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ObJeCtives of the W orkshop* 

Doug/as R Lamg 

Thts workshop planned and orgamzed JOmtly by CIA T and the 
ESCAP/CGPRT Centre wtll study cassava s recent development and tts 
potenttal for future expanswn m troptcal Astan countnes Many of the 
professwnal collaborators ha ve been able to attend the workshop through 
financJal ass1stance provtded from theu own natlonal resources Th1s 
tndicates a new and awakenmg mterest m th1s crop and m developmg a 
research network the members of whtch can work together to mcrease 
natwnal productlVlty and ullhzatwn of thts cnucal food and feed crop 

The obJecttves ofthe workshop are to descnbe and esumate(l )cassava s 
marl<et potenual m troptcal Asta (2) new technology as the basts for 
mcreased cassava productwn and (3) cassava research and development 
needs Individual country reports to be presented dtscuss cassava s role m 
the country s agncultural economy and/or tmprovmg the country s 
cassava producttVIty In these countnes cassava ts vtewed as a crop wtth 
stgmficant development potenttal smce 11 ts adapted to poor smls and low 
and tluctuat10g ra10fall patterns Thts ts parucularly tmportant because 
most land avatlable for development 10 Asta ts charactenzed by poor sotl 
and chmattc conditiOns 

The IARC s (lnternauonal Agnculture Research Centers) ha ve played a 
useful role m strong collaboratwn wtth nat1onal mstltutlOns m the 
tremendous progress that has been achieved m the maJOT world cereal 
crops Thts progress has allowed many develop10g countnes parllcularly 
10 southeast Asta to become self suffictent 10 these crops Thts devel 
opment has been generally dependen! upon htgher use of purchased 
mputs has taken place m a generally more favorable economic chmate 
and has taken place 10 the best lands avatlable m the troptcs usually under 
Irngated conditlons 

E rp f m h Op gS m byD D gl R L g D r e p R h CIAT 
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When one cqHders cassava tt ts clear that these same condJttons cannot 

be repeated The world economJc sttuatwn ts now more dJfficult and the 
land avatlable for fu tu re expanswn ts not as ferttle What remams to be 
done ts another green revolutton but thts ttme m the non cereal crops and 
10 the less favored non ITngated productlon arcas Thts revolutwn must be 
one wh1ch does not reqmre a h1gh level of purchased mputs such as 
fert1hzers and pest1c1des and must be based on dependable technology for 
Jess favored condtttons of both sml and eh mate lt JS here that cassava can 
play a cntlcal role asan energy crop for both food and feed Such a green 
revoluuon m cassava must obvwusly take place m an mtegrated way to 
ensure that the technology and economtcs of utthzatiOn keep pace wtth 
producuon m arder that the crop mamtam tts comparattve market 
advantage 

To achteve such a revolutton m each country regwnal cooperatwn m 
research can achteve m u eh more than tf each country contmues to work m 
tsolataon from tts netghbors A regtonal network of collaborators can be 
more effecttve m surmounttng the constramts to mcreased producttvtty 
and utthzat!On of cassava 

It ts for thts tmportant reason that thts workshop was orgamzed The 
time ts npe for mcreased regiOnal cooperat10n tn cassava research tn the 
ASian regwn The workshop can be usefulm defmmg the role that can be 
played by mternattonal regtonal and natwnal agenctes m a truly 
coopera Uve network 

Agncultural research m many economtc studtes has been shown to 
ha ve very htgh benefit cost tmphcattons Collaborattve mternatwnal 
research can be parucularly effecttve m reducmg research costs and tn 

speedmg up the productwn of the outputs of research namely new 
technology adapted to farmers condtttons 



Openmg Statement 

Mr S A M S K1bna 
Erecu11ve Secretar; of F5CAP 

DIStmgmshed parttctpants ladtes and gentlemen 

1t ts a pleasure to welcome all of you to thts workshop on Cassava m 
Asta tts Potenual and Research Development Needs 

Y our task lo assess the seo pe for mcreasmg Asta s productton and 
utthzallon of cassava certamly has stgmficant tmphcatwns both nutn 
twnally and economtcally In the troptcs as you know cassava ts 
surpassed m tmportance only by nce sugarcane and matze as a so urce of 
calones lndeed sorne 200 mtlhon people worldwtde espectally the poor 
depend on lhts starchy root crop as a dtetary staple mcludmg many m 
Indonesta, the Phthppmes and parts of the Pactfic Cassava ts also 
1mportant beca use of 1ts el ose assoctatton wtth As1a s rural poverty E ven 
m those countnes producmg tt as hvestock feed cassava ts usually 
culttvated on the kmds of margtnallands ltlled by the poorest farmers For 
example Thatland now the world s largest exponer of cassava grows 
much of tl m tts sem1and northeastern reg10n 

From a vanety of v1ewpomts cassava appears to be an attractlve crop 
Grown m poor sotls under harsh weather condtllons cassava needs httle 
tendmg and ts also res1stant to dtseases and msects In addttton for 
relauvely low product1on costs 1t ytelds two thtrds more calones per unu 
of land than the maJar foodgrams though the protem content ts lower 
E ven so asan mexpenstve source of human energy cassava can and does 
make a notable contnbutiOn Yet desptle these favorable factors and the 
precanous subststence of the poor cassava has received less sctentlfic 
attentlon than other crops One wonders at cassava s virtual exclus10n 
from development when thts regwn already has many hungry mtlhons a 
mountmg populat10n and dwmdhng scope for expandmg the present 
farmland Obvwusly good gams m nce and wheat do not sallsfy the needs 
of those wlth no access to these costher cereals 

No one dtsputes that cassava IS both a vtable food staple and source of 
meo me for our Impovenshed farmers But allow meto go a bit further mto 
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why there seem to be compelhng reasons for developmg h1gh y1eldmg 
vanehes of cassava or employmg mtenslVe methods m tts culttvatwn For 
one As1a s land scafCity w1ll worsen substantlally by the turn of the 
century because of populat10n growth w1th 30 to 33% reductwns m per 
cap1ta land supply projected for most of the low and m1ddle mcome 
countnes Meanwhlle curren! trends md1cate that the ranks of the hungry 
m the As1a Pactfic regwn wlll mercase m absolute terms o ver the next two 
decades although the proportwn of malnounshed people m our popula 
tlons may somewhat dechne Tha1land and the Ph1hppmes dramatiCally 
mcreased cassava productlon durmg the 1970s much of 11 by enlargmg the 
cultivated areas but thetr expanswn rates are expected to slow down 
because of envuonmental consequences m Thalland and d1fficult geogra 
phy and costs m the Ph1hppmes 

Clearly land expans10n ts not the answer tt once was for boostmg 
productwn of cassava or other crops and that apphes to most other As1an 
countnes as well Yet the need for more food and low mput crops for the 
reg10n s poor has never been greater and may well grow even more cntlcal 
m the years ahead One means of meetmg th1s challenge 1s to find ways to 
make cassava more wtdely available as both a calone source and mcome 
generator for As1a s poor farmers We m the secretanat wlll be keenly 
mterested m the outcome of your dehberatwns For example what cost 
effect1ve technolog¡es could overcome these problems and what are theu 
relat1onsh1ps to product10n processmg and marketmg? lf cassava has not 
reached the hm1ts of 1ts poten !la! what are the research needs that must be 
met to enable the contmued mcrease m producttvtty of thts crop? 

ESCAP s CGPRT Centre has been estabhshed at Bogor to st¡mulate 
cooperatlve regwnal research so that answers to these and other questwns 
m ay be found The Centro lnternacwnal de Agncultura Trop1cal or CIAT 
as 11 1s w•dely known has already ach1eved a well-deserved reputatlon for 
tts mnovatwe work m developmg cassava Here m Thalland for mstance 
CIA T 1s asSIStmg m the development of germplasm spec¡fically su1ted to 
local cond1t1ons 1 a m mdeed pleased that CIAT and our CGPRT Centre 
are already cooperatmg closely and hope that our combmed know how 
w1ll y1eld ever mcreasmg diVIdends m th1s fleld 1 should also hke to 
express our thanks to the Royal Tha1 Government for JOmmg us m 
orgamzmg thts workshop and for 1ts contmumg generostty m shanng tts 
expert1se W1th other developmg countnes 1 feel confident that th1s 
workshop wtll mJect new vtgor mto the search for ways to develop cassava 
m Asta and 1 wash yo u every success m yourdehberatiOns Thank yo u very 
much 



Welcommg Address 

Hzs Excellency Mr Borom Tanthzen 
Deputy Mzmster of Agnculture and Cooperatzves ofThazland 

Y our Excellency d1stmgmshed partJcJpants lad1es and gentlemen 

1t 1S a great honor to g1ve my address to the maugurauon of the 
Workshop on Cassava m As~a 1ts Potenual and Research Development 
Needs here m Bangkok FlrSt of all let me on behalf of the Royal Tha1 
Government and Mm1stry of Agnculture and Cooperat1ves welcome you 
to Tha1land 1 hope yo u Wlll find your stay here pleasant and comfortable 
and please enJOY our Tha1 hospllahty 

Thalland hke most developmg countnes m th1s regwn re hes heav1ly on 
agnculture The agncultural sector contnbutes more than 20% of the 
Nat1onal Gross Domest1c Product (GDP) Th1s sector 1s a maJorsource of 
food supply to feed our populahon and also the most 1mportant fore1gn 
exchange earner 

Cassava 1s one of the most 1mportant crops ofThalland both m terms of 
nat1onal economy and soc1al aspects F1rstly the maJor cassava produc 
twn areas are located tn the northeastern and eastern regtons of the 
Kmgdom The northeastern regwn m part1cular 1s classúied as the most 
depressed area of the country The per cap1ta meo me m 1982 was the 
Iowest only US$123 (2831 Baht) whereas the natwnal average was 
US$233 

Secondly Tha1land JS the second largest cassava producmg country m 
the world next to Braz1l In 1982 Brazll s annual producuon was 25 1 
m1lhon tons and Tha1Iand was 16 7 m1lhon tons 1 3 6 and 1 3 3 m1lhon tons 
for Indonesia and Zatre respect1vely Over 90% ofTha1land s productwn 
was for export and the balance for domesttc use unltke the other cassava 
producmg countnes where producuon was solely for domestJC con 
sumptiOn 

Therefore the cassava produced m Tha1land depends heav1ly on fore1gn 
markets and any market change w11l dtrectly affect the natwnal economy 1 
wtsh to emphas1ze that over 80% of our cassava exports went to the EEC 
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markel alone m lhe form of cassava pellels and lhe balance wenl loJapan 
and U S A The rebanee on a smgle markel has crealed senous markelmg 
problems espec1ally when lhe EEC 1mposed a quo1a syslem lo reduce lhe 
quanllly of 1mpor1s from Tha1land m 1982 

Owmg lo llns spec1al fealure lhe govemment ofThruland has launched 
a mass1ve rural developmenl scheme lo uphfl lhe soc10economlc cond1 
llons of lhe rural poor The maJar stra1eg1es are lo 1mprove product10n 
effic1ency to promote rotat10n croppmg or crop replacement and finally 
to mvesbgate an altemattve use of cassava 

To 1mprove producl!on effic1ency the government has recently m 
lroduced a new vanety called Rayong 3 to replace the preVIous Rayong 1 
Th1s new vanety has proved to g1ve a better y1eld and better agronom1c 
charactensttcs 

To resolve the marketmg problem the mvest1gat10n of alternat1ve uses 1s 
bemg camed out by the Thruland lnst1tute of Sc1entlfic and Technolog¡cal 
Research The effort 1s gearmg the way for the ull!mate development of 
gasohol mdustry and h1gh protem yeast extract10n 

One of the maJar objecuves of th1s workshop 1 understand !S to 
exchange v1ews and mformauon among the world s maJar cassava 
producmg countnes to find ways and means to mcrease product10n 
effic•ency as well asto reduce product1on cost To 1mprove productJVIty 
per unlt area !S also a successful way to boost product10n These are 10 lme 
w1th the governmenl pohcy m lhe 1mprovemen1 of the socloeconomlc 
cond11!ons of lhe rural poor 

The developmenl needs m farm d1VefSlfical10n 1mprovemen1 of produc 
110n effic1ency and al lema uve uses of cassava requlfe el ose collaborauon 
and exchanges of know how and expenences among countnes concerned 
Th1s ID!IIat!ve 1s very 1mportant and essent1al forthe well bemg offarmers 
m the reg10n The colleci1Ve effort w!ll help to remove lhe trade 
protect10msm wh1ch 1s usually created by the strong éconoiDic countnes 
for lhe!f own benefit Th1s cooperat10n w11l be a good startmg p01nt for us 
m lhe reg¡on to form tlns collecuve effort 1 hope m lhe fu1ure such reg¡onal 
coopera11on will also exlend to other crops 

May 1 w1sh you all a successful meetmg Thank you 



11 Cassava s Market Potential m Tropical Asia 
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Trends m the Productmn and Use of Cassava 
and Other Selected Food Crops m Trop1cal As1a 

J S Sarma 
LA Paulmo 

Introduchon 

Th1s paper exammes the trends m the productwn and use of root and 
tuber crops and food grams m trop1cal As1a For purposes of th1s 
workshop 1t would have been demable to hm1t the paperto upland crops 
however the available statishcs on producuon and area are aggregates 
from both upland and lowland areas and so the trends presented m th1s 
paper are not separated by chmate 

The roo! and tuber crops d1scussed here mclude potatoes sweet 
potatoes cassava yams and other root crops Product10n data are m 
terms of fresh roots Food grams mclude nce (unmllled or paddy nce) 
wheat ma1ze sorghum m1llets other cereals and pulses 

By defimtwn tropical As1a covers all As1an countnes between the 
Trop1cofCancer and the Trop1c ofCapncorn Severa! countnes he partly 
w1thm th1s band and thus are pdrtly temperate and partly trop1cal 
Productlon and area trends presented here relate to enure countnes 
mcludmg the1r temperate zones The analys1s covers Bangladesh Burma 
Chma Hong Kong and Smgapore Ind1a Indochma (compnsmg 
Laos and V1etnam) lndones1a Malays1a the Pac1fic Islands (compnsmg 
F1¡1 and Papua New Gumea) the Ph1hppmes Sn Lanka and Tha1land 
The data for Chma are presented separately (unless otherw!Se mdlCated) 
beca use mformatJOn on th1s country s agricultura! economy JS suiJ 
relatJvely sparse and the reconstructed and rev1sed estlmates avaJlable 
probably do not g1ve a complete p1cture 

FJ dPp NwG b be 1 d d h dy 1 h ghth ybel gg g ph lly 
Oce 

JSSmdlAPlar arhfllw hl IF dP 1 yR bl 
Wash gt DC 
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The source of data on harvested area productwn domeshc utlhzatton 
and trade of the crops used ID th1s paper 1s the Food and Agnculture 
Orgamzallon ( FAO) data base compnsiDg the supply utihzatwn accounts 
and the productiOn yearbooks In severa! cases FAOdatad1ffer from those 
based on natwnal sources and the dtfferences m sorne cases are qutte large 
SIDce th1s analySlS IS a comparative study at the regiOnal leve! the 
cons1stent set of FAO lime senes IS used 1t should be noted that the 
rehab1hty of data on roots and tubers IDcludiDg cassava 1s less than that of 
food grams m sorne countnes It ts also posstble that tmprovements m the 
methodology effected ID sorne countnes m•ght have IDtroduced non 
comparabthty over time 

Global PerspectJve 1982 

Cassava 

In 1982 the world s cassava productwn all of which carne from 
developmg countnes was esttmated at 129 mtlhon tons or a calonc 
eqmvalent of 39 milhon tons of wheat About three fourths of th1s 
productwn was shared almost equally between Asia and Afnca LatiD 
Amenca contnbuted the remaiDIDg one fourth More than half ofthe total 
cassava area of 14 6 milhon hectares was ID sub Saharan Afnca but the 
average yield ID this regwn was much lower than m Asia and Latm 
Amenca Productivity m both Asia and Latm Amenca was about JI 
tons/ ha compared to only 6 5 tons/ ha ID sub Saharan Afnca Tropical 
Asia (1Dclud1Dg Chma) represented about 38% ofthe total productwn and 
30% of the total area of world cassava (Figure l) The regwn accounts for 
pracllcally all of the cassava productwn of Asia 

Roots and tubers 

Table 1 shows that the world producllon of fresh roots and tubers as a 
group ID 1982 totaled 550 miihon tons about 63% of which carne from 
developmg countnes Nearly al! of the productwn from developed 
countnes was potatoes but that from developmg countnes conststed of 
about 37% cassava 33% sweet potatoes 20% potatoes and JO% other 
roots and tubers The developmg countnes accounted for more than 70% 
of the 47 milhon hectares of world harvest ofthese crops but the1r average 
yield ( 10 tons/ ha) was low compared to about 16 tons/ ha m the developed 
countnes Among the developmg reg10ns root and tuber yields were 
highest ID Asia (12 6 tonsfha) and lowest ID sub Saharan Afnca (6 6 
tons/ ha) Tropical Asia (IDcludmg Chma) accounted for about 37% of the 
productwn and shghtly over a thirdofthe world s area m roots and tubers 
m 1982 these are 1% Jess than the shares of world productwn and area ID 
all of As1a 
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~ood grams 

World food gram productwn m 1982 wd; 97% ceredls •nd 3% pulses 
Total food gram output m that year amountmg to 1744 milhon tons was 
about equally •hared between the developed countnes 51% and devel 
opmg countnes 49% (1 he relattve share of developmg countnes rn•y be a 
httle overstated becausc nce wh1ch 1s mo~tly grown m these countnes 1s 

expressed m paddy terms) Thts output carne from 800 milhon hectares 
60% of whtch was m the developmg countne; Aver•ge y¡eJds calculated 
from thelie ftgures are 1 8 tonsjha for developmg countncs compared to 
2 7 tonsjha for developed economtes Food grdin productlon m the 
developed countnes wa• almost wholly (99%) cereals whtle about 4% of 
productwn m the developmg countnes wa~ pulses A~Id wh1ch accountcd 
for dbout 36 37% of both productwn and •red of the world s food grams 
recorded a yteld of 2 1 tonsf ha Troptcal Asta (mcludmg Chma) con 
tnbuted a thtrd ofthe world s food grdm productwn m 1982 or about 94°0 

of the food gram output of Asta •• d whole 

The Regional V1ew 1982 

Cassava 

Cassava productton m tropical As1a was nearly 46 mtlhon tons 1n 1982 a 
httle less thdn half of whtch was produced m Thatland lndone.td ( 12 8 
milhon ton;) •nd lndtd (56 milhon tons) were the other two rndJOr 
producers of cd.sdva m troptcal Asta (Table 2) Average yteld of cd;savd 
was htgh m lndtd at 18 tons/ ha followed by Thailand s 14 tons/ hd m 
lndonesta tt Wd; le;s thdn 10 tons/hd 

Roots and tubers 

The harvested are a under root and tuber crop; dS d group Wd; about 6 4 
mtll1on hectare~ ofwh1ch cassava accountcd tora httle more than 60% A 
total of 67 milhon tons of roots and tubers was produced m troptcal Asia 
dunng 1982 Thdtland lndta and lndonesta were the maJor root •nd tuber 
crop producer; dnd shdred 80% of the total output 

Food grams 

8d;ed on 1982 data troptcal Asta produced nearly 275 milhon tons of 
food grdm; d httle over half ofwhtch carne from lndtd Paddy nce wds the 
most 1mportant gram constttutJng two th1rds ofthe output Coarse grams 
compnsmg ffidiZe sorghum and m1llets contnbuted 38 mi!hon tons or 
14% to the tot•l About 46% ofthe 185 mtlhon hectares offood gram; w•s 
devoted to nce wtth an average yteld of a httle more than 2 tons/ ha The 
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A (000 h ) p d t (000 t) 
e try Cas R t & F d Cas R t & F d 

t b g tbe g 

B gl d h o 172 11382 o 1775 22233 
B m 5 24 5996 50 186 14871 
H g K g & S g p o 1 o o 5 o 
1 d 310 1235 126590 5567 16767 145252 
1 d h 512 1013 8809 2887 5311 17301 
1 d 1300 1655 12353 12800 15375 38219 
M 1 y 35 58 730 375 553 2072 
p f 11 d 17 182 20 193 1282 30 
Ph 1 pp 200 483 6872 2300 3576 11878 
S L k 51 70 907 500 679 2214 
Th 1 d 1500 1540 11596 21000 21363 21077 

T P lA 
( 1 d g Ch ) 3930 6433 185255 45672 66872 275147 

Ch 380 9743 95618 3300 136700 317715 

T op lA 
( 1 d g Ch ) 4310 16176 280873 48972 203572 592862 

N P rt m ) dd 1 d d • 

' FAO P d b k 1982 
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area under coarse grams was 29 m1lhon hectares y1eldmg an average of 
about 1 3 tons/ ha Wheat was the other ¡mportant cereal but was grown 
excluswely m the temperate regwns (mostly lnd1a) w1th a total output of39 
mllhon tons 

Productton Trends* 

Cassava 

Between the penod 1961 65 and the penod 1976 80 the productwn of 
cassava m tropiCal As.a more than doubled reachmg an annual average of 
38 m1lhon tons dunng the later penod (Table 3) Two counlrles contnbuted 
three fourths to the mcrease m producuon Thalland (56%) and Ind1a 
(20%) IndoneSias share m the productwn of the regwn dechned sharply 
fromtwo th1rdsm 1961 65 toaboutone th1rdm 1976 80 Th1swasdueto 
a meager 5% annual growth m cassava productwn over th1s penod By 
contras! Tha1land s rap1d growth m output 1mproved ¡ts share from 
one tenth to one th1rd Ind1a and Indochma together accounted for a 
quarter of the regwn s cassava productwn m the late 1970s 

Assessmg the growth rate trends from 1961 1980 (Table 4) cassava 
productwn expanded atan annual rate shghtly less than 5%- a httle more 
than half due to area expanswn Cassava y1elds mcreased at 2 2% per 
annum 

Lookmg at the data from 1961 1980 by decade Table 5 shows that 
growth m area and productwn m trop1cal ASia was much h1gher m the 
1970s than m the 1960s Growth m area went from 69% per annum m the 
first decade to 5 64% m the second decade Productwn growth went from 
2 3% per annum m the 1960s to 8 2% m the 1970s 

Growth rates showed considerable vanahon among the countnes m the 
regwn The most rap1d product10n mcrease was m Thalland wh1ch nearly 
tnpled 1ts productwn growth rate from the 1960s to the I970s largely due 
to correspondmg area mcreases Thts producuon expanston was m 
response to the export demand from the EEC and resulted m cassava 
cult1vatwn bemg extended mto areas w1th poorer smls Consequently 
average y1elds m Tha!land essenllally remamed stagnant The lack of 
mcreased y1elds may also be partly due to a need for technolog!Cal 
Improvements 

Th ly 
g g w h 

penod H w 
lghmeqt 

d g lly bas d h q q al g f 1961-65 and 1976-80 th 
be g 1 1 d as mp d g wth betw h m d y ars f h tw 

as d d m as espe llyf as a,grwth esf mscm 
f th p od 1961 80 1961 70 and 1971-80 are d 



T bl 3 A g 1 p d t d y Id f t p \A 1961 65 d 1976 80 

\96\ 65 1976 80 

A p d t Y Id A Pod t Y Id 
e t y (000 h ) (000 1) (I/ h ) (000 h ) (000 t) (t/ h ) 

B m 1 5 10 675 2 22 9 117 
H g K g & S g P o o o g 
1 d 254 2295 9 036 374 6412 17 167 
1 d h 155 1147 7 400 409 3332 8 147 
1 d 1572 11833 7 529 1386 12662 9 \38 
M 1 y 23 218 9 478 38 387 \0 214 
p f 1 1 d \3 137 \0 538 16 182 11 375 
Ph 1 pp 90 562 6 246 176 1759 9 975 
S L k 44 328 7 465 86 59\ 6 873 
Th 1 d 113 1789 15 808 971 \3\02 \3 491 

T p \A 2264 18316 8 090 3459 38452 11 118 

N P rt m y dd al d d g 

t bl 

' FAO Pr d } b k p 1975 1979 d 1980 
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T bl 4 Annualgrowthrates(%) 
1!161 80 

e ley A e 

B m 11 36 
1 da 2 51 
1 doch na 606 
1 d -ü 71 
Mal y ta 2 87 
Pa f 11 d 1 55 
Phi pp 4 27 
Sn L k 4 71 
Tha.tland 15 34 

Trop lA 2 66 

25 

p oduct10n and y eld f assa t p calASJ 

p d l Y Id 

10 24 100 
7 22 4 59 
6 85 o 74 
o 61 1 33 
4 06 1 16 
1 94 o 39 
7 21 2 82 
4 43 -ü 27 

13 94 1 22 

494 2 22 

Sur FAO Pr du ye b k pe 1975 197(} d 1980 

T bl 5 Annual growtb rat (%)mar prod to andyield fcassa amtrop lA 
1!161 70 and 1971 80 

A p d ct Y eld 

e ntcy 1961 70 1971 80 1961 70 1971 80 1961 70 1971 80 

B m 15 77 744 15 74 600 -ü 003 1 36 
1 da 4 17 o 52 13 53 1 39 899 o 87 
1 d h 1 42 18 89 190 20 82 -ü 49 1 62 
1 d -ü 59 -ü 42 -ü 93 2 23 -ü 34 266 
Mal y 4 93 666 444 494 -ü 47 1 61 
P e fe 11 d 1 67 1 62 1 88 1 62 o 21 o 
Ph 1 pp 1 05 11 70 216 23 41 1 12 10 48 
Sn Lank 7 58 -4 03 2 93 3 59 -4 32 7 94 
Th 1 d 7 87 18 76 6 95 18 89 -ü 85 011 

T op lA o 69 564 2 32 8 16 1 62 2 39 

S FAO Pr d y b k p 1975 1979 d 1980 

Both lndta and lhe Phtltpptnes recorded tmpresstve produc110n tn 
creases In lndta lhe raptd mercases occurred tn the 1960s ralher Iban lhe 
1970s and were due more lo mcreased ytelds whtch conlnbuled lwo lhtrds 
lo lhe produc110n Iban lo mcreased area In the Phtltpptnes lhe raptd 
productton growlh occurred tn lhe 1970s when lhe growth rales for arca 
and yteld bolh exceeded 10% 

The ytelds tn Indonesta dunng 1971 80 rose al an average rale of 2 7% 
per annum compared lo a sltghl dechne tnl961 70 Thts growth tn yteld 
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more than compensated for the dechne m cassava area m the 1970s as 
evidenced by the annual 2 2% growth m productwn 

Both area and productwn of cassava dechned m lndochma m the first 
decade and then underwent very rapid growth between 19 21% m the 
second decade lt IS probable that data problems contnbuted to these 
exceedmgly high figures 

Roots and tubers 

The productwn of roots and tubers (which mclude cassava potatoes 
sweet potatoes yams and other roots) totaled 58 miihon tons annually 
durmg 1976 80 (Table 6) with cassava accountmg for nearly two thirds of 
this amount The average output of potatoes and sweet potatoes was 1 O 
and 8 5 miihon tons respectlvely together they shared 32% of the root 
and tuber crop output The maJor root and tuber producersdunng 1976 80 
were lndl3 (16 2 mllhon tons) IndoneSia (15 4 miihon tons) and Thaiiand 
( 13 4 miihon tons) These three countnes accounted for 78% ofthe regwn s 
output Nearly half of Indias root and tuber crop productwn was 
pota toes followed by cassava whiCh accounted for a httle less than 40%of 
productwn Cassava made up about 97% of the roots and tubers m 
Thaiiand lt IS the maJor root crop m Indonesia (82%) sweet potatoes 
account for almos! all the rest of root and tuber productwn there 

T bl 6 A rag an 1 .. dp od ct r oots d t bers t p lA 1%1-65 
and 1976-80 

!961 65 I976 80 

A p d ct A p d t 

e t.-y (000 h ) (000 t) (000 h ) (000 t) 

B glad h 100 786 I64 1656 
B m 20 65 I& 92 

H g K g&Sngp 9 56 1 6 
1 d 797 6225 I286 I624I 

1 d h 397 2388 827 5864 

1 d 2227 23061 I776 I5380 
MI y 50 379 60 528 
p f 11 d 132 927 I73 I2I7 

Phipp 271 I469 456 2946 

S L k 58 389 115 772 
Th I d I40 I980 I007 13445 

T p alA 4201 37724 5881 58146 

S FAO Pr d y b k pe 1975 1979 d 1980 
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The producuon ofthese commodttles as a group mcreased atan annual 
rate exceedmg 2 9% between the early 1960s and late 1970s Thatland 
expenenced the htghest growth m productwn reachmg a phenomenal 
13 6% mcrease due mamly to the growth of cassava India and lndochma 
recorded productwn growth rates exceedmg 6% per annum Potato 
productton m lndta mcreased at 7% per annum 

The average annual harvested area under roots and tubers m troplCal 
Asta was 5 9 mtlhon hect ares dunng 1976 80 yteldmg a per hectare output 
of less than 10 tons Nearly 70% of thts area IS shared by Indonesia lndta 
and Thatland Average output per hectare m both Thatland and India was 
around 13 tons/ha whtle that m Indonesia was less than 9 tons The 
Phthppmes and lndochma also have stgmftcant areas under roots and 
tubers 

Growth of dred under roots and tubers m the regwn between 1961 65 
and 1976 80 was only 2 2% a year as compared to a 2 9% productton 
growth Thts suggests an tmprovement m yteld of approxtmatelyO 7% per 
annum or less than a ton per hectare m absolute terms Apart from 
Thatland raptd growth m the area under roots and tubers was expenenced 
by lndochma (50%) and Sn Lanka (4 7%) The Phtltppmes India and 
Bangladesh exhtbtted growth rates rangmg between 3 0% and 3 5% per 
annum 

Thatland and Indonesia recorded a declme m the overall yteld of root 
and tuber crops between 1961 1980 On the other hand lndta showed a 
remarkable tmprovement of about 60% (from 7 8 lo 12 6 tons¡ ha) largely 
dueto an mercase m patato ytelds Crop ytelds were stagnant m the Pactfic 
lslands and Sn Lanka but Bangladesh Burma lndochma Malaysta and 
the Phthppmes recorded yteld tmprovements varymg between 1 and 2 
tons/ ha 

Food grams 

Total food gram productton m troptcal Asta whtch averaged nearly 254 
mtlhon tons a year dunng 1976 80 (T able 7) was composed of about 66% 
paddy nce 13% wheat 16% other cereals and 5% pulses As may be 
expected lndta accounts for the largest portiOn (58%) oftotal productwn 
Indonesia Bangladesh and Thatland ha ve relattvely lower productlon but 
are nevertheless stgmficant producers Paddy as wtdely grown pnnctpally 
under 1rngated condtttons and represents 80% or more of the natwnal 
productton m s1x countnes of the regwn Matze hke nce ts also wtdely 
grown but here agam lndta produces 40% of the output M mor cereals 
mcludmg sorghum and mtllets whtch together form 9% of food gram 
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Table 7 A e age ano 1 p d t of food grams (000 t) m trop al A 1%1 6S d 
1976 80 

8 g1ad h 
8 m 
H gK g 

d S g p 
1 d 
1 d h 
1 d 
M lays a 
Pac f 

1 1 d 
Ph 1 pp 
Sn Lank 
Th 1 d 

T op 1 As 

S FAO Pr d 

Paddy 

15 048 
7 786 

19 
52 733 
12 699 
12 396 

1 154 

21 
3 957 

967 
11 267 

118 047 

1961-65 

Wh t 

37 
38 

11 191 

11 266 

T tal 
f od 

grams 

15 348 
8 168 

19 
99 382 
13 301 
15 387 

1 163 

38 
5 264 
1 002 

12430 

171 502 

y b k ap 1975 1979 nd 1980 

Paddy 

19 211 
10609 

73 866 
12 961 
25 478 

1 924 

26 
7 043 
1 824 

16 055 

168 998 

197&-80 

Wh t 

504 
68 

31 335 

31 907 

T t 1 
f d 

g al S 

20009 
11 125 

146 433 
13 703 
29 183 

1 943 

59 
10045 

1 886 
19 270 

253 654 

productwn m trop1cal Asta are relat>vely 1mportant only m lnd1a Most of 
the regwn s pulses are produced m Ind1a where the crop prov1des a major 
source of protem m the d1et 

Wheat exh1b1ted the fastest productwn growth exceedmg 7% annually 
dunngthe 20 yearsendmgm 1980(Table 8) Very rap1d mcreases m wheat 
productwn were ach1eved m Bangladesh and northern India Matze 
productwn m the regwn expanded ata fa1rly rap1d rate ofnearly 3% R1ce 
the maJor crop of trop1cal As>a showed a slower yearly growth m total 
productwn of 2 5% although md1v1dual productwn growth rates of 3 8% 
or more were recorded m Indonesia Sn Lanka the Ph1hppmes and 
Malays>a 

The average annual productwn growth of food grams as a group m 
tropiCal As>a was 2 7% Average annual productwn growth rates of 4% or 
more dunng 1961 80 were ach1eved m Indones>a the Ph>hppmes and Sn 
Lanka wh1le rates of 3-4% were recorded m Malays1a and Thadand 
Yearly mcreases m food gram productwn between 2 3% occurred m 
Burma lnd1a and the Pac1fic Islands 

Of the 82 m>lhon ton mcrease m trop1cal As1a s food gram producuon 
between 1961 65 and 1976 80 paddy accounted for over 60% Wheat 
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T bl 8 A 1 g owth t (%) ea and p oduct1on of food grams n tr p lA 
1961 80 

A p d ct o 
p ddy Wh t F d p ddy Wh t F d 

g g 

B gl d h o 81 9 39 o 91 1 66 1 79 
B m o 27 214 o 41 2 20 3 99 2 19 
H gK g d 

S g p 
1 d o 70 3 34 o 50 2 32 7 27 2 63 

1 d h -{) 57 -{) 42 014 o 20 
1 d 140 o 99 4 98 4 41 
M 1 ys a 1 96 1 96 3 80 3 80 
p fe 1 land o 90 2 53 1 24 2 97 
Ph 1 pp o 68 1 83 3 81 4 JI 

Sn L k 2 95 3 JO 3 99 400 

Tha land 1 43 2 36 2 34 3 08 

T p al A 072 3 38 o 71 2 45 7 32 2 66 

M re h 10 p 

L< han 10 p ce 

S FAO Pr du y b k ape 1975 1979 d 1980 

represented almost 25% of the total m crease although tts relattve share of 
productton m the late 1970s was only 13% In the case ofthe otherfood 
gram ttems the relative contnbutwns to the mcrease m total productiOn 
dunng the penod were around 7% for matze and about 6% for other 
cereals and pulses combmed 

About three fourths of the growth of food gram productwn m the 
regwn dunng 1961 80 could be attnbuted to mcreases m crop ytelds and 
one fourth to area expanston The maJor contnbutwn of crop ytelds to 
productwn growth was espectally evtdent m paddy and wheat Area 
expanston contnbuted more than the growth of crop yteld m matze Crop 
yteld was the maJor source of growth of total food gram productton m 
Burma lndta lndonesta and the Phthppmes Growth of food gram 
productwn m Thatland Sn Lanka and the Pactftc lslands was due more 
to area expanston than to 1mprovements m yteld In Bangladesh and 
Malaysta the contnbutwns of crop y1eld and area to mcreased productlon 
were nearly equal 

Matze sorghum and mlllets These upland crops wtth potenttal use m 
ammal feed are of spectal mterest m relatwn to cassava The average 
productton of matze whtch ts wtdely grown m troptcal Asta mcreased 
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from 10 1 milhon tons m the early 1960s to 15 9 miihon tons m the late 
1970s (Table 9) India accounted for roughly 40% ofthe output dunng the 
later penod followed by Indonesia With 20% The Phihppmes and 
Thaiiand were the other two maJOr malle growmg countnes With a share 
of 17 18%each The rapid expanswn ofmaize productwn m Thailand at 
an average rate exceedmg 8 5% (Table 10) was entirely due to area 
expanswn Like cassava the yield of maize m Thaiiand dechned as 
culllvatwn was extended to margmallands Similar! y the maJOrcontnbu 
llon to productwn growth m India carne from mcreases marea (79%) as 
maize yields rose by less than 5% per year over the 1961 80 penod The 
overall 3% average growth rate m maize productwn m tropical Asia (to 
whiCh area expanswn contnbuted about 60%) was generated by mcreased 
demand for ammal feed m the regwn except m India and Indonesia and 
m the particular case of Thalland by the fast growth of maize exports 

Of the 12 mllhon tons of sorghum produced annually m tropical Asia 
dunng 1976 80 98% was produced m India (Table 9) Although small 
quanllties of the crop also are grown m Sn Lanka the Pacific Islands 
Indochma and Thaiiand It was only m Thaiiand that average yearly 
output exceeded 220 000 tons dunng 1976 80 Sorghum productwn m 
tropiCal Asia mcreased ata slow 1 5% annual rate (Table 1 O) This was the 

T bl 9 A e age nnu lp od cton fm gb m a d mtllets(OOOt)mtropical Asaa 
1%1 65 and 1976-80 

1961-M 1976 80 

Mat So gh m M llet Mat S gh m M llets 

B gl d h 4 2 
B m 58 53 82 53 
H gK g and 

S g p 
l d 4 593 8 848 7 728 6 !02 11629 9 539 
1 d h 492 577 24 
1 d 2 804 3 390 
M 1 y 9 17 
p f 

lsl d 5 5 
Ph 1 pp 1 273 2 950 
Sn L k 10 19 22 2 20 
Th 1 d 816 47 2 718 221 

Trop al A a JO 061) g 897 7 800 15 865 11 881 9 612 

) A .. f 1964 and 1965 

S FAO Pr d ye book p 1975 /979 d 1980 
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T bl 10 An lg owthrat (%) ea dp od t 
tropl 1 A 1961 80 

Bangl d h 
Bnn 
H gK gand 

S g p 
1 da 
1 doch 
1 d a 
Mal y 
Pacf 

Iland 
Phu PP 
Sn Lank 
Thad d 

T pcalAsa 

Rl 197180 

b) R 1 t 1964-80 

M 

5 68 
1 01 

1 45 
1 35 

-0 61 
2 10 

11 26 
J 37 
5 JI 
8 66 

1 82 

A 

S gh m 

002 

-0 81 
6 93 

1011 

J 02 
18 76b 

-0 81 

M lit 

5 57 
1 38 

-0 28 

2 37 

-0 26 

S FAO Pr d )' b k p 1975 1979 d 1980 

fm 

Mw 

546 
260 

1 85 
o 78 
1 JO 
J 95 

14 97 
5 70 
5 90 
8 57 

J 12 

31 

gh m and m llets m 

P oduct 

S ghm Mllt 

1 52 

1 53 
707 

12 38 

8 28 
12 Job 

1 53 

-4 63 
o 56 

133 

072 

1 32 

same growth rate for Indta whtch was the major producer Although 
sorghum yteld tmproved at 2 4% m Indta the are a underthe crop dechned 
over the penod parttcularly m the early 1960s 

In the case of mtllets troptcal Asta produced an annual average of 9 6 
mtlhon tons m 1976 80 most ofwhtch was agam produced m Indta (Table 
9) Burma and Sn Lanka also grew small quanttttes of mtllets As m the 
case of sorghum the area under mtllets declmed over the 1961 80 penod 
although ata slower rate (T able 1 O) The crop s productton growth of 1 3% 
per annum was a httle less than the growth of sorghum ( 1 S%) 

Chma 

Cassava In Chma cassava ts grown pnmanly on the dryland slopes of 
Guangdong provmce and the Guangx1 Zhuang autonomous regwn Data 
collected by Bruce Stone of the Internattonal Food Pohcy Research 
Instttute (IFPRI) mdtcate that m 1964 the cassava productton dtd not 
exceed 1 mtlhc n tons culttvated o ver an area of about 100 000 ha The 
correspondmg ftgure m 1980 ts esttmated at 3 mtlhon tons from an are a of 
about 350 000 ha whtch would tmply an average yteld of 8 6 tons/ ha 
(Stone feels that the FAO s esumate of 226 000 ha m 1980 ts too low) 
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Roots and tubers Available data on roots and tubers ID the People s 
Repubhc of ChiDa IDdtcate an average annual productton of 148 mtlhon 
tons dunng 1976 80 from a harvest area of 11 2 mtlhon hectares Thts 
would suggest a yteld per hectare of 13 tons or about the average level 
mentwned earher for troptcal Asta The annual product10n growth m 
1961 80 averaged 3 1% whtch could be attnbuted wholly to IDCreases ID 
yteld SIDCe the area under tuber crops m the country showed an average 
dechne of about O 4% per annum 

Food graiDs Durmg 1976 80 Chmese food graiD productwn averaged 
almos! 270 mtlhon tons About half of the total producllon was paddy and 
a fifth was malle Mtllet and sorghum together represented only 5% other 
grams mostly wheat made up the rest of the country s graiD productwn 
Assembled time senes data suggest that food graiD productwn m ChiDa 
expanded at an average rate of over 4% per annum dunng the 1961 80 
penod resultiDg ID a near doubhng ofthe productwn between 1961-65 and 
1976 80 (The early 1960s were years of exceediDgly low output levels ID 
Chma consequently product10n growth measured from thts IDtllal penod 
would tend to be somewhat exaggerated) lncreases m the product10n of 
paddy the pnnctpal food graiD m Chma determiDed the rate of 
productton growth Between the early 1960s and the late 1970s the 
productwn of malle doubled but growth of sorghum productlon was very 
slow and that of mtllet stagnant 

Trends m U tJhzatmn 

Cassava 

About a thtrd of the annual productwn of 38 mtlhon tons of cassava m 
troptcal Asta dunng 1976 80 was exponed Of the balance nearly four 
fifths was consumed as food dtrectly or ID processed form Feed use 
represented nearly 3% wtth the remaiDmg balance bemg equally dtvtded 
mto other uses and allowance for waste Among the mdtvtdual countnes 
about 96% of the average productwn of 13 1 mtlhon tons of cassava ID 
Thatland duriDg 1976 80 was exported (Table 11) Thts left only half a 
mtlhon tons for domesllc use whtch was ullhzed wholly for food The 
FAO data do not show any domestlc feed use of cassava ID Thatland 
Burma Sn Lanka or lndta (Table 12) Nearly 20% of the domesllc supply 
ts used as feed ID Malaysta but less than 10% ts used ID the other countnes 
Ullhzatlon data for Sn Lanka show a large 30% allowance for wastage 

Ofthe total food use of20 mtlhon tons of cassava ID the reg10n 40%was 
consumed ID Indonesia followed by 30% ID lndta lndochiDa countnes 
and the Phthppmes consumed 22% of the total Hong Kong and Smgapore 
tmported about 100 000 tons of cassava m the form of starch and taptoca 
pearl of whtch a httle less than 60% was reported to be locally consumed 
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1966-70 1976-80 
P duct on Nettada D m st P oduct on Net t adea Dom t 

e try Use ---
B m 11 2 13 22 o 22 
Hong K g & S ngapore 3 -44 47 1 82 75 
1 d 4356 o 4355 6412 o 6412 
lndoch 1012 o 1012 3332 o 3332 
lodones 10946 621 10323 12662 1042 11619 
Malays a 260 64 195 387 64 324 
p f lsl d 151 o 151 182 o 182 
Phlpp es 473 2 475 1759 3 1762 
Sn L nk 371 S 376 591 o 591 
Thwl d 2615 2370 284 13102 12553 542 

T op al A 20198 3002 17233 38451 13574 24863 

) N d ~ p" mp rt 

S fAO S pply 1 p 1981 



T bl 12 D t b t rttldmest se(%) r ... 1 p lA 1966 70 d 1976-80 
---

1966 70 1976 80 
e t y F d F d Wt Oth F d F d Wt Ülh 

8 m 92 o 8 o 90 o 10 o 
H g K g & S g p 25 6 2 67 68 5 2 25 
1 d 9J o 7 o 9J o 7 o 
1 d eh 80 10 10 o 81 10 10 o 
1 d 68 2 10 21 69 2 11 18 
M 1 y 75 21 J 1 78 18 J 1 
p r 11 d 77 8 15 o 77 8 15 o 
Ph 1 pp 81 6 o 12 90 6 o 4 
Sn L k 70 o JO o 70 o JO o 
Th 1 d 99 o o 1 100 o o o 

T p lA 76 2 9 IJ 79 J 9 9 

1 1 d pi gm 1 d f d 

; FAO ~ ppl} 1 p 19111 
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Domesttc use of cassava m tropical A~1a mcreased from 17 m1lhon tons 
m the early 1960s to 25 milhon tons m the late 1970s (Table 11) mdtcatmg 
an average growth rate of 3 7% ayear Relattve to total productwn the use 
of cassava dtrectly as food dechned from 65% dunng 1966 70 to 50% m 
1976 80 as cassava exports mcreased from 15% to 35% over the same 
penod The domesttc use of cassava for feed exhtbtted the most raptd 
growth of over 7% nearly double that of the overall growth of total 
domesttc utthzatton Nearly half of the food use was m the form of roots 
and the other half m the form of starch or tapiOca pearl 

Most of cassdvaexports were m the form of dned cassava or pellets from 
Thailand and Indonesia The average yearly exports of cassava flour 
starch and tapiOca dunng 1976 80 totaled 630 000 tons of fresh root 
equtvalent mamly from Thatland and MalaySia thts represented a declme 
from the late 1960s when the level of exports of these commodtttes was 
nearly 900 000 tons Dunng 1966 70 IndoneSia exported 74 000 ton' of 
cassava starch but thts dropped to 20 000 tons m the late 1970s 

Cassava 1mports by countnes m tropical As1a mcreased about 100 000 
tons over the referenced penod (Table 13) Hong Kong and Smgapore 
tmported about 99 000 tons m the late 1970s part of whtch was re 
exported Cassava tmports by Hong Kong were m the form of tapiOca 
whtle those by Smgapore were starch Indonesia also tmported 62 000 tons 
of cassava mamly m the form of starch 

Table 11 shows thatthe ratto ofthe total domesttc utthzatton of cassava 
to tts productton tn troptcal Asta decreased from 85% tn the early 1960s to 
65% m the 1970s Thts dechne mdtcates that the ratio of net exports to total 
productton rose from 15% to 35% dunng the penod Net exports as a 
percentage of total productwn m lndonesta mcreased margmally from 
57% to 8 2% m MalaySia thts proportwn dechnes from 25% to 16% 
md1catmg expanded domesuc use of cassava m that country 

Roots and tubers 

Of the average productton of 58 mtlhon tons of roots and tubers m 
troptcal Asta dunng 1976 80 44 mtlhon tons nearly three fourths was 
utthzed domesttcally (Table 14) The balance of 14 mtlhon tons (largely 
cassava) represented net exports and changes m stocks As mdtcated 
earher more than half ofthe regwn s consumptwn of roots and tubers was 
cassava followed by potatoes wtth 24% and sweet potatoes wtth 18% 
Other roots and tubers accounted for less than 3% 

The dtstnbutton of the domesttc use of roots and tubers was 78% for 
food and 9% for seed and other uses (Table 15) Feed use of these 
commodtttes as a group was only 2% about 10% was reponed as waste 
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T bl 13 A ge ann 1 p rt d mports of cassa (000 t) t op cal A 1966-70 
and 1976-80 

1966 70 1976 80 

e 'y E p rt lmp rt E p rts lmp n 

B m 2 
H g K g & S gap 3 47 17 99 

lnd g g 
1 d h eg 
1 d 621 1104 62 
M 1 y 69 5 66 2 
p f 1 la d 
Ph 1 pp 4 6 g 3 

S l k 5 eg 

Th 1 d 2370 12553 eg 

T p al Asa 3067 65 13740 166 

N Fg r P n d mp rt r "' fl p t h dd ed "' ned 

t fre h 

S FAO S pply 1 p /981 

T bl 14 A 1 ann Id mnti e f ootsandt b rs dfo dgr m (OOOt)lnt p 1 
ASia 1966-70 and 1976-80 

1966-70 1976-80 

R ' & F d R ts& F d 
t be 8at ' be<S gat 

Banglad h 1 459 18117 980 21 896 

B m 59 7 379 93 10 191 

H gK g d 
S gapore 159 1 281 228 1 770 

1 d 10 108 112 207 16 665 146 422 

ldoch 2 239 14451 5 862 15 241 

1 d 13 813 20 258 14 308 31 510 

Malays 273 2 364 408 3490 

Pac f 1 land 1 009 145 1 236 237 

Ph 1 pp 1 334 6 879 2953 10 658 

S Lank 482 2 193 774 2 741 

Tha la d 548 11520 886 14 747 

T p alA 31483 196 854 44 393 258 903 

S FAOSupply 1 pe 1981 
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r bl 15 D 1 b t lt t id mt 1%) r dt b t p lA 1966 70 

d 1976 80 

\966 70 1976 80 

e t ) F d ~ d w t Oth ~ d F d w t Oth 

B gl d h 80 o lO 10 78 o 15 6 

8 m 81 o lO 10 82 o lO 8 

H g K g d 
~ g p 47 21 4 27 60 20 4 16 

1 d 83 o 11 7 81 o 11 8 

1 d h 74 9 JO 7 76 9 9 6 

1 d 74 9 16 71 2 lO 15 

M 1 y 71 22 5 2 75 20 4 
p r 1 1 d 81 2 17 o 81 2 17 o 
Ph 1 pp 85 5 6 89 5 2 

' L k 71 o 28 70 o 29 

Th 1 d 95 o 5 96 o 4 o 

r p lA 78 2 lO 10 78 2 lO 9 

' p m y dd 1 d d g 

l-AO S ppl p /98/ 

As Table 14 shows the two smgle largest consumers of root and tuber 
crops m lroptcal Asta are India (38%) and lndonesta (32%) Data for the 
1976 80 penod tndJcate that 81% of the total consumptton of these 
commodtttes m lndta was for food whtle m lndonestd thts percentage wa~ 
73% (Table 15) In the Phthppmes 89% ofthe total domesllc consumptton 
of roots and tubers was for food Potatoes composed half of the root dnd 
tuber consumptton tn India and tn Indonesia cassava was the matn root 
and tuber crop consumed Cassava accounted for 60% ofthe domestiC use 
of roots and tubers tn the Phtlhpmes 

Between 1966 70 and 1976 80 domesttc use of roots and tubers m 
troptcal Asta mcreased at 3 5% per annum a shghtly lower rate than that 
for cassava Patato consumptwn showed the most raptd growth at an 
average rate of 7 2% whtle sweet potdtoes exhtbtted a very slow growth 
rate of less than 1% per annum The growth rdte of feed use at 6 2% per 
annum was much h1gher thdn that offood use wh1ch expanded ata rate of 
3 6% per annum 

The annual mcrease m the consumptwn of rootc;; and tubers was about 
5%for Indta roughly half ofthe rdptd mercase of 10% found m Indochtna 
Conststent wah the slow growth m the productlon of roots and tubers m 
Indones1a consumptwn growth was also stagnant m th1s country between 
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the late 1960s and 1970s Domestlc consumptwn of potatoes doubled m 
lnd1a over th1s penod In !he Phll1ppmes the rap1d growth m the 
consumptwn oftotal roots and tubers more than 8% per annum between 
1966 70 and 1976 80 was largely dueto cassava The only decrease m 
consumptwn durmg th1s penad was m Bangladesh where the domes he use 
dropped from 15 m1lhon tons to 10 m1lhon tons an average annual dechne 
of about 4% 

Food grams 

Paddy wheat and ma1ze are the pnnc1pal components of food gram 
consumptwn m tropical As1a Paddy the mam staple food of the regwn 
represents the bulk of consumptiOn m most ofthese countnes especially m 
Bangladesh Burma and Tha1land A Sigmhcant portwn of wheat 
consumptwn m tropical As1a 1s tmported and supplements the amount 
produced m Bangladesh Burma and lnd1a wh1ch are partly m !he 
temperate zone Matze whtch 1S consumed m the regwn both dtrectly for 
food and as ammal feed represents a sagmficant portwn of the domestiC 
U!Ihzatwn of food grams m Hong Kong the Phihppmes Smgapore and 
Tatwan 

The average annual consumptton of food grams m tropical Asta rose 
from 197 mlihon tons m the late 1960s to 259 milhon tons dunng the late 
1970s representmg a growth rate of 2 8% a year between these penods 
Growth of food gram consumpt10n was partlcularly rapid m IndoneSia 
MalaySia the Pacific Islands and the Phihppmes where average annual 
mercases of 4% or more occurred from 1966 70 to 1976 80 Fairly rapid 
mercases m domesttc utthzat1on exceedmg 3% annually were achteved m 
Burma Hong Kong and Smgapore The slowest growth rate m food gram 
consumpuon was regtstered by the Indochmd countnes at only 5% per 
year Indta where total domesuc use rose at 2 7% per year dunng thts 
penad accounted for about 57% of the total food gram consumptwn m 
tropical ASia dunng the late 1970s (Table 14) 

About 65% of the food grams m tropical ASia dunng 1976 80 was 
consumed dlfectly as food 9% was used for ammal feed and the remammg 
26% went to other uses such as seed and waste allowance (Table 16) Feed 
use of grams was highest m Hong Kong and Smgapore at 45% It was also 
high at 27%m Malaysia 16% m Thalland and 15%m the Ph1hppmes The 
proportlon of gram used as feed wa~ htgher for matze and other non nce 
cereals m all countnes except Inda a In fact the feed use ofthese grams was 
even higher than thelf food use m Hong Kong Smgapore and MalaySia 
The percentages of food and feed uses of matze and other non nce cereals 
were almos! equal m Thailand and the Pacihc Islands In all other non nce 
countnes maJor utahzatiOn of these grams was as a food source 
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T bl 16 D t b t ft t 1 d m 1 (,¡,} ff dg 1 p lA 1966 70 d 
1976 80 

1966 70 1976 80 

r d r d Oth r d F d Oth 

B gl d h 60 7 11 62 7 JI 
B m 62 7 JI 62 8 JO 
H h K g d " g p 58 12 10 49 45 6 
1 d 68 8 24 68 8 24 
1 d h 58 8 34 59 8 JJ 
1 d n 71 6 23 71 7 22 
M 1 y 57 22 21 54 27 19 
p f 11 d 84 5 11 80 11 9 
Ph 1 pp 64 13 2J 6J 15 22 , L k 76 4 20 74 5 21 
Th 1 d 49 15 36 48 16 J6 

T p lA 66 8 26 65 9 26 

1 1 d d r d d 11 

' t-AO\ ppf p 1981 

Between 1966 70 and 1976 80 feed use of all food grams taken 
collecttvely m troptcal A!!.Id mcredsed at a rate half a percent h1gher than 
the1r d1rect u~e dS food UtiiiZdllon offood grdms for ammal feed exceeded 
5% per annum m Hong Kong Stngdpore Malays1a the Ph1hppmes and 
Indonesta However wtth respect to ma1ze and other non nce cereals feed 
use rose twtce as rap1dly as food u~e Thetr use for feed mcreased ata very 
rap1d annual rate of9% m Malays1a and 10% m Tha1land the Ph1hppmes 
also recorded a raptd mcrease of 6 5% 

Chma 

The pnmdry use of cassdva m Chma appears to be for ammal feed 
espectally m hog productwn In sorne poor communes where cassava IS 

grown 11 1s consumed by the populatwn as a staple food In addltiOn 
Chma also exports cassdva to the EEC and there 1s ev1dence that these 
exports alone formed about a th1rd of productwn m 1980 

Ava~lable consumpuon data for Chma suggestthat of the average 230 
mlihon tons offood grams consumed ea eh year dunng the 1977 80 penod 
43% was paddy nearly one fourth WdS wheat and about a th1rd was 
accounted for by other food gram; D1rect food use represented the bulk of 
the total domesuc use offood grams m the country about 10% went to feed 
and other uses mcludmg seed waste and non food purposes 
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Concluswns and lmphcatwns 

Cassava productwn m troptcal A~td mcreased raptdly dunng the last 
two decades largely dueto the rap1d growth rdte m Thaiiand m response to 
the Import demand by the EEC forcdssdva as ammal feed More than half 
of thts growth output was achteved through mercases m area 

Prospects for cassava productwn m the tmmedtate future are not 
encouragmg tmport demands for cassava by the EEC are expected to 
declme cons1derably as d result of the quota agreement between the 
Commumty and Tha1land The other maJar market for cassava ts m dtrect 
human consumptwn essenllally m troptcal developmg countnes But the 
growth m dtrect food dem.md al so dppears to be slowmg down the m come 
eldsttctty of demand for cassava m many developmg countrtes ts low 
dechmng and m severa! of these countnes alreddy negat1ve Further 
more expanswn of cassava starch utiltzauon faces problems of compett 
twn from subslltutes 

However there ts reason to beheve that the long run future of cassava 
can tmprove Wtth mercases m per captta mcomes the demand for 
hvestock products ts growmg ata raptd rate m Asta and other developmg 
countnes Ev1dence suggests thdt the den ved demand for hvestock feed IS 
expandmg atan even faster rate pnnctpally dueto growth m poultry and 
hog productwn where modero techmques have become more feed 
mtenstve Consequently matle and sorghum 1mports mto Asta for ammal 
feed ha ve mcreased raptdly m recent years Prov1ded pnces are compett 
ttve there may be a considerable potenttal for cassava (w1th supplements 
of soymeal or groundnut cake) as a subst1tute for matze and sorghum m the 
domestlc manufacture ofhvestock feed m East and Southeast Asia lfth1s 
can be accomph~hed the demand for cassava wtll expand stgmftcantly 

Smce the crop ts culttvated m poor smls wherc few other crops can be 
grown sumulatmg cassava productwn wtll help to tmprove the socto 
econom1c condtttons of the populatwn tn these areas as has been 
expenenced m the northeastern parts of Tha1land However urgent steps 
are necessary to fmd alternattve demands f or th1s crop m order to mitigate 
the hard'h'p that wiii re,ult from the expected declme m 1mport demdnds 
by the EEC for Tha1 ca,.dvd products 

The cassava ytelds m severa! countnes of tropical Asta are presently low 
There ts also a large untapped genettc potent1al whtch can be explmtcd to 
make cheaper calones avatlable per hectare through the adoptton of 
1mproved technology lmprovement m ytelds and a dechne m umt costs 
and pnces wtll have large nutntwnal and mcorne tmphcatwns for the 
vulnerable sectwns ofthe populatwn for whom cassavats a maJor staple 
food 
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lncreases Ill the future demand for cassava as feed wtll apart from 
relallve pnces depend on the supply of matze and sorghum whtch are the 
maJOr food grams used for ammal feed As shown m thts paper the 
producllon of food grams as a group m troptcal Asta has expanded at a 
fatrly raptd average rate of 2 7% per annum dunng the past two decades 
matze product10n m partLcular mcreased at an even faster rate of more 
than 3% m response to nsmg feed demand The productwn of sorghum 
mcreased ata relatively slower annual rate of l 5% Prehmmary findm¡;> u 
an IFPRI study ofthe future food gram supply/ demand sttuatwn m Astan 
countnes (excludmg Chma) suggest a deftctt offood grams as a whole m 
the year 2000 

In hght of these tmphcatwns there appears to be an urgent need for 
more m depth studtes leadmg to a research and development program 
atmed at tmproved ytelds and mcreased use of cassava m troptcal Asta 
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Prospects for Cassava m the World Economy 
m the Year 2000 

De/ane E Welsch 

Introductmn 

The analySIS of world cassava prospects presented here mcludes 
developmg countnes as producers and consumers of cassava products 
and developed countnes as consumers of raw matenals denvable from 
cassava products Prospects for cassava trade and suggested pohcy 
d1rect10ns for producmg countnes are also mcluded 

The style of the analys1s 1s speculauve Papers m th1s workshop by 
Sarma and Pauhno Nelson Lynam and others present sohd analyses of 
the past and present SltuatiOns of cassava reg10nally and worldw1de Based 
upon an understandmg gamed from that work sorne basiC assumpttons 
about the state ofthe world between now and the year 2000 are presented 
followed by speculat10ns on how econom1c forces w11l shape the cassava 
mdustry by that time 

Assumptions 

Pohllcal 

A baste assumptton ts that there wiil not be a world war nora nuclear 
conflagrat1on between now and 2000 There m ay be regiOnal confl1cts and 
c1v1l wars but these w1ll not s1gmficantly affect world trade or energy 
supphes Only a very small mcrease m real pnces of energy 1s expected 

Ofmore duect relevance to cassava tt ts assumed that the domesttc and 
mternatwnal pohtiCal stgmficance of the European EconomiC Commumty 
(EEC) 1s too great to come apart because of the Common Agncultural 
Pohcy (CAP) Therefore the CAP w1ll be mod1fied m an evolut10nary and 
consensual manner unt1l1t reaches fiscal v1ab1hty The mod1fted CAP w1ll 

D 1 E W 1 h p f f gn 1 1 m dA gA D fl 
P g m hU y fM es a,S P 1 USA 
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ha ve essentlally the same structure as now but the levels of protectwn wtll 
be somewhat less bnngmg m terna( gram pnces down relattve to but sttll 
above world gram pnces Cassava tmports wtll be permltted at the 7 10 
mtlhon ton level or 15 20% of non feed gram mgredtents whtch m turn 
wtll remam at about one thtrd of compound feed mgredtents 

Trade barners m general both tanff and non tanff wtll remam at about 
the same levels and affect the same commodttles m 2000 as they do now 

Sctenttfic 

Another assumptiOn ts that there wtll not be any maJOT btotechnologJCal 
or genettc engmeenng breakthroughs that radtcally alter the spectes and 
culttvars whtch the world s farmers now use (Thts ts probably the leas! 
reahsttc assumptiOn of the lot) Nor wtll there be any maJOr sctenttfic 
breakthroughs from conventwnal agncultural research systems In other 
words tt tS assumed that there wtll not be another green revolutwn m the 
next !6 years Thts does not rule out a steady output of new technology m 
agnculture enabhng a steady mere ase m agncultural productlVlty tfpnces 
are conductve to adoptton 

Demand 

Income elasttctttes of demand for cassava m developmg countnes are 
on the whole low dechnmg and m sorne cases becommg negatlve But 
wtthm the spectfic subgroup of low mcome people m cassava producmg 
countnes the mcome elastlctty of demand for cassava ts qutte htgh It ts 
assumed that these elasttctlles wtll remam about the same to the year 2000 

The demand for hvestock products ts growmg steadtly worldwtde It ts 
growmg more raptdy m troptcal developmg countnes espectally those 
w1thout the potenttal for maJOT mcreases m domestlc mruze productwn 
The denved demand for hvestock feed ts growmg more raptdly than the 
growth m demand for hvestock products because the growth m hvestock 
productiOn has tnggered the generauon and adoptlon of new technology 
whtch ts based on modero feedmg pracllces that rely heavtly on compound 
feeds Thts ts more prevalen! m swme and poultry productton wtth beef 
product10n tendmg to remam mostly the culhng of draft ammals and 
grass fed slaughter ammals Datry productwn whtle expandmg m the 
troptcal developmg countnes has a very low base from whtch to expand It 
ts assumed that these sttuatwns and trends wtll contmue to 2000 

Resources 

The final assumptwn Js that no maJar new cassava areas wlll come mto 
product10n dunng the next 16 years Thts means no new maJar productiOn 
expanswns such as occurred m Thatland m the 1970s 
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Cassava m 2000 

Afnca 

Sub Saharan Afnca currently plants more than one half of the world s 
cassava are a but beca use of low ytelds tt produces less than 40% of world 
output Ntgena and Zatre are two of the largest cassava producmg 
countnes m the world (the others are Thatland Braztl and Indonesta) 
There are contliCtmg vtews about the nature of productiOn m Afnca Sorne 
call tt mamly subststence wtth plantmgs m backyard gardens and 
consumptton m the fresh form But Lynam (1984) pomts out the extenstve 
trade m processed cassava m Ntgena and Ghana where tt ts an emergmg 
staple food for low mcome groups m urban areas 

The cassava mdustry m Afnca wtll probably operate m 2000 pretty 
muchas ti operates toda y namely producmg cheap food for low mcome 
people Productton wtll expand substanttally to meet demand from low 
m come rural and urban groups both ofwhtch wtll grow raptdly dunng the 
next 16 years Gtven the projected gap between food supphes and needs m 
Afnca by 2000 (Paulmo 1984) cassava consumptwn ts hkely to expand to 
groups not now eatmg cassava but whose mcomes are dechnmg due to 
armed confltct drought and economtc dtslocatwn There may be small 
amounts of starch productwn m those countnes whose mdustnal sectors 
develop suffictently to genera te a demand for mdustnal starch Productton 
wtll be forthcommg by bnngmg more margmallands under culttvatwn by 
shortenmg the rotatwn m bush fallow systems and by substttutmg 
cassava for low yteldmg cereal crops There wtll be httle or no mcrease tn 
yteld per hectare There ts httle outlook other than a pesstmtsttc one for the 
populatton food and pohttcal sttuattons m Afnca for the next 16 years 

Latm Amenca 

The Amencas produce about one quarter ofthe world s cassava output 
wtth Braztl accountmg for about 80% of that amount Consumptton ts 
pnmanly by low mcome groups wtth moderate amounts gomg to 
hvestock feed starch and alcohol product10n 

Alcohol productwn from cassava wtll probably not be tmportant by the 
year 2000 m fact ti wtll be surpnsmg tf any cassava based alcohol plants 
are sttll 10 operatwn then Stzable numbers of low mcome people wlll 
contmue to consume cassava as a staple It IS poss1ble that productwn and 
consumptwn may spread to low mcome groups m countnes not now 
maJorcassava producers The growth m use of cassava for hvestock feed m 
Latm A menea 1s uncertam lflow cost and effect1ve drymg technology can 
be developed and tf root pnces can declme sufftctently to make cassava 
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noticeably cheaper than 1mported feed graiDs yet h1gh enough to genera te 
a productwn response then tt ts concetvable that the hvestock compound 
feed mdustry m ay be a strong growth factor m the Latm A menean cassava 
IDdustry ID the year 2000 

As1a and the Pac1fic 

Thailand Indonesia and Indta do mm ate the cassava ptcture m Asta and 
the Paclfic The cassava IDdustry 1S qUite d1fferent ID each of the three 

Tha1land may be the world s large~t cassava producer accountiDg for 
one half ofthe cassava produced m As1a yet pracllcally none 1s consumed 
d~rectly as human food lt 1s by far the largest exporter ID the world of 
cassava products for hvestock feeds yet practically none 1s fed to Tha1 
domest1c ammals Tha1land exports about one half of the world trade ID 
cassava starch and also uses a constderable amount of starch domes 
llcally 

Cassava 1s a staple food IDindones¡a and has considerable poten tia! ID 
government food secunty strategtes lndonesta also exports sorne cassava 
for ammal feed and produces considerable starch 

Cdssava ts mamly produced m two Stdtes m lndta In K erala cassava ts a 
staple food for large numbers of low mcome people whereas starch and 
tapwca pearl are the ffidJOr end uses for cassava produced m the western 
part of Tam1l Nadu 

ChiDa has entered the world cassava p1cture only recently After small 
export volumes to the EEC ID 1979 exports JUmped to 300 000 tons each 
yearfrom 1980 1982 The Ph1hpp1Des Wlth miDor productwn for hvestock 
feed and Papua New Gmnea are the other maJOr parttctpants m the Astan 
cassava mdustry 

What happens ID As1a between now and 2000 depends a great deal on 
what happens ID the EEC The EEC appears to be attemptiDg to stead1ly 
reduce the amount of cassava 1mports from Tha1land wh1le encouragiDg 
cassava tmports from other countnes m the regton Examples of thts are 
the encouragement to the Chmese to boost the~rexports from 300 000 tons 
to 1 mtllton tons and the lack of any spectfic attempt to reduce tmports of 
other non gram feed mgredtents such as corn gluten feed and cttrus pulp 
from the U S A 

Further destabthzmg the That cassava mdustry have been That govern 
ment pohc1es and procedures des1gned to ratwn the reduced EEC quotas 
among Thar exporters lnstead of coHectmg the economic rent resuhmg 
from the EEC quota and usiDg 11 to benefll farmers or promote the 



P P 1 ¡ e 1000 47 

mdustry the Tha1 government has mstead followed procedures wh1ch 
have pushed costs up Wlthout gam to anyone 

Poss1ble scenartos 

The prospects for cassava are consJdered under four alternattve 
scenanoo ( 1) a complete hall to EEC cassava 1mports (2) the reqUJrement 
for cassava to pay the same 1mport duty as ma17e on an eqUivalent energy 
baSIS (3) the hftmg of curren! restnctwns on 1mports from Tha1land and 
(4) somethmg m between (aktn to the current s1tuatwn) 

In scenano ( 1) the pnce of fresh roots ch1ps and pellets m Tha1Iand 
would drop unttl productaon ceased or alternat1ve uses cleared the market 
lf curren! pnces (O 70 toO 80 bah!/ kg for fresh roots) bnng forth about 6 
m1lhon tons of pellet productwn per year then as pnces dechned so would 
output untii at about O 35 baht/ kg nearly all farmers would stop 
productwn The pnce at wh1ch productwn ceases could be as low as O 25 
baht/ kg ata pnce of O 40-0 50 baht/ kg probably as muchas 4 to 5 m1lhon 
tons of pellets would be forthcommg 

The 1mphcatwns ofthe supply curve JUSI descnbed are starthng Fmt 11 
would make cassava fully competttiVC wtth ma1ze as a hvestock feed over 
the long run and much cheaper than ma1ze at current pnces Second It 

would make cassava starch (unmod1fied) fully compeuuve wnh (and 
currently cheaper than) malle starch Jones (1983) concludes that pnce 
compet11lveness 1s the key to re penetratmg old markets that have sh1fted 
from cassava to ma1ze (U S A ) and keepmg new markets (the newly 
mdustnahzmg countnes) from buiidmg the1r own ma1ze starch plants In 
summary scenano ( 1) bnngs us to 2000 w1th aq active cassava mdustry m 
Thailand cassava m That hvestock ratwns up to the nutntwnal ltmtt 
greatly expanded Tha1 cassava starch exports and Tha1 compound 
hvestock feed exports The Ph1hppmes and Malays1a w1ll have gane out of 
cassava productwn and wiii Import thetr ammal feed and starch needs 
from Tha1land 

Scenano (2) w1ll result m much the same end resultas scenano (1) 
except at shghtly h1gher pnces as the pnce of cassava relauve to ma1ze and 
protem supplements finds 1ts eqUJhbnum D J Leuck (personal commum 
cauon) estimates that the cassava pelle! pnce m Europe ¡f brought under 
the vanable levy system would ha veto drop 52% 43% and 40% from 1980 
averages to remam m da1ry brmler and hog compound feed ratlons 
respecuvely at 1980 average levels He calculates that a 40% dechne m 
cassava pellet pnce would translate to fresh root pnces m Thailand of 400 

US$100=2Jb h 
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bahtjton m nommal terms or 279 bahtjton m real (1980) pnces and 
doubts whether That productwn would be forthcommg at such low pnces 
M y vtew ts that substanttal productwn would sttll be forthcommg at !hose 
pnces At the low pnces tmphed by scenanos (1) and (2) Thatland would 
be el!her the only suppher or the maJor suppher wtth Braztl perhaps 
contnbutmg to exports to Europe 

Scenano (3) ts as speculauve as the fmt two In 11 EEC cassava use 
JUmps qutckly to the 8 10 mtlhon ton level and thereafter grows at the 
average rate of growth of compound feed use Thatland would remam the 
maJor suppher wtth Chma lndonesta and Braztl bemg substanttal 
supphers 

Scenano (4) the curren! sttuatwn 1s actually more speculattve than the 
first three The actwns ofthe EEC and the That government s response are 
very destabthzmg for the Tha1 cassava mdustry EEC actwns ofrestnctmg 
Tha1 exports wh1le encouragmg cassava exports from other countnes 
plus the 1985 exptratton of current restnctwns and no hmt of pohcy m 
1986 and beyond have added great uncertamty to the That mdustry A 
further EEC caused frustratwn has been the penodtc EEC complamt 
about dust and mststence on a That shtft to hard pellets However wtth 8 
mtlhon tons of hard pelle! processmg capactty now mstalled m Thatland 
Europe ts now wtlhng to pay for only about 40% ofThat exports m hard 
pelle! form and wants soft pellets for the remamder 

That pohcy ts destabdtzmg beca use the effect of basmg expon quotas on 
stocks on hand on a certam date and then tssumg quotas for only about 
20% ofthese stocks ts to push exportmg costs sharply upward S mee That 
cassava export pnces are a funct1on of EEC mternal pnces of cassava 
subslttutes (feed grams and other feed mgredtents) and protem sup 
plements (chtefly mlseed cakes) That exporters cannot pass these htgher 
costs on to European consumers lnstead the effect IS to lower fresh root 
pnces at the farm level Thus the potenttal economtc rent resultmg from 
tmpoS!t!On of quotas whtch could have been captured by the That 
government has mstead been dtsstpated mto htgher cost The effect on the 
system of a huge (80%) carryover of stocks from one exportmg penod to 
the next ts as of yet unknown but tt ts not hkely to be benefictal 

The Tha1 EEC relatwnshtp so clearly dommates the world trade m 
cassava for hvestock feed and cassava starch that any predtctwn of the 
state and leve! of the world cassava mdustry 1s clearly dependen! upon 
whtch of the alternattve scenanos dtscussed (or other posstble scenanos) 
preva¡Js 1t ts dtfficult to predtct however 11 ts doubtful that scenano (1) 
wtll prevatl In the short run That farmers would be better off wtth 
scenano (3) In the long run the That economy would probably be better 
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off with scenano (2) as a techmcally and economiCally efficient cassava 
mdustry would hkely result (assummg the Thai government would not 
mterfere m the mdustry m a detnmental way) This scenano would 
however probably ehmmate cassava export posstbthttes m most other 
cassava producmg countnes m the regwn Scenano (4) the present 
situatwn IS undoubtedly the worst scenano that could prevaii over the 
next 16 years 

Lookmg bnefly at the other countnes m the regwn the cassava mdustry 
m the Kerala state of India IS not hkely to be affected much by whatever 
happens m the Thai EEC situatiOn Cassava wiii contmue to be an 
Importan! part of the die! of poor people and so the lndian government 
through pohcies and programs affectmg poor people wiii ha ve the greatest 
effect on the K erala cassava mdustry The Tamii Nadu cassava mdustry m 
Indta on the other hand ts much more commerctally onented and tts 
form m 2000 wiii depend parllally on the leve! of world cassava pnces and 
parllally on the lndian government s cassava Import and export pohcy 

Malaysia has recently announced a pohcy of de emphasis of cassava 
productwn and has started forcibly haltmg cassava productwn by 
squatters whiCh IS a maJar source of productwn lf world cassava pnces 
declme as m scenanos ( 1) and (2) then 1 would expect cassava productwn 
m Malaysia to pracllcally disappear and starch and ammal feed needs to 
be Imported from Thailand lf higher pnces prevaii then sorne cassava 
productwn WIII ensue but Malaysia WIII stiii be a net Importer of cassava 
products m 2000 

1 see much the same picture for the Phihppmes except that the 
Phihppmes may ha ve more land with very low opportumty costs and much 
less restncuons on land use than Malaysta The Phthppme government ts 
also promotmg the cassava mdustry and more ts bemg spent on research 
lfscenanos ( 1) or(2) prevaii then the resultmg low world pnces WIII pretty 
much dnve cassava out The Phihppmes due to problems and costs of 
mterland transport wiii be able to Import hvestock feed from Thailand 
more cheaply than producmg tt domesttcally Thts assertlon tgnores rural 
employment and foreign exchange consideratwns which the Phihppmes 
may find Importan! 

