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INTRODUCTION 

The annual report of the cassava pro草ram 1s pr教學ented 1n a new form this 
year. Each sect10n has made a br1ef report of progress h主ghl1ghtin草

80me of the more 1觀portant result怒 obta1ne是. In add1t1on sect10n發 that
have co韓pleted project的 have presented these 1n a form ready for 
publishing either in journal , symposi擔 proceedings or as GI血T
pub1ications. It 1s fe1t that th1s format wi11 give the reader a better 
idea of the activities of the ptogram and a1so w111 allow the reader to 
appreciate co祖pleted projects 1n a rea是able for現 rather than hav1ng to 
trace the攝 back throu草h a series of partia1 repor tl!l 1n the annual 
reports ‘ 

The year of 198學 has been one of conso11dat1on and progress. Final1y 
after aevera1 years w1th the sword of Da囂。cles hanging over our heads. 
the TAC approved the inter1盟 plan wh1ch g1ves stability to the program 
and recogn1tion of the 1祖portance of the crop. 

:jsieyr;Fizzti;;if--siii:;18) 
Severa1 years ago the program beg缸1 to place greater e現phas1s on 
eo11aboration with Asian nationa1 progra臨忽﹒ The results of these 
efforts are now beginn1ng to be felt. In the area of plant 1mprovement. 
nat10n車1 progra盟s are beginn主ng to re1ease new well a垂apted genotypes 
an是 these &re spread1ng rap主甚至y. In 1ndonesia the 10C81 crOS8 在這ira IV 
W8S 學e1eeted 主n a joint effort 1nvo1v1n草 GIAT breeders. Th1s variety 
has h生gh starch eontent anil good y1eld wh1ch have made it popu1ar 1n the 
areas where starch 18 the ma1u end use of cassava. 1n Tha圭land the 
cross between G1AT and locn1 ger臨plas盟. Rayon草草O. con t1nuel擎 to spread. 
De!l閥nd for cutt1n事S 15 1arge as farmers 111ζe the variet圭es high y1e1d 
potential coup1ed w1th 車。od v1墓。r that al10ws it to 皂ro龜; wel1 1n poor 
con挂itions. 1n cl室主na the variety Nan咖Shi 188 introduced from GIAT via 
tissue cu1ture cont1nues to be mult1p1ied us至也喜 s1mple 1n v主tro
techn主ques and 19 spread1ng rapid1y. In 餓a1ays 1a a new olon'1, se1ected 
fro祖 CIAT cro忽忽es. well adapted to the peat soils 1s about to be 
re1eased. 經alays1an off主cials bel1eve that such 聽ater1a1s c卸車 be used 
to open up these e法tensive acid peat areas. The穆e neW vsr1et1es are the 
tip of the iceberg with a large nu盟ber of new we11 adapted materials now 
in the w教11 estab11shed network which a110wl雪 germplas祖 to f10w S血。oth1y
thr副主gh a11 the stages of 終election.

腎。rk on agroI益。血y began so鷗what 1ater in the 的ian area. A maj的 effort

has been ma垂e to comp11e the available infor回ation much of 被lich is 1n 
o盔scure reports. 血 workshop he1d ln late 1987 brought together much of 
this infor錢ation and thl弱 has now been added to and pub1ished. This 
know1ed甚e base has for單ed the bas主s for p1ann1n事。f research activities 
1n the area d1recte是 towards p賞。duction systems that 阻aintain so主1
fer主ility and 臨1ni盟主ze losses due to e芷os圭on.

The CIAT team 1n Asia a150 ass1sted 1n the or車an1zation of the most 
recent sy祖.pos主U盟 of the lnternationa1 Society fo宮 Tropical Root and 
Tubers Grop忽 1n Bangkok. This society provides an indcpendent forum for 
the pr色金entation of the ideas and 玄學sults on the root crops and an 
opportun1ty for 珊sny t1evelop1nl.l countrý .cl.mt1ata to make contact w1tb 
each other and broa是en tbeir outlook. 
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Actlvltles 1n Lat1n Amer1ca have cont主nued to centre on the 1nte草rated
productio莓， process1t支g and marketi很容 projects. The bas1c hypothes1s 
supporting these projects 1n Latin America 1s that 祖a11 farmers who 
produce cassava can on1y 1ncr懇轟ae the1r 1ncσ揖ea 1f they have s read11y 
s a1eable pro是uct ， snd the 盟eans to pro是uce 1t. Past efforts that 
COI間entrated on1y on production techn010gy led to 11tt1e impact. 
Evi謹ence 圭s now co敢1ng 1n fro也 Co1ombia and Ecuador of a strong response 
of far輯ers on the product10n s1J.e once the process1ng and market1ng 
constra1nts are removed. 堂h1s creates a demand for new techn010gy: 1n 
Co1ombis the var1ety 說an1h01ca P12 1s Sprei豈是主.ng rap1dly and new 
product1on technology psckages sre 1n the preproduct10n testing phase 
before recom血endat10n. In Ecuador the farmers sre adopt1ng artesanal 
seed product主on sy弱 te血S 80 as to ensure the bas1s for the1r pr。這uct10n
efforts. 1n Mexico fsrmers have a益。pted s Co觀plete package deve10ped by ‘ 

the nat10na1 progra酷! upt11 the present they have depended on on1y one 
var主ety but the national progra也 expects to be re1eas1ng one or two new 
clones 1n 1989. Cuba has over the last ten years quadrup1e是1ts total 
product1on! 1四proved management pract1ces coup1ed with a strstegy of 
d1fferent c10nes for d1fferent t1認es of the year has 1ed to 1ncreased 
y1eld and year round avai1a忌ility of ca悠悠ava. Further expansion 1s 
挂ependent on the success of the new drying p1ants and 811age product10n 
schemes that are bein惡 set up. 

1n sp圭te ~f de1ays 1n obta主ning spec1a1 project fund1ng for the 
estab11shment of a cassava 是rying 1n豆豆豆stry 1n the North East of Braz11 , 
CIAT has been inv01ve是 1n tra1n1ng efforts 1n the region and s詛a11 sca1e 
dry1n草 plants are be1n惡 linke謹 w1th the local f10ur factor1es (ca發as de 
far1nha) so as to ensure a 盟主數量mal effective floor pr1ce for cassava 1n 
the region an是 hence protect the far祖er aga1nst 10w prices whilst 
st1血u1at1n車 product1on to the e草tent that shorta草es for the consumer 
w111 not occur. 

1n Ecuador the 1nd1v1dua1 ssso(:iat1ons of ca瑟發ava producers and 
processors have been formed 1nto a un10n of assoc1at1ons (UAPPY). Th1s 
UAPPY 1s p1ay1ng an 1mportant role 1n 聽arket1ng cassava products , 
tra1n1n草 me盟bers of the aS8ociat1ons , prov1d1n臨 credit and ensur1ng the 
availabil主ty of 1nputs for the producers. Th1s type of organ主zat10n 19 a 
醋。del for autonomous development 1n other areas of Lat1n Amer1ca 
supporting many activ1t1es present1y carr1ed out by exc1usively off1c1a1 
1nternat10na工 or nat10na1 a草enc1es. Hopefu11y these types of 
organizat1on can 1ink up 1n Latin A且er1ca.

Efforts 1n th1s area were conso工1dated w1th the forma1 establish曲ent of 
the Lat1n A血緣r主can Cassava Network at a 觀eet1n車 hel是 early 1n 1會88 1n 
CIAT. 

The co11aborative study of cassava 1n Afr1ca be1ng execute是 by IIT主 with
assistance fro揖 C1AT bas no甘 begun. 1n September of th主B year 
co11aborators from the 挂ifferent African countr主es 1nvo1ve益，雄et with 
invited e羽毛perts and resource persons to b忽gin the detailed planning of 
th1s 觀ajor stu丑y. The methodo1og1es to be used were def1ned in broad 
ter盟s and a preli血1nary work p1an has now been produced. 

CIAT has a180 increase是 the exchan串e of 惡er臨，plas祖 w1th Afr1ca , both 
rece1v1n囂 mosa1c tolerant l1neø for 1ncorporat1on 1n tha breedins 
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program as we11 as sending hybrids to African nations1 programs via IITA 
for testing. 

The regiona1 efforts of the program depend on the constant provision of 
new genetic materia1 , techn010g主es and experience in deve10pment. New 
discoveries and initiatives often take many years before they have a 
pos1tive impact on improving the 1ivelihood of those who live in the 
tropic終﹒ Certain exciting d主scover主es have been 誼ade and new 
deve10p臨ents begun to take shape in 1988 that bode we11 for the future; 
a few examples suffice to show the type of advances 盟ade:

Root yield 腎'as found to be c10se1y corre1ated with field 
觀easurements of photosynthesis. 

Mea1y bu草s reduce calciu揖 content of 1eaves and 聽arkedly reduce 
1eaf phtosynthesis. 

主宮室垂ication緣 。f f100d to1erance we實e found' 

Germp1a總瓢 fro龍 Latin 車路erica 100ke是 very prσ盟ising in the 轟frican
hi車h1an這s.

Nc巷，絃etho挂s of eva1uating materia1s with farmer participation 
were 全~sted successfu11y. 

High yield and good eating quality are now being combined. 

New methodo1ogies for demand ana1ysis for new products 100k at 
consu血er needs rather than statistlcal data. 

A network for advanced research on cassava was estab1ished after a 
meeting of interested parties. 

1n the area of cropping systems research effective working 
re1ations were established with severa1 nationa1 programs. The 
successful comb訂閱d efforts of ICA and CIAT 1n this area hsve 
for祖ed the base model for this type of relationsh1p. 

These new developments in the cassava progra祖 are bringing us ever 
nearer to reaching our goa1 of improvin在 the con是itions of the rural 
poor in the 臨arg1nal arel這s where ca翁sava 1s produced whilst at the sa血e
ti血e contributing to urban food suppl1es and general econo盟主c
development. 
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Re8J)o咽8e of cassava to an ear1y and pro1o缸里ed water 8tress 
單ese8rcn a t: CIAT durin草 the 1ast 8 year8 (CIAT 轟說nua1 Reports 

1980-1雪87) have shown that cassava to1erates a re1ative1y 10ng period of 
drough章。明ce the crop was estab11shed. In these studies with 11間ited
number of c主ones. a stress period of 2 to 3 1/2 祖onths was i絃抑制，d at 3 
to 4 months after planting and the cr睡p was later a110wed 1:0 recover 
fro聽 stress for the rest of the growing season with the aide of rainfall 
and 8upp1ementary irrigation. Compare是 with the contro豆. t:he f1r揖1 roo t: 
y主e1是 of the stre8sed crop was increased in the vegeta全ive1y vigorou8 
c10nes (e.g. cv. Mex 5會). was reduced in 1e8S vi囂。rous types (e.g. cv. M 
C01 22). and s11ght1y reduced or remained 毯nchanged in intermediate 
c10闊的何必. cv. M Co1 1684 and CM 507-37). These resp棉臨S were 
c10se1y re主ated to 1eaf area characteristics (i.e. peak 1eaf area index 
鵬是 1e唱f ar盼你rat:ion over the growing cyc1e) 棚 wel1蜘 to patterns of 
photoassimilate partitioni時 between top growth (成輯發+ 1eaves) and 
stora在e roots. Tbe positive response to stress in the vigρrous types 
was due 觀ain1y 1:0 reduction in top growth and the increase 1n the 
harvest inde袋. wheress the negstive response 1n the 1ess vigαrous types 
wa8 attrib毛主ted to the extreme reduction in 1esf area to 1evels below the 
optimum 1eaf a堂ea index. On the other hsnd. the stabi1ity of root yie1d 
in the inter聽ediate type8 也nder favorable and stres8ful environ聾ent wa!l 

due 盟主n1y ~o their ability to 阻intain their leaf area near the optimum 
durin草 a major portion of the growing cyc1e. The惡毒 information are 
valuable in iden全ifying different plant type8 for different 
enviro臨鵬ents.

C主SSAVA PHYSIOLOGY -

Nevertheless. CIAT researchers were tempted to find out to what 
e寬tent cassava crop can tolerate a more ex主ended period of water stress 
i，盟p08ed at an ear1ier stage of growth. 主nother objective in 四in，喔， was 
to 91雷達11ate ， a8 close as possible. growin草 csssava near the end of a 
rainy season, let i l: pas8 throu學h a 10ng period of no rain. and then 
al10wing 圭t to recover in a 8econd wet cyc1e. Cassava farmers often 
practice 協主s pattern of p1anting. In the 1會喜7/1988 growing season , 
ei草ht cassava clones (Table 1) were planted 1n the .,f ield drainage 
lys圭亞eter (tota1 area includ1ng borders 圭s about 3000 臨~) at Santander 
垂e Quilichso on 莒抑制ber 25. 1987. Due to the defic主ts in rainfall in 
December 1987 (94 鞠) and January 1988 (81 盟n). three irri草ations 瞬時
app11ed. Two mo龍ths after p1anting. prior to imposin囂 the stres怠，
supple阻entary irrigation was applied to br1n草 the 60i1 water content to 
near field capacity within the 2.3 器 soi1 profi1e. The avsilable 801l 
water within 草he 2.3 m profile of the experimental 9ite is about 250 咀m
between -0.03 and .“1.5 MPa. Ha1f of the experi揖終nl:a主 area wa綠 covered 
w主th white p1astic 翁heets to e草c1ude rainfall fro盟 day 60 to day 180 
after planting. 蟲1: this st~~e of~g:o~t~lc~輔ava crop ha8 1e8s than 0.8 
1eaf area index and less than 2 t ha • tota1 dry bio輯ass (See CIAT 
Annual Report 1987). Duril草草 the stress period of 4 month移. the control 
plot received about 540 聽聽 of rain plu發 three heavy 1rrigations with1n 
the first and second month 章。 compensate for the deficit in ra主.nfall in 
that per1od. The tota1 a觀ount of water rece1ved by the control plot in 
~ .~~n!=hs was gre~~e: than .!p.e p~.tentia1 evapotranspiration at the 
Quil1chao Station (~4 mm day '). The plastic cover was removed on the 
first week of June , 1988. Fro觀 June to Oct. 20 , the total rainfal1 was 

jij;alli--
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656 盟聽. Supp1e個entary irrigation to both the stresse是 and the co汲tr01
plots wss applie是 twice in June , Ju1y an謹 August ,to compensate for the 
10107 rainfall during that period. The total rainfall received from 
p1anting to harvest was 1406 回路 in the contro1 and 8岳5 輯盟 in the 
stressed p1ots. 

During the stres8 period. fie1d mea灣urements of 1eaf gas exchange. 
both CO" uptake and H今o 1088. were 滋ade with a portable infrared C心。
analyzer (L1∞R 6000) 、位“ngle 紋ta<<l~ed _'f'per _ canopy 1eaves at 801a1' 
radiation greater than 1000 p 1益。1 m ~ 8 '. These 甜easurements were 
nor楓11y made between 9 am. to 1 p田 each week within the fir8t 2 months. 
and biweekly within the 主ast 2 months of stress. Light interception, 
1eaf water potentia1 and 80il water content were als。血onitored. Fina1 
harve8t was 四ade on October 20 , 1雪串串 (11 months after planting) and the 
tota1 standing bio輔帥. root yield and dry 揖atter content of roots 糊re
determined. 

Table 1 Bum血arizes data of fina1 standing tota1 biomas銬 root
yield. harvest index and dry 觀atter content of storage roots. 1n the 
∞~Íro~ p1ot. the total biru盟ss ran忠于贓。ng cu1tivars from 23 to 叫t
ha -, fresh root from 是2 章。 59 t ha -, dry root f室。艷 14 to 21 t ha 必­
dry matt的 content from 32 to 39% and the h訂閱st !.1Jdex f ro盟約 to 71%. 
ln the stre關關 plot. the ran囂es 鴨re 18 to 2炙手 ha • for tota1 biomass. 
41 章。 59 t.ha-. for fresh root. 14 to 19 t ha 必 for dry root. 30 to 38% 
for dry matter content and 62 to 76% for harvest i數dex.

The宮e 107ere notab1e varietal differences in response to stress. 
Fresh and dry root yie1ds were decrease是 by stress 圭n M Col 1毒草4 ，
whereas they were increase垂 in CM 507個37. Previous studies with these 
two 揖enetica11y re1ated clones (CM 507-37 is a hybrid between 滋 Col 1684 
and M Co工 1438) bave shown that CM 507制37 is 咽。re vegetative1y vigorous 
and 1eafy type (CIA堂. Ann個1 Report 1985). ln , other cu1tiva凹. the 
yie1ds were relative1y unchanged with the exception of cv. C組 2136-2
where there was a notable decrease in dry root due ，聽a1n1y ， to reduction 
in dry matter content fro盟 35.5% to 3l. 1%. 

Across 911 cult主var霞. the w9ter stress as compared with the contr01 
re副主ced total biomass by 12罩， no change i祭 fresh roo皂. reduced dry root 
by 3.4聾， reduced the dry matter content by 3.3% and increased the 
harvest index by lO%. These data c1ear1y demonstrate the ability of the 
cassava crop to t:01erate pro1ooged water stress that is gradul鑫11y
induced at an ear1y stage of growth. 書urthermore ， the crop is ab1e to 
recover and co組pensate. in terms of ecooomic yie1d. for the adverse 
effect of stress. ln areas with inter明ittent rainfa11 and w1th 10ng 
pedo遲。f drought. cassava shou1d produce reasonab1y 曹e11 providin草草。。是
crop 翩翩ge酷的 (e.g. 蜘ed control snd adequate fert11izer) are 
pzacticed ane aeepso1lawith good water ho1d1ag capacity are availaTB1。.

The physiolog1cal mechan1s亞s that ‘lnder1y the t01erance of cassava 
to severe wster stress are i11ustrated by the data of Tables 2 and 3 and 
F主gures 1-3. The capacity of the cassava leaves to fix the at盟ospheric
G丸， a basic process for dry matter ac削l11Iu1ation ， during the stress 
pe吾iod wa移 80% of the control. This ind1c籠te that the photosynthetic 
process 1n cassava was not greatly 1nhibited 起y stress. A second an'謹
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important physi010gica1 mechanism of cassava 1eaves is the ab11ity t。
partia11y c10se its stomata in response to water stress. There was 43% 
reduction in 1eaf conductance to water vapor in the stressed p10t (Tab1e 
2). The partia1 c10sure of stomata enab1ed , part1y , the cassava 1eaves 
to maintain the midday 1eaf water potentia1 at 1eve1s comparab1e to the 
contr01 1eaves (1eaf water potentia1s at 2 p.m. across a11 cu1tivars 
were -1.13 and -1.12 MPa for the contr01 and stressed 1eaves , 
respective1y , See Tab1e 3). 1n addition to its beneficia1 effect by 
preventing severe 1eaf dehydration , and consequent1y preventing 
impairment of the photosynthetic capacity of the 1eaf , the partia1 
c10sure of sto血ata in response to water stress reduces water 10ss 
through transpiration (See Fig. 3) and hence maxim1zes the water use 
efficiency (the amount of COry fixed per the amount of water transpired). 
Ã~~;hi;;i-Jand-"~q;~'í'í;- i;p~;~a~~"-;h;;ioì~';i~;;l-'~~chan-is-;;~ th~~"-;~;bï~; 
cassava to withstand severe water stress , i9 the abi1ity of the cassava 
p1ant to maintain a predawn 1eaf water potentia1 in the stressed p1ants 
comparab1e to the contr01 (1eaf water potentia1 at 6 a.m. across a11 
cu1tivars were -0.39 and -0.40 MPa for the contro1 and stressed 1eaves , 
respective1y) • This is achieved , part1y , by reducing tota1 1eaf area 
(as indicated by the 30% reduction in 1ight interception in the stressed 
p10t , Tab1e 2) , and hence reducing tota1 canopy transpiration , and by 
withdrawing water from the deeper 1ayer of the soi1 profi1e (See C1AT 
Annua1 Report , 1987). During water stress , cassava roots extend 1nt。

the deeper ~et soi1 (more than 2 meters) from wh1ch it can extract from 
20 to 40% of its tota1 water uptake (CIAT Annua1 Report , 1987). 

Not on1y cassava can t01erate 10ng periods of soi1-water deficit , 
but a1so it reacts to changes in atmospheric humidity (C1AT Annua1 
Reports 1982-1985). Stomata of cassava 1eaves are sensitive to air 
humidity irrespective of so11 water content. 1t c10se rapid1y 1n dry 
a1r when evaporative demands are high. This mechanism enab1es cassava 
to max1mize its water use efficiency during per10d of pr010nged drought. 
When air hum1dity 1s h1gh (e.g. ear1y in the morning and during ra1ny 
periods) , stomata of cassava remain open. Thus , in hum1d atmosphere and 
in presence of soi1-water defic1ts , cassava 1eaves remain 
photosynthetica11y active , conditions which are usua11yεncountered in 
the cassava growing area 1n the Pac主í~c Coast of Er.uadcr where cassava 
produces we11 (8-12 t fresh root ha ~) w1th 400 mm of ra1n fa11ing 1n 
3-4 months. 1n that region , the 1ntensity of solar radiation is 10w due 
to c10udy skies and hence 10w evaporative demands. 

1n the present tr1a1 , the 4 months 1mposed so11-water stress 
coincided with one of the ra1nfa11 peaks (tota1 rainfa11 in Apri1 and 
May 1988 at Qui1ichao was 400 圓圓). During Apri1 and May 1988 , the 1ast 
two months of the water stress period , the photosynthetic rates of the 
stressed p1ants were 60-70% of the rates in the contro1 p1ants (See Fig. 
1) • This remarkab1e photosYllthetic activity of the stressed cassava 
shou1d be partia11y attributed to the favorab1e effects of the high 
humidity by keeping the stomata partia11y open (Fig. 2). 



4 

l'ab1e 1. F幻1a1 yie1d and bio祖ass of ei藍ht cassava cu1tivars as affected by an ear1y and prolonged period of 
water stress. From day 60 to day 180 after p工ant1ng盆， p1ants were depr1ved of rainfa11 and then 
were allowed to recover un丑。r irrigation and ra1nfa11 for the rest of the 囂rowing cycle. Rainfall 
was excluded by convering the 緣。i1 of the stre悠悠e垂 plot with pla戀tic sheets. Experi且.ent was 
con挂ucted at Santander de Qui1ichao - p1anting date , Nov. 25 , 1雪87. 富arvested October 20 , 19串串.

CONTROL STRESS 
Tota1 甚至于-1'吾吾自h Dry Z Dry Harvest Total dry Fresh Dry z Dry 百且rvest

Cult1var b10血8SS root root 四atter il這 1ndex biomass root root 揖atter 1n index 
roots Z roots z 

t ha-1 t ha-1 

眩 Col 1684 27.0 50.5 16.9 33.5 岳3 18.2 再1.8 13.9 33.1 76 

CM 489側i 26.4 59.6 18.8 31. 岳 71 26.8 5會 .0 17.5 29.6 65 

CM 507-37 22.6 主2.2 14.1 33.3 62 2再 .0 52.6 17.2 32.6 72 

。i 523-7 25.8 42.7 16電品 38.2 63 26.9 45.6 17 .4 38.2 65 

CM 會22刪2 24.8 再2.7 16.9 39.4 68 26.0 主4.3 17.0 38.3 65 

CM 1335司有 29.8 51.6 20.2 39.3 68 26.5 51.0 19.1 37.5 72 
α1 2136-2 38.0 58.7 20.9 35.5 55 27.7 55.4 17.3 :n.l 62 

部 3306-32 33.8 在1.3 15.2 36.7 45 24.5 41.1 15.2 37.0 62 

Average of 

all cultivars 2在 .5 再8.7 17.在 35.9 61 25.1 48.9 16.串 34.7 67 

Control-Stress x 100 z 
Control -12 0.0 輸3.4 -3.3 +10 
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Table 2. Leaf gas exch甜1ge characteristics of e主ght cassava c祖~tivars as affecte是已y an early and pro1onged 
per10d of water stress. Va1ues are 血eans of a11 measurements 揖ede dur1ng the stresB period from day 
60 to day 180 after p1entings. Measurements were 臨ade weekly for the f1rst 2 祖onths and every two 
weeks in the 1ast 2 months of 翁tress (12 祖臨surements x 3 replications). 

Cultivar 

I! Co1 168主

α489-1 

CM 507-37 

CM 523-7 

部書22間2
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18.0 

19.6 

17.3 

16.2 

22.3 

18.2 

20.6 

17.8 

Average of 

al1 c祖1tivars

815 

1001 

940 

937 

992 

器33

1033 

850 

85 

104 

事2

97 

102 

82 

104 

101 

24 96 19 527 81 43 925 62 

C冶ntro1欄Strsss x 100 

Control 

z 
間21 -31 -43 -16 
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Tab1e 3. Leaf water po主entia1 of ei囂ht cassava 副主1t1vars a8 affected by an ear1y and pro1onged per10d of 
water stress. Va1ues are 阻e8ns of 811 measurements made durin囂 the stress per10d fro盟 day 60 to day 
180 after p1anting. Measure臨ents were made 腎eek1y for the first 2 months and e丹lery two weeks in the 
1ast 2 months of stress (12 攏。asurement翁 x 3 replications). 

C 0 N T R 0 L S T R E S S 
Hour Rour 

Cu1tivar 6 a.m. 8 a.m. 11 a.路* 2 p.m. 6 a.剖， 8 3.Dl. 11 a.單. 2 p.m. 

(-般的

H Co1 1684 0.38 0.69 O.哲學 1.07 0.40 0.80 1.02 1.07 

CM 48會-1 0.38 0.76 1.05 1. 圭亞 0.41 0.83 1.09 1.15 

CM 507-37 0.38 0.79 1.08 1. 19 0.3會 0.88 1.16 1.18 

CM 523糊7 O.毒。 0.77 1.04 1.09 0.39 0.83 1.06 1.09 

CM 922-2 。.39 0.75 0.98 1.11 0.42 0.87 1.05 1.12 

a至 1335-4 0.38 0.80 1.12 1.20 0.38 0.87 1.19 1.19 

C也 2136-2 0.38 0.80 1.12 1.18 0.43 0.94 1.1會 1. 15 

CM 3306-32 0.42 0.72 1.02 1.09 O.在 1 0.76 O.雪7 1.02 

Average of 

a11 cult1vars -0.39 -0.76 -1.05 伯1. 13 -0.40 倫程 .85 -1.09 -1.12 
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S011 eros10n stu是1e發 1n cassava-ba翁ed cropp1ng syste血8
Cassava 1s 草rown by s盟a11 far祖ers ln 盟arg1na1 and steep 1ands 1n 

the trop1cs. The proble:四 of 8011 eros10n and runoff re每u1ts 1n large 
l088e8 of the th1n top 8011 and could lead to a permanent deter10ration 
in the 8011 properties. The methods of so11 preparation , once the 
犯atura1 vegetation was e11血1nated. and the var10us cu1ture pract1ces 
f0110wed by the CS6SaVa farmer8 sre pivotal factor諺 in control1ing 80i1 
erosion. The so主1 an是 p1ant nutrit10n section of the css發ava progra血
hss con挂毛主cted f1e1d st揖:d1es on 6011 eros10軍1 in csssava-base是 cropp1ng 
syste體s for the last several years. The research has 1ed to So臨e usefu1 
techn010gy in controlling soil ero傷ion 1n the hi11y regi開 aro咽d
M劫犯峰。醋。. Depart祖ent of Cauca. where caBsava 18 common1y produced both 
for subsi8tence and for income. 

The cassava physi010gy section in col1aboration with the University 
of Hohenhe1啞. Stuttgar章. Federal Republic of Ger囑any ， has continued the 
research on s011 erosion at Santan垂er de Qu111chao and 殼。n益。咽。. For the 
last two years , a Ph.D. student from Ger龍any has co袋ducted fie1d stud主es
on 是ifferent metho垂s of s011-crop 臨ana鑫忽聽ent in re1ation to s011 
erosion. 主he experi盟enta1 sites were se1ect像是主n 1ands w1th 7闖13% slope 
gradient at Santander de Qu圭1ichao and 13-20% at Mon益。，mo. Seven 
s011-crop management treatments were as follow約 1

The plots 

Cassava 

1: Tilled給fallow which wa5 kept free of weeds. 
were f1at and frequent1y t111ed. 

2: Cassava planted on the f1at after prepar1n草 the so11 
with either chisel p10ugh (Santa說是er de Qui1ichao) or 
by Ox-p10u草h at Mondo聾。. Cas發ava was p1anted at 
e哇u1distance of 1盟 x 1m. 

3: Cassava p1ante是 on contour-or1ented ridges. 
was planted at equidistance of 1m x 1田.

4: Cassava p1anted on vertica11y翩。riented ridges. 
was planted at equidistance of 1m x 1m. 

5: Cassava intercropped with cowpeas at Santander de 
Qui11chao and with fie1d beans at Mondo恕。. After 
prepar主ng the 5011, crops were p1anted on the f1at. 
Cassava was p1anted on contour惱。riented rows. 1.7盟

between row發 and 0.6單 between p1ants. Co習peas and 
fie1d bea融s were p1anted 釷1 0.25臨 rows between the 
ea呈串ava rows. Popu1ation density was !lO.OOO p1ants 
ha ‘ for cowpea給 and 220.000 p1ant忽 ha 勵 for f!eld 
beans. 

6: Cassava planted on the f1at after preparing the soi1 
and keeping 1-m strips of natura1 grass at 10m 
d1atance 1n Qui11chao and at 8m in M02ÿo醋。. Cassava 
popu1ation density of 10.000 plant ha 編 was used. 

7: M1nimum t圭11a轟e (Cajue1as) where cassavs was planted at 
1輯 x 1盟主n prepsre吾 pits an垂 1es'、ling the remain主ng srea 
intact with its natura工 grass cover. 

Cassava 

Treatment No • . 
Treat攝像龍t No. 

Treat酪ent 苗。.

τreat甜ent No. 

Treatment No. 

Treatment No. 

Trest盟ent No. 

a
V
J
B
V眉t
a
i
-
-
s
s
t
-
z
j
建
i
z
a
z
?
z
j
j
費
1
1
t
i
f
-
-

也
會

ielil--

Water and s011 co11ectors were insta11ed at the 10wer end of each 
p10t to mon1tor both runoff and eroded 8011. A11 the p1snted p10ts were 
adequately fertil1zed. On both s1tes rain gauges with a month1y 
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reeordin草 period were insta11ed to obtain infor盟ation on the erosivity 
of the rains. 

The patterns of rainfall distribution and erosivity indel< (EI。仇}
are illustra.ted in Figures 4 and 5. Although the tota.1 amount 楠'õf

rainfa11 were be10w the 10ng-term mean annua1 precipitation , there were 
period貓 with intense rains falling within a very short ti阻e. The 
highest intensity was recorded in Qui1ichao durin露 a rainstorm on Apri1 
龜， 1雪喜喜 wi主h 21 噩噩 in 7 聽inutes. In Mon益。聽o a peak intens圭ty of about 
11 聽聽 in 全體inutes wa.s recor是e蓮。單車ugust 19. 1會88. 空hese data 主室主dieate

that hlghly eroslve 8torms not on1y occur durin囂全he norma1 ralny sea緣。'n
but ean a180 oecur in 1ess rainy season. The erosiv主ty indel< of rain 
storms was significantly corre1a. ted with 8011 1088 in Quilichao (r 艙
0.7 , P,< 0.01) but not in Mondomo. 

The runoff in Quillchao during AprilωNovember 1987 is il1ustrated 
in F主車. 6. The stron藍est runoff occurred when CBssava was planted on 
vertical主y俏。riented ridges (treatment 主). The 盟主nimu血 tillage. til1ed 
fa110w a.nd cassava-cowpeas treat盟ents were inter祖ediate. The other 
tre發電輯ents ， cassava plante是 on the f1at w1th (treatment 6) or without 
grass barrlers (treat揖ent 2) and cassava plant像是 on contour悔。r主ented
ri往車es (trea. tment 3) , ha是 the 1east runoff. Si血ilar trend翁 were 
ob制rved in Mondo盟。 (data not shown). The stronge的 runoff coincided 
with the h ;J.ghest ralnfa11 intensity in April-May and October-November 
(compare ~:f，g8. 3 and 5). A1帥， the 1缸"的棚。unt of eroded so11 of 
26.4 t ha-' occurred in May , 1987 with ca8sava p1anted on vertically­
orlented ridge8 , , a treat臨終nt with the h1gheat runoff (co盟pare data of 
Fi草. 5 就th 堂able 4). This ~~~u~t .of. e!f'~ed ~~1:. W~8 .n:uch 露reater than 
the til1e公fal10w treat聽ent (15.9 t ha "). At tbat 韋拉姆， tbe cassava 
plant8 珊re just 2 僻的hs 01是 with very 棚a.11 ca囂。py cover , henc發 the
vertica.lly-ori叩ted rid囂的 enha.nced runoff and 80圭1 erosion. On 
Octob肘-November ， when ca酷的a 閥9 6-7 months 01d a.nd the canopy reached 
its pea.!, the inten翁ive runoff did not resu1t 圭n 9ignif圭cant soi1 10閱
(2t ha i w1th caeeavaon vertica11y-oriented r1dgesas compared w1thzg 
t ha.-‘切 tilled-fall酬， Tab1e 4). 

Intercropping ca悠悠a.va with grain 1e露umes (e.車﹒ cowpeas and fie1d 
be關s) resulted a.190 in strong runoff (8ee treat. 5 , Fig. 的 and 1arge 
為攏。unt of ero是ed 80i1 (See Ta.b1es 4 and 5). In t哇。室主是omo ， where the soi1 
咐嗨lon was aggra.va.te謹 by higher rt諒拇ff 情 1988. the a祖酬o飢毛綠肘z訝咐z
穆。ilfr。盟 cass星a.va卸@爛.bea宮魏1 P主。t9 電we宜全1轟t堯. t ha-' a.s compared with 87 t ha 
in ti11ed-fa11ow an是 37 t ha 笠翁 s01e caS5ava (See Table 5). 
Unfortunate1y. in the路e tria1s there were no 801e bea.悠悠 or cowpea.s 
checks in order to deter祖1ne the rea1 祖a.gnitude8 of runoff and 8011 
erosion a.ttributed to these crops. However , it 18 evident from the 
present data that intercropping grain 1egumes with cas恩ava. re9u1 ts in 
more runoff and 5011 erosion than caS9ava 四onocu1ture.

Ta.b工es 4 發言ld 5 甜甜臨r1ze da.ta on the amount of 9011 10S8 1n 
Quilichao and Mondo路。a.s affecte吾吾y the different soi1-crop 盟a.nagement
pra♀tices. 1n the 1987/88 season. the h草草hest amount of soi1 10ss (主9 t 
ha帽I)occurredin QuiziChaoin theMUedmfaZI覽室reatme棍， followed by 
the vertica11y-oriented cassava ridges (30 t ha-'). The 1east amount of 
50i1 1089 occurred with the 紛inimum ti11age. fo11owed by 
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{1.9and 3t ha 1, respectively}­
or without gra88 barrier8 lost equa1 

contour倫or1ented ca8sava ridges 
CaS8ava planted on th章 1 f1at 官1th
a觀ount of 80i1 (5 t ha '). 

話owev肘， 這紹給 to the short down-slope length of each p10t (16 呦，
th發 beneficia1 effect of the 墨rass barr圭er8 was not ev1dent. Cas益ava

far鶴ers 悠悠e 1ar草e strip8 of lan是 on steep hi11s and in th1s ca8e natural 
車rass barriers shoul是每e effect1ve in min圭亞12主ng 8011 1088 by eros主on.
ln the curr轍t 1會串串/妙的 seas俑. the sa揖e trends were observed but with 
鶴。re 80主1 er08ion occurring 1忍 the f1r8t 7 months.τhe se舟er1ty of 8011 

肘締約鳴 with certa知蜘楓華ement pract1白人\s r飽缸抽泣y illustrated by 
the 轍。unt of so11 1088 of 26 to 30 t ha - occurr給華 in May 1 警車7 and 
Aprll 1988 with ca8sava grown 0罰 vertica11y-oriented ridges. 車lthough
the min1mum t111ag澤 treat斑ent was the most effective in prevent圭ng so11 
M峙的氣. it pro是uced very 10w y1eld (data not shown). ln ter棚。f

ca翁sava product10n , the minimum t111age 1s ineffective. The 
aggressiveness of the natura1 grasses in cσ也peting with casaava for 
water and nutr1ents argue aga1nst its uti1ity. 80i1 10戀戀 生殺 Mondo鶴。
follo耐ed the sa血e patterns observed 1n Qui1ichao. Cassava inter咕ropped
with grain 1egume9 appears to be a r1sky pract1ce a9 1ndicated by the 
臨agnitude of 間i1 1088 in the current season of 1戶囂. Th18 cropp絲露
pattern (treatm晦nt 5) resu1ted 1n 21 and 4再 t ha ιof eroded 緣。11 1n 
Qullichao and Mondom舟， respect1ve1y (8ee Table8 4 and 5). The eroded 
s011 carr1es w1th 1t va1uab1e nutrients whether native or app1ied (5ee 
data of Tab1e 6). In order to sustain productiv1ty in these mar車 1nal
s0118 1n the trop1c8 , not on1y improved genotype8 with low.關lnput
requlrements are the solut10n but a1so proper cu1ture practlce!這 and 8011 

con8ervatlon measures are equa11y 1且portant. Once the prec10us 80118 
were 10st , the improved genotype8 wlth 10w刪input requlrements wi11 have 
no p1ace to grOW even with high inputs. 
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Re8ponse of cassava to aS60ciation with forage legume specie終﹒
Per血anent ground cover with forage legume species i8 effective 1n 

reducing 60i1 10S8 by erosion and to a certain extent in nutrient 
recycling. 1n 1987/1988 field trials were conducted in Santander de 
Quil1chao to investigate the response of ca8sava to associat宜。n with 
so血e forage legume spec主的 that were prov1ded by the Tropical Pasture 
program of C1AT. The species used were: kud仰. acc. 9900 .1空空空堡壘壘
Phaseol01de8); Zomia latifol1a , acc. 728; Ara.c:.lli8 p1缸 toi. acc. 17434; 
siratro , acc. 5~古acEEEE立Iü苔 atropurpureu訂了嗎ntm站站 acutifoli且毯，
缸c. 5277; Desmodi晦 ovalifol主妞， acc. 13089. 鴨e fer控iity level 令E
the exper孟晶ental 三古e 古言τeryτzwaue tocontinuouacaggavagrowi時 for
the last several years. One experiment was conducted 當ithout ferti1izer 
and the second one received 500 kg of 10刪 20刪20 揖P藍. The forage 1egumes 
were planted at the same tl甜e with ca8sava on 聽ld嘲October. 1987 and were 
left under rainfed co位dlt1ons. 車工1 fora鑫e 1egume銬. except Arachis 
.I>!墅里空三. germ1nate垂 and rap1dly 的ta扭扭hed full cover within 3-4 甜的ths
after 抖的結均﹒ 扭扭垃皇位單位閥9 the 磁low您的 and the 1east effective 
主n e8tab1ish盟ent. 全he tw喝 clones of ca結sava M C01 1684 and tbe hybrid 
C說 507-37 (a hy忌rld of 滋 Col 1684 x M Co1 1 主38) 軒ere planted at 1盟玄
0.8m. CM 507-37 18 a 盟唱re v1囂。 rou發 and leafy type than M C01 1轟轟轟 and 
form more fibrous root9 1n tbe upp發r 9011 (Cl車室. Annua1 Report , 1會85).
In add主t10n to the va玄10us cassava伽吏。rage legu誼e associat主。但s ， tbere 
were three check treat盟ent怠. 1.e. caS8ava a10ne: with wee是 contro主1eð by 

學
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a 觀achete and were 1eft as 祖u1ch; weed controlled w圭th a hoe and then 
re噓。ved; and weed controlled with herb主cide. Gra聽sxone was applied 
after weeds have forme謹 a comp1ete cover 80 thatthe dead weeds served 
as a mu1ch. 

Dry root yields at 11 months are given in Tab1es 7 a位4 草. With and 
without fertili時宮， the vigo宮。us c10ne 伽 507-37 significant1y 
ou主yie1ded M C01 1684 irrespective of 盤ethods of weed control and 
cassava-legu也.e associations. In both clones , the hi鑫hest yields were 
ach圭eved when weeds were either cut with 組achete an這 left a9 馳11ch or 
拉ontro11ed with p09t-e思ergence herbicide9. Co盟，pared with these two 
treatments , the cassava-legume asaociat10n s1gnif圭.cant1y reduced y1e1d 
of both cu1tivars. 幫主th fert11izer appl1cat10n , the y1elds of CM 507-37 
in assoc1atlon with Zornia , Des盟odium • Arach1s, Centrosi曲， Puerar1a and 
hcr叩tilium 抽血釘訂穹訝，可諒了?當.府立nd 6勢可π玄r回討品的leld ，
respect1ve1y. 幫1th M C01 1是84 ， these assoc1ations (in the above ranking 
order) gave 82章. 75克， 97萃， 69% , 42% and 57% of the maximu聽 y1eld.
Except w1th 紅車必說已豆豆， the re是uctions in y圭eld due to assoc1at10n 
w1th forage leg白白色 s were greate宜 1n 滋 Col 1684 than in CM 507“ 37. These 
data su草草包忽t that the v1gorous C滋 507個37 co血peted better w圭th the 1e哩~u盟e
covers. Th1s clo宮le for祖 f1ner and more dense f1brous roots 1n the 
surface 80il, an 11重portant character1s室主c for water and nutr1ent 
absorpt10n that enhance 1ts ability to co論pete with legu盟e covers. 

Without fertilizer app11catio唔， the y1elds of CM 507-37 in 
assoc1at10曉 with Pueraria , Macroptiliu血， Arach始. Centrosi輛， Zornia , 
and Des租叫ium were 敢打勻凹，的萃， 62%，的%， 52% of可官"'iiiãrl削m守在百­
With一立三01τ684 ， these associations (如 the ab抑e ranking order) 囂的e
41車. 16草， 40% , 27草. 35草. and 3毒室 。f the 輯ax主.mu曲 yie1d. 1t 18 clear that 
the 也8皂nitude in yield re丑惡lction due to the assoc主ation with forsge 
leg珊處也 is much 草reater in M Col 168再 than CM 507-37. Further盟ore ， the 
d1fferences between the two clones 1n their ability to co聽pete with 
legume covers were 醋。re pron曲unced 1汲 the 10w fertil1ty 80直至 thsn whe啞
ferti1izer wa8 app工1e是. This sug草ests that the vi車。rou8 cassava clones 
with m申re effic主ent f1brous root syste認 are more suitable for 
associatio咽 w1th forage legu器es.

1n view of the abi1ity of 間ssava to produce reasonably we l1 in 
associat1on with fora囂e legumes , it 主績 。f great interest to further 
explore the potential of this cropping syste祖 in areas prone to so主l
erosion such as Mon益。臨o and Pescado宜. Dept. of Cauca , Colombia , where 
cassava is 可i1dely grown on steep 揖arg1na1 1a路ds. The expected long-term 
benefit of th1s cropp1ng syste器 i8 the conservation of 80i1 an是 the
maintenance of s011 ferti1ity. 

lt has been shown from 8011 er08ion atudies 1n Qui1主chao snd 
Mondomo (See prev10us sect10n) that certa1n 801主-crop management methods 
(e.g﹒已arriers of natural 草rass and contour-oriented ridges) ar于
effective 1n contro111ng runoff and s011 erosion. Combin1ng 80摺e of 
these 誼ethods with some favorable fora草e 1e草U血e covers (provid1ng 
acceptance by far臨ers) wou1d enhance 忌。th the control of 8011 erosion 
and the mai犯tenance of 80主1 fertility. 

、
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However, 1n areas w1th 10w ra1nfa11 and with 10錄g period of 
是rou串;ht ， cassava product1v孟ty cou1d be adverse1y affected by assoc1at1on 
智主th forage 1e草綠臨es due 盟a1nly to co聾petitlon for the l1mited sol1 
water. 

到utr1ent recycllng by earthworms 1n sandy so11 , Med1a Luna 
Where land 1s abun這ant ， small far祖ers 1n 聾ost of the troplcs 

pract1ce 8h1ftlng cultivat10n by c1earin草 the vegetat10n cover fro臨 part
of the 1and. cult1vate crop發 for a few years and then 翁hift to another 
unculti有Tated land. Th1s pattern of cult1vat1on coupled with no 1npu室。f
chemlcal fert111zer produces reaso盟able y1eld by allowing the cult1vated 
1and to recover 1ts fert l1ity before using lt for another cyc1e of 
cu1t1vat1on. M主.nera11zatlon of nutrient侈， organic 聽atter accu聽llation
and the b1010g1cal activ1ty of the so11 fauna are essent1al components 
of 聽ai揖ta1n1ng 8011 fert111ty. 割everthe1es銬， with incr包asing hu盟an
populatio缸， demand for 1and 1ncreases and far盟ers tend to per祖anent1y
C綠1tivate whatever 1and 1s ava11able. The lack of the "fallow 8ystem" 
1n absence of fert111zer applicat主on leads to depletion of 9011 
nutr1ents and to decl1ning product1v1ty. In Media Luna , North Coast of 
Co1om起1a where cassava 1s produced by s盟a1l farmers w1th lim1ted 
aval1able 工and ， reduct10n 1n y1el這 has been observed for the last two 
years. Decl1ning soil fert111ty , beside severity of p1ant diseases , 
聽革派It be a majo宮 factor behind 1068 of yie1d. Data of Table 會 i械icate
the extremely 工ow content of organ1c 細tter and nutrients in soil 
悠a臨ples collecte垂 from 6 fiel益s of far甜ers 主n Med主a Luna. Ho‘iever. 
during co1lect1ng these sample鐘，主t was ohserved that earthwor睡 castin囂8
were accu盤ulating on the surface of the a011 and dlfferences in 
actlvit1es of the earth習。r臨s between f1eld侈 as lnd1cate是 by the 
relat1ve amo叫nt of cast1n莒s，帶ere apparent. Uncultivated fields (草rass
fa1low) were show主ng 醋。re earthworms act圭.v1ty than cult1vated f1elds. 
Samples of earthwor聾 cast1ngs were coUected for che盟主cal analys1s. 
There were substant1al 1ncreases 1n organ1c mattE語言， the cation exchange 
capacity an是 1，艾馳sjor and 輯1nor nutrients 1n the earthw咽rm castings as 
compsred to casting-free 館。l1s (τable 會). Notably there were more than 
300% 1ncrease 1n or草an1c mstter , NH 吟， phosphorus , calc拍攝 and 
mag臨sium. These fin通知gs are ROt gtarprtLi絞盡 since earthworms have lon喜
been known for the1r ro1e in enr1chlng sol1 fertiHty throu草h their 
abil1ty to recycle nutr圭ents fro盟 pla器t residues and so圭1 fauna. 
單evertheless ， apprec1ation of this phenomenon by far扭曲rs and 
agr1cu主tural sclent1 

Lonll;-ter祖 response of cassava to fertilizer app11cat10n 
The s1xth year responses of cassava (cv. 吾f Col 1岳8再) to levels of 

NPK at Santander de Qu111chao are 111ustrat您這 1n Figs. 7-14. In the 
plots where the fert11ity level was a是equate 6 year移 ago ， there was no 
response to app主ication of either n圭tro草en or phosphorus. ,1n ter祖s of 
fresh root y1毛d (Fi草. 7). 校的ds were 帥 h1gh 閥 50 t ha-' 圳的 0 ， 50 
and 100 k.草 ha ‘ each of N an挂 P?O~. However there was slight increase 
12dry mot yieM(HLS〉 which2izattribut吋齡組ly to the increase是
dry matter content in root終 due to app l1cat1on of 曹 and P (F童車﹒ 9) • 
81現11arly ， there was a response to 輯 and P application in ter臨S of 
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above-ground growth (Ste祖懇 司令 leaves) (Fig. 10). On the other hand , 
there were strikin草 resp叩8帥 to potassium appl1cat10n 1n terms of fresh 
root , dry root , root-dry matte宣 content and 1n shoot 轟rowth.

1n the plots where the fert111ty level was low 6 years a墓。， still 
there is no observe是 response to nitrogen application..:尋nd the fresh 盟軍d
dry root yields 嘗.ere relat1、rely high around 毒o t ha - and 14 t ha ‘­
respectively (F1gs. 11. 12). Phosphorus application up to 50 k車拉a而主
膏。0起 s1gnificantly increased fresh and 是ry root yiel謹. Root dry 揖atter
côn!:ent re盟a1ned relatively unchanged with N snd P appl1catio裂， {F1B-
13). Shoot biomass was incresed by 38% and 22% with 100 kg ha ‘ of N 
and. PZOS' respect1v~工y (Fig.14). The lar草est responses 1n yield，是ry
matter ~content and 酬。t_ ~.:o~ass .!'fr: observed with potassium 
app11cation. 主pp11cation of 50 kg ha - KryO lncressed fresh root by 
100葉. dry root by 160囂，通ry matter ∞，nt如t tyiczaad ehootMO臨閥 by
l有3% as compared with no K. 

1t appears from the8e data that 8011 器 and P leve1s were suff1cient 
to sustain cassava growth and 祖a1ntain h主事h y1e1ds for the 1as主 6 years 
of cont缸lUOUS cult1vation of cassava. However. an ave~到ge cassava crop 
1s able to recyc1e back to the 8011 from 在 to 6 t ha - of fallen dry 
leaves. It see血皂. tberefore , that the lack of response to nitrogen and 
to a certa1n e覽tent to phosphorus i8 partial1y attr1buted to the 
recycl1ng of the怨是 two elements by fallen caS8ava leaves. Another 
poss1ble reason for the lack of re忽ponse to n1trogen appl1cat10n after 
several years of cont主.nuous cassava growin皂，圭s the ab111ty of cassava 
fibrous roots to explore deeper 翁。11 layers 腎h主ch were fou.od recently to 
conta圭亞 h1gher levels of nitrogen. 1n Santander de Qu111chao, nutr主e.nts
content w1th1n 2而m so11 profl1es have been mo.oitored 1n the 1987/1988 
seaso.o wh1ch ind1cate that nitro草en leachi忽車 fro臨 top so11 down to 
deeper layers may be s1gnificant. In th1s case , csssava clones w1th 
more extens1ve and 挂eeper root 學yste間 would 毛e advantageous 1.0 recycling 
leached nutr1e.ots. 

The str1king response to potass1um sppl1cat10n w1th cont1nuous 
cassava grow1.og 18 expected. More than 60% of total K uptake by cassava 
1s re攏。'ved a10包車 w1th the storage harvesta忌le roots. Severa1 years of 
csssava cultivat10n wou1d result 1n slgnif1cant depletion of so11 K 
content. 的 a h1ghly , p:.，:d~:.tl;re . r~9.t .. c:-?P , cassava r.e.qu~res a 
reasonab1e 1制el of K (::;- 50-80 kg ha - K穹的的制 the s011 becomes 
def1c1ent 1n th1s e主e誼ent.

.、



.'.的<，~勾心恥的血叫你 3 的叫叫“，，，，，，::.勾心叫省內叫叫的叫“、叫叫叫i神帥胸呻臼凶心也叫叫你耐心甘心叫丘叫師叫~-叫的叭叭叫鬧別叫叫.'視機仰自何叫.~~'"削叫鴨山吻你h恥 r_，，_< 山川圳抖抖叫他心-"'"..，陣'''''' --..""趴峙恥

13 

TABLE 4. Top 8011 erosion 1n Santander 是e Qu111chao as affected by d1fferent methods of so1工 preparat10n in 

cassava枷based cropping 總yste揖. 1會87編1988 growit主g season. (tons of eroded so11 ha耐1) • 

April 被ay June Ju1y Aug. Sept. Oct. Nov. Dec. Jan. Feb. March 
宮reat:ment 87 87 88 88 單單 Season 

l 1.6 15.9 0.1 0.2 0.0 0.0 8.8 1會 .9 0.3 0.9 1.5 0.0 49.2 

2 0.3 1.9 0.2 0.3 0.0 0.0 0.9 0.9 0.1 0.3 0.2 0.0 5.1 

3 0.2 O.會 0.1 0.2 位 .0 0.0 0.5 0.6 0.1 0.2 0.2 0.0 3.0 

主 0.5 26.4 0.:> 0.5 0.0 0.0 1.1 1.0 0.1 0.3 0.2 0.0 30.4 

5 0.2 4.1 0.1 0.3 0.0 0.0 1.2 1.5 0.1 0.3 0.1 0.0 7.9 

6 0.2 3.0 0.1 0.2 0.0 0.0 0.6 0.7 0.1 0.3 0.2 0.0 5.3 

7 0.1 0.8 0.0 0.1 0.0 0.0 0.4 0.3 0.1 0.1 0.0 0.0 1.會

1988輛198會 grαwing season 
Treat:ment Apri工 經l1y June July Aug. Sept. Oct:. Total 

88 單§

1 27.9 9.3 10.1 0.0 1. 0 2.3 5.7 58.1 

2 8.6 1. 1 0.7 0.0 0.3 O.毒 0.4 11.5 

3 0.8 0.4 0.6 0.0 0.2 0.3 0.3 2.6 
品 30.3 17 .0 7.7 0.0 0.3 0.6 0.6 5位 .5

5 15.1 2.8 2.0 0.0 0.2 0.3 0.3 20.7 

6 7.6 1.9 1.7 0.0 0.1 0.1 0.1 12.0 

7 0.8 0.1 0.2 0.0 0.1 0.1 0.1 1.4 
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世蟲BLE 5. Top 8011 er0810n 1n Mondo四o a8 affected by d1fferent 祖etho是5 of 5011 preparat10n 1n 

cassava“ .ba8ed cropp1ng sY5tem. 1987-298Egrowizzzaeagon-{toasof eroded ao1lhaml>.

April May June Ju1y Aug. Sept. Oct. Nov. Dec. Jan. Feb. 犯arch
Treat觀念nt 87 87 88 88 88 Season 

l B 1.1 。 3.5 。 6.3 12.9 2.6 18.2 。 。 。 4晶 .5

2 。 舟 .0 G 0.1 。 1.2 3.9 0.2 0.5 G Q 。 9.9 

3 G 0.4 G 0.2 。 0.3 0.3 0.1 0.2 。 。 G 1.5 

4 。 15.2 。 4.6 。 5.5 6.5 0.3 1.7 。 。 。 33.8 

5 。 10.1 。 0.3 。 2.2 5.6 0.3 1.3 Q 8 G 19.8 

6 G O.是 Q 0.1 。 0.3 0.3 0.1 0.2 。 G G 1.3 

7 位 0.9 。 0.3 。 0.6 0.6 0.1 0.2 o 。 o 2.7 

:會88-1雪89 growing 8ea80n 
Treat誼ent April May June July Au在﹒ Sept. Oct. Total 

88 88 

10.2 0.1 11.9 3.3 50.0 8 11.6 87.1 

2 12.3 0.7 3.6 0.8 18.6 。 0.8 36.8 

3 0.6 0.1 0.3 0.1 0.6 。 0.2 1.9 

4 1.0 0.1 0.4 0.1 7.4 。 0.5 9.5 

5 27.2 0.8 0.8 0.2 1再 .0 。 0.7 再3.7

6 O.在 0.1 0.3 0.1 1.0 。 0.2 2.1 

7 1.2 0.1 0.2 。 0.3 。 0.1 1.9 



T直ßLE 6. 

Treat­
眼ent

l 

2 

3 

4 

5 

基

7 

15 

LOSI器es of organ1c 血atter and nutrients in sed1ment , 8antander 

是e 你li11chao Apr11 1988-october 

8011 Loss 

t/ha 

58.1 

11.5 

2.6 

56.5 

20.7 

12.0 

1.毒

Organ1c 
Matter 

3.78 

0.81 

0.15 

3.56 

1.28 

0.77 

0.0串

P 

0.26 

0.26 

0.03 

1.07 

0.73 

0.25 

‘ 0.01 

1988. 

E Ca Mg N-total 

kg/ha 

2.27 5.71 0.71 132.3 

0.90 6.94 0.84 27.9 

0.19 2.06 0.15 5.1 

3.76 24.00 3.71 118.1 

2.02 13.52 1.54 44.0 

O. 嘗嘗 9.3學 0.9會 25.再

0.1毒 1.51 0.0會 2.5 
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TABLE 7. Dry root yield (11 montha) of 2 c10ne袋。f caaaava p1anted 1。

aasoc主ation w1th forage 1egu揖es in 10w fert11ity 8011 1n 

Santan卓er de Qui至ichao. 1事草7/1988.

(Va1ues followed by the same 1etters are not a1草n1f1cant1y

d主fferent at 5草) • 

C10ne 81韋造堂reat聾ent

C逃 507-37: weed cut with a 包a位hete an是 1eft as mulch 

CM 507.馳37: weed control1ed w1th herb1c1des 

CM 507-37: In assoc1ation 習ith Pueraria Phaseo主oi桂es (9900) 

M Col 1684: weed controlled with herbic1des 

CM 507-37: Weed cut w1th a hoe and removed 

M Col 1684: weed cut w1th a machete and left as mulch 

Dry root 

t ha-1 

1 1. 7 主

10.2 B 

會 .8 BC 

9.7 C 

8.7 D 

8.5 DE 

CM 507-37: In association with ~i8croptilium atropurpureu盟 (535) 8.2 草

棚 507輛37: ln 闊的cistion with 拉是車拉拉盟且 (11434) 8.1 E 

C設 507-37: In assoc1ation w1th Centros1盟a acut1fo11u器 (5217)-
CM 507喘37: In association with Zornis Iatifolia (728) 

M Col 1684: Weed cut 當ith hoe and remove是

CM 507-37: In association with Desm。這ium ova至ifo1ium (13089) 

M Col 1684: 

M Col 16串4:

M Col 168毒草

M Col 1684: 

M Col 1 區8息:

In assoc1ation with Pueraria ph曲seoloides (9900) 

In association with 念旦立起且旦話(17的4)

In association with Des觀。diu攏。valifo1i位單 (1 308會〉

ln as帥拉伯tion with Zorn扭扭且拉拉急 (728)

In a忍sociation with Centrosi且a acutifoliu臨 (5277)

7.3 F 

7.3 F 

6.9 F 

6.1 G 

是 .0 H 

3.會草

3.5 HI 

3.4 主

2.6 J 

M Col 1684: In associat10n with !是acroutiliu揖 atropurp咀reul11 (535) 1.6 K 
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TABLE 8. 。f 2 c10nes of C4ssava p1anted in 

association with forage 1egume8 in adequate1y ferti1ize是 8011

months) (11 Dry root yie1d 

in Santander de 你lilichao. 1987/198車，

(Va1ues fo11owed by the same 1etters are not si草nificant1y

different at 5草) • 

C10ne and Treatment 

CM 507-37: Wee謹 cut with a 恥achete and 1eft as mu1ch 

CM 507-37: 當eed contro11ed with her每icides

C經 507岫37: 官eed cut with a hoe and removed 

CM 507刪37: In association with Zornia 1atifo1ia (728) 

C諮 507-37: In associa怯懦 w1th 控星星結盟且益結且主盟(130的)

總 507-叫 In a8sociation 斜的些單峙車拉諾位(1 7的再〉

CM 507寸7: In a8sociat1on with Centros1ma acutifoli個 (5277)

M Co1 168是: Weed contro豆豆ed with herb主cides

M Col 1684: 智eed cut w1th a 器achete and 1eft as mu1ch 

M Col 16以: In associat1on 叫恤金話拉雄主扭扭主 (17434)

M Col 1664: 幫eed cut w主th a hoe and re徑。ved

CM 507-37: In association with Pueraria phaseoloides (嘗嘗00)

個 507-37: In a學sociation with 技acropti1ium atropurpureu祖 (535)

M Co1 1684: In association with Zornia latifolia (726) 

M Co1 16惡毒 t In as絡。ciation w主th Des伽dium ovalifoliu酷(13089)

經 Co1 168毒: In associati棚 with Centroll1酬是盟話給垃盟 (5277)

Dry root 

t ha Z 

19.5 A 
18.6 單

17.4 C 

1時 .5 D 

15.7 E 

15.2 E 

14.1 F 

13.7 FG 

13.5 FGH 

13.3 FG草

E主 .0 GHI 

12.單 HI

12.2 ! 

11.2 J 

10.3 K 

9.5 L 

M Co1 1664: In 甜甜ciation with Macroptili咽 atropurpureum (535) 

M Col 168是: In association with Pueraria phaseo1oides (99∞} 

7.8 M 

5.7 贅
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tA草LE 9. Chemica1 ana1ysis of s011s and earthworm cast1n草s 1n fie1ds of Med主a Luru章， Dept. of Magda1ena , 

Colomb1a. Va1ues are averages of 6 f主e1ds of d1fferent farmers. 

P蠶 % O.M. Tota1 NH4 NO 3 F s B Zn Mn Cu Fe 

N 百 H 

pp輯

5011 6.0 0.8 373 0.13 1.2 2.5 14.4 0.52 2. 自 24.0 0.32 7.9 

Earthwonu 

Castings 6.6 2.7 1064 33.7 2.4 20.1 27.0 1.18 7.4 58.8 0.3再 6.4 

Z 

Casting x 100 

8011 338 285 (25923) 200 804 188 227 264 2有5

Ca Mg K Na CEC 

馳電1100 g soil 

501工 0.79 0.25 0.06 0.0主 1.5 

larthwonu 

casting翁 3.0 1.14 0.12 0.05 4.6 

Z 

Casting x 100 

5011 37吾 456 200 307 



LEGENDS TO FIGURES 
Response of CaS9aVa leaf photoaynth怨a1s to 
stress (120 days) 1四posed at 60 days after 
Response of ca穆sava 穆缸。咀8ta to a prolol駕車ed
daya) 1mposed at 60 daye after p1ant1ng. 
莖esponse of ca翁sava leaf tranep1rat1ott to 
etres8 (120 days) 1臨posed at 60 days ater 
Ra1nfall (h1stogra觀s) and eroe1v1ty 1ndex 
5antander 社e Quil1chao. 
Ra1nfall (h19togra血9) and eros1v1ty 1ndex (EI~n) at Mondomo. 
Cumulat1ve runoff at Santander de Qu111chao. ~賢惠lDIbers 1揖
皂raph correspottd to 9011-crop manage'臨的 tr甜伽ents (See 
te濃重 for exp1臨at卸的.
S1xth year resp間鳴e of fresh root yie1d 
誼PK fert111zer. Fert11e 9011. 
51萬tth year response of dry root y1e1d 
NPK fertil主zer. Fert11e so11. 
Dry 個atter contettt of roota (cv. M C01 16息再}
NP笈 fert111zer (6th year). Fert11e 9011. 
51xth year response of shoot b10mas絡 (cv. M Col 168晶}
fert111zer. Fert11e 5011. 
S1xth year respon8e of freah root y1e1益 (cv. M C01 1684) 
NPK fertil主zer. Low fert111ty 8011. 
51xth year response of dry root y1e1是
NP草 fert111zer. Low fert111ty 8011. 
Dry 誼atter content of roots (cv. M Co1 1684) 1n response to 
韓PK fert11izer (6th year). Low fert111ty so11. 
S1xth year response of shoot b10臨ass (cv~ M Col 16單晶}
ferti11zer. Low fert111ty 8011. 
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Figure 11. 
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Figure 14. 
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CASSAVA VIROLOGY - 1988 

Resu1ts fro盟 severel research projects cu1m1綴ated during 1雪88 wil1 be 
h1軍hl1ghte是如 th1發 report. l} V1rus d1sease surveys were conducted 圭n
tbe departments of Cauca and Magdalena , colomb主導 and 1n Paraguay witb 
tbe object1ve of 靈的n1torin草 tbe 1nc1dence and sever1ty of cassava v1rus 
d1sease翁 1n far阻.er翁· p1antations 1n tbese reg1ons. 2) 車車roup of 
也e1ected el1te c10nes was eva1uated for reaction to viruses under f1e1d 
conditions at three s1tes: CIAT間Pa1mira; Qui1cac霉， Cauca; and 寄給dia
Luna , Hag是a1ena. The object1ves of these trial給 were to se1ect c10nes 
w1th vims tolerance with1n 還是nd across s1tes and to estimate the vi主us
inoculu祖 pressure at eacb of these s圭tes. 3) The effect of casssva 
co扭扭。n mosa1c virus (CCMV) on the root y1e工d of plsnts der1ved from 
v圭rus 1nfested plant1ng mate1'1al was 聽ea凱tred.

v1ms D1sease Surveys 

The two surveys 1n Colo輯.bia were conducted as descr1bed 圭n the 1987 
Report. P1antat10ns we1'e exa盟主ned for any obv10us foliar sy祖pto臨s ，

cuttill惡s were taken from 10 ra11是om1y selected p1ants per p1antat10n and 
the roots of at 1east one of the se1ected p1ants t<ere exam1ne挂­
Cutt1n惡s co11ecte是 du1'ing the su1'vey were sprouted un是e 1' g1as8house 
cond圭t10ns at CI車室. examined fo1' f01圭ar symptoms , graft-inde芷ed on M Col 
2日63 and tested for CCMV an這 cßssava virus X (CsXV) by the ELISA test. 

2單.!:!. Resu1ts from tl掰開rvey of 15 plantations located 1n the 
Cal是ono an是 Morales 1'egions of Cauca a1'e p1'esented 1n Table 1. Root 
sy盟pt咽s of the cassava frogskin di關制e (FSD) 當ere observed on 80認e
plants 1n the Mora1es area but not 圭n Caldono. 習。 other fo11ar 01' root 
symptoms of v1ru穆es were observed in the fie1d. Bowever the 8ympto臨1ess
CsXV waS p1'esent in a11 15 p1antat圭ons su1'veyed and 1n 43% of a11 p1ants 
samp1ed. CC被V was not detected 1n any o f. the plants c011ected 1n th1s 
survey. Of the 150 p1ants 草1'afted onto M C01 2063 on1y the 4 plants 
wlth FSD root symptoms produced mosa1c sy盟.ptoms on th1s ind1cator clone. 

These 1'esu1ts g1ve f也rther suppo1't the assumption that CsXV 
originared 1n the Cauca region of sout11cent1'al C010mb1a. The 111gh 
1nci桂ence of CsXV 主n fa1'mers' plantnt10ns 1s alart種1ng and likely to 
increase s1nce the VirU8 is 治Y祖ptom1es8 1n cassava 副主d i8 assoc圭ated
<11th an 1nsect vecto1'. Fiel益 tr主als are 1n prog1'ess at CIAT-Palm11'a to 
asses發 the effect of CsX官 on root yie1d. The 10w 1ncidence of FSD 1s as 
expected since tbe regions surveyed were above 1500 msl. The1'e 1s 
increased incidence of FSD at 10wer a1 titudes. The obscrvat10n that 
on1y plants w主 th FSD 1'oot symptom持 (4/150) were g1'aft-1ndexed posit1ve 
on M C01 2063 furthe1' de組onst1'ates the app工1cab1lity of the g1'aft 
inoculatlon test fo1' the detccC10n of the FSD a喜ent. Although graft 
inocula t ion 1建ay be a "trad1tional" 謹etectioηmetho是1t 1'e耳ains a 
sens1t1ve. rel1ab1e , and s1mple d1agnostic too1. 

笠空莖空旦豆豆旦旦﹒ The results from a survey of 5 plantat10ns 10cated w1thln 
La Colorada and 10 plantations located 1n the vlcin1tles of Media Luna , 
Sevilla. and C1énaga , Ha草da1ena are presented 圭n Table 2. CsXV was 
detected 1n plants from three diffe1'ent are9S of the survey. and th1s 1s 
the f 主rst report of CsXV 1n the region. 1t 18 1'eco由mended tha t: t:he 



transf發l' of plant1ng mate室ial f 1'o聽 the reg10n should be restricted to 
avoid the introduction of CsXV into othe1' a 1'eas; mainly the princ1pal 
p1'oduction a1'e!支s west of the Rio Magdalena whe1'e CsXV does no t: yet occu1' 

(1會87 Ann. Rep.). The incidence of FSD root sympto甜s was 10w and 
symptoms we1'e on1y detecte益。n p1ants nea1' Sevil1a whe1'e c1i區atic
cond1t圭ons are more favorab1e fo1' the exp1'ession of 1'oot 8y祖ptom8.
Howeve1', a mosaic agent was detected 主n 盟any appa1'ent1y sympto盟主ess

plants within La Colorada and nea1'by La Idea by 草raft 1nocu1ation to M 
C01 2063. Al1 5 planta with FSD symptoms 1n Sevil1a contained this 
agent. Trials a主e in prog1'ess to 臨easu1'e the effect of th1s a露ent on 
clor硨s that do not express fo11a1' or root 8y噓ptoms unde1' the cli盟atic
cond1t10綠s 1n La Colorada. CCMV was not detected 1n the region. 

Pa主 aStI唱主﹒ CC煎V他已 infected p1ants were found 1n 7 of the 14 sites 
evaluated , including 3 research stat圭on怠 The percentage of i說fected

p1ants in infeste挂 p1antat主ons ranged from 8 to 9位草. The h1草hest
inc1dence and most severe S~裂pto單s were observed on the clones 
Cabal1e 1'o , Concepciõn and Pombe1'í. Field symptoms on the important 
comme1'cial clone Tacuara say-y在 were 部11這 and not eas i.ly detected. CCMV 
waB fOU11d i l1 a11 of the production zones 悠悠rveyed with the exception of 
Ybycu歪. near Asunci6n. CsXV was not detected io any of the p1ants 
samplo在.

Evaluation of Elite Clones for R發sistance to Viruses 

A grottp of sevcnty向five eHte clo11es wa8 evaluated at CIAT枷Palmi1'a ，
l1e是1a LU11a an惡 Qui1cac菩.τhe incidencc of both CsXV and the frogskin 
d1soase were h1草hest in the tria1 planted at Qui1cac是〈τab工e 3). The 
incidence of these diseases in t 1'ia1s p1anted at CIAT 忍R是 1n 就edia Luna 
was much 10we1'. Based on these 1'esults Qul1cac霉. Cauca 18 the site with 
the heaviest , unifo1'm inocu1um pressu1'e for the evaluat10n of clones fo1' 

reslstance to CsXV an是 FSD. At Qui1cac畢 10 c10nes we1'e not infecte在
with CsXV afte1' One season an丑 2 c10nes were FSD negative (Table 晶) • 
These clones have entered a secon這 year of evaluatio位﹒ Because of the 
10w rate of virus 謹issemination in CIAT and l1e注ia Lt11l3 in 1987 it was 
not possible to compa1'e the 1'eact主on of clone翁 8r!: r: s但 sites. Groups of 
ove1' 80 e1ite c10nes have been p1anted at these s1tes 111 1988. 

Affect of CCMV lnfection on Root Yield 

1n a preli觀主na 1'y y圭e1d 108s assess盟ent t 1'ia1 co臨pa1'1ng plants de1'1ved 
f 1'om v圭1'us-infected vs. hea1thy p1anting material , CCMV reduced the 1'oot 
yieIa1n3Oof the 35clones evaluate4.Percent yiela1oggran惡ed from 
a high of 78% for 經 Bra 12 to a 10w of 14% for M C01 1914. The root 
y圭e1是 of over half of the clones was 1'educed by 醋。1'e than 40克. The 
c工ones in w1I1ch root yield was llot reduced werc CG 313-5 , CG 91是-3 ， M 
Co1 14位8 ， H C01 1495. an丑 N Ven 45A. Eight clones from this trial have 
been planted 圭n a 1ar惡er rep11cated tria1 fo1' furthe1' eva1uation. 
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f1elds 1n 1n far臨ers 1The 1ncidence of cassava viral d1seases Table 1. 
". 

the Cauca Department Qf Colomb1a wa14jF)ZT 

V1ral D主sease

CCMV FSD CsXV Far睡 Loc也tion
pt?zd 

0 /1 0 
0110 
0/10 
0/10 
0/10 
0 /10 
0/10 
0 /10 

。110
0/10 
0/1 0 
0/10 
0/10 
0110 
0/10 
0/10 

0/10 
3/10 

10/10 
8/10 
4/10 
3/10 
5/10 
3/10 

Caldono 

101 
102 
103 
104 
105 
106 
107 
108 

可1M可河穹寫荷苟
?J)}1:bF4 

。/10
0/10 
0/10 
0/10 
0/10 
0/10 
0/10 

。110
0/10 
1/10 
0/10 
2/10 
1110 
0/10 

7/10 
1/10 
3/10 
5/10 
5/10 
1/10 
5/10 

Moralea 

201 
202 
203 
204 
205 
20位
207 

931i 

可行õτ持穹許抒õ

0/150 (3%) 4/150 (43%) 65/150 Total {草}



Table 2. The incidence of cassava viral diseases in farmers' f1elds and 

on an agr1cultural research station in the Magdalena Department 

of Colo盟吾土a

V1ral…Di豆ease

Farm Location CsXV FSD CCMV 
Root Graft 

La Colora是a
l 0/10 0/10 0/10 。 110
2 。 19 。 110 3 /1 0 。110
3 1/9 0/10 5 /1 0 0110 
4 2/10 0/10 5/10 。 110
5 。19 。110 3/10 。110

3/l,7 。/50 16/50 。/50

La Idea 
i 。19 。/10 6/10 。19
2 。110 。110 31會 。110

。/10 。/20 9JI會 。11雪

Avianca 
1 。110 0/10 。 110 。110
2 0/10 0/10 。/10 。110

。/20 Gf20 。/20 Bf20 

Sevi~la 
1 11會 2/12 5/10 0/9 
2 1/10 3 /1 0 4/10 。110
3 。/串 。110 自110 。18
4 。19 。110 。110 也19

2f36 5142 會/在8 。136

Ciénaga 
0/10 0 /10 0/10 1 1/8 

2 0/10 。110 1/10 。/10

1/18 Gf20 lf20 Gf20 

Total (%) 6/140 (毛主〉 5/152 (3%) 35/149 (23萬} 0 /1 45 

a Agr1cultural Research Station 
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75 el1te clones on inoculum pressure A (:0阻.parison of virus Tab主e 3. 

' 
19車7A-88 seas∞ three sites during the grown at 

FSD Incldence CsXV lncic主en亞e

Graft Root Sympto觀發

?當品詩書 Clones % 控制tsTëI喃自% Plantsb fJ Clonesa 
、T
A

帶

4 9/72 3 7/72 3 10/72 CIAT-Pal盟主ra

10 2在/7 3。。/73。。/73經edla Luna 

70 72 /7再32 42 /7 4 41 64 /74 Quilcac霍

tested clones 

1nfected 1n trial 

Number of 主nfected clones/Num忌。r of 

Percent轟轟e of plants 

a 

b 

' 

9 



Table 4. 囂lite clones 生ndex圭ng ne草ative for CsXY and the FSD agent 

after one growing season in Quilcac噩. Cauca 

CsXya 

CM 489-1 
CM 516盼7
CM 723-3 
CM 1553-19 
CM 1785枷忌
。f 2632-2 
CM 2766-5 
CM 2777-8 
C控 3251“在
SG 302倫l

a plantg were tegted13y ELI$A 

FSD 扭扭tb

CM 2157-1 
SM 301-3 

b Plants were tested by graft inoculat1on to M Col 2063 
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pbytopbthora root rot 
Losses 主nduced by Phvtophthora drechsler1 1n the Amazonas State of 
Brazil were calcu1ated 付的妙的ττmore thsn 30% of a11 cassava 
produced 1n this State; 飽線電fere 10sse給 were a1so reported 1n Par萃，
Serg圭.pe ，在1a露oas an是 ot挂er Brazi11an States as we11 as 1教 Mexico and 
Colo回.b1a. Due to the importance of the d主sease severa1 宮esearch
projects were in1tiated 是uring 1988; resu1ts are s間nnar1ze是 as

followa: 
Etiolol!v 
Stra1ns of the causal a草ent were c011ected 10 different cassava 
gro甘1ng areas of Latin America. Mycelia 露rowth was not affected by 
light-dark exposure; the best growth was obtained on 
Li經8ω.bean-dextroseω.agar an是 on acidified potato伽dextrose-agar (Table 
1) .贅。wever ， fungal 惡rowth waa affected by temperature: the optimum 
temperature for mycel趴且由 growth ran草e是 fro咽 20 to 27.C (τahle 2). 
Morphological and cu1tura1 stu社ies i混在icated that there are at 1east 
two dist圭nct gro曜ps of 忽 trains ab1e to infect cassava; they can be 
differentiated by the shape al1是 size of lloosporangia , presence of 
c1amydospores 豆豆笠坐笠. ram1fica. tion of myce1ia and sporangiospores , 
and te誼perature req夫lirements for zoospore production (Table 3). 
Screenin莒 for resistance 
Th宮發給祖必thods for screenin器 for resistance to Phytophthora root rot 
were tested with the aim of develop1ng a rel主ab1e and simple screenin草
觀ethod. The soi1 infeetation 器ethod was variable , showing a 
relative1y 10帽 percenta車e of root infection (Tab1e 4) , and requ主red at 
least 的 days incubation after inocu1at1on. The p1ant1et lmmers圭m
method sho智ed the highest leve1 of infection (Table 4) , constant rate 
of reproducibUty and ehorter incubstion period (20 days). 在αwever ，
th1s system req怒圭res 45-day 0主d plant工et發 obtaine是 by the shoot 
rootin露 method. In contra穆t ， the root-bored 主nocu1ation 盟ethod gave 
an even 1evel of infectio囂，留ithin an 8 day incubat主on period and 16 
81目ple (Tab1e 再). Further research on th圭s subject w主11 continue with 
a 1arger nu領.ber of clones. 
che器ica1 control 
The fun車istat1c effect of 17 fungicid闖關s test咐，拉拉巴.!! against 
主601ates of Phytophthora drechsler1. The best fung1çide思 t.ere those 
that 1ncluded Cu derivat草草古?叫寓言。“甜 fungicides were tested for 
their protectant 發ffect on p1ant1ets of suceptible clones. Results 
shσ呵。看 relatively good protcction. Siruilady , Dif01atan (Captafol) 
and Fosetyl Othoci西e (Cal'tan) are a1so effective; however , mor 
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year in Manaos. The project includes research on control by chemica工
treatment of cuttin車s ， cultural practices (c言。p rotat主。鈍，
盟ixedcroppin皂， planting on r豈是ge翁， an丑 selection of plantin韋
material) , and varietal resistance. Results will be later validated 
圭n several locations of the 且mazones ， Para , Macap革 and Al為goas States 
of Brazil with the cooperation of researchers from State enterpr圭ses
who are being trained at CIAT for th主s purpose. 

