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ROOT CROPS MANAGEMENT TEC~I 

R.A. OBORDO~/ 

lNTRODUCTlON 

The food situation in IIIOst of the countries in the world is 

far frOlll satisfactory. As a matter of fact. IIIOst developing 

countries are experiencing underproduction and severe foad abortages 

due to unprecedented adverse clima tic changes, rapid increase in 

population aud rising prices of agricultural inputs. Againat this 

background. it becomes imperative for all cOl1cerned to search aud 

develop alternative sources of food aaide from conventional grain 

cropa. 

!he United NatiODS' Food and Agriculture Orgaoization has 

calculated that food requirement standards in terma of calorie intake 

ranges from 2223 calories per espita in the Fsr Rast to 2560 calories 

per capits in North Ameries. Based 011 the aboye standard. FAO has 

estimated that for developing countries current foad conaumption 

provides only 96 parcent of calode requirements, Figure 1. lt has 

been predicted tbat the demaud for foad beginning in the 1980's will 

incresse more rspidly in developing thao in deve10ped countries. 

l/paper presentad at the Regional Seminar un Agribuainess 
Commodity Systems, Los Baños. Laguna, Philippines. June 5-17. 1978; 
sponaored by SEARCA. DSE aud UPLB. 

~/Coordinator. Centro Internacional de Agricultura Tropical 
(ClAT) Cassava Outreach Program for Asia. 
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~ Re9ions with MOre than lOQ calaries deficit per day 

Figure l. Areas of-'he world with more than a lOO-calorie/day deficit. 
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This means that agricultura1 production must grow more rapidly in 

theae countries if the demand for food ia to be met satisfactorily. 

Unfortunately. projections indicate that growth of agricultural 

production in developing countries will not match demando lt appears 

therefore tbat in the coming yeara developing countries vill bave the 

esaential task of trying to meet consumption demanda and nutrition 

requirements. A crucial element in this supply and demand balance 

is the ability of the country to produce sufficient calories - and 

in this regard the root and tuber crops are important crop commodities 

that can supply the needed ealories. 

Experience in many countries of the world espeeially in ehe 

tropica of Asia and the Pacific demonstrate that roots sud tuber 

crops like cassava, white and sweet potatoes. 1- (Dioseores). 

Aroida, etc. not only can provide the cheapest source of high energy 

fooda. but that they are also comparatively easy to cultivate sud 

are adapted ta our environment in the tropics. 

Host root and tuber crops are thought to be of recent 

introductions to Asia either from the African or American continents. 

Tbey are often regarded as relies of primitive agriculture probably 

because of the important role these crops play in existing primitive 

sceieties and on the rudimentary husbandry they require, particularly 

vegetative propagation. (Leon, 1976 snd Dar1ington. 1969). But as 

has been pointed out, the eontrasting of agricultura1 systems based 

on the differences between seed and clona! propagation is a simplifica-
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tion of a problem that is too comple~ to be reduced to the duality of 

planting materíals. 

Roct crops are classified as such because the roots and tubers 

of these particular plant species are storage organs that developed 

probably as a result of selective pressures by the environment. The 

storage organs permit the accumulation of nutrients elaborated by 

the aeríal parts of the planto By growing underground, they maintain 

the nutrients with minimal loss. Once the temporary branches or 

foliage have dried, new shoots develop from the storage organe. By 

harvesting roots and tubers before the plants have flowered, man has 

interrupted this process, and thus kept the plants in a kind of 

pe1:lllalleDt juvenile stage. In mose of the root crops. the storage 

organs are primarily carbohydrate sinks. While it can also serve as 

reproductive organs thereby making this double function of foremost 

importance in their propagation. it is in the ability of the meta­

morphosed root to act as a reservoir of carbohydrate that these 

crops deserve the attentionOD researchers, sc1entists and poliey 

makers. 

The following paper attempts to describe the potential and 

status of root crop technology in soma countries in Asia. lt also 

ventures to analyze the conetraints sud problems of the industry 

and seeks to explain why it 1s in such a sta tic systea. Finally, 

it affers some strategies on how the industry can be improved. 

Becauss of the dsarth of information relativa to most root crops 



5 

grown in the Region1~ examples usad are biassed for cassava and 

sweet potato - the two most important root crops in the humid 

tropics. 

CURRENT STATUS 

A. Crop dascription und origin 

A brief description of some of the importunt root crops is 

given in Appendix A. 

B. Production Ststistics 

A large variety of roots sud tubers are grown in Asia 

especially in tbe humid trapics. In the countries of the South 

Pscific Islanda roots and tubers form the stsple diet of the 

people. Being rich in carbohydrates. they supply a large 

number of calorias in the diet of the rural masses. In the 

yeara of foad scarcity und high prices of traditional food 

grains, the demand far roots snd tuhers increases rapidly 

among low income groups. 

The reportad statistics on the area and production of 

several of these crops are neither complete nor comprehensive 

und sre fsr less reliable than those of other crops. However. 

FAO reporta world data in respect ta white potatoea. sweet 

3/ 
- In subaequent diacussion, Region refera to Asia sud ehe 

Pacific ares. 
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potatoes, cassava, yams and other roots not elsewhere specified. 

Tables 1 to 5. Data on Tables 1 to 5 show the extent to which 

these crops are cultivated in Asia in relation to other countries 

of the world. 

In 1975, the total ares and production of roots and tubers 

in the Asia and Pacific region were 21 million hectares and 

203 million tona respectively. Countries producing more than 

100,000 tona of roots and tubers were Bangladesh, China, India, 

Indonesia, Malaysia, Papua New Guinea, PhilippÍDes, the Socialiat 

Republic of Vietnam, Sri Lanka snd Thailand. The regian 

contributed 40 and 35 percent to world ares and production 

respectively (Figure 2). Average yield in the region was 

9.5 tona per hect are againat the world average of 11 tons. 

Within the region, the yield varied between 4.8 tona per hectare 

in the Philippines and 14.6 tona per hectare in Thailand, under­

scoring the production potentiale of theee crops. 

50th wbite aud sweet potatoes are grown in Bangladesh. 

Yields are low and considerable scope exists for expanding Che 

production of tuber crops in Bangladesb. 

White potatoes, sweet pota toes and casssva are the 

important tubers and root crops in India, but their yielde are 

relatively low. Considerable work ie being done on these crops 

at the Central Po tato Research Institute at SimIa and the 

Central Tuber Crop Research Institute st Trivandrum. 
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Table l. World production of white potatoes. 1975. 

Country Ares Production 
1000 ha miUion tona % of total 

USSR 7912 88.5 30.4 
Po1and 2585 46.5 16.0 
China 3846 40.0 13.7 
USA 509 14.3 4.9 
Germany (Dem. Rep. ) 636 13.4 4.6 
Germany (Fed. Rap.) 415 10.8 3.7 
France 311 7.2 2.5 
India 594 6.2 2.1 
Spain 376 5.2 1.8 
Netherlands 151 5.0 1.7 
UK 205 4.5 1.6 
Czechoslovakia 249 3.6 1.2 
Yugoslavia 315 3.2 1.2 
ltaly 178 3.0 1.0 
Japan 140 3.0 1.0 
Rumania 311 2.9 1.0 
Turkey 187 2.3 .8 
Canada 107 2.1 .7 
Pero 280 1.9 .6 
Hungary 133 1.7 .6 
102 countries producing 

less than 1.7 million 
tone 26.0 8.9 

TOTAL 291.3 100.0 

Source: FAO Production Yearbook, 1975. 

Yie1d 
thlA 

11.2 
18.0 
10.4 
28.2 
21.1 
26.2 
23.2 
10.4 
13.7 
33.1 
22.1 
14.3 
10.1 
17.1 
21.4 
9.3 

12.5 
19.9 
6.7 

12.6 
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Table 2. World production of sweet potatoes. 1975. 

Country Area Production 
1000 ha milI ion tona % of total 

China 12036 114.8 84.1 
Indonesia 385 3.0 2.2 
India 215 1.8 1.3 
Brazil 150 1.7 1.2 
Koraa Rap. 80 1.5 1.1 
Japan 69 1.4 l.0 
Burundi 161 1.3 .9 
Vietnam Dem. Rap. 198 .9 .7 
Bangladesh 67 .7 .5 
Philippines 160 .7 .5 
Uganda 140 .7 .5 
ll.wanda 86 .6 .5 
USA 48 .6 .5 
esmeraon 129 .6 .4 
Kenya 57 .6 .4 
Argentina 41 .4 .3 
Papua New Guinea 92 .4 .3 
Thailand 36 .3 .2 
Korea Dem. Rap. 40 .3 .2 
Madagascar 66 .3 .2 
90 countries producing 

1ass than • 3 millian 
tona 3.9 2.9 

TOTAL 136.6 100.0 

Sourca: FAO Production Yearbaak. 1975. 

Yield 
t/ha 

9.5 
7.8 
8.4 

11.3 
18.8 
20.6 
7.8 
4.7 

10.8 
4.4 
4.7 
7.5 

12.8 
4.3 
9.7 

10.2 
4.4 
9.2 
8.0 
4.7 
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Table 3. World production of caaaava. 1975. 

Country 
Ares Production 

1000 ha million tona % of total 

Brazil 2147 27.2 26.0 
Indonesia 1500 12.9 12.3 
Nigeria 1000 10.0 9.5 
Zaire 1050 9.2 8.8 
Thailand 429 6.4 6.2 
India 384 6.3 6.0 
Burundi 185 4.1 3.9 
Tanzania 746 3.6 3.4 
Mozambique 450 2.3 2.2 
Ghana 200 1.8 1.7 
Angola 120 1.6 1.5 
Madagascar 224 1.4 1.3 
Colombia 165 1.3 1.2 
Paraguay 80 1.1 1.0 
Sudan 234 1.1 1.0 
Central African 

Republic 210 1.1 1.0 
Uganda 340 1.0 0.9 
12 countriea 

producing more 
than 0.4 million 
tona 7.6 7.2 

61 ceuntnes 
producing less 
tban 0.4 mi11ion 
toos 5.2 4.9 

TOTAL 105.2 100.0 

Source: FAO Production Yearbook. 1975. 

Yield 
t/ha 

12.7 
8.6 

10.0 
8.7 

14.8 
16.5 
22.2 
4.8 
8.4 
9.0 

13.3 
6.3 
8.0 

14.3 
4.8 

5.2 
2.9 
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Table 4. World production of yams, 1975. 

Country Area Production 
1000 ha mUlion tona % of total 

Nigeria 1350 15.00 74.3 
Ivory Coast 200 1. 70 8.4 
Ghana 160 .80 4.0 
Yogo 100 .75 3.7 
Benin 59 .61 3.0 
Ethiopia 62 .27 1.3 
Sudan 88 .26 1.3 
Papua New Guinea 11 .17 .8 
Japan 8 • 1ft .7 
Jaaaic:a 12 .13 .1 
Guinea 15 .06 .3 
Venezuela 10 .05 .2 
Upper Volta 8 .05 .2 
Dominican Rep. 3 .03 .1 
Philippines 7 .03 .1 
17 countries producing 

less than .03 million 
tOtlS .16 .8 

TOTAL 20.20 100.0 

Sourc:e: lAG Production Yearbook. 1975. 

Yield 
t/ha 

11.1 
8.5 
5.0 

10.7 
10.3 
4.4 
3.0 

14.9 
17.9 
11.5 
3.7 
4.7 
6.0 

10.7 
4.2 
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Table 5. World Production of taro (coco yam), 1975. 