Speculauon on cassava m Chma m 2000 IS difficult as there IS not 
enough mformatwn Chma clearly has the strength todo much m cassava 
productiOn Whether Il does or not depends on many factors mcludmg 
relattve costs and how cassava export pnces wtll be set 
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Conclustons 

The research pohcy tmphcatwns of the foregomg speculatwns seem 
clear Costs of productton m any country m whlCh the cassava mdustry ts 
hnked d!fectly to the world economy wtll have to come down In the That 
case thts means an approxtmately 30%(perhaps as htgh as 50%) reduct10n 
m productiOn costs Such a reductwn wtll probably come about through a 
substanual mcrease m ytelds Mamtammg a low mput system ts not 
necessanly a requlfement of the mdustry There ts no doubt that the EEC 
currently dnves the That cassava engme but tt ts doubtful that thts 
sttuatiOn will contmue to the year 2000 
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Cassava m the Agncultural Economy of Bangladesh 
< 

Kamal Uddm Ahmad 

lntroductJon 

In Bangladesh cassava has htstoncally been constdered a vegetable 
under the name sh1mul alu (kapok potato) Cassava s nutnuonal com 
mercial and other values however are etther unknown or underesttmated 
Its total productwn ts so low that tt has yet to find a place m the annual 
offictal productwn figures of crops Unofftctal esumates put the produc 
t10n at about 5 000 tonsfyr 

Cassava ts grown m upland areas mamly by Garo tnbal people and the1r 
nontrtbal netghbors m the former dtstncts of Mymensmgh Tangatl and 
Sylhet It ts used as a vegetable often to go wtth daa/ (a pulse) but tt ts 
never used as a replacement for nce Sorne voluntary orgamzat10ns 
mcludmg the Swedtsh Free Mtsston m Rajshaht and Kushtta World 
Ytswn at Demra Dhaka RDRS m Rangpur and NCCB m Bansal are 
satd to have had sorne cassava projects (Fuller 1980) In RaJanaht and 
Kushua cassava IS used toa large extent tn senculture It IS also used as a 
fence around gardens where the roots are harvested once ayear and young 
leaves are consumed as a protem nch vegetable Cassava IS somettmes 
constdered to be a type of hunger bank for poor people as tt ts a so urce of 
carbohydrates durmg penods of food shortages 

H1story 

After years of neglect by both researchers and extenswmsts reports of 
cassava s successful development m other countnes encouraged the 
DIVlsiOn of Horttculture ofthe Bangladesh Agncultural Research Instttute 
(BAR!) to revtew cassava s prospects Cassava s advantages of bemg. a 
backyard plant producmg starchy roots that can be ptcked as needed 
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dunng tts 2 3 year (or more) hfe span (Ahmad 1970) prompted an 
evaluatiOn of cassava cultlvars from Indonesia The results of th1s 
evaluatwn showed that annual average ytelds of 22 5 tons/ ha could be 
attamed (Ahmad 1974) lts use m borne consumpt10n as a vegetable served 
w1th fish curry and 1ts potenttal for starch extractton also created sorne 

awareness of cassava s potenttal as a second lme alternat1ve food pohcy 
(Ahmad 1973) 

As the populauon contmued to grow and chromc food shortages 
perststed wheat an tmported food gram was mtroduced to supplement 
nce the locally produced food gram Wllh the raptd mcorporatwn of 
wheat mto the local dtet domesttc wheat productwn was constdered 
Wheat was already bemg grown as a mmor crop m the northwest reg10n 

dunng the wmter season wtth low yteldmg vanetles The mtroductwn of 
htgh yteldtng vanettes and the JOlDI efforts of research and extenswn 
programs brought about a phenomenal mcrease m wheat productwn The 
level rose from a mere 100 000 tons to more than 1 mtlhon tons from 1975 
to 1983 Stmtlarly lnsh potato producuon whtch was only 200 000 tons m 
1955 was boosted by the estabhshment of a Potato Research Centre a 
seed Importatwn and multtphcatwn program and vanous promotwnal 
acllvtttes mcludmg cold storage facthttes wtth a capactty of 250 000 tons 
by 1984 These actlvttles ratsed potato productwn to nearly 1 2 mtlhon 
tons m 1984 

Wtth the emergence ofwheat and potatoes as the second and thtrd most 
tmportant staple food crops cassava was nearly forgotten Only a few 
efforts were contmued by one or two pnvate mdiVIduals and the 
Bangladesh Counctl of Sctenttftc and lndustnal Research 

Research and Development 

Recent expenments by the DtvlSlon of Horuculture BARl mvolvmg 
vanetal tnals wtth local and exouc matenal (Rashtd 1982 and 1983) were 
undertaken at BARl headquaners m Joydebpur and at the Bangladesh 
Agncultural Umverstty m Mymensmgh Cassava ytelds ranged between 22 
and 25 tons/ha m 1982 and more than 30 tons m 1983 Sorne leadmg 
vanettesfhnes were local C012 COll C004 and exouc GenJapatt and 
Bogor Postharvest analysts showed a range of hydrogen cyamde (HCN) 
content between 47 ano 291 mg/ kg wtth the local C004 havmg the lowest 
H CN content and GenJapau havmg the htghest Local vanettes grown 
under local condtUons appeared to have very low HCN contents (Fuller 
1980) Vanous charactensttcs among the dtfferent vanettes had the 
followmg ranges 
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Dry matter 
Ash 
Crude protem 
Starch 
Carotene 
V1tamm C 

36 7-41 7% 
o 8 1 2% 
0514% 

29 9 35 5% 
9 183 mg/ 100 g 
36 55 mg/ 100 g 
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A1though sorne agronom!Ca1 and propagatwna1 stud1es are bemg con 
ducted research of the kmd and d1mens!on that !S usually needed for the 
deve1opment of a crop has not been carned out 

Prospects and Problems 

In Bangladesh root crops are treated more as vegetables than as staples 
Cassava s mam appeal then hes m 1ts use as a vegetable Its nchness m 
certam nutnents such as v1tamm C and mmerals and tts dry matter 
calones and f¡ber make 11 a good add!t!On to f1sh curnes and vegetable 
mixtures A farmer who grows cassava on hts homestead can feel secure 
about h1s vegetable supply dunng the leanest vegetable season of 
September December (Table 1) 

Among roots and tubers of the trop1cs (namely cassavd yam sweet 
potato wh1te potato and aro1d~) cassava has the h1ghest calonc value 
( 153 cal/ 100 g of ed1ble poruon) and the h1ghest calonc y1eld (11 6 mllhon 
cal/ ha) although 11 ranks fourth m terms of m1lhon caljha/ month (Booth 
1974) Although cassava has a h1gh proportwn of carbohydrates calcwm 
and vttamm C per umt quant1ty 1t 1s deficient m other vttamms and m 
protem lt 1s dbO h1ghly penshdble after harvest the mab1hty to store 
cassava presents senous problems m the marketmg and utihzauon of the 
crop resultmg m extremely heavy but unrecorded losses (Booth 1974) 

Cassava h1stoncally has had hm1ted 1mportance m the Bangladesh d1et 
and lt would probably be d1fficult to gam acceptance of 11 as a maJOT staple 
food lt currently ranks stxth among carbohydrate staples wh1le ma1ze 1s 

1 bl 1 E t m t d t b t ty f g t bl (OOOt) 8 gl d h t d ff ltm f 
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gradually emergmg as a food crop ofmaJOr 1mportance next to nce wheat 
whtte potatoes and sweet potatoes 

The use of cassava as a maJar staple ts not wtthout precedent lt ts mamly 
a backyard subSIStence crop m Afnca consumed both m fresh and 
processed forros by low mcome people In Braztl cassava ts also a staple 
food mamly among the poor and 1t serves a Simtlar purpose m Indonesta 
and m Kerala Indm Ind1a s attempt to produce cassava as food for the 
poor by usmg relauvely h1gh y1eldmg vaneues wh~eh depend upon 
mtenstve cultural pract1ces fertthzer use and parual trngatwn may be 
worth emulatmg by Bangladesh but not at the cost of other crops that 
would produce better y1elds m terms of caljumt areajttme 

The cattle and poultry s1tuatwn m Bangladesh IS one of the worst m the 
world largely beca use of the dearth of a m mal feed both the homestead/ 
household and commerctal ammal productton enterpnses are m dtre need 
of feed Dned cassava could allev1ate th1s scarc1ty although 11 competes 
wJth ma1ze m thts respect In Thatland and lndonesta dned cassava ts 
cons1dered to be quite competuive With ma1ze Cassava wholesale 
pnces are about US $90/ton and ma1ze pnces are between US $120 and 
$150/ton 

It 1s worth mvest1gatmg the poss1b1hty of producmg dry cassa\a for 
dbout US $0 10/kg wh1ch would m•ke 11 competllive In Bangladesh th1s 
ts d feasible propo~1tton beca use of cheap labor relattvely low production 
co~ts dnd processmg w1th solar drymg 

Cassava can addi!IOnally be u;cd m >!Mch manufactunng Bangladesh 
•nnually 1mport' about 20 000 tons of starch for use m 1ts text1le and JU!e 
m1lb One or two small stdrch manufdctunng umts are presently based on 
root crops such as potatoes Cassava could serve as a flller enablmg the 
plant to run for longer penods of !lme than 11 could by dependmg on 
potatoes alone Smce cassava has an mdetermmate harvest penad It has 
the advantage of bemg ava1lable at any 11me ofthe year It would not ha ve 
to be stored so 1t would not mcur the cost of cold stor dge as IS the case 
wlth potatoes 

In Bangladesh Cdssava starch also hds potent1al use m the manufac 
tunng of paper textiles and mono~odtum glutamate m vanous food 
mdustnes and even m plywood makmg Tha1land s monosodtum glu 
tamate producuon and food and paper mdustnes wh1ch together consume 
more than 150 000 tons of 1ts own starch can serve as an example to 
Bangladesh Instead of¡mporllng starch 11 can produce 1ts own from crops 
hke ma1ze and cassava 
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ProductJon Costs 

Beca use prod uctton costs of cassava are relallvely low compared to 
many other crops wh1ch requtre htgher mvestments mputs and man 
agement Lt can be cons1dered a source of low-cost calone productmn 
Moreover for a country hke Bangladesh where the s1ze ofthe farm 1s very 
small a crop must g1ve max1mum y1elds m a mmtmum penod of time 
Table 2 shows approx1mate productton costs and returns for sorne 
commonly grown crops Cassava may be cheaper to grow per calone but 
money made from potato productton 1s mvested and earned m only 
one th1rd of the lime taken by cassava Nevertheless cassava 1s usually 
grown under more margmal upland condttlons whtch makes the hme 
dimens10n somewhat spunous 

ConclusiOns 

Although cassava 1s an tmportant food staple m many parts ofthe world 
because of tts nutntiVe values and uses m other are as such as ammal feed 
productton and starch manufactunng 11 may take sorne ttme before ti 
becomes a maJor food staple m Bangladesh 

Upland areas suttable for cassava productton must remam above flood 
leve! dunng the year There are two such areas m Bangladesh One 1s 
located m the low ramfall areas of the west where frmt tree growmg IS 

1mportant The other regton ts to the east and ts charactenzed by hllly 
terram and htgh prectpttatton from June through October Thts regton ts 
subject to extens1ve eros10n In the west cassava IS hkely to fmd a place as 

T ble 2 e mp p d " d t p ( pp m t SUS) 
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T 1 1 14048 101 32 246 44 114 92 140 00 
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N 1 99 52 54 68 140 56 45 08 6000 
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an mtercrop m the frmt orchards and m the east cassava productton can 
be accomphshed only wtth effecttve sml conservatwn techmques 

It ts tmportant to note that Bangladesh ts m great need of ammal feed 
that tt tmports all of tts starch needs and that tt expenences vegetable 
shortages Therefore cassava s potenttal cannot be summanly overlooked 
Wtth htgher yteldmg vanettes and the use of mputs hke fertthzer and 
trngatton systems the yteld mtght be ratsed to the levels ofTamtl Nadu 10 
lndta Such a htgh productwn leve! per umt area could benefit a country 
hke Bangladesh whtch has an extremely small per captta land area 
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Cassava m the Agncultural Economy of Chma 

Ll Fatao 
Lln Xwng 
Tang Xuecheng 

IntroductJon 

Cassava was mtroduced IDIO ChiDa from Southeast As1a ID 1820 and 
thus has a culuvat10n hlS!ory of more than 160 years The book 
Agronomy Senes pubhshed m 1900 ID ChiDa g1ves detwled descnphons 
of cassava morphology charactenst1cs sml management plantiDg me 
thods conservat10n of stem cuttiDgs flour makiDg and econom1c benefits 
Presently cassava IS an 1mportant starch and feed crop known as an 
underground barn 

Agro chmahc Zones 

Cassava growiDg reg10ns ID ChiDa can be class1fied IDto three types 
accordmg to the1r ecologlCal charactenshcs 

MaJor growmg reg10n Th1s mcludes the trop1cal and subtrop1cal areas 
south of the Trop1c of Cancer mamly the southern part of Guang 
dong Guangx1 and Yunnan The growmg area m th1s reg10n IS about 
300 000 ha or about 85 90% of Ch1Da s total cassava area 

2 Reg10n for expans10n Th1s IDcludes the area north of the Trop1c of 
Cancer and south of JO•N Although 1t 1s the reg10n w1th the h1ghest 
potent1al for cassava development the present culhvated area 1s 
hm1ted to 10 1 5% of the total area 

3 Reg10n for test plantiDg Th1s IDcludes the area between 30° and 40°N 
where early vanet1es can be tested but commerc¡al culttvation has not 
yet been attempted 
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ProductJon 

In general cassava productwn m Chma does not compete with other 
maJor crops for good land lt IS grown on barren hillsides and margmal 
lands where cultiVallon IS usually done sporadically by local people Under 
these condiUons yields are low due m part to madequate management In 
1983 the total area under cassava was about 400 000 ha and the average 
fresh root yield was about 8 2 tonsjha Presently Chma harvests over 3 
milhon tons of fresh roots annually or the eqmvalent of about 1 2 milhon 
tons of dry chips The produce IS mostly used as ammal feed Recently 
Chma has been exportmg 500 000 tons of dry cassava chips and about 
20 000 tons of cassava starch annually 

Accordmg to the curren! selhng pnce of cassava m Chma the gross 
return on a hectare averages about 750 900 yuan • providmg a net return 
to the farmer of 150 300 yuan per hectare annually When processed mto 
starch fructose sweetener or monosodmm glutamate the value of cassava 
mcreases to 1650-6870 yuan/ ha With the net return mcreasmg to 750 3000 
yuanfha 

Nevertheless few addiiional uses have been developed for cassava lts 
uses m other processmg mdustnes such as processed food sugar 
pharmaceullcals papermakmg and textiles have been hmited Attentwn 
curren ti y IS focused on findmg more di verse uses for cassava For example 
research on the use of cassava starch for glucose and fructose productiOn 
and on the use of fermented cassava for high protem preparatwns has 
begun Sorne progress has been made m these fields 

Croppmg Systems 

Research to expand cassava productwn and mcrease productivity has to 
date focused on 1mproved crop management pract1ces Areas that show 
promise are bnefly descnbed below 

Intercroppmg 

Rural people usually mtercrop groundnuts beans or green manure 
crops between the rows of cassava plants or mterplant cassava between 
the rows of young forest trees and frmt trees so as to make full use of 
sunhght water and sml resources When mtercropped with cassava 

USSI00=2y an 



Ch 61 

groundnuts and beans normally y1eld 750 900 kgjha and 450 750 kgjha 
per annum respecttvely Groundnuts are usually used as an mtercrop 
under better sml conditwns the f1rst half of the year and ¡u te or other crops 
m the second In th1s case three crops can be reaped annually not only 
ratsmg economtc beneftts but also conservmg water and mamtammg sml 
ferllhty Invesllgatwns showed that mtercroppmg cassava w1th forest trees 
could tmprove sml aeratwn and pro mote tree growth so that thetr survtval 
rate IS o ver 90% and the Immature penod IS curta1led by 2 to 3 years When 
the trees are felled m 1 S years cassava can be mterplanted agam lo g1ve 
economtc returns while the young trees are growmg Thus the goal of 
promotmg forestry w1th food productwn can be obtamed 

Close plantmg and proper thmnmg 

On and and mfertlle smls cassava can be planteó at a dens1ty of 18 000 
24 000 plantsj hectare In better sml spacmg of 10 500 12 000 plants/ hec 
tare has been tested Expenments on the XIJiang state farm showed that 1f 
seedhngs are thmned to two per plantmg hole the root y1eld mercases 
between 28 6%31% compared to the smgle seedhng pracuce 

Plowmg and ndgmg 

Sorne expenments show that the best lllhng depth for cassava IS about 
20 30 cm Productwn WIII decrease by 15 20% 1fthe depth IS less than 20 
cm Plowmg the sml mto ndges for plantmg helps mercase ulhng depth 
part1cularly m mfert1le and shallow sml are as A large scale expenment on 
200 ha ofthe XI¡Iangstate farm showed that the average y1eld of plots WIIh 
15 cm h1gh ndges was only 12 tonsjha wh1le that of plots WIIh 25 30 cm 
h1gh ndges could average 15 tonsjha 25% over the former In add111on 
contour ndgmg on hllly slopes helps prevent sml eroswn 

Btenmal cultivatmn 

In Chma s subtropiCal area cassava IS usually harvested 8 10 months 
after plantmg The cold weather durmg the wmter m th1s area reduces the 
growmg season and thus hm1ts mcreased y1elds The y1eld however can be 
mcreased stgmftcantly tf btenmal culttvatwn ts practtced wtth the stem cut 
off 8 9 months after plantmg An expenment showed that cassava 
harvested the same year 11 was planted produced 20 2 tons/ ha of fresh 
roots wh1le cassava cultivated b1enmally produced 33 2 tonsjha It IS 
beheved that the starch content ofb1enmal cassava harvested m September 
IS about 2% h1gher than that of the annually harvested plants Such a 
system mercases the effictency of processmg and rate of eqmpment use 
Btenmal cultlvauon whtch needs cultwatmg and manurmg only once 
dunng 1ts growmg penad can also save labor and hence reduce productwn 
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costs lt IS therefore considered a low m pul but high profit approach for 
cassava productwn m subtroptcal Chma 

Development Prospects 

Land appropnate for cassava cultivatiOn totals about 1 200 000 km' 
occupymg 12% of Chma s total area These areas constltute a maJOf 

productwn base for development of r amfed crops m the tropical and 
subtropical regwns Cassava IS a high yieldmg drought resistan! crop that 
has played a remarkable role m ramfed agnculture With the development 
of transportatwn and more dtverse uses of cassava products the cassava 
mdustry wiii surely expand m Chma The first obJective of cassava 
development m Chma ts to serve domesttc markets Once thts ts reahzed 
then the need to expand exports WIII be considered 

Sctenuftc research on cassava productwn ts currently bemg undertaken 
m Chma The Chmese government has appropnated special funds for 
research on the mui!Ipurpose uses of cassava A number of complex 
faetones of considerable size WIII be estabhshed m Guangdong and 
Guangxi to pave the way for the modermzatwn of processmg and 
dJverstficatwn of cassava utlltzat10n Thts will gtve great tmpetus to the 
development of the cassava mdustry However there are stlll severa! 
constramts to future cassava development m Chma 

Lack of tmproved vanettes Improved cassava vaneties are scarce and 
cui!Ivars are few lt IS therefore highly Importan! to devote resources 
to the selectwn and breedmg of plantmg matenals so asto produce 
supenor lmes smtable for dtfferent ecosystems 

2 S mi eroswn Local farmers tend to grow cassava on hiily land but due 
to poor management there 1s severe sml eros10n Effecttve measures 
should be adopted to conserve water and check sml eros10n morder to 
conserve sOII ferllhty The mam steps presently bemg taken are 
plantmg cassava on terraced stnps and mtercroppmg cassava wtth 
other crops usmg proper spacmg 

3 Inadequate processmg and use of cassava Smce products are not 
wtdely marketed growers lose thetr enthustasm for growmg cassava 
Thus processmg and transportatiOn should be Improved to create 
better condltiOns for the marketmg and utthzatiOn of cassava products 
thereby mcreasmg Its product10n 

4 Lack of systematic plannmg and techmcal assistance Cassava produc 
tion processmg and marketmg m most cassava growmg areas ts done 
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With hule 1f any plannmg or techmcal asststance Cassava roots or 
products often become overstocked w1th large postharvest losses due 
to delayed transportatwn and marketmg 

5 Poor storage ofstem cuttmgs Cassava growmg areas m Chma mostly 
he wtthm the subtropical 70ne where cassava IS usually harvested 
befo re December In th1s case stem cuttmgs ha veto be stored overthe 
wmter season lfpoorly kept they wiii suffer freeze mjury Moreover 
cuttmgs ofthe upper stems dry up readily dueto their Immatunty Th1s 
creates a shortage of plantmg matenal the followmg year 

Cassava development m Chma wall contmue to make use of margmal 
lands 1t WIII be mcorporated m an mtegrated development program of 
agnculture forestry ammal husbandry and rural mdustry The Size and 
rate of development wiii depend on specific demands at home and abroad 
Promotmg cassava development wiii tmually focus on the tmprovement 
and populanzatwn of better vanettes and the mtroductiOn and use of 
advanced cultural techmques to mercase y1elds and prevent extens1ve 
unplanned expanswn of cultivated area 1t IS planned that by the year 2000 
the total area under cassava m Chma WIII ha ve mcreased to 500 000 
600 000 ha the average y1eld w11l ha ve mcreased lo 1 O 5 12 tons/ ha and 
total productiOn to 4 6 milhon tonsfyear Gradually the direcllon of 
cassava development wiii be shtfted from use as a subs1stance crop to a 
commodiiY crop Th1s wiii reqUire standardiZing 1ts product quahty 
Jptimizmg the management of productwn and diverSifymg crop utih 
zatwn 

Bes1des developmg 1mproved vanet1es the mam task IS to mtroduce 
crop rotat10n and mtercroppmg so as to g1ve nse to a multiple croppmg 
system W1th mulllple croppmg matunty and harvestmg limes can be 
planned to prov1de a contmuous so urce of roots thus promotmg cassava 
commodity productwn Larger scale productwn Will m turn fac1htate the 
development of better processmg transportat10n and storage facilihes 
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Cassava m the Agncultural Economy of lnd1a 

S R Subramanzan 

Introduchon 

Cassava has acqwred worldw1de recogmtton for 1ts domest1c and 
mdustnal uses In lnd1a 11 IS consumed as a staple as well as a food 
supplement enher directly oras dry chips Dry chips are powdered and 
used for a tradi!Ional steam cooked breakfast dish calledputtu lndustnal 
uses of cassava 10 India are mamly for sago (tapwca pearl) starch and 
cattle feed Other mdustnal possibihties are for the productwn of alcohol 
and glucose Cassava IS not only flexible'" terms ofuses but I! also grows 
under a w1de range of agro-chmatJC condtttons These attnbutes along 
With Its efficiency 10 producmg carbohydrates ha ve contnbuted to the 
1mportant role cassava plays m the economy of troptcal countnes 

Area Productton and Yteld 

With the advent of World War 11 and the cessatwn of Imports to India 
cassava became md1spensable m overcommg senous food shortages and 
m the texttle mdustnes as a starch source 

The area planted to cassava m India makes up 2 3% of the world s 
cassava area and O 2% of Indias total cropped area In 1967 68 the 
cassava are a m India was 347 000 ha lt steadlly mcreased to 392 000 ha m 
1975 76 and then slowly decreased to 31 O 000 ha m 1981 82 (T able 1) 
Cassava productiOn followed a similar pattern 4 6 mllhon tons m 1967 68 
mcreasmg to 6 6 mllhon tons m 1975 76 and thendecreasmg to 56 milhon 
tons m 1981 82 Cassava yields have slowly men from 13 4 tonsjha m 
1967 68 to 17 9 tons/ ha m 1981 82 This yield IS very low compared to the 

SRSbam p f f g 1t m TmlNdAg IU y 
e mb 1 d 



66 e A 

T bl 1 e ssa area p od ct nd y Id 1 d 

y A p d t Y Id 
(000 h ) (000 t) (1/h ) 

1967 68 J47 464J IJ J7 
1968-69 J58 46J6 12 91 
1969 70 352 5214 14 78 
1970 71 J5J 5215 14 77 
1971 72 J54 59J8 16 7J 
1972 7J 36J 6J71 17 54 
J97J 74 J67 6J58 17 JI 
1974 75 J87 6J25 16 J2 
1975 76 J92 66J8 16 7J 
1976 77 J85 6J75 16 52 
1977 78 J58 5688 15 87 
1978 79 361 6052 16 74 
1979 80 J65 5952 16 JO 
1980 81 J20 5868 18 29 
1981 82 JJO 5567 17 94 

S Ag 1 d V t 23 38G m ft d N w D hl 

y1eld of 78 tonsjha obtamed under expenmental cond1hons m South 
Amenca lt shows a vast potenual for 1mprovement through genet1c 
upgradmg of lnd1an vanelles 

Esllmated compound growth rates for the penod 1967 1983 revealed 
that the area under cassava decreased at a rate of O 5% per year whlle 
annual productwn mcreased ata rate ofO 9% Th1s mcrease m produc11on 
was accomphshed by an mcrease m y1eld reg1stenng a compound growth 
rate of 4 3% 

Cassava ts grown mamly m two southern states K erala and T amd 
N adu Durmg 1981 82 these two states accounted for 91 6% of the area 
under cassava 10 the country Of the two states K erala alone contnbuted 
77 9% ofthe are a under cassava m Ind1a whlle the area m Tamll Nadu was 
17 2% Both these states also w1tnessed an m crease and then a decrease m 
cassava area 

The produCilVlty of the crop m Kerala mcreased from 14 1 tonsjha 
dunng 1967 68 to 16 8 tonsjha m 1981 82 The mcrease was from 9 7 
tonsjha to 31 3 tons/ ha dunng the abo ve penod m Tam1l Nadu (Table 2) 

The compound growth rates worked out for the penod 1967 1982 
showed that the cassava area decreased at the rate of O 8% per year m 
Kerala wh1le productwn decreased by O 5% The slower decrease m 
producllon was dueto a margmal mcrease m product1V1ty (growth rate of 
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T bl 2 c ... p d t d y eld K dTmiNd 

K fmll\d 

A p d t Y Id A p d t Y Id 
y (000 h ) (000 ) (!/ h ) (000 h (000 !) (t/h ) 

1967 68 297 4198 14 10 41 419 9 66 
1968 69 296 4081 13 75 42 400 9 51 
1969 70 295 4665 15 78 43 513 11 79 
1970 71 293 4671 15 91 47 566 12 05 
1971 72 299 5351 17 30 42 545 12 82 
1972 73 304 5692 18 67 50 629 12 59 
1973 74 306 5630 18 17 51 644 12 58 
1974 75 317 5625 17 69 52 564 10 72 
1975 76 326 5390 16 48 50 1115 22 27 
1976 77 323 5125 15 85 48 1128 23 50 
1977 78 122 5114 15 84 52 1310 24 H6 
1978 79 289 4226 14 57 54 1682 11 15 
1979 80 290 4223 14 54 58 1591 27 43 
1980 81 243 4097 16 84 53 1539 28 87 
1981 82 241 4073 16 84 42 1324 JI 32 

' AK 1 J VI 21 '" ( m f 1 d ' IJ hl 

O 4%) In Tamtl Nadu compound growth rates for ared productwn and 
yteld dunng the above penad were 1 4% 11 S% and 10 0% respewvely 

In Tamii ~adu cassava ts mamly grown m two dtstncts Salero and 
Kanyakuman The are a under cassava m Salem mcreased from 8 000 ha m 
1960 61 to 25 000 ha m 1980 31 In Kanyakuman the area decreased from 
16 000 to 12 000 ha dunng th above penad (Table 3) These two dtstncts 
together had about 70% of the area under cassava tn Tamtl Nadu and 
about 12% of the area m India An mterestmg feature 1s the spectacular 
mercase m the productiVIty of cassava m Salem The compound growth 
rates were 20 3% for area 13 3% for production and 11 S% for yteld The 
correspondmg figures for Kanyakuman were 12 39% 1 40% and 4 24% 
respechvely 

The area under cassava dechned margmally m the country over the Jast 
!S years In Kerala the crop has been under culttvatwn for more than ISO 
years but the productJvity has remdmed rather low Havmg long been a 
maJar staple food m the state Ilts slowly bemg replaced by nce at least m 
the dtets of the upper mtddle class people 

The use pdttern m Tamtl Nadu paruculary m the Salem dtstnct has 
been qutte d1fferent Here cassava was used pnnc1pally m the processmg 
faetones and the demand for dtrect consumptwn was negltgtble The 
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T bl 3 e r p d t d y Id S 1m d K y k m 

SI m K y k m 

A p d t Y Id A p d t Y Id 
y (000 h ) (000 t) (t/h ) (000 h ) (000 t) (t/h ) 

1966 67 19 193 9 89 14 139 9 69 
1967 68 23 229 9 88 14 142 9 59 
1968 69 29 287 9 78 14 142 9 59 
1969 70 21 217 JO 88 14 211 14 28 
1970 71 16 182 10 99 14 210 14 28 
1971 72 21 354 16 61 15 149 9 68 
1972 73 24 409 16 4] 17 164 9 58 
1971 74 JO 503 16 4] 11 112 9 58 
1974 75 28 388 13 83 10 95 8 89 
1975 76 25 647 25 00 11 182 1608 
1976 77 21 642 29 85 13 169 13 00 
1977 78 24 732 29 38 13 236 18 16 
1978 79 27 81 38 87 12 218 17 87 
1979 80 28 883 JI 54 12 182 14 93 
1980 81 25 906 36 27 12 213 17 80 

' ' d r r !1 IN d 1960-61 1980 Hl 

extslenee of about 230 saga faetones and 270 stareh faetones tn thts dtstnct 
was mamly responstble for the mercase m the productlon of cassava The 
are a under cassava steadlly decreased m the Kanyakuman dtstnct ofTam1l 
Nadu dunng the last two decades In thts dtstnct asteady shtft from annual 
crops to perenn¡al crops hke coconut was observed 

Productton and Marketmg Analys1s 

A study was eonducted tn the Salem dtstnct of Tamtl Nadu on the 
productton and marketmg of cassavd (Uthamahngam 1979) Cassava ts 
mostly grown under trngated condtttons m thts dtstnct In the study arca 
the average percentage of net sown arca of the farro under cassava was 
33 8% The cost of productwn per heetare was Rs 5274 70 and Rs 
2848 62 respecttvely for trngated and ramfed productton (Table 4) 

The cost of prod uetwn per ton of cassava was Rs 214 30 and Rs 240 70 
under 1rngated and ramfed condttwns respecttvely and the producttvtty 
was esttmated to be 23 O and 10 7 tons/ ha The low ytelds were the reason 
for the htgh co;t of productton Nearly 97% of the farmers sold thetr 

U~$100=R 800 
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[ bl 4 e t d f SS p d t (R /h ) SI m 1979 

gat d R f d 

V bl 
p p t y lt 272 98 180 43 
~ d nd w g 220 47 221 95 
M d m g 1101 62 529 17 
1 g t 300 13 
e 1t 477 63 228 18 
H 237 74 177 52 
1 t w k ¡, p t 1 274 11 140 41 

t 1 bl 2884 68 1477 66 

F d 
L d t 1 1776 43 989 74 
1 t f d p 387 52 228 35 

D P 210 71 147 76 
L d d t 15 36 5 11 

T t 1 f d 2390 02 1370 96 

T t 1 5274 70 2848 62 

y Id (!/ h ) 22 96 10 74 

p d t t /! 214 JO 240 70 

R t 
VI t 6701 68 3179 31 
VI 1 b} p d t 155 11 263 13 

e 7056 79 3442 44 

M k t g 404 11 189 02 

't t 1177 98 404 80 
N t t /t 60 00 37 00 

U .... $100=R 800 

produce d1rectly to starch faetones \bout 30% of the processors were 
vert1cally tntegrdted m the sense thdt they were dlso cultJvators of cassava 
The marketmg cost per ton of roots worked out to Rs 17 60 The maJor 
component of th1s was transportatwn cost For every ton of cassava 
purchased by the faetones 40 kg were deducted for s01l and motsture Thts 
was the second largest cost m marketmg Farmers recetved d pnce varymg 
from Rs 280 to 310/ton 

In K erala cassava made up 13% of the total cropped are a compared to 
4 2% m Tamtl Nadu Moreover cassava accounted for 25 4% ofthe area 



70 e A 

sown by the lower stratum of farmers ownmg up to half a hectare of land 
as agamst 4 6% m the case of farmers w1th more than 4 hectares of land 
Therefore fluctuatwns m cassava pnces affect small farmers d1spropor 
twnately Another d1sqmetmg feature was that the cassava pnce was 
dechnmg m relatwnsh1p to other competmg crops ( Ra¡eswan Amma 
1980) 

Processmg 

The two mam products made out of cassava are sago (tapwca pearl) and 
starch The sago and starch faetones are concentrated m the Sale m dtstnct 
of Tam!l Nadu However less than 10% of the productwn of cassava 
products 1s consumed m Tam1l Nadu the rest !S exported to other parts of 
the country Agamst the annual reqmrement of the sago faetones for l 
m•lhon tons of cassava roots the local supply 1s only O 6 m1lhon tons The 
balance comes from netghbonng areas 

The sago faetones work an average of 180 days ayear whereas the 
starch faetones work for 140 days Together they reqmre an average 
mvestment of Rs 200 000 The output !S 3 5 tons of sago and 4 5 tons of 
starch per da y The starch recovery from roots 1s 25% by we1ght m both 
sago and starch faetones The cost of productwn per ton ofsago works out 
to Rs 1450 and that of starch to Rs 1250 The percentage net return over 
total cost 1s about 4 5% and 6 5% respectlvely m sago and starch faetones 

Th1pp1 the wastes from sago and starch faetones !S used m the 
manufacture of cattle feed A plant w1th an mvestment of Rs 1 m1lhon 
could work for about 200 days Wlth dn average mput of8 tons/ da y Th1pp1 
could constltute 25 40% of the raw matenal for the cattle feed The cost of 
productwn per ton offeed 1s about Rs 7 JO and the return 1s about 4% o ver 
total cost 

Employment Reqmrements 

The labor reqmred per hectare of cassava prod uctwn 1s 104 man days 
for an 1rngated crop and 54 man days for a ramfed crop The most 
labor mtenstve operatwn ts harvestmg The women-days oflabor reqmred 
per hectare are 160 and 85 respect1vely for ungated and ramfed crops 
The sago faetones producmg 3 tons/ da y use 11 man days 49 woman 
days and 5 ¡uvemle days of labor per day S•m•larly the starch faetones 
wuh an average output of 3 8 tonsjday reqmre 8 man days 35 woman 
days and 6 ¡uvenlle days of labor perday The cattle feed mdustry w1th an 
average capac¡ty of 8 tons/ da y uses 6 man days and 3 woman days per 
da y 
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lntegratmg Production and Processmg 

Producuon and processmg of cassava are done by d¡stmctly separate 
entltles Profits would be h1gher 1f d1fferent stages of productwn and 
processmg were mtegrated but wlthout affectmg the level of employment 
An estlmate of costs and returns was made when cassava productton was 
mtegrated w1th sago productwn and cattle feed productwn For an 
mtegrated umt w1th a capac•ty of 1 O tons of sago and 1 O tons of cattlefeed 
per day workmg over an operatmg penod of 200 days annually an 
mvestment of Rs 2 290 m•lhon would be reqUired For a 9% return on 
IDlllal mvestment a processor could pay Rs 325/ton of cassava at curren! 
market pnces for sago and ammal feed The ex1stmg coeffic1ent of 
vanatwn of cassava pnce was around 14% and th1s could be reduced 
markedly through mtegrated operatlon To keep an mtegrated umt of the 
above SIZe workmg requ¡res 150 ha of land under cassava at the average 
level of productiVIty per hectare now observed m the study area 

ProJectiOns and Problems 

The demand for cassava has mcreased dueto 1ts mulllfaceted mdustnal 
uses not dueto dtrect consumptton In sptte of the mcreased demand the 
area under cassava has decreased margmally Th1s was parllcularly 
marked m the tradttiOnal cassava growmg state of Kerala whtle there was 
a margmal arca mercase m Tamtl Nadu The food hab1ts of even the 
low mcome strata were found to be sh1ftmg from root crops to cereals 
Thts mtght mthtate agamst mcreasmg the area under cassava However 
there ts an mcreasmg demand for cassava for mdustnal uses such as m the 
productwn of sago starch and cattle feed The potent1al for productwn of 
alcohol and protem also m1ght be explored The poss1ble alcohol 
producllon from cassava w1th a y1eld of 20 tons/ ha 1s 3600 hters Th1s 
renewable resource could be used m motors as fu el and could help allev1ate 
the mountmg energy prob1em (Le1hner 1981) An mcreased demand for 
cassava could eastly be met by tncreasmg ytelds wh1ch are very low at 
present coro pared to the potenttal shown by expenmental ytelds 

For the farmer to culttvate a crop the tmportant mcenuve ts pnce The 
pnce for cassava ts unfavorable compared to alternauve crops and pnce 
fluctuatwns are also htgh m cassava To overcome these problems the 
cu1t•vators and processors need to be hnked Th1s m1ght be done by 
mtegratmg the two functwns Smce most cassava producers are small 
farmers there ts a need for mstttutwnal mterventton Sorne kmd of 
producers orgamzatwn cou1d be estabhshed w1th the object•ve of gettmg a 
htgher pnce for the roots and ensunng a contmuous supply to the 
processmg umts 
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In Tam1l Nadu the surface water flow has been harnessed almost fully 
and the ground water potent1al1s dwmdhng Because cassava uses water 
efflc1ently 1t 1s commg up m nontrad1twnal areas replacmg sugarcane In 
the trad1t10nal growmg areas where the water table IS gomg down 1t m1ght 
be necessary to recycle the effluents of the starch processmg un1ts for 
trngatwn m order to mamtam the present acreage 

Although many products hke cassava ch1ps and pellets flour starch 
sago and flakes could be produced emphas1s should be placed on 
lowenng the cost of such products and populanzmg them m the d1ets of the 
people In concluswn the h1gh adaptab1hty of th1s crop could be used best 
by strengthemng research and development tn cassava 
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Product10n 

Cassava ts the second most tmportant upland crop (after matze) m 
lndonesta Out of a total of 4 mtllton hectares of cassava culttvated m Asta 
1 4 mtlhon hectares are located m lndonesta The greatest share of 
lndonesta s cassava ts grown on Java whtch has around 1 mtlhon hectares 
(Ftgure 1) Cassava area onJava mcreased steadtly between 1950 and 1965 
to a maxtmum of 1 4 mtlhon hectares but dropped m 1966 and dechned 
shghtly thereafter to the present leve! of about 1 mtlhon hectares From 
1950 to 1972 cassava yteld on Java was relattvely constan! atan average of 
7 4 tons/ha Smce 1972 ytelds on both Java and the outer tslands have 
mcreased and m 1981 the natwnal average wasJUSt over9 7 tons/ha a 
29% mcrease m JUSI 9 years (Ftgure 2) Thts mcrease has been achteved 
wtthout any dtrect government program for cassava 

The outer ts1ands dtffer from Java m the pattern of change m both 
cassava area and total productwn The cu1ttvated are a on the o u ter tslands 
has contmually mcreased smce 1950 but reported ytelds decreased from 
1950 to 1966 mcreased m 1974 and thereafter have remamed relattvely 
constan! at 9 7 tons/ ha The apparent declme m ytelds was due pnmanly 
to changes m data collectton procedures rather than to stgmficant changes 
m cassava culttvation practlces The mercase m culttvated area on the 
outer tslands has been due to constderable cJeanng of new areas from 
alang alang (lmperata cylmdrtca) forcassava The cleanng ofthts land has 
been carned out largely by mtgrants from Java to produce cassava for 
taptoca and dned cassavaexport In Lampung provmce on Sumatera the 
area planted to cassava has expanded raptdly 
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In contrast to Lampung provmce a number of factors have tended to 
reduce the areas used for cassava productwn on Java (Roche 1983) 
MaJor constructwn and rehabihtatlOn of Irngatlon systems underway 
throughout Indonesia durmg the 1970s permitted ramfed crops such as 
cassava to be replaced by 1rngated nce and late season upland crops to be 
replaced by a second 1rngated nce crop The government s afforestatiOn 
efforts m steep upland areas and extensive plantmgs of perenmal cash 
crops have also tended to reduce land areas available for cassava on Java 
Cassava pnces dechned relative to pnces of competmg food crops dunng 
the 1970s which reduced the mcentlves for cassava producuon Fmally It 
1s al so hkely that cassava mtercroppmg has beco me more extens1ve and m 
general the plantmg density of mtercropped cassava IS lower than when It 
1s planted m pure stands 

Cassava productwn ts concentrated m margmal agrtcultural areas of 
generally low sml fertihty which are often charactenzed by a pronounced 
dry season There appear to be few senous problems with cassava pests and 
diseases m Indonesia (Roche 1983) The red spider mite (Tetranychus 
urllcae) and cassava ash d1sease ( Ozdtum mamhous) are common dry 
season problems but cause only mmor economtc losses Cassava bactenal 
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bhght (Xanthomonas mamhous) IS a senous concern m a few areas but IS 

of mmor tmportance where cassava culttvatton 1S most extenstve Vanous 
root rol problems anse frequently on poorly dramed s01ls but agam cause 
overall mmor losses 

Cassava productiOn systems on Java d1ffer from those of the outer 
Islands and most of the rest of Asia m the predommance of mtercroppmg 
and the apphcatwn of at least sorne fert1hzer Around 54% of Javas 
farmers mtercrop cassava m a vanety of systems mvolvmg upland nce 
ma1ze and legumes These labor mtenstve systems are parucularly 
appropnate on land scarce Java where 53% of the farmers operate less 
than O 5 ha and only 4 7% have more than 2 ha (Roche 1983) 

Although cassava mtercroppmg IS usually more profitable per umt of 
land a substantial share of the crop IS planted m pure stands dependmg 
upon ramfall land type and market Monoculture plantmgs are most 
common near urban markets occaswnally even on 1rngated land 
Intercroppmg predommates m more remote locatwns where farmmg 
systems tend to be more subststence onented As levels of sml fert1hty and 
ramfall decline first upland nce then legumes and finally ma1ze are 
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ehmmated from these systems (Roche 1983) Most cassava lS planted m 
pure stands m the outer 1slands where farm holdmgs are latger and less 
mtens1vely culllvated and where s01ls ate generally less fertlle and more 
ac1d than those of Java 

Fert1hzer use m Indones1a 1s hm1ted largely to mtrogen (pnnc1pally 
urea) and phosphorus (concentrated superphosphate) the pnces of wh1ch 
ate subs1d1Zed substanllally Average rates of fertllller use ate low for 
cassava as compared to crops such as nce and ma1ze patllcularly when 
cassava 1s planted m monoculture Curren! fatm practlces stand m 
contras! to agronom1c tnals wh1ch cons1stently show the h1gh profitab1hty 
from fert1hzer use on cassava Th1s S1tuat1on md1cates the need for a 
cassava extens10n program m Indonesta 

An esllmate of the retuiTIS poss1ble from 1mproved agronom1c pracllces 
1s g1ven m Table 1 wh1ch compares costs and retuiTIS of cassava 
product10n m two ateas of Indones1a The agronoiDic pracllces (fertlliZer 
plan! spacmg and weedmg) recommended on the bas1s of fatm tnals can 
lead to a substanllal mcrease m y1elds and profitab1hty on both the East 
Java and Lampung s1tes Cassava product10n costs could be reduced by 
almos! 50% md1catmg the latge mcrease m cassava supply hkely to occur 
wtth new culttvatton pract1ces 

T bl 1 Cost analysu ,....., p od cti (pet' bectare) llw lndonesian locabons, 
198.l-1984 

Fann rs pattem Rec mmended pattern 

East Lamp 8 East Lampu 8 
Ja S mate J Sum t 

Y Id (t/b ) 10 2 94 28 3 224 

Cost (% f ttal) 
Lab 45 4 735 42 8 694 
Land re t 35 8 78 25 1 66 
F rtlltzer and man re 117 130 26 7 18 8 
1 t rest depreaatton taxes 7 1 57 54 52 

T tal 1000 1000 1000 1000 

Total al (000 Rp) 2040 188 o 5660 4480 
T tal t (000 Rp) 142 2 1409 207 3 1846 
N t come (000 Rp) 618 47 1 358 7 263 4 
Producu (cost/kg) 13 9 150 73 82 

App xunate ' f exchange US SI 00 = Rp 960 00 
S ce A hmad Suryana. 1980 
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E ven though cassava 1s one of Indones1a s maJOf food crops the total 
value of domestlCally produced cassava 1s only asmall fract10n ofthe total 
value of nce the preemment nattonal staple In contrast to nce cassava 
has rece1ved httle attent10n from the govemment desplle 1ts 1mportant 
contnbut10n to upland farm mcomes Typ1cally between one SlXth and 
one th1rd of upland farm mcomes come from cassava on Java (Roche 
1983) End uses of cassava vary cons1derably however The marketed 
shares of cassava are htgh near cthes and starch faetones but m more 
remole locahons most of the cassava 1s consumed d1rectly by farm fam1hes 

Trade and Use 

Before World War 11 Indonesia was the world s maJor exporter of 
cassava starch Recently however domest1c demand has accounted for 
the great bulk of ut1hzat10n Dunng the late 1970s about 48% of Javas 
cassava output was consumed as food m fresh and dry forms 27% was 
processed mto domeshcally consumed starch and the remamder was 
exported as gaplek (peeled root wh1ch has been cut mto p1eces and dned) 
and starch (Table 2) 

Because of competmg domest1c demands lndones1a has not been able to 
fully explmt the export market prov1ded by government pohc1es m the 
European EconomlC Commumty (EEC) Indones1a s reduced 1mportance 
m world cassava trade was dueto the d1srupt10n caused by the Japanese 
occupat10n m World War 11 the subsequent war of mdependence and 
finally to populat10n pressure wh1cb led to replacement of cassava by 
more preferred staple crops 

T bl 2 c ... se(OOOtf esb ooteqw alent)byf mandbyrv. keto J 1976 

Hom 
Mark t d ns mpt T tal 

Domesn 
Fre h lS 710 1190 1900 
Ub 100 10 110 
R al 610 1180 1790 

G pi k 900 860 1760 
Gplkflo 80 80 
Starch 2020 2020 

E port 
Gapl k 1776 1776 

S urce U h 1983 
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Thadand presently dommates world export of cassava both m the forms 
of gaplek (Table 3) and starch (Table 4) Cassava ts a mmor Indonestan 
export contnbutmg only about 2% of the total value of non ml exports 
durmg the 1977 83 penod (lndonesta 1983b) These exports although 
small ha vean tmportant tmpact on the meo mes of relattvely poor farmers 
Demand for cassava exports provtdes a floor pnce for farmers m years of 
htgh domesttc productton 

As a foodstuff cassava plays an tmportant role m the Indonestan dtet 
and ranks second after nce contnbutmg about 10% of the total calone 
consumptton A number of dtstmct pattems of cassava consumptwn can 
be tdentúied Ftrstly consumptton levels vary constderably among and 
wtthm regwns As Table 5 shows consumptwn ts greatest m rural areas m 
towns and cttles tt ts hmtted largely to small per captta quanttttes of fresh 
roots and starch products The form m whtch cassava ts consumed also 
vanes regtonally For example the mhabttants of Yogyakarta and East 
Java consume mostly gaplek whtle m Central and WestJava much more ts 
consumed m fresh forms 

Secondly cassava consumptwn vartes constderably by season depend 
mg u pon the avatlabthty and pnce of other staples espectally nce Cassava 
consumptlon 1s greatest m seasons when nce 1s most expenstve Consump
tton of fresh cassava mcreases dunng the thtrd quarter (July September) 
when nce pnces mcrease Gaplek consumptton mcreases dunng the fourth 
quarter comctdmg wtth low avrulabthty of nce and matze 

T bl 3 Internatlonal gaplek trad (000 t) 

E p n lmp rte 

Year Thalland 1 do es Ch a EEC 

Total Lamp g J 

1970 1097 332 74 261 
1971 970 458 86 365 na 1348 
1972 1111 342 100 240 16 1545 
1973 1530 75 36 42 11 1482 
1974 2030 393 199 187 4 2121 
1975 2104 303 203 87 114 2447 
1976 3316 149 150 10 58 3243 
1977 3669 183 149 38 3 4031 
1978 6041 308 194 98 2 6461 
1979 3880 710 170 495 128 5877 

wlabl 
Sum N ls n, 1982 



T ble 4 Cassa starcb unports and sou ces (t) 

e try 1971 1972 1973 1974 1975 1976 1977 1978 1979 

---
Importe 

U ted State 82 564 49 134 64 341 74 421 38 422 40 347 37 641 35 057 32 886 

Sour 
B aztl 10 303 5 331 5 170 15 492 7 011 992 506 847 6 849 
Th 1 d 67 471 42 778 57 120 57 501 30 314 35 495 36175 32 163 22 596 
Oth 4 790 1 025 2 051 1 428 1 097 3 860 960 2 047 3 441 

lmport 
Jap 46 952 50 560 71 799 139 749 71 105 82 093 94 206 90 622 69 355 

So e 
Th 1 d a a 130 854 68 178 79 606 94 206 90 622 52 852 
Others 8 895 2 927 2 487 o o 16 503 

lmport 
Truw a 5 624 4 964 11 601 
H ng K g 5 700 7 125 8 929 12 326 13 840 14 434 10 322 14454 11 162 

-
t a.tl bl 

S NI 1982 
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T bl 5 Reglo al pe capita mpton(kg/y )ofm J staples J 1976 d 1978 

Wt e tal East 
J k rt J J y gyakart J 

1976 

Ub ... 
Rce 112 3 1200 101 7 96 5 98 8 
Mili e 04 03 1 o o 1 2 1 
Cas (fresh 

q al t) 44 53 120 104 10 9 
Root 37 5 1 114 70 o 
Gap! k o 1 02 02 29 02 
St rch 06 02 04 05 1 7 

R 1 ...... 

Re 149 1 93 o 77 2 78 8 
Mili 04 160 38 31 8 
Cas (fre h 01 

q al t) 28 5 50 1 1082 81 9 
R ts 26 8 22 3 18 9 26 3 
G pi k 08 21 1 80 2 43 5 
St h 09 67 9 1 12 1 

1978 

Uban as 

Rce 104 8 120 5 908 89 4 93 9 
Mru o 1 02 06 38 
Cass (f sh o ' 

q al 1) 57 8 1 99 79 12 4 
R ts 47 8 1 95 64 10 6 
G pi k o o o 1 07 1 3 
St rch 1 o o 03 08 05 

R 1 aras 

R ce 141 1 82 3 67 4 74 7 
M ze 06 24 5 11 3 32 9 
Casa (f h o ' 

q al 1) 25 3 642 %3 79 3 
R ts 23 3 25 o 235 208 
Gap! k 1 2 21 3 68 6 57 2 
St h 08 17 9 42 1 3 

) 1 1 des h la.nd f Mad a 
S Thd ref m peca! b 1 Md S se asVandVI rveyd t byth Ce al 

B « rs 1 d " Cal nes pe d y w re co vert d t k. 1 grams pe year h 
b" fth f 11 w g 3 600 al/ kg mBl 3 200 1/kg cass (frc h) 1 095 

al/kg 
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Th1rdly the consumptwn of cassava vanes by product form and mcome 
status Figure 3 shows that gaplek consumptiOn declines rap1dly wlth 
mcome m rural areas Fresh root consumptton mcreases w1th mcome at 
the lower ruralmcome levels but declines at h1gher mcome levels 

kg 

4 
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There has been an apparent IDcrease ID recent years ID tbe percentage of 
Indones1a s cassava that 1s processed ID lo starch About 17% of the crop 
was used for starch ID 1974 but th1s share grew lo 24% 10 1979 The bulk of 
starch processiDg occurs ID West and Central Java and ID Sumatera s 
Lampung proviDce (Table 6) Starch producllon IDcreased very rap1dly ID 
Lampung dunng these years because of a doubliDg of local fresh root 
output and an expans10n of starch processiDg facl1111es 

Most of Indonesias starch 1s used for domest1c consumpllon ID 
processed foods part1cularly the cnsp wafer called krupuk It has been 
esllmated that about 65% of the starch was used ID krupuk producllon and 
about 15% was used for other snack foods (Nelson 1982) Texllle 
manufacturers used about 10% glucose product10n probably accounted 
for 3% and the remaiDIDg 7% was used for d~rect household consumpllon 

Indones1a s cassava exports ha ve been a small and vanable port1on of 
the domest1c product10n ID recent years Dunng 1979 the peak export 
year cassava sh1pments amounted lo only 15% of the total output 
Indones1an gaplek exports ha ve never even approached the export quotas 
1mposed by the EEC ID late 1981 500 000 tons ID 1982 and 750 000 tons ID 
1983 Incentives to expand exports have been hm1ted pnnc1pally by 
IDfrastructure problems Inland roads are poor and marketiDg costs are 
h1gh Most of Indonesias ports are capable of handhng only relat1vely 
small ocean vessels As a result the Indones1an farmer tends lo rece1ve 
lower pnces for cassava than h1s Tha1 counterpart 10 the years when 
Indones1an pnces are al the f o b export !loor 

T bl 6 1 d esaa starch p od ct on by p ce 1974 d 1979 

St h (t) F h t eq al t (t) 

1974 1979 1974 1979 

W t Ja 188 220 239 220 941 100 1 196 100 
Cent al J a 126 020 149 180 630 100 745 900 
East J 33 300 57 780 166 500 288 900 

J total 347 540 446 180 1 737 700 2 230 900 

Lamp g 27 750 150 750 138 750 753 750 
N rth S mate 15 900 24100 379 500 120 500 
R 30900 30900 154 500 154 500 
Oth p ce 9600 9600 48 000 48 000 

T tal 431 690 661 530 2 158 450 /3 307 650 

S N" 1982 
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Producbon Trends 

If recent trends contmue m area and yields of cassava, total productiOn 
of cassava on Java can be expected to mcrease slowly m the cornmg years 
as nsmg yields will shghtly outweigh dechmng area Past production 
trends show that the harvested area Will decrease by O 4% or about 4 000 
ha/ yr to a total of 976 000 ha m 1988 Cassava yields on Java ha ve been 
growmg 3 6% annually smce the late 1960s and will at this rate reach 11 6 
tons/ ha m 1988 Based on these trends It IS esurnated thattotal production 
on Java Will reach 11 3 tnilhon tons m 1988 about 14% higher than the 
1981 leve! Figures 4 and 5 show the proJected trends m cassava area and 
yield for Java and the outer Islands of Indonesia 

Cassava productwn m the o u ter 1slands IS expected to mcrease not only 
m harvested area but m yield as well The area harvested has mcreased 
2 5%/ yr about 7 600 ha/ yr smce 1968 If this contmues by 1988 the area 
wiii reach 461 000 ha lf the mcrease m yield contlnues at 1 8%/yr It 
should reach 10 7 tonsfha m 1988 Given the above trends cassava 
product10n m the outer Islands should total4 4 tnilhon tons m 1988 

The estirnated productlon for all of Indonesia should reach 16 3 tniihon 
tons by 1988 19% higher than that for 1982 The proJected mcreases m 
cassava ytelds are based on the assumptiOn that as m the past no senous 
attentiOn will be given by the government to developmg cassava s 
potential In this case yields Will mcrease largely as a funct10n of crop 
mtensificatiOn under current technology dueto population growth 

A (000 h ) Y Id (t/h ) 

I200 I5 

1120 13 

I04() 11 

960 9 

880 7 

1970 1980 1990 2000 
y 

Fg 4 T d dy Id f J dM d 
S S t mp 1 d Gunt o 1983 
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Are (000 h ) Y Id ( /h l 

600 15 

520 \1 

440 11 

' 

280 

1970 1980 1990 000 
y 

Fg 5 T d dJ Id f 1 ds 
S S t mp 1 and Guntno 1983 

Research Needs 

Research needs for mcreasmg cassava productlOn on Java dtffer from 
those on the outer tslands Research on Java ts focusiDg on efforts to 
mere ase ytelds m cassava based mtercroppmg systems on the hmtted land 
avatlable On the o u ter tslands where cassava ts generally planted ID areas 
of low fertthty reclatmed from alang alang research efforts concentrate on 
mcreasmg productton on both small farms and cassava estates 

The outertslands can be dtvtded IDto are as wtth a wet chmate (only 2dry 
months per year) or d dry chmate (fe ver than 6 wet months per year) Here 
dry does not necessanly mean low annual ramfall but rather a senous 
water avatlabthty problem for both plant growth and human needs duriDg 
sorne penod of the year In general raiD only falls ID such areas for 3-4 
months the rest of the year beiDg dry It ts dunng thts ttme that water 
shortage becomes a problem One reason for the Lampung area s success 
m mcreasmg both harvested area anu productton ts Lampung s wet 
chmate SIDce cassava can be planted almost any month of the year the 
demands for raw matenals for proces.IDg can be supphed practtcally 
throughout the year 

Varoety troals 

Programs presently underway to obtaiD htgh yteldiDg vanettes IDclude 
breediDg (although thtS requtres a long penod) and testiDg the yteldiDg 
abthty of local and mtroduced cassava vanettes In constdenng the 
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objeCtives of th1s program the followmg factors must be taken mto 
account Java needs h1gh y1eldmg vanet1es w1th httle branchmg and 
narrow leaves for mtercroppmg along w1th good taste (1 e low levels of 
hydrocyamc ac1d) Outs1de Java there IS a need for h1gh y1eldmg vanel!es 
w1th a h1gh starch content and particularly fordry areas a vanety that has 
a h1gh drought tolerance 

Croppmg systems 

Improvmg s01l ferllhty by better s01l management for stable long term 
productwn 1s a maJor goal Aspects of th1s obJecllve mclude llllage 
practtces mulchmg fert1lizer use and mamtenance of sml status \\Ith a 
suitable croppmg system W1th the use of a smtable cassava vanety 
compatible mtercrops anda suitable croppmg sequence the frequency of 
mtercroppmg mtght be mcreased so asto 1mprove land productlvity 

Extens10n serv•ces 

Extenston serv1ces for farmers are very much needed m arder to transfer 
new agncultural technology Improved coordmatwn IS needed between 
the Department of Agnculture research msl!tutes and umvers111es to 
speed up technology transfer In the past coordmatwn between these 
orgamzatwns has been poor The effecl!ve formatwn of a Natwnal Root 
Crops Workmg Group w1th members from d1fferent mstllutwns workmg 
together on root crops would be one step m tmprovtng coordmatwn and 
orgamzatton of research programs 

PotentJal Use and Demand 

Domest1c demand must play a maJor role m the marketmg of 
Indonesian cassava m the future The present Situatwn reveals hmtted 
prospects for cassava exports The mam handtcaps m exportmg emerge 
from the relal!vely low productwn of cassava the restnctwn of the EEC 
export quota and h1gh domesttc marketmg and transportatton costs 
However the Indonesian government Will g1ve added attent10n to cassava 
exports as part of a pohcy to reduce dependence upon 01! exports 

Although the export potential 1s problematic the total domesl!c 
demand for cassava should contmue to grow m the future Desplte the 
overall negauve relatlonshtp between consumer meo me and dtrect consump 
twn of cassava fresh and dned cassava Will be Importan! staple foods for 
Indonesta s low mcome groups for many years to come Processed 
products made from cassava starch tend to be mcome elasttc and thetr 
demand 1s expected to mcrease w1th meo me and populatwn growth There 



86 e A 

IS also considerable potenllal for cassava m the hvestock feed mdustry 
although th1s form of ut1hzatwn has no! yet been explo1ted It w11l depend 
upon the availab1hty and pnces of protem supplements such as soybean 
and leaf meals 

New mdustnal uses of cassava may also be Importan! sources of demand 
m the future With the objecllve of reducmg sugar 1mports the lndonesian 
government 1s developmg the product1on of cassava based sweeteners 
(h1gh fructose syrup and mal tose) Atthe end of 1981 a factory for cassava 
sweetener productwn was bmlt m EastJava with a daily capacity of 25tons 
of fructose syrup (55 kg of fresh cassava y1eld 1 kg of syrup) Similar 
faetones are planned for other cassava productwn centers over the next 
few years 

Cassava w11l also be used to produce ethanol m areas outs1de of Java 
The ethanol mdustry 1s stiii m an m111al stage a pilot plant w1th an annual 
capacity of 5 milhon hters was constructed m Lampung Sumatera m 
1982 The government has long term plans to produce 20 bilhon hters of 
ethanol annually from cassava and other root crops The pnnc1pal 
objecllves of the alcohol fue! program are to provide a renewable 
substltute for petroleum to mcrease farmer mcomes and to develop 
employment and techmcal capacity m Indonesias mdustnal sector 

While these new mdustnal sources of demand could absorb much ofthe 
mcreased cassava productwn possible WIIh new farm technology the 
economiCS of cassava fructose syrup and ethanol are not yet clear G1ven 
present world pnces for sugar and petroleum It IS hkely that large 
subsidies Will be needed to assure the profitabihty of fructose syrup and 
ethanol plants 

Impact of Cassava Research 

R1ce IS the preemment food m Indonesia and other food crops have 
rece1ved relallvely httle attentwn m past agncultural development efforts 
Severa! groups however have carned out projects with the aim of 
mcreasmgcassava productwn The Faculty of Agnculture ofthe Umversi 
ty of BraWIJaya obtamed research grants from the Internatwnal Develop 
ment Research Centre to carry out expenments on Muk1bat cassava from 
1974-1980 • A cassava breedmg program has also been undertaken by the 
Food Crops Research Inslltute and two high yieldmg vaneties Adira I 

ThMkb y m 
M h gl (G 

fgr f g tock f d acy as (M h cul )w b SCJ 

1 1984) 
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and 11 have been released The agncultural research stauons have also 
orgamzed tnal plots for tests of vanettes and fertthzer use 

The results obtamed by these mstttutwns generally have not yet been 
adopted by farmers The pnmary constramt m transfernng technology has 
been the lack of coordmatton between cassava researchers and the 
government extenswn servtces Wtthm the research commumty only 
hmtted \echmcal sktlls ha ve been devoted \o cassava Research projects are 
generally short term m nature and the lack of guaran\eed contmmty 
mhtblts researchers from developmg long term mterests m cassava 
Vanous government agenctes are engaged m cassava research but a lack of 
supervtsiOn and coordmatton has probably led to unnecessary overlap and 
meffictent duphcatwn of research efforts 

To help sol ve these problems severa\ root crop researchers conducted a 
meetmg m 1980 at the N atwnal Bwlogtcal lnstttute at whtch a N auonal 
Workmg Group on Root Crops was estabhshed Dunng thtS meetmg they 
agreed to allocate research and development acttvtttes m cassava m 
accordance wtth \he spectahzatwns mterests and facthtles avatlable at the 
vanous mstltutwns Valuable mformatwn has been collected from the 
parttctpants concermng past and on gomg research efforts Penodtc 
meetmgs at 6 month mtervals were estabhshed to follow the development 
of cassava lt was antlctpated that sctenttfic papers would be produced 
from whtch gmde books and brochures could be developed for extenswn 
purposes 

Unfortunately the Workmg Group has no\ been able to carry out these 
planned acttvttles on a conststent basts Leadershtp has been trregular and 
avatlable funds for attendmg meetmgs ha ve been very hmtted Perhaps the 
tmpetus for an effecttve natwnal workmg group could be provtded by the 
tmtlatwn and support of an Astan regiOnal network on cassava coordt 
nated by an mternattonal orgamzauon Coordmatton of research and 
technology transfer are parttcularly tmportant for ramfed crops such as 
cassava because they are grown m much more vaned envtronments than 
crops such as trngated wheat and nce whtch responded so dramattcally to 
past development efforts m Asta 
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Cassava m the AgrJcultural Economy of Malays1a 
0 

Tan Swee L1an 

Delane E We/sch 

Produchon 

Cassava the ma¡or root crop culuvated m Pemnsular Malaysta ranks 
seventh m crop area followmg rubber od palm nce coconut cocoa and 
sugarcane The area under cassava ts small and has fluctuated a great deal 
overthe past two decades (Table 1) nsmg from 12 235 ha ID 1960 to 22 231 
ha m 1963 dropp1Dgto 11553ha1D 1974 andnsmgagamto20908haiD 
1976 whtch was essenttally the leveltt was at ID 1963 The area has dropped 
steadtly SIDCe 1976 wtth 9 599 ha ID 1981 bemg the lowest on record 

These fluctuauons m area tllustrate two baste features of the cassava 
mdustry m Malaysta one cassava tS a very mmor crop and two the 
cassava mdustry ts very sens1Uve to world pnces All field crops are mmor 
m Malays&a m the sense that the country s agnculture 1s dommated by 
plantat10n crops For example m Pemnsular Malays1a there were 
1 717 000 ha under rubber 879 900 ha under od palm and 246 000 ha 
under coconut ID contras! to the 12 097 ha under cassava m 1980 (Mohd 
TamiD et al 1982) 

Cassava ts a mmor crop for several reasons Ftrst land ownershtp and 
land use ts carefully controlled by the government whtch allocates httle 
land to mmor crops Cassava ts often grown on mmmg reserves (land 
allocated to Un mmmg but where actual rniDmg has not yet started) or on 
dtsturbed land after mmmg has been completed Cassava ts also often 
grown tllegally by squatters Illegal holdmgs refer to land that ts netther 
owned by nor leased lo the farmer and they usually compnse cleanngs m 
the mtdst of government land reserves forest and mmmg reserves and 
even plantmgs along grass verges of rural roads In 1973 72% of the 
cassava m Perak state was esttmated to be planted on such holdmgs 
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T bl 1 A d p od 1 f cassa a Penms 1 
M 1 y 1960-1981 

y A Prod 1 
(h ) (t) 

1960 12 235 
1961 12 728 
1962 18 873 a 
1963 22 231 
1964 18 438 
1965 16 344 
1966 14 669 
1967 18 138 
1968 17 036 
1969 17 532 na 
1970 17 667 207 200 
1971 14 857 161 768 
1972 13 151 279 400 
1973 JI 820 238 720 
1974 JI 553 254 326 
1975 15 112 281 710 
1976 20908 241 840 
1977 20 502 357 345 
1978 17 815 197 425 
1979 16 635 225 057 
1980 12 512 254 309 
1981 9 599 211 178 

1 bl 
S A wol port E B hM ry f Ag 1 "' 

K 1 L mp p 1 M 1 y 

(Aw Yong & Mom 1973) W11h lhe rap1d expanswn ofplanlatton crops 
wh1ch ha ve supenor mcome earmng potenttal for the farmer and are 
1mportant fore1gn exchange earners for the country there 1s an mcreasmg 
demand forthe ava1lable arable land Lalely enforcemenl au1hon11es ha ve 
reversed 1he1r earher tolerance of 11legal cult1vators and are begmmng lo 
bear down on lhem Th1s appears lo be one oflhe reasons for lhedechpe m 
cassava area smce 1976 

The second reason why cassava 1s a mmor crop m Malays1a ts tts returns 
per heclare are relattvely very low Cassava has a low value per uml we1ghl 
and transponatton cosls are subslanttal Although y1elds per hectare are 
respeclable m lhe range of 15 lo 25 lons/ha ( excepl on 1m spmls where 
y1elds range as low as 8 10 lons/ha) cash cosls of produclwn are h1gh 
Cosls are h1gh beca use most labor used m Malays1an cassava produclwn 1s 
h1red makmg relurns above cash cosl low Planlalwn crops as well as 
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mtensive vegetable product10n may be as muchas eight to ten times more 
profitable than cassava producllon on any land suitable for theu 
productiOn For example the net mcome/hectare/year for rubber IS 
M$3651* ata rubber pnce of M$2 40/ kg and M$5030 for mi palm atan 
mi pnce of M$1200/ton (Tunku Mansur & St Clair George 1979) For 
cassava It IS M$480 ata root pnce of M$72/ton 

The mean nat10nal yield for cassava was estimated at 22 tons/ha m 1982 
Yields of 45-60 tons/ha ha ve been claimed m the first harvest season of 
cassava cultiVatiOn but the usual yields rangmg from 12 35 tonslha are 
more reahstic The poorest yields range from 6 10 tonslha 

Product10n costs vary widely dependmg on whether the land IS rented 
owned or cultivated by squatters whether plantmg matenals are free or 
purchased and whether ferllhzer and pesllcides are used and If so 
whether they are purchased or obtamed free as govemment subsidies 
Costs for land preparatiOn plantmg and harvestmg are also highly 
vanable (Table 2) On the average however costs of product10n on 

T bl 2 Rang osts (M$/ha) f ss p od 1 o Pe k and Kedab P nsular 
M lay 1983 

ltm p k K d h 

R g M Rang M 

L d nt 1 o I24 94 o 198 84 
L d p pa t 148 309 267 I56 541 346 
PI t g m t n 1 o 59 27 o 37 17 
PI t g 52 198 106 79-410 163 
F rt I o 335 140 0-410 292 
F rt I ppl cat 10 124 47 25 99 54 
w d t 1 

M ualwedg 74 198 146 111 I80 153 
Ch me 1 p y g 56 222 148 49 148 111 
H b d 

H t g 79 79I 267 124 860 455 

T t 1 1242 1675 

1 1 h 1 1 r h m p ( g h r m r b d ld<d 
m d 

App m r h g us $1 00 M$2 35 

' Ch 1 1983 

MSf hMiy gg USSI=M$229 h h g Ap 113 J984(A week 
Ap 127 1984) 
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mmeral sods are esttmated at M$1680/ha (Table 3) At a pnce of 
M$72 00/ton offresh roots andan average yteld of 30 tonslha the gross 
returns from 1 ha would be M$2160 

The senstllvtty ofthe Malaystan cassava mdustry to world pnces wdl be 
dtscussed m more detatllater but bnefly the relevan! world pnces are the 

T bl 3 Estim ted osts of cassa p od ct o mm ral sotls, Ptnins lar M 1 ysia 1983 

Labor Cost 
11m (m -day) (M$/h ) 

Land p~pantloa 
PloWI g 100 00 
H Wl8 100 00 
Rtbllg r ndgi g 10000 

PI ti g 
PI t g matenals 4000 
T port f pi t g m t n 1 25 00 
Plant ng ( 1 d g preparat 

f tt ngs) JO 9000 

Weed co trol 
1 P e~m g 1 b 13 00 

IOkgfl met + 2 5 
1 t rs 1 hl 76 00 

2 Ma ual (at 2 m th ) JO 9000 
3 p hrvtlab 2 2600' 

27 1 ters p aquat 24 00 

F rtlllze ppllcatl 
Lab 5 45 00 
500 kg mp dfenlze 
(126223) 27900 

80kgmnt f pot h 37 60 

Ha esting 
e tra t h rv t g f t mat d 

y Id f JO t/h t M$17/t 51000 
R m val f op d bn 25 00 

L d re tal 10000 

T tal 1680 60 

) L bo f pi t g m 
hmcal p 

t f h g 
1 1983 

lweed g df rtlze pplcat tsMS900pc m -d y 
b) L bo 
App XJma 

S Ch 

y g fh b d M$1300pe ma -day 
US SI 00- M$2 35 

Co t 
(%t tal) 

17 9 

92 

136 

215 

318 

60 

1000 
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e 1 f (cost msurance and fretght) pnces ofThat tapiOca starch tapwca 
chtps and matze All three sets of pnces fluctuate constderably from year 
to year as well as seasonally m response to world supply and demand 
conditions 

Cassava productton m Penmsular Malaysta ts concentrated m two 
states In 1981 Perak accounted for 80% and Kedah for 6% of the area 
under cassava (Table 4) Each of the other mne states ha ve at least a few 
hectares Perak usually has had more than 50% of the area planted 
Productwn stattsttcs for Sabah and Sarawak are lackmg 

Cassava bemg a field crop ofrather longer duratton than groundnut or 
sweet patato has less flextbthty for fittmg mto annual croppmg patterns 
For thts reason monocroppmg of cassava ts the most wtdespread croppmg 
systemmPerakandKedah Forexample tn 1981 75 6%ofthecassavam 
Pemnsular Malaysta was monocropped (Malaysta 1981a) Mtxed cropptng 
accounted for the res! of the cassava area usually takmg the form of an 
mtercrop m young rubber coconut and frutt tree holdmgs Less 
frequently cassava ts planted as the mam crop wtth other short term field 
crops (such as matze and groundnut) or wtth vegetables as mtercrops 
Rotatwnal croppmg of cassava wtth these short term crops ts also 
practtced to sorne extent 

Although cassava has tradtuonally been a crop of the small farmer 
large scale cassava plantatlons have been tned One maJor plantatwn has 
been operatmg for about 11 years but three other large plantatwns have 
ceased to opera te due to managenal problems Thts ts another reason for 
the recen! dechne m cassava area 

Pnnctpal constramts on cassava ytelds may be traced to madequate or 
lack of technologtcal and managenal sktlls m t!s productlon edaphtc or 
chmatolog¡cal problems and soctoeconomtc attttudes towards the crop 
Cassava research strategtes and obJecttves m MAR DI (Malaystan Agncul 
tural Research and Development Instttute) are geared towards solvmg 
these problems as far as ts feastble Productton technology to tmprove 
ytelds ts generated through research m breedmg agronomy and patholo
gy At the same ltme attempts are made to reduce productwn costs by 
usmg more effectlve cultural agronomtc and crop protectwn practlces as 
well as by usmg labor savmg technology such as the mechamzatwn of 
labor m mtenstve field operattons (e g planttng and harvestmg) 

Uses Markets and Trade 

In Malaysta cassava ts used m three ways as fresh roots for dtrect 
human consumptwn processed mto starch of vanous forms for both 



T bl 4 A ea planted t c:assa by tate Pemns lar Mal ysu. 1970-1981 

St t Area (ha) 

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 

Jobo 2 246 2196 830 493 312 1 582 2 097 1 787 2 359 251 246 440 
Kedah 478 673 417 2 588 1 943 4 510 4 103 2 803 1 260 869 660 614 

Kelantan 522 602 394 406 464 503 458 513 308 209 214 243 
M 1 k 126 111 155 179 114 68 31 88 43 10 22 5 
Ng S mbl 354 104 109 125 62 92 106 121 47 56 56 55 
p h g 2415 1 763 1497 242 301 305 155 143 1000 124 76 101 
p p ang & 
SbangPru 327 162 167 280 318 244 275 249 175 144 35 36 

Perak 8 840 7 743 7 571 5 161 5 909 5 556 11 229 13172 11 188 14 188 10 851 7 748 

P hs 38 62 30 24 14 50 81 87 9 3 9 9 

Selango 1 400 1 034 1 564 1 799 1 596 1 729 1 930 1 243 1 132 546 157 150 

T rengganu 470 372 259 381 389 301 443 269 294 235 186 198 

Total 17 456 14 822 12 993 11 678 11 422 14 940 20 908 20 502 17 815 16 635 12 512 9 599 

S Mal y 1981 
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human consumptton and IDdustnal use and chopped and dned as chtps 
for hvestock feed The amount of fresh roots used ID dtrect human 
consumptton ts very small tt ts consumed not as a staple but as a snack 
Roots for thts use are grown almost enttrely ID backyard kttchen gardens 
for home consumptton 

There does not appear to be an orgamzed market for fresh roots used for 
food and beca use they are grown ID backyard gardens data on these roots 
does not enter nattonal or state productton or consumptton stattsttcs 
Sweet vanettes the most popular beiDg Medan are grown for thts use 
Bttter vanettes such as Black Green and Red Twtgs are grown for the 
starch and ammal feed markets Whtle tt appears that about 90% of fresh 
roots are processed IDto starch and about 10% IDto chtps for ammal feed 
the allocatton of roots between the markets depends on IDtemattonal and 
domesttc pnces 

Unnevehr (1982) ID a study of cassava pnce behavtor on Java 
developed a conceptual model of cassava pnce determiDatton that ts useful 
ID descnbiDg the determiDatton of cassava pnces ID Malaysta The model 
can be apphed to countnes that are such small traders tn the world cassava 
market that they face nearly perfectly elasttc world demand and supply 
for these products If all cassava pnces are expressed ID fresh root 
equtvalents [then] domesttc pnces are determiDed by the IDtersectton of 
domesttc supply wtth a kiDked demand curve that ts flat where export or 
tmport pnces prevatl Between these two pnces domesttc demand [ whtch 
ts] a functton of[cassava s] own pnce and the pnces of other substttutes 
prevatls (Unnevehr 1982) 

The slop1Dg portton of the kiDked demand curve thus represents a band 
wtthiD whtch domesttc pnces may move The wtdth of the band depends 
on (1) the cost of transportatton between tmportiDg and exportiDg 
countnes (2) trade pohctes such as taxes substdtes and quotas and (3) 
phystcal converston rates from fresh roots to the particular processed 
product 

In the Malaystan case the upper hmtt ofthe band can be represented by 
That f o b (free on board) starch pnces plus transport costs of starch from 
Thatland to Malaysta plus Malaystan tmport tax on starch (lmport taxes 
and export substdtes wtden the pnce band whtle export laxes and tmport 
substdtes narrow ti ) The upper hmtt ts also represented by the e 1 f pnce of 
That starch ID tmport markets ID whtch Malaysta could compete mtnus 
transportatton costs from Malaysta to those markets 

The lower hmtt ofthe Malaystan pnce band tS shghtly more comphcated 
At so me pnce of course Malaystan farmers would stmply stop productng 
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cassava Unnevehr descnbes the lower end of the Javanese pnce bandas 
bemg the pnce of Tha1 tapwca pellets e 1 f EEC (European Eeonom1e 
Commumty) ports mmus the eost of transportmg Javanese pellets from 
Java to EEC ports The same reasomng would hold for Malays1a 1 e 
eoneeptually the lower end ofthe Malays1an pnee band 1s the pnee ofTha1 
tap1oea eh1ps e 1 f EEC ports (aetually pnee afloat Hamburg or 
Rotterdam) mmus the eost of transport from Ma!ays1a to Hamburg or 
Rotterdam However a pnee such as th1s would only be hypothet1eal 
beeause Malays1a has not had the expenenee nor does 1t have the 
mfrastructure to export eh1ps to the EEC 

Small quanuues of ch1ps are exported to Smgapore for use m hvestoek 
feed In sorne years small quant1ttes of eh1ps are also 1mported mto 
Malays1a from Thatland for use m ammal feed Whtle the e 1 f pnee of 
ma1ze (Malays1a 1mports all the ma1ze used m ammal feed) eertamly 
prov1des an upper bound for Malays1an eh1ps 1t 1s not the effeeuve upper 
bound for fresh roots because the upper bound for stareh 1s h1gher The 
e 1 f ma1ze and soybean mea! pnees to Smgapore and Malays1a however 
determme how much the hvestock feedcompounders m e1thercountry are 
wtlhng to pay for eassava eh1ps Thus the pnce of Smgapore eh1ps 
effeettvely sets the lower bound on a fresh root eqmvalent bas1s for fresh 
roots produeed m Ma!ays1a 

Tunku Mahmud (1984) suggested vanous equauons for the supply of 
eassava starch and the demand for ch1ps These were s1gmficant at the 5% 
leve! of probab1hty The Cobb Douglas loganthm1c equattOn was used to 
pred1ct the supply of starch usmg the vanables average annual starch pnce 
average root pnce m the precedmg year and total annual ramfall1n Pera k 
The supply curve was found to be melasttc and both root pnee m the 
precedmg year and ramfall were s1gmficant m determmmg starch supply 

A lmear regresswn equatwn between annual chip pnce and the vana bies 
eh1p quanttty used annually average annual soybean and ma1ze pnces 
and produetwn volume of m1xed poultry feed revealed a very elast1c 
demand for eh1ps Ma1ze pnce was the strongest determmant ofeh1p pnee 
whtle soybean pnce hadan 1mportant mverse relauonsh1p w1th ch1p pnce 
(smce soybean prov1ded the protem lackmg m cassava) 

Non s1gntficant regresswn equattons were obtamed for cassava starch 
demand and eh1p supply Tunku Mahmud used only the vanables annual 
pnces of cassava starch corn flour and monosodmm glutamate to explam 
the annual demand for cassava starch If the Tha1 cassava starch pnce had 
been meluded as a vanable (as suggested by Unnevehr 1982) a better 
relauonsh1p m1ght ha ve been obtamed For the supply of ch1ps only the 
vanables ch1p pnce and root pnce m the precedmg year were used for the 
regresston As ch1p producuon 1s usually determmed by any excess o ver the 
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demand of roots for starch productwn the pnce of cassava starch tf 
mcluded as a vanable mtght ha ve produced a more stgmficant regresston 

Average annual ex factory pnces for the maJor processed cassava 
products and fresh roots ata maJOr domesttc market are gtven m Table 5 
Faetones are now reqmred by law to report producllon and sales 
Producllon data on varwus cassava products are shown m Table 6 for 
1972 1980 The terms starch and flour are used mterchangeably m 
Malaysta wlth respect to cassava and refer to the same product whtch tS 

cassava starch Pearl and flakes are starch wtth further processmg Flake 
producllon was of m mor tmportance m earher years and has now almost 
dtsappeared An esttmated breakdown of domesttc end uses of starch ts 
shown m Table 7 Whtle the relauve amounts gmng mto the vanous uses 
may be reasonable the actual figures(as reported from factory productwn) 
may not be rehable The tmport and export figures m Tables 8 and 9 are 
probably more accurate Ftgure 1 compares tmports exports and local 
consumptwn from 1975 1981 

The term refuse as reported m Table 6 tS the same as the term wet waste 
reported m Table 5 and refers to the remnants from starch faetones after 
the starch has been extracted from the peeled and ground roots lt ts used 
as ptg feed and faetones prefer to selltt (or feed tito thetr own ptgs) m the 
wet form Because refuse begms to sour about 24 hours after processmg 
any stocks left after 24 hours must be dned Once dned these stocks can be 
stored for up to 6 months 

T bl 5 A g f t yp es (MS/100 kg) f ssa p d t t p g 
p 1 M 1 y 1972 1981 

Y ea Sta h Fl k p w t w t Ch p R t 
(dry) (wc:t) 

1972 21 17 30 25 22 34 944 2 76 14 27 3 53 
1973 3063 33 83 31 10 17 15 2 59 15 07 4 65 
1974 40 17 59 55 43 45 21 29 340 26 17 6 37 
1975 35 28 5748 37 34 2167 3 38 22 82 599 
1976 40 02 36 72 42 29 22 28 3 35 2145 6 35 
1977 4477 47 74 20 JO 360 t 7 23 
1978 40 73 a 46 29 17 48 2 37 24 54 5 49 
1979 50 87 55 92 15 30 206 26 24 584 
1980 70 10 81 91 21 25 3 12 36 50 9 52 
1981 67 88 a 74 72 23 00 3 34 41 86 8 73 

t .. 
1 bl 

App m h • US$1 OO=M$2 35 
S r d 1 Ag IM k gA b (l-AMA) 1972 77 q mm d y 

1980 1 mm d 1978 79 d 1981 p 1 mm 
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T bl 6 Prod dJ f assa a prod cts (1) Penmsular Mal Y'"' 1972-1980 

Y ea Cassa va tarc:h p 

1972 3S 646 11226 
1973 37 830 12 304 
1974 39,240 10 8SI 
197S 42 662 10076 
1976 S1 S41 IOS44 
1977 S2 131 10269 
1978 44 782 12 806 
1979 47909 IIS72 
1980 39930 9 898 

S M hly t t 1 b 11 Dp m 1 f St K 1 

T bl 7 E&llmaled mootbly eaaa a stordl coasmaplloo by 
eacl ... Malaysla 1981 

E d .. Qua bty 
(l) 

MonosodJ m gl tamate 800 
Glucose soo 
e fcctlonery 300 
B scwt 400 
Te ule and oth n 3000 

T tal S 000 
(60 000 
yearly) 

Chp 

7 14S 
7 371 
S 76S 

22 629 
16 842 
16 786 
170SO 
16606 
8 972 

L mp p 1 

A 

R fuse 

96 Sl2 
106481 
109 328 
93 872 

122 OIS 
107 17S 
100 929 
93 043 
68 S91 

M 1 y 

A bnef descnptton of the starch mdustry may be useful to the reader 
Pnces are quoted as ex factory Most faetones employ a buyer who travels 
through the root producmg areas btddmg on fresh roots dehvered to the 
factory wtth pnces sub¡ect to ad¡ustment for starch content The buyer 
bnngs roo! samples to the factory for testmg by a stmple gravtty method 
mvolvmg water dtSplacement adapted from the That method The base 
pnce ts for roots havmg 26% starch The pnce ts reduced by M$0 20 per 1% 
decrease m starch content below 26% The usual range m starch content ts 
between 21% to 26% (Oot H B personal commumcatton) Each factory 
den ves tts base prtce by cons1denng starch pnces at !pon and Penang and 
mternal processmg cost Ifthe seller accepts the starch content dtscounted 
pnce then a dehvery date 1s set and the farmer/producer ts responstble for 
the cost of dehvery or dehvery rtself of the roots to the factory 
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T bl 8 lmp rt of ass pod t (t) to M lay ta 19709 1981 ( 11 used 1 mm 1 
leed ) 

Ya Dn d Ch ps P llets Oth Ref se T tal 
hp th 

1970 9 7 275 7,284 
1971 19 6 7 030 7 055 
1972 7 6 067 6 074 
1973 227 5 3 582 3 814 
1974 5,264 19 11 971 17 254 
1975 2 117 22 4 970 7 109 
1976 384 7 1 833 2 224 
1977 10 3 689 3 699 
1978 2 705 34 1 732 4471 
1979 52 8 805 865 
1980 2 2 
1981 2051 8 624 2 683 

leP h 1 

S M 1 y 1981 

T bl 9 E port f assa pod ts (t) r om M 1 y 1970 1981 

Y ea SI h & Flk p Olh T t 1 
Fl 1 p 

1970 11 753 3 566 12 018 549 27 886 
1971 6 831 Sl7 9947 SS 17 350 
1972 14948 9S4 10034 Sl2 26448 
1973 IS SSS 1 477 10 S61 64S 28,238 
1974 8 426 366 9 863 340 18 99S 
197S 12 949 701 8 030 393 22073 
1976 18 302 494 9 197 S 50 28 S43 
1977 7 S9S 29S 3 236 1 018 12 144 
1978 2 942 366 2 622 1614 7 S44 
1979 10 248 788 4 850 1 026 16912 
1980 1 649 27 4148 118 S 942 
1981 1 30S 83 3 841 434 S 663 

S M 1 y 1981 

A survey conducted m mtd 1982 found that none of the factory 
managers mtervtewed was purchasmg standmg crops to be harvested by 
the factory Netther were any loans bemg extended to farmers prtor to 
harvest although they reported havmg done so m the past and would do 
so agam tf a regular suppher requested a loan and the factory was 
suffictently solvent to make the loan They also reported that they 
normally buy from regular supphers year after year 
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Chye and Loh (1974) reponed that m 1967 there were 46 eassava 
proeessmg faetones m Perak 15 produeed only stareh 27 produeed only 
ehtps and 4 produeed both stareh and ehtps A 1982 study found only 11 
faetones operatmg m Pera k (8 produemg only stareh and 3 produemg only 
ehtps) The deehne m numbers was aeeompanted by an mercase tn average 
stze of the remammg plants showmg that total processmg capaelly had 
actually mcreased 

The teehnologtes bemg used by Malaystan starch faetones can be 
roughly subdtVIded mto two broad categones modero and tradlllonal 
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Modern plants use foretgn manufactured eqmpment and are bastcally 
countmuous processmg plants wtth centnfugal separauon and flash drymg 
of starch Traditwnal plants use the sedtmentatwn techmque and batch 
processmg Tradttwnal plants can be further subdiVIded mto those whtch 
use only sedtmentatwn and those whtch use a centnfuge to expel part ofthe 
water befo re placmg the matenal mto tanks for the sedtmentatwn process 
lt appears that 2 of the 15 starch faetones m Pemnsular Malaysta use 
modern eqmpment and the remamder use only traditwnal methods It 
should be pomted out that the two wtth modern eqmpment also use 
tradttlonal methods for part ofthetr producuon A flow chart showmg the 
steps mvolved m the tradttwnal method for producmg starch and pearls ts 
shown m Ftgure 2 

The compound feed mdustry has been growmg very raptdly dunng the 
past decade as shown m Table 10 Part ofthe growth ts dueto an mcrease 
m hvestock productwn brought about by growth m populatwn and per 
captta mcomes Part ts dueto modermzatwn ofhvestock productwn wtth 
even small producers shtftmg from usmg table scraps and local refuse for 
feed to ustng purchased compound feeds Ltvestock feed ts dtscussed 
further m the next secuon 

ProductJon and Use Potenbals 

Potentlal uses for cassava m Malaysta are vaned and appear promtsmg 
Cassava has potenUal m the fresh food market the starch market the 
ammal feed market and the sweetener market Its uses m the fresh food 
market are not constderable smce cassava ts used matnly as a snack food 
and notas a staple The posstbthtles m the starch market are encouragmg 
dueto htgh demands for thts product m manufactunng mdustnes such as 
textde paper adhestves and alcohol Addttwnal demands he m the 
tmportant area of the ammal feed market Annual tmportatton of gram 
matze ts htgh Beca use the hvestock mdustry ts expected to grow at a fast 
rate tt would be advantageous to reduce matze tmports by substttutmg 
more cassava mto a m mal feed formulas A reducttOn ofsugar tmports can 
also be accomphshed tf cassava produced m Malaysta ts converted mto 
htgh fructose and glucose syrups Thts ts tmportant because future 
expanswn of sugarcane plantauons ts not probable Other prospects he m 
the productwn of gasohol fue! The cost of od and gas ts expected to 
mcrease and cheaper energy sources should be mvestlgated to reduce the 
extstmg over-dependence on petroleum fuels 

Fresb food market 

Although no rehable figures are avatlable on the volume of productton 
of sweet cassava for human consumptton tt can be safely presumed to be 
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T bl ID A malfedp d 1 n (1) Pe ns 1 M lay 1972 1980 

Mxed M lled wheat 
Year p ullry l'!g bra nd 

fed feed pollards 

1972 99 548 118 841 94500 
1973 117 148 103 056 94 012 
1974 189 102 113 156 90 162 
1975 191900 123 740 88 974 
1976 241 311 148 478 106 26S 

1977 272 311 113 851 liS 789 
1978 314 713 130 135 131690 
1979 334 588 122 731 116 313 
1980 419 783 128 823 121 009 

only a small fractton of the total cassava product1on figure Because 1ts 
pnnctpal use ts as snack or dessert foods and notas a staple any future 
stgmficant growth m the demand for sweet cassava tS unhkely 

Starcb market 

Cassava wdl rema m an tmportanl source of mduslnal slarch and htgh 
quahly slarch (flour flake and pearl) deslmed for food mdustnes m lhe 
fulure It ts probable lhat fulure expanston of cassava culttvaiiOn m lhe 
counlry wtll conlmue lo find ready markets for tls starch producls m a 
local as well as mternalwnal con1ex1 

Malaysta has long been exportmg slarch for mduslnal and food 
purposes lo Smgapore Auslraha Japan lhe Umled Ktngdom sorne ofthe 
olher counlnes m lhe EEC Canada and lhe Um1ed Stales Dechnmg 
trends m exporl figures for slarches m lhe lasl few years (Table 9) 
are mdtcattve etlher of reduced demand m lhese tradtttonal overseas 
markels or of mcreasmg demand by domesltc markels Phtlhps (1978) 
suggesled 1ha11he exporl markel for cassava slarch ts nol hkely to grow m 
tmporlance beca use of olher compeltlors such as rllatze He also suggesled 
lhat domesltc markels for cassava starch wdl become more tmportanl 

Local demand for slarch should mcrease al a raptd rale equal lo lhe 
demand for local food lexltle and olher mduslnes requmng starch as a 
raw matenal oras a necessary component Important Malays1an 1ndustnes 
that use starch mclude the manufacturers of monosodmm glutamate and 
glucose (Chan et al 1983) Wtlh 1he presenl governmenl pohcy encourag 
mg btgh lechnology mdustnahzatton lhe growth rale ofthe manufaclunng 
mdustnes ts proJecled lo be 11% per annum over 1980 1985 (Malaysta 
198lb) 
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Antmal feed markel 

A potenual source of great demand for cassava hes m the ammal feed 
mdustry Presently sorne 718 800 tons of gram matze wonh M$290 mtlhon 
( 1981 figures) are tmponed annually for the purpose offeed formulatton 
Th1s demand for feed grams IS expected to grow at a rate commensurate 
wtth the growth ofthe hvestock mdustnes These are expected to expand 
faster than the populatwn growth rate smce there IS a r1smg 1mprovement 
m the standard of hvmg Research studtes have already determmed the 
feasibihty of usmg cassava as a partml substttute m feed ratlons (parucu 
larly for ptg and poultry) Levels up to 40% part1al substllutwn have been 
found to be nutntwnally sound Currently feed mtllers replace corn Wlth 
cassava m feed formulauons at levels of only 5% or so 

Although curren! use of cassava asan ammal feed mgredtent ts mtmmal 
m companson to the amount that enters the starch mdustry tts potenttal 
1mportance may be gauged by trends m the hvestock sector Cassava asan 
energy source has tremendous growth potenttal lt has the posstbthty of 
becommg not only a maJor feed mgredtent for non rummant hvestock 
spectes such as poultry and ptgs but also a concentrate componen! for 
feedmg lactatmg rummants Presently thts energy provtdmg role m 
ammal d1ets IS largely constltuted of gram matze wh1ch ts bemg 1mported 
m mcreasmgly larger qudntltJes The hvestock sector has been expandmg 
ata rate of 2 2% per annum over the last decade (1970 1980) Whtle the 
datry and beef sub sectors ha ve not shown Slgmlicant growth the ptg and 
poultry sub sectors ha ve been keepmg pace wtth consumptwn Over the 
1980 1985 penod these non rummant categones are expected to grow ata 
rate of 5% per annum (Radm 1983) 

Although gram ma1ze reqUirements of the hvestock sector were 
proJected to grow at 10% per annum (Devendra 1977) actual ma1ze 
tmports rose atthe rate of39% per annum overthe penod 1975 1981 from 
215 200 to 718 800 tons lf thts trend holds the amount of matze requtred 
m 1990 would be over 2 5 mtlhon tons lt ts htghly unhkely thatthts vol u me 
of gram could be grown locally and effons should be taken to mmtmtze 
part of the tmpons by local energy subsututes Currently broken nce 
sorghum nce bran wheat pollard brewers dned grams and cassava are 
locally avatlable and are bemg used toa small extent to pantally replace 
ma1ze m feed formulattons Whtch substttute ts used and m what 
proponwns however ts largely dependen! on re la uve pnces and avatlab! 
hty m the market 

Research on non rummant nutntwn has shown that although up to40% 
of a feed rallon may be replaced by cassava 30% ts a safer and more 
practtcal level Problems of dtarrhea m ch1ckens and splay legs m htters 
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from sows fed w1th d1ets havmg more than 30% cassava are somet1mes 
encountered (Hew 1978) 

To compare the compet1tlveness of cassava as a feed mgred1ent w1th 
corn and w1th broken nce (wh1ch 1s a more commonly used subsutute) an 
example IS g1ven m Table 11 for a layers d1et Cassava and broken nce 
were subst1tuted at 30% m two separa te formulatwns and compared wllh 
the bas1c ma1ze d1et At curren! pnces (Apnll984) the cassava ma1ze d1et 
IS the most expenstve wh1le the cheapest 1s the broken nce matze dtet 
Furthermore the cassava ma1ze d1et has a much lower metabohzable 
energy (ME) content but th1s level1s sull w1thm acceptable hm1ts (Yeong 
Shue Woh personal commumcauon) 

Reasons for the h1gher pnce of the cassava ma1ze d1e\ mclude \he need 
for a h1gher soybean meal content and the mcluswn of palm mi Th1s 1s 
because the ME of cassava 1s lower than that of ma1ze or broken nce for 
poultry Therefore part ofthe energy reqmrements ha veto be sausfied by 
palm mi The crude protem content of cassava 1s also low (Table 12) and 
has to be supplemented w1\h more soybean meal 

However when the pnce of cassava IS M$0 29/kg (as 1\ was m June 
1983) mstead ofM$0 36 the cassava ma1ze d1et 1s cheaper than the ma1ze 
d1et although stlll more expens1ve than the broken nce ma1ze d1et (Table 
13) Th1s 1s beca use re la uve pnces of feedstuffs are closely related and tend 
to nse and fall together Thus 11 1s hardly surpnsmg that feed mlllers are 
presently usmg only about 5% cassava m formulatmg theJr rauons (Chan 
et al 1983) and that broken nce 1s a more popular subsutute for ma1ze 

Another example 1s g1ven m Table 14 where d1fferent levels of cassava 
were used m a d1et for grower p1gs Only the d1et w1th 10% cassava was 
cheaper than the bas1c ma1ze d1et at Apnll984 pnces At the lower June 
1983 pnces all the cassava ma1ze d1ets were compet1!1Ve w1th 40% bemg 
the cheapest However other subst1tutes may be even cheaper 

Three pomts can be made from the above examples 

Whether cassava or another locally ava1lable energy substltute 1s used 
to replace sorne of the matze m feed formulatwns depends on thetr 
relauve pnces 

2 The level of cassava used m a d1et ts agam dependent on 1ts pnce 

3 The reductton m cassava pnce necessary to bnng cassava mto the 
ratwns presented 1s on the arder of 5% (1983 pnces) \o 15% (1984 
pnces) all other pnces held constan\ 