B. Dlplodla root rot 
且主plod:f，至全至全坐坐坐 is able to affect several plant speci閥 ca昭ing

stem一氣â root-rot , and dieback. Isolates co11蛇ted in Media Luna (a 
Diplodia ende臨1c area) from d1fferent plant species were pathogeni告 to
Manihot esculenta; th經ir severity varied be ì:ween 1so1ate vs. 
inoculated叮話品a clones (Table 吟. This 1ndicat的 the broad 
pathogenic behavior of the pathoge給 and a possible low pathogen1c 
specializat10n amon惡 hosts.

The broad pathogenicity of this patho草en was al愁。 evi垂ent when 
botanical seeds of , several crop species were inoculated (see是
1血且ersion in 4 x: 10~ pycniospores!ml) before or after seed wounding 
(Table 6). The pathogen was able to infect 8ee是S of a11 inoculate是
specie筍， but un輝ounde謹 seeds of sorghum (var . ICA-Natahla-1) were not 
affected; wounded seeds of sorghum were mil是ly affected , but at a very 
low percentage (Table 6). It i8 evident fr咽 these results that 
sorghu盟 appears to be the best crop to be used for crop rotation 圭n

Diplodia-affected areas; Crotolaril章， cowpea all是 sesa摺e should not be 
used as rotating crops since they are re吸dily infected by thi發

pathogen. 

C. B1010民 ical control 
The possibility of production of 軍rowth regulators by stra1ns of 
b部eficia1 fluorescent ps如domonads from cassava rhizospheres was 
suggested because of the increased number and s主ze of roots produced 
by shoots after treatments with bacterial suspensions or crude 
extr緣cts of bacterial growth of so髓e strains of fluorescent 
pseudomonads (CIAT Annual Reports 1986 and 19在7).
Pl牌 and m1nus L-tryptophan culture 立止血且是豆. strain F-44) 
帥pernatants were spotted in s i1ica ger-thil1.':'1可訂 chromatography
plates 齡、leloped in three separate 801、lent systems: chloroform: 
ethylacetate: for觀主c acid (CEF); ethylacetate:isopropanol: am盟onia
(EIA); and ethylacetate:butanol:a盟monis (囂BA) .說f's fract10ns similar 
to stsndard indolacetic acid (正在車.) controls were obtained in 
EBA-pl綠 tes spotted with the L-tryptopl1an + sllpernatant (Table 7). 
Hypocotyls of beans. and cassava (clones M Col 2059 and M C01 2061) 
treated with 耶'ater auspensions of the L-tryptophan + supernatant on 
EBA-spotted plates showed elongation as did lAA stan謹ard treate垂
control務 they w連re s主gnif生cantly 10n車澤空 (0.05 levels) than disti11ed 
W明ter treate是 cont宜。1s. Treated corn"恥hypocotyls were llot elongate是:“le effect was negative 制 5hown by corn hypocotyls lA!恥treated
control紹. indicat主ng insensit主vity to those compound治. The number of 
roots produced by hypocotyls of beans and cassava treated with IAA 
(0.876 pp臨) or with the Rf ø O.88 Lωtryptophan + supernatant at 0.5 
concentration was 給ignif主cantly (0.05 level) higher than water treated 
control (Table 8). 
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These an是 previous 學tudies (Crλ.T Annua1 Reports 1986 , 1987) provi是e
哩。re ev甜甜ee that strains of 斗巴拉拉 (and very pos忽必ly 紅
紅油些里些旦旦) from eassavs rhizosphere 輯y aet as biocontrol ag組ts as 
well as p1ant 事rowth promoters by the pr。這uction of phytohormones such 
as 1血A. Their i甜portsnce is therefore very su軍gestive.

, 
Relationship between Phymatotrichu血 root rot an是 flooding tolerance. 
1n c011aborative studies between the Pathology and Breeding sections, 
twenty-six cassava clones growit友告~ in plastic pots with non-sterile 
soi1 were flooded for up to 48h and eval閏ted after 12 days for 
tolerance to flooding. Four of the clones were rated as resistant 
based upon the level of wiltin島 and root da臨age. Samples fro祖 rotted

;3;二:叮叮芷江λ:LitP詩如當帶♂立法仗?t誌
two patho惡ens showed a po發 itbTe correlation (0.82) between resistance 
to Phy祖stotr主chum root rot and flood 主室主車撞 No corτelation was found 
between resistanee to flooding al這d to F. 0耳ysporum.

This tolerance to flooding was later confirme是 by plantin草 shoots fro鞘
plantlets of fo咽r "resistant" and four "suscept主ble" (rated as such 
under the above unsterile system) in a sterile hydroponic system. 
Re戀情l1ts showed sharp differenees amon草 the suscept主b1e/resistant
c10nes specially in 主e1ation to leaf retention (Fig. 1) , plant size , 
root dry We主ght ， and ste躍 and leaf 電iry weight 12 days after f工ooding
(Table 9). 
τhe above results strongly suggest the ex1s tence of tolerance to 
flooding in cassava; the relationsh生P of thi移 type of resistance with 
the resistance t ,o PhymatotrichUl盟 root rot 1n 圭nfe翁 ted so11終 could be 
re1ated to the penetratlon syst創n used by the pathogen to infeet the 
cassava roots. This mer1ts further research. On the other hand , the 
hydroponie growth system under sterile con丘主t圭ons used appears to be a 
very relisble 回etho是 for screenin草 for resistance to floodin囂， sinee 
it is possible to el直血inate the effect of root pathogens that can 
control results. 

D. 
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C10na1 stabil1tv 
Clonal stability at high product主on levels is a highly des圭rable
obje培tive for seleet10叫主n cassava 圭mprovement pro草ra四s. It 1s 
partial1y the result of the 草enetic resistance to biot圭c and ab圭otic
constraints in a given edaphoc1i租atic zone. Even though hi草hly stable 
c10nes e法ist for different ECZ I 怠. variability in their performance 
have been s且盟eti盟es observed. To investigate factors that can 
deerease stability of resistan t: clon陣s for Carima在ua (E把Z II), a 
location with severe edaphic and biotie constraints , selected 
fungicide treated cutt主ngs of a resistant (M Ven 77) and two 
su發ceptib1e (終 Col 1468 an譜 11 Col 20岳重) clones f宮。盟 two 挂ifferent

sources (阻eriste聽這erived plants and Cari甜8草包a fields) were plante是­
The fol10w1ng results were obtained: a) suscept1b1e clones were not 
able to survive even tho唱岳h cutting學 were selected and che觀1cally
treated before planting; they should not be planted 1n this 
enviror盟lent; b) yields of the resistant clonc (M Ven 77) were sta忌1e
in plots planted with sclecte忌， trested cuttings from Cariruagua 
fields , but they decreased when selected-司treated cuttings wete taken 
fro臨咽。ri終te臨 derived plant發 grown at CIA'r (TabJe 10). ^s reported 
previou穆ly (CIAT Annual Reports 19串6 ， 1987) , nat主va microflore忌，

E. 
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eliminated by the 四eristem culturing syste血， play an 主四portant ro1e 1n 
protecting and ma1ntain1ng the lntr1nsic g怨net圭c stability of the 
res1stant clones. Bacterlzation to 聽eriste臨 der圭ved planta may 
overco盟e this proble臨.
The stabllity of the reslstant clone ~! Ven 77 was evident for two 
cycles in p10ts p1anted with cuttings from CIAT and Car主magua f圭elds ，
but decreased (c冊paring the first with the second cycle) at 
s1gnificant levels (0.01) in plots planted with cuttings from 聽eristem
derived plants (Table 11). Both bacterization and chemical treatments 
圭ncreased yields 8i惡nificantly (0.05 levels); these were higher on 
plots planted with cutt1ngs taken from Carimagua fiel是s than from CIAT 
(Table 11) , These resu1ts show the pos1tlve effect induced by 
che盟主cal or bacteri010gical treat油ents to cuttings. Consequ發言ltly. the 
stabil1ty of highly resistant c10nes at high y主eldin草 rates can be 
maintained by visual selection and cutting treatments in addition to 
appropriate cultura1 practices special1y app1ied to plots maintained 
for production of cuttings. 

F. Cultural practices 
The effect of so也e cultura1 practices on disease control (especia11y 
root rots) has been evaluated in several locations. A su闖紅Y of the 
highli惡hts of this 圭nvestigation is as follows: 
1. Crop rotation or fallow 

P10ts planted in Media Luna (sandy s0119 w1th low organic 阻atter
content) , Were fallowed or rotate在叫th corn，脫閥叫“-主胡平闊的
踹d cowp的 1豆豆經笠旦盟些旦控竺} for a year before plantlng cas自a呃，
and compared with plots uo社er c。但tinuous cassavs plantiog. 
Results showe是 that the highest cassava yie1d (t/ha) and NP衷
uptake (如termine是 by leaf nutrient ana支持is) were pre闊的 in 
fallowe在 p10ts. S1臨ilarly ， microbial recovery at planting showe是
that the lowest concentratlon of Fusarium spp {a soilborne 
iohabitant capable 泌的心cing root rotãγ可as f叫說 in fallowed 
plots (τ遜色1e 12) , Addit10珊11y ， the number of earthworms 
castings were aroun是 four t1mes higher on fallowed plots than on 
either corn-喝esat數e or corn-beans plots; mlcrobial popu1ation in 
the cast10gs had a h圭gh concent主ation of bacterial specie谷，也。您t
of wh圭ch ar企 capable of inducing 10 vitro 章rowth inh1bition of F. 
O約sporum and F. s01ani cul tur忘了的 The low root rot pathog芸芸
古詩話IT啪啪y ëXpiãIñ百e h1gher yie1ds i鈴 fallowed p10ts (Tab1e 
12) 1n add1t主on to the 圭mproved nutrit10nal effect that the 
earthworms are contributin草﹒ Resu1ts 8180 explain growers' 
preference to fallow instead of crop r胃tat10n to obtain better 
y1el謹s in Media Luna. Research on a11 these interactions i9 
being ca r.ried out with the physi010囂Y 當roup (5ee Cassava 
Physi010gy section). 
In contrast , similar tria1s planted at CIAT- Pa1鹽ira (a c1ayey 
s011 with h1gh organic mntter cootent) showe在 that the best 
yields were obtained in rotated crop combi室lations (Ta塾le 13). 
Bacter主a1 popu1ations on unrotate是 p10ts was considerab1y 10w 
while Fusariu聽 and Phytophtho玄a spec1es popula tions were very 
h1gh 佇話宮r可3). It app制rs that rotation favored benefic1a1 
bacteria1 activity 生n the弱e 9011絡電~hich resulte益 1n yield 
lncrease an挂電oot 1:ot biocontr唱1.
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2. Hixcropping 
The effec主 of mixcroppig ca諮 sava with corn was eva1uated at Meðia 
Luna by planting plots wher終 two cassava rows alternated with two 
rows of corn. Resu1ts showed that the 發everity of both CBB and 
brown 1eaf spot (two foliar diseases) was si單位主ficantly (0.05 
1eve1) 1ess in m1xcropped than 1n 哩。訟。cropped p1ots. Yie1ds were 
also significantly higher (τab1e 14) a位是 results a1so showed a 
pos主tive effect of mixcroppi自g in controlling root rots (Tahle 
14). 
The reduction of both severity and incidence of CBB by 
mi法cropping cassava with corn was ev1dent in a commeτcial far珊er
field (Table 15). The above resu1ts 1nd圭cate that 甜1xcropping
with corn effectively 室educes foliar d1sea紛es as well a學 root

rots , as reported previous1y, 1n Med圭a Luna ECZ (CIAT Annual 
Reports , 1986 an垂 1987) • 

3. Prunin囂

Pruning cassava plants in infected plantations at the end of the 
ra1室主y season 1s a CBB-contro1 measure that was reported 1n 1 會 72

(CIAT , Annua1 琵eport 1972). Dur1ng th1s year , due to the 
abnor瞳a11y 10ng ra1ny period in the North Coast of Co10盟b1a CBB 
severity was particu1ar1y h1gh; th i3 a110wed U9 to v'達lidate the 
prun主ng practice on severa1 commercia1 cassava p1antations. 
Results showed thi! practice t早 be highly effective (T揖忌le 16): 
忌。th disease ind通ence anù severity were much lo\ler on pruned 
plantations than on unpruned ones 年 However ， on mixcropped 
cassav~連叫corn p1盆ltations CBB inciùence and sever1.ty was much 
10wer (Tab1e 16) C備sequent旬， prun1ng most of the above ground 
portion of i益主ected plant移 and eli聽inating by 忌路口ling 生nfected
de語言主移 inseverely infected plantar10ns to control CBB 1s 
effect主ve due t，發10wing down the spreading of the pathogen and 
decreas1n草 inoc口1u盟 potential. However , th圭s pract1ce should 
on1y be done at the end of the rainy per圭od 1n order to avoid new 
reinfections bJ the effect of rainfa11 spla忽hing ﹒

G. Storage of "主ant1臨Sf material 
A 制單臨ry of the r!sea謊言τf 悅。rage on p1anting materia1 of cass翁精
was repo室主ed 1a翁t year (CIAT Annual 聾eport ， 1 會87) 9h曲win草 the factors 
1nvolved and 1ts ‘ ;eneral ne囂ative effect on product圭on especia11y on 
suscept1b1e clon~3 ， thus suggest1ng that thls pract1ce shou1d be 
avoided. However , 1f it 18 abso玉是ltely necessary , by waterin揖 duri綠草
the f主rst two weeks of 9torage and us1ng 10n皂， treated cutt1ng旬，
y1e1d8 of stored-res1star法 c10nes ean be ma1ntained or 圭亞proved
co哩pared to 8uscept1已1e elones (Table 17). 車y water1ng 10賀龍略 cutt1ngs 
during the first days of storage they can root and sprout a110wing 
them to 1且alntaf.n satisfactory nutr1ent 1evels to feed the ne留 shoots
aris1ng fr幢幢 the short cutt 圭室主gs used for p1anting. 

H. 1~el' 血ethod for the interchan~e of indexed ve宮發 tative
p1antilll! 阻.aterial of cassava 
The exchange of vegetative planting Inateria1 of cassava is being done 
as meriste珊 culture derived p1antlets in test tubes. Material under 
th1s cond1tion 19 accepted everywhere with few quarantine 
1:Gltrict:!.ous; howavar', du.. 1:0 the "Q紛k紛eea 0賣主h" plantlets :1.'1 the. 
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test tu挂e感， losses are cornrnon (someti揖es 100%) as well a8 delays in 
obtainin在 adult plants (norrnally between 1.1/2 to 2 years). 
1n order to overcome these problerns the fol1owing system has been 
developed: 30個day翁。ld shoots frσ回 indexed 血other plants 
(meristem-挂erived plants previously tested for thelr san1tary status) 
are cut into 10cm sect10ns snd deposite挂 1n a container w1th deionized 
water to avoid dehydration during the cuttin惡﹒ Shoot cuttings are 
then 主emoved from the water and 這uste是 with 主rassn (Thir忽臨); each of 
the1r extr盟的 (1-2cms) are wrapped with paraf11恥 Shoot cutt1ngs are 
then organized in bundles of 5 shoot cuttings e發ch and their botto攝
first-half i8 wrapped with paper towel發 prev圭oU81y sprayed w1th a 
Benomyl-Captan (3喜/1 each) suspension. The paper towel wrappe是
portion of the bundles 1s then covered with a plastic ba惡 and sealed 
with rubber bands. Bundles are then arran皂劇I in c線主通1>oa rd boxes. 
which shou1d have severa1 h01es to a l10w air exchange. for sh1pp1ng. 
Un益er th1s system shoot cutt1ngs have a shelf life of more than 15 
days. 
At the rec主p1ent 10cality. shoot cuttings should be p1anted 1n pots 
with 8terile 8011 and covered with plastic bags with 4 to 6 holes 
which 祖ainta1ns a high RH an吾 permits air exchange. 50i1 should be 
kept 蹄。ist but not saturated.τen to twelve days later , when shoots 
have roote桂 and buds ge盯ni位ated ， the plastic bags should be removed. 
Two weeks 1ater the new plants can be planted 1n the f1e1d. 
Fol1owin惡 the above system it is possible to obtain 90 to 100% 
establishment at 20 days after packing and adult plants 7 to 10 months 
later. If mother plants a玄e virus indexed and maintained free fro!雄
insect vectors of cassava vi開發es quarantine risks can be m1n1臨izeι

1. Acassava production sys主em for the Media Luna area 
(ECZIl 
TIier已110wing syste血 for cassava production was tested in Media Luna 
on a farmer's fie1d: 
1. Lan這 Se1ected 1and was previously p1anted 

with corn and then fa至lowed for a se觀ester. Weeds w官~re
1ncorporated 1nto the 9011 before planting cassava by p10wing 
once and d1scin臨 3 tim總S.

2. Cutting 終ources: Twenty-cm cutting9 frorn eleven自
誼onths old high yi怠工ding plants of Verdecita (M Col 15位5) were 
visua l1y selected an是 treated for 20 攝1n in a suspension of 
Syste臨in (2cc/l) ，草enomyl and Captan (3g/1 each) before planting. 

3. Wee挂 control: Plots were sprayed after 
plant1ng with Karmex (2kg/h) and Lazo (31/ha) as a preemer草ent
weed control practice. Three 臨，onths 1ater weeds were control1ed 
by rnachete 3 ti揖es during the 草rowing cyc1e (11 路。nths) a8 
required. 

4. Fertilization. Plots were foliar 發prayed tw1ce 
智主th ZnSO孔， M草令 80，. and urea (30g/1日 1圭ters of 
water eacH) at心thè 3rd. and 5th. months of 
planting. 
Resu1ts fol1ow111g the above systera are ehown in Table lg1n 
co叫parison with the yield obtained by the t時ditiona1 system u忽ed
圭n an adjacent p10t. The traditional system consisted of us1ng 
plots previously planted for 3 years to cassava; preparation by 
plowing and 1 是iscing; hand weed control; and no ferti11zation. 
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Planting 阻ater主a1 was not selected or treated. Further 
1nvestigat1on , including econo酷1c analysis and additional input訝，
18 being carr1e挂 out with the aim of 是efinin草 a technolo車1ca1

package for cassava product1on in this area. 
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Table 1. Gro研th of Phytophthora drechsleri on different 斑edia under 

continuous fluorescent light or dark expos怨言es at 27 0 C for 15 

days. 

Mycelial growth (c揖)

Light Dark 

Gro耐th 扭捏diu血 f.位.)

Lima-bean-dextrose-agar 9* 9 

V-8 juice-agar 拉 7 

Potato-dextrose-agar 會 9 

~lineral salts G 。
Petr主 medi泊爾 3 1 

*Avera草e data for 25 strai當IS planted 1n 5 Petri dishes each/med圭um used. 

﹒恥

i . 

'\ 
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拉拉丘之. Te回perat哎e effect on growth of PE吶。phthora drechsleri 

strains on 是ifferent me過1a and incubate是 for 15 days under 

continuous fluorescent 11ght. 

Growth (cm) un是er different temperatures("C) 

Growth 飄忽dium 15 20 27 34 

Li寶寶a bean-dextrose agar 。* 9 9 。
V個8 juiceωa車ar 。 6 已 D 

Potato-dextrose-agar 8 雪 9 。
Mineral salts 。 。 。 。
Petri 臨e挂主包飢 。 3 3 8 

*Average data for 25 strains in 5 Petrl dlshes each!阻edium and temperature 

used. 
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拉拉~ Morpholo盟主cal and cultural characteristics of two groups of 

stralns of f..:.坐且垃垃主主 growu on potato-dextrose-a草訂閱der

cont inuous f主uorescent light at 27.C for 15 days. 

Characterlsttcs Group 1 Group 2 

Mycel1a Branched Slmple 

Z oosporangiopho宮es Branched Si紛ple

Zoosponmgia Papillate Non-paru l at籃子

(50,,26 ) {在3“毒草X31-32

Chlamidospores 體ot produced Abun垂ant in vitro; 

1n vitro spheric and ter揖1na1

Optimum temperature 28戶31 0 C 26-30 0 C 

Zoospore productlon At 5.C after At 2S oC after less 

1h incubation than 5min incubat10n 

、

4 

有
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Table 4. Percenta惡e of root rot of 怒everal clonc經 lnoculated wHh 

phytophthora 車坐扭扭草 by three inoculation methods. 

% of root rot/inoculation method 

8011* root伽bored* plant1et* 

Clo室主e number infestation inoculation immersion 

M Col 113 100 100 

H Col 1684 49 53 86 

~l Col 523-7 52 已5 78 

吾t Col 1468 51 5在

* Inoculation methods: 1) so11 infestat圭on: 20m1 of inoculum (9. 主 X 103 

sporangial聽1) was poure謹 to 45 days趟。ld potted plantlets; 2) s~lo11en 

roots of 10-12 months-01d plants were bored and discs of agar-mycelium 

(two weeks喲。ld growth on PDA) 

five伽days-old plant1ets were 

103 sporangial輯1.9.4 X 

were introduced :l nto the hole; 3) forty 

主剖開ersed for 20min 1n a suspens圭on of 
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社齡已之斗 Pathogenicity of 5 isolates from 惡ifferent plant species to 

3 cassava clones under control1ed greenhouse conditions. 

lnoculated cassava clone 

Isolate source 的 Col 1468 M Col 1684 M Col 20巷里

Cassava . 

結ι扭扭扭~) 100是 100 100 

扭
扭
呵
…
­

L…-LE 46 52 100 

100 已5 100 

77 85 100 

98 91 100 

* Avera草e percentage of tissue affected/inoculated cutting after 20 days 

of i駝的ation at 90-100% RI!. Data of at least 10 inoculated cuttings/ 

strai滋/c總ssava clone 
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Table 6. Percentage of 詔eed infectio口 ten days after inoculatin皂 wounded
and unwounde垂 see益經 of 10 crop species (20 seed/crop) with 
D. manihotis • 

Seeds 

莒ounde通 Unwounded 

Germination Seedling da支援age Ge宮minat圭on Seedling damage 
Crop species (%) (室) (%) (%) 

Cotton 
(Gossypiu揖 hirsutum) 100 75* 100 90* 

Crotalar主a

起ι 給控ctabilis) 10 100 25 88 

Soybean 
(GlycineE星星) 70 65 20 90 

Cowpea 
(Visna 豆豆革uiculata) 90 50 

禹。

會2

Bean 
(Phaseoulus vu玉皇aris) 60 70 。 100 

Sesame 
(Sesamum indicu觀) 立。 96 。 100 

Corn 
且全呈盟且} 80 30 7 日 80 

Sorghum 
(Sorzhu祖毛主color) 100 。 92 8 

" Percentage of seedling: v_sible dama草e ， taken 10 days after seed inoculst主on
S5 we l.l as stem and root ;issue 挂主scoloration.
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起峰已 7. 籽 's in silica gel thin layer chromatography plates spotted 

with 料L-tryptophan culture 攸關udo喃on詞組已缸. F-44) supernatants 

developed in three separate solvent systems. 

Solvent 

Culture supernatant 

source CEF* !UA" 

L向tryptophan + 0.40 0.33 

L-tryptophan 0.38 0.30 

lAA-control 0.58 0.37 

* Solvent: CEF給Chloroform: ethyl acetate: forl過ic <l cid; 

EIA=Ethylacetate: isopropanol: ammonia; 

EBA=Ethylacetate: butanol: ammonia. 

EBA* 

0.8串

0.78 

0.88 

.. 

, 
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" 
控見之主 Effect of the Rf= 0.88 fraction obtained 1n s i1ica gel thin layer 

• chromatography plates spotted w1th L-tryptophan + culture 

• 

j多

Hypocotyl 

source 

Beans 

Corn 

M Col 2059 

的 Col 2061 

{Pseudomonae 也已豆豆. F-44) supernatants on beans 怨怨na 盟珊訟，

corn (var. Swan 1) and cassava (clones M Col 2059 and M Col 

2061) hypocotyls. 10 days after treatments. 

Root number and length!fraction concentration 

。 0.1 0.5 1M controls 

(0.876 早車m)

詩* L** N L N 訶 L 

9.是 4.7b 10.2 7.8a 12.0 7.2a 10.8 7.51美

再 .0 20.0ab 5.6 23.811 4.3 15.4b 3.0 13.4b 

4.2 22.5b 5.2 3旱 .6a 7.5 40.2a 7. 2 40.0a 

5.2 50.2c 6.4 92.8a 6.2 88.6a 6.1 78.8ab 

發 輯程 Average number of roots produeed by 15 hypocotyls/treatment; 

** 志敏 Avera車e length (mm) of roots produce益 by the 15 hypocotyl treate是:

num忌ers fol1owed by different letters are significant (0.05 levels) as 

fraction coηcentration increase怠.
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社區丘之~ Decrease (%) on plant size , root，的基 stem and leaf dry 哨ight

of 8 clones rated as res主stant or susceptible to flooding 12 

社ays after a 48h per圭od of f1ooding. 

Plant Root dry ste泊 and leaf 

Clone number size wei草ht dry welght 

M Bra 125 (R)* 61 決發 17 35 

M Ind-4 (R) 72 60 46 

M Vcn 15岳 (R) 72 拉雪 4苟

CG 165-2 (R) 76 已在 5再

芷 70.3 51. 5 46.0 

M Cub 74 (8) 雪ι 82 79 

CM 27岳忌-5 (8) 會4 70 67 

CH 975喘 I (8) 9 行 79 6冉

M Col 22 (S) 8 80 83 

X 10.8 77 .8 73.3 

'* Evaluation for reslstalce to flooding based on percc lItage of wiltjng 

8室主d root deterioratiOl. (R= resl.stant , less than 30究); s恁 susceptible , 
詣。re than 30%). 

發* Data taken from plantlets/clone. 

、



., 

• 

,. 

多

17 

Tab社i年 Fresh yield (t/h的 of a resistant (M Ven 77) and two 

susceptible (M Col 1再68 and M Col 2066) clones after three 

consecutive cycles by using selected a於是 che四ically treated* 

cuttin車s from two dlfferent sources: (Cari前忽草ua f1elds (FF) 

and mer1ster民 derived plants (MDP) 臣rown at CIAT). 

Fresh 于ield (t/ha)/clone/cuttin惡 source

終 VEN 77 N COL 14已8 M COL 全06再

Cycle 

numher MDP FF WJP FF HDP FF 

E 7.6女女 8.2 2.3 1.9 1. 5 1.2 

II 6.9 8.4 1 ‘ 3 0.8 1. 2 0.2 

III 5.4 8.0 1.0 0.5 0.3 0.0 

* Chemical treatment: i閑時rs10n for 5 min 1n a suspension of Systemln 

(2cc/l); Beno盟yl and Captan (6g/1. each). 

** Average data taken from 4 rep11cates wlth 30 plants each. 
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且已之土1. Fresh yield (t/ha) of a resi…stant clone (M Ven 77) plant吋 in

Source** 

Carirnagua for two consecutive cycles by using selecte這 cuttlngs
fro盟 three 是ifferent source忽 an這 treated with fungicides or 
bacterized. 

Cutting treatments* 

of cuttings Bacterization Chemical 
Untreated 
Controls 

對JJP

Cycle 1 
Cycle II 

CIAT 
Cycle 1 
Cycle II 

Carimagua 
Cycle 1 
Cycle II 

會 .1a爽爽長

8.3a 

9.5a 
9.0a 

10.60 
IO.4a 

1O .5a 
8. 會a

9.7a 
會 .9a

11.5a 
11. 20 

7.2b 
5.8b 

岳 .2b

6.8b 

串 .6b

8.2b 

* Cutt~~g.t:e~=rnents: lmmersion for ~~~n ~n ，a.suspensi~n of: a) 
beneficial fluorescent bacteria (lxlO J cfu/ml of Pseudomonas 叫 ti謹a ，
F-44); b) che誓11cal: Systemin (2cc/ml): Benomyl and Captan (3g/1 , each). 

** Source of cuttings: MDpe Meristem 挂erived plants 草rown at CIAT; 
CIAT'盤 Cuttings for the first cycle were taken frorn CIAT far訟er皂， plot怒:
Carimagua認 Cuttings for first and 翁econd cycles were taken from 
Carimagua fiel垂S.

*** Average data taken from 4 replicates with 30 plants each. Data 
fo lIowed by different letters were signif l.cant at 0.05 leve1s. 
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旦旦L拉~ Effect of fal10w and crop rotation at Media Luna (san甸的ils

with low organic 臨atter content) On yield , N-P“ K uptake and 

h想已盟 spp ﹒ concentration. Plots were not fertiliz軒1.

Nutr1ent uptake 

(Kg/ha) 

Fresh 

yield Fusarium spp. 

Gropping syste翱 (t/ha) N P K (spores/g of 501J) 

Gassava柵fallow-cassava 8. 抒發* 事1.已 7.5 35.1 2.2xlO 
i 

Cassava-cassava峭~cassava 7.2a 70.4 5. 岳 22 .8 1.lxlO 
2 

Gassava-corn/sesa胃e呵cassava 6.3ab 57.8 5.2 18.8 5.8x103 

Cassava-corn/cowpea“ cassava 1, .8b 60.3 5.1 19. 的 2.4xlO 
4 

* Data taken from 4 rep11cates/treat訟ent with 30 plants each. Data on 

fresh yiel是 followed by different letters are significantly different 

at 0.01. 
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Table 13. Effect of fa110w and crop rotat10n at CIAT儡Pal臨ira (c1ayey 80115 w1th h1gh content of organ1c 觀atter) on 

fresh y1eld of cas忽ava and m1crob1a1 popu1at10ns. 

Cropp生活g system*/year 

1. Ca8sava-sor話hum/sorghu四川cassava

z‘ • Cas叫va-叫rn/corn叫as帥va

3. Cas翁ava-corn/sorghum-cassava

4. Cas閥、la-sor草hum/corn-cassava

5. Cassava-beans/sorghu祖.-cassava

6. Cas結ava-corn鴨beans帥cassava

7. Cassava-sor宮hum/beans-cassava

8. Ca闊的霆，吻eans/corn-cassava

9. Cassava-beans/beans-cassava 

10. Cassava-fa11ow-cassava 

11. Cassava-cassava-cassava 

Fresh 

yield** 

(ton/ha) 

24a 

l 會a

20a 

20a 

23a 

18a 

24a 

21a 

24a 

19a 

7b 

Concentratlon (cfu/g of 5011) of funga工 species

扭扭扭羊扭丘 Penic1111u翎 FU5ariu祖

3.0x101 2.9x103 6.5x10 2 

2.2x103 3.5x102 1.3xl02 

1.6x102 2.2xlO 3 3.3xl0 2 

1. 9~至 103 3.lxl02 
7.3x102 

1.1x lO 
之

11.7x103 
5.7xlO 

2 

1.9x lO 
3 

1.4xlO 
2 

1.5xl03 

2.cxiOI 7.2x103 
6.0x10 

3 

2.4xl03 O.6xlO 
2 

4.2xlO 2 

車.冉x lO
2 1. 2x10~ 2.4x1告

3 

1.0x lO 
1 

5.0芷10
3 

7.0x103 

2.1耳102 么 .9x103 2.5x lO 已

Bacterlal 

popu1ation 

(cfu/草 of so11) 

2.sxio6 

Z.2:x:l06 

1.8x lO 6 

1. 在x106

2.GZIO6 

3.5xl0 
5 

吾 .Ox105

1.3x10 5 

6.7xlO 
4 

1.8，至105

1.3x lO 
之

* The fo11ow1ng c1ones/vars. were used for cropping: cassava起"M Col 1468; sor單hu電筒ICλm訶atai揖a; corn-Bwan 1; 

bean= Phaseoulus vulgaris , PVD酬會 16 Type 1. 
2 

** Data taken from 4 replicates/cropping system w1th an area of 150詛 /p工ot. Yield data followed by different 

letter are s主思nificant at 0.05 level. 

* 
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扭泣丘之iL 囂ffect of cassava (M Col 2215)-corn 極ixcroppi時 on fresb yield 

“你的， and cassava b恥ter1al b1ight (CB器) and brown 1eaf spot 

(BLS) severities. 

Disease severity 

P1anting 5y穆 tem

Ca5sava-corn 甜ixcropping

Cassava monocu1ture 

Fresh 

yie1是

(t!ba) 

16.7a 

9.6b 

Root root 

(完)

2.3b 

13.7a 

CBB 

2.再b

3.7a 

* Disease sever主ty: CIlB: 1 彎彎1eaf spots; 5=plant death or diebacked 

BL5: combined data on affected 1eaf area and percenta草e of 

affected 1eaves/plant. 

BLS 

2.3b 

主 .5a

** Average data taken from four p1ots/treatment witb 400 cassava p1ants 

四ix-cropping every two rows with corn and 800 cassava plants under 

祖onocul重ure. Data between p1anting systems f0110wed by different 

letters are significantly different at 0.05 leve1s. 
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每位e 1之. Inci垂ence and severity of cassava bacterial blight (CBß) on 

five-months old commercial plantations 副主晶er corn-cassava 

mixcropping and caasava monocropping systems 主n Mandinga. North 

Coast of Colombia. 

CBB何severity*

Incidence 

Cropping system Mini組U胡 說的，imum Average (%) 

Cassava monocroppin草1.0 4.0 2.5 85 

Cornωcassava mixcropping袋** 1.0 2.5 1. 6 30 

* Disease severity: l=angular leaf spot念; 5=plant diebacked or death. 

lncidence=percentage of infecte是 plants in the whole plantatlons. 
** Average data taken from plantatlons ranging 0.5 to 2.5ha. 

1<**血lternated rows of cassava and corn. 
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扭垃e 16. Incidence an謹 severity of cassava bacte宜1a1 b1ight (CBB) on 

five to s1x months 01d co阻merc1a1 p1sntat宜。ns w1th cassava 

monocropp1ng (pruned or unpruned) and cassavs-corn-mixcropping 

in Mand1nga (B01ivar. 誼orth Coast of Co1ombia) • 

CBB-severity* 

lncidence* 

Cropp主n惡 system Minimum Hax1觀um Avera草e (%) 

Csssava monocropping 

(unpruned) 2.0** 主 .5 3.6 100 

Cassava 誼。nocroppin草

(prune注)女女禽 1.0 2.5 1. 6 50 

Corn-cassava m1xcropping**發 1.0 2.0 1.1 10 

* Disease severity: 1飽angular leaf spots; 5值plant diebacke苦。r death. 

Inc1dence: percentage of 1nfected plants 1n the whole p主antations.

** Average 吐ata taken fro觀 plantations ran盟主ng 0.5 室。 2.0ha.

**金 Pruning: most cassava plant a忌。ve ground was cut. col1ected and 

burnt. Mixcroppi教學 alternated rows of cassava and corn. 
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2主ble 17. Fresh yie1ds of N Col 1468 (resistant to sto主age) and N Col 

168在 (susceptible to stora草e) fro盟 plots planted with cutt主ngs

fro盟 1.2盟 (avera窮e) stems stored during 90 days by planting 

the飄忽nder open field an是 watering daily for two 夸~eeks or 

every 5 days 謹uring the stora軍e period. 

Fresh root yield (t/ha) 

Storage treat血ent* 設 Col 11.68 M Col 168在

1. Daily watering for 15 過ays

.ste臨s stored separated 29*袋 1 雪

.stems stored as bund1es 28 18 

2. Every 5 是ays watering for 90 days 

.stems stored separated 2雪 19 

.stet是s stored as bundles 28 15 

3. No watering durin草 storage perio通

.stems stored separated 16 11 

.atems stored as bund1es 16 9 

4. Unstored ste臨 contro1s 2岳 32 

* 1.2m long cuttings treate益 for 20min with CaptanωBenomyl (6g/1 each) 

before the storage per主od. Each bundle contained 30 long cuttin囂s.

the short cuttin草s (0.2m 1e紅軍th) were treateð a草ain before planting. 

** Yiel是吾ata from 主 replicates/treatment with 64 plants each. 

.. 

、

~ 

、
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.. Table 1立ιComparat1ve y1eld (帥鴨ight of fresh roots and of 帥lected cuttings) 

obtained in a farmer's field by applying a techno豆。gical package* and 

the traditiom農1 system for cassava pro是uction in Media Luna • . 

Production 

syst聳聽

Number of plantsl 

ha at harvest 

Fresh root Weight (t/ha) of selected 

cuttings produced wei草ht (t/ha) 

• 
ve eao o 
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恥
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官
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書 .250a

5.813b 

28.8a 

8.2b 

16.2a 

1. 9b 

* See the technolo車1cal packa草綠 descript10n 1n the text. Data between p宜。duct圭on

syste融s follow by 垂ifferent letters are significantly d1fferent at 0.05 levels. 
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E軒TOMOLOGY 1會88

Mealybug移

Y土eld losses i位 cassava due to the feeding of the 聽ea1ybu盟主主笠笠旦旦旦旦旦笠皇
her主盟主 have been m憊的ured a8 hi拉帥 80%. The effect of 臨alybug
nfestation on the 皂er田intion of ste盟 cutt圭ngs and the subse可uent root 

yields was a180 measured. Cassava cuttings with 50 to 100% of this 
surface and buds infested with 阻ea1y bug蠶 were co血pared to p1antin草
materlal free of 盟ealy bugs. 宮he effect of a pesticide treat睡ent on the 
germination of infested cuttings and their 8ubsequent yield was a180 
evaluated. 

Ger盟ination was most reduced on CMC 57 on 忌。th the treated (32%) 酷地
untreated (37%) cutt!n草s (Table 1). 1n genera1 the treat盟副主t of mealy 
起ug 主nfested cuttings with a pe終 ticide dip improve是車er祖ination.
Re是uction 1n plant v1囂。r and the pro是uct10n of p1antin惡 material Was 
a180 盟ost E黨evere 圭n CHC-57 espec1a11y on those plants that 芷esulted from 
untreated cuttings. M Pan 70 showed no reduct主on 1n y1el謹 for the 
treated or untreated cuttings wh11e for M Bra-12 and CMC“ 57 yields were 
reduced considerably. 

The effect of R.. herreni attack on caSSava plants st different a惡es WaB 
determined 1n fièτrτtüdies in Car1理agua. Cassava pl捌ts st 2 ，忌， 6, 
and 8 醋。nths of a惡e "ere lnfested with 3 揖ea1ybug ovisacs and then 
harveste是 at 12 醋。nths. Results show a corre1ation between p1ant a車e at 
the t1me of mealybug attack an是 re丑。ction 主n plant vigor and root yield 
(Table 2). Plants infested at 2 months resulte是 1n 100 percent plant 
mortal1ty. Root yie1拉德 were reduced by 50. 37 , and 11 percent when 
盟ealybug 1認festat10n occurred at 4 ，岳. and 8 months respectively and dry 
觀atter content was reduce是 by 35 , 24 , and 8% for each correspond主犯思
treat臨ent. These results 1nd1cate that cassava 1s 醋。st suscept主ble to 
mealybu軍 attack during its ear1y sta草es (0 to 吾朧。nths) of crop growth 
and that y1e1d reductions are min1盟a1 if attacks occur 謹uring the 1atter 
stages (8 to 12 觀onths).

Previous studies have shown that 四ealybug ( R.. her玄enl ) feed1ng wi11 
extract considerable 鞠OU!lt紋。f calc1um fr持一τE古--tissue. It 1s 
concluded that this extract10n contributes to the leaf , ste珊， and plant 
deformat1ons that are characteristic of P. her主早ni feeding. Additt10nal 
studies have deter祖ined the effect of R.. herreni feeding a室主d da阻ge on 
photosynteth1c rate. The varieties S就可01-3 (0.5再% Ca content) an是 CM 
2087-101 (0.78% Ca content) were infested at 30 days of a草e with one ζ­
herreni ov1sac. 當hen co四pared to non.回infested plants. infested plants 
showed a considerable 笠eduction in photosynthetlc rate , transpirati凹，

mesophi1 efficlency , and a 詛oderate increase in water pressure deficit , 
internal COry , and leaf te艷perature (Table 3). The reduction 1n 
photosynthet主c rate for SM 301-3 was 54.2% and for CM 2087-101 , 45.4% , 
1n吾土cating that those var1eties with a highe玄 Ca content may be 回ore
to11erant to P. herreni attsck. 

Bio10g1ca1 Control 

Methodologies have been de、leloped for the mass 時肘紡車。f !.﹒蟑結盟主





4 

• 

司，

。

4 

e 

3 

Laboratory Studies 

Life tables were constructed for Cω1 reare是 on each of 14 cassava 
clones. Co10nies of CGM were then establ1終hed on 5 clones w1th 
contrast卸車拉位i life ta忌1e parameters and 11fe tables were constructe通
for TL. offerin皂 CGM reare是 on each c10nes as prey. All experi阻ents

were conducted at 25.C; 70 + 5% R.H.; 12:12D photoperiod. 

Surviv，生1 of CGM fro酷 egg to adu1t was 涉 85% 1n t01erant and suscepti忌1e
c10nes and 思主 76% 1n r的istant clones. E串串-to-adult develop闊的 time was 
斜斜1f1c臨t1y shorter (妻是早已05 )的 tolerant 臨通 suscept1ble than on 
res1stant c10nes (Tab1e 7). CGM reare忌。n clones 當h1ch resulted 1n 
early f1rst reproduct1on and 1n 1ong-l1ved adult fe臨a1怨怨 produced more 
eggs per fema1e (Table 8). Resistance delayed and dampened reproduct10n 
and re訊llted 1n shgrt-1ived females with low fecundity.τhe 1ntrinsic 
rate gf 1ncrease (ι祖) was more h1gh1y corre1ated w1th net reproduct1ve 
rate 帆0) (r 傲。 .99) than with development t1間位{室訝。 .79) ， suggest1ng 
that clone has a greater influence on reproduction than on development 
time of CGM. 

τhepweet ykldhgges fro嘻 CGM should occur on c10r削 wh1ch support a 
low "rn 1n CGM and a 1. 1草h 祖 1n CGM predators. T、hese con在itions a J::e 
satisfied by the clones H Mex 59 an謹 M Cub 72 (Fi草ure 3). Favorable"m 
of TL on c10nes 習'hich are poor hosts for CGM in社icates that resistance 
factors not detri血@設tal to the third trophic leve1 are availab1e in the 
cassava germp1as恥

Predator-p主ey Popu1ation Dynamics 

Unsprayed field plots (at CIAT) were co扭pared with p10ts where pre丘ators
were e1i臨in曲ted with permethrin. In the pre吾 ator elimination treat甜ent ，

CGM den發ities peake是 at a 個ean of 300 聽itesf1eaf (n = 60) wben 
evaporation-precipitation was ne喜ative (批學1re 的. ln plots where 
pred給 tors were present , CGM densitie翁 remaine是 below 80f1eaf.τhe 
phytoseiids TL , A. 壘空空堅ymu墅， Euseius concordis an是 E. case壘室主堡壘 were 
found at densities 9 O.甜苦苦af，一耶路行7有品， (;a lend rõiiiiiSτnnectens 
and 主. ca1ifornicus ðensit1es never exce諾言dO.甘7主耶-.--TL and E. 
旦旦旦旦控盤空闊re found on a11 馳mpl1n皂 dat的. TL appeared to respond ln a 
4缸19ity吋ependent fasb圭on to CG!哩， and A.. anony血19 density was inverse1y 
玄elated to that of TL. E. conc油rdis numbers remained fairly constant 
闊的pt when evaporation-pre在古古甘為 rose above 40 mrn; under wet 
conditions 且﹒￡血旦旦起 density rose to 1.2f1eaf. 

Releases of 主﹒ ca1ifornic間. a species not found at CIAT , were 臨ade
between 1700 and 2200 挂egreeωdays (DD). Recover圭es were 甜a挂e from 2400 
DD unt i1 the fina1 sampl主ng date at 3100 DD. An increase 1n !. 
californicue 吐ensity 當llS coinci謹ent with a rise in 
evaporation“precip主 tation to above 4日 mrn.

Phytoseii社 Life Tab1es 

Life tables we玄e complete是 for 11 phytoseiids comparing T. 盟主主豆豆豆豆 an吐
CGM as prey. T、here was little effect of prey spec主es 0咽 rept豆鼠忌tive
para血ete室s (Table 會) except in TL which has longerωlived adult female莓，
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which ovillosited for longe1' and laid more eggs with CGM as prey. A 
negative -m was observed when T. 豆豆主主主空空 was offered as prey (Table 
10). R~ was in the range of 。一 14 tO 語 ;-24 fo1' a11 species except !. 
單扭扭話主 which had a low value on both prey spec1臼﹒

是01e of Non悄acarine Foods 1n the Diet of T. 11m叫nicus

1n 1aborato1'Y exper1rnents at 25"C; 705% R.H. ， τL was a忌le to co間'plete
deve10p盟ent w1th Ricinus co閥割mis po11e泣， cassava exudate ，聽ildew
( Oidium 臨nihotIS寸于F古按立n1eÌ1a wi111amsi. CGM or T. urt1cae aa 
foo了一õeVëI蒜苔E宣言 time was 10ngest:τ言可玄udate and- T;:-可謂閥仇
。viposit10n occurred w1th a11 diets except exudate , and tota1 fecu說d1ty
WaS g1'eatest with the CGM d1et. 

Olfacto臨etry

A. cal1fo1'nic帥!;.. a思路也旱，的dnodromel1a .p.且盟主，血 ae 1'ial1s ， G. 
annect削忍， Typhlodr凹nalu飽 問otunus ， Phytos叫訂品市acro泣11s ， Ë. 
古友混在苔， p.,. idaeus , 1'. persimilis了 and 成 were tesiëd"立「γÿ-tube
古拉妄言蒜苔teF CYEEerdne可前言γreact to odors emítted by CGM feeding 
on cassva leaves. Lea <l es lnfes te,t w主th 200 a是ult female CMG were placed 
1n one a 1'm of the olfactomete1' with no odo1'釋。urce in the second 91'1經­

Female phytoseiids we1'e int 1'oduced individually and the nu甜，ber which 
walked upwind to the fa 1' end of the clfacto扭eter was sco1'ed fo1' each 
arm. Mites which did not rnake a choice within 5 昆主nutes we1'e not 
include桂 in the analyses. 

A. califo1'nicl泊， A.﹒思岱Z單泛， c﹒此扭扭， ζ﹒說巴拉拉語， and TL 1'eacted 
pos :l.tively to-the- presence of CGM::liifested 1eaves (Table 11).τhese 

‘ 

可

spec1es we1'e retested in a tril建 1 c伽npa1'in惡 CGM-圭nfested 1eaves with 、
clean leaves. Al1 chose the a 1'm with 1nfe翁 te是 leaves with significantly 
車reate1' f 1'equency (P 0.05 ). indicating that t: he odor to which the 
p吉edators orient has both a prey and a host plant co臨ponent.

位或2且給主提報主

τhe cassava bu1'rowing bug 五.控措主1'educes t j 1lλco甘; erc主a1 時豆豆1e of 
cassava 1'oots by introducin草 pathogens that cause 1'oot deterioration. 
C. bergi fee垂s on1y on sweet 01' low 草CN variet主es. Previous studies 
iiave削 s認wn that certain pesticides 01' intercroppi時叫你 Crotala1'ia
(Sunne Hemp) w111 1'educe f.﹒ b路! da回age.

P1'esent stu吐ies show that Chlo1'pY1'ifos (Lo1'sban) appl1ed to the so11 
eve1'y 45 days 囂的e effective contro1 of 主﹒且也已忱的le 12) with only 
12% of the roots damaged and a very low damage 1'atin輯 of 0.1 (on a 1 to 
5 scale). Appl1ctions of Ca1'ba1'yl (Sevi訂)， Endosu1fan (Thiodan) and 
Dimethoate 吾土d not give satlsfacto1'Y resu1ts. 

1The olfatometer was proviGed 忌y the Inte1'natlona1 Qua1'antine fo1' Mlte 
P1'edato1's (IQMP) , University of Amste 1'da間， an華 the expe1'iments were 
con桂ucted in co11abo1'at圭on with IQHP. 
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Intercropping Crotalaria between every row of cassava gave effective 
control but intercropp1ng Crotalar1a every two rows of cassava or 
planted around the cassava f1eld resulted 1n 62 and 31% of roots dama串ed
respect1ve1y. The most severe root da臨a草e occurred in the untreated 
contro1 fie1d (Tab1e 12). 

The Cassava Hornworm 

(see attached 
草r1nnvis e110 
一­Virt妞ff) .. 

paper: "The 81010鑫ica1 Co位tro1
(Lep1doptera: Sph1x草草草謹ae) w1th 

of the Cassava 贅。rnwor噓，
Emphasis on the 話。rnwor盟



1 TABLE 1. ~'he effect of mealybug popu主ations' and stake treatment on th發 germination ， production 

of planting material and yielà of three cassava cultivars. 

可h 車

CUltivar 立扭扭主ctiα1 幻1 R制裁且ctiα1

gerr泣E坦.ti∞ Stal鴨s/plant

Treated 2 Untreate挂 Treated Untreated 

M. Bra 12 6.0 15 

M Pan 70 0.5 19.0 

的C 57 32.0 37.0 

lMealybug populations covered from 50 to 100 of stake surface an吐 bu社s.1 

39 42 

O 33 

14 64 

2Treat訟ent: 1.5 cc of fyfanon + 10 cc of triona + 5.0 grams of zinc sulfate-D , per liter of water 

, • 

有h

R自duction

Yield 

Treate這 Untreate是

56 34 

G G 

4 47 

。 ' 



TABLE 2. 

Plant age 
做泊位15

2 

也

6 

8 

* 

恥、
可r …心當 … 司臨 門心…_.戶戶妒叫J川 '-', 11 '~';;;""…也

The effect of plant ag聽 at time of mealybug (Phenacoccu5 h史玄主兒昆主}

infestation on cassava (Var M Ven 77) plant growth and yield at 

Carimagua , Colombia. 

惠 REDUCTION

Plant 
E強iψlt

* 做::ot

Yield 
。r:y

泌主.tter

prcx主uction

of cuttings 

100 奇色 mort挂lity of infested p工ants

2是 50 35 32 

17 37 2 是 38 

1 是 11 8 43 

G認認in品位叫

38 

4 

。

Harv由sted at 12 months 



IABLE 3. Physiolo 日 ical parameters affecte 吐 by Ehenacoccu 2. 11立王玉之ni attack on two cassava cultivars 

C L 0 N 琵 S

S終 301 - 3 CM 2087 - 101 

Without With 軍 lVithout 留ith 主

Mealybug Mealybug Difference 終ealybug 灣ealybug Difference 

PHOTOSYNTHESIS 

峙2 明 l
mgr CO

2 
這祖 hr 31. 0 14.2 54.2 2 有績。2 13.1 35. 主

TRANSPIRATION 

心 2 句:

gr H
2

0 dm -hr 1. 9 1. 3 3 1. 6 1. 4 1. 1 21.42 

EFIC of HZO UTILIZ. 

-1 mgr CO 2 gr -hZO 17.7 11. 8 33.3 17. 告 10.9 39.1 

' 外 ' 



4 

量。11987-88) expeditions 4 on 

* Coast 

collected Phytos體 iidae4 • TABLE :> 

North Colombian the 
... 

Total 胎rch胎bruaryJanuary Nov訟法路rSpecies 
• 

516 4 23 222 267 limonicus T. 

54 。3 30 21 sp. typhlodromalus 

175 11 64 87 13 dentilis 可r.

21 。2 會10 b啞llottiiT. ' 
11 4 5 1 主玄主E2T. 

在 32 1 1 30 20 aerialis A. 

11 。5 1 5 annectens G. 

7 。O 6 全旦裂主y!!l立全N. 

12 3 8 G 扭扭扭性1 • • 

5 空Q 4 13 是 2cannaens~s P. 
j ‘ 

3 。O 2 naindaimei E. 

2 

27 

Q 

5 

Q 

8 

。
14 

2 

。

macropilis 

purseqlovei 

P. 

P', 

也
會
4
Z
4
:
3

(adult specimens 
rnounted) 

Total 
961 24 127 421 38 雪

nyrnphs , (adults , 
larvae) 

Total 
1572 36 170 5串會767 

0 , 14 惡 .030.06 0.20 0.26 no./leaf 說ean

1 : 1 51 1: 97 1: 52 1 : 22 ratio Predator-prey 

話 ites4 over summ體dare Values * 



TABLE 5. Effect 的 f date and locatlon on tetranychid and phytoseiid 

numbers in the Colombian North Coast. 

Factor 

Date 

LSD 

LQCATIC駁

LSD 

做)f約nychellus

每pp. (no./1磁f)

。 .01

Mar.1.3 

Jan. 1.1 

Feb. 1.0 

做)v. 0.2 

NS 

α3口'loba

τ'olu 

Betulia 

A 

A 

A 

n 

1.2 

1.2 

0.3 

Sincelejo 0.3 

P 

官話tI或民主chus

spp. (no. /leaf) 

0.001 

Jan. 3.3 A 

Feb. 1.9 AB 

Mar. 1.7 BC 

N口，v. 1.0 C 

0.00是

Betulia 3.2 A 

Sin悅lejo 1.8 且B

Cordoba 1.6 BC 

T'olu 0.8 C 

> F 

Oligonyc11US Phytoseiidae 

8伸. (no./leaf) (no./50 1臨閥的

0.009 0.0001 

Jan. 60 且 Nov. 12.8 A 

位ov. 基 .6 A Jan. 9.8 B 

Feb. 2.3 B Feb. 3.1 C 

Bar. 1.6 B ~1ar • 1.5 C 

NS 0.02 

Cor發口b至 5.3 Sincelej的 9.6 A 

Slncelejo 4.6 τ'olu 9.3 A 

點etulia 3.0 的，rdoba 8.4 AB 

τ'olu 2. 是 Betulia 5.7 點

司些

句臨

、



on sites 4 from 19惡8哥華是這 r.1 會67Nov. 

* C口袋st

collected Phyt0seiidae 6. T且BLE4 

North Colombian the 

E T 主s 
• 

Tolu Sincelejo Cordoba Betulia SPECIES 
" 

56 69 306 63 11輯onicusT. 

10 1 日6 26 sp. Typhlodromalus 

44 11 109 11 dentilis T. 

2 3 15 1 bellottii T. a 

2 。5 唔昆主扭oT. 

2 17 10 34 aerialis 且.

1 2 。8 annect發nsG. 

1 3 9 3 是旦旦旦主笠立主N. 

1 5 1 5 到垃姆拉T. 
~ 

10 14 20 15 cannaenS1S P. 

G 1 。2 naindai輯eiE. , 
s 

D 

20 2 

B 

5 

1 

g 

聽話組性組

purseqlovei 

PF.p-

4 

. 
(adult specimens 
醋。也ntedl

Total 
150 136 471 195 

nyl鴛phs ，(adult , 
larvael 

Total 
205 231 803 323 

22 24 96 59 n 

0.19 0.19 0.17 0.10 no./leaf Mean 

1:23 1: 36 1 :垂?1 : 65 ratio Predator-prey 

trips collecting 4 over sum觀edare Va工ues* 



TABLE 7. Effect of cassava clone on survi val and developm也nt

of M() I1()I1Ychell11s pr()gresi VtlS. 

C工one 及esistanc岱

rating 
月色 5位rv~va工

申gg to adult e m 
t
,1 

1
2
愉
恥
、

HM 可
G
φ
i
w言，

ans 
ev­

omMa to-d 

。
{

α
4
1
4
 

qe 記

V
e AUW 

M Bra 12 T 99 9.9 設

CG5-79 T 95 9.9 H 

CMC 壘。 S 94 10.3 F 

M Co工 22 s 87 10.6 DE 

M Cub 7 是 U 86 11 .5 B 

M 諮ex 59 U 84 10.2 FG 

CM 1091-2 U 82 10.5 E 

CM 696-1 u 82 10.0 GH 

CM 723可 7 υ 82 10.2 FG 

CG 是27 U 81 10.9 C 

CM 507鵬37 U 77 11. 5 B 

M Cub 72 1至 76 12.2 A 

M Col 1351 R 58 10.7 CD 

的 Ecu 85 U 56 11 .3 B 

T = tolerant , S = susceptib工 e ， R = resistant , U = unknown • Values 

followed by different letters are significantly differ申nt (Duncan' s 

2哇ultiple Range Testi P 誠 0.05) • 

• • 
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TABLE 8. Eff聽ct of cassava clon輯 on reproduction 0主 b1ononvchellus 

~Qg:rE!sivus. 

CLONE Resistance 
rating 

Ag'慰 of first 
reprc伽ction

(days) 

.Adult 
f創lale

l∞9日vity

法)tal eggs 
per f，做法le

M CUb 72 

CM 507-37 

M Cub 74 

M Ecu 85 

M Col 1351 

CG 是27

M Col 22 

CM 1091 鵝Z

CM 723學3

CM 696-1 

2是 Mex 59 

CMC 40 

M Bra 12 

CG 5-79 

SRUGURUSUUUUSTT 
n
n
n
u

戶
L
W
們
L
w
n
u
m
W
U
H
h
g
m
M
W
戶b
F
M
W

戶
口

u
u
u
u

口
u

95217296566100 
•••• 

0 

••••••••• 

333322111?1111 11111111111111 
5. 是 E

11 .4 BC 

9.8 C 

10.9 C 

7.8 D 

11.4 • BC 

12.6 BC 

8.2 D 

11.1 BC 

9.6 C 

9.9 C 

26.1 A 

13.1 .間

11.8 BC 

6.3 E 

7.3 E 

16.4 CD 

13.9 D 

6.6 E 

13.0 D 

15. 是 D

16.3 D 

38.4 B 

22.1 C 

29.5 B 

59.3 A 

26.9 B 

36.0 B 

T = tol終rant ， S = susceptible , R = resistant , U = unknown. Values 

followed by differ告nt letters are significantly differ由nt (Duncan's 

Multip工e Rang串 Test; P~O.05). 



TABLE 9. Effect of prey species on reproduction by 10 species of phytoseiidae. 

SPECIES 

G. annectens 

N. idaeus 

P. 口 ersimilis

N. chi1enensis 

E. concordis 

P. macrooilis 

A. aeria1is 

T. 1imonicus 

C.pi10sa 

N. anonvmus 

Adult female 
10ngevity 

TU MP 

1 日 17 NS 

16 17 NS 

21 10 

54 43 

27 27 NS 

45 44 NS 

44 47 NS 

2 20 

16 17 NS 

19 11 

Duration of 
Oviposition 

TU MP 

12 10 NS 

11 11 NS 

10 7 

17 15 

14 14 NS 

21 22 NS 

15 18 

l 11 

9 10 NS 

13 4 

Total eggs 
per fema1e 

TU MP 

18.0 22.4 

17.8 20.9 

3 1. 3 22.6 

43.7 34.8 

12.6 12.7 NS 

67.4 33.0 

16.1 22.6 

2.0 25.4 

29.6 29.0 NS 

32.6 6.5 

TU ~ I. urticae; MP ~且. p rOR resivus; Longevity and oviposition are expressed in days. Comparisons 

are significant (P 0.05);Student's T Test except where ~ndicated 

• ' ' • 
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TABLE 10. Eff睡ct 0主 prey species on life table parameters of 

8 species of Phytoseiidae. 

Ro T Rm 

SPECIES TU MP TU MP TU MP 

G • annectens 7.3 11 .2 16.1 15.6 0.12 0.15 

N. idaeus 10.5 11. 8 12.0 12.1 0.20 0.20 

P. .2母 rsimilis 20.0 11. 9 14.7 10.2 0.20 。 .24

N. chilenensis 29.9 25.3 17. 是 16.7 0.19 0.19 

E. concordis 1 .7 4.6 18.0 18.6 0.03 0.08 

是. macropilis 是 5.3 28. 是 19. 是 20.9 0.20 0.16 

ZK. aerialis 19.8 2 是 .5 21 .1 22.5 0.1 嘻 0.1 是

T. limonicus 0.0 19. 是 11 .2 14.2 O. 唔3 0.20 

的溜 :ι 且更凶扭扭; MP 間!i. 12rogre器 ivus; 我0 認加t reproductive rate; 

T = Mean generation time (days)i Rm = Intrinsic rate increas唱.

• • 



TABLE 11. Response of Phytoseiid f!參觀ales in a y-tube olfactometer 

when offered 經 grogresivus vs. c工ean air. 

2 n f 

SPECIES n i 
給P s P 

T. limonicus 50 32 13 0.0003 習考*

A. 自alifornicus 38 25 10 0.0008 ** 

~. ~y聽話$ 34 20 10 0.049 ** 

主-pilo制 62 36 19 0.015 3悔，每

A. aerialis 31 12 18 0.1 串 1 NS 

T. annectens 30 1 1 19 0.100 NS 

T. neotunus 唾2 21 19 O. 是 37 NS 

E,. macrooilis 51 30 20 0.100 NS 

E. concordis 29 g ? 0.400 NS 

A. i也正是eus 32 15 15 0.570 NS 

E,. persimilís 21 16 4 0.006 ** 

1 n i : Number 口f 阻ites tested. 

2 n f : Number óf m主tes which chose tube with MP (M. Eroqresivu;?) ; 

ø: Clear air 

**Sígnificant (Bíno肥ial Test) 

NS Not significant (P 0.05) 

' , 。 ' e 
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control botanical an是che揖icalof comparison A • 12 T車BLE

variety cassava the on 主旦真L

Gallinaza" 

Cvrtomenus of • 
"Chiroza 

Root da甜age
rating 

% Root 
dama惡e

Yi eld 
t/ha TREATMENT 

E 0.5 D 37 
.. 

B 3息，Endosulfan 

4 

C 1. 0 D 32 直在是Di阻ethoate

4字Cassava 

E 0.5 E 8 D 30 Crotalaria(l ) 

Cassava "+ 
B 1. 5 B 62 BC 3毒( 2) Crota工aria

+ Cassava 

DE 0.8 C 31 車C34 (0) Crotalaria 

CD 0.6 BC 48 C 37 Carbaryl 

綠

，
令
:
鐘
，
、
一
i
e

F 0.1 E 12 BC 37 Chlorpyrifos 

A 2.9 A 77 B 38 Control 

. . 

significa揖 tlynot are letter same the with Figures 
壘，

1evel. 0.05% the at different 

cassava of row every between planted Crotalaria (1) 

(2) 

(0) 

cassavõ 。frows 

plots 

two 

caSf婆是這 va 

every between 

arround 

planted 

planted 

Crotalaria 

Crotalaria 
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The cassava breed1n草 sect10n a1體s to ass圭st nat10nal programs 圭a
tbeir effort移 to develop 1盟proved cassaVÆ是 有lar1e章1es. CI主.T ac毛主v圭章主es

1nvolve d1rect and ind1rect assistance 1n tbe for盟。f mainta1n1ng a world 
ger甜pla穆觀 念。llect10詣. develop1n囂 breed1ng 盟ethodolog圭es. prov1ding 
ger當plas租車臨proved for spec1f1c characters. tra1n圭亞霉， and consult主ng 1n 
project and network develop器ent. τhe follo幫卸車 1s an overv主ew of 
activ1t1e穆 1n these areas dur1，草草 l會單車.

豆，

學

Germl)l帥m
Collect10n and conservat1on 
Slnce 1985 CIAT has accepted respons1b111ty as glol雄主 repos圭to玄y for 

cassava germpla細﹒ S1nce the crop or1ginated and c個pleted th零點ajor

p唱rt of 1ts dlvers1flcatlon in Latin Amer1ca , the 血。st emphas1s has been , 
and w111 co咀t1nue to be. col1ectlon and conservat圭on of th1s 皂ene pool. 
As of the end of 1988 tbe collect圭on cons1sted of 456岳 acceseions. shown 
by country of or1g1n 1n Table 1. 

The 阻ajor g澤p 1n CIAT's collection cont1nues to be the relatively 
low representat10n of Braz11ian ger阻.plas曲﹒Th1s 1s due primarl1y to tbe 
lack of a centrallzed collect1on ln Brazl1 and tbe difflculty of 
organizlng 1ntroductlons of the various state-held collect圭ons. At the 
end of 1988, representatives from CNPMF , CENARGEN and CIAT met to plan a 
coordinated pr四ject for cassava germplasm management in Braz11. The 
flrst step w111 be central1zat1on of the Braz111an cassava g月~rmplasm at 
CNPMF (working collect卸的 and CENARGEN (base collect1on). 的11e s t1ll 
m唱1ntaining the state and 10cal c011ections 1n their re由pect1ve s1tes. A 
dupl1cate of each access10n wi11 a1so be introduced to CIAT. This 1s to 
be fo110wed by comp1ete character1zat1on and docu酬ntat1on. The project 
1s expected to last for three years. 

Seventeen new IITA hybrids were introduced to CIAT v1a a str1ct 
viru8 indexing protocol at the Scottish Crop Researcb Inst1tute. These 
comp1ement tbe two Cassava Mosa1c D1sease (CMD) re“ stant clones 
introduced last year (Tab1e 2). Hybr1ds between these res1stant clones 
and Latin American ger四plasm wi11 be the br1dge for lntroduc1ng 1mportant 
new d1ver8ity into Africa. 

It 1s expected that for tbe forseeab1e future. 8mal1 co11ections 
will continue to be added to CIAT' s world co11ection, but that growth 
w11l be minimal after addition of tbe Brazilian 草ermplasm over tbe next 
tbree-year period. 

Cassava conservation i8 closely coordlnated betw嗆@明 tbe
Biotecbnology Research 甘n主t (BRU) and theBreeding Section of the Cassava 
progr臨﹒ 三且主主~ aspects of conservation are report叫酬parately by tbe 
BRU. 
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C:haracter1zation and dup1icate 1是entification
The IBPGR. 主n co唱su1tation w1重h natio咽a1 pr甘露ram戀. CIAT and IIT底，

has developed a descriptor 11st for cassava based on 趣。rpholo囂ical
character主st1cs. These descrlptor8 are now 草enerally adopted by 盟。st
curators. In add主tio畫畫. powerfu主 b10cbemlcal descriptors倫-poly鶴。rpbic

主sozyme 聽arkers…令ave been developed by a joint Un1-、lers1ty of 
設anitoba/C工AT project (see BRU annual repor電 s for 1 會8岳-87). By 1警車8 ，
主sozy臨陣 techn1ques were Buff1ciently wel1 deve主oped to be車ln 1sozyme 

~ 
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characterization of the entire cassava 聽ermplasm collection. Objectives 
are two-fold: to have a是d1t10nal stable and rel1able criteria for var1ety 
description purposes , a祖桂 to have an add1t10nal tool for 1謹entification
of 是吟l1cates 1n the collect10n. The collections processed for analysis 
of 棋。腳esterase banding patterns were: 

Brazi1 -
Paraguay -
Colo祖.bia (Vaup惡s)­
CIAT hybrids 削

S雪3

110 
51 

21雪

accesslons .. 
" 
" 

Dupl1cate 1dentif1cat10n w111 1nvolve the fol1owing steps: 

1. Morpholog1cal character1zat10n 
2. Agronomlc evaluatlon 
3. ....ß-esterase 主sozyme character1zat10n 
4. Computer analyais to 1dent1fy slml1arlty groups 
5. Fiel是 comparisons to confir誼 dupl1cates
6. 草l1mination of dupl1cates 

We expect that mo挑起pl1cati冊就11 be foun是叫thln col1ect10ns of 
the same country , rather than across countri給s. Thus , analys1怨 for
dupl1cate identif1cation w111 be車1n as each COl忌諱try' 8 germplasm 
collection i8 processe是.幫e e8t1mate that the present col1ection should 
be reduce是 by 20-25草色y duplicate el1m1nation. 

I~l1:rono罷ic evaluat10n 
Col阻bia encompasses a wide divers圭ty of cas甜、ra-grow1n草

env1ron血lent筍 w1th both phys1cal and b章。logical stresses co盟燼。n to 
cassava'“pr哈拉uc1ng areas world-腎1de. ln the case of biologlcal stresses , 
Colo回Ib1a has a much 電dder range than either Af主圭亞a or A翁1a. This fact 
bestows on CIAT two 阻ajor respons1bi1ites in the area of agrono盟ic
evaluat10咽 of cassava ger揖plas單: 1) to provide 1nformation on res1stance 
or 翁的路cept1b111ty of local germplas融 to pests a室主社 patho草ens not presently 
1n a country. but which could be potent1al threats; an益， 2) to provide 
打仗。r報ation on sources of res主stance to existing or potent1al problems , 
so that a country can make 1nfor臨.ed dec1sions on ger數plas鹽 intrαduct10ns.

堂。車主.ve one exa聽ple ， durlng 1988 most of the Aslan collect10ns held 
by CIAT 糊re evaluated for re叫的ance to thr1ps (CIAT-Palmira) , bacter1al 
b l1ght (CBB) and superelong訓10n disea閱 (SED) (Car草棚gua) • Very h1gh 
pressure for these pests and 是1sea弱es was observed 1n tbe respect1ve 
sites (Table 3). 

Considerable resista室主ce to thrips exist發 1n thls germplasm 
(pr1咽r11y 1n the Malays1an mater1als) , but res1stance to CBB and SED was 
general1y low. While 1t 1s not surpr1sú草草 to f1nd relatively low level弱
。f res1stance to these proble祖s (of the three , only CBB ex1sts 主a 轟s1a).
1t 18 SO甜旭what Burpr1s1ng to find 倒是ch a high frequency of 
thr1ps-resistant clones in the 鈍alaysian c海主lection. 堂his may 1ndicate 
that much of the Malays1an mater1al is der1ved fro祖 the drier areas 1n 
Latin A鵬er1cs where tbr1p絡 are ende瓢1c and res1stanee has evolved. 
Conversely , the so聽ewhat h1gher resistance to CBB and lower tbr1ps 
res1翁 tance 1n the Indonesian c油llectio都給uggest tb1s 草ermplas祖 probably
der1ved pr1nc1pally fro臨 the wett脅r areaa of Lat1n America. Further 
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characterizat圭on w111 be neede桂 to clarify th1s hypothesis. and to expand 
upon the possib1e imp1icatio激發 for cassava i間provement in Asia. 

As 1s true a1so for cassava 惡ermp1asrn in genera1，發 very low 
proport10n of clones showe還 co臨b1ned res1stance to CBB , SED an是 thr1ps.
The notable exception 1s South China 205 (M Chn 1) , the m09t common clone 
in 9ubtropical Ch1na. Other clones with 聽oderate co甜bined res19tance 
were: SL 26 from Indones主a; Si10n, Ubi Ladang , and Variety D from 
也a1aysia.

•• 

,. 

阻arker gene stl這是ies
"Marker gene" 19 the term genera11y used to refer to s1ng1e gene發

contro111ng 哩ua11tative traits wh1ch are expressed on1y 1n two eas11y 
d1stinguishable states. Marker 車enes have value as rneans of study1ng 
l1nka在e groups , 1n stu垂ying 誼atlng 5yste髓移， and 90阻etlmes are directly 
i誼.portant as selection criteria. In so喃e wel1-studied crops like ma1ze 
or peas 拉拉攏單位單單> '甜喃自1 hundred marker genes are known. In 
cassava, only three marker genes have been previou綠豆y reported: broad 
(recess圭ve) versus narrow (dom1nant) 1eaf 10忌e shape; 1主ght (recessive) 
versus dark (do盟主闊的) root surface c01咐; and 觀a1e steri1ity (recess1ve) 
versus 閥1e fertt l1ty (益閱inant). During 1988 CI蟲T studied 主nher1tance
of several other tra1ts and described four new marker genes re1ated to 
stem growth habit , stem col1enchyma c010r , a1binis臨， and root parenchyma 
color (Table 是) • 

、e

Gene Po01 Development 
CIAT 1s unable to produce fln主shed variet1es for 811 , or even most , 

。f the wor1d's cassava growlng environ鼎ents. due to a range of 
d1fferences 1n physical and bio10惡ica1 environrnenta1 condition8 , as well 
a8 h圭ghly 10calized cr主teria for plant growth features , root qua1ity an是
others. Thus CIAT's basic breedlng strategy has been two pronged: f圭rst ，
to develop e11te c10nes with potential adaptation to s咀也e of the ma哇。r
cassava gro叫ng environment怨. with qua1ity traits known to be crucial for 
acceptance within given re草生ons; and seco位d ， to develop broad based gene 
po01發 fro祖 which nat10nal prograrns se1ect for 10ca1 adsptation and 
acceptsb1lity. This 怨trategy ， a10ng with a description of the 臨ajor

edaphoclimatic zo恆es for wh1ch gene pools are deve10pe謹， 1s descr主bed in 
deta主1 in previous CIAT Annua1 Reports. In th1s report w啥 g1ve a brief 
su聽盟ary of advances 1n se1ection of parenta1 co酷ponents of the 皂白1e po01s 
in Colombla , with se1ected examples of progress in national prograrns 
toward selectlon of new cassava varieties. 必any of the e1ite 容忽1ections
become parenta1 compo前@泣ts of the gene pools , so these two facets are 
c108e1y interrelate是.

",
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Lowland tropics w1th 10帽 to intermediate 
zeason (Edaphoclimat主C Zone 1) 
Improv1n思 this gene pool has proven to be more comp1ex than first 

ant1cipated. Drou草ht and h1gh te祖peratures i摺p1nge on , the expression of 
a wide ran草e of characters: yield , plant architecture , d1sease and insect 
pressure , and (often the 阻ost 1ntransige位t) ， ro略t quality. Most c10個es
react to the long dry season with high l!CN levels and 10w root dry matter 
co價tent. Strong selection therefore has gone into 圭.mprovfng these two 
tralt違章， while maintain露 h 1.車h yield potential and 圭nsect re戀istance.

Wh11e few clones exceed the best local varieties of the north coa個 t of 
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Colombia (principal selecti。說 site for this gene pool) , most exceed the 
local clones 1n y1e1d , and 60揖e have equal qua1ity. 話everthe1ess ， the 
qua主主ty requirement6 of Co10揖bia's north coast appear to be un1quely high 
among the wor1d's Ca88aVa grow1n草 environmen凹， 80 thi6 gene pool shou1d 
provide acceptab1e qua1ity an是 high yie1d potent1al for many regions. 

F1惡ure 1 il1ustrates yie1d trends for some promising hybrids and 
local checks tested over years 圭n Me是ia Luna and Car阻en de 80主!var on the 
north coast (囂CZ 1) and CIAT-Pa1盟主ra (ECZ 4). The hybri垂s CG 1141月 1 ， CM 
3306-主 and CM 3306伽9 have hi皂h yield poten t1al compared to the COI叫non

loca1 clone M Col 2215 (Venez01ana) , and have goo是 eatin草 qual1ty. 空he
hybrid CM 3555-6 , which has shown very high yield stabi11旬， appears to 
have specia1 a桂vantages un是er hlgh stress conditlons within ECZ 1. These 
hybrids are now widely distributed throu串hout the north coast region in 
on個farm tria1s. 

Lowland tropics with acid soi1 savannas , and high rainfall 
{Edaphoclimatic Zone 2) 
Durin草 1987-88 ， the principal selection site for ECZ 2 was moved 

fr官m Carimagua to ICA，刪La Liberta述， near Vil1avicencio. Carimagua 
continues as a slte for evaluat拉去當 selected clones under very hlgh CBB 
and SED pressure. After almost 15 years of se1ection in Carimagua, the 
ECZ 2 gene pool has very good levels of CB揖 and SED resistance , and 
盟oderate to high yield potential. Thus , e晶phasis for this gene pool has 
shifted to further i臨provin藍 yie1d potentia1 an是 quality ， and resistance 
to dry season pests 航lch as thrips and cassav總 green mite (CGM). These 
considerations , in add1tlon to the hi串her development potential for 
cas忍ava in the pied輯onte region as compared to the "inner" 11an08 , led to 
a move to select圭on in ICAωLa Libertad. 

As expected , dur主綠草 the flrst year of trial扇， 是isease pre發sure was 
low, as even susceptible checks were on1y 誼。derately affected. Probably 
2 - 3 years will be require通知 build up moderate and uniform 
inoculum for CBB , 5ED and anthracnose. 1n any case , a11 materials 
s e1ected in pre1iminary sn社 sdvanced yie1d trials are a1so planted for 
observation of disease resction 1n Cari血過gua.

One surprise of the La Libertsd tria1s was the high level of CGM 
infestation , in spite of s shorter dry season than in Carimagua. If this 
trend contlnues , the site should prove highly advanta囂eous for combining 
high levels of mite reslstance into the ECZ 2 gene po01. 

Several exce主 1e浪 t clones fro恆 this 草ene poo1 have been deve10ped , 
and some have been tested in advance是 yield tria1s for 5 or 醋。re years. 
These have been Se租t in recent years to many Latin 轟merican countries 
having 發1四ilar pest and disease problems 

As hoped and expe治ted ， near1y a11 the clones which previous1y showed 
草潭。d sdaptation and high yie1d in Carimagua were a1so superior in l,a 
Libertad. The strategy of se1ectln皂 under a hl惡h stress environ臨en童， as 
a 阻eans of achieving relatively broad a這aptation across various levels of 
the si祖i1ar stress components , has proven effective. 

50臨e of the best hybrids an垂直er祖plasm accession checks are compared 
in F1gure 2. M Ven 77 1s the only g~rmplasm accession which has cα揖bined
good dis甜甜 (CBB 甜d S宜的 resi鈴 ance and moderate yiel傲 。ver many 
years. M Co1 1昌盛8 (Mantiqueira) was se1ected in Brazil as a CBB 
res主stant ， hi窮h yield potent主a1 c10ne. but it does not hol是 u

" 
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resistance over a range of environments w主thin ECZ 2. CM 2766-5 and SG 
107輛35 are notable 1n their ability to yield we11 under very h1露h stress 
cond主t:ions. CM 2766“ 5 probab1y comes c10sest to f0110wing an 1dea1 yield 
response under different env1ron認ents ， w1th y1e1ds we11 above tr主a1 means 
。r best checks across a11 environments. Of the hybrids 11sted , a11 are 
good for fresh consumption with the exception of CG 165-7 , wh1ch 1s h1車h
in 琵C到.

