cassava varietal improvement in India is chiefly carried out through selection of 
promising clones from both indigenous and exotic gernplasm; intervarietal and interspecific 
hybridization; artifical production of chromosomal races; induction of mutation; tissue culture 
techniques, etc. One of the popular cultivars, presently in cultivation in areas where cassava 
is mainly used for fresh human consumption, is M-4, a cultivar introduced from Malaya. 
Similarly, "Sree Prakash", was identified as an early cultivar and is a selection from the 
indigcnous collection. Sree Prakash recorded a yield of 35-40 t/ha in 7 months. Five high 
yielding hybrid clones have been developed following single or multiple hybridization involving 
both indigenous and exotic gerniplasm. These hybrids have recorded yields of 33-40 t/ha 
as compared to 23-28 t/ha of the local cultivars. The production of tetraploids, having higher 
protein content, and triploids with higher dry matter content, are the other achievements by 
the cassava breeding program. Research to develop clones with shade and drought tolerance, 
better plant type for close spacing, early harvestability, lower fertilizer requirement, high 
yield with good culinary quality, high starch content, etc, is also in progress. 
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CASSAVA VARIETAL IMPROVEMENT AT PRCRTC, 
PHILIPPINES 

-Algerico M. MariscalY

Historical Background 
Cassava (Manihot esculenta Crantz) has been providing subsistence Filipino farmers 

with an inexpensive source of carbohydrate since it was introduced to the Philippines in the 
early eighteenth century. It has been used as food, animal feed and industrial raw material. 
In 1951 the Philippine Congress passed Republic Act 657, known as the Cassava Flour Law 
(Acena, 1953) to encourage and promote the production, processing and consumption of 
cassava flour as a measure to conserve foreign exchange and regulate the importation of 
wheat. However, very little was achieved, possibly because of the lack of improved cassava 
cultivars as well as of strong policy support from the government. 

Early research on cassava was focused on production and utilization problems (Molinyawe, 
1967). Breeding activities consisted mainly of varietal trials of a few local and introduced 
cultivars. Major production constraints were identified. Yet no substantial improvement of 
yield was recorded. 

Responding to this, the Philippine Council for Agriculture and Resources Research 
and Development (PCARRD) conceived a national research program on root ciops in 1973. 
An assessment of the root crop industry was made and research needs were identified. The 
Visayas State College of Agriculture (ViSCA) in Baybay, Leyte, Philippines was chosen as 
the site of the National Root Crop Research Center, which later developed into the Philippine 
Root Crop Research and Training Center (PRCRTC). The center is mandated to spearhead 
root crop research in the country. 

Varietal collection within the country started in 1975. In mid-1976 the International 
Development Research Center (IDRC) of Canada granted funds for a research project on 
cassava germplasm collection, hybridization and selection. It was only in 1977, though, that 
actual hybridization work started at PRCRTC. 

To enable regional testing of developed and introduced cassava clones, the center 
established several cooperating stations in strategic locations throughout the country. 

_j/ Asst. Professor and Cassava Breeder, Philippine Root Crop Research and Training Center, VISCA, Baybay, 
Leyte, Philippines. 
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Past Accomplishments 

From 1975 to 1978 PRCRTC collected several cassava cultivars from different areas of 
the Philippines and abroad. Intioduced accessions were obtained from Mayaquez Institute of 
Tropical Agriculture (MITA) of Puerto Rico and from Hawaii. In 1979, the cassava germplasm 
collection totalled 939 accessions, 254 of which were introduced hybrids or cultivars. Systematic 
evaluation and characterization eliminated duplicates. Hybrids not yet properly evaluated 
were not included in the germplasm collection. After characterization, PRCRTC maintained 
a total of 384 cassava accessions ('Table 1). 

After evaluating this germplasm material over the years and in different locations, 
PRCRTC recommended 3 cultivars for the farmers in 1980 (Table 2). These were edible types 
ar' were consistently giving good yields under the conditions of cooperating stations. 

Table 1. PRCRTC cassava gernllasrn collection, 1987. 

Source No. of accessions 

Local cuItivars 134 
Introduced accessions from
 

CIAT, Colombia 
 30 
Puerto Rico 6 
IHawali 6
 

Clones/hybrids from Puerto Rico and local crosses 
 208 

Total 384 

Table 2. Cassava cullivars released by PRCRTC. March 29, 1980. 

Yield (t/ha)*Months to 

Cultivar mature 
Fresh Dry 

PR-C 13 (Kadabao) 10-12 42 14.4 
PR-C 24 (Golden Yello') 8-10 43 16.9
 
PR-C 62 (Colombia) 
 10-12 46 15.2 

* Average yield computed from the results of a series of tests from different testing locations. 

Source : PRCRIC, 1980. 

The germplasm accessions were evaluated for starch and HCN content, the main 
criteria used for selection of cultivars for fresh consumption. Using a quantitative analytical 
method (modified Lambert method), HCN levels lower than 50 mg/kg tissue were classified 
as low, 51-100 as intermediate, and higher than 100 as high (i.e. toxic) (Coursey, 1973). The 
germplasm collection had a wide variation in root starch and HCN contents, but no correlation 
was found between these (Table 3). 

The quantitative analysis of HCN is costly and time consuming. To be able to analyze 
many samples in less time, the sodium picrate method, using I to 9 grades, was introduced 
and a highly significant correlation of this simplified method with the modified Lambert 
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Table 3. Evaluation of cyanide (sodium picrate method) and starch content among cassava germplasm. 

Category HCN I/ Starch(% wtbais)No.((Vowet basis) of accessions 

Low (Sweet) 1-4 6-31 150 
Medium 5-7 9-33 85 
High (bitter) 8-9 5-34 125 

Total 360 

Controls 
Golden Yellow 3 24.2 
Kadabao 4 24.3 
Hawaiian 5 9 18.3 
M Col 1684 9 24.7 

_V Rating scale I to 9 based on color chart reaction of cyanide. 

1-4: table type ( < 50 ppm HCN) 
5-7: moderately toxic (51-100 ppm HCN) 
8-9: highly toxic ( > 100 ppm HCN) 

Source PRCRTC, 1984. 

0 Y = 1.66 + .042X 
1) 5 0 

r = 0.94** 

30 

2 

0 
50 100 150 200 250 

HCN (mg/kg tissue) 

Figure 1. Relationship between the picrate test evaluation and the IICV content of various cassava clones as 
determined b) the modified Latbert nethod. 
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method was obtained (Figure 1). The sodium picrate method is now routinely used at different 
levels of selections. 

Promising parents were identified from both introduced and local germplasm for use 
in controlled pollination. Characteristics considered wvere high dry matter yield, low HCN 
level and resistance to pests and diseases. 

In many areas along the Pacific coast and in the Visayas and Mindanao provinces, 
cassava is planted under coconut shade. Hence, a specific evaluation for cassava under this 
condition seemed appropriate. Results of the first evaluation using local germplasm from 
1983 to 1984, revealed that a yield level of 8-19 t/ha under coconut trees was possible (Table 4). 

Table 4. Performance of 8 cassava clones under coconut, 1983-1984. 

Entries Yield - / Dry matter Starch HCN 
(t/ha) (0 wet basis) (%owet basis) (ppm) 

Lakan 16.0 45.0 38.7 27.2 
Sip 242 19.7 35.7 26.3 59.0 
F'R-C108 13.7 39.6 29.3 9.2 
C-CS 319 x 135 12.6 38.0 26.4 9.1 
C-CS 135 8.2 34.8 25.0 11.5 
Kadabao 14.4 44.0 34.3 45.1 
PR-C 105 12.3 41.9 33.6 9.2 
Golden Yellhw 14.3 43.4 36.6 12.8 

level of significance NS 

(V 1 o) 370 0 

1/ Average of 4 rCplicatiols. 

Source : PRCRTC, 1984. 

Table 5. Evaluation of introduced CIAT clones of I'RCRTC and in farmers' fields, 1981-1982. 

General yield Far iner'N field trial (1982)/ 
lnt rv trial, 1981/ Fertile soil Poor soil 

1sha) (i/ha) (i/ha) 

CNI 323-52 32.2 41.6 22.8 
CNI 305-38 20.9 35.5 12.8 
NIPTR 26 23.1 32.9 -
CM 308-197 21.9 46.5 -
CNIC 84 14.3 32.7 -
HIMC 4 17.6 32.7 -
CMC 40 21.2 36.5 16.9 
M Col 1684 20.7 39.2 13.5
 
Golden Yellhos (Check) 24.1 28.0 17.4 
Kadabao (Check) - 23.6 11.7 

./ Average yield fromnIoV different locattions at PRC(RTC 

2/ Conducted in farter's fields %%iththeir direct inotlvemient. 

Source : PR('RI. 1982. 
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Lankan 1,Golden Yellow and Kadabao, recommended cultivars in the open field, were 
found to perform well also under partial shade. 

The evaluation of ten clones introduced from CIAT in the early years, dhrough tile 
SEARCA and IDRC projects, resulted in the identification of CNI 323-52, a clone selected fron 
the M Col 22 x NI Mex 59 cross, as the best, and well adapted to Philippine conditions (Table 5). 
It is characterized by high harvest index, good plant type and good root shape. It has shown 
stable performance in a predominantly rainftorest climate. It can be used for starch and feed
 
production or for fresh hunman consumption. In 1986, after clearing several years of'regional
 
trials, the Root Crop Technical Working, Group of the Philippines Seedboard decided to
 
officially release CM 323-52 as cultivar VC-1.
 

Table 6 shows that under the partial shade of coconut palns, CNI 323-52 (VC-I) also 
showed high yi-1d, compared to other entries of regional yield trials. Under coconut shade a 
yield of 16.0 t/ha is considered a great accomplish ment. 

Table 6. Resulf of regional trial(fresh rool Id, I Ila)for 12 cas, a eniries under partial shade of coconuw, 
1984-1987. 

sea~o1, 0.0 
Entryv 
 of 

1984-1985 1985-1986 1986-1987 Meanl Check 

Bogor 397 18.5 19.5 11.8 16.6 102
 
C 1C 40 13.8 19.1 13.4 15.4 
 95
 
CM 308-197 15.1 
 - 11.2 13.2 92
 
Dlatu I (Check) 16.9 19.8 
 11.9 16.2 I X)
 
Golden Nctto%, 9.9 11.1 3.0 
 8.0 49 
G 50-3 15.9 - 15.6 15.8 97
 
ltakan I 
 - 13.0 7.4 10.0 63 
M (oi 1684 14.6 19.4 14.8 16.3 101 
%IVen 218 - 13.1 5.3 9.2 58
 
PR-ch I 
 -- 18.2 8.3 13.2 84
 
Vasourinha 14.5 
 18.0 7.9 13.5 83 
CM 323-52 (V'C-I - 19.0 14.2 16.6 105 

CV (0o) 29.7 19.9 31.1 

Source : I1'1- Imaog e/oti,liatmig F\eroi m !station. I ,)Q 1987. 

Recent Developments 

Cassava breeding of local and introduced cultivars started in 1977. Controlled hybridization 
utilized only limited germplasm from the Philippines, Puerto Rico and CIAT, Colombia. 
Progress in selection during t his period was slow%. 

A systematic evaluattion of lo:ally developed and introdttced hybrid materials slarted 
in1982. This %wasmade possible through the cooperaliye elfforis between the PRCRTC and 
CIAT breeders and tlie establihnuent of tlie ('IAT Regional (assava Program inAsia in 1983. 
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When the PRCRTC researchers trained at CIAT returned in 1984, the Center's systematic 
breeding program was further accelerated. 

The program was designed to produce cultivars that are best suited to the farmers' 
resources and conditions (Mariscal, 1985). The specific objectives are 

1.High-yielding capacity, 
2. High root dry matter content, 
3. Tolerance to pests and diseases as well as environmental stresses, 
4. Early harvestability, 
5. Low cyanide content of the root. 

Breeding for high yielding cultivars is based on high harvest index and high root dry 
matter content under minimum input. High yielding cultivars will contribute to cassava's 
competitiveness with other feed sources by lowering the cost of production. Breeding for pest 
and disease resistance emphasizes on scale insects, mites and cassava bacterial blight (CBB), 
while breeding for tolerance to environmental stress focuses on drought, prolonged rainy 
days, partial shade and acid soils. Breeding for low cyanide content is important because of 
the need of subsistence farmers for sweet cultivars. Cultivars used for starch extraction need 
not consider the level of cyanide in the root. However, large starch factory farms generally 
prefer high cyanide cultivars to reduce losses from stealing. 

To enable efficient selection and evaluation of developed and introduced hybrids, 
a systematic scheme was adopted, patterned after that used by CIAT. 

Varietal Testing Scheme for Cassava 

F,field selection : 

Hybrid seedlings, including those from CIAT, are subjected to individual plant selection 
at this stage. Number of entries are normally in the thousands and these are planted at 2 x I m 
spacing. Selection is based on general stand of the crop, harvest index and disease and insect 
incidence. About 5-1O%o selection intensity is applied. 

Observational trial : 

About 5-7 stakes from plants selected in the F-trial are planted in a single row, at 
I x I m spacing without replication. A check clone is planted every 10 rows. Selection criteria 
at this stage of evaluation are yield per plant, harvest index, dry matter content and reaction 
to pests. About 10-20% selection intensity is practiced. 

Prelimioary yield trial : 

Selected clones from single rows are planted in 5 x 5 m plots without replication. 
Selection becomes stricter, considering yield per plot, dry matter content, harvest index, root 
cyanide content and general stand of the crop. 

General yield trial : 

Selections from the preliminary yield trial are planted in 5 x 5 m plots with 2-4 
replications. Important economic characteristics are closely monitored at this stage and yield, 
on a per hectare basis, is computed. 
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Advanced yield trial : 

Selected clones from the previous trial are planted in 5 x 6 in plots replicated 3-4 times. 
At least 2-3 testing sites are required for each selected clone. Harvesting is done 10 months 
after planting. Parameters considered are yield per hectare, root dry matter and cyanide 
contents and general reaction to pests and diseases. 

Regional yield trial (Philippine Seedboard tiiai) 

About 10-20 entries, selected by the Root Crop Technical Working Group, are planted
in 4 x 9 m plots with 4 replications in each of 6-8 cooperating stations scattered throughout 
the country. Planting distance is I x 0.75 in. This trial is normally conducted in two cropping 
seasons per location. 

Varietal recommendation 

Results of the regional trials for two normal growing seasons over a minimum of six 
locations are discussed in the annual meeting of the Root Crop Technical Working Group.
A promising entry is then recommended o the Seedboard on the basis of superior yield, better 
agronomic and quali:v characteristics and a higher level of pest resistance over existing 
cultivars. It is at this meeting that entries may be dropped or retained and new entries for 
testing are determined. 

Production of planting materials 

When the varietal release is approved by the Seedboard it is the responsibility of the 
agency developing the cultivar to maintain a supply of planting material for distribution. A 
multiplication plot is maintained in the center. Moreover, the cooperating station involved in 
testing are requested to establish multiplication plots for the approved cultivar(s) so that 
farmers and planters in their immediate vicinity can readily avail of the materials. 

Distribution of planting materials : 

This is usually done by extension workers and researchers during farmers' trainings on 
root crop production, usually held in VISCA or in other government centers upon request. 

Utiiization of Local and CIAT Introduced Germplasm Materials 
It cannot be denied that local germplasms can be an excellent source of adaptation to 

local environments and traditional cultural requirements (Kawano et al., 1986). However, a 
quantum iI, either yield or resistance factors cannot be expected as long as the breeding 
program Uscs only local germplasm, which by nature, possesses limited genetic variability. 
Thus, it seems that incorporating CIAT germplasm into PRCRTC breeding populations is 
desirable. The CIA F germplasni offers much wider genetic variation, considering that Latin 
American is the center of' genetic diversity for cassava. 

The PRCRTC germuplasm collection has provided initial breeding material, though only 
to a very limited extent. Controlled breeding has yielded minimal and unsatisfactory results 
due to the narrow genetic variation of the available germplasm. It was only in 1983 that the 
local breeding program gained momentum when CIAT-introduced materials were used as 
cross parents to the local cultivars. Sonic of these cross parents were CMC 40, CM 323-52, 
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Figure 2. Frequenc' distribution of fresh root Yield of local x CIA T crosses and check clones obtained in a single 
row trial at PRCR TC ViSCA, Pthilippines in 1986. 

M Col 1684, CM 308-197, CM 305-38 and MPTR 26. The locally developed hybrids had 
already undergone a series of screenings. The single row trial of CIAT x local crosses have 
shown very promising results (Figure 2). However, selection is still in the second stage of 
preliminary yield trial because of severe typhoon damage. 

Starting in 1982, PRCRTC has been regularly supplied with improved seed populations 
from CIAT (Table 7). The introduced cassava hybrids were evaluated systematically based on 
the established selection criteria, allowing superior genotypes to be identified for inclusion to 
the advanced trials ('Fable 8). 

The first batch of seed introduction in 1982 produced selected clones with superior 
yielding ability over the locd. cultivars (Table 9). From these, four hybrid clones: CM 3320-11, 
CM 3590-1, CM 3380-30 and CM 3504-8, were selected for inclusion in the seedboard regional 
yield trial. Of these, CM 3380-30 generally showed resistance to spider mites and CBB. 

From tlie second CIAT seed introduction in 1983, twelve elite hybrids were selected 
(Table 10). The yielding ability was again superior to that of existing cultivars. Root dry 
matter content was relatively high compared to the commonly used cultivar Java Brown. 
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Table 7. CIAT cassava hybrid seeds supplied to PRCRTC, ViSCA, Baybay, Leyte, Philippines. 

Date No. of seeds No. of crosses 	 Principal Principal 
cross no. parents 

Aug. 1976 	 250 5 CM 585 M Mex 55 

CM 690 M Col 638
 
Jan. 1982 2200 43 CM 2450 M Col 22
 

CM 3320 CN1 342-170
 

CM 3504 CNI 523-7
 

CM 3816 CM 586-1
 
Nov. 1982 5550 100 CNI CM
3341 681-2 

CM 4011 CNI 844-1 
CM 4049 CM 922-2 

CNI 4234 CNI 1015-19 
Jan. 1985 	 2800 56 CNI 4397 NI Bra 12 

CM 5371 CM 942-14 

SM 306 CNI 1335-4 

SM 418 CM 1523-19 
Oct. 1985 3000 60 SM 457 N lira35 

SM 598 CM 681-2 

CNI 2452-5 

m Thai i 
Jan. 1987 2100 42 SM 729 M Col 2207 

SM 838 C'N 2772-3 

SM 845 SG 107-35 

Table 8. 	 Utilization of CIAT seed inlrodaclion b) the cassava varieal improvement program, PRCRI(', ViSCA, 
Ba)bay, L)eye, Philippines. - Schematic presentation hb number of genot)pes. 

1976/ 1980/ 1981/ 1982.' 1983/ 1984/ 1985/ 1986/1977 	 1987/1981 1982 1983 1984 1985 1986 1987 1988 

Seed introduction 
No. Seeds 250 	 22(W) 55M) i80X) 3(XX) 2100 
(No. crosses) (5) (43) (1(X)) (56) (60) (42) 

Seedling selection -- 2k -

Single-row trial 483 819 294 61 

Prelinminary trial 176 56 68 

Advanced trial 24 8 9 - 12 

Regional trial 4
 

Source: PRCRTC, 1987. 
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Table 9. Result of advanced yield trial at PRCRTC, ViSCA, Baybay, Leyte, Philippines, 1985-1986. 

Clone Parents 

Dry root 

yield 

(tlha) 

Root dry 

matter 

contents (0/a) 

H.I. HCN! 

CM 3504-8 CM 728-2 x CM 523-7 12.0 39 0.66 7 
CM 3590-1 CM 859-12 x NI Col 22 11.0 37 0.63 7 
CM 323-52 Ni Col 22 x NI Mex 59 10.4 34 0.63 6 
CM 3320-11 NI Bra 12 x CM 523-7 9.4 36 0.54 6 
CM 3340-3 CN 342-170 x CM 586-1 8.9 32 0.63 4 
NI Col 1684 8.1 30 0.62 9 
CN 3422-3 CNI 630-122 x CNI 728-2 6.6 33 0.64 6 
CNI 3341-4 CNI 342-170 x CM 523-7 5.7 31 0.61 7 
CNIC 40 5.7 30 0.56 4 
CNI 3380-30 ('NI 586-1 x C 523-7 5.1 35 0.54 5 
Golden Yellos (IIocal cont rol) 4.8 35 0.38 3 
CNI 3816.4 CNI 1191-9 x CNM523-7 4.4 34 0.50 7 

1_/ Rating ,cale 1-9; I s %cry tos; 9 = '.cry high 

Source : IR('R 1C, 1986. 

Table 10. Yield data of 12 selected cassava hl)hrids in advanced yield trial 1985-86. 

Dry root Root dry 
Clone Parents yield matter -1.1. ICN -I 

(t/ ha) content (% o) 

CM 4066-1 CM 1016-6 x CM )22-2 8.0 34 0.67 5
 
CNI 4050-1 (AN 11015-19 x CM 922-2 7.4 31 0.69 6
 
CNI 4054-3 CN 1015-34 x CNI 8,19-1 7.3 32 0.70 9
 
CNI 4064-6 ('NI 1015-42 x ('M 849-I 7.3 34 0.60 5
 
CNI 4011-5 CM 728-2 x ('NI 6812 7.2 31 0.69 6
 
CNI 405(1-7 CM 11)15-19 x (NI 922-2 7.1 32 0.68 6
 
CNI 4049.8 C'N 1015-19 x CM 849-1 6.9 35 0.66 6
 
CI1 4049-1 (I 1015-9 x ('NI 849-1 6.2 33 0.58 8
 
CM 4012-11 CNI 728-2 x ('NI 849-1 6.0 31 0.74 5
 
CNI 4014-3 ('NI 728-3 ('NI 681-2 5.8 31 0.73 6
 
CNI 3341-105 ('NI 342-170 x ('NI 523-7 5.0 29 0.70 5
 
CN 4039-7 ('NI 950-3 x (AI' 922-2 5.0 32 0.66 7
 
Java Brown I1 ocal control) 5.5 30 0.49 8
 
Golden Yclloss (I ocd control) 3.2 31 0.49 4
 

Rating scaleI-9; I = very to\s; 9 = very high 

Source : IIRCRIC. 1986. 

The remaining CIAT seed introductions are in different stages of screening and 
evaluation. Hopefully, new cultivars will be developed from this pool of improved CIAT 
materials. 

Although PRCRTC has its own breeding program, using both local and introduced 
cultivars/hybrids, it seems that yearly introductions of improved populations from CIAT are 

52 



desirable so that new genes of potential utility can be continuously incorporated into the 
breeding program. 

Future Direction and Priority Areas 

The prospect of cassava inthe Philippine economy rests greatly on domestic demand. 
In recent years, large cassava plantations have been set-LIp in the country to supply the raw 
material for starch factories. In addition, the government has been promoting cassava in order 
to partially replace the huge importation of corn (approximately 600,000 t/year) for animal 
feed. There is still an untapped market potential to be explored for cassava. 

In line with ihe meditim-terim Phillippine l)evelopment Plan (1987-1992), the research 
priority should include a package of programs which will serve to greatly increase the crop's 
productivity. As such, PR(RTC should significantly contribute to development of the 
countryside by offering cassava cultivars that are more suitable and more attuned to the 
small farmers' needs and agroccological conditions. 

Cassava breeding research, therefore, should have tile following priorities 

1.Maintenance ald development of a wide genetic base in the geriplasmr collection 
consisting of local and CIAT materials. 

2. l)evelopment of high yielding cultivars for problem (acidic, water logged) and marginal 
(low fertility, hfii: areas) soils. 'T'olerance to environmental stress conditions such as drought, 
and partial .;lade. 

3. Selection of cultivars suited for starch production and animal feed. 
4. Breeding for tolerance to pests aiid diseases, mainly scale insects, spider mites and 

CBB.
 

5. Establishment of a network for farmers' field trials in strategic cassava growing 
areas for effective transfer of developed technology. 

Network Collaboration 

Several countries ili Asia have their own national cassava programs designed to meet 
the country's needs. In breeding, many of the major objectives are commiion among Asian 
countries (Kawano, 1986). Therefore, it seems imperative that the national programs of the 
region exchange and share research results with each other through a regional cassava network, 
in which the CIAT Regiotial Office shouIld take the lead. 

TFhe areas inlwhich collaborative research is needed are the following 

1.Germplasni exchange, 
2. .oint testing of recommended cultivar(s) from each COlntry, 
3. l)issemination of information about cassava research and development, 
4. Economic analysis on production and utilization, 
5. Ulilizalion and product diversification. 

These collaborative areas will permit tile national programs to design their research 
program in a mammer that will avoid unnecessary duplication of efforts and yet permit 
necessary testing of results ili local areas. The capabilities of each national program for 
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undertaking specific collaborative projects of common interest, should be assessed. The national 
program for network collaboration should also seek both human and financial assistance 
from external sources like FAO, IDRC, CIAT and others. 

Through networking, each national program can gain experience from the other national 
cassava programs in the region. Directly or indirectly this will facilitate the improvement of 
cassava research and development. 

Summary 

Cassava breeding research in the Philippine Root Crop Research and Training Center 
(PRCRTC), VISCA, Baybay, Leyte, Philippines, started i1 1977. Collection and evaluation 
of local and introduced cassava germplasn were the initial activities. In 1980, PRCRTC 
recommended three cassava cultivars (Golden Yellow, Kadabao and Colombia) for the farmers. 
These were the restIts of a series of tests of local germplasm. Promising cultivars for planting 
under cocontt were also identified. 

Willi the close collaboratiol with CIAT, starting in 1982, the cassava breeding program 
at PRC TC significantly improved. CIAT regularly provided the center with advanced 
cassava hybrid seeds for evaluation and incorporation in the local x CIAT hybridizations. 
Systematic screeniug and cvaluationi of locally developed and iniroduced hybrids were made 
following the scheme of CIAT. In 1986, a CIAT-derivcd clone, CM 323-52, was recommended 
by the Philippine Seedboard for release as a new cassava cultivar, VC-I. Several promising 
hybrids are still in the pipeline for further screening and evaluation. 

Cassava breeding research at PRCRTC is geared towards the development of cultivars 
that are useful to the starch and animal feed industries. Moreover, it will emphasize the 
development of cultivars adapted to stress environments. 

Future network collaboration among Asian countries is discussed and areas of interest 
are identified. 
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CASSAVA VARIETAL IMPROVEMENT AT 
THE UNIVERSITY OF THE PHILIPPINES AT LOS BANOS 

Azucena L. CarpenaY 

Historical Background 

Records show that before the 1970's, research on cassava at the University of the 
Philippines at Los Banos (UPLB), and in the whole country for that matter, was scanty. This 
was especially true in the case of varietal improvement. The study, of Alzona (1935), where 20 
cassava cultivars were compared in terms of yielding ability and starch content, and that of 
Capinpin and Bruce (1955) on the floral biology and cytology of cassava, were about the 
only works during the early period related to varietal improvement of the crop. 

Initial efforts to start a cassava breeding program at UPLB were made by Mamicpic of 
the Department of Agronomy when lie evaluated in late 1969 (unpublished data) cultivars of 
cassava for yield and other characteristics, and collected in 1971 some cultivars during an 
exploration trip to Indonesia. Empig in 1971-72 (unpublished data) continued the varietal 
evaluation work as well as the collection of germplasms, so that by the time the author took 
over the cassava breeding work in the department (late 1972) there were already 56 accessions 
in the UPLB cassava gene bank. In early 1973, UPLB received a modest grant from the 
National Science Development Board (now Department of Science and Technology) for root 
crops research with emphasis on varietal improvement, marking the official start of the UPLB 
root crops breeding program. The establishment of the Institute of Plant Breeding (IPB) at 
the University two years later assured the UPLB root crops breeding program, which had 
then become a joint undertaking of IPB and the Department of Agronomy, of a more or less 
regular though limited financial support. 

Breeding Objectives 

From the very start, the author has held the view that cassava should be grown in the 
Philippines not as a food crop but more for its potential as a feed crop and as a source of 
industrial starch. Thus, in the UPLB cassava breeding program, the breeding objectives have 
always been the characteristics that are desired of a cassava cultivar to be used as a feed and/or 
starch source. Eating quality, earliness, and cyanogenic glucoside (this will be referred in the 
rest of the paper as HCN) content of the roots have not really been used as the major bases 
for selection, but have only been considered when everything else was equal in the genotypes 

L/ Associate Professor, Department of Agronomy and Project Leader, Root Crops Breeding Program, Institute of 
Plant Breeding, University of the Philippines at Los Banos. 
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compared. Thus, emphasis has been more on root yield, both on fresh and dry basis, starch 
contents and characters that are important regardless of how cassava will be utilized, like 
resistance to pests and diseases. Lately, tolerance to environmental stresses, particularly 
shading, is also being considered. 

Breeding Materials and Procedures 
The UPLB cassava breeding program has to date acquired 144 accessions, which, except 

for a few which were not multiplied, have all been evaluated at least for yield performance. 
However, only 79 of the accessions, 46 of which are foreign introductions, have been maintained. 
More than half (81) of the original cassava collection were obtained locally but many of 
these appear to be duplicates of a few cultivars. Carpena and Baldos' (1973) estimate of no 
more than five cultivars of cassava that can be considered native to the Philippines may look 
a little low considering the size of the local collection, but is still believed by the author to be 
close to the reality. 

Because of the limited genetic variability available in local cassava cultivars (Carpena, 
1983), the UPLB cassava breeding program has relied heavily on introduced germplasm 
accessions which, although not so many, fortunatel, seem to have provided the program 
sufficient genetic variability, at least during the early years of its existence. Recertly, foreign 
materials acquired by the program have oeen largely in the form of seeds of CIAT-developed 
varietal crosses. Evaluation of some of these materials has been started. It is hoped that 
these materials will also prove as useful to the UPLB cassava breeding program as the earlier 
introductions. 

Accomplishments and Present Status 

In spite of the major difficulties, three of the UPLB selections have become Philippine 
Seed Board recommended cultivars; an edible or "sweet" (low HCN content in the roots) 
cultivar, namely, Lakan 1, and two non-edible or "bitter" ones (high HCN content), namely, 
Datu I and Sultan 1. Both Lakan I and Datu I are introduced cultivars, the former from 
Indonesia and the latter from unknown origin (it used to be called Hawaiian 4 because it was 
brought from abroad by somebody connected with one of the pineapple plantations in the 
Philippines). These two cultivars were recommended before the regional testing (third or final 
stage of evaluation) of cassava clones in the Philippines became an interagency activity. The 
basis for recommending these cultivars were therefore only the data obtained from tests 
conducted by UPLB (Table I) However, even trials now, jointly conducted by UPLB, the 
Philippines Root Crops Research and Training Center (PRCRTC), and the Bureau of Plant 
Industry (BPI), have shown that these cultivars are outstanding in their respective categories 
(sweet and bitter types). 

The third recommended cassava culivar from UPLB, Sultan 1, is a varietal cross of 
two Indonesian cnltivars (Bogor 397 x Sip 24-2). Table 2 shows the performance of this cultivar 
along with those of other promising entries from both UPLB and PRCRTC. Aside from 
giving a very high root yield, this cultivar also has short compact roots which makes harvesting 
easy. It should, however, be further improved for its root dry matter content, which, as can 
be seen in Table 2, is lower than that of Datu 1. 
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Table 1. Average yield and other characters of nine promising and one standard cassava accessions at 10-11 months, 
grown at UP Los Banos and La Granja, La Carlota City, in 1975-1978. 

Root % Root % Root HCN Plant O/oBacterial 
Variety yield dry starch content / height blight

3-

(t/ha) matter (wet basis) 	 (cm) infected
 

plants4/
 

Bogor 397 44.7 34.5 24.3 Med. 284 
 1.8
 
Gariasa 36.7 36.5 25.2 Med. 286 0.5
 
Hawaiian 3 33.9 36.5 27.4 Low 261 0.4
 
Hawaiian 4 (Datu 1) 43.6 39.2 28.9 
 Med. 268 0.6
 
Indonesian Acc. 16 31.5 42.2 32.1 Low 
 286 0.7
 
Indonesian Ace. 17 30.8 44.2 33.0 Low 257 4.1
 
Java Brown (check) 23.3 40.7 30.4 Med. 313 1.2 
Matalin Collection 43.6 36.6 27.2 Med. 272 1.7
 
Sip 24-2 35.3 35.8 25.7 269
Low 1.2
 
W78 (Lakan 1) A 31.0 44.0 32.8 
 Low 259 5.3 

11Source : IP13 Report, 1976-78.
 

2/ Data are means 
of six seasons (3 in each location) except for those on dry matter and starch content which are 
means of four seasons only (2 in each location). 

3/Low = 0-100 ppm; Nled = 200-400 ppm. 

4J In all cases, only tips of plants were infected. 

Table 2. 	Root yield and dry matter and starch contents of 12 cassava varieties and hybrids in five years of trials in 
the open (5 stations) and three under partial shade (1 station)*. 

Open Under Shade 

Entry Root yield 0'o Root dry ("o Starch Root yield OloRoot dry 0/ Starch 

(ha) matter (wet basis) (ha) matter (wet basis)
 

Bogor 397 32.1 38.5 33.2 16.6 
 43.8 35.1 
CNIC 40 26.4 40.1 15.437.2 44.4 36.7 
CM 308-197 37.2 43.6 13.241.8 41.2 34.0 
CNI 323-52 36.6 41.3 37.4 42.016.6 33.9 
Datu I (check) 37.5 39.9 35.0 43.116.2 34.6 
Golden Yellow 25.2 47.2 42.9 8.0 51.6 41.7 
G50-3 (Sultan I) 50.8 35.2 30.7 15.8 36.8 29.5 
Lakan 1 29.4 44.9 42.2 10.0 48.5 40.2 
M Col 1684 36.5 38.8 34.6 16.3 40.9 34.3 
NI Ven 218 23.6 44.4 39.5 9.2 42.4 35.6 
PR-CH I 21.1 44.1 36.4 43.813.2 36.1 
Vassourinha 29.6 42.0 13.537.5 	 39.5 33.1 

* Root yield data itt open were based on 4 to 13 trials and those under shade on 2 to trials. Root dry matter and 
starch content data were based oit 2 to 3 trials in open and onl one trial under shade. 

At present, three selections from the UPLB-developed varietal crosses are in regional 
trials, although they are not in all the stations involved because of the lack of planting 
material. 
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Most of the entries in this year's UPLB preliminary and general trials (respectively, 
first and second stages of varietal evaluation in the Philippines) are CIAT-developed crosses. 
This situation plus the fact that only 19 local crosses are being multiplied at present at UPLB 
make it very likely that in the next few years, varietal releases from UPLB will consist largely 
of introduced crosses. 

Future Directions and Priority Areas 

Breeding objectives : 

In the light of what it has accomplished so far and tile new problems it is now facing, 
the UPL13 cassava breeding program has to make some changes in its breeding objectives and 
orientation. Now that it has come up with two outstanding non-edible cultivars the program 
is beginning to consider lower root HCN content as a major breeding objective. Varietal 
crosses with at least one low-HCN parent are now given priority over others. This emphasis 
on lower HCN content in roots should continue for some time. 

Tolerance to shading (cassava grown under coconut shade) will continue to be the 
main component of our stress tolerance selection. Other stress environments, e.g., drought 
and acid soils will be considered only if more funding will go into the program. 

Last year's high incidence of cassava bacterial blight (CBB) at the UPLB plantings has 
served as a warning that this disease could become a serious threat to cassava production in 
the country. The work on C13B at UPLB has so far been limited to evaluation of materials in 
their reaction to the disease under field conditions. Very soon, lboratory screening for 
resistance to the disease has to be started and so is the incorporation of resistance genes to 
susceptible but high yielding cultivars such as Datu I. 

Breeding methodoligies : 

The finding of Rimando and Faustino (personal communication) on the reproductive 
physiology of cassava suggests that flowering may be jointly controlled by temperature and 
daylength. Indeed, more flowering is observed during short-day months in the new experimental 
area of UPLB, where night temperatures are lower than in the old field. The UPLB cassava 
breeding program may therefore be able to include more genotypes in hybridization if parental 
clones are grown in cooler (higher altitude) areas. Utilization of CIAT germplasm in future 
hybridization work is anticipated. However, the UPLB cassava breeding program should 
also start considering more non-conventional breeding approaches, e.g., the use of tissue 
culture techniques in generating genetic variation. 

Need for Network Research and Cooperative Projects 

As seen above, the UPLB cassava varietal improvement program would not have 
accomplished anything without the genetic materials it has obtained from other countries. To 
continue to exist, it has to also continue to receive such materials. This seems possible only 
if it could establish linkages with other institutions doing research on cassava. In exchange 
for breeding materials from these institutions, UPLB could test some of the genotypes developed 
by these research institutions. UPL13 is at present enjoying this kind of arrangement with 
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CIAT only. It will be desirable if the University can also have cooperative projects with cassava 
research programs in other Asian countries. 
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CASSAVA VARIETAL IMPROVEMENT IN CHINA 

Lin XiongV 
Wang Shunuanil 
Tang Xuechengi/ 

Introduction 

Cassava can be cultivated in the areas to the south of the Huaihe River and Qinling 
Mountain and in the reaches of the Changjiang River with a frost-free period of more than 
8 months and mean annual temperature higher than 16"C. In view of the availability of 
suitable land and abundant labor resources, the potential of cassava production in China is 
high. In recent years, the use of cassava has gradually increased due to the crop's development 
and industrial utilization. Total cultivated area under cassava in China has increased to more 
than 400 thousand ha with an annual fresh root production of about 4 million tons. Cassava 
is one of the main starch and animal feed crops in South China. However, the cultivars which 
are extensively cultivated in China at present are traditional farmers cultivars. It is difficult 
to further improve the yield levels of farmers with these cultivars. Thus, cassava varietal 
improvement is much needed to introduce further social and economic benefits to the producers 
of this important crop in South China. 

Breeding Objective 

Most of the cassava producing areas in China are located between 180 and 32"N and 
have a subtropical climate with distinct dry and wet The temperature is low in winterseasons. 
and early spring. Cassava s usually planted in February and harvested in December with 
a growth period of only 8-9 months. The yield and root quality are often affected by typhoons 
in summer and autumn, as well as by the outbreak of diseases. Accordingly, the objectives 
of cassava breeding and selection are: 

1. High yielding capacity 
2. Early harvestability 
3. Cold tolerance 
4. Wind tolerance 
5. Adaptability to low soil fertility 
6. Disease resistance (especially to CBB) 
7. Low root cyanide content (for table cultivars) 
8. Stake storability in winter 
9. Overall adaptation to each major production area. 

11 Cassava breeders, South China Academy of Tropical Crops, Hainan, China. 
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Cultivars SC205 and SC201 are the leading cultivars for industrial purpose in Guang
dong and Guangxi provinces, respectively, while SCI01 and SC6068 are the most widely used 
cultivars for fresh human consumption. rFhts, the yield levels of new cultivars must be higher 
than those of SC205 or SC201 in their respective areas of adaptation and the eating quality 
of new table cultivars must be equal to or better than SC I0I or SC6068. The root starch and 
dry matter contents of' these local cultivars are in the ran ce of 30 and 400o , respectively; thus, 
tile root starch and dr, nattci contettS of ie% enlt ivars nust not be below those of the tradi
tional cultivars. Especially for the north of (uangxi province, \%,here the wiinter is long, the 
growth duration of ne\ cultiars should be eqlual to or shorter than that of SC'201 and their 
planting stalks should be able to survive storage during the secveral \winter ionllths. 

The itailt approach to cassa va \arictal inipovmenet in ('hina is to collect, conserve, 
evaluate and utilize the elite varietal resources both from China and abroad for intervarietal 
hybridization. The inethods and steps usually adopted are shown in Figure I. Generally, 
it takes 8-9 years to breed a new cultivar in China. l ut if it is started with intermediate clonal 
trials ( F1 .,), while regional tests are condoct ed at the sanie time. tle breeding cycle can be 
shortened to 6-7 years. 

Development of Cassava Varietal Improvement Program 
Formal research on cassava varietal improvement began relatively late in China. Work 

has been done on tle collection and utili/ation of foreign and domestic genetic resources, 
but no major breakthrough has been made aid tlie research thus needs further effort. 

Colleclion and utilization of dornestic cassnaa s'arielies: 

Cassa\s varietal variation in China is relatively limited. Most of the existing local 
cultivars were introduced from abroad. About 40-50 cultivars may exist in Guangdong, 
Guangxi and other provinces. However, there are less than 20 cultivars which are commercially 
grown in sizable areas (Table 1). These cultivars include sweet and bitter types. Most of the 
bitter cultivar, are late or interImediately late culiivars \%ith high yield, such as SC(201, SC202, 
SC203 and SC205, wlhile the sweel ones are mostly early or internediately early cultivars with 
good flavor but with relatively lm yield, such as SC101 , SC102 and SCI05. Before the 1950s 
the farmers paid little attention to the ,election of' elite cultiars, so that the productivity was 
low with a mixture atid confusion of clones. The average yield in China at that time was less 
than 5 t/lia, with only 3.6 t/ha ili ( tngxi and about 6 t ha, ini (aangdong. Since the 1960s, 
the yield has increased to the present lex el of' 9 , ha due to the progressive coeiniercialization 
of high yielding local cultisars such as SC'201 amid S(205. 

Aniong tle e\itii local cullivars, SC'201 and SC'205 are the best yielders. They are 
bitter types and are the most \widely culivated, accounting for more than 90%lo of cultivated 
area and 95f11 of cassava productioll. SC2t1 is comparatively tall and broad-leafed and its 
plantitg stakes can be stored for a long tittle and germinate well. The cultivar is tolerant of 
drought and low soil fertility. It produces thick and long roots, which grow shallow, making 
them easy to harvest. (Generally, its yield cati reach 30-38 t/ha tinder favorable conditions, 
butt tile yields of onlyl 7-8 I/hia are also conmnon under poor inanagetent . This cultivar is 
less wind-tolerant and planted mostly in the central and northern paris of CGuangdong and 
Guangxi. 
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Table 1. Main local cassava cultivars In China. 

Root Dry matter Starch "oxicity Maturity Harvest 
Cultivar Place of origin yield content content index 

(I/ha) (%) (10) 

SC201 Guangdong, Guangxi, Fujian 24.3 37.0 27.0 H:gh Late 0.59 
SC205 Guangdong, Guangxi, Fujian 25.2 37.0 28.0 Moderate Middle-late 0.68 
SCIOI Guangdong, Guangxi, 

Areas South to the middle 16.2 41.0 30.8 Low Middle-early 0.60 
and lower reaches of 

Changjiang River 
SCI02 ditto 13-15 42.0 32.2 Low Early 0.50 
SC202 West Guangdong 23.0 35.0 24.0 Rather high Late 0.62 
SC203 West (uangdong 22.0 35.0 22.0 Rather high Late 0.66 
SC204 Guiangdong, Guangsi 14.0 44.0 32.7 Moderate Early 0.53 
SC206 IHainan Island 20.3 41.6 27.2 Moderate Middle-late 0.70 
SC207 ditto 19.8 43.0 29.8 Moderate Middle-late 0.60 
SC208 Guangdong 15.0 36.0 25.5 High Middle-late 0.63 
SC209 ditto 16.6 41.0 32.4 High Middle-late 0.56 
S('2 0 ditto 15.0 46.6 34.8 High Middle-early 0.61 
SC211 Ilainan IWland 12.4 44.7 33.8 Moderate Middle-late 0.56 
SCI03 ditto 14.5 43.0 31.6 L.ow Middle-early 0.57 
SCIOJ ditto 14.0 42.0 31.5 Low Middle 0.60 
SCII)5 Maoming in Guangdong 15.2 44.7 31.1 Low Middle-early 0.60 

SC205 is comparatively short, narrow-leafed and intermediate in growth duration. 
It produces well-shaped roots in large quantities and in a compact pattern, thus facilitating 
the harvest. Its harvest index is comparatively high and its resistance to cassava bacterial 
blight (CBB) is adequate. The cuhivar can yield tipto 45 t/ha under favorable conditions. 
It is widely planted in the southern parts of Guangdong and Guangxi and in Hainan island. 

The root yields of all the sweet cultivars are comparatively low and their cultivated area 
is small. The recommended cultivars, SCIO and SC102, are characterized by precocity, 
high root dry matter and starch contents and low HCN content with a good taste. These two 
cultivars are suitable for subtropical areas, yielding upto 23 t/ha under good conditions. 
Presently, they are the leading cultivars in the soutnern parts of the middle and lower reaches 
of the Changjiang River. 

Other native cultivars are planted only locally on a small scale. Recently, these materials 
have been collected and are being preserved as breeding materials. 

Introduction and utilization of exotic germplasm resources 

Since 1982, the South China Academy of Tropical Crops (SCATC) has introduced from 
CIAT more than 30 clones in the form of disease-free meristem culture and 13,000 hybrid 
seeds from 238 cross combinations (Table 2). Some clones from the meristem culture intro
duction, such as M Col 22, M Thai I (Rayong 1), M Col 1684 and M Col 1468 have been 
propagated and planted for experimentation. A quantity of hybrid seeds have been obtained 
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Table 2. Evaluation and selection of hybrids from CIAT at SCATC in1982-1987. 

Year 
: N mber 1982 1984 1986
1983 1985 1987
 
Method
 

Seeds 
 23X) 2050 2375 1475 25(M0 1250
 
(combination) (38) (41) (71) (52) (50) (25)
 

Seedlings 830 1077 1116 1150 1323 630
 

Preliinarv clona l 22 - 89 29 83 

trial 

Intermediate clonal 
 II 26 5
 

trial
 

Advanced clonaI trial 


1 

3 14
 

Regional trial 

GJerniplasm collecthon 
 5 

from these clones. A great number of clones have been selected from the CIAT seed population. 
These new clones represent important new genetic resources for cassava breeding in China. 

Promising cloltes selected from the earlierseed introductions are ill the advanced stage of 
evaluation. A good example for these is CM 4031-2, which is high yielding and appears 
to be adapted to poor soils. Its harvest index is high and its compact root development in 
the shallow layer facilitates the harvest. CM 4031-2 is moderately resistant to CBB and highly 
tolerant to wind, but its leaves and nodes are relatively sparse and apical branching occurs 
rather early. The experimental results obtained between 1983 to 1986 show that the overall 
yield was higher than that of SC205 and that this high yielding characteristic was stable (Table 3). 

Tuble 3. Vield parameters of ('N 4131-2 and S( 205 during seeral %ears.
 

Clone Root yield Root dry matter Harvest index 

1983 1984 1985 1986 content 

kg/plant 1/ha - 'o 
CN4031-2 2.4 31.5 16.5 15.5 35.5 0.66
 
SC205 26.0 14.5 13.0 36.7 0.68
 

Note: Dry minatter contellt and hiar ,est inde\ are the aerages of three sear,. 

A group of new clones which have been selected from the later seed introductions are 
also coming out the pipeline. Among these, CM 3503-3, CM 3970-8 and CM 4146-2 are good 
examples, possessing good plant type and root yield (Table 4). 

Observations for several years indicate that the hybrid progenies from CIAT offer a 
wide genetic variability, from which types with greater growth vigor, good plant type, good 
root shape, higher dry matter content and higher resistance to CBB can be selected. 
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Table 4. CIAT clones tested In an Intermediate clonal trial In 1986. 

Clones Root yield Root dry matter Harvest index 
(t/ha) content (0o) 

CM3970-8 30 39 0.61 
CM4077-1 27 39 
CM4048-8 25 37 0.56 
CM3993-2 24 32 0.55 
CM4230-4 29 33 0.52 
CM4146-2 36 42 
CM4027-4 26 40 0.58 
CM4044- I 24 41 0.51 
C3503-3 36 35 0.61 
CM4063-3 26 41 
CM3993-9 32 37 
CM3993-4 36 38 
C.N4046-4 45 36 0.57 

SC205 (Control) 31 39 0.65 

Note: The root yield of SC205 is represented by the highest yielding plot of SC205. 

Present Status of Cassava Varietal Improvement in China 
Open-pollinated seeds of cassava were collected and cross-breeding was tried by Prof. 

Liang Guangshang in the South China Agricultural University as early as 1956-1957. Extensive 
and systematic studies on the improvements of local cassqva cultivars were conducted by Prof. 
Wen Jian and his team in SCATC from 1958 to 1965. Collection, conservation, evaluation, 
utilization and cross-breeding of these resources was done and a variety of scientific data for 
further cross-breeding was accumulated. In about 1975 the cassava research was reestablished, 
continuing the work iniciated by our predecessors. The following are the advances wade in 
cassava varietal improvement in China in recent years: 

1. Evaluation and recommendation of high yielding and precocious local cultivars, 
such as SC201, SC205, SCIOI and SC102, which have helped increase the average yield of 
cassava from 5 to 9 t/ha, and have extended ihe cassava cultivated area to the southern part 
ot the middle and lower reaches of the Changjiang River. 

2. Breeding and release of SC6068, which was selected from the clonal progenies of 
the natural hybrids of SCIOI. This sweet cultivar is characterized by precocity, low root 
cyanide content, and high root dry matter and starch contents. It is planted commercially in 
Guangdong, Guangxi, Fujian and other areas and has replaced the lower yielding sweet cultivars 
of the regions. 

3. Successful breeding of a mutant of SC6068 at SCATC through chemomorphosis. 
This is the first cassava mutant clone in China. The clone never branches and is very wind 
resistant. It is more tolerant to root rot as compared with SC6068. This has provided experience 
for mutation breeding in China. A number of mutation lines have since been obtained and 
are now preserved at SCATC. But the real usefulness of these materials has yet to be deter
mined. 
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4. Collection of new germplasm resources to set up a small-sized germplasm bank for 
their appraisal and screening to determine their agronomic and resistance characters. 

5. Screening and conservation of improved clonal types, which have the characteristics 
of wind and disease resistance, cold tolerance, high yielding capacity, low toxicity and good 
flavor (Table 5). The results of regional experiments with E-24 over the years showed that 
it yielded between 21.7-38.8 t/ha under various soil conditions in different places, outyielding 
SC201 and SC205 by 24 and 281116, respectively. This clone has already started to spread to 
Guangdong and Guangxi provinces. 

Tabte 5. Main improed clones selected in SCATC from 1979 In 1986. 

Clones Yield
I 'ha) 

Root dry
maltr Starch

collltn Harvest
index Nait characteristics 

content (tgo) (o0} 

E-24 27.3 37.6 28.6 0.53 ligh yielding, drought att cold 

tolcrance 

8342 27.4 37.6 28.6 0.65 I)ikcaw and s%,ind tolerance and 

high yielding 
8(X)2 25.6 37.4 29.3 0.60) )isease and cold toleratnce 

8013 25.7 39.9 30.9 0.6I I)iea, and wind tolerance with 

los tosicily 

8340 28.5 37.6 28.6 0.57 I)iscae tolerance atd high yielding 

83MX 26.9 34.5 27.5 0.55 flood llant ',hape, aid corllpact 

root chserint 

8329 23.8 35.5 28.5 0.62 H igh harvest inde\ ard good 

arechIorage 

SC205 26.0 36.7 28.0 0.68 I W)iecrc'',riMIcC aid high yieldiig 

Clones 8340 and 8342, selected from 1983 to 1986, also showed a higher yielding capacity 
than SC205. The former has a vigorous growth habit and moderate C1313 resistance and cold 
tolerance. The latter has a high harvest index with less and shorter branches, and is thus 
adapted to planting at higher density on poor soils. It is resistent to diseases and wind. Their 
potential productivity is being studied in regional tests. 

6. Fstablishmtlt of a closer relationship with CIAT from which technical information 
and germplasm materials have been obtained. Some improved clonal types have been selected 
by using these resources. 

7. Accunmlation of knowledge in cassava varietal improvement. Years of observations 
helped to establish the most desirable plant characteristics such as high harvest index and a 
good root setting. In getneral, plants that grow vigorously, with many braniches at large 
angles and sparse leaves and nodes are tmostly low yielding types. Its productivity will be 
unstable and more easily affectcd by environment. ('lonal types with high harvest index are 
normally associated with better root setting, better tolerance to pot . soils and stable produc
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tivity. Those with thick and uniform roots that grow superficially and in clusters are mostly 
high yielding types. 

Future Research Directions 

Although a foundation for cassava varietal improvement has been laid, there are still 
may problems to be solved due to the relatively short history of cassava research in China. 
The major constraint is the comparatively limited variability of germplasm resources. Also, 
not all clones flower under the normal conditions in China and even with flowering clones, 
the flowering period is usuallyv limited to two months toward the end of the growing season. 
This further limits the availability of genotypes to be utilized in hybridization. 

The past research attention has been largcly confined to field evaluation and selection 
without much knowledge of genetic potential of individunal geriplasn accessions and genetic 
behavior of' agrononic trails. Cassava varietal improvement work in China has proceeded 

more or less ina blind way. 

Cassava brcedinu ill the future will emphasize the introduction of' foreign germ plasm 
resources, idcntil'ication of usel'ul genotypes for possible varietal release as well as for hybridiza
tion, and cross breeding at home and selection in each major production site. With high 
yielding capacity as our ltmain objective tile second breeding target will be wind and disease 
resistalce for tle southieri.11par of tlie cassava growing area and earlyness and cold tolerance 

for tie northern part of tile area. 

To achieve theSe objectives, tile t'ollowing aspects should be emphasized: 

I.Intensify collection, introduction, preservation and appraisal of cassava germplasm 
resources to further enrich the gerniplasm and to better define parents available for cross
breeding. 

2. l)Cvelop new techiiiques to induce cassava flowering. 

3. Investigate major agronotmic trails for genetic behavior and combining abilities, 
in order to enhance ivbridization and selection efficiency and to identify elite cross parents. 

4. Establish a cassava research network to strengthen collaboration among research 
institutions within tihe country and coordinate evaluation and promotion of' new promising 
materials, encompassing all tlie related research and product ion cit;ties. 

5. Enhance international cooperation inorder to introduce new techniques and methods 
of cassava breeding as well as to continue gcrimplasln exchange. 

68 

http:southieri.11


CASSAVA VARIETAL IMPROVEMENT IN MALAYSIA 

Tan Swee Lian 

Kntroduction 

Cassava is the most important root crop in Malaysia, and has been traditionally a 
principal source of starch. In the mid-seventies, the area cultivated with cassava inl Peninsular 
Malaysia peaked at around 20,000 ha when at least three cassava plantations were in existence 
(Tan, 1985b). However, as the crop has a low income-earning capacity compared vith more 
lucrative alternatives such as oil palm, cocoa, vegetables, groundnut and maize, more and 
more holdings were converted to these others. With the "golden" crop, oil palm, in its 
heyday, one of the resultant trends has been the declining area of cassava, and the latest 
published statistics on production place current cultivation at around 4,000 ha in Peninsular 
Malaysia (Anon., 1984). 

Recent world recession and depressed prices for raw agricultural commodities has 
caused the Government of Malaysia to review the past agricultural development pattern, which 
encourages the expansion of permanent tree crop areas, and to give instead more emphasis to 
food and feed crop production. This is a sensi! ,move, considering the enormous food and 
feed import bill Malaysia incurs annually (around MR 3.2 billion-/), and the rather unbalanced 
development in favor of rubber, oil palm and cocoa that the country has expezricnced thus 
far. Except for research on rice, the staple of the people, attempts at improving the productivity 
of other food and feed crops have so far been meagre or perfunctory at best. 

Cassava has three distinct contributory roles in offsetting part of the food and feed 
bill: 

1. Reduction of growing atounts of starch imports 
2. Partial substitution of grain maize as a feed component in pig and poultry rations 
3. Partial substitution of sugar imports the manufacturein of high fructose-glucose 

syrups (HFGS) ; 

Cassava Breeding Research 
Research on cassava started before World War 11 when the British in the Department 

of Agriculture, Straits Settlements and Federated Malay States, made collections of varieties 
from !ocal farmers and from nearby countries for identification and evaluation (Greenstreet 

L/ Cassava breeder and agronomist, Malaysian Agric. Research and Developm. hstituc (MAR)I), Kiala L.umpur, 
Malaysia. 

2 MR = Malaysian Ringgit, which has an exchange rate of aboul US$ 1.00 = MR 2.50. 

69 



and Lambourne, 1933). This first germplasm collection was unfortunately lost during the 
t.armoil of the war years. Interest in cassava resumed in the sixties when the Rubber Research 
Institute of Malaya (Templeton, 1970) and the Department of Agriculture, West Malaysia, 
made new attempts at establishing and evaluating a local gernplasm collection (Chan, 1969; 
1970). A few varieties were also introduced from Hawaii, among which is Llanera. Evaluation 
of a collection of' nearly 70 accessions (Table 1) resulted in the identification of two superior 
industrial (bitter type) cultivars, iz. Black Twig and Green Twig, and a popular edible (sweet 
type) cultivar named Medan with reasonable yield. As cassava has been more dominant as 
an industrial rather than a food crop, research emphasis has always been given to selection 

Tale I. I.st o1" cassava accessions in the Malaysian geriniilsin collectlion maiiliaineid at MARI)I. 

I. Bangkok I 

2. Itangkok 2 

3. IBengkang Ilengkok 

4. lHetawi 

5. Black tsig_/ 

6. Bia.,il 146 56, A 

7. Iuluh 

8. 1Ibmi, 
9. I Sal'.tlOrc 8,1 326/2 

It). Ilowlrat 146 42/A 

II. Iroi l)i . I lamilton 

12. Green twig 
13. flall, in 

14. 1,.1 . 151177 21, 111 

15. .latltiune 

16. -1 ii i 

17. Kemenvant 

18. Kerdil 

19. Kcri,ing 

20. K.G.1. 44 

21. Kucir 

22. Ktning 2 

23. Kunyit 

24. l elak 

25. I lanera 

26. Nlarkona 

27. MCtlan 2 

28. Nicrah Iercahang 

29. Merahi .1a lon 

30. Iaka 

31. FPerancis 

32. Pulol 
33. Puih 1 

34. I'uih 2 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 
43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 
67. 

Sakai 

Sehawa Biru 

Silon 

Tangkai 

Telur 

Trinidad 146 52/A 

Ubi ladang
 

Ubi NIc aka
 
Variety A 

Variety IH 

Varietyv C 

Variety D) 
Variety I.. 

Yellow Twig 

CA 

(2 

C3 

C4 

C5S. 

I'antai 

I.T.U. 8/1 426/2 

Tiga Hulan 

Bangkok 3 

Siting 

Fowllat 146 42 20/lI1 

l.oh11t 

Petel 

Teroh 

Trinidad 146 52 20/1H 

Thai 

Balak 

Red Twig 
Ubi Java 

./ RecommlliId industrial cutivar for starch and feed production. 

2 RecoinietI del cdtible cullivar. 
3/ Industrial cultivar with ,earl,,'harvestable characteristic. 
/ itdusirial cultivar with tolerance to long dry spells. 
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for high starch production. It soon became apparent that Black Twig was outstanding in its 
wide adaptability to a range of edaphic conditions. 

When the Malaysian Agricultural Research & Development Institute (MARDI) was set 
up in 1969, it took over the research function of the Department of Agriculture, which included 
cassava research. Black Twig was endorsed as the best available cultivar for industrial use, 
while Medan was recommended as at,edible cultivar (Chan etal., 1983). Another cultivar, 
Red Twig was found to be popular with farmers in north-west Peninsular Malaysia which 
experiences dry spells lasting two to three months a year. This cuhivar reputedly has better 
drouLht tolerance than Black Twig, and its harvest may be delayed ip to 18 nionths with no 
apparent loss in root quality. 

Evaluation and selection of' accessions prm-ressed to evaluation of open-pollinated 
seedling clones in the niext phase of breeding researcn. Seeds were collected whenever available 
from the plants in the living germplasm collection, germinated and raised into plants, cloned 
and evaluated for root yield against Black Twig. From these initial efforts, five clones of 
some promise emerged: Cl, C2, C3, C4, and C5 (Chan and Chia, 1974). Further testing zeroed 
in on C5 as the others had less stable yields. C5, though not superior in yield to Black Twig, 
had an advantage in earliness. It may be harvested after nine months to give a root yield 
equivalent to the yield of Black Twig at 12 months. C5 has been endorsed as an early variety. 
Subsequent work with open-pollinated seeds has proved less fruitftl. Of a total of' more than 
1,600 open-pollinated clones tesied, none has emerged to replace Black Twig. 

The approval of an Il)RC-Funded research project on cassava in 1975 marked the setting 
tip of'ties with CIAT, ('olombia, which offered training opportunities for cassava research 
scientists and the introduction of'germplast n materials f'ron the center, primarily in the form 
of seeds. The first batch of' seeds comprised largely open-pollinated materials, bul subsequent 
batches contained seeds of various hybrid combinations. A total of' 8928 seeds have been 
introduced to Malaysia through MARI)l thus far, and evaluations of' the resulting 5655 clones 
have succeeded in identifying several (Table 2) which are either adaptable to mineral soils or 
to cultivation on peat (Tan and Thiagarajan, 1986). Outstanding among these is CM 982-7, 

Table 2. Promising cassava clones adapted to peal and mineral soils in Malaysia. 

Fresh root 
Clone Parentage yield other remarks 

(t/ha) 

CM 378-17 N~lool 113 x MVen 270 23-31 Adapted to mineral soil 
CM 621-7 P' Col 638 x NICol 1684 21-44 Adapted to peat 
CNI 621-22 MCol 638 x M(Col 1684 17-39 Adapted to peat 
CM 621-24 MCol 638 x MCol 1684 25-34 Adapted to mineral soil 
CM 621-43 MCol 638 x ,MCoI 1684 17-28 Adapted to peat 
CM 845-13 MVen 271 x NICol 1684 27-28 Adapted to mineral soil 
CM 982-7 CM 321-170 x Nl(ol 1684 39-59 Adapted 1t1ocat 

Black Twig local (lotne 15-35 Adapted to both soils 
C5 Local early clone 18-44 ./ Adapted to bolh soils 

L/ Range itt root yields inIthe siae triIsas tiheabove clones. 
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a clone which is far superior to Black Twig in root yield on peat, has a much higher harvest 
index, and is less susceptible to brown leaf spot disease caused by Cercosporidiuln henningsii 
Allescher. Its only, but serious, shortcoming is a lower starch content than Black Twig (Tan, 
1987). 

Attempts to carry out hybridizations locally have been thwarted by the lack of regular 
flowering of cassava clones (Tan, 1986). Many clones like Black Twig, Medan and C5 are 
generally unbranched, which means they do not flower. Some crossings have been carried 
out on unselected parental varieties which have qualified merely because they happened to be 
in flower, and, as may be expected, the performance of their progeny has not been significantly 
better than the mother stocks (Tan and Chan, 1981). Although it has been found that planting 
unbranched clones at higher altitudes (3,0(X) i above sea level) has been quite successful in 
inducing them to flower (Zainol, 1984) the general lack of manpower in the cassava breeding 
program has precluded this practice. The cassava research program at MARDI is currently a 
modest one, both in terms of budget allocation and research personnel. Research centers 
around breeding and agronomy, with some support in mechanization aspects of cassava 
cultivation. Of late, some renewed interest has been aroused in MARDI, according cassava 
:;lightly improved research priority status because of its potential as a partial substitute for 
feed grain and sugar. At a recent workshop on "Investment Opportunities in the Agro-based 
Industries-, jointly organized by the Ministry of Agriculture Malaysia and the Asian l)evelopment 
Bank, it was revealed that one of the projects identified to have good investment prospects is 
the integration of cassava planting with starch and HFGS production (Anon., 1987). 