T b1 11 • mlti flay rs d tbas d m d b k 1 tAprill984p les! fdtffP 1 M lay 

8 oke 
Apnll984 M d 1 e as mru ed t nce mat d t 

1 gred t p ce f m l 1 f m 1 2 f rmula 3 

1 gred IS e ' 1 gred ts e , 1 gred IS eo 1 

(MS/kg) (%) (M$) (%) (M$) (%) (M$) 

Mau 044 63 6 27 98 27 o 11 88 32 5 14 30 
e as hp o 36 30 o 10 80 
B oke n 040 30 o 12 00 
S ybe meal o 75 21 o 15 75 26 6 19 95 221 16 58 
Palm o 1 1 55 1 o 1 55 

s btotal e t f anabl 
grdets 43 73 4418 42 88 

F h meal 100 40 400 40 400 40 400 
Gas mal o 38 20 o 76 20 o 76 20 o 76 
L mest p wd 006 80 048 80 048 80 048 
D al mphopht 090 1 o 090 10 090 1 o 090 
V1m &mealpm 1100 o 1 110 o 1 010 o 1 110 
Sail o 15 03 005 03 005 03 005 

Total 100 o 51 02 100 o 5147 100 o 50 17 

M t b hzabl gy (kcal/kg) 2790 2660 2720 
erud p t (%) 17 17 17 

App m 1 1 f hang US SI 00 = M$2 29 

S y g'h W h pers 1 mm 
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Sweetener market 

A more •mmed1ate possJbJhty for further cassava explmtauon 1s the 
reductwn of sugar 1mports In Malays1a where only 15% of the sugar 
reqmrements are met by local product1on and no hkehhood for future 
expanston m sugarcane culttvatwn extsts tncreasmg amounts of sugar wtll 
ha veto be 1mported to sausfy the country s needs In 1981 around 457 790 
tons ofsugar(raw refined and m vanous preparatwns) were tmported ata 
value of M$510 mllhon (MalaySia 198lc) 

The ava1lable technology for convertmg cassava mto h1gh fructose and 
glucose syrups prov1des a means of subsututmg at least part ofthe demand 
for sugar Presently fructose and glucose syrups are parucularly smted for 
cannmg as well as for the manufacture of Jams Jelhes confectwnery and 
1ce cream H1gh fructose syrup (HFS) has a w1de apphcauon m the soft 
dnnk mdustry beca use of 1ts concentrated sweetemng effect (Vmlleum1er 
1982) Of all starch den ved sweeteners H FS competes d1rectly w1th sugar 
Other uses ofthe syrup such as m food processmg food preservauon and 
food manufactunng remam to be explored 

Future Supply 

The supply prospects are not nearly as promiSing as the use potenuals 
The bas1c econom1c fact 1s that usmg current productwn technology 
cassava 1s notas profitable as most productwn alternat1ves at pnces wh1ch 
potenUal users are w1lhng to pay G1ven current profit levels and 
government pohcy cassava 1s bas•cally a scavenger for land In Perak over 
70% IS grown ¡Jlegally on land allocated for other purposes lf those 
producers had t1tle or legal long term lease nghts to the land they now ha ve 
m cassava 11 JS very hkely that they would qmckly sh1ft to a lucrauve 
plantatwn crop Land on wh1ch 11 1s legal to grow cassava mamly 
compnses 

Short term lease land pnor to 1ts further development mto planta 
ttons or land schemes 

M mmg reserve land wattmg to be mmed 

Land d1sturbed by mmmg (mmmg spmls) 

Shallow peal smls 

Inter row areas dunng the tmttal estabhshment andJuvemle years of 
rubber coconut or frun plantauons (small holdmgs only) 
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Table 12 E r¡yandp ot m o t ts f uscarbobydntesourcesusedincompound 
feed r non rummant P nms la Mal y 

Poultry Pg 
Metabobmbl nergy D g t bl gy Crude prote n 

(kcaVg) (m g J 1 /kg) (%) 

M "' 3430 15 8 88 
Cassava 3 000 14 2 1 8 
B oke nce 3 200 15 6 75 
R bra 2440 104 lOO 
Wbeat pollard 2 500 12 8 15 o 

S y gSh W h p n " mm 

Because plantatton crops are etght to ten ltmes more profitable than 
cassava they wtll be planted on all permtsstble Class 1 and 2 sotls • 
lntenstve vegetable productton ts htghly profitable and competes not only 
for miDIDg spotls whtch are near populatton centers and hence acttve 
vegetable markets but also for shallow peal smls some of wbtch are 
comiDg out of dechniDg p1Deapple productton Otl palm also competes for 
shallow peal smls Malaysta therefore has very httle land avatlable for 
low profit crops (al present pnces) such as cassava 

The magmtude ofthe technologtcal change necessary to provtde a vtable 
cassava productton sector ts constderable Cost of productton per umt of 
output would have to be reduced by al least 2S% probably SO% for 
cassava supply to meet potenttal demands al reahsttc relattve pnces lf 
mechamzed productton and harvestiDg technology could be developed at 
per untt costs 2S SO% lower than present then plantatton productton of 
cassava could probably be camed out on some of the large tracts of peal 
sotls found ID the country 813 000 ha ID Pemnsular Malaysta (Coulter 
1957) 1 466 000 ID Sarawak (Anderson 1964) and 86 000 ID Sabah 
(Thomas & Allen 1965) Research lo date has shown cassava to be adapted 
to the low pH condtttons ID peal gtviDg ti an tmmedtale advantage over 
many other crops Nevertheless other hmttiDg factors ID peal such as 
nutnent defictenctes and htgh fluctuatiDg water tables have to be 
IDVesugated closely before cassava culttvatton on thts smlts economtcally 
feastble 

Cassava culttvatton on miDeral smls wtll only be expanded tf a 
technology ts developed that substanttally IDCreases produciiVIIy and 

Clas 1 d2 1 f 1 1 f d d g h bl yf 
ym lmt pg hwhl las2 lh mod 

gr wth (W g. 1974) 

Cl 
!m 

1 h 
p 



T bl 13 F m 1 t f lay rs d et based on ma1 ..... d broke n e at June 1983 pri es fo f ed t ff P nmg 1 M 1 y a 

B oke 
J 1983 Maue d et Cassa maue d t nce ma.tze d et 

1 g d t pnce formula 1 formula 2 frmla3 

l gredtents Cost lngred e ts e t Igedets Cost 
(M5/kg) (%) (M$) (%) (M$) (%) (M$) 

M o 38 63 6 2417 270 10 26 32 S 12 35 
Cas h ps o 29 300 8 70 
B k n o 33 300 990 
Soy be mal o 65 210 13 65 26 6 17 29 22 1 14 36 
Palm 1 o 78 1 o o 78 
AH th gred t nstant 15 4 15 4 15 4 

Cost of n bl g d ts 100 o 37 82 1000 37 03 100 o 36 61 
-

App m t f hang USSI 00= M$235 
S y g% w h p 1 mm 



T bl 14 Frmlti r 11' wer p 1 based on dilferent le els or cusa P nln 1 M 1 ysi 

Apnl 1984 
F rrnula 1 F rm 1 2 F rm la3 F rmul 4 F rm 1 5 

1 g ed ents J:!nce % e , o/ eo t % est o/ e " o/ e , 
(MSfkg) (M$) (M$) (M$) (M$) (M$) 

Mwz 044 63 3 27 85 51 3 22 57 38 3 16 85 264 JI 62 138 6 07 
eas a o 36 lOO 360 20 o 7 20 300 10 80 400 14 40 
S ybean m al o 75 14 5 10 88 16 5 12 38 18 5 13 88 20 o 15 00 21 o 15 75 
Ftsh meal lOO 50 500 50 500 60 600 70 700 80 800 
Rceban o 38 15 o 5 70 15 o 5 70 15 o 5 70 15 o 5 70 15 o 5 70 
Salt o 15 05 008 05 o 08 05 008 05 008 05 008 
Cal um ph phate 090 06 o 54 06 054 06 o 54 06 o 54 06 o 54 
Vtam m al p m 1100 o 1 110 o 1 110 o 1 110 o 1 110 o 1 110 
Lm Sl 006 1 o 006 1 o o 06 1 o 006 1 o o 06 1 o 006 
Total 100 o 51 21 1000 51 03 100 o 51 41 lOO O 51 90 1000 51 70 

J n 1983 
p ce 

M= 038 2405 19 49 14 55 10 03 524 
Casa a o 29 00 lOO 290 20 o 5 80 300 8 70 400 11 60 
Soy be mal o 65 9 42 1072 12 02 13 00 13 65 
F h m al o 81 405 4 05 4 86 5 67 6 48 

e ' f an ble 37 52 37 16 37 23 37 40 36 97 
gred e ts 

D g t bl gy (kcal/kg) 3353 3341 3345 3359 3339 
Crude p otem (%) 16 2 16 2 16 3 17 1 17 3 

App m f hang U $100=229 Ap 11984 USSIOO=M$235 J 1983 

S O gHw K g p 1 mm 
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reduces costs and labor reqmrements Smce labor 1s becommg a scarce 
resource m the agncultural sector mechamzatwn possibiiities must be 
fully explored 

The government IS concerned wnh the h1gh annual ma1ze 1mports for 
hvestock feed In order to encourage greater uhhzat1on oflocal subshtutes 
such subsututes must be readily available to feed milis Feed m1llers rely 
almost ent1rely on ma1ze 1mports m formulatmg rat1ons not because of 
any particular pre¡ud1ce agamst cassava but beca use cassava 1s notonously 
unrehable m supply In an effort to rect1fy th1s situation proposals have 
been made to promote cassava cultivation on peat 

lf cassava were more steadily avaiiable and used m ammal feed ata 20% 
leve! 11 would represen! a four fold mcrease over the current 5% leve! of 
ubhzatwn Ma1ze m a bas1c d1et IS used at levels of about 65% A 20% leve! 
of cassava would 1mply a 13% substitution ofthe ma1ze componen! (20% 
of 65%) Usmg the 1983 figure of ma1ze 1mports 1 e 718 800 tons th1s 
amounts to 93 444 tons of cassava ch1ps (13% of 718 800 tons) and 
mvolves Immediate savmgs ofM$37 7 m1lhon m fore1gn exchange (13% of 
M$290 m1lhon) Usmg a 38% converswn rate of fresh roots to ch1ps the 
amount of fresh root productiOn would be about 245 900 tons 

Assummg a mean y1eld of 25 tons/ha about 1 O 000 ha of land would 
need to be planted w1th cassava Th1s scale of operauon to be worked by 
small farmers has been proposed for the near future 

Simiiarly s1gmficant savmgs m fore1gn exchange may be effected 1fthe 
government were to g1ve support to cassava productwn for the purpose of 
manufactunng h1gh fructose and glucose syrups thus reducmg Malays1a s 
h1gh and expens1ve sugar 1mports 

Pohcy Imphcattons 

The v1ew of cassava s future expressed m thts paper can be summanzed 
as optimistic m terms of potent1al sources of utihzattOn but as pesstmistlc 
m terms of potential supply Demand for starch and den ved products can 
be expected to grow steadtly as a result of mercases m per captta meo me 
populatiOn and mdustnahzauon Th1s demand can be met by domest1c 
productiOn of cassava starch 1mports or a combmatwn of both If 
domest1c productwn exceeds demand at world pnces there 1s hm1ted 
scope for exports Demand for hvestock feed can be expected to grow 
rap1dly dueto mcreases m per cap1ta mcomes populauon and adopt10n of 
modero hvestock productwn techmques espec1ally the use of compound 
feeds Cassava ts now ofmmor 1mportance m compound feeds but could 
become an 1mportant componen! (up to 30-40% ofthe total) 1ffeed m1lls 
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can be assured of a steady supply at pnces compettttve Wlth tmported 
matze and domesttcally produced nce bran and broken nce It should also 
be pomted out that beca use nce bran and broken nce are by products of 
nce productiOn whtch llselfhas hmtted scope for expans10n the supply of 
these two energy substttutes ts melasttc Thus they eventually wlll be 
unable to keep pace wtth the growmg demand for carbohydrate sources m 
compounded feed 

The future of cassava product10n appears rather dtsmal Curren! 
hectarage ts the lowest m 20 years and appears to be headed even lower as 
authonues take act10n agamst tllegal productton The consequences of 
sucl¡ drasllc reducttons m cassava product10n are mcreased rebanee on 
tmported starch and tmported matze 

The cassava mdustry m Malaysta tllustrates the frequent confltct 
extstmg between the pohcy obJecttves of economtc effictency and food 
secunty Gtven the Malaystan resource endowment and land use pohctes 
as well as a large low cost cassava and matze producer nearby (Thatland) 
the economtc effictency entena would probably lead to a pohcy whtch 
neglects the domesttc cassava mdustry tmports matze for ammal feed 
tmports starch as needed and concentra tes on htghly profitable plantat10n 
crops The government however places sorne wetght on the pohcy 
objecllve of not bemg totally dependen! upon tmported mgredtents for 
hvestock feed S mee cassava ts the logtcal source of energy for hvestock 
rat10ns a government pohcy supportmg the cassava mdustry would 
appear to contnbute to achtevmg that pohcy objecttve 

Support could take severa! forms The first would be a strong research 
dnve on cost reducmg technology The second would be a program 
encouragmg feed compounders to mclude a stzable proportton (wtthm safe 
levels) of cassava m hvestock compound feeds Thts mtght be achteved m 
several ways such as promotmg plantatton culttvatiOn of cassava reserved 
for feed mtlls requmng feed compounders to purchase a fixed amount of 
cassava for every ton of matze tmported dtverston of roots from starch 
faetones to feed compounders or allowmg tmportatton of That chtps m 
years of short Malaystan root productton However encouragement 
programs can only work tf the development of appropnate cassava 
technology precedes them 

A thtrd form of support would be to tntttate pohctes promotmg the 
product10n of cassava on peal smls Wtth low opportumty cost It was 
prev10usly esttmated that mcreased cassava use m compounded ammal 
feeds up to 20% ofthe total mgredtents would absorb the productton from 
about 10 000 ha of peal sotls There are more than 2 mtlhon hectares of 
peal sotls m Malaysta about 1 mtlhon of whtch may be shallow enough lo 
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be smtable for growmg cassava Not only 1s 10 000 ha only 1% of that 
amount but 8 000 ha are airead y ava1lable on small holdmgs wh1ch have 
abandoned pmeapple productwn Thus the establishment of 10 000 ha of 
small holdmgs m cassava seems to be a reasonable and feas1ble target As 
the demand for starch grows expanswn of cassava toan addltwnaiiO 000 
ha by e1ther smallholders or by plantatlons lS probably also feas1ble 
However 1f an economlcally feas1ble expanswn lS to take place 1t lS 
necessary to ha ve a government pohcy wh1ch supports th1s expanswn and 
new technology 
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Cassava m the Agncultural Economy of Sr• Lanka 
(' 

S D G Javawardena 

lntroductwn 

Cassava was mtroduced to Sn Lanka m the year 1786 from Maunllus by 
the Dutch governor Van der Graef The only subsequent recorded 
tmportat!Ons were made m 1821 and 1917 and these too were from 
Mauntllls S mee then culttvauon of cassava has been mamly confmed to 
peasant settlements or mtercropped m young rubber and coconut 
plantatwns 

As m most other troptcal countnes root and tuber crops m Sn Lanka 
have recetved very httle attentton etther from sctentlsts or m natwnal 
product10n pohctes espectally when compared to cereals Thts sttuat!On 
can mamly be attnbuted to the consumer preference for nce and wheat 
flour Wheat flour !San tmportant commodtty dueto the long estabhshed 
bread eatlng habtts of a stgmftcant percentage of the populat10n 
Currently annual wheat tmports const1tute a substanttal dram on foretgn 
exchange In the context of provtdmg food for the raptdly mcreasmg 
populat10n wh!Ch !S esllmated to grow to 21 mtlhon by the year 2000 root 
crops appear to have stgmficant potentlal espectally at a ttme when nce 
productwn IS becommg mcreasmgly less profitable Moreover m Sn 
Lanka expanswn of trngated areas as a means of mcreasmg nce 
productwn has reached a hmtt On the other hand the potenlial to 
produce food crops m upland areas remams unexpl01ted 

Today m Sn Lanka cassava !S consumed mamly by the poorest people 
pnmanly beca use tt ts the cheapest source offood whtch can be consumed 
wtthout addttwnal mconvemence m preparatiOn Plantatton workers and 
farmers constttute the maJor share ofpeople who consume cassava In th1s 
context root crops m Sn Lanka stand out as one of the most tmportant 

SDGJywd hdfhD f B d Ag m) h e 1 Ag 
Rsehl Pd)'-llk 
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sources of energy for the workmg populat10n who sustam the agncultural 
economy of the country 

R1ce as the mam food crop m Sn Lanka 1s becommg mcreasmgly more 
costly due to 1ts dependence on energy based mputs for max1mun 
productwn Under such C!rcumstances cassava remams a potenllal food 
crop to be explmted dunng the next decade The potenllal of cassava as a 
subslltute for nce and wheat flour was amply demonstrated when cassava 
effectlvely bndged the food gap dunng the acute food shortages m the 
early 1970s Dunng that penod the area under cassava mcreased 
s1gmficantly However w1th the mcrease m nce productwn and the 
assured supply of wheat flour 1mports dunng the late 1970s the area 
planted to cassava has dechned cons1derably (Table 1) 

Productlon Areas 

Cassava culllvatwn m Sn Lanka 1s pnmanly concentrated m the wet 
and mtermedtate zones resultmg m the formauon of a very dtstmct 
productwn belt across these zones (F1gure 1) Ramfall over the 1sland 
follows a b1modal pattern under the mfluence of the northeast (Octoberto 
February) and southwest (May to September) monsoons formmg two 
d1stmct seasons known as Maha and Y ala respectlvely The wet zone 
rece¡ ves ram from both monsoons wh1le 80% of the annual preclp!tahon 
m the dry zone !S from the northeast monsoon 

The d1stnbullon of ramfall m the dry zone coupled w1th smls wh1ch 
barden dunng dry penods makes 11 less favorable for successful cassava 
culttvatiOn However on the southeastern coast where smls are hght 
textured 3 000-4 000 ha are culuvated to cassava dunng both seasons 
mamly for dtrect consumpuon In other areas of the dry zone cassava IS 

cult¡vated mamly dunng the M aba season 

In the wet and mtermed1ate zones cassava 1s culllvated dunng both 
seasons mamly as a backyard crop for dtrect consumpt10n However m 
the d!str1cts of Gampaha and Kurunegala cassava !S mtercropped w1th 
pmeapple and coconut The largest area of cassava m Sn Lanka !S m the 
Kurunegaladtstnct m the mtermedtate zone where the eh mate ts tdeal for 
the productwn of dned chtps lt ts m thts are a that cassava ts processed for 
mdustnal use by producmg dned ch1ps The area culhvated m cassava 
annually m th1s d1stnct !S about 7 000 to 8 000 ha wh1ch 1s mostly 
mtercropped wtth coconut 



T bl 1 At podctn d y Id of assa Sn L k 

M h s as y¡ as T t 1 

y A p d t A p d t A p d t o Me Y Id 

(ha) (000 t) (h ) (000 t) (h ) (000 t) (1/h ) 

1972 23 065 18 259 38 8 240 08 131 08 3130526 390 46 12 48 

1973 2104655 349 27 JO 425 91 261 74 51 472 46 611 01 11 87 
1974 67 747 36 657 72 23 605 66 190 52 91 353 03 848 25 9 29 

1975 4601821 436 76 33 210 93 330 22 79 229 14 766 96 9 68 

1976 4917044 44764 20 270 44 236 09 6944331 683 73 9 85 

1977 39 345 74 413 48 15 230 76 131 29 54 576 05 544 78 9 98 

1978 2941174 410 14 10 464 37 87 39 39 876 01 497 54 12 47 
1979 16 043 03 160 40 17 504 85 203 75 33 548 17 364 16 10 85 

1980 18 95748 220 38 8 085 02 110 81 27 042 51 331 19 12 25 

S Ag cul /S u /S lAnk 
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Croppmg Systems 

Cassava grown as a backyard crop m the wet zone ts brought to the 
market for sale e1ther by the farmer h1mself or by a m1ddleman The area 
culuvated as a backyard crop vanes from 100 1000 plants per farmer 
Farmers generally harvest thetr crops when the nce pnces m the market are 
relauvely h1gh usually JUSI before the harvest of the nce crop Cassava 
produced as a backyard crop IS rarely feruhzed Root y1elds m such 
systems vary from 8 12 tonsjha dependmg on the sml condiiions Under 
the backyard product10n systems the cost of productiOn of cassava IS 
neghg1ble lf the farmer harvests the roots h1mself and transports them to 
the local market he can sell them for about 2000 to 3000 rupees (Rs) per ton 
(US $80 120) If the area m cassava IS large the farmer usually sells the 
produce lo a m1ddleman who has to uproot and transpon the cassava He 
pays the farmer about Rs 1000 1500 (US $40 60) per ton Generally VIllage 
farmers stagger the1r harvest and transport 11 by bullock carts lo the village 
market for sale Cassava cultivallon as a backyard crop thus g1ves a 
considerable mcome to the farmer and moreover cassava ts an assured 
supply of food 

When cassava ts mtercropped wtth pmeapple or coconut the area can 
vary from 1 10 ha In estabhshmg new pmeapple plantat10ns cult1vators 
always plant a crop of cassava mamly beca use the cost of estabhshmg the 
cassava crop IS very low The land IS plowed pnmanly to plant pmeapple 
but growmg cassava helps to control weeds Dueto the apphcatiOn of cmr 
dust as a mulch and fert1hzer to pmeapple y1elds of cassava are h1gh 
around 15 lo 20 tonsjha Produce from such product10n systems 1s 
generally taken lo the urban markets for sale where the reta1l pnce offresh 
cassava IS about Rs 4 00/kg (US $0 16) 

Produchon Costs 

More than 75% of the total area m cassava falls under the above 
producuon systems where plantmg matenalts not purchased land ts not 
prepared spec1ally for cassava plantmg and morgamc fert1hzer 1s not 
apphed The other Importan! feature of these product10n systems IS that 
the farmers do not culttvate cassava season after season m the same land 
Cassava 1s generally rotated WIIh other crops Under these productiOn 
systems the prof1ts are generally h1gh as the retad pnce of cassava m the 
village market ts attracttve However when cassava ts cultlvated on a 
commerctal scale the cost of culttvatiOn ts esttmated to be around Rs 5600 
(US $225) per hectare When culllvated on a commercial scale w1th recom 
mended fert1hzer apphcatiOns y1elds of about 20 tonsj ha can be obtamed 
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At farm gate pnces of about Rs 1500 (US $60) per ton the profit per 
hectare ts about Rs 24 375 (US $975) Thts leve! of profit m Sn Lanka ts 
conStdered very attracttve However dueto dtfficulttes m marketmg Iarge 
quanttttes offresh cassava fordtrect consumpt10n cassava m Sn Lanka ts 
rarely culttvated m extenstve areas 

lf the harvest ts processed by chtppmg and drymg the selhng pnce of a 
ton of dned cassava chtps has to be more than Rs 3750 (US $150) to obtam 
the same profits as by selhng fresh roots The present market pnces for 
dned chtps are not suffictently attracttve to encourage large scale cultiva 
twn of cassava for the dned chtp mdustry m Sn Lanka 

ProductJon Constramts 

The pnnctpal cassava productwn areas are shown m Table 2 Cassava 
culttvauon m Sn Lanka has tradttwnally been concentrated m the wet 
zone due mamly to chmatlc suttabthty Moreover the wet zone dtstncts 
are the most densely populated Government stattsttcs mdtcate that most 
of the cassava productton m Sn Lanka ts consumed dtrectly as fresh 
cassava S mee productwn of cassava mamly comes from borne gardens tt 
ts reasonable to assume that cassava produced m the wet zone ts consumed 
there because cassava ts rarely transported by lornes to dtstant areas due 
to the htgh cost of transportatwn 

The mam constramt m mcreasmg the area under cassava m the wet zone 
IS lack of unused agnculturalland for large scale culttvatwn However tf 
mtercropped wtth coconut constderable are as of land could be found for 
cassava culttvatiOn m the mtermedtate zone wtthm the coconut tnangle of 
the country However dueto many techmcal reasons farmers do not hke 
to grow cassava tn well mamtamed coconut plantatwns as an mtercrop 
The present demand for cassava ts m the form of roots for d1rect 
consumptton andas such tt 1s not conduc1ve to large productton mcreases 

Research 

In Sn Lanka 75 vanet1es of cassava ha ve been tdenttfied and of these 6 
ha ve been recommended forculttvatwn (Chandraratna and Nanayakkara 
1945) Accordmg to offictal records no mtroducttons have been made 
recently Ongmal attempts to tmprove ytelds and reduce hydrogen cyamde 
(HCN) content m cassava date back to 1943 when 21 hybnds were 
produced (Chandraratna and Nanayakkara 1943) lt ts beheved that what 
ts culttvated today ts the matenal multtphed over the years from these 
hybnds 
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Table 2 Cssa (ha) by g 1m t es 

S as Total 

Mah 80/81 Yal 81 

Wt& t rmed te es 

e 1mb 815 764 1 579 

G mp h 2 187 2 000 4 187 

K 1 t 1 215 977 2 192 

K dy 721 875 1 596 

Mat 1 1 292 934 2 226 

N wa El y 543 352 895 

G 11 1 024 959 1 983 

Mat 1 030 1 071 2 101 

R t p 2 668 2 369 5 037 

K g 11 1 895 1 927 3 822 

K ru eg 1 4 342 3 594 7 936 

B dull 1 775 647 2422 

Total 19 507 16 469 35 976 

Dy o es 

H mb 1 ' 935 494 1 429 

Jaff 707 449 1 156 

M 25 13 36 
V 213 81 294 
M llatt 181 44 225 

B t 1 994 701 1 695 
Amp 1 549 923 2472 
Tn mi 683 344 1 027 
P tt 1 m 1 920 2 263 4 183 

A dh p 1 324 563 1 887 
PI a w 1 166 360 1 526 

M g 1 2 212 1 996 4 208 

T tal 11 909 8 231 20 140 

Sn L k \ tal 31 416 24 700 56 116 

S ce D p rtm ' f Ag 1 a! S S La k 

In 1978 a roo! and tuber crop research proJect was tmllated wtth the 
asststance from the lnternattonaJ Development Research Centre Acllvt 
t1es over 3 years were mamly concentrated on germplasm collect10n and 
evaluatton Coordmated yteld evaJuatton expenments m vanous agro 
chmatiC regtons have demonstrated a vast potenttal for mcreasmg 
productton m most parts of the country mcludmg sorne of the dry zone 
areas However attempts to promote large scale cassava culhvatwn for 
mdustnal use ha ve had very httle success dueto many constramts such as 



122 e A 

the htgh cost of culttvatton and transportatwn and lack of an assured 
market 

Durmg the past 3 years of thts research pro¡ect useful data pertammg to 
vanettes fertthzers mtercroppmg and many other management practtces 
have been obtamed m dtfferent agro chmatlc zones conductve to large 
scale culttvatwn of cassava Fmdmgs of thts research pro¡ect ha ve created 
an awareness among pohcymakers admmtstrators and agncultural 
extenston and research workers ofthe potenttal of thts crop for food as well 
as for mdustnal uses The most stnkmg research findmg was the economtc 
potenttal of mtercroppmg legumes wtth cassava for a short penod of about 
3 months Thts was clearly demonstrated m a cassavaflegume mter 
croppmg tnal where four dtfferent types of legumes were tned (bushttao 
greengram blackgram and cowpea) wtth two cassava vanettes (Lenera 
and M U 22) The results mdtcated that the combmatwns of the cassava 
vanety Lenera and the legume bushttao gave stgmficantly htgher monetary 
returns compared to all other combmatwns or to cassava monoculture 

Further mvestlgatwns on the effects of spattal arrangements m legume 
mtercroppmg wtth cassava demonstrated that the double row arrangement 
of cassava was more favorable for htgher root y1elds as well as for legume 
ytelds lntercroppmg cassava under coconut m the low country mter 
medtate zone havmg an annual ramfall of over 1016 mm mdtcated a 
maxtmum yteld of about 15 tons/ha wtth the vanety MU 71 after 12 
months 

Investtgattons on cassava seedhngs ratsed from naturally cross polh 
nated seeds are bemg carned out to select for early matunty htgh yteld 
htgh starch content and low HCN content A total of 1098 seedlmgs were 
ratsed 94 plants gtvmg ytelds of 3 and 5 kg at 6 add 12 months matunty 
respecttvely have been selected All these seedhngs show stgmficant 
dtverstty and could result m the emergence of sorne outstandmg plant 
types These selectwns are bemg further evaluated for htgher yteld and low 
HCN content Investtgatwns on yteld response of cassava to mtrogen 
fertthzer have demonstrated a stgmficant productton potenttal at htgher 
levels of mtrogen (Table 3) 

Dunng the first phase of the research pro¡ect t! was realtzed that the 
culttvatton of cassava could be encouraged only tf technologtes are 
developed that are compatible wtth vtllage farmmg systems Farmers have 
adapted certam types of croppmg combmatwns whtch g¡ve them a regular 
supply of vegetables and a regular cash mcome In thts respect cassava 
mtercroppmg wtth vegetables and legumes where farmers mcome food 
and nutnttonal levels can be elevated ts becommg acceptable 
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T bl 3 Y1eld esponse of cassa to mt og f rt 1 er 

Fert 1 1 1 
N (kg/h ) 

o 
22 5 
45 
67 5 

90 
112 5 
56 25 + o g m tt (20 t/h ) 
O + g m tt (20 t/ h ) 

Y Id 
(t/h ) 

5 66 
11 32 
16 63 
25 72 
31 04 
3943 
32 21 
13 54 

S Pr g p 1983 DVIS fB y C aiAg lt 
R archl 

It IS proposed to expl01t the mdustnal potential of th1s crop on well 
¡denl!fied areas after careful econmmc stud1es w1th particular attenl!on to 
transportatwn and processmg costs Phase one of the prOJect has enabled 
an Identúical!on of the agronom1c reqmrements technologiCal needs and 
y¡eld potenl!al m different agro chmal!c zones as well as the potenl!al of 
mtercroppmg cassava w1th legumes and vegetables lt IS proposed to carry 
out phase two of the proJeCt by g!Vlng more emphas1s to d1stmct regional 
needs representmg d1fferent agro-chmat1c reg10ns s01l types and farmmg 
systems The proJect env1sages vanetal evaluatwn mtercroppmg com 
bmatwns cultural pract1ces through adapt1ve farm level research and 
field tnal programs carned out by the maJor regwnal agncultural research 
centers 

Uses 

In 1981 the total productwn of fresh cassava was 526 000 tons Of th1s 
157 000 tons were lost as waste (Table 4) The balance IS reported to have 
been used totally for human consumpt10n as fresh food There IS no 
reported use m mdustry Per cap1ta consumpt10n of cassava was 24 57 
kgjyr supplymg 105 68 calones (4 8% ofthe total calone reqmrement) per 
day Food reqmrement statisUcs of the government md1cate that the 
productwn of fresh cassava 1s JUSI meetmg the calculated food reqmre 
ments of roots and tubers (Table 5) Accordmg to these est1mates the 
reqmrements m the year 2000 could be met by mcreasmg the area of 
cassava by 10 000 ha al present average farm y¡elds of 10 tonsj ha The area 
cull!vated to cassava m 1981 was 1 j 3 of that m 1974 



T bk 4 F dbl h t r t d tub 1981(pplto 14 988 000) 

S D tnb t p p t mpt 

e mm d ty p d t lmp rt S d Waste F dg kg/y g/d y al/d y g p t /d y g f t/d y 
(000 t) 

p t t 66 04 100 12 70 6 70 47 64 3 18 8 71 8 45 o 14 o 01 
Cass 526 01 o o 157 80 368 21 24 57 67 31 105 68 o 47 o 13 
Y m d 

w t p t t 158 61 o o 47 58 111 03 7 41 20 30 24 36 o 24 o 06 

S S 1 b fh Dem R p b/ fS La k 



T ble 5 F d q m t r s L k (000 t) 

1981 1986 1991 1996 2001 

R 1 510 89 1 658 93 1 801 98 1 940 00 2 073 13 

Be d wh t fl te 404 33 544 31 595 52 646 60 696 94 

e e t 47609 526 18 575 09 622 98 669 46 

R t d t b 471 09 511 87 549 01 580 37 607 45 

S g 185 46 203 67 221 31 238 20 254 56 
p 1 118 87 130 61 142 13 15348 164 59 

M t fsh t 419 18 463 97 508 13 552 28 595 86 

D ry f d 776 35 836 17 893 68 946 10 997 11 

V get bl 1 240 20 264 13 268 36 307 19 326 46 

V get bl f t 589 22 650 03 710 02 769 50 828 10 

R p f t 306 29 337 18 367 57 397 56 427 05 

B ag (te t ) 67 72 75 10 82 38 89 70 96 93 

Co d m t a d pe 135 37 150 14 164 69 179 32 193 80 

S B kl p JOC f f d q rem f S L k D p re &S 
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The 1mportant cons1derat10n wh1ch emerges from th1s d1scuss1on IS 
whether the present consumptwn rate of 24 57 kg/ yr 1s JUSllfiable when 
there 1s a calone defic1t among Sn Lankans Should the per caplta 
consumptwn of cassava be mcreased and 1f so what are the factors that 
hmlt th1s mcrease? Obvwusly 11 1s the hm1ted demand for fresh cassava m 
the market that IS d1scouragmg the mcrease m productwn Low demand 
for cassava IS mlluenced by the pnces of nce and wheat flour and the 
consumer preference for these food 1tems Understandmg demand m 
tradtttonal and potentlal markets ts necessary m promotmg cassava 
culhvatwn m Sn Lanka 

PotentJal for Product10n and Ut1hzatJon 

The potenttal of cassava as a source of mexpenstve starch m meetmg 
curren! mdustnal reqmrements IS h1gh Currently mdustnal use of cassava 
starch produced locally IS so neghg1ble m Sn Lanka that 11 IS d1fficult to 
obtam off1c1al stahst1cs A few pnvate sector mdustnes are mvolved m 
makmg glucose from cassava starch by enzymat1c convers10n and m 
extractwn of starch for the texllle adhes1ve and pamt mdustnes Small 
scale cottage mdustnes are producmg dned chtps of cassava to meet sorne 
mdustnal reqmrements and small quanlllles of starch are made mto 
taptoca pearl for human consumpuon 

Present mdustnal reqmrements of starch are mostly 1mported In the 
texhle mdustry alone starch reqmrements to produce 153 m1lhon meters 
of cotton yarn annually are estlmated to be around 2 000 tons Cassava 
starch has been successfully used as SIZing m the texllle mdustry by m1xmg 
50 60% of cassava starch w1th other good quahty starches D1scusS1ons 
w1th offic1als m the texllle mdustry and m1ll owners revealed that duelo a 
lack of an assured supply of good quahty cassava starch they were forced 
to depend on 1mports 

Use of cassava m the ammal feed mdustry has been thoroughly 
mvesllgated m Sn Lanka by relevan! authont1es Cassava was used m the 
ammal feed mdustry m the early 1970s Invesllgatwns have shown very 
successful results m m1xmg cassava ch1ps up to 10 15% m poultry and 
other ammal feeds However due to lack of regular supphes of good 
quahty dned cassava ch1ps the use of cassava m the ammal feed mdustry 
has dechned The government 01ls and Fats Corporatwn IS the mam 
producer of ammal feed and at one hme offered attract1ve pnces for 
cassava ch1ps as well as for dned cassava leaves The 01ls and Fats 
Corporatwn 1s the mam suppher ofpoultry feed m the country It supphes 
about 80% of the total feed reqmrement wh1le the rest 1s supphed by two 
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major pnvate firms (Athula Chandrasm and Asoka Sepala 1980) The 
present producuon of poultry feed by the 0IIs and Fats CorporatiOn IS 
around 70 000 tonsjyr Two other pnvate firms produce about 10 000 
20 000 tons of poultry cattle and pig feeds 

Presently cassavais not used directly m the ammal feed mdustry and the 
mam carbohydrate sources are matze nce and wheat flour whtch ts 
unsUitable for human consumptwn Dueto the undependabihty of cassava 
as acarbohydrate so urce the government has off e red an attracttve pnce to 
ma1ze growers The total ma1ze reqmrement for the ammal feed mdustry IS 
locally produced m the dry zone The curren! pnce paid for a ton of maize 
IS Rs 3100 00 (US $124) The pnce of dned cassava chips should be more 
than Rs 3750 00 (US $150) per ton JUSI to give the same mcome to the 
farmer as by sellmg fresh cassava In orderto meet the cost of chippmg and 
drymg the pnce has to be higher than this Dry cassava chip productiOn 
for d1rect use m ammal feed 1s currently not economical However use of 
the cassava residue after the manufacture of starch and glucose has been 
mvesllgated and was found to be very economiCal Nevertheless the 
present maize productiOn has stabihzed due to the attracllve pnces and 
moreover the culttvatton of matze IS undertaken by dry zone farmers 
under ramfed conditwns without high mput levels 

Pohcy Imphcahons of Research 

Culllvatwn of cassava for direct consumptwn as a fresh food IS very 
profitable at present yield levels and market pnces Higher yields could be 
obtamed With adequate ferllhzer apphcatwns and use of high yieldmg 
vanettes Moreover With recent mcreases m fertthzer pnces mtercroppmg 
With legumes could mcrease farmers mcomes whiie reducmg the need for 
more ferllhzer With the mcrease m pnces of nce and wbeat flour the 
demand for cassava as a fresh food can be expected to mcrease In spite of 
cassava s currently low pnces the demand for cassava IS stlll not large due 
to the mconvemence of purchasmg cassava Withm a day of tts harvest 
Therefore use of cassava as a source of food could be mcreased and 
encouraged by developmg processmg technologies 

The mdustnal potenllal of cassava m Sn Lanka IS totally unexplmted 
The problem has been the lack of coordmatlon between market devel 
opment and productiOn expanswn The pnce ofimported mdustnal starch 
IS certamly higher than the locally produced starch from cassava A recent 
pnce quoted for Indian starch IS US $1 50/kg Proper coordmatwn 
between product utthzatton and expanston of cultlvatton combmed wttb 
government mcentives m the form of subsidies as are apphed to many 
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other crops could encourage farmers to grow more cassava In arder to 
reduce the cost of productwn and processmg hand operated stmple 
machmes should be mtroduced to facthtate harvestmg chtppmg and 
drymg of cassava Processmg of cassava should be encouraged as a cottage 
mdustry whereby culttval!on could be stabthzed and employment could 
be provtded for the vtllage farmmg commumty After processmg at the 
vtllage leve! to produce starch glucose or chtps the restdue of cassava 
could be effecttvely ullhzed as an ammal feed m coml:matwn wtth dned 
cassava leaves and leaves of other legumes such as tptltptl (Leucaena 
leucocephala) Therefore attempts to promote cassava culllvatwn should 
take mto constderatiOn an mtegrated approach at the vtllage leve! where 
product utthzatton m sllu ts encouraged 

The trade and agncultural pohctes of the government need revtston to 
encourage cassava culttvatwn to meet the mdustnal reqmrements of the 
country Ltberahzed tmport pohctes ha ve turned the mdustnal users of 
cassava starch to foretgn sources mamly because of an assured supply 
Thts sttuatiOn has cnppled the small scale mdustnes producmg cassava 
chtps for starch extract10n and depnved the small cassava growers of an 
assured meo me The recent expanswn m the mdustnal sector m Sn Lanka 
has mcreased the demand for a cheap so urce of mdustnal starch Demand 
for cassava starch m texttle adhestve and confectwnery mdustnes has 
grown to such an extent that the pnvate sector has started ptlot projects to 
meet thetr own requtrements Government food agncultural and nutn 
tiOnal pohctes could be dtrected more toward the productwn oflocal food 
by adjustmg the pnce structure of tmported food ttems such as wheat flour 
The curren! defictt m calarte reqmrements of Sn Lankans (about 37 4 
calones per captta per day) could eastly be bndged by promotmg 
culttvatton and consumptton of cassava m arcas where food ts m short 
supply 

Research should be mamly dtrected towards evolvmg htgh yteldmg 
vartel!es as a cost reducmg technology although not at !he expense ofhtgh 
chemtcal fertthzer reqmrements In arder to mercase farmers mcomes 
more research on mtercroppmg combmatwns must be carned out wtth the 
tdea of reducmg the need for chemJCal fertthzers and weedmg Vanetal 
tmprovement programs should be dtrected towards vartel!es wtth shorter 
matunty and reasonably htgh ytelds so that areas wtth low ramfall could 
be explmted for cassava culttvatiOn In thts context a cheap source of 
carbohydrates ts an urgent need for the small scale dry zone farmer m Sn 
Lanka whose calarte defictt ts much greater than other segments of the 
populatwn Ramfall m the dry zone demands cassava vanettes wtth a 
6 month matunty penad In arder to pro mote the consumpuon of cassava 
as a cheap source of food technologtes wtth low energy reqmrements to 
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process cassava for human consumptwn should be developed Programs 
to expand cult¡vatwn should be undertaken Simultaneously Wilh projects 
to promote 1ts use m mdustry and as a source of food 
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Cassava m the Agr~cultural Economy of Thadand 

Boonpt Tuapzwatanakun 

Introduchon 

Agnculture has long been a maJor sector of the Tha1 economy In 1960 
the domesllc agncultural product was about 40% of the total gross 
domesllc product (GDP) However th1s percentage has been decreasmg 
over lime as the economy has developed such that by 1981 for example 
the domest1c agncultural product was about 24% of the country s GDP 

In terms of total export earnmg agncultural products contnbuted as 
htgh as 91% of the total m 1960 Durmg the past two decades m sp1te of a 
decreasmg trend m th1s percentage the export earmng from agncultural 
products sllll contnbuted more than 74% of the total export earmngs 

Among the agncultural exports there are f1ve pnnc1pal products 
namely nce ma1ze tapiOca products * sugar and rubber The export 
value of these products was more than 70% of the total NotiCeably the 
export value of tapwca products mcreased the most raptdly nsmg from 
1 547 mtlhon baht m 1972 lo 19 760 m•lhon baht m 1982 (The average 
currency exchange rate over the penod was US $1 00 20 8 baht ) 
Moreover tapioca products ranked as the second h1ghest export earmng 
commodlly for the past 7 years (Table 1) 

Th t m p p d g lly d Th 1 d m p d p df m " 
Th ppefllw h Th d g " " f f h d poc 

p p d f po<l p ~ df m " 

8 J T pw k 1 h F ly fE m d 8 Adm 
K""'t u rs ty B gk k Th 1 d 



T bl 1 V 1 f prl pal gri lt 1 p rt (mllll lb hu) 19721983 

p d t 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 

T P p od t 1 547 2 537 3 836 4 597 7 527 7 720 10 892 9 891 14 804 16 447 19 760 15 311 

o/ f t t 1 10 03 10 99 10 57 13 92 16 31 14 89 20 01 14 39 19 13 17 46 18 38 24 74 

Re 4 437 3 594 9 778 5 852 8 603 13 323 10 424 15 592 19 505 26 366 22470 20 125 

o/ f t tal 28 78 15 57 2694 17 72 18 65 25 71 19 25 22 69 25 20 27 99 20 90 32 52 

M a. 2 085 2 969 6078 5 705 5 676 3 345 4 275 5 644 7 281 8 346 8 313 8 168 

o/ f t tal 13 52 12 86 16 75 17 27 12 30 645 7 90 8 21 941 8 86 7 74 13 20 

S gar 1 264 1 161 3 757 5 696 6 843 7 445 3 976 4 797 2975 9 579 12 241 6 330 

% f t tal 8 19 5 03 10 35 17 24 14 83 14 37 7 34 6 98 384 10 17 1138 10 23 

R bbe 1 862 4 573 5 035 3 474 5 297 6 164 8 030 12 351 12 370 10 841 9499 11 956 

o/ f t tal 12 08 19 81 13 87 lO 52 1148 11 89 14 38 17 97 15 98 11 57 8 83 19 32 

T tal agnc 1t al 
portb 15 416 23 088 36 289 33 030 46 136 51 821 54148 68 724 77 404 94 197 107 529 61 890 

) P 1m aryd ta 
b) F mM try f Agn ultu andC pe at Se/ t d nm dcat to ag cult 

S Bank fThatl d t t t 1 b 11 t 
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Productmn 

Htstoncal background 

Cassava was fmt grown m Thatland somettme around 1850 pnmanly 
for human consumpt10n lt has become qUite popular 10 the eastern 
sea board provmces d unng the past 50 years S mee 1956 cassava growmg 
has spread to the provmces m the northeastern western and upper central 
parts of Thatland 

The total planted area of cassava mcreased from 415 200 ha m 1973 to 
over 1 2 mtlhon m 1982 (Table 2) Cassava productton mcreased from 54 
mtlhon tons m 1973 to 17 8 mtlhon tons m 1982 The raptd expanswn was 
dueto ( 1) on the demand stde the mcreasmg demand for tapwca pellets m 
the European Economtc Commumty (EEC) market and (2) on the supply 
stde productton advantages wtth respect to cost yteld and low nsk m 
growmg cassava 

The local cassava market ts relattvely stmple The cassava growers sell 
thetr cassava roots etther to tapwca faetones or through local m1ddlemen 
The tapwca faetones can be dtvtded mto two categones (1) those 
processmg tapwca products (flour starch and sago) for human consump 
twn and mdustnal use and (2) those processmg taptoca products (chtps 
and pellets) for ammal feed 

T bl 2 A p d t y Id f mp df m t973 t982 

y A p d 1 Y Id F m F m 
(h ) (000 l) (t/h ) p 1 

(b htjkg) (mil f b ht ) 

1973 415 200 5 443 13 12 o 34 1 850 6 
1974 497 280 6 765 13 61 o 30 2 029 5 
1975 475 040 7 094 14 93 o 41 2 908 5 
1976 692 320 10 230 14 78 o 46 4 705 5 
1977 728 160 11 840 13 99 o 47 5 564 8 
1978 1 165 120 16 358 14 04 o 37 6052 5 
1979 845 760 11 840 13 13 077 8 547 8 
1980 1 160 000 16 540 14 26 o 75 124050 
1981 1 270 400 17 744 13 97 o 46 8 162 2 
1982 1 246 160 17 788 14 39 o 50 9 071 8 

S e t f Ag lt 1 St t t Off f Ag lt lE m M t y f 
Ag h dC p B gk k Th 1 d 
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The starch faetones started operatmg shortly after World War 11 when 
modern processmg machmery became ava1lable Tapwca starch was then 
exported to the Umted States for use m the paper and texllle mdustnes 
Smce 1973 Japan has been the most 1mportant tap1oca starch market of 
Tha1land Tapwca starch competes w1th ma1ze starch m both of these 
markets 

The second category of tapwca faetones started around 1956 when Tha1 
tap1oca products for ammal feed were mtroduced mto the European 
ammal feed market by European 1mporters Th1s market developed 
rap1dly and successfully mto a very Importan! market for Tha1 tap1oca 
products The trade started w1th the export of tapwca waste from starch 
manufactunng sh1fted to tapwca ch1ps and then after 1967 followmg the 
mtroductwn of a German pellellzmg plant m Thalland shúted to pellets 
The ease m handling and sh1ppmg pellets and the cost advantages from 
lower bulk compared to ch1ps and waste fac1htated the rap1d growth m 
pellet productwn Th1s comc1ded w1th the growth m the EEC ammal feed 
market Consequently exports of tapwca pellets ha ve mcreased smce then 
and now dommate m the export of tap1oca products 

Cassava cultJvation 

Generally cassava can be planted throughout the year except dunng 
heavy rams or m the m1ddle of the dry season Plantmg 1s usually done 
e1ther at the begmnmg or the end of the ramy season At present the 
cassava grown m Thalland can be class1fied mto two types the ed1ble and 
the bltter vanet1es The ed1ble cassava IS for human consumptwn and 1s 
grown m relallvely small quanlllles compared to the b1tter type The b1tter 
cassava 1s for processmg mto ch1ps pellets and starch The most popular 
bttter vanety IS the local one Thts vanety has been grown In Thatland for 
more than 50 years In 1975 Rayong 1 a selectwn from the local vanety 
was mtroduced to cassava growers as bemg comparable to the local 
vanety Fertthzer use m cassava cultlvatton ts stlll hmtted because the pnce 
of ferllhzer 1s rather h1gh and the fresh root pnce IS volallle Only sorne 
farmers m the old cassava producmgzone (eastern sea board) use fert1hzer 

Area The area planted m cassava m Thatland mcreased every year from 
1973{74 to 1982{83 except ml979{80 when there was a senous drought 
(See Table 2 ) The central plam wh1ch me ludes the eastern sea board used 
to be the maJor cassava producmg zone where cassava area made up 59% 
of the country s total m 1973/74 (Table 3) A rap1d expanswn of planted 
area subsequently took place espec1ally m the northeastern regwn where 
the area mcreased from 130 560 ha(30% ofthe total) m 1973{74 to 483 360 
ha (60% of the total) m 1977 {78 smce then th1s regwn has been the maJOT 
cassava producmg zone The mere ase m cassava area carne about from the 



T bl 3 A p d el d y Id by eg10n 1973 1982 

N rth ast m e tal pi N rth rn S th 

Y e A e p d t Y Id A p d el Y Id Are Pod t Y Id Are p d t Y Id 
(h ) (000 t) (t/h ) (h ) (000 t) (t/h ) (h ) (000 t) (t/ h ) (h ) (000 t) (t/h ) 

1973 130 560 1 574 12 06 259 840 3 531 13 59 25 120 355 14 18 20 480 208 10 14 
o/ of tot 1 30 28 59 62 6 6 5 4 

1974 189 600 2 335 12 31 260 320 3 522 13 53 14 720 224 15 18 15 360 159 10 38 
% of t t 1 39 37 54 56 3 3 3 2 

1975 253 600 3 479 13 72 302 080 4 133 13 68 20 640 330 15 99 18 080 158 8 77 

% f t tal 43 43 51 51 3 4 3 2 

1976 338 720 4 822 14 24 344 160 5 044 14 65 16 800 272 16 21 
o/ f t tal 48 48 49 50 2 2 

1977 483 360 6483 13 41 342 080 5 048 14 76 21440 309 14 43 

o/ f t tal 60 55 40 43 3 3 

1978 733 440 9 699 13 23 398 880 6 119 15 34 29 760 463 15 59 3 040 77 25 21 
% of total 63 59 34 37 3 3 o 

1979 543 360 6 952 12 79 283 200 3 876 13 69 18 720 267 14 19 480 6 13 11 
o/ of total 64 63 34 35 2 2 o o 

1980 725 600 10 009 13 79 400 000 6 043 15 11 34400 488 14 16 

o/ f t tal 62 60 35 37 3 3 

1981 758 080 10 046 13 25 465 280 6 990 15 02 47 040 708 15 06 

o/ f t tal 60 57 37 39 3 4 

1982 726 240 10 200 1404 465 280 6 881 14 79 44 640 707 15 83 
o/ f t t 1 59 57 38 39 

S e , f Ag lt 1St t t Off f Ag lt al E m M try f Ag lt de p t B gk k Th 1 d 
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subst1tutwn of cassava for kenaf and also the mcreasmg utihzatwn of 
farmers 1dle land Nevertheless 11 1s generally beheved that the expanswn 
of cassava area has been through or at the expense of forest destructwn 

Produchon and y1eld Total cassava productwn mcreased from about 
5 4 mllhon tons m 1973/74 too ver 17 7 m1lhon tons m 1982/83 an mere ase 
of shghtly more than three limes Average y1eld for the country fluctuated 
between 13 12 tons/ha and 14 93 tons/ha m th1s penod although a 
downward trend m average y1eld was observed after 1975/76 (See Table 
2 )The northeastern regwn produced over 10 m1lhon tons or 57% of the 
total productwn m 1982 (Table 3) However th1s regwn has the lowest 
average y1eld perhaps dueto the poor sml and errat1c ramfall condltlons 
and the lack of ferllhzer apphcatwn 

Product10n costs and farm mcome The total cost of productwn per 
hectare mcreased every year from 3151 baht/ha m 1974/75 to 5871 
baht/ha m 1980/81 except m 1977/78 when the fixed cost was adjusted 
(Table 4) Dunng the same penod the cost per ton also mcreased from 242 
baht to 412 baht almost 70% Durmg 1973 j74 to 1979/80 net cassava 
mcome per hectare mcreased from 1275 baht to 5237 baht Th1s was due 
mamly to the steady mere ase m cassavafarm pnces Moreover net cassava 
mcorne has been more attracttve compared w1th matze kenaf and 
sugarcane The net farm mcomes of kenaf and sugarcane had been 
fluctuatmg severely thus farmers subslltuted cassava for these crops 
espec.ally m the northeastern reg10n 

Processmg 

Tapwca processmg faetones are concentrated m two regtons the 
northeastern and the central plam reg10n Generally most of the tapwca 
starch faetones are located m the central plam regwn espec1ally m the 
eastern sea board provmces However sometime around 1970 there was a 
rap1d expanswn oftapwca faetones espec1ally ch1p and pelle! faetones m 
the northeastern regwn around Nakhon Ratchas1ma S mee then ch1p and 
pelle! faetones ha ve spread to almost all provmces m th1s reg10n although 
N akhon Ratchas1ma and Khon Kaen are cons1dered the center of the 
tap10ca mdustry 

Among the three types of tap10ca faetones ( ch1ps pellets and starch) 
offlc•al records show that the number of ch1p faetones mcreased from 90 m 
1970 to 3 254m 1978 One reason for the rap1d mcrease m ch1p faetones 1s 
the relallvely low mvestment cost For pelle! faetones the number 
mcreased from 28m 1970 to 618 m 1978 However the number oftap10ca 
starch faetones mcreased only three limes from 50 to 146 faetones H1gh 



Tabl 4 A gepodub t (babt/b ) 1974/75-1980/81 

1974/75 1975(76 1976(77 1977(78 1978(79 

Item Cash N a T tal Cash N Total Cash N Total Cash N T tal Cash N T tal 
cash ash ash ash cash 

Van bl cost 1593 1065 2658 1854 1053 2907 1701 1603 3304 1550 1714 3264 1921 1683 3604 
F ed t 493 493 621 621 787 787 146 401 547 138 469 607 
Total t 1593 1558 3151 1854 1674 3528 1701 2390 4091 1696 2115 3811 2059 2152 4211 
Y eld (t/h ) 13 00 13 73 12 56 12 92 14 90 
Cost p t 242 257 326 295 278 

1979/80 1980/81 

Van ble t 2056 1691 3747 3046 2092 5138 
F d t 161 536 697 68 665 733 
Tot 1 t 2217 2227 4444 3114 2757 5871 
Yteld (t/h ) 10 69 14 25 
Co t p t 416 412 

) N -cash r st r m e ce osted t m ket pr ce 

S u p d t E m S t D r Ag lt lE m R eh Off fAgn lt lE m M t y fAgn lt d 
e p t B gk k Th8.1.l d 

A erag t of h ge o th p n dwasUS$100=208baht 
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area Chtp faetones usually sell thetr chtps m bulk or bag dtrectly to pelle! 
faetones wtthm the area Sorne chtps are sold through rntddlemen orto the 
hard pellet faetones or exporters m Bangpakong and S macha All nattve 
pellets are sold m bulk to the Bangkok based exporters and are trans 
ported to thetr warehouses m Bangkok Bang Pa In Bangpakong or 
Hatpadaeng However the hard pellets are not traded m the local market 
beca use hard pellet faetones are owned by the exporters The roots bought 
by the starch faetones are processed mto starch or flour and sold dtrectly to 
the domesttc mdustnal users wholesalers and exporters 

In recen! years the rntddlemen m Bangkok have been acttvely mvolved 
m the tradmg of chtps and pellets espectally those mtddlemen who were 
formerly tradmg m JU!e and kenaf The commtsswn of the mtddlemen 1s 
O 5% of the total transactwn Somellmes these mtddlemen also take 
posttton m the market by buymg or selhng forward Wlth processors and 
exporters The extstence ofthese mtddlemen has been dueto ( 1) the raptd 
expanswn m pelle! tradmg whtch mcreased pnce compelltwn among the 
exporters and pelle! processors thus allowmg mtddlemen to facthtate th1s 
kmd of tradmg and (2) the movement of exporters to set up thetr 
warehouses far from Bangkok m order to avmd the mcreasmg labor and 
exportmg costs there thus creatmg new termmal markets for tapioca 
products 

Domest1c use 

Cassava root 1s not a staple food m Thatland Only small amounts of 
cassava roots are consumed prmctpally as dessert 1tems Presently 
domesllc use of tapwca products such as waste chtps and pellets 1s st1ll 
hmlted however figures on the total consumpt10n of these products are 
not avatlable Nevertheless the domesttc use of taptoca products 1s mamly 
m the form oftaptoca starch whtch can be dlVlded mto two categones for 
mdustnal consumptwn and for human consumptwn Agam offictal 
records of consumpllon for each category are not avatlable 

Starch consumpllon Attempts ha ve been made to esllmate the annual 
domesttc starch consumptwn from 1965 to 1983 by applymg a fixed 
coeffictent of tapwca starch utthzatwn for each mdustry as well as for 
duect human consumpllon (Table 5) The mdustnal consumptwn of 
tapwca starch was classtfied and esllmated for s1x mdustnes namely 
monosodmm glutamate paper textiles plywood other mdustnal uses 
and food Among these mdustnes the monosodmm glutamate mdustry 
used the htghest amount m 1983 (60 780 tons) followed by the food 
mdustry and the paper mdustry (48 786 tons and 44 432 tons respecuvely) 



Tabl 5 A 1 tap t h mpt by d st y lte nat y n 1965 1983 

Y e M dmgltmte p p d try T t 1 d t y Plyw dm f t g 
m f t n g 

(t) (o/) (!) (o/) (t) (o/) (!) (o/) 

1965 6 163 2 13 83 1 140 42 2 56 3 945 98 8 86 562 55 1 26 
1967 10 200 o 18 73 1 748 86 3 21 5 174 41 9 50 931 07 1 71 
1969 20 100 o 28 27 3 796 41 5 32 6 413 92 9 00 1 013 37 142 
1971 28 965 6 32 00 7 944 01 8 78 8 394 04 9 27 1 208 02 1 33 
1973 34 629 6 32 02 1027431 9 50 10 143 81 9 38 1 330 26 1 23 
1975 36 592 8 30 33 11205 77 9 29 10 773 39 8 93 1 182 11 o 98 
1977 37 248 o 26 24 18 914 91 13 32 13 459 96 9 48 1 611 30 1 14 
1979 38 164 8 23 59 24 722 35 15 28 14 518 71 8 98 1 763 31 1 09 
1981 57 720 o 29 38 31 260 54 16 78 14 310 49 7 68 1 561 37 o 84 
1983 60 780 o 28 07 44 432 26 20 52 15 252 83 7 05 1 587 71 o 73 

y Oth d t 1 Food d try D t h m mpt T t 1 

(t) (o/) (t) (o/) (t) (o/) (t) (o/) 

1965 1 200 o 2 69 30 722 77 68 95 822 64 1 85 44 557 56 100 

1967 1 9860 3 65 32 673 27 60 01 1 735 40 3 19 54 449 01 100 

1969 2 401 5 3 37 34 762 38 48 75 2 761 89 3 87 7130947 100 

1971 2 968 5 3 28 37 118 81 41 00 3 926 74 434 90 525 72 100 

1973 4 245 o 392 39 297 03 36 33 8 246 23 7 62 108 166 24 100 

1975 6 426 o 5 33 41 455 45 34 36 13 012 82 10 78 120 648 34 100 
1977 8 902 5 6 27 43 603 96 30 71 18 224 46 12 84 141 965 09 100 
1979 13 081 5 8 08 4568317 28 24 23 847 04 14 74 161 780 88 100 

1981 178365 9 58 4691080 25 19 19 650 50 10 55 18625020 100 
1983 25 220 o 11 65 48 786 52 22 53 20 446 40 944 21650508 100 

S e Byalclt 
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Dunng the penad of 1975 to 1983 the eshmated annual domesttc 
tapiOca starch consumptwn mcreased from 120 648 tons to 216 505 tons 
Usmg 2% annual growth rates the total domesttc tapwca starch consump 
twn m 1988 ts proJected m the range of 239 000 to 290 000 tons 
Undoubtedly tf modtfied tapwca starch could find new mdustnal uses 
then total starch consumptwn would probably exceed even the prOJected 
max1mum level 

Export 

The That tapwca mdustry has been an export onented mdustry for 
more than aquarter of a century Befare 1963 exports oftapwca products 
were mamly m the form of starch saga (pearl) Smce then exports of 
tapwca products shtfted to products for ammal feed such as waste meal 
chtps and pellets Curren ti y the maJar tapwcaexport ttems are starch and 
pellets 

Starch exports 

Exports of taptoca starch ha ve been fluctuatmg m the past 25 years The 
lowest quantity of exports was 34 764 tons m 1964 and the htghest was 
425 632 tons m 1982 The fluctuatwns have been due to both the 
fluctuatmg number of tmportmg countnes and the fluctuatmg volume by 
each tmportmg country 

From 1958 to 1972 the maJor market for That tapwca starch was the 
U S A whtch tmported more than 50% of the total quanhty exported 
However after 1972 Japan became the maJonmportmg country Although 
there has been an mcreasmg number of tmportmg Astan countnes the 
total quantity exported to these countnes ts very unstable Also the 
quanttty of starch exported to Lpan and the U S A has been decreasmg 
smce 1974 Thtsdechne tsdue mamly to the htgh fretghtcostto the U S A 
and the tmport restnctwns m Japan Moreover the starch tmports ofthese 
two marketsvary to sorne degree wtth the avatlabthty of matze starch m the 
domesllc market 

Pellet expnrts 

The quanttty of pellet exports mcreased from over 752 000 tons m 1969 
to nearly 6 7 mtlhon tons m 1982 (Table 6) Due to senous qualtty 
problems the steady trend was mterrupted m 1979 Vtrtually all pellets 
were exported to countnes wtthm the EEC Offictal statisttcs showed that 
the Netherlands tmported more than 85% of the total pellet exports of 
Thatland However there were transshtpments from the Netherlands to 
Germany France and Belgmm 



T bl 6 E port ft p p 11 t (000 t) by dest t 1969 1982 

Y e W G ma y N th 1 d Fa e Oth Southe t d All T t 1 
EEC East As a th 

1969 145 J 552 6 1 o 42 8 14 96 752 7 
1970 J07 4 843 2 06 05 1 9 10 3 1 163 9 
1971 124 4 812 3 12 5 08 13 9 963 9 
1972 74 6 1 066 6 3J 2 2 1 07 03 1 177 5 
1973 114 2 1 292 o 114 7 JO 18 6 JI 9 1 574 4 
1974 112 3 1 718 7 87 9 86 1 26 4 2 031 4 
1975 96 6 1 965 6 448 10 56 7 4 1 2 168 8 
1976 89 2 3 143 J 127 7 14 4 17 7 614 3453 7 
1977 185 9 3 251 6 135 2 100 4 57 79 3 686 7 
1978 431 3 4 059 1 429 9 788 9 45 8 40 9 5 795 9 
1979 210 6 2 646 5 277 2 588 4 62 16 8 3 695 7 
1980 198 o 34099 114 9 728 6 1 2 4 452 6 
1981 92 4 4 922 1 81 1 17J 6 3 7 313 3 5 586 3 
1982 1764 6 002 6 147 1 367 4 o 9 6 694 4 

S D p tm , re tm B gk k Thal d 
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Almost all of the pelle! exports were the so called Thru nat1ve pellets or 
soft pellets Nevertheless the productwn of hard pellets wh1ch are 
processed by the 1mported machmes has mcreased dunng the past 4 years 
Export statiSIICS from the Tha1 Tapioca Trade Association (TTT A) 
showed that total hard pelle! exports mcreased from over 608 000 tons to 
nearly 1 5 mi Ilion tons between 1981 and 1982 It IS gene rally expected that 
the export of hard pellets w1ll be mcreased gradually because of the 
environmental problems of the dusty nahve pellets espec~ally dunng 
unloadiDg In additiOn sorne ofthe European ports are tryiDgto force the 
1mporters to sh1ft to hard pellets 

Export handlmg facilities 

Export facilities played a major role m the development of the Tha1 
tapioca mdustry and have fac1htated the rap1d mcrease m exports of 
tapioca products as ammal feeds Export fac1ht1es have evolved from a 
simple loadmg method at a speed of 1 000 2 000 tons per day m 1969 to 
22 000 32 000 tons per da y m 1982 The mcrease ID loadmg speed enables 
the fac11Ity to handle larger ves seis ofup to 150 000 tons thereby reduciDg 
per umt fre1ght costs substantlally lt IS expected that the ex1stmg export 
facilities w!ll contiDUe to be used w1th only mmor changes for better 
efflciency Nevertheless reductiOn of export handling costs by mcreasiDg 
loadiDg speed and handling larger vessels are to a great extent 1Dd1s 
pensable for the Tha1 tapiOca pellets to be more competltive With other 
ammal feed IDgredients ID the world market 

Pnce Movement 

The monthly average wholesale pnces of grade A starch pellets chips 
and roots are shown In Figure 2 In general all these pnces d1splay Similar 
movement particular! y those of roots chips and pellets Th1s IS because 
most of the roots are processed IDto chips and pellets wh1le only a 
relattvely small portton 1s processed mto starch Root pnce 1s determmed 
ch1efly by chip and pellet pnce hence root and starch pnces are not as 
dosel y correlated The pnce of all four commodities showed a downward 
trend from m1d 1976 to early 1978 and afterwards pnces started movmg 
upward untii early 1979 From 1979 to late 1981 all pnces for tapioca 
products showed a downward trend and SIDCe then another upward trend 
has been observed 

SIDce the EEC 1s the maJor market for Tha1 tapioca pellets the pnce 
movement m thts market has a strong mfluence on the pnce movement m 
Tha1land In order to compare the pnce movements ID both markets the 
monthly pnce movements of Tha1 nat1ve pellets afloat e 1 f Rotterdam 
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shown m Ftgure 2 1s compared wtth the domesuc wholesale pnce of 
tapioca products and roots m Thalland Generally all the pnces show a 
similar trend However the monthly pnce fluctuatiOns dúfer m these two 
markets perhaps due to the time lag m shtpments between them 

Dunng the penod from 1975 to 1982 an analysts of marketmg margms 
of tapiOca pellets for exports revealed that the local handhng margiDs 
factory margms exporter margms and shtpper margms were not par 
tiCularly large Thts would 1mply that tapioca pellet marketiDg as well as 
the overall tapiOca mdustry ID Thatland IS qmte compettllve and effictent 

Potenttal Productton and Use 

The potenllal for cassava product10n and use m Thatland IS toa great 
extent dependen! upon the EEC whtch has been up to the present the 
smgle market for tapiOca products as ammal feed The prospects m th1s 
market wtll be determmed by the end of 1986 when the Tha1 EEC 
agreement IS termmated At present 11 IS dtfficult to anllctpate the outcome 
beca use of the pohttcal1ssues m volved m the negottattons However one 
m ay assume that the EEC wtll tmport a certam amount of Tha1 tapioca 
pellets after 1986 When th1s amount IS known attent10n can be focused on 
other markets both foretgn and domesttc 

Domeshc starch market 

The domesllc tapioca starch consumpt10n m 1988 IS proJected to be 
between 239 000 and 290 000 tons Thts proJectton IS based however on 
the assumpllon that the extstmg mdustnes wtll contmue usmg tapiOca 
starch and not switch to other htgher quahty modtfled starches The 
eventual use of modtfled starches IS a hkely posstbthty and traders and 
tapiOca starch manufacturers m Thatland expect a breakthrough m the 
development of modtfled taptoca starch Thts ts due mamly to the 
comparallvely low pnce of tapiOca starch and the wtder apphcat10ns for 
modtfled starch At any rate the development of modtfied starch has to be 
accompamed by well tramed techmcal sales representattves who are not 
avatlable yet 

Domeshc ammal feed market 

The posstbthty of promotmg domesttc use of tapiOca products (chtps or 
pellets) asan ammal feed mgredtent has been explored through analysts of 
pnce rattos The monthly average wholesale pnces ID Bangkok ofthe three 
major htgh protem feed mgredtents were exammed namely fish meal 
(60% protem) fish meal (50% protem) and soybean meal (45% proteiD) 
Dunng the penod from 1978 to 1983 soybean me al had the lowest pnce at 
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7 21 baht/kg whiie the fish mea! (60% protem) had the highest at 10 32 
baht/kg All these pnces hada similar pattern offluctuatwn but With an 
overall m crease Soybean mea! fluctuated between 5 70 and 8 26 baht/ kg 
fish mea! With 60% protem fluctuated between 7 55 and 12 57 baht/ kg and 
fish me al with 50% protem fluctuated between 6 40 and 11 50 bah!/ kg 
These are rather high and volatiie pnces 

lt IS regarded as a rule of thumb that a mixture of soybean mea! and 
tapiOca pellets or chips ata ratiO of 1 4 has a nutntwnal feed val u e similar 
to maize Therefore the Bangkok wholesale pnce of a mixture of soybean 
mea! and tapiOca chips can be calculated by multiplymg the pnce of 
soybean mea! by O 2 and addmg this lo the pnce oftapwca chips multiphed 
by O 8 This calculated pnce ofthe soybean mea! and chips mixture divided 
by the Bangkok wholesale pnce of maize gives a pnce ratiO m percentage 
terms These monthly pnce ratws from 1978 to 1983 are almos! all over 
100% and the average IS about 120% (Figure 3) 

These analyses Imply that the pnce of mixture; of high protem feed 
mgredients (soybean mea! and fish mea!) and tapiOca products are at Ieast 
20% higher than the pnce of maize This m ay be one ofthe reasons that the 
use oftap10ca products m domesttc ammal feed ts sttllltmtted Domesuc 
maize consumpllon for antmal feed IS approximately 1 5 miihon tons per 
year Nevertheless there would be good prospects for mcreasmgdomesuc 
use of taptoca products for ammal feed If either the pnce of high protem 
feed mgredients or of taptoca products could be decreased 

lf the domestlc pnce of tapiOca products for dnlmdl feed remams 
constan! the pnce of high protem feed mgredients must be decreased by 
more than 20% so that the pnce of the feed mixture could be decreased by 
20% m order to be comparative with maize The possibihty of such an 
occurrence ts not hkely m the long run unless other htgh protem feed 
mgredtents are avallable dt a comparattvely low pnce However there ts a 
strong posstbihty m the short run because the monthly pnce of htgh 
protem feed Ingredtents ts rathervolattle Thts however ts nota sohd bdsts 
for developmg a large stdble domesttc market 

On the other hand the pnce of tapioca products would have to be 
decreased by considerably more than 20% to compete wtth ma1ze m feed 
mgredtents lf thts case matenalt7ed the potenttal domest1c market for 
tap1oca producb as feed would be as large as 1 2 mtllton tons per year 
There 1s a strong possJbtltty for thts to occur m the long run provtded that 
the pnces of ldptoca products cdn be reduced by 40 50% which the feed 
manufacturers ha ve md1cated would be necessary Such a reducuon would 
reduce the Bangkok average wholesdle pnce of chip; from dbout 2 250 
bah!/ ton lo between 1 125 and 1 350 bahtjton ( 1983 pnces) Then thefarm 
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gate pnce can be den ved by subtractiDg the processiDg cost of ch1ps (!50 
bahtjton) and total transportauon cost (260 bahtjton) Th1s would result 
ID an esumated farm gate pnce for roots ID 1983 of about 311 to 409 
bahtjton wh1ch 1s lower than the average 1973 1983 pnce of 560 
bahtjton • UsiDg the average pnce of ch1ps from 1978 to 1982 (about l 846 
bahtjton) a 20% decrease would g1ve an esumated farm gate pnce of 
approx1mately 464 baht/ton wh1ch 1s shghtly h1gher than the average 
country w1de productmn cost of roots of about 450 bahtjton 

The d!scuss1on of the above two cases 1mphes that there ¡s a poten tia! 
domest1c market for tapmca products as an¡mal feed 1Dgred1ents 1f the 
h1gh proteiD feed 1Dgred1ents are ava1lable ata certaiD pnce leve! and the 
pnce of tapmca products can be decreased by more than 20% 

Summary and Conclus10ns 

The rap1d IDcrease of cassava productmn ID Tha1land 1s maiDly 
attnbutal>le to the expansmn of planted area The contiDuous plantiDg 
w1th Iow rates of fert1hzer apphcatmn 1s respons11>1e for the cons1derable 
reductmn ID 1ts average y1eld At present the northeastern regmn 1s the 
maiD cassava growiDg and processiDg area and produces more than 50% of 
the country s productmn lt 1s unhkely that the planted area Wlll be 
expanded more unless the cassava root pnces are mcreased substanttally 

There 1s suff1c1ent factory capac1ty to produce more than 6 m1lhon tons 
of ch1 ps and pellets ayear lt 1s expected that prod uctmn of hard pellets or 
quas1 hard pellets Wlll be IDCreased and exported to the EEC market whlle 
productmn of soft pellets or nauve pellet Wlll be decreased gradual! y For 
tapiOca starch faetones the total capac1ty 1s far more than the approx1mate 
annual productmn of O 5 m1lhon tons 

Cassava roots are nota staple food for the Tha1 people Domest1c use of 
tapmca products 1s maiDly ID the form oftapmca starch At least 200 000 
tons of tapmca starch were consumed domestlcally ID !983 The estlmated 
annual growth rate of starch productmn 1s about 3% Only a small amount 
of tapmca products was used by the domestlc ammal feed compounders 
and th1s Wlll IDCrease only when the pnces of these products are 
substanllally lower than that of malZe 

By and large the tapmca IDdustry ID Tha1land 1s sllll an export onented 
IDdustry wh1ch 1s handled by pnvate enterpnses Tapmca pellets are by far 
the SIDgle most 1mportant export and almost al! are exported to the EEC 

u g h f ~ tpoc hp t f 2 3 1 
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markel Tap1ocastarch IS exported lo a hm1ted and fluctuatmg number of 
countnes m wh1ch \he U S A and J a pan are regarded as \he maJor 
1mporters However all \he maJor markels for Tha1 tap1oca products are 
faced Wllh 1mport restnctwns such as quota restnctwns m J apan and the 
EEC Therefore 11 may be d1fflcult to mcrease the quant1ty of exporls for 
tapioCa products to these conventwnal markets 

The present marketmg system for tapwca products IS very effic1ent and 
very spec1ahzed espec1ally for tapwca pellets Modero exportmg fac1hlles 
and loadmg technologtes ha ve been used to handle tap10ca pelle\ exporls 
These technolog1es reduced export cost and fre1ght cost per umt substan 
t.ally creatmg a comparallve advantage for Thruland m companson to 
other pellet-exportmg countnes hke Indones1a 

The Tha1 government curren ti y mamtams a free trade pohcy for exports 
of tap10ca products However an exporl quota system was apphed to 
tap10ca pellets and ch1ps gomg to EEC countnes morder to ensure that the 
quanllty does not exceed that authonzed by the EEC In the meant1me a 
crop dlvers1flca11on program has been undertaken lo search for new crops 
to substttute for cassava In addttton expenments usmg cassava roots m 
d1st1lhng alcohol were carned out However s1gmficant progress from 
these programs 1s not expected soon 

The future of the Thru tap10ca mdustry w1ll depend more or less on the 
ex1stmg world market for tap10ca products At leas\ two d1rect10ns can be 
pursued to develop th1s mdustry The first lS to el<plore new markets for 
tapwca products such as the ammal feed markets m feed defic1ent 
countnes and the mod1fied starch markets The second 1s to promote 
domesllc use of tapwca products espec1ally those for ammal feed and to 
encourage development of cassava based mdustnes whtch create added 
value to cassava root productton for mstance the modtfied starch 
mdustry 
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An Analysis of the InternatiOnal Market Potential 
for Dr1ed Cassava and Cassava Starch 

o 
Gerald C Nelson 

IntroductJon 

The rap1d growth m mtematlonal exports of dned cassava from 
Thruland m the 1970s aroused mterest m other developmg countnes about 
the poss1bllity of mcreasmg the1r own cassava exports Because cassava lS 

grown m most trop1cal countnes 1t was hoped exports could proVlde a new 
more profitable market for domest1c cassava product10n 

The determmants of Thru cassava export growth are now frurly well 
known (for example see Nelson 1983) A loophole m the European 
Econom1c Commumty s (EEC) protect10n to 1ts domestlc agnculture 
rrused domestlc demand for dned cassava As part of the EEC Common 
Agncultural Pohcy (CAP) feed grrun pnces were kept well above world 
pnces w1th a vanable levy on 1mports and purchases ata floor pnce Dned 
cassava however faced only a 6% ad valorem tanff and soybeans and 
soybean meal were (and are) 1mported duty free In ammal feed rat10ns a 
mixture of four umts of dned cassava and one umt of soybean meal1s 
roughly equal to five umts of a feed grrun hke corn or barley W1th the 
CAP mduced h1gh domestlc grrun pnces feed manufacturers partlally 
substltuted dned cassava and soybean mea! for feed grruns As a result 
world pnces of dned cassava mcreased and pulled up cassava starch pnces 
as well (Nelson 1982) 

In 1982 as a result ofthe rap1d growth m 1ts dned cassava 1mports (from 
less than 1 m1lhon tons m 1970 to 6 mllhon tons m 1978) the EEC 
restncted the quantlty of dned cassava 1mports commg m under the 6% 
duty Today there IS effectlvely a two pnce system Imports under the 
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quota (currently around 55 m•lhon tons for Tha1land and 1 mllhon tons 
for lndones1a) are taxed at only 6% EEC 1mports from a quota holder 
wh1ch are greater than 1ts quota or 1mports from new supphers are taxed 
ata much h1gher vanable rate lt 1s very unhkely that any other country 
Wlll be able to explmt the EEC market to the extent that Tha1land has 
done Thus the potentlal for mcreased cassava exports must depend upon 
other markets 

Two related mternatwnal markets for starch and for energy m ammal 
feed ratwns prov¡de the most hkely sources of demand for mcreased trade 
m cassava products The cassava root contams about 30% starch wh1ch 
can eas1ly be extracted and the starch content of dned cassava (about 
75%) makes 11 an excellent so urce of energy for ammal feed ratwns (Table 
1) 

There are sorne spec1alty markets for starch (such as tapwca puddmg m 
the U S A) wh1Ch reqmre chem1cal or phys~eal charactensucs spec1fic to 
cassava starch but th1s demand 1s small and both pnce and mcome 
melast1c The products wh1ch currently consume most starch product10n 
(paper textiles food and fructose) canfor the most part use starch from 
any so urce Any large scale export growth wlll be mto markets for genenc 
starch where cassava starch must be cheaper than other starches m orderto 
compete S•m•larly cassava used m ammal feeds must compete w1th the 
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lowest pnced energy source currently ava1lable The most 1mportant 
so urce ofboth starch and ammal feed energy 1s ma1ze Hence any mcrease 
m trade m cassava products must be compet1tlve w1th matze products 

The potentlal for mcreased exports of cassava products 1s mfluenced by 
two sets of factors those determmmg domest1c pnces m the exportmg 
country and those determmmg domestlc pnces of cassava and ma1ze 
products m the 1mport markets Desp1te the relatlvely h1gh mternatwnal 
dned cassava pnces caused by European agncultural pohcy m the 1970s 
and early 1980s only Tha1land mcreased exports substantlally In other 
cassava producmg countnes a vanety of domestlc factors such as 
overvalued exchange rates mappropnate pnce pohc1es madequate 
mfrastructures and more profitable agncultural alternat1ves mhlblted 
mcreased exports On the demand s1de domest1c pohc1es can severely hm1t 
the potent1al cassava market In Japan for example 1mport quotas place 
an absolute celimg on mcreased cassava starch 1mports 

Both starch and ammal feed markets are exammed m th1s paper In the 
next sectwn the d1scuss1on of mternatwnal starch markets draws heavlly 
on a report completed m 1983 by S F Jones ofthe Trop1cal Development 
and Research lnstltute entltled The World Marketfor Starch and Starch 
Products wuh Particular Reference to Cassava (tapwca) Starch • In the 
th1rd sectwn the poten!lal for growth m cassava trade for selected ammal 
feeds 1s es!lmated Wlth !mear programmmg models Domest¡c and 
mternatwnal pnces for a vanety of countnes are used to determme the 
pnce at wh!Ch 1! would be prof1table to use cassava and the quant1!les 
needed Growth m hvestock numbers !S then used to pro¡ect poten!lal 
demand for cassava m ammal feeds 

lnternatJOnal Market for Cassava Starch 

World starch productwn m 1980 was estlmated to be 16 mllhon tons 
The U S A produces about40% oftotal world productwn the EEC about 
25% and As1a about 22% Starch 1s extracted from many matenals but 
matze accounts for 75% and cassava and potatoes lO% each 

Only 4% (600 000 to 700 000 tons) ofworld starch productwn 1s traded 
as starch Cons1derable quantltles of traded matze are used to produce 
starch and starch products such as h1gh fructose corn syrup Cassava 
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starch accounts for about 75% of total starch exports Thru cassava starch 
accounts for about two th1rds of cassava starch exports and the remrumng 
amount comes from a number of small exporters mcludmg Indonesia 
Braz1l Chma and Malays1a 

Four markets (the U S A Japan Ta1wan and the EEC) 1mport most of 
the mternatiOnally traded starch Furthermore they are also maJor buyers 
( or sellers m the case of the U S A ) of ma1ze from wh1ch domest1c 
processors extract starch 

USA 

About 6 2 m1lhon tons of starch were produced annually m the U S m 
the early 1980s almos! all from mruze Exports and 1mports were about 
equal (and were eqmvalent to 3% of starch consumphon) but exports were 
two th1rds mruze starch wh1le 1mports were two th1rds cassava starch 
Product10n of h1gh fructose corn syrup glucose and dextrose accounts 
for almos! 70% of starch consumphon m the U S The remrundens used m 
food manufactunng (6% of the total for convemence foods biSCUits and 
canned frmts and vegetables) and mdustry (24% ofthe total for the paper 
texhle pharmaceu!Jcal and brewmg mdustnes) 

Imports of cassava starch face no 1mport taxes or restnctions but have 
been steadily dechmng smce the m1d 1960s pnmanly beca use of the nsmg 
relahve pnce of cassava starch Accordmg to Jones (p 52) 

In the 1960s the U S paper mdustry particularly m West Coast 
locat10ns could purchase tapioca starch more cheaply than U S ma¡ze 
starch but smce 1973 It IS reported that tapioca starch from Thruland 
dehvered to the West Coast has been m the range of $30-200 per ton 
more expens1ve than mdustnal grade mruze starch dehvered to the same 
customers TapiOca [ cassava] starch has therefore mcreasmgly become 
a product m demand for 1ts particular propert1es [a spec1alty starch] 

Any large mcrease m exports of cassava starch to the U S w1ll depend 
on pnce compeuuveness w1th mruze starch and regulanty of supply Jones 
reports (p 54) 

If tap10ca starch could once more become pnce competitive w1th mruze 
starch 11 could agrun become a maJor force m the mass market [for 
genenc starch] A number of respondents m the paper mdustry 
md1cated that g1ven certam conditions relatmg to supply regulanty and 
qual1ty demand for tapiOca starch could be re-estabi.Ished to former 
levels 

J ones feels that 11 w1ll be difficult for cassava starch 1mports to substJtute 
for matze starch m the sweetener market Htgh fructose syrup 1s made m 
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mtegrated matze wet mtlhng faetones and 11 ts tmposstble to mtroduce 
cassava starch dtrectly mto the process However processmg eqmpment 
extsts to make fructose dtrectly from cassava starch whtch can then be 
exported from cassava producmg countnes As wtth the mass starch 
market demand for tmported fructose would depend upon pnce and 
regular supphes of large quanttttes 

Japan 

In contras! to the U S market Japanese starch productwn comes from 
a vanety of raw matenals and the domesllc market for starch ts htghly 
protected Domesttc starch productwn was about 1 7 mtlhon tons m 1980 
Desptte hmtts on matze tmports ma1ze starch productwn (from tmported 
matze) grew raptdly from the mtd 1970s and m 1980 accounted for about 
75% of starch productton Whtte potato and sweet potato starch accounted 
for somewhat more than 20% of productwn 

Imports are restncted by both a quota (about 130 000 tons m the late 
1970s) and an tmport tax of 0% 2 5% or 25% dependmg on end use 
Domesllc regulallons further reduce the destrabthty of tmports wlucb 
have often been below the quota leve! Cassava starch accounts for about 
70% of total starch tmports 

As long as Japan mamtams tts quota on tmports growth of exports to 
Japan ts unhkely lfthe quota and tanffwere removed (perhaps as part of 
a general hberahzatwn of Japanese agncultural trade pohctes oras a trade 
preference spectftc toa country or group of countnes) tmports would ha ve 
to compete wtth matze starch or tts products The maJOnty of starch ts used 
m sweeteners and 80% of J apanese sweeteners ts made dtrectly from malle 
(vta the wet mtlhng process) lt IS hkely that any m ove to hberahze tmports 
of etther starch or starch based sweeteners would be opposed by both 
Japanese matze processors and potato growers and by U S A malle 
exporters 

Tatwan 

Cassava starch has tradtttonally been the most tmportant starch 
produced m Tatwan Domesllc producllon however declmed raptdly m 
late 1970s from 74 000 tons m 1975 to 15 000 tons m 1980 Ma1ze starch 
productton from tmported matze almos! tnpled dunng the same penod 
(from 16 600 tons m 1975 to 45 000 tons m 1980) lmports pnmanly of 
cassava starch mcreased from only 4 300 tons m 1975 to 86 400 tons m 
1980 

The dechne m domesttc cassava starch productwn ts the result of 
mcreased compettllon both from other crops for land and from ma1ze 
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starch Wh•le 1mported cassava starch 1s the obv10us replacement for 
domestlcally produced cassava starch h1gh pnces for cassava starch 
1mports quabty problems and regular suppbes of Jow pnced 1mported 
ma1ze have Jed to the rap1d growth of a mruze wet mlibng mdustry 

European Econmmc Commumty 

Ma1ze starch accounted for about 70% of the 3 7 m1lhon tons of starch 
produced m the EEC m 1980 About three fourths of the ma1ze 1s 
1mported Potato starch accounts for most of the remrumng domest•c 
product10n Unbke most other starch markets use of h1gh fructose syrup 
(called ISO glucose m Europe) has not mcreased much reportedly because 
of government restnctiOns 