臣之盟主d tropics; 如y season short or absent (制aphoc1i朋atic Zone 3) 
Two pr1ncipa1 factors have 1ed us to 草ive 草ene poo1 development for 

this zone a re1ative1y low priority. First , the demand from nat10nal 
programs for materials for these conditions has been comparative1y 10wer; 
and secondly. the bio10島主ca1 prob1e酷麓， ap喝rt fro觀 root rot 態， generally 
are not 1imitin島 in these e說vir。咀ments ， or are sim主1ar to those found in 
ECZ 2. Thu怒， it has been found that materia1s from both ECZ 1 and 2 gene 
po01s (but espe唱is11y the 1atter) are often well-adapted 1n the hu隸id
tropics. Further development of this gene poo1 in th毅 Co10蹄bian Amazon 
region (Florencis) wss discontl鈍。.ed ， and se1ected 觀aterls1s glven to ICA 
for further eva1uation and mu1tip11catio啞，

Mldd1e a1titude tropics (Edaphoc1i臨atic Zone 再〉
幫hile this zone has been defined p室主臨arily for the Andean Zone , 

agroeco1ogica1 studies have shown that large areas of northeast Brazil 
show simi1轟r te盟.perature an是 rainfa11 patterns. The 誼。st notab1e 
features of the C1AT糊Palmira screenin惡 site are the high thrips pressure 
1n nearly a11 years , and the frequent1y hi窮h mite pop心1ation發. This 
pro叫rides exce11ent opportunity for selection for resistance to these 
pests. Since CIAT i8 used as a centra1 s1te for 體a1nteτlance and 
multipl1cation of a11 the gene poo1露， opportun1ty is taken to select for 
res1stance in a11 tbe pools , at d1fferent 1eve1s 0至 intensity depen是ing
upo明 tbe i輯portance 1n tbe tar皂et areas for a 草iven poo1. A cont1n必ally
1nc宜easing number of c10nes are no叩 adapted aeross two or more ECZs , 
owing to comb1ned resistance to severa1 pests and d1seases • 

TE哲pical high1an社s (Edaphoc至1matic Zone 5) 
在 continuing concern about tbe b主gh1and gene pool 1s lts relatlvely 

narrow genet1c base cm塾pare丑 to other 草ene pools. Most of the components 
of this gene pool trace back to s總:veral highland-adapted clones fro星星
如發thern Colombia. As the b1gh1and9 (1的。-2000 酬sl) represent an 
extre臨e condit1on for cassava growth , th1s narrOW ba每e 18 not surprisin囂，
1ncorporatin囂 genes fro臨 10wland clones a9 a means of broaden1ng the base 
bas been on1y 鶴。derately s \lccessful , s1nce it requires .8evera1 cycles of 
宮ecomb1nat10n to e1im1nate unfavorable 辜會nes. In 1987-8車 833 new 
germplas觀 acce8sions were screened 1n Popaya錢，立s expected，也ost showed 
very poor adaptat10n , but a 91車nif主cant number of c10nes (54) ，訂閱ludin草
severa主 of Brazi1ian origin , developed wel1. These are now be1ng 
retested in a yield trial , and even 1f on1y a fe甜 pro月~e well adapted , it 
wil1忌e an important new source of var1ation fo宮 10w temperature 
adaptat10n. 

su忌trop1cs (Edaphocl1matic Zone 6) 
CIAT 主s unable to select for 怨怨btropica1 a是aptation within Co10mb1a 

for the obvioUB reason that the country .1圭es fully within the troplcs. 
1n order to partially meet the germp1悠悠m n終eds of subtropicl龍1 regions 
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such as Ch1na. Southern Braz11 , Paraguay and Cuba , clones selected 
d1rectly by national programs 1n those reg10ns are brou草ht to CIAT a8 .!n 
桔紅皂 cultures, 主ncorporate是 1nto the 驛emplasm co11ect1俑， and 
1ntercrossed w1th clones express1ng tra1ts 挂es主re挂 for 1ncorporat10n 起y
national pro車rams. One of the 臨ajor proble甜s of the su全 tropics 主s CBB, 
an是 most local clones have been found to be suscept1ble. Therefore , one 
of the 血ost com盟on types of cr08seS for the 8ubtropics has been between 
local variet1es from the subtropics and the ECZ 2 gene pool. as a source 
of CBB res1stance; or cr08ses fro揖 within the ECZ 2 gene pool. The 
修毯ccess of this strategy 1s be車innlng to be seen 主n a11 the 
above-聽entioned subtrop1cal regions. 

E11te Clones 
C1轟T ma1ntains a s發t of 11總11te" clones based on super10r perfor祖ance

over several years 1n given edaphoclimat1c cond1t10ns. These are 
cons1dered so!騁。f the best possibilities for pro車ra臨s w1sh1ng to 
introduce clonal materlal翁 e1ther for d圭rect select主。n of new var1etles 
or for use a發 parental 盟ater!al. El1te clones are kept cont1nually 
ava圭lable as v主rus-1n是exed 1n vitr四 cultures. and generally csn be 
shipped 主.mmediately upon request. A SI馴sry of the characterist1的 of

these clones 1s given 1n Table 5. 
直 system of maintain1n喜 virus-indexed elite clones under controlled 

conditions 18 bein草 developed by the V1rology Un1t. S閥 11 ， part1a l1y 
11草nified 思takes are avai1揖ble for eend1ng to nat10明車1 programs wh1ch 
accept this for盟 of introduction. Pre11甜inary experiences indicate 
帥sier estab1ishment and more rap1d 圭nitial growth as c棚pare是 to in 
主主主空空 plantlet侈. and may be especially useful to prograr閥 not bav1ng 
eond1tione for processin車 1n yitro 1ntroduct1ons or any progra睡 wish1ng

to expedite thë more rapid m立ltiplication of lntroduced mãterial (see 
furtber 是etails in Pathology section). 

Develop摺ents 1n On-far盟 Evaluation
ln 盟any parts of Latin 主mer1ca caseava has been cultivated for 

centuries. and traditional eultivat圭on an桂 process1ng syste祖s have 
evolved reg10明ally. Often these technolg1es are deeply ingrained 主a
far珊ers' and consumers' habits and preferences. and an atte組pt to 
introd地ce new technology can only succeed if base是 on adequate baseline 
1nform瞳tion.

1n areas wbere cassava is 潤。re recently introduced. or where changes 
1n far晦1ng systems or consumption patterns have been changed d毯e to 
external forces. there 1s often a 1ess r1g1d set of crlter1a establl的ed
and more openness to adopt new technolo車1es.

These pheno啞戀na 豬ug草est a breed1ng strategy that takes 1nto account. 
8醋。ng other cr1ter1a , far首er錯· reaetions at the earliest posa1ble stage. 
and certainly before varietal release i8 conte揖plated.

In 1會87-串串， 69 0室主倫farm tria18 to test pro阻ising cassava clones were 
plante是 1n ten depart且ents of Colo咽b主a章. 1n col1aboration with var!ous 
nat10個a1 agenc1es and the Partic1patory Research Unit of CIAT. Whlle 
data fro融 tr1als harvested in 1988 are h1ghly variab1e in qua至1ty 副主e to 
the no肉lelty of far祖er partic1pation in research for many of our 
collaborators. s阻e i盟portant finding翁 are beg1nning to e組er草弘

80咽e of the most 1mportant results h晶ve eo酷e from the open 1nterview 
of far血緣 r8 at harvest tlme“ .-their response發 to the question: what are 
the tralts of thls clone that you do or do not like? The most frequent 
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responses from the north coast depart組.ents of Cordoba , Bolivar and 
Magda1ena are given 1n Tab1e 6. Not surprising for this part of 
Co1omb主線， nearly every far甜er mentioned eatin草 quality , even though 羽any
had access to the drying plants to 酷arket their cassava. This reinforces 
the probable nee謹 to produce dual purpose varieties for this reg10n. 
Even w1th alternative market憊， farmers wi11 a1ways hope to se11 師祖uch
as poss1b1e of their produce 1n the h1gher pr1ced fresh market. Ease of 
harvest , yield , and yield-related traits a1so fi草，ure pro觀主nant1y 1位
主盟portance ， as does production of good quality planting mater1al. C!主t

has place謹 strong e咽phasis on a11 these criteria except ease of harvest , 
which may need to be looked at more closely in the future. 

Early harvestability does not enter into the cr1teria s1nce the 
tr1al des主思n 1tself contemplates both an early and a late harvest. 
However. th1s criteria e咽er蠶ed as very 1血portant 1n the f1rst year' 發
trials (wh1ch had 翎ly one harvest date) and provided the justif1cat10n 
for havin車 two hsrvest dates 1n subsequent tr1s1s. 

Using 1nfon胡t主on fro回 trials where dats are 嚨。st complete and most 
relisble. severa1 clones beg主n to stand out a8 potential1y 詔uperior to 
the local check by farmers 盟u1t1p1e criter1s (Tsble 7). 前hi1e the data 
stH1 nee是 to be considered pre11m1nary , c10nes such as CG 1141-1 , CG 
915-1 , C故 3306哺4 ， CM 主30毒也9 ， CM 3435-哺5 and 話Col 2253 have be軍un to catch 
the sttent10n of many far醬ers. 1f the super10r1ty of these clones 1s 
conf1r盟ed in the 19草草-8會 tria1s. so也e of these 臨ateria1s should be 
con8idered for release. 

Whl1e C1直.T i8 heavlly 1nvolved in the in1tia1 sta草es of sett 主n車 up a 
network of on-farm tr1al霞， the goa1 is to develop interest and capacity 
w1th1n the national pro惡ra臨 to complete1y take over management of these 
tr1s1s over the next few years. As the 輯發 thodology 1s refined , we w111 
introduce it to other national pro草ra臨s. Prel1臨inary work 主n Ecuador has 
be縣三n in s1m11sr tr1als • 

. 

# 

-FFzip;3414

, 

• 

CountrγRellorts 

Whi1e 1t 1s wel1 beyond the scope of this report to present fdeta11s 
on s11 the c011aborative aspects of cassava varietal deve1opment. a few 
highlights fro臨 se1ecte是 countr1es 主n Lat1n Amer1ca and Africa are g1ven. 
A detalled report on A的1a breed圭級，g pro臨rams 1s 惡1ven separate1y by the 
CIATωAs1a Regional Pr滑gram.

Latin A躍er1ca
堂里主主豆豆. 血 new cassava deve10pment 1nit主ative began 1ast year 主n

Ca且peche State , base桂 pr1血ari1y on substitut1n息 1mported grains with 
locally produced dr1ed cassavs ch1ps for use 1n p1g rations. Though a 
csssava technology package has been developed for Tabasco State ，怠。11 and 
c11matic condit10ns 1n Ca敏:peche are 扭arkedly d1fferent. Thus , the 
re純盯ch progra聽 has had to embark on adapt1n草 the techno10gy for the 
reg10訟， inclu是in軍 new va宮iet1es. Some 15 clones were 1ntroduced fro咀
CIAT in 現id-198章， and these wil1 be tested next year. 

1n Tabasco , w1th a mature csssava research progra訊， seed and c10nal 
1ntr。是uction has been ateady over the psst 6 years. Clones selected fro盟
seeds 1ntroduced 1n 1982 are now be1ng advanced to semi-cou臨erc1a1
t r1a1愁， w1th release of one or more of theae expected 主n the nesr future. 

a very 1金nited budget , Pansma has 
germplas綠 from CIAT , introduced both 

Wh i1e operating on 
evaluated considerable 
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as in vitro ou1tures and se膏regating popu1ations. A 010終e fro激 C1AT

int品'dtÌ在d1n 1984 , and 100a11y named Dayana , is being 祖ultiplied for 
commercia1 production , and re1發ase is expected next year. 

組盟主思. The c1∞e M C01 1505 , released by ICA in 1985，∞ntinues 
to galn popular1ty in the north coast re軍io駝， where it has gained 
acceptanoe for its yield potentia豆， eating quality and resistance to 
Diplodia root rots com即n in the ar揖. A CIAT hybrid (CM 523愉7)，制

introduced gen頭p1as朧的cession 你 Ven 77), and the landrace variety 
Venezolana (MCol 2215) are bein宮 studied for release next year by ICA. 
Several new hybrids are showin草 prom圭se in extensive on fa安盟 tria1s 
managed joint1y by C1血.T ， ICA and other national entities. 

起盟些主. The principa主辦akne甜 identifi諾主n the varieties of the 
Manabi province region is 10w root dry mat ter. 主.pparently 主ow overa11 
genetic 是iversity exists , and there appears 1ittle possibility of 
se1ectin車 high dry matter clones from amon草 loca1 varieties. In 
preliminary trials , the var主ety Venezolana from C01ombia' s north coast 
has shown both ear1y 揖aturity and very hi草h dry matter content. Since 
the dry matter content has 1mportant i阻pl1 cl這E主ons for the eff1ciency and 
economics of the chip drying pro甜甜， this variety cou1d 扭ake a major 
contr1but1on. 

拉諾缸里之. Although Paraguay has one of the h1ghest levels of per 
capita cassava consu盟pt10n 1n the wor1益. research on the crop 1s 車iven
low pr10rity. 幫ith c011aborat10n fro臨 CIAT and IBPGR, a na室主ona1

車er祖p1as酷 c011ect1on was estab11shed between 1983 and 198巷， and th1s iB 
now 起eginnlng to 忌e eva1uate社.

1n 19且忌 CI血.T sent see益 populations to the research st殺t10n at 

.. 

• 

e 

、

Cap1tan M1ran是a in the southeast , where CBB is a major pro挂毛主ction 、
constra1nt. The res1stant crosses selected from the ECZ 2 gene pool 
looked pro盟1s1n囂 1n pre11minary tr1als , wh!1e suscept1ble checks were 
severe1y affected by CBB. Th圭翁 1s a good ind1cat!on that the ECZ 2 藍ene
pool can contr1bute to improv1ng subtropical 草er四p1as現﹒

In another c011aborative project w1th Paraguay , CIAT has virus-
1ndexed some of the 雄。st c棚mon Paraguayan clone紹. and sent these back to 
Para草uay for 間ult1plication 發nd d1s主r1bution. Wh11e 1t 1s st111 unknown 
what 區ay be the y1eld advanta臨es of the virus-幽free 組ater1al ， it 1s known 
the cassava comm臨n mosa1c v1rus 1繼 end胞1c 1n 闊的 of the country. 

Brazil. The process of 是ecentral1zat1on of Cassava var1ety 
se1e己謊言ñis continu1時 1n Brazil. Dur1ng 19峙， new 1n1t!泌的制閑時
taken 1n estab11sh1ng c011aborat1ve projects between the nationaI CaSSava 
cent前 (CNPMF) and state or regi∞a1 programs 1n the south and Cerrado 
regi開s. In both area紹， CBB 1s a 誼ajor constraint. and segregat1ng 
popuIa t10ns of both 聽razilian and CIAT orig1n are be主ng evaluated w1th 
very promis1ng 1n1t1a1 resu工ts.

Ear1y in 1會88 ， supere10ngation d1seaee wss foun是 for the U首發t t1血e
in a 觀說jor cassava produc1ng region of Parana State. To date , the 
patho草en appears to be conta1ned to a relat1ve1y s酷暑豆豆 1 area. but 
condit1on穆 sre appropr1ate for eplde間1c leve1s of dlsease unless 
appropriate contro1 measures are taken. CIAT has sent h主草hly resistant 
c10nso to C輯PMF for dispatch to th主s region. 



會• 
Afr1ca 
CIAT collaborates w1th nat10nal programs 1n Afr1ca through our 

s1ster 1nst1tut1on 1n N1皂er1a--主ITA. 幫h11e much closer co11aborat10n 1s 
expected wlth app01nt誼ent of a CIAT scient1st to be posted at IITA 主n

1989 ，華ermp1asm 1ntroductions have been carr1e是 out for several years. 
One of the pr1nc1pal regions w1th 1nterest 1n Lat1n A且erica ger蹄p1asm has 
been the East Afr1ca h1ghlands , s1nce few Afr1can c10nes appear to be 
adapted to these co01 cond1t10ns. 

"‘ 

,. 

些and泛 Cassava 1s grown on 的out 侶，000 hectares 1n Rwanda，棚k1時
1t the fourth 醋。st 1祖portant crop after ba設anas ， bean發 and sweet potato. 
The crop nearly a1ways occup1es areas of poor 8011s (e發pec1al1y steep 
h111s1des) and dry areas where other crops are r圭sky. Cassava green 盟主te
and cassava mosa1c 電i1sease are the principal biological constra圭nts.
Cas穆ava 盟ealybu車 has been introduced. but 圭s still quite 11t張主ted 1n 
distr主but1on.

IS主R received CIAT 臨aterials 1n 1984 , through IITA. The populations 
ha挂 been selected for 盟主te resistance at CIAT , but not hi惡h1snd
adaptation. ISAR se1ected clones from this populst1on over four years , 
and 1n 1988 harvested an advanced y1eld tria1 1n Kara臨a and Ru巷。na
station銬. 1nc1uding CIAT. IITA an挂 10ca1 祖ate室主als (Tab1e 車) • 直lthough

the CIAT popu1at1on ha是 not been prev10usly se1ected 1n C010mbia for 
either h1草h1and adaptat10n or C經D resistance , severa1 clones are very 
prom1s1ng 1n the region , and 1n是icate a high possibility of Lat1n 
轟動erican germplas扭 扭aking even more s1單位主f1cant contribu豈宜。ns if 
populations are 盤。re stringently se1ected. 

' 

• • 
z 

llurund:l,. Cassava in llurundi 1s 車rown under s1mil肘 conditions to 
Rwanda a組在飢lffers s1揖i1ar product1on constra1nts. However , the 觀ealybug
has become a more severe proble曲， espec1a11y on the southern border with 
Tanzania. The llurundi research organ1zatio貌， ISAllU , introduced 
highland-adapte謹 materia1 fro割 CIAT 1n 1987 , and this was planted in 
滋0680 statio鈍. the ma1n cassava re悠earch center for the country. Since 
Mosso 1s on1y 1250 mas1 , this station 19 being use謹 pr1marily to pro是uce
the first vegetative generat10n of 間ateria1 ， for subsequent te穆ting at 
higher a1titude stations (up to 2100 mas1 at K主sozi). As this is the 
f主rst highland popu1at1on to be 1ntroduced to Afr圭ca fro盟 CIAT ， it w111 
be a key test case for assessing possible contribut1ons of Andean zone 
輯忽ter1al 1n the East Afr主ca h1ghlands. 

紗

, 

!
t
i
i
;

這
}
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Table 1. Cassava ger祖plas甜 in CIAT's collectio鈍 as of 
l 會 8 串.

Region/Country of Or主事in

Meso-Amerlca & Carlbbean 
Co學 ta Rica 
Cuba 
Dominican Republic 
Guate鹽ala

Mexico 
Pana臨a

Puerto Rico 

South 主摺erica
Argentina 
Bolivia 
Brazil 
Colombia 
Ecuador 
Paraguay 
Peru 
管 enezuela

North America 
United States 

Asia/South Pacific 
China 
Fij i 
lndonesia 
Malaysia 
Ph i1 ipplnes 
Thailan垂

Africa 
話 i草 er1a

CIAT/Hybrids 

幫o. of accessions 

148 
74 

5 
91 

102 
42 
15 

16 
3 

801 
187 是

117 
194 
在06

241 

9 

1 
6 

50 
已 7

6 
8 

19 

271 

TOTAL: 在 566

‘. 

• 

, 

‘' 

. 
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(Nigeria) cassava hybrids introduced 
CIAT's germplas咽 col1ection.

IITA 
into 

2. Table 
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90059 
90257 
90853 
91934 

TMS 
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Evaluation of As 圭an cassava ger觀plas甜 for pest an是 disease
resistar單位發 at CIAT-Palmira (thrips) and Carima草ua (CBB and 
SED). (l編 hi草hly resistant; 5 給 highly susceptible). 
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(continued) 3. Table 
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New marker genes described for cassava 4. Table 
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Cr1ter1a used by farmers 1n Cordob 紋. Bolivar and Magdalena 
departments of Colombia to evaluate acceptability of new 
cassava var1eties. 
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Tab1e 7. 能2組U必 far盟!rE!哨位明.t1on cr1總結a :ln明H'arm tr於1s :In COI:由知. sucre 祖泌

施恤1ena :In 1987.峭iI祖國rly 紋。 and 個臨1 個)l阻嚇誨，

Cl.cI韓
~1 
明怯劍可 做楓祖間h揖atli那2 星k p草n樹泊吋JCt1揖的心 V紋個現單祖自te主d黨撞to.勻, 

Hl JI2 Hl JI2 誼1 JI2 Hl JI2 Hl 誰2

a:;餃子1 2.0 1.5 1.0 1.0 1.0 1.0 3.0 1.0 
E路 1141-1 1.0 2.0 1.0 1.0 1.0 1.0 1.0 
(}I 523翩7 2.0 2.0 1.5* 1.0 1.0 2.0* 1.0 3.0* 2.0 3.0 
(}I 962-4 3.0 4.0 1.0 2.0 1.0 2.0 1.0 1.0 1.0 3.0 
。13281-4 2.0* 3.5 1.6* “ * * 1.0 2.0 1.0 
(}I紋路毛 2.0 2.0 1.0 1.0 1.0 1.0 2.0* 1.0 1.0 1.0 
C核 3黨治耐9 2. .5 2.5 1.0 備 1.0 1.0 1.0 
C終 3320-4 2.0* 4.0 1.5* 1.0 * 1.0 1.0 1.0 
做 3372-4 2.0* 4.0 1.0 2.0* 1.5* 1.0 1.0 
(}I 34段悅 2.0* 3.0* 1.6* 1.3 * 2.0* 1.0 1.0 1.5* 2.0 
(}I 3的5-5 1.0 2.0 1.0 2.0* * 2.0* 1.0 1.0 2.0 “ 
C滋 3555-而 2.0 4.0* 1.0 2.0 2.0 2.0* 1.0 
α13624-1 再.0 2.5 2.0 2.0 * 2.0 1.0 1.0 3.0 2.0 
(}I 37灰姑 3.0 自 1.0 個 2.0 - 1.0 1.0 -
Mm祖\ 1會1 2.5 2.5 1.0 2.0發 3.0 2.伊 1.0 
Hα草a 茲154 1.5 2.0 1.0 1.0 * 1.0 1.0 仇恨 1.0 2.0 
MαL 2215 1.5 2.0 1.5 2.0 * 2.3 2.0 
Mα瓦訟37 再.0 " 3.0 - 2.0 -
M αL22主3 2.0 2.0 1.3 1.0 * 1.0 3.0 2.0* 3.0 1.0 
M α班， 72 2.0 3.0 1.0 3.0 1.5 3.0 2.0* 
MαlB 18 2.0 3.0 2.0 1.0 1.0 2.0* 1.0 
MαlB 49 3.0 3.5 2.3* 2.0 * 2.5* 1.0 1.0 3.0 
VFNEZOL蜘 1.5 1.5 1.0 1.0 1.0 3.0 3.0 

1 1m 個<eellent; 5 = I鼠目前
2 1 _ 修lOd; 3 = poor 

3 1 = betll研; 2 =呻攝1; 3 咽自揖

* Data with ver:y泌gh 咽r:lability
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yi 億 ldadvanced 1n cassava select10ns 
1n Rwa重tda.

Perfor酷暑lnce of ISAR 
trlals at two s 圭 tes

8. Table 
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-=_____111:==11:__鵬總 ----=====.-蠟::=c:::籠罵罵罵=====鴛總.紛紛紛撤寫=======閉鵬總總臘總緝毒:;=;寡言=====-

竄。 ot y1el是 (t/ha) (1 • resistant; 
心-------儡刪柵欄偷偷--但----闖闖絢爛 5 也 susceptible) 

Clone Kara祖a Rubona Mean CMD CGM 

2.0 2.3 36 49 2 晶〈說TS.4)/ 峰。1413 M.COL * 
3.0 1. 5 35 54 16 2/555 GACY轟CYALI

3.0 
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2.5 2.5 31 有 418 * 
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2.5 1. 3 2 岳39 15 3 單ANK官草草堂OP. 30572 
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PAK蟲R草 2.5 2.3 26 30 21 

3.0 2.5 25 29 21 1710 (MTS. 毒 )/101M.COL * 
2.5 1 .0 24 25 2 有BANK/ 再04發ITOP 30572 
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/16 再
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Table 8. (Cont1nued) 

==種虛詛蟑盟軍盟:==11盤單暐囂囂車里 ===11曬揖單單===-單韓盟軍:s==:單單眼，雖且.z 昌誼祖國由暐單單單:==s過單車..垂===單單盟軍區車撞車盟軍==監=祖眶聶揖量==盟當單"臨寓言聶哥=草唱，-單單~===草串串晶臨單車

Root ， y 圭 eld (t/ha) (1，益 res 主stant;
---呻枷---也呻#喝值再由世呻帥---~國輛輛輛-- 5 = suscept1ble) 

Clone Kara姐a Rubona Mean CMD CGM 
-岫岫----輛輛---帽-申明--﹒禪喇相--司，暉-間--司喃喃帽啊.._--喘岫咀-申輛岫咱也圈，祖叫咱----輛輛---扭扭岫輛'-且呻岫輛輛由

30555 OP 80.恥 3/437 16 26 21 1. 3 2.5 

KI車OMBOGORO 83-4/535 9 31 20 1. 3 2.5 

KIBOMBOGORO 83-4 11 29 20 1. 0 3.0 .. 
(MTS.4)/525 
PYT BULK 1 會串串 183 11 28 20 1. 0 2.5 
(MTS. 品 )/362
UYT BULK 1979 (挺TS. 有} 車 31 19 1. 3 3.0 
130毒

* M.BRA 12 {技堂S.4)/238 9 29 1 會 2.5 2.5 

看 M.COL 825 (B) (MTS.4) 1 主 2 在 1 會 1.5 2.5 
/203 
30572 OP. MIT BANK/83 14 23 19 1. 0 2.0 
/421 

* ~生 .B竄蟲 12 (MTS. 尋 )/352 10 26 18 1. 0 2.8 

MAGURU 串 182/510 11 33 17 1. 3 3.0 

UYT BULK 1976/84 11 22 17 1. 3 2.5 
{詞TS.4)/328 、

-酬圓圓---帽E﹒--嘯，岫---闢棚-呵-團嘲嘲輛輛輛悍閻明#蟬喘閉目蝠，叫叫咱閉目-峙喘帥---喘叫申帥宙間且嘲帥"時，且也呻樹備蟬-且由畸輛輛-

General mean 16 33 2 再 1. 6 2.5 
=;食學身總駕===;翩翩寫====給盤==個----==總---==-紐省麓---=總==_11::都帶軍寫寫==價==聽都=--罵苟，緣 ===11尊重身論爾

* CIAT or1車1n.

SOURC草 L. Gahamanyi and J. Mulindayabo. ISAR. Rubona , Rw若望nda
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research 00 Cô5SaVa agronomy conducted In each country. 早luch of thls 

Informatl 的n had prevlously not been publJshed or 切as publ Ished only In the 
彷8t 1 ve 1 anguôges. On th憩 flnal 這 ay of the workshop the agronomlsts were 

asked to prlorltlze the ten toplC5 whlch they consldered of n盼st 1mportance 

1n ca學S8\1 a agrono研y In thelr country.τab 1 e 1 shows a summary of th 1 5 

prlorlty 115tln9. It Is clear t l1 at nearly all countrles consldered eroslon 

contro 1 and 50 I1 f ort 11 I tγ 恥a I ntenance as the n均st lmportant top Ics for 

future collaboratlve research. Other toplcs co約草 Idered of great Importance 

were on-farm re5e包rch. 1 nteyrated weed contro 1 and reduced t 11 lage. The 

proceed 1 ngs of th 1 5 workshop were pub 11 shed 1 n October 1988 and 9 1 \le an 

excellent o\l ervlew of the present staft吟。f cassa\la pγoductlon 1ηAs I a as 

well as the bree普 Ing an益 agronomy research that has been conducted. 

After def Inlng the cassava growlng condltlons and the economlc futuγe 

potentlal of the crop In each country. and taklng Into account the 

prlorltles for future resoarch that were establlshed by natlonal 

sclentls的， the followl均 coll aborat 1\1 0 rosearch proJects 捕re In 1 刊 ate普

ITable 2>: 

工鼠忌.LI..iIrUI

1 n Tha 11 an是 ca串串a\l a ls grown In areas of sloplng topography wlth very 

'Ight textured low organlc 冊atter sol15 that are extremely 5usceptlble to 

eros 1 on. 1 n nlany ar輛車 farmers have been growl旬的ssavð. as a monocrop 

almost coηtlnuously for 10 or 掉。re years. S 1 nce fert Illzers. are very 

expe鈴sl \l e ln Thall 器nd and the crop has a rather low \lalue, \lery few farmers 

app I y the rec由3萬nended dosage of fertlllzers , If any at all. Under these 

condJtlons the ylelds are low (-14 會Ihal and 摺器y have actua 11 y tleen 

decllnlng recently due to nutrlent exhaustlon of thesoll 器nd degradat lon 

caused by eroslon. Besldes belng too expenslve for most caS5ava farmers. 

chemlc忽 1 fertlllzers are also not efflclently utlllzed, as 11'I05t soluble 
nutrlents are rapldly leache社 out because of low 16\1els of cfay and organlc 
鞘atter J n the 5011. Thus. eros lon contro 1 and the ma 1 ntenance of so 11 
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Java. 約 lle the latter grow cassava 細lnly In monoculture and wlth partlal 

mechanlzatlon. Due to heavy subsldles on fertlllzers. thelr 揖se Is qulte c 

COl胃船剝 In Indonesla, especlally In the blg、 pl 剖tatlons. but al50 by 單細 11

farmers. 智hen the CaS5aVa prlce 草 good. farmers may actuall y 

over刊ertlllze wlth N, produclng tall plants but not necessarlly good root 

ylelds. Fertlllzer placement Is often 5uboptl鶴um resultlng In leachlng and 

run-off losses. Thu5, In Java, elther In the eastern or central part of 

the Island, collaboratlve trlals were Inltla寸。d on eroslon control , 
fertlllzer plac觀nent ， lon9 term effect of 妒試， and spac 1 ng and 

fertlllzatlon of cassava Intercropped wlth 甜alze ， rlce. peanuts and 

soybeans. The latter two trlals are also repeated In a τransmlgratlon area 

of southern Sumatr扭， where small f 揖rmers grow cassava for the sfarch 

f自ctory ， but grow 1寸!前ercropped wlth other food crops.τhese trlals are 

conduc旁聽d In collaboratlon wlth agronomlst at the Bogor and Malang 紋esearch

In辜會 Itutes for Food Crops as well as wlth sclentlsts 揖t BrawlJay揖

Unlverslty In M揖 1 ang. I n a普dltlon. collaboratlve trlals 揖re conducted on 

eroslon control and long-term fertll Ity malntenance on a Ca5SaVa plantatlon 

In S. Sumatra. The flrst yeer's results show thet eroslon can be reduced 

and ylelds Increa5ed by a reductlon In tlllage pr扇ctlces.τhus. Inste命d of 

當slng the Ro揖e harrow followed by dlsc pl帥， dlsc harrow and rld由前， It was 

found to thet the Ro純 harrow can be followed dlrectly by a rldger. 約 the

long ter攝 fertlllty 寸rlal ， the flrst year's results Indlcate 甜alnly a 

response to 悅. up to 100 kg N/h譜， less respon5e to P 器nd no response to'K. 

幽laysla

In Mal 的51 a cassavl! 1 S' grown by s鞘all farmers as 綿 11 as large 

plantatlons malnly for cassava starch productlon. Durlng the pa5t 10 years 

the productlon area has decllned due to change5 In govern研ent land pollcles 

and due to competltlon from cheap I 點ported Thal caS5器va starch. However, 
there appears a future potentlal malnly for use In anlmal feed and for 

product lon of 11 qu 1 d 9 I ucose/ f ructose. On 臨 Ineral 50115 cl!ssava has to 

compete w 1 th tha much 蜘re lucratlve plar汁的 lon crops Ilke rubber and 

、

、

.. 
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alternatlve presently less-attractlve for cassava far!T時rs. The p Ilot 

feed酷 111 at VISCA Inιeyte has sho卻 n that cassava and sweet potato枷based

anlmal feed can be produced economlcally on a 5鼎all-scale for local use. 

Thls would greatly reduce transport costs and make cassava productlon "的re

attractlve In the economlcally depressed central and souther約 Isl研ds.

、

Slnce cassava p阿拉uctlon under coconut palms re楠 Ins a co間mon practlce • 

In much of the Phlllpplne5 a5 well 都 1 n 1 付泊. a co I1 鈞。ratl時 proJect was 

I n I t I ated to defl ne the cu I tura 1 pract I ces re母u I red for th I s cropp I ng 

syst棚 Thls proJect Includes trlal5 on spacl旬，竹棚 of plantl可師欄1 I 

as a草e at harvest and fertlllzatlon for cassava ♀rown under coconut. 

Another project was Inltlated on eroslon control. Both these projects are 

1 n coll aborat lon w I 才 h cassava agronom 1 st5 at the Ph 1I1 pp 1 nes R口ot Crop 

Research and Tralnlng Center loc摺ted 誼t VISCA In L思yte. Another proJect on 

cultural practlc的 for c串早sava 閥nocropplng In Bohol wtll be Inlt恰相d In 

early 198會.

Cblna 

In Chlna cassava 15 grown only I 約會he southern provlnces of Halnan 

Island, Gu學何嘗dong ， Guangxl , and In the southern parts of FuJtan and Yunn串趴
o 0 

It ts grown from 18 N up to about 2位狗， where there 15 danger of frost 

durlng 1-2 彈。nths of the year. CaS5晶va 15 general Iy planted In March-Aprll 

矗彷d harvested In November - January. Thus. plantlng 輸ater 1 al h揖s to. be 

stored durlng 3-4 mo阱IS and be protected fr棚 frost da照age In the northern 

reg lon5. S 1 nce f 1 at 1 and 1 n southern Ch 1 na 1 草 Inv器r 1 ab I y u 5ed for r 1 ce, 
vegetables and 5ugarcane productlon, cassava 15 grown alr悶st excluslvely on 

terraced or unterraced h 111 s 1 des 1 n 揖rea5 of unωlatlng or 11冶untalnous

topography. When p 1 anted on narrow terraces 1 n the h 111 5 1 t genera 11 y 

grows on exp05ed subsolls and suffer5 fror洞 severe nutr 1 t 1 ona I prob I ems, 
malnly P 馴d K def I c 1 enc 1 的. When grown on unterraced h 111....;; 1 des eros lon 

can be very severe. resultlng In a rapld 垂ecl Ine of productlvlty. Thus, In 

Guangxl collaboratlve trlal5 were establlshed wlth the Guangxl Subtroplcal 

.已

.. 

• 
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Durlng the past 25 years the Central Tuber Crops Research Instlt誼會e

(CτCR Il Inτrlvandrum， Kerala has done Intenslve reseàrch on 811 8spects of 

ca單sava productlo狗， from cytogenetlcs to utlllzatlon. They have developed 

6-7 hlgh yleldlng hybrldsl these have not been used extenslvely In Ker81a 

but 5酬。 ere now wldely grown Inτ研 11 Nadu, contrlbutlng slgnlflcantly to 

the I1 lgh ylelds obtalned there. 轉hlle cultural practlces are very 

well 鵬deflned for areas In and around Trlvandrum they have not been 

5uft Ic le約會 Iy tested 1 衍 。ther parts of Keral 遜， espec 1 all y 1 n areas where 

cassav祖 15 grown under coconut. These aspects 輯聶y be further researched I 聽

future collabor約 Ive tr 姑姑. Durlng 1988 a ~len路randu開 01 Under5tand 1 ng 

between the Indlan Coυncll for Agrlc. Research (ICAR) and C1AT was 51gned 

and co11aboratlve proJects wll 1 be Inltated ln early 1989 • 

.S.CJ..斗a此直

In Srl Lanka ca5sava ts grown only on a very small 5cale for dlrect 

human con5U酪ptlon by the poorest sector of the urban and rural populatlon. 

It Is usually ♀rown a5 a backyard crop or under old coconut p串 Ims. Wlth 

the recent develop鞘ent of 揖 i 揖rge Irrlgatlon scheme In the dry zone 01 the 

east-central par,t of the Island more rlce wlll become avallable for human 

consumptlon，你 Ich Is Ilkely to replace cass聽va as a human f∞仇 However，

wlthln the Irrl♀ated zone there are 1 arge areas of up 1 ands, wh Ich ar韓

unsultable for rlce and lack enough ralηfall for m串 I%e. These areas are 

only r認ently bel 時 brought under cultlvatlon and ..have relatlvely 9∞d 

so 11 s. They seem to have a good potent I 揖 for c祖ssava， elther for 

productlon of starch or anlmal feed. The Centr揖 I Asr Icu I tur車 1 位esearch

Instltute (CARI) wlth fundln'g from IDRC Is pr的ently conductlng c租車sava

breedlng and agronomy trlals ln thls area In order to deflne the yleld 

potentlal and optlmum cultural practJces. Some addltlonal collaboratlve 

trlals 觀ay be Inltl 聽ted I n I 賢思9.

、

、

‘ 

.. 

富起

、
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且扭扭組
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Table 1. Prlorlty of reseerch 寸op Ics 1 n cessave agronol亨'y. Identl f led by 
natlonal program sclentlsts In Asle. 

lesearch top I c Chlna Indla Indon. Malays. Phlllp. Srl l. Thall. Ave. 

.so1i ferfltITfyromi a lnfenance 
eroslon control 9 10 10 10 10 5 10 會. 1 
NPK fer司rll Izatlon(long ter冊) 6 5 4 會 8 4.6 
green 帕IInures 6 2 g 2.4 
el/ey cropplng 2 3 2 4 1.6 
I ntercropp I ng B 8 3 3 會 6 5.3 

Z. Weed control 
efflclent-menuel control 6 0.9 
ch輯發 Icel con寸rol 5 z 1.0 
Integreted 仙詞 control 7 4 10 ? 4.1 

~. L l\n這 preperlltlon
rod越ced tlllege 5 4 會 s 3.9 

4. StilY- íl s"'oroge 
111 d ry vellson e 1 • I 
In cold sellson 10 1.4 

5.fn+ercroppr1ird eg 
spac 1 n9 IInd IIrrangen<ent 2 7 6 4 2.7 
fertlllzlltlon 7 6 4 3 2.9 
spaclng under trees 3 9 5 2.4 

6. Tlme 01 plentlng end harvest 再 2 2 1.3 

7. Irr Iglltlon 
frequency, qUllntlty 研ethod 7 1. 1 

B. On-fllr開 reseafch 2 重 a 7 學 4.3 

9. 恥ter mllnllg糊的t on peat 5 0.7 

10.Cultural mllnllgen糟的t under 
tree5 

r 1.0 

II.Developm酬lt 1 nocu I lInts of 
N flxlng becterlll 

6 0.9 

12.Prunlng 115 a for醋。t storege 1 

13.詞。chllnlzatlo彷 8 1 • I 

1 是 .Technlques for fleld 3 0.4 
ostab 11 shmen寸。 f stllkes 

15.τest produc寸 lon package 3 O.是
In oeclt reglon 

1aiow prlcriTY t 
10 = hlqh prlorlty 



In Asla 10 Cassava ^~ron間nyCollaboratlve research proJec.ts 
InJtlated In 1987/88. 

Table 2. 

Locatlon Toplc Country 

Srl Racha Exp. Statlon 
Srl Racha farmer's fleld 
Pluak Daeng Klng's proJect 
Srl Racha Exp. Statlon 
Rayong Research Centel' 
Rayong Research Center 
Rayong Reseerch Center 
Pluak Daeng Klng's proJect 
Pluak Daeng Klng's proJect 

legumes 

Eroslon control 
Eroslon control 
Eroslon control 
Date of plaotlng 
Method of P 1 ant 1 們告
Intercropplng wlth graln 
Alley cropplng 
Cover crops 
.Green 研anures

Thalhmd 

Eroslon confrol U悶as Jaya F arm. $omotra 
Eroslon control Brawl .l ùya Exp.Farm,E, Java 
l.on9 ter研 fertlllty irlal BrawlJaya Exp.Far缸. E. Java 
Long term fedlllty 1rlel Umas Jaya Far缸， s程俯在fγa

I.!elhod of tedlllzatloll In CðõS臼val鞘alzø Farmør's fleld. E. Java 
fertlllzatlon Cûsso'l ol間歇 Ize/r Ice/peonut Yokyakarta, C. .J 忍va
Fertlllzatlon cassava/malze!γ Ice/pe也nut Tamanbogo. S. Sumall'!l 
Spactng trlat for cassðval俯拾 Ize/rlce/peanut Tamanbogo. S. Sumatra 
Spacl 狗9 tr 1 a 1 for cassava/m變 Izc/rlce/poanut Yokyakerta. C. Java 

I ndones I a 

Lumpur 
In Pontlal1 

MARDI , Kuala 
Peat stetlon 

Eroslon control 
Long term fertltl 寸y trlal 

Malaysla 

Farmer's fleld. Baybay.LeytE 
VISCA, Baybay. Leyte 
V1SCA. Baybay, Leyte 
VISCA, Baybay. Leyte 

on poat 

Ero注 lon control 
Cassava spaclng under coconut 
Tlme of plantlng and harvest under coconut 
Fedlllza寸 lon under coconut 

Ph IIlpp Ines 

jlili--

Farmer's f leld Halnan 
Farmer's fleld Halnan 
險 1 n9 Yuan state farm, Nann 1 n! 
Mlng Yuan state farm,Nannln! 
終 In9 Yua何 state far桶， Nann In! 

Eroslon control 
Cassava/pasture Intercropplng 
Long term fertlllty trlal 
$寸。ke 5寸。ragetnwl 仿ter
斜ethod of plantl 鈴g

Chlne 





的AT Cassava Aslan Reglonal Program 

(1會88 Annual Report) 

Cassava In Aslan aorlcul 司~uraJ ∞攔阻鈍 Jtv

Page 1 

Kazuo Kawano 

Cass曲va's pec輯lI ar 揖daptab I lI ty to up 1 and cond Itlons, partlcu 1 arl y 

where there are elther 紛11 or r時 i 章ture constra 1 nts. and 1 ts mu I t 1 P 1 e 

end-markets glve cassava a certaln fl似 Iblllty In adaptlng to dlfferent 

produc寸 lon and d棚and 早 Ituat lons. Cassava 1 s an 1 割portant f∞d source In 

Southern Indla, Indonesl動圳的問m and some areas of the Phlll仲 i閥s. It 

1 s an 1輯portant source of starch In all countrles and Is an Important 

轍port crop 1 n Tha 11 a闕， Indonesla and Chlna. Cassava's roJe In each 

C浴缸ntry's agrlcultural eco糊ny wlll be dlffere肘， but In each Case cass轟va

can be the basls for 融eetln心 multlple pollcy obJec寸 Ives (Tab le 1). 

P0+<;"汁 laJ reclol剖寸 of techno I O<'IV 

In the pred棚Inantly subslstence farmlng syst棚愉ere Ca5sava Is grown 

and cons間ed as fresh hu棚n food wlthln f棚Ily or small co鵬unl句，船dern

agrlcultural tech悶 10心y m詣的俏的 provlde a 個峙ns of 1 mprov 1 ng the 1 I v I ng 

∞ndltlons. The present productlon method 15 often an adequa怨，

susta 1 nab 1 e sch轍e wl寸hln the glven ∞nt制仁 If a change 15 to occur, It 

would be cau5ed by a change In macro 叩叭。-economlc ∞ndltlons. 

轉 Ith 寸he develop胸前t of new proce草slng/utlllzatlon sch樹nes for human 

consumptlon. anlmal teeds and Indus寸rlal uses. cassava 15 In∞rporated 1 nto 

a marketlng eèon酬y. Under th 15 5cheme，“翱and5 for comparatlvel y low 

Input technology for bet寸er productlon and processlng efflclency and 

su討alnable 叩 11 manag轍。nt wlll be strong.τhe maJor rec 1 p I ent of the 

technology wlll be the small farmers who conduc寸寸he I r product I on and 

Ilvlng on comparatlvely poor solls under largely u 仿predlctable ralnfall 

sch開恥



Page 2 

Wlth the develop酷ent of expor寸 orlented pr。如ctlon/proce551ng complex 

of cassava ch I p5 and pell e寸5 01' I arge sca 1 e starch product lon scher時 for

Internal a叫做pert markets. need5 W 111 ar 1 時 for efflclent productlon 

特chnology adapted to p∞l' to moderately fertlle 5011 areas at 即“rate

Input levels. The maJor reclplent ot the technology wlll stlll be the mass 

ot 轍揖11 far甜甜5. Large scale producers for starch such as cassava 

plantatlons In S諮詢、atra or state farms In Chlna and Vletn帥 wlll also be the 

slgnlf Icant. 1棚edlate r配 1 P 1酬ts of the techr悶logy ， yet, the large mas5 of 

consumers of the food products wlll be the Indlrect r配 Iplent of technology 

!n these cases. 

Aslde from 怖的e productlon orlented t蛇h悶logy， Soc!伊缸onomlc

analy5e5 on the pre時nt prod誼ctlon/proce5slng/utlllzatlon 5ch酬e and 

marketlng 書nechar亨 15m and the future d層nand I n each co冊ponent of thls 5ch珊le

wlll greatly help the publlc and prlva寸e pollcy maker5 and na寸 lonal

research program leaders. 

sh如 s öf na+lönal research nronrams and damand för 會配hnoloov

A crude a55essment of 寸he present status of natlo明al cassava research 

program5 In Asla 15 ♀ Iven 1 nτable 2. The sltuatlon Is hlghly co約trastlng

fr棚 country to country dependlng on the soclo-economlc condltlon of 寸he

coun寸ry and the rela寸 Ive Importance of cassava In natlonal eco闊的﹒

Potentlal d酬的d and utlllzatlon ot cassava technology by Asl加

research pro韋rar賠 and the work par寸 ftlon between the natfor補 1 programs and 

CIAT are also assessed (τable 3 and 4). In addltlon to the prevlously 

recogn 1 zed areas such 閥 tralnlng and communlc討 lon ， and advanced 

ger間plasm， a need for the 居evelop輯ent of cooperatlve research for 

sustalnable productlon system Is strongly telt and a subst制tlal d酬的d for 

hlgh yfeldlng, low HCN cultlvars (dual purpose cultlvarl also exlsts 

although nearly all research offlclals deny the lmportance of cassava for 

dlrect hu酷an consumpt 1 on. Process 1 n9 酬4 的Illzatlon contlnue to be 

Impor寸ant and In 寸h I s par會 Icular area. CIAT 85 well as 釘attonal research 

programs can learn a lot fro臨 the Aslan practlces 50 as 寸o develop a 
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analysls can contrlbute Soc I o-econo際 IcC明nprehenslve cooper紛 Ive research. 

輯 Icrothe between Ilnk In9 每R器 Iy惡es才heand strategy rese串rchdeflnlng In 

and macro economlc slt蜂窩tlons are much 如slred.
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progr聶ms. Provldlng c∞peratlve research contracts 的 Ich Include a smal'. 

speclflc fundlng to temporarlly stopgapplng the weak poln寸 of the natlonal 

program 揖ay often enhance the tot器 1 efflclency. For the success of 

c∞per翁會 lon. the presence of experlenced CIAτ staffs worklng hand In hand 

wlth the natlonal program offlcl 昌 Is on the spot Is cruclal not only In 

accurately 制餘的 Ing the technlc器 experlments but al50 In learnlng 

together the probl棚s faced by the natlonal progra閉 rÈlsearcher旱，

幫hen a natlonal progr曲m 輯atures. the relatlonshlp between It and CJAτ 

passes to the stage of a real collaboratlon and the each party becOR穹的的

Indlspensable part of the I ntegratlon.τhe natlonal program contlnues to 

beneflt from CIAτIn the ar的s of tralnlng and co闖出 Icatlon. germplas嘿，

advanced cultural and crop protectlon technology, and soclo-economlc 

analysls. CIAT rel les on the natlonal program Jn testlng some of the b誼slc

technolo♀y developed by CIAT. The collaboratlve program produces advanced 

breedlng m揖terlals to be adapted to nelghbor countrles wlth sl甜lI ar

edapho-cllmatlc condltlon5 and market requlr棚en的 Even at thl5 5寸age，

C叫paratlve adv晶ntage of CIAT and natlonal program 15 clear 50 that the 

Integr器tlon glves 賄uch hlgher efflclency than when the two Instltutlons 

operate In Isolatlon. 
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Table 1. Poten村 al role of c晶ssava I揖 agrlcultural pollcles of Aslan countrle器，

cootrlbut'QO acçgrdtng 如 cou前門

Agrlculturel potlcy obJectlves The lI and Indonesla 亨 letn棚 Indla Chlna Phlllpplnes "融 laysla

Foodend nzstrltlgn pollcles 

a. Flexlblll寸y In rlce pollcles x x x 

b. Nutrltlon of the p∞r x x x x 

Farm JJ1C叫:e and t Ilnd llSe 

a. Hlgher 錄all-farm Inc棚e In 
upland areas x x x x x x x 

b. Explof拘寸 lon of fron寸 ler areas x x x x x 

BalanC9 of DavmAn令交

a. Increased expor寸 earnl 約gs x x x 

b. Impor寸 subSTftutfon x x x 



?我ble 2. Present status of Natlonal Cassava Research Program In Asla. 

Ex lstence Cassava Natlonal Cassava Technology Research 
of NARS Research Cassava Research transfer by Prlvate 

Program Research C轟paclty sectors 
Ilnat!白n

Laos O O o o O O 

Ca酷bodla O O O O O O 

Nepal + O O G O O 

Sr I Lanka + + ÷ + O O 

Vletnam + ÷ o + ++ O 

Chlna ÷ + o ++ ++ O 

Malaysla + + + ++ G G 

Phlllppines + 今 .會+ +司令 O G 

India + 4學 + +++ + O 

I ndonesla 也學 4學 + ++ + ++ 

τhalland 4令 + ++ ++刊， ++ ÷ 
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Tabla 4. 智ork partltlon batwaan NARS and CIAT. 

Rasaarch NARS CIAT 
araa 

Tralnlng 50萬 (20) 50:萬 (80)

Communlc翁tlon 40 . (1 0) 巷口 (90) 

Baslc garmpl 串串揖 10 (2) 90 (98) 

Advancad germplasID 50 (20) 50 (80) 

Lo省 HCN cultlvar 80 (1) 20 {了}

Varlatal release 90 (90) 10 ( 10) 

B串串 lc cultural practlca 80 (50) 20 (50) 

Sustalnablllty 寸echnology 70 (30) 30 (70) 

Pr仿制slng and utll Izatlon 60 (80) 再G (20) 

Soclo愉悅。nomlc 研alysls 50 (40) 50 (60) 

Oeslrable (Prasen寸〉
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CROPPING SYSTEM RESEARC設 1N THE NO訣TH COAST OF COLOM車主主

High11ghts for 1988 

Cropp1n囂 sys t:ems research dur1n車 1987-88 was con挂ucted mainly 1n the 
North Coast of Colomb1a , as part of the Cassava Research Network that the 
F宮ogra溜 and ICA have organized 圭n the Reg10n. 且t present. th圭s network 
compr1ses 15-20 resesrchers and extension personnel fro聰 d1fferent

nat10nal 1nst1 t:ut10n翁. 18 operat1ng ma1nly 1n the Departments of Cordoba , 
Sucre , At1ant1co and Bo11var. 

Dur1ng the per10d of thh report , the network rnet on four occasions to 
p1an and coordinate field research and to discuss more specific topics 
such as cassava "seed" product1on by farmer怨 sn桂 the coord1nation with 
ICA and ‘ CIAT's Agroecolo車icsl Stud圭es Units. to irnprove the 
chsrscterizstion of the 鐘。st i觀portant productlon envlronments of the 
North Coast. 

8 

Fro聽 the institut10nal point of view. the rnost relevant activity of the 
css綴ava network this year has been the 主ncorporation of the network 1 移
resesrch p1ans 1nto the PL在NIA plsnning systern of ICA and the 
coor是ination with the recent1y created regional CRECEDs off1ces. The 
CRECED 1 S spproach to tτaining ， research and extens10n was d1scusse謹 by
the network w1th each of the offices an謹 joint activit圭es planned for the 
future. This coor是ination with the CRECED offices ensures the continuity 
of the network activities and 主ncrea綠色s its coverage as well. The 
Cassava P宜。在ram has been active in these new i經stitutional 還evelopments
both at the re草iona1 工evel and at ICA's Headquarters in Bogota. 

During this year , eleven membe宮s of thls reg10nal cassava network 
received trainnlng at CIAT's headquarters in analysis of fleld data and 
use of 觀icrocomputer翁 for research. This 1s the secon挂 phase of th1s 
type of trainin惡 for this group. 

As a result of the regular joint plann1n軍 act圭vities and adecuate 
training 1n data analys1怨. the first publication of the network' 綠 field
results was r終leased this year. The Cassava Pro草ram provided general 
logistic support and ed圭ting assistance for this publication: results are 
餒。stly from on-farm exper1盟ents. This 18 the first Colo攝bian publication 
that summarizes research results of cassava-based cropping syste觀移，

The development of an improved 觀ethodolo島y for OI三-far祖 research wlth 
cassava-based cropping systems 18 one of the 間oat irnportant objective怠。f
CI血.T'8 collaboration with the network. 1n 1985 , CIAT desi草ned and tested 
a standard type of f1eld trial to study the a吾土l1ty of both ma主ze and 
cassava cultivars to growth in assoc圭ation. That year CIAT's staff 
planted th1s type of experiment in 14 far盟er's fields with almost no ICA 
participation. For the 1 會自7ωl會88 cropping season , 18 trials 至n farmers 
fields to test dlfferent maize varieties , intercropped with cassava , were 
planted by lCA personnel as part of their regular activitie8 , followin臨

the 8ame type of field des主gn previously used by CIAT. Approximate1y the 
same 發umber of these trials are planned for the next croppi貫注囂 seasons. 

;2!;1)8;jiiijz;1:i 
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This year' s resu1ts with cassaval揖aize intercoppin車 expe玄主現ents ga1n 
resulted 1n better performance. 1n ten昭 of yields , of the 1mproved over 
the traditiona1 ma1ze var1e t1es both 1n sole crop and when 1ntercoppe是
w1th cassava. The recent1y release是 1mproved ma1ze cult1vars v-156 and 
V-I09 outperformed the rest of the cult1vars 1n every loca l1ty tested. 
The 誼alze cu1tivar V-156 resu1ted 1n h1gher y1e1ds when 1ntercropped w1th 
cassava. part主cularly un是er favorable grow1ng cond1t10ns. such as the 
Cordoba Depart盟ent. The 10ca1 臨a1ze cu1tivar a1ways resulted 1n 10wer 
ma1ze and cassava yiel是s than with the i聽proved var1et1es. 1n 17 f1e1d 
trial the new maize cultivar V明258 d1d not perform as we11 as expected by 
the 1CA Ma1ze Progra血 Tab主e 1 18 a sun瑚ary of ma1ze y1e1ds (data from 
on1y 8 far阻s w1th at least 2 reps/far祖). 1n these far聽皂. CI車T personnel 
together w1th the far祖ers p1anted and harvest the exper1ments. 

As shown on 宮ab1e 1 the maize cultivar SV句901 y1e1ded 40% 1ess when 
1ntercopped w1th caS8ava. The cassava cultivar Venezuela a180 y1elded 
38% 1ess when intercropped w1th the 揖aize cultivar SV“ 109 (Tab1e 2). The 
cassava cu1t1var Venezolana yie1ded signif1cant1y 1發ss on1y when 
1ntercoppe通 w1th the 10ca1 ma1ze var1ety "puya". 

1n another set of on也fann tria1s. the same methodol。在y that 1s being used 
to test different maize cultivars i8 a1so being use挂 to test d1fferent 
cassava cultivar's abi11ty to grow 1n assoc1at主on w1th maize. 

堂he cas翁ava var生eties MGol值22; MCol-72; CM 681 崎2 and CM 962ω4 were 
se1ected for this purpose due to their go。這 re1at1ve performance in 
several re軍iona1 tr1a1s. The學e var1eties were intercopped w1th the maize 
cultivar V-15岳 in 4 fa訂閱 (2 reps/farm) in the Departments of Cordoba and 
Bolivar. 

A significant difference in ter觀S of fresh root weight was recor是ed
between the tested cassava cu1tivars. 1n a 車eneral average and 
considering both its yleld 1位罰。nocrop as we11 as 1n 發ssoclation. cv M 
Co1 22 outyiel挂ed the rest of the var1eties by 3-5 ton/ha of fresh roots. 
Relat1ve y1elds of cassava var1etles differed when they were cu1tivated 
1n so1e crop or 1n association w1th 臨aize.

Tab1e 3 su闊嗨rizes the results of th主的 exper!m l!nt , wh1ch the cult1var CM 
會62-也 not on1y y1el社ed 1e路s when intercropped with 酷aize (晶0%) but 81so 
caused the largest reduction 1n maize yield (34衍， as shown 0忍宜的le 4. 

From these cassava/阻aize 1ntercrop experiments , 1t can be stated that 
within the range of the cassava cultivars teste是 and under ecological 
conditio室主s simi1ar to the North Coast of Co1omb1a , the regular test of 
new cassava cu1tivar 圭n 1ts ab111ty to 草row w主th maize w111 improve the 
se1ection process of new cassava varieties. 

1n addition to the on-farm tes t1ng of new1y released varietie白. wlth1n 
the network activities , C1AT' s personne1 have temporari1y taken ful1 
responsibi11ty for the on-far阻 testin息。f some techn010gy co點pon忽nts such 
as "seed" select10n and chemica1 tre是ttment of p1anting 種ateria1.

日ith regard to seed se1ectio缸 an on-farm exper1ment was desi草ned to 
firstly test the fsr祖ers capaci ty to p玄oduce good plsnting materia1 and 



3 

a1so the farmer's ab1lity to properly select good p1ant1n車租ateria1.
Three treat攝制lts of seed selection were tested '101圭 th 17 far臨ers (usually 
three reps/farm) for a total of 17 reps for each treatment: 

Far臨er plsnt1n草 mater1a1 selected and prepared for plant1ng by the 
farmer. 

Far翅er plant1n囂觀ater1al selected an益 prepare是 for plant1n惡 by

CIAT's staff. 

Planting 盟aterial ident主fied as good quality by CIAT' s staff and 
selected an是 prepared by CIA堂 's staff. 

ln an overall ana1ysis. farmer plant1ng mater1al se1ected and prepared 
for planting by CIAT's staff was s1草n1f圭cantly super10r to the rest of 
the treatments , but only at the 10% level of s1gnificance. Ta誰工e 5 
su耐narizes average y1elds for each treatment. 

These resu1ts 1誼ply that far愁。rs are 圭ndeed capl主ble of producin皂 good

plant1ng mater1al although the amounts in which th1s 觀aterial 18 produced 
1s probably a subject for another study. At the same time these reau工ts
show that the selection of plant1ng mater1al conducte是 by CIAT's 
personnel ten垂S to increase yields but with no ind1cation of the amount 
of land that can be planted using th1s select10n pressure that resulted 
1n h1gher yields. 

An interestin草 result of th1s exper1甜ent 1s that there was no correlat10n 
(r = .41 ns) between the number of plants that were harvested and the 
y1elds 0吾ta1ned. Other than y1eld 1n terms of ton/ha of fresh roots. no 
other var1able was signif1cantly affected by the treat四ents.

1n another set of exp紹riments the effectiveness of che揖1cal1y protecti放軍

the cassava plantin草血ater1al ， previous to plant1ng was tested under 
far臨ers conditons 1n 16 farms aeross the North Coast of Colomb1a. 且
也主xture of Benlate. Orthocide and System1n was used for this exper1臨ent.
The far鴨er's stakes of the cult1var Venezolana , were 忍eparated 圭n two 
草roups to which the chemica1 treatment and no treat體制、t (check) we畫e
randomly appl1ed. At least three reps/far四 were p主anted.

The 純毛主mber of plants harvested was signifieant1y d1fferent for treated 
and untreated plant1n蓋自ater1al. An average of 500 more plants/ha were 
harvested 1n the treated plots (CV ~ 7.3%). 1n an overall analysis 
cons1dering the totality of the local1t1es (Depart觀ents) where the 
exper1酬nt wa9 planted , a posit1ve sign1f1cant d1fference (5%) in term翁
。f total fresh root9 we1ght/ha 1n favor of the treated seeds was 
re草1stered (17.0 Vs 15.8 ton/ha). 

There wa5 a1so a s圭gnif1cant 主nteraction between loca1ities and y1elds 
and between farmers and yiel益結. This 1nteraction. indicate that not 
always seed treatment resulted 1n better yie1益發. 1n fact th1s posi t1ve 
respon翁e to seed treatment wa發 true 1n 11 out of the 1 在 farms 主ncluded 1n 
the experiment. Table 6 su前觀ar1zes the results by localit1es. 
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Table 1. Average y1elds of d1fferent maize cultivars in sole crop and in 
assoc1ation with cassava cultivar Venez01ana. Average from 8 
far報治. 主tlant1c Coast , Colombia 1987. 

E哇aize Var. Maize Yie1d(ton/ha) % Reduction 
due to intercrop 

S01e crop lntercrop 

V“ 156 
V昀 109

SV-901 
Local (Puya) 
哲-258

2.7 
2.6 
2.2 
1. 8 
2.3 

1.8 
1.7 
1. 3 
1. 3 
1. 5 

q
J

有
d
的
》
勻
，
q
J

令
3

，
J
，
“
句
句
，
你
句3

Average 2.30 1.54 33 

τab1e 2. Avera車e yield of cassava variety Venez01a經a in 901e crOp snd 1n 
sssociation w主th different ma1ze cultivars. Avera惡es from 8 
farms. 車tlantic Coast , Colombia, 1會81.

Maize Var. Cassava y1elds (ton/ha) % Reduction 
due to 鞘a1ze

Sole crop A怨 sociated with 
ma1ze 

V-156 15.9 11.9 25 
V-109 16.1 11.2 31 
草草-901 16.1 10.1 38 
Local (puya) 16.3 9.8 40 

V-2S8 16.3 1l .0 33 

Average 16.11 10.80 33 
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Average yiel垂s of different cassava cultivars in Bole crop and 
aasoc1ate垂 with the 四aize variety V-lS6. Avera在e fro臨 4 farms. 
Atlantic Coaat. Colombia 1987. 

Table 3. 

% Reduction due 
to 聽a1ze

General 
avera惡e

Yields 
Associated w1th 

臨ize

801e 
crop 

Cassava Var. 

Z
U可
A
υ
弓
，
。
。

均
，h
a
A可
-
Z
A
q
L

23.2 
20.0 
17.2 
15.5 

20.0 
14. 會

15.7 
13.6 

2岳 .3

25.0 
18.7 
17.4 

經 Col 22 
CM 962-再
M Col 72 
CM 681-2 

' 

Average y1elds of ma1ze cultivar V-156 in 息。le crop and in 
assoc1ation with 是主fferent cassva cultivars. Average from 4 
fams. 蟲tlant1c Coa建全 Co1omhia ， 19惡7.

Table 在.

Reduction 
due to 
cassava 

jl'1e1ds of 輯發生ze (ton!h) 
801e crop 血ssoc1ated with ma1ze 

Cassava 
Var. 

E
J
，
“
呀
，
且
勻
，
辭

令
，
&
啥3

俑
，
心
句3

2.0 
1.7 
2.0 
1.9 

2.6 
2.6 
2.5 
2.4 

M Co1 22 
CM 962-4 
M Co1 72 
CM 681-2 

。

j
a
j
O
P
T
-

、

E
V

Fresh root 懦地ht of cassava produc吋 under 訓fferent seed 
selection and preparation cr1ter1a. Average from 5 farm念，
At1antic Coast. Co1omb主a 1987. 

Tab1e 5. 

Treat酷entsa

3 2 

15.6 b 17.0 a 15.9 b 宣1e1ds

1 全 Farmer planting material selected and prepared by thet器selves.
2 = Farmer plant1ng mater1al selected and prepared hy CIAT's staff. 
3 - CIA'堂 's plant1約草血ater1al selected al主d P主ante丑 by CIA堂 '6 staff. 

a 
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Average y1eld of cassava plante這 w1th and without surface stake 
treat盟ent 1n d1fferents local1t1es and farms. Atlant1c Coast. 
Colomb1a , 1987. 

Table 6. 

%CV 5ta. 51臨nif.
z 

(ton/ha) 
No treated 

Y圭elds

Treated Farmer Local1 ty 

29.3 
23.0 
11.9 
19.1 
19.1 

34.8 
22.0 
12.5 
21.1 
20.5 

旬
，
'
，
心
電J
λ
u
y
q
J

Cordoba 

7.8 10 20.5 22.2 Average 

8. 高

18.2 
13. 。
16.7 
15.5 

10.7 
19.5 
12. 車

18.5 
1 串 .8

t
A

勻
，h
q
J
L
U
T民
J

Sucre 

l再 .415 14.4 16.0 Average 

15.6 
15.5 
11.6 
12.9 

14.0 
14.6 
11.7 
12.6 

，
必
?
蜘
尚
且
，
“
呼

Atlant1co 

14.6 ns 13.9 

12.9 
9.5 

13.3 

I寄 .6
13.9 

1 
2 

Average 

Bol主.var

11.3 10 11.2 14.2 Average 



CASSAVA UTILIZATIO軒- 1988 

A. RESE庄里CH

1. Pedal operated cassava chipper 

A pedal operated cassava chipper was huilt last year , based on an 
original 這esign from the Philippines. Such a mach主ne would enable 
individual farmers to chip smaU quantities of cassava eff圭ciently ， for 
production of dried chips for animal feed. However , this 四achi穹le showed 
some deficiencie館， and an improved design was produced in collaboration 
with the Universidad del Valle , Cali (Desi囂n and Technology Section of 
the Faculty of Engineerlng). The new prototype has improved ergono鞘圭亞8
(seat. pe這a1 and handle positions) as well as adjusting the disc and 
h1ade dlmensions 怨。 a8 to optimize the use of the force emp10ye桂. The 
是isc wefghs 8 k盔， with a dl:1由eter of 己主 cm , and has 8 blades arranged 
radia豆豆y over the surface. 'fhe b lades are trapezo圭dal and produce 
roughly rectallguh r cht可草 with dimcll"ion扇。f 60 x 7 次事 mm. The machine 
Cau c"ip 400 k車Ih wl ,,-u d"eratel by 2 peopJ e takin惡 10 minute turns. The 
盟achtne costs Col. $7'; ,('r)!) (訂立 $235) ， of which 60支 1s 益ue to the cost of 
IDat >.2 ria'~. 

2. E-valuation of S'， μ 也 'ethoLS for m01sture content 這eterm!nation 1n 
一 一一cessa',"8.. 

封o stan垂ar是祖eth ， d fo lC輯easur1ng the 罰。1約 ture content of cassava 
roots exists. ln CIAτ. f~eeze drying 1s use益， as well as oven drying at 
60 an社 70.C for 24-晶8h. 'ome industries which purchase dr1ed cassava use 
oven dry1ng at much higher temperatures (面 100.C) for ehort ti頭發s. There 
is a need for a rap泊， accurate 刪除。是 of determinin草觀。isture content 1n 
dried cassava. A thesis project -, was carried out with the object1ve慰
。正是eter路in1ng a stan昌ard method for moisture content deter阻inat10n in 
cassava , and evaluat1n在 sotn也 more rap1d metho挂起 of possible interest to 
cassava dry1ng cooperat1ves anJ feed compan1es. T、he lack of a standard 
methodology has caused co!臨ercial difficult1的 for th_' cassavs dry1ng 
cooperat1ves 1n Colu血bia in the pa的 t.

ln the first sta島e of the st也是y ， freeze dryi浴缸. alld oven drying a t 
益。. 70.C and a comb1nation of 70 and IOO.C were evaluated. Freeze dry1ng 
at ambient temperatures gave the best results as regards re發1dual
moisture. and the s觀allest changes in total carbohydrate contents. Oven 
drying at 60 and 70.C were ca1ibrated against the freeze drying method 
usin串 the following equat1ons: 

60.C y 胃 O. 會 73 X1 + 2.21 
70.C y = O.會76 X2 + 1.55 

',, 
旬
，
心，

且
弓
，

12 
籠
J
r
b

•• nvnv •• vuwb •• 們
。
們
b

U 租車ria 役的軍溢xnm y pri揖D~牽制jng. JSI'l8.純正抄 ofs回校制服世nls arl 伽訟軍RlI: of a 
rnP:I泣，孩都tiæ1 m滋滋fu: m:dst:l鵬體租車企班甜甜甜min 開馴服.

2/ S.E. = S臨出n:I詮ror:.
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幫here xl =哩。lsture content (on wet basls , 主) frOT數 oven 桂芝yi口惡 at 60.C. 
X2 醫 moisture content (on wet basis , %) frorn oven dryin草 at 70.C. 
y = correcte謹 rnoisture content (freeze drying). 

1n the secon謹 sta草e of the study , three rapid 觀念thods were 
evaluated: infrared lamp , disti11ation with vegetable oi1 and the 
盟。isture-content determination oven (Braben是er). !hese were ca1ibrated 
against oven dry1ng at 70.C for 24 h. 

The correction equation發 for these metho是s are: 

y = 1.00會 X1 、曰 1.78 Braben謹er oven at 130.C S.E. = 0.31; Y O. 亨96 芷2 -
0.38 1nfrare是 1忽聽p with 1.5 a抽p. S.E. = 1. 13; y = 0.978 X3 + 3.13 
Di發t111ation with vegetable 011 at 140.C S.E. 怠。 .86.

Where 
y = correcte是紋。isture co怒tellt (豆， wet b<~sis) 
X1 ，主2 Y X3 are the contents found for each method. 

Of the three rapi是 m<e thods studie謹. disti11atlon of vegetable 011 at 
140.C was the most pr，hτtica1 甜ethod for use by the CR8sava drying 
cooperatives for determlnation of 血。1sture conte11t 111 the final product. 
It 1s p1anne是 to test th1s method with dry1ng cooperat1ves over the next 
few months. 

3. Adjustments tO the pilot p1ant producin揖 dried cassava for hwnan 
Consumption. 

Continuous operation of the CIAT pilot plant絡 for the product主on of 
flour for human consumption ha悠 enable在 adjustments to be made to the 
mana車ement and operat1on of severa1 of the it剖ns of equipment with the 
overall objective of effic1ently obtain1ng a h1gh qua11ty product. These 
adjustments have lead to 1mprovements in the ðe思1單位 。f some of the 
machinery used. 

a) Microbiol。在1ca1 quality 

Many 朋1crobial analyses of the final product have been made with the 
objective of correcting some deficiencies 1n the washer and adjusting 
washing t1mes , and to check the degree of hygiene with wh主ch the 
operations are be1ng carried out (ch1pp主n草， drying , pre-綠il1ing and 
思主觀11ng) and a1so to take 1nto account the cleanliness of the plant 
workers. 

The fo110wing tab1e shows how 益ry1ng method was found to affect 
product qua1ity. 
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sunr揖ryof t1晒 micrdl說1m叫抑制曲rried rot on 位甜甜凋 flrurs 田1ng r∞ts 祖弱甜

吼叫1 tap 鴨給控﹒

Table 1. 
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峙
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<:.3 
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M
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ω削

咿
咿
丸
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崎
峙1
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鼎
鼎
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1

Total 鴨綠獻。，f co1a:rl摺/草

草此.P. total. ∞Hf啞臨街
N.M.P. 包d敵icl訟a 叫主Ig
S姆拉loc間18 矗立幽欄gula揖
阱彈1位鴨

做ln臨睡11a/25 軍
扭頭制 y回臨(co1a:rl翩翩
E輯或站腦扭闖闖{∞1"，技船/g)

9 

1n 主he root washing operation , concentratlons of 0.3 and 1.0% Sodium 
Hypoch1orlte were used. These resu1ts are not presented slnce no 
differences were found wlth the resu1ts from uslng tap water. Dryin草

揖ethod had no effect on feca1 co1ifor祖s ， stafilococus or sal回one11a ， nor 
on fungl or yeasts which were conslstent1y absent. 程。wever ， natura1 
drying syste盟s using inc1ined trays and a1so the combinatlon of natura1 
副主d artificia1 drying at 60.C did not guarantee a good qua1ity product as 
regard翁 'tota1 co1ony count' and 'tota1 coliforms' present per 草ra盟。f
flour. These resu1t穆。btaine是 during the tria1s carried out in the 
conditions of the CIAT pilot p1ant imp1y that on1y by using srtific1a1 
dry如g at 60.C cou1d s 囂的d qua1ity product fit for human cons也做:p tion be 
囂uaranteed.

9 

f 

, 

f圭bre ， asl宜， tots1 and 
natura1 and artificial 

prox1ma1 Analysis 

Tab1e 2 shows the ran章發 of va1ues of crude 
free HCN found in f10ur 約amp1e緣。btained by 忌。th
drying. 

b) 

主loursVa1ue怠。f HC簣， fibre.snd ash contents of cassava 
produced by the C1主Tpilot p1ant 

Tab1e 2. 

Artificia1 
Dryin草

Natural 
Drying Characteristic 

2 - 3 
1.2 - 2.5 

60 - 80 
50 - 70 

2 個 3

1.2 - 2.5 
20 -品。
70 - 90 

Cru是e f1bre (% d.b.) 
Ash (竟是，趴)
HCN (tota1) 
% HCN free 
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By washing roots an這 siev1ng the flour to produce particle sizes 
less than 250 m主cron忍. it was po怨怨ible to obta1n 10w va1ues for fibre and 
ash. Natura1 是ry1ng on inc l1ned trays , which takes 36 h , 1s capable of 
el1思主nating most of the fresh root HCN , and thus the fina1 f10ur on1y 
contains between 20 and 在自 pp鹽， of which 70-90% is free HCN. The 
effic主ency of HCN e1imination by artificial drying at 60 ó C for 8-10 h is 
not so 囂。od ， and therefore the f10ur contains between 60 an這 80 ppm HC膏，
of wh主ch on1y 50-70萬 is free. Care 臨走1St therefore be taken when 
selectin皂 the cassava variet1es to be used fo宮 flour production. since 
artif1cia1 drying 18 requ主red to produce a flour of acceptable hygene , 
yet th1s dryin鼻祖ethod i8 the 1ea8t efficient i軍1 HCN el1咽inatlon.

c) Redes1g鈍。f equipment 

The new manua1 for the construction of the Thai-mo是e1 cassava 
ch主pper w111 inc1ude the Colomb1an-model 是1sc. with 8 bla是g翁。f

trapezoida1 cut wh圭亞h produce rnore uniforr袋 rectan窮u1ar chips. desi草ned

especially to p芷G挂uce flour foτhu髓an consu問ption. These blades are a180 
being te忽ted for the production of chips for an1ma! feed. Nevertheless. 
the 觀aterial used to date i8 not sufficiently robust a於是 bla是es wi11 be 
re是esigned usin草 th1ckeγcalibre stee l. 

A prernilling machine for dry ch1ps ts belng built in a workshop 1n 
Cali , based on the fi士 st draft of a construct1on manua1. The dlrect 
contact between builders and des1單位ers wi11 a110w correct10ns to the 
臨anual before lts dlstribution to 1nterested partie鋒，

4. Fresh cassava qua1ity research 

Continu訂19 the project initiated last year with ODNRI and Nott主ngha髓
University. 恐缸， 1n wh1ch the factors affecting organoleptic qua1ity of 
fresh cassava are bein車 stu垂1ed 1n re1atíon to the physico-chemica1 
properties of the root t1ssues. cassava sa閉p1es were regularly sent to 
both institutions for analysis. At CIAT , the expert taste panel eva1uated 
a11 samples sent. thus allowing the eatin草 quality to be directly 
compare是 with the results of the phys主co-che臨ica1 studles. 1n add1tion to 
the samples of fresh and 悠tored c!率領sava of differln草 eating qua1it1es 
sent eS 1n the previous year , S8輯ples of roots frol蠶 pruned and unpruned 
plants were a1so taken , s1nce pruning negatively affects root quality. 
宜hus samp1es w1th extrerne var1ations 1n quality are ava i1able for 
analys1s. Results t。往ate at Nottingha聽 are lnconclus1v紹. but 臨any
aspects of starch properties and characteristics remaln to be 
主nvesti草ated (Table 3). 

The expert tast結 panel has continued to function on a regular weekly 
basis at C1AT , with approximately 15 members. 1n addit10n to the samples 
evaluated relevant to the ODNR王 project ， other variables were a1so 
studi吋 A compar主son was made between fresh cassava of good 船主1消息
qua11ty , cassava stored for two weeks usln惡 the CIAT/ODNRT 8torage 
technology. an吐 co終mercially ava11able frozen an是 vacuu如 packed cassava 
fro揖 Cali supermarkets (Table 的. The results show that quallty changes 
dur1ng the two weeks of stora在e were few , confi位ed to a sweeter taste 
and a decrease 圭n bitternes怠 wherel1 s both frozen and vacuurn packed 
c !1ssava were of very poor quslity , with many characteristics 
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TABLE 3. Compar1son of fre忽h caBsava qua11ty evaluat10ns fro血 pruned and 

unpruned plants of M Peru 2的酬是 C闊的 by. the cassava expert 

taste panel 

UY-88 1雪 UY-8816 

PAN 0善。68 PAN 0會018

M Peru 245 CMC 40 

、 Prune Unpruned * Prune Unprune謹

Co主or 惡3 36 *** 55 3草

Starch 53 125 *** 91 125 

G1assy 會? 26 *** 68 23 

錢。1st 70 72 NS 5會 12 

Fresh 會3 120 *** 事7 121 

Yuca Smell 107 78 *** 91 105 

Sme l1 Deter10ro 1事 16 軒S 2毒 22 

Sweet taste 53 39 * 是8 33 

Bitter taste 25 24 NS 27 27 

Yuca taste 6毒 106 *** 65 112 

F1bre 25 22 NS 23 29 

Har是ness 87 53 *** 89 35 

Consisrency 62 92 *食費 46 91 

Dry 37 58 袋袋* 有4 64 

B1tter aftertaste 24 25 NS 28 26 

L1ke 63 11再 *** 51 106 

Key evaluat10ns: m1n1mum O. max1mu翅 150; hi藍色er m蹄蓮:>er 1:草reater

主電ltenslty of character. 