Some Comments on CIAT Germplasm 

While the breeding and selection program at MARDI has benefitted from the germplasm 
introduced periodically from CIAT, some of the hybrid combinations have not been entirely 
in line with the needs of the local cassava industry. One prorni:ient example is the generally 
low starch content of these hybrid clones, especially among the earlier introductions, when 
CIAT probably gave over-emphasis to root yield only, and was guided more by the Colombian 
utilization pattern, viz. growing cassava as a partial staple food rather than as an industrial 
crop. This has led to disappointingly low slarch contents in clones which have been selected 
for local adaptation and high root yield. Starch factories prefer clones with high starch content 
combined with a reasonable root yield rather than those having high root yield associated 
with low starch content, because of tile shcer volume of handling the latter to get an equivalent 
amount of starch (Chai, pers. coini.). 

Of late, CIAT has kept in mind the needs of individual clientele countries when developing 
germplasm for distribition. Also, the better varieties and gcrnplasm from each country are 
being deposited in the CIAT collection. This will be an invaluable guarantee against irretrievable 
loss of gertuplasm, especially with changing research priorities in the developing countries. 
More important, such a move places CIAT in a position to provide the truly and specifically 
required materials to fulfill the research objectives of its clientele. Such a service will be a great 
boon to those national research instiittes and organizations which have too modest a research 
budget and too few trained staff to warrant a full-scale cassava hybridization program. 
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A few batches of clones have been introduced from CIAT in the form of aseptic 
meristem cultures (Table 3). Generally, the performance of these clones show nothing to merit 
their difficult introduction in place of seed materials. Seeds are light, easy to transport, require 
no special facilities for handling at the recipient country, yet provide more opportunities for 
selection of clones therefrom, which are adapted to local environmental conditions. By contrast, 
meristem introductions need special handling during transport because they are in glass tubes, 
will ill-afford delays during dispatch, and require basic laboratory facilities for acclimatization 
and possibly subculturing, and suitable trained staff to carry out such operations (Tan, 1985a). 
Moreover, clones introduced as meristem cultures tend to be those which have performed well 
or reasonably well under testing by CIAT,which is no guarantee that they will adapt equally 
to local conditions. This method of germplasm dissemination may perhaps be conrfined to 
safe exchange of germplasm, and the introduction of genetic resources with v. specific 
traits which may be introduced into local gerniplasin through hybridications. 

Tatile 3. Performance of clones introiduted from CIAT in lt fjoin (ifmeristem tissue cultures. 

Fresh root Starch 
Clone yield content 

(i/ha) (%) 

I. CM 342-55 38.7 23.5 
2. CM 458-2 33.9 24.4 
3. CNI 426-6 46.6 20.8 
4. CM 321-188 39.4 24.1 
5. CM 489-1 18.6 n.a. 
6. CM 57-34 29.7 24.4 
7. CM 430-37 - 
8. CNI 451 -1 

9. MVen 218 --

10. NI an 19 -

II. M Col 1684 - 
12. CN 517-1 15.7 26.8 
13. CM 523-7 - 
14. M Col 1468 I-

15. CM 323-403 --

16. CNI 517-5 n.a. n.a. 
17. CM 728-2 

18. CM 342-170 

19. ('M 323-375 I 
20. M Col 22 n.a. n.a. 

21. i (ol 1684 n.a. n.a. 
22. IMlra 12 n.a. n1.a. 
23. CN 681-2 
24. CUN 523-7 na. rn.a. 

25. C% 507-37 I.ia. t1n.a. 

26. Rayong I n.a1 .a. 

Note: it.a. = not available. 

Remarks 

Nowk in regional testing 

Not selected for yield trials 

Did not survive suiculturing
 

tid not survive suhculturing
 

Did not survive subcilturing 

Did not survive subtcIlturing 

Did tino survive subitlturiug 

Did not survive subculturing 

Did not survive sticilturing 

Did ttol stirs'ive mt lthIring 

Being nttultiplied 

Did not itrie suibtu ring 

Arrived intdried state 

Arrived in dried state 
Ileing mltiplied 

Being suhell
tired 

Being multiplied 

Did not survised subculturing 

Being nultiplied 

Being sulicultured 

Being niultiplied 
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Future Directions and Priority Areas 

In Malaysia, the direction of cassava research will be increasingly towards its use as a 
component of livestock feed (particularly monogastric animals), replacing some of the grain 
maize which is currently imported to the value of MR380 million a year (Tan et al., 1987). 
For this purpose, the cassava roots must have a high dry matter content to ensure good 
conversion rates to dried chips or root meal. However, as cassava is inferior nutritionally to 
grain maize (especially in protein content), the use of cassava chips in feed formulations 
necessitate the increased additions of protein souces such as soybean oilcake or fish meal 
(Tan and Welsch, 1986). Hence, in order that feedmillers be attracted to wider usage of cassava 
chips in feeds, the price of cassava must be much lower than the price of imported grain 
maize. For example, breakeven analysis by a linear program providing least-cost rations show 
that when grain maize ranges in prices between MR 230 and MR 320 per ton, cassava dried 
chips must be less than MR 230-MR 250 per ton for use in pig feeds, and less than MR 200 
for use in broiler and layer feeds (Sayer, pers. comm.). To achieve a price advantage vis-a-vis 
grain maize, besides reducing the costs of production for cassava, it will be necessary to improve 
dry root yields significantly. 

Some interest has been generated in the use of HFGS in place of'sugar in the food and 
drink industries. Imported HiGS from corn has appeared on the local market. It makes 
greater sense to manufact Lire such syrups from a locally available starch source suwh as cassava. 
However, at present the demand for starch outstrips its supply, and any move towards local 
manufacture of HFGS will require increasing the production of cassava. At any rate, cassava 
for HFGS will also have to be high yielding with a high root dry matter content for maximal 
conversion. 

Tile demand of starch is expected to continue to climb since it is required inthe food 
(including rnonosodiunl glutanmate), textile and paper manufacturing industries, all of which 
will develop inparallel with a growing population. Cassava therefore still has its traditional 
role tc play, but improved starch yields will be tile basic prerequisite of the new clones. 

Tile use of cassava leaves as a leaf meal and protein source in animal feeding is nothing 
new. The possible use of these leaves as a vegetable, processed and canned like spinach or 
freshly cooked, should also be examined. It is necessary insuch cases to select for cassava 
with high foliage production, showing persistence with frequent harvests of the leaves, and 
more importantly, to have leaves with low cyanide contents. 

Peculiar to Malaysia is the prospect of planting cassava oil pea. Needless to say, cassava 
will continue to face competition from more profitable crops for land. The alternative is to 
grow the crop on peat, which because of its low pH is not suitable for many other crops. 
Cassava on th other hand will grow quite well on peat, with only a minimal lime requirement 
to correct the soil acidity. Research, therefore, should give attention also to the screening and 
selection of cassava clones adapted to peat. High root yields and tolerance to some degree of 
water logging for short periods during the crop season are two objectives to be achieved. 
With better yields, it will be possible to offset the higher costs of fertilizer inputs (particularly 
nitrogen and copper) required for growing cassava on peat. 
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Need for Network Research and Cooperative Projects 

An international center like CIAT can best serve national cassava research programs 
through the continued supply of elite germplasni, preferably in the form of hybrid seed, for 
insitu testing and selection. Better yet, if the hybrid combinations are of parents bearing 
desired genes for specific traits, such as high dry matter (starch content), low cyanide, disease 
resistance etc. To lend a helping hand to those national programs which have a limited research 
budget, improvement of nationally-used clones through crosses with elite CIAT material would be 
more useful in increasing the probability of more locally adaptable materials. 

To maximize tile use of selected clones on a regional basis, e.g. tile ASEAN region, it 
would he helpful it' inltr-country trials of promising new clones may be carried out on a 
collaborative level with each country contributing a few entries, and including within such 
trials one or two currently popular varieties frot each participating country as check clones. 
This will facilitate each cassava breeder in the collaborative netwoik in appreciating how a 
particular new clone performs ill relation to tlie clone/s he las in his own country. Stch inter
country trials will also allow for genotype x environment analyses of the performance of 
cassava clones, and should also include adequate characterization of th ltest envi ronnlent ill 
tile Iortii of minimal Soil and climatic dilta. 

For an annual, the crop cycle of cassava is substantially longer than short-term crops 
such as peanut , soybeati and maize. This lengtlhens the period required for the evaluation and 
selection of seeddlings and subsequnent clonal generations right through to ex-station testing, 
usually involvitig at least five to six years. It would therefore be helpful if cassava breeders 
cali pitch their expertise together and come up witi the iieans of shortening tile process of 
selection right throtughIto release of lne\ clones with no loss in efficiency. P~erhaps, CIAT can 
play a leading role hy organ izi tig future workshops to discuss and deliberate oti more specific 
areas of breediicg antd selection. To natne a few: breeding tetnhodology, selection criteria and 
early clonal gellCal ioll screening, tile iniportatice of' genotype x environtient interaction onl 
cassava breeding. I personally ftel that the titte has come for cassava breeders to seek for more 
basic information on their crop--e.q. answers to physiological questions, the genetics and 
heritability of desirable agronomic triats -- if the improvement of Manihot esculenta Crantz is 
to make greater headway in the future. 

Summary 

Ail important starch source in Malaysia, cassava has delined in area of production in 
the last decade, but recent renewed interest it tile crop is apparent. New roles of cassava include 
partial substitution of grain maize in livestock feed rations and of sugar in the beverage and 
processed food indust ries. 

Breeding and selection research has concentrated on clonal collection, characterization 
and evaluation in the 1960's, culninating in the endorsement of Black Twig as an industrial 
starch clone, of Medan as an edible clone, and of( C5 as an early industrial clone. From the 
early 1970's, introduction of genetic materials (seeds and meristem cultures) from CIAT for 
local evaluation has become the main breeding and selection activity. This has resulted iii the 
identification of a number of clones adapted to mineral soils or to peat. Local hybridization 
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work has been hindered by the lack of flowering in clones selected as parents, and by the 
limited research resources for the program. 

While CIAT germplasm has made significant contributions to the success of the cassava 
breeding and selection program at MARDI, low starch ':ontent in man of the hybrid clones 
is of major concern, because of the requirements of the local industies related to cassava. 
The need for high ruot dry matter content is pressing for those industries that produce starch, 
livestock feed arJ high fructose glucose syrups. High yield will remain an important means of 
lowering production costs to render cassava production more competitive. 

A network for cooperative projects coordinated by CIAT will best serve the interests
 
of the participating countries with the continued supply of elite germplasm 
 from CIAT, 
specially tailored to meet the requirements of local ca.,sava industries. Inter-country trials of
 
selected clones will provide useful information .u: genotype x environment influence on
 
agronomic performance, and possibly maximize the use of newly developed clones. 
 Specific
 
technical and practical problems of breeders might 
 be solved through joint efforts while CIAT
 
can play a leading role in organizing future workshops addressing such problems and seeking
 
solutions. 
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CASSAVA VARIETAL IMPROVEMENT AND 
AGRONOMY RESEARCH IN SRI LANKA 

S.D. G. Jaya vardenauJ 
K.P. U. De SilvaIJ 

Introduction 

Historical evidence indicates that cassava is relatively new to Asia, though it is considered 
to be a relic of primitive agriculture as it has been Lused as a food plant since prehistoric times 
(Darlington, 1969). It was introduced to Sri Lanka from Mauritius in the year 1796 by Van der 
Graef, a l)utch (overnor (Greenstreet and Lambourne, 1933). Since then and upto now the 
ctultivation olcassava has bcen mainly confined to peasant settlements tsing shifting cultivation 
(chena); it still is an important subsistance crop and forms an integral part of' their diet and 
agricultutrc. 

Sri Lanka is a country with ia calorie-deficient low-income poptulation strata experiencing 
a growing population pressure on land and available food. )uring the last 28 years the poputla
tion of'Sri Lanka has increased by 50'o, and consequently the per capita land availability has 
been reduced by one third. Ricc, although it is tile main food crop of the nation, cannot further 
expand in area while yields are leveling off; to obtain an extra ton per hectare this crop needs 
high-cost energy-based inputs. Therefore, cassava remains an important food crop in tile 
national agricultural development program, mainly because of its potential to produtce more 
calories per unit of' land. 

Despite some evidence that cassava is still being used in some small scale industries 
(Jayawardena, 1984) the food balance sheet in Sri Lanka (Department of Censts and Statistics, 
1960- 1984) indicates that there was no utilization of cassava, or any other root crop, in any 
industry during the last two decades, and thus the total production of cassava was assumed to 
have been consumed directly as human food. However, the contribution of root and tubers 
(except potato) to per capita calorie intake in Sri Lanka is low. The maximtnl contribution by 
these crops to the total per capita calorie consumption has been reported as 12.12% during the 
periods of acute hood shortage in 1975, whereas at present it is aroutnd 6/o (Table I). inthe 
assortment of root crops constimed, cassava dominates (Table 2) and it is clear that present 
consumption levels of' cassava are well below the maximum quantities tolerable in the diet on 
nutritional groutnds (Ministry of* Plan Inplementation). In this context cassava has a great 
potential to play an important role as a sottrce of energy for the working population who really 

I.National coordinator and principal invetigator, respectively, IDRC Root Crops Project, Central Agric. Research 
Inst. (CAR), Gannoruwa, Peradeniya, Sri Lanka. 
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Table 1. Contribution of roots and tubers to daily per capita total calorie intake in Sri Lanka 1970- 1980. 

Total Cassava SW potato f yams Roots & tubers 

Year Calories Calories Woof tile Calories qo of tile Calories R/oof the 
total total total 

1970 2370 59.1 2.49 1t0.7 0.45 69.8 2.94 
1971 2230 88.9 3.99 12.0 0.54 1(M.9 4.53 
1972 2158 73.4 3.40 9.9 0.46 83.4 3.86 
1973 2169 134.0 6.45 15.9 (.73 155.8 7.18 
1974 2136 158.8 7.44 27.0 1.26 185.8 8.70 
1975 2127 220.7 10.37 37.2 1.75 257.9 12.12 
1976 2172 163.5 7.35 31.2 1.43 194.7 8.96 
1977 2343 120.2 5.13 21.1 0.90 141.3 6.03 
1978 2325 124.4 5.35 21.6 0.93 146.0 6.28 
1979 2316 111.2 4.80 23.6 1.02 134.8 5.82 
1980 2169 102.0 4.70 19.9 0.92 121.9 5.62 

Source Department of Cetists and Statistics. Food balance sheets, 1970 to 1980. 

Table 2. Consumption of roots and tubers (kg) per capita per year in Sri t.anka, by income groups, 19710. 

Income per month (Rs) 

0 25 26 5t0 t 10) (0l 20 201 4X) 401 8X) 801 (XX)101 15X) > 1501( Overall 'o 

Cassaa 5.3 9.9 5.7 6,5 5.6 4.A 4.3 2.5 1.7 5.4 60.7 
Potatoes  0.5 0.6 0.9 1.3 2.7 5.2 4.9 7.2 1.7 19.1 
Sweet potato - 0.1 1.2 0.9 1.1 1.1 0.7 (.7 1.8 (1.9 1(.1 

,Kiri Ala and sarn -- o.3 0.9 0.8 1.0 0.7 1.6 0.5 1.1 0.9 10.1 

Total c,. potatoes 5.3 10.3 7.8 8.2 7.7 5.9 6.6 3.7 4.6 7.2 80.9 

rotal 5.3 10.8 8.4 9.1 9.0 8.6 11.8 8.6 11.8 8.9 I(X).0 

Source : Central Ilank of Ceylon "[he survey of constmer finances, 1973."
 
Roots and tuber crops ci,. be accommodated in the tucals of anybody including children, and for adult
 
males this can be increascd beyond 50 kg per year (Ministry of Plan Implenentation, 1983). 

sustain the agricultural economy, in addition to being a potential raw material for various 
industrial uses in Sri Lanka (Samaratunge, 1987). 

Climate and Soils of Sri Lanka 

Sri Lanka is a comparativelv small island with a total land of 6.56 million hectares lying 
in close proxinity to and towards the soulli-east of the Indian subcontinent. On the basis of 
altitude the couiry isdivided into low country (0 to 300 masl), mid country (300 to 1000 masl) 
and tp country (1000 masl and above). Climatic features are basically determined by the 
geographical location of the cottntry on the border of the equatorial belt. Sri Lanka receives 
rain from the south-west monsoon during May to September, which period is referred to as 
"yala season", and fron lie norti-east monsoon fron December to February. During inter
monsoonal periods rains due to convection occur and, in October/November these are supple

ninted by dcepressional activity moving in fron the east. The period from October to February 
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is locally called the "maha season". Rainfall distribution follows an orographic distribution 
pattern, with yala rains limited to the south western quarter while maha rains benefit the whole 
country. Based on mean annual rainfall (MAR) 3 major climatic zones are identified, viz: wet 
zone (2280 mm to 5100 mm MAR), dry zone (890 mm to 1525 mm MAR) and intermediate zone 
(1525 mm lo 2280 mm MAR) (Figure I). 

The climatic and topographic variations are further compounded by the distribution 
pattern of soil groups in the country. Nine out of the ten soil orders of the USI)A soil taxonomic 
system are iound distributed throughout the country. Reddish brown earths (Al fisols) predo
minate in the dry and intermediate zone, often in association with Ilow Iitunic gley (lnceptisols), 
or alluvial soils (Entisols). Red yellow podzolic soils (Ultisols), predominate in the wet arnd part 
of tile intermediate zone, in association with bog (1-listosols), half bog (Al fisols) and sandy 
regosols (Entisols) along the south-wes coast. The intermediate zone displays a transition from 
reddish brown earths and non calcic brown soils (Alfisols) to red yellow podzolic soils (Ultisols) 
with immature brown loam s (NIollisols) aid reddish brown loans in association (Figure 2). 

Based on the rainlf'all distribution patterns, cassava cultivation in Sri lanka is mostly 
concentrated in the %wetand intermediate zones, resulting in the formation of a very distinct 
natural cassava belt across the wct and inierniediate districts (Figilre 3). The dry tone is less 
lavourable for stuccess fill cassava cultivation due to the poor distribut ion of rainfall, coulpled 
with soils which harden upon drying. [lo\ever, in the Castcrn coast of the dry zonc where soils 
are light textured, 3 to 4 thousand hectares of land are cUltivated to cassava during hoth seasons; 
in tlie other areas of the dry zone cassava is cultivated mainly during the Niaha season (Figure 4). 
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In the wet and intermediate zones cassava is cultivated during both seasons mainly as a 
backyard crop. However, in the districts where coconut plantations are in abundance cassava 
is intercropped with coconut. Considering the production potential and the area under cassava 
cultivation the districts Kurunegala, Colombo, Ratnapura, Kegalle, Kalutara and Kandy can 
safely be named as highly productive areas, having the most suitable physical as well as socio
economic environments (Table 3, Figure 3). In these areas cultivation of cassava has been 
found in peasant settlements, in shifting cultivation, and as a cash crop along with other seasonal 
crops or intercropped with rubber, coconut and pineapple. 

Table 3. tlistribution of land and the production of cassava among districts of Sri Lanka. Average for the period 
1978-1982. 

Cassava 
Districts 

Area (ha) Production (tons) Yield (t/ha) 

Colombo and Gampaha 1993 25117 12.60
 
Kalutara 
 2244 17558 7.82 
Galle 1991 14204 7.13
 
Mat, a 
 2020 15879 7.86
 
Ratna-,wun 
 4638 82206 17.72
 
Kegalla 
 4171 54011 12.94 
Kurunegala 8609 90644 10.53 
Puttvlav 3037 18433 6.07
 
Kandy 
 1837 18785 10.23 
Matale 2523 25327 10.04 
N'eliya 808 4013 4.97 
IBadulla 2974 21532 7.24
 
Moneragala 
 4467 13441 3.01
 
Jaffna 
 1167 11363 9.74 
Vavunia 303 3703 12.22 
Nlulatiwvu 

Mannar 
A'pura 2342 13183 5.63 
Polonnaruwa 1278 7478 5.85
 
Trincomalee 
 979 4572 4.67 
Baticaloa 1650 16036 9.72 
Ampara 2715 21275 7.84 
H ambantota 1900 21455 11.29 
Kalawowa 

Udawalave 

Sri Lanka 53646 522698 9.74 

Source : Department of Census and Statistics. 

Cultivation Practices 

Presently cassava cultivation in Sri Lanka is done totally by small holders and cultivation 
is mostly confined to backyard production systems or as small rainfed cultivation in the high
lands. Under these cultivation systems, fertilizers, other purchased inputs, and labor intensive 
management practices are seldom used (Department of Agriculture, 1983). Apart from land 
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the only important input is labor, which consists almost entirely of family labor (Samaratunga, 
1984). Hence, cultivation of cassava in Sri Lanka at present does not compete with other crops 
for land, labor or capital to any significant degree. 

Depending on the soil and available rainfall conditions the root yields of cassava vary 
from 8 - 10 tons per hectare under these production systems. Ifthe farmer harvests his product 
ol his own and transports it to a nearby market he could sell his produce for about Rs* 2000 to 
3000 per metric ton or Rs 2 to 3 per kilo. If the crop area is large, a middle man who has to 
uproot and transport pays the farmer about Rs 1000 to 1500 per metric ton. Therefore, culti
vation of cassava as a backyard crop gives a considerable income to the village farmer, and also 
serves as an assured supply of food. 

However, when cassava is cultivated on a commercial scale with the recommended 

package of practices, root yields of over 20 t/ha could be obtained. l)ue to difficulties in dis
posing large quantities of fresh roots in the market for direct human :onsumption, cassava in Sri 
Lanka is hardly cltivated on a large extent. Ftirther, because of the lack of knowledge in post
harvest handling and tnavailability of storage facilities, or transportation, etc., farmers grow 
cassava only ol a snall scale, mainly for subsistence. 

Low cost of production and very high retturns to land and labor indicate that cassava 
cultivation in Sri L.anka is highly favorable in terms of resource ttilization (Table 4). It is 
important to note that the cost of production includes only family labor, thus not an actual 
nionetary cost. As a result, return to capital becomes inapplicable to cassava under the present 
production systems in Sri Lanka. 

Table 4. (,osis and retarns relating to cassava cultivation Wtfarmers' and recommended management practices (per ha.). 

a 
 Recoiniendedb 

t1 Amout Cost (Rs) c Amount Cost (Rs)C 

Farm
 

Manual land prep. 43.9 (in. days) 1097 (by tractors) 1117
 
Planting 2.5 (ni. days) 62 10.0 (in. days) 250
 
Fertili/er - 0 269 (kg) 734
 
Earthing up - 0 10.0 (in. days) 250
 
Weeding 12.0 (in. days) 300 20.0 (i. days) 500
 
1-laivesting 8.8 (m.days) 221 20.0 (in. days) 500
 

c
Total cost (Rs/ha) 1680 2351 
Yield (kg/ha) 7604 20000 
Farnt price (Rs/kg) 1.50 1.50 
Gross return (Rs/ha) 11406 30000 
Net return (Rs/ha) 9726 26649 
Return per man day (Rs) 144.71 444.15 
Return per Rupee 'of dworking capital (Rs) 

a. Source l)epartmnt of Agriculture, t)ivision of Agricultural Economics (1980). 
b.Source Department of Agricutuinre, Division of BotanN (1984). 
c. Include%only the value of family labor (Rs 25/day.) 
d. Not applicable as no capital coi %%as incurred. The on ty input was family labor. 
e. Exchange rale I tUSS Rs 300) 

* Exchange rate I US$ = Rs 3t0.00 

15.40 
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Table 5 shows that during the last 10 years cassava cultivation in Sri Lanka showed 
changes in the production trend. From early 1970's onwards the area and the production of 
cassava increased reaching a peak during the acute food shortages in the period 1974 - 1976. 
However, with the increase in rice production and assured supply of wheat flour the production 
steadily declined until 1981, at which point the trend turned positive again. The total production 
minus post-harvest losses is reported to have been used totally for human consumption with no 
cassava usage for industrial purposes. 

Table 5. Annual production, area and yield of cassava in Sri I.anka, 1975- 1984. 

Production Area Yield 
(000 IoNs) (000 ha) (/ha) 

1975 996.87 164.842 6.05 
1976 747.60 110.759 6.75 
1977 556.65 95.801 5.81 
1978 585.84 74.355 7.88 
1979 534.54 53.591 9.9' 
1980 499.49 51.048 9.78 
1981 526.01 56.116 9.37 
1982 572.85 59.179 9.68 
1983 722.11 55.373 13.04 
1984 682.48 56.773 12.02 

Source Department of Census and Statistics. 

Inspite of the importance of cassava in the food economy and its long period of culti
vation in Sri Lanka, little attention has been paid to exploit its real potential. Therefore, a 
research project on root and tuber crops was started in 1978 with assistance from the Inter
national Development Research Centre (IDRC), Canada, and subsequently with the assistance 
of the CIAT Regional Cassava Program to strengthen the breeding prograir. 

Accomplishments and Present Status of Varietal Improvement 

Though it is not known how many genetically distinct clones had been introduced by 
the Portuguese, there are presently a fair range of cassava cultivars in Sri Lanka having different 
morphological, physiological and biochemical characters. The occurrence of these different 
cultivars, grown under different agro-ecological conditions in the island, suggests that some 
selection/adaptation had taken place. Although cassava has been cultivated in Sri Lanka for 
nearly 200 years, until the early 1940's no research attention had bccn focussed on the improve
ment of this crop. According to official records no introductions have been made recently. 
Hence, the available so-called "varicties" are farmers' select ions from the original introduction 
or from its open-pollinated seedlings. In other words, most of the present cultivars are deriva
tives of original stocks, evolved through a process of natural and farmers' selection. 

Chandraratne and Nanayakkara reported for the first time in 1948 on tile production 
of 21 hybrids through sexual hybridization to increase yields and reduce the HCN content 
(Table 6). Further, they attempted to classify the cassava races occuring in Sri Lanka and 
identified 75 races; of' these 6 races are reported to be recommended (Chandraratne and Nana
yakkara, 1948). However, the work of these two researchers was short-lived; from 1948 to the 
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Table 6. HCN content of parents and hybrids of cassava. 

Hybrid Parents HCN content in tissue (ppm) 
Female Male Hybrid 

Muh 3 Mu 41 x Mu 51 103 34 92 
Muh5 Mu51 x Mu41 34 103 76 
Muh7 Mu 51 x Mu 41 34 103 Ill 
Muh 8 Mu 51 x Mu 41 34 103 133 
Muh 9 Mu 51 x Mu 41 34 103 133 
Muh 12 Mu 41 x Mu 59 103 46 70 
Muh 14 Mu 59 Mu 41x 46 103 75 
Muh 21 Mu 59 x Mu 41 46 103 103 

Source :Chandraratne and Nanayakkara, 1948. 

late 1970's little was done on cassava improvement and this lagged considerably behind when 
compared to the progress made in other crops. However, we cannot say for certain that the 
cultivars used today are of the same accessions as those produced in 1948. For example the 
present widely accepted cnltivar "Peradeniya" is now called Mu-51 but according to the pioneer 
workers it was Mu-22. 

Since 1978, a Root Crops Research Project at the Central Agricultural Research Institute 
(CARl) at Gannorttwa, funded by the International Development Research Centre (IDRC), 
paved the way for a nation-wide germplasm collection and evaluation of cassava cultivars, and 
applied hybridization. Achievements of the ongoing project could be summarized as follows: 

I. As a result of evaluating open pollinated cassava seedling progenies, derived from 
hitherto unexploited local germplasm, two promising clones, namely CARI-555 and CARI-526, 
were identified with good plant type and excellent culinary qualities. They gave reasonably 
good yields in multilocation trials under different agro-ecological conditions. These new clones 

Table. 7. Yield and qualitycomparison of CARl-555, CA1I1-526 and Mu-5I. 

Character CARI-555 CARI-526 Mu-51
 

:resh root yield a (t/ha) 35 0 33.5 35.0 

Peeling habit Very easy Easy Easy

Rind thicknes%(nmm) 1.85 2.15 
 2.05 
Bittcrnes of lesh Sweet Sweet Sweet 

Cooking tine (rin) 10 15 18-20 18-20 
Color of flesth White White White 
(on!istency & aroma of cooked roots Mealy & aromatic Mealy Mealy 

HICN content (ppn!) 25-35 56-65 40-45 

Dry matter content (0,) 38-44 38-44 38-43 

Paratability & acceptabilityb 4.40 4.03 

a Av. yields under experinital conditions. 
) - Scoring for acceptance and tasie of boiled roots were made using the rating of I to 5 with 5 representing the 

superior quality. 

Source :Annual report, I)RC/Sri Lanka Root Crops Project, 1986/87. 

4.10 
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are in the pre-release stage for general cultivation as "sweet" or "table" type cassava cultivar3 
(Table 7), (De Silva el al., 1986). 

2. As the probability of obtaining superior segregants was considered to be low in the 
selection of naturally open-pollinated cassava seedlings, an intervarietal hybridization program 
was started by using locally available superior genotypes. 25 progenies were selected on the 
basis of yield performance and desirable agronomic characteristics for further evaluation 
(Table 8). 

Table 8. Progeny means of yield parameters of cassava hybrids according to their crosses. 

Cros% No. of Root wt Root no. Mean root HI 
progenies (kg/plant) /plant wt (g) (0/0) 

Mu-5 i/Wagolla 3 2.95 6.33 466 65.7 
Mu-51/CARI-555 3 5.78 10.M 578 65.7
 
Wagolla/Mu-51 6 
 4.84 9.33 519 59.8
 
Wagolla!CARI-555 
 5 5.49 9.60 572 69.0 
CARI-555/Mti-51 4 1.73 9.00 192 59.2
 
CARI-555/Wagolla 2 
 4.20 7,50 560 63.5 

Total 25 - _ 
Mean - 4.16 8.63 481 62.7 

Source :Annual report, IDRC/Sri I.anka Root Crops Project, 1986/87. 

3. Evaluation of a part of' the local cassava germplastm has indicated a good deal of 
variation in root yield, shape and size of roots, but most of them were found to be of inferior 
quality as compared with the popular cultivar Mu-51. 

4. Multilocation yield trials in various agroclimatic regions have demonstrated a vast 
potential for increase in production in most parts of' the country by using improved cultivars 
and cultural practices. 

5. While duplicates are being eliminated taxonomical characterization of local cassava 
germplasm was initiated again in order to identify the varietal differences. 

Though there has been an impetus to improve cassava through selection and intervarietal 
hybridization during the last decade in Sri L.anka, progress toward goals such as high yields,
yield stability and quality, disease and pest resi.tance, carly maturity and resistance to environ
mental stresses has been slow due to lack of' genetic variability. As the locally available germ
plasm variation is low, the first attempt to upgrade gernplasm variation in Sri Lanka was made 
by the official introduction of genetic stock of' hybrid seeds of 30 crosses (Table 9) received 
from CIAT, Colombia, in 1185 with the asistance of' the CIAT Cassava Asian Regional Program. 

Out of 752 hybrid seccdling:; derived from the introduced hybrid seed material, 74 clones 
of' 20 crosses were identified as promising, based on yield parameters and other desirable cha
racters in the preliminary evaltation stage (Table 9). The selected exotic hybrids showed extensive 
morphological variation, possessing apparently desirable characters sutch a. high root yield, 
harvest index, and root number, low rind thickness, ard erect, non-branching and vigorous 
growth habit, long leaf' life and case of harvest. In a comparison of progeny means of' yield 
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Table 9. No. of progenies selected from CIAT cassava introductions in 1985 at seedling stage, and their mean yield 
parameters. 

No. of Progeny means 
Cross progenies Root wt. Root no/ Mean root HI" 

selected (kg/plant) plant weight (g) (M) 

CM 4009 12 3.70 08 462 70 
CM 4011 08 4.20 08 525 67 
CM 4012 none - - -

CM 4054 02 8.50 17 500 67 
CM 4105 02 4.10 10 410 73 
CM 4397 03 3.93 09 437 69 
CM 4504 01 3.80 II 345 55 

CM 4830 05 4.54 08 568 64 
CM 4836 04 5.18 10 518 63 

CM 4912 none - - -

CM 4992 01 2.90 12 242 74 
CM 5007 05 6.62 09 735 71 

CNI 5046 03 6.36 14 454 75 
CNI 5371 02 6.05 08 756 74 
CM 5436 01 5.60 08 700 57 

CM 5452 05 6.75 13 519 57 
SNI 443 none - - -

SM 445 01 5.80 08 725 56 

SM 446 none - - -

SNI 450 02 2.70 11 245 62 
SM 451 01 8.2 12 683 66 

SM 452 none - - -

SM 458 04 7.43 825 56 

SNI 462 04 5.78 10 578 62 

SM 470 03 6.31 14 451 68 

SM 474 03 3.36 10 336 64 
SM 481 none - - -

SM 534 02 7.30 08 912 71 
SM 500 none - - -

SM 536 none ... 

Total no. of 74 - - 
genotypes
 
selected 

Mean 5.12 10.4 540 66 

* fresh weight basis. 

Source :Annual report, IDRC/Sri Lanka Root Crops Project, 1986/87. 

parameters with iocaily bred cassava seedlings (Tables 8 and 9), the CIAT hybrid selections 
were found to have superior values of mean yield parameters. These selections are being further 
evaluated in nomeplicated yield trials at CARl and could hopefully result in the emergence of 
some outstanding plant types. 

Six cassava clones having reportedly desirable characteristics, such as high yield and dry 
matter content, low HCN content, resistance to cassava mosaic disease (CMD) and mealy bug, 
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and tolerance to moisture stress, were introduced in 1986 from IF A, Nigeria, in vegetative 
form as in-vitro plants, and they are being observed at CARl. 

Genetic material of cassava from within and outside the country are being collected to 
build tup a gerniplasm bank. So far among 223 collections maintained at CARl, 128 are native 
collections and 80 exotic accessions, including 74 CIAT hybrid selections and 6 IITA introduc
tions. These collections are being evaluated and characterized with the aim of' utilizing them as 
direct varieties or for breeding purposes. 

Recent Agronomy Research in Cassava 

Presently cassava is cultivated in Sri Lanka, mainly as a subsistance crop. Hence, it is 
realized that the cultivation of cassava could be encouraged only if technologies are developed 
that suit the village farming systems. During the past 10 years therefore, agronomic aspects of 
cassava research were mainly concentrated on low cost production technologies, particularly to 
generate infornialion on cropping systems. 

As cassava occupies the land for a period of over 9 months and it exhibits slow initial 
growth, it \was thought feasible to tutilize wide spacing between rows of cassava to raise an 
intercrop that could give an earlier extra income along wiih some agronomic advantages of 
arresting wced growthI and soil Cosion and to enhinCe soil Moisture conservation. This was 
clearly demonstrated in a sItIudy of cassava-legume intercropping, where the combination of 
cassava cultivar tlanera and tie lcgume inicrcrop bushitavo ('igna unquiculata) recorded a 
significantly higher yield and nionetary return (De Vaz and )e Silva, 1982). In aiother study, 
tie grow\ing of vegelables during the early stages of cassava was shown to be very successful in 
tile mid conutry \sel /one and indicated a potcntial for generating higher income when cassava 
(Niu-51) \was grown with tomalo (.laya\ardena and De Silva, 1984). Under the farmers' manage
ment conditions cassava-vegelable intercropping systens have shown that cassava-tomato and 
cassava-bushitavo conbiiations are economically as beneficial as those achieved under higher 

Table 10. Yields of cassava (ARI-555) andt i-.lables and k'ross income in cassasa-vege able infereropping syslesm 
tiunder a farmer's field condilon 

(location I'aangolla: Season :V; ,'1986/871. 

Crop co('hiII0oi (a saxa root yield hterciop yield Gross income 
II'h1a) (Itht) (Rs/tha) 

Cassava;' IOnunoctop) 22.33 27,912 
, toasi o 211)34 8.20 66,425 

*1 tt1,3[u m oaw c 
15.61 3.48 40.392 

C'iS iV (*IICIIIlmict) 8.49 16.64 27.252 

('V (WO 16.10 23.30 

ISt) 10.05) 4.19 5.70 

t'rice ofcasa a, Rs 1.25,kg. 

h riceol lonolo Rs 5.(H), kg. 
Cpricco hushilao Rs 6.0)/ kg. 

d t'riccof cticiniter R% 1.00/kg. 

elUS$ Rs 30.10) 

Source : ,nual report, II)RC/Sri tIanka Root Crops Project, 1986/87. 
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management conditions at experimental stations (Table 10). Thus, intercropping cassava with 
legumes and vegetables appeared a profitable agronomic practice. 

Generally, after 5-6 months cassava tends to shed its lower leaves, allowing more sunlight 
to reach the ground. Hence, an investigation was carried out to determine the potential of 
intercropping vegetables at early and at later stages within a single crop cycle of cassava by 
changing its plant spacing. Overall data indicated that double-row planting of cassava inter
cropped with vegetables is more productive than conventional single-row cassava intercropped 
with vegetables as it generated an extra income throughout the long growth period of cassava 
(De Silva et al., 1986) (Figure 5) (Table IIa and I Ib) 

Table I In. Root yield (t/ha) of cassava (CARI-555) in monocullure and intercropped with vegetables. 

Crops Single row Double row 
cassIvil cassava 

Cassawi monocuture 32.35 33.15 
Cassava + ccumber 18.31 23.56 
Cassava + tomato 32.53 33.17 

LSD (0.05) 3.44 
CV ("'() 8.14 

rable Ilb. Yields of vegetables (t/ha) intercropped with cassava (CARI-555). 

Single ross casava Double row cassava 
Crop W,4intercrop 2nd intercrop Ist intercrop 2nd intercrop 

Cassava 
Cassav 

f tomato 
cutcumber 

13.41 
29.71 

1.63 
3.39 

16.12 
36.18 

7.49 
10.58 

LSI) (0.05) 3.37 1.49 
CV (o'0) 8.88 15.64 

Source : A tnual report, II)RCiSri lanka Root Crop, Project. 1986/87. 

Cultivation of cassava for direct humati consumption as fresh food is very profitable 
at present yield levels and market prices. Higher yields could be obtained with adequate fertilizer 
applications and use of high yielding cultivars. Investigations on yield response to N-fertilizer 
application have demonstrated a significant production potential at higher levels of nitrogen 
(Figure 6). However, in Sri L.anka cassava is rarely fertilized despite the fact that there is a 
recommendation for applying fertili/ers, i.e., 115 N, 62 P,05, and 112 K2O in kg/ha applied 
in three splits. Table 12 shows that growing of cassava with a grain legume could also be bene
ficial in improving the soil fertility and could reduce the need for more fertilizer. When cassava 
was inlcrcroppcd witI black gram or cowp:a over a long period, it was found that one top 
dressing of N-fertilizer could be eliminated, while still obtaining high root yields of cassava 
(Table 12 and Figure 7). 
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Sole Crop Cassava 

Cassava + Tomato 

80- Cassava + Cucumber 

70 

60 

50' 

40 
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0 
f-Double -Row -Single Row b* 

PRICES OF:-


I Cassava Rs 750/t
 
2. Cucumber Cts 75/kg 
3. Tomato Rs 2.50/kg 

Figure S. Gross Income (Rupees//ia) front: cassava and vegetables intercropped in trials at CA RI. 
Lvchange rate. USS =Rs 30. 00 
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Figure 6. 	 Response of cassava (Mu-51) to N application as urea as well as to application of organic manure on an 

Ultivol in Kuranegala, Sri Lanka. 

Fable 12. 	 Root fresh weight of cassava (MU-51) as affected by Intercropping with two grain legumes and by varying 
levels of fertilizer application. Crop period 1986 Vala to 1986/87 Maha. 

Legume intercrop 

Level of fertilizer No-legine Co%pea Black gram Mean 
Managrnent (L0 ) (1.1) ( L2 ) 

.....................................
Root yield ft/ha) ............................................ 
F0 -No fertilizer 4.80e 8.25d 10.68c 7.91c 
F -Basal a onlyI 7.09d 15.03bc I l.57cd 1I .23b 
l:21Basal + TD-lb t1.98cd 17.19ab 23.02a 17.39a 

13-Basal + TD-I i T)-2c 19.93aib 10.92c II.78cd 14.2lab 
Mean 10.95 12.48 14.26 

CV ('o) 	 27.88 

Note :Means followed by a common letter are not significantly different at 5% probability level according to DMRT. 

Triple super Potassium 
Urea phosphate chloride 

...........................................
kg/ha ...........................................
 
a. basal: 	 84 124 124 
b. topdress -I 	 84 - 62 
c. topdress - 2 	 84 -

Source :Annual report, IDRC/Sri Lanka Root Crops Project, 1986/87. 
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Lii = cassava solecrop 

cassava + cowpea20 

cassava + black gram 

" 15 
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0 
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N - P,0 5 - K20 (kg/ha) 

Figure 7. Response ofcassava (ssolcrop or intercroppled witih cowp7a or hack grant o four levels ofNPA'.upplications 

in Peradeniua. Sri Lunka. 

Future Directions and Priority Areas of Research in Cassava 

Though higher cassava yields could be obtained with adequate fertilizer application along 
with a high level of intercultural practices, such management practices cannot always be the 
standard technology for the farmer to increase yield per unit area. Hence, the main research 
objective should be to increase farmers' income level and not the root yield perse. In this respect, 
further research on cropping systems miist be carried out with the idea of reducing the need for 
weeding, chemical inputs and labor-iniensive cultural practices. Nevertheless, developing high 
yielding cultivars could be considered as the cheapest technology to obtain maxiimn profits. 

Varietal improvement programs should be directed towards developing early maturing 
cultivars with reasonably high yields and field tolerance to drought, so that areas with low 
rainfall ould be exploited for cassava cultivation. In this context an inexpensive source of 
fol -,aergy is aniurgent need for the dry zone subsistance farmer in Sri Lanka, whose calorie 
deficit level is iuch higher than the national average. The short rainy season in the dry zone 
requires cassava cultivars which can be harvested at 6 months. This type of cultivars will be 
highly useful also in multiple croppling systems in this area. 

Inspite of its low current price, the demand for cassava is low dLie to the fact that con
suners are very selective and prefer to purchase very fresh roots within one or two days of its 
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harvest with acceptable eating and marketing qualities. Therefore, in order to promote cassava 
consumption as an inexpensive source of food, a crop improvement program should be directed 
towards developing cultivars with specific characters that are needed to meet the demand for 
marketing, storage, processing and utilization. High fresh root yield, protein and dry matter 
content and low HCN content and acceptable loss in storage and good keeping qualities are the 
major characters to be considered in future programs. More efforts must be directed toward 
promoting cassava utilization as a source of processed food and as industrial raw material by using 
low energ/ consuming technologies, which would result insignificantly expanded cultivation of 
this crop. 

Network Research and Cooperative Projects 

In our efforts to establish network research and identify areas for cooperative projects 
we should first try to diagnose tile genuine needs of different countries. Cooperative research 
becomes very vital for those countries that have limited resources and personnel and that can 
benefit from the results of other countries which are stronger and better established in certain 
areas of research and development. Therefore, network research and cooperative programs 
could hasten and assist the country programs to achieve their national goils. 
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CASSAVA BREEDING - CIAT HEADQUARTERS 

ClairH. Hershey1 

Introduction 

The CIAT Cassava Program collaborates with national research and development 
agencies to ultimately increase farmers' incomes and food supplies, as well as to improve food 
availability for the overall population of tropical developing countries. Improved germplasm 
is an integral part of the strategy to meet these objectives. This paper gives an overview of 
cassava breeding and related activities at CIAT headquarters in Colombia, with emphasis on 
anticipated relevance for Asian research programs. 

Cassava Origin and Evolution Related to Breeding Strategy 
Cassava originated and underwent the major part of its evolutionary development in 

the American tropics. By the time of the arrival of European explorers in the 15th century, 
cassava was widely distributed throughout the American lowland tropics and subtropics. The 
crop was transported first to West Africa from eastern Brazil by the Portuguese in the 16th 
century. Introductions to Asic -ire not well documented, but some of the earliest seem to have 
been to the Philippines from Mexico, and to the Indian subcontinent from Brazil, in the early 
18th century. By 1800, the crop was widely established throughout South and Southeast Asia. 
At present, Asia and Africa each account for about 40% of world production, with about 20°0/ 
from Latin America. 

Genetic variation in a crop is the result of selection forces during evolution, both pre
and post-domestication. In the diverse evolutionary environment of Latin America, farmer 
selection resulted in broad genetic differentiation and adaptation of individual clones to specific 
local conditions. In addition, the development of a wide range of forms of processing and utili
zation led to strong discrimination and selection on the basis of root quality traits. The end 
result was the creation and maintenance of many thousands of locally selected cultivars, each 
propagated vegetatively, often adapted to very specific soil, climatic, disease and pest condi
tions, and for given end uses. 

In contrast to Latin America, initial introductions of cassava into Africa and Asia were 
apparently from a quite restricted genetic base. Although considerable differentiation undoub
tedly occurred by way of occasional recombination and propagation from botanical seed in 
farmers' fields, the level of genetic diversity must necessarily be considerably less outside the 
area of origin. 

I/ Cassava Breeder, Centro Internacional de Agricultura Tropical (CIAT), Cali, Colombia. 



Breeding Objectives 

Cassava research must operate within an evolving context where principal constraints on 
the development of the crop often shift from production to utilization to processing and mar
keting. Setting of breeding objectives should focus on the complete commodity system, with 
an understanding of the role of increased or stabilized crop productivit, national agriculturalon 
policy. Breeding is just onte component of an integrated research and development approach to 
solving problems of cassava production, processing and marketing. Thus, setting objectives 
can only be eiaborated after these macro-ec,:onomic issues are considered. Nevertheless, it is 
outside the ;cope of this paper to look at these issues, and the remainder of the discussion is 
based on the assumption that new cassava cultivars have a significant role to play in a cassava
based development policy. 

Cassava is a low input, rainfcd crop in virtually all parts of' the wo Ild where it is grown, 
and thereby faces an array of production constraints. The biological problems are gcnerally 
more diverse in the center of origin of the species, but individual pests or diseases may be even 
more severe outside the center of origin, such as the case of cassava mosaic disease in Africa. 
This diversity of constraints imposes severe difficulties for breeders. The rate of progress in 
genetic ;mlproveni :nt is inversely proportional to the .umber of breeding objectives. Therefore 
breeders should not expect to make rapid ,nrogress in simultaneously impr, ving a wide array of 
trait.. A careful pri ritization of objectives is essential. 

Thie definition of cassava brecuing objectives at CIAT is focused on national research 
programs and their perception of the needs of farmers and consumers ir their area of influence. 
Our experiences have demorstratcd important areas of complementarity between an inter
national center and national programs. An international center ha.,; particular advantages in 
cordinating activities at the international level, and in activities where ce.titlization is beneficial 
dae to economics of scale. National programs on the other hand have distinct advantages in 
establishing a gerniplasm base of locally adapted ,lones, and selecting cultivars for specific 
local needs. 

On the basis of these advantages, C.T develops working relationships with national 
programs, which aim to optinI:ze the use of resources on both sides. As needs vary videly from 
one country to another, ;o also does CIAT's approaclh to collaboration with different programs. 

CIAT emphalsize; br,.eding work in five principal areas: 1)improvement of characters 
considered of' "universal" importance; 2) adaptation and resistance characters required for 
specific comiinations of climate and soil conditions; 3) improvement of specific characters 
requested by inational programs; 4) development of breeding methodologies with broad appli
cabilit ;::ross national programs; and 5) collaboration in networking activities. 

An Improieinent Strategy 

Crop breeding, broken down into its most basic elements, consists of accumulating 
and/or creating a source of genetic variation, and subsequently selecting superior genotypes 
within this range of variation. 
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Formation of the germplasm base : 
A,vital part of any plant breeding program is adequate genetic diversity for all the traits 

for which improvement is sought. For some programs, especially those near centers of diversity 
in the Americas, this diversity might be obtained locally. 7or others, especially outside the 
centers of diversity, where new characteristics need to be introduced, introduction of exoticil 
germplasm may be advantageous or even essential to breeding progress. 

CIAT is in a unique position to collect, characterize and conserve the world's cassava 
germplasm in such a manner that it can be readily used by other agenkies. Thus, CIAT has been 
assigned responsibility within the international agricultural research center system for collection 
and conservation of cassava germplasm from the centers of diversity. The collection of germ
plasm was one of the first steps taken by CIAT, even before the formal establishment of a Cas
sava Program. Extensive initial collections were carried out in 1969 and 1970 in the Andean 
Zone and in Meso-Anerica, bringing to about 2,600 the number of accessions. 

A major inpetts to further expansion of the collection came about when the Inter
national Board for Plant Genetic Resources (Il3PGR) decided to assign high priority to financing 
Manihot collection expeditions. With this new initiative the CIAT cassava germplasm collec
tion has grown steadily to now include about 4,500 accessions (Figure 1). The large majority of 
these accessions are form Latin America, but recent introductions have also been made from 
Asia and Africa (Table 1). 

6 AfricaElite hybrids 
,, Asia 

Southern South America 

z 5 '/
0/ 

,, Brazil 

u.W 4 V), 

U 
< 
 Meso-AtnericaLI 3
0 
 and Caribbean 

LU 
2
 

Z Andean zone 
I -countries 

0 I I 
1969 1975 1980 1985 1990 

YEAR 

Figure 1. Actual and projected regional composition of CIA T'S cassava germ plasm collection. 

1_The term "exotic" is used in the traditional plant breeding sense to mean any germplasm introduced from a different 
region. 
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Table 1. Asian clones In CIAT's cassava germplasm collection. 

Country of origin 	 Clone name 

China 	 South China 205 


Indonesia 	 No. 53 


W 1435-83 


Kretek 


M 31 


W 236-29 


B-61 


M30 

Ketan Merah 

SL 13 

W 1510 


X 396 

WV 65 


B 6-2 


SL 44 


B 16-3 


B 18-1 


SL 26 


SL I 


SL 15 


Kelam Hitam 

W 1672 


W 1058 


Martolepo 


W 236-41 


SL 37 


W 1435-37 


Faroka 


SL 4 


W 1166 


Adira I 


SL 7 


No. I-B2 


No. 734-5 


CM 3998-13 UJF 


CM 3993-28 UJF 


CM 3997-26 UJF 


CM 3970-4 UJF 


CM 4013-3 UJF 


CM 4031-10 UJF 


CM 4045-6 UJF 


CM 4050-2 UJF 


CM 4058-9 UJF 


CM 4066-2 UJF 


W 236-22 


SL 31 


CIAT code Other codes 

M Chn I
 

M Ind I UJF 45i 
M Ind 2 UJF 21
 

M Ind 3 UJF 29
 
M Ind 4 UJF 22
 

MInd UJF 61
 
M Ind 6 UJF 82
 

Mind7 UJF3
 

M Ind 8 UJF 10
 
M Ind 9 UJF 95
 
MInd UJF 81
 

M Ind 1I UJF 26
 
M Ind 12 UJF 4
 

MInd 13 UJF 83
 
M Ind 14 UJF 93
 

M Ind UJF 85
 
M Ind 16 UJF 87
 

M nd 17 UJF 97
 

M nd 18 UJF 88
 
MInd 19 UJF 91
 

M Ind UJF 74
 

MInd 21 UJF 24
 

MInd 22 UJF 12
 

M Ind 23 UJF 8
 

M Ind 24 UJF 63
 

M nd UJF 99
 
M nd 26 UJF 20
 

M Ind 27 UJF 6
 

MInd 28 UJF 89
 
MInd 29 UJF 16
 

M Ind UJF 27
 

M Ind 31 UJF 90
 

M nd 32 UJF 30
 

M Ind 33 UJF 52
 
M Ind 34
 

M Ind 


M Ind 36
 

M nd 37
 

M Ind 38
 

M Ind 39
 

M nd 


M nd 41
 

M Ind 42
 

M Ind 43
 

M nd 44
 

MInd UJF 92
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Table 1. (continued). 

Country of origin 

Indonesia (Cont.) 

Malaysia 

Clone name 

Manaiag I 

SL 10 


CM 4049-7 UJF 


M4 


Black Twig 

C5 
C4 
C3 

C2 

CI 

Tiga Bulan 
I.T.V. 8/1 426/2 

Pantai 


C5 

Bangkok I 

Betawi 
Fowlfat 146 42/A 
Green Twig 
Jurai 
Lemak 
Llanera 

Merah Bercabang 
Pulut 

Perancis 
Paka 

Putih I 

Putih 2 


Sakai 

Sembawa Biru 
Silon 

Tangkai 

Telur 
Trinidad 146 52/A 

UBI Ladang 
UBI Melaka 
Variety "A" 
Variety "C" 
Variety "D" 
Variety "E" 
Yellow Twig 

Suting 
Fowlfat 146 42 20/lB 
Lohot 
Teroh 
Peteh 

Thai 

CIAT code Other codes 

M Ind 46 UJF 72
 
M Ind 47 UJF 94
 

M Ind 48
 

M Mal I
 
M Mal 2
 
M Mal 3
 
M Mal 4 MM 15211
 
M Mal 5 MM 151
 
M Mal 6 MM 150
 
M Mal 7 MM 149
 
M Mal 8 MM 156
 
M Mal 9 MM 155
 
M Mal 10 MM 154
 

MMal II MM 153
 
MMal 12 MM 101
 
MMal 13 MM 104
 
MMal 14 MM 110
 
MMal 15 MM 112
 
M Mal 16 MM 116
 
M Mal 17 MM 124
 
M Mal 18 MM 125
 

M Mal 19 MM 128
 
M Mal 20 MM 132
 

MMal 21 MM 131
 
MMal 22 MM 130
 
MMal 23 MM 133
 
MMal 24 MM 134
 
MMal 25 MM 135
 
MMal 26 MM 136
 
MMal 27 MM 137
 
M Mal 28 MM 138
 
M Mal 29 MM 139
 
M Mal 30 MM 140
 

M Mal 31 MM 141
 
M Mal 32 MM 142
 
M Mal 33 MM 143
 
M Mal 34 MM 145
 
M Mal 35 MM 146
 
M Mal 36 MM 147
 
M Mal 37 MM 148
 
M Mal 38 MM 158
 
M Mal 39 MM 159
 
M Mal 40 MM 160
 
M Mal 41 MM 161
 
M Mal 42 MM 162
 
M Mal 43 MM 164
 



Tsible 1. (continued). 

Country of origin 	 Clone name CIAT code Other codes 

Malaysia (Cont.) 	 Melaka (JP) M Mal 44 MM 167
 

Melaka (UPM) M Mal 45 MM 168
 

Lemak (JP) M Mal 46 MM 169 
Lemak (UPM) M Mal 47 MM 170 

Red Twig M Mal 48 MM 171 
Batak M Mal 49 MM 165 

Yellow Twig (UPM) M Mal 50 MM 166 
Bangkok 2 M Mal 51 MM 102 

Brazil 146 56/A M Mal 52 MM 106 
Buluh M M J 53 MM 107 
El Salvadore 8/1 326/2 M Mal 54 MM 109 
Del Dr. Hamilton M Mal 55 MM III 

Jantung M Mal 56 MM 115 
Halban M Mal 57 MM 113 
Kemenyan M Mal 58 MM 117 

Kerdil M Mal 59 MM 118 
Keriting M Mal 60 MM 119 
K.G.T. 44 M Mal 61 MM 120 

Kucir M Mal 62 MM 121 

Kuning 2 M Mal 63 MM 122 
Kunyit M Mal 64 MM 123 
Markona M Mal 65 MM 126 

Merah Jambu M Mal 66 MM 129 
Variety B M Mal 67 MM 144 

Black Twig M Mal 68 MM 105 

Bangkok 3 M Mal 69 MM 157 

Thailand 	 Rayong I M Tai I
 

kayong 2 M Tai 2
 

Rayong 3 M Tai 3
 

OMR 23-29-15 M Tai 4
 

CMC 76 x V43 M Tai 5
 
27-77-10 M Tai 6
 

29-77-5 M Tai 7
 

Rayong 60 M Tai 8
 

j UIF = Unias JayaFarin, Suraitra. 

2/NtI% MARDI. 

Germplasm collections are useful to breeders only insofar as they are evaluated for per
tinent traits and are readily available for use in evaluation trails, multiplications or recombi
nation. CIAT maintains its cassava collection both as field-grown plants and as in vitro cultures 
kept under aseptic, slow growth conditions. This dual maintenance system, though costly, 
gives a high level of security to guard against germplasm losses, permits continual availability of 
planting material (field genebank), and provides continual availability of virus-indexed material 
(in vitro genebank) for international exchange. 
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Selection environments : 
It is a maxim of plant breeding that screening variables should be in accordance with 

those of the target production environment. Given that the target environments for cassava 
are highly diverse, it follows that selection sites in a breeding program must accomolate this 
variability through decentralization of selection. 

With this in mind, CIAT has subdivided the cassava growing world into six loosely 
defined categories of scil and climatic descriptions (Edaphoclimatic Zones (ECZs)), based on 
factors which strongly affect the adaptation of cassava (Table 2). As the presence and severity 
of biological problems are closely linked to climate and soil factors, characteristic disease and 
pest complexes are associated with each ECZ description, and tend to further limit a cultivar's 
adaptation across zones. 

Table 2. Edaphocimatic zones for cassava production and their main characteristics. 

Regions in Colombia for 
Edaphoclimatic General description germplasm evaluation and Major yield constraints 

Zone technology testing 

Lowland tropics with long dry Magdalcna, Atlantico, Bolivar, Drought, mites, thrips, mealy

season, low to moderate annual Sucre, Cordoba bugs, termites, CBB, root rots, 

rainfall, high year-round tern- viruses. 

perature. 

2 Acid soil savannas with moderate Meta Low soil fertility, drought, CBB, 
to long dry szason, low relative superelongation, anthracnose, 

humidity during dry season, leaf spots, mites, mealybugs, 

lace bugs. 

3 Lowland tropics with no pro- Caqueta Low soil fertility, leaf spots, 

nounced dry season, high rain- root rots. 

fall, constant high relative hu

midity. 

4 Medium-altitude (800-1,500 Valle, Cauca Thrips, mites, mealybugs, CBB, 

msl) tropics with moderate dry anthracnose, root rots, viruses. 
season and temperatures. 

5 Cool, tropical highlands (1,600- Cauca Low temperatures, Phoina leaf
2,200 msl) with mean tempera- spot, anthracnose, mites. 

tures of approx. 17-20'C. 

6 Subtropical areas, with cool None Low winter temperature, CBB, 
winters and fluctuating day- superelongation, anthracnose. 

lengths. 

Fortunately, Colombia, where CIAT is headquartered, is geographically and climatically 
very diverse, and includes climatic, soil, and pest and dise!ase conditions reasonably homologous 
to those of many parts of the tropics. The one major environment not found in Colombia is 
the subtropics. 
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A basic part of the cassava improvement strategy has been to identify sites in Colombia 
which best represent the characteristics, and especially the stresses, of large cassava growing 
areas world-wide (Figure 2; Table 3). Selection under high stress environments should result 
in germplasm widely adapted across both high and low stress environments. On the other hand, 
selection under favorable conditions would result in insufficient tolerance or resistance to stress 
factors present in less favorable environments. 

ECZ4 

0CIAT-Palmira 

Florencia 

Figure 2. Evaluation sites in Colombia representing five distinct edaphoclimatic zones (ECZs). 
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Table 3. Soil and climatic characteristics of evaluation sites In Colombia. 

Soil characteristics 

Mean
 
Edapho- Mean annual Organic P K
 
climatic Altitude temper, rainfall matter (ppm (me/
 

Location zone (masl) 
 (°C) (mm) (070) Bray II) 100 g) pH Texture 

Media Luna, Sandy 
Magdalena i 10 27.2 7,000 0.6 6.5 0.09 6.8 loam 

Carmen de Bolivar,
 
Bolivar 1 152 26.8 1,200 2.7 17.0 1.15 7.3 Clay
 

Carimagua, 
 Clay 
Meta 2 200 26.2 1,970 3.5 4.0 0.14 4.5 loam 

Florencia,
 
Caqueta 3 450 25.0 3,000 3.8 7.2 0.30 4.3 Clay
 

CIAT-Palmira.
 
Valle 4 1,000 23.8 1,020 3.6 49.0 0.60 6.7 Clay
 

Popayan,
 

Cauca 5 1,760 18.0 2,120 25.6 5.0 0.28 5.0 Loam 

ISee descriptions in Table 2. 

The description of cassava-growing environments is being refined at CIAT by extensive 
agroecological studies. Mapping of climate and soil types based specifically on criteria related 
to cassava adaptation will permit more precisely directed germplasm shipments. 

Germplasm evaluation :
 
CIAT systematically evaluates all germplasm accessions in diverse sites in Colombia,
 

to obtain a broad characterization of adaptation to different soils ana climates, resistance to 
many pests and diseases, and quality traits. The information is used primarily to select parents 
which can potentially contribute characters requested by national programs. Based on these 
evaluations, some generalized conclusions can be drawn regarding the genetic potential of 
cassava landrace varieties. 

Within the cultivated species M. esculenta a wide range of diversity exists for nearly all 
traits so far studied, including morphological, agronomic, resistance, and quality traits. Varia
tion in physiological traits has not been widely studied, but there are indications of high varia
bility for sensitivity to temperature and photoperiod, photosynthetic rate, and stomatal sensi
tivity to air humidity. 

Yield potential of the majority of accessions is low and is manifested particularly as a 
low harvest index. Most landrace cultivars of Latin American origin have evolved with multiple 
resistance to the local pests and diseases. However, these resistance levels are generally low, 
since pest control in traditional cultivation systems is accomplished not only by varietal resis
tance, but also by isolation in space, intercropping, burning and other cultural practices. The 
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overall conclusion of the evaluations is that few landrace varieties combine all the traits required 
for more intensified (but low input) cultural systems. Therefore, genetic recombination will 
play the major role in the future for producing acceptable genotypes. A significant number 
of landrace varieties have favorable characteristics that have not yet been exploited in breeding 
programs. 

Gene pool improvement 
The use of germplasm by other agencies, in particular national breeding programs, is 

most efficient if desirable characters for specific ecosystems or end uses are already concentrated 
in elite gene pools. Given that an international center cannot directly select varieties for specific 
local adaptation, we instead develop improved, broad-based gene pools from which natioral 
programs can directly derive new varieties, or which serve as sources of specific characters for 
use in local hybridization schemes. 

The gene pools developed at CIAT consist of selected clones (landrace varieties or hybrids) 
which may or.may riot be genetically related. Components of gene pools are selected on the 
basis of adaptation to one (or more) of the combined conditions of a given edaphoclimatic 
zone. Usually, to enter a gene pool, a clone must demonstrate a combination of favorable 
traits. Selections are infrequently made on the basis of very high levels of expression of a single 
trait, but rather on moderate levels of' many traits (Figure 3). 