Starch 1mports mto the EEC fall under the starch reg1me a complex set 
of pnce support regu1atlons (mcludmg ad va/orem 1mport dut1es and 
vanable Jev1es on starch 1mports) des•gned to protect European farmers 
and starch producers European starch pnces are well above world pnces 
the trade taxes generally cause 1mported starch to be more expens1ve than 
domestlcally produced starch Mruze 1mports also face a vanab1e 1evy 
des1gned to keep domesttc ma1ze pnces above wor1d pnces 1t ts apparently 
cheaper however to 1mport mruze to produce starch (as well as other 
valuable by products) than to tmport starch drrect1y 

Demand growtb prospects 

Jones fee1s that whtle starch demand prospects are general1y good 
prospects for deve1opmg country exporters are qutte poor unless pnce 
competlttveness 1mproves The tmpact of h1gher cassava root pnces m 
deve1opmg countnes caused etther by the EEC demand for dned cassava 
or by domesttc market condtttons has been to rruse pnces and force 
cassava starch out of many of tts trad1tlonal markets 

The under1ymg competltlve pos1tton ts determmed by raw matenal 
costs and product10n costs whtch m turn detenrune ex factory starch 
pnces "(J ones p 78) From 1975 to mtd 1981 Thru f o b cassava starch 
pnces were usual1y above U S ex factory mruze starch pnces " final 
pnces are constderab1y mfluenced by mternal fretght charges (parttcu1arly 
m the U S A) seafretght costs tmport dut1es and 1evtes [and] m most 
of the 1arge markets tmported starches ha ve se1dom been compettttve 
m recen! years (p 78) 

The poss1bli1ty wtth the greatest chance of success for deve1opmg 
country exporters ts to reduce pnces through the achtevement of cost 
reduct10ns Raw matenal costs are the btggest smgle productlon cost 
and therefore cost reduct10ns must be sought pnman1y through lower 
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gate pnces So as not to reduce farm mcomes th1s 1mphes that 
substanllal even revolutwnary changes m agncultural product1on 
methods wlll be reqmred (p 79) 

InternatJonal Market for Cassava m Feeds 

Demand for dned cassava asan ammal feed mgred1ent 1s a functwn of 
three vanables the demand for meat and other ammal products the 
number of ammals bemg fed commerc1al m1xed ratwns and the pnce of 
cassava relat!Ve to other feed mgred1ents (wh!Ch determmes whether or not 
cassava 1s mcluded m the feed m1xture) 

A commerctal ammal feed ts a combmatlon of feed mgredtents such as 
matze soybean meal cassava and vttamm supplements whtch meet the 
nutnhonal needs of an ammal of a parllcular spec1es and age at m1mmum 
cost lts compos111on 1s determmed both by techmcal coeffic1ents (the 
nutntwnal reqmrements of the ammal) and pnces for the vanous 
mgred1ents All commerc1al feed formulators now use a !mear program 
mmg framework to determme the feed mgred1ents The problem 1s set up 
as follows 

Mm e 
SUbjeCt lO 

where 

e cost of the feed 

P1 = pnce of 1th mgred1ent 

Q1 = quanllty of 1th mgred1ent 

max1mum mmtmum or equahty constramt 
on Jlh nutntwnal reqmrement 

contnbutwn of 1th mgred1ent to Jlh nutn 
ttonal reqmrement 

Two nutntwnal reqmrements calones (energy) and protem are bas1c 
to al! ammal feeds As can be seen m Table 1 dned cassava 1s Iow m 
protem but h1gh m energy Soybean meal1s h1gh m protem and energy 
Ma1ze wheat and barley have mtermed1ate protem and energy content 
Protem can prov1de energy and accounts for the h1gh energy content of 
soybean meal However h1gh protem sources are usual! y more expens1ve 
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sources of energy than mtermed1ate and low protem feed mgred1ents As a 
result soybean meal 1s often the ma¡or source of protem and mruze or 
other cheaper mgred1ents are used to supply energy Because cassava 1s 
h1gh m energy 11 complements soybean meaJ anda mixture of cassava and 
soybean meaJ 1s compelltlve w1th ma1ze and other feed grruns 

Stat1sllcs on current cassava use m ammaJ feeds m Southeast As1a are 
rare but 11 appears that only smaJl amounts are currently used (Lynam 
1983) Th1s 1s not unexpected For cassava-exportmg countnes the pnce 
of dned cassava has been effect1vely determmed by EEC feed gram pnces 
and for other cassava producmg countnes wh1ch do not export domesllc 
pnces are probably h1gher At the same lime countnes 1mportmg mruze 
pay world market pnces wh1ch are much lower than EEC pnces As a 
result domesllc cassava pnces would be well above the level at wh1ch 11 
would be mcluded m least-cost rallons 

In order to examme the feas1b1hty ofusmg dned cassava m m1xed feed a 
s1mple cost mmlmlzallon problem was constructed for ch1cken and p1g 
feed m the ongmal five countnes of the Assoc1allon of South East As1an 
Nallons (ASEAN) Feed mgred1ents mcluded were copra mea! mruze 
palm kernel meaJ soybean meaJ and dned cassava (See Table 2 for the 
techmcaJ coeffic1ents used ) Techmcal constrrunts mcluded rn1mmum 
requ1rements ofprotem and metabohzable energy and max1mum lnmts on 
copra mea! paJm kernel meal and dned cassava The constrrunt hrn1ts 
were determmed by the nutntwnal and palatab1hty reqmrements of the 
spec1es bemg fed 

Usmg average wholesale pnces for 1975 to 1980 (wlth sorne exceptwns 
as noted m Table 3) the analys¡s shows that the only countnes m wh1ch 
dned cassava would be used are the two exporters Tha1land and 
Indonesia (See Table 4) Ifthe pnce mcreased by 4% m Thwland and 16% 
m Indones1a cassava would no longer be mcluded In aJI other countnes 
cassava would be too expens1ve to be used and the pnce would have to fall 
between 9% (Smgapore) and 329% (MaJays1a) for cassava to be mcluded m 
the ratwn Fordned cassava to be used m the U S A 11 would haveto sell 
for at least 45% below the e 1 f Rotterdam pnce ($131/ton) If the 
Rotterdam pnce 1s used asan approx¡mat1on toan ASEAN regwn 1mport 
pnce cassava wou1d be added only to feeds m MaJays1a In most of the 
countnes cons1dered dned cassava would have to sell for less than 
$0 10/kg before 1t enters the least-cost rat10n 

Government trade fomgn exchange rate and domesllc marketmg 
pohc1es often cause wholesa e feed stuffpnces to d1ffer substanllaJ1y from 
world pnces If re1allve pnces are altered feed rat10n mgred1ents may also 
change For cassava two pnce relatlves are tmportant between protem 
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Tabl 2 Techo cal eoefficlents for feed rab s 

Techmcal hm t t feedfrmlt spekg 

Mm feed reqwrements/kg 
P tem (kg) 
M t bol bl e gy (cal n 

M leed aUowances/k& 
Cas meal ( kg) 
Palm k rnel m al (kg) 
Cop m al (kg¡ 

Eegy dpote 

Maw: 
Soybean meal 
Copra m al 
Palm kern 1 meal 
Dned cas 

Sum Prs al mm t 
U rs y fth Phlpp 
Kh J re (1981) Th 
D panm t fA mal S 
Twlfhltm alC 

Sw1 

o 16 
3000 o 

o 30 
o 20 
o 20 

ppbed by sel cted feed gr d ent 

En gy(aln) 
SW1 p ltry 

3 394 3 430 
2 822 2 249 
3 080 1 540 
2 885 2 100 
3 800 3 650 

p 

p ltry 

o 16 
2800 o 

010 
o 15 
010 

kg 

P te 
(kg) 

085 
440 
180 
173 
025 

f m D 
LoB 

RgaJad Zm a,Dprtm fA maiS ce 
cep d d as f m Kh J rern S d J M 

m d p bl accep ce fas basd 
ce Kh Kae U y Th 1 d p pe p p red f h 

""' f N 

sources and the feed grams and between other energy sources and cassava 
lf government pohc1es make wholesale pnces of protem sources such as 
soybean or copra meal more expens1ve than world pnces and mercase the1r 
pnce relative to energy sources cassava 1s less hkely to be used as feed On 
the other hand 1f energy sources such as ma1ze ha ve h1gher domest1c pnces 
than world pnces cassava IS more hkely to be used 

The d1fference between world pnces (as represented bytrade umt values) 
and wholesale pnces forthe penod 1975 to 1980 has been qmte substanllal 
for many feed mgred1ents (Table 5) lndones1an domest1c pnces were 
50 225% h1gher than world pnces except for ma1ze wh1ch was about 5% 
below world pnces In Ma!ays1a domestic mruze pnces were somewhat 
above world pnces soybean pnces were h1gher yet and domest1c cassava 
and copra meal pnces were over 250% greater than world pnces Except 
for soybeans and cassava m the Ph1hppmes domest1c pnces m the 
Ph1hppmes Thwland and the U S A were below or at world pnces 
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T ble 3 Wbolesal prices (5/t) r fttd used m minimum ost leed hns 

e P Mw Palmk el Sybean Dned 
mal mal mal cass 

1 do esa 340 148 95 406' 87 
Jpan 183 135 79< 242 131' 
Malays 377 167 112 329' 600< 
Ph hppmes 140 139 a. 343 238 
S g poreC 115 136 % 228 13Jd 
Thatland 97 120 121 263 92 
USA 177' 109• na 218 13Jd 

) E port urut alue 
b) C vert d f m wh 1 al ybe p ce g 

Pm=(P O 165P )/0817wh rePm =m alp ce P = ybea.npnce P = y lp ce P 
Id rud Dth d mdlf mW ldBank Cmmdy d dp mis P 
Malys 1S prt tal 

) Imp rt t alue 
d) f rth m Eur pe 
) Eq al t thrcc tunes f h ro pnce 

f) Calculatedf mPm=(P 0576P )/036wh rePm=m alp ce P = p pnce P =coc t L1 
pnce P and P are f rth m Eur pe 

g)fbGifprts 

S FAO p od ct y arb k an and 1 ant tal rcefmach 
try ge p ce 1975 1980 

T ble 4 Optimal se f dried cassav at wbolesale priees and minimum eost boundary 
priees 

1 do e 
Jap 
Malays a 
Phhpp 
S g p re 
ThiUiaod 
USA 

Th b d ryp ce th 

rn p wh h 

dplyfdred 

sesl5kg fplmk 

maiThld pg 

m d 21 kg f yb 

B d ry pnce Rauo curre t pnce t 
($/l) b 

104 
117 
140 
JOS 
120 
% 
91 

p ce wh hd d as w Id h f d f 

w Id 1 h feed fp se ly 1 ded 8 daryp 

1 b tf ed gr d dúf F mpl h 1 d 

1m al IOkg fas m al 56kg fyell wmau 

dary pnce 

o 84 
1 12 
4 29 
2 27 
1 09 
o 96 
144 

1 d d 

cef bohw 

p ltry 
d 19 kg f yb 

h 

20kg fpalmk m 1m 1 30kg fas ml29kgfyllw 

m 

Sum L ar p g mnung ru g ech a1 oeff Tbl2andpce Tbl3 
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T hl 5 A g whol dw Id p es(S/t) 1975 1980 d om 1 p Ol t 
tes (NPR) 

1 d M 1 y a Ph 1 pp Th 1 d USA 

S yh 
Whl 428 370 408 234 218 
w Id 232 289 225 326 206b 
NPR (o/) 85 28 81 28 6 

Ded 
Wh 87 6QQd 238 92 
w Id 76b 131 131 106 131 
NPR (o/) 14 357 81 14 

Y 11 w m 
Whl 148 167 139 120 109 
w Id 156 146 206 127b 119 
NPR (o/) 26 14 32 5 8 

e P m 
Wh le 340 377 220< 
w Id JOjb 111 350b 97 
NPR (o/) 223 241 37 

) lmp rt al 
b) E p n al 
) f R d m 

d) Fre h ~ p<e m h 
) e P 

ppl bl 

S FAOp od y b k d 1 \ 1 f m h "' 

In order to esl!rnale the feed use of dned cassava when worid pnces 
determme feed mgred1ents m1mmum cost rat10ns were constructed usmg 
export umt values forexport products and 1mport umt values for tmported 
feed mgred1ents (Table 6) Wtth these pnces cassava enters mto the 
mtmmum cost ratwns for Indonesta Thatland and the Phthppmes (Table 
7) 

The mcreased attractiveness of cassava at world pnces occurs beca use 
mosl of the countnes tax (tmphcttly or exphcttly) 1mports of soybeans 
more than ma1ze Protectwn provtded to domesttc soybeans ts several 
ttmes htgher than to domesttc matze m Indonesta Malaysta and the 
Philtppmes Furthermore domest1c pnces of other protem sources even 
those exported are often well above world pnces In almost all of the 
ratwns protem ts the hmttmg factor and excess energy ts available 
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T bl 6 World pnces ($/t) of feed u d m mtnlm m eost feed t n 

e P M Palm k rnel S ybe Dned 
mal mal meal as a 

1 d S 105 156' 95 134b 76>' 
Mal ys 87 146 112 235b 131 
Phlppns 132 206' 121• 206b 131 
S gap re 115' 136' 96' 228' 131 
Th 1 d 97 127 121 263 92 
Jpan 183' IJ5b 79' 242' 131 
USA 177 119 12ld 206 131 

) E p rt 
t " 

b) lmp rt t " 
) f rth m Eur pe 

d) Thru p rt 
t " 

) s., f t f T bl 3 

S FAOp od y b k n d t af m h '" g p 1975 1980 

Tabl 7 Opbm 1 u f dr d eassa a t world prices and m mmum ost boundary 
pn es 

B undary pnce Rat e rr t pnce t 
(S/t} bound ry pnce 

1 d 134 57 
Jpan 117 1 12 
Malays a 131 100 
Phlpp 206 63 
S g pore 120 1 09 
Tballand 104 88 
USA 104 1 26 

Th b dary pncc h pncc wht b dned as w Id te h feed ú t m luded t th 
rre p ce t wht h t w Id 1 tb f ed tf prese ti y m luded 8 undary pnce f botb wm 

and p 1 ry feed are d ca1 b t feed mgred ts ddf F ampl tb 1 d l8 poultry t 

es 15kg fpalmk m 1m al IOkg fas m a1 Okg fy 11 wmru and IOkg f ybe m al 
Th 1 d pg se 20kg fpalmk lm al 30kg fas m al Okg fyell wmau 

20kg f p m 1 d30kg f ybe m 

S Lm ar p gramm.mg runs us g tech al oeff C1 ts m T bl 2 and pnce T ble 6 

Because government pohctes cause domesttc protetn pnces to be htgh 
relattve to domestlc mwze pnces mwze ts used tn feed rather than a 
mixture of cassava and protem mea! In Indonesia when world pnces are 
used mstead of domestiC pnces yellow mwze use drops from 56 kg (per 100 
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kgoffeed) lo O kg m poullry feed and from 29 kgloO kg m p1g feed Copra 
me al use m creases from O lo 11s max1mum m bolh feeds and soybean me al 
use also mercases 

The above analys1s does nol lake mio accounl lhe 1mpac1 of any 
currency overvaluatlon or changes m mternattonal exchange rates on the 
relauve pnces offeed grams To lhe exlenl lhal all lhe feed mgred1en1s are 
lradable (lhal 1s domestlc pnces are delermmed by world pnces and lhere 
are no quaniiiatJve reslnclwns lo lrade) a devalualwn w1ll nol change lhe 
attracttveness of usmg cassava m ammal feeds relatlve to other sources of 
energy lf however a counlry dec1des lo sel lhe pnce of a feed mgred1en1 
and not allow tts domesttc pnce to move wtth world pnces a devaluatton 
can change the relatlve attracttveness of cassava For example tf a country 
dec1des lo sumulale domes11c ma1ze producuon by settmg a floor pnce 
above the world pnce cassava becomes more attractlve If a devaluatton 
follows lhe domestlc pnces of 1mporled soybean me al and exported copra 
meal nse and cassava then becomes less attractlve 

In lhe pasl changes m lhe exchange rale belween lhe U S do llar and lhe 
German deutsche mar k (the $/ DM rate) affected the export pnces of dned 
cassava Smce mternatwnal cassava pnces were determmed by EEC 
domestlc pnces a change m lhe $/ DM rale directly affecled lhe dollar 
pnce of other feed mgredtents With the new two pnce system for cassava 
tmports mto the EEC new exporters will no longer expenence thts 
phenomenon 

Potent1al demand for dr1ed cassava m ammal feeds 

lf governmenl pohc1es or cost lowenng techmcal change caused suffi 
c1ent declines m lhe cassava pnce for 11 lo be mcluded as part of m1xed 
feeds how much would be demanded? lt !S 1mposs1ble lo answer th1s 
hypothel!cal queslwn Wilh any degree of confidence because the number 
of assumptwns needed 1s very large and lhe degree of confidence aboul any 
ofthem ts small Nevertheless tt ts useful to try to esumate the magmtude 
of demand gtven conservattve assumptlons If the potentlal demand ts 
large resources devoted to reducmg the relatlve cost of cassava wtll ha ve a 
large payoff 

In makmg the forecasl lhe followmg assumplwns were made Growlh 
rales m numbers of ammals belween 1975 and 1980 would conlmue 
lhrough 1990 Cassava would be used lo 11s techmcal hm11 of lO% of 
poultry feed and 30% of swme feed Where data on lhe number of 
commerc1al hveslock (1 e lhose eatmg m1xed feeds) were ava¡lable 11 was 
assumed 10% oflhe populauon was fed m1xed feed m 1980 and 20% m 
1990 Commerc1al poullry eal 12 kg of feed per stock umt ( each b1rd eats 4 
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kg and for every b1rd at the year s end three b1rds have been nused) 
Commerc1al swme use 270 kg offeed per stock umt ( one p1g ayear 1s nused 
for each p1g at the end of the year) All hvestock m Hong Kong Japan 
Smgapore and Ta1wan eat m1xed feeds Potenllal demand m the U S S R 
and the U S A IS 1gnored 

As expected Japan dommates m both swme (8 6 m1lhon) and poultry 
(264 m1lhon) numbers m the reg10n (Table 8) For poultry Indonesia ranks 
second (98 m1lhon) wh1le Malays1a the Ph1hppmes and Tha1land follow 
w1th about 50 m1lhon each For swme the Ph1hppmes ranks second (6 9 
m1lhon) Ta1wan th1rd (4 2 m1lhon) and Thalland fourth (3 7 m1lhon) 
Growth rates for all poultry (v11lage plus commerclal) are around 3 5%for 
all countnes except Hong Kong and Ta1wan where growth rates are over 
1 O% and Indonesia where growth 1s less than 2% Swme growth rates vary 
from less than 1% m Japan to over 9% m Ta1wan 

Usmg the assumpt10ns base numbers and growth rates descnbed 
above potenllal ammal feed demand for cassava from e1ght countnes m 
the reg10n 1s substanllal (Table 9) 1f dned cassava had been used m all 
ammalfeeds ID 1980 about 1 7 mllhon tons (4 to 5 m1lhon tons for fresh 
roots) would have been needed Th1s 1s roughly equal to 15% of cassava 
product10n ID the same countnes By 1990 use would grow to over 3 2 
mllhon tons of dned cassava (8 to 9 m1lnon tons offresh roots) About 75% 
of the demand would be for p1g feed 

T bl 8 A g 1 esta<k mben a d rag ano 1 growtb 1975-1980 

All e mm All e mm al 
p ultry p ltry sw w 

m be ate umb l n mbe rat m be te 
(000) (o/) (000) (o/) (000) (o/) (000) (o/) 

H g K g 5 268 114 5 268 114 478 59 478 59 

1 d 98 458 1 8 2 836 46 2 798 41 a 
Japan 264 446 36 264 446 36 8 591 08 8 591 08 

Malaysta 46 933 32 1499 4 1 a 
Phthppmes 50 387 37 12 839 9 1 6 895 67 1 075 193 

Smgapore 13638 33 13638 33 1 139 20 1 139 20 

Tatwan 34 549 103 34 549 103 4 219 9 1 4 219 9 1 

Thatland 56 621 54 3884 3 5 

1 N -< mm al (vdl ge) p I'J' !y 

1 bl 

' A g 1 1 df m 1-'AOp d y b k d 1 an 

f m h y G wh ff f 1 g 1 f d d f 

1975 1980 
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T bl 9 Ptntldm d fo d ed ssa m lf d (000 t) 1980 a d 1990 

p lt y Sw T t 1 

1980 1990 1980 1990 1980 1990 

Ho g K g 6 20 39 70 45 90 
1 d 3 17 23 34 26 51 
J p 317 455 696 754 1 013 1 209 
M 1 y 6 16 12 18 18 34 
Ph 1 pp 15 99 87 600 103 699 
S g P 16 23 92 113 109 135 
T wa 42 116 342 849 383 965 
Th 1 d 7 23 31 45 38 68 

T t 1 412 769 1 322 2 483 1 735 3 251 

S T bl Band mpt 

Japan IS the largest potenllal market demandmg almos! 60% of the 
cassava m 1980 and 37% m 1990 Ta1wan IS the second largest potenllal 
market accountmg for 22% m 1980 and 30% m 1990 For both of these 
countnes cassava would have to be 1mported Demand from Hong Kong 
and Smgapore for cassava 1s relatlVely small (9% m 1980 and 7% m 1990) 
smce hvestock numbers and growth are hm1ted However these countnes 
already 1mport SIZable quanlllles of meat and prov1de an addttwnal 
mdtrect so urce of potenttal demand for dned cassava Potenllal demand m 
Thatland and Indonesia IS a small fractwn of curren! cassava productwn 
and can eastly be met domesllcally In the Phthppmes however potenllal 
demand m 1980 IS more than 10% of productton and would grow raptdly tf 
the 1975 80 growth rate of commerctal swme IS mamtamed 

The most 1mportant concluswn IS that 1f the relat1ve pnce for cassava 
can be lowered enough that cassava 1s mcluded m ammal feeds (below 
$0 10/ kg factory gate) the largestdemand m the Southeast and Northeast 
Astan reg10n wtll be from Japan and Tatwan (and probably South K orea) 
Sales to these countnes wtll depend on a sufftctently low domes tic pnce of 
protem and on ehmmatwn of any barners to cassava 1mports Cassava 
tmports wtll take the place of matze and must therefore be competlltve not 
only m pnce but m quahty and regulanty of supply 

Summary and Conclus1ons 

Internatmnal demand for cassava w11l depend on reductwns m the cost 
of productwn changes m trade pohctes affectmg cassava and other feed 
mgredtents and tmproved regulanty of supply The market potenl!al for 
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genehc starch looks good especially m the U S A but any mcreased trade 
m cassava starch must compete with malle starch Ammal feed demand 
also provides a potenllally large market but dned cassava must agam 
compete With ma1ze 

Trade barners m two of the largest markets Japan and the EEC WIII 
hmder mcreased cassava starch Imports and It seems unhkely that these 
barners WIII be reduced lmport regulat10ns m the EEC also constram the 
growth m use of dned cassava there EEC agncultural pohcy JS currently 
undergomg substanhal changes The outcome ofthese changes IS not clear 
but It seems unhkely that the EEC use of dned cassava wlll grow 
substantJally m the next few years 

Curren! use of dned cassava m Southeast Asia (and poss1bly other 
reg10ns as well) IS hmdered by the pohcy of protectmg domesllc protem 
sources more than domesllc feed grams In Indonesia for example 
domesllc soybean pnces were 86% higher than world pnces on average 
between 1975 and 1980 while domestic mruze pnces were only 26% h1gher 
than world pnces dunng the same penod Smce cassava and protem 
sources are complementary m feeds cassava use IS reduced by this pohcy 

The pnce at whiCh dned cassava enters mto ammal feeds depends upon 
the pnces of all other mgredients but any large scale mcrease m demand 
could reqmre world cassava pnces below $0 10/kg Ifthe social opportu 
mty cost of dned cassava can be lowered enough for cassava to be mcluded 
m ammal feeds m all countnes m the reg10n cassava growmg countnes 
can meet their own demand with relatlvely small mcreases m productwn 
Thus prospects for mtra ASEAN trade m cassava are not good except 
possibly Imports mto the Phihppmes (Regional trade m tropical protem 
sources however m1ght have more potentlal ) 

Large mercases m 1mport demand for dned cassava could occur m 
Japan and Truwan The U S A U S SR and South Korean markets 
were not considered but they are also potentlally large buyers of dned 
cassava In al! ofthese markets any Imports of dned cassava would ha veto 
substttute for matze In addttton to competmg on pnce terrns cassava 
would also have to compete m terms of regulanty of supply ease of 
handling and mamtenance of quallty 
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Cassava was probably firsl IDiroduced IDIO Asta dunng lhe Spamsh 
occupaiiOn of lhe PhthppiDes It was beiDg grown on Ambon one of lhe 
ouler tslands oflndonesta by 1653 (Nelson 1982) Cassava was IDiroduced 
from Java to Mauntms ID 1740 and from Mauntms to Sn Lanka ID 1796 
(Greenstreel and Lambourne 1933) CertaiDiy by the begiDniDg ofthe 19th 
century cassava had been effecttvely dtstnbuled throughout troptcal Asta 
Expanswn of cassava producuon ID the 19th century was hastened by 
colomal admmtstratwns ftrst by the tmttatwn of a cassava processmg and 
export IDdustry ID Malaya ID lhe 1850s followed by one ID Java and 
second by lhe promotiOn of cassava as a famiDe reserve parttcularly by 
the Dutch ID Java and the Bnttsh m southern lndta 

Ofthe New World food crops IDtroduced mto troptcal Asta cassava has 
beco me the most tmportant m terms ofvolume produced Charactensttc of 
the crop the development of cassava has responded lo dtfferent forces ID 
each country as ts reflected m the utlhzatlon patterns for the countnes 
shown m Table 1 Cassava ts an tmportant food source only ID lndta and 
lndonesta an tmportant export crop m Thailand andan tmportant so urce 
of starch m all countnes J ust as caso;ava has filled a parttcular market 
me he m each rountry the crop also occup1es a dtfferent productwn mche 
m each country accordmg to the type of land resource whtch has been 
explotted and the type of cropp1Dg syslem whtch has evolved The crop s 
particular adaplabthly lo upland condlltons espectally where lhere are 
etther sml or motsture constramts and tts multlple end market uses glVe 
cassava a cerlam malleabthly 10 adaplmg lo qmle dtfferenl demand and 
productwn condltlons 

J h K l} m m UAI L 1 g m L ! e 1 mb 
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Thts paper compares the dtversttles and stmtlanues of cassava produc 
!Ion and utihzatwn systems m tropical Asia and draws concluswns about 
the poten!Ial of the crop m this regwn A dommant 1ssue IS whether 
pnnc1pal constramts have their ongm on the productwn or the demand 
s1de or conversely whether growth has been led by productwn or by 
demand Th1s v1ew departs substan!Ially from the more orthodox perspec 
IIve held m Asia (dommated by the case of nce) wh1ch suggests that the 
restnctwn on mcreased food supphes IS the lack of suffic1ent factors of 
productwn especially land and the solutwn IS therefore 1mproved 
productwn technology and land productiVIty In the case of cassava 
however the questwn IS whether 1mproved technology IS a suffic1ent 
s!Imulus for the expanswn of productwn or whether th1s also needs lo be 
mtegrated w1th market development 

A Comparative Analys1s of Production 

Cassava IS essen!Ially an upland crop m tropical Asia Only m rare cases 
when water 1s a hm1tmg factor such as occurs w1th well water systems m 
Tam1l Nadu m India or dunng the secondary season on sawab smls of 
Java IS cassava planted m 1mgated areas The agro-<:hma!Ic cond11Ions 
under wh1ch cassava IS grown m the upland areas of Asia vary enormously 
but the defimng factor m maJor cassava producmg zones IS the ex1stence of 
a constramt on plant growth In areas such as Kerala India the outer 
Islands of Indonesia or the eroded slopes of eastern and central Java the 
hmllmg factor IS sml In the northeast ofThruland Tamii Nadu m India or 
Madura lsland m Indonesia the problem IS mmsture stress Compared to 
other crop alterna!Ives cassava produces h1gh carbohydrate y1elds under 
such condtttons Cassava has thus tended to be concentrated m those areas 
where tt has a comparauve advantage m producttvtty over other crops 

Th1s however IS too broad a generahzatwn for As1an condi!Ions for 
cassava extens1ve and mtenstve croppmg systems On one hand cassava ts 
grown m upland areas where farm stze ts a maJor constramt on farmers 
crop productwn such as Kerala and Java (Table 2) Cassava IS selected 
because of 1ts h1gh y1elds and y1eld respons1veness even where there are 
agro-<:hmatiC constramts Explmta!Ion of the y1eld poten tia! of cassava IS 
clearest m the 1rngated area of Tamii Nadu Here farm leve! y1elds 
commonly exceed 50 tons{ha 

On the other hand cassava IS well adapted to more land-extensive 
productton systems such as occur m frontler areas Cassava has been a 
maJorcrop componen! m the re settlement schemes m the off Java Islands 
of Indonesia and where mfrastructure has developed cassava has 
expanded rap1dly such as the Lampung area on Sumatra The same 



174 e A 

T bl 2 Typ r 1 d p p 1 SS p d t n 

mt d M g 1 g -el m t L m t d 
e t y ltim d t 

f "'' 

Ch (, gd g G g 

1 d K 1 ml N d 
Tmll'd ( g t d) 
( g t d) 

1 d J J Off J 
(le 1 w h ( d d h 11 d ) 

1) 

M 1 y p t L d d 1 pm t o e 

Ph 1 pp V y M d 

Th 1 d e t 1 pi ' th N th g 

appltes tn the Mtndanao area ofthe Phtltpptnes where cassava has beco me 
a maJar crop In such areas mfrastructure development ts a pnnctpal 
stlmulus tn movtng cassava from essenttally subststence status toa maJOT 
cash crop 

In Malaysta as compared to other Astan countnes cassava s role m the 
agncultural economy ts defined more by access to land qualtty Malays1a1s 
by As1an standards a land surplus country and much of the unexplmted 
land rematns under control of the federal government Cassava 1s the crop 
of fmt chmce for squatters on federalland and apparently much of the 
cassava grown m Malays1a 1s grown by squatters In the ma¡or producmg 
state of Pera k a 1976 esllmate md1cates that 3 892 ha of cassava were 
planted legally wh1le 10 240 ha were planted lllegally (Hohnholz 1980) 

G1ven cassava s demonstrated ab1ltty to explmt the heterogene1ty of the 
land resource m As1a a ma¡or factor determmmg the productwn potenllal 
of cassava 1s 1ts ab1ltty to compete Wlth other crops for land m the upland 
areas An 1mportant pomt m agncultural poltcy formulallon emerges on 
the producllon s1de cassava rarely competes for land w1th the same crops 
w1th wh1ch 11 competes on the demand s1de That 1s cassava rarely 
competes wtth food or feed grams There ts sorne competlhon wtth ma1ze 
m thecentral plato ofThatland and toa more hmtted extent m Mmdanao tn 
the Phll1ppmes The one area where ma1ze and upland nce overlap w1th 
cassava ts on Java and Lampung and here the three are often found m an 
mtercroppmg system In areas where ramfall IS a hmttmg factor such as 
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the northeast of Thaiiand or the non Irngated areas of Tamii Nadu 
cassava has no effecttve competmg crop 

In most of the other cassava producmg areas cassava competes 
prmcipally with tree crops coconuts and rubber m Kerala mi palm and 
rubber m Malaysia and the off Java ISlands of IndoneSia and rubber m the 
southern part of Thadand Southeast ASia has an mternatwnal com 
parative advantage m these crops over 80% of world exports of rubber 
85% of coconut mi and 90% of palm mi ongmate m the regwn Expans10n 
possibihties for these crops are hmited by the growth potenllal of world 
markets and moreover these are markets m wh1ch clase substttutes ex1st 
Cassava s abihty to compete With tre crops for Iand labor and capital m 
these areas IS an open questwn but It WIII essenllally depend on the relative 
tmportance g1ven to expandmg export markets versus meetmg domeshc 
demand for carbohydrate sources 

Whiie It IS the land Issue that largely determmes where cassava IS grown 
It IS the ratiO of land to labor that determmes how cassava IS grown that IS 
m what type of croppmg system Cassava based croppmg systems vary 
substanllally across Asia (Table 3) and the labor mtensity ofthese systems 
IS fairly consisten! With the land/ labor rallo m each country (Table 4) In 
the countnes with the highest landjlabor rallos Malaysia and Thaiiand 
tractors are Widely used to prepare the land for cassava In the Phihppmes 
ammaJ tract10n IS common whtle m Indonesia and Kerala land IS 
pnncipally prepared by hand Weedmg mtensity and the propenSity to 
achieve a higher Iand producllvlly through mtercroppmg and fertihzer 
apphcat10n are also greater m more labor mtens1ve systems 

One common factor encountered m cassava croppmg systems m Asta 1s 
the Iow use of chemical ferllhzers (Table 3) E ven m Kerala and Java 
chemical fertihzer apphcatwn IS low des pite the fact that apphcation levels 
on other crops particularly nce IS very high T o a Sigmficant extent m 
Indonesia and India farmers compensate for thiS by applymg orgamc 
manures and wood ash In India the green manure that remams m the field 
IS mcorporated mto the sml below the planted stake Although many 
fertlhzer expenments ha ve shown a y1eld response of cassava to fertthzer 
apphcat10n the fact remams that few farmers ut1hze chemical fertthzer m 
Sigmficant quantities A better understandmg of the fertihzer response 
ISsue at the farm levelis needed but It does appear to offer one potenllal 
avenue for sigmficant yield gams 

These differences m croppmg systems lead to Sigmficant differences m 
labor mput per hectare product10n cost and yields across Asian cassava 
productiOn zones (Table 5) Labor IS conSistently the largest cost 
component m cassava productwn D1fferences between countnes m total 
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per hectare labor costare substanllal However once differences ID yields 
are taken mto account there IS sigmficantly reduced range of productwn 
costs per ton Expressed on a dned eqmvalent basiS * these productwn 
costs must be seen as low compared to per ton product10n costs of grams 

However m most cases 1t ¡s y1eld rather than per hectare productwn 
costs that IS the priDCipal vanable ID the determiDa!lon of costs per ton 
Cassava as compared to the gram crops has a potenually high yield 
vanance Y 1elds as low as as 2 tons/ ha are not uncommon m many parts of 
the Phihppmes while farm yields reachmg as high as 80 tons/ ha ha ve been 
recorded m Tamii Nadu India This very large yield potenllal has always 
been the hallmark of the crop and It IS m Asia that thiS yield potenllal has 
been most explmted Compared to Afnca or Latm A menea yields m Asia 
are high Part of this IS due to SigmfiCantly lower disease and msect 
pressure smce Asia IS outstde cassava s ceo ter of ongm The other factor1s 
the more mtenstve cassava croppmg systems found m Asia 
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Yield differences due to differences m agro chmauc conditions and 
croppmg systems of the maJOr productwn areas (Table 6) have not been 
studied extensively No systematic work has been done which specifically 
relates d1fferences m agro chmattc cond1tlons mput levels vanet1es and 
management pract1ces to vanatwn m y1eld levels * Wtthout thts mforma 
tiOn 11 IS very dtfftcult to assess the pnnc1pal constramts on cassava y1elds 
and m turn the potenual for mcreasmg cassava productlVlty The 
potentlal yield gams from new technology and m a large measure the 
defimtion of that technology stiii remam rather amorphous Nevertheless 
the range of yields presented ID Table 6 are at least suggestive of the 
substanttal scope for yield tmprovement m many countnes 

A Comparat1ve Analysis of Consumphon 

The food economies of tropical Asia are domiDated by nce any other 
starchy staple IS only of secondary Importance m the regwnal die! Withm 
this context cassava has achieved a sigmficant role ID the food economies 
of lndonesta and K erala and only ma1ze ts as stgmftcant acalone so urce m 
tropical Asia The tmpetus for the early expanswn of cassava m K erala the 
Phihppmes and Indonesia was to supplement madequate supphes ofnce 
and 11 was m land scarce Kerala and Java that cassava productwn 
expanded most sigmficantly In Thailand and Malaysia on the other 
hand the mcentive for producuon expanswn carne from non food 
markets 

The loe u~ of cassava consumptwn m Indonesia and K erala ts m the rural 
~ector ,md among the lower mcome strata Moreover becau~e ca~sava 1s 

~•gmftcantly le~~ preferred than nce m the dtet cassava ts very much a 
secondary staple m the food economy of the~e countne~ Cd.S~d.Vd. s role m 
~uch food econom1es 1s d~ d. chec1p calone source wh1ch supplements 
shortfd.lls m the avalld.biiJty of nce whether dueto m~uff¡c¡ent supphes or 
re~tncted purchd.~!Og power Cassava has thus come to play a ~¡gmfu..dnt 
role m the calone mtake of that populat10n most at nsk 10 the reg10n 
(Figure 1) While food pohcy ID these countnes will still h~ve nce d> Its 
central component cassava can add a certam flexiblhty to these nce based 
pohcJes UnfortunJ.tely 1t ts rare thdt poltc1es on secondary staples are 
mtegrated With those on nce m developmg an overall food and nutnt10nal 
pohcy 
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The role of cassava m nutnuon planmng has been analyzed most 
ngorously m Indonesta (Dtxon 1982 Ttmmer and Alderman 1979 
Ttmmer 1980) Cassava s low cost relattve to nce the very skewed 
distnbutlOn of consumpt10n toward the low mcome strata the ex1stence 
among the poor of calone mtake well below recommended standards and 
among the lowest meo me strata the stgmficantly postttve meo me elasttctty 
for cassava (Dtxon 1982) create a sttuatwn where mcreased cassava 
productton and lower pnces WIII almos! exclusively affect the poor 
consumer 
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Overall melasttctty m food markets whtle provtdmgsubstanttal benefits 
to consumers when 1mproved technology IS mtroduced does not prov1de 
much scope for mcreasmg farm mcomes Cassava IS a cash crop m Asia 
Even m Indonesia and India where there 1s sorne subsJstence food 
consumptwn most cassava moves mto market channels Areas of 
expandmg cassava productwn have been assoctated wtth dynamic 
markets Thus tf cassava IS lo play a role m food pohcy there must be a 
means of mamtammg mcent1ves to producers Cassava s role m generatmg 
tncreases m farm Incomes IS therefore assoc1ated wtth markets otherthan 
traditwnal food markets Where traditiOnal food markets are Important 
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development of these alternattve markets provtdes somethmg of a pnce 
floor to sustam farm mcomes Moreover sorne of these alternattve 
markets such as compostte flour can be more elasuc than tradttwnal food 
markets 

The economtes of Southeast Asta ha ve been changmg raptdly m the last 
two decades (Table 7) lndustnahzatwn raptdly nsmg mcome and 
stgmficant rates of urbamzatwn ha ve created changes m domestic demand 
for food Food demand wtthm the regwn ts bemg dnven pnnctpally by 
changes occurnng outstde the agncultural sector yet tt ts thts sector whtch 
must contmue to generate both the bulk of employment m the economy 
and contmued mercases tn marketable surpluses and m many cases the 
maJar portwn of fore1gn exchange earnmgs Incredsmg demand 
m the quanttty and vanety of food products can be a sumulus to the 
agncultural sector but greater demand can also cause mternal food pnces 
to nse thus affectmg the nutntton levels ofthe poor and/ or food tmports 
Thts sttuatwn ts potenually aggravated by the wmdmg down of the 
productwn gams achteved by the dwarf nce vanettes and by the stgmficant 
portiOn of resources devoted to export mamly tree crops 

One of the dommant trends m Astan food economtes ts the nsmg 
demand for hvestock products and the den ved demand for carbohydrate 
and protem sources for concentrate feeds (Table 8) Thts growth m 
demand for hvestock products has been most apparent m the poultry 
sector that ts for meat and eggs The poultry and feed concentrate sector 
has developed raptdly over the last decade m the cassava producmg 
countnes of Thatland the Phthppmes and MalaySia and m the non 
producmg countnes of Tatwan Japan and the Repubhc of K orea The 
sector ts only m a very formatave stage m Indonesia However per cap1ta 
consumpuon levels remam low although the FAO (1983) antlctpates 
annual growth rates to the year 2000 of8 8% for poultry meat and 6 3% for 
eggs m the Far East 

Ma1ze 1s umversally the pnnc1pal gram used m the feed concentrate 
mduslry m !he regwn Only Thatland the Phthppmes and Indonesia are 
stgmficant producers and of these only Thatland IS m a net export 
posllwn Undoubtedly Southeast Asta wtll have a contmumg defictt m 
productwn versus consumpt10n of feed grams However only very 
ms1gmficant amounts of cassava presently en ter mto ammal feed ratwns m 
the regwn Malaysta ts apparently the largest user of cassava for feed 
concentrares usmg around 15 000 tons annually A large and growmg 
domesttc market thus remams unexplolted m most countnes 

After dtrect food use starch ts by far the largest form of domesttc 
cassava use m the reg10n As m the case ofhvestock products consumptlon 
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levels of starch have mcreased rap1dly tn most countnes tn the las! decade 
(Table 9) In countnes such as lndones1a and Malays1a and reg1ons such as 
Tam1l Nadu m lnd1a and Mmdanao m the Ph1hppmes starch processmg 
dommates the market for roots These simiianties contrast wtth the 
Sigmficant heterogene1ty across countnes m the end market for cassava 
starch compet!llOn w1th other starch sources (prtnc!pally malle) and the 
scale of processmg technology w1thm the starch mdustry These latter 
factors determwe toa large extent the future growth potenttal for cassava 
starch m each of the countnes 

The other maJOT cassava market IS the export market exports are 
dommated by ch1ps/ pellets although a s1gmficant volume of cassava 
starch !S exported as well Wh1le all of the maJor cassava producmg 
countnes m the regton have exported cassava products m the recent past 
only tn Tha1Iand !S productwn pnnc1pally d1rected to export markets In 
all other countnes the export market 1s mmor when compared to the 
domest1c market India and Chma ha ve been mtermtttent exporters wh1le 
Indonesia has been a conststent exporter but has had large fluctuatwns m 
qudnl!l!es Malays1a has been a cons1stent but dechntng exporter For 
these latter countnes the export market serves as somethmg of a surplus 
ven! wh1ch usually !S operatwnal only at relal!vely h1gh world market 
pnces Th1s was particular! y the case tn 1979 80 and demonstrates the role 
that the export market can play tn settmg a pnce floor under domesl!c 
markets even though at h!stoncally low to moderate world pnce levels 
domest1c pnces m most countnes make cassava exports uncompetttlVe 

A multtple market structure has developed for cassava m mostcountnes 
m the reg10n wtth each country havmg tts own particular utthzatiOn 
patterns Yet as has been noted s1gmficant untapped potenllal ex1sts for 
cassava m undeveloped markets such as the domeshc feed concentrate 
markets Other markets mclude the compos1te flour market (espec~ally 
where the wheat flour !S used pnnc1pally m noodles) and the fructose 
syrup market m sugar tmportmg countnes such as Indonesia 

A natural quest10n ts what has been constrammg the development of 
these alternattve markets and m turn whether tmproved productton 
technology could be a mol!vatmg factor m the1r development To answer 
th1s quest1on the 1ssue of pnce formulallons must first be analyzed 

Marketmg and Pnce Formulatton 

In a multt market sttuatwn tt ts essenttally pnce whtch allocates the 
cassava roots between the dtfferent end uses It ts axwmattc that the pnce 
must be able on the one hand to cover the farmer s costs of productton 
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and on the other hand to compete With subslltutes m the vanous markets 
Forces on the supply side such as mcreasmg mput or factor costs or the 
advent of more profitable crops may dnve the productwn cost of cassava 
out of lme With the market pnce of subslltutes VIce versa forces on the 
demand side such as melasuc output markets or falhng pnces of 
substttutes m ay dnve the market pnce out ofltne wtth cassava productton 
costs at least for more h1gh cost producers At tssue m thts sectwn then ts 
delmeatton of the pnnc1pal factors determmmg cassava pnce m the 
different countnes and the mechamsms mfluencmg the allocatwn of 
cassava between dtfferent end uses 

The cassava products m the dtfferent cassava markets tend to compete 
Wilh different substitutes This sets up somethmg of a market hierarchy m 
whtch cassava m sorne markets can be competthve at htgher pnces than m 
other markets Thus m Kerala India the fresh food market IS the 
prmcipal demand Side factor regulatmg pnce formulatwn S mee there are 
severe supply stde constramts on expandmg cassava productlon cassava 
pnces set m the food market tend to be higher than are profitable for the 
operatwn of the starch mdustry whiCh absorbs seasonal surpluses and 
roots of mfenor quahty In the Phihppmes the fresh food market also 
usually sets a higher root pnce than the starch market but because the siZe 
of the food market IS so hmited the starch faetones tend to be the maJor 
market force m thetr supply area However expanswn m thts starch 
market has been cipparently constramed by competJtJon w1th matze starch 
There 1s potentJal for expandmg cassava area and productton for the 
a m mal feed market but yields need to be higher than their current average 
of around 5 tons/ ha thereby reducmg cost' of producuon 

Factors determmmg cassava pnces as well as constramts on further 
development of the crop vary markedly between countnes (Table 10) In 
Thatland and the Phihppmes the constramt IS on the demand side while m 
India Malaysia and Java the constramt IS very much one of productwn 
Where cassava productwn has expanded rapidly m ASia such as Thailand 
and the Lampung area of IndoneSia both an expanSive market and land to 
support area expanston were present In the other areas apart from the 
possible case of Malaysia growth m productwn WIII depend on mcreasmg 
ytelds etther to make cassava compettttve ID alternative markets or to 
make up for a scarcity of land 

For a crop where ID most countnes pnces are so dependent on forces 
WithiD domesttc markets and market structures are so dtverse cassava 
pnces would be expected to vary markedly across countnes Evaluated at 
current exchange rates farm level pnces are cons1stently lowest ID 

Thailand and highest either m India or IndoneSia (Table 11) although the 
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latter are probably mflated because the senes 1s based on v1llage Ievel 
pnces Clearly however the competll!Ve pos1110n ofThalland m the world 
market ts ftrmly estabhshed whtle the other countnes remam etther m mor 
or mtermlttent exporters Moreover only m Thatland has there been any 
clear trend m real farm leve! pnces o ver the last decade and thts has been 
a downward trend whtch ts const~tent wtth the very rap1d expanswn m 
productwn In the other countnes farm pnces ha ve been relattvely stable 
1mplymg a relatlvely stdble ;upply dem•nd s1tuatwn The case m Indonesia 
ts more complex but certamly for the other countnes there has been httle 
mcenttve to develop lower pnced mdrkets 

D1fferent end markets and d1fferent forms of marketmg cassava affect 
how pnce allocates the cassava roots and dned products between the 
d1fferent markets As has been noted only a relat¡vely small part of cassava 
productwn remams on the farm for subststence consumphon and thts 
occurs only m IndoneSia and Kerala the greater portwn moves mto 
marketmg channels Farmers market the maJOr part ofthe1r productwn as 
fresh roots and 11 1s generally the assembly agent who dec1des on the end 
market to wh1ch the cassava w¡JI go However farmers also have the 
optwn of producmg gap/ek (the peeled quartered and dned root) Th1s 
pracuce predommates m Indoncsta and ts utlhzed toa much more hmtted 
extent m K erala and the southern regwn ofthe Ph1hppmes Gaplek plays a 
fundamental role m Indonesia m mtegratmg cassava markets across 
d1fferent forms local!ons and lime 

Vanous demands are made on cassava marketmg systerns dueto the 
bulkmess and extreme penshab1l!ly of the roots the d1fferent end uses and 
forms and m most countnes the seasonahty of productwn Seasonahty lS 

a problem m only the major cassava producmg countnes of Tha1land 
IndoneSia and Ind1a In Tha1land about SO% of cassava area 1s planted m 
the Apnl J une penod m K erala 60 65% 1s planted m the same 3 month 
penad and m Java 75% of area lS planted m the November January 
penod The seasonahty problem m Tha1land IS overcome by processmg all 
the cassava roots and by large storage fac1hlies In Ind1a and Indonesia 
where consumptwn of fresh roots as food 1s 1mportant there IS a defimte 
seasonahty m consumptwn as can be seen m the case of IndoneSia (Table 
J 2) In Indonesia and to a much Iesser extent m Ind1a gaplek although a 
less preferred food serves to extend the consumptwn penod The 
seasonahty problem lS thus resolved not by adjustments m the product10n 
system but through adjustments m marketmg processmg and consump 
twn form 

Gaplek prov1des the storage capab1hty m cassava markets and thus 
tends to mtegrate them through t1me Gaplek also perm1ts econorrucal 
transport of cassava and thus tends to mtegrate cassava markets across 
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locatwns as well That IS consumptwn pomts for fresh roots normally 
draw on only a very small supply area dueto the h1gh transport cost and 
the penshab1hty constramt Th1s situatiOn tends to create relat1vely 
mdependent markets m wh1ch pnces vary Sigmficantly between areas 
These mdependent markets are most hkely to occur m countnes where 
food markets for fresh cassava dommate that IS the Ph1hppmes and 
Kerala W1dely traded commodi!Ies such as starch and gaplek where 
arbnragmg IS posstble have more of a natwnal market where pnces are 
determmed more by aggregate rather than by local supply and demand 
SI!uauons Because farmers and/ or assembly agents have the optwn of 
supplymg roots to these markets gaplek and starch pnces WIII tend to 
mtegrate fresh root markets wtthm the economy as occurs m Thatland and 
Indonesia (U nnevehr 1982) 

Pnce mtegratwn across markets space and t1me 1s cntlcal m fostenng 
growth m cassava productwn and uhhzahon Integratwn prov1des 
mcenhves for cassava to be grown m areas where productlon IS most 
effic1ent It mamtams compehttve pnce formatwn and tt provtdes the 
necessary mformatton Imphcit m nattonally determmed market pnces to 
mot1vate mvestment m processmg capactty for wh1ch there IS greatest 
market potenttal Fragmented markets m a crop such as cassava can 
stgmficantly mhtbtt mvestment m processmg plants by makmg cassava 
appear too costly 10 pnce terms m relatwn to 1ts actual producuon cost 
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Th1s 1s certamly one factor m explammg the lack of growth m Ph1hppme 
cassava productiOn compared to that m Thatland and Indonesta 

Fmally an observatwn anses on the role that gaplek can play m pnce 
mtegratwn between d1fferent end markets Gaplek 1s m many ways hke a 
gram lf properly dned 11 can be stored prov1dmg food supphes m non 
harvest seasons Because 11 1s peeled 11 can be ground for compos1te flour 
productwn or used m domestlc or export ammal feed markets Starch 
plants m lnd1a and the Ph1hppmes occaswnally use gaplek for starch 
processmg espec1ally for glucose product10n when fresh root supphes are 
hm1ted Apart from kokome m Ghana and farmha de raspa m Braz1l dned 
cassava ch1ps of th1s quahty are only produced m Asm almost solely m 
Indones1a Interestmgly lndones1a has the most d1verse end markets for 
cassava and 1s probably the most fully mtegrated cassava market where the 
bulk of productwn 1s for domesuc use Estabhshmg a gap le k market of a 
certam mtmmum cntiCal stze would appear to gtve the cassava economy a 
large degree of flex1b1hty m respondmg to changmg econom1c and market 
condttJOns 

Cassava s Future Role m As1a 

Beyond the central role that nce plays m the food econom1es oftroplCal 
Astan countnes the agncultural sectors of these countnes are very d1verse 
Cassava producuon and ullhzatwn has adapted to th1s d1vemty As shown 
m the prev10us analysts 1t ts the dtfferences rather than the stmtlanues that 
are most stnkmg m companng cassava sectors across countnes Cassava 
has developed w1thm d1fferent types of land constramts and mulllple 
markets have evolved around the crop wtth the parttcular market 
structure reflectmg the overall development of the economy The rate of 
development of most of these econom1es has accelerated o ver the past two 
decades creatmg a potenllal demand for further expans10n of cassava 
producuon and utthzatwn 

Rap1d development of the crop m most cases Wlll depend on mcreased 
y1elds e1ther to reheve land constramts or to be compelluve m these 
emergmg markets It ts natural m an Astan context where expans10n of 
crop area 1s frequently constramed that there should be a b1as toward 
crops w1th h1gh y1eld potenhals espec1ally under upland condltlons Very 
h1gh productlvlly 1s airead y bemg ach1eved m certam are as but m general 
average y1elds remam below the known potenllal of the crop The means of 
ach1evmg th1s h1gh y1eld capab1hty across trop1cal As1a remam largely 
undefined Obvwusly the type of technology necessary w1ll vary and wlll 
reqUire a contmued commttment of research resources m arder to 
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mamtam the Astan cassava research capactty that has emerged over the 
last two decades smce the fm.ndmg of the Indtan program m 1963 
Governments however reqmre someJUStlficatwn for research mvestment 
whtch follows from the role cassava could play m the pohcy arena 

Cassava s adaptat10n to a wtde range of upland condtttons and tts 
multtple use charactensttcs gtve tt a substanttal flexibthty m agncultural 
pohcy As has been stressed cassava s role m each country s agncultural 
economy wtll dtffer (Table 13) but m each case cassava can be a basts for 
meetmg muluple pohcy objecltves In Indta and IndoneSia cassava can 
play a clear role m nutnt10n pohcy In all countnes even m Indta and 
Indonesta cassava because of lts multtple market potentlal can play a 
maJOT role as a source of mcome generatwn for small scale farmers m 
upland are as A further advantage m sattsfymg growmg domes tic markets 
by mcreased domesllc producllon IS the postuve tmpact on balance of 
payments Further market daverstficatton of cassava however wtll reqUtre 
both tmproved productiOn technology and appropnate processmg tech 
nology together wtth m sorne countnes better mtegrated markets 

The Green Revolutton that swept Asta m the late 1960s and 1970s was 
hmtted to the trngated areas rrhe next maJar challenge ts to ratse crop 
producttvtty and farmer mcomes m the upland areas Wtth probably 
hmtted prospects for further ma¡or growth m world demand for rubber 
palm mi and coconut mi wtth growmg domesttc markets that could 
absorb cassava products and wtth a growmg regiOnal market for 
carbohydrate sources for hvestock cassava ts a maJar tf not the maJar 
crop m a posttton to foster m come growth tn the upland areas of troptcal 
Asta 
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Rapporteur s Summary of Oiscussions 

John K Lynam 

Th1s firSt sesswn dealt qmte appropnately w1th the market poten tia) for 
cassava both the domesttc prospects wtthm each country as well as the 
maJOr factors affectmg mternatwnal markets for cassava productwn A 
maJar theme that ran through the dtscussion was whether domesttc or 
alternattvely mternatwnal market forces were the dommant factor m 
fluencmg both the present status as well as the future potenttal of cassava 
m the regton Because of cassava s multtple end uses the hnkage to 
mternatwnal markets depended on whether food or feed demand was the 
dnvmg element m domesttc markets The dommance of one of these 
alternattve markets then m large part determmed the productwn trends m 
each country and m the regwn as a whole 

The trends paper by Sarma clearly demonstrated on the one hand the 
very h1gh rate of growth m cassava productwn m Asia m the last decade 
and on the other hand the very great d1fferences between each country s 
rate of growth The mercase m Astan cassava productiOn was pnnctpally 
due to Tha1land Nelson stressed that Tha1land was the only country to 
respond to the nsmg mternatwnal cassava pnce brought on by the loop 
hole m the EEC s vanable levy system Nelson felt that othercountnesdid 
not respond beca use domestlc dned cassava pnces were h1gher than world 
pnces because of etther lack of mfrastructure mappropnate agncultural 
pnce pohctes mappropnate macroeconomtc pohctes ( espectally exchange 
rates) or loss of comparatlve advantage (for example nsmg laborcosts m 
Malays1a) 

Dtscusstons retlected the current uncertamty m mternatJOnal cassava 
markets after more than a decade of relatively buoyant growth Th1s 
uncertamty grew out of mcreasmg trade barners m tmport markets 
especially the dned cassava quotas negollated by the EEC w1th the 
pnnctpal exportmg countnes The retrenchment m mternational markets 
currently affects only Tha1land but Welsch s four future scenanos 
h1ghhghted the pmnt that should Tha1 cassava be forced to compete m the 
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world gram market Tha1land s apparent comparat1ve advantage m 
cassava Will put compehtlve pressure on the cassava mdustry m ne1gh 
bounng countnes espec1ally Malays1a and poten\lally the Ph1hppmes 
There was a concensus that hnkmg mternatwnal cassava pnces to the 
world gram market rather than the EEC gram market opened up 
s1gmficant growth poten\lal espec1ally m the As1an regwnal market 
However Tha1land should not forsake the s1gmficant rents 11 currently 
earns m the European market Captunng these rents wh1le competmg m 
the world market obvwusly argued for sorne form of two t1er pncmg 
structure 

Inherent m such a scenano IS the questton of whether cassava can 
compete m the world gram market There were a broad range of opmwns 
on the ques\lon w1th the only concensus bemg that there does not yet ex 1st 
a ngorous empmcal analySlS of the questwn How large a drop Tha1 
cassava farmers could absorb was debated leadmg to the concluswn that 
1mproved cost reducmg produc\lon technology was needed to cushwn 
th1s crop Also cassava s ab1hty to compete depended on world gram 
pnces There was agreement that these pnces were currently low but 
d1sagreement preva1led over future prospects Welsch argued that feed 
gram pnces were hkely lo nse wh1le Nelson argued that contmued 
technolog¡cal change m feed gram productwn would most hkely keep 
pnces constant tn real terms R1smg gram pnces would obvtously favor 
cassava par\lcularly m the As1an regwnal market wbere nsmg demand for 
hvestock products was leadmg to very raptd mercases m course gram 
tmports 

Outs1de of Tha1land the d1scusswns focused almost excluswely on 
demand poten\lal m domest1c markets The country papers h1ghhghted 
f1rst the multtple uses for cassava and second the dtversity between 
countnes m the re la uve wetghts of the d1fferent end markets In the d1rect 
use of cassava as food the cumulattve ev1dence suggested that overall 
demand for cassava was melasttc However cassava consumptJOn was 
h1gh m the low mcome strata parucularly m lndones1a and lnd1a and 
cassava consumptton mcreased wtth nsmg m comes m these strata Lynam 
made the pomt that the benefits of 1mproved technology would be largely 
duected to poor consumers under such ctrcumstances but that overall 
melast1c food markets prov1ded httle scope for s1gmficant growth Most of 
the dtscusston therefore focused on the prospects for cassava m more 
elasttc markets and concensus emerged that the domesttc ammal feed 
concentrate market offered the most tmmedtate growth prospects for 
cassava m the regton Nelson argued that domestlc pnce pohctes stgmfi 
cantly mfluenced cassava s potencial m these markets and m particular 
protem pnces were kept arttftctally htgh m most countnes undercuttmg 
cassava s compehttve posttiOn VIS a v1s grams 
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The d•scuss1on concluded on the theme that cassava had demonstrated 
suffic•ent potenllal to warrant more m depth econom1c stud1es to evaluate 
the future potenllal ofthe crop m each country These stud1es would a1d m 
defimng a future role for cassava m each country s agncultural economy 
and would be cntiCal m generallng cons1stent pohcy support for the crop 
Investment m research leadmg to tmproved cost reducmg technologtes 
would go a long way lo guaranteemg th1s future but m the mtenm those 
markets where cassava would be approxtmately competillve wtth grams 
needed lo be 1den11fied and the current though hm1ted backlog of 
technology tested The very bas1c lack of data ex1stmg for cassava 
reflected the htstonc neglect of the crop Baste econom1c studtes were now 
needed to overcome th1s neglect 
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The Agronomtc Potenhal of Cassava 
for the Upland Areas of Troptcal Asta 

James H Cock 

Introductwn 

The cassava plant IS relatively new to Asia lt IS probable that Il was first 
mtroduced to the Phihppmes by the 17th century gallean trade from 
Acapulco Mexico lo M amia After that date a senes of mtroducuons 
were made by the Portuguese to Goa and Indonesia and by the Bnllsh to 
Malaysia and India By the end of the 19th century Il was Widely grown 
throughout Asia 

The agnculture of Southeast As1a 1s now and has been for severa! 
centunes based on nce culture The overndmg Importance of nce m 
Southeast Asian agnculture IS wellillustrated by the fact that m Indonesia 
crops are generally referred to as enher nce or non nce (palawlJa) crops 
Most nce ts produced under Irngauon or as ramfed bunded nce w1th 
smaller quantiiies produced as upland nce Chandler (1979) m his 
authontattve work on nce states that many authont1es recommend that 
upland are as that cannot be economically bunded or that ha ve sandy s01ls 
be converted to the growmg of [other] crops It IS exactly under these 
condittons that most cassava 1S presently grown 

U nder non Irngated condiUons cassava has tended to be relegated to the 
less favorable areas that are often cons1dered margmal for crop produc 
tton Thus m northeast Tha1land and southern Indta much of the cassava 
1s grown under the poorest conditions m smls w1th very low fertlhty that 
are often subJect to severe eros10n problems Apart from a small number of 
large plantat10ns that produce the raw matenal for starch productiOn m 
the southern Philtppmes and south Sumatra lndonesta most cassava ts 
produced by small farmers ustng tradtttonal productlon systems 

Average ytelds m Astd of about I 2 tons/ ha are abo ve the world average 
of 8 9 tons/ha Yields however vary considerably Average yields m 

JmHCkhldtlt P g m tiAl e 1 t 1 mb 
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Tamtl Nadu Indta where cassava ts grown under trngated condttiOns are 
o ver 24 5 tons/ ha and much lower m Sn Lanka where cassava ts grown as 
a subststence crop under ramfed condttions 

Charactenstlcs of the Crop 

The cassava crop contrasts markedly wtth most field crops m tts 
development In the maJonty of crops the reproducuve organs that IS the 
seeds are the economiCally useful parts whereas ID root crops (IDcludiDg 
cassava) the vegetattve organs are of economtc stgmficance In cereal 
graiDs the crop passes through a vegetallve phase when the photosynthet1c 
source ts formed and then mto a reproducttve phase when photosynthate 
from the source IS ullhzed to fill the graiDs In th1s process the plants pass 
through certamen ti cal phases For example tmttatiOn ofthe reproducttve 
organs flowenng and graiD filliDg when the plan! IS stressed for even short 
penods can lead to severe reductlon m yteld and even complete crop 
fa1lure In the development of cassava the roots are filled and the leaves 
are formed simultaneously throughout most of the growth cycle For th1s 
reason the crop has no cntiCal penod after establishment Th1s d1fference 
was amply Illustrated severa! years ago ID northeast Tha1land when ma1ze 
and cassava were planted at the commencement of the first monsoon The 
second monsoon carne late ID that particular year and a 2 3 week dry 
penod occurred when the ma1ze was ata cnllcal penod of 1ts development 
M a1ze y1elds were diSastrous but cassava y1elds were only shghtly reduced 

In 1ts early growth the cassava plant covers the ground relauvely slowly 
When cassava ts grown m monoculture thts charactensttc often allows 
substanllal weed growth to occur befo re the canopycloses about 3 months 
after plantmg Many growers ullhze thiS early growth penod to mtercrop 
cassava wtth short season crops such as gram legumes thus obtammg 
good y1elds from the mtercrop w1th very httle adverse effects on cassava 
y1elds 

Apart from lack of cntiCal penods ID 1ts development cassava has 
severa! other mechamsms that make 11 h1ghly toleran! of stress condiiions 
The cassava plan! has a special stomatal reactwn to humidity that allows 11 
to conserve water durmg dry penods Thts mechamsm reduces plant 
growth durmg penods of water stress but enables the plan! to surv1ve 
under such condtttons 

ThiS ab1hty to tolerate dry conditiOns g1ves the crop extreme flexibihty 
m terms of plantmg date because the crop can be planted m the ramy 
season up to about 1 month before the begmmng of the dry season ThiS 
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char~ctenst1c coupled w1th the lack of a f1xed matunty date means that 
cassava can m most condllwns be harvested throughout the year thus 
guaranteemg a contmuous supply of roots lt should be noted however 
that Slgmficant quahty changes may occur dependmg on the condttlons 
pnor to harvest In areas w1th marked seasonal temperature changes the 
starch content of roots ts greatest m the cool wmter months wtth a short 
photopenod and least m the summer months mespecuve of plantmg date 
S•m•larly the starch content of roots tends to drop markedly at the onset 
of the rams Th1s drop ts suffictently large m many areas to cause starch 
faetones to close at the begmmng of the ramy season 

Although cassava 1s very toleran! of dry cond1!10ns 11 Wlll not tolerate 
waterloggmg ofthe sml and consequently should not be planted m poorly 
dramed smls lt also does not tolerate h1gh pH assoctated wtth sodtum 
salts 

Cassava 1s parUcularly well adapted to ac1d smls oflow ferllhty Cassava 
Wlll g1ve a y•eld albe1t low under ferllhty condltwns where other crops fa.I 
to produce at all However cassava does respond to fertthzer as shown m 
Ftgure 1 An mterestmg aspect of cassava response to fertthzer ts that 
max1mum root y1eld 1s ach1eved at ferllhty levels constderably below !hose 
reqmred for max1mum bwmass y1eld Hence although cassava responds 
to fert1hzer tt does not reqmre as htgh fertthty levels to g1ve good y1elds as 
do many other crops 

Cassava 1s naturally toleran! of very ac1d smls and the assoc1ated h1gh 
levels of alummum m the sml solutwn Nevertheless cassavadoes respond 
to hme apphcatwns w1th levels up toO 5 1 O tons/ha bemg necessary when 
the crop ts heav1ly fertlhzed The use of dolomltiC hme ts normally 
recommended m order to supply magnesmm as well as calcmm The mam 
effect of hme 1s probably due more to these two elements !han to altered 
sml pH and alummum levels 

Cassava ts generally constdered a hardy crop wtth few dtsease and pest 
problems however when culttvatwn methods are mtensúied and area ts 
expanded d1sease and pes! problems may beco me very severe The lack of 
cnttcal penods and the contmuous productwn of new lea ves allow the crop 
to recover from damage In addttlon most local cultlvars have sorne 
reststance to the endemtc problems of the area The reststance m cassava 
tends to be stable multtgemc reststance rather than gene for gene 
reststance whtch ts constdered more hkely to break down 

In Latm A menea the center of ongm of cassava many natural enemtes 
of the crop s pests ha ve evolved The long growth cycle of the crop ts an 
1mportant factor contnbutmg to effecllve bwlog•cal control In Asta the 
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drsease and pest complex of cassava rs not as large and few cases of 
brologrcal control occur naturally The maJOr drseases and pests of Latm 
Amenca and As1a are compared m Table 1 The reduced number of 
problems m Asra rs a major factor contnbutmg to the h1gh y1eld potenllal 
m the regton 

Y1eld lmprovement 

Cassava y1elds of around 12 tons/ ha m As1a are sllll far below the 
potentral In expenmental statrons throughout As1a y1elds of 30-40 
tons/ ha are frequently obtamed The yreld gap 1s partrallydue to the many 
expenmental statrons that are slluated on the more fert1le s01ls of troprcal 
Asra But 11 rs alsodue lo the use ofvanetles wrth hrghery1eld potenllal and 
tmproved management practtces m most expenmental stattons In the 
followmg secuons vanous aspects ofthe crop are dtscussed wtth a vtew to 
showmg how yteld m farmers fields can be mcreased 

Var1ehes 

In thetr paper m thts volume Kawano et al show guarded opttmtsm 
about the potentral of new vanelles to mcrease yrelds lt 1s unhkely that 
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T bl D tnb to of selected dJse .. d pest m Asia and th Am ncu 

Am nas A 

Cassa b t n 1 blght + + 
S perel g t d as + 
e p aleafpt + + 
F gsk d as + 
Afn mosru d as (1 d ly) 
M ychell mt + 
T t y h m t s + + 
Thnp + 
H mw m + 
Mealy b g + 
Sal + + 

extraordmary yield JUrnps Will be made hke those resultmg from the 
mtroductwn of sem1-dwarf nce mto the Irngated nce sector m Asia 
Nevertheless It does appear that with a contmuous concerted breedmg 
effort yield Improvement can be expected above and beyond the generally 
acceptable leve! of most widely grown local lmes 

lmprovmg yield potenualis however only one aspect of breedmg and 
selectlon programs Prehmmary results reported by Kawano et al m 
this volume ha ve clear1y shown that breedmg for charactenstics such as 
high starch content and early matunty ts extremely prornlSlng In Asia 
where land IS scarce and croppmg systems are mtens1ve earhness can be an 
extremely 1mportant factor m determmmg whether cassavacan fit mto the 
systems lf as appears probable acceptable yields can be obtamed m 7 8 
months then cassava can be planted towards the end of the ramy season 
after other short season ramfed crops ha ve been harvested lt can then be 
harvested m the dry penod with enough time left to prepare the land for 
plantmg other crops at the begmmng of the next ramy season 

Plantmg methods 

In orderto obtam agood yield of cassava It IS essenual to ha ve plantmg 
matenal of good quahty In Asia this IS one of the most neglected 
management pract1ces In Colombia careful VISual selectton of cuttmgs 
With no signs of disease or physical damage has been shown to greatly 
mcrease yields lt IS unhkely that the effect wtll be as marked m Asta as 
there are less disease problems Similarly m Colombia selectwn of high 
yteldmg plants with no virus symptoms coupled With VISual selectiOn of 
cuttmgs has been shown to double y1elds m certam ctrcumstances Once 
agam results m Asia are hkely to be less dramatic as there are no reported 
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vtrus dtseases outstde Indta Nevertheless the use of good quahty cuttmgs 
should mcrease ytelds m Asta 

In regwns havmg a defimte dry penod the harvestmg ttme frequently 
does not comctde wtth the plantmg ume hence cuthngs are stored for 
penods of up to 4 5 months Dunng tradttwnal storage there ts large loss 
of plantmg matenal due to dehydratauon of the cuttmgs Furthermore 
germmatwn and early vtgor of stored cuttmgs ts normally much lower than 
that of fresh cuttmgs If plantmg matenal ts cut mto long sttcks ( 1 m or 
more) treated wtth a fungtctde and msecttctde mtx and stored verttcally 
wtth the base of the cuttmgs m motst sotl under shade the quahty of the 
cuttmgs at the end of the storage penod ts greatly enhanced 

A novel manner of stonng cassdva plantmg matenal ts bemg used m 
Cuba and could effecttvely be transferred lo Asta AboutlO% ofthe area 
planted to cassava ts mamtamed m the field as a hvmg storage bank m 
areas where land avatlabthty ts nota maJOr productwn constramt These 
plants are used lo supply the cuttmgs for the next plantmg after whtch 
thetr roots can sUII be used The seed banks recetve special careto ensure 
that the quahty of plantmg matenals ts excellent 

Irrespecllve of how the plantmg matenalts produced tt ts recommended 
that stakes be treated wtth a fungtctdal and msecttctdal dtp befo re plantmg 
Thts treatment ts parttcularly effecuve m preventmg early mfestallon ofthe 
crop wtth such pests as sptder mttes and scales as well as m protectmg the 
cuttmgs ¡f adverse condttiOns occur tmmedtately after plantmg 

Cassava grown m monoculture ts most frequently planted on the square 
wtth plant populatwns rangmg from 7 000 20 000 plants per hectare 
Lower plant populatwns are normally used for v1gorous heavy branchmg 
types on fe rule smls whtle htgher populattons of erect plant types are used 
on less ferttle smls Cassava can also be planted wtth a large degree of 
rectangulanty as long as total populauon per hectare ts mamtamed wtth 
httle adverse effect on yteld Thts makes ti posstble for the farmer to 
mtercrop between w1de rows of cassava In addttlon wtde row spacmg 
may enable the farmer to leave permanent cover plants between cassava 
rows as an eroswn control measure 

Sml Conservat10n and FertJhty Mamtenance 

Cassava has somewhat undeservedly gamed the reputallon of bemg a 
sotl depletmg crop As already stated cassava has the abthty to grow on 
poor smls Under such condLtlons a cassava crop LS bound to lead to sml 
depletwn tf reasonable ytelds are obtamed However the nutnents 
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extracted by cassava per ton of harvested dry matter are no greater than 
that for other crops (Table 2) 

Cassava growers have tradllwnally mdmtamed sml ferllhty by lettmg 
the1r f1elds he fallow The effects of prevwus croppmg h1story on cassava 
y1elds can be dramallc (Table 3) As land becomes scarce and fallow 
penods are shortened y1elds declme In most cases y1elds can be 
mamtamed by apphcatwn offertihzer to re place the nutnents removed by 
cassava If however several crops are harvested consecut¡vely and the sml 
becomes degraded y1elds cannot be returned to the1r ongmal leve! by a 
smgle apphcatwn of ferllhzer 11 1s necessary to apply fertlhzer every year 
even m the first years after fallow or land cleanng when fert1hzer response 
may be small m arder to mamtam y1elds m subsequent crops Potassmm 
fert1hzatwn ts of particular tmportance m mamtammg y1eld levels over 
time 

T bl 2 N t tratdby op 

N p K T tal 

(kg/t h rv tddymtt 

Cas t) 6 11 18 
p t t (t b ) 17 3 26 46 
M (g ) 19 3 4 26 
R (g ) 16 3 22 
B (g ) 37 3 22 62 

T bl 3 Y Id f' ... ft dff t f llow/ pp g y t m n th g f 
e 1mb 

p y Id (t/h ) 

Rg pp g/f 11 w y t m N fnl d F rt 1 d 

M d m L g t m f IJ w 10 24 
Tw th as p 6 13 

M d L F 11 w 20 24 
o t tw p 18 20 
Th m as p 14 17 

P d m t p t 30 33 
Th m y p 12 20 

S J h Ly m d R r 101 d Da1prs mm 
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T bl 4 E t 1 m th d ass 

S 11 Cas y Id 
T tm t (1 d y 1/ h /Y ) (t/h ) 

No f n 1 36 7 
St d d 23 14 
M m !eh 15 16 
D bl w f as 

(60 60 m) wth 1m 
t ps 1 ft p pa d 14 16 

N 1 p p lD 18 

S d d m w"' lp p by f n 1 d 80 80 m p g 

S R H w 1 dLI-Cad d p mm 

Sml eros10n ts also asevere problem when cassava ts grown on steep or 
long slopes In expenments conducted ID Colomb1a good eroswn control 
has been obtaiDed on very steep slopes by usiDg a vanety of methods such 
as mulchiDg reduced land preparatwn and plant covers Effect1ve control 
meas u res IDClude plantiDg cassava ID w1dely spaced rows ( 1 Sto 2Om) and 
IeaviDg a stnp of natural vegetat10n cut to JUSI abo ve s01llevel as well as 
plantmg a fast growmg mtercrop m the alley between the cassava rows 
Eroswn controlts also enhanced by good management of the cassava crop 
espectally fertthzatwn whtch encourages raptd ground cover The results 
of several eros10n control measures dre summanzed m Table 4 Eroswn 
control wlll be of fundamental tmportance as cassava moves mto more 
margiDal slopiDg areas ID ASia for example ID southeast lnd1a the h11ly 
arcas of Java and northeast Thatland 

D1sease and Pest Control 

In Asta the dtsease and pest pressure ts less than m the Amencas 
Perhaps the most Important aspects of control m the future IS to mamtam 
thlS Sltuatwn through adequate quarantme procedures Care should be 
taken to make these suffic1ently stnngent so as to mmimize the poss1b1hty 
of mtroducmg new d1seases and pests but not so stnct asto prevent the 
1mportatwn of valuable genehc matenal The best control of the maJOf 
d1seases and pests of cassava m As1a [cassava bactenal bhght anthracnose 
cercospora and Tetranychus spp (mlles)]IS through vanetal reSJstance 
Less 1mportant pests such as scales can read1ly be controlled by stake 
treatment 
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Croppmg Systems 

Cassava ts grown extenstvely m Asta as a monocrop mareas of lower sml 
ferllhty but m more fertile smls 11 JS grown m complex croppmg systems 
often asan mtercrop In tradttwnal systems where no fertthzer IS apphed 
y1elds of cassava and the mtercrop are generally low In the last 10 years a 
large amount ofresearch data has been obtatned on cassava tntercroppmg 
partJCularly w1th the short season gram legumes wh1ch are h1gh m protem 
When cassava and a gram legume are planted stmultaneously usmg w1de 
spaces between cassava plants w1th 2 3 rows of gram legumes between 
them and are ferllhzed good y1elds of both crops can be obtamed On the 
average y¡elds of both cassava and the mtercrop are reduced by about 
15 25% when mtercropped but land equ¡valent ratws are consJstently 
greater than one (Values of more than 1 mdJCate that mtercroppmg 1s 
more effic¡ent m terms of land use than sole croppmg) The potenllal for 
obtammg a rap1d cash return from gram legumes wtth httle reductwn m 
cassava yteld ts parhcularly attractlve to the resource poor small farmer 

Conclusions 

Cassava JS well adapted to the hght well dramed smls w1th low ferllhty 
that are found m the trop1cs lt JS very toleran! of dry penods and Irregular 
ramfall patterns but also grows well m areas wnh rams throughout the 
year Both types of areas are found extens¡vely m the trop1cs and a 
tremendous potenhal extsts for expandmg cassava productwn m them 

The potential y1eld of cassava under commerc~al condltJOns w11l 
obvwusly depend on t~e leve! of management and the leve! of mputs Wnh 
the technology currently avaJlable for cassava the mam purchased mputs 
are very small quantttJes offungicides and msechc1des for the treatment of 
plantmg matenal and fert1hzers 

T bl 5 p t ha! mm 1 y Id r mp d ssa tes d g od 
m gem t 

p t t 1 y Id 
R f 11 S 1 f t 1 ty (t/ h /y ) 

w 11 d t b t d H gh o 35 
3 6 d y m nth H gh 30 35 
w 11 d t b t d M d m 25 30 
3 6 d y m nth Md m 20 25 
w 11 d t b t d A d f " 1 20 25 
3 6 d y m nth A d f l 1 15 20 
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U nder good management wtth tmproved vanettes and opttmum condt 
t10ns ytelds of o ver 35 tons/ ha should be posstble however most cassava 
wtll not be grown under such tdeal condtttons Even under the most 
dtfficult condttlOns of actd mferttle sotls and a long dry season ytelds of 
15 20 tons can be expected wtth ytelds mcreasmg as the dry season ts 
shorter and sotl fertthty mcreases (Table 5) 

Acknowledgements 

The author wtshes to express hts mdebtedness to the large number of 
people wtth whom he has had contact over the years who have gtven 
mformatton that greatly facthtated wntmg thts document 

Btbhography 

Bellott A and A an Schoonho en 1978 Ca sava pest and thet antro/ 
CIAT seres no 09EC 2 Cah Colombia 71 p 

Central Tuber C ops Research lnstttute 1983 Two decades ofresearch 1963 
/983 T vandrum lnd a 233 p 

Chandler Robe t F Jr 1979 R ce m the troptcs A gwde to the de elopment of 
natwn 1 prog ams Westvtew Press Boulder Colorado U S A 256 p 

Cock James H 1982 Cassa a Abas e energy source m the troptcs Sctence 218 
(4574) 755 762 

Howele R 1981 M neral nut tton andfertrl zat on of cassava CIAT senes no 
09EC-4 Cal Colombia 52 p 

Lo ano J C and R H Booth 1976 Dtseases of cassa a CIAT senes no DE 5 
Cal Colombia 45 p 

Lozano J C J C Toro A Casto andA Bellottt 1977 Productwnofcassa a 
plant ng mate al CIAT senes no GE 17 Cal Colomb a 28 p 

Weber E B Nestel and M Campbell eds 1979 /mere oppmg wuh cassova 
Proceedmgs of a workshop held n Tnvandrum India 27 Nov 1 Dec 1978 
l ternat onal Development Research Cent e repon no IDRC 142e Ottawa 
Canada 144 p 

Weber E J C Toro and M Graham eds 1980 Cassa cu/tu al pracl es 
Proceedmgs of a workshop held m Salvado Babia Brazll 18 21 March 
Internat onal Development Research Centre repon no IDRC 15le Ottawa 
Canada 152 p 



)5?13 

lmprovmg tne Productavaty of Cassava m Chma 

' 
Lm Xwng<i/ 
Zhang Welle 

o 
Tang Xuecheng 

Introduct10n 

Cassava m Chma IS a widely grown crop and plays an Importan! role m 
agnculture sugar manufactunng food and the ammal feed mdustry The 
area under cassava IS about 400 000 ha distnbuted mamly m the regwn 
south oflatitude 30°N With the development of cassava producllon more 
mterest has been focused on cassava research Although sorne research 
progress has been made It has been hmdered by lack of contmmty and 
systema\IC methods 

Research ActJvJtles 

Expenments on bienmal cultivatlon flour productiOn analysts of root 
nulnent composiiion and apphcatwn of N P K fertihzers date back to 
1914 1919 Dunng 1940 and 1941 vanetal observatwns cultural expen 
ments and stud1es on cassava cyamde detoxtficatwn were carned out by 
Professors LI Youkai and Huang Rmlun Later m 1957 Professor Liang 
Guangshang collected several cassava vanetles and began work on 
crossbreedmg U nfortunately lack of contmmty has made any break 
lhrough Impossible m Ibis field Dunng 1958 and 1964 extensive cassava 
research was carned out by the Tropical Crops Cult1vatton Research 
lnstitule al SCATC and sorne progress was made m the followmg areas 

Collectwn dnd evaluatton of md1genous germplasm Comparat1ve 
tnals wtth local vanet1es were conducted and root charactenstics (yteld 
dry maller starch hydrogen cyamde) were analyzed fhe high 
yieldmg bitter vaneties SC205 SC20 1 and SC202 hsted m Table 1 are 

L X g b d h \ h Ch A d m) f T p 1 C p (~CATC) H 
11 dLh Lh gV.. g m di g\ h g g h 
b d g \LA!( 
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T ble Cbaractenst es f major cassa a anebes m Cbma 1962 

Y Id Dry m tt St h t t HCN co te t 
e 1t (t/ha) (%) (%) n peeled 

o ts (mg/ 100 g) 

SCIOI 15 2 38 5 29 2 41 
SCI02 136 416 290 38 
SCI03 13 3 38 4 31 3 76 
SCI04 18 5 41 2 30 5 54 
SC201 23 5 34 5 23 7 105 
SC202 22 7 33 8 27 7 14 8 
SC203 21 5 32 7 28 2 21 1 
SC204 12 1 42 4 28 8 84 
SC205 26 2 364 28 1 91 
SC206 18 4 41 2 35 6 15 o 
SC207 21 1 38 2 29 6 19 5 
SC208 13 9 347 215 10 7 
SC209 15 8 39 1 23 o 19 3 
SC210 144 45 3 36 8 60 
SC211 lOO 39 6 26 8 49 
SC6068 22 8 43 6 37 9 50 

suttable for starch productton and the htgh yteldmg sweet vanettes 
such as SCI04 and SCIOI are suttable for human consumpt10n 

2 Breedmg and select10n ofsupenor vanettes Crossbreedmg was begun 
on the bastS of germplasm collecttons and evaluattons Results of 
comparattve tests regtonal tnals and quahty analySlS revealed 
SC6068 to be the best sweet vanety lt tS a precoc10us vanety wtth low 
hydrogen cyamde (HCN) content htgh dry matter content (about 
43%) htgh starch content (about 38%) anda htgh tolerance to mferttle 
smls It ts presently used m commercial producuon 

3 Research on cultural practtces Past mvesttgat10ns showed that the 
best length of cassava stem cuttmgs for plantmg matenal was about 
13 16 cm The root yteld decreased tf the cuttmg was longer or shorter 
10-cm and 20 cm stem cuttmgs produced root ytelds 10% and 14% less 
respec!tvely thanthosefrom 16 cmcuttmgs Rtdgeplantmgcompared 
favorably wtth flat plantmg havmg a yteld mcrease of 17% The best 
spactng for ndge plantmg was 1 m x O 8 m In order to mamtatn sml 
fertthty groundnuts or Jack beans can be mtercropped wtth cassava 
planted at a spacmg of 1 5 m x O 8 m Wtth respect to the N P K 
fertthzers P gave the best root yteld response wtth an mercase of 
104 8% o ver the control whtle N mcreased root yteld by 24 4% and K 
by 11 3% The best ytelds were obtamed by applymg N P compound 



lmp g P d t t) Ch 215 

fertthzer whtch ratsed the roo! yteld to 161 5% o ver that of the control 
Ferllhzer apphcatwn should be based on plant nutnent dtagnosts and 
spectfic sml fertthty 

4 Cultural expenments to expand the agronomtc growmg area Expen 
ment" to delmeate pracucal reg10ns suttable for cassava culttvahon m 
the northern subtroptcs of Chma were conducted by the Cassava 
Research Group of SCA TC m coordmatwn wtth orgamzatwns m 
Hebet Ltaonmg Shandong Jtangsu AnhUl Hubet Stchuan and 
Shanxt provmces Results from testmg SCIOI and SCI02 m these 
northern latitudes showed that commerctal culhvatiOn of cassava ts 
posstble m the Yangtze Rtver Valley south ofthe Huat Rtver and Qm 
Lmg Mountams where the chmattc condttlons favor earher matunty 
(Table 2) These expenments have provtded a sctenllfic base for 
expandmg cassava growmg areas m Chma 

Breedmg 

An active cassava research program was resumed m 1979 and has 
contmued smce then The current maJOT agronomtc research task ts to 
collect germplasm and launch crossbreedmg A number of good cultlvars 
for crossbreedmg are kept at the Troptcal Crops Research lnstttute These 
mclude SC20 1 SC205 SC 104 SC 101 SC 102 SC6068 SC790 1 SC7924 
SC7903 SC7908 and SC7945 Presently 30-40 hybnd combmatwns are 
made annually From these 4000 5000 flowers are polhnated arttfictallyto 

Tbl2 Ylds fcassa t hlgb lat t des 1962 

G w g Y Id Y Id 
N as e 1t (k g/ (I/ h ) 

(d y) pi t) 

29"30 214 SCI02 22 26 4 
29 30 214 SCIOI 1 3 15 6 
30"00 210 SCIOI 14 16 8 
31 53 205 SCIOI 14 16 8 
32"04 180 SCIOI 1 2 14 4 
32"04 180 SCI02 27 32 4 
33 55 172 SCI02 28 33 6 
34 21 162 SCI02 1 2 14 4 
34 21 169 SCIOI o 39 46 
36 41 180 SCI02 
38 54 170 SCI02 
38 54 170 SCIOI 
39 20 163 SCIOI 
39 20 163 SCI02 1 2 14 4 