+++總 Means sign1ficantly different at 0.1% level 

++獨Z .. 
+聽 " 

.. 
" 

" 
" 

.. 1% 

" 5% 

NS = Means not sigificantly d1fferent. 

" 
" 

* 

*** 
*;時，每

*** 
* 

發**

*** 
研S

** 
NS 

*** 
*** 
*** 
*** 
*** 
當S

*** 
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T車里LE 4. Compar1son of fresh 2 week stored , frozen and vaccum packed 

cassavl章. by expert taste panel 

2-weeks Vacuum S1車nif過

Fresh Stored Fresh packed Fresh Frozen lcance 

Color 57 52 NS 是5 76 *** 40 75 

Starch 101 100 調5 121 104 決** 114 53 

Glassy 37 40 NS 32 55 *** 33 93 

Molst 70 81 NS 75 41 食** 49 99 

Fresh 105 113 NS 11會 75 *** 118 85 

Yuca smell 97 100 NS 99 51 *** 98 67 

Deter. s臨e11 21 20 富S 22 97 *袋長 25 4會

Sweet taste 34 92 *** 25 22 NS 42 33 

Bltter taste 40 19 *j時* 24 26 單$ 30 36 

Yuca taste 會5 86 歸S 113 49 **女 102 4雪

Fibre 45 42 NS 32 39 NS 28 28 

Har是 37 39 訶S 晶。 114 *** 岳8 41 

Consistency 串S 86 NS 106 35 *** 86 81 

Dry 41 33 NS 45 47 NS 68 35 

Bltter aftertl主ste 36 20 *** 20 28 *** 29 38 

Like 94 串串 NS 10會 27 囊** 102 36 

哀ey evaluatlons: 輯lnlmu攏。，輯aximu血 150; hi草her number ,. greater 

lntensity of character. 

+++ 
+++ 
+多+

4+“學

+++ 
4+“學

+++ 
NS 

NS 

+++ 

+++ 
+++ 
揖S

+++ 

+ 
+++ 

+→司令 ,. Means signlflcantly dlfferent at 0.1% level 

4+獻 IJ " 11 "1萃"

+ ,. 11 11 n tI 5% 11 

起S ,. Means not sigiflca當ttly different. 
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significantly different from frcsh cassava. These samples were evaluate是
after boi1ing: it 18 p08sible that differences were less for fried 
cassava. Nevertheles息. the poor qual主ty of the com血ercial1y available 
frozen and vacuu輯帽packe垂 cassava will l1mit the 觀arket for these 
produc泊， 島的組 the prem1棚 price they ∞姐land in th發 market. unless 
improve揖ent to the processes are made. 

Advantage was taken of many exper1me言lt結 carried out by other 
sections of the cassava progra間. to take sample發 for quality a室主alyses 1n 
order to deter阻1ne the i甜portance of a range of env主ronmenta工 and other 
var1ables on fresh root qual1ty. Sa觀p1e發 were taken from exper1甜ents

co盟par1ng drou草ht stressed and unstre悠悠ed cassava. different fertilizer 
treatment怠. d1fferent 9011 types , different 1eve1s of insect attack , and 
different cropping syste盟s. Most of these 9amp1e9 are under ana1ysis at 
pregent and on1y two co盟p1eted experiments have been fu工1 analysed to 
date. These 鈞。w that cassava grown in associat10n w1th maize at CIAT was 
of 翁 imilar qua1ity to the sa軒e variety grown in monocrop as re草ards dry 
觀at主er starch an是 total and reducing sugar contents 1讀nd cooking t1me and 
eating quality. S主ll1ilarly ， and exper1ment 100king at the effect of mea1y 
bug attack failed to find differences 1n dry 觀at ter or starch contents 
re1ated to the level of 1nfestation , but si草nificant differences were 
found for both reduc1ng and total Bugar contents and cook圭ng t1n晦，
although the eating qua11ty of a11 tτeatments was poor. Detai1ed resu1ts 
fro盟 the experi點ents current1y in pro車ress and under analysis wi11 be 
reported next year. 

B. PILOT PROJECτs 

a) Fresh cassava conservat1on project悠

During 19串串 the DRIωC主蟲T fresh cassava storage project 1n the north 
coast has made s1gn1ficant advances. More sma1l farmer cooperat1ves have 
been tralned 1n the use of the conservation techn010gy , as have the 
personne主 of the nationa1 lnst1tut1ons 1nvolved 1n givin喜 technical
as紛istance to the cooperatives. 真.dditionally ， progresB ha穆 been made 1n 
器arranqui11a ， w1th a11 關jor sup的祖rket chains now sell1ng cassava 1n 
bags. and in Au車ust a cooperatlve of s聽al1 shopkeepers started market1ng 
the product to cooperat1ve 阻e祖，bers. These chops are 10cated prl臨arlly 1n 
lσw 主ncome res主dential areas of the c1ty. By October , vo工umes traded had 
reached 12-15 ton/week. 

In order to obtaln further s1gn圭ficant increases 1n product v01ume移，
an extra component 18 required: pro血。tion. Urban consumers 1n 草eneral are 
not yet aware of the qua1ity and convenience advanta草es of the cassava in 
bags , despite their presence 1n shops and supermarkets. Therefore , a 
coordinated d1stribut1on and promotion plan was drawn up 1n mid 1988 , and 
DRI a草reed to finance the development and d主 stribut10n of the f0110w1ng 
promot10nal 臨ater1a主 poster for shops , leaflet for shopkeepers. 1eaflet 
for consu盟era and po主nt“of綸sale material for super盟a宜kets. ln add1t1o愁，
a brand na酬 (Yucafres峙，。笠 fresh cassava) was se1ected 臨d 1egally 
re車主stered 1n the name of the Assoc1at!on of Cassava Cooperat1v悠悠， after 
consu起er testing. This brand na甜e was use謹 to des1容忍 a 10囂。 for the bag 
and a11 promot10nal 紛ateria1. A campai草n 俗logan was a190 se1ected 
(~Ca11dad por lar囂。笠ato' ， or (roughly) ~qual圭ty that 1a學ts') • Flnal1y, 
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a new, improved 是悠悠ign for the bag was se1ected wh1ch inc1ude是 10go , 
1nstructions for use. price and welght informat主on. At the time of 
writi峙. th1s promotional material was in p宮1nt ， and expected to be 
available for use shortly. 1n the mediu盟 ter盟. finance 1s being sou惡ht by 
DRI to 社evelop more pro罷。t1ona1 甜aterial (TV an是 ra是io com揖ercia1s. press 
adverts , etc.). 

Durin惡 1989 the first positive effects of the prol題。tiona1 campai草n
on sales volumes are expecte社 in Barranqu!11a. These w!11 directly 
benefit the small fan怒ers sel1ing cassava to the cooperatives , the smal1 
shopkeepers sel1ing a better quality product and urban con軌lmers. Market 
stud1es of Bo章。ta ， Cali an忌恨ede11in are planned by DRI ro which CIAT 
w111 g1ve techn1cal ass!想 tance ， to determ!ne the oprimal strategy for. 
盟arketing cassava 圭n bags 1n these major Colo鞘bian cities. 

1n Bucaraman露a ， the farmer cooperat1ve ha給 sold les發 fresh cassava 
to the city than before，聽a1nly due to the increasingly ser10us publ1c 
order proble聽后 1n the production reg主on which have involve挂 frequent roa是
closures , mak1n草 a cons1stent marketing operatlon almost 1mpossib1e. 
話。wever ， the cooperat1ve has expande謹 1nto dried cassava production. 
us1ng cr住進1t from the land reform agency. an謹 will re-emphasize fre霧h
caSsava in ba墓s as condit 1.ons permit. 

10 Ecuador. 聽arket an桂 cηnsumer surveys of Guayaqull have been 
conducted an挂 are currently under ansl押的. in order to deter揖1ne the 
opt1mum strategy for commerclal intro社uction (see Econo臨ics section 
report). One pre11minaτy result is the need to expand into other 
production regions to ensure year-round ava11ability of cassava in ba草8
:f.n the city. 

b) Mi11ing an是 M1xing

The drie是 cassava produce丑 for animal feed by the 8mall farmer 
cooperatives 1s currently 801這是1rectly to one of 沼everal large an圭亞81
feeð compan1es. A better opt1on for the farmer每 1s to use the1r dry :f.ng 
fac11ities to dry other feed co盟.ponents 10cal1yavai1able , and to 
formulate and 時泌的eir own balanced feed rat1ons. 全hree cooperatives 
near Betulia , Sucre Department were interested :f.n this approach , and 
deci是e垂 to mer島e and pool their resources. The DRI-CIAT project 1a thus 
providing techn :f.cal ass1stance 1n setting up and operating the 觀主lling
and 盟ix1ng p1ant wh1ch 1s being jo:f.ntly built with CORFAS f :f.nance. The 
1nstallations are now nearln草 completion and tr1al operation is expected 
shortly. 

c) High quality cassav，張 flour for human consumption 

Following the completion of the IDRC financed project with CIAT/I1T 
and Univalle on develop1n草 the process for the 悠經s11 scale pro垂uction of 
high qual圭ty. refined cassava flour , principa11y for 雞毛主已stitution of 
5-15% of wheat f工our in brea禱， a aecon社 phase has been presented to lDRC 
for finance. 'fhis would 1nv01ve the construction of a pilot plant for 
h1gh q怒ality f10ur production in order to test the technical and econol迪生c
feaaib111ty of the proces經 under sml建 11 farmer operat1on. It has become 
apparen位 rhat cassava flour ha認 many uses 1n ad是1rion to 紛heat flour 
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subst1tut10n 1n bresd: there are a range of bakery products , food 
industry uses etc. which sre 攏。re sultable for cassava f10ur than bread; 
1.e. % 1ncorporation 1n produ位ts can be higher. The pilot project w111 
therefore use the f10ur produced to evaluate the market potential of the 
pro泣uct over a w1de range of uses. If the project 1s funded , plant 
construction w111 start 1n 1989. 

C. COMMERCIAL/EXPANSION PHASE 

Dr1ed Cassavs for an1mal feed 

The 36 cassava dry1n草 cooperat1ves on the Colomblan worth coast are 
operatlng successfully, w1th over 5.200 ton of 是r1ed cassavs produced 1n 
the 19串 7/88 season. CIAT' s ro1e in technical asslstance to ex1st1ng 
plants 1s much reduced now that the techn圭cal teams of nat10nal 
institutions have been stren在thened by further exper主ence and CIAτ 

tra1n1ng: a course was held in March 1988 to tra1n personnel 忌。th in 
社rled and fres!豆. sto堂able cassava. However , the project is enter1n囂 a
further expans主on phase w1th the τlU鵲起er of p主ant夸夸et to d。但ble over the 
next 3 years. Therefore , continued D鼓l-CIAT technical assistance to 位ew
是ryi室主g cooperat主ves and the technical 8upport tea臨s set up to service 
the揖 18 requ1re垂. 且是益主tionally ， the National Rehab至 litatlon Progra啞 。f
the Colom忌1an 草overnment 1s to finance a ser1es of cassava dry卸車 plants

in other Colo聽起ian region草 (Santander and Eastern Plains) 1n which CIAT 
will have a technical assfstance a級益 trainin草 role similar to that of the 
DRI project. 

F1nally, the encouraging event of 1987ω8 has been the rap1d 
expans10n of the dried cassava 1ndustry beyond the inst1tut10nal 
framework of the DRI-CIAT project. Several pr1vately run , small scsle 
dry1ng plants have appeared; small cassava starch processors have 
produced dr1ed cassava at t1mes when the starch pr1ce is low, and many 
1ndiv1dual small farmers have been chtpp1ng cassava manua11y , dry1ng on 
any available space and se1l1n囂， often throu揖h inter祖ed1ar1es. to feed 
compan1es. Hence , although the DRI-CIAT project produced over 5 ,000 ton 
of dried cassava 1n the 1987-8 season; the feed co酷panies report national 
purchases of over 12 ,000 ton. The 臨ult1plier effect of cass學va 基ased

pilot projects can thus be clearly seen. 

The tota1 謹ryin在 area 1ncreaseà 忌y 18% to 5.100 臨， the fresh to 是ry
cassava convers10n rate fe11 to 2.4會主Eσ聽 2.57 an是 the p室主ce pal是 to
farmers for the raw 聽ater圭a1 increase是 by 3雪莖 (well above the rate of 
1nfl忽t10n 1n Colo聽lb1a) • 
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ECO贅。MICS - 1988 

Latin A血er1can cassava n車twork
1n 訝。vember 1987 a workshop was organized 1n Mexico by the 間ational

血gr1culture ， L1vestock aod Forestry Research Iost1tute (1NIFAP) and C1AT to 
take stock of the patterns 1n wh1ch cassava nat10nal programs 1n Lat10 
Amer1ca had been ev吼叫ng. The meet1ng sought to ident1fy commoo 
develop且必nt trends and approaches , as well as those which were pecu11ar to 
the spec1fic cond1t10ns of any particular country. E1ght country 
representatives were 1nv1ted to present a state of the art paper 00 the 
1nst1tucio位a1 context of th發生r cassava program. The need wa9 expressed , at 
that ti阻e ， for establi忽hln草 more per啞anent and direct 1inkages among the 
nat圭ona1 progra自s. 自1therto ， it was fe1t , CI直.T ha8 playe挂 a pivotal 
fac111tator role 1n the ex池~hange of 1nfo!1登at10n aod techn010車y ， among 
co也ltr主es. 膏。曾 the pro草ra聽8 觀an主fested to be 室主pe for a 1ess centra1ized 
str包cture 圭n which a new 這iv1s圭on of labor between CIAT and the nationa1 
p言。惡ra臨.

τhese concerns 甘'!re discuseed aga圭n 1n 主pril 1988 桂芝lring a 臨eeting

expresselyιt草an圭zed at CJA'卅 with this aim io 揖ind. This time the meetin皂
sou琵ht to ascertain the ext~nt of the support for the notion 0 空 a structure 
which wou1d continuously contribute to the direct exchan思e of information 
and resources among naticnal programs. Furthermore. it attempted to 
operationa1ize 教rea9 1n ,..,hi ch inter-program cooperation could become a 
reality , 1f suff1c1ent interest in permanent decentralized internat10nal 
cooperation mechan1sm was evidenced. The staff from the eight latin 
American countries invited to this event expressed their support for the 
creation of a network of latinoa訟erican cassava progra祖s.

The partic主pants coincided on perceiv1n草 that the relevance of the 
role that cassava 甘d聾發 playing and would play in the future was depen是ent on 
詛ult主-sectorial ar治犯ult主-institutional 主nterve綠ti研閱. Hence , the network 
would welco盟e the act主.ve involve觀ent of researchers , extension age鈴ts ，
farmer翁， industrialists an遲遲ecis主on 聽ak主n草 lea是ers. The network was a190 
open to any other 皂roup interested in pro醋。ti忽聽 th~ r' duction an要
agroindustrial util1zation of the c芷op to facilitatf .md .,lncha1n social 
econo四ic develop臨ent for soc1ety at large. 

The participants ranked cassava marketin息 technology transfer and 
production research methods , in that order , top priority concentration 
areas for the network in the immediate future. Whi1e focusing on these 
concerns , the network was expected to back up the exchange of personnel , 
equip朋ent ， materials and know-how between nat10nal programs. CIAT wa8 
aske這 to provide technical expert主se and training support and contribute to 
the general awareness of activities taking place in the different re車10r峙
。f Latin 血.merlca. The network would have its own bulleti訟， and CIAT would 
contribute to its publicat主on alld especially its 是istribution ， given that 
it has a fairly comprehensive cassava i線電ernational d主rectory of per怠。即鴨l
a'芝在 institutions. The net官ork' s general 忽ecretar主at for the 1 雪8哥倫i空車9
ad聽inistration was placed 1n Colombia. 

Since th給n ， the network has been quite active. Under the jo1nt 
sponsorship of CIAT , CIP and IITA , a workshop ",as 0玄ganized in September in 
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Cartagena , C010mbia to discuss possible 
diagnostic capacilities for Roots and Tubers 
workshop 1s being organize是 for June 1989. 
take place 1n Cuba , and wi工1 focus on 
pro挂uction.

avenues for improvin在 the
Production Systems. Another 
τhis time the workshop will 
cassava 血arketing and see是

New 觀e亞bers have jolned th月終etwork. A 全iotechnology chapter was 
constituted in Septe朋，ber to 1mprove ger血plas盟 conservation and 主n vitro 
exchan囂緣. development of immunological methods to c0ntrol v圭rosis ， and 
由icropropagation for 8ee是 productio位﹒ 1n a西dition ，間any lndivlduals joined 
the network. CIAT' 零 directory of national pro草rams' staff has been 
substant1al1y updated and strea盟l1ned as a result of 1ts 1nvolvement 10 the 
network. 

The network 18 proving to 可e an lmportant veh1cule for promot1ng the 
exchange of information a阻ong national progra觀s. It has so far published 
主ts bulletin's first two 1ssues. It plans to print 1n 1989 a catalog of 
comf'1erιially available prζ 山Iction 設法d proce絡站ing machlnery , and a speclal 
pu色 licat ton to enc~ura:;e cassava marketin巨. which will inclu是e current 
inform~tion on the 甜ilrket ， nrofiles of cassava-based industries , price t1me 
series , 肘，心merc圭a1 promct 、 n appn. 可lle將其 new products ~n 雙 'Ie market and 
technical nor臨終 for national and international cassava t 玄t:úe.

The n殺t口。rk wi11 a]q') cont"tbute to l"ult1plyi l1 g CIAT's efforts on 
cassava training. It i 弓 experted that 1n the immediate future an 
1ncreasing number of interna t10nal trilinin宮 actlvitle f1 wi l1 be or草anized
an是 carried out directly by national progra臨容， according to their 
comparative advantages. Th:!.s new arrangel1田nt will al10w CIAT to re-define 
divers1fy and expand the set of institutions and 1ndividuals with whom it 
w圭11 transact. This wil1 make CIAT's support for cassava development 訟。re

effe~tive and long lastin窮﹒

Support for the Colómbian cassava program 
This year the Colo臨b1an -exec i:ti:ive branch decla主ed cassava and slx 

other co觀羽叫dities strategic items in its thrust toward移 national food 
self-reliance. It requested from the Integrate社 Rur..1 'c elopment Fun是
(DR1) to draft a national p主an f or the development r: cr 久ava production 
and utilization. DR豆， in turn , invite這 CIAT to particip♂ te in the 是esign
of such pl側 and 1n the assessment of the 棚1n features of cassava 
production and 髓arketing arrange阻ents in three regions of the country where 
電he nationa1 plan could potent1al1y operate. ln addition to prov1d1n草
input into the plan's desig痕， the Econo珊ics sect圭on's co明tribution to this 
effort has , 80 far , consiste是 of the following activ1tie息:

a. Rapid Appraisal of the cas8ava product畫。n a主eas in the Santander 
and Norte de Santan尋er Departmeηts. The caS翁ava production area 1n the 
Santan是er and Norte d.. SantandeγDepartments a罷。unts to 7,550 hectares. 
Baseline ínformation was gathered for three regions within these 
是epartments. It was found that cassava is an important cash crop for the 
farmer思﹒ Over 65%of the production 1s sold off-farm. Whereas most of the 
farmers trade with cassava as a fresh produce for consu祖ption in large and 
medium-size c圭 tie8 ， an ímportant nu臨ber of them chop up and dry the roots 
for the feed industry. Some 哩， 000 tons of fresh cassava are dried yearly. 

司p



• 

' 

9 

3 

Machetes are used for producing these cassava chips. A1though most of the 
dried cassava is so1d to middlemen, at least 1,500 tons of dry cassava have 
been sold directly to feed 阻i11a. 1n the recent past years , desp1te the 
lack of institutional support , drying patio construction has increased. 
The current tota1 sundrying area covers 3 ， 000 戀q. meters , but 激ost of the 
drying takes p1ace ad-hoc spaces mana皂ed by individual farmers. A very 
bright prospect is foreseen for these Depart臨棚ts regard主ng the develop酬的
。f state司已acke是 projects for fresh and dried cassava • 

b. Participation in the design of a survey to assess cassava's role 
in three major cities of Colombia. A questionnaire to identify the main 
cassava consumption and buying patterns current1y prevailing in Bo囂。全怠，
Cali and Medel1in was constructed an社 pilot tested. Basic training 
sessions in interviewing and questionnaire handlfng procedures were 
provided for national personn~l who wi11 be direct1y in charge of 
conductin車 the survey. 

Economic 
在our于一

ana1y發i話 of the p i.."ocess of production of whe "lt/cassava 泣如迪拉主

A co臨parative anaJfs :l. s of the pro桂uction costs of floUIS of wheat , 
cassav d. anJ a 車5% wheat - 1 5% cass.!va 鞘主斑 was conducte是 Thc study first 
主eterm1ned the costs of p!r是uction in a cassava.幅corn-ñame croppin草 syste輯

at Col. $7 ， 5/k在﹒ Fi宜ed趟， variab1e喲，都是d financ圭a1 costs 1nv01ve護主n the 
production of cassava ehips were then ca1cul 袋te要. The tota1 cost of a ki10 
of dried cassava was estimated at C01.$42. The costs of raw 閥aterial and 
processing for wheat-and cassava flour were Co1. $88 and Col. $5皂，
respectively. The cost to produce one k110 of composite f10ur was $83. 
producing composite flour at this cost was found to be profitable up to a 
50% margin between producer and the mi11. 

Spatial integrat10n of the beans and cassava markets in Brazi1. 
Cassava and b組ns wh01esa1e price time seri時 for 酬j肘 Braz11ian

c圭ties were 惡athered ， coded and a桂justed. Thirteen serv主ces for farinha 
and 12 series for beans were use逞， 81主 from the 1售給斗雪草6 period. 位le

Autore草resslve Integrated Moving Avera草綠諒。垂el was esti甜忽兮的i for each one 
of the serles. Path diagram anÆ軍1ys1s and regre ，， ~i." na1ysis were 
perfor祖ed as wel1. Data 1s still being processed. 

Economic prof11es and cost structures of wheat flour ml11s. 
A survey was conducted to study wheat flour mUls 1n eight Colomb1an 

Depart融ents. A questionnaire was adm1nistered to 34 mi11 owners or 
U睡na草ers. lt was found that over 80% of the mills were smal1 and 
聽e桂iu祖-sized. Most 盟i11s und‘arutilize their proce怨怨ing and storage 
capac1ty by an average of 35%. A 1arge percenta車e of 臨i11s 敏lxes flour 
pr。這uced out of lmporte是 and nationa1 wheat. The 翁hare of flour from 
do盟發第t主ca11y pro是uced wheat ran囂es from 11% to 晶晶寞， whlch deter觀ines the 
exlstence of three grades of flour. Few 盟主11 operators ha這 exper主mental1y
used co關posite flour. 

The were given samples of cassava flou主 and cassava ch主ps to be used 
for the production of a wheat/cassava composite f1our. Theml11 operators 
lndlcated that mlnor adjustments were required concernlng the best timing 
for mixing the flours. Nevertheless they would regularly use cassava flour 
if the supp1y flow and quality of the raw materlal were constant. 
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Economic 是.escription of Bogota' s bakerieS. 
A study was carried out to ascertl通in the baker主es' facilit1es. raw 

material buyin在 pattern怒. production capacity. product lines and 
fa盟主liarity with composite flours. One hun是 red questionηaires were 
administered in bakeries of different inco觀e brackets. Half of the 
bakeries purchased flour every month. the rest of the混 buying it every 
fort起night or even weekly. 蟲bout 6日軍 of the flour was purchased 益irectly
from the mills. and between 45% and 70% percent of the bakers (1rre發pective
of their incom必 group) 忌ought it on credit for up to 26 days after th經
purch崎se. Bread baking was more demanding than cookie or pa恕 try baki純靠 in 
terms of the quality of the flo啞r used. Hence. baker移 tended to favor the 
usage of a few.flours with constant quality. Bakers in the lower economic 
strata used a larger share of the圭r installe是 process1ng capscity than 
bakers in upper strata. Less thsη l(l% of the bskers had used co帽pos圭te
fl叩r. Their èxp位iencc had 扮相 ve;-y pos圭tive inthis regsrd. They 
1n是icated that 50聽e demonstrat 主。'.s and testin學 but no a挂過itional equip祖，ent ，
would be requ主red for other bakers tO ßrart using composite flour ss well. 

Panel to eva1uate cυnsuj.el ,eaction to a bread made 叫t 泌的且正且堅豆豆

丘輸單已且如
A pane ' ws怠 。rgal、izφ.\'P三位h inr 霄""，，d 200 fan、iHe會 fr。相 :; tl t' ighborhoods 

每次11 ch repr丹已去n竺 e rl' a~:: r叉 口令 • .尸 i~l rt 、~."'1. Rγ<'8丹 c r>n~Ut11pt J ('尸 ?全失 terns data 
甘合，; first gνhered. Con弘 毛.，-.er 只 'hen p 門軒e在 to blindμtest two kinds of 
brea益， one made out of whea t fl∞室主nd the (' '1'句 r o~e baked with a 85% wheat 
- 15克 cassava composite flouγ(\ver 80% of t',e COnS \11臨Y供 liked the latter 
type of broa是， and 15% of them preferre這 it to wheat bread. Bakers were 
a1so asked to test brea謹包圍king with co摺posite flour. Accor這ing to the器，

the usa惡e of composite f10ur requieres 怨怨bstantial adjustments in the 
receipies for brea這血akin眶， pa玄ticularly as far a5 the s盟ount of su窮ar and 
yeast involved 18 concerved. Composite flour 18 perceived h1ghly 
appropriate for pastry but inadequate for b e.king french brea毒 since the 
flour t叫“ to render bread darkcr and 1棚s spongy. The physi臨Z
appearance of bread can be impro句ed ， however , by reducing the proport10n of 
casssva flour 1n the 自1x.

assessment of current out1ets for fresh cassava anè 吋r tunlties for 
cassava flour in GuayaQuil , Ecuador. 

A study wss carr1e'd out to described the current m:1rker structu宮es and 
co唱5umption an是 buy1ng patterns for fresh cassava and wheat flour. Surveys 
we主e designed for ca發savs se l1ers (fro珊 wholesalers to retailer穆) and 
cons明mers. 320 cons毯盟ers. 100 retailers and 16 wholesalers were 
1nterviewe吐. The analysis of these surveys 1s st111 being carr1ed on. 

JK結sessment of the current usage of cassava in farmer hou發eholds in 
Parl這:guay.

一一句話its to randomy 間lect fams '1ere used to detert臨時 the amou忱。f
ani扭Is in each far髓. hOlc t.hey ar' fed and the aims for animal production. 
as well as area cultl、Iste謹 to cassava and main areas of cassava 
ut11ization. It was found that most farmers have animals 甘h主ch are fed 
with products and subproducts grown 1n the far觀. The 阱。st i聽portant crops 
for an主mal feed1ng are cassava , corn and su伊r cane. 1n that order. 
Cassava peel and fo11age are a180 uAed as supplementary feed. Cassava 1s 
harvested throu草hout the year as require哼， and no silage 翁yste盟主s used. 

" 
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Animal production has steadily increase in paraguay since the 19509 
annual increase for poultry , 5% for swine , 3% for goats and 1% 
bovines). 

(6% 
for 

扭捏益主土豆
Colombia. -

the area cultivated to cassava in Manab1 , Ecuador and Cordoba , 

A study wa9 con是ucted to estimate increases or decreases i鈍 the area 
planted to cassava in the 1a終 t year. The goa1 was to verify wheather the 
opening of new 扭扭rket忽 have had any 主盟pact on the supp1y side. The stud于
i9 one cor殺ponent of a larger 10n窮itudinal assessment of cassava production. 
Sixty four Ecua是JJr圭an fart數er忿忿nd 20 colombian fart也ers 滋er怨圭nterviewe是­
ln Ecua益。室. almost 70% of the far聽e言s in the sa思p1e 1ncreased the1r cassava 
pro是uction area , while 7踅 of the臨 re挂uce是主t. In Color擔bi袋. over 60% of the 
farmers increased the area , while 10% reduced it. Those far觀ers who 
incγeased their area ind :1 "ated that they were thus. re發pondin草 to the 
existence of floor prices and 草uaranteed 話arket outlets for cassava as a 
result of the drying p1a叭 t悠﹒ Those who decreased their prod l1ction area , on 
the nther hand , explat Cled th3t the reduction WilS the con悠equence of adverse 
clim月 ti亡 。οndttion包 a 1 ack of available land , and preference for more 
prot ital"" crops. 1!l the lest year the cassav♂ producti(、n area increased 
1, '.j ',t: l , ':"i 色:'ltl. !1 antl hv 21; in Color;bia where the a1 ternat í.ve markets have 

,'e, in exisLance for a larp'r period. 

lJHI-CI且T C, <'1)" t a tive Proiect 
一一一言豆豆τ1苦苦心 CTAT has pγoduced annual reports on the status of the 
Integra 主e位記ural Development (lJRI) - CIAT Coope芷ative Project. The reports 
followed up the 謹evelop臨終nt pf cassava dryin惡 plant忽 in the Atlant1c Coast 
of Colo由是，ia. CI血T 1s happy to announce that DRI has assumed full 
respons主bi11ty for the preparation and p啞blishin章。f the annual reports 
from 1988 onwar是 A eopy of the s主xth 主.nnual Report for the dece品ber 1會86

to november 1會87 perio述， published by DRI 1n June. 1s available for 
referenee in our offices. 
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Varlet揖 1 Impr抑制啦t 10 Asla (1988 Aooual Reportl 

Kazuo Kawano 

c IAT ner祖01 asm I n na+lo"，墮 I nr油。ra摺氫

G訓。tlc varlablllty of a glven crop specles Is rlchest 10 the center 

of orlgln and dlverslflcatfon of the 5pecles.τhe ca5sava breedlng 

帥terlals provld吋 by the CIAτcassava program 串re b祖sed on L討 fn A聽erfcan

germplas恥 They are 概pected to 1 ncrease the gene trequency that 1 s 

C研鵬的 Iy desfrable to Aslao n器tlonal programs. Local germplas恥的寸he

o寸her hand. may be an excellent source of adaptatlon to the tradltlonal 

cul 寸ural envlronments and requ Irements of the locallty. However, a 

slgnltlcant Jump, elther In yleld or reslstance, Is unllkely to occur as 

long as the breedlng program uses focal germplas攏。nfy: by nature ft 

possesses flmlted genetJc varlablJJty. Incorpor眉tJng LatJn 內混erlcan

germp 1 asm I nto As 1 an breed I ng popu 1 at foo 1 s the 鵬st appropr 1 ate way to 

hnprove cassav晶 cutlvars • 

Thr鶴 types of germplas輯 materlals. 1.恥. germplasm accesslons, hybrld 

clon棚， and hybr I d seed章， are avaJlable fr棚 CIAT Jn the form of (1) 

stak紹， (2) merlst珊的i寸ures. and (3) true seeds. Emphasls has shlft甜 to

sendlng hybrld seeds from 5eJected parents. Ðurlng the past years. 

approxlmately 1鉤.000 hybrld 5制品 fr鏽的輯e 3200 crosses have been 

d 1 str 1 buted to cass揖va br鋪d In9 progr棚5 In Asla (T副bJe 1). In many 

natlonal programs, these seed populatlons are regarded as sources for 

i 棚鷺edla寸e var letal 5elE時t lon wh 11 e pro韋F捌ns such a5 the one I n Tha f 1 and 

have al50 selected cross parent5 from the 5eed populatfon5 to be u5ed fn 

thefr hybrldlzatfon sch研les. These ma寸erlals 韓re belng processe吾 through

evaluatlon steps In each na寸 lonal program. The Th揖 IICIAT collabor揖tlve

breed I ng sch目ne produced many thousands of hybr Id seeds adapted 寸o the 

Aslan c嚕ndltons and some ot these have been dlstrfbu寸ed to other As 1 an 

cassava breedlng program5 and 寸的 the C IAT headquar才ers breedlng program. 

1larletal release 
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1 1st of CIAT rel 祖寸ed

Aslan 

added to the two cultlvars have been Durlng 1988, 
by cultlvars 「民訓練糟的“das relea草edofflclally clol1es cassav串

111 seven the cultlvars of number m祕‘ 1 ng the tota 1 thus. program器，natlonal 

{τable 2). four countrles 

翰ade many ye器rsa Bra辜 Illao cro草草from 5electlon a 150rlglnally 

S齣

VC 2 

It Manteque 11 a. 

a5 C給 40

a5 15 koown It where Brasll , Paulo, 讀t C甜Ipln晶晶，ago 

10 the 15 known aod 1 會60sthe to Col叫他 la durlng 

varletal 

lotr口ducedwas 

寸。

the CIAT 粉rld cassava collectloo durlng the early 1970s 制唔 was reglstered 

through the CIAT serles 

coosldered 

lotroduced was 40 C斜Ccollectlon. program natlonal Co lomblan 

mult 仆 locatlonalof After pas51 og 

1468 

1468. as M Col 

prαnls log germp 1 a5m 

eleven 

the of one 串單w揖$終Co Ieva I uat 1005. 

other wlth together Phlllpplnes the 寸。sent WëlS S拉薩矗ccesslons

th器Rmora for 寸rfelsreglonal In ev暑 i 扭曲tedbelng Atter 1978. fn clones 
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predomlnan寸 Iy subslstence farmlngs. 

crlteria are eatlng 每堪ailty and yleid per pl 揖nt rather 

。f the exlstlng land races 

Th05e cultivar5 for 

In backyard the In often plantlngs, 
where maJor varlet揖 i

yleld per 

Latln Amerlc矗終

In the τhe great 館aJority副rea.than 

type. Index harvest low are of 寸roplcs

When a150. Index harvest low of generai 

for 

In are Asla In consumptlon hu觀an
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import翁的?防部rebecomes per p I ant. 

Industrial 
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Successful 

than rather are，章，per yleld 
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of that 

Rayong 

$19n lt Icant I y 
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Incl 歸結d slnce (鳴 farmer was Interested In good tastlng bu寸 low yieldlng 

fresh consu輯ptlon cultlv器r. gave baslcally the same relatlve result (FI喜-

21. Rayong 1 gave an 喜verage yleld vlrtually eq祖al 寸o the natlonai average 

ylel 毒. suggestlng that the trlals could be regarded as a good 

representatlon of the average cassava growers In Thalland and the 

evaluatlon In the experlment statlons could be trusted.τhe hlgher yleld 

of R聶yong 60 was much to do wlth 1 寸單 hlgh harvest Index and the st甜n and 

leaf welght 糊s not greatly smaller 怖的 that of Rayong 1. τ綿綿 suggest

that new cultlvars wlth hlgh harvest Ind恥 have a chance In average 

farmers' f lelds 那 long 協會he canopy es寸ab Ilsh闊的 and strength are not 

too drastlc器 11 y reduced. 

The dat轟 fr棚 recent tralls for 孵內必vanced clones at Rayong 絨的 lon

se棚ed to suggest the 仿制內 dlrectlon of our yleld breedlng although the 

stat 1 s寸 Ical bas 1 s of the resu 1 ts w摺5 much less concluslve slnce the data 

時re taken fr冊。nly two 慨perlments (Flg. 3). 約 Ighest ylelds were 

ob寸alned by those clones wlth extre聽ely hlgh harvest Indlces (0.66耐0.76 as 

opposed to 0.45 of Rayong 1). The total bl棚ass productlon by those clones 

W揖s about the same as or 511 ght I y h 1 gher than that of Rayong 1. Th的e

sugges寸寸t嗎t selectlon for yet hlgher harvest Index Is posslble and thls 

may be a sound approech to obtal 揖 hlgher ylelds under 時 11 甜甜aged cultural 

conditlons. One clo閥. c織 26-72-7. gave an enor鶴。us b lomass product lon 

鶴a I nta I n Ing a s 1m 11 ar harvest Index to Rayong 1. 寸 Is dlfflcult to 

conclude that thls 酬的 enhanc鈴糟的 In b 10閑話 productlon (461) over Rayong 

1 by breedlng Is al關ys poss Ib I e. ye寺，寸he resu I t 15 an encourag間lent

I ead 1 og to a poss 1 b I 1 I ty of 1 ncreas 1 og tota I b lomass pro還uct lon w 1 thout 

sacrlflclng the h器rvest Index of hlghly successful Indus寸rlal cultlvar. 

Thro句話。ut these trla悅. there 純s no 51gn of r∞t dry matter content 

decllnlng wlth the 1 間prov棚ent I 仿 fresh root yleld.τhl5 5ugge5ts that the 

geoetlc Improv轍。nt opportun Ity I n dry root y I e I d has not been exhausted 

yet. 

l'Ie can detect a very slmllar pattern In Southern Sumatra (Flg. 4). 

、
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The CIAτcassava hybr 1 d seed popu I at lons d 1 str lbuted to the As 1 an 

n的 lonal progr研s are based on those cross parents se I ected 寸hrough the 

evalu晶tlon 5ch帥峙的 Ich Include a wlde varlatlon ot edaph、0-吋.

b 叫10ωi匈 Ica釗 gro俯wt帖t詰1 C∞01偽穹冶st什ra釗In討3汁t村ts. The collaboratlve work b的ween the 

Department of Agrlc盟 Iture. Thalland and CIAT at Rayong Fleld Crop Re5earch 

Center has a I 50 pr口duced hybrld seed populatlons whlch have been 

dlstrlbuted to other breedlng progra摺5 In A51a. The majorlty of the cross 

paren寸5 for the Rayong hybrlds are the locally 5elected clones of CIAT 

orlgln. Rayong 1 Is wldely used In the hybrldlzatlon but other local 

ger輸plas鞘 Is not extenslvely used. Br鴨蛋 I ng mater 1 al 5 frOl農村ese two 

sources were compared. At R揖yong. Rayong hybrld clones showed superlorlty 

over CIAT clones In all 寸he characters evaluated. I.e.. fresh root yleld. 

pl 聶nt type. harvest lndex, r∞t dry matter content and germlnatlon (Table 

3). CIAT clones were partlcul 揖rly Inferlor In plant type and ger昂 Inatlon

un必rso僻的at erron時us ralnfall. 

A different set of the two populatlons were c棚pared In a slngl e-row 

trlal and 盈 prellmlnary trlal In 50揖ther軒 5umatra (Table 4 and 5). CIAT 

c I ones tended to 9 1 ve h I gher f resh r∞t yleld whlle 寸he two popu latlons 

gave slmllar harvest Indlces. Rayong clones showed better plant 寸ype an卓

h Igher r∞t dry m晶tter conten寸. Another set of c棚parlson， conducted ln 

Pal 樹，為 ang ， Indonesla, between CIAT hybrld clones andclones crossed and 

selected at Bogor, Indon揖 la also Indlcated 寸hat 寸he CIAT clones were 

Inferlor In plant type (Table 6). 

The Rayong result was predlctable because 寸he cross parents for Rayong 

hybrl你 had been selected on the spot. The Indoneslan results gave a more 

falr basls to c棚par 1 son because none of the cross parents for the two 

populatlons had not been selected on the spot. The Inferlor plant type of 

CIAT hybrlds 酷ay be caused by the dlsease 矗nd pest reslst祖nt clones 總hlch

are extenslvely used In the CIAT hybrldlzatlon scheme and are usually of 

p∞r J> lant tY J>s. The successful germlnatlon hablt of Rayong clones even 

under an erron恥us ralnfal 1 was a reflexlon of In寸enslve selec寸 lon for th Is 

charac寸er on ths spot where stable ger融 Inatlon Is one of 寸he most 

、包
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Import矗nt， If not the 曹紛st， yleld factor In Thalland. 

幫e can concl 揖de as follows: 

CIAT hybrld Is a good source 。f

hybrfd offers g∞d pl 揖R寸 ?γpe， 。ry

hlgh yleld 

root h Igher 

successful germlnatlon under erron臨時問Infall.

Page 7 

selec寸 lon wh 11 e Rayong 

matter content and 

2. Selectlon of cross parents on the spot Is hlghly rec甜nmendab I e. 
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Tab J. e 1. CIAT cassava Fl hybrld 5榔ds dlstrlbuted to Aslan program. 

Year 1975 1977 1978 1980 1981 1982 1983 1984 1985 1986 1987 1988 Total 
Country 

Thalland 會00 6170 7720 3050 1400 7450 7900 8000 9300 8000 11800 14200 85890 

Indonesla 900 700 4600 6000 4950 3130 8600 28880 

PhllJpplnes 900 950 5100 4700 5500 2350 5000 3850 28350 

China 2300 6100 3500 1800 2100 4400 20200 

Mal 晶ysia 900 1500 2050 1250 4050 200 1490 11440 

Jndla 900 850 1050 7900 10700 

VJetn訓 1900 1900 

Rep. Ch Jna(τ轟 Jwan) 500 1200 1700 

Total 5000 7670 10220 5100 7750 19700 27050 18250 23800 14950 17030 32540 189060 



Table 2. CIAT rel叫“ clones of11clally released es reco棚endable cultlver by ""slon natlonal 
programs. 

N8I楠 Coun• ry 

Rayor司~ 3 Thalland 

Rayol可 2 τhallend 

Year 01 Clonal 
declslon code 

to 
releas。

1984 C約407呵7

19草草 CM305-21 

Cross 
paren寸s

M 械制55 x M Ven307 

MCoI113 x 揖 Col22

Year of 
hybridlz信tlon

made 

1974 

1973 

VC 1 Phll!ppl 位。s 1986 Cf.ß23-52 院 Col22 x 揖 ~1ex59 1973 

腿anz-zh 11 串串 Ch ina 1987 Cf.在321刪 188 終 Col22 x M Ven270 1974 

Rayong 岳。 Thalland 1987 C終R24-63-43 訓 Col1684 x Rayong 1 1 ♀80 

VC 2 Phlllppines 1988 終 Col 1468 before 1970 

P甜-Intls Malaysia 19串串 C核 982個7 cr是321-170 x 開Co l1684 1977 

Locatlon of Means Locatlon 
hybr I 話 Izatlo.. 01 of 

CIAT 

CIAT 

fnfroductlon selec寸 fon
to Natlonel 

Program 

Seed Rayong 

Seed Rayong 

持al 鈴

feeture 

Hlgh starch 

For snack food 

CIAT Stal恃 C!Aτ/PRCRTC 終 IgII ylel 謹

CfAT 開erslte隔 CIAT/SCfB 好 Igh yleld 
cul 寸ure Earfy 

harves寸ablllty

Rayong Cross paren寸 Rayong Hlgh yfeld 
by stake Early 

harves寸ab Illty 

Brazll Stake CIAT/PRCRTC G∞#個rlγ
yleld for 
fresh food 

CIAT Seed MARDI Hlgh yleld 
on peat 501ls 

, 
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and yleld characters between CIAτand 
In Rayong，了hall and. 

COI當parl50n In growth 
Rayong hybrld clones 

τable 3. 

。

Rayong clone5 
(no. clones) 

CIAT clones 
(no. clone~弓

Average of 

( 1228) 3.21 2.44 (35) 

M 

fresh r∞t.vleld 
(kg/p 1 ant) " 

} -
na mM i aE a r ae nuF UF 心

，

4.­nH a l EF 
4 

3.42 (1 228) (35) 2.87 

.562 (1228) .507 (35) 
1) 

Index 

2) 
役。ot dry m攝tter content (J) 

Harve5t 

3尋 .3 (280) 

72.6 (76) 

32.9 (1 64) 

45.3 (29) Germlna寸 lon/s轄rvlval~of
plantlng stake5 (J)~' 

In Slngl e-row trlal , Rayong, 1986/87 
= very p∞η5 終 very f晶vorab le). 
5electlon from Slngl伊row trl 叭， Rayong, 

1>. Data fr臼n all entrles 
(Pla鈍t type ratlng, 1 

2). Data from prell輯 Inary
1987/88. 

3). Data from Prellmlnary yleld trlal , 1986/69. 

Tha 11 and. 

Rayon旱，

source: fleld Crop 心 Research lnstltute, Data 句

台



.‘ 

Table 4. Compar 峙的 betw帥n CIAT 揖nd Rayong hybrld clones Jn a 
slngl e-row trJal In Indonesla. 

Average of CIAT clones 
(205 clonesl 

s 
e
、
'

""co oe 
川M
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nac n" og 
u
'
勻
，

自

2

RE 

Fresh r∞，1' yleld (kg/plt) 1.78 1.56 

Harvest I ndex 0.500 

2皂 .4

0.5日9

Root dry matter content (J) 29.2 

Oata fr伽 Slngle-row t ,"lal 1986/87 at UJ F晶「醋. Lampung. 已$棚晶tra

Oata source;υJF/CRIFC， Indonesl 器.



Table 5. Comparlson between CIAT an桂 Rayong hybrld clones In a yleld 
trJal In Indonesla. 

Average of 

Fresh root yleld (t/ha) 

Plant type ratlng 

Rc∞寸 dry 研晶tter conter汁{囂}

Harvest Index 

CIAτclones 
<30 clones) 

37.6 

3.43 

34.9 

.629 

Rayong clones 
(41 clones 

32.3 

4.15 

35.4 

.623 

Data from Prel Imlnary yleld trlal , 1987/88，晶t UJ F祖「酌， Lampung, 
S. Sumatra. 
Data source: UJF/CRIFC, lndonesla. 



Table 化 C棚parlson In plant ty如 ratlng 抽tweentÇIAT and Bogor 
(Indoneslan) hybrld clones In Indones/a". 

PI~~1- 2ype 軍區lJ:mfl矗
ratlng C/AT clo仿es Bogor clones 

13 主

2 31 G 

3 26 19 

再 25 44 

2 」 品

Average 2.78 3.66 

τotal no. ClOne5 177 (100%) 250 (100%) 

1). Data from a 51ngl伊row trlal 1986/87 的 Sepakat SI研tar.Pa I emb8ng. 

2). Plant ty仰 ratlng: 1 : very p∞“ 5 位 very favorab 1 e. 
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RESEARCH FOR DEVELOPME蠶T

Jame路 H.Cock and John Lynam 

主蠶TRODUCTlO賢

The 謹evelopment of 穿esearch plans 1n a露riculture 1n the third 
worl謹 have frequently been based on the premise that 1ncreasing 
productiv1ty 1s the objective a位是 that th1s w111 benef1t the populat10n 
of the develop1n軍 countries. We be11eve that th主a v1ew 1s far to 
simp1i每tic and that 忌y careful p主anning of the research and development 
a草enda 1t 1s possible to ensure that the development process 1建 tar串eted
to certain seg臨ents of the popu1at圭on and that it meets specific 
political objectives that can be predetermined. ln 血。st developin草
countr1es apart from the generally low average per capita inco臨es there 
are large differences 1n the income level of differe器t segments of the 
population. The concern of many people today 1s how can those that live 
in abject poverty be raised to a reasonable level of existence. Th主s then 
1eads to the politlcal decision to direct development efforts towards 
spec1fic sectors of the overall popu1atlon rather than general 
是evelopment objectives that are frequently biased towards those sectors 
that are already favored. 1n our particular case of the CI血τcassava
program we were involved in a pro皂ra回 that was directed towards the 
increased productivity of cassava. however due to a ser1es of rev1ews 
that cast doubts on our ab111ty to reach this object1ve in the far祖ers
field , we were forced to go throu惡h a 點。re co祖plex p1anning exerc1se w1th 
speclf1c 90c1a1 objectives 1n m1nd. 

τhe environ血ent 主n which we were workin莓. a non profit research 
ba發ed deve10p輯I!I主t organization supported by donations fro觀 various
so咽rce翁. and our own personal convict10ns lead us to fix the soc1a1 
object1ves 轟s: pri個ri1y to improve 甜瓜1 farmer incomes an是 food supp1y 
an垂 a180 whenever possib1e to simultaneously increase th圈。vera11 food 
supply to the urban populat1on. 1n addit10n we were constra1ned to 
working w1主h the cassava crop. Furthermore as a research organization 
without either the authority or the necessary f1nancia1 support to be 
d1rectly i駐volved 1n the deve10p聽ent process , we had to concentrate our 
efforts On providing the informa t1on required by others to ach1eve the 
益eve10pment w1th equity that was enshrlned 1n our ralson d' e t.,re. 

We believe that the evolution of our progra觀 and our experiences may 
be useful to other8 官ho are 1nvolved in research w1th well defined 50cia1 
goa1s as their fina1 objective. 1n this paper we 官i11 first of a11 set 
out a brief overview of the agricu1tural sector v主s-袋-vis the development 
process in the th主rd world. The crop wlth wh1ch we 習。rk ， cas翁av念， .,i11 
then be described and then the deve10p姐ent of a plannlng fra觀e in view of 
the crop character1stic8. This w1l1 忌e fo11owed by a series of case 
stu是主es on cassava based deve10pment which depended on a range of 
deve10pment strategies varying fro單位ew technolo墓Y to po11ticsl decision 
for their success. 
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AGRICULTURE AND DEV軍LOPMENT

Development at the nationa1 1eve1 1s a1醋。st inva玄1ably associated 
with urbanization. The urbanization process 1s freque綠tly accelerated by 
highly 學kewe是 land distribution that al10ws 至ittle opportunity for 
e阻p10y酬的 and inco臨e generation of landless labor and the sma豆豆er
far祖ers who 100k to the cities for a better life. This process is often 
fuelled by a concentration of a囂ricultural development resources on 
export crops pro桂uced in lar惡e plantations and food price policies that 
盟主litate against the 您當1311 fam producer of basic. foodstuffs and are 
b1ased 1n favor of the urban cons\阻er. However when urbanization is 
accompanied by industrialization or the development of efficient service 
i制!ustries there i9 increa發e是 wealth in the urban sector and demand for 
agricu1tura1 product發 either for food or as the raw 血aterials for 
manufacturing. Th1e de觀and for agricultural p宜。duct鐵 leads to a buoyant 
agr1cultural sector that requires the serv圭ces and products of an urban 
society. If the two sectors develop 1n a balanced fash10n then soc1ety as 
a whole becomes better off. In the early days of the industrial 
revolut1on such a balance occurred and when rural demand within a country 
腎as not suff1c1ent to absorb products and serv1ces the export markets 
were opened. The less developed countries pa主d for these imports through 
the export of a皇宮icultural co雄諷。dit1es or natura1 resources. 

工臨 the developing countries at present there 1s a rap1d proce穆s of 
urbanization. The export markets for industrial goods are high1y 
competitive and it is oft傘n difficult for deve10ping countries to enter 
the區. This is particularly true of the e草port of goods to the developed 
world. However 囂。od opportunities exist for trade between the developing 
countries. Thus the basis for urban 挂evelopment has to be a 起uoyant rural 
demand for the low techno10gy products that can be produced by a society 
that is at the sa自e time developing an益 urbanlzin露﹒全his lndicates that 
not only must there ex主st the potential for income generation in the 
rura1 sector but also that it 血路t be relat1vely evenly distributed so as 
to ensure the 垂emand for 10w technology goods. If only a 8mall number of 
large producers receive the benefits of increased ag宮icultural production 
they 當i11 tend to purchase 血。re sophisticated goods from developed 
countries whereas a large nu盟ber of s酪l1er producers wl11 ten是 to
purchase such 囂。ods as bicycles , rad主08 and refrl草傘rators.

The smal1er scale producer often produces low value , own price 
inelastic goods. Thus as a group they have little scope for increasin窮
their income drastica11y unless they can marked1y reduce their unit 
production cos主S or markedly increase their total product1on. They are 
nor四a11y constrained fro盟 reaching the 1atter alternative due to limited 
access to 1and, inputs and efficlent t訟chnolo草Y﹒ Even if they were able 
to 主ncrease pro益uction prices would drop and the net income increase 
wou1d be s揖a11 or even negative. τhe resolution of this di1e盟望a appears 
to 1ie in farmers sel1ing new products that are more own price elsstic. 
This ca說 be achieved eirher by produclng novel crops or by processing 
tra挂itional crops into different for臨穆. The changin草 pattern of crops or 
of processsing for end uses ate agaorEalpazrtof the developz2ent Froeeggs­
Monke (1983) has shown that the use of 酬lze changes fro臨 that of d圭rect
human consu揖ption to indirect uses as countrl忽忽 develop. This changing 
use pattern requires changes in the post harvest proce穆sing of the crop. 
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The 揖a1ze is so1是 to the final co話SU臨er as poultry or pork , not as maize. 
The example of 聽a1ze i11ustrates a new use for an old crop: the dramatic 
increa8e of such crops a8 soybeans 1n the US and rape 1n Europe are 
examp1es of changes to 咽。re own price elastic crops. 

8i祖ilar changes are already occurrin車 1n the deve10p1ng countries a8 
part of the development proce務s. 1n m08t cases the technologica1 塾as18

for these 攏。dif1cat10ns 1n the ut111zat10n of bas主c food crops has been 
i輯ported fro臨 the developed countr1es and depends on posse5sing crops 
that are a150 車roWll in the temperate areas. Those crops that are 
結c1usive1y grown 1n the th1rd wor1d have large1y been exc1ude是 fro祖 this

process. Unless these crops are inc1uded 1n the research and development 
process the1r comparat1ve a是vantage 18 likely to be eroded. Furthermore 
the deve10ped world has 1n many cases a co臨parative advantsge 1n 
producing those crops that csn be grown 1n the te祖perate zones thus 
器aking 1t difficult for the 薩德ve10ping countr1e發 to compete. 話。，wever.
certain of the trop1ca1 crops are b1010g1cally extremely eff1cient and 
have the pote發t1a1 to compete with the te凹perate crops. An obv主ous case 
1n point is that of the sugar industry where there is little doubt that 
cane can be used to produce sugar more cheap1y 1n the tropics than beet 
1n the te祖perate zones. It 1s a主so notab1e that sugarcane has rece1ved a 
high leve1 of research invest甜ent compared w1th most other trop1ca1 
crops. Sugarcane 1s however an exception. Research 1nvestment 1n the 
deve10ped countr1es has eroded away the comparative advanta事e of many of 
the trop1cal crops. The tre揖endou路 increase in yields of the gra1n crops 
1n the US血 an是 Europe s1nce the second world war bare test1mony to the 
草reat advances 1n techno10gy that have rest主1ted fro盟 th1s research 
effort. 

The i酷.portat10n of grains or other a鑫r1cultura1 products by the 
deve10p1ng countries 1s not , however , a viable s01ut1on to the1r 
deve10pment proce發s as 1n genera1 they do not have the industrial e羽cports
to pay for them unless the1r wa草es remain at extre睡e1y 10w 1eve1s. 主t the 
sa盟e t1揖e 1t is quest10nab主e whether 1t 1發 advanta翠eous to produce 10ca1 
agr1cultura1 囂。。是s above wor1d pr1ces. 

At present wor1d agricultura1 pr1ce毯， at 1east 吏。r gra1n and dairy 
products , do not reflect production costs. A ser1es of subsid1es and 
pr1ce 穆巴pport syste盟s ma1n1y 1n the developed countr1es have d1storted 
wor1d pr1ces. These d1stort10ns have 1e垂 to the use of 1nten發1ve h1gh 
1nput systems for the product10n of bas1c gra1n stap1es wh1ch 1n turn has 
resulte是 1n a wor1d gra1n surp1us. 1n genera1 the unit cost of production 
decline as y1e1ds are 1ncreased throu囂h the use of new technology up to a 
certain y1eld 1eve1 , after wh1ch un主t costs tend to rise. A recent study 
by Ort臨an et a1. (1986) shows c!early that the un1t cost of ma1ze 
product1on in the extens1ve 5yste祖s practiced 1n Argent1na 19 當uch less 
than the intensive systems used in the United States of 血路er1cI益. (under 
broadly comparable c1圭mate and 80i1 conditions). 主ndicat1ng that the 
latter country 臨sy already have passed the input 1evel a8移oc1ate是 with
祖inimum production costs. The h1gh costs of 酬lbs1dies to farmers 1n 
Europe and the USA 1s now be1訟皂 quest10ne是 by the populat主on at 1arge and 
political pressure 18 inCrea8ing to 10wer support 1evels. This suggests 
world prices w111 eventua11y 攏。ve 1nto 1ine and ref1ect product1on costs. 
When th1a occure 1t 臨終et be 佳，但p."t.d 草hee .阻or. r.t1onal U88 of land 
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resources and inputs will lead to a decl1ne 1n total production and the 
present surpluses. Prices w111 then move upwards unt11 there 1s a balance 
between the supp1y and delIlll治d. Th1s tendency wi11 be reinforced by the 
rising world popu1ation wh1ch w111 tend to move pr1ces upwards and hence 
the curve of y1e1d and costs to the ri鑫ht. This wi11 then lead to more 
possibilitie翁 for expansion of 1ess intensive syste種s such a those in 
Argentina and Austra11a. These 忽yste盟s are however based on extens1ve 
land hold1ngs ar浴血echani揖at10n. The 嘻uest10n 1s whether 1abor can 
substitute for the capital 1n mach1nery an垂 thus a110w S祖.a11 units to 
compete effect1ve1y at wor1d pr1ces 1n the deve10p1ng countr1es. 

At present most agr1cu1tura1 research agencies concentrate on 
ra1sln軍 the y1e1d 1eve1嗯. and not on how to deve10p techno10gy 
approprlate to meet the needs of rura1 development. For examp1e 1n the 
CG1AR 1ess than 5% of the tota1 bu謹草et 1s for post harvest work and the 
b1ggest component by far 主s genetic 1且.provement 草eared to rais主.ng y1e1d 
leve1s. Th1s distribut10n of research efforts 1n the agr1cu1tural sector 
is a1so found 1n the nat主ona1 progra祖母 for both research and 挂evelopment

of the agr1cu1tural 路ector. Th1s approach may we11 1ead to the product10n 
of low cost food supp11es for the urban sector but w111 not necessar11y 
contr1bute to the rura1 development and stimu1ate urban deve10p聽ent

through increased demand for 1ndustr1al goods and serv1ces. 

1n the fo110w1ng sections cassava 1s use是 as an exa器p1e of how we 
believe that research and deve10pment efforts 1n the chang1ng 
agricultura1 scene can be tar華eted so as to meet the dual 囂。als of 
ach1ev1ng acce1erated rura1 是evelop揖ent and a1so cont玄1bute to increaslng 
益emand for urban goods and servlces. 

CASSAVA: PRESENT STATUS 

Cassava 1s the fourth most 1也porta室主 t crop 1n terms of calories 
produce垂 for consu揖pt10n w1th1n the trop1cs. 1t 1s genera11y produced 1n 
the more 誼lSrg1na1 areas without 1rr1gat10n. 蟲s a crop it is natura11y 
tolerant of drough主， low leve1s of 8011 fert111ty and extreme 8011 
ac1d1ty. 1n the areas where cassava 15 g宜。wn farmers oft軒I have few if 
any a1ternative crops due to the harsh c11mat1c and s011 cond1t10ns. 1n 
present product10n syste臨s far臨ers rare1y use 1nputs co扭曲。n1y sssoc1ated 
w1th modern agr1culture. 1n sp1te of this leve1s of product1vity at about 
立-4 t 是ry 睡atter/ha year are rea80nab1e consider主ng that 1t 1s nor祖a11y
grown 1n areas where on1y one crop cyc1e per year can be obta1ne是. Almost 
a11 cassava 1s 草rown by 抽a11 far酬rs and it i學 an 1盟portant source of 
food and 1nco聽e for 臨11110ns in the trop1cs. 

The ca終sava is 盟。st1y consu阻ed on the farm or 1s 竅。ld 1n the 10cal 
rura1 markets. 1n these areas 1t 18 a tradit10na1 stap工e and 垂ema位d ，
part1cularly for tradit10na1 processed products 19 genera11y 訂閱lastic.
The fresh root appears to have more e1ast1c 是必誼and character18t1cs but 1s 
h1草hly perlshab1e after har、rest; 1t starts to deter10rate with主.n as 
litt1e as 2毒 hours after harvest. Urban 1設arkets however re嘻uire non 
perishable conven1ent foo是s. Fresh ca發sava does not 祖eet these 
require祖ents and as societies urban1ze the overall demand for cassava 
tends t。這ecrease. Th1s s1tuat10n i9 ag草ravated by the fact that due to 
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its perishability fresh cassava , whilst being a cheap rural staple 1s an 
expensive urban food. 

重he perishabi1ity problem has b"en partial1y 芝esolved in cert忽in
areas by process1n草 the cassava 1nto a variety of f10urs or dried 
products such as Farinha 1n Brazil. Gari in West Af r1ca and Gaplek 1n 
Indones1a. These tradit10nal dry products are generally not pref也rred

goods and are own pr1ce 1nelastic. They a1so face compet1t1on fro盟
i圓port穆 of.cheap subsid1zed grains fro盟 The USA and Europe. 

This rather disma1 picture 1s bri草htened by the fact that cassava 
18 a multiple use source of carbohydrates. If suitab1y processe是 it
sh慨11d be able to enter lnto new 割arkets an桂 1f pr1ce competitlve should 
be sble to substitute for various cereal based products. In this latter 
case elast1city would at least 10itislly be h1gh S8 its market share 
would be 80 s祖sll thst increases in supply would have ne車1igib1e effects 
on the overal1 酷arket. However cassava produc主s can on1y enter into these 
new markets if the raw material i能 sufficient1y low priced to be 
c。祖petit1ve an是 1f the processin草 does not add excessively to the final 
cost of the product. Further誦。re as lncreased rurs1 1ncome 1s a des1red 
gos1 the value added should occur in the rural sector. At the same tlme 
the product shoul垂 be of sufficient1y high qua1ity that it iB readily 
acceptable 1n the urban 器srkets.

The ch轟racter1stlcs of cass揖va and the possible new markets for 
cassava products were suff1c1ent to indicate the poSS1bility 主觀prov1ng
product1on and ut111>:ation of th1s crop 90 as to beneftt the smal1 
far睡er. The quest10n was then how 1:0 des1gn programs that could 全ealize
th1s potential. 

CASSAVA BASED DEVELOP經ENT

In order to plan with spec1f1C socia1 goa1s 1n 盟ind 1t was necessary 
f1rst 1:0 define those goals or objectives. ln the case of cassava we 
have , as stated above , defined the pri屆ary objectlve as: _to 主EEEea空笠
rural lnco阻es by producing 10w cost goods with ao elastic urban dem都I:d.
Wherever poss1ble these 草oods should be d1rected at provid1ng f1ne.l 
products wh1ch are consumed by the poorer seg朝ents of the urban 
population. Th1翁 latter condit10n is however secondary to the rural 
income objectlve and 18 considered as a s1de benefit that 18 advantageous 
when 1t can be simultaneously ach1eved. 幫金發hal1 see in later sections 
that these two objectives are not nece發sar11y mutua11y exc主usive.

ln order to 挂eterm1ne how the stated objectives can be met it 16 
necessary to 100k at the overall system ter觀inat主ng 10 the sale of a 
product that will generate 1認come. In fact the approach is to work down 
fro祖 the salab1e product. through 酷arketing channe1路. processing and 
finally product10n of the raw 祖ateria1. ln the early sections of th1s 
paper we established thst basic tradit10nal cassava products are 
1ne1astic. Thus we 血ust f1rst of a11 deflne the demand chsracteristics of 
alternatlve produc峙， bssed on ca海sava. Those that are shown to be 血ore

e1ast主c can be further stud主ed to analyze how they can be markete是 and
the requ1red product character1st主cs to enter the market. Thi怠 know1ed車也
is then used to deter祖ine the appropriate processi綠草 technology in ter祖6
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of product qua1ity an垂 a1so 80 as to ensure the generation of 1ncome in 
the rural sector. Th1s then a110ws the determination of where and how to 
produce the basic raw 翅ater1al. The overa l1 system then has to be 
analyzed to deter祖ine whether it is socia11y , econo盟主ca11y and 
technica11y viab1e. 

Th1s type of ana1ysis cannot be carried out on a global sca1e. For 
exa揖ple in different regions the avai1abi1ity of Co磁peting products wi11 
differ , the type of product w主11 be determined by 10ca1 needs or 
preferences , the po1icies concerning prices and importat10ns w111 vary 
and the production potential of cassava w111 depend on 10cal cond1tions. 
Tbus a separate analysis 1s require是 for each country or reg10n. Tbe 
methodology for this analysis w主11 however be 81盟主工ar for tbe different 
conditions. Furtbermore tbe analysi移 i8 not rigorously carried out for 
a11 possib1e cassava products: Judgement wil1 generally be used to 
prese1ect the 盤。st 1ikely 11nes of success and efforts concentrated on 
tbese. 

1n deve1op1ng th1發 methodolo車y a holistic approacb i8 requ1red as 
the cassava syste盟 cannot be 100ked at in isolation. For examp1e 1t 15 
on1y poss1b1e to 是etermine tbe potentia1 for cassava in the an1聰a1 feed 
體arket by ana1yzing the demand for different anima1 products , the 
relat主ve price of other energy source翁， the avai1ability of a1ternat1ve 
sources of protein and how a11 tbese are affected by govern臨ent polic1es. 
Thus with1n the general methodolo車y of f1rst 1dentifying the product串
with the required de器and character1st1cs special emphas1s is p1ace毒。a
eva1uat1ng ca絡sava's ab11ity to co輯pete with a1ternat1ve products and the 
constra1nts on its enter1ng the markets. These constra1nts are high1y 
var1able and are certa1n1y not a11 on the production s圭de. ln fact as 
wil1 be seen 1n tbe f01工owing sections the supply side does not norma11y 
蓮。咀1nate. Further尬。re although one aspect or constra1nt 祖ay do輯1nate 1n 
the in1tia1 phases of development tbe resolution of th1s constra1nt w111 
nor盟a11y uncover other constra1nt怒. thus an 1ntegrated approach that 
pred1cts and resolves mult1p1e constraints must be adopted. The analys1s 
of the viability of a poss1ble deve10p盟ent project èan be seen to be 
extremely complex and dependent on a 1arge number of var1ables that are 
d1ff1cu1t tO estimate. Hence the approach adopted has been to evaluate 
the potentia1 of a proj ect 1n ratber broad ter阻s and then to set up a 
p110t project 80 as to determine 1n practice 1ts v1sb11ity , and uncover 
the second 草eneratio綠 constraints that appear. The develop盟ent of tbis 
type of 1ntegrated approach 1s i11ustrated in the fo110w1ng case stu是1es
wh1cb high11gbt d1fferent initia1 constraints. 

~ASE STUDIES OF DEVELOPMENT ST竄且TEGIES

soc1a1 organ1zat10n. ln the North Coast of Colombia in the last years of 
the decade ófthe~ sevent1es the Integrated Rural Deve10pment progra祖
prov1ded credit and te垃hnolog1ca1給ssistance to 圭ncrease cassava 
product10位 1n the reg10n. This trad1tional product1on or1ented approach 
d1d indeed lead to increases 1n cas發ava production 1n tbe re草ion ， however 
local markets were rap1dly 絡aturated and pr1ces dropped 1n such a manner 
that farmers were not ab1e to recover the1r costs. To resolve tbe prob1em 
the 1ntegrated Rura1 Develop甜ent program set up a post harvest co回盟主 ttee
to study a1ternat1ve markets. At the sa粗e t1臨e our organizat主。瓢， the 
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Centro lnternacional de Agricultura Tropical (CIAT) was studying the 
possibility of usin皂 dried casssava 主n ani揖al feed rat10ns in Colomhia. 
The two efforts were integ x-ated 90 as to a88ess the possibilities of 
enterin惡 into this alternative 盟arkets. The stud!es clear1y showe丑 a

lar車e and e草pandi包車祖arket for ani組al feed in the Colo臨blan market. 
lnitial analysis indicated that cassava at the current prices could not 
enter lnto competition wlth 1ocal1y produced or 1祖.ported sorghum. However 
盟。re ln depth studles on the production co寫 ts of cassava indicated that 
1t cou1d be produced for the an主羽a1 feed marlζet at a competitlve price 
and 8tH1 leave a respectab1e profit 磁argln for farmers. Two quest!ons 
remalned unanswered. Firstly why were cassava farmers only willlng to 
produce 1imited quantitles of cassava and secondly 1f全he process was 
potentla11y 80 profitab1e why ha是 a cassava drying in是ustry not grown Up 
8pontaneous1y. 

Most of the cassava ln the area was used for on far觀 consu甜ption or 
翁。ld to the 10ca1fresh markets. The fresh 臨arkets had very strln惡ent
qua1ity requlrements and at 1east part of the harvest had to be 1eft in 
the fle1d as waste. Further盟。re due to large prlce f1uctuations in prlces 
farmers were on1y wl111n草 to produce cassava at a prlce conslderab1y 
above prod之lctlon costS. They were not wl1l1ng to take the 1arge rlsk 
lnvo1ved 主n plantin草 more cassava wlth 觀。re inputs as they had had the 
bad experience of not being to se11 thelr cassava at any prlce on some 
occaslons. Thls created an l11usory prlce for cassava that did not 
reflect production costs but rather the risk發 inherent in marketing the 
product and the wastage re1ated to the h主gh qua1主ty re有uirement路﹒

The 1ack of a drying industry that could lead to a stab1e price 
floor was also puzz l1ng. The 1ar喜e feed 盟主11翁 that.produce most of the 
ba1anced diets faced a deficlt of energy sources for their rations and at 
1east One msjor fee是 company was lnterested ln us!n草 cassava. Further 
invest1gat1on indlcated that the feed 祖i11s re哇uired a certain 盟inlmu盟

quantity of dried cassava before they would incorporate it. On the other 
hand without an estab11shed market farmers were not wi11ing to plant 阻Ore
cassava an挂 dry it. Furthen穹的re ln vlew of the hi車h and fluctuatin草
pric鬧。f fresh c細胞va 側trepreneurs were not interested ln establishing 
drying plants. 

The prob1e阻 was how to break this deadlock. Varlous solutions were 
analyzed. The most pr研uising appeared to be the estab11shment of far祖ers
associatlons to dry the cassava and se11 it to the feed 彈i11s. This 
solution was attractlve for the fo l1owing reasons. Firstly individual 
farmers dl是 not not have a sufficlent1y 1ar草e resource base to establ主sh
drying plants whereas associatioI時 did. Secondly if the price of cassava 
for the fresh msrket was hl露h the far目前 producers could se11 in to thls 
瞌arket and mske 忍ubstantla1 proflts to pay of 10ans on the drying plants. 
The low qua1ity cas9ava not f1t for the fre9h mark~t could sti11 be 801挂
to the p1ants which cou1d function at a 10w level. If the prlce of fresh 
cassava dropped belo腎 a thresho1是 va1ue than far四ers cou1d ge11 a11 
their cassava to the p1ant9 and sti11 盟ake a profit. Thls would p1ace an 
effective f100r price on cassava th聞發ti1ll\泌的紡車 far觀ers to pro是uce
祖ore.
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ln order to test th1s development 鶴。del a p110t project was 
establ1she垂 to test the viab11ity of the model and the dry1ng technology. 
This mode1 d1d indeed prove to be successfu1 and has been used as the 
basis for the establishment to date of 36 such p1ants 1n the reg1on. 
Mon1toring of the project 1ndicates that the model ha8 1ndeed been 
effective 1n 1ncreas1ng 8ma11 farmer 1ncomes in the reg10n. However 1t 
a1so 1nd1cates that the process has turned full c1rcle and the major 
constra1nt at present 1s on tbe product10n s1de. Efforts are now be1ng 
directed to resolving th1s problem througb the use of ne曹 techn010gy to 
1ncrease productivity and a1翁。 p01icies that wi11 give the 8mall farmer 
producers greater access to land. 

前e地~ TechnologY. The per capita consu趣ption of fresh cassava is 1ess in 
the urban areas of Latin Am息rica than 1n the rural zones. The rapid 
urban1zation in the per主od of 1事50-1980 led to a decrease in the 是em喝nd
for fresh ca發sava and far血緣rs faced a decl1ning 揖arket. Convent1onal 
wisdo聽 1踐是icated that urban consu聆聽rs considered cassava to be an 
infer10r good. lf th1s were true then the po經s1bilities for maintaining 
or 1ncrea穆 ing rural income through expansion of tbe fresh cassava 誼arket
appe唱red disma1. The conventiona1 wisdo觀 was however backed up by very 
lit t1e concrete data and di是 not seem to fit 叫th com單間ts concerning 
cassava made by housewive發﹒

ln Co10mbia a series of surveys and ana1ysis of cross sectional data 
indicated that fresh cassava was indeed a preferred food and equally as 
desired as potatoes and rice (Janssen 19告6). However it was risky to buy 
and often of 10w quality. Further祖ore the 臨arketing margins of such a 
perishable crop were extreme1y h1gh: The farmer price often beln草 1ess

than 25% of the f1nal consumer prlce. The high marketing 觀ar車ins are 
related to handling a highly perishable product. Thus both the negative 
response of urban consumers to cssssva and the hlgh cost 1n urban markets 
are due to the perishab1e nature of the pro是uct. This suggested that by 
reducing the perishabil1ty of csssavs two objectives coul垂 be achieved. 
First the market coul是 be expan是ed with a pos1tive lmpact on farmer 
incomes and 翁econd that 觀srketing margins could be reduced thus providlng 
the urban consumer with a 10wer cost food 發upply. lmproved product1on 
technology 紛'as certa幻\1y not the s01ution. rather research on post 
harvest tecbnology to reduce the perishability of fresh cassava offered 
great pro血ise. Research on perishabi1ity over a number of years indicated 
that the proble器 could be resolved. Cassava kept in a hu題id atmosphere 
i也me是iately followi盟軍 harvest di是 not deteriorate , rapidly. However it dld 
often spoil due to 給1crobial attack favored by the hu盟主d conditions. 
Further research indicated that the microbia1 attack coul是 be controlled 
by the use of the extr棚e1y safe fungic1de , th主abendazole. These results 
were 時ed to develop a practica1 conservation technology. Roots 
1m血ediate1y after harvest are packe垂 in p1astic ba草s and sprayed with 
th1abendazole. 

Once a v1able technology existed lt had to be tes章ed under 
co血聽erc1a1 conditions and consumer response to the new product evaluated. 
A co觀mercial pilot project was established 1n the depart臨ent of Santander 
1n Colombia. Far珊ers found the technology acceptab1e and consu輯ers
eva1uated the product favorably. The farmers did however find that it was 
necessary to select the roots carefully to obtain good results: Damaged 
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roots d1d tend to deteriorate more rapidly than unda現a喜ed ones and 1t 
see血ed d1ff1cult to devise a techn010窮1c處1 solut主on to this prob1e，籠﹒ Th1s
resu1ted 1n 阻uch toraste and 10'"' profitability. Neverthe1ess economic 
ana1ys1s ind1csted that 露臨a11 sca1e drying plants , s1mi1ar to those 
described above. could be prof1tab1e and cou1d funct10n w1th the damaged 
roots. The far種ers have estab11shed a sma11 dry1ng p1ant to process the 
damaged roots and 8e11 the dry ch1ps to the 10ca1 feed 1ndustry. 

The expsns10n fro阻 the p110t to the fu11y 1'0器merc1a1 pha8e 18 on1y 
ju發t beginn1ng at the t1me of wr1t1n囂， neverthe1ess 1n1tia1 resu1ts are 
prom1sing. They 主nd1cate that by ana1Y8is of the market constra1nt and 
sub8equent techno10gy deve10p阻ent directed specif1cal1y to the 盟ajor
constra1nt deve10p祖ent object1ves can be 觀et. 1t 1s a180 true to say that 
other constra1nts are now appesring. such ss ho,", to guarantee a cont1nual 
supp1y of good quality fresh roots to be used 1n the process and a1so how 
to ma1nta1n qua11ty as product1on increases. Th1s then 1ndicates a need 
for further agronom1c research. 

policy decis10ns. The 罰。rth East of Brazll 1s econo甜1cal1y the poorest 
area of the country. The popu1ation 1s 1es8 urban1zed than the rest of 
Braz i1 w1th abo叫t 50% of the popu1at10n in the rura1 sector. The bas1c 
stap1e of the population is a product cal1ed farinha da mand10ca. The 
cassava in the re早10n 1s alm間st exc1us1ve1y produce是 by sma11 farmers on 
the 1esB fert i1e 1an是s with 1ess ra1nfal1. (The best land with the 
h1ghest rainfall 1s used largely for sugarcane product10咀 1n the a1coho1 
program.) The cassava once harv時純是 1s processed 1n 8ma1l "casas de 
farinha" or 11terally flour houses 書畫nto a f主our or meal called far1nha 
da 盟and10ca.

The North East of Braz11 1s noted for it發 extreme1y var1ab1e 
ra1nfall patterns. 1n fact 1t 1s probably due to cassava's tolerance of 
spora講1c ra1nfall that 1t 18 the do觀1nant staple 1n the area. 
幫evertheless a6 a result of the c11盟atic fluctuat10ns , although the 
cassava crop never fa11s co阻pletely ， y1elds do fluctuate w1dely. As 
farinha 1s a typ1cal bas1c staple 1n 1ts de泊and characteristics 1t 1s OWU 

pr1ce 1nelastic. Hence a6 the supply of farlnha varies , pr1ces show 
tre溫endous var1ab111ty. Th1s 16 not conducive to g1v1ng fan還er海 a stable 
1nco阻e nor 1s 1t advantageou9 to the consu融ers 習ho have to face 
uncertainty 1n the pr1ce of the1r basic staple. The farmers are loathe to 
increa6e their production of cassava as they fear that pr1ces w111 be 
very low 1n 皂ood ra1也fall year怠， wh11st 1n the drought years the 1and1ess 
labor and the urban consumer have to pay extreme1y h1gh pr1ces. 