F,andF,C, F F F F F TF F F 

Trial I A A A A i 
Preliminary 
Yield Trial 

AJAA AA A AA AA S S S S S S S AA A AS S A A 

Advanced A AA A AA AA A AA AAA A AA A AA A AA AA 
Yield Trial-

F = Subjective evaluation on a family basis 

S = Evaluation of selected clorls only 

A = Evaluation of all clones in the trial 
= Evaluation at CIAT-Palnira only 

Figure 3. Data taken on CIA T cassava breeding trials. 

These pools are not closed populations, however. New parents from outside the pool 
may be added at any time. Selection of genotypes for inclusion in a given gene pool may be 
based on phenotypic or genotypic values, which in turn are estimated from one or more of 
several possible criteria: I) performance of a clone in CIAT's Colombia-based trials; 2) esti
mates of general or specific combining ability from progeny trials in Colombia or in target 
regions of national programs; or 3) recommenidations of a national program based on their 
experience with given clones. 
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A major selection goal is to produce genotypes adapted across the variations within an 
ECZ, but not necessarily across different zones. Initially, few of the individual components 

of a given gene pool were suitable as recommended varieties. Rather, these clones had comple
mentary traits, ,vhich in the recombination process could produce superior progeny. Thus, 
the gene pools are subjected to cyclic improvement through recurrent selection. Virtually all 
selection takes place in decentralized selection sites (Figure 2), while recombination is done at 
CIAT headquarters where adequate facilities and personnel are available. The principal form 
of recombination is through open pollination in polycross blocks. Controlled cross pollination 
is used also for cases where a national program requests recombination of specific characters 

or specific clones. 

The gene pools are loosely defined, and the ECZ descriptions used only as general guide
lines for targeting germplasti shipments. Some clones, due to exceptionally broad adaptation 

maybe included as parents in more than one gene pool. Considerable genetic interchange 
among gene pools is permitted in order to transfer desired characteristics. 

Both year to year and long term yield stability arc basic criteria for cassava growers. 

Many factors can influcnce stability, and especially pests and diseases, and decline in soil fertility. 
Thus, stability is a function of both appropriate agronomic practices and cultivar. To assess 
stability there is no substitute for evaluations across several sites and several years. CIAT 

Design 

Selection Secondary Principal CIAT Othcr evaluation 
stage Description selection sited vlection site Palmira sitesb 

F, 	 From hybrid 
seed 

FC, 	 First clonal o c 
generation 

Co 	 Observational 
trial 00 00 

EPR 	 Preliminary 0 0 0000 0 
yield trial 0000o o 

0 000 000 00 	 o 

Yer1000000 0( 000000( 00 0000 	 00 

ER 	 Yield trial oooo 0I'll c o ooooo.0000 0000,,,o~o oo 00000 0000 0000 ... ooo 

Year 2 000000000 000 o0 0000 00o0 0 0 0 ooo 00000 

Yer2(ooolo -oooo o1oo, ocoooo oooo o. oooo o .~ .. o oooo oooo o o 
00000 00000 000(1 000 0000 00000 000000 00000 0000 00000 

nER sooirincoYield rasir	 o ooo o oooooooo,>~oo~o ooo o oo oo ooooo ooooo ooooo cooa ooooo ooooo -ear -2 ooo -oooo o .oo ooo . ooooo ooooo.1oo- oooo ooooo ooo ooooo 
~o -ooo ooo00 	 000
-oo... Uoo oo- o 000 9oo o.oo ooooo coooo oo0 0oooooo oo 


a Samse ECZ as principal selection site 

h Different ECZthan l election sire.a.m.cu 


c Selectioninipiciripal selectiunsite. hut stakes for CO ron CIAT Palmira 

Figure4. Stages of.selection in CIA T Cassava Breeding Progra?. 
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incorporates this methodology into its system for parental selection (Figure 4), but each national 
program must also evaluate for stability under local conditions. 

In summary, the objectives of gene pool development are: 1)general upgrading of broadly 
relevant traits such as yield potential and root dry matter content: 2) upgrading within specific 
gene pools of edaphoclimatic zone-specific traits such as climatic adaptation, and pest and 
disease resistance: and 3) maintaining wide genetic diversity within each gene pool for those 
traits which are locally or regionally important, such as plant architecture or root quality, so as 
to allow sufficient flexibility for adaptive selection by national programs. 

Breeding Advances and Expected Contributions to Asian Programs 

In a previous workshop involving Asian cassava breeders (Kawano et. al., 1986), com
mon important objectives were summarized as: 

1. substantial yield increases to acquire higher competitiveness with other sources of 
carbohydrates, 

2. early maturity to give additional alternatives to the production systems; 
3. higher root dry matter or starch content; and 
4. diversification of cultivars to gain resistance to diseases and pests. 

There are many indications that new introductions of Latin American germplasm have 
the potential to contribute in all these areas. This topic is treated in greater detail in the presen
tations of our Asian national program colleagues in these same proceedings. Advances in 
cassava breeding at CIAT are reported in detail in CIAT Annual Reports. Only two specific 
examples are cited here for purposes of illustration. 

I'he north coast region of Colombia is an area of poor soils, low rainfall, and a dry 
season of 4-5 months. The principal selection of the ECZ I gene pool is done in Media Luna 
in the Magdalena Department. Hybrids and selected germplasm accessions commonly outyield 

Table 4. Selected results from advanced )ield Irial, Media L.una, Mug., Colombia (Edaphoclimatic Zone 1); 1986-87. 

Root yield Root diy Root HCN 
Clone (t/ha) matter (%) (1-9) 

CG 915-1 26 32 7 
CM 3268-1 23 31 5 
SG 455-1 23 36 8 
CM 3320-4 23 30 8 
M Bra 12 22 30 8 
CM 3780-2 22 29 7 
CM 1533-19 22 29 7 
CM 3372-4 20 30 7 
Black Twig 20 34 8 
M Bra 191 20 34 5 

Local check (Venezolana) 10 37 6 

Trial mean (71 clones) 15 32 7 

LSD (5%) 6.7 
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the local clone by 100% (Table 4). In this particular region, there are strict requirements for 
very high dry matter and low HCN, since the primary market is for fresh consumption. Some 
of the new clones meet these stringent requirements, and many more have potential for less 
demanding, industrial markets. The ECZ I gene pool is most useful for areas of poor soils and 
a long dry season, and where mites and insects are yield limiting factors. 

The eastern plains (Llanos Orientales) of Colombia are an area of high rainfall, acid 
infertile soils, and very high disease pressure (bacterial blight, anthracnose and superelongation 
disease) (ECZ 2). This is an area of low human population density and cassava is cultivated 
mainly as a backyard crop. When placed under more intensified cultural practices, we found 
that no local clones combined the necessary pest or disease resistance and yield potential for the 
region. With intensive selection over more than ten years, a broad range of genotypes now 
exists with good disease resistance and yield potential of two to three times greater than local 
clones (Table 5). These selections form tie basis of the ECZ 2 gene pool, which is especially 
useful for areas of acid soils and high pressure from :he mentioned diseases. 

Table 5. Selected results from adanced Nield trial, (arimagua, Nieta, C'olombia (Edaphoclinatic Zone 2); 1985-86. 

Super-

Bacterial elongation 
Fresh root Root dry Root HCN blight disease 

Clone yield (i/ha) matter (91) (1-9) (1-5) (1-5) 

CM 2909-36 31 35 8 2.7 1.7
 
CM 2766-3 30 
 33 7 2.0 2,0
 
SG 104-283 29 34 
 7 3.0 2.0
 
SG 104-264 29 9
33 2.7 3.0
 
CNI 2668-6 29 8
32 2.0 2.0
 
CM 2772-3 
 27 30 5 2.0 2.7
 
CM 2766-5 27 
 33 4 2.0 1.0
 
CM 2770-7 26 30 6 
 2.0 3.0
 
CM 2952-2 26 4
29 2.7 3.0
 
SG 107-35 25 5
31 2.3 2.0 

Local check II 32 5 3.0 3.3
 
(Llanera)
 

Trial mean 
 21 32 7 2.6 2.5 
(48 clones) 

LSI) (5010) 7.6 

From evaluations of the very limited number of Asian clones maintained at CIAT up 
to two years ago, some interesting comparisons have been made with the CIAT-developed gene 
pools. The four clones (Rayong I, M-4, Black Twig and Green Twig) all performed quite well 
in ECZ I(low rainfall, long dry season) (Table 6). Rayong I and Black Twig have been incor
porated into tie ECZ I gene pool, but due to their limited flowering, have not been used as 
extensively as desired in recombinations. All the clones are susceptible to bacterial blight and 
superelongation disease, however (Table 7), and improvements in disease resistance might be an 
important breeding objective for cultivars to replace these clones in their native areas. 

Ill 



Table 6. Performance of several Asian clones in advanced yield trial, Media Luna, Magdalena, Colombia, 1982-83. 

Fresh root Root dry 
Clone yield (t/ha) matter (1) 

Top yielding clone 21 30 
M 4 (Malaysia) 18 26 
Black Twig (Malaysia) 17 31 
C 5 (Malaysia) 16 26 
Rayong I (Thailand) 15 28 
Local check 16 36 

Table 7. Evaluations of Asian clones for disease and Insect resistance. 

i 
Evaluation 

Super-
Green Bacterial elongation 

Clone Origin cassava mite Thrips blight disease 

Rayong I Thailand 3 43 4 
M 4 Malaysia 4 4 4 4 
Black Twig Malaysia 3 3 4 4 
C 5 Malaysia 4 5 4 5 

1 = low dainage; 5 = high damage. 

Evaluations in progress of a broader range of Asian clones (Table 1)will give us a better 
grasp of areas of strength and potential vulnerability of these materials, and will provide further 
guidelines for the CIAT and Asian breeding programs. 

Effective Use of Exotic Germplasm by National Programs 

While CIAT can make progress in certain areas o? breeding through its headquarters 
program, the selection and release of new cultivars is a national program responsibility. Deve
loping a superior new cultivar, which will bewidelyadopted by farmers and accepted by consu
mers, is, as any breeder knows, a major undertaking. The time and money resources which go 
into developing new varieties obligate the breeder to maximize chances of success. Unfortu
nately it is all too common for public sector breeders to spend many years developing cultivars 
under experiment station conditions, only to realize at the advanced stages that some unanti
cipated problem of acceptance arises when taken to farmers. 

Farmers grow particular cultivars because they know them to have certian desirable cha
racteristics. They usually consider them to be "good" cultivars for their purposes. Plant 
breeders have too often made the assumption that any introduced germplasm must necessarily 
be an improvement over locally selected clones, while ignoring farmers's criteria for growing 
certain cultivars. 
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Several general principles apply for making effective use of exotic germplasm. The use 
of introduced genetic variability generally implies moving useful genes from unadapted to 
adapted germplasm. In cassava, virtually all agronomically important traits are multigenically 
controlled, so transfer of traits is a complex process. In general exotic germplasm should be 
introduced for the purpose of introducing characters not available, or at a low frequency in 
local germplasm, or for decreasing genetic vulnerability. This implies a thorough evaluation of 
local varieties to fully understand their strengths and weaknesses. If the characters desired 
already exist in local clones there may be little justification for introduction of foreign germ
plasm. 

Because cassava is often selected for adaptation to very specific edaphoclimatic condi
tions and end uses, it is normally expected that introduced germplasm may have certain problems 
of adaptability or acceptability. These problems can be minimized by introducing germplasm 
from similar ecosystems, and by introducing a broad range of' genotypes so as to increase the 
probability of finding some which arc acceptable. Given these probable difficulties in manage
ment of exotic germplasm, its introduction may normally be considered a medium-to long-term 
solution to varietal improvement, rather than a means of quick results. 

The highest potential contributions for exotic germplasm are: I) outside the area of 
origin (where genetic diversity is limited); and 2) in situations where cassava will be expanded 
into new areas, or adapted to new cultural systems or end uses. In these situations local clones 
may not exist, or may have been selected on the basis of criteria completely distinct from pre
sent objectives. 

Building a Cooperation Network 

CIAT offers training and technology preferentially through network activities. In the 
case of Asia, the CIAT input to the networks is primarily through the CIAT Regional Office 
in Bangkok. 

Network activities are numerous. However, in cassava, in all cases, networks are organized 
rather loosely at present. it is not the intent of this paper to develop a complete account cf 
network activities, but rather to highlight the principal ways in which CIAT headquarters 
breeding is made effective through networks, and specifically in germplasm and information 
interchange. Basic components of this interchange are illustrated in Figure 5. 

Germplasm interchange : 
International centers have traditionally placed considerable emphasis on germplasm 

distribution as a one-way flow from a headquarters breeding program to national programs. 
This has undoubtedly been an effective strategy in some cases. However, it is not an optimal 
strategy for cassava in Asia. Many Asian Programs already have quite respectable cultivars 
and strong breeding programs. Therefore CIAT must be able to offer well-defined germplasm 
for Asia's specific needs. Often this germplasn will not be used directly but rather in crosses 
with local material. Alternatively, many of the local cultivars and locally improved hybrids are 
now available at CIAT headquarters, and can be used in a hybhridization program to incor
porate specific traits, for sending segregating populations back to the national program. 
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I GERAPLASM 

ITRODUCTION 

INVTOVIRUS _ CLEAN BASIC 
GENEBANK INDEXING STOCK FOR

NATIONAL PROGRAMS 

FIELD
 
GENE BANK - P MULTIPLICATION
 

CHARACTERIZATION AGRONOMIC INFORMATION 
- Morphological EVALUATION - TO NATIONAL 
- Biochemical (Various sites in Colombia) PROGRAMS 

PARENTAL SELECTION " - SEGREGATING 

t POPULATIONS TO 
HYBRIDIZATION I -NATIONAL PROGRAMSI 

Figure 5. Germplasm and inforination flow between CIA T and National Programs. 

The preferred and predominant method of germplasm exchange between CIAT and 
Asian programs is in the form of botanical seed. This form is characterized by two overriding 
advantages: 1) 1irge genetic diversity available for local selection; and 2) ease of handling. 
Nevertheless, sending vegetative material has been successful in the past, and continues to be 
an option, in the form of aseptic in vitro plantlets. 

Having the Asian local clones centralized at CIAT offers the possibility of facilitating 
movement of clones across national borders within Asia. As Asian quarantine laws tend to be 
quite strict, such movement is often difficult directly between countries. In this sense, processing 
by a third entity, such as CIAT, where advanced disease indexing techniques are utilized, is the 
only present alternative. This arrangement requires an understanding by each donor country 
that the germplasm provided to CIAT wil) be freely available to any other country world wide. 

Recently CIAT has been able to introduce to its Colombian headquarters some of the 
promising new hybrids derived from CIAT or CIAT x local crosses and selected in different 
Asian breeding programs. The performance of these materials in diverse sites in Colombia will 
give us a good perception of similarities or differences between CIAT's selection sites and 
specific cassava-growing regions of Asia. In addition, the clones can be recombined with 
others having complementary traits, for even further improvement. 

Information exchange : 
An essential component of the process of cassava genetic improvement at CIAT is an 

efficient system of information exchange. To be effective, this information exchange must be 
timely and relevant to the acceptability criteria of farmers, processors and consumers. In most 
cases, this depends on informal interchange through correspondence and visits, and more 
formally through reports and workshops. However, there is still much room for improvement 
in irformation gathering and reporting. 
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It is common, worldwide, to find vast numbers of cassava varietal trials reported in 
which only root yields are given. The applicability of this information is very limited in terms 
of recommending new cultivars or even for selecting parents in a breeding program. We know 
that a wide range of other criteria are important to varying degrees to farmers and to consumers. 
Plant architecture, root form and quality, and pest and disease resistance are traits which should 
be recorded whenever possible. In addition, in order to understand something of the edaphocli
matic adaptation of a genotype, the experimental conditions should be reported--at minimum, 
soil analysis of major nutrients, monthly rainfall, and mean temperature. With these data, 
a much more realistic analysis can be made of the potential of given clones as parents. 

Since segregating populations have become the most common form of germplasm inter
change between CIAT and national programs, it is crucial to design information systems specific 
for this methodology. Evaluations of F, families can provide useful early feedback on parental 
suitability. This evaluation of suitability can take various forms; however, two of the most 
useful of these are: 1) mean family performance ("performance" defined for any criteria of 
local importance); and 2) the proportion of selected individuals. By knowing which cross 
combinations give best (or worst) results, we can make rapid adjustments to the parental com
position of the gene pools at CIAT. This feedback is most crucial when making seed introduc
tions to an area for the first time, and little previous ;nformnation exists on the characteristics 
required. 

Training 
There are important advantages for Asian national program cassava breeders to have 

the opportunity to spend time at CIAT headquarters in Colombia. These visits provide learning 
opportunities for both the national program and international center scientists. 

In Colombia, the presence of most of the world's cassava pests and diseases, as well 
as the world's largest cassava germplasm collection, can be of special interest for programs 
working outside the center of origin of cassava. Although many of the pests and diseases may 
not exist in a particular country, they ,an represent future threats if introduced. In addition, 
the array of management techniques used for different pests may give insight on how to best 
manage given local problems. An important advantage to training at CIAT is for national 
program breeders to provide firsthand information to CIAT scientists on how CIAT can better 
satisfy the germplasm needs and prov'de other services to individual countries. 

Summary 

Cassava breeding at CIAT headquarters in Colombia is relevant to national programs 
only if objectives coincide with aeeds of producers/processors/consumers in target regions. 
This information can only be provided by the national programs. An international center can
not provide a definition of local objectives, or finished cultivars for all cassava-growing regions. 
An international center can, however, in collaboration with national programs, provide an 
array of benefits, including: 1) centralized germplasm maintenance; 2) comparative evaluations 
under diverse conditions; 3) advanced clones with defined characteristics; 4) segregating popu
lations from selected parents; 5) mechanisms for international germplasm movement; and 
6) training in many aspects of cassava breeding. 
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CIAT CASSAVA GERMPLASM DEVELOPMENT IN ASIA 
- COOPERATION WITH NATIONAL PROGRAMS 

-Kazuo Kawano 

Introduction 

During the first ten years of the CIAT Cassava Program (1973-1982), CIAT offered 
cassava germplasm and trainig/communication opportunities to Asian cassava researchers. 
Since the opening of the CIAT Cassava Program Regional Office in Bangkok, Thailand in 1983, 
cooperation with Asian national programs has been greatly strengthened. These activities 
contributed to the establishment and improvement of national research programs incassava 
many Asian countries. In 1973, cassava breeding work was non-existent, just starting, or nearly 
dormant in Asian countries except at the Central Tuber Crops Research Institute in India. 
Now, cassava varietal improvement programs are highly functional in many of these countries 
(Table 1). 

Varietal improvement objectives common to Asian national programs are 

1. Higher yielding capacity under low-and medium-input conditions. 
2. Higher root dry matter content. 
3. Early harvestability. 
4. Disease and pest resistance and tolerance to adverse soil and climatic conditions. 
5. Lower root cyanide content. 

Increased production efficiency rendered by improved yielding ability and higher pro
cessing efficiency by higher root dry matter content will lead to higher competitiveness of cas
sava products. Higher yield per unit area may help cassava production retreat from erosion 
threatened sloping areas and early harvestability may lead to better land use efficiency. Far 
from the center of origin and diversification of the species, cassava in Asia (except in India and 
Sri Lanka, where cassava is infected by African mosaic disease) is less troubled by diseases and 
insect pests than cassava in tropical America. Yet, diversification of cultivars with respect to 
resistance factors is much needed for the long-ternm stability of cassava cultivation. The impor
tance of cassava for fresh human consumption is relatively less in Asia than in Latin America or 
Africa; nevertheless, the demand for improved low-cyanide cultivars continues to be significant 
in Asia as well. 

Al Cassava breeder and coordinator, CIAT Cassava Asian Regional Program. Bangkhen, Bangkok, Thailand. 
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Table 1. Development of Cassava Breeding Programs InAsia. 

' ' Country Situation of Cassava Breeding program in 

Institution 1973 1987 

Thailand
 

Dept. Agr. + . . . . .
 

Kasetsart Univ. 0 . . .
 

Indonesia
 
CRIFC + 
 + + + 
Brawijaya Univ. 0 + 

China 
SCATC + . . . 
GSCRI 0 + 

Philippines
 

VISCA 0 4 + +
 
UPLB + + + 

Malaysia
 

MARDI 0 . . +
 

Sir Lanka
 
CARl 
 0 + 

India
 

CTCRI 
 +++ ++++ 

0 Non-existent
 

+ + + +-+ Functioning in desired capacity
 

CIAT Cassava Germplasm and the Need of On-site Selection 
Genetic variability in a given crop species is richest in the center of origin and diversifica

tion of the species. The advanced cassava breeding materials provided by the CIAT cassava 
program are developed on the basis of the whole Latin American germplasm in an attempt to 
increase the frequency of genes that are commonly desirable to national breeding programs. 
The following example appears to confirm these general characteristics of CIAT cassava germ
plasm. 

Cassava bacterial blight (CBB) caused by Xanthomonas manihotis, brown leaf spot 
caused by Cercosporidium henningsi, and mite damage caused by Tetranychtus spp. are the 
most commonly observed diseases and pest of cassava in Southeast Asia, although their real 
effects on root yields are not clearly documented. CIAT clones which had been selected for 
yielding capacity were evaluated for these diseases and pest by a leading Indonesian cassava 
breeder at one evaluation site in Lampung, Sumatra (See Table 3 of section "Cassava Breeding 
in Indonesia"). It was found that the CIAT clones possessed resistance to these diseases and 
pest in high frequencies while the local clones were largely susceptible. 

Edapho-climatic conditions of cassava growing areas vary from one region to another 
within a country, eventhough they might be classified under the same macro-edapho-climatic 
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zone. Quality requirements also vary depending on utilization and location. Latin American 
germplasm on the whole offers much wider genetic variation, but it contains genes for local 
adaptation in much lower frequencies than the local germplasm. This seems to be well supported 
by the following experience. Germination of CIAT and local clones was evaluated tinder scarce 
rainfall conditions at Rayong Research Center in Thailand in 1983 (Table 2). Planted with irri
gation, all CIAT-crossed clones, locally crossed c!ones, and Rayong 1,the leading local cultvar, 
germinated reasonabiy well. However, planted without irrigation, the germination of CIAT 
clones was extremely poor compared with that of the local clones. The germination of Rayong 1 
was virtually the same with and without irrigation. Although the average germination of CIAT 
clones was low, some CIAT clones germinated very well without irrigation. Unreliable rainfall 
is a common phenomenon in Thai cassava production areas, but CIAT cassava breeding 
materials have not been thoroughly screened for germination under such conditions. 

Table 2. Comparison of germination iperentages hetveen CIAT and Thai crosses in ilayong, Thailand, 1983. 

Number Average
Planting Clone Site of of germi
system hybridization clones nation (%1) 

Irrigated CM CIAT 165 68.4
 
Irrigated CMR and OMR Rayong 1,323 75.8
 
Irrigated Rayong I (local cultivar) I 89.2 

Not irrigated CM CIAT 249 42.7
 
Not irrigated CMR and OMR 
 Rayong 135 60,4
 
Not irrigated RayoNIg I (local cultivar) 
 1 86.6 

Source: Field Crops Re earch Institute, Ihailatd. 

Obtaining a recommendable cuhivar selected from a small number of clones introduced 
from CIAT is unlikely. Local germplasin, on the other hand, may be an excellent source of 
adaptation ot traditional ctIltural environments and requirements of the locality. Yet a signifi
cant jump, either in yield or resistance factors, is not expected as long as the breeding program 
uses only local gertuplasm: by nature it possesses limited genetic variability (Hershey, 1987). 
Incorporating Latin American germplasin into Asian breeding populations is the most appro
priate way to improve cassava production. "htts, local selection from large numbers of intro
duced CIAT seed populations, selection front local x (IAT crosses, or the combination of 
both, becomes the most logical alternative (Mariscal, 1986; Sinthuprania and Tiraporn, 1987). 

Germplasm Exchange 

Introduction of gernplasmi always involves a combination of' potential benefits and 
potential risks. Ben'efits may result from increased productivity of' a crop. This must be 
weighed against the risks of accidentally introducing pests or pathogens. Neither the benefits 
nor the risks are easily assessed. 

Three types of germplasti materials, i.e., germplasm accessions, hybrid clones, and 
hybrid seeds are available from CIAT in the form of' 1)stakes, 2) meristei cultures, and 
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3) true seed. Advantages and disadvantages of each method are summarized as follows: stakes 
are the easiest to handle but the risk is highest; meristem cultures are less risky and offer repro
duction of indentical genotypes, but are not suitable for transferring a large number of geno
types, and their handling requires certain skills and facilities at the receiving end; sexual seed 
is the least risky and offers easy handling of a large number of genotypes although the identical 
genotype cannot be obtained (IKawano and Hershey, 1985). Lozano and Jayasinghe (1982) 
have described pathological problems disseminated by sexually and asexually propagated 
materials. 

From a stake introduction from CIAT to the Philippines in 1978, a cultivar, VC-1 (CM 
323-52, crossed at CIAT in 1973), was selected by PRCRTC, VISCA and released by the 
Philippines Seed Board in 1986. From a meristem culture introduction to China in 1981, a cul
tivar Nanzi-188 (CM 321-188, crossed at CIAT in 1973) was selected, multiplied through a 
simplified tissue culture technique, and released by the Soth1 China Institute of Botany. From 
seed introductions to Thailand, Rayong 3 (CM 407, crossed at CIAT in 1974) was selected by 
the Field Crop Research Institute and released by the l)epartment of Agriculture in 1984, and 
Rayong 2 (CM 305, crossed at CIAT in 1973) in 1985. From crosses made locally between local 
germplasm and selected CIAT clones, Rayong 60 was selected from the Rayong I M Col 1684 
cross and will be released in 1988. 

Empha,,is in recent years has shifted from sending clonal materials to sending hybrid 
seeds frorn selected parents. CIAI now intends to pass elite parental clones through meristem 
cultures to be used for hybridization in Asian breeding programs rather than as candidates for 
immediate varietal release. As national cassava breeding programs are strengthened, seeds 
will continue to increase in importance as a means of exchanging genetic material. Crosses will 
continue to be more precisely tailored to the needs of national programs by incorporating feed
back information. 

During the past years, approximately 140,000 hybrid seeds from some 2,300 crosses 
have been distributed to cassava breeding programs in Asia (Table 3). In many national pro
grams, these seed populations are regarded as sources for immediate varietal selection while 
programs such as the one in Thailand have also selected cross parents from the seed populations 
to be used in their hybridization programs. These materials arc being processed through esta
blished evaluation stages in each national program (Table 4). 
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Table 3. CIAT cassava Ft hybrid seeds distributed to Asian programs. 

ear 195 17 97 1978 1979 1980 1981 1982 1983 1984 1985 1986 Total 

Thailand 900 6,170 7,720 3,050 1,400 7,450 7,900 8,000 9,300 8,000 59,890 

Indonesia 900 700 4,600 6,000 4,950 17,150 

Philippines 900 950 5,100 4,700 5,500 2,350 5,000 24,500 

China 2,300 6,100 3,500 1,800 13,700 

Malaysia 900 1,500 2,050 1,250 4,050 200 9,950 

India 900 850 1,050 7,900 10,700 

Vietnam 1,900 1,900 

Rep. China 

(Taiwan) 500 1,200 1,700 

Total 5,000 7,670 10,220 5,100 7,750 19,700 27,050 18,250 23,800 14,950 139,490 

Table 4. Evaluation of CIAT cassava materials In Asian national programs. 1986/87. (Expressed In number of 

genotypes). 

Thailand* Indonesia China Philippines Malaysia 

F, seedling 17,050 3,050 1,229 2,200 169 

Single-row trial 2,667 134 990 110 

Preliminary trial 164 20 19 165 -

Advanced trial 44 13 5 13 118 

Regional trial 23  - 7 10 

On-farm trial 6 2 -

Multiplication 5 10 - I 

Varietal release 3 - I I 

*Most of good Thai materials are Thai x CIAT type crosses. 

CIAT intends to remain a primary source for genetic diversity in cassava, with the 
national programs taking an increasing role in local selection and incorporation of improved 
characteristics into local cultivars. 

Selection for High and Low Input Environments 

Among major tropical food crops, cassava is unique in that harvest index is an important 
factor for yield, not only under high but also under low (poor soil fertility, long dry season) 
yielding environments (Kawano and Jennings, 1983). Selecting for higher harvest index had been 
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the main strategy of yield breeding in the early days of the CIAT cassava varietal improvement 
program (Kawano, 1978). This resulted in distinctly higher harvest indices demonstrated by 
selected CIAT clones which are now being evaluated by Asian national programs (Table 5 
and 6). 

Table 5. 	 Yield characteristics of selected CIAT clones In Malaysia. 

On mineral soil (Serdang, 1985/86) On peat soil (Jln. Kebun, 1986/87) 
Clone 

Fresh Total Stem HI Starch Fresh Total Stem HI Starch 
root plant leaf content root plant leaf content 
yield wt. wt. yield wt. wt. 
(t/ha) (t/ha) (t/ha) (%) (t/ha) (t/ha) (t/ha) (TO) 

Traditional cultivar 
Black Twig 42 92 50 .45 27 21 35 14 .61 24 
C5 37 90 53 .41 26 22 37 15 .58 24 

Average of 18 43 77 34 .56 26 21 32 I1 .65 22 
CIAT clones 

Outstanding CIAT 
clone CM 2527-7 62 110 49 .56 27 42 68 26 .62 24 

Source : 	 Tan S.L., MARDI. 

Table 6. 	 Yield characteristics of selected CIAT clones in Indonesia. 

Fresh root Total plant Stem & HI Root dry 
Clone yield wt. leaf wt. matter 

(t/ha) (c/ha) (t/ha) (Wo) 

Traditional cultivar 

Kretek 25 52 27 .48 31 

Local selection 

Adira-l 24 40 16 .60 38 
M-30 42 2062 .68 .33 

Adira-IV 33 53 20 .62 37 

Average of 30 CIAT clones 35 56 21 .63 36 

Outstanding CIAT clone 

CN 4013-3 UJF 47 75 28 .63 36 

Source : 	 R. Soenarjo, CRIrC; Hardono N., P.T. Umas Jaya Farm,. Experiment was conducted at P.T. Umas Jaya 

Farm, Lanipung, Sumatra. 

In many parts of tropical Asia, as in the American tropics, traditional cassava cultivars 
are mainly used for fresh human consumption and are well adapted to small-scale plantings 
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often in backyards, where the major selection criteria are eating quality and yield per plant 
rather than yield per unit area. These cultivars, such as Hanatee in Thailand, Kretek in Indo
nesia, and Golden Yellow in the Philippines, usually have a low harvest index. When the need 
arises for more efficient genotypes for large-scale production, new high yielding cultivars are 
attained usually by improved harvest index (Cock et al., 1979; Hershey, 1987; Tan, 1987). 
Rayong 1 in Thailand, South China 205 in China, Lakan in the Philippines, and Black Twig in 
Malaysia belong to this category (Figure 1). 

Root yield contour (fresh, t/ha) 

15 20 25 30 3 

0.7. 

0 High 
yielding 

cultivar 

Rayong 3 lAdira IVi 

0.6Adira I [ayng60 

Advanced cultivar 

? L(Rayong 1, SC 205 
XLakan Black Twig] 

0.5

cultivarTraditinal 

(Ha Kretek0.4- Golden Yellow)

20 30 40 50 

Total biological yield (fresh t/ha) 

Figure 1. Schematic presentationof root yield improvement by breeding for low-input growing conditions. 
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Further increasing harvest index is not difficult, especially by selecting from CIAT 
breeding materials, but it becomes increasingly difficult to maintain the same canopy strength, 
and occasionally high harvest index types result in reduced total biological yield (Figures 1 
and 2, Tan 1987). This type of clones are usually well-adapted to high yielding environments 
but not to low yielding environments due to deficient canopy streingth. Rayung 3 may belong 
to this category. 

Our immediate selection target is to improve harvest index while maintaining the same 
total biological yield. A new cultivar Rayong 60 in Thailand seems to qualify for this category 
(Figure 2). Due to higher harvest index under the same total biological yield, this type of clones 
inevitably result in lesser canopy strength (represented by stem and leaf weights) compared to 
their local counterparts. While it leaves little doubt that this type of clones do very well under 
favorable growing conditions, the question remains whether they are as versatile under high
stress conditions. 

q 1_ =Rdyr Rayorg 3 Rayong 60 

: 20 

Stef & laf Stemi, & [eat /LSD 
211 Ihd 22 t h Sten & leal 

18 I/ha 

10 Sten & leaf 

43131 hi 

I l 1 0.43 HIl : 052 it: 0 62 ill :0 61 

Dry Ii-afllt,"l Dv Il Dry atter matlerDiy 

35% 3B% 36. 

10 R i 

15 1h 

43 11i, y Ilfld Ruot yield 

20- 24 t/ha 22 1/ha 

Root yield 

0 28:1 ha 
LSD 

30 

Figure 2. Schemnatic detfonstrationof yield characters in four clones in Thailand 
(Data : average of 29 experiments; Source : Field Crop Research Institute). 

The most ambitious selection goal in cassava yield improvement is to improve harvest 
index while maintaining the same canopy strength of traditional cultivars (Tan, 1987). This 
means a simultaneous improvement in both harvest index and total biological yield. Such a 
genotype, if realized, would give significantly higher yield than currently available cultivars, 
not only under high but also under low yielding environments. Selected clones such as CM 
2527-7 in Malaysia (Table 5)or CM 4013-3 UJF in Indonesia (Table 6) tend to show selection 
in this direction, although the number of experiments with these promising clones is far too 
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small to conclude that simultaneous selection for harvest index and total biological yield is 
possible. All these experiences, nevertheless, strongly support the idea that canopy strength 
must be treated with the same importance as harvest index in cassava breeding for higher yields. 

Selection Environment 

One of the greatest difficulties in tropical agricultural research is tile transfer of experi
ment station results to farm production. This difficulty is even greater with cassava, which has 
its main areas of commercial cultivation in marginal agricultural areas. 

Much of the earlier activities of tile CIAT cassava breeding program was spent in defining 
selection sites. CIAT headquarters are located in the Cauca Valley of Colombia, characterized 
by fertile soils, a favorable rainfall pattern, and modest temperature regimes, where very little 
cassava is grown commercially After a couple of years of breeding and selection at the head
quarters, spectacular yield incre ises were demonstrated (Kawano, 1978). However, it was soon 
evidcnt that tile elite materials were useless in more representative cassava-growing areas of the 
Colombian North coast, where soil fertility was low and the dry-season pressure was high. 
A different set of genotypes was selected which showed significant yield improvement on an 
experiment station located in the North coast. However, even these new elites were not as 
readily useful in farmers' fields as originally expected. The cultural environment at the experi
ment station was far better than that of the farmers so that the selection environment was not 
truly representative of the farm conditions. We suffered from a typical "experiment station vs. 
farmers' fields" syndrome (Kawano and Jennings, 1983). It was only after the major selection 
sites were moved to a more typical cassava field on the North coast and to one of the most 
difficult cassava-growing areas, characterized by extremely pooi soil, a long dry season, and 
a broad spectrum of diseases and pests, cassava-growing areas in the Colombian Llanos that 
truly useful genotypes for difficult cassava-growing conditions were identified. 

The Thai cassava research program has its breeding headquarters in the Rayong Field 
Crop Research Center, where the soil fertility is generally low, the dry season is long, and 
rainfall is erratic-well representing the vast cassava areas managed mostly by small, poor far
mers. Hybrid clones selected in Rayong seem to perform equally well outside the station. 

We cal conclude that selection sites must be located in the most representativL cassava 
production areas and the cultural practices of the selection plots must be adjusted to be within 
reach of the average farmer. If breeders are given a choice between easily manageabie growing 
conditions and difficult growing conditions for the selection site, they are advised to take on 

tile greater challenge of' the latter. 

Summary 

With more than ten years of cooperation between Asian national cassava research pro
grams and CIAT, it is increasingly evident that CIAT-Latin American germplasm on the whole 
offers much wider genetic variation, but it contains genes for local adaptation in much lower 
frequencies than the local germplasm. Local selection from large numbers of introduced CIAT 
seed populations, selection from local x CIAT crosses, or the combination of both, is the 
recommeuded breeding strategy for the Asian cassava research programs. 
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The immediate selection target of breeding for higher yields is to improve harvest index 
while maintaining the same total biological yield. There is sufficient evidence to indicate that 
this is an attainable target. The most ambitious selection goal is to improve harvest index while 
maintaining the same canopy strength of the traditional cultivars, meaning simultaneous 
improvement in both harvest index aad total biological yield. To approach this target, the same 
importance in breeding and selection must be given to canopy strength as to harvest index. 

Special care must be taken in defining selection sites and accompanying cultural prac
tices. Selection sites must be located in tht. most representative cassava production areas and 
the cultural practices of the seiection plots must be adjusted to be within the reach of the 
average farmer. 
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RAPPORTEUR'S SUMMARY OF DISCUSSION ON 
"PRIORITY AREAS IN BREEDING" 

Tan Swee Lian-. 

Priority areas in breeding were identified as those traits which each country representa
tive listed to be important breeding objectives in their respective national programs. It was noted 
that some of these priority areas are common to all seven countries, while certain others apply 
specifically to one or more countries. 

The common priority areas include high root yield, earliness or early harvestability, and 
root quality (mainly high dry matter content or high starch content). While high yield and dry 
matter content are easily understood and easily measurable traits, the concept of earliness is 
not fully definable. Much discussion had transpired previously around the interpretation of 
this "parameter", and it was generally agreed that earliness is reflected by early root bulking, 
indicated by reasonably high yield of commercial-sized roots after 6, 8 or 9 months from the 
time of planting. It is not to be confused w'th physiological maturity of the crop. Basically, 
early high yielders tend to be high-yielding as well after the normal 12-month growth period. 

It was suggested that other than considering early harvestability, another parameter, 
to be called "duration of harvestability", be given some attention. Duration of harvestability 
describes the span of time over which commercial-sized roots may be harvested without any 
loss in root quality. A durable clone by this definition would provide greater flexibility in its 
harvesting schedule, something which is particularly useful to and desired by small farmers 
who wish to have better control over fluctuating prices of fresh roots. Harvesting of the clone 
may then be carried out earlier or delayed until the price of roots is more profitable. Screening 
for duration of harvestability may be achieved by recording root yields at, say 6, 12 and 18 
months. 

Also common on the list of prio.,ties is adaptation of the clones. Adaptation, however, 
refers to different conditions in individual countries. Adaptation may mean tolerance to 
drought (in Indonesia, the Philippines, Sri Lanka and Thailand), to strong winds and low 
temperatures (in China), to waterlogging (e.g. in peat in Malaysia), to acid soils (in the Philip
pines), and to shade (for intercropping under tree crops, e.g. in India and the Philippines). 

Resistance to pests (especially mites) and diseases (especially cassava bacterial blight) 
is regarded to be important in Indonesia, India, the Philippines and Thailand. India has the 
added problem of cassava mosaic disease. 

Cassava breeder and agronomist, Malaysian Agric. Research Developm. Institute (MARDI), Kuala Lumpur, 
Malaysia. 
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Plant type was also mentioned as being a significant breeding objective in China, India, 
Indonesia, Malaysia and Thailand. This may imply a non-branching habit, considered suitable 
for intercropping with shorter term field crops (Thailand, India), or it may ascribe to short lw
branching plants resistant to wind damage (China). Under the general term plant type may 
also encompass root shape which should be blocky or compact to facilitate harvesting, or be 
amenable to mechanized harvesting (Indonesia, Malaysia). Roots with a discernible peduncle 
are favored in India as, when separated from the cutting, they expose less cut surface area 
for infestation by disease, and will therefore have better shelf life. 

A priority area specific to such countries as Indonesia, India, the Philippines and Sri 
Lanka, whiere cassava is used as human food, is low root cyanide content. In contrast, Indonesia 
also regarded high root cyanide to be of imrortance in cassava plantations as this acts as a 
deterrent to damage by wild boars, a cause of yield loss. 

Good germination is given priority by Malaysia, the Philippines and Thailand because 
it determines high plant stand and full yielding potential. To China, storability of planting 
materials during the cold winter months is another priority area. 

Some concern was voiced over the matter of establishing priority areas. It was questioned 
whether the priorities had been drawn up on the basis of what the breeders believed to be the 
needs of the industry, or whether some systematic means of assessing the type of cassava 
materials required by the industry had been adopted. The concern stemmed from the possibility 
of developing clmes which will be rejected by industry on the grounds of being unsuited to its 
needs. A brief discussion revealed that all breeders were \'cry much guided by the needs of 
industry as they work closely with this sector, or remain in intimate contact with its every deve

]able I. Varietal improve t objectives in Asian national cassava progralns. 

Thailand Indonesia China Philippines Malaysia India Sir Lanka 

High root yield x x x x x X x 
Early harvestability x x x x x x X 
High root dry matter 
content X X X X X X X 
Low root cyanide x x x x 
High root cyanide x 
Good germination x x x 
Good plant type* x x x X X 
Drought tolerance X X X 
Shade tolerance X X 
Cold tolerance X 
Acid soil tolerance X 
Wind tolerance X X 
Waterlogging tolerance x x 
CB1l resistance x x x x 
Mites resistance x x x 
ACMD resistance X X 

*Plant type may be tton-branching (general) or low-branching and short (for wind tolerance). 
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lopment. In some cases, surveys of an informal nature had been conducted to gauge these 
needs from growers of the crop as well as the processors of the roots. 

Table I gives a summary of the priority areas by country. With several priority areas 
common to the participating countries, the idea was mooted of sharing or exchanging within 
Asia clones developed or incorporated with the desired trait or combination of traits. In this 
respect, India and Sri Lanka would not be able to contribute their new clones as these two 
countries are the only ones in Asia with recorded occurrences of cassava mosaic disease. Inter
country trials, comprising newly developed clones contributed by participating countries, 
tested against tile respective local check clone or clones were stgg:'sied as a means to maxi
mizing the use of clones resultant from individual country's breeding efforts and research 
investment. These trials will also be able to supply valuable information on the performance 
of clones in interaction with different climatic and edaphic conditions. Such a program would 
only be possible (from the plhytosanitary and quarantine pcnits of view) with elite materials 
exchanged and disseminated in tile forni of nieristen cultures. It was generally felt that not 
all countries were equally equipped wit h1facilities and trained staff to handle meristem materials 
at this point in time. Moreover, the present rate of i niutiplication of' planting materials from 
meristem cult Tres to secure sufficient '110u1ts for field evaluation remained too slow to serve 
the needs of inter-country trials. While unanimously agreed upon the advantages of inter
country trials, tile workshop made it clear that the preparaiion of clean planting materials of 
common entries would iced Much longer time than generally believed. 

CIAT's role of coordinating cassava gcrnlplastn movement (as seeds and meristem cul
tures) had traditionally been from CIAT Io Asian countries. Lately, germplasin (meristem 
cultures) tas moved also fron Asia to CIAT in an attempt to maintain a gene bank reflective 
of worldwide genetic resources. For a start, all the currently best clones from each Asian 
couuntry will be deposited in ('IAT's germnplasm collection. A logical next step would be tie 
mnov'emlent of germplasm materials Oieristemn ctlitLires) from one Asian country to tile iiext 
via CIAT. In other words, CIAl will try to fulfill requests for any particular clone or clones 
from one countrv to anotlher. C(IAT's role will also be increasinmgly enhanced by the provision 
of custom-mde htv bird Seed (certain combination of desired traits at tile request of a country). 

CIAT \will contineti to disseminate research technology and basic information, particu
larly those related to breeding and selection methodologies, which will improve the efficiency 
and skills of Asian cassava breeders. 
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CASSAVA CULTURAL PRACTICES RESEARCH 
IN THAILAND 

Anuchit TongglunWl 

Charn Tirapornl 
-Sophon Sinthuprama

Edafo-climatic Characterization of Major Cassava Growing Regions 

In the past, the main cassava growing area of Thailand was in the east of the Central 
Plain region, but recently the major cassava area has shifted to the Northeast region, which 
now accounts for 60% of the total area, followed by the Central Plain region occupying 35% 
(mainly in the east of the Central Plain), and the north region occupying 5% (Table 1). Accor
dingly, the highest cassava production (57% of' total production) is now in the Northeast, 
followed by that of the Central Plain (38%) (Table 2). The average yield of 14.4 t/ha in the 
Northeast region is lower than that of the Central Plain region, which has an average of 
16.2 t/h (Table 3). Many factors are responsable for this, but the main ones are related to 
topography, poor soil/water conservation, and a longer and more intense dry season. However, 
both regions, the Northeast and the Central Plain, in general have similar edafo-climatic con
ditions. The normal period of rainfall is May to October, after which it is usually dry for 
6 consecutive months from November to April (Figures I and 2). 

In Thailand cassava is mainly grown on Gray Podzolic soils (Ultisols), which are highly 
leached with low base saturation (35-50%) and low levels of N, available P and K; they are 
light in texture (sandy loam to sandy) and moderately to excessively drained. Soil moisture 
storage capacity ranges from 60-80 mm per meter of soil. The surface soil pH ranges from 
5.0-6.0 and decreases with depth, being 4.5-5.0 in the subsoil and 3.8-4.0 at the lowest depth. 

Table 1. Cassava planted area (000 ha) in different regions of Thailand. 

Year of Region Whol Kingdom 
harvest North Northeast Central Plain 

1983 49 
 813 507 1369
 
1984 
 64 817 524 1405
 
1985 78 885 513 
 1476
 
1986 69 758 412 
 1239
 

Average 65 
 818 489 1372
 

Source : Center for Agric. Stat., Agric. Stat. of Thailand, Crop year 1985/86. 

li Agronomists and breeder of Field Crops Research Institute, Dept. Agric., Bangkhen, Bangkok 10900, Thailand. 
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Table 2. Cassava production (000 t) In different regions of Thailand. 

Year of RegionYearof Whoie Kingdom 
harvest North Northeast Central Plain 

1983 745 
 10985 7259 

1984 
 986 11080 7919 19985
 
1985 
 1073 10964 
 7226 19263
 
1986 
 968 8782 5505 15255
 

Average 943 
 10453 6977 
 18373
 

5 57 38 100 

Source : Center for Agric. Stat., Agric. Stat. of Thailand, Crop year 1985/86. 

Table 3. Average c assava yield t/ha) in different region.; of Thailand. 

fear of 
fear ofRegion 

ReWhole Kingdom 
harvest North Northeast Central Plain 

1983 16.6 17.8 20.5 18.6 
1984 17.2 
 14.1 16.1 
 15.0
 
1985 15.2 13.7 14.4 14.0 
1986 14.3 
 12.0 13.6 
 12.7
 

Average 
 15.8 14.4 16.2 15.1
 

Source : Center for Agric. Stat., Agric. Stat. of Thailand, Crop year 1985/1986. 

Methods of Cultivation 

Most cassava is grown continuously as monoculture without rotation or fallowing. 
Intercropping of cassava is practiced to a very limited extent, usually with maize, grain legumes, 
young coconut or rubber. 

Land preparation : 

On small farms, land preparation is usually done with animal power (bullocks) in the 
beginning of the rainy season. On large farms, land preparation is usually by contract using 
a tractor. Plowing is done as soon as possible after the harvest of the previous crop. A major 
problem in land preparation is the lack of tractors, which often results in delayed planting. 

Stake preparation and storage : 

Planting material is obtained by cutting stems from plants 8-12 months old; these are 
normally stored for less than 30 days, depending on the time of land preparation and rain. 
Longer storage tends to affect the quality of the stakes, resulting in poor germination and 
initial growth. Generally, stakes are not treated with chemicals. Stake length is usually 
15-20 cm. 
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Planting time : 
Cassava is planted year-round but principally in the beginning of the wet season. 

A survey in 1983 showed that in the Central Plain and Northeast regions 62 and 65% of cassava 
was planted in the early wet season from March to June, 8 and 180 in the heavy rains of July 
to October, %%hilethe remainings 30 and 17% were planted in the late rainy and dry season, 
respectively (Figures 1 and 2). The reasons for nlanting cassava in the late- rainy season and 
the dry season are to minimize weed problems, to obtain higher priceF at harvest because of 
higher starch content, a greater demand from buyers, and probably to avoid competition 
with rice for labor. Replacement of ungerminated stakes is usually done within 30 days after 
planting. Low germination, especially in the dry season plantings, results in high labor costs 

for replanting. 

Spacing 

Cassava is generally planted at various spacings depending on the soil condition. 
Traditionally, a rather close spacing is used, ranging from 60x80cm to 100x 100 cm, to 
ensure a good initial stand and to reduce the need to replant; another reason is to avoid severe 
weed growth by a more rapid closing of the cassava canopy. Close spacing also reduces erosion. 

Fertilization : 

One of the most serious problems is the lack of fertilizer application to cassava. Never
theless, fertilizer is applied to cassava fields at low rates in some areas, depending on the 
economic status of farmers, the price of cassava and the cost of fertilizer. The rate normally 
used is 150-190 kg/ha of 15-15-15 fertilizer in order to ensure a good initial growth, which 
in turn results in higher yields. Fertilizer application is usually done I to 2 months after plan
ting. The problem is that on steep slopes cassava i..rarely fertilized, resulting in increased 
soil erosion; in the long run, the loss of soil prodLctivity causcd by erosion may be tile most 
serious problem. 

Weeding 

Cassava is susceptible to competition from weeds, especially at the early growth stages. 
Failure of timely weeding can cause a total yield loss. Weed control is traditionally done 3-4 
times during the crop cycle by animal-drawn plow and/or by hand weeding 1-2 times during 
the first 3 months after planting; this is followed by 1-2 hand weedings and/or post-emergent 

herbicide application. 

Harvesting : 

Cassava is harvested year-round, but principally in the dry season. The peak harvesting 
period in both the Central Plain and Northeast is in January to April, accounting for 62 and 
600 of' the total production harvested in each region (Figures I and 2). Very little cassava is 
harvested during the rainy period of May to September, because of the low starch content, 
low price, and low demand foni buyers due to difficulty in drying. Plant age at harvest varies 
from 8 to 14 months, but most is harvested before 12 months. 
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Cassava Agronomy Research 

Most research on cassava cultural practices was conducted to determine the best produc
tion technology to be recommended to cassava farmers. Research on cassava cultural practices 
has given the following results 

Land preparation : 

Preliminary studies indicated that application of pre-planting herbicide without plowing 
gave a similar cassava yield to traditionally prepared land which was plowed by tractors and 
ridged by bullocks (Table 4). The minimum tillage concept may be introduced to protect the 
soil from erosion and to reduce labor costs, but the feasibility needs to be confirmed. 

Table 4. 	 Effect of land preparation on the yield of cassava, Ra)ong 1, at Ra)ong Field Crops Research Center, 1981. 

Treatments Yield :.Iha) 

No tillage; Paraquat i hoeing 33.0
 
No tillage; Paraquat animal ridging 37.1
 
Animal plowing 2 tines 
 36.2
 
Animal plo, ing 3 times 
 35.5 
Plowing ssith 3 disc , aninal ridging 34.7
 
Plowing , itdh 3 disc + 7 disc 31.6
 
Plowing %sith3 disc - disc harrow 
 34.9
 
Plowing with 7 disc animal ridging 
 35.2
 
Plowing with 7 disc 2 tines 
 33.8
 
Plowing sitlt 7 disc , disc tarrow 
 35.4
 
Disc tarroittg 2 times 
 34.4 
Subsoiling + 7disc 35.8 

Source : 	 Field Crops Research Institute. Annual Report 1982. 

Stake size and storage : 

Stake length studies in 1974-1976 showed that stakes of 15 cm length gave higher 
survival percentage than shorter stakes of 5-10 cm length. Stakes cut from the middle and 

Table 5. 	 Effect of stake length and stem part from which stakes are cut on plant survival of Rayong I at 30 days after 
planting at Ra)ong Field Crops Research Center, 1974.1976. 

Treatments Survival (%) 

Slake length (cm)
 
5 
 59.9 

10 72.7 
15 83.7
 

20 
 95.0 

Part of Stem 
Upper 49.8
 
Middle 
 73.7 
Lower 92.8 

Source : 	 Field Crops Research Institute. Annual Report 1976. 
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Table 6. Effect of storage time and method with different stem parts of Rayong 3 on percent plant survival at 30 days 

after planting at Rayong Field Crops Research Center, 1984. 

Storage methodStorage time 

(day) in sun 	 under shade 

---.--------..---.--...-...-.--.---.--..---------------.-
%7 ---------------------------------------------------------

Basal Secondary Basal Secondary 

Stem Stem Stem Stem 

0 91.2 85.9 92.9 82.9 
15 79.5 59.6 78.5 64.4 
30 68.8 43.9 73.5 50.2 
45 48.7 37.2 59.2 35.1 
60 21.1 17.2 39.8 12.1 

Source : 	 Field Crops Research Institute. Annual Report 1984. 

lower parts of the stein resulted in better survival than those from the top part (Table 5). 
Studies on stem storage with the leading cultivar Rayong I indicate that when stems were stored 
up to 30 days in the field the survival rate of stakes was about 80o, and s! )rage under shade 
tended to be better than in the sun (Sinthuprama and Tiraporn, 1986). The same studies were 
repeated with a new cultivar, Rayong 3. The results showed that stakes from the basal stem 
gave higher survival percentage than those from the branches in every storage condition and 
period. Stems of Rayong 3, especially those taken from younger branches, could not be stored 
more than 15 days (Table 6). Storage under shade was confirmed to be the best method. 

Planting 	method : 

Root yields were not different for cassava planted on ridges, on flat ground. or on flat 
ground followed by earthing up 30 days after planting. Horizontal planting gave lower yields 

Table 7. 	 Yield (t/ na) of cassava, Ra)othg 1, grown with different methods, positions and depths of planting at Rayong 

Field Crops Research Center, 1977-1978. 

Treatments 	 Depth of planting (cm) Mean 

5 10 15 

Method of planting 

Ridge 	 27.75 29.44 28.62 28.62 a 
Flat 	 30.75 30.44 28.75 29.94 a 
Flat + earthing up 	 30.56 29.19 27.75 29.19 a 

Planting position 
Vertical 	 30.87 31.13 30.31 30.75 a 
Inclined 	 30.62 30.87 29.00 30.19 a 
Horizontal 	 27.56 27.00 25.81 26.81 b 

Mean 	 29.69 a 29.68 a 28.37 a 

No interaction between methods, positions and depth of planting. 

Mean separation : (DMRT, 0.01) 

Source : 	 Field Crops Research Institute. Annual Report 1979. 
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than verical planting, mainly due to the initial lower survival rate. Vertical or inclined planting 
resulted in similar yields. Depth of planting (5, 10, 15 cm) had no effect when plantings 
were either vertical or inclined (Table 7); deeper planting in the horizontal position resulted 
in delayed sprout emergence, and caused deeper rooting and difficulty in harvest in every 
planting position. 

Planting time 

Studies of planting time and age of harvest were carried out with Rayong I for 3 years 
from 1976 to 1978 and indicated that root yields were highest with June plantings and decreased 
with later planting. Root yields increased with age of harvest from 8 to 18 months. However, 
if harvesting were to be deiayed to more than 12 months, the planting date of the next crop 
in the same area would be shifted and would not fit the annual cycle (Sinthuprama, 1980). 

The same studies were carried out with Rayong 2 and Rayong 3 cultivars in 1983-1985. 
Figure 3 shows that the root yields of Rayong 2 and Rayong 3 were highest when planted in 
May. Root yields increased significantly with harvest age from 6 to 12 months. These results 
were similar to those of Rayong I discussed above. Planting earlier in the rainy season pro
duced tie highest yields, especially when the roots were harvested at 12 months. 

Spacings : 

Cassava spacing studies showed no significant differences in yield at spacings ranging 
from 60 x 60 cm (27,777 plants/ha) to 120x 120 cm (6,944 plants/ha). A wider spacing 
facilitated intercultivation; the planting of cassava at I x I m was recommended (Charoenrath, 
1983). Cassava spacing studies for Rayong I were repeated for another 2 years, as a component 
research for the introdulctionl of the cropping system. It was found that when cassava popu
lations were maintained at 10,000 plants per hectare, plants could be arranged in various 
spacings (100 x 100, 150 x 66, 200 x 50 and 300 x 33 cm) without significantly affecting the 
yield (Table 8). 

Table 8. Ill'eel of plant spacing on yield of cassasa, Ra)ong I. Combined analysis for 5 locations , 1979-1980. 

Spacing (cIn) Plants/ha Yield (t/ha) 

100 X IX) I0,0()0)0 R7 
150 x 66.7 10,000 27.06 
200 x 50 I0,()00) 26.25 

300 ×33.3 t0,000 25.06 

NS 

I/ Rayong, Loci, Sakonnakon, So panburi, and Khon Kacn. 
No significant interaction be:%ween location and spacing. 

Source : Field Crops Research Institute. Annual Report 1981. 

Research on spacing of the new cassava cultivars, Rayong 2 and Rayong 3, were con
ducted in order to redefine the best spacings for these new cultivars. The results showed that 
cassava yields were significantly different at various spacings in different locations, as shown 
for Rayong 2 in Table 9 and for Rayong 3 in Table 10. The different yield responses were due 
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Harvest time 

* = 12months 

60 = 10 months 

* = 8 months 

Rayong-2 
6 months 

40 -(1984-1985) 

20 

0 

U 

201 

May June 	 July Aug Sept Oct 

month of planting 

Figure 3. 	 Effect of month of planting and age at harvest on root yields of cassava cultivars Rayong-2 and Rayong-3 
planted in Raong Fiel Crops Research Center. 

Source : Field Crops Research 	Institute, Annual Report 1986. 
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Table 9. Effect of plant population and spacing on yield (/ha) of cassava Rayong 2, in different locations, 1985. 

Number of Spacing Location Mean 
plants/ha (cm) Rayong Khon Kaen Banmaisamrong 

10,000 10Ox 100 14.0 19.9 18.4 17.4 
10,000 125 x 80 22.8 19.0 12.3 18.1 
12,500 100x 80 16.9 15.6 17.4 16.7 
12,500 125 x 64 15.1 21.5 19.4 18.7 
15,000 90x 74 17.4 19.1 23.9 20.1 
15,000 100x 66 19.8 18.5 26.2 21.5 
17,500 76 x 75 20.3 14.6 23.5 19.5 
17,500 100x 57 16.5 14.7 20.1 17.1 

LSD (0.05) for spacing x location = 7.23. 

Source : Field Crops Research Institute. Annual Report 1986. 

Table 10. Effect of plant population and spacing on yield (t/ha) of cassava, lRayong 3, In different locations, 1985. 

Number of Spacing Loation Mean
 
plants/ha (cm) Rayong 
 Khon Kaen Banmaisamrong 

10,000 100x 100 17.7 20.1 15.2 17.7 
I0,000 125x80 15.3 18.1 15.1 16.1 
12,500 I00x 80 20.8 14.2 16.1 17.1 
12,500 125 x 64 20.3 13.8 12.6 15.6 
15,000 90x 74 17.7 12.6 13.5 14.6 
15,000 l00x 66 19.3 12.3 17.5 16.3 
17,500 76x 75 9.922.0 16.5 16.2 
17,500 I00x 57 16.7 11.7 19.9 16.1 

LSD (0.01) for spacing x location 7.18. 

Source : Field Crops Research Institute. Annual Report 1986. 

to different edafo-climatic conditions at each location. However, the results indicated that 
both Rayong 2 and Rayong 3 could be planted with ranges of population from 10,000-15,000 
plants/ha. Arrangement may not be very important. 

Intercropping : 

Studies on land use efficiency and restoration of soil fertility through intercropping 
have been conducted since 1970 using peanut, mungbean and soybean as the intercrops. The 
most promising intercropping systems appeared to be the combination of cassava and peanut 
or cassava and mungbean. In 1976-1978, in order to improve the system, cassava was inter
cropped with each species of legumes, planted in 1, 2 or 3 rows between cassava plants spaced 
at I x 1m. The results indicate that increasing the number of rows of the intercrops reduced 
cassava yields. Two rows of intercrops was considered the best system (Charoenrath, 1983). 
The results of the studies on the effect of a wider row spacing of cassava in combination with 
different patterns of intercropping indicate that cassava yields were reduced by the presence 
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Table 11. Yield (t/ha) of cassava (C) and peanut (P) at different intercropping patterns in various cassava spacings at 

Rayong Field Crops Research Center, 1982-1983. 

Cassava Cassava-peanut patterns Monocrops 

spacing I row peanut 2 rows peanut 2 rows peanut 

(cm) (5 cm between plants) (lOx 10 cm) (20x 10 cm) 

C P C P C P C P* 

10Ox 100 14.0 0.84 12.6 0.89 12.7 1.16 20.4 

125 x 80 13.8 0.74 14.2 0.90 15.4 0.88 17.1 

150x66 15.7 0.59 15.1 0.56 13.6 0.70 16.3 

1.52 

Mean 14.5 0.72 13.9 0.78 13.9 0.91 17.9 1.52 

Monocropped peanut planted at 50 x 20 cm. 

Table 12. 	 Yield (t/ha) of cassava C) :-id minn!.hvan (N) at different intercropping patterns in various cassava 

spacings at Ra)ong Field Crops Research Center, 1982-1983. 

MonocropsCassava-mungbean patterns 

spacing I row ilnlngbean 2 rows mungbean 2 rows inungbcan 

(cum) (5 cin bemtccli plants) (10 x It)c1n) (20x 10 cm) 

C NI C %I C NI C MO 

10Ox 100 12.3 0.57 12.4 0.69 12.3 0.71 17.1 

125 x 80 14.5 0.56 13.6 0.67 12.9 0.81 17.3 

150 x 66 15.7 0.49 14.4 0.62 14.6 0.64 16.8 

0.75 

Mean 14.2 0.54 13.5 0.66 13.2 0.72 17.1 0.75 

• Monocropped mungbean planted at 50 x 20 cm. 

of the legumes and vice versa, (Table II and 12) but that the Land Equivalent Ratios (LER) 
were always above 1.00 (Tablez '' and 14), indicating the greater total productivity of the 

intercropping systetms compared with the monocrops. Highest LER values were obtained for 
both legumes when cassava was planted at 125 x 80 cm while two rows of either peanut or 
mungbean were planted between cassava rows at the spacing of 20X 10cm. 

Long-term intercropping trials with cassava have been conducted at Rayong and Khon 

Kaen Field Crops Research Centers since 1975 with the objective to study the effect of inter
crops on soil nutrient depletion in continuously grown cassava without fertilization. Short 

duration crops such as sweet corn, mungbean, peanut and soybean were intercropped yearly 
with cassava and after 5 years only cassava was planted as a check crop. The results indicate 

that the yields of both cassava and the intercrop fluctuated due to different competitive effects 
with different climatic conditions in each year. After 5 years the yield of monocropped cas
sava in both locations was not significantly affected by the previous intercropping treatments 
(Tables 15 and 16). These results indicate that the intercropped legumes had no long-lasting 
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Table 13. 	 Land equivalent ratios of different cassava-peanut interetopping patterns at Rayong Field Crops Resea-ch 
Center, 1982-1983. 

Cassava Cassava-peanut patterns 

spacing I row peanut 2 rows peanut 2 rows peanut Mean 
(cm) (5cm between plants) (1Ox 10 cm) (20 x 10 cm) 

lOOx tO0 	 1.23 1.20 1.38 1.27 
125 x 80 1.30 1.42 1.47 1.39 
150 x66 1.36 1.30 1.29 1.31 

Mean 1.29 1.31 1.38 

Source : Field Crops Research Institute. Annual Report 1984. 