Country Area Production 
1000 ha millian tons % of total 

Nigeria 320 1.80 40.0 
Ghana 150 1.40 31.0 
Japan 35 .50 11.1 
Papua New Guinea 26 .22 4.9 
Ivory Coast 230 .20 4.4 
Madagnscar 14 .09 2.0 
Philippines 17 .08 2.0 
Egypt 2 .05 1.2 
Yogo 6 .04 .9 
China 3 .02 .5 
BellÚl 3 .02 .5 
Salomon Is. 1 .02 .3 
West Samoa 4 .01 .3 
Sierra Leona 2 .01 .2 
9 countriea producing 

less than .01 mi11ian 
tona .03 .7 

TOTAL 4.50 100.0 

Source: FAO Production Yearbook, 1975. 

Yield 
t/ha 

5.6 
9.3 

14.3 
8.4 

.9 
6.4 
5.1 

26.0 
6.7 
9.1 
6.7 

17.4 
3.6 
6.7 
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!!i!!1 pota toes equa 1 

Firure 2. llap of the worlrl showing areas of importance for specific root crops. 
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Appropriate agronomic practices have also been developed result­

i08 iu several high yieldi08 varieties of cassava. Associated 

agronomic practices are also bai08 developed under the All India 

Co-ordinated Reaearch Scheme for Tuber Cropa. 

In Indonesia, cassava. sweet potatoes aud other root crops 

are extensively grown. Total production is over 14 million tona 

of whích cassava alone accounts for 12.9 million tona. With 

further efforts in research and development, cassava ame08 the 

root cropa, has the best potential for exporto 

Csssava and sweet patato are the important roct cropa in 

Malaysia. Research is being undertaken on the following aspecta: 

mechanical harvesti08, weed control, time of planting and plant 

brceding to improve yield and nutritive content of soma tuber 

erops. Host of the work ia cocrdinsted by the Malaysian Agri­

cultural Research snd Development Institute aupported by the 

Colleges and Ministry of Agriculture. 

In the Pbilippines, the most important root aud tuber 

cropa are sweet potato and cassava. aud to a lesser extent, gabi 

(Colocaaia spp.) and yam or "ubi" (Dioscorea alata). White 

potatoes are also grown on higher altitudes sud at a limited 

scale. A summarized heetarage and produetion of these cropa is 

given on Table 6 while individunlly and by regiona, the data are 

shown on Tables 7 to 11. These statistiea ahow that yieId of 

root erops in the Philippines are among the lowest in Asia. 
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Tab1e 6. Area and production of rootcrops in the Philippines. 1975. 

Root Crops Area l'roduction Yield 

ha !!t ~/ha 

Sweet Potato (Ipomoea 
batatas) 195,730 986,017 5.0 

Cassava (!lanihot 
eaculenta) 119.310 679,322 5.7 

Gabi (Colocasia spp.) 25,970 92,706 3.6 

Pao (Galiang)(eyrto-
aperoa chamissonia) 3.920 19,591 5.0 

Tugui (Dios corea esculeuta) 1.290 3,6ll 2.8 

Ohi (Yam)(Dioscorea alata) 4.910 21,578 4.4 

Source: Bu. of Agric. Econ •• 1976. 
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Table 7. Area plantad and production of caasava by region, 
Philippines, 1976. 

Region Area Productíon 

ha 1000 mt 

PHILIPPINES 117,970 620.93 

llocos 2,240 18.93 

Cagayan Vallay 990 3.12 

Central Luzon 860 2.90 

Southern lagalog 8,180 36.08 

Bicol 19,360 148.62 

Westem Visayas 7,790 39.16 

Central Vísayas 23,920 89.93 

!astern Visayas 29,340 163.41 

¡¡estero Mindanao 3.230 15.91 

Northern Mindanao 16,650 63.88 

Southern Mindanao 5,410 42.00 

Souree: Bu. oi Agríe. !con., 1977. 

Yíeld 

tlha 

5.3 

8.5 

3.2 

3.4 

4.4 

7.7 

5.0 

3.6 

5.6 

4.9 

3.8 

7.8 
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Table 8. Area p1anted and production of sweet potato by region, 
Philippines. 1976. 

Region Area Production Yield 

ha 1000 mt t/ha 

PHILIPPINES 192,270 781.20 4.1 

Iloc;os 12,030 81.99 6.8 

Cagayan Valley 7.960 35.36 4.4 

Central Luzon 6,650 31.64 4.6 

Southern Tagalog 8,610 31.34 3.6 

Bico1 19,360 121.70 6.3 

Western Visayas 6,760 43.02 6.3 

Central Viaayaa 27,650 76.96 2.8 

Eastern Visayas 54.080 186.23 3.4 

Western Mindanao 2,500 11.44 4.6 

Northern Mindanao 37,710 106.22 2.8 

Soutbern Mindanao 8,510 44.29 5.5 

Source: Bu. of Agrie. Econ., 1977. 
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Table 9. Area planted sud production of gabi (Colocasia) by region, 
Philippines. 1975. 

Region Area Production Yield 

.!l!! 1000 mt t/ha 

PHILIPPINES 25,970 92.11 3.6 

llocos 64G 4.20 6.6 

Cagayan Valley 260 0.86 3.3 

Central LUZOll 300 2.46 8.2 

Southern Tagalog 1,640 11.53 7.0 

Ricol 3.210 9.71 3.0 

Western Visayas 120 0.70 5.8 

C8l:ltral Visayes 8,070 10.92 1.4 

Eastero Visayas 7,550 24.50 3.3 

Western Mindanao 240 0.67 2.8 

Northero Mindanao 3,390 11.48 3.4 

Southern Mindanao 920 7.32 8.0 

Source: Bu. of Agríe. &on., 1976. 
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Tab1e 10. Yam (Ubi): Area, production and yie1d by regían, 
Philippinea, 1975. 

Region Area Production 

l!!! ~ 

PBILIPPINES 4,910 21,57S.2 

llocos 110 460.S 

Cagayan Val1ey 150 602.6 

Central Luton 70 270.5 

Southern Taga108 410 l,SS7.1 

Bicol 40 240.0 

Western Visayas 40 224.9 

Central Visayas 3,070 11,451.S 

Eastern Visayas 360 l,71S.6 

Western Mindanao 110 453.3 

Northern Mindanao 270 2,132.1 

Southern Mindanao 2S0 2,136.5 

Source: Bu. of Ag°ric. Econ •• i976. 

Yield 

t/ha 

4.4 

4.2 

4.0 

3.9 

4.6 

6.0 

5.6 

3.7 

4.8 

4.1 

7.9 

7.6 
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Table 11. Whíte potato: Area, productíon and yield by regíon, 
Philippínes. 1975. 

Regían Area Productíon Yield 

ha ~ tIbe 

PHILIPpmES 3,290 20,423.9 6.2 

llocos 2,440 17,585.6 7.2 

Cagayan Valley 60 164.2 2.7 

Central Luzon NA NA NA 

Southem Tagalog NA NA NA 

Dieol 40 180.0 4.5 

Westem Viasyas NA NA NA 

Central Viaayas 60 69.0 1.2 

Eastem Víaayas NA NA NA 

Westem Mindanao 10 26.0 2.6 

Northern Mindanao 440 1,270.4 2.9 

Southem Míndanao 240 1,115.7 4.7 

Souree: Bu. of Agrie. Beon., 1976. 

NA Data not available. 
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Of the aboye root and tuber crops. cassava seems to have 

the brightest prospect in the Philippines especially as a source 

of low-cost energy. Presently. cassava ia used largely for food, 

starch manufacture and to a lesser extent. for livestock teed. 

The crop is generally grown in amall farma from less than ene 

to two hectares in size. Most of the produce are consumed main­

ly as immediate food, while in larga plantations the tubers are 

processad into starch for commcrcial purposes. 

In Sri Lanka, cassava, sweet po tato aud yam are cultivated 

in the wet zone of the country. The area under these crops has 

increased considersbly becsuse of thair importance in supplement­

ing the svailable food supplies. 

Cassava is the most important root crop in Thailand aud its 

cultivation has expanded reeently under tbe stimulus of exports 

as livestock feed. About 80 pereeut of the Kingdom's pl~ted 

area is in the Central Plain. Two proviuces. Rayong aud Choóburi 

account for nearly 90 pereent of the Central Plain planted area 

sud 70 percent of tbe Kingdom's output. The importance of these 

two provinces is attributed to their relatively high precipitation 

even in the dry sesaon sud the sandy loam soils. 

C. Research 

l. National Level 

Except far India, up-to-date infarmation regarding the 

current status of root crop research at the nstional level 
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is not readily avai1ab1e in respect to many countries in tbe 

Region. Some countries 1ike tbe Pbilippines and Malaysis 

have recent1y reorganized their nationa1 research system 

(AppendixB) and it is too ear1y to assess the progress tbey 

have made in improving tbe induetry. With respect to cassava 

bowever. Thai1and i8 an exception - primari1y because of the 

support the private sector has given to the industry. One 

difficulty is tbe lack of de1ineation snd classification for 

these crops. Thus. sweet potato and taro which are considered 

very important crops in the Pacific Islands, are not accorded 

the same importance in Thailand. These confusion further 

serveto underscore the need for current information on root 

crop production, research and deve10pment. 

2. International Institutes 

Beginning with the Internationa1 Rice Research 

Institute (IRRI). which was set up st Los Baños in the 

Philippines in 1962 joint1y by the Rockefeller sud Ford 

Foundations in cooperation with the Government of the 

Philipp1nes. there were st the end of 1975, nine inter­

national research institutes supported by the Consultative 

Group on International Agricultura! Research (CGlAR) deal~ 

ing with a crop or group of crops and/or livestock. The 

names of these institutes. their locstions, the srea 

covered by tbem snd the commodities handled are given in 
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Appendix C. In addition. six Asian countries together with 

the USA and the Asian Development Bank estsblished in 1971 

the Asian Vegetable Research and Development Center. 

Of the ten institutes, tha International Laboratory for 

Research on Animal DiseBses (ILRAD) and the Internatiunal 

Livestock Center for Africa (ILCA) desl exclusively with 

liveatock. The remaining eight are mainly crop-oriented, 

although the International Center for Tropical Agriculture 

(CIAT) has s program on beef cattle and awine. Most of theae 

institutea are placing emphssis on multiple-cropping programa 

and/or farming system, although they still continua to be 

crop-oriented. 

Of the Institutes listed above, CIAT. CIP and ICRISAT 

have a global mandate. CIAT puts special emphssis un Latín 

Americs, and UTA un Africa. CIP has s IDaIldate for both 

tropical sud temperate regions. ICRISAT attends to problema 

in the dry semi-arid tropics and has reIay stations in Africa. 

ICARDA covers the Near Bast and North Africa. IRlU, AVRDC 

snd ICRISAT are locatad in Asia. AlI. but AVRDC are supported 

by the CGlAR. 

Root aud tuber crops are primary commodities being 

researched at four of these international canters: 

a} Centro Internacional de Agricultura Tropical 

or CIAT: cassava 
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developed. Too. eIAT has since organized the largest germ-

plasm bank for cassava in the world. lt now contains in 

excess of 2500 entries encompassing the greatest genetic 

and morphological variability available up to the presento 

D. Production Practices 

l. Soil and climatic requirements 

One of the favorable featurea of tbe whole group of 

root and tuber crops is the great diversity of types tbat 

are available for cultivation which makes it possible to 

grow one root crop or other under any ecological situation. 