The solution would seem to be in the establishment of a f100r price 
for far1nha. One 臨ethod of do1ng this wou1d be for the govern融ent to 
establ1sh a floor pr1ce for far1nha w1th storage fac111t1es. Th1s could 
beco臨e extreme1y expensive for the 惡overn聽ent if there were several 
bu祖per years of cassava product10n. Furthermore the bui1d1ng of 移 torage
facilit1es would re哇u1re a large up front 1nvest臨ent. Th1s strategy is 
not attractive for the給e and other reasons. An alternat1ve strategy 1s to 
100k for a large alternative 觀arket 1nto wh1ch the cassava could enter in 
the case of a bu姐per year and drop out to a certa1n extent 1n 建 drought

year. The an1觀a1 feed market see盟s to be 翁uch a market. Most of the 
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an1盟a1 feed 1n the for咽。f ba1anced rat10ns 1n the region 1s made w1th 
energy sources imported fro誼 other area翁 of Braz11. 

An ana1ysi恕。f the pro益uct10n and transport C08tS of dr1ed cassava 
and other products for an1ma1 feed 1n Braz11 showed that cassava was 
lndeed competit1ve. However when pr1ces were 100ked at cassava was not 
ah1e to compete. as the transport of other sources such as 盟a1ze were 
heav11y subs1dlzed. The govern帥的。f Brazi1 18 now 閃電lucing these 
subs1d1es and as a result 1t wou1d appear feas1b1e to establ1sh a ca翁sava
dry1ng 1n挂ustry to use a11 exces寫 production over the far1nha market. 
Th1s wou1d effect1ve1y p1ace a pr1ce f100r on the price of cassava 1n the 
re島100.

1n several of the North Eastern atate翁。f Braz11 deve10p盟ent p1ans 
are a1rea是y under way to establ1sh a smal1 sca1e dry1n車 1ndustry. Efforts 
on research an哇 development are turn1ng to sat1sfy the needs of th1s 
industry 副主是 hence to asslst the farmers 1n increasing their income. If 
successfu1 this project will a1so stabi11ze at a 10wer pr1ce the fat'inha 
and w1ll 臨ake ava11able cheaper poultry for the genera1 pub11c. lt 1s in 
the lower inco輯@草roups that the demand for poultry products 1s ris1ng 
most rap1d1y. Hence this approach to cas結ava based deve10pment. 祖ade
possib1e by a change of po11cy , can reach 血u1t1p1e socia1 goa1s. 

product10n techno1ogy. lt may appear surpris1n軍 that up to the present 1n 
these case stud1es impr草ved product1on technology , the trad1tiona1 
product of agr1cu1tura1 research agencies. hss hardly been ment10ned. ln 
genera1 we feel that product10n techn01。直Y 旦旦L盟 1s on1y the 11阻1ting
constra1nt on ra1s1ng far誼ers 1ncomes when the capacity of the market to 
absor忌 1ncr臨酬是 production is ensured. ln the case of 1ndones1a th1s 
8eems to have occurred w1th a wh01e ser1es of out1ets for ca翁sava
products 1n a h1gh1y structured 臨arket. Fresh cassava 1s appreciated by 
the urban and rural consumer and com盟ands the h1車hest pr1ce. Th1s 閥rket
would however appear to be quite 11血1ted and expanded pro是uct10n soon 
saturates th1s祖arket. Under this 髓arket 1s the buoy擔nt starch 阻arket ，
wh1ch can use csssava roots destine是 for the fresh market or 1泊dustr1a1
varieties of 10wer eating qual1 ty. The starch market 1s underp1nned by 
the Krupuk 臨arket. Krupuk 19 a preferred de11cacy or snack pro益uced form 
cassava starch. Further誼。re cassava starch can 1s used 1n a wh01e ra沮草e
of food products. 1n the last few years the pr主ce of cassava roots has 
re祖ained h1宮h and cassava has not entered 1nto the third level of the 
Indonesian 祖arket ， dr1ed cassava pellets for export. ln fact cassava 
starch has been 主mport吋 from Tha11and 1n the last few y帥rs.
Neverthe1es翁 the ex1stence of the th1rd level gives farmers confidence 
that they ‘Jill n舟t have the bottom fa11 out of the market. 

Area p1anted to cassava 1n the is1and of Sumatra 1n the La血.pung
是1strict has responded to the s1tuat1on of de祖and be1ng greater than 
supp1y. Much of th1s expansion has been by p1antations. however at least 
part has be倒挂y the sma11前 farmers in the region. They prob的1y hav守
主主盟主ted access to extra 1and resources and the1r on1y 臨anner of 
1ncreas1ng income through cassava product1on 1s through greater 
product1vity. 1n the Asian context cassava 1s an 1ntroduced crop and the 
ger臨p1as盟 base for development of 1mproved var1et1es 1s 11盟ited. It would 
appear .!..且已盟主 that 主ntroduct10n of exot1c 草ermplasm fro甜 the center of 
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origin of the crop and the development of new high yielding varieties 
could assist far甜ers 主n increaslng their inco祖es. Furthermore these new 
varietie怒 need to be fitted into the intricate 血sian cropping system8. 
hence work i8 re哇uired in the area of a草ronol農y and farmin草 systems. Much 
work i8 now 1詣 progre8發生.n ln益。nesia and ca蕊 be expecte謹 to benef主t the 
S臨a11 producer8. Although it is too early to 盟easure the impact of the 
research effort in lnðone翁 ia 日e can infer from simi1ar experiences :l;n 
Southern India that the probabilities are high. In the early fifties 
demand for cassava products was high: The Central Tubers Crop Research 
Institute in Kerala deve10ped improved production techn010gy and yie1ds 
in the re草lon have increased from 5t/ha to 16 t/ha (Cock 1985). Farmers 
have benefitted frOl盟主ncreased incomes and consu盟ers benefitte是 fro輯 a
1arger supply of low cost calorles. 

LOOKING TO THE FUT訂單莒

The ana1ys1s up to the present looks at developing new uses of 
cassava and/or production technology but not at radical changes in the 
crop which 祖ight be wrou草ht by using 血。dern technique羽. Such changes have 
been seen as so costly and need主n皂穆巴Ich a 10ng ti盟e frame to be achieved 
that they have been 在iven orphan status. However there ðo exl發t
poss1l1t主es that 臨ay not result fro臨 the approach a是vocated upto the 
pre綠ent in this article. For example we suspect that th1終 approach would 
never have 1ed to the 益eve10pemnt of hybri是 malze or the sem土-dwarf

rlces. 

We U5e the case of ca5sava fro臨 true seed to i11ustrate the approach 
requ1red in these cases. Cassava 1s b1010gica l1y very efficient under 
drought conditions , however p1antin喜怒ater1a1 i5 a1ways a 觀ajor prob1e臨
part1cu1arly when d宮ou草，ht is pro1o綠草ed over severa1 years. P1ant1n草
割aterial is to bu1ky to bring 1n fro器。ther areas an謹 i5 often ðiseased 
and not we11 adapted. Thls i5 a 觀ajor constraint for s回a11 far當ers.

This prob1em could large1y be overco臨e if we produced cassava fro睡 true
seed. We could be creat1ng a new crop! In order to achieve this we 
wou1d neeð 15 to 20 years of concerted effort in the areas of in vitro 
techniques to produce haploids , a better understanding of cassava 
鑫enetics ， breeding for seed based cassava. agrono盟y of seeð product10n. 
agronomy of production of cassava fro聽 see是 etc. Working on one apect in 
isolation wi11 achieve little or nothin喜.τhe quest圭on is then as to 
whether 1t 1s worhtwh11e to mount a long ter噓 coord1nated research 
proposal with 臨別1y cooperating agencies with the objective of producin皂
for example "A viab1e technology for farmers to produce cassava from true 
seed by the year 2010". The au t:hors feel that this type of major effort 
may in the 10ng term have very h1草h pay off , however the risk of 1ittle 
or no pay off wi11 a150 be high. 

CO揖CL哲SIONS

In or垂er to fulf111 overall nat10na1 socia1 an是 po11tical goals the 
agricu1tural sector w111 have to or1ent 1tse1f not on1y to prov1ð1ng food 
for the urban sector but a1so to 1ncreased wea1th in the rural sector 80 
a8 to create demand for locally produced industr1a1 gooðs and services. 
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Th1穆 ean on1y be aeh1eved 1f the 1nerease益 wea1th 1s re1at1ve1y even1y 
d1str1buted. 

Greater wea1th 1n the rural sector w111 not necessar11y be ach1eve謹
me宮e1y by 1ncreas1ng rural product1on. Inereases 1n rural pro是uct10n must 
t雄囂eared to 1ncreas1ng those goods 當1th elast1c demand. As countr1e8 
beco盟a 醋。re deve10ped these are general1y not the bas圭亞 stap1e銬， or at 
least the bas1c 8taples 1n the1r trad1tional form. Further伽re if the 
wealth created 18 to be evenly d1str1buted then a large number of s盟a11
producers 1s 11kely to be the most effeet1ve 盟ode1. Henee 1n des1gn1敢在 an
agr1eultural researeh plan 1t 18 neee約sary to 100k for goods that ean be 
produced by the sma11 farmer sector and analy每e the dema就是 for sueh 
囂。ods. It shoul是 be noted that here we are talk1ng not on1y of primary 
pro挂毛主ets such a發 the fresh roots 1n the case of eassava, but a180 the 
secondary products that resu主t from proce錄sing and 喜1ve the vslue added 
to the producer and processor 1n the rural sector. Those w1th large 
血arket potent1a1 should be chosen and efforts shou1d be concentrate是 on
rel1ev1n草 the constra1nts on the圭r enter1ng the 點綠rkets.τhis 祖ay involve 
research on a who1e range of f1e1ds from p011eies through process1ng to 
production.τh1s ind1catea that (1) agr1cultura1 research shou1d be 
1nte草rated lnto the overa11 deve10p血.ent pol1cy and (11) that overa l1 
policy goals shou1d determ1ne the research agenda. If th圭s Hne is 
followed then 1t 1s our beHef that researeh can be d1rected 1n sueh a 
manner that 1ts benef1c1ar1es are chosen. Th1s approach 丑。es however not 
enco阻pa串串 h1gh risk 盟ajor research efforts that could revolutionize the 
crop. 
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FARMERS' ORGANIZATIONS FOR DEV跤，OPING AGRICULτURAL TEC誰NOI.OGY

Steven Romanoff 

Ear盟.er翁· Or~an主zat10ns and A露r1cu1tura1 Deve10口ment

Soc圭a1 scientist 這.orking on agricu1tural deve10pment , particu1ar1y 
when rely主n囂。n survey 鶴。thodo10gy ， somet1甜es describe farmers as if 
they acted on1y as indiv1dua1務。r separate fam11ies , or as if impin露in惡
soc1a1 factors 聾發n1fested the輯selves on1y as such 主.mpersonal forces as 
de騙錢揖ds ， opportun1ties , or 1nformation. τet when we are in the fie1d , 
we see that farmers are parts of soc1al networks and groups , that they 
are members of cooperat1ves or exten是e是 fami1ie彎， that someti阻es 據11 the 
室主e1ds of a vi11age or ethnic group 100k alike , and that new varieties 
緣。met1祖es diffuse slong soc1s1 pathways. Fsrmers are organized , 
something thst deve10p祖ent praticioners , more than scient1sts , tske 1nto 
account , since they work with cooperatives , village council息， and other 
organizations , especia11y in s誼a11er projects. 

Esman and Uphoff find tbat development literature into the 1970's 
had neglec主念是 the ro1e of 1oca1 organi草ations 1n rursl develop盟的lt ， and 
that severa1 schools had seen local organ1zation a貓 an obstacle. The 
positive functions of 1oca1 organization筍， so eviden t 主n Europe , the 
Unite是 States ， and Japan , had been ignored by writers who concentrated 
on the many real defects 1n part圭cular cooperst圭ve紹， farmers' 
自soc1atio帥， or 10cal governm聞ts. Perhaps their summary sh怖主d be 
tempered by noting a 1sr車:e cooperati電list 1itersture and , st least in 
Lst1n America, the msny treatments cf c1ass但based rural 曲。vements and 
organizations. At any rst傘. Es甜甜1 and Uphoff tben cite the e距ergence in 
the 1910's of more pOS圭tive stt1tudes towar挂s local formal or草anizatio鈍，
and a recognition of the k1nd of informa1 organizat1on discovered by 
central p1ace theory (1984: 再2-57) • 

The vie留 of tbis article is that such local and secon毒“order

organizat宜。"錢， linked to sgricultural 灣ector institution念. are pertinent 
to develop盟en重 activit1es of the kinds promote是語y the 1主RC system: 
technolo車y design , sn謹， secondaril亨， methods of adaptation. trsnsfer. 
and 祖on1toring with national programs. 2) Experimenta1 projects with 
fsrmers' orgsnizations at the 10ca1 and regional level sre a powerf也主
血etbod for creat1n車 techno10草y that 咀eets farmers needs. to be used with 
otber metho通俗 。f brin車主絲露 the far輯er怠， perspective to technology 
generation , such as diagnostic surveys , 。室主-far揖 researcb. and 
participatory 融ethods.
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1n SUI臨前y ， this case study of a cassava-processing project in 
囂cuador will 是escribe 1) sdsptation of technology to the needs of 
far聽ers' organizations , 2) the active role of a fsrmer銬· organization 生n
technology transfer , 3) collaboration between the organizstion and 
researcher念. and 4) inst1tut10nal 1遁eans for integrat1ng the organization 
with research and extens10n agencies. 

technology de忽 19n and adaptation 

So四et1me8 1t 18 nece發sary to take famers organ主zations into account 
80 that we may 瞞你rstand their needs for technology and better 是esign

that technology. For exampl金. we might 是主翁 card a technology a8 
inappropriate for i滋dividual 8租a11-每cale8 far甜er愁， even though it might 
be fea8ible with an organizat10n. Cooperative懇 for exampl袋. can assume 
80誼e of the risk associated with new technology. supply complementary 
input8 , da咽pen environ徹ental disturbances , and 1盟.ple種lent expensive 
technology that 18 beyond the reach of 圭ndiv1dual 觀e阻bers. Second. 
far觀ers organized i怨 one way may need one kind of techn010gy , whi1e 
farmers organize是 in a different way may need a packet with another 
emphasis , even when their individual farms look similar. Finallly , a8 
we shall 8ee in later section縛， organizations themselves are potential 
c1ients for new technolo串y ， and they have needs that vary from 
environment to environment , just do those of indivi謹úal farms. 1f this 
is true for the technology embodied in tools , machinery , or see泣， it 1s 
eVen 攏。re so for 怒uch human aspects of technology as work rout1nes , 
managemen主， and social organization of the i驚Ip1ementin蓋章roup.

F1nally , one of the role息。f far四ers' or草an1~ations is to state the 
needs a也是 priorit1es of farme時， includ1ng the need for new technolo草Y
or research that will provide that technolo皂Y ﹒ Organ主zat10ns can 
provide the foru盟 and the skills to 聽ake farmers' re哩uirements known to 
research organizations. 

Partlc1pat10n 1n resea主ch and extension 

Beyond technology 這袋也ign ， far誼ers' organizations can play i現portant
roles in research and extension , working 1n tea盟8 with government 
a草encies ， non-墓。申ernmental organlzations. and others. They can 
part主cipate in what CIP calls the "farmer-back-to-farmer" cyc1e: 
disgnosi8 , research. testin囂， evaluatio訟， and adaptat主on(e.g. Rhoades 
1984:32-38). Thou草h the CIP method does not requ圭re organize是
part1c1pation , 80盟e ca翁es of its application have in fact involve是
group皂. as w1l1 be shσwn in the follow1ng section on 1nter-1nstitut10nal 
cooperation. Even 終mall organlzat10ns can or草anlze on-far祖 trials
(A磊、risory Co紅極ittee 1971: 11) , try a technology a8 a group , provide 
infon阻tion，銷護 even fund 盼到e parts of investigat1βn ， while 1arge 
cooperat1ve federatio引s ， liken ay co臨pany. budget for research and 
develop憩暐nt and may pu起llsh research results. 

城1轍 the technology is ready , organizatlons may be an 宇fficient
盟e8ns of diff毯sion. At 1ts s1mplest. extensiol毛主sts take far誼暐r's 串roups
1nto account by 臨eeting with several people at once or sen是革結囂甜essages
through groups.τhe train1ng and v1sit technlque 18 an exa恥:ple of u8ing 
s臨a11 ， s1血申1 1.' 惡roups to enhance the effic1ency of extensionists , and 
proponents of the system note that 1ts co發 ts are justif1e社 on1y when the 
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1inkage farmer meets 習ith a group of his peers; converse1y , a fau1t of 
the syste班 1s that such groups 是o not always funct10n. 

Complex far誼er銘 I group怠， especia11y those with 愁。翅e h1story , are 
more than aet絡。f farmer怠， and their resources a110w them to overcome 
some of the u忽ua1 constra主nts on techn010gy a是option ， by , for example , 
reduci草草草 r1sk. Such groups need not be passive; they 觀ay take the 
1nit圭at1ve in se就ch1ng out 1nforms~io鈍，細垂 they may active1y invite 
the sttention of extensioni發ts or research stations. The group 盟ay have 
the capacity to fie1是 1ts own extens10n1sts. e1ther cert圭fted or 
1nforms1, and to run 為monstrat10間， 1'ield 臼掠， or tr1a18 , perhaps with 
outs1de financ1a1 assi8tance. "Coopera毛主ves can e祖p10y ext怨言1810n
agents. Or , if the agents are 囂。vernment emp10yce態. the cooperative can 
be the organ圭zation throu草h wh1ch the farmers are reached" (主dvisory
Committee 1971: 11) • At the 1east. the 惡roup may relieve the 
extension1sts of 80觀e of the non-technica1 r01es that they typically 
assu蜘 for farmers: scribe , accountsnt , 80c1a1 worker , etc. 詢問ers'
groups can be act1ve psrtic1pants 1n technology transfer. 

The actiotls that farmers ﹒車roups take to promote technology are 
qu1te var1ed. One set of case studies of 10ca1 1evel organ1zat10ns that 
on1y 臨arg1na11y treats the subject ment10ns techn010gy pro血ote謹 by

or惡an1zat1ons to contro1 crop d1seases , control eros10n , 1ncrease 
product1v室主y ， diffu斂錢 a techn1cal packet. process crop愁 contr01

quality , supp1y new kinds of input翁， i阻prove traditional well翁， an是
comple組ent traditlona1 act1vlties with new sources of income (Uphoff 
l會喜6). 1 fOt銷社 particu主ar1y intere發電 ing the cases 1n which 
or草an1zat1ons 主mp1emen主ed techn010串 ies w1th 10ngωterm payoff , such 8s 
tree plant1ng , erosion contro1 , or reg10nal 1nsect 臨anagement; such 
tecbno10g1es are hard to se11 to farmers wi主hout special 1ncentives. 

The same case stud1es a1so i11ustrate some of the 甜any ways that an 
organizat10n 聽ay transfer techn01ogy: sponsor pa豈是 or unpai社 pro醋。tors ，
provide loans for reco輯盟ended inputs. se11 chemica1紛， seed or equipment , 
buy new kinds of equipment for their own us袋，軍enerate resources for new 
techn010gy , exchange techn010墓1ca1 infor觀ation ， and create a market for 
i目proved crops. The cases a1so note prob1ems: fa11ure to adequately 
expla1n 哇ua1ity contr01，也nworkable t發chnology ， expans10n of t 
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production , handling of credit , marketin眉， and general administration. 
as shown by a review of USAID projects with cooperatives in Latin 
岫erica (USAID compilation of post-project evaluation summaries). 
Because cooperatives are often marketers , they can co血bine technical 
assistance with quality controls and price 主ncentives ， a powerful 
combination. 

Inter耐缸睡titut主onal relations 

If farmers' organ1zations are to play the noted positive roles in 
technology adaptat主on an是 extens10袋， at least the s血a工ler 0說es 點ust
g移tablish relat主onships with research and extens10n agencies , either 
w1thit主 the government or outs1de. One s1割ple 曲eans of coord1nat1。說，
ne1ther very strong nor very wesk. 1s an 1畫畫ter-inst圭tutional workin惡
group and coor是inat1ng committee at the local and m1cro-regional levels 
(8叫的器里1. 19喜 1: 2分， hav1ng 叫 its CO轍。o focus 1mple臨otation of a 
research and deve10pment effort with a farmers' group. 

Partic1pants in this very Far珊ers aod Food Systems Seminar saw such 
working 車roups ， a1be1t 10 their early and somewhat insecure stages , 1n 
the fie1d翁 v1s1ts to Cusco , Peru. They illustrate interesting relations 
among researchers , extension1sts , and groups of farmers. The projects. 
which 1nvolve CIPand the national potato pro臨ram of INlAA (Instituto de 
Inves t1gación Agropecuaria y Agr01ndustrial) , work 叫th h1ghland 
cooperat1ves and villages that make some corporate agricultural 
decisons. ln 血rar1wa ， Cusco Department , a non輛車overnmental ，
church鵬affiliated organizat10ns rece1ve寫 v1ru詔-free plant1ng material 
fro臨 Cusco University. multiplies it , and provi挂e諮 it to co甜nun圭ties.
The Swis發 a芷e fund主.ng the project , an是 CIP prov圭de終 train1ng and 
techn1cal backωup. The communities , 1n their a悠悠emb1y. choose farmers 
to reproduce an吾吾istr圭bute the plant1n草揖ateria豆， par草1cularly to h主gh
altitu如詢問.ers who have no other access to such inpt互相. The project 
主s new an挂 has not ye t: 電listr1buted seed; it絡 10n草-ter盟 economic
feasib111ty i穆 no t: clea主. since seed pro垂uction credit and paymeots for 
seed wi11 not cover costs. Ye 主t 1s an interesti綠草 case of working with 
corporate v111a車es to reach 1naccessible far睡ers ， and its good relat10ns 
with villager忽 per回1t research to procede that would otherwise be 
difficult. 

On the P1anes of Anta , a land reform area that has both cooperative 
aod individua1 land hold1ngs , a potato seed program run by techniciaos 
reproduces v1rus-free seed of a tradit10nal varie t:y on cooperative plots 
or on land of farmers chosen by the cooperat1ve; 1nput loans are repayed 
w1th seed po t:atoes. The technic1ans hope for commun1ty 紛pecial1zation

1n seed productior宜， with distribution among co扭扭un1tie移﹒ The progra間
has required a 8ubsidy. since low offic1al pr1ces forpotatoes 鴛福ke it 
impo 
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rarely sustainab1e. There are cases of overco輯in草 this prob1e觀:
C010世bia' s coffee federation ha9 institutiona1ized re移earch and 
a耳tension functions. a deve10p臨ent made poss主.b1e by the SUCCeSB of 
coffee 制cports. In genera1. the transition from donations to nor酷a1
financing is a painfu1 !ll!. .!!!. l!單單單單車主 that stimulates and requires 
improved management. to 活e cooperative's benefit (如ndler
1983:218-223). Research wou1d have to be very productive. or the 
cooperative very successfu1. to survive a 1ack of outside funding. 

hn experiment in techn010gy a晶aptation and transfer 

We now turn to the 囂cuadorian case study of an project that set out 
主。官ork with far融ers' organizations to reduce the cost緣。f extensio鈍. to 
integrate reaearch with deve10p揖en主， and to rep1icate int發rinstitutiona1
cooperat主on ， aa we11 忽忽 to increase p室。這uction and inco酷.e of 
g盟主主-h01垂 ers. 全he project is 圭n Manabi Province，。純金he coast of 
Ec過晶宮. where a s單a11 {400 臨mb位的路d new (three years 0正是) union of 
vi工1ag澤-1eve1 a9socist10n穆 1s 1揖p1e盟ent主龍華 post-harve學t techn010gy to 
proce甜甜甜的a J.且至今閥吋io峙. Manihot 墊豆豆豆空豆豆曼)如to f10ur. 臨ong
other products. From thë苦苦苦γofτiew吉τhe farmers. this 1s a 8路口
是eve10p也ent project; fro盟 a researcher's vanta草e. it is a180 an 
exper1ment in techn陣10gy adaptation and transfer. and it i8 de8igned to 
imp1em自lt soc1a1 science conclusions from an ear11er study of a cassava 
project in C01棚bia (3). 

There i9 no unified. funded project; th陣 c011aborating agencies are 
autonomoua and provide most of their 0耐n staff and funding. They 
inc1ude the farmers' organizatiσn. known as the Union of Cassava 
Producers a且是 Proces緣。rs (UAPPY). the nationa1 agricultural research 
institution (INIAP). the Ministry of A草ric叫lture (MAG) , a private 
research and develop盟en主 fo咀嚼atio明 (FUNDAGRO). the 抽tiona1 farmer 
trainin惡如stitute (主留CCA). snd non-車overnmental organization9. These 
主nstitutio混9 receive tech話ica1 assistance fro觀 CIA:堂 an蓮. in one 
su忌-project. CI終被YT. Invest1臨nt fUl必說g deτ1鴨綠 fro祖 PL-480 funds. 
ad盟主ni9tered by 哲S主ID an這 滋AG ， a蠶d FU發DAGRO provides 彎曲誼e for 
incre臨enta1 operatin露 costs.

After thr蜘 years. the project has pa悠悠吋 thr的專h an e蠶peri臨ntal
phase to Co棚前'cia1 productlon. There are twenty 10ca1 groups 
profitably producin草 1,100 發T of f10u r in 19車息 after another year 曹 g
experience. they shou1d double that fi車ure. Deman挂 is str啥滋g enough to 
justify 叫pa閥ion. 、

The technolog1es 

The project promotes technolo臨ies for proces81ng cassava. 
principa11y for animal feed and secondarily for human consumption. 
including hardware and complementary 絡。cisl or在.snization for work. 
far觀er縛 I groups , and institutions. 

聽ardware

The t終chno10g主es 主.mp1emente吾吾y the UAPPY and its affiliates were 
deve10pe是 by exporters 主位主sia and lntroduced start1n草 aroun，益主雪80 to 
Co10盟bll霆. fol10wed by other countries of Latin 蟲晶er1cs. In lste 1985 , 
they were passed from CIAT to 囂cua是or種修正終IAP for trisl an垂 sdaptat1on ，
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and they , a益d other technologies , are now 1n varioua stages of transfer 
to farmers (Table 1). ln part , the Manabi area waa chosen because it 
has a traditional , artesanal cassava starch industry that already used 
many of the elements in CIAT's packet. 

The basic activity 1s that of dehydrating starchy cassava roots for 
animal feed , using a large but simple chipper and any of three drying 
methods: sun drying on a concrete floo言， dry1ng on mesh trays , or 
artificial drying with diesel fuel (Best 1979; 動。re recen t: de8cr主ptior峙
。f the technology by the 臀部ne author are available 1n 觀主摺eo皂raph for祖

fro臨 CIA'室 '8 Cassavs Ut: i1ization Secti缸。 A second techno工gy 1s that of 
m賠erving cassava root忽喊出 a fung1c必e p1惱 conditio峙。f heat 品是

hu聽id主主y. Untreated roots deve10p dark stains af t:er three days , with 
rot follσwing ina week; treated roots last for three weeks. A third 
technology comprises introducin皂驅everal Colo回bisn practices 1nto loca主
ar t:e懲處na1 starch e萬tracting techniques: so甜e mechanization of 
processing , use of ceramic tiles for hygiene , USe of clean water , etc. 
(see Figueroa 且是主.， 1986 , a 叫“1 bib l1ography). A fourth set of 
t:echniques 1nvolve 血ultiplying corn to ma1nta1n pure seed lots and 
rapidly multip1ying cassava var1eties. The corn technology 1s promoted 
by CIMMYT. The cassava technology 1s significatn because it would 
otherwise take about ten years to multiply enough p1ant1ng materia1 for 
a new variety to have econom生c 圭睡pact. Other technolo草ies ， notab 1 y 
a草rono觀ic practices for 至.ncrealling product1vity , are 1n the research 
sta窮e.

Social techn010gy 

The social techno10gy of the cassava packet include發 1) work 
routines il臨ediate勻的吋 to the hardware , 2) 制閑gement and 
organization of the implementin草 group ， 3) the network of individuals or 
ent1t1es that d1rectly contribute to imp1ementing the technology or that 
receive its output , and 4) the organization of indirect support for 
implementing the technology , principa11y inst1tutional actions. 

Cassava drying requires a sub絨服ltial number of people. Operat1ons 
need a three-person work crew ava11able a. t od是 times of the day or 
n1草ht; there is an advantage to being able to cal工 on s1x to ten worker發
for peak 髓。臨ents. The plant requires a manager with a goo普鋒槍nse of 
sche是u1主犯萃， mechan圭cs ， and reco主義 keep1ng. That role supposes 60鶴e
train1n囂 。r experience , but not a profess圭ona1 back諾言。u罵d. G1ven 
fun是@宮，終 req包irement8 ， the i血ple臨entor requ1res 80聽eone to keep 
financial reCOrd8. It is advanta惡eou終 to have a network of more than 
100 ca發 sava providers that can be both re1iab1e and flex1ble in de~~v::~ 
sche桂ule. Since the cost of a proce戀戀 ing plant ranges between $5 ,000 
and $15 ,000 (more and less expensive vers10ns may emerge) , founding a 
plant requires financin皂， pr10r assets , links to an institut10n , etc. 
The appropr1ate buyers are factor1em;th181s a btz1k bu翁1ness.
Supporting characters include mecha.nic筍，祖achinists ， extensionist筍， and 
others (Table 2). 

1n Ll'tin A組erica ， the techno1ogy has proven very compatib1e w主 th
groups of far觀ers organized as associations or loca1 1evel cooperative態，
co祖prlsin草 princlpally farmers with few resources 0芷 even the land1es恕，
and supposin華語roadly base垂 co阻munity support (see , for examp1e ，章。進e
l雪86). There a玄色覽。re than forty such bus圭ness 主n Co1omb圭怠， twenty in 
Ecuador , !著eVI建ral 1n Panama 1單位d Mexlco, and an indeter誼inate nu輯her 1n 
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Brazil. It was decided that the bnse grollps 穗ight be usefu11y 
integrated 主nto a second-order 草roup. which became the UAPPY. Another 
aspect of socia1 techno10gy a1so designe謹 on the basis of the C010咽.bian
experience. and in accord with routine 80cia1 science reco祖mendations.
was rep1ication of the inter耐institutiona1 working 喜roups a結 describe是
in 1ater sectio叫s.

Techno10叫盤。dification with and for farmers' group 

3lardware packet 

It has been c1ai觀.ed that the nature of a farmers' group may 
deter臨ine the characteristics of the technology appropriate to it.τhis 
po公lt wi11 now be i11ustrate益. A CaSS8Va processing plant 圭8 re1ative1y 
simple agroindustrial syste間. but even SO it has aevera1 tech痕。10gica1
var1ants and many or草anizationa1 al當pect忽. In Ecuador. the e1ements of 
the packet have been selected or emphas主zed to socia1 and naturn1 
conditions of the plant (Tab1e 仿. The packet is sti11 changin囂， and 
the project has yet to work out how to imp1ement cassava dryin車叫th
lar草e sca1e cattlemen (whose cattle suffer from lack of dry season 
pasture) • 觀主1k producer絡 (on-唾tation tests show a substantia1 rise in 
Z混i1k production with a cas 移ava and chicken 臨anure supp1ement). 
in是ividualistic farmers (who 姐ight be interested in a hand-operate挂

chipper) , pi草 producers (who 聽ight use cassava si11a草e in certain 
months. accordin草 to a 是ia串，nostic survey). and others. 

Other technologica1 adaptations have occurred durin草 the project. 
a11 of tl珊瑚血。是est. E1ements have been added! a guar是 to protect 
workers whi1e chippin囂. use of 總 chlorine to reducewater conta臨ination ，
a 觀ix of 主oca1 and recomme給ded buildi綠草 techn王ques ， a modified kind of 
mil1 for makin惡 f10ur. and use of banana boxes to ship cassava. 

soc1a1 technology 

New work routines were invented for conservin在 re1atively 1arge 
amounts of cas發ava for export. and it was found thst. contrary to 
expectatior嗨. workers 是id not find it difficult to dry USil駕車 manl' (over 
150) tray紹. the f位st cσ扭扭ercia1 application of that techno1o草Y ﹒ The 
work rout主.nes fo宮 dry主ng on concrete f100rs are copied from Co10mbia. 
Those for starch 盟aking are 1主ke those used by 10ca1 arte給ans ， but as 
the women's groups a扭扭.ore pro是ucts (f1our for human use) 早nd as they 
strive for a cleaner product. they may have to re伊arrange their 
activities. 

Most of the 喜roups are attempting to combine basic cassava flour 
production with other activitie怠. either uAing cassava or not. 
Conserving the best roots and dry如g the rej制ts has been a very 
profitab1e co甜，bination. Peelin車 1arge roots. 改rying the very s阻a11
one緣， and 軍iving the pee1s to anims1s has a1so worke桂 we11. Whi1e f10ur 
1s the main bueinee毯. groups have tr1ed other actlv圭ties也conserving

cassava one year and dropping that activity the next or shiftin書 amon車

緩arkets according to de觀and. Comp1ementary activlties that do not 
invo1ve cassava are a1so in trial. Since the cassava harvest runs on1y 
from September to December , the Dnion has bou軍ht portab1e corn 
通egrainers and a peanut she11er to rent to the 10ca1 associations fro割

May to Ju1y. The co控制 harvest fi11s the space fro臨 Ju1y to Au草ust.
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Technically, only 觀inor modifications to the cassava proces學 1ng plants 
would al10w the associat10ns to process coffee , an謹 the 軍roups coul挂
certa1nly 1揖prove the qual1ty of post-harvest coffee technolo草y.
Nevertheless , the ta發k 16 not easy; coffee market1ng 1s tightly 
or車an1zed a1ready and 1t i6 a bus1ness that requires lar在e a澈。unts of 
cash. In 章發neral. the assoc1ations are deve10p主.ng their strategies to 
臨ake more complete use of their investment. 

幫e now turn very brie f1y to the social techn010gy applied to 
。主草anizat圭on and institut10nal support. on the bas1s of studies of the 
C010mbian cassava proj ect and in1tial exper1ences 1n Ecuado室， several 
techn1ques were a垂apted to reduce the cost of technology transfer and 
repl1cate'~uccessful in認t1tut10nal arrangements. These 阻ethods inc1u挂ed
far祖er-t。他far盟er technology transfer to s錄pple揖ent off1c1al exte錄s10n ，
repl1cat主on of efficient inter-1nst1tut10nal work1霍建華 groups. vertical 
l1nka事es ， more accurate criteria for s1t1ng plants , cont1nuin草 use of 
soc1al sc1ence to reduce wastage , better focusin軍 of social science , and 
creation of a higher-or是er farmers' group to supplement official 
agencies an品 to al10w far臨ers to assume more respons1b11主ty and to 
recycle funds. 

possible gen曲ral principa1s 

Perhaps the flexibllity that characterizes the cassava technology 
can be bui1t into other technologie怨; some of the el倒挺ents that a110w 
the associations to experiment with variat圭ons are general. while others 
are particu1ar to post-harveat package發 (Table 4). 

The characteristics of the packet are part of the techn01ogy; they 
give flexibility. The realization of that potential has resulted fro鵲
the process of applyin車 the technology commercially and 
opportunist圭cally. The cassava techn010草y packet has been 
self-mo是ifying in the sense that the 盟。difications and changin草 emphases
have arisen from implementing it , albeit with technologist' s 

:;;:;;2:“::-Jmz::zz是替毛JEfetfZ品IJJTZstZ
Ec\總是or ， and 瞳any actors made decisions about the techno1ogy: the 
車roups themselve侈. the second-order 訂APP室 CI蟲T staff fro滴血any
discipline緣， 互幫IAP technic主an銬. a visit主ng .C010mbian far四er ，
representatives of a banana exporter , extens圭onists and local masons. 
The work routines for conserving cassava. for example , resulte述 fro盟 two
weeks' of trials involving the e草porte言· s staff , an asaociatio況 and
CIAT personnel. Both technolo囂ists and soc主a1 scie羽tists have been part 
of this process. For exa血p1忽. INIAP's lnvesti草ations were i揖portant for 
eva1uating , confir器ing ， and genera至izing technical items , and 
anthrop01o草ical ， geographic. and economic studies helpe是 us to perceive 
environmental diffeτences. Still, the dia10gue base是 on science , fam體Z
experience , com阻.ercial result毯. an是 the project 盟onitor1ng syste臨 has
been more important than for血a1 studie穆﹒

Technology difusion and farmers' 。官軍anization

This section deal發 with the active steps taken by the far種ers'
。rganization to difuse ne蟬 technology. Second , it shows that 留orking
with a fan瞬間蟹。rga宣lization can make the difference between fa主1ure and 
succ忽59.
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Of the technology transfer methods that are bein臨 tried 1n the 
cassava project. foment1ng farmer-to-farmer trai約1n缸 has been the most 
紹trikin島﹒ 1n 1985 an是 1986 ， an exper1enced Colombian farmer vis1ted 
Ecuador to teach the f主rst four groups how to dry ca溺sava. 1n 1987. 
local pro甜oters ， having had two season's experience , worked for the 
first t1盟e ， with only modest success. 1n 1988 , seven promoters 
successfully for睡ed six groups and took part 1n 劉念ny train圭ng

act1vities. The ma1n elements 1n the far噓er倫缸。伽far觀念r technology 
tran戀fer activity are the following: 

• 
• 
• 
• 
• 

arrangin軍 tht new groups v1sit funct10ning plants 
pro血。ters' visits to new 車roups
pro祖.oter翁· technical assistance v圭eits
workshops organized by the UAPPY with farmer participation 
g在PPY superv1sion of promoters 

The UAPPY workshops have covered such the祖es as constr毯ctin草 ce盟ent
floors. bu主ld主ng drying tray紹， motor 酷a1ntenance. 聽achinery operst主。錢，

sccount主ng and group foru嘩tion. The Union employs a rural 
secondary-school teacher to organize one or two course穆 per week. This 
training activ1ty complements that of other 主nstitutions ， and 
cooperat10n has been notable. 1N!血P ， for exa臨ple ， often prov1des ，至

locale for a workshop. and INIAP profess10nals have taught severa1 
courses on cassava production. Occasiona11y , an INIAP non-professiona1 
takes psrt in a Union course; for examp1e , the stat10n mechanic taught 
the motor maintenance course. Off1cial extensionists from the MAG cover 
1ega1 statutes , accountin車， group organization , some production 
pract1ces , and other topics. 

The promoters receive a min1ma1 payment ($US2) for each day worked. 
Ha1f of this 1s paid by the new assoc1ation , and half by the UAPPY. 

There have been problems w1th the far祖er-to-far祖er progra血﹒ First ，
the promoters were not effic1ent 1n the1r f1rst year. Second. there was 
some fee1in惡 among offic1a1s extens10n1sts that ~he promoters were 
try1ng to replace the臨， a 觀eetin車 ca11ed to resolve th1s 1ssue focuse忌
。n comp1ementarit1es , apparently successfully. F1na11y , there 1s the 
1ssue of rep1icab111ty a教d sustainab111ty. Nevertheless. 1f they do no 
誼。re than they a主ready have , w1th the for祖ation of slx groups 1n 1988 
〈室主.ve of them already profita忌1e) ， the 10cal pr咽。ters have a1ready 
succeeded. 

幫e will now exa聽ine two cases of technolo車les that were presented 
to Ecua忌。r1an fa宮器ers 智1thout resu1t because the soc圭a1 context was not 
室主ght; now. in the han是s of a far胃ers 憲 章roup with 1nterinst圭tut主ona1
support , they have 醋。re of a ch.這nce. They are the rap1d mult1p11cation 
technlq毯es for ca翁發ava and the cassav.畫 ch1ppper.

1n 1984 , IN1AP wa!建 practicing C1在宮 's rap主垂 頭ult圭pl主cation
techniques for cas翁ava as part of a 滋AG program to prov主de clean seed to 
farmers 1n the eastern part of the country. This program suffered fro阻
major defects; there was no technlcal advantage for Manab1 seed 1n tbe 
Oriente , nor did fa宜阻er翁 there feel a need for seed. Wben the 
technolo草y hit techn1ca1 proble祖s ， 1t was abandonned , and some seed was 
sent from normal lots. 

1n contrast , 1n 1988 , the tecbn010gy 1s be1ng adapted for use by 
the farmers' organlzat10n 1n conjun 
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p1ped wate宮. etc. Several 惡roups have been tratne益 and both the 
instttuttons and the U主PPY are putt主ng up funds for the costs of tryin草
the technolo囂Y ﹒ The project has created a de蘊a踹宮認Id for ht囂h，卸刪發tarch1 

varietie穆 that can be ha重ve筠 teð ear1y 1n the year. INIAP has ldentlfted 
a prom1sing va龜riety. but it w。飢uld take 10 year穆 to test the varlety and 
血u1tiply lt. To cut the t1me needed to achleve lmpact. the last years 
of varletal tria1s w111 be done on farmers' f1e1ds us1ng partlcipàtory 
technique翁，缸叫主he far盟er紹， group w111 do the rapid mu1tlplication , for 
which they see a need. 

留e cannot know if thia acheme w111 work; the countryside 18 
littere是 with acrapped wind器111發 and other approprlate technolo窮ies that 
somehow did not make it from tria1 to succe翁穆﹒ Yet we do know that the 
instltutional context waa wrong four years ago and that the techn010gy 
did not succeed; this time , lt may go , and the criteria of its 感uccess
wi11 be the degree to which farmers have an early chance to evaluate the 
promising new var1ety now represented by a few p1ants on INIAP's 
station. 

The second case i8 the ca8sava ch1pp主ng techn010皂y. Since the 
early 1980's three entrepre軍leuria1 groups have tried unsucce移sfully to 
pr。這UCe yuca chips 圭鈴萃的la哇。主﹒ The techno1o車y fel1 on fertlle 車round
on1y when the orga位izational an益 institutiona1 arrange點ents that had 
succeeded in Co1由nbia were replicated , with adsptations; intere8tlngly , 
now that the techn010gy i8 working , it is possible to 曲。謹ify it for 
entrepreneurs as wel1, particularly thos臨 who used it as a secondary 
activity. 

My conclus10n from these and other cases 1s not that there 18 any 
one form of or草aniza悅。n appropriate for the cassava processing 
technology , but rather that there are several points of equilibriu盟
a愁。n囂 technology ， institutional arran叢@聽ent.章， social condit10ns , 

financ主al possi尪ilities (includ1n喜 sub念主謹ies) , market怒 a皂ronomic
cond1tlon恕， and , especia11y , far體ers' needs , strateg1es , and 
or草an1zation.

Should socia1 technology be part of the packet? 

19 it useful for research organizations to make explicit the 800ial 
and contextual co甜ponents of a techno豆。學y ， or can we take them for 
草ranted as 80methin草 that extension or deve10p阻ent a草encies w111 
di發cover witho也t a忽忽圭stance or exp1icit 誼。dels1 1t varies from one 
techn010車Y to another , and accordi設囂 to the goals çf the technology 
institute. 工f a new variety is much like older ones , and if far血ers are 
already used to manag1ng new variet1e息， then work routine嗨， lnputs , etc. 
can be taken for granted. But when we consider agro-forestry , 
post-harvest proces扇 in皂 or cu1tural practices , 'or when we aIm a 
techn010gy into new areas (soci殺 1 or ecological) , or towards a 
particu1ar benefic1ary group. then the packet' 5 chance of success are 
棚hanced by 是escribing how to modify it for different soc切1 and natura1 
environ盟ents or at leas毛主he soc1al c。我是主主主ons under wh1ch it has been 
發uccessf也1. S1nce a very lar草e number of factors are potentially 
related to i盟.plementing a tech位。10gy ， the decision on incluslveness 甜ust

inc1ude cost and uti11ty of the information. 
A1so , what i5 1isted in the packet depends on who i寫 defining lt , 

what resources they control and what actions they have to take to 
implement it. For exa祖p1e ， the actions that a farm fam11y takes to 



11 

1四plement a new technology 1nclude not on1y what happens in the field 
but a1so changes in resource a110cation. 1n work pattern彎， and perhaps 
even 1n nutr1tion and social organization; for them. these might be part 
of the packet. Fro四 the po1nt of view of a project p1anner , the paquet 
血ay inc1ude not just on-farm chan囂怨怨 but a1so train1ng programs , 
f1nancial arrsn蠶ements ， staffing , and so on. An snthropolog1st or 
h1storian 臨i草ht 謹ef主ne the packet 1n very broad ter四S.

Participation i賞這 studies 

The 苟且PPY ， having s strong relat10n w1th INIAP, co11aborates w圭 th
stud1es of cassava product1冊， post-harvest techno1ó草y. soc1o-econom1c 
conditions. and project progress and impact (Table 5). The organ1zation 
a1so contr1butes the true cr1terion for success of the project 
technology: its profitabil1ty and impact as farmers implement 1t. 
Themes for research , suh as methods of produc1n草 cassava with higher 
starch content , have come out of the project. 

At the present t主me ， the UAPPY 1s beg圭nning construct1on of a rura1 
是金誼。nstration center that w圭11 have prototypes of new k1nds of 
process1n囂觀純h1nery. 里閱earcher發 fro誼 lNI主P w1至1 conduct trials us1n車
that 體ach1nery. 1nclud1ng eco說明贊ic eva主uations. If 智arranted by these 
fi笠st trial袋， a neighboring far器ers 種 group , now in format主。說， w1豆豆
undertake 牌臨訐commercia1 production us主.ng the new machinery , 的闊
的1棚ing design of social technology. The center. 給 hop闕， wi11 have a 
smal1 , commercial metal workshop to a110w modifications to the des1gns. 

Zntegrating farmers' organ1zation with other institutions 

80棚e of thεinstitutiona1 factors that a110w the project to inc1ude 
the far臨ers' organization in such 3n active role are an appropriate 
constellat主on of institutiona1 actors , subsi是1es for so摺e activitie發

(co觀bine是 with a h1事hly profitab工e centra1 activityl , and an adequate 
internal structure for the UAPPY. 

The actors 1n the ca發sava project are simi1ar to those of the 
Peruvian projects earlier describ錯. and on of the lessons learned fro臨
studies of the Colombian cassava project was that regu1ar institutiona1 
meetings at the local departmental leve1 could be an effective way to 
mobilize effort. At the provincial leve1 , the actors part1c1pating in 
the Peruvian, Colombian, and Manabicasee1rac112de gpverrtmeritaI 
agricu1tural researcher鐘. extensionist簿， non-governmental organization餘，
funder悠， and outs1de technical assistance , 1n these cases by 
international agricultural research centers. 1n Colo盟b圭a ， there was no 
secon是-orde宮 far頭ers' or露anizat主on to participate , as there is 1n 
首相關財 As reco臨重如ded by 是eve10pment sociolo惡ists an益。r草an圭zational
多pecial主sts ， this network of actors has 1ink終 to the nat圭ona1 centers 
and to 10ca1 places , w1th at least weak coordination at several levels 
(Smith , Lethe凹， and Thoo1en 1981). 

In the Ecuadorian case , FUNDAGRO i6 promot1ng interinstitutiona1 
cooperation as a means of integrating research , extension , and 
education. It provides a coordinator , pub11cati珊珊， and 80me pro j ec t 
cost怒， inc1u是ing so珊e to strengthen UAPPY t S administratio說， extension 
capacity , and participat主on 1n 圭nvestigat10n. Thus , as in the Peruv1an 
and Boliv主an cases cite喔 outs圭de subsldies have al10wed the farmers' 
。宮轟anization to atte油pt act1v1ties that are not directly profitab1e , 
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8uch a8 part主cipating in 80聽e k1n控s of research. On the other han峰， the 
profitability of the central activities of the UAPPY i發功h務 t fu金主s both 
far祖er participation and 1nstitutional 1nterest in the project , an是 so聽e
of the technology tria1發 are s1租.p1y investments be1ng 臨ade with the 
ass1stance of 10vesti車ators who w111 later write Up the results. The 
UAPPY 電 s wi1liog益ess to work 1n r1sky environ目ents ， w1th 觀ar草ioa1 草roups ，
and io geoera1 with new technology results fro輯 the subs1d1es 1t 
receives; the adaptat10ns that result are purely for economic 
feasibility. 

The internal 8tructure of the UAPPY 18 the fina1 1nstitutional 
e1e蝕的 that has allowed it to aS8sume its ro1es. The general structure 
of the UAPPY-loca1 cooperative吋tyle aS80ciations with a central service 
organization i6 s1盟i1ar to that recommeded by Es觀an an謹甘phoff (198晶}
for "intermediary" organizations. The specific or草ani忽ationsl features 
that a110w it to participate 1n technology a挂aptation and transfer are 
1) special personnel capable of administer主n草 activities a也是 funds 
beyon是 the bas1c agroi錢dustrial activity of the 事ro縛， part1cular1y a 
"chief of projects" who can write projects and reports of the kinds 
require是誰y fundin草 1nstitutions p1us a capa忌 1e bookkeepe室， 2) a 
train1ng capacity co珊prising a 1eader who set悠悠p one or two workshops 
per week and the corps of farmer-pro揖oters ， and 3) willingness to 
respond to appropriat總 technica1 aS61stance. The functionaries of thè 
UAPP宜. wi th one excep t ior楚， are farmer-members or their more educated 
ch11dren , 60 they have the trust of the member6hip; the e文ception has 
been a "broker" actlve in management (see Tendler 1983 on the broke室 's
ro1e). It is worth noting that none of thi悠 would have any effect if 
the core activiti帥關re not economically viable. 

Eeplication 電qith e甜phasis on limitations and cautions 

What 1 have trie益 to present in thi移 article i8 a reasonably 
successful ca忽e of linkin喜 technolo惡y adapatatiot萃 t ext自lsion an是
develop聽都惚， puttil草草 emphasis on in6titutio租al roles an是 especia11y that 
of a far臨er or囂anization. The institutions h!建ve c色rtainly beeτ1 able to 
"move the technology" with ilr盟e拉圭ate benefit終 to s亞怠工l-scale far頭ers. 1 
think that thi翁 sort of activity i8 fairly co臨誼。n an是 that 主主 6hould be 
recognized in the develop叩ent literature , studied , improved , and 
incorporated into both research and dev忽lopment projects , and that in 
general the social aspects of technology (work routines , the broadly 
defined packet , and organ1zational requirements) should be studied and 
improved. 

However , without minimizing the dedication , skills , and efforts of 
the farmers' organization , 1 have a1綴。 tried to be realistic 1n this 
presentation: the project is still young and eventual success i9 not 
guarantee是 the far祖ers t 草roup did not make radical changes in the 
韋echnologie給 they had technical assistance fro盟 severa1 agencie嗨，
includin惡 people acting as "b宜。kers"; some of thei言 more appea1似海
activities had outsi是e subs主垂直es; an挂 thro咽gh 主nattention ， som經

initiatives were loat. 贅。言. in the 囂eneral Latin A盟erica揖 co現text ， has 
technical ass生stance to far盟ers' organizstion been as successful as 
hoped , no 點atter what its or主gir室， type , duration. or politics. 

Even if this project continues to be successful , it sh的ld not be 
suppo悠ed that a11 projects with f殺rmers' organization wi11 work. For 
example , th1s project i6 focu帥d on post-harvest technology and 
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market主.n囂. which i終 known to be particu1ar1y compat主ble with farmers' 
。rganization. Second , the auspicious character1st1cs of the 
or在an1zat10n are not universa1. For examp1e. the goa1 of the far訊ers'
。rgani草ation is clearly product1on and marketing for econo阻ic return; a 
lesBωfocused group 盟主ght not be as successful. Also , the 1nterme謹1ate
s1ze of the group has been an advantage. The quest10n of scale is a 
d1ff1cu1t one; it has been noted w1th reference to popular part1c1pat1on 
1n development projects 1n genera1. 

The [缸。玄1d] Bank and Borrowers do not always recogn1ze that 
community participat主on 1s much 誼。re difficult to implement 
successfully in large p宮。jects than in 移ma11 ones... In small 
projects administered by voluntary or religious agencies or 
co甜munity develop盤，ent organizations , for instance , community 
participation can be tailored to existing diff~rences in local 
capabi1itie發 an挂 interest緣. and can be 聽ade flexib1e and s10w 
in pace. Intensive use 1s a1so 觀ade of ded1cated fiel謹 staff.

But in 1arge projects such as those financed by the Bank, the 
approach necessar11y becomes more standard1ze喔， operates 
according to a fixed and probab1y inf1ex1ble schedu1e , and 間ay
suffer from inadequate supervision an挂 support... (Perret and 
Lethe血 l會80: 18) 

Third , the sca1e and style of outside fun益ing and technical 
assistance has been appropr1atel wh11e many foundations and bllateral 
progra四s do support such act1v1ties , others 1ns1發t on projects that are 
much larger or s聽al1er.

ln sum咽ry. 1 fee1 that the project is repl1cable and provide發

lessons for develop祖ent efforts. but the degree to wh1ch is 
general1zable and expan益必1e are not yet known. 
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summary of the Case stu是y

1. Technolo其y design.τhe element緣。f the cassava-proces移ing
technol。當y packet were sele唱ted ， e蠶phasized ， or 器。是ified in acc陣rd
with the need豚 of local farmers' organization. Appropriate social 
technology , including work routines and organization. Were 
developed by the fa玄祖ers' 。實事anization working with investigators 
and 以lyers.

2. Technology t主ansfer. The far盟ers' organlzatloτ1 wa綠綠.n active agent 
in technolo草y transfe言， f1eldlng pro誼。ters and tra圭ners and working 
w1th severa豆"的主.al圭zed institutions. The farmers' or草anlzation
was an appropriate recipient of technology that before had not been 
Sl盞是ce發 sful.

3. 學淫起立 Collaboration between the farmers' organi閥tion 研d
researchers 酷ade several studles possible. an是 it was the 
organlzation that provlded the ultl祖ate test for new technology: 
economlc feasibl11ty. 

4. 1nstitutional tea頭翁. A certain constel1ation of actors appears in 
several develop田ent projects in Ecuador and elsewhere; at the 
provlnclal leve豆， they include a far曹ers' organlzation unlti給車
、rillage affiliates , governmental agricultural researchers , 
extensionists , non-govern祖祖tal organ主zatlons ， funders , and outside 
techn主cal assistance , ln these cases by international 撞車ricultural
research centers. This conste豆豆.atlon may be an appropr圭ate way of 
unitin草 research ， extension , and develop盟ent ln p110t effort騷，
誓芷esuming that the farmers' organizations is an active participant , 
況。t just a co臨蠟micatio啞s channel. 

5. Repl1cabil1ty. The roles descrlbed in the case study for 觀主謹-8圭ze
far阻暐r潑· organization are probably replicable in other proj ects. 
but 圭t should be noted that the conditions for the in圭t主a主 success

of the cassava project are not universa豆. nor 1s it clear how 飄泊h
the p主。ject can be expande禱。r standard生zed.

Notes: 

1. The author grateful1y acknowled草es funding provided by F扭扭B且GRO of 
Qu1to. 

2.τhat 18. 1 w111 deal with an e草pHcit，祖odern type of far祖ers'
organization. This i弱 perhaps not the best p主ace to fi罷ht the 
notion that traditional communal land tenure. risk sharin囂，
extended families , social networks , and even no鈕-巾ankin草 financial
arrange臨ent紛 are impediments to develop酷ent. nor to su草草est that 
60臨e development efforts ca鈍獻三是是o work w主th such in發t主tutions.

3. Anthropological research 主.n Colombia in 198有 and 1985 was conducted 
as a Rockefel工er Foundation post伽doctoral fe l10w w圭th the CIAT 
Cassava Pro草ra四.
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主些王三斗斗 Several technolo草1es of the Ecuador1an cassava project. 

Area 

Cassava process生ng

Seed mult1pl1cation 

Agricultural production 

Technology 

Cassava dry1n軍
Starch extract10n 
i臨provements

Conserved cassava 

Corn varieties 

Cassava flseed" 
multipl圭cat10n

Varietie筒， stake 
treat臨ent ， prac電ice鏈，
etc. 

Stage of Transfer 

Instal1ed Il n是 prof1table

Z鈴stalled 11\ two plants 

Adapte謹. tried on 戀戀僚主­
commercial basis 

Two 轟roups i口 trial; one 
lost seed 
Farmers 1n training 

1n trials 
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主也汪之~ Materials and actions directly required for a new company. 

The basic technology 

Work and work routines 

Raw mater1a1s 

Tools 

Com風mity support 

Institutiona1 support 

Power/inf1uence 

Services 

Market and marketing 

Fundin草

Chipper, drying method , warehouse. 

主編10 peop1e working in the plant wlth 
certain skills; 1a主ger crew for 沼tart-up;

13 people for cassava conservation; 10 for 
starch extraction. 
Construct圭on and woodworkin草 routine忽­
Manageme盟t (searching for raw 臨aterial ，

keeping records , payin草 w，學ge恕， control1ing 
costs , etc.). 
Or串an1zati叩 (decis1on筍， choo忽如草 co酷petent

leaders , etc.). 

Cassava; construct1on materials; lncreasing 
p1ant1ngs. 

produce and service the tools embodying 
technology , e.g. ca悠悠ava ch1pper翁.

Flexlb1e prov1sion of raw 臨ater1al.
說主ni盟a工。pposit1on ， inc1uding those 電qho
逗ecide that the techno豆。車y 1s 鈍。t 悠悠itable

About one person-year initially , including 
techn1cal assistance , or草ani蠶ationa1
support , cult溢ral brokera窮e

Solve proble祖s at loca豆， re車10ual 工evel.

For examp1e , land preparatlon. 

Means to ge11 the product , includlng 
contacts , qual1ty control. problem-so1vlng , 
etc. 

About $10,000 , on acceptible terms. 
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主錢社~ Techno1og1ca1 var1at10ns for produc1ng cassava flour 1n use in 
組anabi Prov1nce 1n 1988 , by type of producer. 

Part1cipant group Technology 

Assoc1ation ofs臨11吋cale Dry1ng on concrete floor. w1th so蜘 trays.

far瞳ers 1n norma env1ronment 

到ew，‘i'eak organiza t主。n 實ray drying (for re1ocat10n and risk 
reduction). 

Very s祖a11-scale product訂單 S祖a11 ch1pper (current1y hand powered). 

Women' 發 group High va1ue , lower bulk starch and f10ur 
for humans. 

E就trepeneur Adapt to pre儡ex1st1ng 是iese1 driers 
(not new construct1on). 

ArtesaI這a1 starch producer Use of pre-ex主sting grater. 

Central fac111t1es Mi11s to serv1ce pri臨ary group發.
Diese1 drier (1n construct1o叫 for risk 
reduction for 閥rrounding 草roups).
幫ew ， unproven mach1nery. 

Group in c10udy env1ronment Tray drying (for efficiency). 

Favored enviro細ent Conserv綠tion and export (occas10臨。
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迪拉已主. Cbaracter1st1cs that would 楓棚 to make s technolo事y packet 
sdaptable. 

Feature Explanstion 

Modular 蠶豆輔ents of the packet csn be used or not; 珊，于ious com如

b1nations are feasible. 

R1sk reduction The packet has features that 四ake it less risky to try 
d1fferent elements and combinations; a low-risk , low 
cost version 1s ava11able. 

Incremental 堂he bae1c technology function扇， even as 鈴ew ele血ents

are tried. 

Menu The alternative parts of the technology are easily 
1dentif主ed for poten主1a1 usere. 

Robust Delays , prob1e錢8 and tr1a1s can be tolerated. 

囂的ia1 The techno1ogy includ棚 。r al10ws for variatio經 1n 
work r閱ti終棚， organ1zati冊. and externaliti帥，
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主些社之~ Services provided by the UAPPY to researchers. 

Research area Co11aboration 

Longitudinal farm monitor1ng Mem忌ers in sample; facilitate contacts. 

Post-harvest technology trials Provide facilitates , raw material莓，
organization. 

Technology impact stu垂ies Provide production records and 11sts 
of benef1c1ar1e絡.

On-farm trials Provide access to me聰，bers.

Farmer preference trials 吾fembers in sample. 

殼。誰ey. labor. 毅轟terials Exchange serv1ces with NAR. 





會

REPORT ON MEXICO'S CASSAVA PROGRAM. 1977-1987 

CARLOS A. PE竄EZ C是惡SPO

Anthropologist 
CIAT - Ca給書生產lVl1 Pro草ram

January 1會草草

Draft: Fcr comments only. Not for citat1on. 



2 

TABLE OF CONTE幫TS

1. 1祖TRODUCTION ••••••••••••••••••••••••••••••••••••••• 3 
2. Bi草.h1ights of the Agroindustria.l Cassava Program.... 4 
3. Inadequacies of the Agroin是ustrial Cassava Progra盟..惡
毒. Conclusions and Recom盤endatiosn •••••••••••••••••••• 22 

Appendix 1. The Inst主tutional Interest and S之Ipport for 
the Cassava Pro車ra哩.. •• ••• ••••••• ... • • • ... • ••• 33 

Appendix 2. The Scope of the Progra血................... 37 



INTRODUCτION 

In 贅。vember 1981 , a group of 20 far扭捏rs initiated in Huimangui110 the 
cu1tivation of cassava un是er the auspices of the nationa1 Cassava Progra四­
This event constituted the cul斑ination of years of patient preparation of 
the technologica1 , 主nstitutiona1 an是 political con桂主 tions con垂ucive to the 
Pro草ra訟 's i血plementation.

主s early as 1975 , the Hinistry of A革當ic綜lture (草AG ， today S主豆豆)， the 
Nationa1 Institute for A皂ricu1tural Research (1蜂王蟲. t。這ay INIF.主P) ， an是 the 
鈍。w c10se是 College of Tropical Agricu工ture (CS血T) nad sno關必terest 圭a

establi忍hing technologica1 cooperation with CIAT for cassavs. 1醫主主 had 
cassava seed co11ections dating froru the 19505 that inclu垂e挂 internat主ona1

臨ateria1s. It a1so had cassava experimental plots in several states , ln 
many case盔， economic endorse盟ent had been provi 桂ed by the National Bank for 
Rura1 Credit (Banrural). ln 197品， the Bank of Mexico's Trust for 
Agricu1tura1 Concerns (FlRA) manirested its intereLl in the potential use 
of cassava as pig feed by supportin日 the organization of an International 
Seminar on Tropical Livestock Production. 

These institutions agreed that Meχlco needed to create a national 
cassava program. The first proposal defining the Program's objectives and 
strategies was drafted in early 1977 at the request of Banrural. An 
officia1 "Project for Research on Cassava" drafted by CSAT , INIA , FlRA and 
CIAT staff was sanctione謹 1n June 1977. A few months later , CSAT and INIA 
staff initiated the National C說ssava program's research activites. 

By 1%0 , IN _, as"eι""..; that it had made suffic1ent progress on variety 
selection and pr t' cluctio f1 technology generation to warrant the organization 
of a tra主ning course for exten翁ion agents , INIA and 1自 IP researchers , an挂
funct主onnaries of ag玄1cultural support organizat主ons. 0..，色 V<"a. later , the 
cO'臨nercial Cassa 電iJa i-'ro草ram wa移 launched.

During its five years of 社evelopment ， the cor盟nercial Pro惡ra觀 has

provided fan控ers 紛ith i觀portant servlce傘， an是 1arge a攏。毛主nts of capita1 and 
other resources have been 主nvested by the 金tate in this effoτt. Yet the 
results are st主11 disconcert主軍軍車ly unstable. 

The Prog.am has been or草an1ze是 1n such a way that too 聾any C室主tical

activities are control1ed and managed by state agencie祭﹒ Farm忍rs have a 
very 11祖1ted opportunity to voice their views on ways in which the Pro惡ram
should op巴rate and coulè. be impr今ved. Pτoduction and processing input and 
output decisions , l1larker outlet and marketiug strategy definitlon and even 
profit distribution decislons are 1111 in the exclusive domain of Program 
officials. This arrangement i6 not efficient. The Program depends heavily 
on rigid and less than efficient instftutional procedures which discourages 
increments not on1)' in production but a1so in processing and sel11n輯﹒ Very

little effort has been invested to tailoring cassava production according 
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to the particular conditions of the far祖ers and the product's commercial 
out1et. There is an excessive concern on the part of state officials 
re草arding the expansion of the area under cassava production without 
ensuring the conditions for such growth. 

Cassava development under the Program continues to be a hi皂hly rlsky 
business. Production , processing and m綠rketing are planned and imple盟el主ted
w1thout coordination nor clear 1inkages a臨on惡 each other. Production and 
prof1tabil1ty are lower than expected , because of the untimely delivery of 
state controlled inputs and service惚 an在 the lack of 1ncent主ves for 
farmers to carefully tend their fie1ds. There is plenty of processing 
technology resources available but they have been uti主ized in an 溢nplanned
and ineff1c主ent fash圭on. Marketin囂。f the produce has been conducted in an 
ad-hoc and rather paSS1ve 盟anne宜， an是 ha慈 concentrated 主t efforts on very 
11賠1t:e謹揖arket outlets often with low 記ap1tal liquidity. 主s a resu工t ， the 
Pro草堂教盟主s perceive是 by a d1sturbin草1y large proport圭on of the farmers as a 
是1sappoint:ment and a postponement of many hopes and expectat主ons.

This report descr1bes the ele祖ents that contr :lbute to making the 
Cas發ava Program fa11 short of its potentia1. lt concludes that a broad 
spectru觀。f interventions are required to reor1ent the Program in a way 
which encourages the farmers' 的nmltted and stable particlpation , and the 
econo粗ic 絡。undness of the p宜。ject. These intervent10ns are expected to 
a11ev1ate the pressure that resu1ts from t: he Program' 很 Achi11es hee1s. 

High1ights of the Agr01ndu8trial Cassava progra由

The Cas終ava Program has provided far ，n暐rs with 翁evera1 benefit8. 
ca8sava cul t:1vst10n incorporated into co盟mercisl product10n id1e 1an垂 wh1ch
was m必宮盟主na1. Pr10r to the crest10n of the Cas8sva Progra詞， fa笠祖ers 1eft a 
1arge proport1o氓。f the1r 10ts 1n bush fal1。毛. w1th no 1nte位t主on to produce 
fro觀 the臨. For 醋。st farmers , exten81ve ca t: t1e ranch1n章。紅 those land8 1s 
ruled ou t: 挂ue to the relat1ve工y h1草h cap1tsl requlre扭扭ts of thls 
enterpr1忽e and the re1at1ve small s1ze of the far臨er愁· plots. (Most fa盟11y
lan是hol謹111車終忽宮e 1e鋒s than 10 hectares). 

Cassavs productlon has 1ncrease是 from approxi路ately 1% of the 1and 
under cult1、ration 1n the mun1c1pa11ty of Hulma益gu1110 1約 19車 1 ， to 90觀e 20% 
1n 1985. (These cslcu1ations are based on data provi這e是 1n spp 1985. Th1s 
shoul是 be u終ed with caution , however , because SPP's crop data i8 not 
exhaust1ve). Ca發 sava rsted higher 1n reference to the savannah reg10n 
only. Slnce then , the proportion of cassava 1n the total a露r1cultural land 
has probably reduced 8ome, but 1t 1s still very s1gn1ficant. The main 
transfor祖ations 1n recent years have been the expans10n in the production 
of c1trus , rubber , and pineapple. P1neapple occupied 250 hectares in 198已­
It 1s perhaps the most profitab1e crop' of the savaimah. Although it 
requires higher capita1 1nvest四ent per hectare , there 18 not bank credit 
ava1lable for itmpro4uct1OZ2.Rubber trees were plante4inlq82and 19串3 ，
and cover some 300 hectare絡﹒ FIDEHULE has prov1ded cred1t for planting and 
fertilizat主on. Most p1ants. however , have not been 鑫rafted ， and hence 
their productive deve10p瓢ent has been stunted. Citru8 trees were plat主ted
1n 1984 and 1985 and cover a total of 825 hectares. Competition for 
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resource8 w1th cassava i8 expected in the near future. especia11y fro聽

citrus and pineapp1e. 

τhe Cassava Pro草ra翻 has a1絡。 created a source of e單p10yment for over 
500 savannah inhabitanta who have part1cipated 主n the pr。這uction of the 
crop since 1事81 ， and 愁。me 45 farmers who are en車a囂ed 1n casaava dryin囂，
so盟獲 of whom are not cassava producers. 1n additio怨. the Progra甜 has been 
instrumenta1 in aettin草 up 14 p1g farms. and hy providin軍 raw 血ater圭a1 for 
feed , it has contr1buted to the operatlon of s圭108 1n the P1a綠 Chontalpa

development progra凹. 3 pl草 farms in Yucat~n and Puebla , Alba臨時 of Meri悅，
and to a few other feed user翁.

Another important ga1n for cassava pro是ucer絡 but a1so farmers 主發
general has heen the construction of infrastructura1 faci11t1es aS a part 
of the state support of the Progra啞. Perhaps , the 睡。st si皂nificant
invest酷ent of this sort has been the building of roads. lt 主發 calculated 
that the most d1rect beneficiaries of thls inte l;vention are the 80me 7.500 
savannah inhabitants sprea是 throughout 5 comm附nitles.

Fa l;觀.er終 have a1so profitted from the Progra聽 lnsofar as they have heen 
ab1e to hroaden the use of production factors that were ma是e ava11able 
pr1滋ari1y for caasava cultivation. 且 1ar草e proport10n of the lan垂 that was 
cleare是 from brush an是 tress 1n 1983 an是 1984 is no longer under caSsava 
cu1t1vatio紹. a1though it remains under crop production. A1so , a 
cons1derahle percentage of the farmers 1n the Cassa時 Program regularly use 
inputs included in its technolog1cal package for grow1ng other crop忽­
Fertilizers stand out among these inputs. On occasio咐. herbicides and 
現echanical traction have a1so been 挂iverted. These inputs are used lar露e1y
for the production of subsistence crop緣. such as 亞運主主ze and beans. S1nce 
there 1s no cre挂1t available for the pro是uct10n of elther of these staples. 
and t~e poor quality of the savannah's aci挂ic soih 1s not conduc主ve for 
their growt長， this 1綠 an i盼portant albeit unp1anned benefit resulting from 
the Cassava program. 

直立 主組portl主nt co羽 tribution of the Pro草ram wh圭ch u翁ually 囂。 es

unment10ned 1s the reillrorcement of the market for cesh cassava. 主g

previou翁ly state苦， the Program has concentrated on cassava production for 
feed. Consequently , the i阻proved variety "Sabanera" that INIA re1eased in 
B1980 waS not bred for its pallatability or response to other desirable 
traits for hu也an consu現pt1on. 1n co滋parison to customary varieties , this 
new variety is perceived by farmers a弓攏。re res1stant to plagues but more 
f1brous and woody. Hence , "Sabanera" general1y is 1ess sulted for the 
preparation of so咽e 是主教hes. These traits. 認念、rertheles翁. have not prevented 
the use of finely shredded "Sabanera" 祖ixed wi th corn dou罷h in the m過king
of tort111as. The relevance of the cassmrs produce是 under the Program 1n 
the tortilla mak1ng business 18 par tial1y indicated by the fact that 
private tra是ers buy truck 10a技穆 of "Sabanera" for this purpose. 且t
present , cassava pr。這uce是 1n Hui給anguillo is being s01這 in the 
扭扭nicipali ties of Cund \Jac主戶. Jalpa. and 詩acajuca. Altho\Jgh no studies are 
ava11able to ascert，至1役 the proportion of ca怠sava that 主s sold in Mexico's 
rural an是 urban markets , rny observations in Tabasco and other s \Jggest that 
cassava has 詣。re commerc生al importance than it is commonly 車 iven cred圭t

for" 
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The Cassava Program has a1so contributed to the genera1 deve10pment of 
哩哇些主壁壘 and ， indirect句， to the 1ivelihood of Tabas凹 's farmers. It 
sho叫 d be reca11ed that prior to the creation of the Program , research on 
annua1 cu1tivars was virtua11y non-existent in Tabasco. On1y 
investigations on pastures for beef production were being carried out by 
CSAT. This indicates the re1ative1y 10w invo1vement of the government in 
the deve10pment of agriculture in the state up to that point , with the 
exception of the Grija1ba and Chonta1pa deve10pment schemes. In this 
setting , the Cassava Program heightened the awareness of state officia1s of 
the many possib1e contributions that the tropica1 zone cou1d grant to the 
nation as a who1e. Cassava gained nationa1 visibi1ity for Tabasco and 
southern Mexico. The Program was the most important cata1yst for 
governmenta1 interest in agricu1ture for the entire region in the ear1y 
1980s.Hence , it indirect1y contributed to the deve10pment of many crops 
under the auspices of officia1 institutions. Certain1y , a critica1 mass of 
。rganizations and resources that were nuc1eated around cassava were 
eventua11y used for other annua1 crops. Simi1ar1y , a good dea1 of 
technica1 personne1 who today w啞rk with other cu1tivars gained their 
initia1 expertise thr。咀gh their invo1vement in the Cassava Program. 

In synthesis , the Cassava Program has contributed to the deve10pment 
of Tabasco on severa1 areas. It made possib1e the incorporation of 
underuti1ized 1and into commercial production , and was instrumental in the 
creation of jobs for rural inhabitants.τhe program served as a catalyst 
for the state to build roads and bridges , and broaden the scope of 
agricultural production in the region. Finally , if reinforced the supply 
of foodstuff for rural and urban dwellers. 

Inadequacies of the Agroindustrial Cassava Program 

While the contributions of the Cassava program to date have been 
significant , there are still areas in which an improvement is needed. 
There are impediments which have emerged throughout the implementation of 
the program, that were not foreseen in the past but must be resolved today. 
These impediments require immediate attention as they are intrinsic to the 
program goals. By overcoming these obstacles the growth and strength of 
the cassava program will be facilitated both at the state and the national 
leve1. 

1. There was/is very limited integration between production , processing 
and marketing of cassava. 

When the Program was created in Southeast Mexico , there had been 
relatively little history in production and utilization of the cassava 
root. Most cassava was produced in smal1 quantities in tiny areas within 
the farmers' plots. Generally , farmers used either a t.eam of horses or 
。xen to draw the plow or smal1 tractors. Manual weeding and harvesting 
were usually associated with this crop. The norm was to use no chemical 
fertilizers , and , in general cash requirements were extremely low. If 
investmnet were made , these were short ter血. By and large , cultural 
oractices were stable and well defined , even though there was room for an 
1四provement in the mean net return. Most cassava was used for on-farm 
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consumption as a ve嘉德table or as fodder. This situation sti11 largely 
applies to cassava production in areas outside the Pro草ra髓 's domain. 

Thus , the Program necessaril于是ef1ned de阻an是 1n ter酷S of potent1al 
demand. The ar車u祖ent was that Mex1co was not self-sufficlent in the 
production of car忌。hydrates. Although some 8.5 mil10ns of tons of corn and 
5.5 millor間 of tons of sorghum had been pro益uce是 yearly in the early 1970s , 
Mex1co had been force是 to import 2 祖i110n tons of corn and 350 thousand 
tons of 路。rghu觀﹒ At that time , these irnports a詣。unted to almost 320 ,000 
益。l1ars. It was reckoned that 1f Mexico cou1d produce cassava these 
i田.ports cou1d be at 1east reduced. ln order to substitute half of the 
imports , however , Mexico had to establish over 100 ,000 ha發 At that tirne 
there were I惑。me 3 ,000 has cultivated to cassava , most of them 1n Ch主apas
state. Southeastern Mex主co was 1血porting gra生nfeed for sw主ne and poultry 
production. Very 1itt1e sorghum was produced 1n the area. 

, 

The Progra器 's goa1怒 ur友誼。dified since 1977 , cal1ed for a sharp 
increase 1n the production areas and productivity of cassava within a very 
short t1鴨e period. ln 1977 , the Prograrn a1聽ed at having 120 ,000 hectares 
under cass雞va product10n by 1983. ln 1981 , tbe target area for 1986 was 
sensib1y reduced to 10 ,000 hectares. During the past four year緣， quotin囂
specific pro是uction goals has become both unfashionable and politically 
unwise , but the 垂宮8阻at1c change is sti~l exrected to occur. 

The initial assessment of the potential 是忽聽and for ca移sava as feed was 
perhaps too opt主四istic but there wa發 enough potential dernand to warrant the 
Progra盟﹒ The Program was 1aunched. 主1a診 the way it was plaτmed an是
imple盟ented was haphazard and unccordinated. The potentia1 dernan挂 was not 
syste臨at1cally esti臨ated in a 聽arket ana1ys1s but 1n 1986 , i.e. ten years 
after the program was initiate是 (Sae自 1986). Furthermore , tbe Progra觀是id
not define a clear and consistent strategy for the potent1al demand to be 
rea1ized. 