Table 14. 	 Land equivalent ratios of different cassava-niungbean intercropping patterns at Rayong Field Crops 
Research Center, 1982-1983. 

Cassava Cassava-iinungbean patterns
 

spacing I row ttingbcan 2 rows mungbean 2 rows mungbean 
 Mean 
(cm) (5 cm between plants) (Itx 10 cnt) (20x 10 cm) 

100
100 1 1.49 	 1.66 1.66 1.60 
125 x 80 1.59 1.69 1.83 1.70 
150 x 66 1.59 	 1.69 1.72 1.66 

Mean 	 1.56 1.68 1.74 

Source : 	Field Crops Research Instittte. Annual Report 1984. 

Table 15. Yield (t/ha) of cassava (()and inlercrop (INT) species in a lung-terns cassava inlercropping trial at Rayong 
FielCrops Research Center, 1975-1980. 

Year
Long-term
 
intercropping 1975 
 1976 1977 1978 1979 1980 

pattern INT INTC C INT C INT C INT C C 

Yield 

Cassava muooctilture - 26.8 - 18.7 - 35.5 - 20.2 - 9.2 22.0 
Cassava f sweet corn* 4t0.9 24.8 27.5 16.6 38.7 26.3 20.526.8 20.7 10.1 24.4 
Cassava + ttitngbean 0.82 27.9 0.46 20.9 0.86 27.8 0.93 16.8 0.87 9.3 22.0 
Cassava 4 peantt 1.46 23.9 1.51 20.1 0.45 27.9 1.25 15.3 0.89 10.6 23.6 
Cassava + soybean 1.t1925.8 15.51.08 0.98 24.6 0.87 18.9 0.45 8.8 26.4 

NS 

Note 	 It 1980, only cassava was planted as clteck crop. 
* Sweet corn yield in000 cobs/ ha. 

Source 	 Field Crops Research Institute. Anual Report 1981. 
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Table 16. Yield (t/ha) of cassava (C) and intercrops (INT) species in a long-term cassava Intercropping trial at Khon 
Kaen Field Crops Research Center, 1975.1980. 

Long-term Year 

intercropping 1975 1976 1977 1978 1979 1980 
pattern INT C INT C INT C tNT C INT C C 

Yield 

Cassava nionoculture - 33.0 - 21.7 - 24.0 27.0 - 30.3- 27.3 
Cassava + sweet corn 34.2 31.2 21.4 10.7 15.5 2.69 13.9 20.5 29.417.8 15.3 
Cassava + niungbean 0.60 32.3 0.12 26.3 0.20 16.1 0.27 26.7 0.27 13.8 23.8 
Cassava + peanut 0.98 18.3 0.79 18.7 0.85 5.9 0.92 11.5 0.60 14.6 30.1 
Cassava + soybean 0.51 20.9 0.20 27.0 0.30 24.0 0.71 12.3 0.84 22.3 28.0 

NS 

Note In 1980, only cassava was planted as check crop. 
Sweet corn ,ield in 000 cobs/ha. 

Source Field Crops Research Institute. Annual Report 1981. 

effect on soil productivity. Nevertheless, the long-term effect of cassava intercropping still 
needs more research to confirm these results. Soil analyses are another important method to 
evaluate the system. 

Present Status of Cassava Research in Agronomy 

Most cultural practice studies conducted in the past have used only Rayong 1. Since new 
cultivars have been recommended, the optimum production technology has to be redefined. 
Studies on spacing, time of planting and planting methods for these new cultivars are currently 
conducted so as to recommend the most appropriate technologies. 

Studies on intercropping cassava with legume species, the long-term effect of cassava 
intercropping, of cover crop species and crop rotations, and improvement of land preparation 
have also been conducted so as to improve or maintain soil fertility. 

Future Directions and Priority Areas 

The future directions of research on cultural practices will continue to define the most 
economically valid cultural practices for cassava production. The priority topics to be empha
sized will be soil nutrient preservation and erosion control. lntercropping, crop rotation, 
improvement of soil preparation, and minimum tillage for cassava are the priority areas of 
research. The best cultural practices for newly available cultivars will also have to be redefined 
for the appropriate production systems. 

Tie whole program of cultural practices needs more socio-economic and on-farm 
studies to evaluate the relevance of research results for improving the welfare of cassava 
growers. 
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Summary 

The results of cassava cultural practice research can be summarized as follows 

1. Stake length: Stakes of 15-20 cm length, cut from the lower part of the stem are 
recommended, as these give a high survival percentage of plants. After harvest, the cassava 
stems should be stored in the shade. Stems of Rayong I can be stored up to 30 days while 
those of cultivar Rayong 3, especially stems taken from younger branches, should not be stored 
more than 15 days. 

2. Planting time: Cassava should be planted early in the rainy season. The results of 
Rayong 1, Rayong 2 and Rayong 3 are similar. The cassava yield increased up to 12 months. 
Harvest should be done between 10-12 months. 

3. Spacing: Cassava could be planted at populations ranging from 10,000 to 15,000 
plants/ha. The spatial arrangement of plants may not be very important. 

4. Intercropping: lntercropping cassava with mungb-',n and peanut increased the Land 
Equivalent Ratios to 1.83 and 1.47 , respectively. Cassava planted at 125 x 80 cm and inter
cropped with 2 rows of legume at 20x 10 cm gave the best results. 

5. Long-term Intercropping: lntercropping did not have a long lasting effect on soil 
productivity. These results should be verified. 
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CASSAVA SOILS RESEARCH IN THAILAND 

Chote Sittibusayay 
Chumpol Narkaviroj.! 
Dissapun Tunmaphirom!-

Introduction 

In Thailand, cassava has been cultivated continuously for more than 40 years. Originally 
it was cultivated in the Southeast, but after 1970 it spread to the Northeastern, Western and 
Upper Central parts of the country (Boonjit, 1986). Next to rice. cassava is the most important 
crop in Thailand. The total fresh root production as well as the total planted area, have gradually 
increased since the 1960's and increased dramatically from 1976 to 1980. In 1986 total fresh 
cassava root production was 15.3 million tons and the total area planted with cassava 1.24 
million hectares. The average fresh cassava root yield was 12.6 t/ha. 

During the past 40 years there has been wide-spread deterioration of production capacity 
of cultivated soils due to poor soil and crop management. With continuous cultivation in the 
high-rainfall and high-temperature tropical environment, soil properties change drastically; 
organic matter levels decline rapidly, nutrients leach out of the root zone and the soils become 
compacted. Thus, presently cassava soils in Thailand are low in fertility and have a coarse 
texture and low organic matter content. The limitations of most cassava soils are reflected 
in the following characteristics 

1.low to very low pH 
2. low cation exchange capacity 
3. low level of nutrients 
4. low organic matter content 
5. low moisture holding capacity 
6. high bulk density 
7. high susceptibility to erosion 

Under such conditions improvement or maintenance of soil fertility is a most important 
objective for which integrated rc ,2arch is necessary. This paper intends to provide an overview 
of the current status of research by the Department of Agriculture and Kasetsart University. 

Summary of the Early Research (1954-1980) 

Since 1954 many fertilizer experiments have been conducted to determine the cassava 
crop's nutrient and fertilizer requirements in important soils of major cassava producing 

iJSoil Scientists of Soil Science Division, Dept. Agriculture, Bangkhen, Bangkok, Thailand. 

145 



regions. In 1978 Sittibusaya and Kuramarohita reviewed the existing experiments based on 
information available from the Department of Agriculture Annual Reports of 1954-1976. 
These can be summarized as follows: The results obtained during the first period of 1954 to 
1967 revealed that application of N, P2 0 5 and K,0 at level of 50 kg/ha each was econo
mically benificial to cassava growers. The effects of K were found consistently not to be sig
nificant and only N application resulted in consistent yield improvements, while P showed 
a benificial effect only in sonie locations. Results of field trials during the second period of 
1967 to 1972 on 3 soil series of the Southeast confirmed the earlier findings that the most 
frequent yield responses were caused mainly by N applications, while the frequencies of res
ponse to P and K applications were much lower and mainly observed in Sattahip soil series 
(Table 1). The amounts of N, P.O. and K,O generally recommended for application were 
40-96, 13-80 and '1-46 kg/ha, respectively. Fertilizer trials during the third period of 1975 
to 1980, covering 6 soil series, produced similar results as obtained previously. Table 2 shows 
that the smallest yield response to fertilization was obtained in the Warin soil and the responses 
increased in the following order: Warin, Huai Pong, Korat, Yasothon, Sattahip and Pattaya. 
The magnitude of tile yield response was used as a criteria to measure the fertility status of 

different soils. 

Table 1. 	 Proabilit3 of response of cassava to application of N, P or K in three soil series of Southeastern Thailand 
(based on 3 sears of trials in farmers fields, 1968-1970). 

Soil Series 	 No. of Probability of response* to 

replications N P K 

Huai Polig 14 + -


Pataya 25 +  -

Sattahip 	 82 ++ + - +

not probable (,-25"(1 of trials showed response)
 

-- probable (25-490 of trials slio%%ed response)
 
4- fairly probable (5(0-670'0 of trials showed response)
 
+ , highly probable ( > 67% of trials showed response) 

Source : 	 Sittibusaya and Karainatolita, 1978. 

Table 2. 	 Fertilil) status of seseral soil series as indicated b flip average response of cassava to fertilization in farmers 
field trials conducted in the Northeast and Southeast of Thailand during 1968-1977. 

Soil series 	 No. of Average Rank 

replications response (%) 

Warin 6 12 1
 
Huai Pong 14 16 
 2
 
Korat 4 
 27 	 3 
Yasothon 4 28 4
 
Sattahip 82 41 5
 
Paltaya 25 
 52 	 6 

Source : 	 Siltibuway,' and Kuratnarohita, 1978. 
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Fertilizer experiments using high application rates of N, P20,5 and KO in exhausted 
Sattahip soils were initiated in 1975 and the results showed that the application of 375 kg/ha 
each of N, PO and KO almost doubled yields from 23 to 41 t/ha (Figure 1). The residual 
effect of those fertilizers was still significant for more than 3 years, and the effect of N was 
found to be significant even in subsequent croppings. The prolonged residual effect of N 
could be the result of nutrient recycling by leaf-drop. 

Application of secondary and minor elements did not benefit root yield but increased 
the starch content of the root (Table 3). 

first year 

40 

30 

CZ 

0 20 
L. 

Cu 

U 

10
 

0 625 1250 2500 5000
 

kg/ha of 15-15-15 

Figure 1. Responses of 3consecutive crops ofcassava to various levels of 15-15-15 fertilizer applied only to the first 
crop grown in exhausted Sattahip soil. 

Source : Sittibusaya and Kuramnarohita, 1978. 
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Table 3. Effects of minor element application on yield and starch content of cassava grown on Sattahip soil. 

Treatment Yield Starch in root 
Root Stern 

NPK 28.3 a 30.7 70.4 b 
NPK + FeMn 28.7 a 30.3 75.1 a
 
NPK + ZnCu 28.7 a 28.9 75.4 a
 
NPK + BMo 22.7 b 28.3 74.2 a 

• oven-dried basis. 

Source : Sittibusaya and Kuramarohita, 1978. 

Several methods of fertilizer application for cassava were also compared and it was 
found that any method; i.e., broadcasting, band placement under stake at planting, or side
dressing at 60 days, produced the same yields (Table 4). However, another similar trial showed 
that banding at 15 cm depth below the stake before planting gave the highest yields (Sittabu
saya el al., 1974). 

Table 4. Effect of method of fertilizer placement on the yield-Vof cassava grown in two soil series in 1975. 

Method Sattahip Korat 
soil soil 

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

Broadcast before planting 22.6 31.0
 
Band placement under stake 24.8 32.9
 
Banding at 20 cm at 60 days 24.4 28.9 
Banding at 50 cm at 60 days 25.0 29.6 

L.S.D. 0.05 N.S. N.S. 
C.V. (0) 9.0 15.3 

Average of 50-50-50 and 100-100-100 kg N - P,O - K,O/ha treatments. 

Source : Sittibusaya and Kuramarohita, 1978. 

It was found that soil productivity had steadily declined during the past 30 years, as 
yield responses to fertilization increased consistently from the first to the last period of trials. 
The steady decline in yield of the check plots in several fertilization trials conducted from 
1955 to 1983 was also observed; yields decreased from nearly 30 to 18 t/ha on Sattahip soil 
in the Southeast (Figure 2). A similar yield decline was also observed in the Huai Pong and 
Korat soils, indicating a rapid initial loss of soil fertility in the first 15-20 years of continuous 
cassava production. 

The nutrient removal by cassava has also been investigated in many occasions. The 
total uptake of N and K were similar, about 70 kg/ha per cropping, while P uptake was about 
half (Table 5). Cassava is often considered a soil-depleting crop, but it was found that it 
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Figure 2. Yield of cassava in unfertilized plots offield experiments conducted fromn 1955 to 1983. 

Source : Sittibusaya and Kurmarohita 1978; 1986. 

Table 5. Average nutrient removal b) a crop of cassava grown in 18 farmers fields in six soil series during 1975-1976. 

Nutrient Root + LeafStem Total 

----------------------------------------- nutrient removal (kg/ha) -----------------------------------------

N 31 42 73 
P 19 13 32 
K 47 25 72 

Note : Based on average root yield of 31 t/ha. 

Source : Sittibusaya and Kuramarohita, 1978. 

removes plant nutrients from soils at levels comparable to that of maize, and it removes much 
less K than sugarcane. The decline in yield could thus be attributed mainly to the negligence 
of cassava growers to fertilize the land sufficiently and to the methods of cultivation used, 
which cause severe soil erosion and nutrient loss. 

The results of fertilizer experiments conducted during this initial 25 year period, have 
been relatively well documented and a general fertilizer recommendation could be made. 
For the sake of simplicity, the fertility status of cassava soils was divided into two classes, 
"low" and "moderate". The optimal levels of N, PO, and K,O recommended for the "low" 
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class were between 100 and 200 kg/ha each. The levels recommended for the "moderate" 
class were 50%10 of those used in the "low" class. Sidedressing or siderow banding I month 
after planting was generally recommended as tile best method of application. 

Recent Soils Research on Cassava (1980-1987) 

Recent economic studies by the FAO Fertilizer Programme have clearly shown that 
the profitability of fertilizer use in Thailand is low, due to the high price of fertilizers. As a 
consequence, tile quantity of fertilizers applied to many crops, including cassava, is very small. 
Greater use of mineral fertilizers is essential for tile success of tile government's policy of 
agricultural intensification. However, the cUrrent price of fertilizers in relation to that of 
tile product is n1t vserl favorable. Therefore, tile present research emphasizes more site
specific reconmendations of' fertili/crs anid proper soil imanagement in order to improve 
tie efficiency of fertilizer an( maintain a desirable chenical, physical and biological soil 
environment. Some of the inlforimiation obtaiiied can bC Slunniarizcd as follows. 

. FA() fertilizer trials: )uring the pcrjiod fromt 1982 to 1984, a large number of 
cassava 'en ilizer tria, s,ithotLt replicat ion crc ca ried ot ol farmers' fields. The results were 
presented ili the technrical rcplort by [:( ) lhailand: Yield Increase Through the Use of Fer
tilizer and Related Inputs" (FA), 1985). lIn the report, emphasis was put oil tile recoinenda
tionr off the most ecollonlically profitable rates of' fcrtili/crs. It %%asshown that fertilizer applica
tion can significatmly increase both yield and income. In all areas a high response to N and a 
Moderate responsc to 1) and K %%crc rccorded . Although the present dtla are insufficient to 
make very specific arca recorlllledalions a 11orC Qcu1eral fertilizer recommendation could be 
nade. lo aid Sillibusaya (1984) reportCd that levels of' 50-100 kg/ ha of N and KO but 
without ) arc recolllicllded for the QUartzipsamnment soil group. For the Paleustuh soil 
group, ranges of 80-100 kg N/ha, 0-30 kg l),,'ha and 30-50 kg K,O/ha are recommended. The 
K and N reconmnendations cal be further defined by soil testing as follows 

Exchangetale K Rtecommended K,() rules 

(ppn) (kg/hi) 
< 3) tOW 

31-50 3(1 
> 51 0 

Organic muller Recommended N rales 
(U00) (kg/ha) 
< 0).51 l1 W 

0.51-(.92 50 
> 0.92 0-25 

No significant correlation was found between the level of available soil P and tile response 
to P application. However, earlier experitients showed tro significant response to N, P, or K 
when the organic matter was above 1%, the available (Bray II) P) was above 8 ppm and ex
changeable K was above 40 ppm (Yingchol el al., 1970). 
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2. Mulching and green manuring : In many cassava areas with uncertain rainfall and 
low soil moisture holding capacity, mulching and green manuring is perhaps the most impor
tant practice to conserve soil moisture, especially during the dry period. Paisarnchareon (1988) 
established a long term experiment to study tile effects of green iiiinuring on water storage 
and cassava yields in an Oxic Palcustult in the Northeast. The two years' results show that 
the water storage capacity and cassava yields were highest by incorporation of cowper,, because 
cowpca ( Vign unguicuiatu) produced more biomass than pigeonpea (Cajanus cajan) or sunn
help (Crotalariajuncea), as shown in Table 6. 

of 

Palt'n,,oll ,soil.
 

Fahle 6. Legtile hiona,, arni c~ia:s rm ild rotdhuced in Iv.o %ears(d arions green mannring pracliceson Oxic 

'i
Icgill itiofnla,, ( .lssdl a)(t ha) yield (t/i

Green niuir ilg
 

Ycad I Yca 1I Year Year it 

Co([II l 4.77 13.99 
(o, pca 17.t1 21.20 10.46 17.58
 
iigcon pca 
 1.73 10.92 5.43 12.91
 
Sumnuull 4.1 18.24 5.66 13.43
hCmlp 


I,as"I
. ('/ a tlrC, at 1 1mliith,,. 

Source : ] iarnlhareol / a ., 1988. 

3. Crop rotation : Crop rotation is not widely practiced in the cassava growing area, 
primarily because of the lack of alternative crops that produce yields that give an economic 
return comparable withIhat obtained with cassava. Because of the importance of crop rota
tion to control soil erosion and maintain soil fertility, a long-term experiment was conducted 
on 3 major soils in the cassava growing area since 1975, to observe the effect of alternate 
legune-cassava crop0 rottation sys cms, ont soil ioductivity. Table 7 shows Ihat the cassava
leguil;C rotation increased cassava yields in the 9th vear of cropping only in case of the Yaso
thon soil, whilc :m ten lize application increased yields both in)the Yasothol and l luai Pong 
soils. Incorporation of1the ;c-,me residues did nol prevent a decrease of soil O1! content 
after cropping inmo1(st soils, btt did tCnd Itmaintail a higher level of(ONI as well as nutrient 
stat us of thle soil. The ,: 'a groulldhiti rotation was llore effective thall the cassava mlulng
bean rotation (Sittibrit 'tal., 1984). (haiwanakupt and Sittibusaya (1985) showed that 
the cassava rotalioll \%ith iCgtnes also increased the farmer's income, at least in case of' the 
cassava-proundlul system, as c.llpared to Coltililltons cassava Cropping. 

4. L.ong-term fertilili cxperiments : The effects of long-term fertilizer use for conti
nuously gros 1i cassav\'a has been st udied on 3 soil series sinrce 1975. One of the aims of these 
trials is to monitor soil fertility changes inder different combinations of' NPK and compost 
application, as well as tie effect of incorporation of plant lops. Sittibusaya el al. (1986) 
reported that tile application of 50 kg each of N, I(), and K()/ha/year, plus incorporation 
of cassava top growth canl maintaii root yields at high levels, as shown in Figure 3. 
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Table 7. 	 Effect of annual application of fertilizers or crop rotation on the yield of cassava and the soil organic matter 
content after 9 years of cropping in three soil series in Thailand, 1975-1984. 

Soil series Soil series 
Cropping system Yasothon Korat Huai Pong Yasothon Korat Huai Pong 

s- -
Cassava yield (t/ha)---------------------	 ------Organic maner (/0)1 -------

Continuous cassava 
without fertilizers 	 11.8 28.2 20.0 0.62 0.80 1.41 
with fcrt:lizers -'  	 19.8 20.7 25.1 0.60 1.14 1.68 

Cassa.a-legume rotation.Y 

cassava/peanut + pigeonpea 27.4 27.8 22.9 0.68 1.41 2.10 
cassava/mungbean + pigeonpea 22.5 26.2 23.2 0.63 1.14 1.68 

1 annual application of 50 kg/ha each of N, PO and KO. 

no fertilizer applied; cassava and two consecutive legumes crops were grown in alternate years. 

3/initial (1975) ONI contents were : Yasothon 0.87qi, Korat 1.2401, Huai Pong 2.10% 

Source : 	 Sittibusaya, etal., 1984 

The application of NPIK plus 12.5 t/ha of municipal compost per year, or NPK plus 
cassava 	tops incorporated, produced similar high yields of about 25 t/ha after II years of 
continuous cassava cultivation. But yields obtained with NPK plus incorporation of cassava 
tops tended to produce the highest yields, while the incorporation of cassava tops without 
NPK increased yields about 85/6 over the control. It is clear that without fertilizer application 
cassava 	 yields declined very markedly. A similar decline in yield over time can be observed 
from the use of N and NP alone. Thus, the omission of K reduced cassava yield in the long 
run much more than the omission of P, while the application of NPK plus incorporation of 
tops or 	compost increased cassava production. 

Soil test data obtained from a similar experiment on Huai Pong soil in Rayong indicate 
that under continuous cropping for 10 years several major plant nutrients in the soil were 
depleted (Table 8). Compared with the initial soil fertility status, average contents of organic 
matter, 	available P and exchangeable K decreased by 40, 39 and 73 percent, respectively, in 
the top 	0-15 cm soil layer. This indicates that cassava depletes mainly the soils's K reserves 
and that the long-term productivity of the soil depends on the maintenance of desirable chemi
cal, as well as physical and biological conditions. 

Table 8. 	 Changes in soil fertili status after 10 )ears of continuous cassava monocropping without fertilization on 
lluai Pong soil in the Southeast of Thailand. 

/ 	 10 years PercentSoil test 	 Initial After 
1975 	 1984 change
 

pH 4.8 4.7 2
 
Organic matter (01o) 1.90 1.14 40
 

P-Bray 2 (ppm) 28 17 39
 

Exch. K (ppn) 	 45 12 73 

/ Data from surface soil samples taken before planting. 
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Figure 3. 	 Effect of annualNPK fertilizerand compost application,and the incorporationof top growth on the root
 
yield of cassava grown for I I consecutive years in Yasothon soil in Khon Kaen.
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Research Conducted at Kasetsart University 

Scil and fertilizer research onl cassava at Kasetsart University was initiated in 1977, or 
about a decade ago. The research conducted is rather limited in scope and comprises mainly 
two field trials conducted yearly, either in farmers' fields or at the University Research Farm 
in Chonburi province. Since 1977, and into the early 1980s this included studies on the indi
vidual and interacting effects on cassava of N, P, K and mixed fertilizer sources, rates, and 
time of application. The effect of nutrient ratios, the influence of secondary and micronutrient 
elements, as well as cassava soil characterizations were also studied during this period. 

Duangpatra (1983), showed that the application of fertilizers to cassava grown on Satta
hip soil in Sri Racha incre:ksed yields f'or 24.5 to 30.5 t/ha, but that this was not significant 
(Table 9). Among the different nutrient sources, urea appeared to be best N-source and DAP 
the best P source, while there was no difference between potassium chloride or sulfate. Neither 
the different levels nor sources of fertilizers had a significant effect on root yield or starch 
content. 

Due to the fact that weed control and fertilization are some of the constraints most 
limiting cassava yields, the experiments during the past four years had the objective of assessing 
the impact of these two factors on cassava growth and yield, particularly on the maximum 

Table 9. 	 Effects of sources of fertilier N, Pand K onlthe ieldand starch content of cassa%a grown on Saltahip soil 
in Sir Racha. 

Root vield Starch content 
(t/tha) t(o) 

Check
 

treatments 
0- 0 -0 24.5 	 17.9 
0- P K 27.2 19.0
 
N- O- K 
 28.9 17.6
 
N- P -0 
 30.5 	 16.2 

N-Sources 
atlltonitii sulfate 29.3 	 17.3 
ainionium chloride 
 29.8 17.5
 
urea 
 33.5 	 17.5 

P-Sources 
triple
super phosphate 31.5 16.8
 
rock phosphate 27.9 
 17.6
 
dianitoiImIt phosphate 
 33.3 17.4
 
tnlttoaiitllnonltitl phosphate 
 30.8 	 17.9
 

K-Sources
 

polassiutll
chloride 	 31.2 17.7 
potassium sulfate 
 30.6 	 17.2
 

The incans ot allcieck treatten ts and sources inboth columns are not significantly different tt tihe 0.05 probability 
level.
 

Source : 	Dtangpatra, 1984. 
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economic yield. For future research needs, it seems justified to direct more efforts towards 
the study of integrated soil and crop management rather than of individual factors. 

Future Research Needs 

1.There appears an extreme need to do research on soil conservation and management, 
particularly research on management practices that reduce soil erosion and water ruttoff. 

2. It seems justified to conduct a long term research project on "yield improvement 
and sustainability through nutrient recycling and soil-water conservation under various long
term cassava-based cropping systems". This is deemed justified in order to utilize more 
effectively biological and chemical fertilizers, rain water and soil resources so that cassava 
yields can be increased or at least sustained in the long run. 

3. It is necessary to conduct more research to determine the best packages of cultivation 
practices. 

4. Previous research has determined mainly the effect of N, P and K application. 
More research on secondary and micronutrients should be emphasized. 

5. Nutrient balance should be studied as it appears to limit yield, especially under 
moisture stress. 

Summary 

Research on soil fertility and fertilization has been conducted with the purpose of deve
loping new production technology for Thai cassava farmers for a number of years. Early 
research on soil fertility showed that fertilizer application can significantly increase yields and 
income, but the results were not entirely consistent. A better understanding of the factors 
that contribute to the overall efficiency of applied fertilizers is essential. A large number of 
fertilizer trials in farmers' fields showed a high response to N and moderate responses to P 
and K applications. The yield responses to N were well correlated with soil organic matter 
content for both Quartzipsaminent and Paleustults soil groups, while the response to K have 
correlated with exchangeable soil K for Quartzipsatuments only. A long-term experiment 
conducted for 10 crop years in three major soils showed the benificial effect of incorporating 
cassava residues and of adding compost. Green manure crop residue management techniques 
that are compatible with the rather strict soil and water conservation conditions in the cassava 
area also have to be developed. There is an urgent need to develop and select adapted legume 
species for use in flexible cropping systems, so that a significant portion of the N requirement 
of the cassava crop could be supplied through biological N fixation. 
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SOI7h AND CLIMATIC CHARACTERIZATION 
OF MAJOR CASSAVA GROWING AREAS IN THAILAND 

PiyaDuangpatray 

Cassava ranks high among agricultural commodities in the Thai economy. In 1986 
cassava export products had a value of 764.4 million US$, the third highest after fishery
products (985.1 million US$) and rice (840.6 million US$) (OAE, 1987). The high value of 
cassava export products is not due to high product price but primarily due to large total pro
duction, coupled with a very low local consumption of less than 10 percent. Nevertheless, 
an average yield of about 13.5 t/ha in 1986 (Table 1)can be regarded as fairly low, compared
with the high yields of about 30-35 t/ha obtained experimentally in the country. Under tradi
tional cultural practices, some of the main factors causing low yields are erratic rainfall and 
little use of chemical fertilizers in poor soils, which predominate in the cassava growing areas. 
Apparently, the irregular distribution of rainfall during the growing season is more of a limiting
factor than the total amount of annual rainfall, which is quite adequate. The low productivity 
of most cassava soils is related to their low fertility status, low nutrient and water retention 
capacity, and high erodibility. To increase cassava yields, soil productivity must be restored 
through whatever means appropriate. Also, the target soils in the area have to be classified 
and characterized thoroughly, so that from its physical and chemical properties the inherent 
fertility or suitability status of the soils can be precisely assessed. 

Table 1. Planted area, production and average yield of cassava v regions in Thailand during 1985/86. 

Region Planted area Production-Y Average yield 2 

(000 ha) (/o total) (000 t) ([/ha) 

Northeast 758.0 61.1 8,782 12.0
 
East 333.0 26.9 4,492 13.4
 
West 46.7 
 3.8 616 13.7
 
North 69.4 5.6 
 968 14.3
 
Central Plain 32.5 2.6 
 397 13.9
 
South - _
 
Total 1,239.7 100.0 
 15,255 Average 13.5 

./ Fresh root weight 

2_/ Based on harvested area 

Source : Office of Agricultural Economics, MOAC, 1986. 

jj Associate professor, Dept. of Soils, Faculty of Agriculture, Kasetsart University, Bangkok, Thailand. 
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Figure 1. Cassava Production Zones of Thailand. Each point represent 10,000 ha of cassava in 1986. 
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The most recent cassava production data, show in Table 1, reveal that in the year 
1985/86 88 percent of the cassava growing area was found in the Northeast and Eastern regions, 
whilst the cassava area in the West, North and in the Central Plains accounted for only 3.8, 
5.6, and 2.6 percent, respectively (Figure 1). For this reason, the following discussion on the 
characterization of soils, climates and other pertinent features will be focussed mainly on 
the Northeast and Eastern regions. 

Climatology 

Climate 
The climate in Thailand comprises three major seasons: the dry and cool season extending 

from November to February, the hot season from March to May, and the rainy season from 
May to October. The country's average annual rainfall varies from 1,100 to 1,500 mm. Figure 2 
shows that high rainfall zones are found in the southern Peninsula and in the extreme South
east coast, which have an average annual rainfall of more than 2,000 mm, while areas with 
an average annual rainfall of less than 1, 100 mm are found ill the rain shadow of the Western 
Continental Highlands. 

The seasonal variation in air temperature is not large i.e. tile mean annual temperature 
in the country ranges from 24 to 30'C (Figure 3). Except for the Central Plain and some parts 
of the upper North the mean annual temperature of all other areas varies only from 26 to 28oC. 

Figure ,I shows that in the majority of areas in the Northeast, North and East the mean 
annual relative humidity varies from 70-75%/o, whilst lower values from 60-65% are recorded 
in some areas in the West, lower North, Central Plain and Central Highlands. In the South 
and Southeastern coastal regions the average annual rclative humidity is higher, ranging from 
75 to 85 percent. 

According to the Koppen's classification (Griffiths, 1978), the climate of the Northeast 
is classified as Tropical Savannah. The rainy season extends from May to October. The pat
tern of rainfall is of double-bell shape, or bimodal, with the first peak occurring in the period 
from May to Jlune, and the second from July to October (Vorasoot, 1987). The first rainy 
season (May-June) derives mainly from the Southwest monsoon and is usually less intense 
than the second phase (July-October), which usually brings in heavier and more frequent 
cyclonic rains from the south China sea (KKU-FORD, 1982). Based on the isohytes for mean 
annual rainfall (Figure 2), three distinct zones can be disiinguislied i.e above 1400 mm to the 
North and East; below 1,200 mm to the west; and a central band of 1,200-1,400 mm. According 
to the 30 year climatic and evapotranspiration data, obtained by Akratanakul (1987) as shown 
in Table 2, it appears that the average precipitation in II Northeast provinces ranged from 
1,137 mnn to 2,278 mm with the overall average of 1,443 mam. Other climatic data are also 
presented, including temperature, water vapor pressure, relative humidity, wind speed, sun
shine solar radiation, and potential evapotranspiration. 

The climatic conditions in the Eastern regions can be divided into two types, as classified 
by the Koppen's classification (Changprai, 1987a). The first comprise the Tropical Savannah 
climate, which covers the western part of the region and includes Rayong, Chonburi, Cha
chaengsao and Prachin Buri provinces. The average rainfall there ranges from 1,200-1,600 mm 
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0 Table 2. Annual climatic and evapotranspiration data- ! at various climatological stations in the Northeast and Eastern provinces (Thirty year records 1951-1980). 

P T-Mean T-Max T-Min ED RH-Mean U n/N RG PET 
(mm) (°C) (IC) (C) (m bar) (1o) (m/sec) (0o) (cal/cm 2/day) (mm) 

Northeast 
Nakhon Ratchasima 
Chaiyaphum 

1137 

1218 
26.4 

27.4 
32.9 

32.1 
21.5 

22.0 
25.4 

24.3 
73 
66 

1.5 
2.6 

43.4 

44.4 
397 
398 

1619 

2055 
Khon Kaen 1196 27.0 32.6 21.7 25.4 70 1.8 46.4 404 1779 
Udon Thani 1495 26.1 32.1 21.5 25.3 74 1.5 46.6 401 1632 
Roi Et 1408 27.0 32.0 21.9 26.0 72 2.1 44.3 397 1774 
Mukdahan 1523 26.6 31.7 21.1 25.2 71 2.5 43.3 392 1847 
Sakhon Nakhon 1497 26.5 31.5 20.8 25.2 72 2.0 47.8 406 1788 
Nakhon Phanom 2278 26.0 31.2 20.8 26.0 76 1.7 44.9 395 1596 
Loei 1236 25.8 31.9 19.7 24.3 72 1.7 49.5 412 1718 
Surin 1298 27.2 32.6 21.6 26.6 73 1.7 37.4 376 1600 
Ubon Ratchathani 1587 27.2 32.4 22.0 26.4 73 - 41.5 389 1412 

Average 1443 26.6 32.1 21.3 25.5 72 1.9 44.5 397 1711 

East 
Prachin Buri 1997 28.4 33.0 23.1 28.0 72 2.2 37.5 377 1769 
Aranyaprathet 1519 27.6 33.1 22.4 27.8 75 1.5 44.1 402 1654 
Chonburi 1348 27.9 32.2 23.7 28.0 74 2.9 40.5 390 1924 
Sattahip 1321 27.9 32.8 24.6 28.9 77 3.6 37.7 381 1888 
Chanthaburi 2977 26.5 31.6 22.7 28.5 82 1.5 32.9 364 1398 

Average 1832 27.7 32.5 23.3 28.2 76 2.3 38.5 383 1727 

P = Annual precipitation; T-Mean, T-Max, T-Min = Mean, maximum and minimum daily temperature, respec
tively; ED = mean daily water vapor pressure; RH-Mean = Mean daily relative humidity; U = Mean daily wind 
speed; n/N = Percentage of bright sunshine hour with respect to the maximum possible sunshine hours; RG = 

Solar radiation; PET = Annual potential evapotranspiration by modified Penman method. 

Source : Akratanakul (1987) 
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Figure 2. Isohytes for the mean annual rainfall in Thailand, 

Source : Meteorological Department, data for 1951-1980. 
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with a distinct difference between the dry and rainy season periods. Normally, this area has 
been used for cultivating various upland crops such as cassava, sugar cane and pineapple. 
The second type of climate is the Tropical Monsoon climate, which usually has more intensive 
rainfall and shorter dry periods. This areas extends over the South Eastern provinces of 
Rayong, Chantaburi and Trat. The average rainfall is normally in tile range of' 1,600 to 4,000 
mm with tile highest mean annual value of '3,0() nll obtained iii Klongyai district of Trat 
province. Due to the higher rainfall, the majority of tile land in these provinces has been used 
for growing trees, especially fruit trees. 

Figure 5 shows the monthy variations in precipitation, temperat tire, relative humiidity 
and potential evapotranspiration in the cassava growing areas of tile northeast and eastern 
provinces. Data for Khon Kaen province are very representative for the entire northeastern 
region, while those for Chonburi province are representative for the entire eastern region. 
Note thai ill both regions tile ralivn seasol has two rainfall peaks, normally occurring in .ltine 
and in September, ill contrast to the poIential evapotranspiraticru which shows it maximum 
in March-April and a miniituni ill September. L.ikewise, in both regions the mean relative 
humidity values are highest in September-October and lowest in l)ecember-,'larch. 

Soil climate : 

Since the data on soil temperat tire at various metcorological stations ae rot always 
available and all soils il the country are classilied in one soil temperature class of Isohyper
thermic (:,22°C), soil climate will be discussed nrainly ill terms of soil moisture reginies of tile 
country as a shtole and of' the cassava regiols in particlar. BasCd oil tie combinlation of 
factors, such as depth to groundwvater table, Soil drainlge, rainfall and vegetation, three classes 
of soil moistutre regiries can be recogni/ed in Thailard, i.e., Aqui,:, Udic aid istic soil moisttre 
reginies (Changprai, 1987b). Figure 6 shows that tile Aquic class is normally found ill tile 
lowland areas used for rice ctliitation, \which cart be cLharacteri/ed by its \wetness or water 
saturaton for at least ix montis of each year. ()it tile corntrary, tie Udic alnd Ustic soil moisture 
regimes are predomirnanit ill upland areas of tile \whole countrv. Ilie Ldic regire i,, mainly found in 
upland soils oh' peninstlar Thailand, tile soutibeast coast arid in sonic areas of high altitude 
in the north and west Coitinental Iiighland regions. With moderate to well-drained soil 
drainage classes, the areas are uisiallv covered ,\itI evergreen forest type vegetation. The Listic 
soil nioisture regime is predominaiitly found ini upland soils of tire Northeast, North, Central 
Highlands, north and west ('oritierital Ilighlirds ievions. It is clear that the majority of 
cassava soils ill tire t lhcast arid cailtcri reCion,s fill inder this tistic class of soil moisture 
regime. These soils are usually wkell drained or somneMwat e\cessix ely drained. )uring the 
entire year soils dry ot to a considerable depthI for a total period of' more than 90 consecutive 
days. Thus, One of the principal constraints for cassava production is insufficient soil moisture 
during tire dry period, particularly if this occurs within the first two inonths after planting. 
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Figure 5. 	 Mean monthly precipitation (P), potential evapotranspiration (PET), relative humidity (RH), and tem
perature (T) of Khon Kaen and Chonburi provinces (average 1951-1980). 

Source : 	 Akaratanakul, 1987. 
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Source : Changprai (I1987b). 
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Soil moisture and the length of growing period : 

From some pertinent climatic data, obtained for 30 years from 53 meteorological sta
tions throughout the country, the length of the plant growing period has been assessed by 
Akratanakul and Sankasila (1987). The length of plant growing periods was determined based 
on soil moistitire content calculated froln monthIilv precipitation, potential evapot ranspirat ion 
(ETp) at 0.5 ETp and tile water balance principle, assuming the capacity of the root zone soil 
to retain 00 mm water. Subsequently, the results were drawn onto the country map to obtain 
the isolintes of mean length of growing period (LGP) and the probable I.GP patterns in each 
region (Figure 7). 

As shown inFigure 7, six LGP patterns co:nprise the probable occurrence of one LGP 
pattern ( I, I 1Ha), two IGIP patterns ( 1-2a, I-2b and 1-2-H) atnd more than two LGP patterns 
(1-2-3, 1-2-3-11, 1-2-3-4) during tile entire year under study. The corresponding probability 
criteria for each L(I.P pattern are also presellted ill tie salle figure. As seen, most ofI tlie areas 
in the COtlI rvyale classilied itto tile I-2a, 1-2b and 1-2-1-1 I.(.;P patterns. These three patterns 
accotiutt for 76% of tile counttrv (Akratanakul and Sankasila, 1987). In other words, about 
three-fourth of the country fall under the 1-2 classes with tile probability of having 2 lengths 
ol grMing periods huing the year. For the 1-2-3 and 1-2-3 1-1patterns ( •2 I.GP), which are 
mainly found in I I PCninsula, t his accOUtited for 22% of the country. No!e that most of 
the areas under cassa.,a in tle Northbeast and l-astern regions are classified into the I-2a and 
1-2b L.(I patterns \'itltthe total I.GP varying from 180 days in the western part of tie South
east to 225 days in the lower Northeastern regions. This 1-2 I.GP pattern comprise one normal 
l.GP preceded by a shorter I.(P with a relatively dry period in between the two. More details 
about procedures and results are reported by Akratanakul and Sankasi !a (1987). 
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Soils of the Cassava Region 

Classification and distribution 
Figure 8 shows the general distribution of soil orders in Thailand, according to the 

USDA system of' "Soil Taxonomy". It is clear that the predominant upland soils are classified 

as Ultisols, especially in the east and north-east. Owing to the fact that almost 90 percent 

of the total cassava planted areas in tile country are located in the Northeast and Eastern 

regions the characterizations of cassava soils will emphasize mainly these two regions. 

By overlaying the land use nap onto a soil classification map of the same I : 500,000 

scale, it was possible to estimate the cassava acreage belonging to each great soil group in the 

Northeast and Eastern regions. These data are shown in Tables 3, 4, and 5. Table 3 shows 

that 75.3% of cassava soils in Thailand are classified as Ultisols, 14.50/0 as Entisols, 4. 1% as 

Oxisols, 3.80 6 as Alfi ols and he remaining 2.3% as Inceptisols and Vertisols. Among the 

Ultisols, by far the predom inatlit great group are the Paletisttlts with only small areas of 

Plinthusttilts, Paleaq(uLts, Pialeuduilts and Haphist tilts. Among the Entisols the predominant 

great groip are file Quartzipsaninents. The IPalcustults are found in three phases, i.e., loamy, 

clayey and skeletal phase of x,\hich the loamy phase is by far the most common among the 

2 
lable 3. Area I) soil rder aII(] great group of cassaa groming regions ill Ihailand "

Northeast Fast Total 
Order (reit grouip 

ha Iha ha C 

l-nlisot 	 Q)ua tipsaImuuicii 98,421 13.0 53,190 16.0 151,610 13.9 

U,til-aumco 2,400 11.3 - - 2,400 0.2 

tiflu cnt 4,112 1.5 -- - 4,012 0.4 

lotl 	 104,832 13.8 53,190 16.0 158,022 14.5 

Ullisol 	 Paletusiuli 487,419 64.3 239,799 72.0 727,218 66.6 

PliiitIu1t'.t 38,196 5.1 - - 38,196 3.5 

Haplusuth - 13,650 4.1 13,650 1.3 

Paleudul, -- 17,634 5.3 17,634 1.6 

Paleaqu til 20,720 2.7 3,750 t. t 24,470 2.2 

lotal 	 546,335 72.8 274,833 82.5 821,168 75.3 

Alfisol 	 I lpluStalf 36,600 4.8 - - 36,600 3.3 

PaleCus1t 5,143 0.7 - 5,143 0.5 

To tl 	 41,743 5.5 - - 41,743 3.8 

lceptisol I)ytropept 20,097 2.7 2,500 0.8 22,597 2.I 

Vertisol Lsicrtli... -- 2,478 0.7 2.478 0.2 

Oxisol Ilapluslox 45,000 5.9 -- - 45,000 4.1 

Total 	 758,007 100 333,001 100 I,(j)91,008 100 

1' Estimated from data obtained from I)epartmcnt of L.and l)cctopment, NIOAC. 
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Source : Adapted from General Soil Map of Thailand, Soil Survey Div. Dept. Land Development, Thailand, by 
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Table 4. Cassava growing area by phase of great group of soils in the Northeast and East..-l 

Phase of great group Northeast East Total 

ha 010 ha all. ha % 

Sandy Quartzipsamment 88,380 11.6 53,190 16.0 141,570 13.0 
sandy Ustipsanment 2,400 0.4 - - 2,400 0.2 
sandy Quartzipsamment /loamy Dystropept 10,040 1.3 - - 10,040 0.9 
Loamy Paleustult 310,569 41.2 135,666 40.7 446,235 40.9 
loamy Paleaquult 20,720 2.7 3,750 1.2 24,470 2.2 
loamy Dystropept 20,097 2.6 2,500 0.8 22,597 2.0 
loamy Haplustalf 6,600 0.8 - - 6,600 0.6 
loamy Paleustalfs 5,143 0.7 - - 5,143 0.5 
loamy Ustifluvent 4,012 0.5 - - 4,012 0.4 
loamy Ninthustult 3,483 0.4 - - 3,483 0.3 
loamy Paleudult 2,500 0.8 2,500 0.2 
loamy Haplustult /skeletal Haplustult - 11,250 3.4 11,250 1.0 

Loamy Paleustult 
/loam) Pnleaquult 142,018 18.8 - - 142,018 13.0 

loamy Paleustult /loamy Dystropept 10,000 1.3 - - 10,000 0.9 
clayey Haplustox 45,000 6.0 - - 45,000 4.2 
clayey Haplustalf 30,0001 4.0 - - 30,000 2.7 
Cla)e) 'aleuslull 16,250 2.2 35,008 10.5 51,258 4.8 
clayey 1laplustult 2,400 0.7 2,400 0.2 
clayey Paleudult - 1,250 0.4 1,250 0.1 
skeletal Plinthustult 32,609 4.1 - 32,609 3.0 
Skeletal Paleustull 8,582 1.1 69,125 20.7 17,707 7.2 
skeletal Usterthert - 2,478 0.7 2,478 0.2 
skeletal Paleudult - 13,884 4.1 13,884 1.3 
skeletal I'linthustuh /loainy Dystropept 2,140 0.3 - - 2,104 0.2 

Total 758,007 1M( 333A,1 100 1,091,008 100 

I/ Estimated from data obtainLd from Department of Land Development, MOAC. 

cassava soils (Table 4). By regions, the majority of cassava soils in the Northeast comprise 
three phases of great groups, i.e., sandy Quartzipsamment, loamy Paleustult, and loamy 
Paieustult/loamy Paleaquult association. This is also true in the East, except that large areas 
of clayey and skeletal Paleustults are also found in this region. 

Table 5 shows the area of the principal cassava soils in each province. It is clear that 
in the majority of provinces in the two regions cassava is mainly grown on Paleustults and 
Quartzipsamments. Of these, the loamy Paleustult soil is the most widespread and can be 
fotnd in almost every province. Note that large areas of clayey soils under cassava are found 
only in Nakhon Ratchasima province in the Northeast and Rayong province in the East. 
The most important soil series found within these groups of clayey-red and yellow soils are 
Chok Chai (Haplustox), Chatturat (Haplustalf and Pak Chong (Paleustult), which occupy 
the largest acreage of clayey cassava soils found in Nakhon Ratchasima province. 
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Table 5. Cassava growing area by phase of great group of soils in the Northeast and Eastern provinces (ha) - ! 

.1 

Northeast Sand, 

Quartzipsamment 

Loamy 

Paleustult 

Phae of (ireat itoup 

Loamy Paleustut I oamy 

Loamy Paleaquult Paleaquult 

Clavey 

Haplu'to\ 

Clayey 

Haplustalf 

Clayey 

Paleustult Others Total 

Nakhon Phanom 

Sakhon Nakhon 

Nong Khai 

Udon Thani 

Loei 

Mukdahan 

Yasothon 

Ubon Ratchathani 

Kalasin 

Khon Kaen 

Maha Sarakham 

Roi Et 

Buri Ram 

Si Sa Ket 

Surin 

Chaivaphum 

Nakhon Ratchasima 

-

3.750 

2,880 

2.500 

-

-

-

-

11,200 

10.000 

12,500 

-

5,000 

1,250 

2,400 

2.500 

34.400 

11.200 

7.479 

25,000 

38,467 

7,500 

2.500 

2,400 

5,000 

2S,G00 

10,000 

-

7,500 

25,000 

5,000 

-

27,500 

111,023 

-

10,000 

-

5,000 

-

628 

1.042 

7,449 

9,836 

35,000 

15,774 

2,500 

14,054 

-

3,453 

37,283 

-

720 

-

-

. 

-

--

--

...-

20,000 

-1,512 

-

-

-

-

-

45,000 

-

-

-

-

-

-

-

-

30,000 

-

-

3,750 

2,500 

2,500 

-

-

-

-

7,500 

-

34,209 

1,920 

4,163 

-

1,920 

5,000 

-

2,104 

-

31,517 

2.500 

2,539 

12,686 

13,432 

21,229 

62,089 

51,637 

14,163 

3,128 
5,362 

17,449 

46,036 

59.604 

28,274 

41,517 

46.554 

8.789 

5,853 
67.283 

260,609 

Total 88,380 310,569 142,019 20,720 45,000 30,000 16,250 100,070 753,008 

Percentage 11.6 41.2 18.8 2.7 6.0 4.0 2.2 13.5 100 



Table 5. (cont.) 

East Sandy 
Quartzipsamment 

Loamy 

Paleustuh 
Loamy 

Paleudult 
Loamy 

Paleaquult 
Clayey 

Paleustult 
Skeletal 

Paleustult 
Skeletal 

Paleudult 
Loamy Haplus

tult/Skeletal Others Total 

Haplustult 

Chachoengsao 

Prachin Buri 

Chon Buri 

Rayong 

Chantaburi 

Trat 

6,368 

6,822 

25,000 

15,000 

-

-

22.500 

20,000 

53,891 

39,275 

-

-

-

-

-

-

2,500 

-

-

-

-

3,750 

-

-

-

-

35,008 

-

-

31,625 

12,500 

7,500 

17.500 

-

-

-

-

-

7,500 

6,384 

-

-

-

-

11,250 
-

-
2,400 

-

2,500 

3,728 

-

60,493 

41,722 

86,391 

113,033 

22,478 
8,884 

Total 53,190 135,666 2,500 3,750 35,008 69,125 13,884 11,250 8,628 333,001 

Percentage 16.0 40.7 0.8 1.2 10.5 20.7 4.1 3.4 2.6 100 

l_/ Estimated from data obtained from Department of Land Development, MOAC. 
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The Paleustults are terrace soils characteristically having a sandy loam surface with 
more clay in the lower horizons. Typically, these soils are well drained, have low base satura
tion ( < 35%), low water holding capacity (5-10%), and have been classified under an Ustic soil 
moisture regime (drying more than 90 consecutive days in the year). The Paleustults are 
usually found occupying the middle and high terraces in the Northeast (Figure 9) and are 
widespread in the undulating to rolling areas in the East. Usually, they are classified as being 
moderately well suited for upland crops including cassava. The main constraints are insuffi
cient soi! moisture during the dry season, low inherent soil fertility and great susceptibility to 
erosion, particularly in those areas with rolling and hilly topography. The most common and 
importan.t soil series in this Paleustult great group are Korat, Warin, Satuk and Yasothon in 
the Northeast and Map Bon in the East (Table 6). 

Second only to the Paleustult soils in term of acreage under cassava, the Quartzipsam
ments are found scattered throughout the Northeast, particularly in the low to middle terraces 
(Keerati-Kasikorn, 1984). Substantial areas of Quartzipsamments also exist in the East, where 
they are located around the old beach areas in Chonburi and Rayong provinces (Changprai, 
1987a). Typically, these soils are very sandy throughout the prc ,'ie and 95% or more of the 
sand fraction is in the form of quartz sands. Other distinct characteristics are that they are 
well to excessively well-drained and of relatively low fertility. They are poorly suited for many 
upland crops due to their severe limitations that restrict their use. Important soil series in this 
great group include Sattahip and Pattaya in the East and Nam Phong series in the Northeast 
(Table 6). 

Inherent Characteristics of the Representative Soils 

Besides some of the general features of soils classified within the two great groups of 
Paleustults and Quartzipsamments, described above, the physical and chemical characteristics 
as well as the native fertility status of some representative soils at soil series level demonstrate 
some distinct properties. As shown in Table 6, the soil series fairly well representing the North
east cassava fields comprise Korat, Yasothon, Warin and Satuk, all of which belong to the 
Paleustult great group. The main soil series from the East include Sattahip (Quartzipsamment), 
Pattaya (Quartzipsamment), Huai Pong (Paleudults) and Map Bon (Paleustults) (Table 6). 
From among all these soil series, Korat and Sattahip soil series are the most predominant 
in the Northeast and East, respectively. 

The generalized physical and chemical characteristics of these eight soil series are shown 
in Table 7. All soils are acidic, ranging in pH between 4.5 to 6.5. Based on the soil fertility 
categories determined from soil test values (Table 8), all soil series except Huai Pong are 
characteristically low in organic matter (O.M.), available phosphorus and potassium, and 
also low in the capacity to retain catioi c nutrients as indicated by low CEC values. Most of 
the soils are light, having a sandy loam texture in the soil surface. Moreover, most of the soils 
are moderately well-drained to well-drained indicating low to moderate capacity of the soils 
to retain water. As shown in Figures 10 and II all the soil test values of the surface soils (30 cm 
depth) obtained are within the same range as those show in Table 7, except for the Pakchong 
and Chok Chai series, which in general are more fertile and thus used for crops other than 
cassava.
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Physiographicposition of soil series andgreat groups in the Northeast region of Thailand. 

Modified from Keerati-Kasikorn, 1984. 
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Table 6. Acreabe of the major soil series In the cassava growing areas in the Northeast and Eastern provinces (ha). 

Northeast 
Soil series 

Total 
Korat Warin Satuk Yasothon 

Kalasin 43,452 3,266 998 2,745 50,461 
Khon Kaen 34,926 622 8,072 5,591 49,211 
Chaiyaphum 13,569 17,831 773 1,558 33,731 
Nakhon Phanom 37,935 340 - - 38,275 
Nakhon Ratchasima 22,167 24,256 17,520 11,206 75,149 
Buri Ram 45,959 2,035 13,457 3,460 64,911 
Maha Sarakham 19,057 491 1,539 685 21,772 
Roi Et 36,159 - - 466 36,625 
Loei 599 - 147 - 746 
Si Sa Ket 31,900 7 643 131 32,681 
Sakon Nakhon 45,068 - - 80 45,148 
Surin 30,911 3,264 2,505 2,064 38,744 
Nong Khai 5,963 906 2,733 - 9,602 
Udon Thani 69,165 1,098 1,548 3,433 75,244 
Ubon Ratchathani 106,792 70 - 801 107,663 

Total 543,622 54,186 49,935 32,220 679,963 

Percentage 80.0 8.0 7.3 4.7 

East Soil series 
Total 

Sattahip Mapbon Pattaya Huaipong 

Chantaburi 248 - - 25,442 25,690 
Chonburi 46,733 16,745 2,649 - 66,127 
Chachoengsao 9,147 1,658 - - 10,805 
Rayong 14,695 15,824 2,389 17,931 50,839 
Trat - - 117 146 263 

Total 70,823 34,227 5,155 43,519 153,724 

Percentage 46.1 22.3 3.3 28.3 

Source : Duangpatra (1983). 
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Table 7. Physical and chemical characteristics of some major cassava surface soils (10-30 cm.) collected from the majority of provinces in the Northeast and Southeastern 

regions of Thailand. 

Region 	 Soil O.M P K B.S CEC
 
series pH 
 (0 0) (ppm.) (ppm.) (070) (me./100 g.) I ,:urc Drainage* 

Northeast Korat 5.6-6.0 0.5-1.0 2-6 20-60 35-75 3-5 sandy loam MW 
Yasothon 5.0-6.0 0.5-1.0 2-6 30-60 35-75 2-5 sandy loam W 
Warin 4.5-6.5 0.5-1.5 3-10 20-60 35-75 3-5 sandy loam or W 

loamy sand 
Satuk 4.5-6.5 0.5-1.5 2.5-6 30-90 35-75 2-6 sandy loam MW to W 

Range mean 4.8-6.3 0.5-1.3 2.3-7 25-68 35-75 2.5-5.0 

Southeast 	 Sattahip 5.5-6.5 0.5-1.0 4-7 20-60 35-75 2-4 sand or sandy W 

clay loam 
Mapbon 5.5-6.5 1.0-2.0 4-10 60-80 60-75 2-5 sandy loam W 
Huaipong 4.5-6.0 1.5-3.0 10-20 60-80 25-30 3 10 sandy clay or W 

sandy clay loam 
Pattaya 4.5-5.5 0.3-1.0 3-6 10-40 50-70 2-5 sand E 

Range mean 5.0-6.2 0.8-1.8 5.3-10.8 38-65 43-63 2-6 

• MW = moderately well-drained. W = well-drained, E = excessively drained 

Source Duangpatra (1983). 
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Table 8. Soil fertility categories according to soil lest values. 

Soil fertility CEC Base sat. O.M. Avail. P Avail. K Exchangeable bases 
status (me/l00 gin) (%) (%) (ppm) (ppm) (me/O0 gm) 

Ca Mg 

Very low < 3.0 < 20 < 0.5 < 3 < 30 < 2 < 0.3 
Low 3-5 20-40 0.5-1.0 3-6 30-60 2-5 0.3-1 
Moderately low 5-10 - 1.0-1.5 6-10 -
Moderate 10-15 40-60 1.5-2.5 10-15 60-90 5-10 1-3 
Moderately high 15-20 - 2.5-3.5 15-25 -  -
High 20-30 60-80 3.5-4.5 25-45 90-120 10-20 3-8 
Very high > 30 > 80 >4.5 > 45 > 120 > 20 > 8 

Source : Lek Monchareon(1982). 

By evaluating the fertility status based on soil test values shown in Table 8, it is con
cluded that the majority of cassava soils in most provinces of the two regions are inherently 
low in their indigeneous fertility, as reflected by their low organic matter contents as well as 
insufficient contents of P and K. Apparently, the cause of the existence of many low fertility 
soils in the cassava areas in the Northeast and East are partially due to soil loss by water erosion. 
It is evident from Tables 9 and 10 that enormous losses of soil by water erosion occur, mainly 
in the Northeastern and Eastern regions and particularly in areas used for field crops. 

Table 9. Extent of different degrees of soil erosion calculated for various land uses in Thailand. 

Degree of Soil loss Area Main land use 
erosion (t/ha/year) (rnilion ha) 

Very slight 0.06-6.25 19.00 forest, paddy
 
Slight 6.25-31.25 14.44 forest, rubber, orchards, paddy
 
Moderate 31.25-125.0 4.15 rubber, orchards, field crop, forest + 

field crops

Severe 125.0-625.0 6.82 rubber, orchards, field crop, forest 
 + field 

crops, shifting cultivation
 
Very severe > 625.0 6.27 field crop, forest 
 + shifting cultivation 

field crops
 
Others 
 - 0.73 coastal area, mangrove forest, shrimp 

farm etc. 

Total  51.41 

Source : Krishnamara and Srikhajon (1987) 
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Table 10. Extent of different degrees of erosion in the six regions or Thailand. 

Degree of soil erosionRegion 

Moderate Severe Very severe Total 

------.. . . ..-----------------------------------million ha ------------------------------------------

1. North 0.82 2.88 0.98 4.68 
2. Northeast 1.17 2.04 3.66 6.87 
3. Central 0.06 0.42 0.14 0.62 
4. East 0.35 0.43 1.06 1.84 
5. West 0.03 1.16 0.18 1.42 
6. South 1.77 0.08 0.06 1.91 

Total 4.25 7.01 6.08 17.34 

Source : Krisnamara and Srikhajon (1987). 

Conclusions 

Cassava growing areas in Thailand are predominantly in the Northeast and Eastern 
regions. The climate of the Northeast is classified as Tropical Savannah, whereas that of' the 
Eastern region comprise two types, i.e., Tropical Savannah and Tropical Monsoon climates. 
The rainy season in these regions extends from May to October with a mean annual rainfall 
of about 1,200 to 1,600 mm. The rainfall pattern is of bimodal shape with the first peak 
generally occurring in May to ittne and the second in September or October. This rainfall 
distribution is dominated to a large extent by the Southwest monsoon and by tropical cyclones 
originating in the Indian Ocean and South China sea, respectively. 

Atmospheric temperatures lound in all cassava areas are classified as Isohyperthermic 
with the annual average temperature of 26-28°C. The mean annual relative humidity range 
from 70-75/0 in most areas of the Northeast and also iio some parts of the southeast coast. 
Mean potential evapotranspiration in the Northeast and East vary from about 1,400 to 2,000 
mm annually. In terms of soil moistttre content, most soils in the cassava regions are classified 
under the Ustic soil moistunre regime. Based on the annual variations in soil moisture content, 
most cassava growing regions have two lengths of growing period dttring the year, with an 
annual total length of about 180 to 225 days. 

The majority of cassava soils in Ile country fall into two phases of great groups, i.e., 
the loatmty Paleustuhs and sandy Quartzipsamnents. The Paleustults occupy about 75% of 
the cassava growing regions of Thailand and are widespread both in the Northeast and the 
East, whereas the Quartzipsanmments are relatively more dominant in the Eastern region. 
The most common soil series, belonging to the Palcustult great soil groups, comprise Korat, 
Warin, Yasothon and Sattk in the Nortlteast and Map Bon in the East; those classified as 
Quartzipsatnment are the soil series Sattahip, and Pattaya, in the East. From among all these, 
the Korat and Sattahip are tie most important soil series of' the cassava regions. 

Characteristically, most cassava soils are poor in toms of their indigeneous soil ferti
lity. They have rather utfavourable physical and chemical properties, such as having very 
sandy textures in the surface soil, containing very low levels of organic matter, having relatively 
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low nutrient and water retention capacity and also fairly low contents of available P and K. 
Moreover, due to their rather poor aggregate stability and their frequent occurrence in areas 
of undulating or rolling topography, soil losses due to erosion can be very severe, particularly
in the Northeast. This is one of the main causes of an apparent soil fertility decline in most of 
the cassava growing areas in the country. 
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AGRONOMIC PRACTICES IN MAJOR CASSAVA GROWING 
AREAS OF INDONESIA 

-J. Wargiono!

Introduction 

Cassava (Manihotesculenta Crantz) is the third most important crop in Indonesia and 
the fourth in the tropics. This crop is more adapted than other food crops to marginal soils 
and to semiarid climates. 

The low average yield obtained in Indonesia during the last ten years (Direktarat Bina 
Program Deptan, 1985), indicate that agricultural technology for increasing yield is still not 
effective. On the other hand, cassava is a crop that is highly efficient in nutrient extraction 
and for that reason it is commonly grown on marginal soils. Therefore, it should be backed 
up by comprehensive research in order to increase yield, and farmer's income, while main
taining the soil fertility (Wargiono, 1979). 

In Indonesia the main goal for agricultural researchers is to develop technologies 
that not only increase production but also prevent erosion and soil degradation in the marginal 
soils of the principal production areas. Inspite of the interdisciplinary and integrated approach 
among Research Institutes and Universities, progress in technology development has been 
slow due to budget constraints. Collaborative research with CIAT and other cassava pro
grams can help to improve the experiments and enable more comprehensive research. 

Distribution of Cassava Growing Areas 

Table I shows that over the last 17 years the average cassava area in Indonesia decreased 
approximately 0.7% per year. In Java, tile principal cassava production zone, the area 
decreased at a rate of 1.9% per year (Dir. Bina Program Deptan, 1985). This is caused by 
the expansion of irrigation facilities for other crops. However, cassava yields in Java increased 
significantly, resulting in a 11% increase in total production, between 1969 and 1985. In 
the production areas outside of Java the cassava area, as well as the average yields increased. 
Thus, total cassava production in Indonesia increased from 10.7 to 14.1 million tons fresh 
roots between 1969 and 1985. 

The increase in production inspite of a decrease in harvested area indicates that farmers 
have increased yields mainly through the implementation of improved technology. Sumatra 
produces the highest yields, reflecting the introduction of new technology. The development 

I/ 	 Root and 'rtiber Crops Agronomist of Bogor Research Institute for Food Crops (BORIF), Jaan, Cimanggu 3A, 
tBogor, Indonesia. 
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Table 1. Harvested area and average yield of fresh cassava roots in Indonesia from 1969 to 1985. 