Root crops adopt to a wide variety of soil types an9 

climate. Except for some var1et1es of white and sweet 

potato which can be harveated in six months time or less. 

root crops in general mature in ayear. 

Root crops can grow under a wide range of clima tic 

env1ronment in the tropics. Except for the white potato ... 
which ie adapted in higher altitudes and cool areas. mast 

tuber crops perform best in a werm humid climste witb a 

well dietributed rainfall of 1000 to 2000 um per year. 

Casaava la a apeclal case in that except during the earIy 

staga of deveIopment. it can witbstand perioda ol prolongad 

drought and is therefore a vaIuabIe crop in regions of low 

or uncertain rainfall. 
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&Dot erops can grow well in soil types ranging frem 

light to heavy. Mast grow best on sandy loaros or loamy sands 

(about 50-80 pereent sand, O to 50 pereent silt and O - 20 

pereent elay), whieh are moist, fertile snd deep. Poorly 

drained, heavy and roeky soils are ameng the most unfavorable 

conditiona for proper aize, sbape and development of tubers 

ineluding ease in barvesting. Cssssva, for example eannot 

thrive on wster-logged soils. On the other band, the Aroids 

like the Colocasia and Cyrtoeperma pOeeees apecial adaptation 

to be able to grow under wet soil conditions. 

2. Cultural praetices 

In most of the small farma in Asia and the Pacific 

regian, root erope are generally cultivated under aubsietence 

type of agriculture. Roor crop husbandry ia generally labor 

intensive eepecially in the planting and barvesting operations 

(in mast root erops these are simultaneous operations) since 

vegetative or asexual propagation is the rule rather than 

the exception. Thus in lands prohably freshly opened by 

elash-and-burn methods with virtually no intertillage, weed­

ing or bedding ie undertaken. With the exeeption of larga 

progreesive plantatione (cassava commercial plantations in 

Indonesia, Malaysia, Thailand, etc.) attampts to modernize, 

in the sanse of inereased use of fertilizers, herbicides, 

pesticides and mschineries, have failed. In the pasto the 
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failure could be due to the small siza of mast farma and the 

unaconomic cost of agricultural inputs. Another contributing 

factor 1s the unavailability of appropriate technology and 

infrastructure. 

On the other hand progressive plantations in tha region 

do practice improve methods of husbandry viz: use of adapted 

varieties. crop protection. cultural management. cropping 

system and even mechanical harvesting. The improved 

production system for cassava is a good example. Cock (1977) 

has pointed out that in spite of its great yield potential 

and cartain attributes that make it easy to fit into a farm­

ing systea, world cassava yields at 10 t/ha are far below 

those that might be expected. The reasons for these law 

yie1ds inc1ude: poor agronomic practices, poor varietal 

selection and control of insect pest sud diseases. In 

consideration of the ahoye. a package of practices for 

cassava production would probably inc1ude the following; 

a. Wead Control 

Adequate weed control can markedly improve yields. 

Data from CIAT demonstrate that cassava yields can be 

reduced to les8 than 2 t/ha when no weed control 1s usad 

(Doll, 1974). Table 12 and Figure 3 shows this 

graphical1y. Thus to maximize yiald, waeding operation 

must bagin 15 ta 30 dsys after planting and continua 
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Table 12. Effect of band weedings st different times and frequencies 
on the fresh root yield of cassava (CMC-39) at 380 days 
after planting. 

No. of hand 
weedings 

4+** 
3+ 
2+ 
1+ 

4 
3 
2 
1 

2 
2. 
O 
O 

Frequency of hand 
weedinga (daya) 

15, 30, 60, 120, 00*** 
30, 60, 120, 00 

60, 120, 00 
120 00 

15, 30, 60, 120 
15, 30, 60 
15, 30 
15 

30, 60 
15, 45 
Weedy check 
Chemical contro1"'''''''* 

Fresh 

tons/ha 

18.0 
16.0 
11.0 

7.0 

19.5 
12.9 
13.3 
5.8 

16.3 
15.4 
1.4 

21.1 

root yield 
Percent of 

maximum yie1d* 

86 
76 
56 
33 

92 
61 
63 
28 

77 
73 
7 

100 

'" Percentsge of the yield of cassava weeded with herbicides. 
"'* The "+" indicates additional weedings. 

"''''''' 00 .. unti1 harvest. as needed. 
"'''''''''' Alachlor + fluometuron were applied in pre-emergence, snd 

directed spp1ications with a ahielded nozzle were made of 
paraqust as needed in postemergence. 
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until a canopy has formed. Weeding after 120 days do 

oot increase production. One weeding is oot sufficient, 

whereas two well-spaced weedings is capable of producing 

75 percent of the maxÍlnUIII yield. The highest yield 

could be obtainad by chemically weeding the cassava. 

never allowing weeds to compete with the crop. 

b. Varietal Selection 

There is no substituta for an improved adaptad 

variety. New, Í1nproved varieties of cassava (as well. 

as sweat and white potatoes) are now exhaustively 

testad by the Centers at varioUB acological conditiona. 

Host of these varieties are currently entered in the 

regional trisls and soma of them could very well be 

recommendad as country varieties in the nasr futura. 

Further, for cassava thera is ample evidence that 

different varieties grown under similar conditiona 

hava very diffarent yielding ability (Galang, 1931; 

Lambourne, 1937; Arraudeau. 1969; Sarmiento, 1969. 

CIAT, 1972; 1973) and that these variations are larga 

enough to be high1y important to the grower. In a 

recent trial at CIAr with very low level of diseasa 

and pest incidence, yialds of varieties varied from 16 

to 46 t/ha per year. Thus, simple se1ection opens the 

way in soma instances to very large yield increases. 
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c. Fertilization 

The literature ia full ef reporta that due te its 

bigb nutrient requirement. casaava is a aeil-depletiug 

crep especially witb reapect to potassium. This is not 

surprising. fer any crop that yields well particularly 

on poor aoils, will deplete tbe nutrient reserves in 

that soil (Cock, 1974). On tbe otber bando past atudies 

(Birkinsbaw, 1926) bave sbown up to 15 caasava crops 

being barvested continuous1y in the same farm witb no 

significant decreaae in the productivity of tbe aoi1. 

Nonetbe1ess. tbe use ol fertilizer to obtain higb yie1ds 

is easentia1, particular1y if tbe crop ia p1anted on 

poor soi1a (De Gaua. 1967). In Latin America, farmera 

fraquent1y ssy that axcassive nitrogen actually decreasea 

yie1d due to excessive top growth (Figure 4). At CIAX, 

fertilizer triala using up to 300 kg/ha of N have not 

shown sny negative nitrogen response. Although reporta 

on the favorable responses of ferti1izers to increaaiug 

cassava yields sre numerous, the low va1ue of csssava 

sud the bigh prica of fertilizers in SomB region. 1II8kea 

it uneconomica1 for the farmers to app1y it. It ia 

bowever. obvioua that yialds can be incraased by the 

judicioua use of fertilizars. 
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d. Pest and disease control 

Until recently cassava was thought to be resistant 

to diseases and pests. However to date, cassava has been 

shown to be affected by more than 25 pathogens including 

fungal, bacterial, viral, or virus-like mycoplasmal 

agents (Lozano aud Booth, 1974), and more than 90 species 

of insect pests (Montaldo, 1967; Bellotti, 1977). These 

diseases and pests can affect plant establishment and 

vigor, inhibit pbotosynthetic efficiency, or cause pre­

harvest and post-harvest deterioration. Sama causal 

agents are distributed worldwide, appearing endem1cally 

in almost all cassavs plantations (Lozano, 1976; Terry. 

1975a). Others are 1imited to geographica1 aresa or 

continents possibly because their diasemination occurs 

main1y through the use of infected p1anting material for 

propagation (Lozano, 1972; 1975). 

The spread of pests and diseases is usua1ly 

faci1itated through the planting materials. Cassava ie 

vegetatively propagated by planting pieces of etem 

cuttings; consequent1y, cassava pathogens can be 

disseminated easily by the movement of planting 

materials from infected to uninfected areas. lt is 

in recognition of this, that the treatment of casssva 

stakes before planting in a mixture of insecticida and 

fungicide ("the cassava cocktail") should become a 
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standard praetice. considering that the cost of sueh a 

treatment is insignifieant, Table 13. 

Tab1e 13. Cost of treating cassava euttings with certain pesticidea 
snd zinc sulfate. 

Product 

Dithane M-45 
Manzate 80 
Vitigran 
Malathion E.C. 
Zinc sulfate'" 

Concentration 
g/ha 

333.0 
187.5 
300.0 
750.0 

6000.0 

Cost (Aggregate) 
US $ 

0.43 
0.65 
1.15 
2.93 
6.21 

*Use ouly when there is a deficiency of zinc. 

In sweet potato the sweet potato weevil has been 

considered as one of the mast important insect pest 

attacking the tubers. Damaged by the weevils lowers 

significantly the marketable value of the roots and 

even renders it unfit for human consumption. A good 

fraction of the entomology and pesticide chemistry work 

st AVRDC deals with screening and eva1uation of 

insecticides for sweet po tato weevil control. Several 

of these insecticides have shown premise snd perhaps 

can form part of the recommendation in the nsar future, 

Tables 14 "and 15. 
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Tab1e 14. Comparative effect of different insecticide treatments on 
sweet potato yie1d, weevi1 control, and pesticide residue; 
1975, AVRDC. 

Insecticide Rate Total No. of weevils Pesticide residue 
(formu1ation) (kg a.i./ha) yield roots stem roota tips 

(t/ha) ----(ppm)-----

Heptach10r 4 48 7 3 0.017 0.04 
DDT 4 47 26 2 0.010 1.07 
Toxaphene 4 44 33 12 nd nd 
Ch10rdane 4 41 102 4 0.004 0.46 
Lindane 4 37 132 11 0.009 0.79 
Die1drin 4 37 43 6 0.007 1.14 
Heptachlor 2 36 42 12 0.005 0.01 
Ch10rdane 2 35 50 40 0.003 0.22 
Die1drin 2 34 45 11 0.003 1.15 

Control 40 103 29 

-----------------------------------------------------------------------
LSD 5% 12 100 20 

Tab1e 15. Comparative effact of nine insecticides on sweet patato 
yie1d, weevil control, and pesticida residual 1975, AVRDC. 

Insecticide Rate Total No. of weevils Pesticide residue 
(formulation) (kg a. L/ha) yie1d roots stem in laaves 

(t/ha) -----(ppm)----

Furadan 1 12 6 4 O 
Monitor 1 11 24 4 
Surecida 1 10 7 5 1.9 
Hostathion 1 10 9 4 0.2 
Lannate 1 10 9 8 
Azodrin 1 9 18 11 
Duraban 1 9 21 6 
Diazinon 1 9 24 14 
Cardona 1. 9 29 13 

Control 8 37 6 

-----------------------------------------------------------------------
LSD 5% 3 19 8 
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E. Post-Harvest Handling, Marketing snd Utílízatíon 

l. Storage of harvested tubers (Cassavs) 

Cassava roots have a very high períshabilíty. 