1n 1977 , the program's plans recognized the nee是 for interventions in 
the areas of pr。這ucti'm ， processing and marketin息。f CRssava. Yet over 
time the program's 喜oa18 aud activities became increasεly focused a1攏。st
ex位1usive1y on productio沌 This is exp1aine是 1n part by the fact that 
practica11y a11 the professiona1s involved 1n one capacity or another were 
specialists on product10位， but a1so because there was no plan showing tbe 
way 1n which pro挂毛主ction ， processing and 臨arketing wou1是 be integrated. By 
1981 , the Program was no 10n皂er an agroin是ustria1 cassava progra盟 but
rather a cassava p宜。這uction one. The goa1s were def圭ne是 in terms of 
expand1ng the area under p安oduction. Product10n was not perceived as one 
step in a chain wh1ch cO'盟pr圭sed processing and t回arketing. The aim was not 
to produce animal feed which was accepte社 in the market , but instead to 
produce cassava. Another 丐。urce of distor主 10n was the Progra血 '5 definition 
of production tasks sole1y arouu益 techuica1 concerns. 可ery little effo宜t
was devoted to encouraging the act1ve and profitable partic1pation of 
farmers 1n the Progra甜.

a
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1n 1981 it was expecte通 for an artif1c1al drying p1ant operated 
experi臨entally by 1軒1A to process a11 tbe cassava produced under the 
Program. This drying plant turned out to be ineffect1ve 忌。th techn主cal1y
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and econo誼主cal1y. Thu莓， cassava planted 1n 1981 was harvested 1n 19車 3 and 
sold d1rectly by far朋ers a8 a vegetable for human consumpt10n. Desp1te the 
1ack of a re11able and cost-effect1ve processing technology and the absence 
of 1inkages with feed processors , Pro草ra醋。fficia1s encouraged an incre盟ent
1n caSsava production. One hundred and four hectares were cu1t1vated in 
l會81. One year 1ater 227 hectares were cult1vate哇， and 852 hectares were 
planted in 1983. By 1會82 ， the group of 20 farmers who 1nit1ated the 
Pro草ram 是ecline丑 to continue producing cassava under it9 d1rect10n. Since 
the 9011 was alrea是y prepared for cultivation , extension agents were 
drafted to plant cassava 1nstead of the farmers. 主 high incidence of 
bacteriosis contributed to a decl1ne 1室主 y1e1是s. 1n 198主 1t was necessary 
to use a mi囂。f local variet1e銬， var1et1es from Centla , Tab. 1n add1tion to 
the new variety Sabanera. Plant主ng lasted til1 March , in the 血1dst of the 
dry seaso瓜， and then continue通 from June to Au惡ust. By now, cassava was 
partly dr1ed at 1NI底· s drying pla發t al竟是 part工y stored 1n silos in the 
ne1ghboring P1an Chontalpa. The construction of another dryin草 plant
started in 1983 , but it wa9 never functional. 

主lthough five sundrying patios were bui1t in 1981 , amounting to 1,400 
sq. 臨eters 1n tota1 , they were not provided w主 th ch圭ppers ，癌。tors nor other 
supple摺entary equipment needed for their operation. Thus did not procesa 
cassava until 1會83. At the same t1觀e ， the Program 益ld not 1aunch a much 
needed strong campa主gn to render far甜ers aware of the potentials of 
sundrying and consumers know1e謹geab1e of the uses of dried cassava. Th1s 
s 1tuatlon lasted till 1984 , when processing began 圭n two patios. Active 
opening of market out1ets for processed cassava was sti11 inexlstent , 
though. Processe這 ca發sava was 801是 to the now closed 口SAT. 1n 1 雪 85 ， as a 
result of the CaSsava glut a renewed interest in cassava sundrying 寄merged.
The Progra臨 bul1t 10 血。re patios , this ti觀念 a阻ount1ngs to 12 ,000 聽~ tota1. 
For these patio怠， however. on1y 7 had chippers and on1y 6 ha挂 motors to 
operate the ch1ppers. None of the patios bul1t h1therto ha是 wooden
rackets , a weighlng scale , p1astic cover for th含 p宜。這uct ， shovels and wheel 
carts. All of these tool忽 are essential for the efficient operation of a 
pat10.τhe s 1tuation of unavai1ab111ty of cred1t an社 market 挂emand for 
processed cassava persisted. Ev的I under these condit宜。ns ， 211 tons of 
dr1ed cassava were obtained 1n 1985. 1n 1986 , Banru玄a1 gave credit for the 
operat主on of 緣。me patios , for the first time. Part of this credit was 
是1verted by farmers for the purchase of tools needed for operation, which 
were not provided by the program. Meanwhile , extension a軍ent發 could not 
prov1de techn主ca1 ass1stance 益ue to a lack of transportatlon vehlcles. 
Desplte these constra主nts. 763 tons of dried ca發sava were produced in 15 
pat10s in 19揖吾. ~.t the. .e~~_of 2互會86 ， 7 more patios were incorporated into 
the Progra妞， tota111ng 14 ,000 m . G室主主y one of them had chipper and motor. 
None of them had the required support to01s. By March 1987 this situatlon 
was fina11y corrected. A11 17 patios were given the required lnsttu祖ents
for the1r normal operation. 

During the past year , progra甜 staff have a想8圭gned a high priority 
status to gettlng the two industrial processing plants lnto fu11 operation. 
Thls focu鐘. however , has inadverte桂1y conveyed to far盟ers the notlon that 
these are mutually exclu詔1ve technolo草ies. Some patio operators have 
reported that they reduced or completely ceased Bund玄ying cassava in 
response to official clai扭身 that the process1ng plant8 would 800n be 
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functíο玄ning at fu11 capacity. J蟲is a result , the poten主 ial cο惚p1eme寶ntaτity
ο f fue1 坦 and 移趴u剖z耳nνv胸枷.令.

Both 體ethods of Ca88aVa drying are currently operatin車 well below 
their capacities. The dryin在 pl延tios have never processed over 10 ton謬。f

fresh cassava a day which wou1是 be their expected top perfor點ance. 主180
the qua1ity of the processed product 18 sti11 very uneven. The industr1a1 
p1ants still funct10n at very low levels of economic efficiency with 10101 
outputs. The estimate謹 C08tS of producing one ton ofcassava f10ur in the 
plants are 50% hi草her than its co四mercial price. The plants are processin草
80me 14 tons of fresh ca寫sava per day , about 80% lower than their 
ori草insl1y advertise是 capscity. Once techn主csl and ad割inistrative

adjustments a主e complete蓮， it i8 expecte是 that the1r process1ng performa位ce
101111 be considerab1y h主思her.

' 
offens圭ve effort 
1mprov1sed and 

τhu后， the Prog宮sm was characterized by a su怨taíne社

ínsofar a8 production 18 concerned but a rather 
uncoord1nated effort on proces8ín車 and market1ng. 

the Progra盟 i8 verY 10101. 

Every year an esti臨sted cost of pro挂uction statement 18 prepared by 
the officers of SARH for consideration by Banrural and A琵AGSA staff. Upon 
its approva1 , Banru吉a1 agrees to grant credit for the crop and 且民主GSA
insures this inve8tment. It is the nor聽 to est1mate the cost戀 of land 
preparat土on ， plantin車， fertilization , an還 weed control according to 
prevailing 00血mercial rates. The costs of plague control and harvestin車
that are inc1uded in the bu丑惡et ， however , are not real or even pos怨 ib1e
costs. They are supposed to repr甜甜lt unknown figures that wi11 vary due 
to inf1ation. It 19 i祖.possible to make these calcu1ations since the period 
hefo主e harvest may last up to two years , due Lo problems in findings market 
out1ets or restrictions i l1 the proces紹 ing capacity of the Pro草ram. Because 
of the use of such estimstion診. the figures that the official bud草ets quote 
seriously u認挂errate the real costs of 60me activities , and hence reduce the 
total cost of production. The costs of harvesting one hectare of cassava 
are for instance , frequently stated at one“thir是 the dai1y rate per 
laborer. 

cassava !己ro桂uction under the profitsbi1ítγof 2 • 

• 

Real harvest cost have been used to elaborate Table 1 , which shows the 
costs of P言。是ucin在 cassava and its returns under the progra甜 during the 
1985心思6 cyc1e. ln 1會87 Program officials offered a credit for harvesting 
which al益。unted to M$5 per kilo串ram of the root harvested. C08笠翁 for other 
items 主n the bud草et have been obtained from two reports on the development 
of the progra盟 by SARH and SEDES. It should be 須 tressed ， though , that the 
c08ts presented in the τable are still short of theactual production 
costs , and hence better describe the amount of credit g1ven to farmers than 
production expenses. Wh ile there are no officisl records avai1ab1e that 
readi1y present the actual costs for an a惡ricultural Year' both farmcrs and 
the pro皂ra阻 staff a草ree that the cred1t for cassava production 益。es not 
fu11y cover a11 the costs for labor re可uirements. Farmer發 reckon that 
under ideal condit10ns they wou1d need up to 35克恕。re capital than that 
officia11y budgete是 for 1abor. Labor costs constltute the most expensive 
d主rect costs of the bu丑惡et.
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Table 1. Cassava costs of production and benefits per 
hectare , in Mexican pesos , agricultural cyc工e
1985-86. 
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At the prev紛ilin蔥 average yie1d of 12 tons/ha the profitability of 
cassava production for far祖ers i8 very 10w. For the 1985月串 6 cyc1e , the 
esti觀ated tota1 benef主t per hectare accrued from cassava cu1tivation under 
the program was less than $25 ,000 (approximately US$12). Pro鑒賞a啞戀taff a宮室d
far盟g宮s agree that a similar situation has character1zed prev10us 
agr1cultural cycles (cf. Tabasco , Gobierno del Estado 1空車7: 會 1) • 

3. The current credit structure h1nders rather than fac11itates the 
是eve豆。pment of the Program. 

The Progra盟 heav11y depends on bank c宮ed1t to operate and concentrates 
around 墓anrura1 臨any of its cruci殺1 activit圭es. Part1c1pant far祖ers are 
requ1red to receive credit for production fro觀 Banrural. 在車r1cultura1
1nputs , 1ncludin草 access to 驚喜lch1nery ， are distrlbuted to a11 far誼ers from 
one sin草1e channe工 fo l1owing Banrura1 dlsbursements. The bank prov主是e5
credit for 50臨e of the Program's most important buyers. 

Fa吉亞ers ， nonethe1ess. 車enera11y ad盟主t disappoint間ent vis-a-v1s 
Banrural's 發erv1ce to c1ients. The bank's 10an 是1sbursements ， for c忽ssava
or any other crop , have always been cons1stent1y untime1y and slow. 1n the 
case of cassava those de1ays have resulte往 1n late f1el是 preparations.

shortages of ferti1izer and other inputs , overdue harvests an是 the gener綠l
reduction of the capac1ty to process , se1工 or buy cassava. 

Credit is essential for agricultural production. Capita1 rather thsn 
land is the most critical limitin臨 factor for production in this part of 
the country. Wea1thier farmers tend to e瓷器a喜e 1n livestock production. 
On1y sma11 an是臨edium棚size你farmers cultivate the 1a紅是.

直t the same ti祖e. Banrural does not provi是e farmers with detailed and 
rcliιble account recor是s. Ejido 觀e臨ber翁 are unab1e to figure out the 
status of their aCcoullts since the Bank does not produce d1saggregate 
information for 1n是ivi也，a1s in ejj:!os. Yet , frequently far恆ers entit1e是 to
individual accounts as "c010nos" equal1y ignore the details of their 
account發 Further疇。re ， far回ers complain that the Bank does not re車ister
their repay盟ents an謹， thus , they continue to pay int.'工 ests on the total 
cap主tal 1ent. This has been the case for producers who sold their crop to 
independent buyer怠， but espec主a11y those who traded with the Chonta1pa 
s110給﹒ The Bank does not issue periodic balance state祖.ents but rather 
year1y state盟ents. Even this agree聽ent has no重 been fulfi11ed. 1n 
Nove盟，ber 1986 the Bank presented its first report on farmers' accounts in 
the six years of the co翻閱rcial prog玄am.

Farmers have difficu工ty in understand ing the bank' s ba1ance 
statements. as do the P宮。車ram staff who are well educated and re1ative1y 
fa觀主1iar with accounting procedures. Th1s creates a situation where the 
far阻ers' contr01 of their account 1s near1y non“ existant. This leads to 
extreme frustration and distrust re惡arding the Program on the part of the 
producers. 

Banrura1's regulations re悠悠1t 1n exaggersted paperwork and 
a忌器inistra tive red tape. The requirel!惜nts to apply f0 1: credit are 
excesslvely convo1uted. Farmers 扭。st produce seven docu聽ents and have them 
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registered in three different institutions pr主or to tur01ng 10 the主r

appl1c.輩 tion. This process requir帽 frequ聽nt trips to Vi l1ahermosa and 
Cardenas , and 1路p1y re1ative工Y 10綠草 彎處iting periods an桂 cons宜昌erab1e

e當tpenses for the far輯ers. Once the app1ication 1忽 subm1tte，宜， it has to go 
through another 1engthy process whieh inc1udes field inspeetions. Only 
then are the doeuments presented to the bank's 1ega1 ad、r1sor who still 油ay
veto the app11e,at10n. 

在s a re移u1t of th1s proee垂ure ， a cons1derab1e amount of the extens10n 
a草ent筒， t1me 1s devoted to paperwork for the bank 圭n8tead of agricultural 
adv1ee for the far盟er8. Progra臨 staff prov1de 圭n8truct10ns on how to meet 
the requ1rements for 忌ank 108n8.τhey often present app11cat10t楚。n behalf 
of bewi1dered f肘mer8. They a180 co憫。ke and 1ead meet1ngs among farmers 
before ，是ur1ng and after the cred1t app11eat宜。n per10d. They often go 
house by h副主的e askin草 peop1e 主n eji逞。8 to sign on the program or at lsast 
品thorize members of the eommωity to j01n it. lf ons a益是S to these 
bank-related aet1t1v1es other adm1nistrative demands , 1t 1s not surpris1n藍
that the extension agent筒， tirne t主ed to 是esk aetiv1ties 阻ay we11 exeeed the 
the t1揖e for dit:eet eontact w1th farmers 1.n their f1e1ds , even durin草
months of peak agricu1tura1 activity. 

High 1nterst on bank loans have aeted 1n the reeent past as one of the 
most 1mportant desineentives for eassava production s1nce it contribute垂
decis1ve1y to increas1n直 the tota1 eost of production. Interest rates are 
caleu主ated aceord1ng 1:0 off1cial inf1ation rl這 tes ， and hence have increased 
dram抱tical1y over ti由e. Whereas 1n the 1981句82 agr1cultural cycle the 
average bank 10an 1nterest rate was 16% by 1983-串4 1t reaehed the 37% mark 
at這是 1n 1會86個87 it el1田，bed to over 80%. 

Evident1y , llanrura1 off1cia1s are 1n 洽。 way responsib1e of 終etting
intere8t rates. They 91曲p1y abide by i說struetions from the Min19try of 
Econ回祖y. Far血ers fee1 , nonethe1e寫 s ， that the interests on 10ans have 
contributed decisi、rely to increas1n囂 the total eosts of cassava pro是uction.
They , however , are not al10wed to take s觀a11 loans to reduce these eosts. 
The bank sets a fixe益 a祖ount of credit for a11 eases. re軍ardless of the 
far四ers' production plans or the qual1ty of their f1elde. Hence , far甜ers
are force是 to e圭ther take the credit as 1t 1s. even 1f th主s means 
increas1ng the1r chances of 1nde尪tedness ， or dropp1ng out of th皂、 Pro草ram.
lt 1s 11kely that there wou1是 be fewer farmers j01nin草 the Program 1n the 
i祖祖.ed1ate future unless the cOsts of produet10n are considerab1y reduced , 
the credt polic1es cha草草草 e 80 as to a l10w for the a阻ount of each 10an to 
vary accordin草 to fa宮睡ers' preferrenees , and the y生e1ds. sa1es vo1u揖e and 
come玄c1a1 pr主ee of the crop 1ncrese. 

S1nce Ilanrural 1s pri阻ari1y concerned w1th the repayment of 1ts 10ans , 
1t has taken an extr割建德ly stron草宮。1e 1n the sa1e of cassava. 援。st of the 
crop 18 eOll臨ercial1zed through the bank I s direct intervent主。n. ln these 
cases llanrura1 a180 provi是es ere挂圭t to the cassava huyers. Another 8hare 
18 801d 1ndependent1y of the bank , hut Banrural diseourages these type8 of 
exchan草es. The idel表 18 that income frm結 cassava sales 億hou1d be used f圭rst
to repay the bank debt , and on1y once the 過ebt 1s cance l1ed can the 
r輯nain1n皂 funds be distr1buted ru噓。ng farmers. 
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1n practice , Banrural' 發 dlrect or :1ndirect involvement in 
com路ercializing cassava has become a greater liability than asset. Its 
participation has slowed 壘。wn the selling process by withholdln皂 pu宜chasin車

cap主tal ， restrlcting sa1es to a reduced se1ectlon of buyers , and 
dlscouraging the farmers' direct sale of their produce. Also, s圭nce the 
Bank's statements are fre哩uent主y inaccurate very few 是ebts have been 
cancelled, regar這less of the industriousness of the farmers. The 
co揖.bination of the怒發 circu臨stances has seriously reduced the far器ers

enthusiasm for the Program. 

1n ad是ition 盟ost Bank loans for cassava p宮。duction have represented 
high fisca1 expenditure for the Banks.τhe program' s 10an recupera tlon 
rate i9 exceedlng1y low. Up to the present , Ba怨言ural has been fully repai是
only for the loans exten謹ed for the flrst two production cycles. During 
the first year , SARH paid the debt on behalf of the farmers in exchange for 
cassava stakes. SEDES cancelled the second yea宜· s debt with pay預ent in 
kin喔， by provi益主室主g access to machinery for land preparation during the 
1985-86 cycle. Forty-f1ve percent of the loans of the 1983崎84 cycle and 
the loans of the 1984-85 an是 1985-86 cyc1es are pa移t 吐ue and far臨ers have 
been charged de1inquent interest rates. Also , the state govern臨ent granted 
far噓ers virtual1y interest free production 10ans during the 1983-84 and 
1984-85 agricultura1 cyc1es. On1y 11% of the 1983-在4 10ans have been 
repaid (cf. Tabasco , Gobierno del Esta郎， 1987:86-88). 

Most of these defau1t cases are 士e1ated to the fact that farmers have 
not been ab1e to harvest within the year-long t圭亞e 11酷it on 10an. lt has 
often taken the Pro韋ram over 24 盟onths to harvest cassava. In fact , half 
of the crop produced under the Program over the years remain to 告e
harveste進 (Tab1e 2). Harvest delays have resu1ted especially fr咽 the
Progra觀 's inabil主ty to find com臨。rc主a1 out1ets for cassava , and to a 1esser 
extent Banrural' s and Pr。在ram staff' s unt生.mely provision of credit and 
nachir.ery , re~pcctive1y. 

Re1atively few cases of cassava 10an defaults have resulted from crop 
failure , due most1y to pest problems. 1n theory , crop failure should not 
have a negative 泌pact on farmers' acco棚ts since a11 t "" fields which are 
cultivated with Banrura1 雪 9 crc是it are 己y law insured through ANAGSA. 1n 
practice , though , 1ess than 20% of the cases of crop fa主lure are 
investigated by 且NAGSA. This happens since AN血GS車 '8 insursnce covera車e
runs out twe1ve 甜。nths after the crop is plante疇. Yet there has never been 
one sin草1e year 主n which cassava has been harvested within that twe1ve 
month grace period. 誼ence ， farmers do not benefit fro血 ANAGSA's insurance. 

4. The Pro且ram has been unab1e to establish a stron且 position 1n the 
觀arket

一
From the program's incept圭on ， commerc1alization of cassava has been a 

major challenge. 1n fact , s <,11ing the crop has been the most cripp1ing 
bott1eneck in progra融 expansion. During the first two year怠， no 
substantia1 out1et for ca忍sava was identifie益， and producers we宮發 forced to 
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Table 2. Area of cultivated and harvested cassava ，也P to July 1987 

HECTAR藍S Tons 

Cycle Cultivate是 Harvested Unharvested Fa主lure Ton/ha Ilarvested 

1981-82 104 101 3 18 1 , 818 
l警車2也83 227 212 15 14.2 3 , 010 
1983刪車在 852 惡毒3 9 11.7 會， 863

198毒-85 2 ， 4。在 1 , 577.5 串26.5 12.6 19 ，車77
1985-86 667 1 會1. 5 主33.5 在2 11.4 2 , 183 
1986刪87 1 , 086 1 , 086 

Total 5 , 340 2 , 925 2 ， 3再§ 6會 13.5 36 , 751 

sell their cassava to any buyer they could 1ocate. Both the Plan Chontalpa 
cassava s圭10s and the sun-昌安yin島 patios contributed to alleviating the 
casaava glut. The volume of cassava processed by these means , howeve言， was 
insi草草lificant prior to 1985. 

ln the 1981-87 period. 21 ， 48串 tons of fre怒h cassava' were marketed 
through the Program (Tabasco , Gob圭erno 是發1 Estado 1 會87:76) as presented in 
Table 3. 

Table 3. Cassava comu賠rcia1 outlets. 1981-
1987. 

Outlet Tons z 

8110s 11.009.7 51 
Drying patios 5 ,586.8 26 
Fresh fee是 and vegetable 3.221.7 15 
I寶延dustria1 plants 1,670.0 串

Tota1 21.488.2 100 

The pace with which the crop has been sold. however. has been 
exceedingly slow. As stated before , under the Progra詣. cassava ha學 never
been harvested within the prescribed 12 months. Harvestin喜 has taken place 
fro體 16 to 24 months after planti能事. whereas customarily produced cassava 
is harvested 8 months after planting. Presently, 35% and 71% of the 
cassava grown in the 1984-85 and 1985剛86 a草ricultural cycle侈. respectively , 
remain in the field while the far智暐rs await ita overdue harvest. 

、提
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These de1ays 1n harvestin皂 have functioned as a way to coping with the 
oversupp1y of 1arge volu聽es of fresh or processed cassava. 直1though the 
socia1 costs of this decision have been high , especially in terms of 
10wering far臨終r morale , its economic costs have been re1atively 1010 apart 
from cre是it costs. By not harvestin草 2 ， 300 hectares cultivated to cassava 
have been "put on ho1d". 

Processing has been the program' s second best approach to hand11ng 
cassava oversupplles.τhirty percent of a1主 the cassava ha言vested has been 也

used as feed for the Plan Chontalpa p1gger1es. There are 10 s1105 1n the 
Plan Chonta1pa area , each w1th a stora草e capacity of 1,200 tons of fresh 
cassava. but on1y five of these si108 were actua11y u8ed for process1ng the 
roots. The Progra祖 a1.80 used cassava dry1ng as a way to both prevent the 
crop's 終poi1age and create a new 臨arketab1e product. Some 5 ,590 tons of 
fresh cassava were sundried and add1t10nal 1 ,670 to白發 were dr1ed 1n two 
1arge 1ndustrial p1ants. Th1s a啞ounts to 16% and 4% of the tota1 cassava 
harvested , respect1vely. 

The 攏。st 1mportant obstac1e , however , has remained: The 1ack of a 
sound market for cassava. In 1ieu of 1益entify1ng potential cassava buyers , 
the pro畫ram has concentrate是 its sa工es withi.n a ve玄y s臨all 皂roup of buyers. 
Dried cassava has been sold to two factor1es wh1ch produce feed 1n Yucat~n 
(SANJOR and 此BAME吟. a group of feed producers fro臨恥的泊. the plan 
Chonta1pa p1ggery operator懇， and FERME草， an pnterpr1se wh1ch 1s currently 
explor1ng 1ndustria1 alternative uses for cassava. To date the volumes 
s01d have been 1010, and the pay臨訟法ts have been delayed. 

The progra血 has not exp10re挂 new uses for cassava nor new 惡roups of 
buyers who cou1d be conv1nced to sw1tch an1mal feed for cassava. L1ttle or 
no effort has been ma毒e to educate others about the advanta草es of u51n草
cassava a怠 animal feed. No prolllot主ona主 co甜palgns with offers of free 
sample3. far 1nstance , has been atte臨pted. In short , no attent10n h3S been 
pai是 to the needs 0宮 wants of the consumers. 

Although tbe s110$ have been the program's most reliθble outlet , the 
progτ3m can not base it♂ stU3. tegy for commerc1al eXI' ".!l on the si105 
alone. As state益， five out of the ten Plan Chontall'ii s110s are already 
uslng cassava in their piggeries. Four of the rema :i ning 131108 13ck roofs 
3n是 two 81109 andtheir resp級ct1ve pifτeries are abandoned. 血bove all , the 
81105 are operated by ej1do fame室s. None of the s110s are suff1c1ently 
capita11zed to buy 1arge quant1tles of ca8sava. 

G1ven the Plan Chonta1pa' s present 1ack of funds. it 1s 生回probable
thst the processing capacity of its s圭10s wi11 expan益.主ctually ， it 酷ay

decrease 1n the near future. Expans10n of 9110 operation depends on 9110 
operators hav1ng access to credit or ra1s1ng the1r own capita1 through 
甜arketing of the plgs they grow. 

lt 18 unlikely , ho也，ever. that the 801ut10n will come from Banrural. 
Although the bank 阻ay open cred1t accounts for 教i10 operators to purchase 
cassava. the 10ans are in practice only effective after a 工ong and 
1aborious process. Some si10s are authorized by Banrural on1y a fraction 
of the cre社it requested to operate at fulι1 capac主ty. At the sa盟e t1me , 
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cassava producers are fre哇口ent1y force是 to advance de11ver1es of cassava to 
the 81108 months before the s110 operators are actually extended the 
cre進1t. As a resu1t , ent1re cargos or 1arge fractions thereof are bought 
on credit from small producers who can 111 afford awaiting payment. ln 
April 1雪87 ， the 8110 operators ha垂 not paid to the cassava producers the 
G哇u1valent of some 1 ,850 tons of cassava wh主ch they ha是 purchased on credit 
one year earlier. Undoubted1y , few producers wi11 remain wi11ing to 
continue their commercia1 transactions with s110 operators unless pay酷ent
conditions are i時proved. This situation has a strong negative fmpact on 
the program's market. S1nce 1t 1s critical to solve the p1an Chonta1pa's 
credit limitat10r間， it wi11 be extre阻e1y important , 1n th終 10ng run , for 
credit source8 other than Banr怨言al's to be e其plored if this bank does not 
radical1y improve its perfor聽ance.

The core of the Prog l'am f s constraints i9 the lack of markets for 
cassaVl章， rather than a reduce益 processing capac1ty. The inex1stence of a 
strong market to meet th終 increments in cassava pro謹uct10n has createð an 
ever expanding stock of cassava. Th1s s1tu;,t10n has contrlbuted to 
creat圭ng an impress主on that the program's dryin島 patios are inadequate and 
ineffective. The propose是 s01utio叭， the袋， 18 10 dry cassava 1n inðustrial 
plants. The 訂gument hoils down to a治 appeal Eor a transfor酷的主on of the 
avai1able proces怨 1n草 technology 1n order to s l1ve the prob工em of cassava 
oversupply. There 1s a chance , however , that the current exces戀 of fresh 
casssva w111 turn into an excess of cas穆 Iva flour produced 1n the 
industrial plants , unless market out1ets are 1dentifie是 and there 1s a 
guarantee that the product w主主1 be sold. ln other words , processing 
clear1y does not e11minate but rather 1n so抽e instances 1ncrea終es the need 
for actively search1ng for a marlζet. Foct 31n囂 on the pat10s purpoted 
1neffect1veneS8 as the source of the prob' e謂s for the cassava pro草ram
prevents program staff anð far頭ers fro國 perc， iv1ng the real problem. 

A final note: 真ccord1ng to officia1 sources , the volume of fresh 
cassava ha8 a咽。這mted to some 3 ,000 tons or :-5% of the tota1 cassava 戀sles.
It seems, however , that the real sharf of fresh cassava i8 be1ng 
underrated. There are some 1S ,000 tons W\ ose sale 18 not accounted for. 
有rs話gures represent the d1fference betwaen tota1 cassava harvested and 
total casssva 誼arketed 1n the progra臨 fiables 6 我給d 7 , respectively). 
Conceivably so胡也 of that cassava was U8e ι for 挂omestic consumption a回on草
the producers' house-h01ds. It is a1so p 崎sib1e that 80聽e was tra室主sformed
1nto feed. The 曲。st tradit10nal casslva market be1n草 that of human 
consumption , though , it 1s extreme1y 11蓋章ly that at least 10 ,000 tons of 
cassava produced 1位 the Pro草ram have been 1ntroduced into cust間nary
markets. If th主s 1s the case , the ,fresh ~assava out1et for human 
consumpt1on 聽ay be as 1mportant as or !!ven more i軸portant than cassava 
process1ng 1n 8110s. This ‘.ou1是 a1銬。 me， n that al揖ost half of the cassava 
produce是 in the 臨arket has been disposed ~f 1n one way or another 垂1rectly

by the producers. 

5. The program's strate且y has sought a r\p1d expans10n of the area under 
cu1t1vation but has not~室主eured the e , '1stence of n發:cesssry reQu1r誼ents

t.omee t 1I::sgoals. 

The Pro車ra趣 '8 rat1onale , and hence 1ts'challen臨e ，主e8ts on its ability 
to 1ncrease production and yie1ds of caesa'a 1n order to replace imported 

、
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gra圭n feeds. This goal necessitates the introduction of new varieties and 
t傘chn010gy for production and processin息， as well as deve10ping a stab1e 
product market. This notwithstan是主.n囂. it a1so requires a sound 臨anagement
of the techn010惡y transfer and its imp1e血entation. In this section , 1 wi11 
discuss the for祖 in which the翁e e1e血ents have been articu1ated. 

The Pro囂ram's tech錄。logical compone鈴t has 1argely provided a 501主d
foundation for cassava production. 主 set of recommen是ations has been 
囂enerated for the 揖uiman在ui110 area which et這compasses the release and broad 
usage of the improve是 variety "Sa忌anera" ， and the prescription of norms for 
the se1ection and preparation of cutt主ngs. dosages for ferti1izer 
applicat10n. p主anting dates , p1ant spac1n蟬， and weed and pest contro1. 
These recomm研室dations have been tested and refined over t1血e although there 
are 翁till areas necessitating further research and evs1uation. ' 

In 1 會81 ， INIA re1總ased two varleties. "Sabanera" , (M Pan 51) an丑
"Coste_a" (M 滋ex 5會).“Sabaners" wa級 resistant to bacter1051s and thrlps 
and tõlera言It to supere10ngatlon. "Coste_a" was t01ersnt to bscter10si怠，
supere10n囂ation and thrlps. Under experlmenta1 conditions , "Sabanera" and 
"Coste_a" produced 32 tons/hectare when monocropped.τhe 10ca1 var主etie擊，

fertil1zers (腥。1臣、Iin. Acosta et. a1. 1981). By 1982 , "Coste a" wa5 found 
to be susceptib1e to fie1d problems and was d主scar桂ed fro聽 INI車 's
techn010gica1 package. Since then. "Sabanera" has been the on1y 
recom單純nded cassava variety avaiab1e in Mexico. 

Despite the adoption of new varieties , the progra暉· s records have 
shown yie1ds which have consistent1y been 叩1y s1ight1y higher than yie1ds 
of 10ca1 var1eties. The average y1e1d for the 1981-86 per10d 1s 13.6 
tons/hectare. Furthermore , recommen是ed va室iety y1e1桂s have stea是i1y
decreased. Yle1ds in 1985 dec1ined 37% over the 1981 yie1ds , (Tab1e 主) • 

Average cassava yields and far祖-g籠te prices per agricultura1 
cyc1e , 1981輛86.

Tab1e 4. 

，

l
j
A句

i
d
e
J

這

Price Yle1ds 

z 說$/Tonz Ton/Ha Cyc1e 

100 
171 
243 
42岳

536 

3 ,500 
6 ,000 
串， 500

17 ,000 
18 ,750 

100 
7會

65 
70 
63 

18 
I 毒 .2
11.7 
12.6 
11.4 

1981-車2

1982-83 
1983-串4

1會S毒-85

1985-86 

consequence of purported 
they are 1sr草ely ， re1ated 

not the 
Rather 

These registered 10w yie1ds are 
def1c主encies of the variety "Sabanera". 
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to the manl連串e間ent of the Progra酷. Specifically , they are the combined 
result of !naccurl主te record keepln囂， 1ax admin圭strative se1ection of 
far盟ers and fie1ds，是eficient usage of i睡proved varieties and the 
technological packa車e ， insatiafactory harvest arrange祖ents ， and farmers' 
resistence to the Pro惡ram 益esign which have resulted in poor crop 
臨ana車ement. In turn , a11 of the忽e factors are derived from an exces發1ve
adherence a趣。n臨 high level officials to a st當ate臨y based on the rapi是

expansion of the production area of the Progra祖﹒

The area tha t farmers report under cassava production tends to be 
signif主cantly hi車her than that actual1y cropped with cassava. This 
over-est主觀ation 圭s in response to the structure of input distribut主on.

Brie f1y stated , the 1arger the area c1ai臨ed for cassava production the 
1ar車er the share of fertilizer紋， credit for labor , and 80 on that the 
producer i8 entitled tO. After harvest , calculations of the yie1d per 
hectàre are based on the producer's proposed area for cassava production 
rather than the actua1 areas. This result in the recor岳重ng of lower yields 
per hectare than those actual1y obtair間是.， Pro喜ram staff are aware of such 
situation but do not exercise tight control to prevent it from happening. 
If 1t was more c1ose1y mon1tored , provided that the staff ha是 the resources 
required to 說easure the land under product圭on. the overall area of the 
Pro喜ram wou1d shrink. This 挂ecrease could then erroneously be interpreted 
by some h1gher level offic圭als as a sympton of weaknes白色。th in the Progra間
and the staff activities. 

Cassava' s 10w yields under the Pro"ram are a150 relate桂 to the 
inclus10n of poorly selected fields for cu1t主vation and the farmers' lack 
of comm1tt觀ent to cassava pro通uctio嘗1. A惡a1泊， this 19 a110wed to happen by 
staff in order to obtain an increase in the total a笠ea of the Progra聽. In 
many lnstances , lowlan挂 fiel這s susceptible to flooding are planted to 
cassava. Also , the Pro皂ram includes s臨a11側 to mediu盟胸size absentee 
landlords who produce cassava w1th the sole purpose of havin草 their land 
un是er production , thus preventing these 1ands fro臨 fal1ing under the 
jurisdiction of the Agrarian Reform. wh1ch coul是 jeopardize their 0研1ership
of 1dle fie1ds. Neither the翁e 1發言1downers nor the overseers managing their 
lands are interested 主n harve8ting cassava. 主ddit主ona11y ， low yields 
result from the fact that there are farme玄S \ 'ho permanently 聽igrate to 
other state發 midway through the agricultura1 cyc .e abandoning their cassava 
plots in search of 血。re profitable economic a ,tivites. Somet主盟es. this 
happens with the consent of the 10cal authoriti像是﹒

Fina11y , there are ejido far酷.ers with estah1ishe社 histories of bank 
10an defaults who , neverthe1ess. are extended additional credit for their 
cont:inued participation 1n the progra血， and who 祖ay not be conunitted to 
a草E圭cultural production. 扭曲e of these fa r.mers participate in the Pro惡ram
because of their co阻nit阻ent to cas終ava. These free ri這ers ， however , not 
only dama草e the overa11 performance of the Cassava Progra妞， but they a1so 
reduce the opportunities for other far臨en章， participation. 

It 1s i點.portant to remember that individual ejido producers are not 
the direct rec主p1ents of bank loans. Cre桂it is awar這ed to the ejido a9 a 
corporate entity. Genera11y though , only a few eji是o me蹄ber9 submit a loan 
request together. Once the loan i8 granted. 11: i8 inter抽主ly d圭s t:ribu亡ed
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among those farmers partaking in the common project. Theoretica11y , an 
ejido 臨ay have 祖ore than one 10an from the bank during any f1sca1 year for 
是1ffere臨走 crop發 an桂lor l1vestock projects. If the 10an 1s not repa1d 1n 
fu11 , the ejido becomes 1ne1egib1e for further credit. If one ejido member 
益。es not pay his debt to the bank , the wh01e ejido 1s exc1uded. even if a11 
other 10an rec1p1ents fu11y repa1d their shares of the c011ect1ve debt. 
Ej1do adm1ni的rat10n re草u1ation 1nc1u疇的阻echanis阻S to bring pressure on 
indivi電iua1 10an defaulters. 誼。wever， these regulation話 are infrequently 
enforced. Cred1t defau1t 1s one of the 盟ajor reasons ej1do farmers sre 
prevented f芷0攝 continuing the1r part1cipst1on 1n the Progrsm. Due to these 
reasons , 1t 1s cr1t1ca1 to weed out free 10aders who depr1ve 1ndustr1ous 
far研ers of opportun1ties. 

1n the pas缸， there have been cases where the overwhe1祖1ng concern for 
rap1d1y expand1ng area of the progra觀 has 1ed to the product10n of cassava 
with l1tt1e re藍ard to the Progra嚨 I S techn01ogica1 package. Commun1t1es 
that produce cassava with their own resources are lncluded 主n the Progra:睡­

These commun1 t1es • however，控。 not follow 1NIFAP's techn010gica1 
recom臨endat10ns nor rece1ve techn1ca1 assistance. They tend to use 
fert111zat10n dosages other than those su草草ested in the pro草ram as weI1 as 
un1mproved variet1es. Thls s1tuat10n resu1ts in e1ther. actua1 or reported 
10wer yie1ds per hectare. At the sa祖e time , facing a shorta喜e of i臨proved
var1ety stakes to 睡eet expected expans10n 囂。a18 ， progra路 staff have on 
occass10ns, gained acce忍s to and w1de1y distributed stakes of the 
un1阻proved varieties. As a resu1t, whole crops have fai1ed or y1e1ded 
poorly. Finally, the p1antin草 dates reC01轍lende是 have on1y rare1y been 
fo11owed. Cassava has frequent1y been p1anted we11 beyond the dead1訂1e.

ln a是d1ti凹， 10w yie1ds have 時間1ted 訂閱 fr叫聞nt def011ations due 
to attacks of cas鶴鳴 horn worm (Errinyis e110) , and uneven and defic1ent 
treatl'lent of the cassava stakes w1th fun車ic1de prior to p1ant1ng. These 
fn仁t 'J rs ';an be "88i1y co台trol1ed from the technica1 viewpo1nt. They, 
how已有"，宮. r p.,!uire the tt祖ely inter"" 'lt 4 行n of both Progra盟 staff and far祖ers.
1n t:he past , th1s has been the exception rather than the ru1e. 

Rarvestin囂 arran草G阻.，nts a180 contr1bute to y1e主持 , 1I'- t 10n. The use 
of mechanical harvesters presents several disadvantages. Th1s s1tuat10n 18 
due in part to 11m1tat圭.on8 in the 是es1gn of the harve8ter. 起ut moreover to 
the deficient way 1n which many f1elds are cu1t1vated. A 1arge proportion 
of the f1e1ds are care1ess1y prepared by tractor ope宮ators. 官hen
harvesting time ca祖e::章， the operator must harvest rows which are not 
parallel. A1so. throughout the 至1e1d the spac圭ng between the 玄aws 18 
frequent1y uneven. Once the cassava tops have been removed fro盟主he

f1e1ds , there 1s no 觀ark1ng to a8serta1n whe宣e the roots are. This 
s1tuation is further exacerbated by the growth of th1ck vegetation since 
f1e1ds are weeded very 1nfre旬之lent1、1. Weeds prevent the harvester from 
l'lov1ng through and the ~rops can not be harvested without causing a great 
謹ea1 of damage to the root8. 

Often , as a re8ult of the comb1nation of those facto玄s ， the machinery 
crushes many roots and 1eaves from one-fourth 1:0 one-th1rd of crop in the 
ground. Unt11 recent1y the syste揖 of 觀anua1 collecting of the roots once 
the harvester has unearthed thern has been used. Th1s has 串enerally been 
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arran惡ed through contracts based on the area harvested rather thsn the 
quant圭ty of the crop col1ecte是 Mot1vated to complete the job quick1y , the 
contract 1a忌。rers moved through the field as fast as they could w1th no 
regard for thoroughness. Pres之nruably ， the unharvested cassava was collected 
and sold by the farmers to the market of their choice c1笠cumventing
channe1s controlled by the Program. The latter requires farmer的 to se l1 
cassava pr1marily and almost exclusively through off1cial1y establ主shed
outlets 1n order to insure that producers repay their loans to th總 bank.
Because few farmers have realized econornic gain by following these 
channels , a part1al harvesting of their f1elds may have been perceived as 
econo盟主cally advantageous. 

Al1 the above 觀entloned shortcomings of the Prograrn can be re1ate桂 to

the fact that the Program staff has been overly concerned with 蹄eeting

ambitious pro善uctlon goa1s. During the first four years of the commer戶 1a1
phase of the progra怨， political co阻itments were estab1ished 00 promises of 
rapid expsns10n of cassava production 80 as to effect an equally dramatic 
reduction of grs1n feed imports. 堂hese co鵬總圭t揖ents transformed the 
Progrs妞 's 囂。a1s 1nto rl在id expectations 1n ter祖s of 1ncreases of areas 
cropped with cassava with no rea1 focus on ascertaining the ex1stence of 
necessary con這 lt10ns for the expected increases. Pro是uction goals were set 
too hi草h in re1ation to the then ava11able resources for caSsava 
pro哇uction ， processing and marketing ﹒ A忽 a result , the official standards 
for select1ng farrners and f1e1丑s ， as well as the technolog1cal 
reco冊班前沿ations ， were frequently overlooked. 

6. The Pro藍ra盟 's perfor臨ance has 1e是 to the disillus10nment and 
d1senchantment of both far輯.ers and rank咖.an益-f11e staff. 

Increas1ng numbers of farmers are opt1ng for stayln黨 away from the 
Bank's sphere of influence. Sorne 01 them are no longer part1cipatln草 1n
the Progrsm but con主1nue to p1ant caSsava wlth the1r own resources. Their 
cassava p10t悠 are understan是ably smal1er and are often cultivate挂 with a 
誼。difie是 verslon of the Progra軸 's technologica1 package. The perceive是
advantages are douhle: farrners galn f1exibility not on1y in the produ記t10n
proces8 but a180 in sel11ng the crop. Th1s su息gest發 that farmer忽 can find 
casssva production prof1tab1e provi是ed that lnst1tutiona1 conditlons sllow 
more freedom for producers to exercise econo訟ic in1t1ative. 

After s1x years of commerc1a1 opera t1on the Progra觀 shows a genersl 
incremental tren挂 regard1ng both the number of part1cipat1ng far四er忽 snd

the area under cultivat10n (Table 5). 

These f1gures on the development of the program, however , conceal the 
社1s可U圭et1ng fact that ent1re con間un1tles are dropp1ng out of the pro草ram at 
a rap1d pace. The on工y fsctor preventing more cm楚munities fro輯 withdrawin草
18 the h1gh turnover rate of the indiv1dua1 pl還rticipants who live in these 
co點點un1t1e絡. In fact f rou在h1y ha1f of the communlt1e8 joined the program 
for one a惡ricultural cycle and three-fourths re珊處ined for two cycles (Table 
6). The smount of ch，單位藍 e amon車 far街αrs 1s even 醋。re pronounced. Under the 
program , 82% of the farmers p宜。這uced cassava for only one agr1cu工tura1

、
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Table 5. 
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Farmers Hectares Cycle 

20 
67 
92 

206 
92 

172 

10品

227 
852 

2,404 
革67

1 ,086 

1981-82 
1982-耳3
1983-84 
1警車4-85

1985-86 
1986-87 

4 

cycle 緣nd 94% joined the program for two yea tS or less (Table 7). These 
statistics reveal that the socia主 founda tion of the program 16 extremely 
unstable. This is a disturbing finding beCau6e paradoxical1y the supposed 
main beneficiaries of the program are cont1nuously pul1ing out of it. 

As a result of these conditions , even though the Cassava Progra間 in
Hui租anguillo is growin串 1n ter四s of nu血色ers of farmers and con盟un1ties
part1cipatin臣， it cou1d 600n reach a ceiling which would prevent its 
further growth. This 阻aximu組 1imit may we11 be determined by the rate of 
turnover a飽問草 farmers an挂 co給munities. (There are 39 co聞nuniti的 1n the 
savannah of Huimangui l10 of which 23 sre ej idos and the rest colon1es). 
Nee是1ess to say , this 扭ay a190 hinde宮 the expansion of the total area 
devoted to cassava production. Yet 會 he pro露raJ冒 must deve10p a 扇table ，

experiencεd and con髓itted m8.as of pro垂ucers to be ab1e to ensure 主ts

se1f-sustenance in the 盟ed主um to 10n串 run .. 

習，

咱

Although farmers a.re awa.re that there are sti11 problems w主th

processing an還 sellin囂 cassava ， the two 醋。st important factors that 
explains their high turnover are the Pro藍ram's 10w profitability rates and 
the prevailin惡 credit structure. 

CO職血.unities in the 
by agricultural cycle , 

participation of 
Cassava Progra油

1會81ω86.

Table 6. 

z Co血甜unities自O.Cycles 
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9.4 

12.5 
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Part1cipat宜。n of farmers 1n the Cassava 
program by agricultural cycle. 1981-86. 

7. Table 

z Farmers No. Cycles 

82.0 
11.7 
5.5 
0.6 
0.2 

532 
76 
3惡

4 
1 

12345 

100.0 649 Tota1 

In the ten years of activit1es. the cassava pro思主am has been able to 
estab11sh a 怠。lid technolog1cal base for cassava production which has 
contributed to a large increase in the land area under cassava cult1、，at10n.

From 1會81 to 1986 dur1ng the cσmmerc1al phase of the pro草白血. 5300 hectares 
have been planted 1n cassava. Several state and fe挂 eral 1nst1tut1ons as 
塾~ell as sundry farmer groups have part1c1pated 1n th i.s effort. As a result 
many hopes and expectations have been ra1sed both at the 10ca1 and national 
1evels. 

recom臨endationsConclusions an是

There 18 a general aware l1ess , ho1Oever. that the P玄ogram'紡車ro1Oth i思
fettered by certa1n factors. ln th1s report these factors have been 
i是entif1e是 through the 社iscuss10n of three symptons of underly1ng 
difficulties. These include the progra血 's relat1ve1y 1010 cassava yields 
given its techn010gica1 refinement and financ1al 1nvestl楚ent; the 
over發tockin囂。f caSsava 細i11uatrate是 by the fact that almost half of the 
cassava produced has not been harvested; and the Program's hi草h leve1 of 
participant turnover. 

Behind these sy器ptoms several elements have ell揖rged 留hich have fed 
into each other. Low y1elds are as愁。c1ate桂 with 11點ited use of ir虹proved
product10n technology and lack of appropriate 1ncent圭ves to farmers caused 
by inadequa重e 觀arket lntegrat:lon. This has been further exscerbsteq by 
untimely delivery of inputs and cre垂it. The co藺草non element to these 
shortco臨ings is that h1gh-level program planne玄s have relied too heavily on 
the progra阻 's area expans10n as its crlteria for meåsuring success Qr 
fai1ure of the pro囂ram. Th1s focus on crop expansio訟. unfortunately was 
not matched with the necessary precon謹1tions for such 草rowth. More 
主觀portant1y no co肢merc1al outlet for fresh or processed cas翁ava 10as 
secured. Inste誰是 of 終eeking a steady 揖arket for cassava. the Pro惡ra租
10wered 1ts production standards ma圭ntainin草 a passive commercializat!on 
strategy. The Progra盟 a1so 詣howed 主010 earnings and symptons of unnecessary 
red t袋1>e. The low retu玄n rates were exp1ained by the 10w volumes traded 
an垂 genera1 low yie1ds. These 10w yields in turn increased the costs of 
production. The bure念毛主cratic de1ays reinforced the farmer翁 sense of 
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comp1ete pσwerl紹ssness v1s-a-vis progra阻 staff and a忌。ve a11 bank 
offici818. These condit10ns fueled the partic1pating farmers' frustrations 
and passive resistance to the Pro車ra盟 policies.

Some recommendations to overcome these shortcol種lngs and contr主bute to 
the Pro皂ra阻· s expansion into other areas besides Hui租an起u1110 are g1ven 
be1ow. 

1. The program must carefully define explicit plans for cassava 
agroindustrial develop臨ent. Its phasing should be stated. It shou1d 
insure that productio踐， processin車 al1謹 marketing are integrated , and that 
each of these co由ponents expands in a ba1anced 祖anner. The goal wi11 be 
for no component to ever be out of synchrony w主th the other two. 

There are hun甚reds of pos忍1b1e uses for fresh and processed cassava. 
The Progra祖 must exa祖ine carefully which one of these product designs 
shou1d be implemente挂在iven the available human , financla1 and 
techno1o皂ica1 resources. lt 輸給st consider. then , which product designs are 
profitab泊1. e • which ones have a good co就-benefit ratio 型d can be 
reasona11y expected to be accepted in a particu1ar 觀arket segment.τhe 

next step wi11 not be fu11 scale production of the selected desi思ns ， but 
rather their commercia1 and technical testin囂 on a smal1 scale. Pilot 
studies are essentla1 in this process. According to experienced 
in是ustria11sts，。結t of every 100 concepts for new products , 33 are 
techni開口y feasfb峙 an是 on1y 3 w111 be commercial1y 5U凹的sfu1. Pilot 
testing 1s the only way to insure that the Program deve10ps the right 
product for the right 點arket.τhe Progran, should 祖ove forwar是 to fu11 
sca1e co甜mercia1 production only when the refining of the product an是 lts

technologica1 require祖ents has been co阻pleted and the pro謹uct has been 
successfu11y tested with a samp工e of th'! tar草et 朝arket segment. 

' 

2. It is cr1tica1 for the Cassava Program翁， susta1.nabi1ity that the 
Pro草ram officials avoid centralizin車 processing a8 we11 as 
commercla1ization through only one channe1. In processin盔， as io other 
functior唱， redundancy of or惡anizations providin車 the 發ame services i8 祖ore
efficient than concentrating functions ln one organization. The 
co耐existence of several or草anizat10ns increa8es the 1ike1ihood that at 
least one of them covers services which may have been over1ooked by one 
sing1e organlzation. Extensive testi時酬是 refining i8 necessary before 
the processing plants wi11 operate effic圭ently. Unti1 that transpires and 
thereafter. it i6 i四，portant to keep open as 盟any processing channe1s as 
poss1ble. 

' 

3. The current e頭phasis on pr。這uction has amply demonst玄ated that , a11 
things being equal. it i忽 much essier to produce cassavI主 than to 8e11 it. 
The techno10gica1 success of the Cassava program in Hui祖an草包i110 cou1d lea是
to further research and eventua11y expansion of cassava production to other 
states of the country. However, a rapi是 incre阻ent in the supp1y of ca發sava
would 翅ost 1ike1y create a glut. and frustration for all tho治e invo1ved ln 
the progra血. unless a commercial outlet i6 guaranteed. 
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from pro是ueing fresh cassava to 阻arket1ng processed ca怨怨ava. progra扭
off1cers shou1d re-evaluate the goa1 of the Program not 1n ter祖s of 
produeing a erop but rather 1n creating a co揖mod1ty. Until now, the 
Program has expanded both 1n terms of area under production and total 
product10n volume. Product1on goals and the character1st1cs of processed 
CBssava have 1油en defined independe瓷缸ly of solid analysis of the market 
structure. The ex1穆 tence of a cassava demand has been taken as a given 
with no previous evidence based on research. As a result. large amounts of 
ca移sava have been produced but only a smal1 fraction of that cassava has 
actually beco血e a commodity. For cassava to i甜.pact the feed 車rain market , 
by reducin草 feed 約lports. helping to increase the availability of food for 
the population at large , and expanding the produce言翁， family income. it 
觀ust become a commodity. 1.e. it must be sold. 

5. It i8 essential to conduct market research before co前nitting the 
Pro車間血 's resources to producing a new product. Th圭s research will serve 
several purposes. It wl11 help Program planne言s to make sure that there 
wil1 be enough sale忽 to cover the varlable an是 contribute signficant1y to 
盟eet fixed costs. It will help them to 益efine different prices , different 
sa1es v01u由e怒. dif ferent advertising models. 電lifferent sales an吾

di發tribution progra血s according to dlfferent market se島臨ents. Final1y. it 
will provide guldelines fo玄 the production of a co韌的“ty that 習111 be 
accepted on the market. 1n other word8. it wl11 lnform both the productlon 
proce悠悠 and the processlng one a8 well. τechnology deve10pment on these 
areas will be oriented according to the results of 臨arket research. 

6. The new strategy should b綠色xtremely respectful regarding the 
producers. Farr蕊ers 回ust be 藍lven an l11imited period to reflect. cm發pare.
experi祖ent wlth different a島ricultura1 methods. One must help them , 
technical1y and financially but not force them. The new strategy , the攏，
should a1so tailor the product according to 協at farmers are willin惡 to
produce. 

7. The Program shoul是 be administered by a group of staff each one with 
specific responsabi1ity for one of the Pro草ra血. s functions. In the past 
the Progra臨 has concentr結ted most of its lnstitutional resources to tasks 
related to cassava production. Other progra盟 functions such as marketing 
and flnancial control. howeve室. must receive careful consideratl研1 to 
facl1itate the program's har賢。nlous development. 

8. τhe Program ad詛lnistrators team shoul是盟主nlmally 圭nclude per緣。nne1
familiar with and responsible for respective1y the progra珊's technolo草lcal
aspect. marketln皂. production. and f1nances. The person 1n change of 
techn010草Y wou1d be responsible for research and develop盟ent. Th1s person 
would be expected to generate so1ut1ons for specific problem筒. 1n a是d1tion
to doing other research. The person with re學ponsib1lity for 觀arketin草
would devote hls activities to coordination of ca制ava sa1es. The goa1 of 
establishing thls separate pos1tlon 18 to ensure that sa1es requests 
體ater生alize. The staff person 1n change of production would be 宮發愁pons1ble
for 1ncreasing production wh11e 垂ec~e..in8 t1mø and cost investments. 
Fina工ly ， the staff 1n char草e of 室主n剖lces wou1d act as a comptroller , 
的riving for hi窮h level econo盟ic performance on the Pro草ram as a whole. 

,. 
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9. 1n order to insure that a11 the program' s funct圭ons are equa11y 
represented there shou1d be one person per fu說εt10n 1n the coordinatin草
co臨aitte傘 a t the programs' s state 1evel. 且11 the peop1e designated for 
these tasks should have the 5a揖e hierarchica1 1evel , an桂 cooperation fro盟
rank-and-fi1e staff should be equally availab1e for a11. A clear man吐ste
and support should be given to tho發e designated f玄。m a selected groups of 
h1gh-rank圭ng authorities who would assume the coordination an是 general

睡anagement of the Pro草ram. Presumably , the person 1n char窮e of research 
and deve10pment could be an INIFAP 玄esearcher. The positions for 揖arket1ng

and production could be fi11ed by staff from any of the institut圭ons \7h1ch 
participate in the Progra酷 The finance officer cou工d be a Banrural or 
A錢AGS直 emp10yee. Above a11 , it 主s critica1 that these people count with 
the fu11 support of the institut10ns they work for , and that they are g圭ven
enough power 50 that agreements signe挂 by them are 觀主ni酷a11y binding 0給

their institutions. lt 18 expected that by assu阻ing responsibility for one 
Program co血ponen缸 the organiz是ltions invo1ve垂 in the Program \7il1 be 
encouraged to participate m廿re act主vity alld constructive1y. 
10. One of the rnost important tasks of this board of rnanagers would be to 
joint1y establish 們la1uation criteria for the program and to define program 
objectives at the state an'社 10cal 1eve1s. Both the criteria and the 
objectives should be very explicit. For instance , the Progra缸， managers 
should 謹efine the total maxi趴U血 allowed invest祖ent for product engineerin韋
and marketing , the maximum ti目e for development of a product concept or a 
techno10車Y ﹒ They shoul是 a190 define the minimum expected utility after a 
designated period , the pro丑uct'說缸rO\7th ratc , percentage of the product' s 
t越arket partipation up to a de每ignsted deadlin袋， the lowest acceptable 
return on investment and sales , and the dea挂lines for sales requests. 
Objectives an普通 criteria other than econOI還ic and financial shou1d a1so 忌e
是eUI神d. Examples of this type inclu通信 conditions .for the Pro皂ram to 
promote farmers' rarticipation , and tlF Prcgram's reputation and 1eadership 
to incre;..f>C'. 

e 

員，

i
i
7
;
r

乏

T
J
i
a

哼
!

11. A considerab1e amount of energy and inst圭tutlonal resources should be 
in、lested to support the develop血ent of the administrative capacity of 
pro草ra臨 staff. Creat1ng and operating a succe發sful cassava progra組主s an 
extreme1y comp1ex tasl笠， and a large part of the progra妞 's success rest8 on 
the cooperation of 玄esearchers an晶 imp1ementation program staff. Due to 
these reasons , it woul吐 be worth\7h i1e to develop as 500n as possible a 
training program for researchers and program staff which provides them with 
tools for improving thei主 &吐血inistrative and p1anning sk111s. The 
objectives of this progra臨 wou1d be to fam i1iar1ze the trainees with the 
theory and practice of methods and techniques of collect1ng marketing data 
over t 主me and space , bud囂eting ， design and imple間entation of market 
ana1ysis , methods for monitoring the progra毯 '8 implementatio口， and 
techniques for program planning and evaluation. Such training program 
could include intensive short-term hands-on 忍essions oriented toward 
gathering data which would be useful to the program. This training could 
be sponsored by INIFAP. Staff and researchers from states 1n \7hich cassava 
progra盟翁 are currently functioning or about to begin should be required to 
participate in the training. To accO臨pany this training , adequatel1y 
qua1ified staff should be appointed as admlnistrative trainer移﹒ Their task 
would inc1ude on-site fo110w 犯p every six months , a8 we11 as pro巾i9ion of 
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on-site assistance for progra臨 start-up. 留hile not on-site they shou1d 
a1so be avaia1able for consu1tat10n and evaluat1on. 

12. Process1n車 1n no way guarantees that cassava wi11 be sold. 車 new

product must be introduce尋 1nto the 觀arket that 1發 compet1tive with and 
superior to customa主i1y produced cassavl事.日h圭 le there 1s 11ttle e1asticity 
in the current 盟&宮ket deman桂 for cassava as it has been traditionally 
produced , processed cassava 盟ay offer new market1n囂。pportun1t1es. Th1s 1s 
cruc1al a8 ca55ava 15 a h1ghly pe玄ishable crop﹒日ith this 1n mind th終
creat10n of a new product wou玉是 most l1kely benefit fro揖 exp10rations of 
processing options. Yet , while processing does offer a這是1t 10nal

possib111t1es , it does not so1ve the proble髓。f se l1ing cassava. The 
transfor臨ation of cassava into a non-perishab1e for閥 wh主ch can be stored 
and transported more easily represents an extraord1nary 1聽provement.

Processing expands the crops f1ex1bi11ty. Processed cassava , however , mu發t
a180 be sold. If a 誼arket outlet i6 not 哇ef 主ned. process1ng only de1ays 
th發 crisis. 宮urthermore ， there 18 not such th主ng a8 "a11 purpose" 
processin車. Processin車主5 not a blind activity carried out independently 
of a targeted 阻arket. One processes cassava into a particular form for a 
particular 1濃a宜ket. Thus. the 亞arket p1ays an important role by 是efining
the para目eters in wh1ch processing wil1 take p1ace. Simi1arly , the market 
specif1cations should determine the character1s t1cs of the cassava to be 
p宮。這祖ced. It 18 perfectly conce1vable that if the Pro草ram were to prOCesB 
cassava 1nto a form which 1s not accepted in the 訟arket. a new glut wou1d 
be create益.

13. Short te空間. yet sound studies shou1d be conducted a8 soon as possible 
to ascertain the potent1al outlets for cassava. It i8 essentia1 that one 
of the Progra剖· 5 pr1or1ties be to develop an informed 頭發rketing strategy. 
A market1ng strategy does not mean creating plans on how to se11 cassava. 
It means tailoring pro是uction an是 process1ng according to what custo級ers
are 1nterested in buying . The Progra聽 strategy's starting point and 
constant reference wi11 be the cassava consumer (an吐 the pro垂ucer ， a8 it 
wil1 be discU9ged below). It i9 eS8entia1 to know the characteristics of 
the consumer. It 18 equal1y important to know the seg盟ents i鈴 wh1ch the 
訟arket 1s divided an是 concentrate the Progra啞 efforts on one or two 
segments. 工t i8 my impress主on that the 器arket Seg聽ents have be宇n
prematurily define是 around feed users only. A large sha主e of the Program's 
cassava ha6 起een 8uccessful1y markete這 as a vegeta基主e ， flour or starch for 
human consu溫.ption. Rather than recommend1n鑫 that from 漿。w on the Program 
or1ents its production as to be used for hu輯部\ con悠umption. 1 suggest that 
the potential of these a室主d other market outlets be examined and measured. 

14. lt would b終 a mistake to think that cassava consumption w111 
主ignificantly increase without an accompanying 1ncrease in conSUI時r demand. 
Regardin草 cassava a9 feed , the Program strate皂Y wou1d have to target fee挂
users 電qho are not currently usln草 cassava. The aim woul垂 be to substitute 
the feed they a宜e now us1n車 with cassava. Some resistance to this change 
must be expected. The Pro草ram would have to des1gn means whereby plg 
fa玄臨ers for exa組ple have the oppo:r tunity to t :ry csasava-based feed at no 
r圭sks. Thlø would :requi:re experl回entatlon 00 the characterl翁 tics of 
cassava that best suit the needs of the feed user忽 Some of the variables 
which I建主ght be the focus of experimentation include 轍。d主ficatlon of the 
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shape in which cassava 16 presented , its nutritional content , the product's 
compatibility with the tools used in the piggeries , and the product's price 
competitiveness vis a v主s commercial fee是. These adjustments could then 
help shape pro挂uction and processin思﹒ Con副主髓er tests could deter祖ine ， for 
example. the required starch content of the cassava produced or the 
particular proportion穆 of the ingredient in cassava-based mixes. Hence , 
the Progra臨 could produce cassava with well-defined com盟ercial

characteristics and 1n fact turn out a pr。這uct with an already existing 
deman'是.

15. A 81阻11ar approach shou1d be use是 for cassava to be sold as a 
vegetable , when poss1ble. In th1s case the Progra鶴 's a1m would be to enter 
the market with a type of cassava which fulfi l1s the requ1rements that 
consu阻ers associate with 囂。od cassava. Again. 1t would be essent圭a1 to 
ascerta1n consume宮 's 這efine桂 requiremeuts and preferences. S1nce this 
習。毒品ld i血p1y direct co阻petition with other commercia1 var1et生e露 the

Program's cassava would have to adopt a brand name. Ideal1y , the consumers 
w111 associate this bran善。f cassava w1th a de忽1rab1e product wh圭ch i6 
consistent1y superlor to other var1eties with regard to previous1y 
是eter酷ined consumer preferences. Conceivab1y , the best 哇uality roots could 
be traded for hu盟an consump t1on. The rest could be channe11ed through 
other out1ets. 

' 

16. The PrO草ra冊 's marketing strate惡y must be active. Unt11 now, th傘
transformatlon of cassava into commod1ties has been rather passlve. Most 
of the program's sales have been restricted to a handful of users. 
Intervention in the commerc1a1ization of cassava has been restr1cted to 
agree1ng on a pr1ce for the roots themselves and then transport1ng. This 
s ::l.tuat10n haa to change , and the Program has to take the 1nit主ative
dyna雄主cally.

17. More emphas1s shou1d be p1aced on the identif1cat1on of 祖arket

seg'阻ent傘， 1.e. con6umers of products other than caSSava who cou1d be 
com狙.ercia11y persuaded to sh1ft to cassava. or cassava consumers who could 
忌e co扭扭ercially persuade桂 to sh1ft to the Pro草ra間 's cassava. These 
segt巴ents 誼這話t be prec主se1y defined. It 1s i臨port缸lt to go beyond broad 
是ef訂litions of cassava's target 聽arket. Instesd of def1ning feed users as 
1ts target market , the Progra揖 shou1d i益entify smalleτgroups with1n that 
曬arket who 血ay be more open to switch1ng to cassava. The criteria for the 
def1nit1on of such groups can not be determined independent1y of a carefu1 
ans1ysis of the market charscteristic怠. An ana1ys1s of the consumpt1on 
patter帥， buy1ng proces莓. and organ1zat1on of production , for 1nstance , 
wil1 be required vis a vis users of prOducts which cou1d be subst生tuted
w1th cassava. The goa1 wi11 be to obta1n sn extreme1y clear definition of 
cassava's compet1tive advsntages in those situat ::l.ons. 

I 

1囂. When considering the cruc1al need to expand 血arkets for drled cassava , 
the geographica1 narrowness of cur玄ent strat~gies must be re-eva1uated. In 
li草ht of the fact thst d玄led cassava can be more eas ::l.1y transported. it 
wou1d most l ::1.ke1y be benef1c主a1 to the Program and its participants 1f some 
pro圈。t10n of processed cassava was done in severa1 areas of the country , in 
particular in those areas where catt1e feed 1戀@濃pens1ve or re1ative1y 
unavia1able. Th1s approach wou1d require the active and systemic 
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organizat10n of de揖onstrations on cassava' s potentials for direct 
consumers , commercial feed who1esalers and retailers as we11 as feed 
processing industri閥.

19. 1n the part主cu1ar case of the Pro惡ra回. a marketing strategy wi11 
require 1n ad通ition to an awareness of the consumers' interest念， a concern 
for the pro是ucers' ， as we11. 1n the past the Pro草ram has paid more 
attention to the availability of suitable f1elds for production than the 
1nterests an是 perceptio位s of farmers who produce 主n those fields. The pace 
of the program's development has been set sole1y on the bas1s of potent1al 
for pr。在uction inc宮發ase. Such potentia1 18 e哇uate是 w1th 1and agronom1ca11y 
8u1table for cassava production. Hence , the Progra肥 has 草enerally
disregarded whether the farmers are 1nterested a位d able to cultivate a 
re1ative1y new and risky crop. 

20. The perspective and opinion of the producers 祖ust be taken 1nto 
account in the plann1ng phase of the pro囂ra鵬， esp忽cial1y considering the 
r1sks involve是 Those plans that have been han是ed down from high 1evel 
officia1s w1thout producer input should expect to be 回e t w1 th resis tance 
an是 shou1d be avoided at a11 costs. 1f producers are given more 
opportunit1es to be 1nvolved in decisions maki位囂， their c:omm主 tmment to the 
pro草ram and their wil1ingness to experi臨的lt w111 1ikely increase. 

21. It i8 eS8ential for the Progra鈕 's success to create a 1sr草e
institutional space for real far臨er participation. The P玄ogra鞘酌ust accept 
plura11sm 80 far亞ers can cho怨e fro誼 a wide ran惡e of pos發1bil1ties the for油
in wh1ch they wou1d organize the血selves and the eχtent of their 
involvement. The Program staff shoul通 not force farmers to form groups nor 
to 盟erge 1nto One single association. Farmers wi11 join only those groups 
that are perceive是 to represent the1r 1nterests. The Pro島ram shou1這 a1so

recognize the producers' . r1ght to define the terms 1n wh1ch they will 
partic主pate 1n the 聽arket. Th主s means that farmers shou1d be a110wed and 
encouraged to 謹ecide who they se11 product to. Th1s 18 perfect1y 
co觀pat1b1e with coord1nation a臨ong far鹽ers and even agree祖ent on a co盟mon

bott棚 com甜ercia1 price of cassava. The goa1 主s for far輯ers to be the 
center of the economic dec1s10n-making process. 

22. At the sa臨e time , farmers shou1d decide what kind of product they 當111
se11. There are farmers who are on1y interested in produc1ng cassava , 
whereas there are othe宮s who a1so w'研lt to process the crop. 1n a垂d1t10傘，
there are those who do not produce cassava but on1y process it. A11 of 
these groups shou1d be g1ven the chance to operate at the sa祖e time. 
Farmers 甜ust be a110wed to rent processing pat宜。s. They shou1d a1so be 
怠工10we是 to se11 their crop and obtain direct and immediate returns without 
hav1ng to vertica11y integrate into process1n囂。f any so只﹒ Hence ， the 
practice current1y enforce是 that requires pro是ucers to a是vance cassava for 
processin惡 1n the industria1 p1ants on pro攝ises that they w111 get a share 
once the processed cassava 1s sold should be 是 1scont1nued.

23. Far聾ers should have the right to se1ect the processing means and the 
msrket outlets tbat best serve their econom1c 1nterests. Industria1 
processin草 plants and sundry1n當 patios shou1d be g1ven an equa1 opportunity 
to succeed in ter晦S of credit for operation, fac11ities for access to 
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cassava as a raw material , technical backup , etc. Likewise , future Progra觀
invest.盟ents should be diversified to include several relative1y 
inexpensive infrastructural facilities rather than concentrating invest臨ent
in one s1草草1e unit of the sa觀e tota1 monetary value. Although severa1 
8ma11 un1ts are less impos1ng than one lar草e one , 1t 18 1ikely that many 
smal1 units wi11 greatly enhance the chance of thelr efflcient uti1主zatlon.

2再.工t should be stre翁 sed that or草anizing far阻ers for process圭.ng
activities 1s eve院扭。re important than providing them wlth infrastructure. 
Mot1vated far盟era have drie桂 cassava 1n small 觀ake-shlft pat1os , whereas 
expensive patios have re臨a1ned underuti1ized because there were no 
operators. 

25. As for patios , their operators must be organ1zed and motivated pr1，月主
to 1室主itiat1ng the construct10n of infrastructura1 facilities for cassava 
process1ng. 1n the past , the physical infrastructure of pat10s has been 
built by 車overnmental agenc1es independently from the or惡anization of 
farmers who are the tar窮et users. Th1s practice has not been evenly 
efflc!e裂主 There are patios that were bu i1t sole1y with the assumption 
that nearby farmers wou1d produce cassava. Despite these far盟er怠， Eood
inte鈍tions ， today they are not cu1tivating casssv，章， an是 nobody uses these 
patios. There are a160 severa1 abandoned pat10s in ca翁sava producing 
area囂. where producers are not interested in the proce穆sing phase. At the 
same ti祖e ， however , there are communlties in which two or three 事roups of 
farmers or individua1s co回pete with each other to obtaln access to pat圭o
fac i1ities. These com觀unities authorlze groups to sundry cassava for a 
fortnight to ensure access to a11. 

26. A11 pat10s must be equipped with a11 the necessary macr泌的ery for their 
lndependent operation and provis1one是 with technlca1 back up for 
maintenance of 祖otors and chippers' blades. Thls outfittin島主s likely to 
be achieved 1n 1988 becau恤， as sa1d before , 1n 19串 1 government a莒encies
have provide是 patlos with the 祖ost e9sential lmplements. However，輯ore

exten91ve training on the proper use and maintance of the rnotors by farrners 
19 ur草ently required. 

27. Credit 阻ust be avai1ab1e to patios operator起 for buying and processing 
cassava. S1nce 198巷，車anrura1 has extende是 credit for the operati研1 of 
80me patios but 社lsbursement has consistent1y taken place after the 
officially define是 optimal 是ryin惡 period (Ma言ch to May). 主lthough ， 80四e
pat主os continue to 飢且直是ry caSS8.va up to October , the 1ate de11very of 
capital seriously undermines the commercla1 vlabi1ity of the patlos. 

28. The price of dried cassava must be competit1ve vis-a向vis fresh 
cassava. Producers co血plsin that the price of 拉宮led cassava general1y 18 
only slight1y h主gher than the prlce of fresh cassava. Thus , they pref懇r to 
8e11 the crop fresh. The program should refine its 體echanis酷s for casssva 
price settlng 80 as to respond not on1y to costs of production but a1so the 
com屆erclal aval1ab11ity of sorghu阻 1n Southern Mexico. 

29. Farmer or串anization is one 
sucessful1 operatlon of patios. 
OVer the years there have been 22 

of the most critical condltions for the 
It i霄， however , d1fficult to fulf i11. 

是lfferent groups of far四.ers partlcipatlng 
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in the Program. Mo!!t of these 車主oups have been organized after 1 會83.

Although 80祖e of them have had a short 1ife-span , the 臨ajority have 
operated for over two years. An association of producer 車roups (主RIC) 當as
formed in 1會86. ARIC wa詔 create是 as a mea室主s to encourage famer 
part1cipation in the cassava commercia1ization process. Eventua11y , its 
a1ms were expanded to inc1ude the management of the 1ndustrial process1ng 
plants. Recent deve10pments indicate that ARIC 臨ay be partakin露 in the 
ad盟主nistration of 90醋。 dry1ng patios , as wel1. One third of the farmer 
groups in the program are part of ARIC. Because of being a new 
or草anization ， however , ARIC has not been ab1e to expan是 the poo1 of cassava 
buyers , espec1ally 訂閱。far as dr圭ed cassava 1s concerned. The Program must 
provide spec1a11zed ass1stance to 1mprove the perfor臨ance of ARIC and any 
other far盟er organization in the quest for new market outlet筍，

30. ln the future , Program 翁taff need to put 罰。re effort 主nto the methodic 
and wel1 conceive垂 mobilization of fame言s. This orl苦anization entai1s 
reinforcing training in the technology of patio operat1on and accounting 
proce是ure路，當hich is a serv1ce already offered by Program staff. l'he 
or車anization of patio operator訟， however , should a150 inclu垂e training that 
fosters skil15 for farmers in the identification of and d1rect 
part1cipation in viable markets for their processe是 ca悠悠ava. 智herea怠，
紛紛y 鵬st of the fresh cassava 801益 through the Program 1s hand1ed by 
ARIC. until very recent工y the most preva1ent practice emp10yed by both 
cassava producers a室主運1 pat知 operators has been the COr甜甜cialization of 
their prod之Icts through program functionnaires. The funct!onnaire移

contacted potential buyers , ne囂。tiated prices and the volume per 
transaction for the farmers and quite often without the pro謹ucers'
participation an桂 approval. This practice was neither beneficial in the 
short nor long run. On the contrary , it reinforced farmer dependency on 
state interventions , and further inflated the program's operationa1 
e草penses.

31. The Pro草ra祖 mu忽t measure its progress fro甜 both the perspective of the 
nation as a who1e and the local potent1a1 benef圭ciaries. Unt i1 now, the 
Program has concentrated above a11 on attel還pting to contribute to the 
solution of nationa1 prob1ems. The emphas圭s on the ro1e of cassava to 
a11eviate the nation's re1ative sor串hu觀 and corn scarcity and decrease the 
amount of fee是 grain imports should be coupled with a co貧cern for 盟eeting
other goals with a D間re 10ca1 focus. The Pro草吉am 楓1St spe11 out specific 
c玄iteria to 觀easure the benefits accrt姆拉 from cassava commercia1 production 
by producers , their co祖祖unit1e筒. the proces翁 ing region and the state 1n 
which cassava 1s produced. 1n this vei1萃， the Progra盟 should a挂dress
spec1fic locsl and re草10na1 proble甜s. The Pro草ram shou工d be conceived by 
its p1anners and perceive是 by the farmers 1位華eneral as a solutio室主 to local 
prob1e攝S.

32. It 18 especial1y cr圭t1cal that the Progra罷 's expansion begin with 
far祖ers who are already producin軍 cassava. A potent1a1 area for cassava 
production shou1d be defined on the ba忽18 of the existence of su1t風ble land 
and institut10ns willing and able to lead 1n agricultural research an過
1點ple臨entation. It shou工通 a190 be based , however. on the existence of 
far祖ers cou觀itte電i to cassava who want to overcome the crop's 11mitat10ns. 
The program will f1nd stron草 supporters amon車 farmer翁 if they 是erive 移ome
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1歸祖ed1ate benef1t話 from their part1e1pation 1n it. The Program should 
prov1de the tools for makin惡 customary cassava production more versatile 
and effici變法t. Far祖ers who do not have a tradition of cassava production 
shou1d be eneoura草ed to partake in the Progra酷 not by means of promises 趴lt
through the example of the actual sucee翁s of those who joined the Pro草ram
an是 benefited fro臨 it.

33. It i8 a150 important to expand the Progra盟 e5pec主要性1y among customary 
producers because , if a11σwe益， they w111 provide the feedback necessa言y for 
fine turning research activ1ties on agronomy and improved var主ety
deve10p揖副主主. Technolo草y diffusio認 w111 be facil1tated if far組ers are 
al10wed to intervene from very early stages on the design and evaluation of 
re穆earch exper孟融ents ， and the de f1nition of researeh príorities. 1n th1s 
way, researehers w111 contribute to generate technology which is useful to 
farmers. 

34. INIFAP' s Cassava Progra血 was created under the assumption that the 
national pro惡ra田 for cassava production could not operate without solid 
researeh co血ponent. Over the years the research prog宣am has become one of 
the 醋。st 主mpoτtant element移 for the program's develop姐ent.τoday ， however , 
1t face學 new chal1enges which could ser1ous1y reduce 1ts pote綠tial
contr1butions 1n the near futu宮e. Limitat10ns of the com觀念rc1al product10n 
progra祖 have forced the research prog主am to concentrate on short term 
1ntervent1ons. Whereas ten years ago the program was conceived w1th a a 
nationa1 scope 1n m1nd , 1n practice it has operated almost exc1us1vely 
w1th1n Huimangu1110. The program's research agenda has become subordinate 
to the strategy of the product10n program and 1ts 1mp1ementat1on. This 圭s
an a是m1rab1e case of 1nte草rat10n of research and operat10n co亞.ponents. Yet 
one 盟U8t face the fact that a綠 a result of this dec1sion the producti.on 
program 18 not as adequate1y prepared to expand to 8tates other than 
Tabasco aS had been or1車1nally 1ntende逞. 1n this context , the research 
pro車ra田 has been forced to rel1qu1sh 1ts role as a pioneer 1n the area of 
1nnovat1ve plann釘室里 for the expansion of the production program. 

35. The re羽earch progra盟 shou1是 recover its orig1nal strength aS a 
pathbreaking 主nstitution. More e聽phas1s should be g1、len to the development 
of the cassava pro草ra酷's eapac1ty to administer and 是1rect new research 
schedules.τhe program must define a c1ear develop阻ent strategy for 
research act1v1ties w1th 忽pecif1c sta草es ， goals and criteria of succes翁，恕。
as to pr10r圭t1ze eerta1n areas of invest1皂ation. Th1s shou1d result 1n 
better 1ntegration of 1nd1v1dual research projects 1nto one common expected 
囂。a1.

3巷， 器ecause of INIFAP I 5 current restructuring , the flow 1nfor酷暑盟t10n and 
the move羽ent of researchera f宜。醒。ne state to another have become 
increas1ng1y 觀。re diff1cult. The research progra盟，忽 act1v1ties have 
sh1fted from nst圭ona1 to s1ngle state level. Yet , it 1s essential to 
guarantee that agr1cultural research 1s cooducted as 800n as poss1ble 1n 
a11 those geographlcal are.主s targeted for potent1al expansion of the 
cassava productlon program. Also , spec1f1c channels shoul挂 be created to 
ensure the regu1ar flow of 1nformatlon among researchers and program staff 
work1ng 1n d1fferent states. Intervent10n at a h1gh level of INIFAP and , 
poss1bly , S主RH 1s required to 10怨ure that the Tabasco司based ca忽聽ava
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research progra祖 not only continues to have a national mandat終 but a180 19 
given the resources to i輯plement it. 

