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Tbe potentia1ities of cassava to produce abundant carbohydrateo 

per hectare at minimum input s are we11 documented. lt la a crop that 

has the abi11ty to adapt itse1f to diverse c11matic and cultural 

conditioos and can lIurvive long perlods of (4-6 months) drought. 

While lt constitutes ooe of the wor1ds' atap1e foad erop, it is 

exelusively a tropieal erop and ia mostly grown 00 llmall farms. lt 

I generally requires less labor, 1ess eost of produetioo and 1ess eare 

in management than the cereal crops. 

The most important use of cassaV8 is as human foad. lt is eaten 

extensivoly in these countries in whieh it is produeed. Tbe exception 

perhapa ia Thailand. whieh exports most of its production to Europe 

for the animal feed marItet. Casssva ia the major scurce of calorles 

for people in certain Wast and Central African countriea, and in 

localizad areas of Brazil, India snd Indonesia, up te 80 percent of 

the ealor:i.s intake ís derivad from this erop (Nestel aud Cock, 1976). 

Current FMl estímatss iudieats that more than 50 pereent of the annua1 

!!~aper resd at t~e Workahop'on Caaaava Production and Uti1iza
don; lChon Kaen, Tbailand; aponsored by the Asíen and Pacific Council 
(ASPAC); Hay 9-13, 1918. 

21 . 
- Coordínator, Centro InternacíollSl de Agricultura Tropical 

Casssvs Outreaeh Program for Asis. 
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global production of about 105 million tons are consumad by humans. 

Pbi1lips (1974) has projected that by 1980 consumption wi11 risa to 

about 71 mil1ien tons. Asida from its use as food, cassava of late 

has stirred unusual interast in international trade bacausa af its 

considerable potential as a source of animal feed sud more interest-

íngly its use for the industrial productien of starch sud alcohol. 

Evidence indicatas that csssava must-have originated snd was 

first cultivated in tha Western Hemisphere sevarsl thousand yaars ago. 

Rowever, it vas onIy about 300 years ego that it was introduced to 

Africa, sud mora racently, into Asia. Today, it is produced in about 

90 countries. Bowever, 80 pereont of the world's produetion comes 

from on1y 10 countries (six from Atrica, three frOlll Asia and ene from 
• 

South America) and nearly 60 percent frOlll on1y four (Table 1). The 

six leading producers are Brazil, Indonesia, Nigeria, Zaira, Thailand 

sud India, wbaae combinad population ia approximately 25 percent of 

the world (Wor1d Almanac, 1977). 

Tha fact tbst caSRava is now grown throughout msny dansa1y 

populatad tropical countries &nd that annual world production curront-

1y exceeds 105 millien tona af raw roats, underscares the agricultura! 

significance af the crop in winning the war against tha food-populatien 

imbalance. In spite of this. the research expenditure, affart snd 

sttention it has received from highly qualified scientists snd 

national agencies bsd been very modesto It has been uatimatad that 

in 1970 the total amount spant aenually for cassava research from all 

sourees was leas tnan $200,000 (Canadian). Even the 1975 figure 
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Tabla l. World production of cassava in 1975. 

Country Area Production Yield 
1000 ha. million tona % of total t/ha. 

llrazi1 2147 27.2 26.0 12.7 
Indonesia 1500 12.9 12.3 8.6 
Nigeria 1000 10.0 9.5 10.0 
2ai1's 1050 9.2 8.8 8.7 
Thailand 429 6.4 6.2 14.8 
India 384 6.3 6.0 16.5 
lIurundi 185 4.1 3.9 22.2 
Tanzania 746 3.6 3.4 4.8 
Mozambique 450 2.3 2.2 8.4 
Ghana 200 1.8 1.7 9.0 
Angola 120 1.6 1.5 13.3 
Modagascar 224 1.4 1.3 6.3 
Colombia 165 1.3 1.2 8.0 
Paraguay 80 1.1 1.0 14.3 
Sudan 234 1.1 1.0 4.8 
Central African 

Republic 210 1.1 1.0 5.2 
Ugsuda 340 1.0 0.9 2.9 

. 12 Countries 
producing more 
tban 0.4 millian 7.6 7.2 

61 Countries 
producing lesa 
tnan 0.4 mil1ior. 5.2 4.9 

TOTAL 105.2 100.0 

Source: FAO Production Yearbook. 1975 • 
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(in exeess of $3 mUllon Canadían) ia still coroparatively small in 

re1ation to the total value of the erop aud espeeially if eoapared 

with the researeh expenditurcs for soma other erops e.g. rubber, tea, 

etc. lbs spacial affort therefore of the Canadian lnternational 

Development Ageney (ClDA) through the Internatianal Development 

Researeh Center (lDRC) in supporting cassava rasearen and programa 

in develaping countriea deserves commendetion. 