H gh t St h t 1 

y Id 1 
(kg/pl t) 

33 00 
26 00 

4 3 21 56 
23 
45 
60 2441 
20 
06 
1 5 
1 3 
09 
25 
30 

28 66 
29 80 
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y1eld 2000 3000 hybnd seeds and 800 1200 seedhngs from wh1ch 60 80 
pr0m1smg mdividual plants are selected annually 

So far several supenor hnes have been selected from the hybnd 
progemes developed m 1979 and 1980 Among them se7924 and seso 13 
are the most prom1smg Regional tnals w1th se7924 showed that th1s 
stram IS h1ghly recommendable because of 1ts low HeN content and 
tolerance !O cold weather seso 13 IS the pro gen y of se 1 o 1 X Se2o 1 and 
several years oftests and observauons ha ve demonstrated that thts ts also a 
most prom1smg hne possessmg the charactens!Ics of h1gh y1eld and hkely 
res1stance to cassava bactenal bhght (eBB) 

A vanety of breedmg matenals with d1fferent charactenstiCS has been 
chosen to ennch the germplasm collection The cumulative number of 
~ybnd combmatwns developed dunng 1979 1982 IS 187 the number of 
arllficially polhnated flowers IS 15 000 and the frull success rate IS 25 38% 
WI!h 68 1% bemg the highest and 5 4% !he lowest The average seed settmg 
rate IS 70 6% the h1ghest bemg 92 3% and the lowest 38 3% Although !he 
op!Imal tiMe for assisted polhnauon IS between September and October m 
order for the seeds to fully develop before the onset of colder weather the 
peak flowenng penod appears m October and November 

Expenments and observattons mdtcated that the seed settmg ratio of 
hybndiza!Ion IS related to the affimty between vane!Ies Maternal 
supenonty ex1sts and m general a h1ghly fert1le female crossed w1th any 
mate would g1ve a h1gher seed settmg ratiO Maternal supenonty also 
appears m the compatibihty of hybnd combmatwns A h1gh y1eldmg 
female paren! tends lo produce a larger number of h1gh y1eldmg mdividu 
als among Ils hybnd progeny and low y1eldmg females also produce a 
preponderance of low ytelders among thetr progeny For example htgh 
y1eldmg mdlVlduals (above 1 5 kg/plant/yr) from the hybnd of se201 
(h1gh y1elder) x se102 (low y1elder) make up 60% of the total wh1le 
h1gh y1elders from the hybnd of se102 x se201 account for only 8 3% 
Open pollmated hybnds from h1gh y1eldmg female parents lso produce 
more h1gh y1elders amongthe1r progemes e g open polhnated hybnds of 
se20 1 se 102 and se 1 O 1 gave 18 9% 7 9% and 2 8% h1gh y1eldmg 
mdiVIduals(over 1 5 kg/plant/yr)respectively whiietop y1elders(over2 5 
kglplantfyr) occupy 4 9% 1 3% and 0% respec!Ively of se201 se102 
and se 1 O 1 The recommended hne Se7924Is an open polhnated hybnd of 
the h1gh y1eldmg vanety Se205 

Intercroppmg 

Agronomtcal research emphastzes mtercroppmg or mterplantmg and 
crop rotatwn systems Through this research better plantmg methods and 
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mtercrops are expected to be found to help conserve water enhance sml 
fertthty check sml eroswn and ncrease economtc beneftts So far 
expenments have been conducted on multt stoned culttvat10n mter 
plantmg Leucaena /euwcephala w1th cassava mtercropped w1th legumes 
Expenments of thts sort wall be extended to pro\ toe a basts for 
recommendattons by the extens10n serv!Ces The present plan ts to 
recommend that the early matunng 1mproved vanety SC6068 be planted 
on about 33 300 ha (m add1t10n lo the 667 ha curren ti y planted m 11) Roo! 
y1elds of SC6068 m the regwn south of the Trop1c of Cancer are usually 
25 50% h1gher than !hose of local cult1vars 

Productmn Constramts 

Cassava research to mcrease ytelds should be appropnate to local 
agncultural condttlons and practtces The mam constramts on y1eld 
mcrease are 

A shorter growmg penad dueto low temperature and frost mJUrf In 
Chma cassava 1s largely grown m the subtrop1cs The low temperature 
m wmter and early spnng often reduces the growmg penad to 8 10 
months Cassava has to be planted m March or Apnl and harvested 
befare December The plant 1s usually affected by low temperature m 
1ts later growmg penad and 1ts y1eld decreases due to lower rates of 
starch accumulatton and roo! bulkmg 

2 Lack of better culttvars Presently the two h1gh y1eldmg vanettes 
SC20 1 and SC205 are the most commonly used m commerctal 
productton m Chma However due lo thetr longer growth penad 
ne!lher of them can be used to full extent m terms of y1eld m areas 
havmg a short growmg penod S mee early matunng vanettes ha ve low 
y1elds they are not smtable cand1dates for mcreasmg producuon 

3 Lack of systemattc planmng and techmcal asststance m productton 
processmg and marketmg Local farmers normally fati lo m roduce 
tmproved vanettes and advanced cultural techmques In many places 
cassava ts planted and then left untended causmg low y1elds On the 
other hand low marketab1hty of cassava products also reduces the 
farmers mcenttve to mcrease productton 

4 Occurrence of CBB ( cassava bactenal bhght) Thts d1sease has recen ti y 
appeared m the expenmental f1elds al the Troptcal Crops Cult1vat10n 
Research lnst1tute of SCATC and the hazard of 11 spreadmg ex1sts 
Thts ts the most senous potenttal factor affectmg cassava productton 
m Chma 
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5 Need for further research on processmg and uses of cassava The 
1mportance of mulllpurpose use of cassava has not yet been fully 
reahzed Thts ts another maJar constramt on cassava development 

Future Research Duect10ns 

Constdermg the chmattc charactenst1cs culttvatwn pracuces leve! of 
processmg and utthzatwn and extstmg problems m cassava growmg are as 
m Chma future research should a1m at producmg h1gh y1eldmg culllvars 
low mput management and d¡vers1f1ed h1gh profit ullhzatwn Areas of 
concentrat10n should be genet1c breedmg phys10logy cultural techmques 
prevent10n and control of plant d1seases and pests and processmg and 
mtegrated us of cassava produce The ch1ef objecllve of cassava breedmg 
IS the selectwn of supenor vanettes whtch have the followmg character 
lsUcs early matunty lugh y1elds low HCN content good root quahty 
(nch m starch and Wllh mcreased protem) wmter hardmess d1sease 
res1stance easy harvestmg reduced penshab1hty and sullab1hty for 
b1enmal culllvauon (mcludmg h1gh ratoonmg ab1hty and less hgmf1ed 
l!ssue m the roots harvested the followmg year) 

Domest1c and fore1gn germplasm w11l be collected morder lo estabhsh 
well planned germplasm banks Furthermore an attempt W1ll be made lo 
develop a pattern of geneuc 1mprovement based on crossbreedmg 
Cassava growmg areas Wlll be demarcated and regwnal tests w!ll he 
standardtzed wtth tmproved vanettes recommended for spec¡fic locatwns 
At the same llme techmcal cooperat10n w1th other mshtutwns e g CIAT 
and CG PR T w¡ll be strengthened and contacts Wlll be estabhshed w1th 
other cassava growmg countnes for mutual exchange of technology and 
expenence 

In the next few years attempts w11l be made lo set up 40 50 hybrd 
combmatwns annually These w!ll prov1de 5 000 6 000 seeds (mcludmg 
natural hybnds) These hybnd seeds W11l be d1stnbuted to d1fferent 
ecolog1cal regwns for selectwn lt !S expected that about 100 prom!Slng 
md!Vlduals w¡ll be smgled out for comparat1ve tests al vanous levels 

Mult1purpose uses of cassava w!ll be undertaken pnnc1pally by hght 
mdustnes mamly the feed food and sugar mdustnes Agronom1c 
research wtll stress the multlstoned culttvatwn systems of cassavaf ml 
crops and forest trees/ cassava mterplantmg Stud1es on the physwlog¡cal 
charactensllcs and ecotypes of d1fferen crop populatwns w11l a1d m water 
conservatlon and mamtenance or enhancement of sml fertthty and m turn 
m the bmldmg of a more prosperous cassava mdustry 
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Introduct10n 

Cultlvauon of cassava m India 1s confmed mostly to southern states hke 
Kerala Tamtl Nadu Karnatdkd and Andhra Pradesh lt ts grown toa 
hmited extent m the northeastern pdrt~ of the country and m the tnbal 
belts of Onssa 

The dverage root yteld m Tamtl Nadu ts 29 5 tons/ha compared to 14 8 
tons/ha tn K erala Whtle tn Kerala and m certam parts ofTamtl Nadu hke 
the Kanyakuman d1stnct cassava 1s a ramfed crop m other parts ofTamtl 
Nadu parttcularly m the Salero Dharmapun belt 11 ts an trngated one In 
the northeastern htll reg10n of the country cassava Is mostly grown m a 
mtxed stand of shtftmg culttvatwn plots as a purely ramfed crop 

Wtthm a 10 year penad ytelds almos! doubled m Tamtl Nadu from an 
average of 12 3 tonsjha m 1970 71 to 29 5 tons/ha m 1980 81 Thts 
md1cates the vast potenttal for the development of cassava Progress was 
partly due to swttchmg lo certam htgh yteldmg vaneues released by 
research mstltutes and partly to 1mproved cultivatwn practJces by farmers 
A steady demand from the starch and saga (pearl) mdustnes acted as a 
sttmulus for the culttvatwn of the crop 

Prevallmg Produchon Pract1ces 

Cassava ts generally grown m margmal are as havmg poor smls wtth few 
mputs such as fertlhzers pesticides and trngatiOn In K erala 1t ts gene rally 
grown on htlly slopes havmg red latente sml wtth httle addtUon of 
fenthzers and manures The average yteld of 15 tonsjha can therefore be 
cons1dered Impressive under such circumstances Cassava also grows well 
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m hght sandy loams that are m01st and deep The s01l texture m Kerala ts 
not fnable enough lo allow full development of the root system but 
plantmg on ndges mounds or h1llocks and substanllal deep d1ggmg of 
smls do result m htgher ytelds Most farmers m Kerala grow sorne cassava 
mostly on homesteads and small holdmgs There are a few large growers 
who spec1ahze m supplymg the produce lo processmg umts parllcularly m 
the Salem dtstnct of Tamii Nadu 

In Tam1l Nadu the crop ts grown mostly m the Kanyakuman dtstnct and 
the Salem Dharmapun regwn In the former area the culttvatwn practtces 
are somewhat Simtlar to those pract1ced m Kerala where cassava IS grown 
as a ramfed crop m small holdmgs The produce IS mostly used for human 
consumptwn In the Salem regwn however the crop as grown as an 
1rngated crop and roots are mostly used as raw matenal for about 700 
small and medmm scale starch and saga faetones The average root yteld 
under trngated condtttons ts about 30 tonsjha 

Cassava has tradllwnally been grown on a small scale as a backyard 
crop for borne consumptwn Cassava productwn on a large se ale as acash 
crop ts a relattvely new phenomenon m two or three states of the country 
Toa great maJonty of IndiVIdual farmers who cannot afford opllmum 
held preparatiOn or other Improved cultural pracllces stab1hty of y1eld IS 
more 1mportant than a package of new cultural techmques The enttre 
thrust m cassava development ts towards achtevmg optlmum stable ytelds 
under low mput management condttwns Addttlonally m a vast country 
hke India selectwn of deSirable genotypes for d1fferent agro chmallc 
zones through adaptlve tnals can help ach1eve y1eld stab1hty m the face of 
the wtdely dtfferent envtronments m whtch cassava ts grown 

Produchon Constramts 

The factors respons1ble for low productwn levels m the country as 
Identiiied by the Central Tuber Crops Research lnstitute (CTCRI) are 
descnbed below 

The prevalen ce of mfenor vanet1es whiCh are adapted lo low fert1hty 
conditiOns Although certam h1gh y1eldmg vanelles (HYVs) have 
been developed wh1ch performed well m regwnal adapt1ve tnals 
present coverage w1th HYVs IS stiii very low dueto the absence of 
aggresstve extenston programs 

2 Low adoptwn leve! of 1mproved productwn technology by the 
farmer 
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3 Prevalence of d1seases parlicularly the cassava mosa1c d1sease 
(CMD) m local vanet1es and the use of d1seased plantmg matenals 
wh1ch further spread the d1seases 

4 Lack of awareness of htgher mcome earnmg capactty through 
tmproved cultlvatton practtces 

5 Absence of a stable pnce slimulus due to unorgamzed marketmg 
channels Short shelf hfe of roots leads to d1stress sale of the 
marketable surplus 

6 Ltmtted product dtverstftcdt!On dnd lack of explmtat10n of the 
produce for alternate uses Raw matenal demand ts hmtted only to 
starch and sago mdustnes the vast potentlal m the ammal feed sector 
remams altogether unattended 

Research Act1v1t1es 

Takmg mto consideratwn the above constramts the acuvttles of 
research orgamzatwns partlcularly the CTCRI at Tnvandrum focus on 

Evolvmg h1gh y1eldmg d1sease res1stant crop vanetles through a 
global collectwn of germplasm and hybnd1zatwn 

2 Developmg oplimum cultural and ferlihzer management pract1ces 
for the d1fferent crops and croppmg systems 

3 Mamtammg and evolvmg control measures for pests and dtseases 

4 Extendmg the newly evolved h1gh y1eldmg vanet1es and the1r 
productwn technology toa large number of farmers throughout the 
cassava growmg regwn of the country 

5 Provtdmg a research base wh1ch would ensure mcreased use of roots 
for mdustnal and other uses through the development ofpostharvest 
technology 

Breedmg 

Germplasm collechon A total of 1320 cassava accesstons were collected 
and are now bemg evaluated and documented 

Vanetal1mprovement A cassava breedmg program atmed at evolvmg 
htgh yteldmg and dtsease reststant culttvars ts m progress Breedmg has 
been streamhned to emphas1ze objecllves hke h1gh y1eld h1gh starch 
content freedom from pests and dtseases early matunty tdeal plant type 
low hydrocyan1de content and good cuhnary quahty The lnslltute s 
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breedmg actlvtues have resulted m the evolutwn and release of three 
outstandmg hybnds (H 97 H 165 and H 226) m 1971 and another two 
hybnds H 1687 (named Sree Ytshakham) and H 2304 (named Sree 
Sahya) m 1977 

H 97 A hybnd mcorporaung the htgh starch content denved from 
tts Brazthan parent and developed pnmanly for mdustry lt has a 
mean yteld of 28 tons/ ha whtle regtslenng a potenttal of 84 7 
tons/ ha 

H 165 An early vanety that matures tn 7 to 8 months whtle other 
Vdnettes mdture m lO months It hds a mean yteld of 30 tons/ ha Its 
early matunng abthty has helped m fittmg thts hybnd mto mter 
croppmg systems 

H 226 A vanety of good cuhnary quahty whtch ytelds an average of 
29 tonsfha It ts suttable for the trngated areas of Tamtl Nadu 

H 1687 Thts vanety has recorded mean ytelds of 40 tons/ ha wtth a 
conststent yteld dbove 30 tons/ha m farmers fields The presence of 
carotene d precur!!.or of vttamm A makes tt an tdeal table vanety 

H 2304 A htgh yteldmg muluple hybnd havmg 30% starch content 
whtch makes tt suttable for mdustry dnd for makmg dned chtps 

Early maturmg vanelles lncluded m the breedmg programs ts the 
Identtficatwn of early matunng vanettes wh!Ch can be harvested 6 to 7 
months after plantmg These vanetles can thus be used for ratsmg more 
than one crop per year from the same area and can also be fttted mto the 
multtple croppmg systems Under thts progrdm vanettes hke OP l/81 Ct 
856 Ct 206 and Ct 129 ha ve shown sorne promtse Sorne of the released 
vanettes hke H 165 and H 1687 are also capable of gtvmg reasonably good 
ytelds tf harvested early although the full yteld potenttal can only be 
obtamed by harvestmg after 8 9 months 

Shade tolerant vanehes Culuvatton of cassava under multJplecropp1ng 
systems ts popular m many areas lt ts often grown as an mtercrop m 
coconut plantmgs Hence the breedmg program ts onented towards 
developmg and tdenttfymg types sutted for such condttwns Vanetal 
dtfferences for root yteld under shade were observed wtth clones hke 
H 97/2 H 165 H 2304 and Ct 590 accumulatmg more dry matter m the 
roots 

Culhvahon pract1ces 

Tome of plantmg Cassava os generally grown as a ramfed crop and 
plantmg under such condtttons comctdes wtth the onset of rams m M ay 
June Plantmg can be advanced of pot watenng of the stakes os provtded 



lmp g!/JIJ}d 223 

Length ofstake Although there was no s1gmficant y1eld d1fference when 
stakes of 15 cm 20 cm 25 cm and 30 cm long were used stdke length of 20 
to 25 cm was found to be the opumum 

Spacmg Results of spaciDg tnals Wlth spaciDgs of 60 x 60 cm 75 x 75 
cm 90 x 90 cm and 120 x 90 cm md1cated that 90 x 90 cm spaciDg 1s 1deal 
for branchiDg type vaneues whlle for non branchmg types 75 x 75 cm 
spacmg 1s best 

Plantmg method The method of plantiDg vanes w1th the type and 
topography ofthe sml The mound method may be adopted ID smls haviDg 
h1gh el ay content and poor dramage whereas the ndge method can be u sed 
on slopes to check sml eroswn The flat method of culllvatwn may be 
followed ID level lands havmg good dramage The p1t followed by 
mound method has been f ound to be supenor to all other methods ID level 
lands In th1s method p1ts 30 x 30 x 25 cm are f~rst opened and the sml1s 
mtxed wtth cattle manure and reshaped mto a mound Fertlltzers are 
apphed ID a furrow opened ata 15 cm radws from the top ofthe mound 
Th1s method of cultivatJOn ts more labor m tensa ve but a yteld mcrease of 
nearly 10% over the conventtonal method of mound preparatwn has been 
recorded 

Gap filhng The use of poor quahty plantiDg matenal or adverse weather 
cond1t10ns re;ult ID a h1gh degree of stake mortahty ReplaciDg the 
unsuccessful stakes 15 days after plantiDg 1s betterthan wa1t1Dg unlll a later 
date 

Thmmng of shoots Removal of excess sprouts at the tmttal stages of 
establishment ( 10 15 days after sproutiDg) helps to prevent mutual shadiDg 
and competitJon between plants 

Ferhhzahon 

Recommended rate The recommended rate of ferllh7er for h1gh 
y1eld1Dg vaneues 1s 100 kg each of N P 20 5 and K20 per hect are along w1th 
an apphcatwn of 12 tons/ ha of cattle manure or compost wh1ch 1s apphed 
at the t1me ofland preparallon The feruhzer contaiDIDg N and K 1s apphed 
ID two spht doses half as basal and the remaiDIDg half w1th the flrst 
culuvatiDg operatwn at 45 to 60 days after plantiDg The P 1s apphed as a 
basal dose 

Alternahve ferhhzer sources The c1trate soluble forms of phosphorus 
(bas1c slag ultraphosphate and Ammo phos) were compdred w1th Wáter 
soluble superphosphate ID ac1d latente smls Bas1c slag and ultraphosphate 
were better than superphosphate and mcreased the root y1eld by 10% and 
9% respecuvely 
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Effects of calcmm Apphcatwn of 2000 kg CaO/ha was benefic1al m 
mcreasmg the y1eld of cassava The y1eld mcrease was about 25% over the 
untreated control L1mmg also 1mproved the quahty of roots by mcreasmg 
the starch content and decreasmg the HCN canten! 

Sulphur nutriiion The relauve mfluence of sulphur-contammg fer 
Uhzers (ammomum sulphate superphosphate and Ammo phos) and 
fert1hzers WI!hout sulphur (urea d1ammomum phosphate munate of 
potash 17 17 17 N P K complex and 28 28 N K complex) on cassava 
were stud1ed and 1! was found that sulphur contammg fer!Ihzers were 
sigmficantly su penar to fert1hzers w1thout sulphur Sulphur at 50 kg/ha 
gave sigmficantly h1gher y1elds ( 18% more than the control) !han other 
levels Apphcat10n of sulphur resulted m an mcreased starch content anda 
decreased HCN content m the roots 

M1cronutnents In latente sml cassava responded stgmficantly to sml 
apphcatwn of zmc boron and molybdenum Zmc (12 5 kg/ha) as zmc 
sulphate boron (10 kg/ha) as borax and molybdenum (1 O kg/ha) as 
ammomum molybdateapphed along w1th 100 kg/haofN P20 5 and K20 
mcreased root y1elds 15% 12% and 11% respecuvely Apphcatwn ofzmc 
tmproved the quahty of roots by mcreasmg starch content and decreasmg 
HCN content 

Imgallon 

Although cassava IS generally grown under ramfed conditlOns 1ts full 
y1eld potenual can be ach1eved through good water management By 
prov1dmg ungatwn at 25% of the available mmsture depletwn leve! the 
y1eld of cassava can be doubled compared to no Irngatwn The effect of 
supplementary IrngatiOn was mvesttgated and tt was observed that by 
prov1dmg Irngauon durmg drought months at 20 mm per week the root 
y1eld mcreased 64% over non Irngated plots The y1eld of mtercropped 
cassava was doubled by prov1dmg Irngatwn at 25 mm every 10 days dunng 
the drought penad 

Intercroppmg 

Tnals w1th a large number of short duratwn crops to make use of the 
solar energy and mmsture between cassava rows have Idenufled ground 
nuts and French beans as profitable cassava mtercrops Intercroppmg 
groundnuts With cassava gave an addiUonal mcome of Rs 1500 2000/ ha 
(approximately US $150 200) over apure crop of cassava 

The fertiltzatwn rate formulated for such an mtercroppmg system ts a 
basal apphcatwn of 12 tons/ ha of manure or compost along w1th 50 kg N 
100 kg P20 5 and 50 kg K20 for h1gh yieldmgvaneUes and halfthe above 
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rate for local cassava vanelles These are apphed at the ttme of plantmg 
cassava stakes whtch are spaced at 90 x 90 cm The seeds of mtercrops are 
sown m hetween rows tmmedtately after plantmg the stakes The seed rate 
of groundnuts ts about 60 65 k g/ ha usmg a spacmg of 30 x 20 cm In the 
case of French beans the seed rate ts 25 30 kg/ ha at the same spacmg 

For asole crop of cassava the top dressmg ts apphed 45 60 days after 
plantmg along wtth cultivatmg and weedmg But when an mtercrop ts 
ratsed wtth cassava the top dressmg offertthzer ts halfthe rate ofN and K 
apphed tmmedtately after the mtercrops are harvested along wtth hoemg 
and earthmg up 

Mulhstor1ed proJeCt lmttal observauons recorded m a multtstoned 
croppmg project wtth coconut banana Eucalyptus and Leucaena as the 
first tter perenmal spec1es cassava as the second t1er spectes and French 
beans and groundnuts as the thtrd tter bottom spectes showed no adverse 
shade effect on cassava m the first year ofthe perenmals growth The hght 
transmtsston ratiO was mtmmum m banana plots (58%) agamst 71% m 
pure cassava stands at 6 monlhs Cassava adversely affected the growth of 
banana and Leucaena but t 'te re was a margmal (12 7%) m crease m hetght 
m the case of Eucalyptus Groundnut and French bean mtercrops reduced 
leaf productwn m cassava by 12 7% and 4 6% respecttvely Root growth 
m all perenmal spectes except Leucaena was adversely affected by 
cassava S01lloss was reduced constderably through mtercroppmg cassava 
wtth groundnuts and French beans Stmtlarly cassava mtercroppmg 
helped m reducmg the sotlloss m banana plots The populatton butldup of 
whatefly the msect vector of cassava mosatc dasease was mmtmum when 
grown m associatwn WJth Euca!;ptus whlle cassava thnps were found to 
mfest Leucaena 

Plan! proteclton 

Cassava mosatc dtsease (CMD) Although CMD mfects cassava m 
Indtd 1b nature and Ident1ty ha ve not been well estabhshed Recent work 
suggests that the CMD of southern Indta shows a good correspondence 
wtth the CMD of Afnca It has been observed that the tmproved culttvars 
released by the CTCR 1 show a degree of tolerance to the dtsease 

In the fteld the dtsease ts spread by the whttefly (Bem1sta tahacu) the 
extent dependmg on the vanette~ of cassava culttvated Use of dtsease free 
plants as the source of plantmg matenal and careful rogumg of mfected 
plants can cons1derably reduce the d1sease mc1dence 

Smce most cassava cultivars appear to be affected by vuus d1seases a 
ttssue culture umt was set up di CTCRl tn 1980 to take up menstem 
cultures for developmg vuus free plants 
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Red sp1der m1tes Four spec1es of sp1der m1tes belongmg to two d1stmct 
groups cause damage to cassava m Ind1a The first group mcludes 
Eutetranychus onentails and Oilgonychus b1harens•s whJCh prefer to feed 
on the upper surface of leaves causmg severe browmng or tarnng and 
curhng of le aves The second group compnses Tetranychus cmnabarmus 
and T neoca/edomcus wh1ch attack the lower surface ofthe leaf A falliD 
rela!Jve hum1d1ty from 70 to 30% andan IDCrease ID temperature o ver 3IOC 
are cond1t1ons leadiDg to rap1d multiphcatwn ofthese pests The y1eld loss 
dueto severe IDfestatwn ranges between 17 to 33% ID d1fferent vane!Jes 
SprayiDg the crop at the !Jme of IDCJdence and subsequently at monthly 
ID!ervals w1th d1methoate or methyl demeton atO 05% 1s h1ghly effect1ve ID 
reduciDg m1te IDfestatJon Alternat¡vely thorough sprayiDg w1th water 
alone ata runoff leve! at 10 day ID!ervals 1s equally effec!Jve as chem1cal 
sprayiDg 

Scale msecls Cassava scale IDSects (Aomdomyteleus albus) IDfect the 
standiDg crop ID the f1elds and also the stem ID storage They mul!Jply 
rap1dly and completely cover the stem and suck the sap Severe 1Dfestat1on 
often leads to dryiDg and death of the plants and roots become 
unpalatable The mfestatlon beco mes severe m stems m storage tf they are 
not properly stored H1gher hum1d1ty and poor aeratwn ID storage 
encourage rap1d mulllphcatwn of scale IDSects The IDfested plantiDg 
matenals dry up qUJckly and do no! germiDate For effec!Jve control only 
scale free stems should be selected for stonng and plantiDg The stems 
should be stacked ID verilea! posuwns and kept ID shade to get d1ffuse hght 
and aeratwn As a prophylac!Jc measure the stems should be sprayed wilh 
O 05% d¡methoate or methyl demeton 

Future Research DuectJons 

Cassava research 1s maiDly bemg conducted at the Central Tuber Crops 
Research Inst1tute Tnvandrum and m Its regwnal center located m the 
state of Onssa Whtle the mam mstltute through tts research and rural 
development program (hke the Lab to Land ProJect and Operatwnal 
Research ProJect) could make constderable achtevements m the southern 
states hke Kerala and Tam1l Nadu httle research and development could 
be attamed m other parts of the country Takmg mto constderatton the 
research needs m other areas a coordiDated proJeCt the All Ind1a 
CoordiDated Tuber Crops Improvement ProJect was launched by the 
ICAR Thts proJect has research centers m state agncultural umverstttes 
and natwnal IDS!Itutes located ID states hke Kerala Andhra Pradesh 
Tam1i Nadu Karnataka Maharashtra West Bengal B1har Assdm and 
Meghalaya The proJect attempts to resolve local problem; such as 
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Jdent¡f¡catJOn of vanehes for d¡fferent agro chmat!c zones and devel 
opment of smtable farmmg technologtes Most ofthe centers ha ve already 
developed agronom¡c schedules smtable for the1r respective regtons 
However considenng the ambittous developmental programas env1saged 
by the Natwnal Commisswn on Agnculture and the economJc utihzatJOn 
of cassava and 1ts products pnonty areas for future research ha ve been 
tdenttfied 

The prOJCCtiOns made by thc Natwnal CommJsswn on Agnculture 
mclude 40 mtlhon tons of cassava from an are a of l mtlhon hect ares by the 
year 2000 Currently 5 8 mtlhon tons are produced from O 35 mtlhon 
hectares The projectwns reqmre two to three lold mercases m a\erage 
y1elds as well as substantidl expans10n of ¿;~reas 

The Commtsswn felt that the present average productton of 16 81 
tonsj ha could be mcreased to 40 tons/ ha to achteve the targeted 
productton leve! of 40 mtlhon ton' The total number of hectares to be 
planted m cassava by 2000 ts shown below by states 

S tate A red (000 hd) 

Kerald 325 
Tamtl Nddu 200 
Kdrnataka 125 
M ahar d~htr a 50 
Andhrd Prddesh 125 
Ons~d 75 
Northeastern regwn 

mcludmg Assdm 100 

Total 1000 

Whtle Kerald dnd Tamtl Nadu m the south have good rdmfall and a 
more or less tropical eh mate the northeastern regwn of the country and 
the eastern .;;tdtes are predommantly subtroptcal m eh mate wtth moderately 
good ramfall Dueto cooler wmter temperatures dnd a delay m the break 
of monsoon rams m maJor parts ofthese edstern stdte~ the durdtiOn ofthe 
crop ts restncted to 6 7 month~ mstead of 9 1 O months as expenenced m 
the .;;outh Vanettes wJth edrly root growth and bulkmg charactenstics mdy 
be more des1rable for such sJtudttons In the states hke Karnataka and 
Andhrd Prddesh m the southcentral Lone the rdtnfal!Js much less w1th 
certa¡n parts even falhng tn semtand and dry fdrmmg 1ones For achtevtng 
economtc ytelds d ITldJOf thrust m research for such areas may be dtrected 
to Wdter.;;hed mdndgernent to tmprove water conservatwn and use 
Research on hmJted and ~upplementary trngatiOn ts to be mtenstfted 
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The package of practiCes so far formulated IS mtended pnmanly for 
ramfed condtttons such as m K erala whtch recetves more than 1500 mm 
annual ramfall 75% of It dunng the southwest monsoon (June Sep 
tember) 

In summary future dtrectwns of cassava research and development will 
focus on the areas hsted below 

H1gh y1eldmg vanet1es w1th acceptable cookmg quahty 

Vanettes smtable for mdustnal use 

Vaneties smtable for cultivatwn m partial shade that can be fit mto 
mult1stoned croppmg systems 

Early matunng vaneties (6 7 months) to smt northern sub tropical 
chmattc condtttons 

Productwn physwlogy under normal and stress SitUatwns and 
IdentificatiOn of su1table physwlog1cal parameters contnbutmg to 
drought tolerance and adaptatwn to shaded condiiions Env1 
ronmental mfluence on root development for crop models smtable 
for d1fferent croppmg systems 

Bwchemtcal basts for reststance to pests and dtseases and bw 
synthes1s of cyanogemc glucos1de 

Mult1ple croppmg systems mcludmg mult1stoned croppmg and 
m1xed and relay croppmg for opllmum land use 

Water management mvolvmg mvesttgatton of cnttcal stages of 
trngatlon water catchments and mmsture conservatwn 

Nutnent budgetmg and studtes on the effect of mtcronutnents 

Survey of maJar productwn zones for nutnent status dtsease msect 
assoctatlons and use and marketmg patterns 

Cassava mosa1c d1sease etwlogy ep1demwlogy cleamng through 
t1ssue culture certification and productwn of healthy plantmg 
matenals 

Bwlogical control of pests 

Development of technology for cassava utihzatiOn m food and 
ammal feed products 

Market analys1s for assessmg mvestment potential m cassava based 
mdustnes and analys1s of d1ffus10n and adoptwn of new tech 
nologtes 



1Improvmg the Productivity of Cassava m Indonesia/ 

Roberto Soengr¡o 
J Hardono Nugroho 

Productmn 

Cassava Mamhot esculenta Crantz ranks as the third most Importan! 
staple food crop m Indonesia after nce and maize From 1969 to 1983 the 
annual harvested area averaged over l 4 mllhon hectares and the mean 
producuon was over 12 3 miihon tons annually Cassava covers about 11% 
of the total area planted to food crops m Indonesia The average yield 
dunng the Pehta 1 penod (F~rst Five Year Development Plan) from 1969 
to 1973 was a low 7 5 tons/ha However dunng Pehta 11 (1974 78) the 
average yield rose by 20% and total prod uct10n mcreased by 17 7% 
Dunng Pehta 111 these mcreases were not as great 5 60% for yields and 
7 05% for production The m crease m the average total producuon dunng 
the overall penod (1969 1983) was mamly dueto m creases m yields (Table 
1) 

The mam cassava producmg areas are mostly m Java and Madura 
which contam about 77% of the total harvested area The other Islands 
account for the remammg 23% with Sumatra havmg 7% eastern 
Indonesia mcludmg West lnan 8% Sulawesi 6% and Kahmantan only 
2% 

Constramts 

The low produchon and produchvtty levels are due to several reasons 
parllcularly ¡mor cultural practiCes Farmers generally apply httle or no 
fertlltzer Many grow cassava m multlple croppmg systens leadmg to 
lower yields The Wide range of culuvars planted ha ve low productiVIty 
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TbiiCsapdt 1 d d g P 1 1 1 III (1969 1983) 

p d/y 

p 1 t 

1969 

1970 
1971 
1972 
1973 

M 

p 1 t 11 

1974 
1975 
1976 
1977 
1978 

M 

p 1 t 111 

1979 
1980 
1981 
1982 
1983 

M 

) A g o/ 

H rv t d 

(mil f 
h t ) 

1 47 
1 40 
141 
1 41 
1 43 

1 42 

1 51 
1 41 

1 35 
1 37 

1 38 

1 40 

144 
1 41 
1 40 
1 44 
1 45 

1 43 

p d t 
(m 11 f 

10 92 
10 48 
10 69 
10 18 
11 19 

10 73 

lJ 03 
12 55 
12 19 
12 49 
12 90 

12 63 

13 75 
13 73 
13 67 
12 64 
13 80 

13 52 

h p ced g5y pe d 

~ t.B\ J k n 1982 ~p Bm 1983 

Y Id 
(t/h ) 

74 
75 
76 
71 
78 

75 

86 
89 
90 
92 
93 

90 

96 
97 
98 
88 
95 

95 

T d(o/) 
P d Y Id 

17 70 20 00 

7 05 5 60 

and are susceptible toa maJor pest the red spoder mtte (Tetranychus sp) 
•nd a pnncopal dtsease cassava bactenal bhght (CBB) caused by 
Xanthomonas campestfls var mamhot1s CBB and cassava wtlt dtsease 
( Pseudomonas solanacearum) may reduce yoelds by up to 90% (N tshayama 
et al 1980 and Wargwno et al 1981) Other omportant dtseases are 
brown leaf spot Cercospundtum hennmgsu and Cercospora carzbaea The 
fungal dtsease caused by Fomes lzgnosus ts also present mareas prevwusly 
planted to rubber trees 

Low and fluctuatmg pnces mfluence farmers attttudes towards new 
packets of technology that mclude omproved cultovars and recommended 
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cultural practlCes Pnces at the factory leve! ha ve vaned from Rp 22 54 per 
kg of fresh root (US $0 22-0 54) m the last 2 years The pnce rece!Ved by 
farmers 1s generally 30% less than the factory pnce because of the cost of 
transpon and the m!ddlemen s profit 

There ts no pnce guarantee or floor pnce for cassava root and tts 
products Pnces can fall so low that farmers may not even bother to 
harvest thetr cassava crop 

Research Objecbves 

The Central Research lnsutute for Food Crops (CRIFC) IS one of the 
research msututes under the Agency for Agncultural Research and 
Development (AARD) ofthe lndones1an Mm1stry of Agnculture CRIFC 
IS respons1ble for research and development offood crops mcludmg nce 
ma1ze sorghum legumes and root crops CRIFC has s1x research 
msututes (F1gure 1) each w1th a spec¡fic natmnal mandate related to 1ts 
reg10nal envtronment 

The maJOr acUv1Ues of CRIFC s root and tuber crops program are 
breedmg and agronomy Other actiVIUes are stlll very hm1ted dueto lack of 
manpower and financtal support 

The mam objecuves of the breedmg program are to develop supenor 
cassava clones that combmed w1th 1mproved productmn methods g1ve 
h1gher y•elds and max1mum profit to farmers Ideal cassava cult1vars are 
charactenzed by these attnbutes 

H1gh y1eld per umt are a h1gh proportmn of roots to total plant we1ght 

Relauvely early matunty w1th considerable y1eld 

Tolerance to maJOT pests and dtseases 

Htgh starch content m the root 

Good root shape 

Broad adaptatton to vanous sml and chmattc condtttons 

CRIFC s agronomy program stud1es ferllhzer use and apphcatmn m 
relat10n to recommended clones and atms to develop agronomtcally 
sound cultural practtces for d1fferent solls and chmatJc reg10ns 

CRIFC s breedmg actiVIUes mclude the mtroductmn of fomgn germ 
plasm the collect10n of extstmg domesttc culttvars and populatwn 
1mprovement by usmg breedmg methods suggested by Hahn (1975) as 
shown m Ftgure 2 
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The mtroductton of foretgn culttvars espectally from Afnca and Latm 
A menea has been done very carefully to avmd mtroducmg new cassava 
d1seases mto Indones1a lnternattonal cooperatiOn has been good and has 
helped develop the cassava breedmg program m lndonesta 

The collectwn of both exottc and domestJC germplasm JS essentlal to 
ennch the genettc vanabtltty of the extstmg matenals About 130 local 
cult1vars and over 700 clones are mamtamed m the collectton Mamtammg 
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and con~ervmg thts collectwn has been a maJar problem smce a large area 
ofland a conSiderable budget and expenenced personnel are requ¡red to 
av01d genehc loss and reductwn m genettc vanatwn of the cxtstmg 
matenals 

Hand polhnatwn and natural cro~smg ha ve been carned out at Pacet 
Expenment Farm West Java d! dn dltuude of 1100 m above sea leve! 
'ielectJOn has been carned out m a hmlled number of envtronments but 
the selected matenal WJII ultJmately be tested m w1dely varymg loca!Jons 
Testmg for adaptabthty m a reasonable number of seasons and locattons 
representmg maJOT cassava g owmg arcas ts very 1mportant for the 
evaluatwn and rclease of selected dones to farmers 

Research Results 

Dunng the pd;t 1 O years two new CR 1 FC cassovd clones ndmed Ad1ra 1 
and AdJrd 11 hdve been reledsed dnd SJX local cult1vars have been 
recommended to farmen. The recommended culttvar are those whtch 
prov1de ¡,ood y1elds and dre dcceptcd by farmers but are not offlcJally 
reled;cd by the Mm1stry of Agnculture dueto hm1ted supportmg data 

Adlfd 1 Wds relcd,ed m 1978 11 now cove" over 25 000 ha It has h1gh 
r.,tdrch content modcrate y1eld h1gh harvest mdex early matunty 
tolcrancc to cas~ava baltcnal bhght and low HC'J content It has a firm 
texturc after cookmg dnd ~~ very good for makmg fermented cas~ava 
Ad1ra 11 h•s med1um ;tdrch content h1gh y1cld medmm matunty 
tolerdnce to CBB dnd m1te; drought tolerancc and h1gh HCN canten! 

Resedrch mdlcdte~ th..tt ld~~dVd y¡cld~ can be mcred~cd by 22% above the 
pre,ent nd!IOndl dverage (7 5 tomj hd) through the apphcat10n of 1m 
proved cultural pract1ces ..tlone Whcn 1mproved h1gh y¡cld¡ng vanettes 
are also cons1dcrcd the mercase dmounts to 73% and when dppropnate 
pldnt nutnent~ drc added ytelds c..tn be mcre..tsed up to 247% ofthe present 
dverage (26 ton'/ hd) 

The breedmg program dunng the pd't 4 yedrs has shown progress New 
clones such as M 10 and M 31 offer 30% to 40% h1gher y1elds thdn Adlfd 1 
and 50% to 70% dbove local cultJVdrs 

In rcg10nal y¡eld tnab conducted dt three d1fferent loc..ttlons rcpre 
sentmg poor s01ls and two d1fferent locattons representmg fcrttle s01ls 
M 30 and M 31 gdve h1gher y1elds thdn Ad1ra 1 and the local cu1t1vars 
(Table 2) A reg10nal y1eld tnal d! MdguwoharJo m 1982/ 1983 showed that 
clones W 236 28 W 236 31 M 30 dnd M 31 gave sJgmflcantly h1gher 
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T bl 2 R lt or ... go 1 y Id tn 1 1980/1981 d 
1981/198Z 

Cl A g y Id (t/h ) 

1980/81 1981/82 
F rt 1 1 p lb 

M JO JO 9 17 7 
M JI 25 8 16 7 
G 168 12 4 
1 107 119 
WV-4J 22 9 10 8 
WL 54 22 o 12 J 
w 1705 65 
GL8 20 4 98 
Ad 1 ( h k) 22 8 IJ 2 
L 1 ( h k) 164 12 o 

A g 23 o 12 3 
LSD 005 109 JI 

) Tw M d L mp g 
b) Th e m ' k d dW g 

"' 

y1elds than Ad1ra 1 Clone CM 84mtroduced from CIATm 1978 produced 
a lower y1eld than Adua 1 and was not sigmficantly d1fferent from the 
local check (Table 3) 

Another regwnal y1eld tnal conducted at Tamanbogo Lampung m 
1983/1984 showed that M 30 and M 31 produced sigmficantly h1gher 
fresh root y1elds than the local check (Table 4) These two supenor clones 
also had good root shape and CBB tolerance They are ready for harvest at 
about 8 9 months after plantmg 

AgronomiC stud1es md1cate that spht apphcatwns of one thud of the 
mtrogen and potash at plantmg and two th1rds at 3 months after plantmg 
could mcrease y1elds by 20% as compared to a smgle apphcatwn at 3 
months after plantmg 

The effect of fertihzer on cassava y1elds m d1fferent types of smls has also 
been stud1ed dunng the past 5 years The results md1cated that cassava 
gave a better response m latosohc smls than m red yellow podsohc SOlls 
(Figure 3) 

Appropnate methods of fen1hzer apphcatwn could also mcrease y1eld 
Researchers found that d1bbhng apphcat1on gave 11% more y1eld than 
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band apphcat10n and 7 4% more yteld than apphcatton m a ctrcle around 
the plant (Ftgure 4) 

Table 3 R lt r SS g 1 y Id t 1 t M g w h J 
Yogy kart 1982/83 

Cl Y Id H t d 
(t/h ) (o/) 

w 236-28 46 2 640 
w 2J6-JI 45 9 59 7 
1 IJO 26 2 47 o 
M JO 46 o 68 8 
M JI 47 5 60 2 
G 168 J8 7 57 9 
H 7 J9 o 577 
WL54 J4 6 54 o 
w 1548 29 6 48 5 
CM 84 JO 6 49 6 
L 1 ( h k) 24 1 46 7 
Ad 1 ( h k) JI 2 62 1 

A g J6 5 56 4 
LSD O 05 98 54 

T ble 4 R lt r eg 1 y Id t 1 t T m b g 
L mp g 198J/84 

Cl Y Id H t d 
(t/h ) (o/) 

M JO 605 6J 5 
M JI 445 46 1 
CM IJ71 6 2J 4 JI 6 
1 IJO JO 7 404 
K8 J5 8 51 2 
GL 8 29 1 J7 6 
WV-4J 2J 6 29 5 
WL 54 16 1 24 2 
Ad 1 ( h k) J8 8 52 2 
L 1 ( h k) 29 2 J8 6 

A g JJ 2 41 5 
LSD O 05 7 J 6 1 
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1 Improvmg the Produchvtty of Cassava 
m Penmsular Malaysta 1 

Tan Swee Lwn 
Ch~n Seak Khen 

lntroductmn 

CassdVd lS the pnnc1pal root crop cultJvated m Malays1a occupymg an 
area of9599 ha m 1981 m Penmsular Malays1a (Malays1a 1981) (Rehable 
data for Sabah dnd Sarawak are not ava•lable ) lt IS grown pnmanly for 
the starch extractwn mdustry w1th only about 10% of curren! producuon 
destmed for the ammal feed mdustry (Chan et al 1983) Cassava for 
human consumptton ts grown on a comparatlvely smaller scale smce tt ts 
not a staple food lt 1s mamly a backyard crop and 1s used m vanous 
cuhnary preparatwns such as desserts cakes and fned chips 

Agro chmattc Zones 

M uch of the cassava culllvatwn 1s located m the state of Perak m the 
central western part of Penmsular Malays1a The state of Kedah m the 
northwest although rankmg second marea accounted for only 614 ha m 
1981 (F1gure 1) The rest of the states of the pemnsula had 1237 ha m 
cassava or 12 9% of the total As mformatwn and data on cassava 
culttvatwn m S a bah and Sara wak are somewhat scarce and beca use 
research on cassava as conducted by MARDI 1s dtrected only towards 
conditlOns m Pemnsular Malaysta th1s paper 1s relevant only to Penmsular 
Malays1a and not Sabah or Sarawak 

In terms of s01l groups (as cla s1f1ed by the FAO 1968 and quoted by 
Wong 1971) cassava m Perak 1s cult1vated largely on red and yellow 
latosols and podzohc solls on terrams rangmg from flat to gently lopmg 
Developed over ra1sed terraces and platforms of older alluvlUm and sub 

T Sw L p! bre d d Ch S k Kh g m h M l y Ag 
R ar h d De 1 pm (MARDI) K aJ L mp M 1 y 
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recent alluvlllm these smls are of vanable fertthty Sorne others are 
deuved etther from actd tgneous rocks or from a vanety of sedtmentary 
rocks (Wong 1971) Dependmg on the1r paren! matenal smls of red 
yellow latosols mclude a w1de range of textures free drammg fnable 
sandy sandy clay or siity clay loam; and moderately well-developed clay 
loams and clays (S1ew 1970) 
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In Kedah however land occup1ed by cassdva compnses mamly lalenuc 
;mis on genlly 'lopmg land wh1ch are den ved from shdles phylhle> and 
scht~ts The~e ~iotls are often of average or below average fertlhty In 
texture latenttc smls are moderately or strongly structured cldy loams or 
cl.tys wllh con~t~tencc varymg from fnable at the top of the profile to ftrm 
al deplh (Wong 1970) They are characlcmed by ~ron nch concre11ons 
present wtthm 45 cm of thc \Urfacc 

lt ts clear from the foregmng descnpttons that caS!:IdVd ts planted on a 
range of smllypes lndeed lhe smllype has le;s beanng on lhe deciSion lo 
plant cassava than other socioeconomic fdctor~ 

The sml type~ on whach cassava 1~ grown do not usually tmpose senous 
conslramt> on crop produclJVJly excepl where lhey •re he•vy dnd poorly 
dramed Most feruhty problems mdy be surmounted by ~ound agronomtc 
and nutnttonal practtce~ Where Cd!,~dva culttvdted on slopmg land sotl 
eroswn may become d sigmficdnt problem Current ldnd prepdrdtton 
praellces >lnp lhe sml of vegeldlJVe cover Th~> coupled WJlh lhe 
constderable time the cas!tdVa crop c.tnopy t.tkes to dchteve cover over the 
bare sotl dnd lhe gener•l prdClJce uf ;ub;equently weedmg lhe crop can 
lead to severe eroswn dnd loss of top sml .tnd fertthty m the wet chmdttc 
condlltons of M•l•ysJd 

Notwtthstandmg the tradttiOndl practtce of planttng Cd.Ss.tv.t on mm eral 
smls m Pemnsular Malaysta thc potenttal for stgmflc.tnt expdn!twn on 
these smls 1s somewhat hmtted 1 he raptd expanston tn cultJVdtiOn of the 
more lucrdtlve plantatwn crops ¡;¡uch as mi palm rubber and coco.t 
represents strongcompetttton to cassava expanswn on these s.tme !,OI)s As 
stated tn the Malays1an p.tper tn .t prevwus sectton of th1s volume an 
e'lJmaled 72% oflhe ca,dva are a m Pera k" pldnled by 'qudtters on ldnd 
lo wh1ch lhey hold no leg•l nghls The slepped up cnforcemenl df,dlnSl 
lhese squatters lhalJs currenlly lakmg place WJII certdmly lead to furlher 
reductton of the traditional cult1vated arcas There ts however dn 
alternat1ve a red for future c.tS!,d.V.t culttvatwn .tnd exp.tn!tton Prehmtn.try 
re!,earch hds !,hown the dbiiJty of Cd\..,ava to dddpt to the ac1d cond1tJOn!, of 
dramed pedl ofwh1ch large lracls may be found m lhe counlry Allhough 
c.ts'iava face!t les¡;¡ competttton wtth other crops on peat !o.OII!, 11 mu~t !ttlll 
confront agronomJc constratnts such .ts opllm.tl crop growth low pH 
fluctuattng and htgh water tables nutnttondl hmJtdtJOns and def1ctences 
and the low beanng capaclly of the'ie org.tmc !,Otls 

The chmdle of Mdidy>Jd " lyp1cally cqudlondl w11h rdm falhng 
throughout the year d medn dnnudl temper.tture fluctuatmg w1thm a very 
narrow range (26 28 C) dnd h1gh reldllve humJdJly usually m lhe range of 
82 86% (Wong 1971) Neverthcbs lherc dre f1ve dJslmcl ramfall 
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dJstnbution patterns m Pemnsular Malays1a resultmg from the mfluences 
ofthe northeast and southwest monsoons phys10graph•cal features ofthe 
country and toa lesserextent the small changes m ldtJtude from south to 
north These five ramfall regwns are the northwest west Port D1ckson 
Muar coast southwest and east (Dale 1959) 

The productton zone for cassava m Perak falls w1thm the west regwn 
wh1ch ts characten1ed by a two maxtma two mtmma pattern of precipita 
t10n w1th the max1ma occurnng m Apnl and m October ¡ November 
(coiOcldiOg w1th the monsoons) and the m1mma 10 February and July 
Dry spells 1f they occur at all do not last for more than a week or two 

The Kedah productlon zone falls w1th10 the northwest reg10n Although 
the ramfall pattern here stiii shows two max1ma and two mmama the 
max1ma occur durmg the 10termonsoonal penods Low ra10fall w1th dry 
spells last10g from 2 3 months 1s common 10 the months from December 
through February 

Peat tracts are found wtthm the western southwestern and eastern 
reg10ns Cassava culuvatiOn m the east IS hampered by heavy ra10fall (up 
to 60% of the annual total) dunng the northeast monsoon wh1ch 1s 
dccompamed by strong w10ds and g1ves nse to flood10g More hkely 
potentlal areas would therefore be m the west The chmate of the west 
reg10n has already been descnbed 10 relat10n to Perak The southwest 
reg10n 1s charactenzed by a relatlvely even d1stnbut10n of ra10fall 
throughout the year 

Productwn Systems 

Cdssavd 1s trad•Uonally a smallholder crop 10 Malaysm usual! y planted 
10 hold10gs less than 3 hd 10 SIZe Attempts \o plan\ the crop on a plantat10n 
scale have met wtth httle success Most farmers practJce monocroppmg of 
cassava combmed wtth rotatwnal croppmg mvolvmg short term fteld 
crops (such as groundnut and mat7e) vegetables after several crops of 
cassava or fallowmg In rubber coconut and frlllt tree small holdmgs the 
mter row spaces are often cropped wtth a vanety of annual crops 
mcludmg cassava when the matn crop ts m ttsjuvemle unproducttve stage 
Less frequently cassava planted as a ma10 crop IS mtercropped w1th other 
short term fleld crops and vegetables (MARDI 1982) 

Cd.~~dv..t ~~ pldntt.d ye.1r round m Perak .1nd generdlly hdrvcsted dfter 
12 14 month~ HoY.ever ~ome farmers deldy hdrVe~tmg unul 16 18 
month~ 1f the mdrket ~1tudt1on 1~ unfdVOrdble dnd pnce~ dre low In more 
cod.Std.l d.fCd~ wherc floodmg 1~ common farmers mdy be forced to harvest 
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carher g 10 month.., .:tftcr pidntlnb to dVOJd total or ~ub~t nt1JI crop loss 
Howcver d~ the Vdrlctte<, u~ed dft. Bl.1c~ 1 Wlb J.nd le'-J~commonly Green 
Tw1t, harve..,tmt, after 12 14 month~ kdd~ to detenoratJOn m root qudht\ 
whcrcd~ Cdrher hJ.rve~tlnb doc.., not !,1\t. mJ.xJmum y1cld~ 

Kedah wllh 1ts chmate oflong dry spells reqwres that cassava plantmg 
be restncted to months Wlth suff¡cJent ramfall Extreme dry weather can 
pose a constramt to early establishment and growth of cassava and can 
also stunt crop growth m m1d season Farmers often choose to plant at the 
end of the dry season around March 1 or 2 weeks after the onset of rams 
(MARDI 1982) Land preparatJOn can therefore be carned out dunng the 
dry months Harvestmg takes place any t1me from 10 18 months after 
plantmg dependmg on the vanety and the market pnce for fresh roots 
Red Tw1g 1s favored beca use of 1ts longer durab1hty m the ground E ven ¡f 
11 1s harvested after 1 year there 1s httle decline m starch content Black 
Tw1g 1s planted less frequently 

Black Tw¡g Red Tw1g and Green Tw1g are all bllter vaneues grown for 
the starch and ammal feed mdustnes 

Land preparatwn precedmg plantmg consists of two to three rounds ot 
plowmg m Pera k somet1mes w1th one round ofrototJllmg and/ or ndgmg 
R1dgmg 1s pract1ced m are as where sotls are heavy and prone to floods and 
waterloggmg An alternat1ve to ndgmg 1s the bUJldmg of w¡de cambered 
beds on wh1ch three rows of cassava are planted In Kedah the practJce IS 

to plow the land once or tw1ce followed by one round of rototilhng or 
harrowmg 

Whlle most Perak farmers use cuttmgs between 10 and 15 cm long 
Kedah farmers go 0y node number rather than length prefernng cuttmgs 
w1th at least three to four nodes These may vary from 7 5 to 13 cm long 
Honzontal plantmg wtth one cuttmg per plantmg hale 1s the general rule 
dlthough sorne farmers m Perak pract1ce mchned plantmg Depth of 
plantmg can range from 5 to 1() cm the depth of a changkul (hoe) scoop 
Sorne farmers beheve that deeper plantmg (at 15 cm) helps to preven! 
des¡ccatwn of the cuttmgs m dry month and lodgmg of plants 

Plant spacmg generally ranges from O 60 m square toO 90 mor 1 00 m 
square Sorne rectangulanty m spacmg 1s practlced e g O 60 x O 90 m 
O 45 x 1 20m O 75 x 1 20m W¡der spacmg e g 1 20 x 1 20m or 1 50 x 
1 50 m ¡s used m new plantmgs and m subsequent croppmgs as y>elds 
declme There 1s a tendency to compensate by closer spacmg(O 30 x O 30m 
or O 45 x O 45 m) m land of low fertihty Lodgmg however 1s often 
assoctated w1th clase spacmg 
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Lime apphcatwns are uncommon m cassava cult1vatwn and when tt ts 
pracllced m Perak tt ts only apphed to the ftrst plantmg at a rate of 600 
kg(ha Chemtcal ferttltzers are supplted by farmers assoctatwns as a 
substdy to cassava farmers the most wtdely used bemg a commerctal 
formulatwn of 12 N 6 P,O, 22 K20 3 MgO recommended for cassava 
Rates of appltca!ton m Perak vary around 200 300 kg( ha although the 
recommended rate ts 500 k g/ ha Less knowledgeable farmers use other 
commerctal formulattons such as 15 15 15 and 14 14 14 at 200-400 kg( ha 
or the formulallons 12 6 22 3 and 15 15 15m mtxtures and even urea 
alone Squatters for whom the cassava crop ts a supplementary source of 
mcome do not generally apply any kmd of fertthzer or any other mputs 
except the labor to plant and harvest The crop ts planted m burnt JUngle 
cleanngs for a couple of seasons tf undetected and then new Sttes are used 
m a sh1ftmg cultivahon system 

Although farmers also recetve ferttltzer subStdtes m Kedah most 
dtStrust chemtcal formulatwns The prevathng preference tS for wood ash 
(compnsmg about 30-40% CaO 4 15% K20 andO 6 3 4% Mg) ofwhtch 
about three quarters to one and a half lorryloads (stx wheelers) are 
applted per hectare m the course of land preparatwn Sorne farmers 
supplement wood ash w1th chemical fertlhzers Vanous formulatiOns are 
used such as 12 6 22 3 14 14 14 15 15 15 and 11 18 4 3 the last three 
bemg ferttltzers recommended for young rubber trees and probably 
obtamed as subsidies for rubber Sorne farmers do not use any fertthzers at 
all for new plantmgs 

Although chemtcal ferttltzers are generally applted wtthm the first 2 
months after planllng m sorne cases the apphcattons are delayed unttl the 
3rd or 4th month Ferttltzers are normally placed near the plants but 
broadcastmg ts also fatrly common 

Weed control tS achteved by both chemtcal and manual methods A 
number of farmers are fam1har wtth the use of pre emergence herbiCtdes 
usmg alachlor dmron or fluometuron usual1y m cocktail mtxtures w1th 
paraquat Paraquat tS the most wtdely used post emergence herbtctde 
sprayed once or twlCe dunng the crop season usually a couple of months 
befare harvest to facthtate access to the crop and the harvestmg operatwn 
ttself A round of manual weedmg tS usually done wtthm the ftrst 2 months 
JUSI befo re ferttltzers are apphed Farmers gene rally realtze the tmportance 
of keepmg weeds m check espectally dunng the early stages of crop 
growth Wtth squatters however weedmg tS not always practtealtf as httle 
attentwn as posstble ts to be drawn to the1r holdmgs 

Among farmers m Perak root ytelds average around 12 20 tons/ ha 
(Aw Yong& Moot 1973 Chung 1976 Tunku Mahmud 1979 MARDI 
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1982) In Kedah y1elds average around 20 35 tonsjha (MARDI 1982) 
Farmers m Perak and Kedah cla1m y1elds as h1gh as 45 60 and 50 52 
tons/ ha respect1vely m the first seasons of croppmg newly opened land 

Prmc1pal Constramts on Cassava ProductiVIty 

Constramts on cassava productivtty m Pemnsular Malaysta may be 
grouped mto three pnnctpal arcas techmcal managenal and socio 
economic 

Techmcal constramts 

Smce a maJar port10n ofthe cassava m Perak ts culttvated by squatters 
11 ts to be expected that these farmers recetve no extens10n serviCes to 
enhance the1r technolog¡cal knowledge m cassava producuon Most of 
them acqmre th1s knowledge from the1r peers and generally they try to 
culttvate wtth mmtmal mputs whtch often means ltttle or no fertthzer use 
and weed control 

Bonafide cassava farmers do not however always fully adopt techmcal 
adv1ce and mputs supphed by extensiOn agenctes Thts has been the case 
w1th farmers m Kedah who pemst m usmg wood ash rather than the 
recommended chemtcal fertthzers Inadequate amounts of fertthzer and 
late apphcatwns Iead lo Iess than opllmaJ y1elds Insuffic1ent fen1hzers and 
Iack of techmcal knowledge m correctmg nutnent 1mbalances m the sml 
soon result m dechmng y1elds and starch content parllcularly where 
cassava ts monocropped over a long term penad 

Cultural pracllces such as Iength of cuttmg plantmgd•stance and weed 
control measures do not usually comctde wtth those that are recom 
mended For mstance m an effort to 1mprove y1elds by plantmg closer a 
farmer w1ll m fact cause funher dechnes m producllVIIY Slmllarly 
weedmg m1ght be delayed untiiit IS too late 1 e tnlttal estabhshment and 
plant vigor are gravely undermmed and wtll never fully recover As has 
been mentwned befo re sml eroswn crea tes problems where there IS a lack 
of conservauon practtces 

lnadequate dramage m Iow lymg areas dunng penods of heavy rams 
can result m substanuallosses m yteld and root quahty Vanettes smted to 
the dtfferent agro chmattc condttwns are not always avatlable or known to 
the farmers For example m coastal are as of Perak whtch are tlood prone 
from 2 3 months a year short term vanettes would save the crop from 
destructwn and detenoratwn m root quahty In Kedah where long dry 
spells are charactensuc vanet1es are reqmred whtch are tolerant to the dry 
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spells capable of rap1d recovery m growth when mmsture becomes 
avmlable and durable m root quahty even when harvestmg hr.s to be 
delayed beyond the normal 12 14 months 

Although leaf d1seases such as cercospora leaf spot and cassava bactenal 
bhght frequently occur they do not seem to depress cassava productiVIty 
to any s•gmflcant extent Wh1te root d1sease (causal orgamsm R1d1gopo 
rus hgnosus) wh•ch occurs sporad•cally m cassava planted on newly 
cleared land that 1s mcompletely destumped of rubber or JUngle trees 
causes lodgmg root rot and quahty detenoratwn and thus y1eld loss The 
frequent practlce of plowmg the harvest debns under durmg land 
preparatwn probably aggravates the d1sease mc1dence 

Arthropod pests such as red sp1der m1tes and scales often appear durmg 
dry spells and m ay cause defohatwn orstuntmg of plan! growth In severe 
cases scales cause stem deslCcatton and damage to lateral buds Vanous 
leaf eatmg caterp11lars ha ve also been reported the best known bemg 
TJracola plagrata Walker whtch caused severe damage m a cassava 
plantatwn m 1977 Termlles also occur where there 1s a Jot of old and 
rottmg wood m the sml e g m peat areas where complete destumpmg ts 
tmpracttcal Termttes can cause dteback symptoms severe yteld reduc 
tlons and complete destrucllon of the plant 

In cassava holdmgs adJommg secondary or pnmary JUngle the most 
destructtve pests are mammaltan Monkeys cause sorne damage to shoots 
but wtld boars can cause constderable crop loss dueto theu routmg habtts 
Measures such as fencmg trappmg and shootmg these pests are less than 
sattsfactory m achtevmg complete control 

Managenal constramts 

Managenal problems are often encountered where cassava ts culttvated 
on a plantatlOn scale Plantattons m Malaysta have long been assoctated 
wtth perenmal tree crops and there has been httle local expenence and 
experttse m the management of annual crops on a large scale For thts 
reason there have been d¡fficullles m copmg w1th a schedule of frequent 
management operatwns A hmlted labor pool 1s not always effic¡ently 
managed to ensure that essenttal operatwns such as fertthzer apphcatwn 
and weed control are carned out on tlme for maxtmum effecttveness 
Unfortunately there are often delays because these operatlons have been 
constdered to be of lower pnonty than harvestmg whtch ts a labor 
mtens1ve undertakmg Such delays can ulllmately lead to poorer y1elds 

Recently as a result ofthe mcreasmg labor shortages m the agncultural 
sector (because of competttton for labor m the mdustnal sectors) one 
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cassava plantatwn swttched to contrdctmg out lots of land to be pldnted 
Wlth Cdssava One problem an~mg from thls practlce ts the lack of 
umformity m agronom¡c pracuces among d1fferent contractors leadmg to 
u neven crop producttv1ty 

Productlvlly m plantatlon scale cassava mdy dlso be undermmed when 
the debns from the prevwus harvest has not been ddequately cledred Thts 
prov¡des a source of volunteer plants and more senously d source of 
moculum ofroot d1seases su eh as wh1te root 1n the next season In add1t1on 
tt prevents good germmatwn and establishment of the crop 

Soc10economic constramts 

The att1tude of farmers towards cassava ttself may mdtrectly form 
constra¡nts to crop productlvtty For mstance cassava has acqmred a low 
status beca use of ¡ts poor m come earnmgcapactty relattvely htgh costs of 
productwn long term nature (compared to other field crops) and 
therefore slower rate of return For these reasons many farmers constder 
cassava cultivatton smtable as a part ttme enterpnse not worth too much 
ttme and effort and certamly deservmg of the mmtmum of mputs The 
behef thdt cassavd IS sml tmpovenshmg has caused the best land to be 
reserved for other more prof¡table crops and for cassava to be grown m 
margmal areas Such ctrcumstances have resulted m lower yaelds than 
would otherwtse be expected under more favorable condttwns of growth 
and management 

Socweconomtc attttudes may only be changed by effecttve extenswn 
wh1ch unttl now 1s far from sattsfactory because of htgher pnontles gtven 
to other crops 

Research ActJvJhes 

Ob¡ecllves 

The objecttves ofthe cassava research program at MAR DI concentrate 
on overcommg productiVIty constramts and on expanswn of producuon 
These obJeCtives are 

To mercase the producttvtty of cassava m small holdmgs and m 
plantatwn scale cultlvatwn m vanous Important and potent¡ally 
tmportant productton regtons through 

the breedwg .t.nd selecuon of su penar vanettes adapted to these 
regwns and 
the development of appropnate productwn technologtes 
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2 T o 1mprove postharvest processmg and storage technology and to 
develop new end uses for cassava 

Strateg1es 

The research program covers Vd.nous aspet:ts of product10n processmg 
dnd prod.Jct utth7atwn mcludmg use as antmdl feed A core group of 
Cd~~dva sctenttst!) from the Mt::,Lellaneous Crops Resedrch Dtvtswn IS 
m volved m probramo., to dcvelop productwn technolog¡e~ su eh as breedmg 
dnd selectton nutnuon culturdl and management practices and patho 
logy Tht.., multtdio.,ctphnary tcdm approach gtves due emphasts to on 
locauon expenmcntdtton m product10n regtons (mcludmg peat) to ensure 
that technolo;,v devcloped on station IS both VIdble dnd adequate 

Contnbuttons to other aspects of research from sctenttsts workmg part 
ttme on cassava cover f rmge are as such as mecha'ltzatlon economtcs 
tissue culture postharvest technology (mcludmg processmg storage and 
end product development) and ullhzatwn as ammal feed 

In vtew of the mcreasmg competttwn for arable land between cassava 
dnd other more lucratJve crops cassava cultivatton IS unhkely to expand 
much further on romeral sotls under current agronom1c and economtc 
ctrcumstances To render culttvatwn of the crop more attracttve and 
profitable at least one of the followmg condttiOns must be met mcreased 
producttvtty red..1ced costs of product1on or government tncenttves e g 
pnce supports Research efforts a1m at ach1evmg the first two condttwns 
Breedmg and agronomtc research are the means of attammg mcreased 
producllvity wh1le reduced costs of product10n (and therefore a larger 
profit mdrgm) ffidY be accomphshed through the development of more 
effic1ent systems of management and mput utihzatwn mcludmg explonng 
mechamzatwn possibthties to reduce labor reqmrements of certam 
management operahons 

Practical technologtes m mechamzatwn wtll atd m eltmmatmg labor 
hmitatiOns whJCh have thus far hmdered productwn systems assoc1ated 
wtth large scale cassava cultivatwn Commerctal scale cultivatton mtght 
m th1s way beco me more dttracttve espectally tfthere 1s an assured market 
for cassava 

The potenttal for future expanswn of cassava productiOn extsts m peat 
tracts m the western and southwestern areas of Pemnsular Malays1a 
Cassava adapts well to the ac1d condiiions of peal g1vmg 11 an •mmediate 
advantage over many other crops Also because peat has a hght and 
fnable texture the labor reqmrements for harvestmg are m u eh less than on 
romeral sotls Nevertheless cassava ts smtable only for cultivatwn on 
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shallow peal wh1ch places 11m competJtJon w1th crops such as vegetables 
pmeapple 01! palm coffee and cocad Research to tmprove cassava 
productivlty on peal would gtve cassava an edge over tts competltors 

To date most of the producllon technologJes for cassava have been 
developed for mmeral smb Similar mullidJscJphnary research programs 
for culttvatwn on pedt hc1ve to be formulated tn the future Emphas1s w¡IJ 
be g1ven to breedmg dnd ~electlon for htgh yteldmg cassava vanetles 
adapted to pedt and agronom1c studtes on nutntwn and cultural practices 
suJted lo max1m171ng produCllvJty on peat lf large scale plantmg of 
cassava on pedt ts envisdged appropnate machmery has to be developed 
g1ven the hmilatJOn; of the low beanng capacJty and shghtly waterlogged 
condtttons of the sml 

Cercospora lec1f spots are more prevdlent on pedt hence res1stance to 
these d1seases pdrtJcularly brown leaf spot WJII be a necessary tra1t m 
clones developed for peat ¡f y1eld loss lo th1s cause 1s lo be mmJmJzed 

Pnont1es of research needs are based on whtch are cons1dered most 
pressmg m arder to promote future cassava productwn Under thts 
prem1se the need for greater re~earch emphasts on peat would take 
precedence over research on romeral smls Technologtes for cassava 
productton on mmeral s01ls ha ve been developed toa sattsfactory leve! and 
more efforts should be made to dtssemmate these technolog1es to the 
current cassava farmers 

Agronomtc research on peat should concentrate pnmanly on nutntlonal 
stud1es takmg pnonty over studtes on breedmg and selectton of clones 
(The selectJOn and development of clones su1table lo cullivatwn on peat JS 
already an mtegral part of the ex1stmg breedmg and selectJOn program ) 

More emphasts should be g1ven to mechamzatton because lt provtdes 
the means of overcommg labor ~hortages m the agncultural sector and of 
reducmg productton costs parucularly m large scale culttvatton 

The development of cultural practtces to solve problems such as sml 
eros10n on m mera! sOils and loss of ferttltty and as a means of developmg 
more prof1table croppmg systems mvolvmg cassava would be conductve 
to tmprovmg producttvlty and productton 

Proposed research dJrect1ons 

The research dtrectlons proposed here are are.ts whtch requtre the most 
JmmedJate attent10n Whether they are fully adopted and 1mplemented 
depends on MAR DI s pohcy decJsJOns regardmg the best use of 1ts 
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research resources whtch must be apportwned to the many commodtttes 
and research fields under 1ts Junsdictmn 

Agronom1c research There are two maJOI components to agronomtc 
research nutntmnal stud1es and development of cultural pract1ces Of the 
two the former has greater potenllal m ehmmatmg productlVlty cons 
tramts 

The objecllves of nutnllonal stud1es are 

To mamtam sml ferllhty for opllmal y1elds 

2 To develop effiCient d1agnos11c measures to a1d m recommendmg 
effecllve ferllhzer apphcat10ns 

Smce emphas1s wiil be g1ven to culttvatwn on peat research wtll covcr 
hmmg mtcronutnent avatldbthty efflctent fertlhzer practaces (mcludmg 
method and lime of apphcat10n) and stud1es on the relallonship between 
the water table and nutnent uptake 

On both peat and mineral smls stud1es wiii contmue on mycorrh1za and 
cassava nutnt10n explormg avenues for reducmg fert1hzer mputs and 
momtonng nutnent levels m the sml and plant to d1agnose fertihzer 
requtrements 

The objecllves of research on cultural pract1ces are 

To maximize meo me through the development of effic1ent systems of 
productwn and management 

2 To Improve systems of so1l management and crop protectwn 

Cover croppmg and mtercroppmg systems on romeral smls wtll be 
developed as a means of conservmg sml fert1hty and preventmg sml 
eros1on Intercroppmg stud1es wiii also a1m at prov1dmg short term 
returns to farmers whtle wattmg for the cassava crop to mature The 
macera! IOn of crop debns from harvest and 1ts mcorporat10n mto the sml 
WIII be exammed as a poss1ble way of returnmg nutnents to the so1] Th1s 
would reqmre close collaboratwn w1th agncultural engmeers who wiii 
develop smtable machmes for the macerat10n and mcorporatton processes 
and w1th pathologists who WIII closely momtor any d1sease bmldup 
assoctated wtth returnmg crop debns mto the sml 

Breedmg research In response to mdustnal needs cassava clones w11l 
contmue to be selected for h1gh starch content to max1m1ze convers10n 
rates to starch as well as to chips for ammal feed m1lhng The pnnc1pal 
goals m the breedmg program WIII be 
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1 H1gh root y1eld and h1gh harvest mdex 
2 H1gh starch y¡eld ¡through h1gh starch content) 
3 Adaptab1hty to peal and to the d1fferent ecolog¡cal regwns of curren! 

product1on 
4 Early harvestab1hty 
5 Res1stance to maJor d1seases ( cercospora leaf spots cassava bactenal 

bhght wh1te root d1sease) 

W1de adaptab1hty m clones may not be a pracl!cal goal because of the 
contrastmg charactensttcs of peat and mmeral smls Even for mmeral 
smls the w1de vanatiOn 10 weathercondttwns between product¡on regwns 
suggests the need to select clones for spec1f1c adaptab1hty to sorne extent 
Forexample clones destmed for Kedah should ha ve adegree oftolerance 
to long dry spells 

Early harvestab1hty on the other hand prov1des earher returns 
opportumty for a short term crop to follow m rotatwn w1th cassava and 
enables cassava to be cultlvated m areas where the growmg season IS 

shortened by annual occurrences of floods (e g coastal areas m Perak) 

The breedmg and selectwn program w1ll encompass mtroductwn of 
hybnd seed for local testmg and selectwn hybnd¡zation among mtroduced 
and local germplasm matenals and mtroductwn of vanetles as asephc 
menstem cultures for posstble dtrect use or for mcorporatmg destred 
charactenstlcs mto local vanet1es Clonal evaluauons WIII be carned out 
on stat10n m the earher stages of selectton and mcreasmgly on locatton m 
the advanced stages of selectwn 

Mecha01zatmn research Harvestmg reqUires a maJor portton of the 
labor ID cassava productwn (anywhere from 50 65% on miDeral smls and 
probably 30-40% on 'Jeat) 1t 1S therefore a sigmf¡cant cost 1tem and a 
productwn constramt where labor IS m short supply E ven m small scale 
producuon where fam1Iy labor may be used ID other operat10ns such as 
pldntmg weedmg and fert1hzmg contract labor IS almost always 
employed for harvest1ng In plantation productwn labor IS hmtted smce 
plantiDg 1s staggered throughout the year and ID additwn to the 
tremendous pressures put on a labor pool for harvestmg the crop the same 
pool has to cope w1th a fixed schedule of weediDg and fert!l¡zer 
applicatwns 

The obJeCtives of mechdmzauon research must take mto dccount both 
smallholder and plantatwn culttvatwn of cassava and must also m ves 
ttgate the posstbdtty of mechamzatton m large scale culttvatton on peat 
In field transportdtton of roots con~titutes d pnmdry problem as heavy 
machmery or vehiCies tend to ~m k tn peat Merhantzatwn wtll serve not 
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only to reduce labor reqmrements for vanous field operatiOns but also to 
allev1ate the drudgery of back breakmg operatiOns such as harvestmg 
Th1s Wlll mvolve the development of tractor dnven machmes (for large 
scale culllvatiOn or group farmmg m smallholder situatiOns) as well as 
mechamcal a1ds or 1mplements (to be used by small farmers) for vanous 
field operat10ns 

Other research areas Other research arcas mentmg attent10n are 
phys10logy crop protect10n and end use development 

To obtam a better understandmg of crop performance and product1V1ty 
and of mterrela!lonsh1ps between crop and env1ronment phys10log1Cal 
stud1es wlll support and gmde both breedmg and agronom1c research 

Crop protectwn stud1es compnse aspects of weeds pests and d1seases 
Research on weed control wtll gtve attent10n to determmmg effecttve 
herbicides and the1r rates m relat10n to d1fferent soll types D1sease control 
will gtve emphas1s to cercos para on peat and wh1te root on romeral smls 
and devise effecllve management pract1ces to keep them m check 

Postharvest research w1ll help m developmg vanous end uses for cassava 
to boost 1ts market demand Avallable technologies w11l be 1mproved or 
adapted for practica! apphcat10n At the same time new cassava based 
products may be developed 

Research findmgs 

Whlle considerable progress has been made m cassava research at 
MARDI to date only the maJor technological fmdmgs m product10n 
research are reported here 

Black Tw1g and Medan are endorsed as h1gh y1eldmg vanet1es smtable 
for Industnal USe and human consumption respectlveJy CS Was developed 
from an open polhnated local selecuon and IS endorsed as an early 
vanety harvestable after 9 months when a root y1eld comparable to that of 
Black Tw1g al 12 months may be ach1eved 

Vanous promismg clones are m advanced stages of regiOnal testmg 
havmg outy1elded Black Tw1g and CS m on statiOn tnals Promment 
among these are CM 942 28 CM 621 24 CM 378 17 S1lon 128 3 and 
Bengkang Bengkok 247 

The opt1mum cuttmg length for honzontal plantmg IS 20 24 cm at a 
plantmg depth of 10 cm wh1le 60 cm IS opllmum for verilea! plantmg 
Although vertical plantmg produces h1gher root y1elds than honzontal 11 
requues greater harvestmg efforts stnce deeper planttng ts mvolved 
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Hence vertlcal plantmg has greater apphcat1on on peat because of 1ts hght 
and fnable texture 

Only mature portlons of stems from plants between the ages of 7 and 17 
months are smtable as plantmg matenals Opt1mal plant spacmg for root 
y1eld 1s 1 x 1 m g1vmg a dens1ty of 10 000 plants/ hectare For max1mum 
starch y1eld m Black Tw1g the crop should be harvested between 12 and 14 
months 

Long term fert1hty stud1es on mmeral so1ls show that a fert1hzer rate of 
60 kg N 30 kg P20 5 and 160 kg K20 per hectare 1s reqmred to mamtam 
h1gh cassava y1elds Ata fresh root y1eld of 40 tonsjha a cassava crop 1s 
est1mated to extract 126 kg N 46 kg P 259 kg K 56 kg Ca and 23 kg Mg 
from the sml Mg plays an 1mportant role m cassava nutntton and should 
be supphed when 1ts defic1ency symptoms are detccted 

K requtrements may be est1mated by the analys1s of so1l K content usmg 
water soluble extracts In smls defictent m spectfic mtcronutnents dtppmg 
cuttmgs mto mtcronutnent solutwn pnor to plantmg ts effecttve m 
producmg good growth and h1gh y1elds 

Mycorrhtzae have been 1dent1fted as bemg mstrumental m enhancmg P 
absorpt1on m cassava In the absence of rnycorrh1zae 1 1/2 to 6 ttmes as 
much P as 1s normally reqmred 1s necessary for h1gh y1eld 

On peat cassava requtres mm1mal hmmg of about 3 5 tons/ hato corree! 
low so1l pH The recommended fertthzer rate on peat 1s 250 kg N 50 kg 
P20 5 and 150 kg K20 per hectare The mherent Cu defic1ency m peat must 
be corrected w1th the apphcatton of 15 kgjha ofCuS04 5H20 to ach1eve 
h1gh y1elds Rotat1onal systems on peal mvolvmg cassava groundnut and 
cassava sorghum groundnut sequences appear to have potent1al In 
mtercroppmg stud1es satlsfactory y1elds were obtamed from groundnut 
planted 2 weeks before the cassava crop was dueto be harvested 

Severa] clones and vanet1es have been 1dent1fied as havmg field 
reststance to cercospora brown leaf spot (causal agent Cercospora 
hennmgsu) notably C3 and also to cassava bactenal bhght (causal agent 
Xanthomonas mamhotts) B1ack Tw1g has been found to be re1at1vely 
suscept1ble to both d1seases 

Cool temperatures m the Carne ron H 1ghlands appear to be effect1ve m 
mducmg early flowenng m selected germplasm vaneties whtch flower 
mfrequently or tard1ly m the lowlands Th1s prov1des the means for 
hybndtzatiOn between vanettes whtch otherwtse do not flower readtly at 
sea level 
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Physwlogical stud1es have determmed the strong relatwnsh1p between 
starch and dry matter contents m roots fac1htatmg the est1matwn of starch 
content by oven-dned samples or by spec1f1c grav1ty measurements Leaf 
area mdex (LAI) and leaf hfe are of cntiCal Importance to cassava 
productlVIty An op!Imal LAI of around 3 5 mamtamed for as long as 
poss1ble coupled With a long leaf hfe are demable for h1gh root y1elds 

Weed control practtces mvolve a combmatton of pre-emergence and 
pre harvest chemtcal control methods and one round of manual weedmg 

Mechamzatwn possibihties m plantmg dnd harvestmg have been 
mvestigated anda harvestmg 1mplement has been adapted to a1d manual 
extractwn of roots 

Rap1d propagat10n techmques were adapted for producmg cassava 
plantmg matenals wh1le !Issue culture methods were developed to a1d m 
the productwn of d1sease free matenals and multiphcatiim and transfer of 
germplasm 

Assessment of Y1eld Gap and Produchon Potenhal 

Current farm leve! y1elds and expenmental y1elds are g1ven m Table 1 
The mean y1elds obtamed by farmers m Perak are lower than those 
reported by farmers m Kedah The mean cassava y1eld for all of Penmsular 
Malays1a falls w1thm the range for Perak wh1ch accounts for an 
overwhelmmg proport10n of the natwnal productwn 1t m ay be seen that 
the y1eld gap on mmeral smls between expenmental and farmers y1elds 
based on 1mproved agronom1c pract1ces ts somewhere m the regwn of 
20 35 tonsj ha for most farmers However the more progress1ve farmers 
rnay be assurned to have adopted at least sorne of the recommended 
agronom1c practices Here y1eld 1mprovement attamed through further 
sharpemng ofthe1r skiiis would be 10 20 tons/ ha It has been reported that 
farmers who practlce crop rotahon and adequate fert1hzer apphcattons to 
the1r cassava crop regular! y ach1eve y1elds around 30 33 tons/ ha 
(Aw Yong & Mo01 1973 Chung 1976) 

The y1eld gap between expenrnental y1elds obtamed on statwn and 
y1elds m farmers fields IS estimated at about 15 tons/ ha Usmg newclones 
most farmers may expect y1eld mcreases of about 30-40 tonsjha whereas 
progress1ve farmers w11l ach1eve roughly a 15 25 ton/ha 1mprovement as 
the1r y1elds are already h1gh 

Many progress1ve farmers (mcludmg plantatwns) ha ve adopted recom 
mended agronomtc practiCes such as plantmg dens1ty honzontal plantmg 
weed control and fertihzer practices and harvestmg at 12 14 months Th1s 



Jmp tgP d 1 ty Penn 1 Mly 

T bl Current cassa a yuld le els, Peninsular Malaysia 

Farm n y lds 

p g SS e f mes 

Mea y Id 

Be t y Id 

w t y Id 

PlantatJo y lds 

M ( 6 y 
Be t ( d dalfldbas ) 
W rst ( d dalfldbas 

E penme tal y1elds (on-stat 

u g t d tonal anet 
d mp d g m 

p ct ces 

u g w mpro ed clo 
d ec mm 

p t 

Ntolylds 

R g 
M 

6 y 

dd g 

n) 

m 

p ak 
Kedah 

p ak 
Kdah 

Peak 
Kedak 

p k 
Kdah 

) 

M 
Peat 

M 
p t 

257 

22 S 370 t/h 
J70-4SO t/ha 

120-200 l/h 
20 0-3S O tfha 

4S~O t/h 
SOO-S20 t/h 

60-IOS t/h 
7S ISO t/h 

26 8 t/h 
49 6 t/h 
10 S tfh 

4S O-SS O t/h 
400SOOt/h 

600800!/h 
S00700t/h 

111 220 l/h 
16 1 l/h 

has probably been the reason for the yteld dtfference between the average 
farmer and the progresstve one 

In both Perak and Kedah the dtfference ts around 13 14 tons/ha By far 
the most stgmftcant tmpact on ytelds has been the adoptton of sound weed 
control and fertthzer practtces A conservattve figure of yteld loss through 
uncontrolled weed growth ts 15% (Chan et al 1983) although sttuattons 
of profuse weed growth espectally m the early crop growth stages would 
undoubtedly depress ytelds more drasttcally 

Fatlure to apply any fertthzers can account for up to 45% reductwn m 
root yteld At the same ttme applymg fertthzers too late dunng crop 
growth can cause ytelds to dechne by as muchas 30% (Chan et al 1983) 
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Unsk11led cassava farmers who Know httle about planung cassava (see 
worst y1elds Table 1) many of whom do not apply any form offertlhzer 
can suffer a y1eld depress10n of as much as 8 16 tons/ ha under that of the 
average farmer The potent10l y1eld 1mprovement for these farmers 
bnngmg them to the leve! ofprogress1vefarmers would be 21 29 tons/ ha 

Y1eld potenllal 

How rap1dly y•eld gaps w11l be bndged depends on the degree of 
tmportance the government gtves to cassava culttvatton m the future 
W1thout achve government support there w•ll be no correspondmg 
extens10n efforts nor ready access to mput subs1d1es and cred1t spec1ficfor 
culttvatmg cassava 

There are sorne favorable mdtcatwns that government pohctes are 
headed towards promotmg mcreased cassava product10n m the attempt to 
reduce the currently large ma1ze 1mports used for feed rat10ns Peat smls 
ha ve been proposed as the areasfor expanded culhvauon and sorne 10 000 
ha ha ve been suggested A whole new group of farmers m1ght be m volved 
who are totally unfam1har w1th growmg cassava wh1ch m 1tself may not be 
detnmental smce they may be taught modern product10n technology from 
the start Much of the costs of developmg peat for cult1vat10n namely 
felhng cleanng drammg and constructmg access roads wlll be beyond 
the capab1hty and financ1al resources of the small farmer and Wlll ha veto 
be pa1d by the government or large pnvate agenc1es At the same time 
research should be actlvely mvestlgatmg and formulatmg agronom1c 
prachces for cassava to ensure sustamed productlvtty on peat 

Peat was at one hme used mamly for the cult1Vat10n of pmeapple and 
sorne 18 700 ha had been developed for th1s purpose (MARDI 1982) 
However about 8000 ha of pmeapple cult1vat10n has been abandoned 
lately dueto dechnmg margms of profit strong competltlon from other 
producmg countnes (such as Tha1Iand) ando verseas tanffrestnct10ns on 
canned pmeapple (MARDI 1982) These abandoned but developed peat 
arcas can therefore be converted to cassava culttVatiOn as soon as the 
government accepts and •mplements the proposal As only an addltlOnal 
2000 ha of peat wlll need to be developed 11 would be reasonable to expect 
about 2 years for cassava cult1Vat10n to reach 1ts proposed target and 
about 5 years for a y1eld leve! of 30 35 tons/ha to be attamed 

At the same tlme tf the government were to concentrate part of tts 
efforts on trad1tlonal cassava farmers on romeral smls y1elds may falfly 
qUickly be ra¡sed to the leve! of the present progress1ve farmers (35 40 
tons/ ha) perhaps m a matter of 2 3 years 
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Improvmg the ProductJv1ty of Cassava 
m the Ph1hppmes 