37. It i8 especially crucial to encourage the growth of a pe訂閱nent

soc主o-econo阻ic unit w1thin INIFAP which acts as l1ai移on between farmers al若是

researchers and betweeen researchers and extension agents. Th生穆 un主t' 發
input should be given pr10r to the formation for the pro草ram's deve10p誼ent ，
as we11 as 是uring and after its 1誼plementation. Instead of acting 
pri祖arily as an accountant for the pro草ra間， the u終it should be involved 圭n

and responsib1e for de磁ign1ng the progra盟 's operational strategy. After 
the creation of such a un1t , support training for senior a曹E主cultural

economists , anthropolo皂主翁ts and sociologists should be consider as a 
prior1ty in INIFAP. 
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報佳話尪 1. 

The lnstitutiona1 lnterest and Su且port for the Cassava Progra扭

The a血ount of institutiona1 support both in ter單身 of fund主"藍 and 
staffing for the Cassava Pro車ra國 throughout t主me ha.學 been remarkab1y high 
and co誼盟endab1e. In its 主n1t圭a1 sta草es ， the r01e of 1封IA researchers an謹
ad盟inistrators was extreme1y critica1 in laying the foundations for the 
Progra耳. Th18 invo1ved a two pronged strategy: develop種ent of pro是uction
techn010gy for the specific character主StiC9 of the 誼uiman草ui110 savannah; 
and pub1ic re1ation ca盟乎是ligns to 主ncrease the awareness of cassava's 
potentia1 among officia1s of banks and trusts , hi串h 1eve1 ad祖.inistrators of 
the Ministry of A惡ricu1ture (SARH) , extension agents and technology 
diffusors and po11ticans. 1誼工A was a160 instru臨ental in creating a nuc1eus 
of per器anent support for the crop a盟ong 惡anrura1 ， SARH' s District in 
Cardena錯， and CSAT. When the commercia1 program was actùa1ly launched , the 
coincidence of enthusia聽 by INI血 and the SARH' s district' 每 top
administrators gave the progra觀 additiona1 土四petu怒﹒

The state government of Tabasco joine謹 the federa1 主nitiative ear1y in 
the Progra珊 's development but has been especia11y active fro'臨 the 1983 
cyc1e onwar是s. At that ti聽傘， it provi是ed the Pro草ram with e移sential

inputa , auch as credit and acces翁 to tractors and technica1 assistance 
which , a1。訂單 with the input9 facilitated by the federa1 governmer吭， created 
a powerfu1 ent主cement for farmers to j .o in the program. Over time , the 
state's inv01vement in the Cassava Pr.o草ra觀 has increa能ed to encompass the 
setting up of industrial organic fuel based processin惡 p1ants.

In 1警車5 ， the Ca絡sava program received a very important boost from the 
federal government. The 琵ational Progra盟 for Rura主 Inte草rated Deve10pment 
(PRONADRI) for the year5 between 1會85 and 19串串 offic圭a11y defined cassava 
as a strategic crop for the nation. The document a1so defined corn , rice 
(in the sourheastern ♂tates) ， an忌。11 seeds (in non-irri惡ated 1ands) 給g
srraregic crops. ln reference to cassava , P竄ONADR吏 '9 囂。a1 wa翁 to support 
its cu1tivati.on , expansion and indust室主alization in order to use cassava as 
fee是 an是 thereby re是uce importation of fee垂暮rains. The pr.ogra妞，您 scope
was defined in the document a路 inc1uding Tabasco. Campeche , parts of 
Jalisco , Quintana Roo , Veracruz and Yucat,!.n. The expected 圭ncrease in 
production during the 1會85-88 period is estimated to be fro臨莓，000 hectares 
to 100 ,000 hectares (Poder Ejecutivo 1985:161). 

Renewed insti tut10nal co盟臨it國ent to cassava ensued PRON血DRI's
strate華主c p1an5. 主n Institutiona1 Coordination Task Group was estab1ishe吾
in the production area wh主ch inte草rated the representatives .o f SARH , the 
state' s Secretary of Development (SEDES). Banru宮a1 ， Ana皂sa ， INIFAP , the 
state's Secretary of lndustrial Pro醋。tio袋. Con臨erce and Tourism (SEFICOT). 
the federa1 Secretary of Agrarian Reform. and cassava pr.oducer 
organizat主ons. 草、lentua11y ， a 移ociety of farmers (ARIC) was forme是 that 19 
in cha當ge of the c .ommercia1ization of cassava an是 the 扭anage臨ent .of the 
industrial processing p1ants. ARIC , the Rural Association of Collective 
lnterest翁. was comp.osed of far噓.ers from two col.onies and two ejidos in 
19早6. Henceforth , it has expanded its 盟emberhsip to include four 祖ore
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eji丑。s. At the fe吾era1 1eve1 , the Nationa1 Com血ittee for Cassava Pro詛otion
took a stron露er stance in the coordinat 圭on of cassava production plans. 

A clear 1ndicator of the 1eve1 of continuous co鹽itment to the 
deve10p觀ent of the Ca翁 sava program on the part of federa1 and 移 tate
a車encies 1s found in the range of pub1ic investments that have been made up 
to the present in constant Mexican pesos. 

1. purchase of cassava seed for the Program's growth. 
ln 1982 ，當ARH bou揖ht the stems of cassava produced by the far頭ers who 

first j oined the co臨的主ca1 progr臨﹒ These cuttings were used for the 
1982-83 倚重icultural cyc1e. SA船 paid M松， 83忌， 000 for the札

2. Road infra巴 tructure in support of the Cassava Pogra阻.
SA點1 Invested M$有忌， 403 ， 000 in 1臨proving access roads for the cassa'1a 

producing c010nies P圭no Suarez , Martinez Gaita缸， and La草U玄la del Rosario an益
的le ejidos Chicoacan and Tierra Nueva. It a1so invest純的112 ， 400 ， 000 for 
paving such roads (Tabasco , Gobierno de1 Estado 1987:30). 

3. t{achinery for soi1 preparation , cassava cultivation and 
出口單已站-

Since the inception of the agroindustrial phase of the Pr。當ram in 
1981 , a total of 5 ,340 hectares have been prepared for cassava cultivation. 
1n the period 1981-83 , 1, 985 hectares were put under cultivat10n wi th 
a草ricu1tura1 imp1e誼lents prov主益ed by SAR腎. Since 198毒， SEDES i聽p1e甜ents
operated by S主RH personne1 were used for the r樹脂圭n1ng 3 ，斗在5 hectares. 
S草DES contribution to this operation was M$186 ,315 ,OOO (Tabasco , Gobierno 
del Estado 1987:33). Also , SEDES built two sheds for 誼achinery 1n the 
eji遲。 Tierra Nueva and the colony Pino Suarez with an invest唱的lt of 
M$28 ,383 , OOO (Tabasco ，位。怎ierno del Estado 1987:34). SARH 1nvestment in 
this project is undeter揖ined.

4年. RG阻o'1a1 of the forest cover and preparation of those plots for 
cassaVa cultivation. 

In 1雪在3 and 19串毒. SEDES c1eared forested land as an incenti '1e for 
farmers to join the Cas戀a'1a Pr草草ra血﹒ The clearil駕車 did not entail al主y cost 
for the producers but committed them to part圭cipate 圭n the Program for at 
1east four consecutive cycles. In 1983 , 34 hectares were prepared under 
this arrangement , whi1e 1,481 hectares were cleared in 198主. A total of 
M$220 ,353 ,OOO were invested in those 1,515 hectares (Tabasco , Gobierno del 
Estado 1987:33). 

5. Direct credit for cassava oroduction. 
Banrura1 and the 的ate g研ernment provided M$353 ,383 ,OOO and 

M$5事， 059 ， 000 respectively for co句ering the costs of pro岳uction incurred by 
farmers (Taba馳。， Gobierno del Esta挂。 1會87:86).

岳. Trucks for the transportation of a草ricu1tural inp怨ts and 
machin忽rv.

SEDES bo吉訶Itrucks in support for input distr主bution ， which amounre垂
to an invest誼ent of M$50 ,372 ,OOO (Tabasc曲， Gobierno del Esta益。 1987:35).

7. 1nfrastructura1 support for Cassava sun-drying in cement patioS. 
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From 1982 to 1983 , five patios ranging fr明旭 200 to 400 aquare 觀eters
each were bui1t by SARH in the colony of Martinez Ga1tan an是 the ejidos of 
Ch1coac;紗. Tierra Nueva , La Nueva 軍speranza an挂 Tecominoac~n ， Since 1984 , 
17 addit主ona1 patios of 2 ,000 square meters each have been bui1t 幻111
communit1es , The 主nvest羽aent for the first ten patios was M$120 ,000 ,OOO , 
For 1ts part , the state's off1ce SEDES provided 1n 1987 operat10n equipme給t
{誼。tors and cutting d1sKS for cassava chippers as well as 紹ca1es and carts) 
for a total of 的130 ， 000 ， 000 (Tabasco , Gob1erno del Estado 1987:31) , 

8 , Credit for cassava drying operat1on 
I當1 198岳， the state granted M$2 ,400 ,OOO in credlt for the operatlon of 

ei串ht patios , and in 1987 , credit extension amounted to M$4 ,500 ,000 for 
nine pat10s , 

9. Bul1ding of 8110s for cassava stora且e
There are to謹ay 10 8110s w1th a stora草e capacity of 1,200 tons each. 

Seven of th船e were bu11t by SEDES 咄咄 the disbursem臨t of M$153.135 ,OOO 
(Tabasco , Gobierno de1 E8tado 1 普車7:35). Banrural's invest臨陣nt in the 
re聽aining three 8i10s is undetermine益.

10. Establishing industria1 p工ants for cassava processin藍 into f10ur. 
INIA invested M約 5 ， 00位， 000 in the early 19808 to set up a smal1 

processing plant located 1n Guacamote. Eventual1y , SARH and SEDES 
contr1buted with a total of M$80 ， 00日， 000 for the 草eneration of an 
1ndustr1al plant in the eji挂。 τierra Nueva，的ich 關s to be the prototype 
fo宜 other industrial settinga. The plant never 是eve主oped beyond the 
experim息ntal stage. In the last two years , two 1ar草e scale cassava 
process1ng 1ndustrial plants were built. 。泌.e 19 located in the colony of 
Martinez Ga1t至lt豆， and was expecte述 to process 90 ton愁。f fresh CSSS8va per 
day. The other one , located in the c010ny of Pino Suare囂， was expec te在 to
process 120 tons of fresh cassava per day. These industria1 plants were 
built by reconditioning a fish-dry1n草 and an alfalfa-dryin早 plant

respectively.τhe for臨er plant was financed by SARH and SEFlcor and the 
1atter one by Ranrura工 and SEFICOT. The total inve翁 tment for the setting up 
of these p1ants was M$500 ， 00缸， 000. rhese figures do not include 
expenditures for operl盈ting cost毅 (Tabasco ， Gobierno 1 會87:3學) • 

11. Building pi墓 pens to support comn唱rcial utilizat10n of ca發sava.
SARH , the 祖ayor's office of Huimanguil1o , an這 the state's Secretary of 

Urban Develop訊ent and Ecology (SED司JE) have 1nvested over M$70 ， 00位， 000 to 
huild 14 pig farms in 11 com血unities of the Hui臨ngui110 savannah. 1n 
these pig草erie艙， 1 ,600 an1屆als are fed with dried cassava (Tabasco , 
Gobierno del Estado 1987:38). 

The above 觀entioned services represent only the 誼ain areas of 
intervention by the state. It is necessary to ad桂 to. that 1ist that 
PRONAMEX 露ranted 主n Apri1 19串吾 a串r1cultural machinery at reduced prices and 
convenient payment arran草ements for farmers engaged 1n the Ca符 sava Program. 
The machinery inc1uded 5 International tractors of 70 HP each , 6 MF 
tractors of 70 HP each , and 3 !nternat101主a1 tractors of 12日lIP each 
(Sanchez and Oliva 1986). Also , state and federa1 funds were used to c:oveτ 
the payment of salaries and the operatior主a1 co俗 ts of both techn1ca1 
ass1stance personnel and research staff. Since 1983 extens10n agent話 fro阻
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the state or草an1zat10n SEDES have jo1ned w1th fe是era1 personne1 from SARH 
to prov1de techn1ca1 advice to farmers participat主ng 1n the Ca移sava

program. Prev1ous1y , on1y SARH personne1 ass1sted farmers. Over t1me , the 
tota1 number of the staff inv01ved 1n these activ1t1es rose from 2 1n the 
period 19車1-84 to tod.ay's 16 techn1ca1 ass1stant紹，路alf of this support 
personne1 work忽 for SARH and the rest are SEDES employees. The number of 
veh1cles used 1n support of th1s en這eavor has a1so 1ncrease甚至ro且 1 p1ckup 
truck 1n the peri付給81-84 to 10 p1ckup trucks or other s1m11前 veh1cles

1n 1會87. 工摺IFAP's cassava research team , however , decreased 1n number fro觀
10 1nvest畫在ators 1n 1會惡 1 t。 在 1n 1988. 

Keep1ng 1n 血1nd that th1s 11st of state 1ntervent10ns 18 not 
exhaust1ve , we can conc1u桂e that the pub11c 1nvest攝制lt 1n support of the 
cassavs progrs冊 '8 是evelopment over the s1x year per10d 1981幽87 amounts to 
at 主esst 3 thousan是 million pesos. 



37 
年
，

經但誰缸之

the Scope of the Progra臨

幫hile seeking to understand the CaS9aVa progra盟 '9 hi草hli當hts and 
shortco臨1n草s ， it i8 i觀portant to keep 1n min進 that far from huilding upon 
relatively si祖ple quantitative transforn溫tion9 in previous1y existing 
production and 國arketing systems , the progra姐· s design has requ1red a 
radical shift into a qual1tat1vely different system. The progra間 's 墓。a1傘，
unmodifie謹 since 1977 , ca11 for a sharp lncrease in the pro是uction area and 
productiv1ty of cassava with1n a very short time per曳。d. Cassava 
pro益。ction under the Program 19 1ntende是 to reduce or e11m1nate the need 
for feed 1盟ports whlch create a negat1ve burden on the natlo訟，學 balance of 
pay祖ent. 1n 1977 , the program almed at hav1ng 120 ,000 hectares under 
ca終sava production by 1983. At that tit:æ, however , Mex1co had on1y an 
esti回ate丑 3 ， 000 hectares in production of cassava. Thus , the progra妞 's
desl草ners expected to achieve a forty-fold 1t三crease 1n the cassava 
hectarage p1ante是 1n 祖ere1y s1x years. When the Program move桂 from its 
research-on1y phase to 1ts 1田ple祖entat10n phase in 19車 1 ， the target area 
for 1986 was sens1b1y reduced to 10 ,000 hectares. Durlng the past four 
years , quot1n草 specific product10n goa1s has become both unfash1onab1e and 
politica工1y unw1s袋， but the 是ramat主c change is sti11 expected to occur. 

' 

Yet the Ca忽sava program's current design requ1res a new and 
cons1是erab1y more intricate product圭on system ﹒ Th1發 1s revealed by 
comparing the customary and the a島roindustr1a1 syste揖鏈. 1n the customary 
syste唱. caSsava pr。這uction does not depend heavily on purchased 1nputs. 
Most cassava i8 produced in 8間a11 quant1ties in t1ny areas within the 
farmers' plots. Genera11y , far甜ers use either a tea血 of horses or oxen to 
draw thê p10w or sma11 tractors. The fa宮血ers own , hire , or borrow these 
instruments of 1and p宮eparat10n. Manual weed1n囂 的是 harvesting are usual1y 
associate是 with this crop. 主lthough chem1ca1 ferti1izers are occas10na11y 
used. the nor聽 18 to use 囂。ne. 1n general , cash require動ents are 10w and 
production does not 是epend on the availabil1ty of credit. If investments 
are ma是緣. these ten是 to be short ter聽. By and large , cu1tural practice潑
are stab1e and we11 是efined ， even thou草h there nor聽a11y 主S room for an 
i體provement i位 the 觀念an net return. 

The Mex1can agr01ndustria1 Cassava Progra妞， on the other hand , re11es 
heavily on purchased or capits1 intensive inputs. 8011 preparstlon , 
planting , snd harvesting sre 益。ne 孤ostly by 斑achinery. The pr。在ram
1ntroduces che甜1cals for stake treat聽ent ， weed co話tro豆， fert111zat10鈍， and 
eα瞳et1血es for p1ague contro1 when b1010輩革ca1 contro1 has been ruled out due 
to the proble腫 's severity. Cash requlrements for cassaV!l productto位主n the 
Pro草ram are much higher than 1n the custo四ary system. In addit10n to 主hese

varia怠工e cost!器 the pr。在ram entai1發 higher fixe是 set偏up costs than the 
customary syste租 for the tasks of 1制rning and developing a new techno10gy , 
creating and disse祖1nat1n草 techno10gy and market 1nfor觀atio訟， 1ocat1ng an是
deve10pin惡 product markets , obtalnin串 credit ， provl謹ing road 
主nfraestructure ， and tralnlng 1abor. Ad酷1tted1y ， these fixed costa 個ay

decrease over t圭.me ， but the Progra觀 requires a substant1a1 financial , human 
and physical investment , espec1al1y 1n 1ts 1n1t1a1 period. As a 
consequence. the sh1ft occurs towards favorin軍 10ng term 1nvest現ents over 
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sho玄t term one診， hence moving away fro觀 the 10w invest臨ent nor誼。f the 
custo盟ary system. 

1n the a皂roindustria1 Ca8sava Progra血， the 綠ean net return i8 
theoretically higher than 1n the customary system. but the r1sks and the 
1evel of requirements associated with production are a1so higher for the 
far祖er. The Cassava Progra誼 treds on completely ne時 ground by 
co駐centrat1ng on produc1ng cassava for feed. wherea發 the customary use of 
cassava has been and cont圭室1ues to be 融ainly for hu阻an consumptlon. Also, 
the production and proces8ings technolo囂y continues to be in the process of 
bein草 improved. It i8 now 10 years after the research aspect of the 
Progra甜 wa8 1nitiat閥. but there 1s 楓lch more to be done 1n ter棚 of

technology develop哩ent for 阻echan1ze挂 plant1ng a電1d harvest1位藍. The Progra研
is at its earliest stage 1n terms of sound research on 1ndu發trial
process1ng of cassava into flour or starch. The use of tray筍 smal1
tractors , an是 other technological devices 1n sun-是 rying pat10s has not been 
ful1y explored. Recom臨ende這 diets for pigs and poultry using cassava and 
locally pro挂uced or co盟臨erc1al1y availab1e protein sources ren祖1n on the 
a車enda of pend1ng research. 

Major a是justments are implied by the Progra觀 on the part of the 
producer and tl惜 pr。“ctio位 proces恥里y v1rtue of participati玲 in the 
Cassav揖 Progra盟 the pro是ucer is vertically integrated lnto process1n草
activities. Th主s event has no paralle1 in customary cas怨ava production 
regard1ess of the operation's size. This forwar是 linkage with processing 
alters not on1y the nature of the far酷er' s f 1na1 product but a180 the 
ability to realize profit. In order to effective1y partic1pate 1n the 
Program, processed cassava must be produced instead of fresh cassava. 
Under these con謹itions. access to reliab1e. efficient , and cost effective 
process1ng technology. transportation means. as we11 aS tim1ng and 
coordination sre extre祖e1y cr圭tical. The combination of these 
circum終tances renders cassava production riskier and thus.1ess appea1ing to 
a皂ricultura1ists unless higher returns are guaranteed from these endeavors. 

A further cha11enge of the Cassava progra盟 cons1sts of creating a new 
product which is 觀arketab1e. This requires ta110ring a product accordin草
to the specif1cations of a part1cular 甜arket. It a1so requires linking 
prod毯ctio終 with cons溢血.ption through pro誼。tion and aðvertisement efforts. 
惡ecause the use of processed caSSava 19 contingent upon a whole rsnge of 
new co凹i1tions. 1t cannot be assu韓ed that a processed c臨時vs market w111 
develop spontl這neous1y. on the contrary , an extre揖ely carefu1 a垂aptation of 
the fina1 product's main characteristics 1n accordance with the 
宜equ主rements of the consumer 1s essent1al. The producers' and consumers' 
percept主ons of cassava's potentials must be transfor聽ed. User trsin1當19 and 
de血。nstrations of the comparative s是vanta草e9 of usin惡 cassava rather than 
feed grai抽臨ay be indi9pensible 1n br臨k1n草 P圭g farmers' resistance to the 
new product. A pig farmer , for inst閥間，詞ay l1ke1y 甜bst圭tute cassava for 
the feed grains common1y used provided that casssva chips are consistently 
avai1able; packaged in volu揖es appropriate for piggeries; and perceived a9 
presenting low ri寫ks in ter祖s of capital , time. 錢.n是 efficiency.

Thege trar、每formations take p1ace only through a 910w and laborious 
process. A11 of these conditions spe豆豆 a 謹emand for increased levels of 
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eff1c1ency an垂 comp1exity in the Program's p1ann!ng and Ú位p1ementation. At 
the same ti甜e ， new areas of expertise a主e required. The Progra哩 's
忌。undaries cease to be defined around production concerns and are e文pande丑
to inc1ude process1ng and marketing issues. The 1nput of agrono唱1st怠，

phytopath010車主sts ， bree社給宮身. and entomol。當ists 鵬也st be 臨atched by that of 
ut111zat10n expertl言，聽arket1ng analysts , and soc1al scientist穆 with

econom圭c and behaviora1 expertise. Furtherτnore. the marketabi工ity takes 
pre-e祖inence over the crop's product10n and utilizatio鈍 despite the 
apparent contra桂iction with a 10惡ic based on the chron010車主cal sequence of 
these events • 

Fina11y , lnstitutiona1 arran在e四ents a1so accentuate the ri忽ks of 
producing cassava in the Program. The s包ccess of the P賞。gram -- and the 
abl1ity of the far血er to obtain economic benefit thereof -耐 depends on the 
sk111s for lon草 ter酷 planning. Neither the far白發r nor the average 
a是m1nistrl益tor necessarily possess these 現ana軍ement ski11s. Spec1al1zed 
retra1n1n草 beco臨es necessary. 

The program 1s expected to run as a resu1t of the concerted effort of 
heterogeneous inst1tutions , but due to the nature of these organizati前裙，
institutional coordinat1on 1s very hard to accomp1主sh.τhis 1s 
particu1arly cr1tica1 because the Program operation 1s based on the timely 
and efficient provision of good悠 and services before , durin皂， and after the 
production process takes p1aces. Agr主cultura1 know-how and 1nputs , 
extension service , credit. producer/consumer 1inka草es as we11 as other 
serv1ces are furnished by a host of institutions with different resources , 
experience levels , ran草es of activitie翁 and co望回it血ent to the Cassava 
Program. Further聽or眩， these 主nstitut圭ons differ in ter田s of the au吾土ences
that they are accountab1e to , whether to state or federal authoritie恕，
politica1 force鑿， and/or farmer organizations. A1thou皂h not a l1 the 草。。是s
and services are equal1y import臨t. the untimely or careless provisioning 
of some of them Can paralyze the Progra髓 as a whole. 

It cannot be sufficlently stressed that the wide range of condltlons 
that the Cassava Progra盟 requires to operate effic1ently not only warrant 
but a180 prescribe the state's active intervention. 官he Cassava Program 
requ1res a far greater social investment than the customary production 
system. In fact , it requires political will and support at the national 
level. wh1ch were not necessary conditions for the operation of the 
co酬。越ly 帥ed sy挑em. Left to their 0糊糊ans ， farmers are unable to 
respond succes紛ful1y to the program's new chal1enges. Hence , the Progra聾 's
strategy cannot be efficient without state intervent主on. Risks. however , 
are imp1icit in the state's 1nvolvement. By striving to 睡ake the program's 
imple甜entation s圈。oth ， far臨ers can be made too dependent on the state 
inst1tution穆﹒室。day ， the state defines how much caSSava wil1 be p1anted in 
an agricu1tural cyc1e; schedules the 是ates for planting , weedin車， and 
harvestin車 determ1nes how 甜uch credit will be ext叫做d to farmers for 
productio叭， and what actlv1ties the cred1t w主11 cover; identifies to whom 
the farme玄s must 8e11 their cassava. an是 e8tablishes the farmgate price. 
The state a180 assumes the responsability of organiz1ng farmers for cassava 
productlon and sun珊dry1n囂. eets up industrlal processlng p1ant!器. and 
provides capital for their operation. As such , the Pro惡ra嚨 t S growth hss 
主nc玄easingly beco認e the exc1usive responsibil1ty of the state's 
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ad觀inistrators rather than the direct producers'. All of the state 
主nter、fentions have left farmers very little space to exercise initiat1ve 
an是 creat1vity.τhis situation 1s pun喜ently man主fested hy the farme宮s'
reference to the cassava that they produce 1n their f1elds as "the bank' s 
cassava." Yet. wlthout the far聽ers' identlflcation wlth the Cassava 
F宜。車ra啞. the prospects of a strong and self-sustalnlng Progra祖 are bleak. 

At the same t 1me , the state' s com血1t血ent to the develop血ent of the 
Progra輯 creates a serles of pol1tlcal ohl主gations on the part of the 
Program ad血inistrator8. Even though 80曹e of these oh l1gatlons reinforce 
and strea胞工ine program imple觀念ntation ， some others can be counter 
pro垂uctlve. An exaggerated concern for the Pro草ra閥· s pol1t生cal
ra血ifications has been conducive in the past to 主nstitutlonal lmpatience 
vis-a-vis farmers as well as rank-and-flle support staff. Occaslonally , 
h1gh leve1 authorltles have demanded of Program 主甜plementatlon offic1als 
1血血.ed1ate and often urgent resu1ts rather than slower and 髓。re careful1y 
p1anned actlons. Somet1mes , th1s pr教 ssure has 1n丑毛主ced progra揖 expansion 
w1thout first lnsurlng the exlstence of v1able condit10ns. 1n the past , 
the Program has been put into operation desp1te the fact that the 是el1very
of So盟e resources. such as fert11iz發rs and cred1t. has consistently been 
untimely and factors , such as seeds or product market out1ets , have been 
1nsuff1c1ent. 1n thls respect , the adv1ce of technlcal support staff was 
over1ooked by high發r-1eve1 program staff. 

τhe Cassava Pro惡ra血 t S proposed ra垂 1cal transformat室。ns in the 
production syste由 and the rlsks assoc主ated w1th these changes render 
1mplementation difficu1t. 1n turn , lmproper progra臨 1甜plementat10n
generates uncertainty amon惡 far血ers ， which frequently lowers both the 
臨orale of partlclpants and the enthuslasm for the program a騙。ng those 
farmers who have not yet j01ned 1t. A1though there i9 no way to co鼎.plete主y
eli目inate a11 the risks involved 1n p1anning and 1拍plementing s program. 
the goa1 鈍。u1d be to 主nsure that on1y the necessary one8 re祖a1n and that 
the impact of these risks i5 min1盟主zed. It 1s on1y 1n th1s way that it 
wi11 be poss1b1e for the Cassava Pr。在ram to gain the w1despread and active 
support of far臨.ers ， and estab1ish 1ts own sta全us as a se1f-sustalning and 
efficient project. 

、
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LO自G-TERM EFFECT OF CASSAVA CULTIVATIO囂。起 SOIL PRODUCTIVITY 

R-R-Howe1erl 

Introduct10n. 

Cassava (Man1hot e翁culen~ Crantz) 1s grown throughout the trop1cs on a 
great va在ety 討芯118 ，τ品 1t 18 genera11y found 喘口主主1aoIs， A1f1901盒，
Ox1a018 and Ent1尬。19 ， wh1ch are charater1zed by 10曹 9011 fert111ty. ln 
酷any parts of the trop1cs 1t 1s gro制這 on the pooreat 80118 , 8uch a8 on 
ero甚ed S10pe9 or extre也e1y 9andy 80118 , becau8e under thege unfavorab1e 
cond1t10ns the crop st111 produces 90祖eth1ng while other crops wou1d 
per1sh. Because of t~1s ab111ty to grow on poor 90119 many peop1e th1nk 
that caS9ava does not re哇u1re h1草h 8011 fert111ty or does not respond to 
fert111zat10n. On the other han謹 far血ers know thst cssaava extracts 
1arge amounts of nutr1enta from the 綴。11 and they 直enera11y prefer to 
grow 1t as the 1ast crop 1n a rotat10n before turn1ng the p10t back to 
bush fa11 0w (Ofor1 , 1973). ln a more 發edentary agr1cu1tura1 syste盟 they
prefer to grow cassava 1ntercropped or 1n rotat10n w1th other crops to 
prevent S0116 nutrient exhaus t1on. Also , be1ng we11 adapte這 to grow on 
結c1d 工ow-fertil1ty 8011s and requiring re1at1ve1y 11tt1e 1an吐
l'rcparat1on , cassava 主怨 。ften grown on steep 910pe8. 甘nder these 
conditions , cassava product10n may cause eros10n , and drast1ca11y reduce 
soíl product1v1ty. However , 1n many ca8e莓， it 1s p1ante是 on a1ready 
eroded s10pes , where no other crop can 8t111 produce on the h主gh1y acid 
and 1nfertile exposed SUb8011. Thus , cassava production 1s somet1聽es
the cause , but other t1me忍 the resu1t of 80i1 eros10n. 

時hether 1t 1s just1f1ed or not , cassava has the reputat10n to be h1草h1y
exhaustive of s011 nutrients an是 to degrade s011a by caus1n藍 excess1ve

eros10n. The object1ve of th1s paper 1s to exa祖1ne these presu蠶ptlons ，
to compare cassava 1n th1s respect w1th other crops and to show 1'0億s1ble
solut1ons to overco田e these ne墓ative attributes. 

到utr1ent absorpt10n and remova1. 

1n order to 車row， p1ants absorb nutr1臨ts fro臨 the so11; at t1me of 
harvest part of these a吾sorbed nutr1ents 1s re租.oved w1th the harveste是
1'roduct and part is returned to the s011s w1th the cro1' resid叫es.
Nltro車間m (吟， phosphorus (P) and 1'ota闊的且終) are the 1'1ant nutr1ents 
absorbed 1n 1argest quant1t1帥 ca1cium (C帥，臨gnes1恤 (Mg) an挂帥1fur
〈的 sre ab峙的ed at intermediate leve坊. whi1e the minor e1個ents 恥，
訟法， Cu , Zn and B are absorbed only 1n ve宜y sma.ll 哇U處nt1ties. Thus , 感嚕11

nutrient exhaust10tl 1s ma1n1y d\1e to excess1ve absorpt10n and re祖ova1 on 
軒， P ， 0 1.' K. 部

T益b1e 1 諮hows the nutr1ent content in cassava roαts as co血pare<l with 
that in the hsrvested products of other tropica1 crop8 , ss ca1culated by 
Prevott an是 011agn1er (1958). Accordlng to th1s 垂ata ， casssva extracts 
rather 1ar在e amount績。f 說， and P , but by far the greatest a攏。ur主t of K 

l soilscientigt , CIAT Caaeaava RegionaaIFrogra服 1n Asia , Dept. of 
Agr1c. , Bang協冊. Bangkok. 10900 ，室hai1and.
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among a11 crops compared: it a180 has the highest KI話 rat10 in the 
harvested product. llatura11y , l1utríent extractiol1 depends on the 1cve1 
of productivity as we11 as on the ferti11ty of the so11. A1though 
Prevott (1958) does not mention the yields obtaíned with each crop , nor 
t11e level of ferti1ity of the 6011 , it 1s clcar from the data that 
cassava y1elds must have been very high and the 80i1終 must hnve been 
we11-惜upplied w主th K. 

Tab1e 2 shows a s主甜11ar compar主son of nutrient absorption and removal by 
various c宮。ps grown in Sri Lanka (Amarasiri and Perera 1975). 留1th an 
extremely h1gh y1eld of 45 t/ha cassava absorbed 觀。re nutrients than any 
other crop. 1t remove是 s1目í1ar amounts of N as the cereal crops but 
10ss than the legume crops , wh1le 1t re攝制led 曲。re P and K tha.n any other 
crop. However , when the same data 19 recalculated 1n ter祖S of nutr1ents 
re現.oved per ton of dry 甜atter (DM) produced (Table 3) we can see that 
cassnvn extracted 1ess N and P than any other crop , wh11e K remova1 was 
忍i~i1ar to that of sweet pot忽to and 1e忽s thon soybean and cowpea. 空hus ，
it 15 c1ear that when cassava produce發 high y1elds , it w111 extract 
3、nT~~e 8mour~ts of nutrients , but the nutrient re醋。va1 per ton of ml 
produ忍ed is relatively low.τhis 16 i r.d1cated a1翁。 by the datn 1n Table 
;., "ìhieh ShOWR nutrient uptake an挂 re1Uoval in terms of Kg/ha as '"e11 aS 
1n K立!t DN pr.oduced for var10us caS5sva tr主a1s hsv1ng w1de1y different 
yie工ds. Nutr1ent absorpt10n wss extreme1y h1gh I1hen y1elds were high as 
indicated by the 過ata from Nyholt (1935) and Howe1er and Cadavi是(1983) • 
However , when y1e1益s were 1ow, a5 1n the case of unfertilized Rayong 1 
grown 1n 在吋xh甜的ed 5011 1n Khon K帥n ， Thalland. 削tr1ent 開討action

'\'lélS ulHO low" Comparin專 the avera惡ed cassava data with those reported 
fo玄。ther crops in the literature (Tab1e 5) , 1t can be seen that ca翁sava
a色怠。rb位d more nutríents than r1ce and whest , but s1mllar a臨ounts as 
pot必to. maize and sorghu攝 The N and P uptake and re訊oval ， expressed 
per ton of DM produce蓮， was much 10wer for cassava than for any other 
crop (except sugarcane) , wh11e the K removal wa6 s1血11ar to that of the 
cerea1s , but much 10wer than the gra1n legu血也血， sweet potato or tobacco. 
1t can a1so be seel1 that 1n case of cassava (and sweet potato) 四ost of 
the absorbe是 K 15 removed by the root harvest wh11e 圭n case of the 
cereal crops usua l1y less than 20% of absorbed K 15 removed 1n the 
草ra1n. More 是etai1ed data , presented 1n Table 6 , 1ndicate tbat about 
30% of absorbed 器， 55% of P and 60% of K 18 re回oved 1n the caasava root 
harvest , wh11e IDost of the N 16 returne尋 to the s0118 a5 fal1en leaves 
or w1th the 1ncorporat10n of p1ant tops after harve扇t. Thu9 , 1t m哩y be 
concluded that cassava removes large amounts of nutr1ents , espec1al1y K, 
because of the h1臣h root y1e1是5 that 祖ay be obta1ne蓮> but that the 
removal 18 姐och 工ower than most othc 

1-0U惡 tenn effect on 80主1 fert主lity.

Hhen cassava 19 grown contlnuous1y w1thout ade哇uate ferHlizat10n and 
mal1 i全島ed io a way that 1e是這是s to er0910訟， s011忽 product1v主ty generally 
declines and cassava y1e1ds decrease.τh16 1s very we11 111ustrated by 
如ta from Thailan垂 (Sitt1bu8aya 且主主主， 1988) , wh1ch 發how that cassava 
yie工d紹 of unfert1lz錄d p10ts 1n three d1fferent 80118 ser1es dec11nes to 
z三bout 60-70% of the initia1 yields 是ur1n在 20刪25 years of cont1nuous 
cassava product主的1 (Figure 1). W1thout fert11izat1on but "ith 
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rcaaonnbly good crop 觀ana串e攝ent ， yields dec1i怨怨s fro觀 a initial 1evel of 
27-2.9 t/ha to about 16-18 t/ha. In Thailand , where cassava cultivation 
r.apidly expanded into new1y opened areas during the past 20 years , y主e1d
decreases experienced on the "01d" 1and were partia11y off-set by high 
y:i e1是s obta1ned 1n the new1y-opened area , thus 觀a1ntainin車 the
country吋ide average y1e1是 level of about 13-15 t/ha. Now that 1ittle 
new 1and is stil1 ava圭1ab1e for further expansion , Ca6sava y1e1桂s in 
Tha11and are 1ike1y to decline unless 目easures are taken to prevent 
further s011s exhaustion and de在radation.

To measure the effect of continuous cassava production on soi1 
ferti11ty , several long-term fe吉tility tria1s have been con垂ucted in 
Ma1aysia , India Thai1nnd and C010mbia. 1n Ma1aysiÆ羹， Chan (1 980) found 
that with hi車h 1eve1s of fert i11zlltion tbe yie1d of caSSllva , grown for 9 
consecut主ve years on the same p10ts , i.ncreascd fro臨 about 30 to 55 t/b役，
whi1e without fertiliz Ilt10n yie1這g 是cc1ined to about 20 t/lli~. The yie1d 
是ecrease was found to be main1y du終 to K exhaustion , as yie1性s could be 
回aintuined w主th annua1 applicat :l.ons of 156 kg K,o/hll. W:J.thout 芷
吟plication ， the avuilable K content of t:he 80118 dec!ined fr闊的 to 26 
ppm betweeu the 6th and the 9th crop , w1tl1 a correspond :l.ng decline 1u 
yJeld. 1n India. Kabeeruthu羽ma e 1: a1 (19惡8) ulso found that yields of 
10 consecutive cassava crop忍 could be maintained between 詢問d 30 t/hn 
wit l1 the application of 100 kg!ha eac\l of ;1. p 205 and _K20，~ whlle withou t: 
K application the yie1d steadily decl1ned to ~a誨。ut 5 、Iha. The 1atter 
was Ilssociated with a dec1ine of exchangeab1e K in the 80i18 from an 
iniUal value of 吾8 to on1y 25 pp甜 after the 10th crop. S1血ilar1y ， 1n 
Thniland , Sittibusaya (1988) an益 Hagens and Sittibusaya (1 988) 8\10羽e益
that 8011s K帶èxhaustion was the 摺a主n caU8e of a yie1d dec11ne in two of 
threa long-ter祖 fert111ty tria1s. 1n the thir是 tr土a1 no y主e正是 response 
to fertilizers was observed , even after 13 consecutive cassava crops , 
due 1:0 the ext:remely high initia1 K level of the soi1s. 

In C010mbia , 1n a long-ter盟 fert11ity tria1 cassava was grown for G 
consecutive years with three levels of 簣. P and K in a11 co血.binations ，
aither applled ll11nually or on1y i終itially with the first crop. Figure 2 
shows that with adequatc (100 k容器，車7 P. 125 K/ha) fertilizatio訟，
yields increa8ed fro酷 about 30 to 40 t/ha , whi1e without K yield思
declined to 15-20 t/ha. Even wheu 0羽主y K was applie忌. yiclds could be 
祖aintained around 30 t/ha , i也是icat圭n書 that the soi1s cou1d sUpply enou惡h
N and P to sustain this hi草h yield. Figure 3 shows ,the effect of 
cropping on the exchangeable K content of the 80i1. Without K 
app1ication the K 1evel decreased iu 2削3 yellrs from 0.20 to 0.08 血0/100g
and reruained at that leve1 throughout the follo \Ving 5 crops. With the 
appl主cation of oither 125 or 250 kg k/ha the 8011 K 1eve1 lm:reased 
init1ally to 0.34 and '0.48 間位/100g ， respective1y. a也是 then decreased 
rapid1y to Ilbout O. !O rue/lOOg with thrcc consecutive ca終sava crops 
without further K app1ications. 旺。有;fCver ， when 125 k.g k/ha was applied 
說nn毛主ally the K level cou1d be ma主ntalnad at about 0.20 臨e/100章， while 
sustainin惡 high yields of 30-再o t/ha cvery year. The annua1 app1ication 
of 250 k在k./ha resul ted in a build咽up of soil K to about 0.4 me/ lOO囂，
which did not further increase yields. Figure 4 shows that when 
trcat誼ents without N or P were exc1ude忌， the remailling treat觀ents showed 
a good relation between yie1d and excha室主革命able K contcnt of the 80i1 , 
可vith a critica1 level (95% of D血ximum yield) of a忌。ut 0.15也0.17 血e/ lOO惡
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(59-66 ppm). This is in a皂reement with critlca1 1eve1s of 0.17 a認這 0.18
割e/l00g reported by Howe1er (19串5). and that of 0.16 me/100草 reported by 
CIAT (CIAT , 1988). 

Thus , 1t 也8.y be conc1ude是 from these 10ng也ter觀 fert111ty tria1s that 
continuous cassava production is 盤。發t s011s sooner or 1ater 1eads to 哀
exhaustion resu1ting 1n dec11nin草 y1e1ds. 單 and.P exhaustlo給 have never 
been observe是 and ， on the contrary , contlnuous app11cat10ns of P wl1 
囂悠悠ra11y resu1t 1n a bu11是個up of ava1lab1e P , wh1ch 1n extre揖e cases may 
1ead to 1nduced Zn“defic1ency. 留hlle one-year fertllizer trials will 
often not 貓how a s1gnif1cant K respons籠， 10ng-term ferti11ty trials 
皇室主era11y show K to be the maln 1im1t1ng nutr1ent , and yields of 
continuo肪1y grown cas忽ava can on1y be mainta1ned with the app11cation 
of ahout 100-150 kg koO/ha/ Ha草ens and S1tt1busaya (19串串) have shown 
d鳩t 1n the case 0[" Thallan譜 K app11cat10ns hecome 1ncreasing1y 
prof1tab1e the 10nger cassava 甜甜 grown on the sa揖e 8011. 

Restorat10n of productlv1ty of an exhausted s串11.

ln order 室。 see whether the product1vity of an exhau5ed 路。11 can be 
restore忌， a s1mp1e 幫做 tria1 叫th 主hree 1eve1s of each nutr1ent was 
conducted for 4 consecut1ve years on a s0115 that ha挂 been exhauste是 by
4 years of cont1nuous cassava product10n w1thout fert111zat10n. For 
compar1son , the same NPK tr1a1 was conducted on an adjacent f1e1d where 
4 cas移ava crops ha垂起een grown prev10us1y with adequate fert111zat10n. 
Figure 5 shows the yie1d response to 彈. P and K dur1ng 4 c。但secut1ve
cassava p1antings 1n 忌。th the "I!xhausted tl and the prev10us1y 
"Fert111zed" p10ts. 

Dur1n草 the f1rst year there was 11tt1e re發ponse to 苗， P or K, or to the 
comb1nation of the 3 e1ements 1n the "Fert1li草er P10t". ln the 
擊'Exhauste是 P10ts" ， however , there wa終 a good response to a11 nutr1ents , 
but espec1ally to 哀 The check y1e1d wa穆 αn1y 13.3 t/ha in the 
"Exhausted" an是 34.4 t/ha 1n the "Fert111zed Plot". Ho習ever ，
app11cation of 100 kg N, P and K/ha , 1ncreased these y1e1ds to 29.2 and 
41.0 tl泊， respective1y. Thus , 1n the first year fert111z位 appl1cat10n
cou1吾 1ncrease y1e1挂s. but not co酷p1ete1y restore the product1v1ty of 
the 8011 1n the "Exhausted P1。主". 1n the subsequent 3 cassava cropp1ngs 
there was st111 11ttle response to N and P 1n the "Fert111zed P10t". but 
there was an increased response to K. W1thout K app11cat10n y1e1ds 
droppe這 from 36.6 t/ha 1n the f圭rst year to about 20 t/ha 主n the fourth 
year. Even 1n the "Ferti1主zed P10t" the appl1cat1on of 100 k草 k/ha
near1y doub1母d the y1e1ds 1n the 3rd and 4th crop. However , 1n the 
"Exhausted Plot" the already s1gn1f1cant K 宮esponse 1n the f1rst year 
became even more pronounced 1n subsequent years. In the third year K 
app11cat10n 1ncreased y1e1ds from 19.3 to 52.4 t/ha. Wh11e there was s 
s1gn1f1cant response to 摺 and P (at 1ea8t 1n one of the two var1eties) , 
it 18 c1ear that the ma1n response was to the applicat10n of K. The 
appl1cation of h1草h 1eve1s of fertil1zation (ma1n1y K) was ab1e to 
restore the product1v1ty of the e玄haused so l1 1n the second year and 
allow臥I y1elds of over 50 t/ha 1n the thir桂 year. Thus , there 1s no 
doubt that 1n most so l1s K exhaust10n 1s the ma1n cause of yie1d 
dec11nes cause是 by continuous cassava product1on. 真實ate of at 1ea學t
100 K/ha shoul是 be applied w1th every caS8ava crop to prevent 8011 
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exhaust10n and ma1nta1n high yields. 
'Wood ash are a180 good sources of K. 

Soi1 erosion. 

Farm yard manure an是 especially 

Sittabusaya (l雪88) suggested that the y1e1d dec1ine shown in F1gure 1. 
is on1y part1y due to nutrient exhaustion and 祖ay a1so have resu1ted 
fro臨 a genera1 ferti1ity decline due to erosion. 1n Thai1and 祖ost
cassava 8011s are 1ight textured (Duangpatra. 1988) and thus extremely 
susceptible to erosio玄1. Moreover , cassava 1s 觀ostly p工anted in the 
beg1nnin囂。f the ra1ny season (Tor那M 丘萃，妙的). leaving much of 
the s011 exposed to the impact of raindrops during the first 2給3 祖onth怒

。f establ1shment. 

Because cassava 18 'W1dely-spaced when planted an是 has a s10w initial 
growth rate. it usually re司uires 攏。re time for tota1 canopy closure than 
other food crops (A1na 是主丘之， 1會7會). Thus , 1n this initia1 phase 
cass淼va 血ay be more erosive than other r: rops. However , cassava io a 
1.ong-oy01e crop , which generally requires 10-12 lnonths until harvest , 110 
1and 18 prepare卓 and is exposed to se \Tere erosion on王y ()τlce a ~lear > 

compare社 \1ith 2 or 3 t圭mes 11 year for short cycle crops like ",aize. 
scybea爽， peanut or sweet potato. 'Ihus , comparing diffe玄cnt crops , Shcnd 
(1982) found that cassava cau忍e廿 more erosion than long-cyc1e crops 主ikc
pineapp1e or banana , but 1ess erosion than those short-cyc1e crops lik發
sweet potato. or a rotation of 60rghu盟， peanut. sweet potato , soybean 
and maize. Roose (1977) ca1cu1ated the crop factor "c" in the Univer符a1
So11 L086 Equation for various crops (Ta每1e 7). He found that thc 
annual crops (except flooded rice) caused much more erosion than the 
per殷紅nia1 tree crops. which in turn were more erosive than pastures or 
forest. Of the annua1 crops cassava was found to be 草enerally 1esB 
ero每ive than groundnut. maize or sorghu鈕，都ld 甘'hen we11-managed wss 1ess 
erosive thsn cotton or tobacco. Si鴨i1ar1y ， howeler (19告8) showed that 
one 18-醋的主th crop of cassav乏l produced on1y one-fourth the erosion as 
that caused by four consecutive crops of beana 立攏話已扭扭垃話語}
grown during the aame period in thc s l1me experi臨ent on a 15% a10pe in 
Popayan , Colombia. Figure 岳 ahows that a bean crop pr。這uce是 severe

ero發ion every t主.me a new crop was planted. In caae of caasava ve.ry 
11ttl發 erosion occured once the canopy had c10sed (this took about 6 
聽onth at this h1位h e1evation, co01 01圭ntate). After 17 恆。紅ths 80主1a 1056 
due to ero!l主on in 0 mauus l1y (智主 th hoc) prep擔1.'ed plot with cassava l~afl 
ou1y 6 , 3 t/ha compared wlth 44.7 t: íhn fo 1.' beans grown with the 卸阻G
treat祖.ent. 安hen land WnS pr能parcd on1y in 1時 wide contour strips , 
alternated with unprepa1.'ed str:l.ps , 念。ilß 10BS!!也 were s 1.ight1y re社毛主ce三l
for csssava and gretly reduceù for beans. No 思0119 prepar忽tion (zero 
tillage) was the 亞ost ， effect圭ve way to reduce er08ion in this trial , 
whi1e it had re1atively 1ittle effec!: on cas路S'lU yields (CIAT. J 會 8ú) ，
Thus , whi1e css穆ava has a reputation to cause 羽evere erosiol1. this is 
usually on1y true in the initia1 phase of p1ant e移tahliahment ， while 
annual 80118 10sses are genera11y 1 

The effect of certain cultural practice8 on eros10n is high1y 
site-specific an益 50經e p1."acticc絡 that are 觀08 t: effective in reduc:l綠草
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erosion in one site may not be so at another 10cation. Thil學 depends

祖ainly on the 80i1 type , the slope , the rainfall pattern , plant type , 
weeds etc. Thus s圭mple erosion trial shou1是 be estab1ished in 誼any
locations (especial1y on representative cassava farms) to determine the 
effect of cu1tura1 pract1ces on s0118 10sses as we11 as on cassava 
y1e1d. 1n 臨any ca穆es there 18 a trade-off , a每 certa1n pract1cea may be 
very effect1ve 1n reducing eroa1on but a190 cauae a reduct10n 1n caaaava 
y1e1d. Th1s 1s 惡enera11y unacceptab1e to farmer扇﹒It 1s 1器pe宜at1ve for 
farmer accepta寫ce that eros1on contro1 pract1ces not be too expens1ve 
and not cause a reduct10n 1n y1e1da. Idea11y, they ahou1d 1ncrease h1s 
y1elds. Tab1e 8 shσws the re8u1ts of a 811蕊.p1e ero8ion trial conducte是
on a 在5克 s10pe 1n a far癥絃言 I S field 1n Agua 車1anc~章. C010祖b1a. The land 
had been c1eared fro酷 bush fa110w and was prepared w1th one pass of a 
bullock-drawn p10w , except 1n the 1ast treat血ent 1n wh1cb cassava was 
planted w1thout t11lage. The far器er I S pract1ce of not fert1liz1ng 
cassava caused the 醋。st severe er08ion with 36 t/ha soils 108怨， as wel1 
as the 工。west yie正是. Fert1l1zer application markedly increased plant 
growth and vigor resulting in better 8011 cover and a 發oil los8 of only 
23 t/ha. Moreover. cassava yields near1y doubled. Additional practices 
such as mulch1ng. str1p preparation with double-row plantin囂。r tbe 
p1anting of 島raas live barr1er strips further re是uced ero翁ion whlle 
increas1ng yield. The best an是 cheapest practice , however , was zero 
tillage , which cused the least a祖ount of eros1on and resulted 10 the 
h1ghest yield. 

However , the results are not always so clear-cut nor always consistent. 
Depending on the 80ils texture and weed co臨petit10n ， 盟主說imum or zero 
t i11a草e often results in a serious reduction 1n yie1d (Table 警車). 1n a 
few cas輯 1t 瑚y actual1y incr時se er叫00 (Jant僻的泣且. 1988). 
S1mi1a r1y , the planting of live barriers 酷8y cause severe competition 
from the 喜rass ， and a decline 1n cassava yield. Less competitive 
草rasses. or better ye章， low-growing legumes，約houl謹 be identUied to 
甜rve 的 live barr1ers. The application of fertilizer8 to cassava grown 
on poor soi18 usual1y re紛ults in a marked reduction 1n erosion and 8 
sign1ficat increase 1n yield (Table 9D). Contour r1dgin草 and sub怠。i11ng

have also been found to reduce erosion an是 increase cassava yields in 
Thailan是 (Jantawat et ~J ， 1事88) ， Intercroppin車 cas閥va w1th banana was 
found to reduce erosioU-while increasing cassava yields in India (Ghosh 
et a玉， 19串7). The use of mulch 1翁 another practice that was found to be 
在zγeff制tive in reduc1t冷 erosion ， but 1ts application may be cost工y
and yie1d8 are 80血etimea increased (Table 8) and somet1mes decreased 
(Howeler , 1985). Thus. the best er08ion control practicea , which will 
reduce 80i18 losses and increase cassava yields , shoul是每e determ1ned 
local1y，忌。 as to b宇 adapted to the edapho-climat主c as wel1 as 
80cio-econo間ic conditions of the ares. 

Effect of erosion on soil productivity , 

可ro 桂etermine the effect of soi1s l08s due to eros10n on 80il 
pro是uctivity ， experi臨ents have been conducted in which thin layers of 
top 80118 were artificially remo句ed to Var1ou8 depths before plantin草­
Thu8，滋bagwu et !!主 (1984) ， reported that topaoil removal to a 是.epth of 5 
。也 (about 500t7iia) reduce這 ma!ze yi叫“ fro喵 2.2 切。正 t/ha 1n a益
A1fisol 1n IIora. and from 0.43 to 0.02 t/ha 1n an Ultisol 1n Onn包，
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Nigeria. Ferti1ization with var10us 1eve1s on N and P 
off-set this 1088 of 80i1 product1v1ty. 

cou1d on1y part1y 

F1gure 7 8hows the effect of erosion on the average yield of 18 caS8ava 
cu1tivar8 that were p1anted 1n adjacent field8 of naturally eroded and 
non-eroded 80圭1 in Mondo睡。， Colo國，bia. The avera囂e y主e1謹 in the 袋roded
80i王忽 was only 12.3 t/h豆祖a ， cο阻Ipared with 24.2 t/ha in the nOI汲背佇佇l'νν.“.唔.
80i1. However, one we11喘adapted loca1 var1ety , ca11ed "Amer1cana" grew 
very 關11 ev棚 on eroded 的11 ， where it produced 2.2.7 t 1I暉，∞.mp前“
with 26.6 t/ha on the non-eroded 8011. It 18 c1ear that the effect of 
erosion on 8011s productiv1ty depends great1y on the degree of erosion 
as we11 a8 on the crop and var1et1e8 草rown. Some cassava var1et1es seem 
to be part1cularly we11-adapted to grow on erode是忽lopes ， but for 組any
others yields 觀ay be drastica11y reduced by 8011 eros10n. 

Conclus10ns. 

Cont1nuous cassava product10n w1thout adequste fert111zst10n snd poor 
manage盟ent of crops grown on slope8 w111 sooner or 1ate宮 resu1t 1n a 
yie1益 decline 桂ue to nutr1ent removs1 and/or s011s 10sse8 due to 
eros10n. A1though cassava extracts 1arge amounts of nutr1ent忍，
espec1a1工Y K. fro臨 the s011, th1s 19 because of 1ts hi在h 1evel of 
product1、lity. When expressed 1n ter祖S of K囂。f nutr1ents re祖oved per 
ton of DM produce益， cassava removes much 1es怨聲 and P and sim11sr s臨ount
of K as 盟any other crops. 

Long-term fert11ity tr主sls 1n severa1 countries have shown that cas悠ava
攝ay respond 鈍。re s1gnificantly to app1icat :l.ons of 賢 and P in the f主rst

year , but that invariably K beco融es the 觀。st 11組it釘1惡 nutrient after 
severa1 year錢。f cont1nuous cassava prod電lct10n. Thus. 觀edium-h1gh
1eve1s of K shou1d be app1主ed annual1y to ca也savs 1n a11 9011s e玄pect

those that have an except10nally h1gh K supp1y1n草 power. in order to 
prevent 8011s nutrient exhaust10n and 血aintain h1gh yie1ds. Once 
exhausted a 8011' s productivity can genera11y be re8tored w1th high 
app1icat10ns of K. 

Poor1y mana草e益 ca發sava can csuse severe erosion when grown on steep 
slopes , but when 電<e11-啞anaged the crop ten是穆 to be 1eSB eroBive than 
manny Bhort-cycle crops. 50i1 10翁ses due to erosion can be 盟1n1盟1zed by 
severa1 management pract1ces such as 酷1n1mum til1a在e. contour ridg1n車，
ferti11zat10n , strip cropp1n囂， 1ntercropp1ng and the app l1cat10n of 
mu1ch. However , the effect of these practices on eros10n and cassava 
y1e1d 發hou1d be deten援1ne垂 10ca11y to 1dentify those practices that are 
錢。st suitab1e for the loca1 edapho-c11血at1c and soc10-econo盟ic
co言在這1tions. Whi1e som主 casava var1et1es may st111 be qu1te product1ve 
when grown on eroded 8011s , 1n most cases y1elds are drastica11y reduced 
by a severe ðgree of erosion. 

Thus. 8011 productiv1ty and h1gh ye1正是s of cassava can be maintai玄led as 
10ng as the nutrient!學 removed by the crop. harve8t sre replsced and the 
crop 18 adequately mana車姆拉 to prevent excess1ve 1eve1s of erosion. 1n 
臨any countr1es cassava product10n sustains the 1ives of many sma11 
far誼ers. lt shou1d be 血anaged to a180 susta1n the productivity of the 
s011 for the live11hood of future gene玄ations.
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Table 2. Yield a約d nutrlent r制喝val of several crops grown on 祖n Alflsol 
In Srl Lanka. 

Nutrlents r僻的倒 (kg/ha)

Crop 會/ha

Plant part ylel 禮 制 P K Ca Mg $ 

Cassava fresh roots 45 62 10 164 12 22 主
、total 202 32 286 131 108 15 

Sweet potato fresh tuber 15 31 s 51 10 4 3 
寸ot軍 i 89 17 187 44 26 14 

Rlce graln 5 58 12 10 2 7 3 
total 100 18 151 27 23 9 

Sorghum graln 再 68 8 1 岳 主 6 2 
寸。tal 101 13 108 17 14 5 

Malze Graln 4 64 7 13 2 2 6 
total 118 11 155 32 25 13 

co抖。n seed cotton 1.9 40 § 7 6 5 2 
total 77 1 尋 68 3再 21 19 

Cowpea graln 1.5 50 4 19 3 2 2 
tot晶 i 60 5 36 11 § 4 

Groundnut graln 1.8 88 5 12 3 2 
total 101 6 34 12 自 4 

Soybean graln 1.2 103 10 34 6 4 主

total 118 11 47 16 9 5 

Source: Amaraslrl 晶nd Perera. 1975. 
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Table 4. Nutrlent uptake ao誰?甜noval by ca學sava In kg/ha 5S well 55 In 
terms of kg per ton dry ma寸寸er In the roots. 

Plan會 筒。ot yleld(t/ha) ---kg/ha--勵 kg/t dry roots 
Varlety-fertlllzatlon part fre5h dry 輯 F K H P 其 Reference 

Sao Pedro Preto roots 64.7 26.6 45 28.2、 317 1.70 1.06 11.9 Nyholt'35 
total 40.0 124 45.3 486 4.岳6 1.70 18.2 

M Col 22-fer寸 111 zed roo寸s 59.0 21.7 152 22.0 162 7.01 1.01 7.5 Howeler.、4
total 30.1 315 37.0 238 14.54 1.70 11.0 Cedavl 喔 '83

時 Ven 77輛 fertlllzed roots 37.5 1 主 .97 67 17.0 102 4.79 1.22 7.30 Howeler'85 
total 22.74 198 30.5 183 14.17 2.18 13.10 

M Ven 77-unfertlllze重 r∞ts 26.0 10.75 20 7.5 55 2.81 0.70 5.15 Howeler'是5
會。寸。 l 17.41 123 16.4 92 11.旱丕 1.53 8.62 

Rayong l-fertlllzed roots 18.3 5.52 32 3.6 34 5.78 O.垂4 6.25 Slttlbusaya 
total 9.01 會5 9.9 64 17.15 1.60 11.68 pers. c棚，

說ayor海 l-unfertlllzed roots 8.7 2.68 13 0.9 4 再.92 0.35 1.63Slt寸 Ibusaya
寸。寸al 再 .23 39 3.2 10 14.40 1.21 3.69 pers. c個1.

Average roots 35.7 13.35 55 13.2 112 4.50 0.83 6.62 
totel 20.58 149 23.7 179 12.70 1.69 11.05 

、
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Tab le5.Avergag/ e rluff ienf upfakeaneret時val of caSS8va and varlous other crops 
In kg/ha ðS well as In terms ot kg/t harvested product (dry 9ra1n, 
寸uber or roots etc.l as repor寸e垂 In the Ilterature. 

Yleld(t/ha) .編機kgpJha暉-- kg/t DM produc諦，
Crop-plant part tresh dry N P K 時 P K Reference 

Cassava 編'root5 35.7 13.53 55 13.2 112 4.5 0.63 6.6 13 , 17 , 26 
total 149 23.7 179 12.7 1.69 11.0 

e 
Sweet pota寸'0 -root 25.2 學 .05 61 13.3 97 12.0 2.63 19.2 33 

total 117 20.1 19事 23.2 3.96 39.3 

PO寸ato -tuber 23.3 4.67 21 , 23 , 31 
totlll 106 16.6 154 22.7 3.98 33.0 

錢alze 關單raln 6.47 5.56 96 17.4 26 17.3 3.13 4.7 3品.25
州total 161 27.6 140 28.9 5.00 25.2 

Rlce 勵graln 4.昏2 3.97 60 7.5 13 17.1 2.40 4.1 10 , 30 , 34 
輛total 87 12.3 75 25.9 4.00 22.9 

Wheat -Mgf rain 2.70 2.32 56 12.0 13 2再. 1 5.17 5.6 3是

otal 78 13.0 46 33. 單 5.59 19.8 

Sorghum -graln 3.忌。 3.10 134 29.0 29 43.3 9.40 9.4 34 
total 285 42.0 172 92.0 13.60 5吾 .5

' Beans -gforf a!n 1.0會 O.會再 37 3.6 22 39.6 3.83 23.4 a 
al 102 章.1 會3 108.1 9.68 98.5 

Soya -graln 1.0 色 .86 疇。 15.3 67 6會 .8 17. 章。 77.會 1 會

Groundnut 爛pod 1.5 1.29 105 革 .5 35 61.4 5.04 27.1 5 

Sugarcane -cane 75.2 1 ♀ .55 43 20.2 96 2.3 0.91 4.4 4, 18, 37 

τ'obacco -Ieaves 2.5 2.10 52 6.1 105 24.8 2.90 50.0 32 
total 122 24.0 203 58.1 11.4396.7 

9 11 Assumlng graln to have 的車間， potato and sweet potato 2嗨， sugarcane 
26囂， dry 寸。bacco leaves 84章，
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Table 6. Ory 鞘atter and nutrlent dlstrlbutlon of 12叫悶nth old cassava 
M Ven 17. grown wlth fertlllza寸 lon In Carlmagua. 

Ory matter " p K C串 均 s 
Plant part t/ha kg/ha, 

海

Tops 6.9 100 12 74 單單 15 10 
Roots 14.0 革? 17 102 15 8 ? 
Fallen leaves 1.9 30 2 ? 32 5 3 

τotal plant 22.8 197 31 183 102 29 20 
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Table 7. Effect of crop cover on eroslon fa肘。r "C" In the Unlversal 5011 
L055 E有uatlon.

Crop cover 

no cov制. (bare 5011) 
點alze. sorghum 
groundnut 
C直ssava

cot寸。仿. tobacco 
。 11 pal桶. coffee. cacao wlth cover crops 
rlce 
rapldly growlng cover crop 
savannah or pasture (wlthout grazlngl 
forest or crop wl 寸h thlck layer of 觀ulch

5ource: Roose, 1977. 

c 
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‘ 0.3輛0.9
0.4-0.8 
0.2-0.8 
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Table 8. Ca5sava yleld 倉nd 車。 11 1055 due 會o eroslon u51n♀ V翁r lou5 5011 
and crop manag蜘en寸 practlces In Ag精制的ca﹒

Treatment Soll los5 Ca5511va y 1 el d 
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Table 9. Effect 
due to 

。f agron研nlc pract!ces on cass晶va
eros!on on 40% slope In Las Pllas 

yleld 
tar冊，

and on soll losses 
Mondomo, C昌uca.

Agrono酷 Ic practlces Cassava yleld瞥
t/ha 

Dry so! 1 105S發
t/h揖

A 紋ethods 盒。 I I 紅鶴征位l.gJl

2. 
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1 輯@寸ar strlps plowed 
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1 揖
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MAIZE/CASSAVA/YAMS INTERCROPS 工割 THE 到ORTH COAST OF COLOMBIA 

Raul A. Moreno 

Argem1ro 幸foreno

11 Fernando Muñoz 如

General Characteres of the North Coast of Colo觀，b1a.

τhe AtlaI主t1c or 訝。rth Coast of Co10輯，bia is one of the f1ve major 
d1可1s10ns of the country. The eut1re zone covers approximately 100.000 
K臨恥 and 1t 1s characterized by 1arge p1a1n銬， ro111n皂 hil1s a終是 a few 
Z楚。unta主nous areas. The Magda1ena a就是 C提uca are the 轍。st 1臨portant of 
the several r1ver!書 that croas this region. A草宮icu1ture is 1ts economic 
ba給is and approxi阻ate1y 50% of thαtotal cattle popu1ation of Co1ombia 
grasses in th1s region. 

Three rnain types of farming syste觀 are found: 1ar惡e far誼 holdings
桂e是icated to low intens1ty cattle/pastures pro社uction systems; 1a玄ge to 
姐ediu盟 size遵 cornp1ete1y 聽arket-orienred farms that pro挂毛主ce crops such as 
cotton , sorghu盟， r1ce and occas10na11y 訊aize 1n a high 1nput and more 
1ntensive type of agr1cu1ture; and the sma11 farms sector that produces 
main1y annua1 crops such as cassava , yat嗨，聽aize ， cowpea and p1anta1n 
for the interual 血arket 1n a high1y 1abor intens1ve ra1nfed type of 
agricu1ture. 

The research sites reported in this paper correspond to a section of the 
North Coast , name1y the Depart臨，ents of Cordoba , Sucre , Bolivar and 
血t1antico. 電.here 盟。st of the population and s認a11 far甜s are 10再ated.

The four depart聽ents constitute an area of approximate1y 64.000 km~. 

血，ve主age annual temperazure increases freaa Cordoba {270C}tohtl蓮，ntico
(28 Y C) but tota1 avera草e annual precip1tation decreases to臨rds
At1antico. which i8 10cate是 c10ser to the Caribbean Sea. The rainy 
season normal1y be草ins in May and ends in 訝。've祖ber. During the rest of 
the year. evapotranspiration is higher than precipitation. 

ln Sucre ，囂。livar and At1ántico the begining , duration. intensity and 
ends of a "short su血merU • nor唱al1y occurring between June-August , 
stron囂主y determines the success or failure of several crops 學 notab1y 
maize. 

In genera1 term愁， the 80i1s in the area present pH va1ues rangi包車 fro隘
5.3 to 8.0; low to mediu盟 levels of organic matter; highly variab1e 
leve1s of P rang1ng fro觀 2 to 270 pp觀; medium to very high 1eve1s of K 
(0.05 to 1.33 甜q! lOO gr); 缸。“ficient levels of any microe1ement have 
been found in 80i1 8amp1es. 

立在gronomi咐， Cassava Pr咿恤. Centro Internaci叫1 de Agricu1t叫
Tropical (CIA:τ). A.A. 6713 Cali , Colo咽lbia.
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The type of crops , cropping patterns. crops management practices and 
yie1桂s obta主ned 臨y small far回ers ， are strongly 1nfluenced by the 90i] 
0宜在anic 臨atter content and P level. 

$器a11 Far祖，er9 Cropping Systems. 

$體a11 far觀念rs cultivate 誼ain1y cassava , ya盟怠， 盟aize and p1antain in a 
low input fallo妒如se桂 type of a皂ricu1ture. Ya盟s (Dioscorea a1ata and 
話. rotund位a) were 1ntroduced to the North C偏st一話om 令諒穹謊話bean
Ïs1ã立立γ可拉宮必e 盟主車站泣t s1av紹， probably aroun是 1530. Once in the 
re惡ion and probab1y by tr圭al an是 error. they were incorporate是 as
il發portant new ∞鎧，ponents in the alreedy existi玲瓏aize/cassava crop 
c慨b公1a位on.

The average s1ze of a small farm i8 5個6 ha. Usua11y IDore than 50% of 
the avallab1e 1and 1s de注1cated to annua圭亞rops wh:ile the rest 主緣。n
plantains or more commonly 主n natural pasturcs or fa11ow. Sma11 8n1唱als
un丘 a fe\. doub1e-purpose ruml11ants co到p1純te this picturc of a tYI' Í ",,11 
ùmall farm in the North Coast of 立。loEbiu.

The cassava/mnize intercop is prc是ominnllt in the area. Ho th CTOpS are 
planted at the onset of the rainy ÐeaSO::t. 0111y 訟 f ew days (whtlc 
cassavn stakes are prepared for plal1 ling) elapse between the planting of 
maize and the planting of cassava. P1anting distance is usually 1.2 x 
1.2 m for both crops. Only in areas c10翁。 to urban markets , maize 
population i8 reduced , to favor a more rapid growth of caS8ava root8 80 
that they could reach the market ear1y. 

Maize/yams/cassava and yams/cassnva cropping patterns nre next to 
ca甜ava/maize in terms of overall importance for the reg10n. The three 
crops combination i8 a relay cropp1ng system that begins with the 
p1anting of maize aga1n in a 1.2 x 1. 2 spatial arrangement. It 18 
fo110wed by the planting of yams (D. a1ata) st the base of each maize 
h111. On1y after the field 為 co高iete1y planted 叫th ya凹，
approximately 20司30 days 教fter the 臨size. the casssvs stalks are 
prepared and planted. 

The ca8sava/血aize cropping 8yste甜 1s plsnted 1τ1 a1回ost any type of soi1 
but the ma1ze/yam/cassava cropping pattern i8 planted only 1n soi1s with 
re1ative主Y high organic 臨atter and P lcvels. 

The yams/cassava cropping patt級玄裂 主紋 cult.tvnte益。n1y in selecte岳 areas
of the region in a s主ash 1是n益 bUr11 type of agriculture. 主t is baseè on 
D. rotundnta and trsd主tioual varieti~s of 忌。th cassava an是誼a主ZC. t!a1ze 
Is a mlnor cO!npo泣如t of ‘ this Cl'op e01強!>ination. 鈍。盟 the econoi1lic point 
of view thi按 crop arrange觀ent 1s vαry i嗯portllnt for 8mall far經ers
because it produces the first yll臨8 to r .,ach the loca工單arke主 alruoat two 
盟onths before the harvest of the 立. .~訟念主!!. yams. 

From the ecological point of view, this crop combination 1s also very 
i血portant. The constant 終earch for neW lands and the use of support 
stakes for ya臨s that are obtained maill1y from young secondary forest , 
are significantly contributing to the deforestation of the region. 
Horeover. since this crop combinat10n 18 planted on 15 to 20% slope笛，

句，

、
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the onset an丑 ear1y part of the rainy sea愁。n occurs when the 50i1 19 
a 1m05t comp1ete1y unprotecte挂， ceusing severe 9011 erosion. Due to the 
scattered 謹1str1bution of the p10ts with this crop co甜.b1nation 1n the 
re惡10n and the topo惡raph1c characteristics of the areas where it 主g
cu1tivate益， the amount of ava11ab1e information about lt was a1血。st

lackin車 untl1 two years a草o.

Techno10gy and Rura1 Development Progra咀S.

Since 1981 , an integrated Cassava Pro是uction ， Utilizat10n and 
Co臨mercla11zation Progra臨 1s successfu11y operat1ng 1n the 贅。rth Cost of 
Colo甜ib1a. The program began by testing the possibility of dry1ng 
cassava ch1ps for an1mal feeds on an experimenta1 bas1s. 800n the 
dry1ng of cassava took the form of a p主lot project tbat operated on a 
semi-commercia1 sca1e , to become later one of the 醋。S t successful 
Co1omb1an rura1 deve10pment pro草rarns. At present there are 40 cassava 
dry主ng plants 1n the reg10n that during the last dryin草 season produc.ed 
6.000 tons of dry cassava chips for the 總nimal feed market. 
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CIAT hàS s1草nif圭cà11tly contributcd to th室主 su('.ce怠s of the program 聽a1nly
by deve10p1ng and ad ;l usting technolog1cal components , i.n coordinat:l.Q!! 

w1tb national institutions. 
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Dry cassava const1tute an是 e:x.ce11ent a1ternati、，e market for fresh root紛
productlon and the most notor1ous cO!1sequence of the 1mproved de盟and for 
cassava have been an increase in the demand for technology to improve 
1ts product10n. 111 the 10ng range , one of the poss1b1e consequences of 
an i祖proved 祖arket for cassava, could be a ch敢1ge in the current 
cropping patterns. Cassava a詔 a 501e crop could become an 1mportant 
cropping system in the future , but the actual demand is for technolo串y
to improve the exist1ng multip1e cropp1ng patterns. 
To cope with this high de祖an是 for 1翻proved production techn010gy , both 
the national research institut10n (ICA) and CIAT are conducting on 
stat10n as we11 as on farm research. 

a
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A regiona1 network of approximate1y 20 researches fro盟 the four 
Departments have been organized to coord1nate a regiona1 effort to 
develop the necessary technology. This network 18 for珊ed by 抽embers of 
IC血. lCAT. Re車101181 Universit1es an謹 the Reg10na1 Depart攝制Its of 
Agricu1ture.τhe 串roup rneets at lea學t twice a year to progra盟 and
evaluate research results. 

On-farm techn010轟y deve10pment t.ith the i1ctive part主cipation of farmers , 
主S one of rhe 輯ost i:祖.portant activHies of this network. CIAT' s 
col1aboration wirh the' network con5ist.誼ainly 1n on-farm research 
method01o惡y; cassava 學ermp1as把 te r;ting an是 tra主ning 1n different aspects 
of cassava production as I"e11 RS in other disc1p11ne忽 such <.'.s 
!l t :lt1st1ca1 l1na1ysis Rnd use of 血ict'ocomputers .. 

The experiments reporte是 here were planne桂 by the re雇主onal network and 
conducted by CIAT staff 主n close coordinatioll 苟1th ICA in 這ifferent
far器s throughout the regi。當1. The fol1owing results are presented as 
examples of the type of activitles that are bei認惡 conducted:
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* Perfor盟ance of i甜proved and tre是itione1 malze vnrieties in association 
with the cassava var. "Venezolana". 

Severa1 improved 觀nize vnrleties have been recent1y re1eased by lC轟 in

the 暫orth Coa的t ， to皂ethe1' with technicn1 1'eco扭扭endations to inc1'ease 
y1e1ds. ~lost of these reco凹nendntions have been formu1ated for 姐a1ze as 
9011.' crop 1n splte the fact that ma1ze 1s more f 1'equently inte1'cropped 
than cu1tivate是 as 6011.' crop. The use of these i誼p1'oved var1et1es 19 
becom1n草 more and more co嘲mon among s臨a11 farme 1's , a1though no always 
the re悅。f the 1'e∞閥割.1ded technology 1s applied. The 1nf1uence of 
these new 1甜p1'oved ma1ze var1et1e參 on the pe1'formance of the1r 
traditiona1 intercrops. particu1ar1y cassava and ya觀念 1s not co甜p1etely
known. Conversely the effect of any new CaSsava variety on the imp1'oved 
and tra桂itiona1 ma主ze varietle發 1s not known either. 

A set of expe1'iments were designed to study the effect of th1'ee 1ntprove是
and one traditiona1 maize variety on the pcrfo J:mance of tlw mo鈴∞mmou

cassavs variety (Venezolana) cu1tivatect in the 話。rth Const. The 
improve是 ntaize vn1'ieties V-109; V-156 每11d SV伽901 p1us th在 traditional

variety "Puya" were used for this expm:i輯ent. Thcse Vl支τieties ，，1f.~rB 
p1anted at 1.2 x 1.0 聽 (t， plants/lüll) betweenτows (I. 2 m apa1't) of the 
Venezo1ana cu1tivar. Plots of c泣ssava as 801e c1'op as we11 as each of 
the tested ma1ze va1' ieties 土n 801e crop sel~e挂 as checks. The 
experi詣ent l~as conducted 1n coordination with 1CA in a total of 38 fa技處s
acroSIJ the region. 1n this pap的 results from on1y 1 毒 farms are 
reporte通 There were 18 reps in total , so血.e far觀ers due to 1ack of 
1an益. only grew one rep , but in these cases two farme1's with 念imilar
soi1 characte1'istics we 1'e cons主dered a 8in皂工e loca1ity for Gtatistical 
analysis. 

1n addition to the t 1'1a18 described above , four farme1's with s1盟ilar

80i1 cha1'acterist1c8 p1anted four reps each of the same cassaval鎧aize
association plus the 髓。nocrops checks. u穆1ng fe 1'tilizers 1n two Of thetn 
(50-再0-25 kg/ha NP哀 app1ied 1n bands to the 阻ize 10 days afte1' 

p1antin車) wh11e two 1'eps rema1ned as checks with no ferti1izers spplied. 

Lan是 clea1'in囂， so11 p1'epa1'ation. weeding and the rest of the cu主 tu1'al
p1'actices that a1'e common for the 血a1乞e!cassava interc玄。p 1n the 1'eg主on ，
were conducted by the farmers. Only fertilize1's dosis were oalou1ated 
and appl1ed by the 1'esearchers ‘ 

1n spite of the 10gical diffe1'.mces in manage阻en主， the oalculsted CV 
va1ues of most of the analyzed varinble諮 was kept below 13% ",h10h i8 
usua1ly considered low, fo 1' on-fa1'臨 re給earch ， even un丑G吉 researchers
management. 

Avera惡e cassava fresh root吾吾 yieldrl ccnsidering both $ole crop aml 
inter在rop varled from 4 to 1主 tOI1/ha throu草;hout the region. A maximulll 
'lalue of 28 ton/hn was obtained in sillgle crop unde1' fnvorab1e growinr; 
conditions 智hlle a 間1ni鴨綠m of 4 1'83 obtnined in associat5.o治智主th maize 
tmder poor so11 conditj.ons and unfavo1'ab1e ra1nfa11 distribution. 
Similarly , high yield of 祖aize (3.7 ton/ha) in terms of dry grain (14% 
humid1ty) wa8 obtained 1n maize 801e crop w主th an improved va1'1ety while 
the mini輯也血 (0.6 ton/ha) was obtained 1n 籠絡soc1ation with c給ssava

、
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囂rowl認g in unfavorable con益itlons. Conslderln暮 a11 the localitie息，
cropplng syste祖s ， ferti11zations and maize var主et1es. the general 
average for malze yie1d was Z.Z ton/ha. 
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Both 1n 801e crop and 1n association with cassava, the 10ca1 maize 
variety "Puy殺" yie1ded s1惡nlflcant1y 1ess than the improve岳 varleties
〈τable 1). 