Currently, two international canters are working 00 regional or 

global problema related to eassava -- in addition to their supporting 

the efforts oi national agencies in develapine or strengthenin¡ local 

cassava programa: the International lnstitute of Tropical Agriculture 

(lITA) in Nigería, Afriea¡ and tbe International Centar for Tropical 

Agriculture (CIAT) in Colombia, Soutn America. lbe program in Africa 

involves reses~h with other root crops. 'lbe work en casaava is 

prilnarily ariented towarde tbe product:ion af materíals resistant to 

african lDOsaic disease, tbe lDOst important cassava disease whicb causes 

yield losses of up to 80 pereent. At CIAT, the multidiseiplinary Root 

Crap Program involves over 20 scientists working full-time on cassava. 

CIAT ia emphasizing caasava in ita program nat ooly bacause of ita 

importanee aa a food crop in Latin America, but also becauee it ia 

the original home af the plant, and the continent posasas the wideat 

range of germplasm in the world. lbe basie objectives of the Program 

at eIAT are four-fold: 

Firat -- To colleet technical informatión snd develop the 

technology required to obtain a high production of 



.. 

s 

carbobydrates per bectare with minimum inputa in 

regians where casssva is presently cultivated. 

Second -- To davelop production technology of cassava in 

regions of aeid. infertile 80ils since there are 

mol:e thsn 300 mi11ion hectares in tne Latín 

American tropics and Asia with these cbaracteristics. 

Sinee cassava adapts well to tbese conditiona it is 

possible to use sueh lande, whieb are currently 

unproduetive, for the produetion of large quantities 

of carbohydrates, to belp alleviate the problema of 

hunger in tbe Tbird World. 

Tbird -- To provida information on tbe raseareh and new 

technologies developed, to the national researeh 

agencies of the producer countries so that they 

can increasa production. and potential producers 

to initiate their O'IiO programs¡ sud 

Fourth -- To use training and personal contacta ta h~lp 

astablisb snd improve systems of production in 

countries intarestad in initiating or incrasaing 

thair cnssava production. 

Given the aboye objectives, let us now examine the more 

outstsnding results of ClAT's researches aud see how much of it can 

he transferred or usad under our conditiona in Asia snd the Pacific 

specifically on: physialogy; varietal improvement; pest and disesse 

control; snd cultural practices. 
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As was indicated initially, the first objective has been to 

collect techn1cal information and to develop the technology neceaaary 

to increaae the cllSaava production. As a consequence, a Gassava 

lnformation Cantel' was created, charged with compiling al! the exist·· 

ing information in the world on this crop. and to place it at the 

d:i.sposition of the usera through: summaries of articl.es 01' abstracta, 

photocopies snd specialized monographs. PresentIy three volumes of 

summaries bave. besn publiahed concaining a total of more tban 4,000 

documenta. Copies of these 'Abstracts on Gassava' are available and 

can be requeated through the Information Cantel'. Of more recant 

activity, ia the Programs' undertaking in reviewing and translating 

into Engliah, indigenDUS scientific literature en csssava in such 

countries as Tbailand sud IndonellÍlil. These 'R,evi_s' will fom part 

of s growing reference collect.ion on cassava for use by interested 

cassava sc1entists, workers and researchers all over the world. 

At the sama time, a fundamental basia of the cassava program i8 

che accumulation of geuetic material, which was begun in 1969, inorder 

ea collect and evalute different cassava cultivars under field 

conditiona. The CIar experimental station has since organized the 

largest germplasm bank for cassava in tha wor1d. It now contains some 

2,500 ent~ies encompassing the greatest genetic end morpho10gical 

varinbility avallable up to the presento It is from this germplasm 

bank where eIAT develops new hyb~ids for field teating at different 

8gro-c1imatic conditions, rea1i2ing full well that one of the least 

expensive input end ono which serve as the basis of the techno1ogy 
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being developed for the low íncame farmers. ia the use of improved 

varietíes. As with the Documentstion Center. the CIAT' a C4asava Gene 

Bank ia at the servíce of cassava hreeders tbroughout the world. 