Harvested area (1000 ha) Average yield (t/ha)Location 

1969-74 74-79 79-84 84-85 1969-74 74-79 79-84 84-85 

Java 1,106 1,046 941 869 7.68 8.86 9.97 10.83 
Sumatra 102 130 143 174 9.73 10.46 10.57 11.27 
Kalimantan 35 32 31 41 8.62 10.17 9.82 10.20 
Sulawesi 82 76 79 79 7.58 8.75 8.51 9.97 
East Indonesia I11 120 155 1591 3.07 8.42 12.92 9.65 

Indonesia !,434 1,404 1,350 1,321 7.48 9.769.00 10.67 

Source : Direktorat Bina Program Deptan (1985). 

of technologies for specific target areas permits more specific recommendations. The tech
nology then becomes more acceptable to farmers ar1 allows for transfer of technology to 
similar agroclimatic regions. 

Rainfall Pattern 

Growth and produtction of cassava will be decreased whenever water stress occurs 
during the first five months of the growth stage (Hozyoet. al., 1984). Oldeman (1975-1980) 
made a stratification of the agroclimatic zones in Indonesia on the basis of number of con
secativc wet months ( >200 mm rainfall) and dry months ( < 100 mm rainfall). This classi
fication system is shown at the bottom of Table 2 and the distribution of rainfall categories 
in Indonesia is shown in Figure I and Table 2. Cassava production zones in E-Java are 
located principally in agroclimatic zones C,, C, and ), which are characterized by 2-6 dry 
months, while production zones in V-Java and Sumatra are located in zones and B and C,, 
characterized by only 2-3 dry months (Figure 2). 

The main target area of cassava in .ava is located in agroclimatic zones D and C, 
where cassava is generally intercropped with upland rice and/or palawija (non-rice food) 
crops, and planting at the beginning of the wet season is most common. In areas of zones 
A, B and C that are near a starch factory or big city cassava is planted year-round. 

'rablc 2. I)istrihution (Wo)of the agroclimatic zones on lava, Sunatra, Kalimanlan and Sulawesi. 

Agroclimatic zone' 
Location 

A, l (1 C, C1 l) ) I)3 E, E, E, 

Java 4 16 7 0 25 14 0 5 20 0 0 9 
Sumatra 24 46 I 6 9 0 10 2 0 I 2 0 
Kalimanlan 40 30 I 8 7 0 3 I 0 5 I 0
 
Sulawesi I 21 4 It 11 4 10 8 4 12 I1 4
 

* Climatic zone A l11 11, Ct C, C, I), 1) E,1 )I E2 E3 
No. months :Wet > 9 7-9 7-9 5-6 5-6 5-6 3-4 3-4 3-4 < 3 < 3 < 3 

Dry: <2 <2 2-3 <2 2-3 4-6 <2 2-3 4-6 < 2 2-3 4-6 

Source : Oldentan t.al., 1975-1980. 
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Figure 1. Distribution ofegroclimaticzones in Indonesia. A wet month has>200 mm and a dry month<O0 mm rainfall. 
Source : Oldeman et.al., 1975-1980. 
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Figure 2. Distribution of agroclimatic zones in the main cassava growing areas of Indonesia. A wet month has > 200 rnmmand a dr)' month <100 mm rainfall. 
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In Sumatra and Kalimantan, cassava is planted during the wet season in areas of C 
and B rainfall patterns for intercropped systems, and year-round for areas near starch fac
tories. Different intercrop and monocropping patterns dominate in Zone D during the wet 
season. Based on the distribution of rainfall and the possibility of area expansion, these 
areas would be suitable for agro-industrial development. 

In Sulawesi and the eastern islands of Indonesia, cassava is planted in the beginning 
of the wet season with D and E type of rainfall patterns. 

Cassava Soils and Soil Conservation 

Soil erosion, as the main factor affecting soil degradation, is influenced by climate, 
topography, vegetation, soil type and human endeavors, and must be considered as an im
portant factor in considering the expansion of cassava areas (Suwardjo and Sinukaban, 1986; 
Suwardjo et. al., 1986). Table 3 shows that soil losses due to erosion are greatest during the 
wet season months from October to May, especially in crops like upland rice or cassava, but 
that these losses can be greatly reduced by the construction of terraces and adequate soil and 
crop management practices. 

Table 3. 	 Average soil losses due to erosion with different terrace and cropping patterns on Mediteran soil of West 

Java. 

Erosion (t dry soil/ha)
Terrace and cropping pattern
 

Feb-May Jun-Sept Oct-Feb
 

Bench, planted with upland rice 1 	 0.76 0.28 0.42 
secondary 	 food crops and brachiaria 

grasses on terrace risers 

Contour, planted with secondary 	 3.78 0.75 1.21 
food crops and brachiaria grasses with 

leucaena and brachiaria planted on the contour 

Individual, planted with upland rice + 	 4.12 1.31 4.21 
secondary food crops with strips of glyricidia 

Farmer's bench, planted with upland rice + 	 7.21 1.77 3.61 

cassava + corn 

Source : 	 Suwardjoe/. al., 1986. 

Cassava 	is often grown on very marginal soils and in mountainous areas, where it is 
generally planted at the beginning of the wet season. Due to its slow initial growth, cassava 
may cause a high rate of erosion during the first few months of establishment; moreover, 
the crop is very efficient in nutrient uptake. Thus, continuour planting of cassava without 
rotation with other crops may increase the rate of soil degradation if soil conservation is 
not effective. (Howeler, 1980; liozyoet. al., 1984; Wargiono, 1986; Wargionoetal., 1987). 

The major cassava growing areas of Java are located on Mediteran (Alfisol), Podzolic 
(Ultisol), Alluvial (Entisol), Latosol (Inceptisol) and Regosol (Entisol) soils. On the other 
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hand, cassava growing areas outside of Java are predominantly on Red Yellow Podzolic (Ultisol) 
soils (Figure 3). 

Red Yellow Podzolic soils are found principally under high rainfall conditions (2,000
5,000 mm/year) and are characterised by high porosity of top soil, slow permeability of sub 
soil and undulating or mountainous topography. They cover approximately 27 million hec
tares, mostly under C or B type rainfall patterns, and are considered a major area for expan
sion of cassava production as long as soil conservation practices are used. Conventional 
tillage in this area should be avoided because it can promote soil erosion. Minimum tillage 
in combination with application of herbicides was able to reduce soil erosion in an area 
planted with upland rice (Bangun el. al., 1986). lntercropping systems of cassava with 
upland rice, corn and legumes in these areas are intensive. Consequently, soil conservation 
should be done properly in order to reduce water erosion. Table 4 shows that mulching 
and/or incorporation of straw into the soil improved both the physical and chemical charac
teristics of the soil. So, efforts to improve the present farming systems must focus on over
coming constraints, e.g. the low level of soil organic matter in podzolic soils. The incor
poration of crop residues into the soil is a way to maintain adequate levels of organic matter. 

Ta)le 4. 	 I:lf'ct of corn and rice s1ra" manageient on soil organic malter conlten, soil erosion and soil aggregate 
inde\ stahilills. 

Organic inaier Aggregate inde\ Soil erosionSoil treatment 
conlent ("",0) stability (t/ha/year) 

Unplanted soil lche:ck) 	 2.31 43 	 93.9 

Upland rice # corn 	 2.63 97 32.5 
(straw removed) 

Upland rice , corn 	 3.12 143 15.8
 
(stra\\ inorporated)
 

Upland rice ± corn 	 3.54 148 0.1 
(straw as utlch) 

Source : 	 Stmardjo and Sinukaban, 1986. 

Cultural Practices 

The ultimate objective of applied research is to develop and introduce to farmers new 
technologies that may be adopted, thereby improving their welfare. But, in some cases, the 
existing large differences in cassava yields between those of farmers and those obtained at 
research stations indicate that farmers have not yet adopted the recommended technology 
packages. 

Cassava, as the main crop in marginal land, can be developed whenever the production 
technology is capable of raising the crop's productivity and farmers income. However, the 
existing technologies need to be improved. 

1. Land preparation : Farmers with less than 1-2 hectares of arable land prepare their 
land either in the dry season, or after the first crop is harvested if the cassava is planted during 
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Figure 3. Distributionof soils in the main cassavagrnwing areasof Indonesia. 

Source : Adapted from "Generalized Soil Map of Indonesia". Soil Research Institute, 1976, by R. Howeler. 



the whole year (Wargiono, 1979). They generally use conventional tillage, either by hand 
or with bullocks. Land cultivation with tractor is recommended for large areas or plantations, 
since it can reduce costs around 50% compared to traditional tillage (Wargiono, 1984). 
Minimum tillage is better in terms of reduced operational cost and better soil conservation. 
It was found (Wargiono and Pane, 1984) that this method, combined with herbicide applica
tion, increased cassava yields. At the same time, it reduced soil losses due to erosion by 16 
t/ha/year, compared with complete or conventional tillage (Bangun el. al., 1986). Soil tillage 
should be done at a depth of around 15 to 25 cm, since deeper cultivation resulted in no incr ease 
in yield of cassava (Wargiono, 1984). 

2. Cropping systems : Some factors that influence the choice of cropping systems of 
cassava are the size of land holdings, soil and climatic conditions, marketing constraints, 
prices, and farmers' traditions. 

Monocropping is commonly used in plant,ition areas on the outer islands and near 
starch factories. One thing that need more research attention is the problem of soil erosion 
during the initial period of plant growth, when the leaf canopy has not yet completely covered 
the soil surface. Mulching, minimum tillage and chemical weed control may be used to over
come this proble.... Selection of fast growing cassava cultivars, adequate fertilizer application, 
and increased plant populations are considered as alternatives for solving this problem (War
giono and Bangun, 1986). 

Intercropping of cassava with upland rice and/or corn and legumes is commonly done 
by farmers with small areas of less than 2 ha, because it provides a higher income than mono
cropping (Basa et. al., 1984; Hidayat et. al., 1984, Pandang et. al., 1986). The ratio between 
the maincrop and the intercrop depends on the soil conditions and the value of each crop. 
If cassava is treated as the main crop, it will be planted at high population (8,000-10,000 plants/ 
ha), while the others are additional crops. The cassava population will be increased if the 
cassava price is higher and vice versa. 

In an intercropping trial the cassava spacing in the cropping system varied from 1.5 
to 4.0 m between rows and 0.5 to 1.0 i within the row, while the plant spacing of the compa
nion crop was maintained near optimum. It was found that the earlier the intercropped plants 
matured, the lower the intercrop competition. Thus, cassava yields were reduced less when 
cassava was intercropped with mungbean as compared with either soybean or peanut (War
giono, 1987). Intercropping cassava with mungbean yielded 1.23 t/ha of mungbean in 70 days, 
and decreased cassava yields only 36%. This means that farmers' income can be increased, 
because after the mungbean crop is harvested there is the posibility of growing I to 2 other 
crops. lntercropping of cassava with corn and upland rice followed by soybean and/or 
peanut, followed by cowpea and/or rice bean resulted in a relatively high net return (Table 5). 
It should be noted that the intercrops produce large amounts of residues, which, when returned 
to the soil as mulch, will improve crop production and soil productivity (Wargiono and Tuher
kih, 1987). Approximately 60/0 of the total area of cassava is pianted in various intercropping 
systems, so that cropping systems research is necessary and of vital importance for increasing 
farmers' income and maintaining soil productivity. 
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Table 5. 	 Production cost, product value, and net return (000 RP/ha/year) of various cassava intercropping systems 
in different parts of Indonesia. 

JavaCropping______________________________ Sumatra Kalimantan Sulawesi
 

pattern 
 Pc Gr Nr Pc Gr Nr Pc Gr Nr Pc Gr Nr 

Farmers 	 296 1,016 721 205 259 53 156 254 78 154 270 116 

Cassava + corn 333 1,150 817 420 850 441 - - - 441 804 363 
+ soybean
 

Cassava + corn 444 840 396 393 713 321 265 553 293 425 794 369
 
+ upland rice- soybean/
 

peanut + cowpea
 

Pc = production cost; Gr = gross return; Nr = net return. 

Source : Hidayat t.al.. 1984; Pandang et.a/.,1986; and Pasaribuetal., 1986. 

3. Planting time: If rainfall is distributed uniformly during the year, the planting 
time of cassava does not depend on the seasot,, :nd the growth of cassava will not be affected 
by water stress. However, planting of cassava is generally done either at the beginning or at 
the end of the wet season, in order to obtain better crop growing conditions and avoid water 
stress. But there appears to be potential for planting cassava also during the dry season of 
May, June and July, as long as there is sufficient water during the growing period of the crop 
or the crop is planted in areas of A, B and C agroclimatic zones (Table 6). However, there 
are some cassava cultivars that are not suitable for harvesting in the wet season, because of 
their susceptibility to root rots (Wargiono, 1987c). Consequently, management of market 
price should be improved to allow for planting of cassava year-round. 

Table 6. Effect of time of planting and harvest on )iel of cassava in Bandara)a, ILampung, Sumatra. 

Harvest age (tlonths)
Planting date
 

6 7 
 8 9 10 11 12 

--- ----....... 	 /11.................................
.....------------------------------------..

Februtary 	 4.8 20.8 35.2 38.4 43.2 25.6 
 41.6 
March 	 16.0 24.0 24.0 43.2 27.2 28.8 36.8
 
April 25.6 27.2 
 40.0 38.4 33.6 40.0 
 46.4
 
May 	 16.0 27.2 33.627.2 30.4 30.4 -

June 24.0 22.4 22.4 36.8 31.1  -
July 	 17.6 20.8 25.6 35.2 - -

August 	 14.4 22.4 20.8 -

Note : I)ala art- average of' three varieties. 

Source : Wargiono, 1984. 

4. Plant spacing: Some factors that affect optimum plant spacing are variety, soil 
fertility, cropping systems and farmers traditions (Wargiono, 1983). Farmers are more interested 
innon-branching cultivars, because they can be more easily managed, both for monocrop 
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and intercropping. A square plant pattern is commonly used by farmers growin' cassava 
in monoculture, in which plant populations are between 10,000 and 12,000 plants/ha. Figure 4 
shows that on fertile soil, populations of more than 10,000 plants/ha decreased yields for 
both branching and non-branching cultivars. In an unfertile soil, however, yields of the 
non-branching cultivars increased by increasing plant population to 15,000 to 20,000 plants/ha. 
Table 7 shows the effect of planting arrangement on cassava yield. Varying the space between 
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Figure 4. fhfeci of four cassava cultivars grown in (A) lowfertility soils of Playenof phant Itopulhtion on the yield 
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Table 7. Yield of cassaa al different plant spacing, at Bandar jvksa, Lampung, Sumnra. Data are average of 
3 cultisars (Adira I, NI-30 and M-31). 

Plant spacing Plant popu~lation Fresh root yield 
(Ct) (0() plants/lha (t/ha 

400 x 50 5.0 15.7 
300 : 50 6.7 16.3 
200 x 50 10.0 26.0 
4(H) x 75 3.3 11.9 
3(X) x 75 4.5 15.7 
200 . 75 6.7 20.4 
4(1 x I( 2.5 8.9
 
3(1 × 1(X) 3.3 11.5 
2() x I(X) 5.0 14.6 
1(X x I(X) 10.0 16.2 

Source Wargiono, 1984. 
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rows had a greater affect on yield than the spacing within the row or plant population. The 
spacing of 50 cm in the row resulted in higher yields as well as in better root shape and size. 
The spacing of plants in a particular cropping system is an important yield-determining factor 
and depends on the varietal response to light intensity. The east-west direction of rows mini
mizes shading during the growth period. 

5. Weed conirol : Cassava plants, growing slowly for the first 3-months, are generally 
not very competitive with fast growing weeds. Weeding 2-3 times (until the cassava canopy 
is completely closed) is the only way to minimize the competition between cassava and weeds. 
Weed control can be done either chemically, by cultivation, or by hand weeding, or their 
combinations (Wargiono and Pane, 1984; Wargiono, 1986). There are sonic herbicides, 
which, by their selectivity, can change the composition of the weed population. Application 
of the herbicides glyphosate and Gesapax were effective in an area dominated by cogon grass 
(Inperatac('lindrica) (Wargiono and Pane, 1984, Wargiono and lBangun, 1986) and slightly 
increased the production of cassava (Table 8). It was shown that either lodging or residues 
of cogon grass are capable of stimulating the production of seeds which germinate and invade 
the area. Chemical weed control may be effective if it is backed up by specific information 
on both the herbicides and the weeds. 

Fast growing cassava cultivars such as M-31 or W 1435/1166, planted in optimum 
spacing, are able to suppress the growth of veeds that are susceptible to shading (Table 9). 

Futile 8. Effecl of ",ee(d control on lhe ield of cassau rlamranhogo, Lainpung, Sumatra. 

Treatnent Fresh root yield (t/ha) 

No w'eeding 6.0 
Iland %%ceding : 30, 60, 90 I)AP" 25.3 
1"iesapax 80 WP : 1.5 kg/ha, I I)AP 9.3 
laso 4 I/'ha :4 I)AP 6.4 

*I),\P = da>s after planting. 

Source Wargiono and Ilangin. 1986. 

latble 9. Effeet of the grolli of %ariouscassama cilliars on -Aeeds alTainanhogo, Lmpung, Sumatra. 

Species of \CCds 
('assa'a clonles 

Adira I M-30 M-31 \V 1435/1166 W 1745 Local 

----------------------------------- g/tn2 dry \%eight of - -eeds..............-----------------------

I. 'indrwa 137 146 87 79 121 105 

Cpe'u.% sp 2 2 7 8 8 13 
B.latijolia 4 3 8 6 4 6 
C. hirtus I I 1 10 4 2 
S. no('Ilora 7 It0 8 10 12 18 
S. antheltia 8 II 17 (1 0 I0 

Source : Wargiono anld Bangtin, 1986. 
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Improvement of these clones through a breeding program can help farmers with low income 

to develop cassava in these areas. 

6. Fertilization : As indicated earlier, cassava is very efficient in the uptake of soil 
nutrients. If there is no additional fertilizer applied to the soil, the continuous production 
of food crops will lead to a decrease in soil fertility after land clearing (Table 10). 

Table t0. 	 Effect of continuous cropping of food crops without ferliliter application on soil chemical characteristics 

in Ilandurja~a, lanipung, Sumatra. 

Years after land clearing 

Newly opened 1 3 4 

pH (KCI) 	 4.4 4.6 4.2 4.1 
EXch. (a (nC/ 100 g) 	 3.1 1.6 1.5 1.3 

Exch. Mg one, 10 g) 	 I. 0 0.9 0.40.8 


Exch. K ine., too g) 0.5 0.5 0.5 0.3
 
CEC (nci 100 g) 10.1 12.2 9.2 10.9
 

Base sat. (1,0) 25 25 '6 19
 

Org. C (O ) 4.37 2.92 2.23 2.80
 

Org. N ((Vo) 0.31 0.10 0.18 0.21
 

C/N ratio 14 15 12 13
 
P (Bray 1) (ppm) 	 32.1 11.5 8.9 13.3 

Source : Survatna, ei al., 1986. 

Fertilization at a level at least equal to the amounts of nutrients extracted by the cassava 
crop should be applied regularly to permit a sustainable production of the crop (Wargiono, 
1986; Wargiono, 1987). Fertilizer experiments in Gunung Kidul and Wonogiri in low ferti
lity soils in Central Java, and in Lampung, S. umnatra, increased the yield from 60 to 2600/0 
compared to the control treatments (War, ,,, 1987a, 1987e; Wargiono el. al., 1987). 
Figure 5 shows that in Java the yield of cassava tended to decrease with each successive crop, 
but stayed nearly constant in the newly opened area of Lampung after 5 continuous cassava 
crops. In both Latosol soils in .Jaa there was a significant response mainly to N; in Gunung 
Kidul there was also a marked response to K, while in tile Red Yellow Podzclic soil of Sumatra 

there was a response o 'lyto P. 

The total uptake of N, P and K by the cassava crop, with and without fertilization, 
is shown in Table II. The average nutrient uptake by the unfertilized crop was about 37 kg N, 
I1 kg P, and 72 kg K, while for the fertilized crop it was 72 kg N, 28 kg P and 139 kg K/ha. 
Thus, in both cases the crot extracted large amounts of K from the soil. Figure 6 shows that 
the annual appli.aiion of 120 kg N, 60 kg KO, and 100 kg KO/ha could prevent a yield 
decline in the second crop in Gunutg Kidul and Wonogiri, but was probably insufficient to 
sustain high yields in the third crop. 

The efficiency of fertilizer application can be improved by using the right time of 
application, i.e., P + 1/3 NK as a basal fertilizer application and 2/3 NK at 2-3 months 
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Figure 5. Response of several consecutive cassava crops to annual applications of various levels of N, P, and K in 
Latosolsoils of Gunung Kidul and Wonogiri in Central Java and in Red Yellow Podzolic soils in Lampung, 
Sumatra. 

Source : Wargiono, 1986 and Wargiono, et.al., 1987. 
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Table i. 	 Total amount of N, P, and K extracted by unfertilized and fertilized cassava grown in Latosol soils of 
Gunung Kidul and Wonogiri in Central Java and in Red Yellow Podzollc soil In Lampung, Sumatra. 

kg/ha 	 kg/t fresh roots 

N 	 P K N P K 

Gunung Kidul 	 - unfertilized 25.3 9.3 32.8 3.15 1.16 4.09 
fertilized* 78.5 30.7 101.1 4.68 1.77 6.25 

Wonogiri - unfertilized 31.0 9.9 91.7 2.91 0.93 8.62 
fertilized* 81.6 27.4 200.8 3.98 1.34 9.76 

Lampung 	 - unfertilized 41.8 13.6 92.3 2.96 0.69 6.54 
- fertilized* 55.0 25.7 114.0 3.0) 1.44 6.49 

Average of 26 fertilizer treatments. 

Source Wargiono et.al., 1987; Wargiono, 1987c. 

Gunung Kidul Wonogiri Lampung 

30 

"2 20 

U = 0-0-0 
a = 60-30-50 

= 120-60- 100 
0 L J I i I/I 

1 2 3 1 2 3 I 2 3 4 5 
Cassava crop sequence 

Figure 6. Root yield response of three consecutive cassava crops grown on Latosol soil in Gunung Kidul and Wonogiri in 
Central Java, and offive consecutive crops grown on Red Yellow Podzolic soil in Lamnpung, Sumatra, 
to annual application of three levels of N - P2 05 - K20 in kg/ha. 

after planting (Table 12). Organic fertilizer can improve both the physical and chemical 
properties of the soil and should be included in the program of intensification combined with 
inorganic fertilizer. 
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Table 12. Effect of time of N and K application on cassava yield in various locations in Java. 

Time of second NK application
Location 

2 3 4 

months after planting 

...........................................
ia fresh root -------------------------------------------

Citayam (W. Java) 23.89* 23.98"* 26.71-2 22.10* 
Wonogiri (C. Java) 22.93"* 24.67 " z' 22.59* 22.88"* 
Muneng (E. Java) 22.95* 23.43 23.73" 20.83*0 
Genteng (E. Java) 37.39*" 39.70-2 35.44"* 34.86** 

Average 26.79 27.94 27.12 25.17 

2j 1/3 of N and K as %%ellas all I applied at planting. 
2/Highlest yield 

* Significantly different froti highest yield at I )SD 0.05= 
* Significantly different from Itighest yield at [SI) 0.01 

Source : Wargiono, 1987a. 

Summary 

I. The harvested area of cassava in Indonesia decreased at the rate of about 0.7% per 
year; on the other hand, the production increased at 2.2% yearly due to a steady increase 
in yield. 

2. Cassava growing areas are generally located in agroclimatic zones B, C, D, and E 
and the soils are classified as Mediteran, Alluvial, Podzolic, Latosol or Regosol in Java, 
and outside of Java mostly as Red Yellow Podzolic soils. 

3. Soil erosion is an important cause of soil degradation for cassava growing areas. 
Soil losses can be reduced by using soil conservation practices such as minimum tillage, 
terraces, mulching, multiple cropping and application of herbicidcs. These soil conservation 
practices should be studied in more detail to make them applicable to farmers. 

4. Planting time is a fected by rainfall patterns as well as the cropping and marketing 
system. Planting cassa, a at the beginning of the wei season is most commoni , but is also 
possible at the end of the wet season in agroclimatic zones B and C without affecting yields. 

5. Plant spacing is affected by plant type, soil fertility and cropping system. A plan
ting arrangement in rows tend to be better than a square pattern both for mono and inter
cropping. 

6. Hand weeding is generally used to control weeds, but for soils susceptable to erosion 
a combination with ninimum tillage is recommended. Chemical control is still expensive 
for the farmer, but it is able to control weeds and reduces erosion rather effectively. 

7. Inorganic fertilizer application increased the cassava yield and nutrient status in 
the plant. A combination of chemical fertilizer with organic manures is necessary to stabilize 
the yield of continuously grown cassava and maintain the soil fertility. To increase fertilizer 
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efficiency all P and 1/3 of NK dosage should be applied at planting time, with a second 
application of 2/3 NK fertilizer at 2 to 3 months after planting. 

8. A cropping system that is capable of increasing production and profit for the farmer 
while maintaining soil productivity should be developed. 

9. The research priorities are: 1)onfarm testing of integrated management practices; 
2) component technologies, i.e., variety, fertilization, intercropping, plant spacing; and 
3) soil conservation. 

10. The areas of highest priority are the Red Yellow Podzolic soils, mountainous 
areas and other marginal regions that need specific technologies. 

11. A cooperative research network is needed to develop the integrated technology 
packages, including financial assistance to enable the execution of the research. 
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CASSAVA AGRONOMIC PRACTICES AND RESEARCH 
IN EAST JAVA, INDONESIA 

Bambang Guritnoil 
Wani Hadi UtomoyI 

Introduction 

Cassava in Indonesia is used principally as human food (58%), but also as industrial 
raw material (28%), as export commodity in the form of dried cassava chips (8%), and for 
animal feed (2%), while 4% is lost or wasted (CGPRT, 1984). 

Cassava is grown in 26 provinces in Indonesia with much variation in area and pro
duction (Figure I, Table 1). Figure 2 shows the distribution of' cassava growing areas in 
Indonesia. The total area under cassava in Indonesia during 1984 was 1.35 million ha with 
a production of 14.2 million tons. M/lost of the cassava production in Indonesia is concen
trated on the island of Java (including Madura), which account for 67% of the cassava acreage 
as well as production. Figure 3 shows that cassava is produced throughout Java, but that 
it is an especially important crop in south central Java as well as in central and eastern Madura. 
The province of East Java produces 3.7 million tons in an area of 0.36 million ha. In other 
words, East Java produces 39% of' the cassava produced in Java and 26% of that produced 
in Indonesia. The average cassava yield in Indonesia, however, is relatively low, i.e. about 
10.5 t/ha, whereas experimental yields at Bogor Agricultural Research Institute for Food 
Crops (BORIF) and Brawijaya University in Malang, Indonesia, range from 20 to 40 t/ha. 

Soil and Climatic Characteristics in East Java 

Soils 
The total land area of East Java is about 4.8 million ha, of which 3.0 million ha are 

used for food crop production. From this area, about 2.0 million ha is fully rainfed agricultural 
land consisting of about 0.8 million ha rainfed sawah (lowland) and 1.2 million ha rainfed 
tegaian (upland). Cassava is mostly grown on rainfed tegalan, although in so',ie districts 
such as Kediri a very limited amount of cassava is also found in rainfed sawah. 

Soils of East Java are dcminated by an east-west running chain of volcanoes. The 
relief varies from flat coastal alluviums via undulating hills to steep mountains. The distri
bution of soils in East java is presented in Figure 4 and the schematic geographical distribution 
is in Figure 5 (adapted from Stroosnijder e.at., 1986). 

jj Agronomist and Soil Scientist at ihe Centre for Root Crops Research, Faculty of Agriculture, Brawijaya University, 
Malang, Indonesia. 
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Table 1. Cassava production, yield and area harvested in 26 provinces of Indonesia, during 1984. 

Province Production Yield Area 

000 t t/ha 000 ha 

I. Aceh 70 10.8 6.5 
2. North Sumatra 256 11.7 21.9 
3. West Sumatra 83 12.4 6.7 
4. Riau 79 11.5 6.8 
5. Jambi 27 11.3 2.4 
6. South Sumatra 312 11.0 28.4 
7. Bengula 33 10.2 3.3 
8. Lampung 1,298 11.0 118.0 

SUMATRA 2,160 11.1 194.1 

9. DKI Jakarta 2 10.1 0.2 
10. West Java 2,082 10.8 192.8 
II. Central Java 3,134 10.5 299.8 
12. DI Yogyakarta 604 10.5 57.5 
13. East Java 3,715 10.4 358.4 

JAVA 9,538 10.5 908.3 

14. Bali 233 11.6 20.1 
15. West Nusa Tenggara 138 9.9 14.0 
16. East Nusa Tenggara 870 9.8 88.7 

BALI and NUSA TENGGARA 1,241 10.1 122.8 

17. West Kalimantan 135 10.3 13.1 
18. Central Kalimantan 71 9.8 7.2 
19. South Kalimantan 89 9.4 9.5 
20. East Kalimantan 63 9.8 6.4 

KALIMANTAN 358 9.9 36.2 

21. North Sulawesi 98 9.0 10.8 
22. Central Sulawesi 65 9.4 6.9 
23. South Sulawesi 302 10.6 28.5 
24. South-cast Sulawesi 286 9.8 29.2 

SULAWESI 751 10.0 75.5 

25. Maluku 47 9.0 5.2 
26. Irian Jaya 71 8.7 8.2 

MALUKU and IRJA 118 8.8 13.4 

INDONESIA 14,167 10.5 1,350.4 

Source : Biro Pusat Statistik - Jakarta. 1985. 
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Figure3. Cassavaproduction zones in Java. Each dot represent1000 ha of cassavaharvested in 1985. 
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Six main soil types exist in East Java, i.e. Alfisols (Mediteran), Entisols (Alluvial), 
Vertisols (Grumusol), Inceptisols (Latosol) and Inceptisols (Andosol). Alluvial and Grumusol 
soils are mostly used for rice-based cropping systems and Andosols are used for forestry and 
horticulture. The three remaining soil types, which make up over 60% of East Java, are used 
for upland agriculture. About 30% of this land (mainly the Alfisols) is too shallow (lithic 
contact) or too coarse (Regosol) for agricultural production. 

The Peneral characteristics of the main upland soil types in Java are ds follows 

Inceptisol (Latosol) :
 
These soils are often called "laterite" soils and are geographically situated between
 

Andosols and Mediteran soils. Latosols have good physical properties, are deep and tolerant 
to erosion. The soil fertility, however, is low, and their response to N and P fertilization is 
good. Sometimes they are deficient in K and in micro-nutrients such as B, Zn, and Cu. They 
are suitable for the cultivation of upland rice and palawija crops, and also for industrial 
(a.o. tobacco) and fruit crops. Under conditions of limited water availability forestry domi
nates. 

Entisol (Regosol): 
The Regosols are found in undulating hilly areas and middle slopy areas of mountains. 

They commonly have a light soil texture (sandy) and high permeability. Due to their low water 
holding capacity, these soils ofter:times are affected by severe drought during the dry season. 
Moreover, they have a low agricultural potential due to a low organic matter content and low 
availability of P and K; they are also susceptible to erosion. Regosols are not suitable for 
lowland rice cropping and are only marginally suitable for upland rice and palawija crops, 
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except those developed from volcanic ash. Often the post-rainy season crop can be risky and 
these soils are therefore often used for forestry or left unused as waste land. 

Alfisol (Mediferan) : 

These soils on the foot of the mountains and in the rolling hilly areas are geograpbically 
situated between the alluvial Entisols and th2 Latosols and are derived from limestone material. 
They are medium in texture (sandy loam), susceptible to erosion, have a medium soil fertility 
atd are used for dry land farming. Under supplementary irrigation, one rice crop followed 
by one or two palawija crops can be grown; without irrigation, rice-palawija or palawija-rice 
cropping patterns are possible. Due to the low water storage capacity these soils are also 
used for forestry or left unused as waste land. 

Shallow soils with lithic contact : 

These soil complexes occur in hilly areas generally below 1,300 meters. The agricultural 
potential is very low due to a shallow effective soil depth of sometimes only 0.2 m and to 
topographical limitations. The water storage capacity is low. Consequently these soils are 
mainly used as forest land or left uncultivated. Some of these soils are developed in situ on 
limestone and have a finte texture (loamy) and heavy subsoils. Chemically these soils are 
dominated by calcium and magnie:sium. Year-round cassava cropping, often in a mixture 
with other palawija crops, may cause severe erosion. Major constraints are drainage, surface 
run-off and erosion, nutrient deficiency, limited root zone, and drought during the dry season. 
Agriculture is only possible when proper soil-water conservation measures are applied. 

Climate : 

On the basis of the rainfall data, there are fout types of agroclimate in East Java, i.e. 
B, C, D and E (Oldeman system) as showni in Figure 6. In the major food crop producing 
areas in East Java, the dominant agroclimatic types are C and 1), which cover an area of 
2.3 	 million ha and I.0 million ha, respectively. They are characterized by 3-6 wet months 

>200 mt rainfall) and 2-6 consecutie dry months ( < 100 mm rainfall). 

The lowland in Fast Java is characterized by its small range of temperatures, both 
diurnally and anMally. The range of tiemperature is not limiting f'or growing suitable food 
crops. The mean montilly maximum and miniimumi temperatures, collected from three mete
orological stations: one in D (Surabaya, 1973-1977 means), one in C (Jember, 1974-1979 
means) and one in C 'l'tlungagung, 1971-1979 means), ranged from 29.50 to 33.5'C and 
19' to 28°C, respectively. 

Cassava Growing Areas in East Java 

About 95% of cassava is grown in rainfed areas (tegalan). On densely populated Java, 
cassava is generally intercropped with maize and legume crops, rather than planted in pure 
stands. In East Java, where rainfall is less abundant, cassava is comnonly intercropped 
only with one maize or legume crop. Where market channels are well developed and micro 
climate permits, cassava is often interplanted with high-value vegetable crops. Almost 75 per
cent of Java's cassava is planted during the early wvet-season months of October to January, 
and about 70 percent is harvested during the five months from June to October (Figure 7). 
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Figure 6. Agroclimaticmap of East Java, basedon the number of "wetC and "dry" months. 

Source :Adapted from Oldeman, 1975. C-1 
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Figure 7. Percent of cassava planted and harvested by month for an average year. Java and Madura (Roche, 1984) 

Figure 8 shows the distribution of cassava growing areas in East Java. Total produc
tion, yield and area harvested in 1985 are shown in Figure 9 and Table 2. The overall mean 
yield was about 11. 1t/ha. Differences between the areas of higher and lower yield are caused 
by size and location of the planting, the cropping system and the cultivar chosen and by varied 
cultural practices, such as land preparation, fertilization, weeding, and pest management. 

Cassava can be cultivated under various climatic and soil conditions. However, both 
factors have a great effect on yield. The contributions of climate and soil type in determining 
yield of cassava are shown in Table 3. Usually cassava is cultivated on rainfed land, planted 
at the start of the wet season; total precipitation and rainfall distribution between the wet and 
dry season are very important. A higher yield is obtained in an area with higher precipitation. 
Effects of soil type are uncertain, but Alluvial and Regosol soils are more productive than 
Grumusol and Mediteran/Lithosol soils. Different agricultural practices are thought to be 
the determining factor in cassava yield variation. 
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Table 2. Cassava production, yield and area harvested In East Java during 1985. 

District Production Yield Area 

000 t t/ha 000 ha 

Pacitan 365 11.0 33.1 
Ponorogo 270 10.8 24.9 
Trenggalek 165 11.8 14.1 
Tulungagung 84 11.1 7.5 
Blitar 188 11.5 16.4 
Kediri 129 12.9 10.0 
Malang 326 12.3 26.4 
Lumajang 47 12.6 3.7 
Jember 94 10.3 9.1 
Banyuwangi 59 11.3 5.2 
Bondowoso 96 11.4 8.4 
Situbondo 45 11.0 4.1 
Probolinggo 153 13.0 11.7 
Pasurian 137 11.7 11.7 
Sidoarjo 3 9.0 0.3 
Mojokerto 35 11.2 3.1 
Jornbang 21 10.8 2.0 
Nganjuk 62 10.3 6.0 
Madiun 90 11.9 7.6 
Magetan 106 12.7 8.4 
Ngawi 142 10.5 13.6 
Bojonegoro 72 10.9 6.6 
Tuban 
 121 11.2 10.9 
Larnongan 61 10.8 5.6 
Gresik 65 12.1 5.4 
Bangkalan 98 9.9 9.9 
Sampang 307 9.5 32.1 
Parnekasan 105 9.2 11.4 
Surnenep 302 10.7 28.2 

3,753 11.1 337.6 

Source : Biro Pusat Statistik - Jakarta. 

The methods of land preparation and follow-up cultivation are important factors for 
growing cassava in rainfed non-irrigated upland areas. For this the ridging system is favourable. 
The intensity of land preparation depends on the texture and compactness of the soil, and 
the following cultivation depends on weed conditions. 

Time of cassava planting depends on the existing cropping system (Figure 10). In 
rainfed soils, cassava is planted early in the wet season, either in monoculture or intercropped 
with maize. In that case cassava extends over most of the year. Or it is planted mid-way 
through the wet season (Jan/Feb), as a second crop after maize or groundnut. The first pattern 
is usually used by farmers in the drier areas, whereas the second pat:crn is sometimes used 
by farmers in wetter areas where the rainfall in the wet season is adequate. 
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Table S. Yield of cassava, climtic type, prec'1.ttation, and soil type in a number of regencies. 

Cassava Climatic Precipitat on (mm) Soil
 

Regency yield Wet season Dry season Total type
 

(t/ha)
 

Kediri 18.8 C 1580 477 2057 Re 
Malang 15.5 C 1600 452 2052 Me, Al
 
Probolinggo 13.8 E 1578 378 1956 Al, Re
 
Mojokerto 10.5 D 1858 425 2283 Re, Al
 
Banyuwangi 11.8 D,E 1068 714 1782 Re, La
 

Jombang 12.8 D 1703 397 2100 Re, Al
 
Tulungagung 9.0 D,C 1241 471 1712 
 Me,Li
 
Bojonegoro 6.9 C 1514 522 1986 G
 
Bangkalan 6.8 D,C 1275 458 1733 Me
 

Re Regosol
 

Me Meditcran
 

Al = Alluvial
 

G = Grumusol
 

Li l.ithosol
 

La = Latosol
 

rainfall Average annual rainfall = 2000mm 

i(mm) 4-00 

300 

20'i 

100 

0
 
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. 

R3in-fed soils Cassava nionoculture 

Rain-fed soils / C_.'orn_ Cassava monocultutire 

Rain-fed soils Corn 

Cassava 

irrigated soils Rice / Soybens peanut / Crn 

Irripated soils Rice Corn 

Cassava 

Irrigated soils Rice Cassava monoculture 

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June July Aug. Sept. 

Figure 10. Rainfall distribution and cropping patterns in Kedit i (Roche, 1984). 
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Apparently, a lower productivity of cassava is related to the local cultivar used and 
its planting at low density. Information is not yet available on the effect of variations in ferti
lizer application and land preparation at the farm level. 

Improvements in existing cultural practices will increase cassava yields to levels ap
proaching those of potential productivity (Table 4). The results of several trials in farmers' 
fields show such higher yields. The increase of production ranged from 80 to 150%. The 
production potential of cassava in East Java is far higher than current yields. It is evident 
that cassava cultivation can be improved by using the following recommended practices 

Table 4. Farmers and experimental yields of cassava in several locations of E. Java. 

Regency Actual yield Exp. yield Cultivar 

t/ha t/ha 

Probolinggo 13.8 26.2 1 
35.0 2) 

Gading 

Malang 15.5 27.6 1) Adira I 

31.3 2) 

Tulungagung 9.0 21.6 I1) Faroka 

I) Ordinary system
 
2) Mukibat system (grafting of a scion of Manihot glaziovii onto a stock of ordinary cassava (M. esculenta)),
 

(1) Cultivar : Faroka, Ndoro 
(2) 	 Planting system : ordinary method : at a spacing of 1.0 x 0.75 m 

Mukibat : at a spacing of 1.0 x 1.0 m. 

(3) Soil tiliage: ridging system 
(4) 	 Fertilization ordinary method : 100 kg N + 50 kg P,O + 100 kg K,O/ha 

Mukibat : 200 kg N + 50 kg P,O + 150 kg K,O/ha 
(5) 	Harvest time 10-12 months for ordinary cassa%a 

12-15 months for Mukibat 
(6) Time of planting according to the cropping pattern 
(7) Cropping system monocropping or intercropping with peanut, maize, or soybean 

In certain areas the problem of w'eed control needs to be given priority. In fact, weed competition 
can seriously reduce root yield. 

Present Agronomy Research 

Cassava research has relatively low priority compared to other secondary crops or rice. 
However, research activities on root crops have been increasing at BORIF, Malang Research 
Institute for Food Crops (MARIF) and Centre for the Root Crops Research, Brawijaya Uni
versity with financial support from IDRC. Some of the results obtained by Brawijaya Uni
versity during the last ten years are 

!. Mukibat cassava : 
Mukibat cassava, i.e. the grafting of a shoot of ordinary cassava (Manihot esculenta 

Crantz) of 30-35 cm length with a scion shoot of M. glaziovii of 15-20 cm length, increased 
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cassava production by up to 50 to 200%, depending on the clones used and the location of 
the planting. The preparation of the graft combination is time-consuming, but such grafted 
stakes can be planted up to four times. Also, the usual planting practice by farmers of planting 
Mukibat cassava into planting holes of about 0.75 x 0.75 x 0.75 m, filled with organic 
matter, is not necessary. Such stakes can be planted on ridges just as ungrafted stakes. 

Experiments have shown that for monoculture a plant density of 8,000 plants/ha is 
optimal. N fertilization tip to a level of' 100 kg N/ha increased the yield significantly. No 
significant response to P and K was obtained. High root yields were obtained after a growth 
period of' 12 to 15 months. Mukibat cassava had a somewhat higher HCN content than ordi

nary cassava. 

2. Stake quality 
The best stakes are those cut from the basal part of tile stem, about 25 cm long, and 

with a diameter of 2.25-2.50 cm. However, in general, any stakes cut from the lower half 
of the stem give satisfactory results (Guritno, 1984). 

3. Storage of planting material : 
Stems to be used as planting material can be stored iii the open field for up to 20 days 

without any significant effect on production. There is a tendency, however, for production 
to increase if the stems are stored for up to 5 days, while longer storage resulted in a yield 
decrease (Guritno et.al., 1982). 

4. Cassava-hased cropping systems 

In the 1982-1986 period, Brawijaya University, with funds from the Canadian Inter
national Development Research Centre (IDRC) has conducted research on cassava-based 
cropping systems. Results of the studies indicated that the success of a cassava-based crop
ping syststn was dependent on plant population, planting arrangement, fertilizer appli
cation, kind and planting pattern of' intercrops. With sufficient water available a second inter
crop could be planted, increasing farmers net income (Tables 5 and 6) (Guritno and Utomo, 
1987). As shown in Table 5, the net income of' the farmers planting two successive inter
crops was 92-110% higher than those planting only one intercrop. Usually the increase of 
income depends ol tile kind of' crops to be planted as intercrops; for example, the price of 
peanut in Indonesia is higher than that of maize. The use of different fertilizer, land tillage 
and mulch ceuld also produce different yields (Tables 7 and 8) (Utomo and Guritno, 1984; 
Guritno and Utomo, 1985). 
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Table 5. Yield of cassava, maize and peanut and farmer's income in various cropping systems. 

Treatment Yield(t/ha) Gross Net 

Cassava Maize Peanut income Cost income 

(fresh root) (grain seed) (pods) (000 Rp/ha) (000 Rp/ha) (000 Rp/Iw) 

1 II I I1 

C+M 32.0 2.56 - -  850.4 496 354.4
 
C+P 
 32.0 - - 1.33 - 941.4 524 417.4
 
C+M-M 28.1 
 3.23 0.86 - - 1032.4 530 502.4 
C + NI - P 28.4 2.80 - - 0.86 1100.7 545 555.7
 
C+P-P 36.8 -  1.30 1.07 1317.0 572 745.0
 
C+P-M 31.0 - 0,98 1.28 
 - 1046.3 536 510.3 
LSD 5P/o 3.3 

Notes : 

C + NI = cassava plainted atthe same time as maize 
C + P = cassava planted at the same time as peanut 
C + M - N = cassava planted at the same time as maize, the second intercrop being maize 
C + P - P = cassava planted at the same time as maize, the second intercop being peanut 
C + P -1P = cassava planted at the same time as peanut, tie second intercrop being peanut 
C + P - =I cassava planted at the sane time as peanut, the second intercrop being maize 
C-ssava spacing 1.25 x 1.00 i 
Maize spacing 0.75 x 0.25 in 

Peanut spacing 0.25 x 0.25 in 

Exchange rate IUS$ = Rp 1,635.00 
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1.30 

Table 6. Effect of row spacing and varying Intercropping systems on crop yields. 

Treatment Yield (ton/ha) 

Cassava 1st maize 2nd maize Peaiout 

C(S)0+ M - M 34.4 3.06 2.26 
C(S)0 + M - P 35.6 2.74 
C(D)0 + M - M 33.5 3.10 2.62 
C(D)0 + M - P 34.1 3.26 
C(S)I +M- M 30.7 3.18 2.17 
C(S)I + M - P 32.3 2.87 
C(D)l + N - NI 32.6 3.28 2.85 
C(D)I +M- P 32.8 3.48 
LSD 50,'o 1.9 0.15 0.30 

Note : 
C(S)0 4M - NI cassava (single row) planted at the same ti icas maize, the sec nd intercrop being maize 
C(S)O + N - P cassava (single row) planted at the same time as mai:e, the second intercrop being peanut 
C(1))(1 + M - M cassava (double row) planted at the same time as maize, the seco'id intercrop being maize 
C(D)0 NI P (double row) planted at the same time as maize, the second intercrop being peanut- cassava 

CIS)I NI- NI cassava (single row) planted one month after maize, the second inircrop being maize 
C(S) I + I - P cassa va (single row) planted one month after iaize, the second intercrop being peanut 
C(D )1 I NIM- cassava (double row) planted one month after maize, the second intercrop being maize 
C(D) I + M - I- cassasa i (double row) planted one month after mai/e, the second intercrop being peanut 

Cassa%aspacing, single ros :2.50x .5 in, double row 5.0/I.)x 0.5 in Naize and peanut pianted inbetween the 

cassasa ross at spacings of 0.75 > 0.25 it and 0.25 x 0.25 in, :espectively. 

Cultisars of cassaa,maize and Ie-nit : Faioka, Arjunio, and Gajah, respectively. 

Fertilizers applied : 135 kg Nlha for cassava, 90 kg N/ha for maize and 22.5 kg N/ha for peanut. 

Table 7. lEffeci of tillage and mulching on cassasa root ield (kg/plant). 

Treatment Exp. I Exp. 2 

I. Traditional plowing if the whole field followed by ridging 0.51 b 3.07 be 
2. Plowing the wI ole field \sithout ridging 0.42 a 2.78 ab 
3. Plowing Ilie plant iowvs only (wit hout furrows) 0.39 a 2.53 a 
4. Single furrov followcd by ridging 0.42 a 3.35 

1.Without mulch 0.36 a 
2. Groundnti sters as mulch 0.40 a 
3. Rice siras as mulch 0.56 b 
4. Maize stemi as inilch 0.50 ab 

Iixp. I was carried ou in he dry season of 1982 (March to November 1982).
 
Exp.2 was carried out in the wel season of 1982/1983 (December 1982 to October 1983).
 

The mulch materials (equal to about 6 tons of dry tiulch/ia) were applied on the soil surface.
 

c 
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Table 8. Fresh root and total plant dry matter yield of cassava. 

Treatment Fresh Root yield Total plant 

(t/ha) (t/ha) 

I. Cassava monocrop + AS 47.45c 32.20d 
2. Cassava monocrop + Urea 36.45 a 20.43 a 
3. Cassava monocrop + (Urea + S) 39.35 b 28.87 a 
4. Cassava intercropped with maize + AS 44.85 c 32.45 d 
5. Cassava intercropped with maize + Urea 34.42 a 22.24 b 
6. Cassava intercropped with majze + (Urea + S) 44.07 c 29.67 c 

Values with the same letter in each column are not significantly different at P = 0.05 

AS = Ammonium sulphate 
S = Sulphur as elemental S 
Doses of fertilizer : 180 kg N/ha, half applied at 2 weeks and half at 8 months after planting 

50 kg P,0 5 and 100 kg KO given at 2 weeks after planting 

20 kg Sulphur 

5. Variety selection 

In cooperation with CIAT, cassava clones obtained from introduced seeds are being 
tested. It is expected that from these a high yielding cultivar will be found. 

Future Directions and Priority Areas 

Cultiv.4r selection 
To obtain high yielding cultivars cross-breeding and yield testing of local and introduced 

cassava germplasm are necessary. In considering the objectives of this program, the following
factors must be taken into account: For Java there is a need for high yielding cultivars with 
little branching and narrow leaves for intercropping, along with good eating quality (i.e. low levels 
of hydrocyanic acid). In outer Java, there is a need for high yielding cultivars with a high starch 
content and, particularly for dry areas, a cultivar that has a high drought tolerance. 

Cropping system 

Improving soii fertility b*better soil management for stable, long-term production is 
a major goal. Aspects of this objective include tillage practices, mulching, fertilizer use, and 
maintenance of soil fertility with a suitable cropping system. With the use of a suitable cassava 
cultivar, compatible intercrops, and a suitable cropping sequence, the productivity of intercropping 
might be increased. 

Need of Network Research and Cooperative Project 

Asian Coordinator for Research Activities : 

To avoid duplication of research on cassave and to distribute well-adapted germplasm 
over Asia, an Asian Coordinator for research activities is needed. Besides coordinating cassava 
research in Asian countries he would also be responsible for helping to find funds for cassava 
research. 
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Centre for Cassava Information : 
A Centre for Cassava lnformaion could be established to collect research results on 

cassava. These results could be gathered and published in a journal to be published by the 
Centra and or in its Annual Reports. Periodically, scientific meetings could be conducted, 
attended by researchers from Asian countries to present their research results on cassava. These 
meetings could rotate among the Asian countries. 
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CASSAVA AGRONOMY AND SOIL RESEARCH IN INDIA 

C.R. Mohankunari 
- lB. MohankumnarI

S.P. GhoshI 

Introduction 

Cassava was introduced to Kerala (India) by the Portuguese in the 17 
thCentury. As a food 

crop it was popularized by Shri Vishakam Tirunal, the then Maharaja of the erstwhile Travancore 
who ruled the State during 1880 to 1885. From that time onwards the crop has gained importance 

as a cheap source of carbohydrate, mostly for human consumption. Recently, both area and 
production have decreased from 0.37 million ha and 6.3 million tons during 1973- 74, to 0.31 

million ha and 5.7 million tons, respectively, during 1984-85. Though the total area and 
production have reduced slightly, cassava yields have increased from 17.3 to 18.4 t/ha during this 

period, which is considered to be one of the highest average yields in the world (Table 1). 

1able I. Area and production of cassava in India. 

Area (ha) ]Produclion (t) 
States 

1973- 74 1984  85 1973 -74 1984--85 

Kerala 306,400 232,753 5,630,(X)0 3,952,514 

Tamil Nadu 57,7(X) 47,820 654,3(X) 1,477,010 

Andhra Pradesh 5,7(X) 13,800 49,9(X) 65,9(X) 

Karnataka 9(X) 1.400 I1,000 14,291 

Orissa IX) - 200 -

Assato 6(X) 2,153 2,200 9,580 

Meghalaya 1,960 3,836 9,2(X) 21,482 

Tripura 100 338 6(X) 1,609 

Nagaland - 420 - -

Rajasthan - 322 - 615 

Andaman & Nicobar Islands - 192 - 1,482 

Arunachal Vradesh - 4,252 -- 14,882 

Nli/oram - 10 - 65 

Pondicherry - 695 - 12,156 

All India 367,46) 307,991 6,358,300 5,673,486 

Source : 1. Scientific Cassava Cui.ation (Malayalato), CFC'RI, 1977. 

2. Agricultural Siutation in India, 1986, 41(9) pp. 515 - 516. 

-LI Agronomist, Soil Scientist attd Director of Central Tuber Crops Research Institute (CI-CRI), Trivandrum 695 017, 

Kerala, India. 
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Presently, about 70- 75% of the cassava area and production in India is confined to the State 
of Kerala while 15 -20% is produced in the State of Tamil Nadu (Figures 1 and 2). 

Andhra Pradesh 

Karnataka 

Figure 1. Cassavaproduction zones in India. Each dot represents /0,000 ha of cassava in 1985. 
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Kasaragod 

Cannanore 

•" " . ad
 

Koh d Malappuram 

. • Palghat 

* * Pathanamthitta 

uTrivandrum 

Figure 2. Cassa va production zones in Kerala State of India. Each dot represent 1000 ha of cassava in 1985. 
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Soil and Climatic Characterization of Major Cassava Growing Areas 

Soil : 

In Kerala and Tamil Nadu the predominant soil groups in which cassava is grown are 
laterite (Oxisols), red soils (Alt'isols) and black soils (Vertisols). In Kerala under conditions 
of heavy leaching, dile to excessive raintfall and high summer temporat tires, laterite (Oxisol)
is the predominant soil group (Figure 3). These soils have a loamy texture and are acidic in 
reaction (pH 5.0- 6.5); they can also contain appreciable atmuonts of' gravel. Lateritic soils 
contain lair amolnts of organic matter and N, but are very delicient in 1), K and bases. Though 
they are of Iowv natural fertility, they are wvell drained and respond to good management practices. 

InlaiiI Nadt, the major cassa'a grow,+ing soils are black (Vertisols) and red soils (Al fisols)
with p-I ranging fromi 6.5 to 8.0. Black soils originate 'rom basic material containing 45 to 5501o 
silica. These soils are black :Itthe surface and brownish iltthe subsoil. They are high in clay 
and produce deep cracks in summer, exhibiting their characteristic property of swelling on 
wetting atld shrinikae oil drying. Te ('[' is high (30 70 me/ 100 g soil) and they contain high 
ilallOtll f' Ie,('a in]d Mg. Free calcium carbonate is present in the soil in the form of kankar 
(limestone). lhese ,oils are poor inl crganic matter, N and 1), but fairly well supplied in K and 
rich in lime. 

Red ',oil of ferrIreinotis naturc arc mainly associated \with granites and are rich in Fe 
bearing minerals such a liiuonile and niagtn.tite. They are loamy in texture and the pl- ranges 
fr,m 6.8 to 8.0 . hese ,oils ,Iiow%a ialbscnce of, llrio.in difl'erentiaiion and there isno accumulation 
of,salt or calciir carbotle. lhe soils contain low aillounts ol'organic ittmer, N and 1), but have 
generally adcctlirate aniutits of' K and lihUe. 

('limale:
 

Kerala lies in the somli-\secrn part of India, where the agro-cliniatic conditions are
 
suitedl for the cultivation of '
cassava. The state extends from 8' 18' to 12 48' N latitude and
740 52' E to 77" 22' F longitntide, along the coast in the south-western part of India.
 

h ."eSlate of Keratla Ias athigh antial rainfall amouiling to about 3000 mlll. The rainfall 
increases from the southern to the IIortlIrn pan of lthe state. [he sitle i-eceives both solllh-wesl 
aiid north-Cast tIlloll Nearlsll,. 6(-,0 of tie ainni, l iprCcipitatiio is receised during the SW 
mtroiisoorI season. [lie NI- nIIoiisooii is fr our September NoscllbCr anlid the disIributioti paltern 
is quite difTereni otilthall o,t lie S\\ llollsooll. Illgetieral the notliern pal is of' Kerala ieceive 
less rainfall dimng the NIF nliotsotol comipanred to the sollilh-el,.in plrlts of the state. Though
tie nortilhirn parts otl Ire stale receie rllole totll raitifall, lie distribttioi is illole tuiform in the 
sotlihtll p rIlt. I1ir-th r climatic details of tIre tthtio citss-ita gioss.ing stales are provided iin 
lable 2. 

It Silem district of' lamil Nadcl the total aiiritral rainfall is only 8(10 900 imtit, about 
10" 1)' ssich is receid dllurimg April May its summu er sho\ers, 30% lhuring tlie S\\ Intonsoont 
(.1title August) and the remaining 61"o driing the NFi monsocn (September November). 
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SOIL MAP OF KERALA
 

E Red Loam? lisl 

EN Laterites Oxisols Ultisols
 

El Coastal Alluvium Entisols
 

URiverine Alluvium Entisols Inceptisols
 

E Greyish Onattukara Entisols
 

E Brown Hydromophic Alfisols, Inceptisols
 

Acid Saline Inceptisols , Entisols
 

E Black Soils Vertisols
 

UForest Loams Mollisais, Alisols
 

Figuore 3. D~istributionoy 'soils in K'erala State' of India. 
Source : Soil Sti~eL' B~ranch, lDcpl. Agric. Kerala. 1978. 
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Table 2. Climatic characteristics of the major cassava growing states in India. 

Stare 
Stt)
(6ity! 

WVeather 
Wator 
factor 

Jan Feb Mar Apr Mav Jun Jul Aug Sep Oct Nov. Dec. 
e. 

Anatotal or 
ttlo 

average 

Rainfall (mm) 17 17 41 109 236 676 703 426 238 302 185 49 3000 

Kerala 
(Trivandrum) Max. te;np. (C) 30.6 30.7 31.3 31.4 30.9 29.0 28.1 28.1 28.3 29.2 29.8 30.3 29.8 

Min. temp. (C) 23.2 24.3 25.8 26.0 25.7 24.1 23.7 24.0 24.2 24.2 24.1 23.5 24.4 

Rainfali (mm) 35 14 22 41 75 57 64 90 93 186 174 76 927 

Tami Nadu 
(Salem) Max. Temp. (C) 31.1 33.7 36.1 36.9 36.8 34.9 33.4 33.2 33.1 31.9 30.5 30.1 33.5 

Min Temp. (CC) 19.2 20.2 22.5 25.1 24.5 24.4 23.6 23.4 23.3 22.8 21.2 19.6 22.6 

Rainfall (mm) 30 70 60 40 38 150 200 220 100 120 60 20 1092 

Andhra 
Pradesh Max. Temp. (°C) 24.6 26.5 29.0 31.7 33.7 32.0 29.0 28.6 28.0 27.9 25.9 24.1 28.6 
(Godavari) Min. Temp. (C) 19.1 20.0 22.3 25.6 27.7 27.3 25.3 25.1 25.2 24.2 21.1 19.1 23.5 
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Methods of Cassava Cultivation 

In Kerala cassava is grown under rainfed conditions with the onset of the monsoon. The 
two main planting seasons are April - June and September - October, coinciding with the onset 
of the SW and NE monsoons, respectively. The cultivation of cassava is mostly confined to 
marginal and submarginal lands of undulating topography. With the onset of tile monsoon, 
the land is plowed or dug to a line tilth and mounds are formed at a spacing of 75 to 90 cm. 
Local cassava cultivars are used for planting while high yielding new cultivars are used in less 
than 10% of thc total area under this crop. Stem cuttings of 20 to 30 cm length, obtained from 
the previous crop, are used as planting material. Shallow vertical method of planting is adopted. 
At the time of land preparation farm yard manure/compost and ash are applied as a basal 
dressing. Recommended levels of chemical fertilizers are rarely applied by farmers. Two 
intercultural opera- ons (hand weedings) are cart .dout at tile second and third month of the 
crop. Fertilizers are sometimes applied during this time. As the crop is almost free from serious 
pests and diseases, plat protection practices are seldom used. The crop is harvested at 10 to II 
months after planting. Fie yields for local and new cultivars under farmers' conditions range 
from 15 to 20 and 25 to 30 t/1ha, respectively. 

Though cassava is not .shade-loving crop, because of the population density and scarcity 
of land in Kerala, it is widely grown itsan intercrop in coconut plantations. As an intercrop it 
can accommodate about 70% of the sole crop population, and the yield ranges from 5 to 7 t/ha. 

inTamil Nadu cassava is grown mainly in Kanyakumnari and Salem districts. In 
Kanyakutnari district (southern tip of Tamil Nadu) it is grown under rainfed conditions, 
whereas in Salem it is grown mainly (70%) under irrigation. The rainfall in Kanyak umari ranges
from 900 to 1200 intn per year, while in Salem it ranges from 700 to 950 ini. The predominant 
cihivar in Salem is tie hybrid H-226, released from the Central Tuber Crops Research Institute 
(CTCRI), Trivandrum, India. The area under this variety is rapidly expanding (now about 75% 
of total) due to its high yielding ability and drought tolerance, as well as its resistance to root 
cracking, which is a serious problen in tle local cultivar "Burnma". 

In Salem :hieland is eOther ridged or furrowed before planting. The present fertilizer
 
recommendation for irrigated 
cassava by the State Department of Agriculture is 60:60:150 kg N, 
P,0 and KO per ha. But many farmers are actually applying higher levels. The fertilizers are 
applied ill Iwo splits, a full dose of' P and a half dose of N and K three months after planting, 
aid the remaining half dost! of' N and K six to seven months after planting, at tile time of 
intercuhtuire operation and weeding. 

The crop is harvested at about ten months. The entire produce is used for tile production 
of starch and sago. The yield ranges from 30 to 35 t/ha. 

Accomplishments and Present Status of Cassava Research 
Various studies have been carrid out to determine tile best cropping systems and 

agronomic practices, as well as the nlUt' ent requirements of cassava under rainfed conditions. 
The results are briefly summnarized below. 
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Time of planting: 

Under irrigated conditions planting of' cassava can be lone throughout the year. As a 
rainfed crop the best time of planting of cassava in Kerala is April May with the onset of 
pre-monsoon showers. The next best season is August-September, with the onset of the NE 
monsoon. The elfect of time of planting on root yield is presented in Figure 4 (CTCRI, 1980). 

30 600 

M- root yield 
- rainfall 

25 500 

20 400 

300 
15 E 

10o 200 , 

0 0 

Mar. Apr. May June Jul. Aug. Sept. Oct. Nov. 

FiA:ure 4. Lffect of tine of planting and rainfall on cassava root yield. 

Land preparation and planting: 

Soil physical conditions influencce the plant growth and hence proper tillage is required 
for the successful cultivation of cassava. A study on the effect of deep and shallow tillage, either 
by tractor plowing or by manual labor, did not show any significant difference in yield. Earthing 
up during weeding at monthly intervals, starting from 30 days after planting, increased yields 
significantly compared with iw-earthing tip (Table 3). Maximum root yield was obtained with 
three earthings up, but taking into consideration the cost involved in Ahis type of work, two 
earthings up at 2nd and 3rd month stage of the crop was found to be the most economical 
(Mandal and Mohank nmar, 1973). 
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Table 3. Effect of tillage on cassava root yield (t/ha). 