Deteríoratíon of roots after harvest is either physiological 

or microbial. Physiological deterioration is characterized 

by a dry brown to dark necrosis, normally appearing in the 

form of rings around the períphery of the cortex. Ibis 

deterioration appears withín the first 48 hours of harvest­

ing. depending on varietal susceptibility. Microbia1 

deterioration commonly atarts as vascular streaking, fel1ow­

ed by soft rot, fermentatian and maceratíon of the ront 

tissues. This type of deteríoration which does not occur 

in any specia1 order, ís normally noticeable 5 to 8 days 

after harvesting, depending en che soíl microbial flora able 

to metabo1ize cassava roots and en the intensíty of damage 

to roots at harvest. Studies at erA! (1976) and e1sewhere 

(Sooth. 1976; 1977) show that physio1ogical deterioration 

can be prevented either by pruning the p1ants two to three 

weeks before harvest or by packing the roots in po1yethy1ene-

1ined paper bags after harvest, Figures 5, 6 sud 7. 

Microbial deterioratíon can be prevented by dip-treatíng the 

roots with broad spectrum fungicides such as Manzate. 

Figure 8. 
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Otber practica! ways oi storing cassava is by the clamp 

metbod or by using moistened sawdust. Tbe clamp metbod has 

been proven effective by experimenta in sorne parts of Asia. 

A clamp is built in well drained ground by first placing a 

circular bed~ straw approximately 1.5 m diameter sud 15 cm 

thick. On tbis straw bed tbe fresbly barvested roots are 

beaped in conica! piles, ior eacb unit between 300-500 kg of 

unselected roots are used. Tbe pile of roots is tben covered 

with soil to a thickness of 10-15 cm while the soil around 

the clamp ia dug to forro a drainage ditch. Under clamp 

conditions. 75 percent of the roots survive atorage for 

about one montb. Figure 9. 

Straw coverin~-'~~A 
layer (l5 cm) 

Conical pile of 
roota 

Soil covering layer 
(10-15 cm) 

Surrounding drainage 

/~h 
Basal straw ~~7'~::~============~~ layer (15 cm) 

~ Ground level 

Figure 9. Gross-aection through cassava clamp. 
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Storing cassava roots in boxes at ambient temperature 

surrounded by damp (45-55 percent moisture) sawdust or any 

suitable substitute is another way of curing. Under· these 

conditions 85 percent of the roots survive storage for two 

months or more. This type of storage is suitable when 

transporting cassava roots. 

2. Marketing (Sweet potato, Philippines, Santos, 1977) 

As with production statistics, data on marketing of 

rootcrops in the region is scanty or unavailable. In some 

cases the reason is simply the lack of records on the 

transactions between the producers and the buyers. The 

following data is presented, more to show the problema of 

a particular commodity in a particular country, rather than 

to serve as a typical marketing picture in the region. 

Sweet potato in the Philippines is classified both as 

a vegetable and as a root crop. It is grown all year round 

and is raised for home consumption as well as for commercLBl 

purposes. 

a. Pre-sale practices and costs 

Harveating. Sweet potatoes are harvested as soon 

as they reached maturity to obtain good quality tubers. 

Farmers with amall areas of sweet potatoes UBually practice 

selective harvesting by digging with bolos, scythes, 

kDives or other pointed tools and picking oo1y the tubera 
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larga anough to be harvested. Thus two to three harvasts 

par crop ovar a threa-month period or so are typical. 

Farms with large areas of sweet potatoea usually harvast 

by firat cutting and removing the vines, plowing, and 

then harrowing prior to picking up the roots. Harvesting 

costs range from P2.l2 to P6.48 per 100 kilos (U8$ 0.30 

to 0.90 with 1 U8$ • P7.30), Table 16. 

Hauling. Farmers moatly carry or use animal-

drawn sleds and carts in hauling sweet potatoes from 

the farm to the house. Hauling costs range from '0.46 

to P2.47 (U8$ 0.06 to 0.34). 

Cleaning, sorting, grading and packag,i,!l8' Some 

farmers clean sweet potatoes either by trimming small 

roots or by washing with water to improve the appearance 

of the tubers. They are then sorted to remove the 

diseased and badly hruised tubers before packaging them 

for market. Grading is done by sorting the tubers by 

size. Burlap sacka or baskets are generally used for 

packaging the roots. For these operations, cost varies 

from PO.17 to Pl.83 per 100 kilos, Table 16. 

Deliver)' snd selli!l8' Producers use several 

differeut methods like bosts, trucks or by man, in 

delivering the tubers to their outlets. The average 

costs of delivery aud selling (Table 16) reflects the 



Tab1e 16. Pre-sale practicas and coats, 504 sweet potato farros, 1ast harvest, Philippines. 1974-76. 

C. Luzon N. Mindanao C. Mindanao 
N. Pang. S. W. C. E. tanao Agusan Cota-Itoo Viz- and 

Bata- Bicol Visa- Visa- Visa- del del Davao 
an Luzon Norte Norte 

bato 
caya Tar1ac yas yas yas 

Pesos per 100 kilos 

Harvesting: 
Digging 1.56 0.03 4.26 0.19 2.58 1.72 0.51 4.61 3.08 0.16 
Plowing. harrowing, 

picking, trimming, 
cutting, assemb1ing 4.92 3.39 5.22 5.19 3.51 0.40 4.10 0.12 2.21 

Hauling: 
Man-carried 0.24 0.05 0.50 0.69 0.04 0.48 0.16 0.42 0.79 0.01 
Carabao. cow with .,. 

sled or cart 0.47 1.10 0.37 0.13 0.90 2.42 0.52 0.30 1.06 0.82 1.02 0.86 '" 
Other* 0.78 0.29 0.01 0.03 0.33 

C1eaning 1. 78 0.08 0.22 *** 0.71 0.80 

Sorting. grading, 
packaging 1.53 0.32 1.83 0.37 0.43 0.61 0.29 0.17 0.88 0.43 0.77 0.89 

De1ivery and sel1ing: 
Han-carried 0.06 0.01 0.08 0.05 *** 
Carabao with sled, 

cart 0.02 0.31 0.18 0.51 0.15 0.91 0.16 0.31 
Bus, mini-bus 0.20 0.66 0.54 0.16 
Jeep, trailer 2.90 0.03 0.06 1.08 0.14 1.80 0.45 0.51 4.19 3.53 
Tricyc1a 0.06 0.07 0.08 0.05 *** 0.13 0.60 
Other** 0.15 0.67 0.14 0.10 0.57 0.50 1.79 

'1'O'l'AL 13.46 5.21 8.37 8.26 7.78 7.59 6.56 3.50 8.54 11.26 10.35 7.79 

'" Includeshorses, trucks. trailers, tricyc1es, bicycles and jeeps. 
** Inc1udes horses. calesa, boats, pump boats and trucks. 

~"'''' Less than PO.005. 
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Tab1e 17. Nat farm price in sel1ing swaet potatoes, 504 sweet 
potato farma, Phi1ippines, 1974-76. 

Average Cost Nat 
Area selling Pre-sala Invest- Total farm 

price practicas ment prica 

Pesos par 100 kilos 

Nueva Vizcaya 47.00 13.46 0.99 14.45 32.55 
Central Luzon: 

Pangasinan and 
Tar1ac 40.00 5.21 7.18 12.39 27.61 

Bataan 28.00 8.37 0.50 8.87 19.13 
Southern Luzon 50.00 8.26 2.48 10.74 39.26 
Bicol 30.00 7.78 1.11 8.89 21.11 
Western Visayas 31.00 7.59 15.21 22.80 8.20 
Central Visayas 30.00 6.56 1.66 8.22 21. 78 
Eastern Visayas 21.00 3.50 0.78 4.28 16.72 
Northern Mindanao: 

Lanao del Norte 25.00 8.54 0.78 9.32 15.68 
Agusan del Norte 54.00 11.26 0.40 11.66 42.34 

Southern Mindanao: 
Davao 37.00 10.35 0.84 11.19 25.81 
Cotabato 21.00 7.79 5.78 13.57 7.43 
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wholesalers. Contract buyera, agents and assembler­

wholesalers sells the bulk of the volume handled to whole­

saler-retailers¡ wholesaler and wholesaler-retailers sells 

more than half of the volume handled to retailers while a 

minimal portion are sold to processors. Retailers, as 

expected sells to consumers. 

d. Marketing problema and possible solutiona 

Lack of standard sales unit. Ibe tubers are 

usually sold at wholesale either by the can, sack or 

pile basis. Iba weight of a saek or can of sweet 

pota toes varies widely depending upon the size of the 

saek or container. Ibere is no standard quantity in 

a pile. In such a system, the farmer (producer) is 

deprived of a good price for his product and the 

consumer who buys by the pile cannot chose the best 

quality roots he wants. A standsrd unit of sale, say 

the kilo would not oo1y improve marketing procedures 

but would also make price information more meaningful. 

Laek of market intelligenee. Generally, producers 

are not avare of prevailing priees in major market out­

lets. Iba farmer/producars therefore have no alternativa 

but accept the prieea offered to them by buyers operating 

within the area. Ibis information shortfall can be 

remedied either by setting up a priee information system 

(through the local extension services, etc.) or through 

the creation of a cooperativa marketing organization. 
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Poor quality tubers. Insect and rodent infected 

farms yield low qua lit Y products. Poor and good quality 

tubers are usually mixed together, packaged and soldo 

This practice downgrades product quality resulting in 

low pr1ces. Low quality tubers should not be sold and 

control measures for rodents and insects infecting sweet 

potatoes should be used. Control information sud 

assistance should be provided by appropriate agencies. 

Proliferation of channels 

Lack of good transportation facilities 

3. Utilization (Cassava. McCann, 1976) 

Cassava is well-suited as an agro-industrial crop. i.e. 

one that i8 grown primarily for processing into industrially 

useful products. With a yield potential now of about 40-50 

t/ha even on rather infertile soils with limited inputs and 

witbout irrigation, cassava is tbe bighest known yielder of 

atarch and is in the top rank of crop biomass producers. 

The importance of cassava es an agro-industrial crop 

has been further enhanced by the recent change in the world 

energy price structure. All of tha chemicals that can be 

produced from cassavs starch are currently manufactured 

from petrochemicala derivad from oil. Although cassava 

processing also requiras significant amounts of energy 

(usually in the form of heat snd electricity). this can be 
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provided from crop residues. For example, the leafy topa 

could be bumed to provide steam or combined with tuber 

waste streams to provide methane by anaerobic fermentation. 

In Figure 11, some possibilities for a cassava agro­

industrial aystem are given. Although all of these industries 

could ultimately be integrated in the one area, it is unlikely 

that this would ever be achieved. Development is mast likely 

to occur on an individual baais commeocing with the least 

capital intensive procesa that ia economically viable. Hany 

of the procesaes in the chart could be developed on either a 

medium large acale or village scale, the appropriate level 

depending upon the socio-economic structure of each country. 

Some of the possible products of the syatem are as fo1lowa: 

a. Leaf protein 

Cassava leavea are rich in pro te in, B-earotene 

(the vitamin A precursor), and vitamina Bl , B
2 

and C. 

The leaf and leaf stem may contain up to 30 pereent crude 

protein SO tbat n yield of 15 percent crude protein may 

be posaible from the foliage. 

A leaf protein eoncentrate (LPC) can be extracted 

from eassava tops using a screw press or a balt presa 

process similar to thnt daveloped by Pirie (1971). 