Physiology: Plant tyPe 

Tbe production of any crop depends on the tOtal dry matter 

production and che proportion of that dry matter deposited in the 

useful parts of the p1ant. An efficient plant ls one that has a 

correet balance between the aource of production - the l_ves, and 

the product sought -- in the case af cassava. the roota. Crop growth 

rate (ooa) in most crops incrElsses ,as 1eaf area index (LI\I) lncrasa6a 

up to a c6rtsin 1evel, above thís 1evel OOR may stsy constant 01' 

decline. In the case of cassava. atudíes st CIAT by the caasava 

physiologiat have shown thet cea íncreased with LA! to about 110 g 

m-2 wk-1 at Ll\l 4; ahoye thia 1eve1 ít declined rapidly (Figure 1). 

-2 -1 Root growth rate showed a msrked decline froro 45 g m wk at a LA! 

of 3 to 3.5 to lasa than 20 g m-2 wk-l st s LAl of 4.2 (Figure 2). 

Tbese data confirm the hypothesia tbat the OFcimum LAI for root g<rowth 

in ca&sava ia <3 te 3.5 during che bulking periodo 

Tbe identification of an optimum leaf ares index far root yield 

(CIAT, 1975) maybe the most aignficsnt contribution of casssva 

production physiology ta the breeders' work up to the presento Tbe 

optimum LAI faund that exists between 3 and 3.5 atays phenotypically 

constant over a wide range of temperature variation. although the 

genotype wltich attains the optimum LAI mey be different under 
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different temperaturas (eIAT. 1976; Kawauo. 1977). Thia important 

piece of work leada to a condusian that to obtain the higbest yield. 

a C8ssava population must rench the optimum LAl !IS soco. as possible 

aud maintaio. it as nesr as poseible until harvest time. Malyeis of 

the componente of leaf area suggests that long leaf l:!.fe and late 

branching are the mast important among othara (CIAT. 1975; 1976). 

Varietal Improvoment 

Since the beginning of the C8sssva brceding program. there hava 

baen numerous requests for genetie material s fr~m ~ parts of the 

world. A total of 21.270 hybrid eeeds and 50,100 open-pollinated seeds 

have been distributod to 28 cOWlnies (table 2), excluding the seed 

materials sent thraugh 25 participante who completed an intensive 

production training program last February 14, 1978. 

Tbe productivity of existing cassava germplasm is generally far 

below the potential of the species because l:imited attention has been 

given to the genetic improvement of the spac1es. However, after 

several yeara of work. at eIAT it can be safely predicted that attain

in¡ the masimum level af productivity ia easi1y within reach. To date, 

the eIAT cassava breeding program has hybrid selection which can 

outyi~ld local cultivars by 50 to 150 pereent under a vide range of 

environmental conditiona (eIAt, 1975; 1976). Soma of the superior 

materials can be recommended as cultivars aud diatributed ta national 

cassava programe in the trepics in the near future. 
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Tab1e 2. Summary of the distribution of caaaava gsnetic materials. 
1973-76. 

Country Hybdds Open-pollinated Stakes aseds 

Brazil 4,400 2.000 20 
Mexico 200 160 
Venezuela 200 (Entomology) 
Ecuador 20 (Agronomy) 
Nicaragua 6 
Dominican Republic 6 
Trinidad 600 6 
Jamaica 6 
Bahamas 6 

India 1.300 
l'halland 3,900 4,500 
Ma1aysia 900 
Philippines 1,450 12 
Indonesia 900 
Taiwan 1.200 6 
Japan 2.000 12 
Australia 900 SO 
New Zea1and 300 

lITA (Nigeria) 1.550 41,500 
Kenya 400 6 
Tsnzania 1.000 

Tonga 350 
Samaa 350 
Seychelles 250 6 
Hawaii 6 

United Ststes 1.000 
Ganada 100 
Unitsd Kingdom 1,000 

TOTAL 21,750 50,100 528 

Source: Cassava Production Systems Program, ClAT. 1976. 
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Perhaps of particular interest to casaava breeders and workers 

was the work at CIAr showing that harvast index can be employed in 

selection as a key factor for maintaining a high efficiency of genetie 

work, thereby shortening the time whereby new hybrida can be evalusted 

aud seIeetad for regional trials. 