Algenco M Manscal 

Introduchon 

Cassava(Mamhot escu/enta Crantz) 1s one ofthe fewextens1vely grown 
crops m the Ph1hppmes that has attracted cons1derable attentwn from 
government pohcymakers researchers and pnvate groups who recogmze 
lts potenual for food feed and energy The establishment ofthe Ph1hppme 
Root Crop Research and Trammg Center (PRCRTC) at V1SCA (V1sayas 
State College of Agnculture) m 19771s an md1cauon ofthe goverrment s 
growmg reahzatwn of the potenual role of root crops m the Ph1hppme 
economy 

A maJOr concern of the cassava mdustry m the Ph1hppmes tc.day 1s 
1mprovmg crop productiVIty As of 1982 the natwnal average y1eld of 
cassava was 8 86 tonsfha wh1ch 1s much below the As1an average of 12 3 
tonsj ha Thls mformatwn serves as a challenge to every agency or 
mstltutwn concerned w1th developmg technolog1es that affect programs to 
1mprove cassava y1elds m the Ph1hppmes 

Area Produchon and Y1eld 

A companson of cassava statlSIICS between 1977 when PRCRTC was 
formally created to 1982 the year Wlth the lates! ava1lable data 1s 
presented m Table 1 The area planted m cassava mcreased by 45% from 
154 270 ha m 1977 to 224 350 ha m 1982 Total producuon mcreased by 
101% and the average y1eld mcreased by 38% 

The mcrease m the natwnal average y1eld m 1982 was affected by the 
h1gh average y1eld for central Mmdanao 25 tons/ ha wh1ch represents a 
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tremendous IDcrease from the average of 4 7 tons/ ha ID 1977 Th1s change 
can be attnbuted to the presence of large plantatwns ID the area that 
supphes cassava to starch m11lers on the 1sland Most of these plantatwns 
adopt modern productwn technolog1es and the area has the advantage of 
even raiDfall d1stnbuuon throughout the year and generally fert1le sml 

The V1sayas regwns wh1ch had the b1ggest area devoted to cassava ID 
1982 reg1stered very low average y1elds rangiDg from 2 Oto 4 77 tons/ ha 
Thts sttuatiOn can be attnbuted to poor sml condtllons frequent typhoons 
and very pronounced wet and dry seasons In addttton cassava ts planted 
ID the margiDal are as of these regwns 1 e roiiiDg h11ls and rocky 1Dfert1le 
smls 

Prmc1pal Constramts to Produchv1ty 

Subs1stence farmmg 

In the Phthppmes fdrms are classtfied as etther commerctal or 
subststence type~ The latter are the most dommant and charactenze most 
farms devoted to cassava producuon Commerc1al farms are usually large 
plantat10ns managed by starch manufacturers and feed mallers Sub 
s1stence cassava farms are usually less that a hect are (about O 38 ha) where 
cassava 1s grown as d chedp source of food or ammal feed or for cash 
whenever there 1s enough surplus for sale (V11lanueva et al 1980) Low 
y1elds are expected from subs1stence farms because the growers use very 
few mputs and employ mappropnate management practtces Charac 
tenst1cs of subSIStence and commerc~al farms are compared ID Table 2 

lnfert1le areas devoted to cassava 

Avatlable land for cas~dVd productton ts m margmal arcas that do not 
favor growth of other crops These are as are general! y slopiDg and covered 
w1th alang alang (lmperata spp ) Others are rocky and have problem 
smls Such areds are heavliy concentrated m central and eastern Vtsayas 
The dVerage y1eld under these cond1t10ns ranges from 2 O to 4 5 tons/ ha 

Poor product1on pract1ces 

A survey on cassava productwn m eastern Vtsayas (Cohs 1977) 
1dentlfied the followmg maJor Cduses of low y1eld madequate land 
preparauon low plant dens1ty lack of selectwn of plantmg matenals 
madequate culttvatton and weed control absence offertthzer apphcatwn 
and pest control early harvestmg and small farm stze These sttuatwns 
also extst 10 other cassava growmg arcas m the Phthppmes 
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Furthermore farmers who grow cassava on htlls1des pracuce the slash 
burn system offarmmg Culttvatton and weedtng are not performed at all 
Only maJor operatwns such as cleanng burntng plantmg and harvestmg 
ustng hght ammal-drawn tmplements are employed 

Inappropnate research generated technologtes 

The maJonty of avadable technologtes related to cassava productwn 
have been developed by research centers tn relattvely ferttle and easy to 
manage flatlands Thus technologtes generated tn most expenmental sttes 
may have httle or no tmpact on margmal subststence farms whtch 
constttute most of the country s cassava growmg are as 
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Slow technology transfer 

Avatlable productwn technology for cassava ID terms of tmproved 
vanettes fertlhzatton and cultural management ts at least reasonably 
sausfactory ID the open flatlands (See Table 3 for an assessment of 
technology levels for vanous root crops ) Thts means that part of the 
problem of low yteld ts not due to the unava!labthty of productwn 
technology but to technology transfer or extenswn 

Unadopted technology 

One survey (J ay me 1982) revealed that the use of htgh yteldmg vanetles 
and fertthzer control of weeds and msect pests and crop rotat10n have 
very low adopt1on rates among farmers Farmers want to plant h1gh 
yteldiDg vanetles but these are unavatlable ID thelr locahty 

Jayme (1982) and Vlllanueva et al (1980) poiDted out that a recom 
mended practtce that does not entatl cash expense on the part of the farmer 
usually ts adopted Farmers are very wtlhng to adopt recommended 
technologtes but lack of money prohtbtts them Also the low pnce of 
cassava and the lack of stable market outlets dtscourage farmers from 
adoptmg technologtes that reqUire cash Costs of fertthzer h1red labor 
msect1ctdes and other mputs have greatly mcreased but the pnce of root 
crops espectally cassava has not nsen proporttonately Vtllanueva et al 
(1980) reported that the tenancy status of the farmers ts another factor 
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affectmg technology adoptton Owner operators and leaseholders adopt 
modero technologies more readily than share tenants (Jayme 1982) 

Addittonally the lack of other services such as roads credit and 
techmcal assiStance hmder the adoptmg of Improved productwn tech 
nologtes 

Postharvest and processmg problems 

Cassava IS a very penshable crop Vascular streakmg appears 24 hours 
after harvestmg Thts ts the mam redson why subststence farmers stagger 
thelf harvesung over a long penod of time An esumated 10 30% of the 
losses m root crop productton m edstern Vtsayas have been attnbuted to 
postharvest losses (E S Data 1982) Buyers are reluctant to bu y large 
quanlllles of cassava beca use the bulk poses a problem m transportmg the 
produce from the farm to the user s base It has been suggested that 
processmg cassava mto chtps and drymg them would encourage farmers to 
mere ase thetr productwn capactty Dned chtps are e aster to transport and 
are much hghter than fresh roots However the lack of processmg 
eqUipment and techmcal knowledge on the part of the farmer would then 
have to be addressed 

Research Programs and Act10n ProJects 

The mam agenciesconducungcassava research proJeCts are PRCRTC/ 
VISCA the University of Phihppmes at Los Banos (L PLB) and the 
Bureau of Plan! lndustry (BPl)/ Mmistry of Agnculture They are under 
the coordmatwn of the Phihppmes Council for Agnculture Resources 
Research and Development (PCARRD) 

Development of tmproved cassava vanehes 

The objecttves of the vanetal tmprovement program are to develop 
vaneues that are high yieldmg and pest resistan! that can adapt toa wide 
range of ecologtcal condttwns thdt can tolerate extreme envtronmental 
stress and that are highly acceptable for food feed and mdustnal uses To 
attam these objecttves a scheme to evaluate germplasm collectwns and 
hybnds has been adopted by PRCRTC Collectwn of local and exouc 
culttvars was started m 1978 to obtam a populatton of dtverse ongms 
From 1982 on germpl•sm has been obtamed from the Centro Inter 
naciOnal de Agncultura Tropical (ClAT) m Colombia to bolster the 
cassava collect10n m the Ph1hppmes 

Outstandmg selectwns from advanced tnals quahfy for the Phihppme 
Seedboard tnals conducted m 6 to 13 locauons Withm 2 years Selected as 
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cooperators for th1s natwnal testmg are research centers expenment 
stallons of the Mm1stry of Agnculture and agncultural schools These 
locatwns represent spec1ftc agro chmat1c condthons m the Ph1hppmes 

Vaneues exhibllmg good performance are tned m farmers fields to 
further venfy and confirm thelf product1ve polentials From lhese lnals 
outstandmg vanettes are selected for multtphcatwn and dtssemmation to 
root crop growers throughout the country 

Agronom1c research 

Research planners ha ve mod¡fied research thrusts to g1ve more attentwn 
to developmg technolog&es that are spectfic to certam locahons and 
s1tuatwns well swted to farmers resources and asp1ratwns and envtron 
mentally sound 

Research covers lhe areas of cultural management under hillSide 
condatwns productton technologtes for areas wath d1stmct wet and dry 
seasons screemng and evaluatwn of vanettes under shade agroforestry 
stud1es usmg root crops d.nd legumes and contmuous productton under 
margmal condttlons 

Inasmuch as farmers do not readily adopt technologtes reqmnng cash 
researchers also are focusmg on developmg productton technologies 
reqmnng only mmtmum productton costs One ofthese technologtes ts the 
use of h1gh y1eldmg vanelies 

The Nat10nal Feed Root Crops Program 

lt IS est1ma1ed lhal yellow corn (ma1ze) Importalion m recent years has 
reached lhe leve! of 500 000 lo 600 000 lons/ year Do llar reserves can be 
saved 1f the potenllal of root crops for ammal feed processmg IS fully 
tapped The feasibihty ofsubstilutmgcassava for part ofthe corn m a mm al 
feeds has prompted both the government and the pnvate sector to 
mass1vely mcrease product10n of cassava for feed and other mdustnal 
purposes The government as well as pnvate banks a e offenng financ1al 
asststance to cassava growers through loans 

The Mm1s1ry of Agncullure V1SCA PCARRD UPLB lhe Na110nal 
Food Authonty bankmg mst1tuttons and economtc development foun 
daliOns created lhe NatiOnal Feed Root Crops Program Wilh lhe followmg 
obJectives (1) lo fiii the gap belween produclwn and supply offeed grams 
(2) to mcrease lhe produclwn of root crops not only for human food bul 
also for ammal feed and (3) lo generale farm employmenl and reduce feed 
ImporlatiOn Allhough lhe program IS nol yet formally launched lhe 
milla! phase has airead y been starled 
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The IDI!Ial year of the program IS devoted to the estab~shment of a seed 
bank Each regwn estabhshes a 2 ha seed bank as so urce of Imhal plantmg 
matenals Cassava vaneties used are Golden Yellow Kadabao Java 
Brown CMC 40 M Col 1684 Datu Hawauan 5 and Macan 

The packages of technology used are those developed by vanous 
research msututwns Trammg and related actiVIIIes are prov1ded by 
VIS CA BPI and UPLB The fundmg agencies (Land Bank Development 
Bank of the Ph1hppmes Central Bank and Ph1hppmes Natwnal Bank) 
extend loans to farmers m the amount needed for a spec1fied farm area 

Pilot feed mili In support of the Natwnal Feed Root Crops Program 
Y1SCA recently launched a p1lot feed mili wh!Ch uses root crops to 
substitute for corn m feed formulations lts ultimate goal1s to augmentthe 
m come of root crop farmers by creatmg a stable market for the1r produce 

The prOJeCt has these spec1fic objectives (l) lo demonstrate the 
feasibihty of formulatmg quahty feeds usmg locally available mgred1ents 
such as root crops and other raw matenals (2) to prov1de a ready market 
for the feed mgred1ents produced by farmers and fishermen (for the fish 
meal) and (3) lo prov1de a steady supply of low-cost quahty ammal feeds 
to ammal ratsers 10 Leyte and netghbormg provmces 

Th1s proJeCI wh1ch IS funded by PCARRD the Natwnal Sc1ence and 
Technology Authonty (NST A) and V1SCA IS 1mplemented by the 
Mm1stry of Agnculture and V1SCA lt has two phases Phase I full 
operal!on of the V 1SCA feed m1ll and Phase 11 expanswn of the project 
throughout Leyte and then to other parts of the country 

Act¡v¡l!es for the flrst year of proJeCt 1mplementatwn mclude studymg 
the feasiblhty of substitutmg root crops for corn m feed formulations 
orgamzmg and trammg root crop farmers from nearby vtllages and 
negol!atmg wllh supphers of other feed mgred1ents such as fishermen for 
the f¡sh me al and busmessmen for other feedstuffs L1vestock sc¡entists are 
respons1ble for quahty control of the feeds and the1r mgred1ents 

In th expanswn phase more farmers w1ll be orgamzed and other feed 
m11lers tapped The Mm1stry of Agnculture part1cularly 1ts Bureaus of 
Ammal Industry and Agncultural Extenswn are mvolved to assure 
contmUity after the duratwn of the proJeCI At that pomt root crop 
producers are expected lo have a strong hnkage w1th feed m1llers 

Processmg of cassava 1s a maJor problem of the farmers JOmmg th1s 
proJeCt Thus PRCRTC agncultural engmeers have been des1gnmg and 
developmg v11lage level processmg machmes 
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Trammg courses Sorne strateg•es for speedy d1ssemmat10n of mforma 
tiOn on cassava productiOn are trammg courses and workshops Two 
natwnal leve! trammg courses for th1s purpose have been sponsored by 
PRCRTC at V1SCA In attendance were extenswn workers from the 13 
geopohtlcal regwns of the country T op1cs d1scussed covered all aspects of 
cassava productwn lt 1s also through trammg that d1stnbutwn of 
prom1smg root crop vanet1es for testmg 1s facllltated 

Root crop farmers also are anvtted toa senes ofworkshops on root crop 
productwn In the workshops they are encouraged to actually try new 
recommended technolog1es m the1r fields 

Technology packagmg In support ofthe natwnal extenswn program a 
proJect called Technology Packagmg for Countrys1de Development was 
launched by PCARRD the Mm1stry of Agnculture and V¡SCA m 
cooperatwn wtth other agencies 

Th1s project a1ms to prov1de farmers w1th packages of commod1ty based 
technolog¡es that are spec1fic to locatwn and s•tuatwn econom1cally 
feas1ble soc1ally acceptable and env~ronmentally sound Outputs of th1s 
prOJect are bulletms or gmdes contammg all the recommended tech 
nologtes on productton processtng utahzatwn and marketmg of a crop 

Results of Research and Fteld Trtals 

Vartetal1mprovement 

After severa! years of evaluatmg cassava vaneues PRCRTC has 
recommended the three vanet1es hsted m Table 4 Kadabao Golden 
Yellow and Colomb1a Hybnd¡zatwn usmg local and CIAT accesswns 1s 
ongomg al PRCRTC CIAT F 1 hybnds ex~1b1ted excellent performance 
under Ph1hppme cond1l10ns based on mlllal results of the vanetal 
evaluatlon Presently the selected entnes are subjected to smgle row and 
plottnals 

Tbl4Pñm r cassa n t es e mme ded d leased by PRCRTC 

y Id (t/h ) 
V ty Mt ty F h Dry St h Al h 1 

(m th) (1 t /h ) 

PR C 13 (K d b ) 10 12 42 14 4 49 7560 
PRC24(G Id y 11 w) 810 43 16 9 84 7740 
PR C 62 (C 1 mb ) ID 12 46 15 2 79 8280 

A g y Id mp d r m re 1 d r bl g g d 

S Ph 1 pp R e 0 R h dT gC 1980 
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In the mtllal stage of screenmg local hybnds regtstered ytelds rangmg 
from 16 to 57 tons/ ha under normal fteld condtttons In the general yteld 
tnals ytelds obtamed ranged from 12 to 51 tons/ ha A number of entnes 
outytelded the check vanety (Golden Yellow) 

A senes offarmers field tnals was conducted dunng the 1980 82 season 
usmg earher CIA T clones and promtsmg local culttvars In both htghly 
producttve and margmal areas the CIA T clone CM 323 52 outytelded the 
local culttvars (Table 5) suggestmg that the former can be a potenttal 
breedmg stock for the tmprovement of local culttvars 

Twelve cassava vanettes (mostly of CIAT ongm) stx from UPLB and 
stX from PRCRTC were entered m the Phthppme Seedboard tnal lmttal 
yteld results from five locattons were vaned CIAT -den ved matenal 
espectally M Coll684 performed very well m most locattons (Table 6) 

Cultural management 

Intercroppmg Sorne studtes ha ve shown that the yteld of monocultured 
cassava declines more o ver ttme than the ytelds of those mtercropped wtth 
legumes However m a ncARRD mtercroppmg study monocultured 
cassava conststently gave htgher ytelds than those mtercropped wtth 
legumes (Table 7) Whtle the producttvtty of cassavadeclmed by 21% u pon 
mtercroppmg the profitabthty of thts system ts htgher than that of 
monoculture Among the cassava legume combmattons mtercroppmg 
wtth bush beans gave the htghest average proftt (Table 8) lntercroppmg 
Wtth legumes generates addttwnal mcome whtle mamtammg the produc 
I!Vtty of the land 

Crop rotahon When trad1t10nal cassava vanettes were rotated wtth 
legumes the yteld of cassava mcreased by 14 38% (Table 9) lntercroppmg 

T bl 5 Y Id of t e dfomCIAT dloc 1 tes f nners r Id 

y Id (t/h ) 

E t F rt 1 p 

M e 1 1684 39 2 13 5 
CM 323 52 4\6 32 8 
CMC 40 260 16 9 
e 1mb 26 2 
G Id y 11 w (1 1 h k) 28 o 17 4 

K d b (\ 1 h k) 23 6 11 7 

A g JO 8 18 5 

S Ph 1 pp R e P R h dT gC 1984 
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1 bl 6 R 11 r th Ph 1 pp ~ db d g 1 t 1 r 

r t y Id lt/h ) 1982 K1 Y Id it/h ) l9K3 K4 

1 t (' UPIR U'>M 1 ) t A g 

R b 197 29 2 25 K 54 1 41 5 416 19 1 
CM JOK 197 11 6 20 3 30 K 42 5 20 1 25 1 
CM 323 52 173 51 1 26 2 1K 2 
CMC 40 50 9 !K 1 12 2 42 o 35 K 
Dt 1 1 h k) 25 1 12 o 279 41 2 41 2 115 
( 50 3 KO 2 49 2 647 
G Id y lJ "' 25 4 26 9 29 5 32 9 13 4 25 6 
M e 1 1684 16 5 39 o 48 1 11 1 38 7 
MM 59 27 2 25 2 23 2 25 2 
MPTR 26 17 2 278 22 9 19 o 21 7 
MV 218 274 21 o 29 5 41 1 228 2R 4 
V h 24 2 24 3 20 8 14 o 29 R 26 6 
J B w 27 6 24 1 47 K 112 

cv l"'l 16 3 21 o IR 6 26 5 19 2 

UAT-d dm 

' Ph 1 pp ' db d g Id d 1984 

T bl 7 Y Id (t/h ) r S ffetdby 1 t d d ltedlgm 
p 

N mh pp g 

T tm t 2 3 4 5 M 

M g b 12 6 32 23 21 89 22 61 20 DI 21 K7 
Wth B h b 14 2 31 73 28 40 20 68 25 93 24 19 

1 t ., yb 13 o 30 50 2779 21 04 21 16 22 69 

M 132 31 49 26 03 21 44 22 37 22 91 

M g b 13 3 JO 10 20 66 22 72 13 56 20 07 
Wth t B h b 116 JI 80 20 86 21 77 26 80 25 57 

1 t ., yb 11 5 2K 76 29 02 21 01 17 53 21 56 

M 12 1 30 22 23 51 21 83 19 29 21 40 

M 11 14 3 39 37 35 60 2K 40 22 30 27 99 

' E Id 1 1983 
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T bl 8 E m lys (p h cta p PP g e ) f assaalgme t 
pp g 

G oss e t f 
1 t pp g hm m p d t 

(p (p ) 

Ca> + 1 ted m g b 9892 20 2899 70 

Ca> + oc 1 t d m g b 9208 60 2849 20 

Ca> + 1 t d b h b 13092 00 314470 

Ca> + 1 t d b h b 12244 00 3094 70 

Ca> + lat d y be 11049 00 2876 70 
Ca> + 1 t d yb 10513 00 2826 70 

Ca> m lt 9524 00 2669 70 

p g c., pü 40/kg 
M gb< ( h JI d) pó 00/kg 

B 
h "' (g"' pod) p2 00/kg 

S yb< ( h ll d) p5 00/kg 

US$1 00= pl400 

S D<p m f Ag m y d ~ l S V >"'S e 11 8 f Ag 

T ble 9 Y Id o ass t 1 d wth dffe e t 1 g mes 

y Id D ff ce 

R t t hem (t/h 1 pp g) m e 1 

(I/ h ) 

Ca> a m g b 20 53 2 53 

Cas b sh be n 22 84 4 84 

e y be 22 58 4 58 

Ca>s pe 24 92 6 92 

M lt (w th t t t 18 00 

S D p rtm f Ag m y ., 
" V '"'' e u 8 f Ag 

N t 

m 
(p 

6992 50 
6359 40 
9947 JO 
9149 JO 
8172 JO 
7686 JO 
6854 JO 

1982 

m 
lt (o/) 

14 06 
26 88 
25 44 
38 44 

1982 

wtth peanuts gave the h1ghest y1eld and net returns However under th1s 
croppmg system the y1eld of cassava decreased 10 subsequent cropp10gs 
desp1te the mcorporatiOn of legume res1dues although rotatwns were sllll 
more profitable than monoculture 

Fert1hzer apphcataon The general ferhhz r recommendat10n forcassava 
10 the Ph1hpp10es IS 60 60 60 kg/ ha of N P K However lower rates are 
recommended tn h1ghly product1ve env1ronments 

Hlllside farmmg Cassava showed vaned responses to d1fferent tillage 
practices m hiilside farm10g Y1elds m the ttlled plots were h1gher than 10 
untilled plots (Table 10) although cassava stiii gave a relallvely h1gh y1eld 
m unlllled plots owmg to the h1gh orgamc matter 10 newly opened areas 
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T bl 10 y Id f .. (1/h ) d pp g h JI d gdff 
t JI g p les 

TJig p 1981 1982 A g 

N 24 85 27 54 26 2 

M rn m (w th w ti\ g } 2698 28 99 28 o 
St p tU g 

25 m wd 26 04 26 36 26 2 
50 m wd 28 71 28 38 28 5 
75 m wd 27 69 26 49 271 

TJI g pi 1 29 50 28 21 28 9 

' Ph 1 pp R e p R h dT gC 1982 

Evaluatmg ttllage practtces has shown that plowmg and harrowmg only 
once ts as good as domg them twtce The best post plantmg pracuce ts 
ttlhng 2 weeks after plantmg hand weedmg wtthm rows and hilhng up 4 
weeks after planung 

Seedptece produchon Vtllamayor (1982b) found that cassava cuttmgs 
den ved from plants under htgh populatton denstty performed stmtlarly to 
those taken from plants under low populatton denstty Table 11 shows that 
dtfferent dtameters of stem cuttmgs do not mfluence the yteld potenual of 
cassava 

Plant protectwn Cassava bactenal bhght (CBB) caused by Xantho 
monas campestrzs ts commonly observed m the Ph1hppmes However thts 
dtsease has not been reported to cause heavy damage Cultural control 
mcludmg crop rotatton mtercroppmg clean plantmg matenals and use of 
reststant vanetles are recommended to mmtmtze th1s dtsease 

Sptder mttes ( Tetranychus 1e/anus L and Tetranychus kansawm 
Ktshtda) ha ve been observed to cause considerable defohat10n of cassava 
durmg summer months (Bernardo and Esguerra 1981) lntegrated pest 
control management mvolvmg the use of reststant vaneues and chemtcal 
control has been recommended to reduce or control mtte populat10n 

Hand weedmg ts the most practtcal method of weed control espectally 
when labor ts cheap Thorough land preparatwn to allow weeds to 
germmate 1s recommended When labor ts hmttmg chemtcal control 1s 
more practtcal A pre-emergence or pre plant spray followed by paraquat 
3 to 4 months after plantmg has been found to effecttvely control weeds 
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T bl 11 Y eld 1 t r a (G Id y 11 w) r m tem tt g p d d d 
dff t p p 1 t d t ' h t d t 6 5 m th 1981 

~ 

p p 1 t Stemd m t (' m R t y Id H 
(pi t /h ) (m) (o/) (t/h ) d 

13 333 1 66 99 24 4 o 50 
17 777 l 42 92 24 1 o 47 
26 666 1 36 90 24 8 o 49 
53 333 l 06 97 24 3 o 46 

S Ph 1 pp R e p R h dT gC 19B2 

Storage processmg and use 

PRCRTC has developed a practtcal vlllage level slorage techmque for 
cassava lt was observed that burymg newly harvested roots m the sml for 3 
months dtd not affect root quahty and prunmg the cassava plants 2 to 3 
weeks before harvest stgmf1cantly reduced vascular dtscoloratwn and 
delayed the tnctdence of decay for a week (Ddta et al 1983) 

The Center has also des1gned low cost tmplements for processmg 
cassava mto chtps The chtps are then dned usmgsolardryers developed by 
PRCR TC Cassava can al so be preprocessed mto dehydrated cubes for 
storage befare bemg used as an mgredtent m sorne snack ttems 

A techmque to manufacture soy sauce from cassava and sweet patato 
Oours has been developed by PRCRTC The product wh1ch 1s offictally 
named Root Soy Sauce JS presently bemg marketed tn a ptlot phase Other 
products are bemg developed from cassava and processmg techmques are 
undergmng refinements 

Studtes on cassava use tn poultry feed showed that 85% cassava meal 
plus 15% soybean meal m the feed ratwn approxtmates the feed value of 
corn Incorporatwn tn the feed of up to 30% cassava (60% replacement of 
corn) has been gene rally suggested for brmlers Cassava can totally replace 
corn tn pellet feeds More recent studtes have shown that cassava can 
re place corn toas htgh as 80 100% m rauons for layers and yellow cassava 
tn the poultry ratwn mcreases the yellow p1gmentat10n of the yolk 

lmhal fmdmgs from ongomg research reveal that cassava can completely 
replace corn m the dtet of growmg ftmshmg ptgs However for younger 
p1gs a max1mum replacement of corn to the 70% levelts recommended 
Feed consumed tn pelle\ form tmproved feed mtake wetght gam and feed 
convers10n effictency m the ptgs The carcass quahty of ptgs fed wtth 
cassava ts as good as that of corn fed p1gs 
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Potenhal Produchon 

The current natlonal average yteld of cassava 1~ only 8 86 ton.!o./ ha 
However wtth the mtroductJOn of htgh yteldmg Vdnettes dOd proper 
management practtces tt ts hoped that the yteld can be mcredsed to about 
15 to 25 ton•/ hd 'iuch dn mcrcdse would be very sigmficdnt to the 
economy 

Th1s proJectwn however should be couplcd w1th d •table mdrket for the 
product Any mcrea~e tn crop producttvtty t.!:> medmngless m fact .t burden 
to the farmer tf a market for hts produce ts uncertam Development 
onented dgcnctes both government and pnvdte should destgn strategtes 
to maxtmt7c u!-.e of products the farmers are wtlhng to market 

Wtth the dttent on gtven to cas!-.ava by the research commumty and 
ndtwnal pohcymaker. 11 " hopcd thdt productiVIty of the crop wiii 
mercase drdmdttcally m the next few years and that the cassava mdustry 
wtll become a maJar mcome generator for the farmers and for the country 
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Improvmg the Productivity of Cassava m Thadand 

@ 

Sophon Smthuprarna 
Charn Ttraporn 

Product10n 

In the past the mam cassava area was east of the central plam regwn 
Toda y the ffidJOr cassava area ts ID the northeast regwn whtch accounts for 
60% ofthe total are a fo\lowed by the central plam regwn occupymg 37% 
and the north regwn occupymg 3% 

Edaph1c and chmallc condiiions 

In both maJOr cassava growmg regwns the normal penod ofthe rams 
(o ver 100 mm/ month) 1s M ay to October Both regwns are predommantly 
dry for 6 consecut1ve months (November to Apnl) receiVlng less than 100 
mm ramfall per month (Table 1) 

In Thdiland cassdva 1s grown on gray podzohc smls The smls are h1ghly 
leached w1th low base saturauon (35 50%) and low amounts of N 
dVdilable P and K They are hght m structure and moderately to 
excess1vely well dr•med Available mmsture storage ranges from 60 80 
mm per meter of sml The pH IS 5O 6 O m the surface sml and decreases 
w1th depth The pH of the subsml ranges from 4 5 5 O m the subsurface to 
as low as 3 8-4 O at the lowest depth 

Cult1vars 

Vtrtually all the cassava area 1 2 milhon hectares LS planted wtth a 
;mgle genotype Rayong 1 Al\ ev1dence shows that 11 1s a typ1cal farmers 
cult1var lt IS bas1cally h1gh y1eldmg and 1ts flex1b1hty under sub opllmal 
condltwns 1s stnkmg It ts notan tdeal cultivar for early harvest (needmg 
12 months or more) and so tt ts not smtable for relay or sequence croppmg 
systems Rayong 1 ts one of the most tmportant factors m successful 
cassava productwn m Thalland 

~ph ~hpm hffhR CpB hft\1-\dC¡v..R hl 
D p m lAg l B gk k lh l d Lh lp hlfhRygl-ldCp 
R h C R g lh J d 
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T bl 1 M thly fll dp 1 g f 1 t 1 SS pi 1 d dh 
"'' d 1975 

M th R f 11 PI 1 d H cv Id 
(mm) (o/ 1 (o/ 1 

J 'Y 52 4 15 7 01 
F b 'Y 18 6 8 22 11 81 
M h 42 1 ¡¡ 25 14 41 
Ap 1 774 14 99 18 91 
M y 180 3 18 53 7 82 
J 175 5 14 61 6 56 
J ly 178 5 5 96 4 96 
A g t 200 5 3 81 4 23 
S pt mbe 290 1 2 03 1 86 
o t b 1100 2 90 4 62 
N mb 17 9 746 13 55 
D mb 24 608 4 26 

' M lg \Dprtm d Ag lE m D 

Croppmg practoces 

Productmn systems M ost cassava ts grown contmuously as mono 
culture wtthout rotatwn or fallowmg lntercroppmg of cassava ts practtced 
toa very hmited extent w1th corn (mdlle) m the upland and wtth young 
coconut or rubber m the lowlands 

Land preparatoon On smdll farms land <S usually prepared by ammal 
power at the begmmng of the ramy season On large farms land 
preparatwn ts done by tractor Plowmg ts done as soon as posstble afterthe 
hdrvest of the prevwus crop A maJor problem m land preparatton ts the 
lack of tractors wh1ch often results m delayed plantmg 

Stake preparatoon and slorage Plantmg matenal IS obtamed from 
plants 8 12 months old and IS normally stored for less than 30 days 
dependmg on the ram Longer storage tends to affect the quahty of the 
stakes resultmg tn poor germmatton and mttlal growth Generally stakes 
are not treated wtth chemlCals 

Plantmg Cassava 1s planted all year round A survey m 1975 showed 
that 59% ofthe crop was planted m March to June 15% m the heavy rams 
of July to October and 26% m the dry season (Table 1) The reasons for 
plantmg cassava m the late ramy season and the dry season are to mmtmtze 
weed problems h1gher pnces because of h1gher starch content h1gh 
demand from buyers and probably to avmd competiitOn WI!h nce for 
labor 
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Replacement of ungermmated stakes 1s usually done w1thm 30 days after 
plantmg Low germmatwn espec1ally m dry season plantmgs demands 
h1gh labor cost for replantmg 

Sml Smce cassava ts rarely fertthzed one of the most senous fteld 
problems 1s declmmg s01l ferllhty One f1eld tnal on Sattah1p s01ls revealed 
that the cassdVd y1eld of unfertlhzed plots had dechned stead1ly from 30 
tonsfha m 1955 to 17 tonsfha m 1971 The y1eld declme was s1m1lar on 
Hua1 Pong and Korat s01ls (Table 2) lncorporatwn of orgamc manure 
before plantmg or apphcatwn of chem1cal ferllhzer 1 to 2 months after 
plantmg 1s occaswnally practlced Ferllhzer costs are very h1gh Growmg 
cassava on steep slopes tends to mere ase sml eroswn and m the long run 
sml devdstatlon caused by eroston may be the most senous problem 

Weedmg Cassava ts susceptible to competttton wtth weeds espectally at 
early growth stages Fa1lure of llmely weedmg can cause a total harvest 
loss Weed control1s trad11lonallydone by an1mal and human labor Labor 
for weedmg accounts for about 40% of the total labor used thus 
representmg a maJar part of product10n cost 

Harvestmg Cassava 1s harvested all year round The peak harvestmg 
penod 1s February to May accountmg for 53% of the total crop 
productwn It 1s harvested less dunng the heavy ramy penod of July to 
October dueto low starch content low pnce and low demand from ch1p 
faetones Cassava y1elds progress1vely m crease dunng the 6th to 18th 
month of growth Harvest age vanes from 7 to 14 months after plantmg 
but most crops are harvested at 1 2 months 

BJOlogical Y 1eld Constramts 

Cassava bactenal bhght (CBB) caused by Xanthomonas campesms pv 
mamholls as the only maJar dtsease of cassava that ts wtdespread m the 
country Rayong lts moderately susceptible to CBB however tt ts not well 
known how CBB affects cassava y1eld Brown leaf spot caused by 
CercosporzdiUm hennmgsu and mttes ( Tetranychus truncatus) are com 
monly observed but the1r effects on y1elds are not well understood 

Cassava as presently threatened by only a small number of d1seases and 
pests However th1s 1s no guarantee for the future beca use of the dynam1c 
nature of bwlog1cal y1eld constramts The present s1tuatwn ofmore than 1 
m1lhon hectares planted w1th one smgle genotype 1s extremely vulnerable 
to any change m the d1sease and pest situatwn Diversificatwn of cassava 
genotype IS 1mportant and great care should be taken to av01d accidental 
mtroducuon of d1seases and msects 
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T bl 2 Yldfass a(t/h ) f m nfert 1 d plots 
r Id p ... ' 1955-1971 

S 
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1955 JO 
1959 25 
1963 23 27 
1967 21 24 25 
1971 17 20 21 

S S 1 S ~o 

Research DescnptJon and Objectlves 

The natwnal averagecassava y1eld 1s 14 tonsj ha wh1ch IS low compared 
W1th expenmental y1elds of more than 40 tons/ ha m Tha1land or 50 
tonsjha or more at CIAT There are clones wl!h much h1gher dry matter 
content m the roots than Rayong 1 and so there IS sttll much scope for 
yteld tmprovement through breedmg and cultural practtces 

The number of cassava research personnel has gradually mcreased m the 
past and toda y a total of 17 researchers are workmg full ttme wtth cassava 
6 wtth vanetaltmprovement 4 m cultural practtces 5 m sml sctence 1 m 
pathology and 1 m entomology There are others who work par! !tme on 
regwnal tnals at d1fferent research stattons around the country 

Vanetal1mprovement 

Germplasm mtroductmn Before 1960 sorne 20 culttvars were m 
troduced (probablyfrom Malaysta Java and Maun!tus) From thts stock 
Rayong 1 was developed More clones were mtroduced durmg the 1960s 
from Java m 1963 and the Vtrgm lslands m 1965 In 1970 clones from 
CIAT were first mtroduced and mtroductwn of other germplasm such as 
seed populattons from tmproved parent stock and hybnd clones from 
menstem cultures has contmued smce that date 

Germplasm mtroduced from CIAT contnbuted to mcreased genettc 
vanatwn Many crosses were made yearly between That and CIA T clones 
supplemented by a smaller number of crosses between That clones Also 
many hybnd seeds from CIAT ha ve been dtrectly mcorporated mto testmg 
programs From CIA T hybnd seeds mtroduced m 1975 two cul!tvars were 
developed Rayong 3from a CM 407 cross and HP 6 from a CM 305 cross 

Rayong l Cassava breedmg research began wtth the collec!ton of local 
culttvars throughout the country and thetr systemattc evaluatton m 1956 at 
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the Hua1 Pong F1eld Crop Expenment Statwn Rayong Provmce Not 
many genotypes were collected and the leadmg culuvars from severa! 
locatwns subsequently were 1denufied to be the same genotype lt was 
called local Rayong and used m companson With mtroduced cult1vars 1t 
appeared that local Rayong had h1gher y1elds than all the mtroduced 
cultivars from Java the Vugm Islands and CIAT Th1s cultivar was later 
named Rayong 1 by the Department of Agnculture 

Breedmg program A breedmg program based on open polhnated seeds 
from Rayong 1 and mtroduced cult1vars began m 1971 Not much was 
gamed from the selectwns of open polhnated seed Controlled hybnd1za 
twn was started m 1975 by usmg hm1ted germplasm from Java the Y1rgm 
Islands and CIA T W1th the return of researchers tramed at CIAT smce 
1977 the breedmg program at Hua1 Pong Statwn began to form the core 
of the natwnal program 

The maJor objeCtives of the cassava breedmg program are 

h1gh y1elds m terms of dry matter and starch 

early harvest 

dtversrficatwn of germpiasm mcludmg reststance to maJOr b10 
logtcal yteld constramts 

Breedmg for h1gh y1eldmg cult1vars IS focused on cult1vars w1th h1gh 
y1elds h1gh harvest mdexes and h1gh root dry matter H1gh y1eldmg 
cultivars WIII contnbute to h1gher producllvity hence Iowenng the cost of 
productwn and achtevmg more compettttveness wtth feed grams Htgher 
dry matter content Willlead to h1gher val u es for roots and lower processmg 
costs 

Breedmg for early harvestmg wiii mcrease the opportumues for better 
land use croppmg systems and crop rotatton to avmd sml eroswn 
Reststance to CBB and mnes as well as compatlbthty wtth vanous 
mtercrops are other targets of the breedmg program 

VarJetal testmg The That cassava research program m eludes every step 
ofvanetalimprovement germplasm collectwn hybndization F1 seedhng 
tnal smgle row tnal prehmmary y1eld tnal standard yiCld tnal regwnal 
tnal and on farm tnal 

From 15 000 to 20 000 F 1 seedhngs are evaluated every year and about 
10% ofthe plants are selected for smgle row tnal From 10 to 20% ofthese 
are selected yearly for further tnals All the tnals up to the prehmmary 
y1eld tnal are conducted at Hua1 Pong Statwn Standard tnals are planted 
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m three ma¡or statwns and regwnal tnals are scattered throughout the 
maJar cassava growmg arcas Wh1le the maJOnty of the expenment 
stauons are located m areas of ferule sml the sml ferllhty at H uai Pong 
Stat10n IS generally low so that Il represents the ma¡onty of cassava farms 

Promismg clones from regwnal yield tnals usually three to five are 
tested m farm tnals Although the tnals are conducted by usmg farmers 
land and labor the management mput IS borne by the researchers The 
number of tnals depends on the resources available 

The best clones are compared with the farmers crop m farmers fields 
usmg farmers pract1ces Many large plots are reqUired and extenswn 
workers part1c1pate m the evaluatwn The best matenal ts named and 
released by the Department of Agnculture 

Agronom1c practlces 

The ob¡ecuve of research on cultural practiCes IS to develop technology 
leadmg to high and stable producuon usmg the best avadable cultivars 
The ma¡or recipients of the technology are small farmers thus the 
technology must be so designed that the mass of small farmers can afford 
Il 

The pnncipal components of study are land preparauon quahty of 
plantmg matenal plantmg time plantmg methods plan! populat10n 
replantmg weed control leaf productiOn stake mulllphcauon harvestmg 
and postharvest handhng 

Sml fertthzat1on and conservatton research atm at mcreasmg or 
conservmg sml fert1hty to obtam as large an economic yteld as poss1ble and 
mamtam tt Rotatwn expenments a1m at controlhng water eroswn and 
returmng the nutnents removed by the crop or leached out by dramage 
water back mto the smls 

Croppmg system research IS designed to develop pracllces for sml 
nutnent conservatwn and sml eroswn control The research emphas1zes 
mtercroppmg cassava wtth legumes Stud1es have been conducted to fmd 
the best legumes to grow m assoclat1on w1th cassava wnh mmtmum 
reductwn of cassavay1eld m1mmum mput to the system and economlcally 
vahd returns 

Weed control research IS designed to fmd the best pracuces for 
controlhng weeds m cassava productwn and to avmd labor compet!llon 
dunng the time It IS needed 
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Research Fmdmgs 

Var1etal 1mprovement 

Rayong 1 1s bas1cally a farmers cult1var However 1t was collected 
selected punf1ed named and recommended by the Department of 
Agnculture 1t 1s a h1gh y1eldmg cultivar w1th a moderately h1gh harvest 
mdex Product10n of a h1gh quahty stake and good sproutmg under 
water defictent condittons makes this cultivar highly versatile Data from 
CIAT suggest that Rayong l1s supenor to many local Colomb1an culuvars 
under conditwns Similar to the Thai cassava growmg area 

Rayong 3 was selected from the CIA T seed populat10n brought m 1975 
and released by the Department of Agnculture m 1984 1t has a h1gher 
starch content than Rayong 1 but fresh root y1elds are s1m1lar Dry ch1p 
and starch y1eld of Rayong 3 can be h1gher than Ra;ong 1 Rayong 3 
performs best on ferttle sml and with mtensive care 

H P 6 1s another cult1var den ved from CIAT maten al mtroduced m 
1975 lt 1s good for makmg fned ch1ps and other table use 

Currently the best selectton sources are the crosses between Tha1 and 
CIA T clones They are parucularly good for early harvest Sorne selected 
hybnd clones are outy1eldmg Rayong 1 by 50% at 7 months At 12 months 
sorne new clones are y1eldmg 20-40"0 h1gher than Rayong 1 Success of 
these clones ulllmately depends on the1r flex1b1hty m farmers fields 

Agronom1c pract1ccs 

Land preparahon Prehmmary stud1es md1cated that land prepared 
w1th preemergence herb1c1de apphcat10n but w1thout plowmg gave a 
s1m1lar cassava y1eld to the y1eld on trad1Uonally prepared Iand wh1ch 
mcludes one plowmg by tractor plus furrowmg by ammal The mm1mum 
ttllage concept may be mtroduced to protect the sotl from eros10n and to 
reduce labor costs 

Stake storage and s1ze Cassava stalk storage stud1es showed that the 
surv1val rate of stakes taken from stalks stored up to 30 days m the field 
was h1gher !han 80% Storage under shade tends to be a better method than 
storage under the sun (Table 3) 

Plantmg method Y 1elds were not s1gmf1cantly affected by stake lengths 
m the range of 10 30 cm even though shorter stakes gave a lower survival 
percentage Root y1elds were not different for cassava planted on ndges 
flat ground or flat ground followed by earthmg up 30 days after plantmg 
Honzontal plantmg gave lower y1elds than vertical mamly dueto lower 
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survtval rate m the former Vertical or mchned plantmg were not dtfferent 
m ytelds Depth of plantmg (5 10 15 cm) had no effect when plantmgs 
were etther verttcal or mclmed 

Plantmg ltme Studtes on plantmg lime and age of harvest carned out 
for 3 years from 1976to 1978 mdtcated that root yteld was the htghest wlth 
June plantmgs and decreased wtth plantmgs after June (Table 4) Root 
yteld mcreased wllh age of harvest from 8 to 18 months 

Fertthzat10n Fertthzer tnals showed that cassava tended to respond 
most sharply to N moderately to P and less stgmficantly to K In one 
expenment root dry matter yteld responded postllvely to 90 kg/ ha each of 

T bt 3 S lp tag ofpl t r mtkest d nd di! dt andl 
ar10 s per od 1976 78 

St a¡¡ cond t ons 
St g u d e d 
(d y) h d O pe wtbJ 

(o/) (%) (o/) 

o 95 61 95 31 96 50 
15 93 47 93 38 91 60 
30 83 39 84 28 87 89 
45 80 02 55 98 58 36 
60 57 50 48 86 50 03 
75 49 23 3196 43 11 
90 4490 28 94 35 87 

105 43 19 21 03 22 09 

S F ldC pRes hl 

T bl 4 El! ct r pi tmg t m d h rvest g yi Id (t/b ) 1976 78 

PI t g Hrvt 8 ~m nth ~ Mea 
d te 8 10 12 14 16 18 

M y 20 27 26 98 3649 42 46 49 52 57 06 38 76 

J 22 15 27 73 36 51 47 31 51 93 53 36 39 83 
J ly 19 82 2907 35 07 40 74 44 05 48 51 36 21 

August 14 46 22 96 29 14 38 62 39 57 43 68 3141 

S pt mbe 12 25 17 64 28 65 3248 34 59 36 26 26 98 

Oct be 8 16 16 69 22 17 23 95 29 52 3261 22 18 

Man 16 18 23 51 31 33 37 56 41 53 45 25 

LSD(005) f plan rngd harv dage=492(/h) 

S FldC pR ar h Ins t 
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N P20 1 and K20 beyond that leve! the response graduallydecreased untll 
at very h1gh levels the response was markedly negat1ve (Table 5) 
Broadcastmg bandmg under the stakes or s1de placement at 20 or 50 cm 
were found to be equally good fert1hzer placement methods 

The long term effects of fert1hzauon on three types of cassava smls ha ve 
been stud1ed smce 1975 The mfluence of compost at the annual rate of 12 5 
tons/ha plus mcorporatwn of crop res1due (stem and Ieaf) on root y1eld 
seem to be sigmficant It was concluded that h1gher root y1eld of cassava 
could be ach1eved by the yearly apphcatwn of 50 kg/ ha each of N P20 1 

and K20 and that further response could be obtamed 1f compost or crop 
res1due was mcorporated befare plantmg 

Rotahon Long term rotahon expenments m three research statwns 
showed that m all rotatwn patterns of cassavaj peanut and cassavaj mung 
bean cassava y1elds were h1gher than cassava w1thout rotatwn m the 5th 
and 6th crop year There was a shght mcrease m sml orgamc matter after 6 
years of rotatwn 

lntercroppmg Stud1es on land use effic1ency and restoratwn of sml 
fert1hty through mtercroppmg have bcen stud1ed usmg peanut mung 
bean and soybean smce 1970 The most promlSlng mtercroppmg systems 
appeared lo be combmatwns of cassavaj peanut and cassavaj mung bean 
Although cassava and legumes were shown to be compeiitlve up to 170% 
combmed economic y1eld relattve to cassava monoculture was demon 
strated Th1s was also confirmed on farms w1th large plots 

Weed control Weed control research showed that Dmron at the rate of 
1 5 kg/ ha causes no crop mJury for e1ther vertical or honzontal plantmg 
methods Th1s pract1ce IS as effect1ve as three hand weedmgs 

T bl 5 Eff t f f t 1 t 

R t f 
N PO K O 

(kg/h ) 

0-{) o 
93 7 93 7 93 7 
187 S 187 S 187 S 
375 375 375 
750 750 750 

S IS D 

F h 
(!/ h ) 

21 36 
34 49 
38 88 
40 61 
32 60 

y Id 

Dy t 

(tfha) 

7 59 
10 48 
10 44 
10 28 
717 
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Drrectlons m Cassava Research 

Vanetal 1mprovement programs have two ma¡or ob¡ect1ves 

DIVersificatiOn of the germplasm base to mclude early matunty 
drought tolerance and res1stance to d1seases and pests 

2 Attamment of h1gher y1elds to gam better competiiiVeness 

Agronom1c research Will contmue to define the most econom1cally vahd 
cultural pract1ces More emphas1s will be placed on so1l nutnent preserva 
tiOn and eroswn control lntercroppmg crop rotatwn 1mproved sml 
preparallon and m1mmum tillage are the Immediate research top1cs 

Most agronom1c stud1es m the past have been conducted usmg Rayong 
Thus as soon as new promismg clones emerge cultural pract1ces for 

poss1ble new cult1vars wiil have to be redefined The agronomiC stud1es 
ha ve tended to be too sporad1c to represen! the vast area of Tha1 cassava 
productiOn and therefore a more coordmated research network Will ha ve 
to be dev1sed 

The program as a whole needs more economtc studtes to evaluate the 
socweconom1c relevance of research findmgs whiCh would lead to 
tmprovements m the welfare of the mass of cassava growers 

Potenttal Productton 

Practically the only Importan! market for Tha1 cassava IS the European 
Econom1c Commumty (EEC) whiCh absorbs nearly the entirety of Tha1 
cassavaexports (93% m 1980) The EEC has set aquota of 4 5 m1lhon tons 
for 1983 1984 w1th further poss1ble reductwns m the future W1thm the 
quota cassava products can enter the EEC market at the curren! 
preferential tanff of 6% and beyond the quota 11 wiil be sub¡ect to a 30% 
tanff and open competition w1th feed grams 

T o comply w1th the Tha1 EEC agreement the cassava econom1c zone 
was estabhshed m February 1983 by the MmiStry of Agnculture and 
Cooperatives ThiS will lead to control of area pnces and quahty of 
cassava roots and root products thus preservmg the benefits to the 
farmers The government 1s also searchmg for new markets other than the 
EEC In add1tlon the government and the pnvate sector are trymg lo fmd 
alternattve uses for cassava 

ProductiOn of cassava w1ll ha veto be decreased 1f exports are hm1ted by 
the current preferentlal arrangement wtth the EEC Cassava growers m the 
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economtc zone wtll recetve government support The growers outstde the 
zone wiii be encouraged lo replace cassava WIIh substitute crops Stud1es 
are underway to find crops to replace cassava m these regwns 

The future of cassava productwn depends on the markets and the 
markets depend on productwn cost If no tmprovement m productwn 
effictency IS expected there ts not much hope of tmprovmg cassava s 
compettttveness m mternatwnal markets Productton wtll be at the merey 
of the EEC pohcy If the pnce of cassava products can be sigmficantly 
reduced through 1mproved productwn effic1ency there WIII be mcreased 
chances of creatmg new export markets 

Improved cultural practtces have been shown to constderably mcrease 
y1elds when tested m farmers f1elds Wh1le llmely plantmg good selectiOn 
of plant stakes and opportune weedmg are part of the technology 
fertthzatlon 1s m many s1tuattons the most effectlve component but also 
the most costly Y1eld mere ases by mcreased fertthzer apphcatton may not 
necessanly lead toa substanttal cut m productwn cost Hence amprovmg 
productwn efftctency through cultural practtces 1s not very promtsmg 
Tha1 farmers prefer lo adopt new culllvars m hope that h1gher y1elds can be 
attamed Without large addiiional costs 

Y1eld mcreases through new culuvars WIII not be reahzed m the 
Immediate future Rayong 3 offers h1gher starch content but 11 may not 
replace Rayong 1 over large areas because the total dry matter y1eld of 
Rayong 3 does not greatly exceed that of Rayong 1 However there are a 
number of prom1smg hybnd clones w1th h1gh y1eld and early matunty 
bemg developed It wiii take sorne lime before any of these pass to the 
productwn fields Whether we can obtam new clones whose y1eldmg 
capac1ty IS sufficiently h1gh lo s1gmficantly reduce the productwn cost 
depends on future work 

Htgher yteldmg cultwars may help farmers to wtthdraw cassava from 
eros10n threatened areas and early culttvars can contnbute to better land 
use through better croppmg systems and crop rotatton to av01d s01l 
eroswn 
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Cassava ts one of the most efftctent producers of carbohydrates m the 
troptcs (de Vnes et al 1967 Martm 1970 Nojtma and Htrose 1977 
Kawano et al 1978 Cock 1982) and under margmal sml and ramfall 
condttwns 11 ts unsurpassed by other crops (Cock and Howeler 1978) lt ts 
grown throughout the troptcs by small farmers mareas wtth poorer smls 
usmg traduwnal methods of cultivatiOn Cassava ts the fourth most 
tmportant crop m terms of dtetary energy produced and consumed wtthm 
the troptcs (Table 1) More recen ti y 11 has be en u sed mcreasmgly for a m mal 
feed and mdustnal starch The tmportance and potenttal of cassava 
however has been largely neglected when compared wtth other crops as 
can be seen from the data m Table 2 

Cassava ongmated m Latm Amenca and most of tts evolutton took 
place there 1t was wtdely dtstnbuted throughout the lowland troptcs of 
Latm A menea befo re the arnval ofthe Europeans m the 15th century but 
dtd not extst outstde the contment However m the post Columbtan era 
the crop spread raptdly ftrst to Afnca and later to Asta 

Germplasm vanauon of a crop spectes ts nchest m the center of ongm 
and dtverstficauon ofthe spectes Evolutwn of dtsease and pest spectes that 
thnve on a crop parallels the evolullon of the crop spectes thus the 
number of bwlogtcal yteld constramts ts htghest m the center of crop ongm 
and dtverstficatlon (Jenmngs and Cock 1977) 

True to the theory nearly the enttre germplasm vanatwn of cassava 
extsts m Latm Amenca the Afncan and As1an germplasm cons1sts of a 
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M 11 t 128 204 63 
Whe t S lh 100 1877 5 
p 1 1 54 434 12 
Ba 32 44 73 
PI 1 30 30 lOO 
Sw t p tat 30 208 14 

Wh fg d d by h f h mJ p d 8 az 1 M d 1 d 
d h p d h "' adjUS d h 

S FAO F dbl " h 
1975 1977 

T bl 2 R h p dt pe 1 ge r mm dty alu f ar S p 
A 1 d g Chm d J p ) 1959 d 1974 

o/ fp d 1 p d d 
e p h 

1959 1974 

e u o 43 o 58 
R bb 040 o 57 
S g 010 o 24 
Wh o 08 o 23 
M 006 o 12 
R o 05 o 12 
S gh m d m 11 t 004 011 
P le 002 o 06 
R 1 d 1 b o 01 o 03 

RE E (197H)Th g h mp p d mi lw m 
1 D 1 g d dbyTWShl 1 d u 

p 233 245 

part of the Latm A menean germplasm and 1ts local recombmants A broad 
spectrum of d1seases and pests Jsfound m Latm A menea whlle the number 
of d1seases and msects 1s less tn Afnca and especially m Asta Afncan 
mosalC dtsease seems to be the only maJar d1sease of cassava that does not 
extst m Latm Amenca 
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This background makes Colombia South Amenca a logical locatwn 
for an mternatwnal center of cassava research A cassava program was 
estabhshed m the early 1970s at the Centro lnternacwnal de Agncultura 
Tropical (CIA T) m Cah Colombia The Importance of Afncan mosaic 
d1sease and the overwhelmmg tmportance of cassava to the Afncan dtet led 
to the establishment m the late 1960s of the Cassava Program of the 
lnternatwnallnstllute for Tropical Agnculture (liT A) at lbadan Nigena 
With the regwnal responsibihty m Afnca 

The CIAT Cassava Program seeks to develop Improved technologies m 
support ofmcreased productiOn effictency and utthzatton of cassava New 
production technology 1s based on 1mproved germplasm With mcreased 
yteld potenttal and tolerance to dtseases msect pests and adverse sml and 
envtronmental condthons Addttwnal constramts are mmtmtzed through 
the development of low mput management pracllces Trammg and 
commumcatwn to make the developed technology more readily available 
are 1mportant parts of the program 

Charactenshcs of A vallable Technology 

The CIA T germplasm collectwn which now compnses more !han 3 000 
trad!tiOnal culuvars IS the maJOr veh1cle with wh1ch the technology IS 
transferred to the nattonal programs 

The goal of vanetaltmprovement ts to provtde cassava genotypes that 
give high stable and economiCally vahd yields usmg cultural pracllces 
that are wtthm the reach of farmers for maJOr cassava growmg arcas 
Dunng the past 10 years significan! Improvement has been made m the 
yield capaCI!y of advanced matenals both under favorable and stress 
condiiions (CJAT 1982 and 1983) 

Yield stabihty across geographical areas (wide adaptab1hty) may not be 
tmportant to mdtvtdual farmers however thts ts an tmportant measure of 
the vahdity oftechnology developed by mternatwnal or national programs 
for other areas A hybnd clone CM 507 37 wh1ch 1s now frequently used 
m hybndtzatiOn ts a good example showmg a yteld supenonty over local 
culttvars m wtdely dtfferent locatwns m Colombta wtth average tem 
peratures of 24 28 C (Figure 1) Many selected clones have shown a 
similar tendency suggestmg that genotypes carefully selected through a 
network of regwnal tnals can be adapted to different geographic areas 
wtthm the same macro edapho-chmatiC zone 

Lack of yield stabihty over years has often been a problem WI!h new 
h1gh yieldmg genotypes m severa! crops lnteractwns of crop genotypes 
wtth dtsease and msect populatwns and adverse envtronmental condtttons 
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such as Irregular ramfall pattern are the mam reasons for thts type ot 
mstabthty Usmg the most dtfficult cassava growmg envtronment m 
Colombta (Canmagua tn the Llanos Onentales) where the number and 
mtens1ty of bwlog•cal problems are h1ghest- the sml ferllhty 1s extreme! y 
low and the dry season pressure ts htgh- as one of the baste sues for 
germplasm selectwn has helped to accumulate genes for res1stances The 
recent CIA T populallons contatn tolerance to these adverse factors tn h1gh 
frequency wh1le they st1ll mamtatn Jarge phenotyp1c vanab1hty for other 
plant characters (Kawano et al 1983 Umemura and Kawano 1983) 
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It ~as often been observed that genotypes selected under high mput 
condltwns do not perform well under low mput conditlons ~Imilarly 

genotypes of many crops selected at well managed expenment statwns 
often do not perform well m farmer s fields (Kawano and Jenmngs 1983) 
By selectmg under Iow mput conditlons and perhaps also owmg to the 
charactensttcs of cassava germplasm per se these phenomena do not 
appear to be occurnng With the CIA T cassava selectwns Selected hybnd 
clones showed yteld supenonty over tradthonal culttvars on farms wtth 
varymg sml fertili!Ies (Figure 2) 

These data do not automatically mdiCate that CIAT matenals perform 
as well m natwnal programs They should be understood as an mdicatwn 
of what natlonal selectwn programs may achieve after mcorporatmg 
CIAT matenals mto their breedmg systems 

Germplasm Exchange 

Introductlon of germplasm always mvolves a combmatwn of potentlal 
benefit and potentlal nsk Benefit may result from mcreased productlVlty 
of a crop This must be weighed agamst the nsks of accidentally 
mtroducmg pests or pathogens Neither the benefits nor the nsks are easily 
assessed 

Three types of germplasm matenals I e germplasm accesswns hybnd 
clones and hybnd seeds are available from CIA T m the form of(l) stakes 
(2) menstem cultures and (3) true seed Advantages and disadvantages of 
each method are summanzed as follows stakes are the easiest to handle 
but the nsk IS highest menstem cultures are less nsky and offer 
reproductwn of Identical genotypes but are not smtable for transfernng a 
large number of genotypes and their handling reqmres certam skiii and 
facilities at the recelVlng end seed IS the Ieast nsky and offers easy handling 
of a large number of genotypes although the Identical genotype cannot be 
obtamed (Kawano and Hershey 1982) Lozano and Jayasmghe (1982) 
ha ve descnbed pathological problems dissemmated by sexual and asexual 
propagated matenals 

CIA T has been actively distnbutmggermplasm matenals for testmg and 
use by nauonal programs Emphasts m recent years has shtfted from 
sendmg clona! matenals to sendmg seeds from selected parents Sendmg 
stakes mternatwnally has been totally elimmated by CIA T As natwnal 
cassava breedmg programs are strengthened seed wtll contmue to mcrease 
m tmportance as a means of exchangmg genettc matenal Crosses wtll 
contmue to be more prectsely tatlored to the needs ofnattonal programs by 
mcorporatmg feedback mformatwn 
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CIA T mtends to remam a pnmary resource for genetiC diversity m 
cassava with the natwnal programs takmg an mcreasmg role m local 
select10n and mcorporatton of tmproved charactenshcs mto local culttvars 

Regtonal Program for Asta 

The potenllal for mcreasmg the efficiency of cassava productwn 
through research m Asian countnes IS great not only because much 
cassava ts already produced m Asta but also because nat10nal research 
mstitutwns are generally strong and cassava IS a vital portiOn of the 
natwnal or local agncultural economy m many parts of Asia 

The functwns of the CIAT Cassava Asian RegiOnal Program are to 

Distnbute and use CIAT germplasm m Asian nat10nal programs 
through direct pariiCipallon 
Idenufy smtable germplasm to be provided by CIAT for Asian 
programs 
help develop agronomic practices suitable for Asia With special 
emphasts on eroston control 
coordmate efforts between CIAT and nallonal programs With 
spectal reference to trammg and conferences 

As of now approximately 82 500 hybnd seeds from sorne l 600 crosses 
have been distnbuted to eight natwnal programs m Asia (Table 3) These 
are bemg evaluated at vanous stages of vanetaltmprovement programs 
(Table 4) Evaluatwns of segregatmg populatwns and selected clones from 
these populatiOns enable CIA T to pro vide hybnd populauons more 
adjusted to the specific requirements of each natwnal program 

Cassava has a reputatwn of bemg a sotl devastatmg crop Due to 
cassava s abthty to produce reasonable ytelds on poor smls tt somettmes 
appears that after cassava the sotl cannot be utthzed by other crops 
Actually the mmeral nutntton reqmrement per umt yt Id of cassava ts 
lower than many other crops (Cock and Howeler 1978) thus the 
reputatJOn of cassava as a sml-exhaustmg crop IS debatable However 
panly dueto the long penod reqmred for canopy establishment cassava IS 
hable to cause sotl eros10n thus cultural practtces for mtmmtzmg sml 
eroston are much needed 

Clase coordmatwn wtth CIA T headquarters m research trammg and 
commumcatwn wtll enable the natwnal programs to make better use of 
available technology Thus this IS also an Importan! part of ClAT s 
acttvlty 



Tabl 3 N mb of CIAT a F hyb d ddtbtdt A p g m 

e tcy 1975 1976 1977 1978 1979 1980 1981 1982 1983 T t 1 

Tha land 900 6170 7720 3050 1400 7450 7900 34590 
Ind 900 700 4600 6200 
Pb 1 pp 900 950 5100 4700 5500 17150 
Cb 2300 6100 8400 
Mal ys 900 1500 2050 2050 1250 4050 9750 9750 
1 d 900 850 1050 1050 2800 
V t m 1900 1900 
T w 500 1200 1700 
T t 1 5000 10170 7720 5100 7750 19700 27050 82490 
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T bl 4 E 1 t nofCIAT .... mtnalst A an n t 1 p g m 1983/1984 
( pressed m o mbe of g types) 

Th land 1 done Ph 1 pp Mal y Ch 

F eedl g 14400 3300 4500 3000 2500 
S gle w tnal 1950 850 330 30 
Prelm y tnal 164 48 150 66 
Ad ced tn 1 32 23 25 
Rg~ al tn 1 16 2 6 15 
o f nn tn 1 5 4 
M lt pi t 2 
V n tal 1 ase 

M t fhgodThrumt al ar Thm CIAT ype 

Breedmg ObJeCtlves 

In Tha1land nearly99% ofthe cassava area IS planted w1th a tradttwnal 
cultivar Rayong 1 Preparat10n of d¡verslfied cultlvars ts recommended 
for counteractmg posstble outbreaks of dtseases and pests ID the future 
Early culttvars cornbiDed With a short season crop would en bance the total 
productiVIty of land Development of substanllally htgher y1eld1Dg cul 
t1vars would decrease the productlon cost thus openmg new markets for 
cassava exports outstde the EEC Without dependiDg on preferenttal tanff 
treatment Htgher product1on efftctency would also enable the reductwn 
of cassava plantmgs In areas threatened by so ti eroston w1thout decreastng 
the total productton 

In Indonesia cassava IS planted over a w1de range of envtronmental 
condt!Ions and ut1hzed ID a vanety of ways In Java where land 1s 
extremely hmtted and IDtenSively ullhzed early culttvars are urgently 
needed Smce cassava s mam advantage hes m tts ab1hty to offer mexpen 
s1ve carbohydrates htgher productwn effic1ency usiDg low IDPUI cultural 
practtces IS a h1ghly 1mportant breedmg target m the long run Diversifica 
tion of culttvars IS tmportant not only for dtsease and pest problems but 
also for adaptatton to dtfferent envtronmental condttiOns and dtfferent 
uses 

In the Phthppmes cassava together w1th sweet patato has been 
prov1dmg mexpenSive carbohydrates for the rural poor Under these 
ctrcumstances earhness may be the most 1mportant breedmg objecttve If 
cassava IS to fulftll the new role of substtlutmg for 1mported feed grams m 
hvestock ratwns h1gh y1eld should be the most Importan! selectwn target 
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In Malays1a cassava has been a relatlvely mmor crop prov1dmg raw 
matenal for starch productwn Only development of substantlally h1gher 
yteldmg cultlvars can change the present status of cassava 

H1gh y1eld selectwn from advanced CIAT gene pools would be an 
mtngumg work target partiCularly smce the real potentlal of cassava 
germplasm has not yet been fully explmted In all these countnes strong 
demand also ex1sts for cult1vars w1th h1gher root dry matter or starch 
content 

Breedmg obJeCtlves d1ffer from country to country nevertheless 
common tmportant objechves are 

Substanhal yteld mcreases to acqmre htgher compehttveness wtth 
other sources of carbohydrates 
early matunty to g1ve add1t1onal alternativos lo the productwn 
systems 
h1gher root dry matter or starch content 
dtverslficauon of culttvars to gam res1stance to dtseases and pests 

Present Status of CIA T Germplasm m Asta 

Expenmental results m Tha1land mdiCate that Rayong 1 IS a h1ghly 
product1ve versatlle cultivar Recen! data from CIAT showed that 
Rayong 1 was supenor to most ofthe germplasm accesswns under s1m1lar 
enviTonments m Colombia (Hershey personal commumcatwn) W1thout 
doubt the supenor agronom1c charactenst1cs of P ayong 1 were the core of 
successful cassava productwn m Tha1land Smce Rayong 1 IS bas1cally a 
h1gh y1eldmg cult1var 11 1s not easy to outy1eld 11 w1th hybnd selectwns 
Crossmgs w1thm local germplasm do not seem to ha ve produced anythmg 
sigmficantly better than Rayong 1 

Y1eld 1mprovements on the order of lOO% or more over local cult1vars 
wh1ch have been repeatedly demonstrated m Latm Amenca and Afnca 
may not occur Nevertheless sorne hybnd clones selected from local x 
CIAT crosses have shown y1eld supenonty over Rayong 1 (F1gure 3) 
Later selectwns seem to be even more prom1smg (Table 5) TheiT real 
utlhty depends on theiT flex1b1hty and performance m farmers fields For 
earhness for wh1ch Rayong 1 1s not part1cularly strong many local x 
CIAT selectwns are showmg h1ghly promiSing results (F1gure 4) 

It has only been recently that CIA T hybnd populatwns from well 
defmed cross parents were mtroduced Crossmg Rayong 1 w1th the bes! 
ava1lable CIA T genotypes 1s yet lo come Whether hybnd selectwns can be 
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made that WIII g1ve substanually h1gher y1elds !han Rayong 1 m average 
farmers fields depends on future selectwn A combmatwn of physwlogiCal 
y1eld potenual wlth the toughness of Rayong 1 would be Ideal 

Smce many ClA T cross parents have been screened for a long hst of 
adverse y1eld factors under h1gh stress env~ronments ClAT matenals can 
probably prov1de Immediate sources of germplasm diVemficauon The 
majonty ofThai x ClAT or CIA T x CIAT crosses show better resistance to 
cassava bactenal bhght (CBB) than Rayong 1 CBB IS the most w1despread 
d1sease of cassava m Tha1land and can cause s1gmficant y1eld damage 
Astde from reststance factors selectton of spectalty cultlvars such as the 
newly released Rayong 3 With h1gh starch content or Rayong 2 for table use 
may pro ve a WISe way of broadenmg the germplasm base m farmers fields 
Both Rayong 2 and 3 were selected at Hua1 Pong Statwn Rayong 
Tha1land from 1974 CIAT crosses 
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T bl 5 Y Id C.om p miSmg 1 dff t m t Th 1 d 

R Id y y ld(l/h) 1 

Ci p 1 L w 1 t m d t Hghy Id g A g 
y Id g y Id g m 1 

m 1 m 1 (Kh K 
(H p g) (8 m S m g) 

OMR 23 29 15 CM 407 14 92 11 6 15 1 12 o 
CMR 23 128 141 CM 407 9 CM 309 211 66 89 13 8 98 
CMR 23 149 128 CM 407 24 M e 1 1684 76 86 11 5 92 
CMR 23 17 251 Kas 1 M e 1 1684 87 57 106 83 

R y g (loe 1) 55 67 10 1 74 

) e d 1980 d 1 ted f m 1980-1983 hHatPgS 
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Fg 4 R ult fp lmn YY Id t lf /y h rv t D mb 1983 

S H a.P gf ldC pR searchCe Dep rtm f Agn 1 re Thatland 

In Malaysta the leadmg culuvar Black Twtg ts bastcally a htgh yteldmg 
culuvar capable of yteldmg up lo 50 tons/ ha under favorable condtttons 
Severa! selectto 1s from the early CIAT mtroducttons seem to possess 
h1gher y1eldmg capactty than Black Twtg (Table 6) nevertheless thts 
modest yteld supenonty may not be suffictent lo cause change m 
productton fields Evaluatton and selectton ofmore recent CIAT mtroduc 
ttons wtll mdiCate whether advanced germplasm mtroduced from Latm 
Amenca can offer a y1eld tmprovement stgmficant enough to open new 
honzons for cassava productwn m Malaysta 

In the Phthppmes CM 323 52 and M Coll684showed yteld supenonty 
over local culttvars (Table 7) These are selectwns from twelve clones 
mtroduced as stakes m the early days ofthe CIA T cassava program Whtle 
the yteld supenonty ofthese clones seems lo be sound they are unhkely to 
be released duelo low dry matter content (CM 323 52) and htgh cyamde 
content (M Col 1684) m the roots These data suggest that CIAT 
germplasm can tmmedtately broaden the scope of vanetal selectton 
However the chance of obtammg a recommendable culttvar adapted to all 
the local reqmrements usmg only a small number of mtroduced clones ts 
small La ter select10n programs based on mass1ve mtroductiOns of CIAT 
seed populauons seem lo be htghly prom1smg and may lead to the 
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T bl 6 Res ltsof SS areg 1 y1eld tr al at S t wanPeakMiy 1982/1983 

St St St h F esh Harv t 
Cl hyb d t eJect y Id y Id d 

(l/h ) (t/h ) 

CM 378 17 CIAT MAR DI 8 97 31 6 o 62 
CM 621 24 CIAT MAR DI 8 95 34 1 o 56 
CM 942 28 CIAT MAR DI 8 78 34 1 060 
CM 860-25 CIAT MARDI 8 55 30 2 o 53 
CM 845 9 CIAT MAR DI 803 28 2 o 53 
B B ngk k 247 (1 7 84 28 4 o 53 
CM 845 13 CIAT MAR DI 7 78 27 6 048 
M Me 1 20 CIAT MAR DI 7 58 26 3 o 45 
Bl k Tw g (1 al lt 7 51 28 o o 58 
MM 1 22 CIAT MAR DI 7 37 26 3 049 
es (lo al lt 6 87 27 1 047 
CM 845 8 CIAT MARDI 6 75 25 9 o 52 
B B gk k 245 (1 ss) 6 43 23 4 o 49 
CM 429 9 CIAT MAR DI 4 89 20 3 o 47 
CM 845 23 CIAT MAR DI 492 18 4 040 

A g 741 27 3 o 51 
LSD (0 05) 145 48 012 

S MARDI M 1 y 

Tabl 7 R ults of ...... r myeldt 1 t D lay Lyt Pbtbppm 1982/1983 

Clo St of S t f Fre h y Id 
hybnd t 1 t (t/h ) 

CM 323 52 CIAT C1AT 41 6 
M C 1 1684 (CIAT CIAT 39 2 
G Id Y llow (1 al e lt ar) 28 o 
e lomba 26 2 
CMC 40 B azd CIAT 26 o 
Kdb (local lt a ) 23 6 

A ge 30 8 

S PRCRTC VSCA 

tdenuficatwn of more deSlfable clones for vanetal release Crossmg local 
culttvars wtth ehte CIA T clones ts also a logteal alternaUve 

Indonesta has the longest htstory of msututwnal cassava breedmg work 
m Asta One result from these efforts ts the culttvar Adtra 1 whtch ts a 
selectiOn from crosses made m 1963 between Indonestan culuvars and 
released m 1978 It ts moderately htgh m yteld and starch content and 
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moderately res1stant to CBB More recen! selectwns from the lndones1an 
germplasm appear to be even more prom1smg (Table 8) These clearly 
mdtcate that a contmuous well orchestrated program even though 
modest ID scale can result m stgmficant progress 

A small seed populat10n (750 F1 seeds from 15 crosses) m 1977 was the 
only seed mtroducuon from CIAT to lndones1a unul recently Sorne 
selectwns from th1s populatwn appear to be prommng (F1gure 5) 
Recently large mtroductwns of advanced seed populat10ns frorn CIA T 
ha ve been made and evaluatwn and selecuon of these populatwns IS under 
way 

Judgmg from expenence gamed m these four countnes CIAT germ 
plasm can 1rnrned1ately broaden genet1c d1vers1ty by offenng d1sease and 
pest reSlStance as well as quahty charactenst1cs such as h1gh dry matter 
content CIA T germplasm seems to be a parucularly good so urce forearly 
matunty AddttiOnal work ID commg years on the recent mtroductlons of 
advanced CIA T germplasm and local crosses w1th ehte CIAT clones w11l 
determme whether new culttvars wtth a substanttal yteld advantage over 
currently ava1lable cultlvars can be obtamed 

D1stnbut10n of CIAT germplasm to Chma and Vtetnam began only 
recently The chmattc condtttons under whtch cassava ts grown m these 
two countnes are expected to be d1fferent and CIA T germplasm has not 

T bl 8 Res lts ofa a.ssa 11 egJo ly ldtnalatM g w h fJ Jogy k rt 1 d 
1982/1983 

SI! S t f F h y Id Hrvt 
Clo h b d 1 t (t/h ) d 

M 31 CRIFC B g CRIFC B g 47 4 o 60 
w 236 28 CRIFC B g CRIFC B g 46 2 064 
M 30 CRIFC B g CRIFC B g 460 o 69 
w 236 31 CRIFC B g CRIFC B g 45 9 060 
H7 CRIFC B g CRIFC Bogo 39 o o 58 
G 168 CRIFC B g CRIFC Bog 38 7 o 58 
WL 54 CRIFC B g CRIFC Bog 34 6 o 54 
Ad 
(R m lt CRIFC B g CRIFC B go 31 1 o 62 

CMC 84 
(CIAT CIAT 30 6 o so 

w 1548 CRIFC B g CRIFC B g 29 6 o 49 
1 130 CRIFC B g CRIFC B g 26 4 o 47 
M t g (1 lt ) 24 1 047 

A g 366 o 57 

S e IR h 1 f F de P B g 1 d 
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been as thoroughly tested for condtttons there as for the rest of cassava 
growmg areas m Asta Thorough on stte evaluattOn of CIA T germplasm 
to tdenttfy well adapted cross parents and mcorporat10n of these parents 
tnto hybnd populat10ns wtll tmprove the selectton programs m these 
countnes 

One of the most tmportant yteld constramts to the lndtan cassava 
producttOn ts Afncan mosatc dtsease Smce Latm Amencan germplasm 
has not been exposed to thts dtsease most of the CIA T germplasm does 
not possess suffictent reststance to ti Thus transfer ofCIA T germplasm to 
the Indtan cassava program has not been very acttve Yet the favorable 
agronomtc charactensttcs of CIA T germplasm may be useful once they are 
crossed wtth local! y proven reststant genotypes 
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Need of On S1te SelectJon 

Edapho-chmauc cond1t1ons of cassava growmg areas vary from one 
area to another w1thm a country even though they are class1fied under the 
same macro edapho-chmat1c zone Quahty reqmrements also vary de 
pendmg upon ullhzatwn and locatwns Any new matenal for vanetal 
selectwn has to be thoroughly screened for local adaptatwn and 
reqUirements 

Local germplasm IS a result of generauons of farmers selectwns whiCh 
can be seen m the results of germmatwn tnals w1th CIAT and local clones 
under scarce ramfall at Hua1 Pong Statwn (Table 9) Planted w1th 
1rngatwn all CIA T crossed clones locally crossed clones and Rayong 1 
germmated reasonably well However planted w1thout 1rngat1on the 
germmatwn of CIAT clones was extremely poor compared w1th that of 
local clones The germmatwn of Rayong 1 was virtually the same wah and 
Wlthout 1rngat10n Although the average germmatwn of CIA T clones was 
low sorne CIAT clones germmated nearly lOO% Wlthout 1rngat10n 
Errattc ramfallts a common phenomenon wtth That cassava productton 
and the CIAT cassava breedmg program has not yet screened for 
germmahon under such condttlons 

Local germplasm may be an excellent so urce of adaptatwn to trad1t10nal 
cultural envtronments and reqUirements ofthe locahty Yet a quant1tauve 
JUmp e1ther m y1eld or res1stance factors IS not expected as long as the 
breedmg program uses only local germplasm 11 by nature possesses hm1ted 
genetlc vanab1hty Thus mcorporatmg Latm Amencan germplasm mto 
As1an breedmg populatwns 1s the most appropnate way to 1mprove 
cassava productton 

Table 9 Companson of germ n 1 o rate betwee CIAT and Th81 sses Huai Ponz 
Stano 1983 

Pla t g Cl S te of N mbe A g 
hybnd t f gem 

el t 

(o/) 

Img ted CM CIAT 165 68 4 
lmg t d CMR a d OMR HaJP g 1323 75 8 
Img t d R y g 1(1 al lt ar) 89 2 
No mgtd CM CIAT 249 42 7 
N mgtd CMR d OMR H a.t Po g 135 604 
N mgtd R y g 1 (1 al lt ar) 1 866 

S ceFidC pR h 1 Thad d 
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Latm Amencan germplasm on the whole offers much w1der genet1c 
vanat1on but 1t contams genes for local adaptatwn m much lower 
frequenc1es than the local germplasm Consequently obtammg a recom 
mendable cultJvar selected from asmall number of clones mtroduced from 
CIA T 1s unhkely CIA T now mtends to pass ehte parental clones through 
menstem cultures to be used for hybnd1zat1on m the As1an breedmg 
programs rather than as cand1dates for 1mmed1ate vanetal release Thus 
local selectJon from large numbers of mtroduced CIAT seed populatwns 
selectJOn from local x CIAT crosses or the combmatwn of both become 
the most IogJCal alternat1ves 

TradltJOnally expenment statJons m As1a have been bmlt pnmanly for 
nce expenments Most of tte expenmental s1tes tend to be on fertJle smls 
wtth favorable water control As a consequence many vanetal tnals are 
conducted under condJtwns wh1ch bear httle resemblance to farmers 
fields These are the bases for h1gh mput technology syndrome or 

expenment statwn effect (Kawano and Jenmngs 1983) Cassava has 
been no exceptJOn to th1s general tendency Extra care should be taken to 
estabhsh selectlon plots under envtronments stmtlar to those of average 
cassava growers 
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Rapporteur s Summary of DJscussJons 

Douglas R Lamg 

Parttctpants ra1sed a number of key tssues m the general dtscusston 
namely (a) the progress to be expected m crop tmprovement actlvitJes m 
Asta espectally m terms of yteld tmprovement (b) hkely effects of 
mcreased productiVIty on the cost of productton of cassava (e) eroswn m 
monoculture cassava croppmg systems and the role mtercroppmg could 
play m reducmg smlloss (d) the dangers of plantmg large productwn areas 
m a smgle genotype (e) the related matter of spectfic versus general 
adaptatton of culttvars (f) cassava producuon m tree plantattons (g) the 
need for pre relea se evaluatJon of cassava cult1vars and testmg productwn 
methods m farmers fields and (t) the relattve economtc trnportance of 
secondary d1seases such as Cercospora and the need for further research 

In general the concluswns ofthe discusston ~esswn were m lme With the 
mformatwn provtded by each speaker One tssue m whtch there were no 
clear concluswns was the degree of benefictal effects to be expected from 
mtercroppmg or rotattonal systems mvolvmg cassava and other crops 
parttcularly legumes such as ptgeon pea wung bean cowpea soybean 
and groundnut Data from the Phthppmes suggested that there were 
considerable benefits espectally m slowmg down the rate of yteld dechne 
often observed m monoculture systems Other data from Thatland whtch 
was not dtscussed m detatl at the workshop apparently ratses sorne doubts 
on the agronomtc and economtc benefits to be expected from mter 
croppmg Partlctpants were m strong agreement however that more 
research on stable croppmg systems mvolvmg cassava was of vttal 
tmportance m Asta 

A further tssue m whtch no clear concensus could be reached was m 
relatwn to the potentlal value of cassava mtercroppmg m plantatlon tree 
crops such as rubber Ltttle data extsted on the eventual yteld effects on 
the rubber when the trees were m thejuvemle stage as well as the effects on 
cassava from reduced solar radtatwn under the developed tree canoptes 
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Research to select cultlvars wtth adaptatton to shade condttwns was 
recommended by the parttctpants 

The parttctpants agreed that Cerwspora wa> mdeed prevalen! through 
out most of the cas~ava product10n zones m Asta but there was no clear 
consensos asto the degree of dttentton whtch should be gtven to the dtsease 
m future collaborattve network d.cttvttaes 

A number of more country spectfic 1ssue~ were d1scussed mcludmg (a) 
the problems related to cassava mosatc vtrus m lndta and the threat thts 
poses to the rest of the countnes m the regwn (b) the apparently htgher 
levels of fertthzer apphcatwn bemg researched m the Phthppmes and the 
hkely economtc advantages of thts leve] of apphcatwn to the cassava 
farmer (e) the yteld levels bemg quoted m vanety tnals m Indonesta m 
relatton to the very low ytelds bemg reported m commercial productwn 
throughout the vanous productton zones of the country and (d) the 
possJble mfluence ofwmter temperature regtmes on cassdva productton at 
subtroptcdllatttudes m Chma 

A general theme runnmg through the dtscusston was the need for more 
strongly stdted governmental pohctes m relatlOn to cassava research and 
development pnonttes It ts clear that most countnes except posstbly the 
Phthppmes ha ve not yet clearly defmed !he future role for cassava m thetr 
economtes The pdrttctpants recogntzed thts was m part due to the 
overwhelmmg tmportance of nce m Astan economtes On the other hand 
the need for tmprovement of crops such as cassava whtch are adapted to 
more stressful condt!lons of poor sotls and low and fluctuaung ramfall 
regtmes was clearly recogmzed by all Thts was further emphastzed by the 
clear recogmuon that most land areas m ASta whtch are avatlable for 
development are usually tn less favored areas of both s01l and chmate 
Cassava should be seen as a crop wtth stgmftcant development potenttal m 
Asta 
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Cassava-Based Farmmg Systems m Tropical Asia 
Research Issues and Development Needs 

Fredenck C Ro< he 

lntroductlon 

Cassava productwn m ASI2 can be expanded ellher through growth m 
areas planted to the crop or mcreases m y1elds on land airead y planted to 
cassava S•gmflcant growth m areas planted was confíned largely to 
Tha1land dunng the 1970 80 penod (Table 1) Cassava hectarage w&s 
stagnant or dechned shghtly m the other maJor producmg countnes for 
wh!Ch the data are reasonably rehable The ava¡lable mformatwn suggests 
that cassava areas wtll contmue to stagnate or decline m the regton as a 
whole dunng the commg years as long as there are no maJor changes m 
government pohc1es wh1ch affect th1s crop s farm leve! profítab1hty (1 e 
the Common Agncultural Pohcy and cassava 1mport hm1ts m Europe 
domest1c feed gram sweetener and energy pohc1es w1thm As1a) 

Growth of cassava areas m Tha1land 1s hkely to taper off as more 
stnngent enforcement begms of both the European quotas and Tha1laws 
protectmg forest reserves where much of the new plantmgs occurred 
dunng the 1970s (Falcon et al 1984) In the densely settled areas of Jav 
and the Ind1an states of Kerala and Tam1l Nadu the expanswn o 
trngatton and tree crops reduced cassava areas and should contmue to d< 
so m the future Considerable unopened land could potenllally be plantee 
to cassava m the Phihppmes Malays1a and the Islands of Indonesia othe 
than Java but thts would often reqmre maJar pubhc mvestments 1 

mfrastructure The expanswn of cassava plantatlons as occurred m part 
of Indonesia dunng the 1970s seems unhkely m the future beca use of th 
uncertam prospects for cassava pnces Even dunng the recent years < 
nsmg demand mduced by European pohcy cassava pnces were m 

Fred k C Roch Wl b th Agn 1 aJ Devel pm C tll BWljyUvers 
MaJang 1 d es M h f Jns p pe bascd p h b 's dts rt assa p oduct 

J d Mad (Roch 1983) and m re mpl dy rcassa h 1 d l&ll r 
ys m (Fa! al 1984) M h r h m al cass lscwh re As 1S based p l}'ll 

(1983) 
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suffiCient lo encourage much substilUtiOn of cassava for othercrops under 
ASidn small holder condll10ns 

In su m --growth m cassava output WIII depend u pon the development and 
farm leve! adopt10n oftechnologtes whtch mcrease producttvtty Because 
the total demdnd curve for CdSSdVd IS probably me!dsliC Withm the rdnge of 
pnces ltkely m v1ew of present pohctes the pnnctpal research goal must be 
to reduce product10n costs There ts constderable ev1dence that appropnate 
technologies exisl conSIStmg pnncipally of locally adapted vaneues 
careful select10n and perhaps fungicidal treatment of stdkes proper 
weedmg and mamtenance of sml fertiltty However wtth the parual 
except10n of weedmg and fertth7er use these practtces have not yet been 
expl01ted m most of Asia Consisten! rehable trends toward higher 
cassava ytelds were reported durmg the last decade only m Indonesia and 
Tamii Nadu where cultivauon pracuces are relatJvely labor mtenstve and 
chemical feruhzers are directly and mdirectly apphed to cassava In 
contrast reported average y1elds are dechmng m Thatland m part beca use 
sml fertthty has been degraded under contmuous cassava cultivation 
without ferllh7er amendments (Smthuprama 1979) 

A Simple yet analytically useful medn; of assessmg the potenllal for 
mcreased cassava ytelds hes m the dtstmctwn between current farm ytelds 
economically opllmal yiC!ds and the maximum farm yields that could be 
obtamed wtth present technologie\ w1thout regard to mput costs Current 
farm yields are doubtles; well below the techmcal ceihng m most of Asia 
With the difference bemg largest m Indonesia The gap between curren! and 
economtcally optlmal ytelds ts less clear however and vanes among 
countnes as a result of mput pnces market opportumt1es and farmer 
knowledge In lndonestd for example s•gmficant economtc mcentave 
ex1sts for mcreasmg cassava producttVIty present average ytelds could be 
doubled profitably m many are as with avaiiable technology (Roche 1983) 
In contras! average yields are reportedly already very high m the mam 
producmg are as of lndta but dechmng relattve pnces of nce the pnnctpal 
staple oflocal diets m ay hmit the growth of market demand for subslltute 
staples such as cassava and thus reduce the mcenttves for even h1gher 
y1elds through mtenstftcatton of present cultlvatwn practtces (Lynam 
1983) Both m pul and output markets are hkely to ha~e adverse mcentive 
effects m Thailand where cassava pnces are determmed largely by 
European demand and fert1hzer 1s a very expenstve mput (Smthuprama 
1979) 

The followmg pages d1scuss techmcal and econom1c constramts o 
greater cassava product1V1ty m As1a The discussion wlll focus most 
heavlly on Indonesia but contrastmgexamples from other As1an countnes 
wiii be offered when possible The first sect10n deals more fully with 
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tmproved cassava cultlvatiOn practtces for ratsmg farm ytelds The second 
sectton descnbes the program requuements and necessary economtc 
mcent1ves for the adoptwn of 1mproved cultural practlCes and d1scusses 
sorne secondary effects of greater cassava produchvtty sml eroswn and 
water pollutwn from starch productwn The final sectwn concludes by 
summanzmg the pnnctpal tssues for future agro-econom1c research on 
cassava m Asta 

Improved Cassava Cultlvatlon Practlces 

The agro chmattc condttwns of cassava productwn vary constderably m 
Asta Cassava ts almost exclustvely a ramfed crop and ts planted mareas 
Wlth W1dely varymg levels and patterns of seasonal ramfall Although most 
cassava 1s grown al allltudes below 1 000 meters topograph1cal cond1t10ns 
range from leve! lowlands to steep and often unterraced h•lls1des Smls 
vary correspondmgly from deep and fert1le to thm and h1ghly degraded 
Because of cassava s agronomtc charactenshcs however tt ts most com 
monly grown m envtronments representmg the less favorable extremes of 
these spectrums lt 1s toleran! of drought and poor smls and 1s less prone 
than the other maJor food crops to severe losses to pests and dtseases 
Although producllVlly 1s typ•cally low cassava y1elds rehably and as a 
result the crop adds stab1hty to farmmg systems ID margmal upland areas 

The soctoeconomtc charactensttcs of cassava producmg areas also vary 
w1dely Populatwn dens111es and labor ava¡labihly are low m northeast 
Tha1land and on the lndones1an 1slands off Java Populatwn pressure 1s 
much h1gher on Java and ID lnd1a w¡th the result that cassava 1s often 
mtercropped 1Diens1vely w1th staple and cash crops In the better endowed 
producmg areas oflndonesta farro tncomes are relattvely htgh and cassava 
JS grown pnnctpally for market but the crop ts a baste subststence staple m 
poorer regtons where tts tmportance m terms of area ts greatest 

The nature and mtenstty of cassava croppmg systems are dtverse but tt 
1s generally true that labor 1s the maJor vanable productwn mput Labor 
mtenstty van es as a functton ofpopulatton denstty land producttvtty and 
market opportumt1es for outputs and for the farmer s own labor Reported 
labor use m cassava productton ranges from 60 75 days per hectare mareas 
ofTha1land Malays1a and the Ph1hppmes lo 440 550 days per hectare on 
densely settled Java(Lynam 1983 Roche 1983) Ammal and mechamcal 
power are used m land preparatton and ttllage operattons m sorne regtons 
while manual labor predommates m others The generally low use of 
non labor mputs parttcularly fertthzer ts related to cassava s agronomtc 
charactensttcs but ts more fundamentally determmed by economtc 
constramts relattve pnces market mformatton and farm cash mcomes 
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The vanab!ltty of productlon envtronments wtll comphcate efforts to 
develop and pro mote tmproved culttvatwn practlces for cassava Research 
and extenston recommendattons must be ]ocahon spectfic parttcularly ID 

regard to vanetles and the mtenstty of labor and non labor mput use lt 
appears that general recommendatwns can be made for only a few spectfic 
practtces most notably the preparatwn of plantmg maten al and weedmg 

As a first step m the destgn of a regwnally coordmated program for 
cassava a very useful research task would be the development of an 
operatwnal typology of Astas cassava productwn envtronments based on 
agro chmattc and socweconomtc entena Such a typology should assess 
the stgmftcance of these env!Tonments m terms of area populatton present 
and potenttal producttvtty and spectfic constramts The stmple classtfica 
tlon of Javas producmg areas m Table 2ts a first step m thts dtrectwn but 
would requtre considerable amendment to be of practiCa! value to 
agncultural sctenttsts A goal for the typology should be that the vanables 
are eastly quanllfiable usmg secondary data or raptd field measurement 
techmques 

Cassava vanetJes 

Research at CIAT and other cassava centers has demonstrated the 
benefits of locally adapted vanettes as one componen! of a package of 
tmproved practlces for cassava (see for example Toro 1979) The 
development and release of supenor vanetles wtll be a maJor goal of future 
cassava research ID Asta and wtll reqmre an active commttment to the crop 
on the part of natwnal agncultural agenctes The case of lndonesta ts 
perhaps typteal Although yteld tnals of local and mtroduced vanelles 
ha ve been conducted by agronomtsts ID many areas and for many years no 
senous efforts ha ve been made by the extenswn servtce to demonstrate and 
release appropnate vanettes at the farm leve! 