Considering the widespread problem of proteio ma1-

nutrition in most developing countries, the potential 

for uaing LPC from eassava deservea immediate attention. 
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b. Starch 

Perhaps the greatest potential for cassava as an 

agro-industrial crop lies in the production of starch. 

The cassava starch market has never attained its full 

potential possibly because of alternative uses as a 

subsistence tood and animal feed ingredient. Cassava 

starch however can be blended with other starches that 

would make it ideal tor use in a whole variety of 

convenience foods. As wel1, cassava starch is ideal for 

paper sizing and enzyme hydrolysis to glucose and 

subsequent fermentation. 

c. Ethyl alcohol 

Cassava starch can be readi1y converted to ethyl 

alcohol in a two-stage process. First the starch slurry 

(unrefined) is hydrolyzed to glucose either by an enzyme 

or acid procesa or a mixture of both. The glucose solution 

is then diluted to about 10-18 percent concentration sud 

converted to ethy1 alcohol by the anaerobic action of 

yeast (Saccharomyces cerevisiae). Purification of the 

alcohol is thsu accomplished by distillation to yield 

either industrial alcohol (95%) or absolute alcohol, 

which maybe used as solvent or fuel substitute. Butanol 

snd acetone can go vía a similar procesa but uaing a 

different microorganismo 



52 

d. Sugars 

Glucosa sugar (dextrosa) can ba producad from 

casaava starch by hydrolyais. Currantly mast of the 

glueose produced is made from eorn or wheat starch. but 

if high yields of cassava bee~ available. caSsava 

atarch eould be an important raw material, sinee the 

praferred aouree i8 largely a matter of economics. 

e. Single Cell Protein (SCP) 

One of the problems with easaava when used as human 

food is its low protein content (1-2 percent crude 

protein). When used as a stap1e food, protein-deficiency 

diseases such as "kwsshiorkor" have been reported to 

oceur. (Casssva is primarily s carbohydrate snd therefore 

shou1d not necesssri1y be viewed as a protein source. To 

attribute the oceurrenee of "kwashiorkor" to high casssvs 

consumption seems unjustified because "kwashiorkor" is 

primari1y a protein deficiency and not s calorie exeess. 

Phi11iPS. 1974.) One vay of increasing the protein 

content is to partial1y ferment the tuber maah using 

yanats on fungi. as in "gari" fermentation. Thia ia 

probab1y the simp1eat and cheapest vay of inereasing 

protein content in deve10ping eountries. Another approach 

is being examined at Sydney University (MacLennan. 1975) 

whereby yeast is grown on hydro1yzed stareh and harvested 

as a eoneentrated aource of protein (45-55 pereent). 
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F. Comparativa Costs and Returna (Cassava, Philippine data, 

Philippines Recommends for Root Crop, 1977) 

In order to exploit the markets for root crops, it has to 

be sold at a price that is competitive. To some degraa this 

dependa on tha use to which tha crop is puto Thus, in the case 

of cassava, the Thai farmar who grows most of the crop that 

reaches the world market obtains US$ 11-12 for the farm-dried 

chips from a ton of fresh cassava whereas for fresh cassava for 

human use, the Jamaican farmer obtains 2-4 times this price 

(Rankine and Roung, 1971), and, at certain times of the year, 

the Colombian farmar may obtain 6-10 times the price obtained by 

his Thai counterpart. However. genera11y spaaking tha farm gate 

price for fresh roots seems to líe in the range of US$ 35-40 par 

ton. 

lt i8 difficult to cost cassava production since the main 

inputs are family labor and lsud, and in subsistence farming 

areas, the land maybe communally owned. Brannen (1972) revíewed 

somo of the literatura on production costs and found that the 

usual cost of producíng cassava was about US$ 6 per ton. Tbe 

majar production cost was labor. In various eurveys the man-

houre used to produce a ton of C8seava appeared to range frem 
> 

50 to 150 aud to average about 100 (Andersen and Diaz, 1973; 

Brannen. 1972¡ Rankine and Houng, 1971, Raeburn et. al., 1950). 



54 

Growing a eassav8 erop under Philippine eonditions entails 

simple farm operations such as land preparation, plantins, replant­

ing, weeding, eultivatiou aud harvesting. For small seale 

production (2 ha or less) it requires 51 mau-days to operate a 

hectare of land. For the plantation type it needs 55 man-days 

per hectare to accompliah all the farm operations. 

With good management, using recommended cultural operations 

aud high yielding adapted varietiea, a yield of 40 tona fresh 

cassava tubers per hectare is easily attainab1e. Under Philippina 

condition, a JO-ton per hectara harvest using recommended 

practicas would de1iver a good profit to the producar. 

A 10 ton par hectare yield of cassava in snall scale p1ant­

ings, a net return of '1,662 or US$ 227.00 Table 18 can be expect­

ed, while a 20-ton par hectare yiald of cassava in the plantstion 

or commercis1 scale can give a net return of '2,926 or US $400.00 

Tabla 19, with interest or land rental cost excluded. 

G. Research Developments and Highlights 

As was pointed out earlier, except probably for India, 

national or country reaearch programa for root crops in the region, 

are all of recent development. It ie not surprieing therefore 

that a good fraction of the studies conducted at national centers 

are validations of technologiee "borrowed" from international 

institutes. Tbe intention ie of course ta modify theee 

technologies for use under Asisn conditions. Let us now examine 

f 
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Table 18. Cost and return of eassava production per hectare (Small 
Beale Produetion). 

Aetivity 

l. Land preparation 
Plowing (twice) 
Harrowing (twiee) 
Furrowing 

2. P1anting 
P1anting materials 

.20/3000 stakes. total 
of 12000 stakes) 

P1anting 
Hauling seed pieces 
Cutting sead pieces 

3. Rep1anting (10% of planting cost) 

4. Weeding and cultivation (once) 

5. Harvesting at P10/ton (15 tona) 

Han/Han-Animal Value (P) 
daysll 

10 
8 
3 

10 
2 
1 

20 

300 
240 

45 

80 
150 
30 
15 

28 

300 

150 

TOTAL COST OF PRODUCTION ••••••••••••••••••• 1338 

Production (lO tona) valuad at 
PO.30 par kg, ••••.••••• ~ ••••...•••••••••••• 3000 

Net Return before interest and 
rentals •••••.••••••..••••••••••••••• , .••••. 1662 

l/Rate per man-day ia PI5.00. 
Rate par man-anima1 day i9 .30.00. 
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Table 19. Cost and return of cassava production per bectare 
(Plantation/Commereial Type). 

Activity Man/Man-Animal Value (P) 
days.!J 

l. Land preparation 
Plowing (t\liee) 
Harrowing (twice) 
Furrowing 

2. Planting 
Planting materials, 1'20/3000 

stakes. total of 12000 stakes 
Plantins '15/tbousand) 
Rauling seed pieees (for distant 

planting areas at '8/ 
thousand) 

Cutting seed pieces 

3. Rep1anting (10% of p1anting cost) 

4. Weeding and eu1tivation 
First Off-barring 
First Hi11ing-up 
Weeding (mee) 

5. Ferti1ization 
Ferti1izers, 6 baga 14-14-14 

at '67.20/bag: 2 baga K2S04 at 1'96.00 
Applieation 

6. Clearing prior to harvesting 

7. Rarve¡¡¡ting nO/ton (20 tona) . 

8. Hauling Cost i125/truckload 

9. Miseellaneous 

10. Contingeneiea (10% of subtota1) 

TOTAL COS! OF PRODUCTION 

10 
8 
3 

1 

1 
1 

30 

2 

2.5 

••••••••• 

300 
240 

45 

80 
180 

96 
15 

38 

30 
30 

450 

596 
30 

38 

200 

250 

240 

296 

3074 

Praduction (20 tons) valuad at PO.30/kg ••••••••• 6000 

Net Return befare interest sud rentals •••••••••• 2926 

¡ 
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occur in Asian farms when the crop is planted. In theae 

trials, tuber yields of as high as 18-20 t/ha were realized 

Tables 20 and 21. Again, these are impressive yields 

conaidering that the only inputs involved were minimal land 

preparation and p1anting of improved/selected sweet potato 

cuttings. 

In caasava the emphasis is to select varieties which 

could be adapted to regiona of acid, infertile soils since 

there are more than 300 million hectares in the Latin 

American tropics and Asia with theae characteristics. On 

the CIAr farm where the soil is fertile, several hybrid 

selectiona gaVe root dry-weight yields of 15 tons/ha/yr or 

more, outyielding a local cultivar by 100 percent. !hia is 

without eny application of fertilizer. fungicide. insectieide 

or irrigation (Table 22). On the soil of the Llanos 

Orientales of Colombia. which is so acid (pH 4.3). so higb 

in aluminum (exch. Al 3.5 me/lOO S, 85% saturation) and 110 

low in phosphorua (1-2 ppm Bray 11) that the majority of 

food CtOPS can be grown only with a heavy application of 

lime snd phosphorus. severa! hybrid selections gave root dry 

weigbt yields of 10 tons/ha/yr witb a moderate application 

of lime and phosphorua, outyie1ding a local cultivar by 

50 percent. On the southern coast of Colombia, which is 

one of the cassava producing centers of that country, 

several hybrid se1ections yie1ded more than 12 tons/ha/yr 
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Tab1e 20. Yie1ds of the ten highest yie1ding sweet potato cultivara 
in a dry seaeon mínimum input trial; 1975, AVRD~~ 

AVRDC Vadets1 Name Marketable Yield F1esh color 
Acc. No. of rooe 

t/ha 

6 Tainung 31 18 white 
18 Taiwan-2 17 white 
93 PI 315342 14 white 

117 PI 344129 14 white 
54 PI 318548 14 ye110w 

154 Tainung 10 14 yellow 
58 Tainan 14 13 white 

115 PI 344123 13 yellow 
106 PI 318859 12 yellow 

5 Tainung New 10 12 white 

171 Tainung 63 (Check) 4 oranga 

a/194 cultivara were plantad and harvested after 155 days 
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List of the ten highest yielding sweet po tato breeding / 
lines in a dry season mínimum input trial; 1975, AVRJiéi!. 

Selection Pedigrea Marketable Flesh color 
(or varietal name) yield of root 

t/ha 

278-1 Tainung 27/IIDK 8 20 yellow 
277-1 Red Tuber Tail/OK 6-3-118 18 yellow 
276-1 Red Tubar Tail/OK 6-3-106 17 white 
0122-2 B 6708 16 orange 
272-8 Red Tuber Tail/All good 15 yellow 
015-10 IIDK6 15 orange 
010-2 HDK8 14 yellow 
276-2 Red Tuber Tail/OK 6-3-106 13 yellow 
137-1 Tainung 57/Acadian 12 white 
272-4 Red Tuber Tail/All ¡ood 12 white 

171 Check (Tainung 63) 4 orange 

!/495 breeding 1ines were planted and harvested after 155 days. 
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Table 22. Se1ected results of yie1d trials in three locations. 

Location Genotype Root Iie1d <ton/ha/Ir} 
Drywt. Fresh wt. 