At eIAT, atudies on the relstionships between aingle row and 

population triala baya shown that there ia no correlation between root 

yield data ontainad in aingle-row triala and thoae obtained in popula

tion triala. Figure 3. Since the valid yield data ahould come from 

replicated population triala, the root yie1d deta obtained in aingle

row triala hava virtually no meaning. BowavEl.r. harvest indeJ¡; data 

obtainad in single-row triala are high1y correlated with thoac in 

population trials, Figure 4. In population triaIa, harvest inda: ia 

highly correlatcd with the root yield, Figure 5. As a conaequenee, 

in the singIe-row trials harveat iudex ia a bettar indicator of trua 

yieIding ability than the yield itself. This occura as a reault of 

compatition between genotypes. Genotypes rith high vegetative vigor 

and 10'l0I harvest index can occupy a largar apace resulting in higher 

root yie1d in seedling in single-row trials. Bowever, when these 

types ere plantad in populations, they do not yield vell. 

Harveat index is en indicstor of the balance between lesf and 

aten growth sud root growth. There exista sn enormoua genetic variation 

in this character aud it ia highly heritab1e (Kawano. 1977). Thus 

harvest index ia s highly effective charscter for use as en indicator 

for the aalection of croas parenta, seedling se1ections snd oingle-row 
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Rarvest index in population trial (large plot) 
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tria1s. At eIA! materials which have a harvest index lower than 0.60 

and 0.S5 in aeed1ing snd aingle-row trials. respectivaly sre alrcady 

eliminated. 

Pest snd Diaease Control 

Undl recent1y casSSvtl W8S thouaht to be resistant to diseasea 

snd pasta. However to date. cassava has been shown to be affected by 

more than 25 pathogens inc1uding fungal, bacterial. viral. or virus-

like mycoplssmsl agents (Lozano and Bootlt, 1974), and more than 90 

species of illSect pesta (Mantllldo, 1967; Bellotti, 1977). !hase 

diseases snd pasta can affect pLant establishment and vigor. inhibit 

pbotosynthetic efficiency. 0'1: cause pre-harvest !\Ud poat-harvest 

deterioration. Some causal agents are distributed warldwide, appesr

ing endemically in elIlIOst all cassava p1antationa (Lozano. 1916; 

Terry. 1975a). Othars are limited to geograpbica1 areas or continenta 

possiblr because tbeir dissem~nation occurs mainly through the use of 
" . 

infectad p1aoti08 material for propagation (Lozano, 1972. 1975). 

Of the two majar diseases of cassava. probably the most important 

ia the mosaic disease whose vector is the white fly. Although 

entomologists, pathologiats and plsnt breeders are combining tbeir 
", ' 

efforts to brin¡ it undar control, tbey are sti11 focad witb many 

difficulties. !he production of a diaBase resistant atrain may well .... 
be tbe answer as control 01 tbe vector by chemical llIeans could lead 

to the ema~ence of otber problema as natural predators of diaease 

vector would sIso be eliminatad. 
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The secoud diseaae of major significance is bacteria1 blight. 

This has recently besn identified in Southeast Asia and Africa (Nestel, 

1975; Lozano, 1975). Control _ursa have been devised in recent 

researeh but the importance of atrict quarantine lIteasures for plant 

movelltent cannot be over empbasized. The transmissioll of infective 

agents to localities with no rasistant specíes could decimate the 

local erop and cause many serious diffieulties in the subsequent 

elimination process with eoneomittant grave economic losses. 

Mites appesr to bes universal pest of cassava. Tha Tctranychus 

mite (1. urticae) is reeorded as a pest in Afriea, .Aeia and the 

Americas. while the Mononyehellus mite 01. tanojirs} is reported in 

the Americas and Africa. Thrips, whiteflies, stemborers, leaf-cutter 

ants aud cutworcs attaek cassava in Afdea and tlle Americas. Tbe 

cassava hornworm (Erinnyis ello). shoot flies (Silba pendula). fruit 

flies (Anastrepha piekeli and A. manihoti), sud gall midges (Cecidomya 

sp.) attack cassava only in the Americas. Grasshopper feeding on cassava 

is restricted to Africa while wllite grubs. termites and seale insects 

are reported from Afries, Asia and tbe Americas (Schoonhoven and 

Bellotti. 1975). 