The agronomtc charactensttcs destred of supenor vanettes wtll depend 
u pon the agro eh mate farmmg systems and end uses of cassava m a gtven 
producmg area Although cassava 1s relahvely tolerant of actd smls and 
drought appropnate vanehes must be selected m accordance wtth local 
condtttons of pH and seasonal ramfall In regwns where mtercroppmg ts 
practtced as m much of Indonesia the cassava vanety must be 
appropnate for the plantmg and growth patterns of the compamon 
mtercrops across space and ttme How well new cassava vanettes fit mto 
current mtercroppmg systems wtll be a maJor determmant of thetr 
acceptabthty to farmers who may v1ew cassava as secondary m tm 
portance to the mtercrops desptte the fact that cassava often contnbutes 
the largest smgle share to the total value of output In general the van elles 
most demable wtll be non branchmg types whtch estabhsh canopy cover 
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slowly over the course of 3 or 4 months but the speClfic reqUirements wiii 
vary dependmg u pon the growth hab1ts of the pnmary mtercrop gram 
legume or vegetable When cassava ts mterplanted among tree crops 
shade tolerance wtll also be a relevant constderatton m vanetal research 
Fmally h1gh starch content IS a demable quahty of cassava van elles m all 
productwn systems but root color mmsture percentage and HCN 
contentare addtttonal concerns when the crop ts to be duectly consumed m 
fresh form 

Preparahon of cassava plantmg material 

In Indonesia as IS probably true throughout most of Asia cassava stalks 
are stored under adverse temperature and humtdtty condtttons for penods 
of2 to 4 months between harvest and replantmg Javas farmers report that 
stgmflcant percentages of cuttmgs often fati to germmate and must be 
replaced severa! weeks mto the growmg season CIAT strongly recom 
mends the careful storage handlmg and selechon of plantmg matenal m 
order to ensure h1gh sproutmg rates and v1gorous early growth (Lozano et 
al 1977) An mexpens1ve fungicidal treatment has also been recom 
mended pnor to plantmg but recen! research has called th1s pract1ce mto 
questwn because of a potenhally negat1ve effect on m;corrh1zal fungi 
wh1ch hve symbiO!Ically w1th plant roots and facihtate cassava s uptake of 
phosphorus (Howeler 1980) Because CIAT s recommendatwns can 
stgmficantly mercase ytelds for a very low cost per hectare research and 
extenswn for these practtces m Asta should certamly be gtven a htgh 
pnonty 

Cassava pests and dtseases 

Cassava s reputatwn for pest and dtsease reststance m ay be warranted m 
Indonesia but httle rehable mformauon extsts and the matter deserves 
systematiC study On Java the mc1dence of red sp1der m1tes ( Tetranychus 
urt1cae) and cassava ash d1sease ( O!d!Um mamhot1s) IS often h1gh durmg 
the dry season but the resultmg damage 1s apparently mmor rarely do 
farmers report losses exceedmg 20% of expected y1elds Cassava bactenal 
bhght (Xanthomonas mamholls) IS reputed to be a senous concern m 
Isolated areas of north Java and Withm the past few years on sorne 
cassava estates m the provmce of Lampung Sumatera but IS probably of 
mmor tmportance overall m Indonesia Vanous types of cassava root rot 
problems caused by sml fung1 are common on heav1ly textured poorly 
dramed smls but overalllosses are agam reportedly small Th1s sketchy 
mformatwn IS based largely on farmer mterv1ews and should be augmented 
by more systematlc research by plan! protectwn spec1ahsts The assessment 
of the economiC 1mportance of cassava pests and d1seases m As1a would be 
an Importan! objeCtive of the productwn systems typology proposed 
above 
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Weedmg 

Proper weedmg of cassava IS known to be Importan! for h1gh 
producttvtty Only the more v1gorous cassava vartettes can compete 
successfully agamst weeds durmg the first 3 to 4 months of the crop s 
growth (Le1hner 1980) In labor abundan! agncultural econom1es such as 
Indonesta and Indta current manual weedmg practtces may already be 
adequate On Java and Lampung for example labor use for weedmg 
ranges between 70 150 days per hectare m typical cassava croppmg 
systems (Roe he 1983) However m the cons1derably less mtens1ve cassava 
systems of Tha1land Malays1a and the Ph1hppmes msufficient manual 
weedmg may be contnbutmg to reduced y1elds In these systems total labor 
use 1s reponed to range between 60 75 days per hectare (Lynam 1983) To 
the extent that labor availabihty and h1gh wage rate are hm1tmg factors 
alternatlve cultural and chemtcal practtces can substttute for manual 
weedmg Le1hner (1980) reports success w1th a vanety of weed control 
techmques mvolvmg vanous combmatwns of capttal and labor mputs m 
Colombia (Table 3) Mulchmg wh1ch also adds orgamc matter and 
conserves sml mmsture could be a parttcularly attracttve posstbthty m 
As~an farm settmgs where there ex1st read1ly available supphes of raw 
ma enal (nce ma1ze and sugarcane res1due) Beca use properweed control 
can have a maJOf tmpact on cassava ytelds research and extenswn for 
these techmques could be h1ghly profitable for As1an farmers 

Cassava ferllhzer requirements 

Cassava can produce large amounts of dry matter per umt of land and 
as a result the crop wiii extrae! considerable sml nutnents dunng the 
course of 1ts growth Y Ields of contmuously cultivated cassava tend to 
declme when these nutnents are not replaced even though cassava wiii 
contmue to produce relatively well on h1ghly mfert1le smls m companson 
to alternauve crops There 1s considerable agronom1c evidence of cassava s 
gene al fertihzer responsiveness m Asia although there has been vanance 
both withm and among countnes m the effect of spec1fic nutnents 
Howeler ( 1981) cites research conducted m India Tha!land Malaysia and 
Indonesia and concludes that mtrogen and potassmm are the pnncipal 
hmttmg nutnents m Asia Cassava s response to phosphorus has usually 
been mmor 

Thts general pattern has also been observed m agronomtc tnals on Java 
where per hectare fertihzer recommendatiOns range between 70 135 kg N 
30-45 kg P20 5 and 50 100 kg K (Indonesia vanous years) Withm these 
levels of apphcatiOn farmers can expect to obtam between 10 35 kg of 
cassava for each kg of fert1hzer used on average Pnces of urea and tnple 
superphosphate (TSP) are heavily subsidized m Indonesia and at present 
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cassava pnces farmers m Javas more margmal areas could expect the 
mcremental value to-cost ratws from fert1hzer to range between 4 6 1 
(FAO 1979 Effend1 1980) 

Desp1te the apparent profitab1hty of ferllhzer and 1ts ready availabihty 
m markets on Java offictal stahsttcs and extenstve field observatwns 
suggest that httle IS generally apphed d~rectly to cassava (Roche 1983) 
Low average ferllhzer use on cassava has also been reported m Tha1land 
Malays1a and Kerala (Weber et al 1979) A deta1led understandmg of 
the econom1cs of cassava fertihzatwn m Asia would seem to be a key 
research pnonty Fert1hzer pnces m ay be too h1gh to JUSllfy the use ofth1s 
mput m Tha1land Desp1te the subs1d1es m Indonesia ferllhzer IS 
nonetheless an expenstve mput for Javas small farmers who have 
traditionally allocated hm1ted mputs to preferred staple crops and may 
often be unaware of cassava s fertthzer responstveness 

Suffic1ent ev1dence ofthe potenllal profitab1hty offert1hzer use ex1sts m 
Indonesia to warrant a senous program of on farm research extenswn 
and demonstratwn tnals m the maJOr cassava prod ucmg areas F arm level 
fert1hzer tnals would serve two 1m portan! purposes They would result m 
locally appropnate recommendations fordosages of spec1fic nutnents and 
would be a veh1cle for showmg farmers what they could be ach1evmg 

The spectfic concerns of on farm research and extenston wtll vary m 
Asta dependmg upon relattve ferhhzer and cassava pnces local chmate 
and sml cond1t10ns and present cassava culttvatiOn practtces In Indone 
sta spectal attentwn should be gtven to the overall nutnent requuements 
of mtercroppmg systems whtch mclude cassava upland nce and ma1ze 
Particular attent10n should be gtven to cassava s potasstum needs because 
forms of thts nutnent are expens1ve and scarce m markets Although 
cassava s response to potasstum has not been conststent m lndonestan 
agronom1c tnals 1! has often been large and h1ghly s1gmficant where 
observed The prachce of cassava leaf removal pnor to root harvest ts 
w1despread resultmg m lower root y1elds of many vaneues and forestalhng 
the natural recychng of mtrogen that would occur 1f fohage were left to 
decompose m the sml The econom1c benefits and costs of th1s pract1ce 
should be mvest1gated Methods of fert1hzer apphcatwn can probably be 
1m pro ved m upland areas where fert1hzer broadcast on steep hillsides can 
be lost w1th sod runoff 

Cassava mtercroppmg systems 

Although most of As1a s cassava IS planted m pure stands cassava 
mtercroppmg predommates m several reg10ns and IS parttcularly smted to 
small labor mtens1ve farms IndlVldual crop y1elds may be lower m 
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mtercropped stands but overall land productiVIty IS generally much 
greater and the stabihty oftotal carbohydrate output (food calones) may 
be higher as well * Cassava mtercroppmg reqmres more labor mput than 
pure stands wtth posttlve Imphcatwns for employment and mcome 
dtstnbutwn m rural Asta For these reasons research on mtercroppmg 
systems wlll often be more relevant than research on cassava alone 

Cassava mtercroppmg systems vary Widely m Asia Staple cereals and 
legumes are typical mtercrops throughout IndoneSia while systems 
mvolvmg cassava and tree crops are satd to be more common m Indta and 
Malaysia (Weber et al 1979) A systematiC agro-economic assessment of 
the more common systems would constttute a useful startmg pomt for a 
regwnally coordmated program of cassava mtercroppmg research A 
pnmary goal offuture research should be to bmld u pon curren! systems by 
developmg Improved croppmg pracllces that are appropnate for the 
speclfic condttiOns extstmg at the farmer s level New croppmg systems 
wh1ch dtverge too greatly from current practtces or whtch reqmre too 
much of a scarce mput are hkely to be unacceptable to farmers Cassava 
mtercroppmg research m Indonesta tllustrates thts pomt 

In the western Islands oflndonesia where ramfallis relallvely abundan! 
the basiC ramfed mtercroppmg systems consist of maize upland nce and 
cassava (Figure 1) The nce and cassava are planted at near pure stand 
density (25 cm x 25 cm and 1 m' respecllvely) while maize IS planted m 
Wide rows M mor legume crops may be mterplanted along field edges and 
can cuntnbute sigmflcantly to total output value Moderate quanlllles of 
ferllhzer and occaswnally pestiCides are used on the cereals but httle or 
none are d~rectly apphed to the cassava 

Dunng 5 crops years between 1973 78 agronomic research on this 
croppmg system was conducted on actd mferttle smls m transmtgratiOn 
areas of Sumatera The results demonstrated that productlVlty and 
profitabihty can be mcreased substantially with locally adapted combma 
llons of selected crop vaneties (mcludmg new late season legumes) greater 
fertthzer and pesttctde use mulches and plant spacmg arrangements 
whtch reduce competttlOn for sunhght The new agronomtc practtces were 
consistently supenor dunng all5 years of the expenments and also reduced 
the vanabihty of output and net profitabihty (Table 4) Absolute vanance 

Th d g d fg b 1 ty ar y d t od l arly and d rv f rth dy 
I pped pe m y p V<d phy albmcs ""' dd "" trsandmy <ertat 

p .. gm ~ t m -< m t wh h mi"' re dhmtdy d re 
f bl dtt" f S M re (1979) Al ly y Id f "'I t d p m y 

mply d "" g Iy p g wth f p y u t balanccd by m re 
g wg wth f h 



600 

500 e g 
400 

~ • 300 
~ 

200~ l :a 

;l; 

lOO 

l 

1 J ' ' o 
OCT NOV DEC JAN FEB MAR APR MAY JUNE JULY AUG SEP 

MAIZE 

UPLAND RICE PEANUTS RICE BEANS 

CASSAVA 

CRIA has ercr pp gp tt mWlth mp d p an t d lt alpac ce 

1 MAIZE - 1 
/ UPLAND RICE / 

1 CASSAVA / 

e rr f m ppgpttrnwhad w not CRIA t L mp gp VI ce S m t 

Fg Cmndmp d as te pp gptt ns nth Sumt mg 1 as 

S 1m 1 Cropp g > m h mmg asS hSm 1978 CRIA B g 1979 



Tabl 4 M d m r lb 1 lm 1 1 1 eRIA 1 pp g h e 1 1 L mp g S m t p y 
1973/74 1977/78 (p h 1 1 ) 

VI fm 
M U pi d p t R b e d (000 Rp) 

L 11 ni 1 

M y Id (t) 212 595 286 050 6 860 331 5 

SD 153 275 121 041 4 473 180 o 
eV(o/) 721 46 3 42 4 86 o 65 2 54 3 

L 12 lrth +1m 

M y Id (t) 1 828 2 024 525 321 19 580 1 159 o 
SD 279 653 172 258 3 113 180 8 
eV(o/) 15 3 32 3 32 9 80 3 15 9 15 6 

L 13 r rt 1 lm +m 1 h 

M y Id (t) 2 031 2 280 601 388 23 740b 1 352 4b 
SD 428 695 115 305 7 858 263 7 
eV(o/) 21 1 30 5 19 2 78 7 33 lb 19 jb 
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of output mcreased wtth average ytelds but coeffictents of vanatwn 
dechned Sigmficantly for most crops as a result of the use of fertihzer hme 
and m u le hes The mercase m vanance was very small for the early matze 
upland nce and cassava suggestmg stabihty m overall output of the maJOr 
staples of the system 

Des pite these apparent benefits an evaluatwn m 1980 mdicated that the 
new recommended practiCes had not been adopted by any of the farmers 
hvmg near the expenmental sttes (personal commumcatwn Rtchard 
Bernsten Wmrock lnternatwnal) The smgle exceptwn was one large 
farmer who planted the Improved systems on O 5 ha of his 10 ha holdmg as 
a cooperatlve demonstratton exerctse w1th the local extenston servtce It ts 
hkely that the Improved system was simply too labor and capital 
mtenstve to be feastble under the condtttons oftransmtgratton arcas where 
markets for labor credit and other mputs are poorly developed The 
complexi!Ies of the Improved system also put a heavy burden on the 
extenswn servlCe 

These practtces would be much more appropnate m the labor mtenstve 
uplands of Java but differences m s01ls and ramfall would probably 
prevent the duect transfer of the Sumateran research results E ven on 
Java competmg demands for farm labor ~for example m Irngated nce 
fields~ would occaswnally confliCt With the seasonallabor reqmrements 
of the Sumateran system In su m an understandmg of resource avatlabthty 
and farmer deciston makmg ts an essentlal ftrst step m the development of 
locally adapted cassava croppmg systems 

Pohcy lssues and Program Reqmrements 

Cassava productivlty mcreases will reqmre both locally adapted cost 
reducmg technology and the economtc mcenttves for tts farm level 
adoptwn The latter will depend pnmanly u pon cassava pnces although 
the cost of mputs par!Icularly fer!Ihzer Will also be Importan! The 
commitment to develop and extend new technology wdl depend on the 
perceptwns of pohcymakers asto the poten!Ial role for cassava m meetmg 
food pohcy objecttves mcreased mcomes of poor farmers adequate 
nutntton for poor consumers food secunty and effictent economtc 
growth (Falcon et al 1984) Env~ronmental concerns wdl also be relevan! 
m the case of cassava 

In many Asian countnes dunng the 1960s and 1970s a considerable 
degree of centrahzatwn was posstble m natwnal programs of research and 
extenswn for the new trngated wheat and nce technologtes The ltmtted 
research resources of the nattonal programs were concentrated m a few 
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sttes m the successful efforts to adapt the feruhzer respons1ve vanetles 
developed 1mt1ally at the mternauonal centers In lndones1a a smgle 
extens10n and cred1t package B1mas paddy was orgamzed and adopted 
throughout most of the country s 1rngated nce areas It IS unhkely that 
such centrahzat10n w11l be poss1ble m the 1980s as pohcy attentlon IS 

focused mcreasmgly on non nce crops and the development of Indonesias 
agro-chmatically vaned ramfed areas 

Program reqmrements 

The elements of a package of 1mproved pracuces could be h1ghly 
profitable for As1a s cassava farmers However the vanab1hty of As1a s 
uplands and the particular agro chmatlc constramts of many cassava 
producmg areas wiil reqmre that adaptive research be much more site 
specific than was the case for Irngated wheat and nce Beca use well tramed 
research staff are hm1ted the respons1b1hty for 1dent1fymg and testmg the 
pnmary components of Improved cassava systems -vaneties fertihzers 
and mtercrops- must fall u pon local extens10n workers to agreaterextent 
than m the past In Indonesia these workers ha ve been tramed pnmanly m 
product10n methods for nce and add1t10nal short term trammg may be 
necessary m the complexities of ramfed croppmg systems 

Input distnbutiOn systems are hkely to constitute senous constramts m 
efforts to dehver new technologies to farmers The mtroductlon of new 
cassava vaneues wiii be slow unless rap1d propagat10n methods are 
utlhzed but the apphcat10n of these techmques has not yet been 
undertaken m Indonesia Feruhzerd1stnbut10n channels for urea and TSP 
are well developed on Java but feruhzer 1s less read1ly ava1lable on the 
other 1slands and potassmm 1s d1fficult to obtam throughout the country 
Dehvery capac1ty would also be a severe constramt to the adopt10n of 
Improved mtercroppmg systems based on Improved vaneties because 
Indonesias breeder seed product10n programs are presently very small for 
crops other than nce 

Marketmg mfrastructure must also be developed m both the 1solated 
uplands of Java and more generally on the Indones1an 1slands off Java 
Feeder roads wlll reduce marketmg costs and enhance the farm level 
profitab1hty of all upland crops but would ha ve a partiCularly large 1mpact 
on cassava because of this crop s low value to weight ratio and per 
1shab1hty (see Unnevehr 1982 for a deta1led d1scuss10n of cassava 
marketmg m lndonesta) Pnvate or pubhc mvestment m small to medmm 
scale cctssava processmg facilities would be one way of mcreasmg farmer 
returns m Isolated areas and would also generate employment dunng 
cassava harvest penods 
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Farm credit may be an additwnal program reqmrement ID many upland 
arcas espectally for cassava systems With new fert1hzer recommendattons 
and foriDtercroppiDgsystems Upland farmers tend to be more subsistence 
onented than the1r lowland counterparts and the1r abihty to purchase cash 
1Dputs IS often hmited Because repayment rates ha ve been disappoiDtiDg 
ID Indonesias credit programs for nce It may seem difficult to JUShfy 
credit for secondary less preferred staples hke cassava which are grown 
under more mherently nsky ramfed condlttons However cassava tends to 
yield rehably and larger shares of product10n are marketed by farmers than 
IS typiCal for other staple crops High and relallvely stable cash receipts 
would const1tute a sound bas1s for crcdtt programs for cassava as 
compared to other raiDfed crops lt might be poSSible to lle the extenswn of 
new technology and farm credit to final sales of cassava to local processors 
whether pubhc or pnvate Vanous types offarmer processor hnkages are 
now beiDg attempted m Indonesia but the results have not yet been 
tnvestlgated 

Although there could be a role for the pnvate sector m the extenswn of 
new cassava technology the tasks of Imllal research and development 
must be a government responstbthty The necessary adapttve research has 
yet to begm m earnest m Indonesia where agronomtc work on cassava ts a 
secondary acttvtty at the country s majar agncultural research mstttutiOns 
The abo ve dtscusswn has rehed on lndonestan examples but tt ts probable 
that many of these program constderattons wtll anse elsewhere m Asta 
Gtven the predommant tmportance of nce m Astan food econom1es the 
commttment to develop cassava and more generally raiDfed cropp1Dg 
systems could result m senous trade offs m the allocat10n of hmited 
research resources among nce and other crops 

Cassava s role m food and farm pohcy 

In vtew of the complextttes IDvolved ID develop1Dg and promotmg new 
technolog1es for cassava croppmg systems pohcymakers must be con 
vmced that the social benefits outweigh the mvestment costs The balance 
between benefits and costs Will be mfluenced by the expected supply 
demand and pnces of cassava and cassava substttutes ID domesttc and 
world markets The potenllal benefits of Improved farm practices m 
relallvely poor agncultural areas might also be weighted heavlly by 
pohcymakers 

Cassava pnces m Asian producmg countnes will generally be determmed 
at the mtersectwn of the domesllc supply curve and the total demand curve 
representmg domestiC and mternatwnal markets In Indonesia the 
IDternattonal supply curve of cassava starch becomes a determiDant of 
pnces tn years oflow domesttc food supphes but th1s occurs IDfrequently 
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accordmg to Falcon et al 1984 G1ven present trade pohc1es m the major 
Cdssava tmportmg countnes the mternauonal demand for cassava ch1ps 
pellets and starch 1s pred1cted lo grow slowly or stagnate dunng the 
commg years (Nelson 1982 Lynam 1983) As a result most As1an 
producers would be forced to rely u pon the domestlc market to absorb the 
productiOn mercases posstble wtth new technology However the pro 
fltabl11ty of alternauvedomesuc uses of cassava w11l contmue to be affected 
by the strength of the pnce hnkage between As1an producers and world 
markets for cassava products 

Cassava s role as a cheap calone source for poor consumers would be 
enhanced tf supply mcredses lead to lower pnces However evtdence from 
lndones¡a lnd1a (Kerala) and the Ph1hppmes md1cates that the duect 
demand for cassava declines as consumer m come nses (Lynam 1983) The 
demand for food and non food products made from cassavastarch IS hkely 
to mcredse wtth mcome but per cap1ta consumptton of these products IS 
relat1vely low Hence the total duect demand for cassava w11l grow more 
as a functwn of populdtiOn than of consumer mcome although domesttc 
pnce pohc1es for other staple foods partlcularly nce and wheat flour w11l 
mfluence the overalllevel of cassavd demand at any pomt m ttme 

The two prmc1pal sources of new cassava demandare the hvestock feed 
and sweetener mdustnes Consumer demand for meat products and 
~weeteners tend~ to be h1ghly mcome elast1c and IS expected to grow 
rap1dly w As1a dunng the commg decade In the sweetener wdustry 
cas~avd would compete w1th matze and sugarcane m supply(crop areas for 
productwn of raw matenals) and m demand Cassava would compete 
pnnc1pally wllh ma¡ze m compound feed mixtures but the profitab1hty of 
dned cassavd m ratwns wiii also depend upon the pnces of protem 
supplements such as soybean and leaf meals 

Domesllcally produced cassava could subslltute for maiZe w the 
Malays1an Ph1hppwe and lndones1an feed mdustnes (Lynam 1983) In 
Malays1a and the Phthppmes such a substitutwn could result m stgmficant 
fore1gn exchange savmgs (Table 5) The eff1c1ency of th1s subslltutwn 
depends u pon world cassava and matze pnces and the relattve domeshc 
resource costs of producmg feed mgredtents lmproved cassava tech 
nology would doubtless reduce product1on costs per ton of output 
conservattve estlmates from Java suggest that selected varietles and 
mcreased fertiJ¡zer use could lower productwn costs by as muchas 35% m 
pure stand cassava systems (Roche 1983) At the same lime new downy 
m1ldew res1stant hybntl ma1ze technolog1es could have an equally 
dramat1c tmpact on matze productton costs m Asta (Dorosh 1984) 
Demonstratwn tnals and extenswn programs for hybnd ma1ze have 
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begun m the Ph1hppmes and lndones.a but the data necessary for a 
deta1led evaluatwn are not yet ava1lable 

The potenhal for cassava ts more problematlc tn the sweetener mdustry 
Al curren! and pro¡ected world pnces of cassava and raw sugar Ibis end 
use of cassava could be ¡usllfied only 1f very h1gh pnonty IS placed on 
domesllc food secunty ob¡ectives Malays1a and Indonesia depend upon 
tmports for large percentages of domesttc sugar requtrements and 
mternatwnal sugar pnces ha ve histoncally been qmte volatde Cassava or 
corn based sweeteners would be a means of reducmg tmport dependence 
In Indonesia th1s subslltutwn would perm1t producllve Irngated land lo 
be taken out of can e productiOn and u sed mstead for nce a more valuable 
crop for wh1ch 1mport dependence IS also h1gh However the necessary 
mdustnaltechnology IS capital mtens1ve and costly as compared lo that 
for refmmg cane sugar Fm cassava large substdtes would be necessary to 
make fructose productwn profitable al the present lime Such a subs1dy 1s 
prov1ded Imphcitly m Indonesia m the form of trade barners wh1ch result 
m htgh domesttc pnces of refined sugar Severa! medtum scale cassava 
fructose plants are curren ti y operatmg or under constructlon These plants 
wiii be moderately profitable at the levels of present domesllc pnces but 
the1r compelilive edge would d1sappear enllrely 1f sugar trade restncllons 
were ehmmated (Roche 1984) As w1th cassava s potential role m the feed 
mdustry however th1s outcome could be mod1fied 1f cassava product10n 
costs and pnces were lowered suffictently 

In sorne of the better endowed ramfed areas of Indonesia cassava 
ma1ze and sugarcane are substltutes m farm product10n A vanety of 
government pohc1es both domesuc and externa! affect the relallve 
profitab1hty of these crops m d1fferent ways Farmers at limes respond 
rap1dly to changmg pohcy mcenuves by makmg s1gmficant subsututwns m 
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areas planted Programs to develop and extend new technowgtes wtll 
further affect relauve profitabthty 

Senstble poltcy dectstons should be gutded by a detatled understandmg 
of the pnvate and soctal profitabtltty of curren! and tmproved product10n 
systems for cassava matze and sugarcane on stmtlar land types m 
Indonesia Imttal studtes tndtcate that the farm leve! profitabthty of 
cassava exceeds that of matze under the culttvatwn practiCes currently 
recommended by local extenswn servtces (Suryana 1980 Roche 1983) 
However comparative studtes of sugarcane ha ve not yet been undertaken 
and there ts also a need for systemauc compansons ofhybnd malle wllh 
cassava grown under the full set of tmproved practtces outhned m the ftrst 
sectton of thiS paper 

The poss1btht1es for crop substttutlons are fewer m Indonesta s poorer 
agncultural areas where cassava tends to have a maJOT role m farmmg 
systems On efftctency grounds one would normally argue for concen 
tratmg cassava research and extenswn efforts m reg10ns of htgh potenttal 
produchvity and ass1gmng lower pnonty to margmal product10n en 
VJronments The development of tmproved technologtes would be more 
dtfficult m areas agro chmatlcally constramed by poor sotls and ramfall 
but the relauve tmpact on farmer mcomes could be substanttal Although 
absolute yteld potenual may be low the real costs of cassava productwn 
are hkely to be low as well because alternattve opportumttes for land and 
labor are hmtted Hence the trade off between eqmty and effictency may 
be m mor m efforts to mcrease cassava producttvity The pnnctpal chOice ts 
hkely to be between development costs and the regiOnal dtstnbutiOn ofthe 
beneftts of tmproved cassava technology 

The above examples have agam been drawn from Indonesta but the 
generaltssues are relevant m varymg degrees throughout Asta Cassava s 
multtple end uses reqmre that prospects for the crop be assessed wtthm the 
full matnx of pohctes affectmg the supply and ulttmate demand for Astas 
baste staples The potenttal substttutiOn mterhnkages m demand wtll be 
stronger than those m supply because cassava ts a mmor commodtty m 
ASid s most productJVe agncultural areas 

Cassava sml erosaon and water pollutmn 

Cassava has the undeserved reputauon of betng a sml depletmg crop 
Cassava does extract large quantittes of sml nutnents and sml feruhty wiii 
naturally dechne 1f these nutnents are not replaced but cassava s nutnent 
removalts not excesstve as compared to other staple crops (Jones 1959) 
However because cassava tolerates poor smls tt tends to be a maJor crop 
m steep and htghly eroded areas where httle else can be grown as 



334 e a A a 

profítably U nder such cond1t10ns cassava can accelerate eros10n because 
of hm1ted cano-py cover dunng lis early growth and sml movement durmg 
harvest Although a number of amehorallve mnovatiOns should be 
mvesllgated they would not conslltute a complete solutiOn lo a d1lemma 
brought about fundamentally by the presoure of people on land m As1a 

Bench terracmg would be h1ghlv demable on steep h!IIS!des but the 
labor costs would be perce1ved as excess1ve by most farmers parllcularly 
mareas such as northern Tha1land where much cassava 1s planted !llegally 
on state forest lands The effecl!ve enforcement of land use proh!b!l!ons 
would be admmlstratlvely d1ffícult and m1ght result m unacceptable soc1al 
tenswns m forest areas The plantmg of cassava on contour ndges 1s an 
mtermed1ate step that should be encouraged where poss1ble Mulchmg 
would be a complementary pracl!ce that could also ra1se cassava y1elds 
The use of feruhzer part!cularly mtrogen would promote faster canopy 
closure early m the crop s growth when eros10n potenllal 1s greatest 
However farmers m As1a s margmal uplands are generally the least able to 
purchase fert1hzer Cassava mtercroppmg systems prov1de denser ground 
cover than pure stands but would be techmcally d1fflcult lo develop on 
unterraced h!IIS!des where topso!l loss !S most severe 

S mi runoff 1s not the only problem assoc1ated w1th cassava productiOn 
Effluents from cassava starch processmg consl!tute an addliiOnal form of 
water pollut1on that can have senous envtronmental effects In Indonesia 
cassava wastes have damaged nce crops caused mtestmal tllnesses m 
humans and hvestock and made water supphes 1mpotable m areas 
downstream from starch faetones m southern Sumatera (Jakarta Post 
1984) F1eld observallons suggest that Slm!lar problems could be common 
m the starch production centers of west and east Java Environmental 
damage w11l grow m magmtude as starch productton expands but there 
are at present no exphctt regulatwns to control thts form of mdustnal 
pollutton An assessment of the costs and beneftts of alternahve remedtal 
measures should be cons1dered as part of a regwnal program for cassava 
development 

ConclusiOn 

Substantlal agronomtcevtdence supports the v1ew that acombmatwn of 
selected vanetles and several stratghtforward culhvatwn practiCes can 
profítably mcrease cassava produci!V!IY Considerable fíeld testmg w11l be 
reqmred to locally adapt these prachces m Astas vaned cassava producmg 
are as The pnnctpal constramts to mcreasmg cassava productwn are hkely 
to be econom1c rather than techmcal and w11l operate more on the s1de of 
cassava demand than supply In Astas better ramfed regtons pohctes 
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affectmg relat1ve productwn costs and returns should be assessed to 
ascertam the potenllal supply 1mpact of new technolog1es that could cause 
stgmficant substltuttons marea between cassava and othercrops Cassava s 
agronomtc charactensttcs assure the crop s tmportant role m Astas 
poorest agncultural areas where much cassava wtll be grown even when 1ts 
relat1ve pnce IS low Although potential cassava y1eld mcreases may be 
relatively smalltn these are as thetreffect on meo mes and welfare could be 
quite large 
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Postharvest Research Praorataes for Cassava m Asaa 

o 
D1ane M Barre/1 

Introductlon 

One of cassava s pnnctpal advantages o ver other carbohydrate crops lS 

tts abthty to be used m vaned product forrns Although the comparattve 
food value of cassava to other carbohydrate crops ts low when one 
compares costs of productton and calone yteld per hectare per man-days 
or per capttal mvestment cassava dommates other starchy staples The 
reduced nsk to dtsease drought and chmallc uncertamlles also favors 
cassava 

Cassava ullhzatwn pattems m Asta vary substanttally from country to 
country In Thatland cassava ts produced almost enllrely for starch and 
pellet exports Cassava ts not consumed dtrectly for a food source m 
Thatland however domesllc consumptwn of cassava starch has been 
mcreasmg raptdly m the past decade Cassava use m Indonesta the second 
largest Astan producer dtffers throughout the country On Java where 
62% of Indonesta s populallon restdes cassava ts used pnmanly as a food 
whereas m South Sumatra cassava goes to ammal feed productton and 
export Cassava produced m the Phthppmes ts used predommantly for 
domesttc food and starch productton In Malaysta the ma¡onty of cassava 
produced ts used domestlcally as starch Fmally Indta s utthzatton ts for 
both human consumptton (m Kerala) and starch productton (m Tamtl 
Nadu) 

The abthty of cassava to grow under dtverse agncultural condtttons and 
the vanety of tts end uses has resulted m a wtde range of utthzatwn pattems 
among countnes However there ts a general stmtlanty m postharvest 
research needs for spectfic end products Therefore thts paper dtscusses 
research needs on a product basts rather than a country basts 

D MB p hrv b pp 1 h Ag yf Ag IR h d 
Delanm C IR hl fl-dC B t d 
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Harvestmg and Processmg Problems 

D•fficult1es ID the postharvest cassava system pose sorne ofthe pnnc1pal 
restraiDts to the future potenhal of cassava markets The postharvest 
quahty of cassava must always be cons1dered ID terms of pre harvest 
pract1ces wh1ch ha ve a s1gmficant effect however for the purpose of th1s 
paper d•scuss1on focuses on d¡fficultles encountered dunng and after 
harvest 

Sorne researchers ha ve suggested that postharvest losses of cassava may 
amount to 20-25% However most technolog¡sts workiDg Wlth cassava ID 
develop1Dg countnes would eshmate that losses are much h1gher The 
maJor losses are IDCurred dunng dryiDg and storage wh1ch are seldom 
carned out w1th adequate care Q¡fflcultles ID each postharvest step and 
wnh each maJOr cassava product are d1scussed bnefly 

HarvestiDg 

Optlmal harvest t1mes for spec1fic vanetles are seldom known and roots 
are often harvested e1ther too young (starch not properly developed 
therefore content low) or too old (starch content reduced hgn¡ficatlon 
begun) Harvestmg 1s generally done by hand and great damage 1s often 
mcurred due to lack of care ID ltftiDg roots from the ground Damage 
dunng harvestiDg prov1des s1tes for the IDitlatlon of physmlog¡cal deteno
ratmn (Booth 1978) In add1t1on manual harvestmg ts t1me-consunnng 
and tedmus Mechamcal harvestmg methods have been evaluated at 
CIA T however capital eqUlpment costs may restnct thelr use to large 
plantatmn scale operatmns Also the IDtroductmn of machmes would 
have a deletenous effect on employment opportumues Losses could he 
reduced ¡f farmers are made aware oflmproved harvestiDg methods and tf 
s1mple 1mproved manual tools are mtroduced 

Transportlng fresh roots 

Fresh cassava roots detenorate w1thm a few days after harvest due to 
both physmlog1cal processes and mold attack (Booth 1978) In hght ofth1s 
rap1d detenoratmn and the fact that cassava roots are very bulli:y añd 
occupy a lot of space transportatmn 1s dtfficult and dependmg on 
d1stances expens1ve Unless a cassava producmg area ts located near a 
fresh root processmg factory or the market pnce offresh cassava 1s lugh 1t 
1s usual! y more econoffilcal for farmers to pre process or dry roots pnor to 
storage or sale 

Peehng and cleamng 

Proper peehng and cleanmg operatmns are 1mportant to the product1on 
of a lugh-qual1ty product Often cassava roots are not well peelcd and 



1 h ¡JI h 1 341 

cleaned pnor to subsequent processmg and the resultmg product ts htgh m 
fiber sthca and other restdues However sorne pellettzmg faetones m 
Indonesta spectfy that farmers Ieave a certam amount ofpeei on thetr roots 
m orderto mcrease product wetght smce as Manurung(l974) has stated 
tt does not seem necessary to peei roots for ammai feed purposes Another 
factor to constder ts that most bltter cassava vanetles whtch are the 
predommant vanettes for mdustnai purposes ha ve the greatest hydrogen 
cyamde (H CN) concentratwn m the peei Starch processors must also take 
care m thetr peehng and cleamng operattons m that tmproper practtces wtll 
prohtbtt the productlon of the whtter more demabie starch Farmers 
rarely clean thetr roots pnor to drymg wtth the result that the amount of 
dtrt mcorporated ts htgh Installatwn of root cleaners m commerctal plants 
would be an added capttal expense but would upgrade product qualtty 
tremendously 

Stze reductton 

The purpose of stze reductton ( cuttmg chtppmg and shcmg) ts to make 
the bulky roots more manageable and to basten drymg The mcreased 
surface area of cut roots allows mmsture dtffuston to occur faster Roots 
whtch are not reduced m stze often suffer from mold attack and are more 
hkely to ptck up foretgn matter On the other hand stze reductton requtres 
addttwnallabor and sorne farmers argue that whole dned roots are easter 
to pack and carry Dned shces or chtps may break more astly and result m 
htgher losses dunng drymg and transportatwn In addttton many times 
there IS no economtc mcent1ve for farmers to produce smaller better-dned 
and therefore htgher-quahty cassava chtps 

Sun drymg 

The vast ma¡onty of cassava ts dned m the sun whtle a small percentage 
that produced on a commerctal scale ts arttfictally dned S un drymg rates 
depend on root stze drymg surface aeratton and turnmg frequency 
Manurung ( 1974) reported that the overall heat effictency of sun drymg ts 
only 11 14% dueto mcomplete absorpt10n and re radtatton heattransfer 
by convectton to the atmosphere and heat transfer by conductton through 
the drymg !loor (tf used) to the ground 

At the commerctallevel tmproved methods of roo! drymg such as the 
use of blackened surfaces ratsed and/ or mchned trays and frequent 
turnmg may be tmplemented wtthout restnctwn At the farm scale 
however the farmer ts usually hmtted asto spaceford-ymg and moneyfor 
mvestments such as concrete and matenals for trays Perhaps the b1ggest 
deterrent to upgradmgdrymg methods at the farm levelts the farmer s lack 
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of awareness that a better method eXJSts and lack of the techrucal 
knowledge to 1mplement 1mproved methods The development of coop 
eratlves at the farm and processmg levels would serve to coordmate the 
multltude of small umts currently processmg cassava and would ass1st m 
technology 1mprovement Another factor playmg a part m poor drymg 
techmques 1s the lack of acceptable workable grades and standards for 
qual1ty control and the dlfficulty of Implementatmn and superv•s•on 

Arllfi<Ial drymg 

Although the costs of eq Uipment fue! and mamtenance used m 
artificial drymg are h1gh other advantages outwe•gh these d1sadvantages 
m large scale cassava root processmg operatlons These advantages 
mclude reductmn of space and labor lack of dependence on weather 
cond1t1ons and better control of product qual1ty Research IS st1ll reqmred 
to momtor time temperature relatmnsh1ps and the1r effects on gelatlm 
zatwn caramehzatton and case hardenmg of cassava dunng drymg 
Artificial drymg begmmng w1th fresh roots may not be economiCal dueto 
then h1gh mmsture content andan IDIIIal sun drymg step may be reqmred 
11 should be poss1ble to coordmate th1s w1th actlVIIIes at the farm leve! 

Storage 

The storage of fresh cassava roots 1s hampered by the speed w1th whiCh 
physwlogical detenorat1on and mold attack take place Vanous short 
term storage methods mclud1ng rebunal stonng under water coatmg 
w1th mud or wax refngeratmn and the use of clamps (earthen and 
straw-covered structures covenng p1les of heaped roots) and mmst 
packagmg to sttmulate root cunng have been mvestlgated In general 
these methods reqmre additmnal mputs of manpower and matenals and 
have not been receiVed WIIh enthus1asm Recent stud1es (CIA T 1984) ha ve 
concluded that storage m economiCal plastic bags would msure product 
quahty for 10 14 days 

Dned cassava products are much more stable and storage detenoratmn 
appears to result from exogenous factors such as msect and mold attack 
rather than endogenous ones (Coursey et al 1982) In Malays1a and 
Tha!land dned cassava chips are only stored for a few days before bemg 
sent to farms feed producers or pellehzers In Indonesta however 
storage of uncut roots m the farmer s home or processor s warehouse may 
be extended and often results m h1gh levels of mold and msect mfestauon 
Farm leve! storage methods need to be •mproved and processor leve! 
storage limes reduced m order lo upgrade dned root quahty 
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Research Needs for Spec1fic Products 

Food 

Typ•cal steps ID food product1on 8oth the cassava roots and lea ves may 
be used for human consumpt1on The average compos1t10n of roots and 
le aves appears ID Tables 1 and 2 A great d1vers1ty of techmques has been 
developed for the product10n of food products from cassava and these 
techmques d1ffer from country to country Sorne techmques are merely 
general methods of preparat10n wh1ch may be apphed to any starchy food 
whlle others would appear to have speclfic objecllves such as HCN 
reductwn or mcreased storab1hty 

In As•a food products are created from both fresh and dned cassava 
Fresh cassava may be consumed raw or followmg cookmg (bmhng 
stewmg steammg frymg roastmg bakmg) m the form of whole tubers 
tuber p1eces ch1ps or grated cassava 1t may also be consumed followmg 
fermentation (F1gure 1) Dned cassava 1s used as a food product as well 
parllcularly asgaplek m 1 ndones1a Typ1cal dned cassava processmg steps 
appear m Figure 2 Cassava lea ves are usually processed s1mply (F1gure 3) 
and consumed as a vegetable 

Consumer preferente Cassava 1s generally thought to be an mfenor 
food Ph1lhps (1974) and D1xon (1982) found that cassava consumpt1on 
generally decreased as mcome mcreased One except10n to th1s general 
trend was found m the demand for fresh roots wh1ch contmued to mcrease 
toa cenam leve! Cassava consumptwn d1ffers m rural and urban areas In 
Indonesia for example urban demand 1s low and 1s geared almos! enllrely 
towards fresh cassava as a snack or vegetable whereas rural demand lS 

h1gher and 1s fa1rly evenly dlVlded between fresh and dned cassava wh1ch 
funct10n as a staple food (D1xon 1982) If domesllc consumptwn of 
cassava and cassava products IS to mcrease 11 w11l be necessary to upgrade 
the prestige value of cassava and to change the conceptton ofItas a poor 
man s food 

Nutr~honal compos1t1on In orderto object¡vely analyze the question of 
cassava s so-called mfenonty one 1s reqmred to look at nutntwnal 
compositiOn and energy value as related to alternat1ve staples Cassava 1s 
bas1cally a starchy food (Table l) and 1ts mam value 1s as a source of 
carbohydrates Although the comparat1ve food value of cassava to other 
starchy crops 1s low m terms ofcost of product10n and y1eld of calones per 
hect are cassava comes out ahead (Table 3) On a dned root bas1s calones 
per lOO g of edtble matenal are stmllar to those ofnce and matze Cassava 
1s nch m vuamtn C and cale mm but poor m protem and other v1tamms and 
mmerals The protem content of cassava 1s not only low but 11 !S of poor 
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T bl N tnt n 1 mp t r f esh .... ... 
e mp t f cassa oot 

p 1 000 g d bl port 

ltm 2 3 4 

F d gy (m g J 1 ) 5 481 6 109 5 481 6025 
Wt (g) 600 625 647 620 
e b hyd t (g) 320 347 327 350 
p t (g) 7 12 11 7 
F t (g) t ace 3 3 o 
el m (mg) 250 330 330 250 
Ph ph ru (mg) 530 500 
1 (mg) 10 7 8 5 
Vtm A (1 U) o 
Th m 81 (mg) 02 06 07 02 
R b fl 82 (mg) 1 03 03 07 
N (mg) 6 6 6 
Vtm e (mg) 300 360 400 300 

)S mpl k f m d ff !y 

' J 1959 

T ble 2 N tnt 1 omp t f f esh cassa 1 .. es 

e mp t fl p 100 g d bl p rt 

2 3 4 5 

F d gy (meg JO 1 o 18 o 26 o 23 
Wt (g) 85 80 5 74 
e b hyd t (g) 6 96 5 
p te (g) 4 68 75 
F t (g) 04 1 3 07 
el m (mg) 210 206 100 206 

(mg) 3 26 30 3 5 
Vtm A (1 U) 13 000 10000 9 000 
Th m Bl (mg) o 15 o 16 OJO 015 o 27 
R b fl 82 (mg) o 25 o 30 o 43 o 30 o 42 
N t (mg) o 85 1 8 1 5 20 3 53 
Vt m e (mg) 100 265 60 311 320 

) "1 m pi k r mdff !y 

' J 1959 
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Sur H drsh al 1972 

quahty A ma¡or proportton extsts as stmple rutrogenous compounds 
Dtgeshbthty of cassava protem ts stmtlar to that of nce wtth ap
proxtmately 48% bmlog¡caJ vaJue Cassava protem ts low m tbe essenttaJ 
aromo actds lysme methtorune and tryptophane 

1t has been reported tbat tradtUonaJ processmg techruques generally 
bave a detnmentaJ effect on the nutnhonaJ vaJue of cassava, reducmg the 
protem vttarrun and rruneraJ content even furtber At the present hme 
therefore cassava must be vtewed pnnetpally as a source of carbohydrates 
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Meanwh!le research on genetlc 1mprovement of cassava 1s takmg place m 
vanous locatwns CIA T has selected a new vanety Llanera w1th 7% 
protem (dry bas1s) and the Internatwnal lnst1tute ofTroplCal Agnculture 
(liTA) 1s mvestlgatmg yellow fleshed vanetles w1th h1gh carotene Po 
tentlal methods of upgradmg the protem content of cassava bes1des 
breedmg mvolve fermentatwn and m1crob1al synthes1s of pro te m (See last 
sect1on of th1s paper ) 

Hydrogen cyarude presence An aspect of cassava compos1t10n that 
causes concern 1s the presence of HCN Hydrogen cyamde content of 
cassava depends on roan y factors the most 1mportant of wh1ch 1s genet1c 
constltutlon An analys1s of the HCN content of cassava lea ves bark and 
roots oftwo clones havmg relatlvely low HCN concentratwn (about 50 Jl8 
HCNjg fresh we1ght) and two clones havmg relat1vely h1gh HCN 
concentratwn (about 200 J18 HCN/g fresh we1ght) 1s shown m Table 4 
Hydrogen cyamde 1s one of the most powerful pmsons known 50-60 mg 
HCN 1s a lethal dose for an adult male we1ghmg 50 kg (Nestel et al 1977) 
Cassava contams two cyanogemc glucos1des hnamann and lotaustralm 
wh1ch are hydrohzed m the presence of the endogenous enzyme hnamarase 
to hberate hydrogen cyamde Therefore m order to bnng hnamarase m 
contact w1th cyanogemc glucos1des t1ssue cells must be ruptured and HCN 
elumnated by volat1hzat10n or solutlon m water 

Tradltwnal methods of cassava processmg appear to reduce HCN levels 
cons1derably however httle pubhshed mformatlon exlSts oo th1s subject 
In add1t1on past analytlcal methods for HCN detectwn were questwnable 
and results vaned a great deal A new more sens1t1ve method for HCN has 
been developed receotly and 11 1s hoped tbat use of th1s metho<! w11l clanfy 
past d1Screpanc1es Future researcb needs mclude analyslS of trad1t1onal 
detoxúicatwn methods and resultan! products agronom1c practlces 
mfluencmg HCN concentratwn and genet1c man1pulat10n to produce a 
cassava vanety low m H CN content 

Desuable vanetal charactenstJcs Cassava vanet1es for human con 
sumpt1on sbould possess the followmg cbaractenst1cs btgb starcb and 
1mproved protem contents low H CN content btgb degree of consumer 
acceptance (appearance texture odor and taste) ease m preparatwn a 
vanety of utllnatwn propert1es, and extended keepmg quahty after 
barvest 

Swcb 

Typ1cal steps m starcb productJon Starch productwn tecbruques dlffer 
shghtly dependmg on locatlon and s1ze of operatwn A flow cbart for steps 
mvolved m large scale starcb productmn appears m F1gure 4 whlle tbe 
steps for small scale productmn are illustrated m F1gure 5 
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T bl 4 Dtslnb 1 ol gl ostde 1 plants 1 1otH lo es (PI HCN/& 1 esb w gbt) 

Prt fpl t 
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Very y u g 

Just f 11 g ow 

O id 

Leal stalk 
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O Id 

St m b k 
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570 1040 590 

320 730 380 

770 940 720 

350 460 340 

170 180 !50 

550 1330 630 

330 580 310 

430 650 420 

900 970 780 

810 390 440 

890 730 640 

210 240 140 

Supply ofraw matenals Lack of a cons1stent and depeodable supply of 
raw matenals 1 e cassava roots and water 1s often the b1ggest lurutat1on 
m starch product1oo Edwards (1974) calculated the raw matenal needs for 
vanous s1zed faetones (Table 5) Many t1mes not enough thought 1s gtven 
to factory locauon or feas1ble factory s12e pnor to construct1on and the 
starch processor fiods lo<> late that the factory 1s not able to run at 
opt1mal capac1ty 

Stareh quabty The quabty of starch produced 18 often low dueto lack of 
knowledge and/ or teehrucal supe1V1s1on For example water for washmg 
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roots may be e1ther unfiltered nver water or well water for starch 
extractwn e1ther filtered nver water or well water may be used Fatlure to 
use clean water wiii result m the mcorporatwn of 1mpunt1es m the starch 
In addillon cyamde IS known to react w1th non and other metals wh1ch 
may be found m water and produce dark compounds lnsuffic1ent drymg 
of starch wiii encourage the growth of mold Standards for cassava starch 
have been developed m vanous countnes (Table 6) m order to msure 
quahty However these standards dúfer drastlcally 1t should be empha 
stzed that morder to ehmmate mtcrobtal growth the maxtmum mmsture 
content allowable m cassava starch IS 14% 

Samtalton The need for san1tary practiCes IS often not suffic¡ently 
stressed lt ts common for plles of cassava peehngs to s1t m peehng rooms 
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attractmg msects and rodents Often cleamng eqmpment and pressmg 
cloths are not cleaned frequently and pieces of root become lodged m 
them and sp01l there Fmally the fibrous pulp and acidic water produced 
as waste products are not always properly treated but rather dumped 
duectly mto the nearest nver In general samtary practtces reqmre greater 
care than IS currently practteed 

Des~rable var1etal charaetemhcs Cassava vanettes destmed for starch 
productwn should possess the followmg charactenstics high starch 
content good quahty starch high root yield roots of Simple and umform 
shape thm skm good storage potential palatabihty m foods and white 
color 

Arumal feed 

Typical steps m ammal feed pro4uchon Cassava products used m 
ammal feed mclude cassava meal (residue of roots and chipS after starch 
processmg) cassava chips and cassava pellets The typical steps used m 
chip and pellet processmg are outhned m Figure 6 Native and brand 
pellets the two types of cassava pellets produced m Thruland differ m 
processmg steps and subsequent pellet quahty Brand pellet producers 
precondition feed mgredients through the addition of heat and water use 
greater heat and pressure m pellet formatton and cool the pellets followmg 
extrusion These steps are not usually performed by producers of nattve 
pellets (Thanh 1974) 

Supply ofraw mater~als As Is the case wllh starch the supply of cassava 
roots for ammal feed produchon ts not conststent or rehable Processors 
find Il too expensive to stockptle cassava feed and unforeseen changes m 
feed components also result m economic loss Edwards (1974) estimated 
cassava root needs for vanous sized ammal feed factor1es as outlmed m 
Table 7 
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Processmg tecbnology Bas1c stud1es on the pelletwng cbaractenst1cs of 
cassava mcludmg matenals flow charactenst1cs gelatlmzatlon degree 
necessary and m1mmum pressure reqUlred are sorely lackmg (Manuung 
1974) In additlon praclical stud1es of the oplimum conditlons for 
coovcnt10nal sun dryiDg of shced or clupped roots comparat1ve eco 
nom¡cs of the use of screens and hammer !llllls and precondtttorung and 
coohng advantages must be performed Investlgat10ns are presently bemg 
conducted but final recomrrendat10ns are by 'lO means avrulable 

Produet quality The quahty of cassava produets used for-ammal feed 1s 
ID general low dueto two mam factors 

l Poor proteiD !lllneral and v1tam1D content of cassava 
2 Lack of qual1ty control ID processiDg and storage 

The IDirinSIC quahty of cassava as a whole might be Improved through 
genet1c mampulat10n or microbial synthesiS of proteiD The present 
method of overcomiDg this problem IS to supplement the feed wltb 
protems mmerals and vttamms 

The lack of qual1ty control wbtcb 1s fwrly umversal m cassava an1mal 
feed product10n has been the cause for cnticiSm by European customers 
TypiCal complamts are that mimmum starch content (62%) IS not 
achieved maximum sand and fore~gn matter contents (7% raw cellulose 
and 3% sand) are exceeded maximum mmsture content ( 14%) IS exceeded 
bactena and mold content are too high and pellets are of a poor fnable 
consistency (Thanh 1974) Standards for cassava flour chips and pellets 
are presented m Tables 8 9 and lO respecuvely In additlOn to the use of 
these standard analyses stmple methods for determmatwn of abraston 
and shatter resistance of pellets should be developed (Manurung 1974) 

Storage Storage losses IDcurred n Malaysia and Thwland are not as 
high as those ID Indonesia due to the short storage tlme Coursey et al 
( 1982) cite reported weight losses due to IDSect attack of up to 16% ID 2 
months storage m Malaysia The most destruetive IDsects ID this study 
were found to be Rhysopertha domm1ca l.Aszoderma serncorne F and 
Araecerus fasctcu/atus de Geer The enforcement of stnct quahty stan 
dards would fo ce farmers and processors to take more care ID their 
treatment of cassava ammal feed products In addttton the use of 
fumtgants or msecttctdes where economtcal would arrest mfestatwn 

Destrable var1etal charactenst1cs The charactensttcs of cassava des 
IIDed for ammal feed mtght IDclude the followiDg htgh roo! yteld ease of 
harvestiDg maxtmum fohage Wlthout sacnficmg roo! y1eld htgh starch 
and tmproved proteiD content low HCN content roots of umform Size 
and shape thiD skm and good storage potenlial 
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Hydrohzed starch products 

The product10n of hydrolyzed cassava starch products 1 e ethyl 
alcohol smgle cell protem and htgh fructose syrup may provtde the 
newest market potenttal for cassava Each product 1s dtscussed bnefly 
below 

Ethyl alcohol Interest m the productton of ethyl alcohol from cassava 
has mtttated research acttvttles m Braztl France and other countnes 
Ethanol•s bemg promoted as a replacement for tmported fue} The French 
Mtntstry of Industry and Research recently authonzed mi campantes to 
mclude a vanable proportwn of s\lbstttute fue! denved from sugar 
producmg plants and tubers and seeds that synthestze starch The method " 
for producmg ethyl alcohol from cassava ts outhned m Ftgure 7 

Mtxtures of gasohne w1th up to 15% cassava alcohol does not mcur 
dtfficulttes but htgher concentrallons result m htgher fue! consumptton 
more tendency to corrode and decreased performance A more m-depth 
loo k at the abo ve effects and economtc feastbthty needs to be taken befo re 
operatwns begm on a larger scale 

Smgle cell protem The feastbthty of usmg cassava as a substrate m the 
productwn of smgle cell protem (SCP) has been venfied by research at the 
U mverstlles of Guelph and Malaya and the Internatwnal Center for 
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Trop1cal Agnculture (CIA n A flow d1agram of typ1cal processiDg steps 
appears ID F1gure 8 A method for small scale (3000 hter capac1ty) 
productwn of a nearly balanced p1g feed 1s now poss1ble under nonsept1c 
trop1cal condltlons (Ph1lhps 1977) The SCP resultiDg from th1s process 1s 
not fit for human consumpt10n therefore research actiVlties w11l be geared 
to the ammal feed market 

H1gh fructose syrup Another emergiDg market for cassava use 1s m 
h1gh fructose syrup (HFS) Increases ID global consumpt10n of sugar and 
wtde vanat10n m sugar pnces m recent years have led to the search for 
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alternat1ve sweeteners Fructose 1s 1 5 times as sweet as sucrose and 
therefore wou\d be a feaS!b\e a\ternattve lt IS now posstb\e usmg the baste 
processmg steps outhned m Ftgure 9 to produce a htgh fructose syrup 
contammg 42% fructose 50 52% glucose and 6 8% h1gher sacrhandes 
from vanous starchy food crops Wtth the addttional mampulatiOn of 
column chromatography separahon fructose content may reach as h1gh as 
90 95% The future potential for HFS productiOn from cassava wtll rely to 
a great extent on world sugar pnces and the comparattve pnce of cassava 

ConclusJOns 

Cassava utthzatton patterns dtffer m each Astan country Starch would 
appear to be the major potential market m Indonesia and lndta In 
Thatland the Phthppmes and Malaysta future development oohctes wtl\ 
be geared towards the ammal feed market wtth Thatland exportmg to 
non EEC countnes and the Phthppmes and Malaysta usmg the feed 
mternally 

Postharvest losses of cassava are est1mated at a m1mmum of 20 25% 
wtth rnaJor losses occurrmg dunng the drymg and storage stages Lack of 
knowledge of proper postharvest pract1ces and lack of economtc mcenttve 
to 1mprove extsttng pract1ces combme to create a Situation where cassava 
products are of poor quahty 

Food consumptwn IS restncted by the perception of cassava as an 
mfenor food and tts low protem mmeral and v1tamm contents 

Starch productiOn ts hampered by the lack of a conststent dependab\e 
supply of fresh roots and water Ltttle care IS taken m samtary pract1ces 
and resultan\ starch quahty IS often poor 

The productwn of ammal feed 1s also hrn1ted by raw matenal supply 
Improvements m present processmg methods and greater overall quahty 
control must be achteved before product quahty 1s upgraded Storage 
losses due to msects are htgh but may be av01ded through the use of 
fumtgants or msectlctdes 

Hydrolyzed starch products such as ethyl alcohol smgle cell protem 
and h1gh fructose syrup have emerged as areas of great potenttal for 
cassava utlltzatton 
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Extendmg New Cassava Tecbnology - the 
Lab-to-Land Program m Southern India 

o 
M Anantharaman 
S Ramanathan 

Genests of Lab to Land Program 

The socweconomic development of the Ind1an rural populatiOn started 
w1th the Imllatwn of commumty development programs m 1952 Dunng 
the 1960s mtenSive productwn onented prOJCcts hke the Intens1ve 
Agncultural D1stnct Program (IADP) the Intens1ve Agncultural Area 
Program (IAAP) the H1gh Y1eldmg Vanelles Program (HYVP) the 
N atwnal Demonstratwn Program and the M ulllple Croppmg Program 
were Imllated These were followed by commodlly onented development 
proJects for mcreasmg the productwn of crops hke tobacco sugarcane 
cotton ml seeds frmt and other food crops m the early 1970s All these 
programs made good progress but evaluatwn stud1es mdiCated that thelf 
benef1ts often d1d not percolate down to the vas! maJonty of the poorer 
sectwns m rural India 

Reahzmg the 1mportance of development w1th socialJuStice programs 
to target spec¡f¡c groups hke the Small and Margmal Farmers Devel 
opment Agency the Tnbal Development Program and the mtegrated 
Rural Development Program (IRDP) were launched In splte of these 
changmg strateg1es of rural development m India 11 was noted that a 
maJonty of the vtable technologtes generated at the research msututes and 
agncultural umverstttes were yet to reach the mtended chentele leavmg a 
w1de gap between technology generat1on and technology ullhzat1on As a 
maJor step towards bndgmg th1s gap the Ind1an Counc1l of Agncultural 
Research (lCAR) developed the Lab to Land Program commemoratmg 
lts Golden Jub1lee Celebratwns dunng 1979 ThiS program helps transfer 
pro ven technologtes to the farmers ftelds ande na bies research sctentlsts to 
gam pracllcal expenence of the problems assoc¡ated wlth the technology 
transfer process 

M A n m dSRm h g h e 1 T bo 
e p R h 1 (CTCRI) T d m K 1 1 d 
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In southern lndta compns1Dg the states of Kernataka Kerala and 
Tamtl Nadu and the umon terntones of Pondtcherry and Lakshadweep 
the Lab to Land Program was undertaken by 13 technology transfer 
centers They mclude three agncultural umvers1tie~ s1x ICAR central 
research mstttutes and four voluntary orgamzattons located m southern 
lndta These agenctes together adopted 8120 small and margiDal farmers 
and agncultural laborers for thetr overall development (Table 1) out of 
50 000 famthes throughout the enttre country who benefited under the ftrst 
phase of the program 

Under the second phase the number of farm famthes was IDcreased to 
75 000 ID the natwn thereby IDcreasiDg the benefictanes of the southern 
zone from 8120 to 12 000 A wtde range of technologtes relatiDg to crops 
ltke paddy cassava cotton pulses and vegetables beSides tmproved ftsh 
culture and processmg techmques were transferred to the adopted farro 
famtltes These technologtes were well recetved by the benefictanes as they 
were effect1ve m 1mprovmg the1r economtc condttwn 

T bl 1 F m f mi d pi d nd L b to-L d Pr g m o lh n Jnd 

lmpl m 1 g g y N f d ptdfml 

Phas 1 (1979 82) Phas 11 (1982 84) 

Ag It 5920 8100 
ICAR 111 1674 2600 
VI 1 y g 526 1300 

T ti 8120 12000 

CTCRI Program 

CTCRI (Central Tuber Crops Research lnstttute) spectahziDg ID the 
research and development of tropical root crops m 1 nd1a was Idenufied as 
one of the technology transfer centers for tmplementiDg the Lab to Land 
Program The atm of th1s program was to populanze two new cassava 
hybnds Sree Vtshakom (H 1687) and Sree Sahya (H 2304) usiDg 
groundnut as an mtercrop m between cassava rows to get an early 
addlt10nal mcome from cassava plots The program was constituted oftwo 
phases 200 farmers ha viDg small and margiDal holdiDgs ID K erala and 
Tamii Nadu were ass1gned to each phase Detalfs ofthe programare gtven 
ID Table 2 

MargiDal farmers operatiDg less than 1 ha ofland constttuted 78% ofthe 
selected farmers dunng the first phase of the program and 91 5% dunng 
the second phase The remammg farmers op rated small holdmgs between 
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r bl 2 D t f CTCRI L b t L d p g m 

Ph Ph 11 

N f t t d 2 2 

N f 11 g d pted 4 4 

N ffmfml be ft d 200 200 

N f m g 1 f m 158 183 

A b ght d hyb d (h ) 19 82 23 20 

A b ght d g d t p (h ) 15 77 23 20 

1 to 2 ha Smce dn understandmg of the present farmmg condttiOns ts 
necessary m planmng for future development the program started wtth a 
benchmark survey of the adopted fam!IIes to take stock of the resource 
availabihty and uttlllatton pattern dt the farm leve! 

Profile of cassava farmers 

Age About 29% ofthe farmers were from the young age group under 35 
years o id wh1le 61% were from the m1ddle age group(36 60) and 10%were 
from the old dge group (dbove 60) 

Educatwn About 15% ofthe farmers were tlhterdte Among those that 
were hterdte 40% had pnmary ;chool educallon 26% had htgh school 
educatwn dnd 16% hdd m1ddle school educallon Only 3% hdd educallon 
above the htgh ;chool leve! 

Fam1ly soze and type The maJonty of the fdrmers (60%) belonged to 
large fdmlhes (more than fíve members) Around 87% were nucledr 
fam1hes 

Occupatmn Nearly 50% of thc farmers werc agnculturallaborero, who 
den ved a maJar portwn ofthetr meo me through agnculture while 39% of 
the farm fam1hes were enttrcly dependent on agnculture for the1r 
hvehhood About 12% of the famtl1es denved addtttondl mcome dpart 
from agnculture from small busmess and cottage mdustne-, 

Med1a exposure for farm messages It Wds observed that o ni) d very few 
fdrmers obtamed fdrm messages from medta hke newspaper~ dnd radto 

Farm Slze The average SIZe of the farm holdmg WdS O 25 hd The maJor 
pdrt of the holdmg (70%) wds non •rngdted About three fourths of the 
farmer; possessed land holdmgs of up toO 4 hd onlv 
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Program tmplementahon 

Wtth the farm famtly as the baste umt of development a cluster 
approach was adopted tn selectmg and tmplemen mg the technology 
transfer program to achteve the destred socaoeconomtc 1mpact and spread 
of new cassava technologtes tn the soctal system of the adopted vtllages 
lndtvtdual famtly farm plans were developed keeptng tn mmd the 
capabthty and resource potenual of farm famtltes These plans were 
tmplemented wtth the acttve cooperatton of the alhed development and 
credtt mstttutwns functwnmg at the vtllage level On farm demonstrattons 
the only effecttve method tn provmg the worth of the technology and 
gtvmg workmg expenence to the farmer were the maJor techmques 
employed tn technology transfer combmed wtth other suttable methods 
and medta 

CTCRI orgamzed an exposure trammg program m 1mproved cassava 
culttvatwn as the first step m mtroducmg the new cassava technologtes to 
the adopted farm famthes Thts was followed by demonstrattons latd out tn 
the farmers fields wtth hybnd cassava and groundnut mtercropptng The 
tnputs supphed free of cost acted as externa! mottvattng factors tn the 
adoptton of technologtes An tnterdtsctphnary tea m of sctenttsts gave the 
necessary gmdance and supervtsiOn to farmers m conductmg the demon 
strattons through weekly farm and home vtstts Thts effictent system of 
technology transfer also enabled the technology generators to understand 
the operauonal constramts tn the adoptton of technology The field days 
exhtbttwns press coverage and radao programs undertaken on appro 
pnate occastons gave wtde coverage to the program Bestdes the transfer of 
new cassava technology overall trammg of farm fam1hes was undertaken 
by mtegratmg agnculture wlth ammal husbandry and cottage mdustnes 

Soc10economJc 1mpacts 

The tmpact of any program tSJUdged by the extent of achtevement oftts 
goals The ampact of extenswn onented programs can be vaewed from 
three angles 1) economtc benefit accrued through the technologtes 
transferred 2) effect of the program on behavtoral changes of adopted 
farmers and 3) spread of the technology m the soctal system 

Economtc benefits The new cassava hybnds tn the demonstratton tnals 
have recorded tmpresstvely htgh ytelds thus provmg thetr htgh yteldtng 
poten ti al under farm condations The yaeld and meo me stat1stics ofthe new 
cassava technology are gtven m Table 3 The hybnds Sree Vtshakom and 
Sree S ah ya ytelded an average of 27tonsj ha whtle the local vanettes gave 
only 12tonsjha Thus a 125% tncrease m yteld was achteved through the 
tntroducttOn of the ncw hybnds After meetmg all costs the adopted 
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T bl 3 E mcmptfwca t hnolopes under Lab-t L d Program 

Phase 1 Phas nb 
(1979 82) (1982 84) 

M an y Id f hyb d as (l/h ) 27 30 27 00 
M y Id fgo d l t e p (kg/h ) 625 290 
Nt m f m as (R /h ) 5 125 5 000 
N t m f go d t (R /h ) 1400 1000 
T t 1 om (R /h ) 6 525 6000 

) A g fJy rs 
b) 1 y 

USSIOO=R 1000 

farmers obtamed an average net mcome of about Rs 5 000 (US $500) per 
hectare from the mtroduced cassava vanettes 

StmtlariY the groundnuts ratsed as an mtercrop wtth cassava enabled 
the farmers to get an addttwnal mcome of about Rs 1000 1500 (US 
$100 ISO) per hectare Thts meo me was of great help to the small scale 
cassava farmers as 11 was obtamed only 3 lo 3 1 j 2 months after plantmg 
Apart from the early addtttonal mcome the mtercroppmg technology 
effecttvely utthzed the manpower avatlable wllhm the farro famthes It 1s 
esttmated that by the adopt10n of new cassava technolog¡es an addttJOnal 
employment of about 125 labor days per hectare was generated 

Behavwral changes MaJor components attnbutable lo behavwral 
changes m farmers as a result of technology mtroductwn are change m 
knowledge and adoptton levels 

Knowledge about trnproved technologtes ts a prerequtslle anda catalyttc 
vanable for practtcal adoptwn at the farm leve! The Lab to Land 
Program ¡s pnmanly an extens10n effort to mere ase farmers knowledge of 
technologtes Change m knowledge leve! brought about by the program 
would be a measure of tts success In order to evaluate change m 
knowledge a survey was undertaken before and after the program The 
overall and spectfic leve! of knowledge before and after the program ts 
gtven m Table 4 From the data presented ti can be seen that pnor to the 
program the maJonty of the farmers (87%) possessed low knowledge on 
spectfic practlces hke seeds and sowmg manures and manunng after care 
and groundnut mtercroppmg One year after the program there was 
stgmficantly mcreased knowledge of agncultural practtces except m the 
case of fertthzer apphcatton where only shghttmprovement was nottced 
Thts could have resulted from dtfficulttes m recalhng numencal recom 
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T bl 4 K wl dg 1 1 bef d ft L b-to-L d p g m 

K wl dg l K wl dg 1 
b f p g m y ft p g m 

p ("' ff m ("' ff m 1 
L w Md m H gh 1 w Md m H gh 

; d d w g 70 20 10 J 7 90 
M dm g 100 56 24 20 
Aft 96 4 10 JO 60 
G d l l pp g IOQ 16 JO 64 
o 11 k wl dg 87 IJ 13 73 14 

mendatwns coupled wtth lack of mterest m fertiltzer apphcat10n dueto 1ts 

cost factor 

Adoptton of the technologtes ts governed by bestdes many other 
factors the soundness of the technology and mental preparedness of the 
farmers Overall adoptton behavaor of farmers was observed befare and 
after the program (Table 5) The data tndtcate that the maJonty of the 
farmers were m the low adoptton category before the program and that 
after exposure to the program many farmers adopted tmproved tech 
nologtes 

An attempt was al so made to analy7e the adoptaon of specific practtces 
to better understand the acceptance procedure Table 6 shows that m the 
pre program penod the maJonty of the farmers contmued wtth the 
tradttlOnal practtces except for pracuces concernmg stake length The 
reasons for the lack of adoptton of htgh yteldmg vanettes fertthzer 
apphcataon spacmg and other practlces were lack of seed matenals 
cap1tal and knowledge After one year remarkable acceptance was 
observed m sorne of the practtces such as htgh yteldmg vaneues stakes 
per htll stake length plantmg method spacmg and retenuon of shoots 
Reasons for only parual adoptton of pract1ces were lack of cap1tal (for 
fertthzer apphcauon) no reductton m y1eld (for mosatc control) and pest 
menace (for groundnut mtercroppmg) 

T bl 5 o 11 d pt 1 b f d ft Lb t L d Pr gram 

Ad pt B f p g m o y aft p g m 
(o/ ff nn (% rr me ) 

L w 87 7 

Md m 13 46 
H gh 47 



T bl 6 Ad pt p ñ p t b f d ft L b t L d P g m 

B f p g m o l fl p g m 

R mm d d p 1 T dt 1 R mm d d p t 1 .ld t 
p t (o/ ff m ) p 1 (o/ ff m ) p 1 

F 11 p 1 1 (o/ ff m ) F 11 1 t 1 (/ ff m 
d pt d pi d pi d pi 

Hghy Id g 1 13 87 27 47 26 
St kes p hll 30 10 60 93 7 
St k 1 ngth 60 40 100 
PI t g m th d 17 83 90 10 
Sp g 13 10 77 43 27 JO 
F rt 1 ppl e t 17 83 46 54 
M e t 1 100 23 13 64 
R t 1 f IW h 1 33 67 70 6 24 
G d 1 t pp g 27 20 51 
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Technology spread Sprcdd oftcchnology ts a vttal part of any cxtenston 
program dS tt soctahzes the benefits to other members of the commumty 
The technology sprcad wa; measured m terms of extent of mtroduced 
vanettes m the farms of beneftctanes as well as non benefictanes lt was 
found thdt the mtroduced hybnds had spread to nedfly 34% of the arca of 
adoptcd farmers and ncarly 12% of the arca of non adoptcd farmers JUSI 

one year after mtroducuon 

Concluswn 

Thc rcmarkable change m the knowledge levcl •nd adoptton behav10r of 
farmers dnd the sallsfactory spread oftechnology to non adoptcd farmers 
conftrms the stgmftcant tmpact of the Lab to Land Program not only on 
the program beneficianes but also on the cassava farmmg commumty of 
the adopted vtllagcs 
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Planmng Cassava Development The Phthppme 
Natwnal Research and Development Program 
for Cassava 

De/y P Gapasm 
Ester L Lapez 

lntroductJOn 

Agnculture dommates the Ph1hppme economiC hfe Together w1th 
fishenes and forestry 1t prov1des the mam so urce of hvehhood for 70% of 
the F1hpmo populace and employs more than 50% of the labor force It 
produces about half of the Ph1hppmes total export revenues and 
contnbutes about 26% to the gross domesllc product These figures 
explam why research and development efforts m the Ph1hppmes are 
heav1ly focused on agnculture 

Root crops partiCularly cassava are stead1ly gammg a foothold m 
Ph1hppme agnculture Withm the last 1 O years the area devoted to cassava 
mcreased by 265% wh1le y1eld mcreased by 82% In 1982 1t outranked 
sweet potatoes m terms of area planted Today m the Ph1hppmes cassava 
IS used pnmanly as food for starch manufacture and toa lesser extent for 
hvestock feed W1th the growmg mterest m the use of cassava m ammal 
feed ratwns 11 1s expected that cassava s prommence m Ph1hppme 
agnculture w11l contmue 

Structure of Research and Development Planmng 

In the Ph1hppmes planmng and coordmatwn of research and devel 
opment (R&D) programs for agnculture and natural resources 1s a 
pnmary funcllon ofthe Ph1hppme Counc1l for Agnculture and Resources 
Research and Development (PCARRD) Estabhshed m 1972 PCARRD 
has been charged w1th the task of prov1dmg a systemat1c approach to the 
planmng coordmatmg and d1rectmg of the country s agncultural and 
natural resources R&D programs and geanng 1! to natwnal development 

D ly P G p d fhCpR hDpm dELLp 
h p 1 PhlppC lfAgl dR R hdDipm 

L B L g h Phlpp 
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PCARRD coordmates and mtegrates the research acttvllles of the 
d1fferent bureaus and commodity mstttutes and also ensures the full 
partlctpatwn of colleges and umverstttes mvolved wtth agncultural and 
natural resources research and development 

The orgamzatwnal structure of PCARRD enables 11 to hnk w1th 
nattonal agenc1es and spectfic sectors mvolved m agnculture and natural 
resources keepmg 11 attuned to both natwnal and regiOnal needs The 
structure ts made up of a secretanat wtth seven techmcal departments 
Root crops research whiCh mcludes cassava IS momtored by the Crops 
Research Department The Implementatwn of programs and proJects IS 
carned out by the N atwnal Research Systems wh1ch IS composed of 
research centers and stauons located strategtcally all over the country 

Workmg closely w1th the research departments on an on call baSIS are 
the multtdJsctphnary natwnal commodlty research teams These teams 
plan revtew and update the vanous commodtty research programs The 
Nauonal Root Crops Commodity Research Tea m for 1984 for mstance IS 
composed of ten members representmg dtfferent dtsctphnes and agenctes 

A natwnal research program for cassava was first formulated dunng a 
Natwnal Research Workshop convened by PCARRD m September 
1973 Researchers sctentt~ts extens10msts represenratnes from the 
pnvate sector and pohcymakers worked together to estabhsh benchmark 
mformatiOn research status and problem areas Short and long term 
obJecuves and research pnonty areas were tdenttfied based pnmanly on 
relevance to the nattonal development goals and research needs 

Smce then the natwnal commod1ty research teams meet at least twtee a 
year to rev1ew and update the research pnonl!es of d1fferent commodiiies 
t kmg mto cons1derat10n new opportumtles and trends The commod1ty 
research programs now stand as the gmdehnes for all research and 
development acttvttles m the vanous areas of agnculture and natural 
resources 

Al present there are 36 commodity groupmgs shanng the natwnal 
research budget allotted for agnculture and natural resources The 
nauonal research system accorded cassava research together wtth sweet 
potato and vh1te potato research a h1gh pnonty (Pnonty 1) among the 
h1erarchy of commod!IIes Sigmfymg the 1mportance of the crop to the 
Ph1hppme agnculture 

Cassava and NatJonal Development Goals 

The cassava R&D program supports the nauonal goals of attammg 
sustamable economiC growth eqmtable distnbullon of the products of 
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development and total human development Specifically 11 1s env1saged 
that the cassava R&D program willlend support to the followmg program 
thrusts food and nutntton tmport substttutwn energy mcome generattOn 
and dtstnbutton and overall countrys1de development as ctted tn the 
PCARRD Corporate Plan ( 1983) 

In the area of food and nutntwn there wiii be a sh1ft m research focus 
from nce to other carbohydrate sources parttcularly towards crops wtth 
poten ha\ for greater adaptatlon to stress condttlons Cassava ts constdered 
a good cand1date for th•s beca use of Its abihty to g1ve modest y1elds m are as 
not suttable for other crops tts h1gh calone productwn per umt area of 
land or per labor mput the relauvely stable y1elds and the long potennal 
harvest penad 

Cassava ts also expected to pldy a mctjor role m tmport substitUtiOn 
replacmg tmported yellow matze a~ a ffidln mgred1ent of ammal feed 
ratwns To achteve thts productwn prm.e~smg marketmg and utilizd.tiOD 
of Cdssava chip~ d~ a feed mgredtent wtll be tmproved 

W1th the worldw1de 01! cns1s m 1973 1974 11 IS Imperatlve that other 
sources of energy be tapped Agam cassava as a so urce of alcoholis m the 
front hne among the crop commodJtles to be tapped for this purpose Crop 
research wlll explore ways to develop more eff¡c¡ent methods for 
producmg alcohol from cassava and select and breed crops for h1gh 
alcohol y1eld 

The cassava R&D program has been formulated w1th the nd v1ew of 
contnbutmg to the generatwn and equ¡table distnbutwn of mcome 
Hence research on vtllage level processmg of cassava mto chtps anC other 
food products IS g1ven pnme cons1derauon m the R&D program so that 
rural women and out of school youth otherwtse unemployed or under 
employed can be engaged m productive actiVIUes All of these endeavors 
1f successfully 1mplemented wiii mev1tably lead to countrys1de develop 
ment 

Pr10nttes for Cassava 

The overall strategy for the development of cassava m the Ph1hppmes 1s 
to populanze 1ts productwn through both the development of effect¡ve 
processmg methods and techmques thus expandmg 1ts uses and also 
through the development of marketmg channels and outlets Th1s IS 
supported by a strong breedmg program and a syste1n of cultural 
management techmques Wh1le the ulumate objeCtive of tr nsformmg the 
subststence type of cassava productwn to a market onented one 1s sull 



376 e A 

bemg worked out attentwn ¡s presently bemg g1ven to the Immediate 
needs of the subs1stence farmers for a low mput type of technology 

W1thm th1s strategy the pnonty research areas for cassava for 1983 
1987 have been Identlfied as follows (PCARRD 1983c) 

Pnonty rank 1 

Development of appropnate technology for productwn of ch1ps 

2 Processmg and uuhzatwn of products and by products for food 
and feed 

3 Des1gn and development of tools and eqmpment for ch1ppmg 
drymg and packagmg 

4 Development of h1gh y1eldmg culllvarsjvaneues under a w1de 
range of condttiOns 

5 lmprovement of postharvest and storage techmques smtable at the 
farm leve! 