CIAT CM 309-211 17.9 50.8 
CM 308-197 17.6 50.3 
CH 323-30 16.6 48.3 
CM 308-1 16.3 43.3 
CM 321-15 15.9 46.1 
CM 321-170 15.8 47.8 
CM 317-16 15.4 48.1 
CH 307-135 15.4 44.0 
CM 309-84 15.4 41.1 
CM 152-12 14.7 45.0 

M Col 113 (local cultivar) 8.4 25.6 
Llanera (control) 7.9 24.7 
M Col 22 (control) 7.1 19.7 

Carímagua SM 92-73 10.6 33.0 
CM 323-52 10.0 33.0 
CM 308-197 9.9 30.6 
CM 314-2 8.4 25.1 
CM 323-99 7.8 24.3 
CM 323-142 7.5 26.0 
CM 309-2 7.5 23.3 
CM 321-88 7.1 21.5 
CM 305-11 6.9 24.0 
CM 323-41 6.6 24.0 
Llanera (local cultivar) 6.9 21.5 
M Col 22 (control) 6.0 19.4 
M Col 113 (control) 2.7 10.4 

Caribia CM 320-2 13.7 42.0 
CM 309-50 13.7 41.7 
CM 309-163 12.8 44.3 
CM 323-75 12.2 37.8 
Ct1 323-41 12.2 37.6 
CM 322-20 12.1 36.7 
CM 321-85 11.6 36.1 
CM 308-197 11.4 34.5 
CM 309-128 11.1 34.8 
CM 321-78 11.0 38.0 
M Col 22 (control) 11.4 33.6 
Llanera (control) 6.0 20.7 
Manteca (local cultivar) 5.0 18.1 
Montero (local cultivar) 4.3 12.6 
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in root dry weight notwithstanding five months of dry season. 

These seleetions have outyielded local cultivars by more than 

100 pereent. A hybrid selection such as CM 308-197 did well 

in all of these loeations, always exceeding the yields of 

corresponding local cultivars by 50-150 pereent (Table 22). 

This is indeed way above eurrent yislds at the farm level 

of only 3 to 5 tons/ha/yr in root dry weight. 

2. Breeding teehnique (Cassava) 

Perhapa of particular interest to csssava breeders aud 

workers was the work at CrA'! showing that harvest index can 

be employed in selection as a kay factor for maintaining a 

, high efficiency of genetie work, thereby shortening the time 

whereby new hybrids can be evaluated and selected for 

regional trials. 

At CIAT, studies on the relationships between single row 

aud population trials have shown that there is no eorrelation 

between root yisld data obtained in single-row trials aud those 

obtained in population trials, Figure 12. Since the valid 

yield data should come írom replicated population trials. ~he 

root yisld data obtained in single-row trials have virtually 

no meaning. However, harvest index data obtained in aingle­

row trials are highly correlated with those in population 

trials, Figure 13. In population trials, harvest index is 

highly correlated w1th the roct yield, Figure 14. As a 
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Root yie1d in popu1ation trial (tons!ha!yr) 
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Figure 17. Re1ationship between root yie1d data weight in fresh 
weight in sing1e-row tria1 and that in popu1ation 
tria1 at eIAT. 
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Harvest index in population trial (large p1ot) 
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trial and population trial at CIAT. 
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Root yield (ton/ha/yr) 
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consequence. in the single-row trials.havest index is a 

better indicator of true yielding ability than the yield 

itse1f. This occurs as a result of competition between 

genotypes. Genotypes with high vegetativa vigor sud low 

harvest index can occupy a largar space resulting in higher 

root yield in seedling in single-row trials. However. when 

these types are planted in populations, they do nat yield 

well. 

Hsrvest index is an indicatar of the balance between 

leaf and stem growth aud root growth. !bere exists an 

enarmaus genetic variatian in this character and it is 

highly heritable (Kawano. 1977). Thus hsrvest index is s 

highly effective chsrscter for use as sn indicator for the 

selection of cross parents. seedling selections and single­

row-trisls. At CIAr materiaIs which have a harvest index 

lower thau 0.60 sud 0.55 in seedling snd single-row triala, 

respectively sre already eliminated. 

3. Physiology: Plant type (Cassava) 

The production of any crop dependa ou the total dry 

matter production and the proportion of that dry matter 

deposited in the useful parts of the planto An efficient 

plant is one that has a correct balance betweeu the source 

of production - the leaves. and the product sought - in the 

case of cassava. the roots. Crop growth rate (CGR) in mast 
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crops increases as leaf area index (LA!) increases up to a 

certain level, aboye this level OGR may stay constant or 

decline. In the case of caasava, atudies at CIAT by the 

cassava physiologist have shown that CGR increased with LA! 

-2 -1 to about 110 g m wk at LAl 4; aboye this level it 

declinad repidly (Figure 15). Root growth rate showed a 

marked decline from 45 g m-2 wk-l at a LA! of 3 to 3.5 to 

-2 -1 less than 20 ~ m wk at a LAI of 4.2 (Figure 16). These 

data confirm the hypothesis that the optímum LAl for root 

growth in cassava i6 3 to 3.5 during the bulking periodo 

The identification of an optimum leaf area index for 

root yield (CIAT, 1975) maybe the mast significant contribu-

tion of cassava production physiology to tha breeders' work 

up to the presento The optímum LAI found that exists between 

3 to 3.5 stays phenotypically constant over a wide range of 

temperature variation, a1though''the genotype which attains 

the optímum LAl may be different under different temperatures 

(ClAT. 1976; Kawano. 1977). This ímportant pieca of work 

1eads to a conclusion that to obtain the highest yield, a 

cassava population must reach the optímum LA! as soon as 

possib1e and maintain it as near as possible until harvest 

time. Analysis of the components of leaf area suggests that 

long leaf life and late branching are the mest important 

ameng othars (CIAT, 1975; 1976). 
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Figure 15. Crop growth rate of M Col 113 as a function of LAl. 
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Figure 16. Root weight increase as a function of LA! in M Col 113. 
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4. Rapid propagation (Cassava) 

C8ssava like Dost root eropa is propagated vegetatively. 

Vegetative propagation ia a mueh slower rate of multiplying 

elite varieties "for commercial production. A mature caasava 

p1ant will give about 10 to 30 normal sized (25 cm) stakes 

after one year; thus tns propagation rate is only 10 to 30 

times per year. Ibis rats of propagation is not sufficisnt1y 

rapid to givs largs short-tsrm incraasss in planting material 

from new varietiss or to supp1y disease-free stock for 

eommereia1 p1anting. A simple rapid propagation method 

that requires minimum facilities to functioll. has been 

developed and is now being perfected. The technique lies in 

indueing stake sprouting, re-growth of new shoots from ths 

cut base of the first sboot, and sboot rooting. Ibis method 

can provida approximately 36,000 cuttings per year frem on1y 

one mature planto This method is il1ustrated in the follow­

ing picture slides. 

PROBLEMS AND RECOMMENDATIONS 

Ibe potentislities of roct erops as a major sourcs of food, 

feed and industrisl products is well documented. Ibe industry can 

contribute significantly to tne economy of developing eountries 

in the region. Ibese crops are no longer ;;strangers" to the Asian 

farmer nor are they exaeting in their soil sud elimatic requirements. 
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In spite of this, the industry ia in such a stagnant state. 

lt is beaet with many probl~ hampering the exploitation of its vest 

potentials. Some of the problems and possible solutiona can be summed 

up as fo lows: 

A. Sociological attitudes towards root crops 

Root crop husbandry has not gained the aeeeptance 

as a type of profitable farming ameng the people in the 

rural areas. Decausa of their basie agronomie charateris­

tics and cultural adaptability, they are accepted as crops 

that do not naed much care and attention. In most national 

agricultural development programa, root crops rate lower 

priority than other crops. Appreciation of the less 

known qualities of the crop must be developed to gain the 

people's respeet and encourage more farmers to produce 

them. 

B. Lack of high yielding varieties adaptable to the various 

ecologieal conditiona of che region. lt has been recognized 

that che existing germplasm of root and tuber crops in the 

regian is very narrow. lt is common to observe in fsrmer's 

backysrds snd farma that the sama variety of cassava or 

sweet potato have been cultivated for generations. 

C. Low yield, inferior quality and hance decreasing production 

trand. 

D. Lack of technology in processing snd utilization. 
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E. Absence of storage technology. 

F. Limited and uncertain market outlet. 

G. Lack of trained manpower in the industry. 

H. Absence of credit programa and minimal government support 

In the light of these problema aud recognizing the need to 

develop the root crops industry in the region, the following 

recommendations are suggested: 

A. Encourage present production improvemeuts. Existing 

knowledge indicates that immediate yield improvement can be expected 

from the use of either input or management substitution technology. 

Examples of this would be the widespread use of high yielding, 

disease-resistant and adapted varieties. In view of the resourcea 

available to the government for massive aid schemea, the small 

farmar ia most likely to opt for a technology whieh would not require 

big capital. 

B. Improve roor crop economic situation. Credit programa for 

growera especially where improvement in production, processing snd 

storage is being undertaken, should be established and supported. 

Floor and ceiling prices and even typhoon insurance or (similar 

weather adversities) should be considered. 

C. Expand substantially exrension serviees to increase 

coverage of small-scale produeers of root erops. Extension effort 

should be inregrared up ro the lowest management unit rhrough the 
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establishment oí technical centera to hasteo the spread of applicable 

technologies. 

D. Support research 00 utilization of root and tuber crops. 

Increase utilization of root crops and its products should open up 

new market horizons. 

E. Inatitute within the region a coordinated problem-oriented 

research program: variety testing. agronomic practices. crop 

protection. water management snd economic studies. Also. at both 

the national and regional level, studias on consumptioo patterns, 

utilizstion and demands for root and tuber crops should be undertaken. 

F. Specifically for research, the following atudies are 

recommended for conaideration: 

l. Since the demand for root crops specifically cassava 

ia a demand for csrbohydrstes, breeding and selection 

which improves starch yield per tuber, per unit land 

snd per unit time should be given higher priority 

than breeding for a high protein contento 

2. The great part of root crop cultivation is presently 

sud presumably will continue to be amall scaIe. 

Therefore three aresa of coneern are suggested: 

(a) varieties that will grow under small-scale. 

traditional production conditiona; (b) development 

of appropriate cultivation methods designed to support 
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the use of improved but perhsps leas hardy varieties; 

snd (c) idantification of production practicas which 

are economically applicable to amall scale production. 

3. Por the large or commercial type of plantation, the 

development of machineriea suitable to large-scale 

production are also required. especially harvesting 

machinery. 

4. Research into the development of root crop fooda for 

human consumption should be supported. Research in this 

field should be done with a view to price and market 

acceptability. 

5. Research into the storageability of root crops, to 

prolong shelf-life not only of the raw material but 

of the products as well. 

6. Granter information fs required in producer countríes 

on the domestic markets for root crops. There is a 

need to bring producers. processors and consumere 

together to promota flows of information and to 

coordina te development of potential markets. 
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Appendix...A.. 

IRIEl CROP DESCRIPTION: Botany and Origin 

A. $veet Potato 

$veet potato (lpomoea batatas L.) originated in tbe Western 

Bemisphere. a!tbough the site of origin and the manner in wbicb it 

was domesticated are still unknown. An early world traveler, sweet 

potata had resched New Guinea and New Zealand befare the time of 

Columbus and played en impartant role in the colonizatian and 

welfare of the Pacific islands. 

Its range bas since been extended so that the epacies is well 

known thraughout both temperate zones and the tropics. In 1974, 

the road and Agricultural Organization estimated that approximate­

ly 84 percent of the world's production waa en the Chinese mainland. 