As waa pointed out earlier, tlle spread of pests and diseases is 

usually facilitated through tbe planting materials. Cassava is vegeta

tively propagated by planting pieces vf stem cuttinga¡ canscquently, 

cassava pathagens can be disseminated easily by the 1l1Ovement af plant

ing materials from infectad ta uninfected areas. Unless effactive 

quarnntine measures are practiced, any movement af csssava planting 
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material representa a serious risk of disseminatiug these disesses 

and pests. lt is against tbis background that tbe last Workabop for 

Intemational Excbange snd 'lestiug of Cassava Germpl.an.l. held at 

CIAT in lebruary 1975 (IDRe/CIAT, 1975) made tbe following 

recommendations: 

A. General recommendationa 

1. Tbe expertiae in pest and diaeass recognition 3vailable at 

CIAT and lITA should be utilized to train national crop protection 

specialiats who could then return to th~ir respp.ctive countrics and 

conduct courses on pest and disesae symptomology and recognition for 

quarantine purposes. 

2. It i6 recommended that the smallest possible amount of plant

ing material be importad; tbe smaller tbe amount tbe less the chance 

of its carrying a pathogen or pesto Inspection of tbis material, as 

wall as post entry quarantine, will be simplified. 

3. 'lhs implementation of the recommendótions for minimiziug the 

risk of disease and pest introductiona is tbe jeiot responaibility of 

the donar and recipient. 

4. These recommendations merely supplement existing quarantine 

regulationa of reeipient countries. 

B. RecollJlilS11dationa relating ta tha movement of vegetátive propal@ting 

material 

l. Haterial should never be imported from countries where 

African mosaic disease and brown streak virus discaae are presento 
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2. For i~rtations from all other countries. the following 

procedures are recommewied: 

a. In the donar country 

1) Use only select material from a diseas~free source. 

2} 'frest tne material witb a combinstion of fungicide 

('fh:l:l'am or Chloroueb) and insecticide ()fethamidophos 

or Carbofuran). 

J) Handle material nth extreme carel disinfect aud 

sterilize all tools sud packiug materia1s. 

b. In the re.cipient countries 

1) Buro OD arriva1 all material Which shows pest 

infestation or disease symptOQS. 

2) Re-treat the material with fungicide aud insecticide. 

3) Estab1ish the material in an isolated ares aud make 

regular and tborough plaut inspections ovar a one

year periodo 

4) Burn any of the established plants with pest infesta

tion or disenso symptoma not found in the country. 

3. In addition to these general recommendations. material being 

exportecl from a country where superelongation is known ta be present 

should receiva a hot water dip (50·C for 30 miu.) (CIA7, 1974). 

Countries importing material from countries where cassava bacterial 

blight is know to be present should undertake shoot-tip indexing 

within twenty days of germinatiou (Lozano aud Wholey, 1914; Takatsu 

and Lozano, 1975). 
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C. Recommendations re1ating to the movement of true seeds 

l. In the donar country 

a. Select the seed from disense-free planta. 

b. Seleet the best-quality seed (visual1y). 

e. Traat with a fungicide (Thiram) and an insecticida 

(Malathion) • 

d. Dandle the seed witb care end disinfect snd sterilize 

botb handling end packing materuls. 

2. In the recipient countries 

a. Dum on aaival pent-infested or obvioualy diseased 

aeed. 

b. Establish the material in an iso1ated area and mate 

regular and thorough plant inspeetion over a one-year 

periodo 

c. Burn any plant with pest infestations or diseaae 

symptoms not found in the country. 

As a fo1l,ow up to the above recoll\lllendations, a phytosanitary 

workshop to be participated by plant pathalogists, entomologists and 

senior quarantine officers from Asia aud the Pacifie region wi1l soan 

be held eithar in Manila or Singapore with the ll'iain objective af 

defining our quarantine 1:equirements for CBSS8va planting materials 

in the regian. 
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Agronomic Practicas 