Plowing/digging Number of earthings tip* 

G 1 2 3 Mean 

Tractor plowing 
Once 16.2 22.1 24.2 25.I 21.9 
Twice 18.1 22.6 23.5 24.0 22.1 

Digging 
Once 14.4 21.6 23.4 25.3 21.2 
Twice 12.7 20.4 25.3 25.6 21.0 
Mean 15.3 21.7 24.1 25.0 

C.D. (51o) Plowing : N S Earthing up : 2.51 

*This includes weeding. 

Source : Nandal and NIohanktiniar, 1973. 

Method of planting: 

Different methods of land preparation, such as pit followed by mound, flat method, 
mound method and ridge method did not show any significant difference in yield, even though 
pit followed by mound recorded the maximum root yield (Figure 5) (CTCRI, 1971). 
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Figure S. Effect of method of planting on cassava root yield. 
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Selection of planting material: 

Preparation of planting material is done by means of cutting stems from disease free 
plants of 8 - 12 months maturity, having a stem diameter of 2- 3 cm. It was found that survival 
of stakes was significantly superior when the lower part of the stem was used as planting material 
as compared to the immature upper part. The use of the bottom part of the stem resulted in the 
highest root yield, while the ,ipper part gave the lowest yield (CTCRI, 1968). 

Preparation of planting stakes: 

Stakes are prepared by discarding 1/3 of the total length of the stem from the top and 
about 5 cm from the bottom. It was observed that the plant establishment was better when 
stakes obtained from this part of the stem were used as planting material (CTCRI, 1968). While 
preparing the stakes, it is better to have a smooth circular cut rather than an irregular cut for 
uniform callus formation and root initiation. 

Slake size and depth of planting: 

A stake length of 25 to 30 cm was found to be advantageous for higher yield. Significant 
reduction in root yield was observed when stakes of 10 cm were used. Shallow planting facilitates 

production of a greater number of roots. When the soil is sufficiently loose and friable stakes 
can be planted to a depth of 5 to 10 cmi. Planting the stakes deeper results in swelling of the 
mother stem with conscttuent reduction in root size and yield. This is especially true when the 
soil becomes compacted. 

Mellod of planting of stakes: 

Different methods of planting stakes, such as vertical, slanted (at 450 angle) and horizontal, 
showed that vertical planting resulted in a nore uni form distribution of callus tissue around the 
cut surface, which helped in the uniform bulking of roots all round the base of the plant 
(CTCRI, 1969, 1971). 

Storage of planting material: 

Storing the stems for a period of 15 days resulted in the highest percentage sprouting 
(96%) as compared to planting of fresh stakes (90%). Storage beyond 60 days resulted in the 
loss of viabiliy of the planting material, and sprouting was less than 75%. Stems stored in 
vertical or in inverted position gave better sprouting when compared to horizontal storage 
(CTCRI, 1983). 

Produclion of quality planting material: 

'Fhe normal rate of multiplication of planting material is about ten times at harvest. 
When an improved cultivar is released there is a great demand for the planting material. In 
order to increase the rate of multiplication a field trial was conducted with closer spacing and 
planting single and double stakes per hill. The results suggested that the spacing of"60 x 60 cm 
and 90 x 45 cm with one stake/hill were significantly superior to other spacings tried. Planting 
of two stakes per hill considerably reduced the number of high quality planting material under 
different spacings (Mohankuniar el al., 1980). 
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Another approach to increase the planting material is to use split stakes. It was observed 
that planting of whole stakes yielded 32 t/ha as against 20 t/ha for split stakes (Sasidhar el al., 
1977). 

By adopting the method of rapid propagation technique of single node planting with the 
help of a mist chamber, 647 stakes could be produced from a single cassava plant in one year as 
against ten plants in the conventional method of planting (Kamalam et al., 1977). 

Plant population: 

Experiments conducted to determine the effect of plant population and shoot number per 
plant for both branched and non-branched cultivars of cassava showed that a plant spacing of 
90 x 90 cm for branched and a closer spacing of 75 x 75 cm for non-branched cultivars gave 
maximum production (Table 4). 

Tahle 4. I-fftci of plan popuhlion on root )i d. 

Plant ,p:,cing (cm)
Plant t ,pc 

60. 60 75 )( 75 90 x 90 120 x 90 

............ ....... .............. 
 ........................................... 
Non-branched 32.9 34.9 31.7 29.1 
Semi 'raineChcd 23.3 25.6 28.9 25.1 

Planting two stakes/hill for non-branched types had shown encouraging results, as 
compared to normal practice of one plant per hill. Even though the total yield increased by this 
method, the root size was reduced considerably, probably due to the competition1 for light, 
nutrients and moisture. 

Shoot number per hill: 

Under favorable conditions, the upper dominant buds produce sprouts. The sprouts 
emerging from the top buds are more vigorous than those emerging from the lower nodes of the 
same stake. Retaining two shoots per plant at opposite sides was found to be better than retaining 
only one shoot. This practice helped the production of a greater number of uniform sized roots 
all round the base of the plant (Mandal et al., 1973). Thus, 10 to 15 days after sprouting excess 
sprouts have to be removed, leaving only two sprouts per plant. 

Gap filling: 

Under field conditions all the planted stakes may not establish (tie to the use of poor 
quality planting material and adverse weat her conditions, which necessitate gap filling within a 
reasonable time. In an experiment conducted to identify the best time and method of gap filling 
it was observed that using longer stakes of' 40 cm at I5th day after planting could produce 50% 
higher yield as compared to normal stakes (20 cn) used for gap filling (CTCRI, 1983). 

Topping and defoliation: 

Cassava has a built-in mechanism to shed leaves when environmental conditions are 
adverse. The physiological activities during this period will be minimum and new leaves are 
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produced only when environmental conditions are favourable. To determine the effect of topping 
or defoliation at various stages of the crop, an experiment was conducted with two methods of 
leaf removal (topping or defoliation) during three growth stages of cassava, viz. 2, 4 and 6 months 
after planting. Either in topping or defoliation, 50% of the foliage was removed. The results 
(Table 5) indicate that either topping or defoliation at any stage of the crop decreased the root 
yield. Topping at the initial stage of the crop (2 months after planting) was found to affect most 
seriously crop growth and yield. When there was no leaf removal, either by topping or defoliation 
the maximum root yield was obtained (Mohankumar and Mandal, 1975). 

Table 5. Effect of topping/defolialion on cassava root )ield (t/ha). 

Time of topping or defoliation (months)
Treatment 

2nd 4th 6th Control 

No defoliation or topping 

Topping 

Defoliation 

-

18.1 

21.2 

-

20.7 

21.6 

22.3 

23.3 

25.3 

-

C.D.(5 ) :Control vs. treatments 

lIetmeen treatments 

Iletween st ages 
Topping vs. LeIOliation 

1.29 

1.69 

1.19 

0.95 

Source :Mohankumar and Mandal, 1975. 

Stage of harvest: 

Studies on the response of cassava (hybrid H-165) to varying levels of soil fertility and 
stage of harvest showed that there was a significant increase in yield with increase in the level of 
fertilizer application. The root yield also increased progressively with delay of the harvest from 
the 6th to the 10th month (the last harvest of the experiment) of the crop. Maximum root yields 
were observed at the 10th month as seen from Table 6 (Mohankumar el al., 1975). 

Table 6. Cassava root .cld (I/ha) as affected by level of fertili,ation and stages ol I,arvesi. 

Stage of harvcst Fertili/'ation level*
 
after planting l.o% Mediuti IHigh Mean
 

6 th month 13.3 18.7 21.6 17.9 
7 th inotith 18.9 24.821.1 21.6 
8 th month 20.6 21.2 25.3 22.4 

9 t it ionth 21.3 23.6 25.6 23.5 
I1thtnonth 21.2 28.224.5 24.6
 

Mean 19.1 21.8 25.1 
C.). Fert. levels : 3.40; Stage of harvest : 1.85. 

*low : 12.5 1 FYM/ha 
tuediumn 12.5 1 FYM 50 kg N f 50 kg P05 50 Kg KO/ha 
high 12.5 t FYM f I(X) kg N + 100 kg )20 I 100 kg K20/ha 

Source :Mohanktuiar et Al., 1975. 
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Cassava-based cropping syslems: 

In Kerala state about 42% of farmers have less than 6.2 ha of land. These small and 
marginal farmers, out of necessity, have to adopt intercropping systems to realize maximum 
returns per unit area per unit time. Usually cassava is planted during May - June at a spacing 
of 90 x 90 cm. The initial growth rate of the crop is slow and it takes 3 -4 months to produce 
enough canopy to cover tie entire field. The solar radiation available in between cassava rows 
during its early growth stage can be well exploited by raising short duration seasonal crops. 

Studies conducted by using green gram (Phaseolusaurcus), groundnut (,.rachis hYPoqea), 
maize (Zea tnays), soybean (Glrcine mu.'), as intercrops with cassava under two methods of 
cassava planting (noriwl.I and double row) with and without fertilizers to the intercrops have 
shown that groundnut was the most profitable combination with cassava. The details arl' 
provided in Table 7 (Mohankurnar and H]rishi, 1979). 

"ra e 7. 'ichl ctconomic l'ils of intercropping ,,iliand cte tass:wl . 

cormbination ( 'ropIaais a root ]nlercrops Net incone 
.ield 0:ha) yield (kg/ha) (R%/ha)* 

C , v (ireern grari 18.7 222 6051
 
(Cas,,asa So.Obcan 18.6 204 6072
 
(Cis,.a (roritnrn 17.2 1347 8093
 
Caa ',a , S1irnfio\ c 18.0 400 6466
 

(a,,a\ii Ntaie (dr iia/el 18.4 1135 7140
 
('il,',l 31.3 6397
it alo e 

*: .haiige rtle : T.SS Rs 10. 

Source :\ohankikMar and 1lti,,hi.1979. 

Tahle H. Influence of planting arrangemenl and fIertilizers on cassava root lIeld. 

Treat ments Yield i/ha) 

Single ro\,; rio l'ertiliei to intcrcrop 18.2 
Single ro\s\; tertiizer, to i tercrop 19.0 
Paired ro\,,:no ertilier itointercrop 18.4 
Paired ro\k,: eitilie to intemrcrop 19.2 

'fable 9. Vitd ld id l) ponen is of cassaa asinflenced b) spatial arrangeme'nt. 

Root yield No. of root, Mean root 

t'I1ha) per plant uile (g) 

Square imetdod : I • I ini 22.6 8.1 289 
P'aired o\%methiiod 1.35 - 0.65 in 24.6 8.4 298 
\Wide ro\ inethod :2 (1.5 in 23.9 9.3 

Source :Prabliakar w al., 1982 

287 
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Table 8 shows that different planting arrangements did not have much influence theon 
root yield of cassava, but an additional dose of fertilizer to the intercrop wvas found to be 
beneficial. Table 9 shows that cassava is highly flexible to spatial adjustment and the root Yield 
remained unaffected as long as the optimum plant population was maintained (Prabhakar et al. 
1982). 

In a comparative study to evaluate the performance of some vegetables as intercrop with 
cassava, French bean (Phaseolus rulgaris), variety "Contender", was shown to .)c a successful 
intercrop with cassavv (Thomas et al., 1982). Similar results were reported by Prabhakar et a/., 
(1983). 

Experiments conducted to explore the feasibility of raising a second intercrop after the 
harvest oftihe first intercrop with cassava were not success[utl. This is due to the fact that at tile 
time of harvest of the Ist intercrop, cassava has developed enough canopy to cover the entire 
field and as such the sun light penetration to the ground was less than 10% of the total radiation. 
(CTCRI, 1978 -- 79). 

Canopy spread and light penetration studies condutcted in cassava fields in which the 
stakes were la1lted a.t a spacing o I 90 x 90 Cm, showed that the cassava canopies meet between 
the 45th and 75th days, and with advancing age there %%as Iubstantial canopy overlapping. 
Hundred percent light penetration through the canopy at the interspace of 45 cii betwsseen two 
rows of cassava was observed upto the 45th day alter planting, and thereafter the percentage of 
light penetration reduced to 50%, 36% and 26% at 75, 90 and 120 days after planting, respectively 
(AshokanlC al., 1986). 

In a cassava-legurnc intercropping study, it was observed that cowpea (1Vhn iin.'uicuaa) 
may be tile most remunerative intercrop in high rainfall Oxisols of Central Ki.rala. The cost of
 
wceding could bc reduced by 5()% by growing cowpea as an intercrop %%it!, , ,ssava (Ashokan
 
et ul.. 1985). 

An array of crops w\itiduration not exceeding four months have been tested under 
irrigated conditions at Coimbatore in Tamil Nadu state and the results showed that onion (A|Ilium 
cepa) was the moIst suitable intercrop with cassava, because bulb formation and maturity were 
coniplcted within 85 day. Neither growth nor root yield of cassava were affected by onion 
(Muttiukrishnan and Thaniburaj, 1978). 

Cassava as an intercrol) in coconlU pIantltions: 

A study on tile gross\li and development of eisJye genotypes ntlder coconut shade indicate 
that internodail elongation, thin leases and absence of branching were the principal effects of 
shading. Nlost of the photosltsynthales produced by shade-grown cassava were utilized for shoot 
growii leaving unproport ionally small resources for root development. The details are givetn in 
Table 10 (Ramaiujam l al., 1984). 
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Table 10. Crop growth rate and yield of cassava genotypes under shade and open conditions. 

Crop growth rate Root yield Yield
 
Clone 
 (g/m2/day) 	 (g/plant) reduction 

Unshaded Shaded Unshaded Shaded (010) 

,14 
 5.06 1.11 2000 160 92
 
M-2304 
 6.40 2.61 2500 
 506 79
 
H-1687 
 5.62 2.17 2410 483 80
 
H-1423 	 4.81 1.83 2000 206 90 
1--2253 5.30 1.49 1930 366 81
 
1-1-648 5.29 1.12 2300 283 88
 
H-226 5.17 1.58 2450 393 
 84
 
H-165 6.02 2.38 2500 800 68
 
H-97 
 6.49 1.07 2000 170 94
 
H-97/2 4.73 2.79 
 2170 500 
 77
 
C.590 3.44 2.92 20(X) 700 65 
C. 167 5.00 1.04 1840 184 90 

Source : Ramanujam e al.. 1984 

Root crop-based farming systems for livestock feed production: 

Studies conducted to identifyt a suitable cropping system for the production of both green 
forage and raw materials for cattle feed concentrates under rainfed conditions showed that the 
treatment consisting of two short duration cassava and sweet potato crops in sequence for a 
period of 24 months tri\ed with Leucaena + guinea grass and seasonal crops like groundnut, 
maize and cowpea recorded the inaximum forage and protein yield. The details are summarised 
in Table II ((ihosh et ul., 1987). 

Table It. Fresh forage .ield and protein of cassasa leaves harsested in several cassava-based cropping systems. 

Cassa-.a Perennial Seasonal Yield 
crops crops crops Forage Protein 

(t/ha) (kg/ha) 

1. 	 "l\O cassaa crops letti'ena # Groundnut, 
(16 and 8 months (.uinca gras I lorsegram,
 
duration) 
 Co,\pea, Sweet potato 38.4 890 

2. Tv, o cassa,,a crops Leucuena G(roundnt, 
(16 and 8 Ioonths Guinea grass I lorsegrarr,
 
duration) Stylosanthes Cowpea, Sweet potato 43.9 
 859 

3.T\%o cassava crops l.eucuna + Grolndnurt,
 
(12 months each) Guinca grass Cosw pea 43,7 
 907 

4. Two cassava ctops Leumaena # Groundntl, 
(12 months each) Guinea grass lorsegrarn 42.5 773
 

Stylosanthes 

5. 	T%,o cassaa crops Le('caena + Groundnut, 
(8months each) Guinea grass Maize, Sweet potato 52.7 1222 

Source : Ghosh t lA, 1987 
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Cassava-based multiple cropping systems : 

In a cassava based multiple cropping experiment involving pure stands of perennials
(banana, Leucaena, eucalyptus, and coconut), cassava, and seasonal intercrops (groundnut or 
cowpea), it was observed that inclusion of cassava and intercrops improved wood recovery of 
eucalyptus, as is seen in Table 12. However, cassava intercropping adversely affected the yield of
banana and the forage yield of Leucaena. The perennials, especially eucalyptus, were also found 
to cause reduction in the root yield of cassava. Intercropping with banana, however, increased 
cassava yields, due to absorption by cassava of nutrients applied to the banana. 

Table 12. Wood )ietd of t,u alplfUs I/ia) in seeril (assu,,,-c ltplus cropping s semns. 

Montis iffier Eucalyptus + -ucalyptus + Eucalyptus + 
Cassava + Cassava 
(iroullndllill .'o%pea 

Side shool 

relloved il 
IS Illlhl 0.52 0.36 0.40 0.33 

Wood reco'.er\ at 
33 lotiiths 30.1I 28.05 40.40 43.53 

Source :(hosh et W., 1987 

The cost/return analysis showed that the highest net return was obtained for the crop
comnlbination cassava I French bean or cowpea. The next best combination was banana + 
cassava I French bean or cowpea (Ghosh et W., 1987). 

Root crop-based crolpping s.%slems for pa(ly fields: 

Single crop rainled p)a(l fithelds: In Kerala the usual practice in single crop rainfed paddy
fields is to gro\s one crop of drv-.so\\ n ricc during the Kharif season (April - May to August -
September); this i tollo\\cd 1Y falht\\, becauise of lack of \ater for growing a second crop of rice. 
A study was thereire tmideraken \1ith cassava and other short duration crops in comparison 
with the traditional ssten 01' roe follos, ed 1\ I'allo\. 

The results stnggesl that thotugh cassa,,a alone recorded the iaxintmun benefit/cost ratio 
and net ret urn per ha, there \%as a significant reduction in root yield of cassa\va froin the Istyear
(70.0 i/ha) to tle second year (58 tI.ha). IIo\ever, ill the rice-cassava secqucnce there was an 
increase in cassava root .yield fron the first year (39 t/ha) to tile second year (44 t/ha). Therefore, 
fron the long termnfertility poiit of vie\, rice toljo\toCd by cassava might be a better crop 
.equcnce from such type of rice fields. Yields and economic benefits ofeach crop sequence are 
provided ilTable 13. (Ntohankttnar et al., 1985). 
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Table 13. Yield and economic-returns of several alternative crop sequences (average of two y)ears). 

Crop sequence Mean yield
(t/ha) 

Total 
net incone* 

(Rs/ha) 

Rice-fallow 

rice grain 2.6 
rice straw 5.2 1016 

Rice-,,v,ect potato-fallow 
rice grain 2.3 
rice stra,% 4.9 
s, eet potato fresh tuber 11.9 3450 

Rice-co,, pea- fallo 
rice grain 2.5 
rice stray, 5.1 
cms pea fresh pods 3.0 3214 

Rice-cassasa 

rice grain 2.4 
rice stra%, 4.8 
cassa a Ir sh roots 41.7 6621 

Casas a-tfallm 
casosa fresi roots 64.3 11088 

(.1). 5 879 

Source : Mohankunnar et al., 1985. 
* \challg Ic : JSS, - Rs 12. 

)ouble cropped irrigaled paddy fields: In Kerala the usual cropping system in irrigated 
paddy fields is to grow two consecutive crops of rice followed by a crop of cowpca. Rice is a 
labor intensive crop, but die to high wages in the State of Kerala the cultivation of rice is 
becoming less profilable and farmers are searching for an alternative cropping system. Therefore, 
to develop an alternative cropping system for low lands a study was undertaken wvith cassava 
and other short duration crops. The results suggest that vegetable cowpea followed by cassava 
(1--1687) would be the most profitable combination (CT('RI, 1986). 

Agronomic investigations to reduce erosion on slopy land tinder cassava: 

An experiment conducted at Central Kerala to determine the effect of various agronomic 
practices oii erosion inta sandy clay loam soil with 15% slope, showed that soil and run-off losses 
were significantly higher in bare fallow compared with cassava intercropped with groundnut 
(Viswanibharan and Sasidlar, 1985), 

Similar studies in a cassava-based tnultiple cropping system in sottt l Kerala oil a sandy 
clay loam soil with 8 to 9% slope, indicate thal maximutim soil loss again occured under bare 
fallow. By planting cassava alone oti staggered mounds the soil loss could be reduced by 45% 
compared with bare fallow. Intercropping cassava with perennial trees (banana and eucalyptus) 
reduced the soil loss to only 22% as is shown in Table 14 (Ghosh el al., 1985 and 1987). 
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Table 14. 	 Surface run-off and soil loss in a cassava-based multiple cropping system on 90 slope al CICRI, Trivandrum, 
Kerala. 

Run off Soil los,
 
Treatments % of 'o reduction t/ha %oreduction
 

rainfall over fallow tcr fallow
 

Bare iallow% 	 23.0 - 8.8 -
Cassava 	 15.4 33.0 4.8 45.5 
Banana 	 9.6 58.3 3.3 62.5 
Banana I 	Casva 6.7 70.9 1.9 78.4
 
L[tcaena 10.4 54.8 3.7 57.9
 
Leucaena f 'assa 5.8 74.8 2.1 76.1
 
F ticalyptus I ( ().0 56.5 4.4 50.0
 
Eucalyptus f assasa 6.2 73.0 1.9 78.4
 

Source : (hsh iet al., 1985 and 1987. 

Soil Fertility Management 

In order to increase crop production per unit area, soil fertility management is one of the 
important factors. Though cassava is well adapted to low fertility conditions it call respond 
very well to fertilization as evidenced by research conducted all over the world. 

Nutlrientl 	 remlovall: 

The nutrient requirement of cassava is fairly high because of' its high biological yield. 
Under favorable growing condit ions cassava produces about 30- 40 tons of fresh roots per ha, 
for which considerable amounts of nutrients are removed Ironi the soil. It was observed that 
monocropped cassava removed 180 - 200 kg N, 15 -22 kg P and 140- 160 kg K per ha for 

different cultivars growkn in an Oxisol (CI'CRI, 1983). Htowcver, when grown in associalion with 

other crops the uptake palltertn may differ. The lul ricll uptake of cassava grown under different 

crop combinations, vi/. banana, Leticuena, cucalytns and cocotIII, was studied in an upland 

laterite soil (Oxisol) of' medium fertility (Table 15). From three years results it was observed 
that tlie nutrient uptake of' cassava in association with banana was more or equal to that of 

tatle 15. 	 au undtr diterent mulliple croppinig sf iNutrient u)take t).scassa as( ,a-lIasIe( 	 %tens. 

Ntiicuui upiike ot (' ,sa\a (kg ha)* 
('rop colnt[inaitits 

N I) K ('a Mg 

Iti anai ('a ;Ia 213.4 14.0 126.9 51.7 21.8 
I.ett temn( asss, 125.1 8.8 (7.5 21.7 13.1 

tlcalyptu, 4 (4as a, il 111.3 6.5 44.6 20.4 12.3 
Coconut s ('assa. 140.8 8.3 66.6 25.8 14.7 
('assaa alone 196.3 13.2 10t6.5 40.8 21.8 

*top', roots 

Source (ihtosh el al., 1987. 
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monocropped cassava, while cassava in association with eucalyptus recorded the lowest nutrient 
uptake (Ghosh et al., 1987). Under lowland conditions the nutrients removed by cassava 
(H-1687) grown M sequence with other crops like rice, groundnut and cowpea did not exhibit 
MUci variation in the quantities of*nutrients removed (Table 16). The maximum total removal 
of nutrients was 324 kg N, 46 kg 1, and 304 kg K/ha f'or the crop sequence cassava-groundnut 
(CTCRI, 1986). 

Fl eh16. Nauiritlll relno ilIl cU.issa mdlter diff'erent crol)s Iit,lLte,.b) 

('1O11 CtlCI C 'e 
Ntlclie l huio\ tl Cassava (kg.iih)* 

N I, K 
Rice-(';os\w 204.9 35.0 308.5 
("Imx .m-iuithuil 233.8 38.5 264.6 
'eg. (omm"t -Cbssti 211.1 30.6 210.3 

' l
+' 
si fo t , - alle lteaXe,. 

Source : ( RI .\umal ReL'poli, 1986 

Ferlili/er re(liirememl: 

Ilorder to lformtate fert ilizer recommendations for cassava in laterite soil, different 
promising clones s\etc iested at diffcrett levels of'organic nmanures and inorganic fertilizers. It 
\\as obSCrcd that aplpqlicaticn of' 12.5 t/ha of'farn yard manure (FYNI) and I0X) kg/ha of N, 1.,O, 
and K,() each, pioditccd [Ile highest yield (Mandal et al., 1973). 0f' the different combinationis 
o1' N, 1), and K Iuied, cithler alone or in coin binat ion %%it h FYM, maximum root yields were 
recorded for tle trCatMet_1 I YMI NPK (Nlohauikuniar et al., 1976). Pillai et uL, (1985) 
ICorItd ihat for Coiit iltous cltisatiol of cassava in laterite soil, a combined application of' 
12.5 t/ ha FYM,and 100 kg- hat each of' N, 1,()5 and K,() \as highly beneficial in increasing the 
yield and quality of calssai roots and also for mainitaining the f'crtility of' the soil. 

Respoinse o nuirienis: 

I) Nifrogen: In latintic soils of India the rate of decomposition of organic malter and loss 
of N are high. Ifence the crop's response to applied N can be high tinder this type of*tropical 
climate. .'\molltL SouIrces of' N (calcium anlimottiun nitrate (CAN), aminoniumidiflClenl 

phosphllae, alliollln sullale, tereai, and sodium nitrate) CAN \sas found to be the best f'or 
casstka in latertc "oil, follo\sed by urea. Amuong the different levels of N applied (0, 50, I00, 
150 and 2(10 kg 1(0)0 :asN ha) kg N;ha \\, l'oud to be optimuml, beyond \which the yield cither 
tended to eCCercaste or VCmiiaiilcL cOIIst.ilt. ,%l)lAlicalioll of this dose as tmo spils, viz. half' as 
basal aiid [tli tiere half aftler onlc of I\,o flolllhs afler planting, \\as 'ound to be superior to other 
split applications ilIlial o al., 1971). Application of urea, hall tothe soil a0d half as a f'oliar 
Spray \wats flound to be' mIost effectivc aind conomic and it was f'otund to reduce life 1-ICN content 
of' rools. 

Vijavan atld Aiyer (1969) reported that tie mean number of' roots per plant increased with 
an incrcase in N lccsls from 0ito 75 kg N/ha in cassava cultivars N14 and 11-165 grown on a red 
loam soil. Ashokam and Sreedlharan (1977) observed that the lcngth, girth and timber of' 
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tuberous roots in cassava were not significantly affected by different levels of N. The plant 
height, number of nodes and number of functional leaves of cassava, however, were found to increase 
with an increase in N level whereas the leaf N content increased only upto 125 kg N/ha 
(CTCRi, 1983). 

Many workers such as Mandal et al. (1971), Nalarajan (1975), Pillai and George (1978) 
reported the b,:ineficial effect of N in increasing the starch content of cassava roots. However, 
Vijayan and Aiyer (1969) observed a decrease in starch content with increasing N levels. 

2) Phosphorus: As compared to other nutrients tie requirement and removal of P by 
cassava isvery Io\. However, a high response to P application can be obtained ill virgin Oxisols 
clue to their low available P content and high 1)fixing capacity. The citrate solh ble forms of P 

i' itci,,, it. basic slag and uItra phosphate, were compared wit h common water-soluble 
Sulperphosl)hate in acid latcrite soil. Basic slag \was found to be the most economical P source. 
Cil rate soluble forms \%cre found to increas, the available P)content of the soil. The P tuptake 
by the plant \sas also greater (about 15%) inIthe case of citrate soluble P (CTCRI, 1969- 70). 

In acid latcritc ,oil of Kerala .\ith IOW available P content (5 -- 7 ppn P) cassava responded 
to P application upto 100 kg 2()5 100 kg P,0i/ha. Ilo,\cver, continutios application of P at 5/ha 
rcsuled in a build up of P in the soil to a level of 5(1 ppm P, and there was io response to futher 
P application (('T(CRI, 1983 85). It was observed that in this during five years ol nocase 

furt her l) application (control plots) the available P level decreased again from 50 to 8 plin.
 

Vijavan and Aiyer (1969) also reported highest yields with 100 -- 150 kg P,0 5 /ha in 
combination with 100 kg N and 100 kg K2O/ ha. Among the different times of 1'application it 
was observcd that full dosc of P applicd at planting was superior to other applications. Three 
depths of P application, vi/. ,tuface, 7 ciii deIth, and 14 ciii depth, were tried and it was observed 
that tile depth of P application did not significantly influence the yield of casslva roots. 

Viiavan and Aiver (1969) reported that pplication of P ip to 100 kg P,05/ha enhanced 
the starch content and reduced the lI CN content. However, Nluthus\\amv et al. (1974) reported 
that application of l) hadIno significant influence on the quality paraimeters like dry matter, 
starch and crude protein content with higher levels of 13application, especially in combination 
wit h N. Thomas Kurian et al. (1976) found that there was a sigificant rclduCtion in ICN content 
of cassava roots (clie to l) application. 

3) Polassimn: Since K is iii.olved in the synthesis and translocation of carbohydrates this 
element isvery inlport arl for tile growth of cassava. Two indigenous sources of K, viz. Schoenite 
and Syngenite, were compared \\iti KCI and wood ash at different levels of K.,O (0, 50, 100 and 
150 kg/ha) in acid laterite soil of Kerala. The two indigenous sources, containing 24/o K,O, 
werc equal to KCI in increasing he root yield of cassava. Increasing levels of K application resulted 
in ait increase ill starch content and a decrease in t]C'N content off roots (Table 17). Aniong 
different levels tried, 100 kg K,O/ha was generally foumnd to be optimum for root yield of 
cassava (Nair et al., 1980). 
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Table 17. Root yield and qualify of cassava as affected by different sources and levels of potassium. 

Treatmen Root yield Starch HCN 
(:/ha) (FW. basis) 

0(0) 
(ppm) 

SchenitL 28.90 27.7 95.6 
Syngc itc 27.69 28.6 97.2 
KCI 28.09 29.0 91.2 
W-ood ah 19.20 28.7 84.3 

0 kg KO'ha 25.54 26.8 105.6 
50 kg K,O/ha 27.68 28.1 92.8 

100 kg K,O/ha 30.74 29.1 80.0 
150 kg K2O'ha 29.94 28.7 87.4 
(.c). (0.05) for leel,: 3.02 

Source : Nair etal., 1980. 

Split application of K, \viz. half (lose as basal and hallf close after one/two months after 
planting, \%as found to he stperior to other split applications. 'File starch and dry matter content 
of roots \were also reatet'o ftileaho e split application (Molanktunar ea!., 1971 ). Application 
of K at 100 kg K.,O/ha \\as found to produce tfaxitntitn yields of 28.2 t/ha as compared to 21.6 
t/ha in tite control plot, the increase in yield heing around 300%. The root yield was found to 
dccrease l)1yond 100 kg K,)/ ha (F[igurc 6), \\iereas the concerntration of K in different plant 
parts increased, Mshich may he attributed to luxury consunplion of K (Molhankuniar et a/., 1971). 

30 

3.0 D-"Root yield 

. .K in roots 

-- K in leaf and stem 

aj 20 

2.0 

0 

.o 

0 
0 50 100 150 
K,O application (kg/ha) 

Figure 6. Root yield awld K concentrationoj cssa'd atdiffi,rentlevels ofpotassium application. 
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Ashokan and Sreedharan (1977) observed a maximum root yield of cultivar H-97 with 
the application of 93 kg K,0/ha and Nair and Sadanandan (1985) with 125 kg K20/ha for 
cultivar H-2304 ini red loam soils of Kerala. Ramaswamy and Muthukrishnan (1980) did not 
observe any significant effect on root yield due to higher levels of K application. 

A significant influence on root size due to applicaiion of 100 kg K20/ha was reported by 
CTCRI (1972). Puthpadas and Aiyer (1976) also reported an increase in number of roots per 
plan' with K application. In atcoconut garden at Pilicode intercropped cassava did not show 
any significant yield increase dife to K application at higher levels (KAU, 1984). Pushpadas and 
Aivcr (1976) observed maximum sta,.rch yield it208 kg K,O/ha, whereas Nair et al. (1980) 
reported only a slight increase instarch content by K fertilization. 

For a sand' loam soil ofrTichur (Kerala) having 153 pptf available K, application of 50 kg 
K.,O/ha along \\it!; 50 ku N/ha was sufficient to prodtuce maximurn yields (Ashokan and 
Vikianian Nair, 1982). 1I1a red sand' loam soil, lfter its avail able K content had decreased 
from 75 to 32 ppim by grow ing cissa'a intercrop)ed witli guinea grass in succession , cassava 
also showed a response to the application of 100 kg K.O/ha and this dose was found to maintain 
tihe soil at a reasonahlc K ',tatu~s ([able 18). Oti the basis of a critical level of' 1.85% K in the leaf 
blade, tie optimitl arlrotrli of' K for this exhausted soil was calculated to be about 128 kg 
K',)"ha, as obtailled fron the rcsponlsc curve (Aiyer and Nair, 1987). 

1ale 18. ( 'as :ra roof rietiand pul a irl sla., itf Ihisoi betore andtafter gr ,imngcasaiaa iff '%arionseretlsof 

tmtl ns ,nh rlilitetr.
 

Aurilalc K Total K 
I rCalill Roof \icld (pl)l11) (ppill) 
ktQK,() ia) Ih/fa) Btclorc After Bcforc After 

cropping Croplping cropping cropping 

0 17. 32 29 1141 1133 
ir 24.2 42 1140 

130. 1) 63 1167 
I) -,8.3 84 I183 

20)) 27.5 93 1197 

Sotr'e : Adapted froni .\i'ci and Nair, 1987. 

4) N :K Interaction: The interaction of N and K application on cassava was studied 
using different NK ratios. The root yield response indicated that application of' 100 kg N and 
100 kg K,()/ha was the opti inn (average yield 27.1 t/ha) as compared to 23.6 t/ha when 100 
kg N and 50 kg K,()",Ira were applied to different cultivars (Table 19). 

It was also observed that with increasing doses of K application lie amount uf K in tle 
soil increased after tlie harvest of the crop, thereby suggesting the possibility of a small residual 
efTect due to high rates of K application above 100 kg K20/Ia (Raj endran el al., 1976). 
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Table 19. Root yield of three cassava cultivars at different levels of N and K application. 

Trcatment Root yield (t/ha) 
N: K20 H-165 H-97 M-4 Mean 
(kg/ha) 

10O : 50 26.3 25.6 18.9 23.6 
100 : 75 30.2 25.1 17.3 24.2 
100 :100 32.7 30 . 18.5 27.1 
100 :150 29.9 24.5 18.9 24.4 
100 200 29.6 24.5 17.9 24.0 

CD (0.05) for cultivars : 4.38 

for treatments : 1.97 

Source.: Rajendran et aL, 1976. 

Liming: 

Liming is a common practice for ameliorating soil acidity and thereby increasing the 
efficiency of applied nutrients. On a laterite soil in Kerala the application of 1000 kg ha of 
CaCO 3 increased cassava yields from 16.7 to 25.2 t/ha, while the combination (equal proportion) 
of CaCO 3 and MgCO 3 at a total level of 1000 kg/ha increased yields to 23.5 t/ha. By the 
application of these liming materials the starch content of roots increased and the HCN content 
decreasied (Nair and Varghese, 1970). 

Further detailed studies using different levels of lime as burned lime (CaO), ranging from 
0 to 2000 kg CaO/ha, in conjunction with the recommended dose of NPK at 100 kg/ha each,
revealed that the increase in root yield was as high as 38.6% at 2000 kg CaO/ha as compared to 
the control (Table 20). 

Table 20. Root yield and quality as affected by different levels of lime. 

Level of lime Root yield Starch (0o) HCN 
tkg CaO/ha) Wt/ha (D\V basis) (ppm) 

0 18.76 86.5 54.8 
500 22.19 88.4 46.1 

1000 23.54 88.4 50.1 
1500 22.66 89.3 46.2 
200 26.00 88.4 40.8 

CI) (0.0') : 3.35 

Source : Mohiankuinar and Nair, 1985. 

Lime not only increased the root yield but also improved the quality by increasing the 
starch content and decreasing the levcl of HCN. Application of 2000 kg CaO/ha was found to 
increase the soil pH by 2 units (from 4.55 to 6.61) 3 months after planting (Figure 7). It also 
increased the available P level and exchangeable Ca content of the soil. The residual effect of 
lime on the productivity of the succeeding cassava crop was not significant and annual application 
of lime ai 2000 kg CaO/ha was found to be beneficial (Mohankumar and Nair, 1985). 
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Figure 7. Soil pH at different stages of the cassava crop as affected by varying levels of lime application. 

Sulphur: 

The response of cassava to S application at 50 kg S/ha through S-containing fertilizers 
(single superphosphate, ammonium sulfate and ammophos) in an acid laterite soil of low available 
S content (6.62 ppm), was found to be significant and the yield increase was 3.94 t/ha, i.e. 18% 
more than the control (Figure 8). Application of S resulted in an increase in starch and 
methionine content and a decrease in HCN content of roots. The available S content of the soil 
and S uptake by the plant also increased due to S application, (Figure 9) (Mohankumar and 
Nair, 1983). 
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Figure8. Effect of sulfur apulication on cassava root yield, and the starch, HCN, and methionine content of roots. 

254 



1000 

Concentration 

Leaf 
O---4 Stem 

0-6-4 Root 

900 0 

0.4 

-E 800 -

E. 
0.3 

C: 

V) 700 0U 

0.2 

600 / / 

6. 0.1 

i0 

0 50 75 
S application (kg/ha) 

Figure 9. Effect of S application on total S-uptake and S concentration in the plant. 

0 



Micronutrients: 

With the introduction of high yielding cultivars and with the use of high analysis fertilizers, 
the application of micronutrients, particularly zinc, has gained considerable importance. In acid 
laterite soil of Kerala, cassava responded significantly to soil application of Zn, Mo and B at 
12.5, 1.0 and 10.0 kg/ha of Zinc sulfate, ammoniuni molybdate, and borax, respectively, along
with 100 kg/ha each of N, P,0 5 and K2O. Yield increases ol 4.0, 2.8 and 3.1 t/ha were obtained 
by the application of Zn, Mo and B at tile above rates (Table 21) (Nair and Mohankumar, 1980). 

Detailed studies using different levels of Zn., viz. 0, 2.5 and 5.0 kg Zn/ha, showed that 
the application of 2.5 kg Zn/hat as Zi,SO4. 71-1,0 resulted in the highest root yield, increasing 
the yield by 3.0 t/ha, i.e. 12.8% over tle control. Application of Zn also increased tle starch 
and reduced tile HCN content of roots (Table 22) (Mohank uniar and Nair, 1985). 

TamIeh21. R oot sied, sia r' und IR( onent of caDsma as influence b. micronulrit nti 1plica lions. 

treat mnt Rate Yield Strrch I CN 
t/ha) (%) (prni) 

NIII 25 kr ha tul Nlngaw',, ,,ulfate 26.8 27.) 101.7 
/1 12.5 kg 1wof Zinwc tillate 29.4 29.6 90.3 
C(I 12.5 kt Ia of Copper Sulfate 26.9 27.2 99.2 
I) I0kg ha of Bor;\ 28.5 28.1 96.8 
Mo I kg Im of .A\Iln. uolhda e 28.2 29.5 115.9 
MI 

Co11rol 
30.1 

25.4 
29.2 

27.6 
1(1.5 

119.6 

(I) (.(15) 1.6 

Solrt :Nair and ,lohanktonmrir. 1980. 

lFale 22. Yield an(I qn;alii ofi ci, % aldifferetr leel of in| a)plication. 

I ei es of /1n Root .\ield Starch I IJ N 
(k t 0(ha)I ((I') (ppnl) 

0 23.4 24.9 52.0) 
2.5 26.4 25.3 41.6 
5.0 
 26.5 26.7 38.1 

Source :NohankrtiI ar and Naii. 985. 

Ftutre I)irections and Priority Areas 
1. Multiple cropping syslems wifli cassava: Since root crops, especially cassava, are well 

adapted to a wide range of soil and climatic conditions, tihey can be successfully introduced in 
non-iraditional areas botlh as a monocrop and mixed crop. In mutiple cropping syslems shorter 
duration varieties of cassava may be introduic.-d, and .:hadc tolerant varieties of cassava, which 
can grow well under coconut, are to he developed. 

2. Water milnagemen: Preliminary studies on irrigation of'cassava showed that tile 
crop is highly responsive to irrigation in tiimes of moisture stress. Hence it is necessary to Initiate 
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water management studies on cassava to understand the critical times of irrigation and the crop's 
water requirement. This study further envisages soil conservation, water nutrient interaction 
and agronomic practices for slopy land. Water management studies are also important for 
off-season planting in order to ensure the steady supply of raw materials to the starch industry. 

3. Development of agro-techniques for cassava under low-land conditions: Since the 
soil physical condition, moisture regime, fertility status, moisture holding capacity etc. are all 
different under dry v.s. low land conditions, detailed studies have to be undertaken for the 
formulation of packages of practices under each situation. 

4. Low-input technology: Replacement of FYM through in situ cultivation and incorpor
ration of short duration dual purpose leguminous crops, economizing P fertilization by the use 
of citrate soluble rock phosphate, reducing the level of application, and selection of suitable 
crops -for sequential cropping are some of the low-input technologies which need attention. 
Preliminary studies conducted along these lines are encouraging. 

5. Cutivars: Product ion of high qunality planting material of high yielding and acceptable 
quality cultivars for large scale cultivation in farmers' fields. 

6. Crop-weather studies: Research on the effect of various meteorological parameters 
on cassava yield would give useful in formation about tile importance of climatic characteristics 
on the growth and yield of cassava under a particular situation. 

7. Nutrient budgeting anti partial production effeciency of various nutrients: As only a 
portion ofthe applied nutricits is used by tie crop, the fate of the added nutrients in the soil is 
different for various elements. Hfence it is important to have a budgeting of the nutrients added 
to the soil so as to assess the removal by the crop, various losses and fixation in tile soil. 

8. Micro-nutrient studies: l)ue to continuotus cultivation of cassava, the soil may become 
exhausted and may not be able to supply all the essential elements, thus tile crop may exhibit 
deficiency symptomns of the most limiting elements or suffer from yield reductions due !o hidden 
hunger. Identification and supply of these limiting elements are very important at the appro
priate stage. 

9. Basic studies on nutrient uptake patterns and utilization: Soil tests and crop response 
correlation studies are very useful in tie refinement of tile critical limits of nutrients in soil for 
efficient use of fertilizers for various crops. 
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AGRONOMIC RESEARCH ON CASSAVA IN 
THE PHILIPPINES 

Federico G. Villamayor, Jr.-

Introduction 

The Philippines has a total land area of about 30 million hectares, 41% of which are 
devoted to different agricultural crops. Of these agricultural lands (Table I), tile major crops 
grown are corn (29%), rice (2 8%), and coconutt (271rlo). Cassava occupies only a total of 218,000 
hectares, or only 1.8% of the total agricultural land. This shows that cassava is a very minor 
crop in the country, except in Sulu, Basilan, Tawi-tawi and other parts of Nlindanao where 
cassava is the main carboihydrate source, particularly for the Nuslii Filipinos. However, in 
mlany marginal lands whcre rice and corn are no1t Suitable, cassava and sweet potato are the 
usual energy source for the farmers. In terms of uses, cassava is mainly utilized as food (staple 
and snack items), as raw materials in starch factories and as animal feed. 

Table i. Land utilization among selected crops in the Philippines for crop )ear 1986. 

Crop A rea (I ai) Percent of total 

Rice 3,402,610 27.81 
Corn 3,544,730 28.97 
Coconuti 3,261,473 26.65 
Cassava 218,1m)O 1.78 
S,\Cet potato 164,770 1.35 
All others* 1,645,505 13.44 

otl 12,237,238 1W00.0 

*hiclode sugarcane, tobacco, coilO , abaca, segeta ble%, spices and ruilIrees. 

Source :BAICON, 1987. 

Cassava Growing Areas 

Geographically, the Philippines can be divied into three main areas namely, Luzon 
(Northern Philippines), Visayas (Central Philippines), and Mindanao (Souther Philippines). 
The top tell cassava producing provinces are shown inTable 2 and the distribution of cassava 
growing areas is indicated in Figure I. About 82% of cassava production for crop year 1986 
were accounted for by these 10 provinces. Cassava production was mainly concentrated in 

professor and Head, Production Technology Section, Philippine Root Crop Research and Training Center, Visayas 
State College of Agrictotre, Baybay, L.eyte, Philippines. 
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Figure I. Cassava production areas in the Philippines. Each dot represents 1000 ha in 1986. 
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three Mindanao provinces (Lanao del Sur, Basilan, and Sulu), five Visayan provinces (Bohol, 
Leyte, Negros Occidental, Western Samar and Eastern Samar) and two Luzon provinces 
(Camarines Sur and Albay). The relatively high production data for Lanao del Stir is due to the 
presence of three starch factories with the total annual rated capacity of 174,000 tons of fresh 
roots (Jayme, 1982). 

The data presented in Table 2, taken from the national office of the Bureau of Agricul
tural Economics (BAIVCON), should be treated with reservation as they are not accurate. 
Perhaps, what should be given credence is the relative %,alliesor ranking and not tile figures 
perse. For example, tile data supplied by the BAECON provincial office of lasilan showed an 
area of 9, 100 hectares in contrast to 16,170 hectares (Table 2) and a production of' 182,000 tons 

as opposed to 150,192 (Ta hle 2) or a yield of 20 tiha versus 9.3 t/ ha (Table 2). This comment 
is not meant to critici/e the I3AFCON but merely to point out difficulties in making yield 

estillates for cassa\ a, especially for sub,,istence farmers \sho harvest lile crop in a staggered 
manner as, slho\nii in [able 3 (Villmainavor eta/., 1987). The eslinate of' yield by farmers is 
usually lo,,s compared v, it ithat obtained through actual yield satuplitng. The yield estimates 

of BAIlCON and those of farmers are very Similar. 

lahl 2. Tlhe en leading cassava producing pro,,inces in the Philippines for crop ,ear 1986. 

t 'Ircciii t'cr[ c)1" [ ,.\l '. crage~I'J t tl \inll Ad d
 
I'ro in cce, (oI of ield
 

loit (Ihaa 

tanao Licl Sill 714,00() 41 .35 27,601) 12.65 25.9 

taUU ilin 150.192 8.71 16,170 7.41 9.3 

(arlliainr e, Sir 146,598 8.49 I19.5011 8.94 7.5 
I1ot 1-10,728 8.15 3T, 100 17.01 3.8 

Stil[ 1)7,638 6.23 23,090 10.59 4.7 

.. \ 49,655 2.88 5.6701 2.61 F 8 
1 Clc 34.928 2.02 9,676 4.44 3.6 

Negro, Occidenlal 25,122 1.46 6,510 2.98 3.9 
\\Wcscrn Samar 24,642 1.43 5,551 2.54 4.4 

-aistrli Sallat 19,25) I. t I 2,5(X) 1.15 7.7 

Iotaloi rI0 Itrlinces ,412,745 81.82 153,366 71.31 9.2 

tIoral for (lie philippine% 1,726,587 1OW.) 218,0010 100.0W 7.9 

Source : I(A\(O(N, 1987. 

lh'le 3. lretiuenc clislrihulions In 1l00) of .liehl esiifialtd h) citwivn faIrmers anllldli.l hbased (n fiehl sampling in 

Lev It . 

Yield csl llal lYihd (It hill 

Farmcrs I.held sanilpling 

01.1 4.0 82.5 9.0 

4.1 8.0 14.0 22.0 

8.1 12.0 1.0 42.0 

12.1 16.0) 2.5 27.10 

S ource : Villanym wt al.6 1987. 
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Climatic and Edaphic Characteristics of Cassava Growing Areas 
Based on the all nal rainfall distribution, the country can be divided into 12 agroclimatic 

zones, as shown in Figure 2 (Angus and Manalo, 1979). A month is considered wet when rainfall 
exceeds 200 1111mand diy when rainrfall is less than 100 nim. The type of climate For the top ten 
cassava growing provinces is shown iii Table 4. A representative rainl'all distribution for each 
province is sholn in Figure 3, except for Lanao del Snir and lasilan where data were not avai
lable. Generally, there are relatively more wet nionthis than dry months and rainfaill exceeds 
2,000 ino annually [or thIese tell provinces. There is also a minor difference within a given 
agrocliniatic /one in teruts of' peak rainftall exceeding 500 tmn per month. For example, Western 
and Fasteri Samar belong to tle same agroclimatic zone, but the lalter has three mlolnths 
exceeding 500 mn of rain Fiutrcs 2 and 3). 

h ' l l 4. .groclinm ic /ones ,and1% soil I Idomj]i ;rnlm ttkuirj slics of file fell nijlor tvIassas., gro%%ing proincls. 

PI ii iic S,,i Ct( /one (Illilli ll Soill i",l 

tom lI t[ ( it h bai , ,a y ti .l , l+.Iylnum 

lIta l C2. '3l)2 (Io lami i 
l,i l .', Atll l,( (2 (lil . lAt loalni, ol ilill 

BoI)t 
'+,HtI 

I , D2, F2 
I)2 

r(ihl,cl;ak loall,il lilill 
('ht.\ loil ,foilil, sill It"dill) 

V \ll A I, Il ( I, 'C2 (1;1\, lAt. lo'lill, ]loalll, Nit1ioIlII 
I L.i I ) " 

, 
C2 O'+'il\y, cliI) hl lll), sill hl lln, ",alldlo+i t l' n 

Ni'gir)l, ( 'iccjdcntidl I ',2. )2 'liy, clat\ loanl. ill lo m . h iuli 
%,\cl [I,,t iitm I (lx\, cla loam , loam samd 
I 'Is iillNuimllm Ill (la.\, clh. loam, Niltloam, loamy aiid 

.,olllrvt .\A: iU amid \ ioluh. 11)7); PC.ARR, 1978. 

Fable 4 sho%%. that liet majoriiy of (lie soils in ilic cassava growing provinces have a claN 
or clay loail texture. [lie Bureau of Soils, Department of' Agriculture, is still in tile process 
of classilfyitgu Philippities Soil, using Ihe JUS)A Soil TaxonI1Onil' SyStCm. For tie area already 
studied, there are at last I'otur soil orders used bor cassava cultivation namely, Inceptisols, 
All'isols, and Mollisols iil Ilohol, and tJltisols in Albay. Figure 4 shows a preliminary soil itap 
adapted from the FAO Soii Map oft the World. 
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Number of Months 

Wet Dry 

* 	 1B, 7-9 <2 

SB, 7-9 2-4 
* C, 5-6 <2 

r C, 5-6 2-4 

c 5-6 5-6 
La Union..--- l D, 3-4 <2 

* D, 3-4 2-1' 

D3 3-4 5-6 
Tar lac Lon[] E, <3 2 

I E, <3 5-61 

Camarines At least I month 
Catanduanes 

amarines Sur 
Mindoro 	 Albay 

Capz Masbate" Samar 
Jloilo 

Panay 	 ete 

Palawan 
Negros 4 hol 

Tawi-tawi 

Figure 2. Ag,oclinutic miapi of the Philippines bused on riwrfull disirilulion(Adapted from Angus and Manalo, 1979). 
Dry month: < 100 mm rain; wet month: >200 mm rain. 
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e) Tacloban Ciky, Leyte f)Dagohoy, Bohol g) La Granja,Negros Occ. h) Jolo, Sulu. 



9 Ultisol 

m InceptIsol - Andept 

AfEnisol 

EEntisal - Psamnment 

2'-


Figure 4. Soil map of the Philippines. 

Source : Adapted from FAO Soil Map of the World, 1979, by R. Howeler. 
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Table 5. Frequency distribution of soil chemical characteristics in cassava growing areas of Leyte with n = 100. 

Soil characteristics Frequency (G) Soil characteristics Frequency (01) 

pH 

4.0-5.0 
5.1 -7.0 

7.1 -9.0 

7.0 
79.0 

14.0 

Olsen P (ppm) 
1.0-5.0 
5.1-10.0 

> 10.0 

88.0 
5.0 

7.0 

OM (0,'0) 

1.0--4.0 

4.1 -8.0 

8.1 - 12.0 

48.0 
41.0 

11.0 

NH 4 Ac K (ppm) 

1-100 
101-200 

>200 

19.0 

58.0 

23.0 

Source : Villamayor et al., 1987. 

Results of a study on some soil chemical properties of areas grown to cassava in Leyte 
are shown in Table 5 (Villamayor et a., 1987). The nutrients that appear to be limiting are 
mainly N and P. The soil pH is generally favorable, while soil K seems to be adequate in most 
farms sampled. 

Cultivation Methods 

The methods employed in the production of cassava vary according to the type of farms, 
as summarized in Table 6. The differences in the production methods are mainly due to the 
size of the farm, the topography, the intended use of the product, and the financial resources 
of the grower. 

In subsistence farms, cassava is primarily grown for food in marginal lands, usually 
having a rolling or hilly topography. There is minimal land preparation, no insect or disease 
control, no fertilization, and minimal weed control. In short, there is minimum labor input. 
Harvesting is as early as four months when there are already roots big enough for cooking, 
and continues until all the crop is harvested. Some farmers plant immediately the harvested hills 
but in most cases the land is fallowed or rotated with other crops. 

In the case of plantations, cassava is grown in flat to rolling lands with all necessary 
inputs to ensure high production. Better cultural management practices are used in these farms 
because of available financial resources. The higher the production, the longer the starch 
factory operates and the more profit the factory obtains. The plantation and the starch factory 
have the same owner. 

The commercial farms are hybrids between subsistence and plantation farms. These are 
usually located at the periphery of the starch factories. They sell most of the produce to the 
starch factory. They usually get technical and financial assistance from the factories, but they 
have to sell the produce at a pre-agreed price. This type of relationship is usually mutual!y 
beneficial. 
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Table 6. General comparison among subsistence, commercial and plantation type of cassava farms in the Philippines. 

Factors Subsistence Commercial Plantation 

Farm size (ha) < 0.50 I - 10 > 100 
Topography Rolling to hilly Flat to rolling Flat to rolling 

Land preparation/cultivation Minimal Adequate Adequate 

Source of poser Human, animal Animal, tractor Tractor 

Variety Edible Edible, not edible Not edible 

Quality of planting material Poor to good Good Good 

Planting time Onset of rainy Onset of rainy Stagger as long 
season season as rain is available 

Planting position Vertical, diagonal, horizontal Horizontal Horizontal 

Number of stakes per hill More than one One One 

Fertilizer usage None Oftentimes Always 

Weed control Poor to fair Fair to good Good 

Insect pest/disease control None None Sometimes 

Harvesting method Stagger, selection of Once Stagger by area 
plants ssith big roots 

Estimate of total 85 5 10 
production ('o) 

Harvesting time 4 mo and above > 10 mo > 10 mo 

Yield levels (t/ha) < 10 10-20 > 20 

Cropping pattern Fallowed/Rotate Successive cassava Continuous 
sith other crops at least twice cassaV;i 

Cropping system Mixed/Intercropped Monocrop Monocrop 

Main root use Food Cash Starch 

Source of labor Family Family/Hired hands Hired hands 

Past Agronomic Research 

Agronomic research in the past, particularly before the second World War, was mainly 
concentrated at the University of the Philippines at Los Banos, where several foreign varieties 
were assessed for adaptation. Uichanco (1959) summarized the results of the different experi
ments on cassava in the book "Field Crops". After this period, agronomic research was only 
miniml, until about a decade ago when interest on root crops, especially cassava, was renewed 
with ihe establishment of the Philippine Root Crop Research and Training Center (PRCRTC) 
based at the Visayas State College of Agriculture (ViSCA). 

In the subsequent discussion the topics will be presented chronologically according to 
the production cycle starting with land preparation up to harvesting and including cropping 
systems. Unpttblished data will be presented whenever possible, especially for the research 
conducted at ViSCA. Published research will only be mentioned and cited. 
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Land preparation: 

Santos (1967) reported that germination and yield were significantly affected by the 
method of land preparation. The ordinary method, consisting of harrowing-plowing-harrowing
and making furrows, gave the highest percentage germination and yield followed by harrowing
plowing-planting, plowing-planting, and lastly by harrowing-punching hole for planting. 
Similarly, Pardales (1986) showed conventional tillage (plowing and harrowing an entire area)
and minimum tillage (row plowing only plus herbicide) to be better than zero tillage. Castroverde 
(1983) also showed minimum tillage together with herbicide application to be profitable. These 
results suggest that tillage operations are necessary to obtain a loose and well-aerated soil for 
the development of the storage roots. However, in newly opened arcas such as in a "kaingin" 
(slash and burn), no tillage is necessary for at least two seasons, except that required for inserting 
the planting stakes into the soil (Abenoja and Baterna, 1982). 

In terms of plowing depth, Villamayor (1983a) found no advantage in preparing the 
soil deeper than 20 cm. Planting on ridges or mounds in areas subject to waterlogging is pre
ferable to planting in flat beds or furrews as the yltild is generally higher in the former than in 
(he latter (1Labra and Tisang, 1979; Secreto, 1981) as shown in Table 7. 

Table 7. Root ,ield of cass.aa (cm. (olden Vellow) at 8 months after planting as affected by seedbed preparation and 
position of planting in NiSCA, Leyte. 

Roo yield (/ha)TreaNInar 
Marketable Total 

Seed bed preparation 0°) 
Ridge 31.64 35.0 
[111 bed 26.91 30.9 

Position o" planting (NS) 
Vertical 30.64 34.31 
Iori/ontal 29.67 33.61 
Inclined 27.57 30.95 

I/ s ignificant; NS not significani. 

Source Labra and ]isang, 1979. 

Selection and preparation of planting materials: 

The presence of scale insects on the planting statkes could reduce the sprouting percentage 
and yield of cassava. However, treatment of the stakes with insecticide before planting or 
planting horizontally minimized the yield reduction, even though sprouting percentage was not 
improved (Villarnayor and Perez, 1985; Villamayor and Perez, 1987). 

The performance of stakes produced tinder shade was not reduced compared with those 
normally produced in the open (Villamayor and Perez, 1986). The first planting stakes produced 
under shade even gave higher yiclds than those produced in the open, but there were no yield 
differences for the succeeding stake evaluations (Table 8). 

There are many studies on the effect of length of cassava stakes. Some workers showed 
no significant difference in yield among stake lengths between 10 cm and 50 cm (Dacpano, 
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Table 8. Cassava stake production (cv. Golden Yellow) in the open and under coconut (ca. 50% shade) and yield 
evaltation of the stakes eight months after planting (MAP) In the open in Baybay, lteyle. 

Place of prodacion Total root yield (kg/m 2 
No. of stakesI/ / 1 2 

6 MAP II MAP Ist Trial 2nd Trial 

Open field 8.57 20.47 1.01 2.05 
Under coconut 7.03 16.70 1.51 2.17 

F-test NS NS NS 
CV (qto) 13.21 9.55 5.93 14.5V 

j/ Length is 25 cm. 

Source : Villamayor and Pere/, 1986. 

Table 9. Root number and root weight of cassava (cv. Golden Yellow) uying various lengths of planting stakes in 
tlacnotan, La Union. 

Stake lengili Root number Root yield 
(c11i) ( # /plant) It/ha) 

10 9.2 14.5 
15 8.9 23.8 
20 9.7 2.2 
25 8.8 20.7 
30 8.2 21.6 

F-test t1 its% 
CV (W) 8.05 11.0 

Source :Dacpano. 1980. 

Table 10. Shoot number and root yield of cassava (c%.Aipen Valencia) as affected b) length of stakes planted 
horizontally in Iloilo. 

Stake length Root yield Shoot unmbe 
(cii1) (kg/plot) ( #/plot) 

15.2 6.96 c 24 d 
30.5 10.11 b 45 c 
45.7 11.77 b 57 hc 
61.0 12.86 ab 74 ab 
76.2 15.1) a 78 a 

Mean separation (ILSD, 0.01) 

Source : Ganado, 195(,. 

1980; Credo, 1982; Velasco, 1982) as shown in Table 9. Others showed short stakes to be better 
than longer stakes (Pama, 1965; Pardales and Forio, 1979; Mateo, 1981; Apilar and Villamayor, 
1981; Soriano, 1986), while still others showed the long stakes to be better than short stakes 
(Palis, 1938; Tadong, 1955; Ganado, 1956) as shown in Table 10. Apparently the disagreement 
in results was due to the differences in the length of [lhe stakes used in the study and the position 
of planting. In general, short stakes are better than long stakes when planted vertically and 
long stakes better than short stakes when planted horizontally. 
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There was a positive correlation bet'seen stake circumference and yield. Neri (1966) 
obtained the highest yield using stakes with 9.5 to 10.0 cm circumference and the lowest at 5.0 
cm. On the other hand, Villamayor (1983b) did not find significant differences among stakes 
differing in diameter as a result of high density planting. 

The best part of the plant to be used as planting material is the basal portion ol' the stem 
followed by the middle port ion and then the top (W(lalang, 1931; HIucrtas, 1940; Ocampo, 1956, 
Salvosa, 1980) as sho%%n in Table II. Ingeneral, any part may be used except those nearest to 
the root and the green portion at the top (Guanzon, 1927, Bucado, 1979). When planting 
material is scarce, even split stakes could be used without affecting the yield as long as planting 
was horizontal (Aparra, 1981). 

Table II. Root ,iel of ca ,aa (c% Iiing different stein hiolo.. %alenria parts as planting stakes ir 

'art o Steil] Root yield (kg/plot) 

Iop 7.91 c 
Mlidle 101.41 h 

IBai 12.49 a 

Melan ,,ep'aralsonl (0.01(I S;I), 


Source : )caitp, 1956. 

The manner of ctting tie stakes could affect yield. Pestano (1982) claimed that slant 
cultting (bevcled) ga'+c higher yield than straight (transverse) cutting (Table 12). 

Ulat (1980) aid Aparra (198!) reported that soaking stakes in growt h regulators such as 
NAA and I1A had no afl'c on .ield, s,hile Javier and Marntcpic (1978), Apa-ap (1979) and 
Minao (1981) showed that soaking stakes in a NAA solution increased cassava yield due to 
productlotn of tmore si orage rools. 

I able 12. Storage rrll Nitld as aflected It Slalnted or iran%erse iethod of cutting the stin in Nulrnlbusao Capil. 

Me.'thod ol 11in1 [ ity' ,temii Root .ieldha)(i 

Slanted 14.73 a 

I ll \+"- 8.40 II 

Meain Separationt It si). ().(Il) 

Source : t tllto, 1982. 

It was reported that planting grafted Manihot glaziovii (scion) and Manihot ewulenla 
(stock) stakes, known in Indonesia as the Mukibat system, was better than the traditional 
system of just planting the cultivated AL. esculnta (Ahit el al., 1981). However, a follow-up 
study (Miras, 1983) showed tle Mukibat system to be no better than the traditional. In fact, 
the traditional system produced roots with higher dry matter content (Table 13). 
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Table 13. Root yield, number and dry matter content under the traditional and Mukibat system of planting in ViSCA, 
Leyte. 

Planting systeni Root number Root yield Root dry matter 
(#/plant) (t/ha) (Oo) 

Traditional 6.60 17.31 50.23 
Mukibat 5.54 13.88 47.29 

F-test NS NS 
CV (0,0) 37.0 12.37 3.39 

Mean separation (LSI), 0.01) 

Source : Niras, 1983. 