$veee potato ie nermally a trailing vine, although climbing 

forma similar to typical morning-glories are known. lt is a 

pereunia! crop, however, the succulent nature of its roots 

restricta sweet patato cultivation to relstively ahort growing 

seasons of three to six mooths. Unlike many root sud tuber erops. 

sweet patato begins to store starch at a very esrly stage maIdng 

early harveets possible. Sweet potato ie one of the mast efficient 

plants at converting the eun's energy into food. 

Sweet potato ia generally cultivated for the starch in its 

enLsrged roots. However, the leaves and stem tipe af its vines are 

frequently eaten as a highly Dutritious and tasty green, leafy 

vegetable. OfCen considered a poor man's apinach, sweet patato 
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tips haya a rich protain content that helps fill the nutritional 

gap left by eating the low protein roots. In West Africa, sweet 

potato greeus are particularly important. sud varietiea have been 

developed tbat are used only for the leaves, which are especially 

high in calcium snd vitamin A. 

Sweet potato ranks high in calories produced per hectare 

per day at a lower cost per calorie than cereala. Sweet potato 

has an amazing potential for feeding people, is relatively free 

from disease problema, and generally produces high aud dependable 

yie1ds with a minim\llll of cosUy energy-consuming inputs such as 

fertilizers and pesticides compared to those needed for high 

yie1ds of cereals. 

The sweet patato plant can use the nutrients that remain in 

the soil after preceding crops, and it resists environmental 

extremes such as drought. lt can be grown in paddy fields during 

tbe. dry sesson in many tropical countries, thus increasing the 

foad production of hungry nat!ons. 

B. White. Potato 

White patato (Solanum tuberosum L.) was cultivated in the 

highlands of the Andes in South Americe over 2,000 years ago. Ibe 

Spanish conquistadores brought it to Europa around 1570. lt spread 

rather quick1y throughout Europa and became a popular, e.asily grown 

step1e in Ire1and. When, in 1845 and 1846, a b1ight fungus 
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dastroyed the Irish potato crops and the resulting famine caused 

(be death 01' emigration of many Irish, the crop became known as the 

"Iriah" potato. 

White potato has siuce coutinued its travels, and the 

nutritious tuber is now considered to be the fourth mast important 

food plant of man-after che cereals, corn, and rice. In tropical 

Asia, white potato ia still uot well known, but is believed to 

have considerable potential for the region if a truly tropical 

potato could be developed. Thus AVRDC, in cooperation with the 

International Potato Center (CIP) in Peru, is acreening the world'a 

gemplasm of tuber-bearing Solanum spec1es for clones capable of 

tuberization under lowland tropical conditiona. 

White potato has been referred to as a vell balanced, wel1 

packaged food. Nutritional1y, it ia close to sweet potato in 

calorie production per hectare per day and aecond only to soybean 

in protein production per hectare. In addition, white potato ia 

an excellent source of vitamin C and the vitamin B group. Ita 

balanced protein-calorie compoaition, the nutritious quality of 

its protein, and its relatively rapid growth makes white potato 

an ideal foad complement to cereal crops in multiple cropping 

systems. 
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C. Csssava 

Botanieally, the easaava plant is known as Manihot eseulenta 

Crantz. It belonge to tbe family Euphorbiaeeaa. 

!he plant is known undar a great variety of names and tbe 

following are tbe principal onas: ubi kettela or kaspa 

(Indonesia), manioca, rumu or yucca (Spanish America). mandioca 

or Aipin (Brazil), manioe (Madagasear and French speaking Africa). 

tapioca (India, Malaysia) and cassava and sometimes cassada 

(English speaking ragiona in Africa. Thailand, Sr! Lanka). 

!he cassava plant ia a perannial sbrub which if allowed to 

grow indefinitely reacbes the size of a small tres. At the age 

of about ayear, when it is usually harvested. it is frem two to 

three meters high. Ihe stero which varies in color from pale or 

dirty white to brown, is marked by numerous nodes formed by tbe 

scars left by the fallen leaves. The leaves are fan-shapad. pala 

to dark graen in color with about 5-9 lobes. !he petiole varias 

~ pala white to red in color • 
• 'et .• 

Hale and female flowers arranged in loase plumes are 

produced on the sama planto !he triangular-ehaped fruit contains 

3 aeeda which are viable and can be used for the propagarion of 

the plant. !he numbar of the tuberous roots and tbair dimensione 

vary a great deal in form with tbe different varieties. Ihe 

roots may reach a siza of 30-120 cm. long and 4-15 cm. in diameter 

and a weight of 1-8 kgma. or more. 
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C8ssava known only under cultivation, ia a complex of clones 

showing the wideat morphological diversity in the Paraguay - South 

Brazil area. Clustera of closely related species to cassava are 

lacated in bath North and South America (Rogers and Pleming, 1973), 

but no wild apecies have been suggested as a posaible ancestar. 

Tbe time and place of domestication are unknown. The most 

ímportnnt trait for the use of cnssnva as a food ia the HCN 

content in the roots, which has n vide range from high (bit ter 

cassavas) to very low (eweet cassavas). There is a clear 

correlation in the geographic distributíon of the two kinds: 

sweet cassavas occur in the western side of South America. Central 

America -- Mexíco. while bit ter clones are planted mainly in the 

eastera side of South America and the Antilles, with an over­

lapping area in between (Renvoize, 1972). Casaava as ear1y as 

tbe sccond and third mil1enia BC (Jennings. 1976), was \llOre 

intensive1y used in South America than in Middle Amerlca. In the 

formar area, the artefacts for the preparation of sauces, are 

&ypical of South Americe. Archeological informatían, such as 

representationa in ceramics and early historical information. 

gives additional support to a more intensive use in South America. 

Al1 this may point to a South American domestication sud the fect 

that its spresd towards the north was restricted to the aweet 

varieties. 

Cassava was introduced early to Africa by the Portuguese. 

Tbe first published report by Barre and Thevet is detad 1558 
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(Hauny, 1953). Further spread inside Afriea was determinad by its 

adoption first as a vegetable and latar as a flour souree in the 

Kingdom of Congo, which was an advanced state that influenced the 

rast of tropical Africa. The spread apparently was rather slow, 

but waa favored by the resistance of eassava to locusts (Jones, 

1959). 

ca&sava was introduced to India and Southeaat Asia late in 

the nineteenth century. 

D. lama (Dioscores) 

The yame were probab1y domesticated in the Southeast Asia 

region. D. alata originated mast probably in the ares occupied 

by Burma snd China where the rivers lrrswaddy, Salween. and Kekong 

ran elose1y and parallel to eaeh other (Burkill, 1951). The yama 

grow large rhizomes deep in the soil to survive the dry SesSOD, 

and this characteristic may have sttracted the attention of msn 

sinee esrly times. 

The greater yam was taken first to the Sunda Islanda, to the 

cast, quite possibly on1y as clones with shallow-growing tubers. 

Hany mutants were concentrated or appesred in these islanda, 

differing in tuber shape snd size, aud in other characterietice, 

and this srea has the highest diversity of the epecies. lt 

spread also to the Philippines and ta all parts af Oceanía, 

ineluding New Zealand. Towsrd the west, it extended ta west 

India, etopped by the Great lndian Desert. lt spread toward 
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Africa, maybe taking the same route as taro, banana, and other 

Southeast Asian crops. lt spread to East Africa and Madagascar, 

and later to central and west Africa. In the latter regíon, 

however, it did not become important because there were already 

native yams under cultivation. An historical expansion took 

place after 1500, when the Portuguese brought it to the west 

coast of Africa. lt became the main food in the slave ships and 

was marketed widely as "Lisbon yams," especially from San THome. 

With the slaves, the greater yam arrived quite early, around 1530, 

in the Caribbean and Brazil, but in the New World its expansion 

was checked again by the African yama. 

Dioscorea esculenta, the "lesser yam," was possibly 

domesticated in the same ares as D. alata. Wild types have been 

reported from India and Guam. Before the arrival of the 

Europeans, it had spread from Southeast Asia to the Philippines 

and into Oceanía but not beyond Tahiti, and north to China, 

where it is mentioned in the literature around 200 and 300 AD. 

lt was taken by the Portuguese, along with ~. alata, around the 

Cape to west Africa. By selection, superior clones with larger 

and fewer tubers and les s thorny stems have been obtained in 

Southeast Asia· and Oceania. 

E. Aroids 

Alocasia macrorrhiza (A. indica). This is a very primitive 

crop, possibly domesticated in India (Assam, Bengal), or in 



8 

lndochina; in India other species (e.g. !. cucullata) are cultiva­

ted and wUd Alocasia ia used as food. lts large trunk contains 

a fine starch, but becauee of the high oxalate content, it must 

be cut aud baked on hot stones, or boiled. In Java and Tonga some 

cultivara are used on1y for their leaves. Alocaeia spresd ooly 

to the esst towarde Melanesia and Polynesia. lt is Qf some 

importance in Tonga and Samas and to all of Micronesia, 

especially the Maraball Islands, and was introduced into Brazil 

in the lase century as esttle feed. 

lImgrphophallus campanulatus' This plant is found from 

India to Polynesia but with no clues as to the area of domestica­

tion. lt is en ancient plant, low-yielding, and difficult to 

prepare for eating, with the result that it is being grown leas 

and les8. lt is cultivated from India ta Malaysia, aud in Java 

as a backyard crop (Sastrapradja. 1970). In Polynesia, it grows 

wild and ia ocesaionally gathered, but is unknown in Microoesia 

(Barrau, 1962). 

Colocasia esculenta. Thia species is faund wUd from India 

to Southeast Asia, snd has spresd throughout the tropical world 

and ta the fringes af the temperature regions. 

Towarda the east, the plant was apread by the Halayans and 

Polynesians ta all the islands of Oceania, including Hawaii, 

Easter Island, and New Zealand. In this vast area, some hundreds 

of clones are known, but there is no complete survey of its diversity. 
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From ehromosome counts. it has baen established that tbera are 

two types, 2n • 28 and 2n .. 42, with the former the predominant 

type from India to Japan and Polynesia. Type 2n - 42 occurs in 

India, New Zealand, aud the Philippines aud seems to have 

originated in India. It has spread eastward in recent times, but 

la not found in Polynesia (Yen aud Wheeler. 1968). 

lt reached China and the Lower Yaugtze Valley and is 

mentioned in literature toward 100 Be. From China it moved into 

Japan. The introductlon into the Philippines cama poasibly 

through the Sunda Islands. 

Tbe spread of Q. esculents to the west ia poorly documented. 

lt reachad Egypt around 100 AD, either through Syria (and there 

la some linguistic support for this, Taekholm aud Dar, 1950), or 

througb the Sabean Lane, since it is found in Yemen from where 

it may have originsted. From Egypt, it went through North Africa 

to Horocco and than to Spain sud Portugal. lt spread also from 

Egypt to ltaly and to Cyprus, where it is an old and Ílllportant 

crop. 