Pnoruy rank 11 

Development of appropnate technology for productwn under 
margmal condttiOns 

2 lntegrated cassava based farmmg systems 

3 Development of mtegrated pest management strateg1es for major 
pests 

4 Btologtcal control of maJOr msect pests and dtseases 

5 Development of fert1hzer recommendauons for partacular sml 
types 

Pnonty rank lil 

Development of strateg1es for effect1ve transfer of technology 

2 Studtes on socweconomtcs and marketmg 

Tht. pn nl\ r tnkmg of re trch trea<., t tnd1c Ht.d tbovt. pudL'., tht. 

n .. '> ,ucht..r .. md pohC\ m tk r"> 1 to v. h1ch .tr .1 of conccrn ">hould be 

accordt.d 1m m dt tte Htentl )fl and upport Undt.r tht. PCARRD \Chem 

r <., ..trch pr01 Ch f illln!, ll!lder pnorJt\ r,tnk J clf bi\t.ll prc..ft.rt.llCC 111 

term 1 1 unduu. 
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Present Research ActJvJtJes and Future Plans 

Processmg and ulthzatmn 

To wtden the market posstbtiJtJes for cassava processmg and utthzatwn 
are gtven emphasts Research ts d1rected towards development of proces 
smg techmques to 1mprove the quahty of the product and expans10n of 
uses of cassava Ongomg studtes m thts area mclude utthzatton of 
dehydrated cassava m mam dtshes and as snack ttems destgn and 
development of a root crop d1cmg machme for home based mdustry and 
use of cassava leaves as a potent~al feed for brmlers A p1lot proJeCt usmg 
root crops (sweet patato and cassava) for ammal feed formulatton ts 
underway m eastern Vtsayas There ts also ongomg research on technology 
transfer for countrys1de development based on alcohol productton 

The proposed stud1es wh1ch are expected to be 1mplemented next year 
concern fortlftcatwn of root crop flour wtth legume flour mtcrobtal 
pro te m ennchment and evaluatwn of pro te m nch feeds from root crops 
There w1ll be a sustamed research and development effort to transform 
cassava mto h1ghly valued products 

Postharvest technology 

Rap1d postharvest detenoratmn has always been a problem w1th 
cassava W1th the development of sml storage techmques wh1ch can extend 
the storage of fresh roots for up to 5 months the postharvest handlmg and 
storage of fresh roots seem to be well covered at the moment However 
there are are as where knowledge IS sttll madequate hence sorne stud¡es are 
sull bemg conducted lnvesllgatmns mclude the effect of pre harvest 
factors such as fertthzatton plantmg locatwn prunmg and trngatwn on 
the quahty and storage hfe of cassava 

In the area of postharvest handhng and storage efforts are bemg sh1fted 
to the control of postharvest pests of cassava and cassava products 
Problems on packagmg and stonng cassava products w11l be h1gh on the 
research agenda m the commg years 

Crop 1mprovement 

Breedmg for htgh yieldmg culuvars/ vanetaes w1th reststance to maJar 
msect pests and d1seases and wtde adaptabthty ts a contmumg concern m 
the development of the cassava 1ndustry Recogmz.mg that the success of a 
plant breedmg program depends on the amount of genet1c vanabll1ty 
avatlable to carry out selectwn the collectwn establishment mamte 
nance and evaluatton of germplasm are g1ven htgh pnonty m the cassava 
nattonal R&D progran Emphas1s !S now g1ven to collectlon and screemng 
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of cassava vanelles wtth low hydrocyamc actd (HCN) htgh starch content 
and tolerance to shade Vanetal evaluallon ts also underway for tolerance 
to drought and smls wnh htgh actdtty Breedmg for pest reststance wtll 
focus on reststance to red sptder miles and cassava bactenal bhght 

Outstandtng vanelles may be tdenllfted tn the evaluallon of germplasm 
but hybndtzatton of selected cassava culttvars wtll sttll be necessary T o 
complete the crop Improvement scheme prehmmary testmg and advanced 
regtonal tnals are vtgorously pursued Recently a Nattonal Cooperattve 
Testtng (NCT) project has been formed lo evaluate the adaptabthty of 
prom1smg entnes m spectfic locatwns Twelve testmg statlons representmg 
the dtfferent agro chmattc types have been tdenllfied (Ftgure 1) A root 
crops techmcal workmg group was formed to determme whtch matenals to 
accept for regwnal tesung 

Cassava based farmmg systems 

The leve! ofproducllvtty of cassava farmers tn the Phthppmes ts very low 
and therefore tncome 1s correspondmgly low Moreover m subs1stence 
farms farmers apply very httle tnputs Usually cassava ts regarded asan 
msurance crop or a supplementary crop wtth nce and ma12e as the 
pnmary crops lt IS not surpnsmg therefore that cassava y1elds are low 
smce farmers naturally gtve pnonty to the1r mato crops To generate 
technology for a cassava based farmmg system ongomg research IS bemg 
conducted on a contmuous product10n se heme for cassava w1th m1mmum 
llllage Other stud1es are beiRg proposed on tntercroppiRg cassava Wlth 
melons and vegeta bies and several stud1es on mtercroppmg cassava wnh 
legumes ha ve been conducted Results wtll be venfied IR farmers ftelds and 
the most acceptable combtnauons Will be tdenttfied 

Integratmg cassava producuon wuh hvestock ra1smg through the 
estabhshment of vtllage leve! feed processiRg mtlls ts beiRg tested IR a 
number of v¡llages IR Leyte If found techmcally feastble and soctally 
acceptable thts scheme wtll be tned m other cassava producmg regtons 

Pest management 

Although cassava has long been constdered as a plant whtch ts reststant 
to pests ti ts now estabhshed that heavy losses and even complete crop 
fatlure are attnbutable to dtseases and msect pests Under Ph1hppme 
condatwns problems w1th cassava pests have not reached senous propor 
uons However w1th the mcrease m area planted to cassava and the 
adoptaon of var1et1es w1th narrow genet1c vanabthty serwus crop 
protectlon problems may well anse 
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Research on pests and pest management of cassava 1s curren ti y bemg 
undertaken Among the stud1es m progress are esllmallon of y1eld losses 
due to maJor msect pests (part1cularly sp1der miles) effect of cassava 
bactenal bhght on y1elds and survey 1denllficat10n and b10logy of natural 
enem1es of sp1der m1tes An mtegrated pest management approach w111 be 
stressed m future research proJects Other bas1c stud1es supportmg the 
mtegrated pest management scheme such as the b10logy and ecology of 
pests and the1r natural enem1es w11l be g¡ven attent10n 

Cultural management 

An mtegratlon of agronom1c findmgs mto a complete system of 
practiCes where costs and returns and other socioeconomtc factors are 
cons1dered 1s bemg stud1ed In ferllhzer and nutnt1on stud1es use of 
md1genous matenals 1s accented Ongomg stud1es on the effect of farm 
ammal manure and the effect of lplllpll (Leucae.:la /eucephela) fert1hzer 
on the growth and y1eld of cassava are underway A long term fert1hty 
study on cassava !S also bemg conducted 

Stud1es on cultural practlces and fert1hzat10n have answered many of 
the bas1c needs of farmers However there are st1ll many areas needmg 
attentlon Sooner or later cassava fields w11l ha veto be fert1hzed to remam 
producllve To make ferllhzer rate stud1es apphcable over a w1de area sml 
tests have to be undertaken m vanous areas and correlated w1th fert1hzer 
recommendatlons Around 42% of the area planted lo roo! crops !S h11ly 
and therefore suscepuble to eros10n Although sorne stud1es are ongomg 
more research 1s needed lo facl11tate development of smtable cultural 
practlces m these areas 

Bas•c research 

Bas1c phys10log1Cal stud1es such as the relat10nsh1p between carbohy 
drate translocatwn and y1eld and flower mduct10n wh1ch are necessary for 
the advancement of apphed research are also bemg conducted Other 
bas1c research where breakthroughs are 1mmment Wlll be strongly 
supported 

Strategy for Implementahon 

The nat10nal R&D programs are 1mplemented by a network of research 
centers and stahons complemented w1th mfrastructure and manpower 
resources Strateg1es for 1mplementat10n are descnbed below 

Research network for cassava 

The Ph1hppme Root Crop Research and Trammg Center (PRCRTC) 
based at the V1sayas State College of Agnculture (V1SCA) m Leyte !S the 
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natwnal research center for root crops research cassava mcluded As a 
natwnal research center It IS responsible forcarrymg out basic and apphed 
research to generate technologies whiCh will later be venfied m the 
different regiOnal and cooperatmg research statwns To support 
PRCRTC a network of statwns with regwnal responsibihties and 
cooperatmg statwns m different regwns m the country has been Identified 
(Figure l) 

The regiOnal research centers conduct apphed studies to answer the 
needs of the regwn where the center IS located and other studies to venfy 
findmgs from the natwnal research centers Packages of technology 
conceptuahzed m the natlonal research center are fine tuned at the 
regwnal centers for apphcatwn or adaptatwn to the needs and conditions 
of the regwn 

The cooperatmg statwns provide facilities and/ or sites where adaptive 
tnals or field expenments are undertaken to assess micro enviromental 
differences These statwns also assist m dissemmatmg mature er tested 
technologies to end users 

The Regwnal Integrated Agncultural Research System (RIARS) under 
the Mmistry of Agncuhure tests croppmg patterns mvolvmg cassava on 
farmers fields for adaptabihty to specific locatwns They also evaluate 
componen! technologies related to croppmg patterns such as on farm 
cassava vanetal testmg and fertihzer tnals 

Gmded by the natwnal R&D programs researchers from vanous 
research centers and statwns sub mi! proposals to PCARRD forevaluatwn 
and approval pnor to Implementatwn Approved research proposals are 
then recommended \o the Office of Budget and Management (OBM) for 
fund allocatiOn There IS a standmg agreement between PCARRD and 
OBM that only those recommended by PCARRD will be allotted funds 

A yearly evaluatwn of ongomg research IS conducted by PCARRD to 
determme the progress ofthe work and Identify new research opportumties 
and promismg technologies 

Internatlonal agenc1es and programs 

Supportmg the natwnal network of statwns are mternatwnal agencies 
and programs which provide fmancial as well as techmcal assistance 
Notable among these agencies are the Internatwnal Development Research 
Centre (lDRC) of Canada the Internatwnal Institute for Tropical 
Agnculture (liT A) m Nigena and Centro InternaciOnal de Agncultura 
Tropical (CIAT) m Colombia The ESCAP Coarse Grams Pulses Roots 
and Tuber Crops Centre (CGPRT) also coordmates a regwnal program 
mvolvmg cassava among other crops 
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Collaborallve efforts w1th these agenc1es are m the form of germplasm 
exchange prov1s10n of funds for research projects manpower development 
and trammg eqUipment support and exchange of new technolog1es 
research findmgs and methodolog•es 

Budget allocatwns 

Root crops along w1th seven other crop commod111es are accorded the 
first pnonty among the 36 commod1ty groupmgs used by PCARRD 
Table 1 summanzes the number of research stud1es and the research 
budget allocatwns for d1fferent root crops from 1982 to 1985 lt shows that 
the budget for cassava research mcreases yearly 

Table 2 breaks down cassava research and budget allocatwns by 
d1Sc1phnes Most projects areclustered m majordiSClphnes such as cultural 
management vanetaltmprovement and processmg and utthzatwn The 
data show that most of the budget for cassava research goes to cultural 
management and vanetal 1mprovement lt IS also qUite apparent that 
dunng the earher years very hule work was done on sociOeconomtcs and 
marketmg However there 1s a remarkable mcrease m budgetary alloca 
twns m 1985 an mdtcatton that socweconomtcs IS becommg an tmportant 
componen! of the overall R&D program for cassava 

Conclus10ns 

The prospects for expanded cassava productwn m the Ph1hppmes are 
prom1s1Dg ID hght of the present efforts to use cassava ID hvestock feed 
formulatwns ID place of yellow malle and m bakery products to partly 
replace wheat flour The Ph1hpp1De Natwnal Research System through 
PCARRD stnves to answer the needs of cassava growers and the cassava 
IDdustry ID general by prov1d1Dg a strong R&D program for cassava to 
prov1de a data base for pohcy formulatwns 
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1982 1983 1984 1985 

Crop N f N f No of N 
B dg t t d S B dg t t d B dget t des B dg t t d 

Sweet p t t 2187 90 3423 112 3524 108 2964 103 

Cas 1727 85 2090 154 2233 94 2258 91 

Whteptt 2566 85 3324 113 2821 127 2661 96 

M t p 884 58 1307 59 1571 87 1514 71 
--
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1982 1983 1984 198S 

D epi No f N f No of N f 
B dget 1 d Budg t stud B dgel 1 d B dgel st des 

Vanetal mp m 1 412 !S 487 22 467 27 676 28 

Cultu 1 m 8tn l 6S8 36 69S 27 820 31 6S8 28 

p g d t 1 zat 203 11 268 12 409 !S 3S8 13 

e p p otect IS9 13 260 7 !SI 7 96 7 

p th l h di g 
a d t g 200 6 280 6 270 9 147 6 

D 8 d l dt 
a d q pm l 7S 2 100 3 66 3 IS9 S 

S o e m e nd l 20 2 so 2 164 4 

T tal 1727 8S 2090 77 2233 94 22S8 91 
---

USSIOO=fl400 
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Past Performance and Future Prospects of Cassava 
Productton m Asia and the Pacific Reg10n 

R B Smgh 

lntroductlon 

Cassava (Mamhot esculenta Crantz) hke other maJor root and tuber 
crops JS one of the most effictent converters of solar energy and sml 
nutnents mto carbohydrates and thus has a great poten!Ial to meet food 
and energy needs No senous efforts have however been made to unlock 
th1s tremendous potential However With the unprecedented demand for 
food feed and fue] new avenues for producmg more and more of these 
commodities should be explored 

Cassava 1s a umquelyendowed crop capable ofproducmg exceptwnally 
h1gh econom1c and bwlogiCal y1eld even under margmal and Iow mput 
condJtwns Further 1ts flextble agronom1c reqwrements and 1ts dtverstfied 
use as food feed mdustnal raw matenal and poss1bly an mvaluable 
energy source render cassava a very versat1Je crop The potenttal for 
explmtatwn of cassava m Its many uses m the As1an Pactfic regwn 1s 
exammed m th1s paper 

The paper analyzes productwn productiVIty and area undercassava m 
26 countnes of the As1an Pac1fic regwn for the penod 1973 to 1983 The 
average annual f1gures for the tnenmum endmg 1973 have been taken as 
the base f¡gures ~Jmllarly the average annual figures for the tnenmum 
endmg 1983 have been treáted as the termmal figures Th1s methodology 
was used to even out annudl fluctuatwns caused by seasonal factors The 
constramts on cassava product10n and posstble ways to overcome them are 
also analyzed and the FAO actiVI!Ies related to 1mproved productlon of 
cassava m the regton are bnefly enumerated Fmally the prospects of 
tmprovmg cassava productwn m the Astan Paclfic reg10n are d1scussed 

R 8 "> gh g 1 pi p d d p ff h 1-AO 8 gk k Th 1 d 
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Product10n 

Table 1 presents producuon of cassava m the mdtvtdual countnes ofthe 
Astan Pactfic regwn the regwn as a whole the rest of the world and the 
world as a whole for the penods 1971 1973 and 1981 1983 lt may be seen 
from the table that 13 ofthe 23 developmg countnes tn the regwn produce 
cassava whtle none ofthe three developed countnes m the regwn produce 
tt Wtth ns annual product10n of about 48 mtlhon tons the regwn accounts 
for about 38% ofthe world s cassava productwn Productwn m the regwn 
more than doubled durmg the past 10 years attammg an tmpreSSive 
compound annual growth rate of 7 4% agamst zero growth rate m the rest 
of the world 

The magmtude and growth of cassava product10n vaned remarkably 
from country o country Thatland more than quadrupled tts cassava 
producuon m the past 10 years from about 4 mtlhon tons m 1973 to about 
18 5 mtlhon tons m 1983 regtstenng a htgh growth rate of 15 6% per 
annum and accounted for 30% of the regwn s producuon The other 
maJor producers were Indonesta(l3 mtlhon tons) Indta(5 6 mtlhon tons) 
Chma (4 mtlhon tons) Ytetnam (3 mllhon tons) and the Phthppmes (2 3 
mtlhon tons) Of these Chma the Phthppmes and Vtetnam regtstered 
htgh growth rates of 29 1 17 1 and 10 4% respecttvely whtle Indonesta 
recorded a low growth rate of 2 3% and Indta even showed a negattve 
growth rate Laos whiCh usually had low growth rates for most crops 
showed as htgh as 16 17% annual growth rates durmg 1973 1983 

Y1eld and Area 

Table 2 presents the yteld and area for the penods 1971 1973 and 
1981 1983 The yteld m the regwn as a whole mcreased at a compound 
annual growth rate of 2 3% (accountmg for 31% of the mcrease m 
producuon) whereas m the rest of the world tt decreased by 2% per year 
dunng the same penod Yteld gams of more than 4% per annum were 
recorded m the Phthppmes (8 9%) Sn Lanka (5 3%) and Laos (4 7%) 
lndonestashowed agrowth rate of2 8% The rest ofthe cassava producmg 
countnes reg1stered neghg1ble or even negat1ve growth rates 10 ytelds 

The average yteld ( 12 tons/ ha) was more than one half u mes that of the 
rest of the world The yteld levels m the IndiVIdual countnes vaned 
constderably lndta recorded the htghest yteld of more than 18 tons/ha 
whereas tt was as low as 6 tons/ ha m Vtetnam Chma Laos and Thatland 
m that order were the other countnes wtth ytelds of about 15 tons/ ha 
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The area under cassava m the regwn mcreased from 2 4 mtlhon hectares 
m 1973 to 4 miihon hectares m 1983 a growth of 5 1% per annum In the 
rest of the world dunng the same penod the area mcreased by 2% per 
annum The area mcrease m the reg10n accounted for about 69% of the 
mcrease m cassava productiOn Thatland mcreased tts cassava area more 
than four times (growth rate of 16% per year) between 1973 and 1983 
occupymg the second highest area( 1 28 miihon hectares) undercassava m 
the regwn Indonesia with 1 33 miihon hectares had the highest area 
although a margmal decrease of O 5% per annum occurred durmg 1973 
1983 Among the other maJOf cassava producmg countnes from more 
than 100 000 hectares m 1973 the Phihppmes and VIetnam mcreased theu 
areas respectively by 7 1 and 12 6% per year whereas m India areadechned 
by 12%peryear reducmgtheareafrom351 OOOham 1973to310000na 
m 1983 Although from small base levels the area undercassavam Chma 
Burma and Laos mcreased by growth rates rangmg from 14 to 29% per 
annum Dunng the same penod the cassava area m Sn Lanka decreased 
from 81 000 to 60 000 ha (3 1% per annum) but the total productwn 
mcreased by 2 1% per annum beca use of a high growth rate of 5 3% m 
yield 

ProductJon Constramts 

The constramts to productiOn can be grouped mto the followmg three 
maJor groups agro-ecologiCal bwtechmcal and socweconomical 

Agro ecolog1cal constramts 

Cassava IS customanly a ramfed crop raised under margmal sml and 
mput condtttons The very fact that cassava can gtve better returns than a 
maJonty of the crops under margmal conditiOns has gone agamst 
Improvement m productwn Forexample m Thaiiand and Indonesia the 
two mam cassava producmg countnes cassava ts usually grown on htghly 
leached SOIIs with poor N P K avaiiabihty 

Bmlogtcal and techmcal constramts 

The bwtechmcal constramts may be summanzed as follows 

Narrow germplasm base 

Lack of vaneties With high yields pest resistance drought tolerance 
and early matunty 

Incidence of cassava bactenal bhght cercospora leafspot and mi tes 
(unhke other regions this region IS fortunate In not havmg many 
cassava diseases nd pests) 
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Relallvely low dry matter conteo! ID the roots 

Poor postharvest handhng and processiDg 

e 

Lack of efftctent and economiCal dtvemfied uses 

A 

lnefftctent transfer and poor adoptton of known technologtes 

Lack of appropnate agncultural tools and machiDes for ttmely and 
economiCal operatwns 

Soc10econom1c constramts 

lt must be stressed that no technology works ID a vacuum Pnce 
mcenttves and estabhshed markets are the foremost forces of productton 
lncreasiDg protectwmsm and market uncertaiDiles have lately tended to 
destabthze cassava productwn espectally m the exportmg countnes 
Further government pohctes and mstttutwnal support for cassava 
productwn are usually not very favorable 

FAO ActiVIhes Related to ProductJOn and Use 

Severa! FAO acttvtues m 1mproved crop productton farmmg systems 
and postharvest handhng are dtrectly or IDdtrectly related to IDCreased and 
sustamed productwn of cassava m the Astan Pactftc regwn RegiOnal 
projects on productwn and protectwn of root and tuber crops have been 
operattonal ID the Pactftc lsland countnes SIDce the mtd l970s These 
proJects ha ve asststed member countnes m developmg suttable manpower 
estabhshiDg research facthlles IDtroduciDg germplasm and streamiiDIDg 
quarantme procedures and faciltttes 

Development of effictent croppmg patterns based on cassava ts one of 
the maJor actiVIties m the ongomg FAO proJects on ramfed agnculture m 
Thatland and IndoneSia lt IS also a maJOr acttvtty of the proJect on 
mtegrated farmmg systems operatwnal m several countnes of the regwn 
SIDCe 1983 Further tmproved methods of postharvest handhng of cassava 
are bemg developed under an IDtercountry regiOnal prOJect launched 
recen ti y 

The lnternatwnal Board of Plan! Genettc Resources (IBPGR) and the 
FAO Centre for Plant Genettc Resources work m el ose collaboratiOn wtth 
CIAT and natwnal cassava germplasm centers through the1r Cassava 
Group Th1s group rev1ewed the current status of cassava germplasm 
tdenufied the pnonty areas for collectwn deSignated base and duphcate 
centers of storage and prepared and pubhshed a hst of cassava descnptors 
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Several countnes m the regton were asststed m further collectton 
exchange evaluatwn and documentatwn ofthe germplasm The IBPGR 
ts also supportmg ttssue culture research to develop smtable m varo 
techmques to facthtate transfer and conservatton of root and tuber crop 
germplasm The FAO has been giVlng 10creas10g attentwn to tmproved 
productwn of roots and tubers m the developmg countnes and wtll soon 
be launch10g a Spectal Root and Tuber Improvement Programme to 
mcrease food and agncultural productton m developmg countnes m the 
troptcs 

Prospects of lmproved Produchon 

The prospects of tmproved productlon of cassava are closely hnked Wtth 
future consumptwn utthzatton patterns export potenttal cost-effecttve 
ness of productwn and processmg and pnce mcenttves These mdtvtdual 
aspects and thetr probable tmpacts on future cassava productlon 10 the 
Astan Pactfic regton are d1scussed m thts sectwn 

Uhhzat10n patterns 

Thalland Indonesia India Ch10a the Phthppmes and Vtetnam 
together account for 96% of the total cassava productlon 10 the Astan 
Pactfic regwn The pattern of cassava use m these countrtes vartes 
remarkably Table 3 presents the prevalen! use patterns 10 selected 

T bl 3 p lt " f a 1 ted o t fth A a p f g 1981 1983 
ge 

p d t N t D m t mpt (o/) 
(m 11 f t p rt (o/) F d Sta h F d 

Ch 39 27 
1 d 56 82 6 
1 d 132 9 50 25 2 
Ph 1 pp 23 62 23 5 
Th 1 d 18 6 80 6 
V t m 23 76 9 
Oth 1 9 

A p f 47 8 36 
R t f w ldb 79 1 

N o g 12 1501 w lh gh m y g f m 5 25% 
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cassava produciDg countnes ofthe regton Nearly all ofthe world s export 
of cassava comes from the As1an Pac1fic regton Th3.1land alone accounts 
for more than 85% of the world s exports The European Econom1c 
Commumty (EEC) 1mported about 95% of the world s cassava wh1ch 11 
uses ID ammal feeds Indonesia and ChiDa are the other two countnes 
wh1ch JOIDtly account for most of the remaiDIDg 15% of the world s 
exports Th1s too goes pnmanly to EEC countnes as a feed source 

Tha1land the maJOr producer consumes less than 10% of lts total 
producuon domestlcally The domest1c use 1s mostly confined to starch 
neghg1ble quantities are used as food and feed sources although the bulk 
of 1ts productton 1s exports ID the form of pellets for ammal feed In the 
other cassava producmg countnes cassava IS consumed domestlcally as a 
food source In Indonesia and the Ph1hpp1Des about one fourth to one 
fifth of the productton 1s used for starch 

Prospects as a food crop 

Cassava wtll contmue to be an Important food source for poor farmers 
ID raiDfed and margiDal areas where 11 performs better than other crops 
Under such conditiOns the productwn IS expected to mercase at rates 
analogous to !hose of populatton growth In countnes Wlth expandiDg 
land front1ers such as Indonesia Burma and a few others most of the 
m crease m cassava prodt.ctwn may come through m creases m are a But m 
those countnes where there 1s hmlted scope for IDCreasiDg the area the 
productwn mercase must accrue through yteld mercase 

The relatlve contnbutton of ca:.sava to the nattonal food baskets w!ll 
however decrease Th1s 1s pnmanly beca use ID the past decade or so the 
growth rate of cereal productton has been equal or shghtly h1gher than the 
growth rate of food demand ID the As1an Pactfic regton as a whole 
Further IDCome elast!Cltles of demand for cassava as food are not only 
low but ha ve declmed and even become negatlve m sorne cases Therefore 
m the As1an countnes cassava as a staple food may not rece1ve htgh 
enough pnonty to boost 1ts productton although ID speclfic pockets 1ts 
producuon w11l contiDue to grow 

Prospects as a feed crop 

About 15 17 m!lhon tons(about 13% oftheworld sproductton)offresh 
cassava roots (eqUivalen! to 6 7 m1lhon tons of pellets) are used for 
compoundiDg ammal feeds ID the EEC countnes Most of th1s cassava 
comes from Th3Jiand An add!tlonall m1lhon tons offresh roots are used 
as ammal feed w1th1D the regton ttself No other country or group of 
countnes whether producmg or non producmg uses dned cassava as a 
maJar source of ammal feed 
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The development of a smtable tapiOca export market starung IR the late 
1960s IR the EEC was pnmanly responstble for the raptd IRcrease IR 
Thatland s cassava productwn rendenng the crop as one of the maJor 
exports of the country alongstde nce matze rubber and !IR It ts a good 
example of how a market pull can cause dramauc IRCreases IR the 
productwn of a commodtty But of late due to domesttc graiR surpluses 
and pnce adJustments the EEC ts undergoiRg a re adJUStment to restnct 
cassava tmports An agreement between the EEC and Thatland was 
reached IR 1980 that Thatland would hmtt tts export to EEC countnes to 5 
mtlhon tons of pellets (eqmvalent to 12 mtlhon tons of fresh roots) each 
year dunng 1983 and 1984 Further new market opportumues for pellets 
are hmlted At best IR the next few years the export market of cassava 
pellets wtll remaiR stattc or even shghtly deciiRe Therefore the exportiRg 
countnes espectally Thatland wtll fiRd ti dtfficult to IRCrease theu cassava 
productwn under the extstmg settmgs unless sorne other economtcal uses 
are developed 

The other alternatlve ts to IRCrease the use of cassava domesllcally as a 
feed crop Thts wtll depend on two thiRgs the rate of IRCrease IR ammal 
productton m the mdtvtdual countnes and the comparattve prtce advan 
tage and avatlabthty of other feed sources such as coarse graiRS 

As regards ammal productwn m the developmg countnes of the Astan 
Pactfic regwn meat and mtlk produchon mcreased at annual compound 
growth rates of about 5 and 4% respecttvely between 1972 and 1982 
Tables 4 and 5 present productwn of meat and mtlk IR the countnes ofthe 
regwn It may be seen from the tables that the developmg countnes 
(barnng Sn Lanka for meat) regtstered post Uve growth rates rangmg from 
14 16 7%perannummthecaseofmeatandfrom0 7 216%mthecaseof 
mtlk 

fhe mcrease m ammal productton must be accompamed wtth mcreases 
m ammal feed product10n Part ofthts mcreased demand ts bemg met from 
domestlc productwn of coarse grams and part from tmports of coarse 
grams Wlth the tmpresstve mcreases m nce and wheat producuon m the 
past 15 years or so and theu demand for food bemg much more mcome 
elasttc than that of coarse gratns a htgher proportton of coarse graiRs ts 
probably becomiRg avatlable for feed purposes lmports of coarse graiRs 
IRIO the regton mcreased from 13 mtlhon tons IR 1972 to about 28 mtlhon 
tons IR 1982 (Table 6) Japan accounted for two thuds of the total coarse 
gratn tmports mto the regton lmports by the developiRg countnes as a 
whole quadrupled dunng thts penod The IRcreases were most consptcuous 
IR Chma Malaysta the Phthppmes and the Repubhc of Korea bestdes 
Japan lt ts m these countnes that stgmficant mcreases m ammal 



T bl 4 M t product n (000 t) in th A Pa r go 197o-I972 d 198o-l982 

A 1 g A 1 g e mp d 1 
f for g wth t (o/) Ye ly 

1970 1972 1980 1982 1980 1981 1982 

Delpgc tn 

8 glad h 231 3 311 3 30 300 310 324 
Bh tan 20 20 o 2 2 2 
8 ma 161 7 205 o 24 200 205 210 
Ch n 14345 o 23555 7 51 22753 23481 24433 
FJ 53 70 28 7 7 7 
1 da 712 7 911 o 25 870 916 947 
lnd 376 7 453 7 1 9 444 454 463 
K rea DPR 1063 184 o 56 181 185 186 
K R pub! f 175 3 523 7 11 6 556 490 525 
La 53 o 83 7 4 7 78 85 88 
Malays 117 o 236 o 73 231 235 242 
Mald 1 o 1 1 1 
M g 1 a 179 o 246 3 32 239 248 252 
N pal 58 o 69 3 1 8 69 69 70 
Pak stan 462 o 745 o 49 712 751 772 
Pap New G ' 320 42 3 28 42 42 43 
Ph 1 pp 469 o 766 o 50 736 772 790 

(Cont 



T bl 4 (Co tinued) 

A ual a g Ano al g Compo d 
f fo g owth ate (o/) y ly lue 

1970 1972 1980 1982 1980 1981 1982 

Samoa W 20 
Sn Lank 33 7 31 3 7 31 31 32 
Thatla d 348 7 709 o 74 651 715 761 
T g 1 o 47 16 7 4 5 5 
V tu 
V t am 532 3 611 o 1 4 596 608 629 

SubtotaJ 18404 o 29699 o 49 28703 29612 30782 

De 1 p d tnes 
Aust al a 2289 7 2632 3 1 4 2671 2612 2614 
Japan 1659 7 3061 7 63 3028 3022 3135 
N w Zeal d 1025 3 1179 7 14 1126 1199 1214 

S bttal 4974 7 6873 7 33 6825 6833 6963 

AsaP cf t t 1 23378 7 36572 7 46 35528 36445 37745 
Rst f world 82530 o 106436 7 26 105515 106971 106824 
W Id t t 1 105908 7 143009 4 30 141043 143416 144569 



T bl 5 Mlk p d t (000 t) th ASI p ¡f" g 1970 1972 d 1980 1982 

A al g A 1 g e mp d 1 
f fo g owth t (%) Vea ly al e fo 

1970 1972 1980 1982 1980 1981 1982 

D 1 p g 

B gl d h 980 o 1546 3 47 1493 1536 1610 
Bh t 15 o 18 7 22 18 19 19 
B m a 231 o 291 7 24 286 292 297 
Ch 4989 o 7948 7 48 7703 7963 8180 
FJ 43 o 53 o 2 1 53 53 53 
1 d 22890 o 318733 34 30930 31940 32750 
1 do e 33 7 78 3 88 74 79 82 
K DPR 17 o 58 7 13 2 54 60 62 
K R p bl f 727 515 7 216 458 513 576 
L 50 67 29 6 7 7 
M 1 y 25 o 33 7 30 33 34 34 
Mald 
M g 1 196 o 2540 28 247 253 262 
N epa! 633 7 7300 1 4 728 728 734 
P k st 6865 o 9139 7 29 9014 9195 9210 
Pp NwG 1 3 
Ph 1 pp 27 o 29 o 7 31 28 28 

(Contln es) 



T bl 5 (C 1 ed) 

A 1 g A 1 g Compo d 1 
f f g wlhr 1 (o/) y !y al f 

1970 1972 1980 1982 1980 1981 1982 

Sam w 1 o 10 00 
S L k 206 7 248 3 1 9 245 245 255 
Th 1 d 93 12 o 25 12 12 12 
T g 
V 
V t m 39 3 78 o 7 1 74 78 82 

S bt t 1 37280 7 52916 8 36 51460 53036 54254 

D 1 p d 
A t 1 7276 o 5259 3 36 5398 5181 5199 
J p 4849 o 6621 3 32 6504 6610 6750 
N w Z 1 d 6004 3 6620 o 10 6708 6506 6646 

S bt 1 1 18129 3 18500 6 2 18610 18297 18595 

A p f t t 1 "5410 71417 4 26 70070 71333 72849 
R t f w Id 348072 o 403533 3 15 400089 401129 409382 
w Id t t 1 403482 o 474950 7 16 470159 472462 482211 



T bl 6 lmport d p rt (000 1) r g n th A p f gi 1970 1972 d 1980 1982 

lmp t E p t T d 

A 1 g A 1 a g A 1 g A 1 g A al g A 1 g 
f f f f f f 

1970 1972 1980 1982 1970 1972 1980 1982 1970 1972 1980 1982 

D 1 p g 

B gl d h 83 83 
Bh t 5 5 
Bu m 12 5 10 7 12 5 10 7 
Ch 1408 o 5056 3 19 5 116 3 1388 5 -4940 o 
FJ 11 3 l 11 2 
l d 15 7 16 o 25 50 132 11 o 
l d t 243 45 7 183 8 18 8 159 5 26 8 
K DPR 10 o 4 96 
K R p bl f 434 o 3692 3 24 -431 6 3692 3 
L 
M 1 y 245 7 491 o 1 5 244 2 -4910 
M Id 
M g 1 
N p 1 35 8 3 5 8 
p k t JO 90 74 51 3 44 42 3 
p p NwG 10 o lOO 
Ph lpp 86 3 285 3 86 3 285 3 

(C 1 



T bl 6 (C t d) 

hnp rt E ports T d 

A 1 g Ann 1 g A 1 g A u al g Ann 1 a g A 1 g 
f f f f fo f 

1970 1972 1980 1982 1970 1972 1980 1982 1970 1972 1980 1982 

Sarno w 1 3 1 3 
S L k 50 30 9 50 2 1 
Th 1 d 32 12 1759 o 2807 3 1755 8 2806 1 
T g 
V 
V t m 99 7 50 26 o 99 7 21 o 

S btot 1 2334 9 9636 2 1992 5 3037 2 300 4 6599 o 

D \op d 
A t 1 5 60 2131 8 3136 7 2131 3 31307 
J pa 10666 o 18691 7 4 10665 6 18691 7 
'1 w z 1 d 14 o 53 36 74 o 10 4 68 7 

S bt t 1 10680 5 18703 o 2135 8 3210 7 8544 7 15492 3 

A p r t t 1 13015 4 28339 2 4128 3 6247 9 8845 1 22091 3 
R t f w Id 40569 2 80524 7 49282 2 104345 4 8713 o 23820 7 
w Id t t l 53584 6 108863 9 534105 110593 3 132 1 17294 
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product10n occurred dunng the same penod thus suggestmg close 
assoctatiOn between rate of mcrease m ammal products and rate of 
availabihty of coarse grams for feed 

The second aspect 1 e competi!Iveness and availabihty of cassava as 
agamst other feed sources mostly coarse grams could be exammed by 
analyzmg the Sltuatwn m Tha1land It may be seen from Table 4 that meat 
producuon m Tha1land mcreased by 7 4% per annum dunng 1972 1982 
Further the country IS a maJorexporter ofboth cassava and corn But 11 IS 
Importan! to note that hardly any of 1ts cassava productlon 1s used for 
ammal feed most of that demand bemg met by maJZe fishmeal and 
soymeal In fact more than 200 000 tons of soymeal1s annually 1mported 
to supplement the feed demand Clearly coarse grams and mlseed meals 
are preferred over cassava for feed purposes Th1s 1s largely because on 
calone to calone basts and on an overall nutnttonal basts cassava pnces 
do not compare favorably w1th those of coarse grams and other feed 
resources pnmanly because of the pnce distortwns caused by the EEC 
•mport market 

G1ven cassava s w1de adaptab1hty especial! y under the vast ramfed and 
margmal crop ra1smg conditions m the regwn and the h1gh productiVIty 
of cassava the questton ts how to tmprove the competlttveness of cassava 
The most plausible solutwn would be to decrease cassava productwn costs 
by mcreasmg productiVIty leadmg to a reductwn m 1ts domest1c and 
tnternatlonal market pnces and thus bnngmg tt on par wtth coarse grams 
and other feed products 

Prospects for uses other than food and feed 

Other than as a conventwnal food and feed source cassava ts used for 
producmg starch and could also be used to produce gasohol fructose 
sweetener and smgle-cell protem Agam matze and sugarcane compete 
wtth cassava m produchon of these ttems Therefore comparattve cost 
effect1veness and feasiblllly of large scale commerc1al explmtat10n of these 
products would have to be thoroughly stud1ed before any rehable 
projectiOn for mcreased demand of cassava could be made 

The demand for cassava starch m the traditwnal export markets of the 
U S A and J a pan has dechned o ver the past few years However m the 
developmg countnes the demand for starch IS hkely to mcrease both for 
mdustnal and food uses But once more cassava wtll find matze as the 
mam nval and the pnce factor w1ll agam decide the balance In sorne 
countnes that 1mport wheat and also produce cassava cassava starch or 
flour IS m1xed w1th wheat flour to make bread But th1s does not seem to 
have any s•gmficant 1mpact on the wheat 1mports mto the regwn For 
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mstance Import of wheat and wheat flour mto the developmg countnes of 
the regwn mcreased from 13 4 miihon tons m 1972 to 23 6 miihon tons m 
1982 1t would be useful to know whether cassava flour could be 
substituted for sorne of this wheat Further sorne of the nontradiilonal 
wheat producmg countnes such as Thailand the Phihppmes and 
Indonesia are trymg to grow wheat commercially which may also affect 
the use of cassava flour m bread 

Strateg1es for Increasmg Producbv1ty and Cost Effecbveness 

In recent years from 1980 to 1983 the rate of growth of cassava 
productwn m the Asian Pacific regwn has decelerated considerably This 
may be attnbuted to (1) stagnatwn or even dechne m cassava exports (2) 
mcreased rate of cereal productwn combmed With low or even dechnmg 
meo me elastiCIIles of demand forcassava (3) unfavorable competiiiveness 
of cassava with maize and other crops (4) shnnkmg fronllers of arable 
land and deceleratwn m the growth rate of area expanswn (5) neghgible 
Improvement m cassava productiVIty and (6) poor developmental and 
pohcy support for mcreased productwn of cassava 

The potenllal producllvity of cassava can be seen m yields as high as 80 
tonsjha reported by CIAT scientists under mtensive managemeot A ver 
age yields m severa! pockets of Tamii Nadu (India) under Irngated 
condi!IOns are about 50 tonsjha or so The expenmental plot yields m 
sorne of the Southeast Asian countnes are about 25 30 tons/ha under 
ramfed and low mput condiiions Agamst these the average yield m the 
As1an Pac1fic regwn ( although one half t1mes that m the rest of the world) 
1s only 12 tonsjha and vanes w1dely from country to country suggestmg 
great scope for 1mprovement 

G1ven the demed market and pnce mcenllves and government support 
the approaches to mcreased y1eld m farmers fields would essentially 
cons1st of effect1ve transfer of current productwn pract1ces generatwn of 
new technolog1es for maximizatlon of mput/ output ratws and mcreased 
avaiiabihty of mputs Adoptwn of non monetary mputs such as the use of 
healthy plantmg matenal of the most effic~ent vanety for specific '\gro 
ecological cond111ons appropnate spacmg weedmg (where surplus fam1ly 
labor 1s avallable) and llmely harvestmg should help bndge the y1eld gap 
cons1derably Even small doses of fert1hzer Wlth proper and llmely 
placement are bound to mercase the productiVIty sigmficantly 

Improved var1et1es 

Development of 1mproved vanettes With appropnate crop canopy 
shorter matunty tolerance lo drought and sml stresses high harvest mdex 
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and mcreased dry matter content m tbe roots wdl go a long way towards 
mcreasmg productivity CIAT IS already playmg a s1gmficant role m tb1s 
d1rectwn by diversifymg tbe germplasm base and country programs 
sbould take advantage of tb1s actiVIty by mtens1fymg screemng and testmg 
programs EffectiVe hnkages sbould also be estabhsbed w1tb otber 
mternatwnal mshtutwns sucb as liT A and natwnal centers for excbange 
of 1mproved vanelles and otber breedmg matenals Hybnd1zatwn pro 
grams mvolvmg locally adapted hnes and ehte exot1c hnes followed by 
screemng under d1verse agro-ecolog1cal settmgs parllcularly tbe margmal 
condiiions wbere cassava IS mostly grown sbould be undertaken Appro 
pnate natwnal facihhes for tb1s purpose sbould be developed 

F erttllzer use 

Cassava productiVIty can be greatly enbanced by mcreasmg tbe use of 
fert1hzers Wb1le cassava IS b1gbly respons1ve to fert1hzatwn (as measured 
m terms of y1eld mcreases) fert1hzer use WIII depend on 1ts avaiiabihty 
compelltwn w1tb tbe pnmary crops (sucb as nce wbeat ma1ze aRd 
plantatwn crops) and 1ts cost-effecllveness 

Table 7 g1ves tbe fert1hzer usefor tbe penod 1969 1971 and for 1980 m 
countnes of tbe As1an Pac1fic regwn ws a v1s tbe world as a wbole Tbe 
present level of fert1hzer use vanes a great deal from country to country 
from as low as 1 kg N P K/ha m Bhutan toas h1gb as 1 018 kg/ha m New 
Zealand As many as 14 ofthe 26 countnes used less than 50 kg N P K/ ha 
Ordmanly tbe major portwn of mcreased fert1hzer avrulab1hty WIII be 
apportwned to the mam food or commercial crops In order to convmce 
tbe development agencies and tbe farmers tbat applymg fert1hzer to 
cassava 1s cost-effecttve su1table recommendatlons for levels ofthe macro 
and micro nutnents and the1r mode and time of apphcauons must be 
developed for spec1fic sml types and growmg condiiions and tbe1r efficacy 
must be demonstrated m farmers fields 

Increased water use effic1ency 

Bes1des low y¡elds w1de fluctuatwns m productton are not uncommon 
under the erratlc and scarce ramfall condttlons of much cassava cultiva 
twn Techmques to catch conserve and recycle water should be developed 
to 1mprove water use effiCiency Reports suggest than even one IrngatiOn 
at the most cnucal stage can mcrease cassava y1eld by 30 50% Therefore 
on farm ungatlOn development and determmat10n of cnttcal stages for 
1rngatwn WIII prove b1ghly useful Appropnate water management m 
addihon to 1ts dtrect effect on y1eld wlll have synergtshc mterachons w1th 
fertahzer use and mputs and hence deserves htgh research pnonty 
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T bl 7 Use fmme lfertih e (kg/ba) n lb A p ü go 1969 1971 aod 1980 

A n 1 g A alag 
f f e mp d 1 

1969 1971 1980 gr wth t (o/) 

D el p g tn 

B glad h 14 2 463 12 5 
Bh t 11 
Bnn 34 lOO 11 4 
Ch 41 8 154 6 14 o 
FJ 28 4 606 79 
l d 11 4 30 9 105 
1 d 11 9 63 o 18 1 
K DPR 148 4 325 5 82 
K re R p bl f 246 6 375 7 43 
La 04 78 34 6 
Mal y 43 6 105 1 92 
Mald 
M g 1 1 8 86 16 9 
N epa! 30 97 12 5 
p k t 16 8 49 5 11 4 
Pap NwG 76 14 8 69 
Ph 1 pp 21 4 33 7 46 
Sam w 
Sn L k 49 6 770 45 
Thrul d 76 16 2 79 
To g 
V t m 51 2 407 23 

A g 37 2 71 1 67 

D el p d 
A t 1 24 6 27 7 1 2 
J p 384 9 372 1 -{)] 

N w Ze 1 d 887 5 1 017 7 1 4 

A g 432 3 472 5 09 

A p f g 91 1 123 9 31 
Wo Id g 48 5 79 9 51 

Quarantme measures and crop protect10n 

Cassava was mtroduced mto the As1an Pactfic regwn from Latm 
Amenca (tts center of ongm and dtverstty) Whtle cassava ts attacked by 
severa! dtseases and pests m thts regwn abo the losses are notas hlgh as m 
Latm Amenca Very tnct precautwns therefore should be made to 
exclude such dtseases nd pests when mtroducmg germplasm and other 
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matenals Effect1ve quarantme facilities and expert1se should be estab 
l1shed m eaeb cassava producmg country T1ssue culture techn1ques 
Thud Country Quarantme and expanded mternatwnal cooperauon w¡ll 
be useful m preventmg the mtroducuon of new cassava dtseases and pests 
and m fac1htatmg germplasm exchange Problems hke leaf bhght m1tes 
and the mosatc dtsease can someumes become senous m certam arcas In 
arder to keep the cost of producuon low and also to ensure durable 
protectwn agamst the pests and parasttes mtegrated pest and dtsease 
management pract1ces should be developed and w1dely adopted 

Croppmg mtensoty and cassava based croppmg palterns 

Croppmg tntens1ty m errauc ramfall areas os far below 100% Under 
such condtt!Ons cassava bemg an 8 to 12 month crop and amenable to 
plantmg and harvestmg throughout the year keeps the field contmually 
occup1ed There are emergmg trends showmg that woth su1table man 
agement cassava mtercropped wtth gram legumes ytelds almost as much 
as a monocrop and m addttton the farmer harvests a protem nch crop as 
a substanttve bonus The legume mtercrop also helps to stabiltze the sotl 
preven! sotl eroswn (wh1ch often occurs dunng the early growth of cassava 
and 1s labeled as one of the diSadvantages of cassava farmmg) and 
1mproves so1l ferllhty Th1s combmat10n 1s parucularly useful from the 
pomt of vtew of the mtrogen economy (constdenng that generally a 
neghg1ble amount of N 1s apphed to the cassava crop) It also represents an 
addtttonal source of mcome and nutntwn to the small farmers In 
Thailand pa1red rows of peanuts wtth 10 cm between rows and a htll 
spacmg of 10 cm (one plant per hill) Withm the row planted between two 
rows of cassava 100 x 100 cm apart ts tentattvely recommended More 
research on developmg efftctent cassava based croppmg systems ts 
needed 

Cassava ts alr ady an tmportant mtercrop m plantattons m Kerala 
Indta Plantatwn areas are mcreasmg and the areas earlter planted to 
cassava are bemg dtverted to perenmal crops For mstance m the central 
provmces of Thailand cassava lands are bemg d1verted to rubber 
plantattons Cassava could stlll be grown on these lands as an mtercrop 
prov1ded su1table vanetles and cultural pract1ces are developed Screemng 
for shade toleran! vanelies w1th a h1gh photosynthet1c efflc1ency and 
harvest mdex would be very helpful 
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A large number of landless and small farmers grow cassava as a home 
garden crop for food Appropnate technologtes for home garden produc 
twn would help tn mcredsmg the food supply of the resource poor rural 
masses The Mufibat cd.sava system m lndonesta ts such a technology 
tdeally sutted for home garden productwn 

Summary and Conclus10ns 

The Astan Pactfic regwn accounts for dbout 38% of the cassava 
produced m the world Cassava productlon tn the regwn mcreased at a 
htgh annual growth rate of 7 4% dunng 1973 1983 agamst a zero growth 
rate m the rest of the world About 70% of the productton mcrease was 
attnbuted to ancrease m area and the remaanmg 30% to ancrease m yteld 
The rate of growth of cdssava productwn has however decelerated m 
recent years 

Market restnctwns madequdte pnce and mstttuttonal support low 
producttvtty under ramfed condtttons narrow germplasm base lack of 
htgh yteldmg stres. toleran! and wtdely adapted vanettes madequate 
apphcatton and tneffictent management offertthzer and water and lack of 
appropnate technology for low mput condtttons are the maJar productwn 
constratnt!-1 

Bestdes bemg an tmportant staple food espectally m margmal dreas 
cdssavd could emerge d\ d maJar feed source to meet raptdly expandmg 
dntmal product10n m the regwn However thts wtll depend to a large 
extent on the pnce competttlveness of cassava wtth coarse grams 
Increased producttvtty and reduct10n m umt costs of producuon are the 
most vtdble dpproache~ to mcredse the competttlveness of cassdVd 

Starch sweeteners gasohol dnd stngle cell protem dre other products 
of cassavd But as yet commerctdl productwn of these ttems except 
starch ts not qutte economtcdl Hence add1Honal r !<!Cdrch ts called for to 
dtver!<!tfy the uttlt7atlon of CdSSdVd roob f-urther cassava related eco 
nomtc dgncultural dnd nutnllonal pohctes should be kept under 
contmumg rcv1ew to get the best out of thl!<! remarkable root crop 





Rapporteur s Summary of D•scuss1ons 

Gerald Nelson 

The sesswn dcalt first wtth two general research arcas croppmg systems 
development and post harvest processmg technology and then wtth the 
spectfic approaches taken by two natwnal programs to the problems of 
research orgamzat10n and dtssemmatton Many of the themes menttoned 
m earher d1scuss•ons were hzghhghted agam-the need to reduce 
productton costs by mcreasmg y1elds the 1mportance of envtronmcnt 
spectfic ca'i'iava re'iearch the need to tdcntify and develop new uses of 
cas'iava the low pnonty g1ven to cassava by nat10nal research programs 
desp1te tts tmportance m 'iome of the countnes 

ln hts presentahon on research needs for cassava based croppmg 
systems Roche argued that are a expanswn was unhkely to be a stgmftcant 
source of growth m the future 1n most countnes and any mercase m 
productwn would have to come from yteld mcreases Furthermore he 
argued that cassava wiii contmue to be grown on margmallands by poor 
farmers even 1f relatlve pnce changes cause total cassava area to declme 
Hence both from a welfare pomt ofvtew and becausecassava lands would 
be pnmanly margmal lands he felt that research should be devoted to 
mcreasmg y1elds on margmal lands 

Roche felt that technolog1es already extst that could gtve substanttal 
y1eld mere ases ( new vanetles weedmg fertlltzer use 1mproved germma 
t1on rates) but that madequate attent1on has been g1ven to dissemmatwn 
Extenswn efforts are made more dtfficult (than for nce technologtes for 
example) by the fact that cassava based croppmg systems must be 
developed for spec1fic agro-ciJrnatJc zones and w1th very careful attent1on 
pa1d to socweconomtc tssues such as market outlets and avatlablltty of 
mtermedtate mputs labor and capttal He descnbed the case of a croppmg 
pattern m southern Sumatra that both mcreased profitabthty substanttal 
ly and reduced mcome vanance yet had not been adopted by any farmers 
because 1ts labor and cre<ht demands were larger than the current factor 
markets could meet at extstmg factor pnces In order to stmphfy the 
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research on envtronment spectfic croppmg patterns Roche suggested the 
development of a classtftcatton system for cassava productwn envt 
ronments that could be used throughout South and Southeast Asta ThiS 
clasSificatton system could be used to facthtate transfer of research results 
about appropnate vaneues and cultural practices 

Dunng the dtscusston penod the tssue of what crops to mclude m a 
cropptng system program was brought up It was emphastzed by severa! 
parttctpants that use of extstmg practtces should constttute the basts for 
new systems 

In her paper on postharvest processmg Barrett emphastzed the dtverSity 
of end uses of cassava m the countnes of southeast Asta but pomted out 
that sorne transfer of technology among countnes could be useful For 
example tn Indonesta a very successful househoid starch makmg tech 
mque IS wtdely used and should be relattvely stmple to transfer to other 
countnes Chtppmg and pelletmg technologtes are well developed m 
Thatland Each product has tts own processmg problems and Barrett 
dtscussed the more tmportant of these Both m her presentatton and m the 
diScusston penod the ISsues of short shelf ltfe for fresh roots and gaplek 
(dned cassava) and qualtty problems for cassava starch and gaplek were 
menttoned None of the technologtes that ha ve been developed to extend 
the shelf ltfe of fresh cassava have yet found market acceptance Ltttle 
research has been done on reducmg storage losses for gaplek 

The presentatton by Gapasm and Ghosh provtded mterestmg mstghts 
mto two related problems-development of research pnonttes for a 
nauonal agncultural research system and dtssemmatwn of research 
results Gapasm descnbed the htghltghts ofthe Phtltpptne research system 
how 1t determmes research pnont1es and how and to whom research 
projects are allocated She noted that cassava research whtch began only 
m 1973 falls mto the larger root crops category whtch ts placed m the 
htghest pnonty group of commodtties For each commodtty research 
work m spec1fic areas 1s also g1ven a pnonty rankmg 

As Gapasm pmnted out Havmg a well planned R and D program IS 
one thmg and havmg a workmg system for tmplementmg a program ts 
another thmg The hst of research pnonttes g1ven ID her paper seemed to 
gtve htgher pnonty to processmg than to agronomtc and breedmg 
research However the budget allocat10ns hsted m her paper showed that 
most funds have been spent on vanetal 1mprovement and cultural 
management In any case the amounts allocdted were small 

Ghosh descnbed the mnovallve lab to land program tmttated by the 
Indtan Counctl of Agncultural Research m 1979 The program was 
destgned to get researchers out of the laboratones and onto the fields of 
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small farmers m arder to test new technologtes to make an exphctt effort 
to extend the fru1ts of research to the most d1sadvantaged farmers and to 
allow the scienhsts to see firsthand the problems of the small farmers 
From the cassava research program the technology to be extended 
mcluded two new culttvars and new cultural techmques For the first two 
years the scJentJsts supervtsed the farmers acttvttles and free fertthzers 
were prov1ded In the second two year penod the fer!Ihzer subs1dy was 
removed 

Rap1d adoptwn of the vanous components of the technology and 
substantial y1eld mcreases were reponed Ini!Ially After the w1thdrawal of 
the fer!Ihzer subs1dy fertihzer use dropped and y1elds dechned However 
the new cultural practtces were mamtamed and ytelds were htgher than 
before the program 

The benefits of th1s kmd of a program undoubtedly extend well beyond 
the mcreased mcomes for the poorest farmers Provtdmg researchers the 
chance to mteract extenstvely wtth poor farmers wtll help to ensure that 
appropnate technologies eventually emerge from the laboratones 





V ConclusiOn 





Conclustons and RecommendatJons* 

The much herdlded Green Revoluuon that swept through trop1cal As1a 
dunng the 1970s Wds bdsed qUite appropnately on h1gh y1eldmg nce 
vanettes for trngated condtttons The tmprovements m both consumer 
welfare and farmer mcomes that followed were large and m turn 
sttmulated other sectors of locdl rural economtes However the growth 
potentldl of th1s technology has been largely exhausted m most countnes 
and research efforts ha ve sh1fted to mamtenance actiVttles to preserve these 
y1eld gams Moreover the producer beneflts of th1s technology were 
largely ltmited to the trngated dreas that ts areas and farmers whlCh 
alreddy had more product1ve resources and h1gher levels of mcome The 
challenge for the 1980s thus sh1fts to 1dent1fymg future sources of 
agncultural growth espec1ally for the upland are as oftrop1cal As1a and 11 
ts exactly m thts hght that cassava ts cons1dered 

Cassdva 1s parllcularly adapted to f1lhng such a role On the product10n 
s1de the crop hds both extreme! y h1gh y1~ld potenual and yet can be grown 
under a very w1de range .of upland cond1t11Jns Cassava 1s parllcularly well 
adapted lo are as where sml feruhty or drought 1s a constramt on growth of 
other crops For these reasons cassava ts already the second most 
tmportant carbohydrate staple crop grown m the Astan troptcs Moreover 
there has been hm1ted past research on cassava so that the potenual for 
mcreasmg producttvtty ts large Such yteld mcreases are the key to 
mcreasmg the mcomes of small scale farmers m upland areas 

On the demand stde cassava also retams the adaptablltty tt has m 
product10n Cassava has a mulllphclly of end uses mcludmgd~rect human 
consumpt10n as a cdrbohydrate source m ammal feeds as starch and 
more recen ti y as a htgh fructose sweetener These multtple uses foretther 
domesttc use or export gtve cassava a certdm flextbthty m adaptmg to 
changmg economtc and market condttlons Thus for example tt can be a 
cheap so urce of calones for low mcome consumers such as ts the case m 
Indonesia and Indta or It can contnbute to the growmg demand for meat 
and da1ry products 

(._ mp l d d mm d b J h K L m 
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Thc workshop recommended lhal cassava research dOd developmenl be 
slrenglhened 10 lhe reg10n lo ( 1) fully explml 1he crop s polen11al 
producHVl\Y through breedmg agronomtc and socwcconomtc research 
and ex1ens10n and 1ra1010g (2) 1mprove prcsenl poslharvesl and pro 
cess10g 1echnolog1es and (3) explore lhe polenlial for lhe crop 10 new 
markets 

The workshop further recommended that m vtew ot the present scarctty 
of avatlable resources for agn ultural research m general and ca~~ava m 
particular greater cooperatwn be encouraged between natwnal research 
programs themselves and between natwnal program~ and regwnal dnd 
mternatwnal research centers orgamzatwns and agenctes Su eh coopera 
twn ts vtewed as necessary to maxtmtze beneftts from research and avmd 
duphca110n of efforl lt could be ach1eved lhrough nelwork aclivliJes 
focused on effecttve mterchange of genellc matenals relevant experttse 
and effictent dtssemmatwn of mformatwn 

Havmg thoroughly exammed the agronomtc socJOeconomic and 
mstitutwnal constramts on the development of cassava m the reg10n the 
workshop recommended that the areas descnbed below rece1ve pnonty 
attent10n 

Germplasm Development and Vanetal Testmg 

Breedwg and select10n leadmg to vanetalimprovement and mcredsed 
produciJvJiy 1s a pnnc1pal means of 10creasmg produclwn (especJally 
where polenual for area expanswn IS hm11ed) and reducmg produc110n 
costs to make cassava more competltlve w1th other carbohydrate sources 
Collaborallon belween breedmg programs would be benefJCJal m lhe 
followmg areas 

Germplasm developmenl 

The po1enlial of local germplasm should be recogmzed lo ensure liS 
fuller utihzatwn m breedmg programs There should be collect10n 
charactenzatwn evaluatwn select10n and Identificatwn of recom 
mendable clones and useful crossmg parenls 1t should be emphas1zed lhal 
local germplasm contams genes for local adaptatwn wh1ch are mvaluable 
m the development of new clones In the area of collectmg and 
characlemmg local germplasm 11 was noled lhal fundmg from IBPG R 
1hrough ClAT was available lo help fmance nalwnal colleciJon efforls 

The common constramt of most ¡f not all As1an cassava breedmg 
programs IS the narrow genetlc base of thelf local matenals As the center 
of ongm of cassavd 1s m Latm Amenca 1t 1s appropnate to mtroduce 
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t,crmpla~m from th1~ arca to enriLh loldl bCrmpla\m PartH..ularl\ u ... dul 

•re CIA T '•dv•nced hybnd populdtlom •ppropndtdv t.nlored lo 'u11 thc 
need~ of nallondl program~ ~md lont.tmmt, de..,Irablc t,enc!-. for lhdrJ.c 
ten~tlcs ')UCh d!-. h1gh h.trvc~t mdtx rc\J'-otJ.ncc to di\Cd!-.C!-. .md h1t,h <.,tdrch 
content <;uch popul.JtiOn!-. would contam the favorcd gene:-. m hit,her 
frequcncy than m the un ... elected ongm.tl gcrmp!a ... m 1 he netd for local 
..,clectwn of thc!-.c matcn.tls wlll en.;;urc Jdcnllflcdtlon of clone.., \Uitcd to 
local cnvJronmenh 

The utceedmb .,tlp \\.Ould be to blOLr.ttc elite bCOL pool\ from 
hybndJJdtlOn!-. between "PLllllc lm . .tlcultl\.tr\ and lotally r.,llcctLd CIA 1 
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to two or mort- c..ourhne~ could bt- t.trncd out betwet.n n.tt\On.tl probr.tm~ 

throubh .tppropn.ttel; Of!:,dnlled th.tnnli<., of\.tnct.tl tr.tn\ft-r prob.tbl\ m 
the form uf men~tem culturt-

( ermpla~m mamtenance and tran,fer 

A~ the m.tmtt-n.tm.c of bumpl.t m 1~ J. co-,tl\ opt-r.tlion lt \\-d. ">llbb \tt-d 

th.t.t CIA 1 dc\clop and m.tlnldin .tn A\Id.n g rmpid">ffi bdnk l hi\ wuuld 

t-ntdil the dl\p.ttch of m.ttt-nal-, by mul\tt-m l.Uiturt- .tnd would thereforc.. 
cntdil tr umnb of n.tt!OOdl ">l.lenti t m tht.-,l t c..hlllqut.-, d.., wt.ll t mml r 

JO\C\tmt.nh m idhor.ttor; fdclhtiL m tht. n.-,pt. tl\t-Lountnt..., 

1 ht.rL -,hould bt. coordindtlon )j bcrmpl.t m exLh.tnbL tor both loc..dl 

done.., tnd chtt- m.ttendi'l t.'!pllld.ll\ \\hcrt. th re J.fl l.OOlnH n 'ldu..tlon 
tdf!,lt'~ hctwt.cn probr.tm 

ldentrficatlon and management of 'elect1on '1te' 

lt \\ ,.., trt. t.d thdt thc.. c..t.ntrdl brc..t.dlilb tdl\011 of d n.ttl mdl pro!,r.tm 
..,hould bt.IOtdtt.d n thc.. mtht r prt. c..ntdll\ t d\ 1 bfO\\IIl!:,dfld Hl!,hh 
pr )dUCli\t. dnd lt-rtJ!t. t.n\ Jrt llffilllh -,ht uJd ht. d\ OJdt.d d'! mdJ )f -,t.lLUIOtl 
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..,,me \l.! O Input le\t.l-, t 1m tJ >r t.lt.llit n tn ti-, hould he 'A-Ithm tht. rt.d<..h 

1 tht. d\ r tgt. fdrmu Ho\\l\t.r po 1hlt. rt.-,p( n t.'! to hibht.r mput lut.!-, 
dt ldtu ..,clt.LtH n -,tJ.bC'~ -,h( uld ht. <..on-,¡dut-d 
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Selecllon largels 

Selectwn targets common to most nattonal programs mclude 
htgh yteld 
early malunly (oflen assoctaled wtlh htgh harvesl mdex) 
htgh dry matter conlenl (lo be balanced agamsl poslharvesl dele no 
ra110n) 
adaplallon lo mlercroppmg 
dtvefSificaiiOn of culltvars to broaden lhe germplasm base (e g 
mcorporalmg restslances lo CBB cercospora and posstbly whtte 
root) 

Selectwn targets spec1fic to particular natwnal programs mclude 
adaptat10n to vanous sml and chmattc condittons 
tolerance to shade (wtth respecl lo cassava mtercroppmg wtth 
perenmal tree crops for whiCh much mlerest IS shared by severa! 
countnes) 
better quahly tubers for fresh consumpl10n (e g low HCN) 
root shape/ st7e ease of harvestmg 
charactensllcs wh1Ch need to be more clearly defined to facthtale 
selectwn 

Early matunty 1s 1mportant to countnes wtth chmattc constramts dunng 
certam t1mes of the yedr such as dry seasons or typhoons to mercase the 
rate of return on productwn costs and to mtenstfy certam croppmg 
systems 

lt was stressed that fmal selecuon should be bastcally Iocat10n spectfic 
dlthough the posstbthty of select10n for wtdely adapted culttvars should 
not be ehmmated Furthermore 11 was recogm?ed thal although each 
natlonal program hdd d generally acceptdble germplasm evaluatwn 
scheme attempls should be made wherever posstble to reduce the ttme lo 
final evaluatlon and release of new cultivdrs 

Fmal stage of var1etal release 

lt was suggested that there was a need to re examme whether a stnctly 
controlled re le ase se heme was appropnate or whether a loosely controlled 
se heme enabhngfarmers lhemselves to selecl acceptableculuvars should 
be adopted lt was proposed that the chotee ofetlher scheme should be lefl 
to nat10nal programs to be m hne With government pohc1es 

Agronom1c and Croppmg Systems Research 

The polenttal returns to mvestmenl m breedmg are dtrectly related to 
1mprovements m agronomy and croppmg systems ReseaTch m th1s area IS 
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best cons1dered m terms of constramts etther on cassava productivtty or 
on farmer management of the crop In th1s context research areas can be 
d1stmgmshed as follows ( 1) research on constramts spec1fic to the cassava 
crop (2) research on constramts that mvolve the croppmg systems m 
whiCh cassava IS grown and (3) research on constramts at the leve! of 
development projects and extenswn of 1mproved agronomtc practtces 

Crop specdic constramts 

Sml ferti11ty Management of sml ferllhty 1s of cntical 1mportance m 
cassava particular! y smce 11 has tradiiiOnally been grown on less fertde 
smls often wtth httle or no fert1hzer apphcatton Because cassava ts 
particularly adapted lo such conditiOns the crop has undeservedly gamed 
the reputallon of bemg a sml-depletmg crop Mamtenance of sml fert1hty 
m cassava productton systems ts not well understood at e1ther the 
expenmentallevel or at the farm level For cassava there IS a need to m ove 
away from 1 year ferllhty tnals to address the more complex 1ssues of the 
effects of prevwus croppmg h1story and of prevwus fert1hzer apphcatwn 

Mamtenance of sml ferllhty through the use of crop rotallon and 
orgamc fert1hzers should be stud1ed at both the expenmentallevel and al 
the farm leve! The pnnc1ples offerllhty mamtenance should be estabhshed 
by a regwnally based research effort that should (1) collect dnd analyze the 
extstmg data m the regwn on fert1hzer tnals farro leve) practtees and sotls 
and (2) use th1s base to des1gn a senes of key tnals m d1fferent countnes 
The data from th1s research would then be used as the baSIS for developmg 
tnals to estabhsh economtc recommendatwns for each mdtvtdual country 
or regwn 

The cntical role of mycorrhtza m cassava nutntwn has been well 
estabhshed Response lo phosphorous ferllhzatiOn m the regwn has 
generally been low and the questiOn IS ra1sed whether th1s IS due to 
meffecttve mycorrhtza espectally smce Asta ts not the center of ongm of 
the crop Testmg of mycorrhiZa stramscollected and evaluated by CIAT m 
Latm Amenca could begm to answer thts questton 

Germmahon and early plant v1gor In many growmg dreas poor 
germmauon and lack of early plant v1gor are dommant constramts on 
producttvtty Smce cassava ts vegetattvely propagated management of 
plantmg matenalts cntlcal to achtevmg htgh ytelds 1 n an Astan settmg the 
effects ofthe monsoon eh mate on the quahty of stake productwn and the1r 
subsequent germmatton and vtgor-both m terms of the effect on the 
donor plant dunng tts growth as well as on the stakes durmg storage-have 
not been elucidated and should therefore be researched 
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lf lmes w1th early matunty are developed then management practlces 
for stake storage •nd productwn ofh1gh quahty plantmg maten al need to 
be developed Technology to overcome th1s constramt can probably be 
developed on a regwnal b•m •nd refined on a local bas1s 

There IS an obvwus need to mvest1gate the extent to wh1ch germmat10n 
ab1hty under stress cond1t10ns IS genetlcally determmed lntroducmg this 
a~ d selecuon target may thus be warranted for certam countnes 

Weed control A potentlal constramt for a crop such as cassava where 
full canopy IS so delayed IS control of weeds The pnonty fordevelopment 
of chemlcal or other weed control medsures vaned markedly m the regwn 
dependmg on labor costs and avaiiabihty Nevertheless prehmmary 
screemng of new chem1cals and mulchmg methods could effect1vely be 
done m one center or mstltute thus reducmg to a small number the 
products thdt each natwnal program should test lf mm1mum tlllage IS 

recommended for eros1on control (see below) additiOnal research would 
be necessary on appropnate forms of weed control 

Croppmg system constramts 

Sod erosmn Undoubtedly a senous problem per se sod eroswn IS also a 
maJar constramt m mamtammg cassava yields However to recommend 
that farmers do not grow cassava on slopmg terram IS unreahsttc where 
more profitable alternattves do not extst 

The general pnnctples of eroston control such as m1mmum tillage 
muluple croppmg vegetatmn barners and stnp croppmg need lo be 
estabhshed as a very h1gh pnonty research effort These basiC pnnc1ples 
should be w1dely apphcable but wiii need local adaptatmn to fit m w1th 
local croppmg systems conditiOns of mput avaiiabihty and local demand 
for the products of mtercroppmg Smce eroswn control mvolves e1ther 
mvestment or reductlon m short run profi s the tmportance ofland tenure 
and tts effect on atutudes offarmers to long term sml conservatwn should 
also be studted There ts a clear role for on farm research acttVltles m 
developmg erosiOn control methods 

lntercroppmg Cassava IS mtercropped With a range of crops at least m 
certam are as m the regwn Of mcreasmg 1mportance ts mtercroppmg wtth 
perenmal tree crops Lack of knowledge on the longer term effects of 
cassava mtercroppmg m the establishment phase or the subsequent 
performance of the tree crop ts constrammg cassava culuvatton m thts 
system Th1s can be determmed most cost effectlvely by a senes of key 
tnals the result of wh1ch could be regwnally d1ssemmated 
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Lack of shade toleran! cassava lmes ts a maJor constramt to growmg 
cassava under mature tree crop stands The baste physwlogy of cassava 
growth and development m shade condttwns should be estabhshed and 
used lo determme tf(l) ti ts posstble to attam good ytelds of cassavagrown 
under tree crops and (2) the charactensttcs that breeders should loo k for m 
order lo achteve such a goal 

In sptte of much research effort on annual mtercrop systems these ha ve 
not been wtdely adopted by farmers thts ts probably due to lack of 
attentwn to those mtercrops that have a ready market m the regwn and 
msufflctent analysts of the avatlabthty of purchased and other mputs 
requtred m the newly developed systems Moreover wtth the advent of 
early matunng vanettes addttiOnal research may be needed m developmg 
opttmal relay croppmg systems 

Research and extens10n system constramts 

There has been a natural emphasts on nce m both research and 
extenston systems m the regwn Thts nce focus has resulted m the 
development of expenmental statwns at optlmallocatiOns and m the use 
of htgh mput levels Thts btas may senously constram the development of 
appropnate technology for cassava where stress tolerances are more 
tmportant m vanetal development Moreover extenswn and mput 
dehvery systems tend lo be btased toward trngated nce growmg areas and 
away from the more margmal upland condttiOns where cassava ts grown 
These poten !tal btases should be recogmzed m developmg cassava research 
m the regwn 

The heterogenetty m productwn condttwns and systems for cassava 
mcreases the complextty of the research process and argues strongly for 
farmers to be brought more effecttvely mto the research effort Thts closer 
lmkage between the farmer and expenmental destgn and evaluahon ts 
clear m the case of fertthty management eroswn control mtercroppmg 
systems and the final stages of vanetal selectwn Collaboratton on 
developmg appropnate methods of effectmg thts hnkage ts probably 
warranted m the regton 

The development of more on farm research acttvtttes would atd m 
countenng the nce mduced btases m both research and extenston Such 
research would often be relattvely locauon spectfic but the development of 
a typology of croppmg systems m the regwn could lead to more effecttve 
transfer of mformatwn obtamed m one system to stmllar systems m the 
regwn as a whole 
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Postharvest Research 

Unhke other crops where research focuses almos! exclustvely on 
productiOn research cassava development requues attentton to post 
harvest research Cassava roots need to be transformed ID!O a stable 
product to be wtdely marketed and the mulllple uses of cassava depend on 
processiDg spectfic to each end use Postharvest technology research lhus 
IDcludes lhe deyelopmenl of cost-effecllve lechmques bolh 10 reduce losses 
belween lhe farm and lhe final end use and lo IDCrease lhe den ved demand 
for cassava through processmg mto novel forms 

Reductton m postharvest losses 

Commerctally vtable technology lo exlend slorage of fresh rools has 
been a goal of bolh naltonal and IDternauonal research efforts for sorne 
ttme but none ofthese technologtes has yel been commerctally adopted lf 
prorntSIDg new technologtes emerge lhey should be lesled and evalualed ID 
the regton however substanltal new research efforts m lhts area do nol 
seem warranted at the present ttme 

Only httle research has been done on extenston oflhe shelfhfe ofdned 
cassava etther m factory warehouses or farm or famtly storage desptle the 
fact that dned cassava ts htghly suscepttble to both msecls and mold under 
Astan condtttons AddttiOnal research m thts area would be most cost 
effecllve tf orgamzed at a regtonal leve! 

Both small scale starch productton and dned cassava processmg 
methods have been successfully developed by countnes ID the reg10n but 
htgh quahtytechmques are not currently utthzed by all countnes It should 
be posstble to share these tmproved techmques among the countnes m 
Asta and hence ehmmate duphcate research efforts 

Ullhzatton ofstarch by products occurs toa hmtted extent ID the regton 
but research could lead to stgntficant expanston ID by product use 
Moreover m many starch producmg areas waste waterdtsposal produces 
a stgmficant water pollutton problem low-cost recychng or detoxtficalton 
methods are cnllcally needed 

Novel end uses 

Vanous novel products denved from cassava whtch have recetved 
attent10n m Astan countnes mclude compostte flour modtfied starch 
alcohol SIDgle cell proteiD and htgh fructose sweelener Attent10n 
currently devoted to these products dtffe<s by country There ts need to 
rlefine the techntcal and economtc parameters that most IDfluence the 
mdrket feastbthty of the product 
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A mullltude of cassava products extst wlthm the Astan regwn and 
elsewhere throughout the world However mformatwn dtssemmatwn on 
processmg techmques and charactensttcs of fmal products has been 
neghgtble For example krupuk and fermented cassava whtch are 
popular products m lndonesta are rarely found elsewhere Cassava cakes 
and snacks currently produced m the Phthppmes would most hkely be 
acceptable throughout Asta 

There ts a potenllally large demand m the regwn for assava m ammal 
feed ratwns The baste technology ts well known and probably reqmres 
httle further study Fme tumng of extstmg technology such as drymg 
systems and operatlonal s1zes for particular countnes may however be 
necessary Moreover as cassava moves more mto domestlc ammal feed 
concentra te mdustnes there may be ademand for mformatton on cassava 
charactensllcs for ammal feed tnals and for mformallon on managmg the 
product wlthm the mtll and wtthm the feed ratwns 

Economtcs Research 

The agenda for economtc research m cassava should focus on Its mput 
mto technologtcal -that ts bwlogtcal agronomtc and ullhzallon
research the plannmg of cassava development programs and overall food 
and agncultural pohcy As such the research agenda can be diVIded mto 
five maJOr toptc areas product10n ut1hzat10n and demand pnce analysiS 
u~ernat10nal trade and pohcy research The pnnctpal research toptcs m 
each area can be summanzed as follows 

Produchon 

Technology development for productwn rehes heavdy on tdenllfymg 
those factors most constrammg productivity Th1s agro-econom1c research 
should provtde a contmuous mput mto the technology development 
process In the tmllal phases of research tdenuficallon of the factors 
responstble for the vanat10n m cassava ytelds both between reg10ns and 
wtthm a regwn ts a pnnctpal means of tdenllfymg yteld constramts There 
ts also the broader need to estabhsh the constramts on cassava wtthm both 
the croppmg system and the whole farmmg system A key tssq¡: ts an 
evaluatwn of the competltiOn between cassava and other crops for land 
labor and capital parttcularly fertthzer Ttmmg of cultural practtces 
croppmg and rotattOn systems and on farm uses versus cash sales are 
other pnnctpal areas of study 

As vanehes and cultural practiCes are developed they should m ove mto 
a dtrect on farm resear h and evaluauon phase Here the focus should be 
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not only on the evaluatlon of the y1eld potentlal of vanet1es but on how 
appropnate both vanet¡es and management pract1ces are to d1fferent 
farmmg systems ReSides prov1dmg early feedback on the vahd1ty of 
research pnortttes and selectwn targets sorne early evaluatwn of the 
potenual1mpact on productwn costs can be estabhshed 

Adoptwn studtes of new technologtes serve to 1dentafy constramts to 
farmers adoptlon Parttcularly 1mportant ts the Identtficat10n of cons 
tramts on mput avatlabthty rcsource constramts wtthm the farm credtt 
and farmer understandmg of the new technology 

Utilllallon and demand 

Demand research provtdes more of do mput mto the broader planmng 
of cassava development Partacularly tmportdnt m thts arca IS the 
development of an accurate c1nd conststent set of stallsttcs on cassava 
pr()ductiOn and are a planted and on ca~sava utthzdtaon m the dafferent end 
markets Wtthout thts stattsttcdl ba~e much of the research m demand 
analys1s as hampered 

Demand research can be d1v1ded by cnd mdrket For the markets and 
countnes where cassava 1s consumed d1rectly as a human food the 
pnnc1pal research top1cs are the estlmdtlon of demand parameters for 
cassava m arder to gauge growth prospects 10 th1s market An estJmat!On 
of the cross pnce elastJcltY wHh nce ¡o, 1mportant m determmmg whether 
cassava mtght play a role 10 nce pncmg pohctes Fmally consumer 
preference stud1es are a necessary component to the development and 
launch1ng of novel cassava products 

In the starch market pnnctpal research top1cs mclude an econom1c 
cvdluatwn of the appropnate scale of processmg and the role that 
government pohc1es play m determmmg the profltablhtyofd¡fferent scales 
of process10g ~econdly sorne understand10g of the cons1stent under 
ut¡hzatJOn of capdCJty m starch processmg ts 10 arder a o, a means for 
ach1ev10g furthcr cost reducuons Th1rdly an evaluatton of demand 
growth parameters 1s complete! y lackmg both m terms of the end uses 
for cassava starch and the competHIOn w1th ma1ze starch Fmally gtven 
thdt manycountnes 10 the reg¡on 1mport sugar an econom1c evaluat10n of 
h1gh fructose sweeteners den ved from cassava and the1r ab1hty to compete 
wJth sugar pnces JS eructa! to definmg future mvestment tn th1s market 

Ammdl feed probably offers the most ¡mmedlate growth prospects for 
ca!-.sava dnd for thts redson many workshop parttctpants felt that th1s 
should be the first pnonty 10 demand research on cassava A pnnc1pal 
IS«~ue m th1s market ts the role that mternauonal gram pnces versus 
domestJC pnce pohctes play m determ10mg the potentlal for cassava that 
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'" thc pnce dt v.h1ch 11 would be compctJtJvc w1th gr.tm substilutes 
1 c.t~t co\t fecd formuiJ.tJOn modeb .tre a valudble too! m ~uch an analys¡s 

but thc computmgc•p•c•t] and tcchmc•l coefflc1ent; were felt to be w1dely 
.tv.td.tble \o th.tt prov1dmh ~m.h d ~crv1ce d1d not .tppe.tr nece~sJ.ry 

Pnce a.naly~•~ 

Rt.~carch m pnlc .tndly\1~ <.,hould bnng togt..thcr the product10n and 
dem.tnd TC\Cdrch to !,dllt,C J.t d rclatlvely m.tcro leve! the pncc cassava will 
h.tvc to compete dt m .tltern.ttJVC m.trket'i dnd .tftcr t.tkmg .tccount of 
procl.'.,\Jng CO'ih thc lmpllc.ttJOn.., th1~ h.ts for f.trm leve! pnce~ costs of 
productHln .tnd y¡eld t.trgcts Th1~ re'ie.trch 1s of htghe~t pnonty m future 
planmng of the crop .tnd m gener.ttmg mcrcased government support for 
Cd~SdVd TCSCdTCh 

A rc<.,c.trlh .tre.t of lowcr pnont) ,.., thc 1~sue of pnce formdtlon 
pdrtu.uldrly thc role thdt mterndt!Ondl Cd..,S.dVd pnce~ VIS d VIS. domest1c 
food pncc.., pldy m the dctcrmmdtlon of cd~~dVd pm:.e~ Reldted to thts 1s an 
undcr..,tdndmb of the mtc!,rdtlon of td~~dVd md.rkeb dcross d1fferent 
form.., through time dnd dtro..,.., locatton~ 

Internat10nal trade 

Th1.., ¡~o;ue ,.., most re le\ .tnt to Thdildnd becdu..,c of the EEC quota on 
cassdVd ¡mport.., howevcr resolutwn of thc mternal pncmg of CdSSdVd m 
Thd!land 1n rcldtlon to the I::EC dnd tntern.tt!Ondl bfdln mdrkeb (d two t1er 
pncmg structure Wd.., ..,ugge..,ted d.., d focu~ of o;tudy) could have 
lmphc.tttons for other CdS~dVd producer~ m the regwn pdrtlcul.trly m 
respect to exporb of Cd..,~dva product... Another ffidJOr re~edrch dfCd 1~ dn 
cvdludtJOn of the potentldl for CdS~dVd exports m the A~ldn regwn 
pdrUculdrly to Japdn K o red dnd T dtWdn dnd dn d~~e~~ment of the 
bdrner.., to trade 

Pohcy 

Rt.~edrch m th1s dfCd should dlm to provtde mput mto government 
pol1cy wh1ch would 'ubsequently form the ba'" for further government 
support of CdSii3Vd The latter mdke<; th1s re<;Cdrch ot reldttvely h1gh 
pnonty Edch country nceds to e<;tabhsh tn wh.tt regard ca..,.,dva ma) 
contnbute to governmcnt pohcy obJectlve.., In turn d dt.limt!On of pohcy 
godb for caSSdVd wtll ha ve Imphcatlon~ for both b!Oiogtcal and ut¡hzatwn 
resedrch pnontle.., A pdrt of ..,uch dn evdludtlon would be d liOCJa! beneflt 
and co~t dccountmg of cdssavd., potentldl wnhm the economv dnd the 
potentldl dtlitnbutwn of liOCJdi bcncfu.., e..,pecldliy to low mcome pro 
ducer.., dnd con..,umers 1 dftJculdrlv relcvdnt m.ty be d ..,OCidl co..,tmg of 
Cd..,~dVd.., effect on ..,011 eroliton dnd m dfCd.., whcre ~tdrch ,.., produced 
Wdter polluuon 
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Research and Network Development 

The domiDant theme of the workshop was the urgen! need ID cassava 
research for 1Diegrat1on not only at the country leve! between disparate 
d1Sc1phnes and research areas but part•cularly between the d1fferent 
mst1tuttons m the reg10n workmg on cassava lt was the concern of the 
parllc1pants that CIAT and the ESCAP/CGPRT should play a catalyt1c 
coordiDallng role ID the development of the regmnal cassava network 
How that IDiegratmn m1ght be ach1eved IS set forth ID the followiDg 
gUidehnes 

Organ1zahon of cassava research and development 

Ullhzatmn research IS fundamental and should be fully IDiegrated 
w1th productiOn research m the overall cassava research program 

The cassava research and development program should be or 
gamzed ID a farmiDg systems approach ID wh1ch not only the place of 
cassava ID a cropp1Dg system IS stud1ed but also how cassava based 
croppiDg systems ID!eract w1th hvestock and household systems lo form 
IDiegrated farmiDg systems 

The two orgamzatwnal pnnc•ples above 1mply an IDierdiSClphnary 
approach to research ID wh1ch the relevan! d1sc•phnes collaborate not only 
ID •denllficatmn of constraiDts and research problems but also ID testiDg of 
research results 

An IDierdiSclphnary approach together w1th a farmiDg systems 
approach m cassava research w1ll have to fully IDtegrate research and 
extensmn al the spec1ahst leve! TraiDIDg and IDvolvement of V11lage leve! 
extensmn staff needs lo be prov1ded 

Network reqwrements 

A fully mtegrated approach to research w111 reqUire more resources 
both human and financ1al than any of the countnes ID the regmn has 
ava1lable to allocate lo 1ts nallonal cassava program Therefore 11 IS 

1mpera11ve that the countnes ofthe regwn pool the1r resources through the 
development of an IDiegrated and coordiDated regmnal approach lo 
cassava research and development m the form of an As1an cassava 
network 

Such a network w111 perm1t the nallonal programs of the parllClpatiDg 
countnes to des1gn the1r research programs m a manner that WIII avmd 
unnecessary duphcallon ID effort but yet perm1t necessary testiDg of results 
m local areas A study group m ay be formed lo evaluate !he capab1hlles of 
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the vanous natwnal centers for undertakmg spectfic mtsston onented 
proJects of common mterest 

The natwnal programs collaboratmg m the network should also 
endeavour to obtam resources both human and financtal from externa! 
sources Examples mclude donor foundatwns orgamzatwns and agen 
ctes such as the FAO ESCAP/CGPRT Centre and CIAT In thts 
connectwn the workshop was pleased to note that m addtuon to tts 
ongomg acttvtttes on roots and tubers and farmmg systems the FAO has 
proposed a Root and Tuber lmprovement Program whtch ts soon to be 
launched to mercase productwn m developmg countnes m the troptcs 
Thts would supplement the efforts of other orgamzauons and mstltutes 

Network achv1t1es 

Breedmg and germplasm exchange A CIA T cassava breeder based m 
Thatland ts currently coordmatmg breedmg and germplasm exchange 
both between the Latm Amencan germplasm bank and natwnal breedmg 
programs and between natwnal programs themselves Trammg and 
techmcal asststance m structunng breedmg programs are also provtded 
Expanswn of thts effort ts seen as necessary m developmg the wtde range of 
tmproved caSsava vanettes needed m the Astan troptcs 

Cassava agronomy Because a large number of regwnal research 
pnonttes m agronomy were 1dent1fied tt was felt that a regtonal hatson 
officer or agency ts reqmred to (1) asstst m planmng regiOnal research 
actlvtUes (2) ensure raptd dtssemmatton of results m the regwn (3) 
orgamze workmg groups so as to guarantee that acttvtues of common 
mterest are appropnately managed orgamze trammg opportumttes m the 
development and refinmg of the new technologtes developed 

Cassava based farmmg systems Need was expressed for a mechamsm to 
develop common methodologtes for cassava based farmmg systems 
espectally to ensure comparabthty m mformatton mterchange between 
country programs PenodlC conferences would be mvaluable m reachmg 
such consensus The suggestwn was made that the CGPRT Centre mtght 
play a coordmatmg role m thts area 

Utlhzahon Resedrch on postharvest processmg and product dtver 
stficatwn 1s airead y bemg carned out m a range of dtfferent tnstitutwns m 
Asta There ts a need to bnng together thts body of research and 
technology as a means of shdnng work that has already been done 
Moreover smce most ofth1s type of research has regiOnal relevance there 
ts a need to assess pnontws and coordmate research efforts between the 
dtfferent msututes At an Intllal orgamzmg conference one of these 
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mstttuttons should be sclected as the coordmatmg body m uttltLallon 
research tn the network 

Econorn1cs ~pcctf1c condltiOns m Cdch countrv wlll naturctlly dtctate thc 
type of cconomtc re~ectrch to be conducted There 1s howevcr stgmftcant 
scope for coll•bordtlon on mcthodology dcvelopment •nd 'h•nng of 
analytical techmque~ MoreO\cr thcre may be expcrt1sc m onc country 
thctt could be ut!II7ed m dnothcr country InformdtJon exch.mge more 
0\ er 1s v¡tal to sttmulcttlng broJ.dcr bct!-.ed rcsedrch mtercst m cassdva A 

reg10ndlly based economJst 1\ ncceS\dTY to coordmcttc thesc efforts 

Another stgmfJcant 1ssue tn each country IS the Identtflcauon of 
mstttutton~ to undertake whJ.t J!-l J. rcl.ttJvely broad economJc research 
agenda These mstltutwns Wlll be d1fferent dependmg on the top1c but 
there should be dSSurance thdt there Me appropnate hnkages both to the 
dgronomtc and utlltlat!On re~e.trch and to pohcy formatlon and plannmg 
The productwn re;earch ;hould m vol vean econom1st closely hnked to the 
nat10nal cassava research program On the other hand the other research 
areas could mvolve umvers1t1es planmng off1ces or statlsttcal agenc1es 
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