Storage 	of planting material: 

Parcasio (1982) showed that storage of stems for a period of up to 15 days had no 
significant effect on yield. Storing cassava stems for one month under the tree canopy, and 
protected from direct sunlight, did not affect the yield of the crop (Villamayor and Perez, 1983), 
but storage for two or three months significantly reduced yield though germination was not 
markedly reduced. Treatment of stakes to be stored with coal tar had no effect on viability 
and shoot development (Mendaira, 1973). 

For long-term storage of three or four months (Villamayor, Perez and l)estriza, unpub
lished data), it was found that burying the basal part of the stem into tile soil at about 2cm depth 
and protecting the sterns from direct sunlight did not significantly reduce tile yield compared 
with the ttse of unstored stakes (Table 14). 

ruble 14. 	 Yield esalualion of cassasa stakes (es. Golden Vello,) stored serlicall. in the open for sarious duration and 
cosered silb coconut fronds in ViSCA, Ici te. 

Storage duration (ono) 	 Root yield (kg' 2) Root number (*/n-) 

Zero (control) 3.1 a 12.6 a 
One 1.6 c 9.6 b 
Tl- o 2.4 h 9.5 b 
Three 2.7 ab 11.2 ab 
Four 2.8 ab 11.4 ab 

Mean ,elparalion (ISI), 0.05) 

Source : Villamayor, Pere/ and I)estriia, unpublished data. 

Planting: 

Cassava can be planted anytime of tile year as long as rainfall isadequate. in areas with 
a distinct dry season it is best to plant at the onset of the rainy season since yield is reduced when 
planting is delayed towards the dry season (PRCRTC, 1986). A significant positive correlation 
was observed between rainfall received during the initial seven months period and yield (Villa
mayor and Davines, 1987). Bernards and Esquerra (1981) also recommended planting 3 - 5 
months before the onset of the dry season to avoid spider mite damage. 
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Planting is usually done manually but a mechanical planter is available that can plant 
a hectare in seven hours (Dimacali, 1964). In one pass tie implement furrows the soil, drops 
fertilizer and planting stakes, covers the stakes and compacts the soil. In cassava plantations 
in Mindanao, modified sugarcane planters are being used in planting cassava. 

Planting position, whether vertical, slanted or horizontal, did not affect yield (Calang, 
1931; l)eocariga, 1956; Villanueva and l.abra, 1978; l.abra and Tisang, 1979; Tizn 1980; 
Abcnoja, 1981; Credo, 1982; Soriano, 1986). In vertical planting, the inverted position should 
be avoided since germination is low (Basug, 1971) and the yield is reduced (Evangelio, 1981). 
On the other hand, Reyes and [-speridion (1976) reported that horizontal planting is bettei lan 
vertical or slanted planting. The conflicting results are probably dile to the difference in so;! 
type, climate and method of soil preparation, whether in mound, furrow, ridge, or flat. The 
general recoin iniendation is to plant vertically on ridges whcn rainfall is heavy, especially for 
heavy soils, and horizontally in hlirro-os hen rainfall is scarce forws during planting, especially 
lighter soils (,\Iendiola , 1958). 

I)cpth of \crticail plalting, frot 5 to 20 cm, did not affect yield (Corpuz, 1980). Baludda 
(1980) also did noi finud any significant differences in yield aniong 20 to 35 cni depth of planting, 
bit there \\as a trend that tile deeper the planting, the lower the yield. \Vhen the whole stnm 
%\asburied \citicallv, icld s\sas reduced compared with a planting depth of 15 cm (Villaay or, 
un puiblislied data). lhis \%as probabl.v due to the development of the udergroind part of tile 
stein into storage organs a the yield red uciion was minimized when the undergrotund shoots 
w.cre rcnlo \ed s lile still young (I mornth old), allo\%ing only the above-ground shoots to develop 
(Table I5). 

l]al 15. 	 t ol itd of casaa (Cs. (holden ll ) f tour rnonihs after planting as arfecled hbyihe deplh of planting 
and re'lumoil of1 ulergroolllil %tool in %iSCA. L.e.%lt. 

IDpith ol plailin Rooi yield kg/pilil) 

15 Cii.l, t Cill akho' c'fOllild 

25 kil. MlioIc 'teln hullcd 

2s Cii, illIi21tll d St1uu0 iT td 

0.48 ab 

0.12 c 

0.30 h 

mledntpaira;ioili 1t , 0.I)5) 

Source :Villaiiawiii mnpulihecd dauta. 

PCARRI) (1983) recomniiends planting only one stake per hill, but about 45% of farmers 
surveyed plant tvo stakes per hill (Villaniayor et a., 1987). Jarbadan (1963) and Real (1978) 
reported that tmo stakes per hill gave the highest yield compared with one, three or four stakes. 

Cotejo and [orio (1979) reported that tile yield of four plants immediately adjacent to 
a missing hill was increased, such that the total yield was equal to that of five complete hills, 
suggesting that 20"o inissing hills can be tolcated . A more systematic stidy by Villaniayor 
and Labayan (uiinpublished data) showed that cassava can tolerate about 30% iliissing hills without 
yield reduction, regardless of variely, population density and fertilization levels used (Table 16 
and 17). Replanting should be done as soon as possible as the yield oft he replants were drastically 
reduced when replanting was delayed beyond 13 days after planting (DAP). 
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Table 16. 	 Summary of results of experiments on the effect of missing hills (in yield as influenced by variety, population 
and fertilization, in ViSCA, Leyte. 

Treat merits Yield Treatments Yield Treatint, Yield 
(Wha) (i/ha) (t/ha) 

Variety iNS) Population (NS) Feriili/cr (NS)
 
Golden Ycllos 22.75 a 10,0M5) p1/ha 11.04 a (X - 0 - 00 26.26 a
 
CNC-41) 22.61 at 20,M(X) pl/ha 11.50 a 25 -25 25 30.57 a
 

40,M) pl/ha 9.12 b 50- 50-50 26.31 a 

CV (I0,) 14.59 ('V (-0) 9.52 CV (mo) 17.27 

Nlissing hill (NS) 	 Nissinfg hill (NS) Missing hill 1) 
000 24.68 a 0"O 10.98 a 0% 30.23 a 

°10% 24.17 a 10% 10.36 a 30 , 28.54 a 
201"o 26.48 a 20"o 10.11 a 35 (1 25.88 b 
30% 21.38 a 3001 10.77 a 40Do 26.21 b 
CV (00) 15.95 CV ('o) 17.28 CV ("o) 11.53 

Interaction (NS) 	 Interaction (NS) Interaction INS) 

Mean separation (ISI), 0.05) 

Solurce : Villarnai or and I.aha\an, inptlished data. 

Tbihl 17. 	 Yield it cassaiis (ci. C(olden YelloA) iinder different periods of replanting missing hills in ViSCA, I eCle. 

To l 	 Root yieldzlao 

Replanting time of inissing hills root yield of sainiple plants
 

I "ha) (kg.' plall)
 

I. (ottirol, 0 tissing hill M11t) 201.06 a 1.71
 
2 35"o NIII tinreplanted 22.87 a 2.62
 
3. 35" NIt replanted 	 22.93 a 1.96 

13 days afler planting II)APi 
4. 35' NIlI1 rcplanted 20 )AIP 	 19.56 a 0.48 
5. 350' NI) replattCd 27 I)AI 	 18.20 a 0.1I1 
6. 40(VoNII unreplanied 	 21.09 a 3.68 
7. 40'oIl II replaltCd 13 )AP' 	 19.78 a 1.03 
8. 401" \II ieplatuted 20 I)AI' 	 14.98 1 0.54 

(V (('.1) 	 14.26 28.13 

iJ Mcall separatiolt (I SI), 0.05)
 
J the replanted platti , itose adjacen toitissitig hills (tr. 2 aind 6) or Ihose \%ilh complete horders (tr. I).
 

Source : Villainaor atid I ah\an, ipuhlished data.
 

As much as possible, cassava should not be planted under shade as yields are reduced 

under such condhions (Navarez, 1976). 

Plant population/spacing : 

Planting density from 7,000 to 28,000 plants/ha did not seem to affect total yield (Ajoc, 
1976; Secrelo, 1981; Caliboso, 1981; Villainayor and Destriza, 1982), but there was a trend that 
marketable yield decreased with increasing plant density (PRCRTC; 1979; Villamayor and 
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Destriza, 1982). On the other hand, Occiano (1980) and Bansil (1980) found the 75 x 75 cm 
spacing to be better than the 75 x 50 cm, 75 x 30 cm or 75 x 25 cm. At a row spacing of 
one meter, Retis and Cerrudo (1976) and I'spinas (1979) obtained higher yields at 75 cm spacing
between hills compared with 60, 50 and 40 cm spacing or 50, I0 and 125 cm spacings, respectively. 

The conflicting results llv be dle to dil'erences ill variety, soil fertility and climatic 
conditions. [or eXample, \'illalNayor and Apilar (1981) found the yield of the slhort-stalt tilred 
variety Golden Yelcow not to be aff'Cct cd by tIle difIerentllulJations used, but the yield of the 
tall-statured Varielyv KadabaO \\as reduced al higher popil 111 ions. 

The yield in a double roy, y'.,Icm of planting, , here an iplanted row alternate with 
t\o planted roy. s, did niot differ significantly comtpared will a single row system (\illamayor 
and )cest riia, 1982). In the fomrl. the \acatlll Io\\ call be planted witi intercrops without 
interf'ering il the \Ccd control oprations such as oil-barring and hilling-np. 

Weed control/culilation : 

The critical period for ss.ced control ill cIssas \aas during the first two months of growth 
(llacusito, 1978; .lu nnadiao, 1982) as shios,,n in Fable 18. Cultivation is also beneficial to cassava. 
lJastimnoso (1979) fonlld Ih,,t casSas\a yields s\ere highest \withll three times cult.ivation al three 
\eek intersak. \'illamua or and Reona (1987) I'ound oI-barrling t\o \weeks alter platiting 
(\V\iAP) follos ed 1w lalldsCedilL! \%ilhin thIeros 3 W\P iald hillilg-np 5 and 7 WAP to be tie 
most profitable amtong the treatmients used under ViSCA conditions. 

llehh 18. H<,o iint l (i .. uwrand rm )i hlol c , (C'. (.althIn ) thm) litl %lIt'lrd.ralhmi conllrol in 

\%ve llO (,'1.d ll loll 1,ooil lllllll)'+.l Romi y ield 

(1d, ~(# Iphtla ) (I 1ia) 

,T5.17 8.35 1h 
11 5.13 h 9.42 Ib 

61) 7.20 ,I 17,68 a 
9(0 7.57 a 17.53 it 

120 8.00 a 19.2(I a 

151) 7.33 a 22.83 a 
ISO 7.74 a 23.03 at 

Mean ,eCllillioIn t)eIRt , 0.115) 

Smi~lrt'e : .lJ ltiuntha , 198S2. 

Irrigation : 

There are io studies ott tile irrigation of cassava, but ViIlamayor and Destriza (1985)
showed tat \watein tg t le plants du ring tle period of very low rainffall increased the yield of 
cassava signilficatily. 

Ferlilizaition/liming : 

Many studies have been conducted on the response of cassava to NPK levels, singly or 
in combination, comparisons betws'een levels of fertilizers, and between organic and inorganic 
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fertilizers, especially by undergraduate students in many parts of the country (Rosalas, 1969; 
Masjiril, 1972; Reston, 1976; Monte de Ramos, 1977; Malaki, 1977; Ortega, 1978; Cotajo and 
Talatala, 1978; Abenoja, 1978; Awa, 1979; Serrame, 1980; Go;mez, 1980; Pineda, 1980; Bucud, 
1980; Pangan, 1980; Oso, 1980; David, 1981, de Guzman, I )82; Lagrimas, 1982; Tomas, 1982; 
de la Roza, 1982; Aganon, 1982; Agustin, 1983; Musngi, 1985). Since the response of cassava 
will depend on the initial fertility of the soil, agroclimatic conditions, amiount and source of 
fertilizers, methods ot application and even varieties, it is expected rhat there will be differences 
in results. Some showed no response (Suerte, 19,0; Villaflor, 1981; Tomas, 1982; Lagrimas, 
1982), while others sh iwedpositive responses (Malaki, 1977; Pangan, 1980; Pineda, 1980; 
de Guzman, 1982; dc la Rosa, 1982; Agustin, 1983; NIusngi, 1985). Liquid fertilizers have also 
been tried but the eflect was minimal (Silagan, 1982). 

The lack of response in some cases is due to the high fertility of the soil used. For example, 
the area used by Suerte (1980) and Villafhor (1981) had a p-I of 6.1, 0.28% total N, 35 ppm 
available P and 229 pipm exchangeable K. The yield of marketable roots alone was as high as 
58 t/ha in 10 months. An example of a positive response to N fertilization is the work of Abenoja 
(19,8), as shown in Table 19. The soil used had a pl-I of 6.9, 2.0% organic matter, 19 ppm 
(Olsen) P and 372 HtSO 4 extractable K. 

Fahle 1). 	 Iola rool i .itl f cass.%a (cI. (Gole Ytelim l unidter diflferentf let' l, of ftnlii,..er in ViS(A, i, . 

Fcrtili/cr h.Icw 	 toillloot' icld 0 hill 

00 001 00 	 17.25 a
 

3 (1O0 (i) 	 28.05 h 
0) 10 I 3ll 	 31.39 1) 
9( 004 60 	 29.21) h 

j1 Initial soil ani.o,,,is: 2.1o )I, 19 pln ()cn I'. 372 ppin 11,S0 4 c\tracia lc K. 

Source : 	 hnoja, 1978.i 


Table 21. 	 Root Ridtdringhe irst, third. fourtlhand %itcrojl)inga.af1cCted Ii hi ajipplicalion oftdifferentll UrCeI, 

of fertilier aind their residl efftcI in Vi.(CA, ILe . 

Ftili/cr itil (t hi 

( op I ('l"op I1 ('rop IV ('lop VI 

I" ('ontrol 31.39 b 16.5Sc. I1.7) d 8.78 c 
Ft iiuirgallic 60 644 610) 18.95 at 31.71 a 23.10i al 21.32 a 

12 chicken dullk! (1.3 1ha) 37.61 it 27.33 ait IS.17 bc 12.75 thc 
11, pig mauirc (3.4 I hit) 41.47 ,t 28.49 a 10.46 cd 10.33 1 
14 co'aIiuaiiirc(.1.4 1 ha) 39.07 a 27.51 ab 25.13 a 16.14 1 
i5 giallto (0.6 1 ha) 34.85 ab 23.62 h 18.04 hc 12.92 hc 
(V (U 1 ) 8.17 9.02 15.86 17.71 

jj Inorganic Icr4ililCl ,tpplid cI cr1 cro)pping; mnuirc applied Ip 10 iC31d crop onl.. 

Me'an imiaralioi (i)NR I, 4.0)5). 

Sourcte : Ouiiol and Am:ioraI, 1987. 
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Table 21. 	 Effect of different sources of fertilizer on the soil chemical characteristics at the end of tie sixth crop in 
VISCA, Leyte. 

-Fertilizer source l/ 	 Chemical analysis27 
ONI Olsen P NIl 4 Ac K 

(Wo) (ppm ) (ppml) 

To Control 	 2.55 4.8 42.7 
TI inorganic (60 60 60) 	 3.31 13.7 96.7
 
12 chicken dung (1.3 1, ha) 3.43 6.3 
 50.3 
13 - pig 	 nanure (3.4 thIra) 3.56 8.2 48.3
 
14 - co ianure (4.4 I ha) 3.65 
 5.4 75.3
 
T5 guano (0.6 'i)h 3.75 4.7 44.7
 

1. 	Inorganic fert ilicr applied e%cry cropping; ian mre applied up ito the 3rd crop only.
 
Initial : 2.941'', ()A, 9 ppm Oln I) anmd148 ppmn NI I4 Ac K.
 

Source : (uirol and Anor.ia, 1987. 

Continmacls applicationm of the same level of fertilization every cropping season could not 
maintain the yield "cassava in ViSCA (Quirol and Arnora, 1987) as shown in Table 20. This 
was probably dte to a marked reduction in the amount o K in the soil (Table 21). Table 20 also 
showed that animal manunre had some residual effect, especially during the cropping season 
immediately after the last application. 

In the Philippines, nlo0 areas growl to cassava are of marginal fertility. Thus, the appli
cation of' the Rill 
 feriilizer recoimen dation based on the level recommended by the Bureau of 
Soils, as determined through soil analyses, was the most prolitable in five ot of seven trials 
(Villamayor and l)estri/a, 1986), as shown in Table 22. There was also little or no response in 
two areas (Butigan II and Igaug) which are near the river and have alluvial soils. 

Green mia-iure and animal mantire increased cassava yields (Lauron, 1980, Lorenzo, 1980; 
Ratilla, 1983; Castroverde, 1983; Molina, 1983; Mirambel, 1983; PRCRTC, 1985; Pascual et al., 

Tahle 22. 	 Iotal root ficld and nel income of cassas a (c,. Golden Yellow',) %itlhoulfertitiiation (F0), 1/2 the fertilizer 
recoimendation l) arnd fill lerlili/er recommendation (F2) in iarious localions in ll'ohty, ILe) e. 

I ,ication Illili/ation 

recollillicl dalttioll 0tat moo1 .id (kg.,ha) Net income(P) 
3 

(N-12() 5-K,() in kg Ila) H) Ft 1:2 [(0 Fl [2 

Mlagaihai 	 (35 3., 35) 9.01) 18.32 20.05 1.495 7,174 7,825 
-tgang J (5)) 50 5l) 20.83 21.73 26.76 9,445 9,253 10,848 

('mtljlIglos (40 30 30) 5.67 16.08 23.21 t1516 4,468 8,278 
Bolligan I )4( 31) 30) 10.66 14.60 16.101 2,765 4,669 5,405 

-Butigan III 1 (40 30 00) 21.16 21.62 20t.46 10,147 9,921 8,557 
Can-ipa 4( 31) 00) 11.58 21.56 18.904J .1.069 10,304 7,686 
Ilubon 15.44 23.29 26.25 6,551 11,589 12,838 

.J 	 Near the ricr 
21 Iodged at 6 imont(is 

3 [chinge rate : '211 $1 

Source : Villamayor and I)cstri/a, 1986. 
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Tuhle 23. 	 Root yield of cassava (cv. Golden Yellow) and net relurn tinder various soil amendments in ViSCA, L.ey fe. 

I
yef dai JJTotal 	 root y ied Net return-s1 
tliha) 	 (I') 

Conirol 5.45 C - 1.773.21
 
t0(ons Coalihhliha 
 6.88 e 	 2,268.08 
10 tons Chicken dungAm 	 14.014 b 4,128.78 

10 tons,catttle 	 9.12 dtattrc ha 410.47 
10IIol got).l( 	 11.36 c1:1)tilre" ha 1,937.14
 
Inorgaiic fcrflilicr 16.82 a 
 4,107.57 

(6) (0 9 ) ki N- 2()5-K20ha) 

iJSoil iujl. :4.7 pl1, 1.24% 13 ppiorsi, (AL ppm 1), 141 K
 

21 Mtcan ,cparaion IM R I. 0.05)
 
.J I1ch;i1gtC 1atc : '21 SI
 

:Sourillce.M il iIIl-. 9I"J.. 

1987; Quirol and Amora, 1987). As an example, the data of Miratnbel (1983) on the effect of 
animal manu res is shown in Table 23. !1was also noted that green manunres (cowpea, soybean, 
inuingbean, and peanut) incorporated into the soil itany groswth stage--vegetative, flowering 
or harvestable--did not affect the yield of cassava (Molina, 1983). "1his stggests that harvesting 
the pods mtav be possible before incorporating the herbage into tile soil, which is essentially 
thesamie as crop ro ationl. 

The time of fertilizer applications, frotn planting to two nioril', after pianting, did not 
significantly afftct cassava ield (Lagntia, 1977; Abenoja, 1978; ('o.ejo and Talatala, 1978). 
This is illustraied in tablc 24. Ilowcvc, if application was dciyaed to 90 days, yields were 
reduced 	(t)avid, 1981). The best applicationi tiue of conplete fertilizer \was 1/2 basal and 1/2 
sidedressed one imotii after pliating (MAP).Split application (1/4 each) at planting, one, two, 
and three NiAP \as the least effective amoin tlie application times used. 

For most acidic soils, liiing is iot iecessary since cassava usually does not respond to 
liming (Ramos and Nlosica, 1982; PRCRTC, 1983; Pardales el al., 1984). 

'l'ahle24. 	 Rool ,ild or tcaas a (c%". Golden Ytllms) aplied %sit 90-60-611 kglN-1 '2 )5K,(/ha al different lines 
after planting in VIS(CA, I.e.%lt. 

tillic
of application Iolal
 
Iqaiili I ,Mhliil 2 ,Monlths fool \ ieltl
 

I,h1a) 

12 N, all I' itd K 1 2 N 31.62 c 
1.3 N. allI'at K 13 N I3 N 29.29 hC
 
! 3 N, 1/2 I'and K 1t3 N, 1,2 1 aud K 1/3 N 31.13 c
 
I/2 N, all 1I a;d K 
 1/2 N 26.99 hc 

leatn scparation [I)IRI, 0.05) 
I igircs sclclcted ftti a higger ,elof data. 

Source :Ahcnoja, 1978. 
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Almendras (1982) showed that mycorrhizal inoculation significantly increased the shoot P 
concentration and uptake in pot experiments. 

Talatala (1982) showed that fertilization with 60-0-0 or 60-60-120 kg N-P 2 0-K2O/ha 
did not affect the HCN contents of three varieties of cassava at 6, 8, 10 and 12 MAP. 

Topping/pruning : 

Abenoja and Cerna (1983) found that removing the tipper 15 cm shoots at 4, 6 or 8 week 
intervals, starting at 4, 5 or 6 N,'.P, did not affect yield. On the other hand, Villamayor and 
Labayan (1982) found ihat a single topping of 20 cin shoot length or longer at 3 MA P reduced 
yields significantly. Santiago (1980) reported that topping 2 - 3 MAP reduced yields significantly, 
while Arana (1979) reported an increase in yield with pruning at 2 MAP. The differences may be 
due to tile intensity of shoot removal, the variety, the time of pruning and the conditions of 
the plant at the time of pruning, whether vigorously growing or stunted. 

The anthor observed that cassava (cv. (;olden Yellow), cut-back at 6 --8 MAP for planting 
materials and harvested about 6 months later, had very large roots and yet tasted like young 
roots. According to one agrictiltural technician, some farmers practice pruning form ofas a 
root storage. 

Pruiing at about 30 cm above the ground 6 MAtP lead to a yield reduction when harvested 
10 MAP, bit tile planting material produced was about twice that of unpruned plants (Villamayor 
and l)estriza, 1981). The aithor also observed that cassava pruned four times, about every 
6 -- 8 months for production of planting material, remained alive, hut had many rotten roots. 

IIarvesting : 

The crop shotild be harvested at the right time to get tie maxinium return. If har,,ested 
early, yields will be low and if harvested hite, yields may be high, but the starch and dtry matter 
content may be Io\ and roots may become fibrous (Soliven, 1921; Sison, 1921; 
1-lernaez, 1954; Uichanco, 1959). 

Tablt 25. 	 Fresh rools, (r. matiLvr 1ll,(I slarvhi vidhand nol r of ro/len roots of 'assaa (cv. olen Yellow) l 
di/ffret, ges, of harnvei in % iS('A, Le) te. 

at Yield (t;ha) Roteln 
hitr el rootft 

(I111) ILish lootJ t)rv iIIel' Siarcltil (#,'1I12 

6 20.3 1 8.73 7.24 0.00 h 
7 20.3 1 9.01 7.25 (0.36 h 
8 21.5 h 9.)0 9.13 0.72 It 
9 26.6 a 11.23 9.70 1.07 1h 

10 28.9 t 12.01 9.31 1.07 It 
1I 28.1ta 11.75 8.51 4.29 a 
12 28.2 a II .09 9.42 5.00 al 

J M Neait,araltionI (t)MR I. 1.051) 
2j )eried dati itot analy/ed 

Sollrce : 	 litaa t ilW., 1987. 
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The right time of harvest also depends on the variety. The variety Golden Yellow can be 
harvested from 8 - 12 MAP with mininia; changes ill quality in terms of starch and sugar contents 
and acceptability (l)ata et al., 1987) as shown in Table 25. However, varieties like Java Brown 
and Kadabao have to be harvested more than 12 MAP to get optimum yields (personal obser
vation). 

Harvesting is the most expensive operation in cassava production (Catambay, 1938). 
A cassava grower of' Bohol mentioned that harvesting costs account for 20% of his expenses. 
He pays P50.00/i for harvesting, which includes sacking. One man can harvest more than 
a ton per day. 

For faster and cheaper harvesting, the use of a two-animal team and a sod plow is recom
mended (Catanbay and Yango, 1935). An additional advantage of this method is the elimination 
of plowing for the next crop. Ifthe soil is hard, manual harvesting cat. . .a.cilitated by a har
vesting aid that grasps the stem as it is raised (Bandalan, 1985; Anon, 1985). 

Cropinig systenis : 

Intercropping legumes, like peanut, soybean, niungbearl, cowpea, pigeon pea and 
buslibeal, oftfinlines did not significantly reduce the yield of cassava (Pagaran, 1981; Tabugan, 
1982; Villanueva, 1983; PRCRTC, 1983). Some researchers even reported an increase in yield 
of casava (Laguna, 1982; Corpin, 1977) as shown in Tables 26 and 27. However, others showed 
a reduction in yield (Evagelio and Posas, 1983; Alava, 1980). Obviously the results vary with 
differences in the kind of' intercrop, the spacings used, the growth durations, tie tining of 
planting of the iaincrop and intercrop, the fertility of' the soil, and the clinatic conditions. 

livangelio and Posas (1983) found thai niaxiniuni economic benefits were obtained when 
root crops and legumes in aln intercroppinug systen were planted at he same time. Similarly, 
Martinez (19,17) reported that intercropping corn between rows and between hills of' cassava 
ga, ,"a fairly good yield of roots wshen tle two crops were planted at the same time. Also, Abit 
(1979) found that intercropping sorghum or corn did not affect the yield of ca.sava when both 
crops were planted at [ie sane lime or when the cereals were planted one or two weeks later. 
On the other hand, Rosetc (1981) found that planting inungbean seven days after cas:sava resulted 
in tie best LER, but plaiting iimungbean 4 wecks after cassava gave tie highest economic benefit. 

Ta ht 26. NI urkt, I)il tlp o i,Ihtol c aa a (aC. (o Ihln Yt lI t :in ll grin) il di flIteg u e i Ilere rops in ViSCA, I. e. 

lii c rcrolp~ing ,,ccin Marketable root yield-2J (irllj yield
 
(ih11a) (i/ha)
 

(Im a atone 13.8 h
 
Iii1,1 hca n 
 17.7 ha 0.29 
Soybean 16.8 ha 0.34 
Peanut 15.5 ha 0.44 
Muinghcai 18.7 it (.21 

Oie to\\ of tcgiiiUic'" plamjct 5(1)cl irOlil ca"%a, 
tHielegiuc,, fieili/ed each %,iith 15 5 15 kg N-P21 5 -K,2()ha 

.2 .Meanl %,clpamiionl (IIR 1, 0.0)5) 

(. CIIIi tro, and spaced 75 ct apartr ith 3 plans/hill. Cassava and 

Soorce, : ('orpiiu. 1977. 
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Table 27. Total root yield of cassava at 7 months after planting and grain yield of mungbean as affected by the number 
of rows of mungbean planted between I meter wide rows of casscva in ViSCA, Leyle. 

Intercropping schceI J 
Total root yield-2 Grain yield . ' 

row #/population/row distance (i/ha) (kg/ha) 

Control (no intercrop) 16.96 bc 
one/96,000 pl/ha/l.0 in 15.93 bc 655 b 
tvo/192,000 pl/ha/33.33 cm 19.38 ab 1,206 a 
thrce/288,000 pl/ha/25 cm 21.43 a 847 b 
four/384,000 pl/ha/20 cm 13.39 c 951 ab 

I/ Mungbcan planted one week before cassava and fertilized wilh 0-25-25 kg N-P 2 0 5 -K2 0/ha while cassava was 
fertilized with 45 - 60- 60 kg N-P 2 0 5 -K20/ha. 

2/ Mean separation (NIRT, 0.05). 

Source: Laguna, 1982. 

Alava (1980) showed that bush sitao (Vigna unguicilata x Vigna sesquipedalis) cassava 
combination to be better in terms of yield and income than the corn-cassava combination. 
Furthermore, corn or bush sitao planted between and within cassava rows produced the highest 
yield compared with those planted within cassava rows, mainly because of differences in popu
lation density. Also the yield of cassava intercropped with corn was lower than that of the 
monocrop. 

Villamayor and Destriza (unpublished data) found that one hill of sweet corn between 
cassava hills did not significantly affect the yield of cassava, while two hills of corn did (Table 28). 
However, even a single hill of field corn between cassava hills reduced the yield of cassava 
because of the longer growth duration of field corn compared with sweet corn (Table 29). 

The obtain the maximum benefit from the intercrops, it isnecessary to determine the best 
population density. Laguna (1982) found two rows of mungbean was optimum considering 
both cassava and the mungbean yields (Table 26). Also Villamayor and Desttiza (1982) found 

Table 28. Yield characteristics of cassava (cy. Golden Yellow) at eight months after planting and the yield of inter
cropped sweet corn (cy. llasaiian Supersweet) 75 days after planting in ViSCA, Leyte. 

Root Root Corn ear 
lntercropping scheme yield number yield 

(t/ha) (#/ha) (t/ha) 

Cassava alone (control) 38.6 a 20.8 a -

One hill of corn (2 pl/hill) 
between cassava hills 35.6 a 20.0 a 3.91 

Two hills of corn (2 pl/hill) 
between cassava hills 27.8 b 18.1 a 5.58 

CV (1,O) 11.3 9.7 

Mean separation (LSD, 0.05) 

Source : Villamayor and Destriza, unpublished data. 
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Table 29. Yield characteristics of cassava (cv. Golden Yellow) at seven months after planting, and the yield of field 
corn (Ace. Across 8223) four months after planting in ViSCA, leyte. 

Cassava Corn 
Intercropping scheme root yield number grain yield

(1/1ha) (#/ha,) (/11 

Cassava alone (control) 26.3 a 13.2 a 

One hill of corn (2 pl/hill) 
between cassava hills 18.0 1) 8.4 1) 2.91 

Two hills ot corn (I pl/hill) 
between ctssi|w hills 19.2 b 9.7 b 2.92 

CV (%) 12.1 9.8 

Mean separation ([ISD. 0.05) 

Source : Villatnayor atd t)cstria, unpublished data. 

no advantage in having more than three rows of mungbean between cass,.va planted in a double 
row system. 

In hillsides, contour strips of ipil-ipil (Leucaena Leucocephala) planted at an interval of 
3 meters and spaced 15 ctn aparl resulted in a reasonable yield of intercropped cassava, but the 
cassava monocrop produced higher yields (Escalada, 1981). On the other hand, Pascual et al. 
(1986) found that (lie width of the ipil-ipil buffer strip, varying from I meter to 2.5 m, did not 
significantly affect cassava yields (Table 30) probably due to the reduction of cassava population 

Tal)le 311).Effect (if %%idlls of ilil-ipil l.m'a i ho u',t/luhl) Inoffer strips on the total rool )ield of eossava (I/hal in 
marginal hill areas of I.e.%te. 

Width of Ipil-ipil Iffectise Cropping sC( i,,.kt 
btuffcr strip poputlation 

(plants/ha) I 2 3 4 

TO control (no bulfer strip) 10),00(0 16.88 22.38 15.25 15.92 
rI I in ipil.ipil strip every 5 Itt 8,.333 13.94 18.99 16.66 12.55 
T2 1.5 in ipil-ipil strip eery 4.5 in 7,500 14.22 20.07 18.49 11.58 
T3 2.5 in ipil-ipil trip ecery 3.5 in 5,833 12.61 16.22 24.30 12.21 

1: test its ts [is Its 

Source : Pascual et al., 1986. 

as a result of the ipil-ipil strips. Padullo (1983) found that ipil-ipil grown in between cassava 
may or may not affect yields depending on the , mcing between ipil-ipil hills (Table 31). Erosion 
was minimized, especially at 10 cm spacing between ipil-ipil hills. Pascual et al. (1987) found 
that cassava planted in between strips of N fixing trees, with their herbage applied to the soil 
after each pruning, had a similar yield as monocropped cassava applied with 60-40-40 kg 
N-P 20 5-K2O/ha (Table 32). 

Crop rotation is recommended, especially with legumes, to minimize nutrient depletion. 
Escalada et al. (1983) found that the yield reduction was less when cassava was rotated with 
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Table 31. 	 Yield of cassava (cv. Golden Yellow) and weight of eroded soil and lpil.lpil (Leucaenaleucocephala) herbage 
under ditferent distances of planting ipil-ipil as Intercrop with cassava spacing of I x 0.75 m. 

Total root Eroded lpid-ipil-IJ 
Ipil-ipil spacing yield soil herbage 

(i/ha) (t/ha) (t/ha) 

Control (no ipil-ipil) 14.14 bc 4.23 a 	 -
I m x 10 cm 	 14.93 a 0.78 f 5.50 a 
1 m x 20 cm 14.94 a 1.85 e 3.30 b 
I m x 30 cm 14.82 a 2.44 d 2.62 b 
I m x 40 cm 13.64 c 2.80 c 2.58 b 
I m x 50 cm 13.72 c 3.47 b 2.17 b 

j Sum of four prunings at 30 cm height starting 175 days after planting and every 45 days thereafter (4x). 
Mean separation (DNIRT, 0.05) 

Source :Padullo, 1983. 

Table 32. 	 Total root yield (t/ha) of cassava (cv. Golden Yellow), planted in between strips of N-fixing trees, with their 
prunings applied to the soil. Data are the average of two seasons. 

N-fixing trees 

Treatment I 	 Gliricidia Albizii' Parkia 

sepium falcataria roxburghii 

Inorganic fertilier 	 25.53 24.32 29.36 

(60 --40 --40) 
Pruned 50 cm above ground 30.59 28.85 29.13 
Pruned I(X) cm above ground 27.88 25.69 27.52 
Cut and carry (I t/ha) 	 24.84 32.83 35.26 
Cut and carry (2 t/ha) 	 24.55 30.36 28.23 

IJ F-test: all not significant 

Source :Pascual et al., 1987. 

Table 33. 	 Yield of cassava planted in Camiling, Tariag at different cropping systems. 

Total root yield (t/ha)
Cropping system Ist 	 3rd2nd 	 Total 2 

Monocrop 22.56 15.11 8.82 46.49 a 
(CAS-CAS-CAS) 

Rotation 27.63 18.84 46.11 a 
(PEA-CAS-PEA-CAS)jI 

Fallowing 19.05 13.48 32.53 b 
(FAL-CAS-FAL-CAS) 

1] Peanut yield was 992 and 3,061 kg/ha for the first and second crop, respectively. 
2/ Mean separation (LSD, 0.05) 

Source :Javier and Laranang, 1987. 
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legumes than when cassava was grown continuously as a monocrop. A verification trial con
ducted by Javier and Laranang (1987) showed that cassava rotated with peanut produced 
a greater economic benefit compared with successive croppings of cassava or cassava alternated 
with fallow (Table 33). 

Current Agronomic Research 
There is very little work now being done on the cultural management of cassava because 

of the great amount of research that has already been conducted in the past 10 years. Presently, 
the ongoing studies being conducted, or under the supervision of ViSCA researchers, are as 
follows: affect of irrigation on the productivity of root crops with the first phase under ilot 
conditions; screening for drought tolerance and identification of physiological characteristics 
related to adaptation to drought; screening for tolerance to shade and acidity; effect of slant 
and transverse stake cutting on yield; effect of location (climatic factors) on the HCN and 
general acceptability of cassava; intercropping sweet potato and cassava; effect of mycorrhizal 
inoculation and the use of fast growing N fixing trees and leguminous cover crops as fertilizers 
for cassava grown under hillside conditions. It is possible that other research institutions are 
still conducting research on cultural management. 

Future Agronomic Research 

Based on the previous and current research and the need of the different types of cassava 
growers, there is still some agronomic topics that need attention. However, only the research 
needs of the subsistence and commercial farms will be mentioned as the plantations usually 
conduct their own research. Moreover, these needs are not necessarily mutually exclusive. 

The resource-poor subsistence farmer requires acceptable management strategies that 
will maintain, if not improve, the productivity of cassava, particularly for the hilly lands, 
without addition of costly inputs. For example, what crops should be rotated or intercropped 
with cassava that will enrich the soil and/or minimize erosionl ? Is there a possibility of using 
microbes like Azospirillumn as inoculant to fix N for cassava ? (This technology is currently 
being verified in farmers field for corn in the Philippines). Can pests like mites, scale-insects 
and whiteflies be controlled without using chemicals, like interplanting certain crops with 
repellent properties ? For those farmers planting under coconut, what cultural management 
practices should bc adopted to increase yield ? How will variety, plant population, growth 
duration, fertilization and time of planting influence cassava yields under coconut ? For mature 
cassava plants, is there a way of rejuvenating the plant to make the roots more edible ? Will 
pruning, as practiced by some farmers, really improve the quality of the storage roots ? 

For the commercial farms, a more appropriate fertilization scheme should be developed 
that will take into account not only the soil characteristics but the climatic factors as well. It is 
not practical to condact fertilizer trials for each specific location. What is needed are compre
hensive and integrated fertilizer trials, conducted over several soil types and climates and for 
several seasons, so that the fertilizer recommendations will be more :pecific rather than general. 
How much, when, and how do you apply fertilizers are questions that need specific answers for 
a particular location. All the fertilizer trials in the past involved only N, P and K. With successive 
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cassava croppings, it is possible that other nutrients are already limiting production and this 
needs to be looked into. 

To ii,,,rease the productivity of the farm and hopefully the income of the farmers, 
verification trials on different intercropping and rotation schemes with cassava as the main 
crop need further attention. 

Future Directions for Developirnt 

The root crops commodity team of the Philippine Cuncil for Agriculture Forestry and 
Natural Resources Research and Development (PCARRD), which assists in setting research 
priorities and monitoring and evaluating research on root crops, is of the opinion that there is 
already enough information on the cultural management of the crop. In fact, for the last several 
years, research emphasis has been on root crop processing and utilization. Similarly, the staff 
of the Philippine Root Crop Research and Training Center (PRCRTC) believes that there is 
sufficient information on the cultural management of cassava. Thus, the emphasis in research 
will shift to minor root crops like yam and arrowroots. Even a farmer, when asked about his 
problems on cassava production, answered that marketing and a low price are his main problems. 
Farmers claim they call produce anytime the volume required as long as there is a ready market 
and the price is right. 

For the cassava producers to prosper, it is necessary that all poti'ntial domestic markets 
be fully explored. The market for the fresh roots is saturated because of die high retail price. 
The starch factories, on the other hand, are operating below 50% capacity for lack of raw 
materials. 

Farmers are getting only from 15.00 to 22.50 US dollars per ton of fresh roots (farmgate 
price). If the price could be increased slightly, farmers may plant more cassava and the starch 
factories could operate at a higher efficiency as a result of mere raw materials. Perhaps the 
government can offer tax incentives to the starch factories, so the latter can offer higher prices 
for the raw materials. This will need further analysis. 

One of the large potential markets is the bakery industry. The Philippines is importing 
close to a million tons of wheat annually. If the law requiring 10% substitution of wheat flour 
with cassava flour were fully implemented, this demand would be equivalent to about 100,000 
tons of cassava flour or about 250,000 tons of fresh roots or 12,500 hectares more of cassava at 
20 t/ha. Again, the government needs to assess tile situation. The Board of Investment can 
possibly offer tax incentives to those who would venture into flour manufacturing. Perhaps 
these starch factories that are no longer operating can be converted into flour factories. 

The biggest potential is probably in the use of cassava in animal feed. The potential 
requirement of feed from corn or root crops is about four million metric tons annually. The 
feedmillers are willing to use cassava instead of importing corn as long as cassava chips can be 
supplied in big volumes throughout the year. Unfortunately, the feedmills are located near 
urban centers far from the production areas. This would entail large handling and transportation 
costs, not only due to tile distance involved but also due to the bulkiness of the product. Further
more, the production sites are located in areas with a long wet season. Continuity of supply is 
therefore a potential problem since artificial drying is not economical. One alternative is to 
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establish satellite feedmills in the production sites to supply the feed requirements of animals 
in the rural areas. The pilot feedmill at ViSCA has shown that it is profitable to produce and 
market root crop-based anitnal feed, not only due to the !ower cost of production but also due 
to the lower marketing costs. The establishment of a good business linkage between feedmillers 
and cassava producers have to be worked out for a more effective partnership. This should 
ultimately result in greater benefits, both for cassava producers ais well as for meat consumers. 
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RESEARCH OF CASSAVA CULTIVATION TECHNIQUES 
IN CHINA 

-Zhang Weitel ' 

Wang Shunuanl-i 

Chen Weihongi 

The land suitable for cassava cultivation in China is the region south of the Yangzhi River, 
totalling about 2 million kn2 (200 million hectares) with mountainous and low hilly lands that 
await exploitation. However, the present area under cassava in China is only around 400,000 
hectares, while the yield is only about 9 t/ha. Therefore there is a tremendous potential for 
cassava development and it is very important to increase cassava research and to study efficient 
ways of cultivation as well as to expand its market at home and abroad. 

Soil and Climatical Conditions in China's Cassava Growing Areas 
According to the soil and climatical conditions shown in Table 1,the area suitable for 

cassava growing in China may be divided into three ecological zones (Figure 1): 

I. Tropical zone - This lies mainly between 180 and 22°N, embracing Hainan Island 
and Leizhou Penninsula of southern Guangdong, as well as Xishaungbanna in south Yunnan. 
Cassava can be planled and harvested year-round in this zone, but planting and harvesting are 
largely done in the spring and late autumn, respectively. The potential yield level in this zone 
is quite high, with a maximum of over 60 t/ha, but it's still possible to further expand the growing 
area and increase the yield. The zone ischaracterized by distinct dry and wet seasons and cassava 
pioduction is often affected by typhoons. 

2. South subtropical zone - This is tile principal cassava producing area that manly 
lies between 22' and 25°N, covering most parts of Guangdong, Guangxi, as well as the .outhern 
parts of Ft:jian and Yunnan. Cassava is usually planted between Fcbruzry and April and har
vested between November and January with a yield olf 7.5 t/ha and a maximum of more than 
30- 40 t/ha. The zone is susceptible to cold air from northern China, and low temperatures 
and drought during the winter and early spring are the major factors affecting cassava produclion. 

3. Middle subtropical zone - This is the zone where cassava production may potentially 
expand, situated between 25' and 32°N, and including the low hilly area south of the middle 
and lower reaches of the Yangzhi River. The yield in the zone is only around 7 t/ha. Planting 
and harvesting are usually carried out between March and April and between November and 
December, respectively. But presently only a small proportion of the potentially suitable land 

IJCassava agronomists atSouth China Academy of Tropical Crops (SCATC) and Guangxi Subtropical Crops Research 
Instiuite tGSCRI), respectively. 
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Table 1. Climatic and soil conditions in the three ecological legions suitable for cassava production in China. 

Item Tropical South subtropical Middle subtropical 
zone zone zone 

Latitude °18' - 22'N 22' - 25°N 25 - 32'N 
Area (kim2) 105,300 409,100 1,520,000 

Mean annual 
temperalture (C) > 24 22-24 > 16-22 

Annual rainfall (m) 1800-2500 1200- 1800 1000- 1500 
Frost free days > 300- 350 ca. 300 250
 
Soil type 
 Laterite Laterite red soil Red yellow soil 
pH 4.5-5.7 4.9-5.3 5.0-5.5 
Organic matter (13

/) 0.43-3.61 0.29- 1.78 0.30-4.15 

Total N (qlo) 0.06-0.147 0.013 - 0.087 0.008 - 0.192
 
Total P ( "o) 
 0.017 - 0.026 0.018 - 0.035 0.06 
Total K (,') 0.01-2.09 0.7- 1.12 1.50- 1.80 
Principal varicty SC205 SC205/SC201 SC201 

Planted area ('(O)ha) 35 350 26 
Yield (ton/ha) 12- 15 7.5 7.0 
Total production > 420 > 2650 > 180 

('000 tons) 

uo of total area 9 85 6 
U'0of total output 13 81 6 

Source : Li Qingkui(1983) and I-iou Guanggun et a! (1982). 

has been devoted to cassava, so that the prospects of development are quite good in this zone, 
where the cold spells in winter and early spring are longer and the storage of stem cuttings 
during the winter is more difficult. 

Figure 2 shows that the rainfall distribution in southern China is unimodal, with the 
most heavy precipitation occuring during the summer months of May through August. In the 
north-eastern region, as indicated by data from Guilin, Changsha and Guangzhou, the rainfall 
is particularly heavy in the late spring, while in the south-cast it is slightly delayed towards the 
late summer. Total precipitation tends to increase from north to south (Table I). 

Figure 3 shows the distribution of soils in southern China. In the tropical zone of Hainan 
island and the Leizhou Penninsula soils arc classified mainly as Oxisols with only small areas 
of Ultisols and Inceptisols in the mountainous part of central Hainan. In the south subtropical 
zone, where the majority of cassava is grown, the upland soils are princil ally classified as Ultisols, 
while the valley bottoms, used mainly for rice production, are mainly Vertisols and Entisols. 
In the northern and western part of Guangxi there are large areas of limestone-dirived soils, 
classified as Calcortholls, while in Yunnan Province there are also large areas of yellow earths 
classified as Dystrochrepts. As indicated in Table I , cassava soils in China are characterized 
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Figure 4. Cassava growing areas in Hainan island in 1987 (1000 ha). 

by a low pH of 4.5 - 5.5, except the limestone derived soils, which generally have a pH of 6- 7. 
Most soils have intermediate levels of organic matter (1.5- 2.5%) and low-intermediate levels 
of available P and K. The texture is generally rather heavy, either clay or clay-loam. Cassava 
is often planted on steep slopes, with or without terracing, and erosion is a major problem in 
many parts of southern Guangxi. In Hainan cassava is mainly grown in the mountainous central 
and southern part of the island (Figure 4), where erosion alay also be a serious problem due 
to the high rainfall intensity. 

Present Status of Research on Cassava Cultivation in China 

The earliest research on cassava cultivation was carried out on the Guangdong Agriculture 
and Silviculture Experimental Farm, where ratooning, analysis of root nutrition, NPK fertili
zation trials, etc., were conducted during 1914- 1919. Similar work was done later at some 
other research institutions in Guangdong and Guangxi. However, a systematic and intensive 
investigation on cassava cultivation was first conducted in 1958 with the objective to stimulate 
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China's cassava production. Most of this early work was concentrated at the present South 
China Academy of Tropical Crops (SCATC) in Hainan island and is described in detail in 
an unpublished manuscript by Prof. Wun Jian, completed in 1964. Cassava agronomy research 
was practically suspended from 1965 to the early 1980s. With the recent flourishing of cassava 
based products in China, scientific research in this field is now being expanded. The following 
achievements and experiences can be reported 

1. Cultural Practices. 

I) Land preparation : Results of the Xijiang State Farm (23°N) in Guangxi show 
that when cassava was planted 28 - 30 cm deep before winter and the topsoil above it was 
loosened to a depth of 20 cm with a plow after winter, the cassava yield was 15% higher than 
when cassava was cultivated only once before winter; it was also 50% higher than when the soil 
was cultivated to a depth of 15 cm by a bullock. 

2) Ridging : Results at SCATC show that cassava planted on hill-side ridges in single 
and double rows gave a yield 26% and 29% higher, respectively, than that from a non-ridged 
field (Table 2). 

Table 2. I'+rffc of ridging and roo number on cassava roof yield (cv SCIOI) 

Treatments Planting No. of Root yield

distance (m) plants/ha (t/ha)
 

Ridge %%ith single row I x 0.83 12,048 7.58 126.4
 
Ridge %i1 LJOUble
ro%% (1.33 4 0.67) x 0.83 12,048 7.74 129.0
 
No ridge sitih Ningle ro% 
 I x 0.83 12,048 6.00 100.0
 
No ridge "ith double ros (1.33 1 0.67) x 0.83 
 12,048 7.23 120.5 

Source : Liti .lian (1964). 

3) Length of stakes : At SCATC, using planting stakes ranging from 3 to 30 cm in 
length, the following results were obtained : stakes measuring 9- 15 cm in length gave highest 
yields, while stakes longer than 15 cm or shorter than 9 cm yielded considerably less (Table 3). 

Table 3. The effect of different lengths of stakes on cassava root yield (cv SCIOI). 

Year -I engtlh of stake's (cm) , 
3 6 9 12 15 18 21 24 27 30 

1960 18.0 19.7 22.2 16.5 - 18.8 15.0  14.8
 
1961 12.7 12.3 16.2 16.3 16.4 15.1 15.5 - -
1962 5.( 6.6 6.3 8.0 7.8 6.2 -- -

Source : Wtn .1ian (1964) 

4) Planting methods : Experimental results at SCATC show that vertical planting 
gave deep-rooted plants which were more wind hardy and produced a yield about 20o higher 
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than that from horizontal planting, although the roots were more difficult to harvest; inclined 
planting brought about easier sprouting and a higher germination rate while the roots growing 
in an aggregate pattern, were easy to harvest. Besides, the latter method gave a yield about 10% 
higher than that from horizontal planting (Table 4). Although horizontal planting gives lower 
root yields, planting is simpler and root harvesting is easier, so that the method is widely used 
in China. 

Table 4. 'the effect of planting methods on cassava root yield (ev SCI0I). 

Planting method 

Location 	 Horizontal Inclined Vertical 
t/ha qa t/ha 010 i/ha CVO 

Zhanjiang (Guangdong) 11.69 100 12.73 108 14.52 124
 
SCATC (Hainan) 6.98 100 9.43 135 9.25 132
 
Lingshan (Guangxi) 27.80 
 100 30.34 109 24.44. 88 

Source : Wun Jian (1964). 

5) Planting density : This depends on the variety and soil conditions. In general, 
a lower density should be used in a fertile field and a higher density for a poor one; also, a lower 
density for a branching variety and a higher density for a non-branching one. Test results of 
SCATC reveal that a density of 10,000- 15,000 stakes/ha is suitable (Table 5). 

Table 5. The effect of various planting densities on the yield of cassava, variety SC203 (slightly branched). 

Spacing (III) 	 Stakes/ha ton/ha 0 

0.6 	x 0.6 27,777 11.3 76.9 
I x 0.6 16,666 13.3 91.1 
I 	x 0.75 13,333 15.0 103.1
 
I x I 10,X)0 14.6 100.0
 

1.6 x 0.6 	 10,416 13.' 89.7 
1.3 x I 	 7,692 12.5 85.1 

Source : Wun Jian (1964). 

6) Harvesting time : The yield and dry matter content of the roots of cassava usually 
:ncreasc with time after planting (Table 6). The proper harvesting time is between November 
and February. But cassava in the south subtropical zone is harvested before the arrival of 
a cold current, usually around December, while in the tropical zone the harvest occurs any time 
between December and February. 
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Table 6. The effect of various harvesting times on the yield and dry matter content of cassava, variety SC203. 

Harvesting time Yield (ton/ha) % Dry matter content (016) 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

31.9 

33.7 

35.2 

37.7 

100 

105.6 

110.3 

118.2 

33.0 

36.1 

36.7 

40.5 

Note : The crop was planted in March. 

Source : Wun Jian (1964). 

7) Storage of stem cuttings : The method of storage varies with location. For instance, 
stems can be kept in the open air in the tropical zone, where they are only bundled and placed 
in the shade of trees and then covered with sugarcane leaves or hay to reduce moisture loss. 
In the south subtropical zone, stems are normally kept in trenches or shallow pits, while in 
the middle subtropical zone, where the frost period is longer, they are stored in deep trenches, 
covered with straw and at least 20 cm of soil. 

2. 	 Fertilization : 

Experiments on the effects of N, P and K on cassava have been conducted by SCATC. 
The results show that the application of N, P and K fertilizers brought about yield increases of 
24, 103 and 7%, respectively (compared to control), indicating that the three elements, especially 
P, have a positive effect on the production of cassava roots. Best results were obtained when P 
and N were used together, which gave a yield increase of 157% ovcr control (Table 7). The trial 
was conducted in Nada, Danxian County, Hainan Island, where the soil was derived from granite 
with a relatively high K content but lower P and N contents. This explains the remarkable 
results of P and N application. 

Table 7. The effect of N, P, K fertilization on cassava root yield (t/hu). 

Basal 
fertilization* 

-
N P K 

Treatments 
NP NK PK NPK Control 

+ 

-

t/ha 

, 

t/ha 
%/ 

15.30 

147.0 

7.74 
101.0 

20.47 

196.0 
16.28 

212.0 

9.07 

87.0 
10.35 

135.0 

26.18 

251.0 

20.48 
267.0 

11.03 

105.0 
7.31 

95.0 

13.05 

125.0 

12.60 
164.0 

15.15 

145.0 

15.0 
195.0 

10.44 

100.0 

7.68 
100.0 

Average 
t/ha 
% 

11.27 
124.0 

18.39 
203.0 

9.71 
107.0 

23.33 
257.0 

9.17 
101.0 

12.82 
142.0 

15.08 
166.0 

9.06 
100.0 

*Basal rertilizalion : 15 t/ha of "burned soil" (Slowrly burned mixture of soil and plant residues). 

Source : Wun Jian (1964). 

3. 	 Systems of intereropping, interplanting and rotation. 

Various cropping systems have been tested by SCATC with the following results 
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i) When cassava is intercropped with low growing legumes (e.g. mung bean), it can 
provide more income, while the soil and water are better conserved and soil! fertility increased. 
Results suggest that intercropping cassava with grain legumes often results in higher profits. 
Peanut intercropping was found to be the most profitable. 

2) Intercropping cassava + peanuts with Leucaena leucocephala showed little dif
ference in root yield over control (monocuLture of cassava), but it resulted in)better soil and 
water conservation and soil fertility maintenance with the soil's organic matter content 8.2% 
higher than control. 

3) Investigations on interplanting cassava between rows of' young China fir (Culining
hamia hnceolata), which is a common practice in China, can promote the growth of the trees 
so that they can be cut 2 - 3 years earlier with the prospective crop of cassava as an additional 
source of income. Cassava can also be planted between rows of young rubber trees to provide 
some extra income, but this is rarely practised because the root crop would heavily reduce th1e 
soil's fertility if management is inadequate. 

4) Various crops can be used for rotation with cassava and the preferable combinations 
can be :cassava---.- (after plowing-in the intcrcropped jack bean) upland rice; cassaV a-.. 
peanut + antlunin sweet potat oes, sugarcane- - Sugarcane - cassassavaassava- tree 
crops, etc. 

4. Cultivation of cassa'va in Northern Subropical China 

Large-scale trial cultivation was carried out by SCATC during 1961 - 62 in thc areas 
soutIh of 400N in China. Trhe results show that cassava can be cuItivated in the areas around 
tie reaches of the Yangzhi River, i.e. around the areas south of the Huaihe River and the Qnling 
Mountain (south of 320N), where the mean annual temperature is over 160 C and the frostfree 
period during the year is over 240 days. A precocious variety can produce 12 - 20 tons of roots 
per heciare per year. 

Prospects of Cassava Cultivation Resea : in China 
According to the characteristics and present status of China's cassava enterprise, stress 

should be placed on research in applied technology that will be suited to China's specific con
ditions. Thus he orientation and subject matter of China's research on efficient cassava cuihi
sation call be as follows :
 

. Popularizing tile use of improved varieties as well as integrated cItural practices in 
order to obtain high yields. 

2. Con tinLing %\orkon thlie screening of imtercrops and dtetrmining tlie optinial patterns 
of in tercropping, inter-plating, rotation and fi ilt i-stoorey cultivation intcassava so as to make 
full use of hind and crop rcsont,:ces and raise the index ofin uliple cropping for better economic 
rt!stilhs. 

3. Furthering [lie Sludly Ol the slorage of cassava planting material during the winter. 

4. Continuing the investigation on plant and soil nutrients so as to detcrmine tile most 
judicious fertilization. 
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5. Searching for low-input and high-benefit cultural practices that will be readily accepted 
by farmers. 

6. Evaluating intensive cultural practices that call for a moderate input but can turn out 
good economic results. 

International Cooperation 

1. Exchanging documents and literature on cassava cultural practices with CIAT and 
othet cassava producing countries or regions so as to introduce advanced know-how from 
abroad for further development of China's cassava enterprise. 

2. Intensifying international cooperation in the study of soil erosion, plant and soil 
nutrition, types of intercrops and systems of farming and cultivation in cassava growing areas. 
Contacts and academic exchanges among cassava scientists throughout the world should also be 
strengthened. 
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CASSAVA AGRONOMY RESEARCH IN MALAYSIA 

Tan Swee Lian J 

Introduction 

Cassava in Peninsular Malaysia is grown mainly as a smallholder crop geared for tile 
starch.extraction industry, with a small percentage entering the livestock feed industry. The 
area of cassava cuhivation has decreased significantly in recent years with increased law enforce
ment resulting in the ousting of many illegal holdings (i.e. cultivation on state land such as 
forest and mining reserves), to make way for more lucrative crops. 

The main area of cassava cultivation remains in the State of Perak, where most of the 
starch factories are located. A few attempts at plantation-scale production were made in the 
past, but most have not been successful. At present there is only one cassava plantation (about
400 ha in size) known to the author, which has been in operation for the past 30 years. This 
company has its own starch factory which engages in extracting starch from sago palm as well. 
The factory also buys roots from small farmers in the surrounding areas as its own field production 
is insufficient to meet the factory capacity. 

Unlike many other short-term crops, cassava was found to adapt quite well to cultivation 
on peat, an organic soil characterized by low pH, high water table and deficient levels of several 
micronutrients such as Cu and Fe. Large tracts of peat are available both in Peninsular Malaysia 
as well as in Sarawak, totalling about 2.4 millionI ha. Up till no,, only small areas of peat have 
been developed (felling of virgin jungle, drainage and building of roads) for the cultivation of 
pineapple, vegetables and oil palm. This then isa potential area for future expansion of cassava 
cultivation. 

Review of Past Agronomic Research 

I. 	Mineral inorganic soils 

Research oti agronomic requirements for the successful cultivation of cassava on 
mineral soils started even before the inception of MARDI, during the days when the Department 
of Agriculture held research functions. Over the past two to three decades, cultural practices
for cassava on such suiis have been developed quite adequately. Tile following practices are 
now recommended. 

j 	 Casava breeder and agronomis, Malaysia Agric. Research and Development Institute, (MARt)I), Kuala Lumpur, 
Malaysia. 
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Planting materials : Cuttings taken from mature woody stem portions, preferably from plants 

at least 7 months old. 

Stake length 20-23 cm. 

Plant spacing : 1.0 x 1.0 m, equivalent to 10,000 plants per ha 

Planting orientation :Horizontal, entirely buried. 

Weed control Pre-emergence control with a mixture of 2 liters alachlor + 2 kg fluome
turon per ha; Post-emnergcnce control by handweeding, or directed spray 
of 2 liters/ha of paraquat; Pre-harvest control by 2 liters/ha of paraquat. 

Nutritional studies on various soil types and textures, in several locations in the 
country, and on a long-term basis (under mouoculture of cassava) have established the importance 
of K nutrition. Insufficient K, resultillg tront inadequate fertilizer supply, depresses both root 
yield and starch content of licroots. This is especially grave in situations of continued production 
without adequate fertilizer iuptits. 

By conitrast, 1) application has not resulted in a significant increase incassava yield, 
and this has been explained in part by the role nycorrhizas play in supplying P to the cassava 
plant. N is usually reqtuired not in substantial qualities. A general fertilizer recomimendat ion 
for cassava grown on1inincral soils inighlt be 

60 N :30 P()5 160 K,() in kg/ha 

Mg and Zn deficiency symptoms are sometimes observed in a cassava crop, but ;hey 
tend to be scattered in occurrence and can easily be corrected by applicatio,:; of 15 kg/ha of Mg 
in the form of kiescrite and 10 kg/ha of ZnSO 4 . 71-1,0 rcspeclively. 

2. Pet (organic) soils 

Ctiltunral practices for cassava cuItivation on peat vary slightly. In addition to planting 
20 cm long stakes in a horiontal orientation, it is also feasible to plant 60 cii long stakes upright. 
Root yields have been showii to increase significantly when long stakes planted vertically are 
used instead of the shorter stlkes entirely buried in a lorizontal position. Since peat has a light 
friable texttire, vertical plaiiing dc;es not nake ihe harvesting operation intch more difficult 
than the usual practice of hliorizmtal planting. ()in incral soils, however, the harvesting of' 
plants gro\ll frotm \erticat lI'nIg slakes isconsiderabl' lore diflficult, rendering this practice 
oftcntites impractical. 

It Iias becn o)scrsCl Itat pre-llnerence cod conltol incl a on peat is itre 
effective %\ith 4 liters,'ha of alachlor than the cocktail nis of alachlor andt fluonleturoi used at 
the rates rcconilCnIidCd I'1 inenfral soils. 

The high (*,N ratio of peat renders almost all N in the soil unavailatIe to crops, and 
the coinplete N reqtircnent illist be supplied tltrough fertilizer applicatiois. Responses to N 
have been found to applications as high as 350 kg/hI. K utitrition reiiains ali important fealure, 
while 11 is again rclaticly less important. A general fertili/er recomnmendation fo cassava 
grown on peat mightlibe : 

2(X) N :50 P,05 : 160 KO inkg/ha. 
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Peat is inherently deficient in Cu and this deficiency is detrimental to high root yields. 
Supply of Cu to the crop can be achieved through soil application (10- 15 kg/ha CuSO4 .5 H2 0), 
foliar application (0.05% solution of CuSO 4 .5HO) or dipping the cuttings in 2.0% CUSO 4.5 H2O 
solution prior to planting. Soil application of Cu has a residual effect lasting at least three years. 

Although cassava is tolerant of low p1-, correcting tile extreme soil acidity of peat 
soils by lime applications is required to ensure optimum performance of the crop. The pH of 
peat can be as low as 3.2, and maximal root yields have been achieved when lime was applied 
to raise pH to around 4.0. The effects of liming have been found to last for tour to five \,cars. 

Current Research 

Current research focusses oil developing production technology for cultivating cassava 
on peat. Among the pressing problems to be addressed are: 

• water table control for optimum crop performance; 
• soil fertility management under long-term cropping;
 
" increasing the profitability of cassava cultivation.
 

1.Effect of sa ier table :A prelimin iiar\y study was conducted using lysimeters where 
the water table ssas maintained at fixed levels varying from 15 to 75 cii from the soil surface. 
Currently, a field study is underway iii which attempts are made to maintain the water table 
at 30, 60 and 90 cri from the soil surface through tie use of sluices. Crop performance will be 
related to the three \atcr tables, as well as to fluctuations \within a water table regime and over 
ile cropping season. 