¡fuen, where and by whom Southeast Asian crops were transported 

to Africa is Btill open to question. Indians or Indonesians settled 

aouth of Ethiopia around 500 AD, le.aving instrumenta and practices, 

like eertain types oi boats along the coast of Zanj-and the lakes, 

sud they brought in their crop plants from Malaysia. Madagascar 

ia eulturally linked with Indonesia, and many of the words for 

crops like Taces, coeonut, taro, are the same in the two areas. 
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The Malay aailora may have reached rhe cosat of Africa with the 

favorable winds during the monsoon sesaon. Propagation material 

of roots and tuber crops, brought in these trips. may have 

remained viable for weeks and very likely were established in 

Afdca after many faHures. Taro, bananas, greater and lesser 

yams, and sugar cane were adopted by rhe Bantu people and other 

tribes on the continent. Either by the geographic spread of the 

formar ethnic group, or through diffusion into different tribes, 

these crops reached central Africa and later on west Africa. Taro 

was already in cultivation in Gambia and San Thome around 1500 

(Mauny, 1953). 

Taro was taken from west Africa to tropical America. 

probsbly in the early 1500s. However, it is difficult to 

establish its arrival becsuse early deacriptiona confuse it with 

Xantboaoma. By the end of the 18th century ir had apresd from 

the caribbean ro Brazil. and early in this century to the 

southern cosat of the United Beates. Again, very little is 

known of ita divetsity in this area. Superior clones, called 

"dssheen, lO are recent introductiona but the native Xanthoaoma. 

being more productive and resistant. has prevented the expanaion 

of Colocasia esculenta in the American tropics. 

cyrtosperma chsmissonis. This aroid was not domesticated 

on the continent aince it is not cultivated in India and Malaysia. 

Its range extends from Indonesia to the north side of New Guinea; 

in Melanesia, the Solomons and Fiji, but not in New Caledonia; 
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in Polynesia, in the central part as far as the Marquesas, but 

not in Bawaii or Southeast Polynesia; throughout Microneaia, as 

it grows well in the low atolls (Barrau. 1962). 



Ap Iimdix B P -

National Root Crops Reaearch Program (Philippines) 

Rationale 

1. Status of the Root Cropa Industry 

Roct erops industry provide a significant eontribution to 

the Philippine economy as an important souree of food, feed and 

industrial products. 

Ibe major root crops in the country are sweet potato, 

cassava, white potato, gabi, yams (ubi and tugui) and soma of the 

"minar" root crops which include arrowroot, apulid, and other 

indigenous plants. The culture of root crops has beso classified 

by Filipino agriculturists under subsistence farming. Iba crops 

are being eommonly raised in small plots and primarily intandad 

for heme consumption. 

Root crops oecupied around 1.534,177.20 hectares witb a 

total production of 355,510 mt snd with no average yield af 

4.34 mt/ha. 

Tha potentials of the root crops industry is brigbt in view 

of tbe Philippines' favorable climatic and soil conditions. 

Moreover, a market for root crops can be found in both local and 

international sectors. Ibe current principal world market for 

root crops particularly cassava flour ia the European co~ 

market. The principal starch markets are USA snd Canada. 
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In the country. root crops are a major substitute or 

supplementary energy food especially among tbe lower income 

segment of the population. However. the root crope industry ie 

baset by a number of problema. 

2. Commodity Industry Problema 

a. Lack of high-yielding varieties adaptable to the wide 

ecological range af the country 

b. Low yield and decreasing production trend 

c. Lack of technology in processing and utilization 

d. Absence of storage technology 

e. Limited and uncertain market in production areas 

3. Objectives of the Root Crops Research Commodity 

.!l2&: 

To convert the present nature of the root crops industry from 

subsistence to a full-blown cOmmercial ventura. 

Specitic Objectives: 

a. To eatablisb a strong breeding program for the major root crops 

b. To devise a syetem af cultural management euitable tor root 

crope 

c. To populariza and stabilize root crops production through 

tha development of market cbannels and outlet. 
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Root erops Production 

Root erops Production 1,543.177.2 .. •• 34 mt Area 355,510 

lrish potato Production 20,484.7 
'" 4.31 mt Area 4.150 

SWeet potato Pr9duction 781,201.7 
'" 4.06 mt Area 192,270 

Cassava Production 620.932.4 5.26 mt 

Gabi 

Pau 

Tugui 

Ubi 

Ares 117,970 
.. 

Production 93.275.4 2.71 mt -Area 34.410 

Production 10,221.5 - 3.15 mt Area 3.250 

P roduct ion 4,393.4 3.60 mt .. 
Area 1,220 

Production 24.152.8 3.781l1t '" Area 6,390 

National Root Crops Research Program (Philippines) 

Priority Rank Area 

1 Critical agronomic and socio-economic 
analysis of the rootcrops industry 

2 Collection, establishment, maintenance 
and evaluation of germplasm 

3 Hybridization and mutation breeding 

4 Processing and Utilization 

5. Plant-soil-water Relationahip 
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7 

8 

9 

10 

11 

12 

4 

Crap protection 

Cropping system 

Handling and storage studies 

Extension studies 

Design and development and improvement of 
tools and equipment for production and 
processina 

Chemicsl and physiological studies 

Seedpiece production technique 

A. National Sweet Potato Research Progr/llll 

l. Varietal Improvement 

2. Cultural Mnnagement 

3. Crap Protection 

4. Processing and Utilization 

5. Socio-Economics/Post Harvest Handling Studies 

6. SocioloBY and Extension Studies 

B. National Cassava Resesrcll Program 

l. Varietal Impravement 

2. Cultural Management 

3. Crop Protection 

4. Processing and Utilization 

5. Socio-Economics/Post Harvest Handling Storage Studies 

6. Extension/Sociology 
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C. National White Potato Research Program 

1. Varietal Improvement 

2. Cultural Management 

3. Crop Protection 

4. Socio-Economics/Post Harvest Handling Studies 

5. Pracessing and Utilization 

D. Ubi Research 

On-going Projects: 

l. Varieta! collection and testing of ubi in Batanes 

2. Induction and evaluatian of beneficial mutation in asexua1ly 

propagated ubi 

3. Comparative effects of organic fertilizers an the yield of 

ubi 

4. Field response of ubi to different levels of NPK 

5. Sacio-economic study af ubi 

6. Agro-economic studies of OOi 

E. Gabi Reaearch 

On-going Projects: 

l. Collection, evaluation and selection of gabi (Colocasia sp.) 

and their production under improved cultural management 

Study l. Variety testing of native snd introduce Rawaiisn 

gabi (Colocasia esculenta L. Schott) in the 

Philippines 
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Study 2. Cultural management techniques for lowlsud gabi 

under monoculture system 

Study 3. Cultural management technique for uplsnd gabi 

under monoculture multiple cropping and rotation 

system 

2. Collection and testing of gabi under different ecological 

conditions 

3. Test of prcmising varieties of lowland gabi 

4. Varietal collection and screening of gabi in Batanes 

5. Induction and evaluation of beneficial mutation in asexually 

propagated gabi 

6. Comparative effects of organic fertilizers on the yield of gabi 

7. Field response of gabi to different levels of NPK 

8. Screening of gabi cultivars for resistance to leaf blight 

(Phytophora colocasia, Rae.) 

9. Development of processing and feeding techniquas for mllxilmlDl 

utilization of gabi for animal feed at farm level 

10. Agro-economics studies of gabi 

11. Socio-economic atudy of ¡abi 

F. Arrowroot Research 

On-soing Projects: 

l. Induction sud evaluation of beneficial mutation in asexually 

propagated arrowroot 

2. Comparative effects of organic fertilizars en the yield of 

arrowroot 

3. Field response of arrowroot to diffarent levels of NPK 



G. Tugui Research 

On-going Projects 
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l. Socio-economic study oí tugui 

2. Varietal collection aud screening of tugui in Batanes 

3. Induction snd evaluation of beneficial mutation in asexually 

propagated tugui 
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2. 

3. 

4. 

Name of lnstitute 

International Rice 
Research Institute 
(IRRI) 

Internátional Maize 
and Wheat Improve­
ment Centre (CIMMYT) 

International Institute 
of Tropical Agriculture 
(lITA) 

Intarnational Centre 
of Tropical Agriculture 
(CIAT) 

Appendix-f.... 

MAIN FEAtulIES OF INTERNATIONAL AGlUCULTURAL RESEARCH INSTITtlTES 

Year of 
establish- Location 

ment 

1962 

1966 

1967 

1972 

Los Baños, 
Philippines 

El Batan, 
Mexico 

Ibadan, 
Nigeria 

Palmira 
Colombia 

Cropil 
attended 

Rice 

Maiza, 
wheat, 
bar1ey, 
triticale, 
sorghum 

Rice,. maize, 
cowpea, 
pigeon pea, 
lima beans, 
jack beil',ns, 
cassava, 
sweet 
potatoes, 
yams 

Cassava, 
field beans, 

Objectives 

Maintaining wor1d co11ection of rice varieties. 
Variatal improvement, production techniqua, training 
programme for scientists and multiple cropping. Co­
ordinate rico work in Africa through lITA and in 
Latin Amarica through eIAT. Conducting co-operative 
varietal trials in rice-growing centres of southeast 
Asia. Assist with expertise to the centres. 

Maln emphasis on the improvement of wheat and maize. 
Research on various aspects on the improvement ol 
these crops. Training of persennel of the national 
institutes. Assistance to natienal gevernments with 
expertisa and plant matarials threugh international 
nursaries of these cropil. 

Developmont ef farming system fer the humid tropica 
of Africa. Te develep rice and maize varieties 
through ce-eperatien with IRRI and CIMMYT - major 
responslbility in the improvemant of grain, legumea 
and roet and tuber crops. Conduct co-operativa 
programme in a numbar of countries in Afrioa. 
Tral.ning programme for the workers of the national 
illstitutes. 

Development of agriculture. Majar responsibility 
far the ill\Provement of cassays and field beans en 
the international acue. For rice and maize, it 
has changed to local basia with backstopping from 
IRRI and CIMMYT. Othar objectives concarn small 
fillrm system, training and COlIIIlI\ud.cation. 



5. 

6. 

Name of Institute 

International Crops 
!'Iesearch Institute for 
the Semi-Arid Trapícs 
(ICRISAT) 

Internatianal Patato 
Centre (IPe) 

7. International Laboratery 
fer !'Iesearch on Animal 
Diseases (ILRAD) 

8. Internationa1 Livestock 
Centre for Africa (ILCA) 

9. International Centre 
for !'IesearOO in Dry 
Areas (ICAlI.IlA) 

Year ef 
establish- Locatien 

ment 

1972 

1971 

1973 

1974 

Byderabad, 
India 

Lima, 
Peru 

Nairobi, 
Kenya 

Addis Ababa, 
Ethiopia 

Crops 
attended 

Sorghum pear! 
lnillet, pigeon 
peas, chick 
pea and 
~oundnut 

Patata 

Wheat, barley, 
foad lequIllas 

Objectives 

To ~rove the genetic potentia1 for grain yield 
and the nutritional quality of the crops, develop 
farming systems whiOO will help te increase and 
stabilize production in dry oonditions and assist 
national and regional research programmes through 
training prcgrammes and extension activities 

To improve the crop and maintain wcrld oollectian, 
conduct training programme fer staff and carry out 
cc-operative trials in the various regions of the 
world. 

To conduct basic and applied research, test the 
results in the field, conduct formal and on-the­
job training of scientists etc. and aseist other N 

inetitutes. 

To effect ~rovement in livesteck production and 
train scientists in the field. 

To strengthen research in the Near East and North 
Africa in conditions of winter rainfall followed 
by het arid summers. 

Source. Consultat1ve Group on International Aqricultural Research, Internationa1 Research in Agricu;'ture, 1974. 