Muc.h of too literature has reported that due to its high 

nutrient requirement cassavs is a soil-depleting crap. espacially with 

respect to potassi1llll. Tbis is not surprising for any crop thBt yields 

well. particularly on poor soils, vill deplete tbe nutriant reserves 

in that soi1 (Cock, 1974). On the other hand, past studies (Birkinshaw, 

1926) have shown up to 15 cassava crops being harvested continuously 

in the sama farm with no significant decreaae in the productivity of 

the soil. Nonethelesa. the uae of fertilizer to obtain higb yielda 

ia essential. particularly if the crop is plant'ld on peor soila (De Geus, 

1967). In Latin America. farmera frequently asy that excessive nitragen 

actually decrasses yield due to excesaive top growth. At ClAT. 

fertilizar trials using op to 300 kg./ha. of N have not shown eny 

negativa nitragen response. Although reports on the favorable responses 

of fertilizare to increasing cassava yielda are n1llllerous, the low value 

of cassava end the high price of fertilizers in soma region. makea it 

uneconomical for tbe farmers to app1y it. lt i8 hawever obvious that 

yields can be incresaed by tha judicious usa of fertilizara. 

'lhe length and quality af plenting material markedly influencas 

yield. CUT recommenda that plauting materials be taken from plants 

ranging frota 8 to 18 montha of age. Tbe younger the planto the more 

lignified should be too part of the stem selected for the cutting. Tbe 

stake should contain from 5 to 7 nades, measures at least 20 cm. end 

should have a pith diamater of aquaI to or less tban 50 percent o·f the 

diameter of too stem. Before planting. the cuttings should be treated 
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with certain fungicides/inaecticidea to protect it against soil-borne 

pathogene sud ta accelerate germinatian sud rooting. 

The resulta from studies on planting position -- vertical, 

inclined, or horizontal -- and plsnting on the flat ar on ridges do 

not show sny consistent tunds. It is possible tbat different systems 

are needed far different soil snd climatic condit10ns. For example, 

it has becn observed tbst' in very wet areas, planting vertical1y on 

r1dges prevented root rots and effectively incrcase yield (Lozano, 1976). 

Recent Advances st CIAT 

Although reaesrcb in all phases of the cassava production system 

at CIAT are v1gorously pursued and 1s coordinated as one program, it is 

in tbe field of varietsl improvement wbere perbspa a breakthrough ia 

expected. 

On tbe CIAT film where tbe soil ia fertile, severa! hybrid 

selections gave root dry-weight yíelda of 15 tons/ha./yr. or more, 

outyielding a local cultivar by 100 percent. Thia ia without any 

application of fertilizer, fungicide, insecticide or irrigation 

(Table 3). On the soil of the Llanos Orientales of Colombia, which 

ia so acid (pH 4.3), so high in sluainum (exch. Al 3.5 me/lOO S. 85% 

saturation) and so 1011' in phosphorus (1-2 ppm Brsy II) that the 

majority of food crops can be grown oely with a heavy spplication of 

lime snd phosphorus,·severel hybrid aelections gsve root dry weigbt 

yielda of 10 tons/ba./yr. with s moderate application of lime aud 
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Table 3. Selected results of yield trials in three locations. 

Location Genotype Root Xield ~ton/ha/xr) 
Dry wt. Fresh wt. 

gg CM 309-211 17.9 50.S 
CM 308-197 17.6 50.3 
CM 323-30 16;6 48.3 
CM.30S-l 16.3 43.3 
CM. 321-15 15.9 46.1 
UI 321-170 15.6 47.S 
CM 317-16 15.4 4S.l 
CM 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) S.I. 25.6 
Llanera (control) 7.9 24.7 
M Col 22 (control) 7.1 19.7 

Carimagua SM 92-73 10.6 33.0 
CM 323-52 10.0 33.0 
CM 30S-197 9.9 30.6 
CM 314-2 8.4 25.7 
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 
CM 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 
1.'M 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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pbosphorus. outyie1ding a local cultivar by 50 percent. On the 

southem coast of Colombia, which ia one of the casa/1VS producing 

centers of that cOUDtry. aeveral hybrid ae1ections yie1ded more than 

12 tons/ha./yr. in root dry weight notwithstanding five mtmths of dry 

aeaaon. 'Iheae ae1ections have outyielded local cultivara by mora 

than 100 perceut. A hybrid selection such as CM 308-197 did we1l in 

all of tllase locations, always exceeding the yields of corresponding 

local cultivara by 50-150 percent (Table 3). Tbis is indeed way 

sbove current yielda at tbe farm level of only 3 to 5 tona/ha./yr. 

in root dry weight. 
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