2. Nutrition and soil fertility management :A factorial experiment testing three levels 
each of N, P, K and lime is now in its fifth season of cropping. Attempts will be made to relate 
root yield and starch content with the nutrient status of the plant (leaf and sten analyses) and 
the soil. 

3. Increasing profitability of cassava cultivation : Short-term returns from cassava 
CUhivationt can be realized thirotgh intercropping with shorter scason crops. Iwo sets of trials 
are in progress, testing intercroppirig of cassaa at r\%o spacings (square planting at 0.90 x 0).90 i, 
arid double-row cassava X() trro\s) ii peanuLit arid \itlh s\\CCi corn. Controls\ith 1.80 ni in 
incldLde iioiiocropped plots of'cassa a, peanriumit anrd s\seel corn. 

Increasingly, cassa,.a ciltikation on inieral soils has bcen forccd into miore marginal 
areas. These include sloping areas prone to erosion, and land pinOiouslv used for till ruining 
(tin-tailings). The formler is an urgent problerm already faced by gro\scrs of cassasa, and praclical 
nicans of soil conservatiniiiriedt, le developed no oercolllC this constraint. 

High costs of plrodicliol for cassava is a donlilarll reasol fr t ile declining interest to 
cultivate tile crop, e.pecially ill(lie face of cheaper ilnpunts from Thailand. Cost-reducing 
technology, such as the close monitoring of dcclopinlntfertilizer rcquirmericnis through tilte 
of diagnostic techniques, which will replace blanket recomniendatiois Ihat oftilltinics lead to 
luxury consumption of cerlain nutrients while maiitaining an inadequate supply of others. 
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Another means of reducing co:ts is technology for minimal or zero tillage. Cur:'ent land 
preparation practices comprise one to two rounds of plowing, followed by one round of harrowing 
or rototilling, sometimes followed by ridging. Compared to seed crops, the stakes used in 
planting cassava are large and can well withstand a larger soil aggregate size, with little detriment 
to establishment. Furthermore, it is suspected that overtilling can lead to problems of soil 
compaction and wheel slip when field operations are carried out with liez,vy machineny. 

This brings us to the .evciopment of technology for mechanized production of cassa\a 
on a large scale. Labor is a major cost item in ,oassava production, not only because of high 
requirements but also because the cost of hiring farm labor in Malaysia is high. Labor-reducing 
produ,:ion systems would imply the use of machines for major field operations such as pl'nting, 
fertilizer application, herbicide spraying and harvesting, in addition to land preparation. 

Tin-railings -ave been used by farmers to grew cassava with associated inputs of organic 
manure, especially farnyard manure. However, little rescarch has been carried out to determine 
means to improve such soils for profitable cassava production. Some work by a local tniverity 
shows the possibility of using wasies from palm oil mills for the cultivation of' s\, et potato on 
tin tailings, and it is likely that the same may be practised for growing cassava on such soils. 
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AGRONOMIC PRACTICES FOR CASSAVA PRODUCTION 
IN ASIA 

ReinhardtHowelerJ-

Introduction 

According to FAO statistics, during 1986 cassava was cultivated in 3.81 million ha in 
II countries of tropical or subtropical Asia with a total production of 44.25 million tons fresh 
roots. This represents about 32% of world production, compared with 44% in Africa and 23% 
in Latin America (Figure I). While rice is by far the most important food cror in tropical Asia, 
cassava is the second most important crop, in terms of total production. But unlike Africa and 
Latin America, wherc cassava is mainly used for direct human consumption or animal feed, 
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Figure 1. Cassava production in the world, the continents and the major cassava producing countries in Asia in 1986. 

Source : FAO, 1987. 

1JCassava Agronomist, Centro Internacional de Agricultura Tropical (CIAT), Cassava Asian Regional Office, Dept. 
of Agric., Bangkhen, Bangkok 10900, Thailand. 
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Table 1. Trends of cassava area and production in Asia. 

Cassava area (000 ha) 

61-65 74-76 79-81 1982 1983 1984 1985 1986 

China - 197 231 249 245 245 244 236 
India 245 383 345 310 302 319 308 304 
Indonesia 1572 1424 1413 1324 1242 1350 1292 1214 
Malaysia 23 28 34 27 36 35 36 36 
Philippines 90 118 203 224 225 209 216 218 
Sri Lanka 44 66 54 59 55 57 53 54 
Thailand 113 538 1063 1087 1018 1335 1376 1204 
Vietnam 155 181 460 480 485 500 500 500 
Others I 13 32 22 20 23 34 35 
Total 2264 3048 3836 3782 3629 4073 4059 3801 

Cassava production ((O 1) 
61 --65 74-76 79-81 1982 1983 1984 1985 1986 

China - 2416 3290 3718 3880 3868 3658 3570 
India 2295 6462 5921 5292 5886 60005341 5569 
Indoncia 11833 12589 12988 1415913608 12229 14057 13329 
,lalavsia 218 347 347 335 370 384380 385 
Philippines 562 815 2262 1987 13372000 1551 1727 
Sri Lanka 328 745 573520 722 683 580 650 
Thailand 1789 7855 15128 17788 18989 1926319985 15255 
Victinain 1147 1372 3300 2700 30002665 2900 3000 
()thers 5 106 256 199 228 227 319 333 
Total 18179 32713 45545 49425
44632 46459 48382 44250 

Source : FAO 1976- 87 

in Asia about 14% is used for starch production and 29% for export, with direct human con
sumption being an important use only in Indonesia, the Philippines, Sri Lanka and Kerala State 
of India. 

In Asia, Thailand is the largest cassave producer with a production in 1986 of 15.2 million 
tons, followed by Indonesia, India, China, Vietnam, Philippines, Sri Lanka and Malaysia
(Figure I). Table I indicates that cassava production in Asia during the last decade has increased 
in nearly all countries with the exception of' India and Sri Lanka. This production increase is 
due to a 22%10 increase in cassava area and a 10% increase in yield, from 10.7 t/ha in 1974-76 
to I 1.6 t/ha in 1986. Cassava yields in Asia are slightly lower than those in Latin America and 
47% higher than those in Africa (Figure 2). In Asia highest yields are obtained in India, followed 
by China, Thailand, Sri Lanka, Indonesia, Malaysia, Philippines and Vietnam. 

Thus, cassava in Asia remains an extremely important crop, especially for small farmers, 
which usually grow cassava on poor soils and under adverse climatic conditions. For example, 
in the Northeast of Thailand, which regularly suffers from cassavaprolonged droughts, is 
a popular crop among farmers, because it is almost risk-free, always producing something, 
even on very poor soils and with a minimum amount of rainfall. On the other hand, crops like 
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Figure 2. Yield offresh cassava roots in the world, the continents, and the major cassava growing countries of Asia 
in 1986. 

Source : FAO, 1987. 

maize or rice may suffer complete crop failure during prolonged droughts. Cassava is also 
popular with small farmers because it can be grown with a minimum of purchased inputs, such 
as fertilizers and pesticides, requiring mainly labor, which is often in abundant supply. 

Cassava Production Zones. 
Figure 3 shows that in Asia cassava is grown from about 10' south to 260 north in the 

subtropics of India and China. Unlike in Latin America and Africa, in Asia cassava is grown 
exclusively in the lowlands, and seldom at elevations above 500 masl. For that reason cassava 
in Asia is a relatively short duration crop with a growth cycle of only 8 -- 12 months. Even in 
the subtropical areas of northern Guangxi or Guangdong provinces of China, cassava is always 
harvested within one year. Figure 3 shows that cassava prodtction is most intensive in the 
Central Plain and North East of Thailand, in East and Central .Java, and in Kerala State of 
India. In China cassava is grown mainly in Guangdong and Guangxi provinces but the exact 
distribution is not clear; likewise, much cassava is grown in Vietnam but we know little about 
its distribution. 
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Cassava Production Zones in Asia 

Figure 3. PrincipalCassavaProductionZone in Asia (a first appr,ximation). Each dot represent 10.000 ha of cassava in 1985/86. 
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Figure 4. Soils of Southern Asia. 

Source: U.S. Dept. of Agriculture, 1971. Soils of the Tropics. 



Soil Characteristics of Cassava Zones 

Figure 4 gives a very rough distribution of tile soil orders and suborders in tropical Asia, 
and Table 2 gives the main characteristics of cassava soils. Unlike Latin America and Africa, 
where Oxisols and Ultisols arc the dominant soil orders, in Asia there are relatively few areas of' 
Oxisols (only in Kerala state of India and Hainan island of China) and the predominant soils 
are Ultisols and Iepl isols in the humid tropics and Alfisols and Vertisols in the semi-arid 
tropics. Cassava is grown mainly on Ultisols in Thailand, in West Java and Sumatra, in Southern 
China and in large parts oftihe Philippines; on Inceptisols in parts of'.lava; on Entisols in East 

Table 2. Cassa,,va soils in Asia. 

Soil 
lopography S piI Fertility TextLre 

classification 

China:
 
Haiian islaid undulating Oxisols, Utiisol 4.5 5.5 to" clay
 
(.iangsi terecetl -- steep Ultisols, Atl'isol 5.0 -- 6.5 lo,, clay 

India:
 

Kerala unduhtting - steep Incepiisols, O\isol 4.5 - 5.5 lowv clav
 

Tamil NaLih level Vertisol, Alfisol 6.0 7.5 medium clay
 

Indonesia: 

W. Java level- und ulat i ig Ilisols. Inceptiiols 4.5 5.5 lo"s clay 

E. lava terraced-step Alfiols, Fni,,t, 5.5-- 6.5 towv-medium Clay 
S. Sumatra level-undulating Utliols, iceptisols 4.5 5.5 toss clay 

Philippines: 
leyle undulating-steep [liit ls 5.0 - 7.0 tos, - neditonl Clay 
Iohol tindulating Ultis ol 5.0)- 6.5 inediim clay 

l-a'rimil:n
 

(cintral IPlain indulaiing Utits, intisols 5.0 - 6.5 los loamy sand 
Northeast level-tiidtlating Ilhiols 5.0 6.0 low, sandy loam 

Sri Lanika ondutulating t Ihisols 5.0 6.) los 

Java and Southeast Thailand, and on Alfisols in thelilimestone derived soils of East and (entral 
Java. In NIalaysia there is a large polential for cassava lrodLdUcion on peat soils (Hislosols). 
Nearly all these soils are acid %\ith in some cases pH--valtes as low, as 4.5, but more often in tile 
range of 5.0 - 6.0. Aluminum toxicity is seldomta prohlem and there is nowhere evidence of 
a lime response ill cassava, except on tihe peat soils of Malaysia. )eficiencies of calcium or 
magnesi til have only been observed in isolated cases in T vrivadrum, Kerala, in Kalasin in 
Thailand and in (lalghot, China. N-lost cassava soils are low in P and some are low in K, 
but thesii nutritional problems are not nearly as severe as in latin America. However, while 
in I.atin America N deficiency is seldon a major problem, il is a very common and a major 
problem in Asia. Most Asian soils are very low in organic matter, possibly reflecting their long 
history of cultivation. Minor element deficiencies have not been commonly observed except 
for Fe and Zn deficiency in Tamil Nadu state of India, Cu deficiency in tile peat soils of Nalaysia, 
and Fe and Zn deficiency on old termite hills in Thailand. Thtus, in Asia, lie main problem of 
cassava nutrition is that of maintenance of soil fertility through the judicious use of' fertilizers 
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and organic manures, as well as through alternative sources such as intercropped legumes, alley 
cropping or green manuring. 

Table 3 shows the soil analyses data f'or several cassava research stations in Asia. Most 
experimental fie!ds arc high in P due to continuous use of P-containing fertilizers, while farmers 
fields tend to be low inP. This may be the cause of high yields obtained in many cassava experi
ments, compared with low yields tnder farmer's conditions. Moreover, cassava varieties may be 
evaluated under conditions that are not representative, and the selected material may not be well 
adapted to lower levels of soil fertility normally encoutiered in farnier's fields. This problem is 
especially sciions in Thaiand, PhililliICs, China and Lampung. 

Tbiile 3. Soil anal %s,,of cas,a reseairch ialin, in Asia. 

11,) pplml In/100 gill
pit 0)M. IP (a'i Mg K Texture 

(Bray I) 

(hinia: 
SC.. I(liinaln 5.0 18.1is].) 0.97 - 0.22 Clay
 

India: 

CI[(RI (Kcr ;ai) 5.0 1.3 8.3 8.73 4.34 0.14 gravelly sandy clay
]lhttjharicnar ((rkisa) 5.1 1.5 12.5 - - (.10 sandls loall 

Indontcsia : 
'maIlia.l Iilg)a (I Il 4.9 2.7 54.5 2.00 0.52 0.22 Clay
 

ltiorllmhogo Hiallnilug) 4.5 1.8 
 19.3 0.42 0.17 0.17 clay
 
latikcr~t ( lglan 
 5.5 1.5 2.8 4.90 2.80 1.43 clay 

I'iliplpilc,: 
VIS( % (I C.,Ic) 6.4 1.6 29.8 20.90 7.60 0.80 clay loam 

Ihailaild: 
Ravorlg 5.0 1.4 53.2 1.57 0.34 Clay0.51 salld.v 
laniliai Salliroig 6.8 11.9 36.2 4.74 0.97 11.42 Clay loiamii 
Kholi Klacn 4.8 (1,6 3(1.3 1.49 (. 1' 0.08 sandy loan 
Ki lasln 5.2 o.5 75.0 1.65 1.105 0(.08 sillrloam
 
Roi i1 
 5.4 (0.5 78.1) 11.68 (((0) 0(.108 sand loam
 
Mahlasarakliani 
 5.8 1.5 9.6 (.76 (.8 (.(8 sall(\ loai 

(as sa ,a is often hlalcd for "degrading" the soil, which is partially (fileto niltrielt 
extraction wilhout fertilizalioll leading to Soil CXhauslioil, alid parIly due to crosion. lable 2 
shows thai cassava illAsia is isually grown in areas \ith undulating oi hilly Iopograpll, Mshich 
are less suitable for prodltl 'ioi of rice. rice is gros n oile 

valley hollois, \while Cassava and other upland crop,, (isually inai/c, stigar ca lne, ,\ecl potato
 

Illnmost atdd he flal an1d ferlilc 

and grainItlgIuics) ar lot,:Ld Oni the surroundilg slopCs, Isilail Oil IC 'efertilC uplalld soils. 
BcausC of' its abililt to 1rO\ rClati'Cl r \\ell (ider a.ivl-ere "oil colldilio l, caa,,a is tuall\
 
conccntrated olltosthe oorst of these stils aud
l in areas \\ith already a high deree of crosion, 
whore other crops, will not producc at all. (iro\\i ulder these conditions cassasa is thel blaled 

for "calsing'" soil degratllioli aid Crosioll. 

\Vhcii poorly lianaged, cassav a can indeed cai use se\ere crosiou , hu recent! c\percent,, 
sho\ that soil losses can he drastically reduccd hy belier crop ianageient. l'lc hest rIanagenlent 

320 



practices that reduce run-off and erosion are very site-specific and should be determined locaily 
by simple erosion-control trials. Erosion is a particularly serious problem in the sandy loams 
or loamy sands of Thailand, in the hillside agriculture of Java and Kerala, as well as in parts of 
the Philippines and China. While cassava is often incorrectly blamed for causing extremely 
high levels of erosion, much research is needed to develop better practices that can maintain 
soil losses due to erosion within acceptable levels. 

Climatic Characteristics of Cassava Zones 

Table 4 shows that cassava in Asia is grown at almost uniform te.nperatures of about 
26 - 27 0 C, with very liule variation during the year. Only in northern Guangxi and Guangdong 
provinces of China and in the northeast of India is cassava grown in a subtropical climate with 
cool winters and possibilities of' frost during I -2 months. 

Table 4. (limalic conditions of cassava growing areas of Asia. 

Me an Ietup A onnu al precip. No. dry months Onset of 
"C mim/year (1PE > P rainy season 

China: 

Htainan island 24 18iX) - 25(X) 3- 4 March 
(igm 20-- 24 12(X) - t8(X) 3 -4 March 

India: 

Kcra!a 27-28 1800- 2000 5-6 April, Oct 
iamil Nadw 27-28 900- 1000 9- 10 May 

tndonesia: 
W. Jaa 26-27 2000 - 3000 0-4 Sept 
F:.,Ja~a 26- 27 15IX) - 20X) 5-8 Oct 
S. Sumaira 26-27 20(X)  30(X) 0-4 Sept 

Makit %ia 26 2000  30(X) I -2 Oct 

Philippines: 
I.yt e 2000 300) 2-3 May, Nov 

Sri Lanka: 
Soutlhest 2000 -3000 5-6 March, Oct 

Thailand: 
Central Plain 27 1100 - 1500 6-7 April 
Northeast 27 9Q)  1400 7-8 April 

*P - potential vapotranspiralion; P = precipitation. 

While most of the cassava growing regions are influenced by a monsoon climate, the 
rainfall varies from about 900 mmll in Salem district of Tamil Nadu to levels of 2000- 3000 mm 
in Malaysia, parts of Indonesia, Sri Lanka and Philippines. Figure 5 shows the length of the 
dry season, as defined by Thornthwaile as those months in which potential evapotranspiration 
is greater than precipitation. According to that definition cassava is grown in areas of only I - 2 
dry months in Malaysia, Sumatra, Borneo, West Java and the Eastern Visayas ofthe Philippines, 
while it is also grown in areas of as much as 8 - 10 dry months in Tamil Nadu and Andhra 
Pradesh States of India, as well as in tile Northeast and Central parts of Thailand, and in parts 
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The Length of the Dry Season in Southern Asia 

Dry Months:(PE>P) 

11 -12 

9-10 

3 -4 

m= 1-2 

CO Figure 5 : Length of the dry season in Southern Asia. Dry months are defined as those with potential evapotranspiration greater than precipitation. 

CA) Source : Adapted from Huke, 1982, by R. Howeler. 



of East Java. Actually, the areas of most intensive cassava production, such as Thailand and 
East Java, tend to have a long dry season, in which cassava has a relative advantage over other 
crops, because of its drought tolerance and low water requirement. For example, in Salem 
district of Tamil Nadu irrigation water is suppliect from deep hand-dug wells; because cassava 
requires less frequent irrigatiorts than rice or sugarcane it can compete with these latter crops 
in areas where the water supply is very limited. With irrigation and heavy applications of'ferti
lizers cassava firmers in this district obtain some of the highest commercial yields of 3(0 - 33 t/ha. 
However, also without irrigation, yields in this district tend to be high, varying front 15 - 18 t/ha, 
in'pite of the long dry season. 

In northeast and east Thailand, where soils are sandy and very poor and the dry season 
may be as long as 7 9 montis, farmeis grow 'assava because of' lack of other alternatives. 

400 
Nialang - E. Java X 9 years 

E 300 
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.o7
 

" 200 

.2 100 

o 0
 

E. Java 

cassava
 

ma ze
ir gaiteUo___,/ 
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Figuer 6. Rainfijll distribution and cropping patterns inEast Java (adaptedJrom Ilirose, 1985). 
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Due to its tolerance to drought and to acid infertile soils cassava can still produce 15 - 16 t/ha
under these conditions. In East .Java, under similar climatic conditions, cassava yields are lower, 
about 10- I1 t/ha, because cassava cultivation is extremely intensive and cassava is usually 
intercropped with one or two successive crops of maize, upland rice, peanut or soybeans. 
Figure 6 shows that these intercrops are planted with cassava at the begining of the wet season, 
lollowed by a second intercrop in the late wet season, which is harvested in the beginning of 
the dry season, while cassava is harvested in the middle of lie dry season. Thus, cassava fits 
in a specific cropping pattern that inakes ilmaxiuiflii use of the land and the available soil moisture. 

In wetter areas, h owvever, of Kerala State, in Mala.,sia and lie Philippines, cassava has 
to compete \with more valuable plantation crops like rubber, oilpalm, coconLit or sugarcane, 
and depending on world prices of* these commodities anild available markets for cassava or 
cassava-based prodIcts, cassava may no be able to cornlpetc. 

Ctiliural Practices in Cassava-Based Cropping Systems 

Cassava-hased cropping systems in Asia are e\tremely varied due to different socio
ecoitonlic as \%ell as cdapho-cliniatic conditions in each country or region, and [le cultural 
practices used arc al so dcIcmitiCd 1wiht s coCnditions. Soutlheast Asia has some of tle highest 
population diidsit iCs in the or1d, s. hilC in many count riCs 70 80% of that population is rural. 
Consequently, populatiMo pressure Celds to bie very high and the farn si/e very small, but this 
can be highl.\ 'ariable lhrotughott Asia. lable 5 sho\s the land-labor ratio in the different 
countries or regions. This ratio is ,cry lo in most of India and Indonesia, it is interniediate 
in the I'hilippinc, and Ihailand and highest in Malaysia. In regions ilh lo\ land-labor ratios 
cassama produclioll is ,.er\ inletsi, e and cassava is o'teln inlercropped, wilh little lechanization 
and high l.tbor reqliremet,. ACas vilh high land-labor ratios, on the oilicr hand, have to 
reduce their labor requirclints i l ough mecliani/alion and iiioiocropping. Also, whcre cassava 
is gro\ nias a pallalioll crop, usually for a siarch factory, such ais in southern Sumatra, ill 
Nlindallao, in Mlala sia and ol the slate 'amills of China, cassava production is highly mechanized
 
and fertilizer inputitend to be high.
 

Table 5. l.and-Laihor ralios and a erage fari sie for 'ariiojs Asian cominlries. 

I and-lab(or ratio/ .\vrage farm i,, 

(ha, prSo i l ha/ farm) 

Malaysia j" 0.65 2.19 

Ihailand 0.51 3.72 

Philipfpi n ,e 0.44 3.59 

Indonesia 0.22 1.05 
Ja. a NA 0.4 

India (Kerala) 0.12 0.49 

j/ rable lauditand land in prtiamen! crops dit.ided I,\ rural ptopiation, 1980. 
2 )oe noi inicldc siails, v',hich make op 3111 of clihi\iau ie area. 

'Source: IA ), 198 1; agr'ici! tlral cei es o diferen1f collinltrics. 
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Table 6. Cropping systems of cassava In Asia. 

China intcrcropped with peanut, sonic under rubber 

India: 
Kerala monoculture or intercropped under coconut 
Tamil Nadu monoculture or intercropped with peanut or vegetables 

Indonesia: 
Java intercropped with inaize, upland rice, peanut, or soybean 
Sumatra monoculture or intercropped with maize, rice, peanut or soybean 

Malaysia monoculture 

Philippines monoculttire or intercropped tinder coconut 

Sri Lanka intercropped wit pineapple or under coconut 

Thailand n1onocuilt tire. some tinder cocont l or rubber 

Table 6 shows that in Thailand, Malaysia and on large plantations in Sumatra cassava 
is mainly grown in moniocUlt tire; in Kerala, in much of the Philippines and in small areas of 
Thailand and lava it is grown tnder coconut or in rubber plantations, while in .lava, China 
and Tamil Nadu staue of India it is intensively intercropped with maize, rice, peanutts or vegetables. 
In China and Java cassava plots are often rotated with sugarcane or other food crops. Only in 
Tamil Nadu cassava is irrigated (in about 60% of the cassava area); in the rest of Asia cassava 
is rainfed. 

1. Lind preparation 

Land preparation is done either manually with a hoe, with a bullock or waterbuffalo
drawn plow, or with a tractor mounted implement, usually a plow, disc plow or harrow. Table 7 
shows that manual preparation is most common in India (especially Kerala) and in Java, while 
bullocks are used in Tamil Nadtt, in China, Philippines and by small farmers in Thailand. 
In some parts of East .Java land preparation is done with bullocks followed by hand ridging 
with hoe. In inuch of Thailand and Malaysia, on cassava plantations in Sumatra and Mindanao, 
and onl state-farms of China, cassava fic!ds are prepared by tractor, usually I - 2 passes with 
a plow, followed by a disc harro\ and occasionally by a ridger. 

Table 7. Land preparation for 'assasa in Asia. 

China: state Iartni tractor 

peasatnt farms hand preparation or bullocks 

India: Kerala hand preparation 

lTamil Nadu bullocks 

Indonesia: Java hand preparation or bullocks 
Stumatra tractor or bullocks 

Malaysia tractor 

Philippines bullock% 

Sri Latka hand preparation 

Thailand tractor (by contractor) or buttocks 
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2. Stake preparation : 

Nowhere in Asia are cassava stakes grown commercially and farmers obtain their planting 
material either from their own fields or from neighbors. Before or during the cassava harvest 
long stems are cut from mother plants that are selected for their vigor or high root yield. These 
mother plants should be 8 12 months old and free of symptoms of diseases or pests. The stems 
are either main stemis or primary branches. Ifthese sterns are harvested several weeks or mouths 
before the next planting season they are usually piled tp horizontally ot vertically illtie field,
preferrably Under shade or covered with leaves. In northern Guangxi and Guangdong provinces
of China the siems are cut be fore danger of frost occurs, and tihey arc stored in shallow or deep
holes in the grould and then covered with stra\ ani soil to protect them front frost damage.
At time of' planting, cassava stens are cut into stakes of 15 -20 cn lengthl with either a sharp
knive or saw. It'stems had been siored for a long timle, tie dehydrated or spro uted ends are 
disgardcd. Selected stakes are usually 1.5 2 cm in diameter and should have at least 5 7 nodes. 
Howeer, if planting material is scarce, farmers plant with ornutich shorter thinner stakes,
which oftentimes leads to poor sprouting and poor stlands. Nowhere in ,\sia arc cassava stakes 
treated with iftll gici des insect iciCes, andor the near-absence o1 desCasCs pests (exceptor for 
occasional scale insects) makes this practicc prolba bly tinnecessary. 

3. Time of' planting and harvest : 

Table 8 sho\s s tiat in most cotntries cassa\a is planted at tie begitinig of the rainy 
season. In Chlina this also ci rrespoiids x%itli tie onsel of spring illMarch-April. In East lava 
about 75% of' cassia is planted in the early \el seasoii, bet\,eel OCt and Jan, while in India 
most cassas a ill Irialldrtinl is planted illtile early raiily scasol ill\pril or May and harvested 
dtiring the dry scason ill Jan of F-eh. flll'lhailaid also ilost cassava is planted ssith le first 
Monsooni rains ill April or May, bu a large proportion is also planted at the end of the raitiy 
seasol in Oct-No\, ald even throtigutotil le dry season Iroli Dec-Mar, especially :It tile Satldy
soils which retail sotltc tmoisture ald do0 1lot Iardeil ecXCs.sively, tlpotl drVittg. Although plant 

Table 8. Principlal moalis olnplariling and harincsing caIssana in Asia. 

Ittill of paninJig Iin.o: iha.,est 
China Marcfh April Dcc Jan 

hdia: 
Kerala 

Tamil Nadun (rainfed) 
Apr 
Oct 

Ma. 

Nov 
or Sept Oct Jan 

Oct 
Fheb or Jhil Aug 

Tarnil Nadu (+trig.) Jan Apr Dcc %tarch 

hldonsc.ia: 

[F.J,. 
W..Java 

Suniatra 

Oct Nov 
allescepit June 

allescep June 

Aug 

Aug 

Jul Aug 
alnost yeai 

atnosi year 

round 

romld 

Malaysia year roulnld year roulnd 
Philippines June or No'. tan Iteb or tlt Aug 
Sri tLanka year round, iairtly Oct Nov year routd 
Thailand May oi ()i Jan Mar or Oct 
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stands are often poor when planted in the dty season, requiring partial replanting, the advantage 
of dry season planting is a continuous ust ot land, less weed problems, a rapid canopy closure 
after the first rains, ieducing erosion, and an off-season harvest, when demand for cassava is high. 

In Salem disrict of Tam il Nadu cassava fields with irrigation facilities are planted 
at the height of the dry season in .Jan-April. The crop is irrigated innitially weekly and later 
monthly until the onset of rains in .liune, after which it is essentially a rainfed crop. This allows 
a harvest in Dec-Mar, whilc tie rainfcd crop. planted in Nov, is harvested in Sept or Oct. Thus, 
starch factories can operate from Septemer through March. 

4. Method of planting : 

Table 9 shovs that planting mehods are quite variable in Asia. InI most couatries 
cassava is planted vertically except in Clhina, NIalaysia and tie Philippines, where it is planted 
horizontally. In India farmers plant the stakes either oii hand-made mounds, spaced 90 x 90 cm 
or on levies surrounding areas of' mounds. The levies and staggered mounds help to control erosion 
on the hillsides. In Thailand most cassaa is planted on the flat, ailthough some farmers, 
especially when planting in the early rainy seaso:n, plant on ridges or ridge-up with tCe first weeding. 
The latter is also a common practice in tie Philippines and China, especially if weeding is 
done with bullocks. In .ava cassava isusually planted on the flat or on slightly raised levies bordering 
terraces. Contour ridges on slopes have been observed on cassava plantations in Sumatra. In 
Thai',and cassava is soinietiiics planted horizontally when planting occurs during the dry season. 
Similarly, it, China cassava may be plamted horizontally and rather deep in Oct or Nov to prevent 
frost dam:age dliri ui winter and enable early growth in the spring. 

I able 1). Methtod of plillig tassl+a in Asia 

Slake position Hield con figurat ion Popalation per ha 

("hma horI iial flat or ridged-up 12000)- 15000 

tndia Kc'al \Crlical on rakieCd m1ound11Sor levies 12000 - 17000 
1lamil Nadu verticcal 11ai oi on ridges 10000- 150W0 

Indonesii vcrtical flat or on levies 8000  12() 

Nlavsia horizontal on ridges 10000  12000 

t'hilippil.es hori/eonal flat or ridged-up 10000 -20000 

Sri tanki \er./santied niiotinds 10000  15O 

Thailand scricd flat or oii ridges 1t00 - 150)0 

5. Fertilizalion 

Table 10 shows that fertilizer use is highly variable, but in general tends to be v'cry low. 
High levels of fertilizers are used only in tie irrigated areas of Taniil Nadu, in cassava plantations 
ill Sumatra, Malaysia and Mindanao, as well as in some areas of good soils in .lava and on 
state-fartus in China. Fertili/er use is relatively higher inl Indonesia and Malaysia, due to heavy 
gov'ernmelll subsidies, and is very low ill Thailand because of high fertilizer prices. Altlough 
fertilizer responses for cassava iii Thailand have been am ply demonstrated, and governnent 
officials %\orrvabout soil exhaustion and declining yields, tie fact is that high fertilizer appli
cations are seldom economically justified, because of low p, ices for cassava roots and high 
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Table 10. Fertilizer use for cassave production In Asia. 

Chemical Organic 
N + P,05 + KO t/ha 

kg/ha 

China litile some 
India :Kerala 19 high 

Tamil Nadu 210 18 

Indonesia: Java 22 0-9 

Malaysia 198 rlone 

Philippines none none 

Sri Lanka none some 

Thailand 7 none 

Source: Utharnalingarn, 1980; Roche, 1982; Tunku Mahud, 1979; Thailand, 1982. 

fertilizer costs. In India, China and Java considerable amlounts of nutrients are applied annually 
in the form of farm yard manure (FYM ) or ash, but in Th-liland little animal manunre is available 
and labor costs are too high for their transport and application. 

Since nost cassava farmlers do not have the resources to buy large a1InlI(unts of ferti
lizers, it is extrenielv important to find cheaper sources of plant nutrients and to develop appli
cation methods that make maxinumtn use of small applications and reduce losses from NH 4 .
 
volatilization and NO 1- or K-leaching. Intercropping with other foodcrops or with tree legumes 
(alley cropping) ma\' help reduce leaching losses by recycling leached nutrients. Intercropping 
with grain legumes, as practiccd in .lava, ('hina and parts of India, canl make a positive contri
bution to the N-supply through N-fixation. Simlilar effects can be obtained with hedges of tree 
legumes or intercropped annual legu mes, which are pruned regularly aid their foliage used as 
green manlrc intlch. The effectiveness of these systems is highli site-specific (usually more 
effective in hitlid cliniates and in well-drained soils) and the exact conibinalion of species and 
their nanagcnent have to be (lctcrniined locally, so as to maxiinic Iheir useful ness. Many of 
these systems will improve soil structure, and increase the water and nutrient holding capacity 
through an increase in soil organic matter By covering the soil and improving infiltration these 
systens also lend to reduce run-off and erosion. 

6. Weeding : 

Weeds can cause serious competition for cassava and inadecluate weed control may be 
the cause of low yields in several coniries, especially in lhe wetter regions such as the Philippines. 
Table 11 shows that in most countries weeds are controlled by 2 or 3 hand wecdings with a hoe, 
somnetimies incombination with a bullock-drawn plow. Only in Malaysia and in some large farms 
in Thailand are weeds controlled with herbicides. Man-day.i uscd for weeding are extremely 
high in Salem district of Tamil Nadu, where weeds are aserious problem and weeding is usually 
donje by women working relatively short days, and are very low in the Philippincs. The use of' 
the "bolo" or curved knife for weeding in the Philippines also does not appear very efficient 
and probably leads to inadequate weed control. The introduction of mhore efl'icient weeding 
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Table 11. Weeding practices for cassava in Asia. 

Man - daysMarw-dins 
for weeding Weeding practices 

China high bullocks or handweeding with hoe 

India: Kerala 27 hand weeding with hoe, solely by men 
Tamil Nadu 92 hand weeding with short hoe, mainly by women 

Indonesia: Java high hand weeding wvith hoe 
Sumatra high hand weeding, sonic pre-emergent herbicides 

Malaysia 13 hand weeding wilh hoe, sotie pre-emergent herbicides 

Philippines 9 bullocks and hand weeding with "bolo"' 

Sri Lanka hand ccding with hoe 

Thailand 25 bullocks and hand weeding with hoe, sonic herbicides 

Source: Uthantlingam., 1980; Ninan, 1986; CFCRI 1987. 

tools such as a cultivator-ridger as an animal drawn implement, or a sharp hoe with long handle, 
which allows people to stand straight while weeding, can probably make a major contribution 
inincreasing the efficiency of weeding and thus in reducing weeding costs. 

7. Pest and disease control : 

Cassava production in Asia ischaracterized by the near absence of pests and diseases 
and no special control measures are taken except for the use of'tolerant varieties and selection 
of'healthy planting material. InIndia cassava mosaic virus is a serious disease, which iscontrolled 
by roqueing, use of clean planing material and tolerant varieties. In Hainan island of' southern 
China and in the Philippines and Thailand cassava bacterial blight (CBB)can be serious and 
varieties are being selected for C1B tolerance. 

8. Harvest : 

Inmost of' Asia cassava is harvested by hand-pulling, sometimes using simple tools 
as a lever. In Malasia experiments are under way testing a tractor-mounted cassava-harvester. 
In most countries tops are re-incorporated into the soil, while in India and Java the tender tops 
are fed to cattle. Stems are often used as firewood in China, India and Indonesia. 

Labor Utilization and Production Costs 

The use of' labor for cassava production varies greatly among countries and depends 
mainly oti the land-labor ratio and labor costs. inIndia aridThus, Indonesia labor use is 
extremely high, ranging fron 150 -350 man-days/ha, in Thailand labor use is intermediate, 
while in Malaysia an .' he Philippines it is relatively low (Table 12). In Thailand and the Philip
pines most labor is required f'or land preparation (30 - 35%) followed by harvesting (25 - 30%) 
and weeding (18 - 26%). InTamil Nadt about 50 -- 60% of' labor is used for weeding, which is 
mostly done by wonien (Table 13). 

Table 14 shows that costs of' production are highest in Malaysia due to high labor costs. 
This accounts for 62% of' total variable costs eventhough labor input is relatively low. InIndia 
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and Indonesia labor costs are as high as 85% of total costs due to high labor input, while in 
Thailand labor costs are relatively low, accounting for 60% of total variable costs. Although 
yield levels are high in Malaysia, their production costs are also high, resulting in a high cost 
of US$22 per ton fresh roots. In India cassava production costs are also rather high at $17 
per ton in terms of variable costs, and $33 for total costs; the latter is very high due to high land 
costs. In Indonesia (Lampung) production costs are relatively low, but so are yields, resulting 
in an intermediate cost of $13 per ton. Lowest production costs are obtained in Thailand due 
to a com bination of relatively low land and labor costs and high yields. This results in a low 
per ton cost of $12, enabling Thailand to compete very sUccessftlly on the world market. 

ratle 12. Labor use for cassava I)roduclion in Asia. 

mnalday%/hla
 

India Kerala 116 

Tamnil Nadu 139 -265 

Indolsia 23) 350-

Malavsia 
 62 

Philippines 53 

lhailand 96 

Source : 1987tnam 


1able 13. (assama i)r(Iuclion, area and labor use inIndia, IPhililppines. lhailand. and NIala3sia. 

India 

Kerala 

1977 

tamil Nahl 

19791/ 

India 

1979-'/ 

Mataysia 

Perak 

1979 

F11ilippines 

1979 

Thailand 

1984 

('assava area (ha) 

[arm sie (ha) 

Yield (I.ha) 
0.5 

15 23 

-

15 28 

0.6 

3.0 

4 

4.0 

8.9 

15 

ILahor ain-days,' hal: 
land preparamion 
plating 

tKruiti,,ing 

eCCding 

irigalion 

54 
10 
--Y 

27 

-

27 
19 
5 

97 

25 

12 
12 

7 
92 

-

I 
8 
3 

13 

20 
8 

-

I1 

-

30 

12 

25 

-
ltr\ctin ,g- mrnspori 22 31 28 37 14 28 

R cling anttth illg 
aiscclancoljs 2 

-

2 
-

2 
-I -

1 

Total 115 206 153 62 53 96 

IJilrigatcd 
./' rilied 

./ inCludedtill%CCtlilig 

Source : Ninan, 1986; thhamalingani, 1980; Tunku Mahutd, 1979; Mejia ela., 1979; Thailand, 1984. 
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Table 14. Labor use and cost structure in cassava production In AsiaL< 

Country Malaysia Thailand India India Indonesia Indonesia 
Location Perak Salem Kerala Lampung E. Java 
Period 1983 1979 19801984 1977 1980 

(rain fed) 

Labor input (man - days/ha) 84 96 153 116 -

Land costs (US$/ha) 40 28 171 64 II 53 

Variable Cost (US$/ha) 
Labor 304 II1 162 10895 67
 
Land preparation 114 52 22 -  -
Fertilizer 59 6 38- 19 17 
Pest icides - 2 
Seed I1 14 - 51 -

Total variable cost 488 185 185 184 127 84 

Yield 22 15.0 10.7 9.412.6 10.2 

Variable cost (USS/ton) 22.2 12.3 17.3 14.6 13.5 8.3 

j/ l)omestic currency conserted to IS dollars at existing exchange rate. 

Source : Chan el al., 1983; Achmad Suryana, 1980; Thailand, 1984; Utharnalingam, 1980; Ninan, 1986. 

Cassava Utilization 

Table 15 shows [he cassava production and tttilization data, most of it rather old. Still, 
it shows some clear patterns o1' tttilization which are still valid today. 

Fresh cassava consumption by humans is mainly important in Indonesia, Sri Lanka, 

Table 15. Production and uilization of cass-,a (fresh root .,eighl equivalent) in principl producing countries. 

l)omestic utilization 

Hlunal consuntption Animal 
Couniry Production [sport Fresh Dried Starch Feed Waste 

(( tI) ((XOIt) (0001) (000h) (000t) (0)(X)I) (0001) 

India (19/7): 5688 22 2610 619 1784 653 
Kerala 4189 22 2437 619 499 503 
Tamil Nadu 1310 - 126 - 1162 - 131 

Indonesia (1978): 12(183 924 3130 3252 4141 - 636 
.la\a 8576 294 1928 2759 3164 - 530 
Off.I;-laa 3517 630 1202 493 1077 - 105 

Malaysia (19771 432 66 -- 302 43 21 

Philippines (1977) 1011 865 - 104 42 -

Ihaihiid (1977) 13,554 9.996 - 745 16 2,797 

China (198(0) 3,300 336 1,466 - 105 1,294 99 

Sri lanka (1981) 526 368 - -- - 158 

Sorce, : Unnevehr, 1982; Titapi watanakui, 1979; CIAT data files; FAO; Jayawardena, 1986; I.yam, 1987. 
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Philippines and in Kerala State of India. In Java consumption of dried cassava (gaplek) is also 
very important. Thus, human consumption accounts for over 55% of total production in Java 
and 60% on the outer islands. In Kerala cassava is consumed mainly as fresh roots, accounting 
for 73% of total production; likewise, in the Philippines it may account for as much as 85% 
and in Sri Lanka for 70% of production, respectively. 

Production of starch and starch-based products such as glucose and high fructose/glucose 
syrups (HFGS). inonosodiuni glutamate (MSG), and alcohol is important in Salem district of 
Tamil Nadu, and in Malaysia, where it accounts for nearly 90% and 70% of production, respec
tively. It is also traditionally very important in Indonesia, where it accounts for 28% of pro
duction. Some of this production has now expanded to large cassava starch factories/plantations 
in Laipung, Stmatra. Cassava starch in Indonesia is mainly used for production of MISG and 
"krulpuk", while ai IHFGS plant is recently in operation. In China starch and NISG factories 
are often part of the state farms and probably more than 30% of cassava prod uction is no, 
used for starch production. 

Chita is probably tile only countrv where siunificant aniouts (probably more than 50%0 
of produtclion) is used as anlimal feed, mainly for swine, after hand chipping, drying and milling 
of tile cassa.a roots. 

lxlport of cassava chips and pellets is tile main utilization of cassava in Thailand, where 
it accounts for over 70% of production. Due to relatively cheap cassava production and a highly
el'ficicm largc-scalc processiig and transport systciil, Thailand is now the wvorld's primary 
exporlCr of cassava, iiiainly as pellets but also in the form of starch. Increasing demand for 
cas,,ava chips alld] pellets for animal feed, both for export and for domestic use, make this 
the gro\\lh imarket of grcatest it nrc potential for increasing cassava produclion in Asia. 

Production and Utilization Conslraints 

Table 16 sho\s the primiary and secondary markets for cassava and tie major production 
and/or utilization constraitlls faced by each country. These were ideritified after intensive 
study of cassava production and markcting systems in Asia by the CIAT Cassava-Econotny 
program and are discussed in detail in a recent publication oil Cassava Demand in Asia (Lynam, 
1987). Ii some countries, notably Thailand, Philippines and oii the outer-islands of Indonesia, 
the principal constiraints for increased cassava production arc lack of cro\th illarkets, i.e. 
dCmnamid side cosltrainlts. These countries have to identify addilional markets in \which cassava
 
can compete economically with corn 
 iii tile animal feed and starch markets and with sugarcane
 
arid corn ill th l l"S iiiarkets. ll; ian countries this can 
 be done only through increased 
cassava yields a'l, or decreasCd produnction costs by tile use of higher yieldiing varieties and 
more efficient agroiloiiiic practices. It cal also be accoliiplished by shi'ling ca ssava front 
areas w\it h serious land conis aints, where it has to conipet wit hiolther, iore valuable products, 
to areas %% a greater relative advamitage, such as the drier areas of Tamil Naduhere cassava has 
and Andhira Pradesh of' India or tlie outer-islands of Indonesia. Iil these areas cassava could be 
produced more cheaply through advantage of scale and lower land prices. 

Iii other countries, notably India, Malaysia, Java and probably China tIne constraints 
are on tile supply side, limited by small farm size, need for intercropping, competition with 
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Table 16. Cassava utilization in Asia and principal constraints to expansion of production and utilization. 

Major market Secondary market Principal constraints 

China feed-dry chips starch sholt grosing season, access to 

fertilizers 

India: 
Kerala food-fresh roots starch farml site, competition with tree 

crops 
Tamil Nadu starch food-fresh roots farm site, competition with sugar 

cane, rice 

indohesia: 
Java hood-fresh roots food-gaplek farm site. soil degradation 
Sumatra starch food-fresh roots competition ilth tree crops, 

infrastructire 

Malaysia starch aniial feed land use policy. competition \,ith 

itmported maize anid cassava 
Phlililppi'ncs:
 

Mindanato starch food-fresh roots lack of integration bet ween produc

(t her island s food-freslh root, Startch 
tion anmd processing 
farin site, marginal land, poor 

practices 
Sli Latilka food-fesih roots tced-dry ettips farin si/c, conipetittnl from itaiie 

lhailand e\port-pellets starch soil degradation, high tertiliter costs 

price distortions h. FIC policies 

tree crops, or the use of low-vielding varieties or poor CLIUral practices. In Malaysia the present 
land-use policies limit cassava production by giving priority to export plantation crops. In this 
case cassava production can increase by identification of better varieties and cultural practices, 
especially more productive ittcrcropping systems, and by intensification of technology transfer 
to larmers. 

Research Needs 

In Asia most cassava research progrants are relatively young (with the exception of 
CTCRI in India) bit have developed rapidly during tihe past 10- 15 years. They have been 
quite successful in selecting or breeding new, higher-yielding varieties and to develop packages 
of recontended ctlltiral practices. Tables 17, 18, 19, 20 and 21 summanrizc the recommended 
varieties and ctultural practices in India, Indonesia, the Philippines, Thailand and Malaysia. 
In colntries like China and Sri Lanka, tlie recommetdcd practices ntay not be as well defined, 
while in Malaysia the recommended practices for mineral soils are now being adapted to fit 
production on peat soils. 

In several countries an increasing anlOutlnt 0f cassava is produced under coconut , or 
among young rubber trees, as well as in areas of recent reforestalion. Research is needed to 
identify varieties with shade tolerance or practices that reduce compet ition for light as well as 
underground cornpetition for water and nutrients. This research is highly site-specific, the 
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"rable 17. Recommended cululral practices for cassau produclion In India. 

Varielies: 	 II 97 high s.arch, rood cooking quait.,, I(ll.ohs duralion
 
II 165 elll.v(7 I1o11It decasc
,),aricl., and liest roistcni
 
II 220 :ood cooking rqitili,
 

I1 168' good ctoking qillil.. high .icld
 
II 2304 : hi it, droi hl ioisle.t,
high slairch cioniti1 

Planmi ng lihe: April NlIa. of ScpI ()I 

Land prepuration: ioiunId,, 0 cm high, or cotirir ridgcs ilo25 30 cm higho125 

IIIianling mlterial: selci plaits lice of ('NIV, ciii miiure ster., 15 20 cm slakcs
 

I'larllingIluelmod: \,Crtil. 5 cildeep: 90 
 . 90 lot \triti, 75, 75for ainchirn lor nion-branrchirg types; 

lcplillis ' lliispuossiblc. 

Ferliliatiin 10 5 ll of I iYNi, 100 kg N, 100 P,()5 1(I . intrpora.ed; K,(/hi; 1 all Itplanting, 
N Mitl K split ii and 45 60 ,h.\'s; orll. 25 P,()5 if Soil is high ilI1. 

Sprolll remlml: ic"ailli oil[,%l\'oshiows, rillo1\ cs~ccs sprouts it 30 45 diav+. 

II\%cegli, 	 euiartlhing lip: at4i Ol di.,, and I 2 months,later 

Illerrrop: i'allill.Irclichb'II. 	 ctopcl i 

IlIresl: alS Illloihm ep1rllL onill'. ,lii 

lilh IN. Reticomenlded cillir:il l)raittclict rl'ocisalaproliclion in Indonesli.l. 

%ariiLes: \ila I: 	 hri. II( N, 1high rih coillcillt.calk iia til.\
 
\dhira 2: iitlIll N. hlihi iicld, irckntim xiich li i l. (1111 icrarm
 
Adira 4: \icld, (111 ,
hiigh iolcaiii. iIcdiiii II(N
 
l oio . hiith %ireid.gh FI( N: ith.pcld todrier mia
 

Ndthoo lt, I1(N. .voodcaror1qulahi. lts, %Ilrd
 

I'l:nin lime: ()cI No\ Orl I m I Ch a1'1 olrIl_ r aflc111i /Cor i illlt 

land prtl)iraliiin: plo\s in hr hlo I\ith lihocLI cd idgptirs 

Planlin)I mtltril: titkcfr Im ,lal siru it sitcirr. 20i 2 cn lori and 2.25, 2.5 cm ii dianiler. I tlng ,IC 11cCall
 

'rhtcd :111OLil CildhotHip1o 20i Jat. 

I3lantin Incllliild: l1ix,.'Icin laMLcd milllgof1) ()idil 
 tslh ik,,'s, richhsi a xpacn ll)0c11ih.icci ro%%sand 75 cII 
rtscip'L'I ,ll. \I,11/L' or p.'ilitil himIs. air.laarc p'lrlled ii i lit. sos 

21 N lkihii ,ta o 1 . 1H), or l1i • 12ioc+f,.l• 


.erlili,,rlimn:1I0)kg N, ,iiI ilif
K,() htorOrdul.h ,.,rcinii. 21)0 kg,N, Si)I',( )+a5th It(0K,() for Mukihai: 

\'eding: 2 1 inad tsccdrrsl'IIII hoc 

Ilirt%sl: after 10 12 irlllrlifo oidilhr, 	 ,,xI'Ii1,ol 12 liniro iri M ilkirat xS.xScii.s lor 

hslliC orInll rcrtiing: ssilhllnl/c or pn1 .;lll cii p .i'llllll.os rai. 

336 

http:intrpora.ed


Table 19. Recommended cultural practices for cassava production in the Philippines. 

Varieties: 	 PR-C 13 (Kadabao)
 
PR-C 24 (Golden Yellow) high siarch, early variety
 
PR-C 62 (Colombia) high yield
 

Planting time: at onset of' rainy season or 3 - 5 months before dry season 

Land preparation: one plowing and harrowing to 20 cm depth (2 - 3 plo%,ings in areas fallowed for long time). 
Ridging or rimotd, in areas subject to water logging. 

Planting material: select deease free 10- 12 roonIts old plants, use inaltore stems, ct stakes of 20- 25 cut length. 
stems stored up to I month inder shade; for long-terln ( >2 nonths) storage, bury basal part of 
,tetit in soil iL) alito, lear production. 

Planting method: crtical on in %%,et furrows in dry periods and in light soils; deeperridges areas; hori/ontal it 
( > 5 cm) it'soil is drN. opulation of 10.0M()platns/ha in fertile soils, 20.0(1 in infertile soils. 

Fertilization: generally 90 kg N, 60 P, (). 60 K- Oha, but depends on soil fertili, ,; ialf at planting, ltalf side
dreed al 3(0 da.|rS. 

Weeding: oft-barring at 2 coks, hilli tiglp at 5 attd 7 ssceks, plus hand weeditg bet ween plants. 

Ilariest: at 10 12 molntIts 

Intcrcropping: ca,sa a in a hbe ir tcrcroppeLd t r rot at ed \rih peanuLit s, soybean, ItlinLttgbealn, CowpCa, pigeOllpea or 
bush bealls. 

Table 21). Recomtnled cultural iractices forr cassmva production in Thailand. 

Varieties: 	 Raouig I: high '.iild, high sield siabilit , biller
 

Il , onig glod ellill qullit
1 2: 
Ri onus 3I: high starch coinienit. bitte 

Rxwnr, (I:0 1hh iClI. ihutI\Cls high starch coitetnt, bitter 

Planting tilte: \It\ I l. oi (Ici No% 

ILand preparation: [Is1k, inll oIiceL or t\%1ce at 15 21) thIi \%itlI tract or roxen, followed by disc - harrowiing once or 

5c;risIgint I, owen 

Planting nalerial: select hcalths It' 12 toutlis plants, cur ntriUrc ste. store ill slade (less than 30 days), cut stakes 

oft IS 25 ciii lenigth. 

Planting method: ridc plamin' if Soil %%ill be sel; flat planting Mh Irertlo soil mtoisture; plant vertical at 5-- 10 cm 
depth; spacin;g il -7) I)) cirn ro%,% \%idlh, 60 100 crr betscern plants. 

Ferlili,ation: 5) kg N. ) I'-,01', 5(K) ira(or I(X I M IX) in poor soils), half at plantiing, half side dressed 

allel lilt ssccdiiig. 

WVeeding: 2 3 tuiies iiu;niiall.,, ai 3( -15 day%, arid 2 3 niLolhs later. 

flarsest: al10 12Itrontlls.
 

Intercroping: (iassis \ith .r'rtplild te 0 peanut iingbear,
a inab 	 ssrr\e oSLf or 20 cn between rows, 10i cln 
bet sccii plaills. 
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Table 21. Recommended cultural practices for cassava production in Malaysia. 

Varieties: Black Twig high starch, high yield, wide adaplability, bitter 
C-5 : high starch, high yield, early 
Medan good eating quality 
CM 982 - 7 high yield, adapted to peat soils, low starch 

Planting time: almost year --round 

Land preparation: I  2 plowings wilh tractor I'olloved by harro., or rototiller, sometimes ridging.
 

Planting material: 20 
-23 cm long stakes, cut from %%oodymature sten taken from hteahhy plants, at least 7 nonths 
old. 

Planting method: horiztital plant ig, comtplet ely hUried; spacing at I x I meter; on peat soils also vertical planting 
witi 60 cii long stakes. 

Fertilization: For iniieral soils: 60 kg N/ ha, 30 P2O5 160 K2O/ha; sometimes 15 kg Mg and 2 kg Zn/ha. 
For peat soils: 200 kg N'ha. 50 ),05, 160 K20,2.5 ('1/1Ia, sometimes lime. Fertiliter banded 
lear slake at planling or at 3 4 %%ecks alter planltilg. 

Weeding: pre-emergent herbicides: 2 liter alaelhlor 2kg fluotielLt rOn liha; ltand %ceding orpost emergent 
directed spray of 2 liter paraquai/ha; pre-harsest spray %%itlh 2 liter paraquat,'ita. Inpeat soils: 

pre-eniergemt Itet iciLes: 4 liter alachlor, ha. 

Iarvest: 9 12 ntoth 

Inlercrupping: (CasSasa 11W,he i1ter croppled a iti I ro%% of akeet corn or peatiLt al tnormtial I x I mi cassava 
spacing, or aitli 2 tos of s'eetl cornior 3 ros of ape.llUtIt 0.9 X 0.9 x 1.8 in cassava spacing 
(doUt1i1 ro % ). 

results depending on tile tree species involved (Ghosh et al., 1987), as wvell as the soil and climatic 
conditiotns. 

Besides the research objective of increasing cassava yields, there is a second objective of 
increasing tile stability and sustainability of yields. Yield s:',.bility can be increased by selection 
of germlplast 1t1at Iis ada pted 1( drottg,t as well as occasional flooding, to wrind damage by 
typhoons, or to cold spells inl file sutbtropics. Tolerance to diseases or insect pests will also 
incrt ase yield stability as Itese problcn s may be endetnic or only occur sporadically. Yield 
sustainabilihy is e\iretnel\ iporlati itt Asia where I'e\land frontiers remain, and cassava 
production \sill have to conlitue ott the sante lantd for many more years. Long-tern productivity 
Call otly' bc tnaintained by presettitg soil eshaustion, through tile judicious use of fertilizers, 
organic manures, green tuantires, or intercropping with grain or tree legumes, and by preventing 
soil erosion or degradation through loss of'organic matter. As these aspects have not been 
studied tuch itt the p +sl, there is a tteed for intensive research in these areas illtihe futtlure. 
Notwithstanlditg ileiltproVelI in varieties and cullural practices itt Thailand, cassava yields 
have declined reenltly, because of Coniui+ols Itotlicropping \\ilhOtll ferlili/ation anid inadequate 
erosion control. A sItortg effort should be made to reverse this trend. For similar reasols,
Indonesian ov crttent oflicials are rcltctanI to stpport cassava researct for fear of slitnulating 

a Crop which eselltiallv may degrade itle soil. A research effort is required to develop cultural 
practices that not only increase cassava yields bt t also permit tile sustainability of cassava 
prodtction. 
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On-Farm Research 

In most countries of Asia cassava research is conducted by researchers on experiment
 
stations. Tile transfer of technology is the responsability of the Extension Service. I)uc to
 
institutional separation tile researchers may have little knoswledge about real farmer's needs
 
and conditions, and may get little feed back about tle applicability of their recommendations. 
Likewise, the extension agents are not up-to-date on the latest research results and may be 
recommending practices that are not optiniin for their particular conditions. To reduce this 
problem researchers should ws'ork ill close cooperation with extent ion agents and be well acquainted 
with tile agronOlnlic as well as tile socio-econom ic constraints of' farmers in their area. Also 
more research should be conducted on farmer's fields, ideally ill close cooperation with farniers, 
so as to test tIle technology inder the real-sorld conditions of tie farmer. 

India has been quite successful in prolloting ne\' high-yielding varieties, selection of 
planting material, intercropping and the Use of fertilizers in Iheir lab-to-[Iand program ini 
Southern Kerala. Undoubtedly, this program has also helped (I('RI in focussing Iheir research 
on practical farmers problems, \iich hopefully lead to greater adoption of recomnmended 
practices. Also, tie success of tie highly productive irrigated cassava ini Salem district, is at 
least partly due to a.close cooperationl bet\\ecn tile research and extension services. 

In Nlalang district in Liast .laa an On-larim Research (()I:R) piogramn has been initiated 
in tile lime-stoie detied soils of southern Malang, where cassava s intercropped \kith imaize 
and grain legunies. A better understanding of these very complicated cropping systems, and of 
tle contraints faced by tie farmers, is essential for tile development of ne\ technology. Thus, 
tile ()FR program inmcltides exploraitor surveys to describe tile physical and socio-econoniic 
conditions in tile ;rea Land 1 diaginose tile problems and their causes. This is then followsed up 
by on-farm testing of cetail technologies to define tile best varielies, the optilnuni spacings or 
fert ili/er le\ els etc. lhe obtained resulIts or )robl ItIis encouInit ered feed back to tlie devclpment 
of more practical solutions. IFinall\ a production package is developed and tested in yerification 
trials, in \\ hich the reco endid practices are COmLIpared wvith farnmer's practices and the economic 
costs and benefits are calculated. If the 01)R is conducted in an area that is representative for 
a mttch larger "reco niCiidation domain'' and tile research is done in collaboration with (ile 
extension service, hemi tlie recoinended technologies can quickly lead to farmers' adoption 
anmd increasing yields, \ilh tlie associated social benefits, both for the farmers and tle consumers 
of cassVl and cassava- basCd products. 
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RAPPORTEUR'S SUMMARY OF DISCUSSION ON RESEARCH 
PRIORITIES IN CASSAVA AGRONOMY 

Piya Duangpatrad1 

In order to increase cassava production in Asia, research priorities in agronomy have been 
set for the principal cassava producing countries. (Table I). These include the Peoples Republic 
of China, India, Indonesia, Malaysia, Philippines, Sri Lanka and Thailand. The Chinese 
agronomists considered stake storage during the cold season as the most important topic for 
research. In addition, t hey considered of high priority research on weed control and soil fertility 
improvemenlt, particularly research on control of soil erosion, intercropping, and NPK fertili
zation. For India, tie Iive topics of highest priority inctlided soil erosion control, intercropping 
(especially Under free crops) stake storage indry season, irrigation, and green manuring. 
Similarly, lie research iopic of highcst priority for Indonesia was also considered to be erosion 
control. The iminport ance of soie other research aspect, such as iinercropping and on-farn 
research \was also discussed. For Mtalaysia topics of highest priority included erosion control, 
reduced tillage, mecCianization and inercropping, whilst the Philippine agronomists indicated 
research needs on) on-farll trials, cultural management under tree, aind research oil nitrogen fixing 
bacteria, in addition to the Iwo most important topics of erosion control and NPK fertilization. 
For Sri lanka, lie topics of' \\ced control, intercropping, reduced tillage, and on-farm research 
were considered of moi inmportance. lhailand listed the following topics of greatest priority: 
rescarch on soil fertility mainteinance, part icIlarly Ihrotgh sttidies on soil erosion, NPK fertili
zatiol and green In tiring; also, research on weed con trol and onl-farn trials \were considered 
important topics. 

Nearly all countries (except Sri Lanka) 'crc in agreement that erosion control is tihe most 
important topic for research. Another topic considered of high priority is that of maintenance 
or improvement of soil fertilitv through NPK fertilization, intercropping or green manuring. 
Research on weed control, particularly on integrated \\ced control, intcrcropping and on-farm 
trials swere also rated of high priority by most countries. Note that very high research priorities 
on stake storage proposed by the Clhinese and Indialn agronomists are primarily iie to their 
existing climatic conditions, w'hicli fromare quite different those of other countries. 

A collaborative research net \work should be established anliong these seven Asian 
countries so that pertincnt activsities such as inter-regional trials on some research topics of 
imitual interest could he performed in ditflerent countries. For instance, some of the collaborative 
research topics cotsidcered of greastest imporancc are soil erosion and maybe integrated wreed 
control. Particularly, research on erosion control is badly needed, and the restlts obtained 
could be of great sigii ficance in allesiating this common production problem existing in most 
cassava-growinig coiltrics in Asia. 

-I/Associate professor, Dept. of Soils, Faculty of Agricuture, Kasetsart University, Bangkok, Thailand. 
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Table 	 I. Priority of research topics in cassava agronomy, 

Research topic 	 China India 

1. Soil fertility maintenance 
erosion control 9 10 
NPK fertilitation (long term) 6 
green manures 6 
alley cropping 2 
inercropping 8 

2. Weed control 
efficient-manual control 

chemical control 
 5 
integrated weed control 7 4 

3. 	Land preparation 
reduced tillage 5 

4. 	 Stake storage 
ill dry season 8 
ill ,:old seoll 	 10 

5. 	 Inmercropping
 
spacing and arrangement 

fertiliation 

spacing under trees 3 9 

6. Time of planting and harvest 4 I 

7. 	Irrigation 
lrctltIcttc, qutttity\ method 7 

8. On-farm research 	 1 2 

9. Water m anragenment oil peat 

10. Cultural management under trees 

I1. 	 l)eselopmcnt inoculallls of 

N fixing bacteria 

12. Pr 	 iiimingas a form of storage 

13. Nlechani/ation 

14. Techniques for field 3 
establishment of st:akes 

15. 	 lesl prodction package 

it each region 

I loss priority 

It0 high priority 

identified by national progrm scientists in Asia. 

Indon. Malays. Philip. Sri L. Thail. Ave. 

10 10 10 5 10 9.1 
5 4 9 8 4.6 
2 9 2.4 
3 2 4 1.6 
8 3 3 9 6 5.3 

6 0.9 
2 1.0 

I 10 7 4.1 

4 9 8 1 3.9 

1.1 
1.4 

2 7 6 4 2.7 
7 6 4 3 2.9 

5 	 2.4 

2 2 1.3 

1 1.1 

6 I 8 7 5 4.3 

5 	 0.7 

7 	 1.0 

6 	 0.9 

8 	 1.1 

0.4 

3 	 0.4 
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Collaborative network research in cassava agronomy could be of great value provided
that an appropriate international organization or institute such as CIAT helps to coordinate this
Inter-Asian cassava program. Additionally, CIAT should provide some research funding, in 
order that national institUtes are able to cond uct this collaborative network research. Through
the assistance of' CIAT, some reasonable number of international or inter-Asian travel grants
should be provided, so that tie agrononists can have a chance to visit and observe pertinent 
cassava research conducted in other countries. In addition inter-Asian or international seminars 
or workshop should be organized periodically to discuss the latest research results. 
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