Cassava monocrop yielded and average of 16.4 ton/ha of fresh roots whl1e 
in aS50C圭ation wlth 甜aize yielded an average of 10.5 ton/ha; s 36% yield 
reduct10n due to the maize co撤pet1tion. Averaging the four varieties of 
ma1ze used in thi結合xper主ment ，驚aizαreduced 1ts yie1d by 22% when it 
was associated with cassava. 

The variety of ma1ze with whlch cassava 1s associated does affect 
cassava y1elds 1n ter單s of total fresh roots. Cassava yielded sn 
average of 11.7 ton/ha associatod ~1i th the 1mprove垂 malze var主et1es but 
on1y 8.8 ton/ha associated with the tra是itiona1 "Puya" varlety (Table 
2) .τhese results lndicate that 挽alze breedin惡 se1ection proce是ures
selectin惡 in favor of short;er types of maize that a110cate 1Dore 
photosyntates to the reproductive rather than to the vegetative part of 
the p1ant i6 favorlng both ma主ze an是 cassava yie1ds. l'hese fact 19 
part1cu1a當1y re1evant for a reg主on where malze res1巷口es are not 
主ntensive1y 悠悠ed as an1甜a1 fee益。r incorporated in the 80i1. 

' 

The effect of fert i11zers on the 祖aize variet1es an進 cassava both 1n 
的發ociat主on and 1n monocrop 18 shown 1n f1惡ures 1 and 2. For these 
figure怠. the y1e1ds of the three 主mproved malze var1e主1es were ave宮age喔，
Cons1是er1ng both 801e crop an是 as愁。c主at10n. there was a yle1d lncrease 
of approx1mate1y 1.1 ton/ha when fert11izers were app1ied to the 
improved ma1ze var1eties as compared w1th on1y 0.85 ton/ha y1el謹
increase when fert111zers I lTere app11ed to the tradit10na1 var1ety. 
Cllssava y1e1ds were not significant1y affecte是 by the fert i11zation 
app11ed to the maize when these crops were assoc1ated. 
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cassava va宮iet1es in assoc1at1on wlth maize * Perfor祖ance of 謹ifferent
variety V刪156.

Dur1ng the last years , several fie1d exper1ments. 髓。st1y on far盟ers
f1e1ds. have been conducted try1n惡 to 1dent1fy ca8sava cu1tivars that 
cou1謹 eventua11y rep1ace the we11 adapted and 官1de1y cu1tlvated variety 
"Venezolana". Most of these c玄per1me自ts have been conducted 1n monocrop 
1n spite the fact that cassava s01e crop 18 se1do盟 cu1tivated 1n the 
reg10n. Informat10n about the effect of 甜a1ze on the d1fferent cassava 
varieti戀戀 when these spèc1es .,ere i.ntercropped was not av!率1.1able and an 
experiment was des1gne是 to prov1de the neces扇ary infor盟at10n.

9 

Based on their performance for h1草h yie1益s dur1ng the 1ast f1ve yellrs of 
field tria1翁， the cassava var圭et1es C綠-962; M C01 22; CM 681-2 and M C01 
72 we玄e se1ected for th1s exper1ment. The maize var1ety V而156 was 
selected based on farmers preference and gQod y1e1ds. 

The experiment was p1anted 1n a split plot design arranged 1n four 
completely random1zed b10cks. The ma1ze/ca扇sav是1 1ntercrop was planted 
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at 1.2 x 1.2m for a populat10n of 8.333 cassava plants/ha and 33K pl/ha 
of 阻1ze (1.2 x 0.4晶 at 4 pl/hill). Plant populat1on for cassava 
monoc宜。p was kept at the same 8.333 pl/ha but the maize pop恨1ation in 
801e crop was 主9.333 p1/ha (0.9 x 0.9盟 at 4 p1/hill). 

Tab1e 3 summarizes the average yie1ds of the different cassava varieties 
teste之i. The varieties M Co1 22 and CM 令已2“4 reduced their yie1ds more 
than the 芷est of the varieties when they were intercropped with maize. 
The variety M Co1 72 yie1ded on1y 22克 1ess i1主 a悠悠ociation with maize. 
The yie1社s of maize were not significant1y affected by the variety of 
cassava with which lt was associate是 (Tab1e 4). 

Accor謹ing with these resu1t忽 if the far聽cr decision is to intercrop 
these species , fro龍 the polnt of view of 臨a1ze product10n the type of 
cassava with wh1ch the maize 18 i.ntercrop is not very important. From 
the cassava p01nt of v1cw in sole crop the cultivars M Co1 22 and CM 
雪62-4 outperformed the rest of the cult1vars. Cult1var CI1 962個.4 reduced 
its y i.eld by app玄oximate工于是0% wlH.m intercropped (Tab1e 3). 

* Maize/yams C8S發ava relay intercrop. On station research results. 

1n order to study this crop cOlUblnution more closely before attempti!lg 
future 1甜provementa 1n farmer's f1elcls , and exper1ment wa必 designeù to 
simu1ate th1s crop combina毛主on on the experimenta1 stat1on. 801e cropll 
as well a8 the combination of two and three species were planted to 
separate the effect of each crop On the overal1 per主。到nance of thc 
three-crop combination. 

P1antíng 是主發tance ， varieties and cultural practices were kept as close 
as poss1b1e to the farmer's cllrrent agrono姐1c practices. Since 
cassava's re1at1ve p1anting per10d varies across localities in the 
regio疇， two planting dates for cassava were used: 30 an丑惡o days af重er
the planting of 哩aize.

The resulting treatments are presented in Tab1e 5. 

1n this presentation the results obtai位@垂 in a tria工 conducted during 
19惡毒，輸i會87 are reported , although the sa樣發 tria1 have been repeated for 
severa1 cropping season to assess the effect of different environ盟enta1
conditions. 

Yield of 間aize were not significantly reduced by the treatments. 1n 
19在巷耐 1987 they ranged fro盟 1.4 to 2.0 ton/ha due to extremely dry 
cond:ltlolls after p1anting. In the f0110wing croppin鑫Ileason svera草e

yie1是 of maize were alÍove 品 .0 ton/h給 but again with no differences 
het~lcen treatments. 室he tradition to plant tha yams on1y after maize 
e誼ergence; the time elapsed bett,.een ya揖 p1anting lln華主ts 100主
皂er盟ination an垂 the delay 1n cassava plantin草 are probab1y the rü8S0n :l 

for this free-of-competence initial waize growth. 

As expected , the hi草hest yie1疇。f yam (32.5 ton/ha) was obtained 111 sole 
crop. Significant 垂ifferences (.01) were obtained bεtween ya阻s in 
臨onocrop and its intercrops. Maize a10ne caused a 44% yiel這 reduct主on
in yams yield during this trial. A 67% reduction was 0起tained the 

‘ 
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f01主ow1ng croppin草 season and the 11terature infor聽 of a 31% yield 
reduction 1n 且﹒旦控單位a ca恤金桂 by the intercropped 祖aize. Cassava 
re挂uced the '1ie1d of ya攝s b'1 30% when it I,as p1anted 60 daya after thc 
maize. This reduction was higher when cassava was p1anted 30 da'1s after 
the 誼aize.

時ith regard to cassava yie1ds and considering a11 treat翱ents 1n which 
cassava was inc1uded. the avera惡e '1ie1謹 in terms of total fresh roots 
woight corresponding to cassava planted 30 桂ays after 盟aize was higher 
(2 /,.5 to室主/ha) than the '1ield obtained when cassava was p1anted 60 days 
after the maizc (1會 .4 ton/ha). 

Considering the rcsu1ts of this anù other similar experiments. it 6eomB 
that in th圭s particular crop co四binat圭OU ， cassava yields 是epends 血。re on 
the environmenta1 condit10ns prevalent after it was planted than on thc 
leve1 of competition exerted by thc cther crops "主th which cassava was 
intercropped. 

1n the cassava/yn揖 crop cornbinatiOll. yams vines tend to c11聽b on veτy 
young cassava p1ants particu1ar1y when cassava i5 planted late and 臨a1、ze

growth i8 not vigorous. The restllts cbtalned in these experiment幻

partial1y explain the rela tl vely 工úw yie1ds for cassava that far盟~rs ~lt'e 

úbta1ning in the North Coa位主.

* Effect of yam popu1ation on cn學 sava yie1ds. 

To further study the interacting between these two species in an 
intercrop situat10袋， an experí臨ent was designe是 to assess the effect of 
ya頭 co品.petition on cassavs yields. 

The cassava cu1tivar C滋C-40 and the "crí0110" cu1tívar of yam were used. 
Cassava popul，這tion was kept constant at 8.333 p1/ha. whi1e the y8m 
popu工ation was 8.333 and 16.666 p1/ha to constitute five treat盟ents
including the respective monocrops. 'freat血ents are shown on Tab1e 6. 

Tota1 roots fresh weight of cassava was signific副主t1y reduce至! (0.1) by 
1ts intercrop wi l;h ya血. The increase of yam popu1ation from 8.333 to 
16. 吾66 p1/ha further re毛luced cassava yield by 55% as compared with its 
yie1d 1n 醋。nocrop. The nu血，ber and weight of the non commerc1al 01:" swü1 
cassava roots was a180 8ignif1cant主y illcreaaed by the competitioIl yith 
ya甜s 1n particu工ar with the hi直heat ya盟 popu1at10n.

The harvest1ng process of those treatments in "hich ya觀 wa治 p1anted at 
16.666 pl/ha while cass♀va was still 路tan是lng 1n the fie1d , resu1te述 in
a 81草nificant (.01) increase 111 the Ilumber of rotten cassava roots. 

Yarn tube室 we1ght resulted s主囂泊主ficllnt1y different betweeIl t:reatments. 
Cotlsidering yam s01e crop , doublin缸 its p1ant density to 16.6惡6 pl/ha 
increased yields 忌y on1y 40%. A yield of 27.7 ton/ha/ton of 結eed used 
was obtained in the treatment ，üζh 8.333 pl/ha of yam. 了rhe treatment 
wHh 16.6屆6 pl/ha resu1ted 1n a 20.7 ton/ha of yam設/ton of seed used. 
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TABLE 1. Yields of different maize varieties as sole crop and 
associated with cassava variety "Venezolana". Colombia 
1986-1987. 

CROPPING PATτERNS 
Associated with 

Maize variety Sole Crop Cassava % of Sole Crop 
ton/ha 

V-156 2.60 a 1. 95 a 75 

V-109 2.45 a 2.01 a 82 

SV-901 2.37 a 1.75 " 73 

Regional "Puya" 1.56 b 1.27 b 81 

、
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Total fresh roota wei車，ht of caasava intercropped with TABLE 2. 

主tlantic Coast of Colombia. different 祖aize varieties. 

1會86“1987.

' 

rùotÐ weight Total fresh 

(ton/ha) Naiz.e Variety 

... 
1/ 11.3 11 也V恥156

10 ,9 a 可-109

11 ,0 a sv輛901

8,8 b Regional "Puya" 

a
﹒
'
?
、

1
2
4

♂
今

letters are not signif1cantly d1fferent 

(0.01) • accordin草 with the Duncan'a Multiple Ran囂。 Tes主

之1 Figures followed by the same 
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TABLE 3. Totsl fresh 賞。ots 關ight 仇∞Ihs) of different cssssva 

vsrieties in sole crop and associate是 with V-156 Ma1草傘. 1警車7.

Sole Crop Associsted 

z 
Reduction 

Cssssva 

Vsriety 

cropping Psttern 

M Col 22 

M Col 72 

CM 681-2 

CM 962-4 

26.4 

18.8 

17. 主

25.1 

20.0 

15.7 

13.6 

14.5 

'
旬
，

h
v

旬
，ι
-
i

勻
，
必

•• 

。
旬
，
也

t
q

Venezolans 15.會 11.9 25 
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宮蟲BLE 再. Ma1ze dry 車rain (14% 祖oisture) yie1謹 (ton/ha) of cu1tivar 

V-156 as sole crop and in association with four different 

Caasava Cu1tivars. 1987. 

Cassava 

Variety 

cropping Pattern 

801e Crop Asoociate是

主

Reduction 

H Co1 22 

U 001 n. 

CU 681司2

CM 962輛再

2.6 

2.5 

2.4 

2.6 

2.0 

2.0 

1.9 

1.7 

。
J
n
v

•• 
aaJ 

勻
，
你
勻
，
翩
。

L
q
J

Vene囂。lana 2.7 1.8 33 
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TABLE S. Yields of maize. yam and cassava in different cropping 

patter悶. 1986-1987. 

Croppi且g pattern 11 終aize Ya觀 Cassava-30 Cassava-60 L囂崑
、

……………………一- ton/ha -一，一…………………

11 Y C-30 ld aZ7 13.\址是 13. 岳 c 1.72 

N C-30 1.9 a 25.8 b 1.昏3

H C-30 16.0 cd 22.S b 1.1晶

C-30 36.0 a 1 ‘ 00 

C-60 25.0 a 1.00 

11 C-60 1.7 a 24.2 a 1.80 

組 c-忌。 21.7 b 16.4 b 1.30 

M Y C-60 1.8 a 15.0 cd 12.2 b 1.80 

MY 1.再 a 13.3 bc 1.30 

Y 32.5 a 1.00 

H 2.0 a 1.00 

Average 1.串 19.5 24.5 19. 再

11 M 包租aize; Y • Yam; C-30 and C-60 cassava planted 30 anù 的 days after 

llIaize. 

主.1 Figures followed by the samc lettern sre not statistically d1fferent 

according with the Duncan's MuJ.tiplc Ral1ße TC\!<t (0.05). 
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Yields of cassava a法d ya血 in dlfferent cropplng patterns. 

1986. 

T蟲耳LE 喔，

Ya聽Ca8sava u 
s a r 

a包
,." +'h a nuz oo a az nv nr o r puw 

(ton!ha) (ton/ha) 

，
:
一
句
，
Z
巳
考
:

3B.在 asole CI;OP Cassnva 

35.4 b Y棚 sole crop 仰的

51.4 a Ya體 sole crop (l6K) 

14.6 c 27.0 b Ca戀sava/ya揖 (8革}

22.0 c 18.0 c Cassava/ya觀(16K)

iI 

16K 總 ya輯 planted at 8.333 and 16.66垂 plants/ba respectively. 

21 
- 實主gures foll甜甜 by the 88111怠 letters are not significantly different 

11 
-車K and 

(0.05). according with the 趴lIlcan's Multiple Range Test 
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AGRONO!是ICAS D草 LA PRODUCCION DE RAIGES Y 
IMPLICACIONES PARA EL D工AG違章。STICO 啊，

義aú1 A. 

CAR孟CTERISTICAS

TUBERCULOS: 2/ 
Moreno "'" 

主草堂里ODUCCION.

En esta presentación se intenta señalar algunos caracteres agron6micos 
importantes de 10s sistemas de producción de rsíces y tub星rcu10露， que 
son más comunes en e1 trópico. Se hace con e1 propós主to de llamar 1a 
atenc16n sobre a1gunos aspectos c1aves de estos slste血as ， que deberían 
te11Ðrse e11 consl桂eraclón a1 1ntentur una descripc16隸， con fines de 
diagn6st1co. 

Pot' razones pr在ct1cas se 1nc1uye賣主 de preferencia características comune紡
de siste酬s basados en yucl\ (Hanlhot (òscu主enta) ， ñame (D1oscores .a1ata y 
D. ~otundats) ， c自note (J:pom<>.萃"問-1)莘莘as)了 y aro1deas comestib1es 
知2芸芸古有p y 乏經坐車章。哩句話于一一一

9 

Existen varias razones para el3 tud1~主r U!l siste臨a de producci6n. Estaa 
van de第de e1 puro inter噩s acad歪曲ic俗， hasta e1 deseo de 觀ejorar 1a 
pro是ucción y/o productivid'盞是 de ese sistema con 甜1ras a1 desarr0110 
rura1. En esta presentac1ón , se supone que e1 interés se centra en e1 
de發eo de 祖ejorar 105 忽iste聽as existentes , para 10 cua1 es necesario 
de5arr011ar mejor tecno1ogía que 1a i盟.perante y que para 10grar e8to , e1 
punto de partida 16gico, es un buen conoc1m1ento de 105 p宜。每1e血as y 
potencia1es 是e cada s1ste血a.

La simp1e enu觀eraclón de car.軍cter!5tlcas agron6血1cas comunes e 
i觀portantes no es exacta血ente e1 propósito que se persigue con esta 
presentaci6n. Se trata ade血革s de inc1u1r comentar10s breve8 acerca 桂e
cada aspecto trstado , con e主 prop6sito 哇ue ayuden en 1a correcta 
1nterpretac1ón de 1a informac16n 哇ue 5e obtlene durante e1 proceso. de 
csrscter1zación. 

Lss ra!ces y tub產rcu10s en e1 tr6p1co son producidas pr1ncipa1祖ente por 
pequeños sgr1cu1tores. Es 8ab1益。 que en este tipo 是e s駐ricu1tura ， 10s 
caracteres f至sico刪b101óg1cos 述e 1a producción , se confunden con 10諮 de
natura1eza soc10-económica y por e110 es difíci1 cua1quler intento por 
separar 1a agronom!a 是e otras con81是eraclones. S1n e甜ba言go ， 主義 trsv星s de 
este srtícu10 se 1ntenta, con tsl vez dudoso 噩xito ， hacer esta 
s e:paración. 

9
i
j
t
F
e

三
:

定

? 

尾
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Trabajo presentado en e1 Ta11er 社e Tl"at、 ajo para Mejorar 1a Capacidad 
ðe Dlaguóstico de S1stemas de Producción de Raíces y Tu吾吾rcu105 ，
CIP心IITA-CIAT ， Sept1embre 12研17 ， 1988. Carts草ena. C010mbi袋，

(CIAT) , 2/ 
一直草róno罰。. Centro Internac圭0!la1 de Agricultura Tropica1 

Apartado A，惡reo 6713 , Ca1i , C010田，b1a.
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設主.RCO CO揖C露PTUAL.

La producci毒犯 agrico工a puede verse co毀。 un or是ena觀主ento je安革rqu主c。 這e
sistemas que operan en e1 tie臨po y en e1 espac10 , transfor祖ando recursos 
de1 a個biente ， en productos deseados por e1 hombre. 

L08 sistemas de producci6n de raices y tubércu10s son entonces una parte 
o e1 todo 是e1 siste血11 de producclón 挂e cultivo忽 alimenticio悠， que a su 
vez se encuentra dentro 謹e un Ristema jerárquica盟ente superior , que e8 
18 un生益a桂 de producci6n 0 finca. Las finca每 a 8U vez y en conjunto 
aportan una caracterist1ca productiva especia1 a una re車ión agdco1a 
dadn , que a su vez y co點。 un todo , constituye un s圭ste點8 是e pro謹ucción
jer在rquic的，ente superior a 1as f主犯cas 盟is到as (f圭gura 1). 

H,mtener e約 f;UO relαciones jerárquicas en mente , es e1 mecanismo más úti1 
para coml'render mejor llla re1aciones entre e1 sistema de interés (rafces 
y tubGrcu103) y su 在~Ilric t\ te.

En e工 CUGO part:tculnr dc la !5玄:::.íC2S ， y a 是 iferenc1a de muchas otr2.S 
cspcci念s cult主vad~"言 lOG procesos 是e transformación en pro挂uctos
der:l.vatlos a nivel dc finca y a n1vel reg10na1 , son 輯uy i觀portantes y 
frecueute阻ente condicionan a1皂ulIas pr單cticas agronóm1cas. As! entonces , 
las interacciones entre e1 s1stema de producción de ra!ces y tub喜rculoB
y 1a unidad de p.roducción y entre esta unidad y la co間unidad que 
edquiere y transforma productos , puede ser 阻ás importante para las 
l:afcc移， que para e1 caso de otras especies. 

PRI甜CIP.必.ES C主R主CTERlSTICAS DE LOS SISTEMAS DE PRODUCCIO臨 DE R且ICES Y 
宮草草草說CULOS.

Para ana1izar un sistema 是e producc1ó.鈍， cuyos 11四ites est矗n ya 盟ás 0 
menos definidos , 學翁 conveniente estab1ecer primeramente su estructurs y 
1uego su funciõn. Por estructura puede entenderse e1 0 10s arreg10B 
entre las espec1es que 10 1ntegran. 

E1 concepto de arre聽10 en este caso se refiere a1 patron tempora1 0 
crono1在gico (fechas de s1珊bra y co楓cha relat1vas) de 1a級 e9pecies y e1 
g發pacia1 en e工 se說t1峰。是e 1a disposic16n de ca是a una con relac1ón a laB 
otras sobre 1a Buperficie 電1e1 sue10 (fi草ura 2). Este 聽1s醋。 enfoque 移e

aplic<t tallto para s1stemas de c這ltivo que 1誼p11can una eBpecie cultivada 
en cl niío agrícQla , CClnO para va.r:!ll給 en 路istemas policultura1es. 

E1 runc10namiento de un s1stema de producción de raices y tub星rculos
pue丑e verse desde vario~ puntos de vista. Entre e1109 pr1ncipa1祖ente el 
de 主毛主 interacción que existe entre 1as especies qu~ integran este 
arreglo y entre 'stas y el s揖b圭ente. S1n embargo , al tratarse de un 
怨intema operado por el ho盟bre y fre綠te a 1a necesi是續往是e carl鐘cter1zarlo ，
10 que interesa en for誼s in輯發diata son lss inte宣acciones entre e1 
ar笠eg10 y ",1 ho臨bre. Estas interscciones se c c:mocen con e1 nombre de 
manej 0 y ge puede af1rmar 哇ue e1 funciona臨1ento de un siste觀發 de 
I'roducciδo d俗 cultivos anua1es es reflejo del manejo que 過a e1 
agricultor. El mane;lo por partc de1 agr:l.cu1tor en su aspecto 
intelectual , reve1a su capacidad como empresario y resu1ta eo decisiones 
que estahlecen e1 patrõ鈍 general dc producci61l de una finca y e1 arreg10 
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entre 1as especies que integran e1 sistema 益e pro是毛主cción de raíces y 
tubércu1os. El 甜anejo en cuanto a 1a habi1id給d para ejecutar funciones , 
reve1a a1 agricu1tor en au capacidad como opera逞。r y comprende a1 
conjunto de prãcticas cu1tura1es que 1e per血iten f主sicamente desde 
estab1ecer una 0 un conjunto de especies en un espacio de terreno dado , 
hasta su co發echa 0 rec01ección. 

E1 nú血ero 垂e pr磊cticas agronómicas varía en ca是a 10ca1ida疇， as! como 
tambi產n var!a 1a for體a en que 5e ejecutan, pcro por 10 genera1 , 1a mayor 
parte de estas pr蓮ctlcas ， en una u otra forma，塹ratan de favorecer el 
uso por 108 cultivo翁， de 109 recurS09 de a惡ua ， nutrientes de1 sue1c y 
radiaciõn , a med主是a que se hacen disponib1es en un ambiente dado. 

Existe entonces una sucesión de pr產cticas que son espec!ficas de cada 
especie 0 conjunto de e11as y que es necesario estudiar en 發erie 1óg1ca , 
5i 5e desea caracterizar 恐龍 s1st忍ma de producciõn con fines dc 
酷ejoram圭ento.

S圭 50 observa e1 resu1ta泣。 de un anáHsis econó:n1co dc 1a pro位uccHi位 d (1
cunlqu1.era de la怒 espec1c r.: aeñal毛主 c1as anterionnonte , ne observn q1se h:.17 
trαs actividades de 點anejo que usan 11;1 !fI~-;yO j，:' varts 是e la ennrgía gästadn 
en prodtlcir. Estas priÍcticas S011 l.ú13 de lwb J.litaci6n y preparaciðn d<?, 

terrenos; control de mal三18 hierbas y cosecha. As! entouces para un 
proceso de caracteri.zac主ón" es nec令部口:10 &llalizar estas tres pr產cticas
con especial acento y por e110 se discuten pri祖ero en esta pre發entaci6n • 

1- Habi1itaciõn y preparaci6位接e terrellOS: La pτimera es una 
actividad particula訂nentc importante en e1 caso 是e agricu1tura 
basada en e1 barbecho. En e1 caso específ:tco de la pro余leción de 
ñame , e1 correcto 養硨nejo de es重a práctica. frecuentemente determina 
adem矗的主義 disponib i1i是ad de soportes para su posterior desarro110 y 
G芷iste re1ación entre e1 tipo de soporte y e1 ret這是主，miento en 宮aíces
frescas. En e1 conj椒油。 de pr星cticas necesaria路 para p宜。如cil:
吉ame ， proveer de soportes es un aspecto er!tico de1 攝制1ejo ， que 
主llf1uye fuerte誼ente en 109 eostos de produceión. 

La habilltaeión de terrenos se inicia en cual哇uier 祖omento del año 
agríe01a. pero e1 apilado y la quema , por 10 ge位eral ， se rea1izan 
en e1 per!o丑。 más 翁eco. Esta 1abor de habi1itación , puede 
pro10n車，arse durante varlas estaciones de cu1tivo , principalmente 
cuando 1a ve軍etación natural es de bosque secundario bien 
establecido , aunque con demanda decreciente por mano de obra , a 
med:lda 可ue pasa .,1 tiempo. Ta恥b1菩n para e1 caso de ñame (D. 
r叫E位?哇哇昱主且)， nO 8010 parte de 1a habilitac!ón de terrenOs s圭no ~也e
1a 可哥哥王'da n an ter :Lor n 1a 泌的.:br，品，益ehen efectuarse ea el per室。如
aeco , 10 哇U(! es otr必 C.，主racteristit;a que deb發 cono在erse 會

pr主ncipal祖entc ßn cuanto 乏主 1n calidad y "nntidnd dc mano àe obra 
empleada y nútuero de noyos 1'0 '1: un1dad 述e Guperficie. 

Para fines de 晶iagn6stico ， y un 1'1 easo espec!fico de agrictl1tura 
con ba給e en e1 barbecho , 10 observación de otros terrenos en 
deacanso en 1a 宮。gi6n ， 1a te酷peruCtlra pro揖edio y 1a precipitaci5n. 
pueden apor t.ar Ul.'la idea del V01U!1措認這e 1a biomasa dispo就lble para 
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restaurar 1a fertilidad 是e 工os sue10s y COn8ecuente臨ente e1 1ar囂。
de1 pedodo 是e cu1tivo , en re1ación con e1 perfodo 社e descanso. 

Por e1 contrario, para e1 caso 是e agricultura 是e t1po estr1ctamente 
sedentar1a , e1 輯部1e j 0 de 10s res iduo發 durante 1a fase de 
hab111tac1ón de terren08 , debe caracter1zarse bien des這e e1 punto 
de v主sta san1tar10 y de rec1rcu1ación y pεr社ida de nutrimentos. 

En cuanto a 1a 1abor de preparación 輯18揖a de terreno緣， aparte 是e1
conocimiento 轟enera1 acerca de1 tipo 挂e preparación frecuente en 1a 
región (由anua1，阻.ecanlzada 0 m!xta) es necesario 11egar a un buen 
entendi聽主ento de 1a relac!ón q悠悠 ex18te entre 108 caracteres de1 
sue10; t1po de ener早ía de tracclón e imp1ementos dlsponibles; 
oportunidad en re1ación con 1a precipitación y I 0 te甜peratura ， y 
fina1臨ente intensi益ad de 1a operación en e1 sentido de 1a cantidad 
草enera1 社e ener惡ía que se as1gna a esta actividad 這e producción de 
rafces y tuh還rculo扇 en 主e1ac1ón con 1as otras que 5e ejecutan en 
e1 año agríco1a , para ohtener una cosecha de raíces y tubé支culo白羽
Por 10 genera1. 1a preparación del sue10 en 108 siste盟紹給 dα 

producción de raíce怒 e8 un aspecto cr!:tico de to益。 e1 pro己的鈴。

productivo desde e1 punto de vlsta bi01ógico , debido 1苔車icnmente a 
1a natura1eza subterránea 是e crecimiento de1 pro岳之lCtO deseado y 
des是e e1 puτ1to de vista socio-econó臨ico de 亞anejo por e工

a惡ricultor.

Es neces:在rio re1acionar este proceso 是e preparación y 10s 
imp1ementos usados , con aspectos posteriore怠 ta1es como e1 
or益ena血iento espacia1 de 1a(s) 終發pecie en e1 campo y 
consecuentemente con 1a densi岳ad de sie觀bra y pr互cticas de contro1 
是e 祖a1as hierbas. 

La preparación de mont!:cu10s en forma manual para siste臨忽發 de 
producción de ñame y/o yuca , 1a preparación de caba110nes en zonas 
de posib1es inundaciones para y怨ca y principa1mente ñame y 1a 
preparaci6n de1 sue10 de1 cultivo anterior para e1 ca怒。 de raíces 
que se siembran en sucesi6n con otras e翁pecies ， son factores 
ta閉，bi革n importantes en este aspecto de caracterización. 

En situaciones especia1es de pro哇。cd6n de 豆笠豆豆豆笠E主主 spp , e1 
fangueo 益e1 suelo es probablemente una de 1as act::l.vi!是ades más 
i祖portantes de su producción，哇ue necesita espec主a1 ace軍Ito en una 
fase de caracterizac主ón.

2- Contr01 de ma1as h抖的a8: C閱 excepción nuev棚叫te de1 camote , 1a 
mayor parte de 工as especie8 tratadas , son altamente sensib1es a 1a 
competencis por 甜ala發 hierbas dura室主te 10s estsdios inicia1e8 de1 
crecim1ento. Por e110 , 1as prácticas de contro1 de .ma1as hierbas 
est互n 是irectamente re1acionadas con e1 rendimiento y deberían 
caracterizarse cuida,dosamente en 1a descripci6n de un 81翁tema de 
pro桂ucción de raIces. Ade臨產發， si se ana1izan 108 C08to紛 de 
producci6n de 1as ra!ces , f玄ecuentemente e1 control de las ma1a8 
hierbas e8 uno 挂e 108 más altos despu革移 de 1a preparac圭ón del suelo 
y por esto esta pr革ctica es de especia1 8ignif1cs性。 para 108 
agricultores. 
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Para sltuaclones de 如此ercu1tivo y en e1 caso de agr主cllltllra 血轟g
tecnificad毯， 10s a草ricu1tores recurren frecuentemente a herbicidas 
de preemergencla. En estos casog. e1 ña觀e presenta prob1e訊as
especia1es debido a 1a desunlformid還ld en su ger祖inaclón. A述e臨矗s ，
1a exlstencia de soportes lnertes , dlficu1ta grande盟ente 1as 
1abores de ap11caclón y cobertura de1 producto. Las araceas a su 
vez , princ圭pal甜ente Xanthosoma y C01~Ca6圭a de secano, dlficu1tan 
t帥bi星n 1a ap1i組ciðn立哥拉rme de 106 preemergentes sin daüar 
tejido , 10 que afecta directemente 1a eficacia de estos. Tambi噩泊，
1as espeeies 唾ue se estab1eeen despu星s de otras en e1 campo 
〈草enera1聽ente mãs de 30 dfaa). no s主制.pre se benefici創立 tota1mente
de1 afecto de estos herb主ci是as de preemergencia. M革s aú鈍， e1 
p主soteo necesario para 1a siembra , afecta sign1fieativamente 18 
eflcacia de 10s pree臨ergentes.

Un factor com這n que comparten 18自 raíces es 1a re主ación directa que 
existe entre 1a buella preparaciân 技e1 sue10 (0 buena habi至itaciõn
en e1 caso de 00-1al月:anza) y 1a ，、 fica c. in 挂念 108 pree甜ergentes.

Aparte de estas consideracione8 anteriores. 1a caracterización del 
factor malas h主erba學 uo e8tii c"'"pleta en UIl 5iste凹a de pcoducciξn 
de raíce傘. 51 no se con()cc claramente e1 concepto de i.ngrediente 
activo 吐ue tiene e1 sgr:tcultor; 1a forma de medir dosls y e1 equipo 
(frecuentemente boqui11a) con que cuenta; 1a cali桂ad 通e1 a鑫ua y 
princ1ps1恐ente 108 métodos usudos para cal1.brar e1 equipo. 

En condiciones 是e1 trópico bajo húmedo de a1gunas regiones. 1a 
pro是ucción de rafces descansa fuerte誦。l1te en e1 uso de 車lifosato en 
1a habilltación de1 terrel10 y de paraquat con 1as especies ya 
estab1ecidas. 

El nú回ero e 1nte閑idad 是e 1as 1itnpias a mano posterlores a 1a 
aplicaclõn de 10s pree鵬rgent棚，是ep慨den báeic甜甜te de 1a ca1idad 
de 1a preparación 1nic主a1 de1 sue10 y de 1a correcta se1ección y 
aplicac15n de 10s herbici是as. E1 ca誼。te. por 寫u cobert級官a ， pocas 
veces presenta prob1emas serios de 珊a1as hierbas , despu嘉s de 5U 
perfodo de estab1ecitniento. 

Una de 1as pr革ct1cas comunes a vsrias ra!ces es. e1 aporque. que 
guarda signlficancia para ñam鏢， camote tecnificado y XI1些th空空空堡壘 Y 
社扭扭且ade seca帥. prine1pal組ente c愉悅是o e1 cu1tivo es en 
caba110nes y se registra abundante precipitacióτ1. En su 
caracterizació訟. es necess r.io rclsc主onar csta práctiea con e1 
contro1 de malas hierbas. 

學

3- Co每echa y a1師acena種iento! Para C~主racteri滋ar csta ß.ctivida益， es 
necesario establccer pri斑ero si 111 época en que se efectúa "5t孟

condicionada principa1mente por factnreG agronó咀iC06 聽ayor
rendi祖iento por ejemplo - 0 古n1":1祖ente po宮 factores econó:甜icos. Ks 
nec忽sar10 ade血星s incluir <lenl:玄。 ðe es ta ac ti vidll是 a1 m惡todo t1e 
ensscado y aca玄reo dentro de 1a f1nca. 

En 1a 觀ayor畫a de 105 caso鐘 y nueva聽ente con 1a excepción de1 
calDote en agricu1tura 血革s tecnifica是a. 1a cosecha de rafces se 
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rea1iza con baae en 1a 臨&尬。這e obra. Ex1ste entonces una re1ación 
是i:recta 16草ica entre el rendimiento y 1a cantidad 是e 攝制10 de ob :ra 
gastada en cosecha. 

E1 tipo de sue10 , p:rincipa1鶴ente 8US ca:racteres físicos y las 
prácticas de manejo ta1es como montícu10霉， caba110ne傘. y aporque怠，
deben toma:rse en conaideración 81 eatudi8r 108 factoree que 
詣。d1f1can 1a cosecha. Además , 1a posición en e工 terreno de1 
materia1 垂e siembra en a1話unos casos como e1 de 1a yuca , afectan a 
su vez e1 tipo de c:reci阻iento de 1as ra!ces y consecuente摺ente 1a 
cosecha. 

La cosecha parcia1 en casos de merca哇。s poco estab1es es común pa:ra 
11建 mayor parte de 1as :ra!ces y en e1 ca綴。 particu1ar 益e D. 
Z訟法組且三. 1a dob1e cosecha de una parte (a 10s 5-6 mese的 para e1 
merca護。 de consumo y una segunda (a 108 會-10 盟eses) 臨星諺語ien psrs 
se觀111怨 comp1ica todo tipo de estimaciones de rendimiento , y 
comp至ica s是em星s. 1a caracterización 通e estos siste臨as ， para 1as 
personas s1n experiencia. 

A diferencia de otros cu1tivos , 1a cosecha 是e las raíces puede 
diferirse en e1 tie揖po hasta c主ertos l!mites , que en e1 caso Je 1a 
yuca estan dados por 1a ca1idad de 1帥 ra主ces para e1 consumo 
fresco. Una s1tuac1ón s1祖11ar se presenta en ca攏。te de consumo 
fresco , aun屯ue 1a f1el毛主b111dad es menor que en e1 caso de 1a yuca. 
La pos1bilidad de espaciar 1a cosecha en 傘1 tiempo , dif1culta 
frecuente臨ente 1as estimac10nes de rendim1ento , princ主pal盟ente en 
e1 caso de yuca. Por el contrar1o , 1a posib111dad 是e ade1antar 1a 
cosecha de D. 結且已位主 afecta 1a ca1i社甜 frecuentemente por 
1n盟adurez de1 extremo distal. En estos últ1醋。s casos es 
interesante caracterizar 108 indicadores de ma垂urez que usa el 
agricu1tor en una re車ión da是a ， pues 1a 1主teratura carece de 
1nfor盟ación a1 respecto y solo informa de 1a corre1ación negativa 
entre 1a primera y 1a segunda cosecha de D. ro且揖位主﹒

Aunque sea un aspecto pura臨ente soc1al , es nece發ar10 resaltar en 
esta oportun1dad 1a dificu1tad frecuente que se encuentra a工 querer
estimar el 削toconsumo de ra!ces en s1stemas de pro挂毛主cción de 
pequeños agricu1tores. Mientras 阻矗S peque在a 1a finca y 盟enores 10s 
:recursos del a車ricultor ， este prob1e聽a es αada vez mayor. La 
costumbre 是e comenzar a cosechar araceas y 叭lca princ1palmente a 
partir de1 co'羽lenzo de1 engrosa祖iento de ls psrte subterrsnea, 
agrega U給 fsctor sd1c10na1 s e穆 te asunto de por sí comp1ejo. 

En e1 caso de yuca , 1a act1v1dad de cosecha esta estrechamente 
r怠工scionads con 1a d1sponibilldad de se盟主11a para e1 año próximo. 
8i 108 prec10s son favorable息. se t主ende a vender toda 1a cosecha , 
incluso en ple , temprano en el s宜。， 10 哇ue puede dejl表r a1 
agr1cu1tor con ser10s proble祖總s de disponlbil1dad de ae盟主11a para 
1a próxl甜a estac!ón. 

En e1 caso particular 社e 話ame existe corre1ación entre tsmaño del 
tub惡rcu10 是esde donde se obtiene 1a pleza de sem111a y e1 
rend1臨iento posterior en e1 campo. Adem星星， ex1ste corre1ación 
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d1recta entre ta回año de1 tub互rcu10 y 6U precio en e1 mercado. Esto 
hace que en años de buenos precio誨. t1en挂a a venderse 10 祖ejor (e1 
ñame m產s grande y consecuentc祖ente 1a mejor semi11a) para a1macenar 
entonces 9010 10 que reste. En ñame. ta1 como se 祖enc10n6 ， e1 
va10r re1ativo de 1a se班主11a es probab1emente e1 m革s a1to de todas 
1as ra!ces (casi e1 20% de1 valor tota1 是發 1a producci6r吟， y por 
e110 se 1nv1erte una gran cant1dad de 臨ano de obra en construcci囂張
謹e a1盟acenamientos y contro1 de 1a brotaci6n despu聶s de pasado e1 
per室。do de dor臨anc1a.

E1 a1macenam1ento de 祖ater1al de 81embra de yUC8 es por 10 草eneral
觀eno絡 80f1擔ticado que e1 de ñam怒. tanto en re草10nes con estac10nes 
secas como en re車主ones con estaciones de temperaturas bajas en e1 
ano. 

E1 81祖acenam主ento dc materia1 de siembra 丑e araceas y 
part主cu1armellte de ca阻ote ， cs menos cr!t1co que en ñame , pero 酷ás
tecn1f1cado que en e1 caso de 18 yuca. 

Solo en e1 ca愁。 de 1a yuca en 1a mayor!a dc 10s c11mas y de1 camotc 
en e1 trõp主co húmedo. se pract1c忽 con cic l:ta frecuencia , e J. dejar 
p1antas sin cosechar en e1 tcrreno con f1nes de semilla. La 
preservac1ón de1 materittl de s1emhra del calnote en agric.ultura dc 
clima templado es una activida是 importante que i脂p11ca a veces 1a 
pre-germinació泊在e tub吾rculos ， con 01 propósito de obtener 109 
brotes 0 bejucos de s1e訟r8.

4.悔。tras prãcticas a草ronó血icas: Despu謹s de1 anã工1s1s de 108 tres 
aspectos genera主.mente cr!t1cos de tm sistema de producción de 

,; ra主ce發 y tubér.cu1o忍. es conveniente completar 1a infor阻ac1ón de1 
臨曲。jo cou 10s s1gu1ent甜甜pecto似

Preparación del materia1 是e s1embra: Para 1a mayor parte de 
1as especies que se tratan en esta presentación, se ha 
establec1do re1aci6n entre e1 rendimiento y 18 ca1idad de1 
間ateria1 de s1e羽lbra.

En cli組as con estac10nes 移ecas pro1on息adas ， 1a ca11桂ad de主

血ater主a1 de s1em起ra de 1a yuca se afecta s1gn1f1cat1vamente y 
es necesar10 c8racter.1zar cuicladosa組ente todas 1as pr矗ct1cas
desarr011adas por 108 a墓r!cu1tores para obviar este prob1e:聽a y 
8US consecuenC1as. 

La preparac1ón cle1 material de siembra en ña祖e es una labor 
cllidadosa y 回êt6謹ica ， que 1mp1ica couoci祖iento por parte del 
agricuItor del fenómeno de 111. do髓1nanc1a ap主cal. La 
protecc1ón ya sea qu:(品主ca 0 por simple c1catrizaci6紹. de 1a 
pieza de seml11a del ñame es más 1mportante que en e1 caso de 
otras ra!ce話， pues e1 corte 1mp1ica c玄posición a1 medi。過e
tej1do suculento. 
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囂n e1 caso de yuca y en regiones con tradición de producción. 
ex1stiendo buens disponibllidad de semi11a. 10發 agricu1tores
rea1izan una se1ección adecua是a 是e e11a y e文cepto en ca銬。g
extre血。S ， no se practica 1a p玄。tección quí:觀1ca. En e1 caso de 
發emi11a en pie de yuc主義. es conveniente 主nc1uir en 1a 
caracterización de 1a prepar忽ción 是e seml11a. e1 trabaj 0 挂念
。btener1~章. pues es frecuente que esté ubicada lejos del lugar 
是e 學iembra.

Fecha de siembra: Tanto 變n una estac主ón de creci摺iento
determina丑a por 1a te認peratura co點。 en una determinada por la 
precipitación. ee necesario dlsponer de una noclón de 1a 
i觀portancia que tiene para e1 rendimiento. e1 hecho de 
彈。dif1car 1a fecha de s1embra con relación a1 mo鴨ento en que 
1a variab1e ambienta1 如terminant忿忿ja de ser 11觀it叩te.

Para 1a mayor至a de 1as raíces. ta1 vez con 1a excepción de1 
ca觀。te. e1 creci臨iento inic1a1 1ento de 1a parte a在reÆ:章， tiene 
repercusiones de er08主ón y consecuente輯ente imp1icac10nes para 
e1 mantenir雄主ento de 1a ferti1idad 是e 108 sue1os. Este e銬 。tro
factor que merece atención en 口袋 esfuerzo 是e caracterizaclón. 

En sistemas de producción de pequeños agr1cu1tores. e1 
lntercu1t1vo es mãs b1en 1a regla antes que 1a excepclón y por 
e110. un buen conocimiento de 1as ~pocas re1ativas de sie鐘bra
entre cada especie lntegrante de 1a asociaclón eS vita1 para 
11e草ar a co臨prender e1 siste觀袋. Es conveniente conocer 5i 1as 
至'pocas re1ativas de 5圭embra 5e 在eben principa1mente a 
con5iderac10nes agronómicas ta1e發 como e1 寶13Í2: sirvien是o de 
soporte a1 ñame. 。這e tipo 90cio-económica舍. ta1 como sería e1 
ca怠。 de 1a dlsper移iðn en e1 tlempo de1 uso de 1a mano de obra. 

En una co臨:blnac1ó位是e cu1tivos , adem囂s. cada uno de 10s 
lnte草rantes cumple una funci在n especia1 para e1 agricultor 
(proveedor de circu1ante , autoconsu血。. protección a1 riego , 
etc.) que es necesario conocer para comprender 臨ejor el 
arreg10 te祖pora1 entre 1as especies. 

Con excepción de1 èa祖ote. que por su perfodo vegetativo puede 
cultivarse hasta dos veces en ciertos c1imas con temperatura 
constante y 9uflciente a忽措 y/o capacidad de retenci6n 是e
humedad de 108 sue工。念， 1a mayorfa 益e 1as especles que ae 
consideran en estos comentarios ocupan 1a 盟ayor parte de 1a 
e弱tación de crec圭甜iento. Por 10 genera1 entonces. e1 acento 
en e1 estudio 'de ~pocas r忽1ativas de siembra debe ejercerse 
9010 en una parte de1 año. 

Intercu1t1vo: Es necesario mantener en mente que para e1 caso 
de intercu1tivo , cua1quier práctica que se efectue en un 
cu1tivo va a afectar a 1as rafces en a1guna medlda. 草Z
doblad。“主臨aíz; e1 número de vásta草os a que se maneja el 
plátano; 1a aplicaci革n de pes重lcidas a1 fr主jo1; etc. son 
eje臨plos de estas p主ácticas p玄opias de otros cu1tivos , pero 
哇ue afectan en alguna medida a 1as raíce起 y tub星rculos que se 
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intercu1ti、ran.

Ap1icaci6n de agroquímicos: La apl1caciðn de productos 
qu!:盟主cos protectores no es frecuente en 1a producclón de 
rsíces. pero cuan益。 se aplican. 10 割草s probable es que se 
trate de contr01 de antracnos1s en 面a租.e ， 0 intentos por 
contr01盯缸語!!~扭扭話語車制 ca祖.ote.

Fina1血ente ， ta盟poco es frecuente 1a ap1icacið終 de
fertilizantes para 1a producci6n de ra望ces y tub革rcu10s ， a1 
間enos para 1as especies mencionadas ante室主or輯ente y en 
condiciones de pe哇ue益。s a車ricultores. Cuando esta pr單位tica 終e
efectúa. general祖ente se refiere a ñame que 金s ta1 vez e1 種產e
exigente en cuallto a ferti1idad 丑態1 suelo y responde 
principa1mente a N y 缸， scgún e1 tipo de sue10. E1 aspecto 
que 挂念be caracterizarse con especia1 cuidado e紛 e1 是e 1a 在poca
relativa de ap1icació食是e1 ferti1izante , y e1 fraccionam1anto 
((11 se prsctica) de la spl!caciõ口. pucs en 1a mayor parte de 
1115 raíces. sc conoce 哇ue cicτto grado 改e dcssrro l1o del 
51st色情a r.a是1c1l1a l:'， pcr阻110e un 說ejor aprovech盆甜iento tlel 
fertilizenιe apli.cado 1nmediata詞.ente <lcspu嘉g 是e 1a siembra. 

CAR主CTERISTlCAS DE LA UNID.血D Dll PRODUCCION Y D忍L SISTEMA DE PRODUCCIO揖
DE 主AICES 空空白嘉草RC程LOS • 

Como se mencion6 antea , e1 s1ste經a de producci6n de ra!ces y tub要rcu1os ，
coruunmen主e hace parte de \m todo 祖ayor que es 1a finca 0 unidad de 
producci6n. Es de esperar entonces 有ue e1 prit牌r nive1 de interacciones 
de este s1st酸甜a con Stl a路，biente se presente a nive1 de finca. 

Como en e1 com1enzo de todo aná1isis de un sistema , para una 
caracterizac16n adecuada de una f1nc紋. es conveniente conocer 1a 
estn紹tura y e1 funciona觀iento de esta unidad de producci6n. Entendemo錄
por e發tn紹tura en este caso a 1a divisi6n f!sica de 1a un1dad de 
producci6n en 10tes a翁ignados a 是iferentes act1vidades productiva怠，唾ue
pueden ser cu1tlvos a1臼!entici嗨. cultivos perenne弱， producci6n 
agropecuaria etc. ta1 co間。 se presenta en 1a f主gura 3. 

Para caracterizar 109 cultivos a1imenticios como componente9 de 1a 
unidad de producci6n, nos interesa eutonce察 conocer 10s criterios que 
funda躍entan 1a asignaci6n de lote錄 por parte de1 agricultor. tanto en su 
aspecto cualitativo c研礎。 en eJ. f!lIantitativo. Esta decisi6n aporta 
infon睡ci6n preli臨主nar acerca de 18 1血portanc主a re1ativa del s1ste回a de 
producciÓll de ra!ces dentro de 1a fillca (:0盟o Ull todo. cuando se 1e 
compara con el tipo y cantidad 桂e terreno asignado para otros prop6sitos 
productivo諮﹒

E浴 室lecesario establecer ade臨ás en for玄祖 cla玄a" cu矗1 es e1 factor 
determinante de1 ta祖año 挂e 109 lotes Bs :i.gnados a rafces y tub~rcu10s. 
Este puede ser s主.mp1emente d:Lsponibi1idad f!sica de terreno; capacidad 
de trabajo de 1a mano de obra en cuanto a cobertura; cantidad de r1esgo 
en明蹄1to en 1a producci6n 0 una combinación de factores como 109 
anteriores. 
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E1 patr革設是e rotaci吾n de estos 10tes dentro de 1a unidad y 10s factores 
q認e 10 condici臨妞， ya sea por necesidad de restitución 如 1a ferti1主dad

是e 10s sue10s 0 por razones de protección frente a ma1as hierbas , 
insectos 0 enfermedade潑， tambi革n 垂ebe conocerse. Como ejemp10 pue是e

citarse 1a frecuencia con que 1a 判ca es e1 último cu1tivo en 1a 
suce發ión de especies de un 主ote. Por e1 contrario , e1 caso en que e1 
ñame es 1a pri盟era especie en estas sucesiones en aque11as re草iones en 
que es a1imento preferi是o. Otro eje割p10 es e1 社e1 camote se祖.brado co攏。
se學組do cu1tivo , 8i皂uiendo en e1 terreno a una especie hortíco1a de a1to 
va10r , con e1 propósito de aprovechar 1a ferti1ida岳重esidua1 ， y varios 
otros eje摺p10s de esta 鈴atura1eza.

La asignación de 臨ano de obra que realiza el agricultor para 10s 
siste四as 是e producci6n de raíces en cuanto a cantidad , oportuni是ad y 
ca1idad de e11a , en comparación con otros siste器a終 dentro de 1a unida是
de producci6n , tambi至n es un indicador de 1a 主祖.portancia re1ativa de 1as 
raíces y tubé主cu1os. Esta infon晒ción a是emás proporciona conoci盟主entos
acerca de1 惡rado de comple甜entaridad 0 competencia por este recurso , que 
el\iste entre las act圭vidades pr。這uctivas de 1a finca. Atendiendo a1 
hecho 嘻ue en e1 tr6pico 1a 體ayor parte 進e producción de 1as rafce怒 y
tub產rcu10s se rea1iza con uso i袋tenso de 1a 甜ano de ob宮a ， 1a 
caracterización apropiada de 1a competencia por este recurso 垂entro de 
1a uni是ad de producci哥詣， resu1ta 是e 8uma i且portancia.

Por ú1tlmo , dos recursos que frecuente觀ente se re1acionan y 唾ue también 
proporcionan infor回ación acerca 是e 1a importancia re1ativa 是e 1as raíces 
y tubércu10s dentro de 1a flnca , son e1 uso de capita1 y de 1a 
tecno10gía de i您叫姐os en este siste騙錢 producci6n， en comparación con 
1as otras actividades 是e 1a unidad 挂念 producci6n. En fOrI組8 單產s precisa 
aú訟， puede e l\istir un U$O diferente de tecno10gía para 10緣 integrante8
de1 sistema de producci6n de cu1tivos a1imenticios y en este caso , es 
necesario separar con 觀ayor deta11e aún e1 uso de e8te recurso 
tecno1ó露1co ， para conocer 瓢ejor 1a importancia re1ativa de un co甜ponente
con re1ac16n a 108 otr08. 

車parte de 1a estructura de 1a finca y 1as razones detrás 是e este 
ordena祖1ento espacia1 是ecldido por e1 agricu1to宮， es conveniente en una 
caracterización , conocer 1as re1aciones entre 1as act1vidades de 
producción. Es declr , las bases 是e1 funciona臨iento productivo de 1a 
finca. 

Por 10 general, una de 1as i錄teraccione8 m革s importantes y que es 
necesario caracterizar , es 1a que se estab1ece entre e1 s主stema de 
producción 棚1阻1 y e正是e cu1tivos. Ya sea una re1ación de fuer問 de
trabajo anima1 ap1icadà a 1a producci革純是e cu1tivos' 0 de consumo 
s1草nificativo por parte de 10s anima1es de productos 0 subproductos de1 
發istema de producci6n 是e cu1tivos. 

La re1ación más frecuente que se estab1ece entre 10穆 cu1tivos anuales y 
109 perenne終 cuando e9to發這1ti盟011 son fuente import~車nte de circu1ante , 
es e1 位e co酷petencla por 1a 血ano 是e obra en per室。dos cr!ticos como 
reco1ección de caf差， zafra 0 cosecha de a1god6n. Esta re1aci6n enrre 
especie8 anua1es y perennes no 9010 se restringe a 108 1f祖.1tes f!aicos 
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e1 caso 是e e甜p1eo de 1a mano de 1a finca. sino que es vá1ida tambi星n en 
de obra fuer8 de 18 unidad de producci6n. 

Otra re1aci6n importante que se e沼tab1ece entre e1 siste臨8 de plantas 
perennes y e1 是e cu1tivos a1imenticios , es de tipo tecno16gico. 
Frecuente回ente y debido a 1a rentabi1idad 聽ayor 是e 1as especies 
perenne鐘. algunos productos quImicos 0 pr矗cticas cu1turale恕， comienzan 
por sp1icsrse a estas especies , para 1uego ap1icarse 81 siste祖a de 
producci6n de cu1tivos a1imenticios , se草ún ca盟bia e1 ambiente 
soc主。枷econ6揖ico. Así entonces. 1a raciona1idad de a1gunas prácticas 
cu1tura1es 唾ue se empleen en 1a producci6n de raIces y tub嘉rculo潑. hay 
que buscarlas a veces en 1as otras especies que integran 1a unida挂電1e
producci6n. 

Fina1mente. desde e1 punto de vista agron6臨ico ， siempre resu1ta 
interesante 1a caracterizaci6n de aquel.los sistemas en 108 cuales 1a8 
raIces son una parte de 1a sucesión de especies que se emp1ean para e1 
estab1ecimiento definitivo de 1ae perennes. E5 neceaario en estos 
caso扇. COnocer 18(5) razones del uso de sucesiones , puede ser 是e
protecci6n de eros16n; necesidad de sombreamiento; protecci在n vegeta1 " 
Ðimp1emente 聽ej or ."provech臨iel1to àe1 escaso recurso sue10 多 cuando 的
臨uy cscaso. 
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工混PORTM叮莘莘 QUE CONDICIONAN 且.GRONOMIC鋁EtlTE A 
DE RAICES. 

REGIONALES 
PRODUCCION 

CARACTERISTICAS 
LOS SISTDIAS DE 

enl due 
As主 como a un nive1 inmediato 主as interacciones entre e1 sistema 
producciõ器晶e raIces y tub產rcu10s se producen a nive1 de 1a finca , en 
p1ano 1evemente más d1stant金， 1as 1nteracc1ones de este sistema con 
ambiente 磁e dan a nive1 de reg1611. 身

E1 conjunto de f1ncas de una re島ión constituye frecuentemente una parte 
i羽.portante de1 sector pri田ario de 1a econo盤Ia regi<祖a1. En 10s paIses 
econ6mica睡ente subdesarr011ados. 1a distribuc1ân de 1a tierra e8t星
condicionada por factores de tipo p01ít1co y e110 condiciona a su vez 
fuertemente e1 ord軒晴圓ie亞.to espacia1 de cua主哇u1er tipo de finca en una 
región. Aún as宜， a nive1 regiona1. 1a consideración 血矗8 importante para 
una caracterizac1ân de 108 s1ste盟as de producción de raIces , es 1a 
distr1buc1ón espac1a1 de 1as unidades de producción que inc1uyen raIces 
a trav在s de 1a región , en comparac1ân con un1是ades dedicadas a otra8 
act1vidades. Dentro 謹e esta consider祖ci6n ， 1a calidad (frecuente輯ente
fert11idad) de1 recurso 8uelo diep∞必1e para produc1r , condic1ona 
fuerte阻ente e1 t1po de espec1e cu1t1vad趟，每1 arreg10 entre especies , e1 
盟anejo 0 conjunto de priicticas cult:ura主已筍. y pr1nc :l.palmente 1a 
intens1dad de 1as operat1ones. 

Otrl1 consideraciân i盟portante dentro del factor ca1idad del recurso 
8ue10 , SO!l 1as condici。但es topográficas en 哇ue se encue室主tran las fincas 
productoras de ra主ces. La topo草rafIa con是ic10na en forroa frecuente 01 
manejo de 108 suelo皂. prlnclpa1臨ente en e1 aspecto hab11itación y 
p玄eparaci6n 是e terrenos. 

1a 主ncertldu阻ibr學 en canti垂ad y 
capacidad de retenclón de agua de 

caracterizan por 
precip1tació悅. 1a 

se 
1a 

En c1i祖a6 que 
distribuci6n de 
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10s sue10s pasa a ser e1 factor determinante 是e 1a producc圭ón ， aunque 
frecuentemente 發e re1aciona estrechar區ente con 1as caracterí移ticaa
anteriores y es necesario tomar1a en consideración a1 estu是iar 1a 
distribución espacia1 de 1as fincas. 

Dentro de1 移ector secundario de 1a econom!a de una regió鈍， 108 procesos 
de trsn8formación de ra!ces interessn a una csracterizaci6n agronó阻ica ，
principa1mente desde e1 punt。 這e vista de 1a cali是a是 requerida 是發 1a 
materia prima (ra!ces) , oportunidad e詠嘆ue se nec忽sita y estscionalidad. 
Estos 80n por 10 general 10s factore8 m矗s estrech忍祖ente re1acionados a 
la pro是ucción mis祖袋， especialmente en siste血as trad主c10na1es de 
transfor鹽ación.

Un eje咽plo c1aro de inf1uencia de procesos de transfor臨ac1ón a nive1 
re草ional ， que 攏。difican a 10s siste甜as de producció位， 10 constituyen 1as 
plant制你 secado de yuca en rodajas para uso en alimentaci蓓說聞主.ma1.

Dentro de1 sector terclario de la econom!a de una región , 108 serv圭c10s
1mportantes que e8 necesario caracterizar con más atención para 11ega室 a

un diagnóst1co 西til son: disponib圭1idad ， coberturs , ca1ida晶 y
oportunidad de 1a aslstencia t星cn主ca a 106 agricultores y el tlpo de 
mercado que existe para insumos (principalmente qU!mic08 y se血i11a8 de 
especies que se cu1tivan con la發 raíces) y equipos. 

設草C血NISMOS DE CAPTACION DE INFORMACIO跨主GRONOMICA.

Aunque no ca1za exacta盟.ente dentro de los linea胡ientos 是e un trabajo 是e

esta naturaleza , 忽忽 conveniente , antes de finalizar , una breve mención 
acerca de los mecani酬。s 司ue se pueden uaar para captar 1a lnfor甜ción
a草ronómica. 實主 método usa益。， puede hacer variar 1a infor祖ación que se 
obtiene y consecuente觀ente 1a correcta interpretaci6n de e11a. 

En resumen , a1gunos pasos pricticos de captación de infor祖ación ser!an 
10s siguientes: 

- Revislón de infor臨aci6n c11租車tica y de sue10s existente acerca de 1a 
re車ión de inter~s. Datos estad!sticos de rubros agr!colas produci昌。s.

- R總corrido por la re車ión y entreviatas con t嘉cnicos y a草ricultores para 
conocer inicial誼ente 18 distribución regional de las unidades de /" 
producc1ón. 

- Separación. 8i ea necesario , de diferentes tipos de fincas (0 de 
a串ricultores) en dos 0 tres grandes grupos. Puede hacerse por gra益。
de tecnolog!a usado , tamaño de explotac!ón , arreglo de cu主tivo usado , 
especie cu1tivada 0 cuàlquier otra característica，師噩噩n la re草ión.

- Entrevistas con algunos a草ricultores repreaentativos de cada tipo de 
finca 0 solo de aque豆豆aa fincaa de inter~俗. para solicitarles una 
de6cripción de su sistema de pro垂ucción de ra主ces.

Es conveniente formular laa preg關tas sigui棉do la sucesión 
cronológica de labores típica del 雇rea ， tal como ae ha intenta挂o hacer 
en esta presentaci6n. Es decir , co盟enzar por 108 criterios de 
se1ección de los 10te旬， seguir por habilitac!ón de terrenos , 
preparaciõn de ell08. siembra , etc. hasta l1egar a cosecha 
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a1聽acenamiento y venta. Los prob1emas detectados por e1 agr1c‘11tor en 
cada fsse , deben describirse con especis1 stenci5n. 

Después es conveniente trstsr de reconstruir , en for四a teoric袋， e1 
desarrollo fen015惡ico de 1as especies de1 srreg10, se車ún 1a 睡archa
habitua1 是e1 c1ima de 1a regi5n y sobreponer esta infor祖ac1ón con e1 
conjunto 謹e pr.iícticss l寬容ron6融icas de1 agr1cu1tor. 

Con base en 1a 1nformación snterior se formu1a un conjunto de 
preguntas en sucesión 1ó惡ica que se pueden efectuar forma1祖ente en una 
encuesta posterior , a fin de disponer de datos cua濃重 ificsb1es.

- No siempre es necesario rea1izar una encuesta , pero si se declde 
hscer10 , tan 主觀portante como e1 tipo de pregunta es e1 entrenamlento 
correcto del encuestador en e1 conjunto de situaciones a 1as que se vo 
a enfrentar. E1 correcto entrena體主ento de1 encuestador s010 se pue是e
hacer con un buen conoc1鶴iento 1n主c主01 de 10s sist發現as de producció戳，
que a su vez se cons主gue por lnteracción 桂1recta previa con 
agrlcultores representativos. La encuests. por 血革s perlecta que sea , 
s010 aporta un 祖祖rco 謹e referenc1a cuantificab1e que es necesario 
圭紅terpretar correctamente y m產g 主軸.portante aún profundizar 
posteriormente en a綠pectos específicos por medio de estudios de casos 
o con 1as v1sitas frecuentes. 

E1 concepto que debe quedar c1aro es que e1 diagn5st主co de una 
situaci哥也 是e producc圭和 es de tipo diná瑚ico ， ta1 c憫。 工o es 1a 
producción a惡ríc01a mis盟a. Los re8u1tado穆 de un estudio de 
car給cterizació綠 con fines 是e diagnóstico , 8010 se van a sostener 
ina1terados en su descripción de 1a estructura y funciona聾iento de un 
sistema de producción，抑r un 1npso de ti阻po dado , según 1a 
situaci街h

La identificaciõn 是e 10s factores ambienta1es que condicionan 1a 
pos1ble variaci5n de un sistema de producciõn en e1 tiempo , es c1ave 
para 10grar suf圭ciente capacidad de predicci6n y consecuente圖ente
posibilidades de p1aneaci6n agríc01a inte1iger帥， pero este es tema 
suficiente co齡 para otro artícu1o. 
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ELITE CASSAVA GERMPLASM FROM CIAT 

Through repeated eva1uat10ns 1n severa1 10cat10n鈔， the CI血τCassava
Pro喜ra輯 1s ab1e to offer e11te c10nes we11 adapted to 挂1、7erse
edaph。他c11mat1c con是主tions and suitab1e for var10us e濕d uses. This 
pa血ph1et 11s主s these c10nes , a10n草 with 社escr主b1ng y1e1d , quality , 
res1stance , and 職。rph010gica1 chsrscter圭st1cs. C10nes sre avsi1ab1e upon 
request 的扭 Y些盟問ltur峭的 partial1y 11gnified ate置 pieces fro通
virus-1n是exed 祖lother p1ants. They may offer an opportunity for: 1) 
是主rect re1ease as a cu1t1vsr f0110wing sppr田priste eva1uat10n; and/or. 2) 
for use as cross parents in a breed1ng program. 

ln addit10n to c10nes sent as 1n vitro cu主tures ， hybrid seeds from 
se1ected pa室ents are S180 ava11ab諒了可說ds provide a h1gh 1evel of 
var主nb1lity an是囂。od possibi1it1es for 10C81 se1ect1on. 

C10na1 Materia1 
procedures for requesting CaSsava clones 
鼓equests shou1d norms11y 1蹲過后de by match主ng chsrscteristics 謹es1red

in a given se1ection/breeding pro惡ra組 with the 1ist of chara,cteri8t1cs 
for each c1one. CIAT has divided ca忍snvs-路rowing regio明s into six basic 
zones based on 諾。11 and cl1揖atic conditions. For esch edaphoc主imat1c
zone，種ajor biologics1 snd physics1 yie1d c個straints are a1so described 
(Annex 1). 

The descr主ption of the caSSaVa clones (Annex 2) i8 divide是主nto five 
basic sect10ns: 1) common na牌。r cross parents; other remarks; 2) 
genera1 sdsptat10n in d1fferent edaphoc11踹t1c zones; 3) y1e1益的是
quality chara是~ters; 再) pest and 垂1sesse res1stance chsracters; and. 5) 
臨:orph010gica1 tr1ats. 

For most of the quantitative tra1ts (such aS y1e1莓. quality and 
res1stance) descr1pt10ns are given in ter四S of a 8C祖1e designstin串 h1gh
to 10叩 tra1t expression. Because express10n of these trs1ts varies 
co位siderab1y aCcor挂ing to environmenta1 conditions , reporting of exact 
num唱rical data csn be mis1ead畫室主思 un1ess detai1s of environm曙nta1
conditions are a180 g1ven for each tria1. More extensive 是ats for so咽e

of the yield , quality snd resi移 tance charactere can be found 1n CIAT 
Ann姐a1 Reports. A deseription of the variab1es is found st the end of 
Annex 2. 

As the preparation aO是 ship咽ent of each c10ne inv01ves cons1derab1e 
expense , CIAT expects that on1y c10nes would be requested which have 
potentia1 usefu1ness io the country "here they wi11 be introduced. 

Each recipient 16 adv :l.sed to 主nclude w1th the request an import 
pcn混1t from the nationå1 quarantine a 

Phytosanitsrγcertificateand phytosanitary state血.ent
Al1 the Source 臨ste玄ia1s for prepa玄lng in vitro cu1ture!還 sre talu學n

as 盟eristem tips fr棚 pl臨ts grown st the τIAT亨司組ira statlon. All 
shlp酷ents are inspected by Colombian quarantine authorit1es. and a 
phytosanitary certiflcate issued by the雄主s inc1uded w1th the 
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consignment. CIAT inc1udes an additional phytosanitary 8tate祖ent ， which 
reads as follows: 

"This statement is 盟eant to provide supp1e觀entary infor器atio訟. but 
袋。t to substitute the Phytosanitary Certificate issued by the Co1ombian 
authoritie銬，

The in v主tro 血eriste揖 cu1tures of cassava (級an主，hot escu1enta Crantz) 
∞泌的led~n this package are ve囂的泌的e s蜘p1es.--:諒ey wereτseptical工y
prepare謹 fro器 ter盟主na1 buds of sprouted stalte嶺. which were un是er heat 
therapy for 是 weeks.

The 忍takes were taken fro盟 visua11y hea1thy p1ant弱， free of sympto盟g
of cassava bacteria1 h1句泣，剖，pere1on麓的主珊，鵬丑坐位空空些 spp. 8t臨 rot.
These p1ants were a1翁。 indexe垂 using the 1atest avai1a區1e techniques for 
cassava vira1 diseases and found negative for the fo110wing: Common and 
Caribbean mosaics. 1arent "iruses affecting differentia1 C10ne8 , and frog 
skill disease. 

The cu1tures were free of cassava insecrs and mites and from the 
eggs of theae pests. To the best of our kncwledge this p1ant 血aterial
was free of ca為savs diseases and pestu at the ti棚e of dispatch." 

l10m of Ship咀副主t
起點結2.' Norma11y, five to t如 te窮t tubes are shipped for each 

clone reque終 te忌， but 臨ore cσu1益 be sllippe益 ln specia1 cases. Each 
plantlet i8 individua l1y cultu主'ed ln n test tu起e w:1章h 結 terile 盟ed主a.

Test tube8 are p1aced in protective packa草inS 1:0 聽lnlm!囂 e possib主11ty of 
breaka惡魚挂毛Irin囂註宮ansit. Un1ess otherwise re哇uested. packa在e9 will be 
sent via al芷鶴a11 to 錯。st destinations. 

全是按s. 1閥混ature. partia11y lignified stakee are cut from 
virus-free plan主絡嘲aintained under controlled conditions. Stakes are 
treate是 with fu綠草 icl是e9 ， protecte是 against rapi挂 dehydration， and shippe是
in cardboar是 containers. This 阻ethod permits more rapid recovery of 
p1ants as ∞mpared to 都諾諾旦 cu1tures.

Post-receipt hand1ing procedures 
CIAT w111 inform by teleii ()r cab1e of the detai1s of ship個陣nt so 

that the recipient can be prepared as necessary. This wi11 be especia11y 
important for those cases where the consignme明t wi11 be he1d by 
quar自ltine authoritle愁，翁。 that ulldue delays and possib1e 10sses of 
materlal do not occur. Detai1ed instructions for post- receipt handling 
and propagation wi11 be inclu是ed on request. 

Other clonal 臨aterla1 avai1a忌 1e
Thou車h e工ite c10峰。怒 。r hybrid see是 shou1d provlde po發發ibi工ities for 

pro誼ising se1ect生的暐 for 攏。每韋 reglons , specia1 re哇ue每ts 吏。宮 other 
germp1as捶胸前前時閥io酬。r hybrid c10n臼 wi11 81時 be 仰臨“叫ed.
Other c10nes avsl1sb1e inc1ude a 軍ermp1asm collection of approxi叩ate1y
4500 accessions. 

Eotanica1 Seed 
Up to severa1 thousand seeds can be made availab1e sccording to 

needs and se1ection capabi1ities of the requesting institution. Cross 
parents used and quantltles of reserve seed avai1able change constant1y, 
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60 each request for seeds will be conside玄ed
mater1al at the ti祖e of the request. 

Evaluat10n of 1ntroduced Germplas盤

1nd1v1dually on the bas1s of 

1n order to cont1nually 1珊prove the cassava clones or crosses we 
have ava11able , C1AT requ1res 1nformat10n on the perfor祖&綠ce of the 
祖aterials we 謹1str1bute internat1onally. Further details can 色e provided 
on evaluatlon procedures for pr四grams who 還eslre the盟.
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Arrn阻 1. 為8位ip必mof 概詣抖1CJClj船tic 抑祖sard 終治見tioo CJ隨蟬個fn恥

zooe D國=:Ipti間 泌j研究.eJd個成閥扭扭

1 Lowlard t~司~ics with prola:灣﹒ 加四吵缸，越治侈，位官1阱，盟a1y-

ed 街y 觀蟑麒揖 說軒，訟路軍注.te息， b駐位甜甜話，

root rota , v扭翩趴

2 Acl且配雄主觀研單軍區 Low甜.1 f，帕拉1時，的Jght，

bacterl朋妞，攝帶回訟血可與“冊，
部位閥扭扭扭，怨恨也有閥混主聞主

略性，磁t曲，珊糊l洲戰，lB曲

椒粉﹒

3 Tropi胡.1 rainf個回twi錢阻止 Low船主主街前i1i吟， root rot怒，
防軍攝制eddry 僻揖soo 臼閥混S阻還 1船主喝滅.

毒 Int et.1lediate a1ti似Jde trop- 叮當主闕，必Z間，酬姐1J微妙， bac-
iCJB(紋浴14∞回.8.移.1.) 給!rl。“.8， II\YCX司p泌揖盟，啪的E盟F

祖明揖.口lOt r睡在緣，都!d viru麟器.

5 間ghlBOd tl均d.cs 1卸偷眼間.t:ure， pt端祖 leaf

(1.微))，，2刪甜甜(l) 司抽t，揖llf當灣核紅帽e， m:1tes. 

岳 sub段有必:s Low刻站做割rte磚雕路給.n:e， bacte-
就閉起，恥辱幫凶揖移往100，摺F

tmax美le.
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REQUEST FOR G主SSAVA GERMPLASM 

Na臨e:

Position: 

Instit錢tion:

Address: 

Clones de移 1red:

Des1red form of sh1pment: In v1tro In是exed stskes 

Approx i.mate nu油，ber of botanical seeds desired: 

Approx1盟ate date de弱ired:
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ABSTR主CT

The present study was conducted t。這etermine the relationship of 
s1ngle leaf photosynthesis to root yiel挂 and biomass of field grown 
cassava. More than 100 genetic怠工ly d1verse cassava l1nes were grown 1n a 
clay 10am s011 , which was previously under pasture grasses , at the Pat1a 
Valley. Cauca , Colombia , South 如臨終rica ， durin草 the 1986/1987 grow1ng 
season. 主持e plants were adequately fert111ze益 at the rate of 75 , 65 輯是
125 kg ha ‘軒. P and 裳， respect1vely. Fro間 planting (23 October , 1986) 
to harvest (26-27 扭扭st ， 1987) , the cassava crop recelve是 about 700 輛
of rain , the major1ty of which occurred during October編輯ove臨ber 1986 and 
AprU隔膜ay. 1987. Gas exchan惡e (C02 uptake and H2~ l~s_s)___~f s1ngle 
attacl時4upper campy1eaveg wag mLitored uaiXB惡 the LI-6000 portable 
photosynthes1s system on 2是 February to 6 March (4 leaves per cult1var) , 
on 4也 14 Apr圭1 (4 leaves per cultivar) , and on 3-7 June , 1987 (2 leaves 
per cu1t1var). There were large variat10ns a醋。ng cult1vars 1n the avera草e
leaf photosynthetic rates , total b1omass , top weight , 8寶ld storage root 
yield. Across 811 cu1tivar侶， the笠e was a hi草hly 51gnificaηt and positive 
correlation between leaf photosynthetic rates and both total biomass (宮盤
。 .37 ， df 125) and dry root yield (r - 0.4 , df 125). 留hen the cultivars 
were groupe挂 on the basis of top weight (as a pro消失y for leaf area) , the 
corre1ations were not 51草訟ificant in the low top weight 車roup (r = 0.22 
and 0.0孽， df 45 , for root yield and total bio間aSB with leaf 
photosynthesis , respect主.vely) ， and highly slgnificant 1n the average an謹
high top weight groups (r ~ 0.5 an益 。 .53. df 3車， for root yield , and O. 在會
an西 0.5 for tota1 biomass). The same trends were observed for the 
cor主elations between mesophyl1 conductance and both root yield and tota1 
biomass. There were no 您生息nif1cant correlations between these traits and 
leaf conductance. Leaf photosynthesis WaS not signiflcantly corre1ated 
with either leaf conductance or with leaf N P K contents. The翁e result8 
ind1cate that when 1ight intercep主ion is not 11觀主t主ng (e﹒草﹒ 當ith avera皂e
and hi惡h top weight) selection for high photosynthetic capacity 18 likely 
to lead to lncreases in yield an謹 total biomass. It is suggested that 
Bcreening for h1gh leaf photosynthetic rate under f1eld condit1ons could 
be used a8 a selection cr1teria for parental mater1als to obtain pro車eny
with high yie1是 potentia1.

Addition~l index wor謹發 Gas exchang毯 leaf conductance , 甜esophyl1
conductance , harvest ind酬， 11ght interception , Manihot 扭扭扭且主 Crantz ，
lcaf 封 P K. 



§epri;zbf 

3 

There i8 an emerging cOnSeSU8 that traditional 點eaos of increasing 
crop productivity. at least in deve10ped countries , have reached the主r
l主.mits 為nd new 祖eans are requ1red for future 1點.provements in crop y1elds 
(B問d1e 丘見， 1985). 室hese traditional approaches have pr主ncipal1y
relied on major improvements in harvest in謹ex and the supporting chan草es
1n cultural pract1ce鐘. plant nut室1t1on ， and pest and disease control that 
a l10wed the yield expres翁 10n 1n these more efficient plant types. 車

p室主nc1pal area of focus 1n the search for new sources of y1eld 圭ncreases
has been through enhanc1ng the photosynthetic eff主c1ency of crop plants 
(Hesketh 三且是主 19車2). Nevertheless , after a sub穆tantial body of 
research or1ented toward a 盟。re basic understandi綠草 。f p1ant 
photosynthesi銬. there ha怨， to date. been extreme1y limited pro草ress 1n 
translating this knowledge into crop prod也ctivity gains (Nasyrov , 1978; 
Gifford and Jenkins , 1982). The 誼ove血ent from basic laboratory result緣
。n photosynthe翁 18 to an understandin草 of the ra觀ificat10ns on y1eld 8t a 
field leve1 have been 1i啞ite桂 by the ability to control for other factors 
governing yiel員. and , until relatively recently , by the 1ack of field 
measurement techniques suitable for screening app11cations (Boerma an是

Ashley，的車8; Bun帥， 1雪86; Sestak 主主丘上， 1971). 
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Th主S paper a是dresses the proble甜 the other way around. namely by 
measur1必車 f1eld level differences io photosynthetic eff1ciency acrOS8 a 
wide range of genotype后， and evaluating any systematic effect of 
variat10n 1n photosynthesis on yield. Further誼。re. we atte聽pt to 
ch.革racterize the physiolog1ca1 basis for a語.y relationsh1p between yie1d 
and photosynthet1c eff1ciency. The approach co1ncides to a signif1cant 
extent w1th the decision process for a crop breeder 1nterested 1n 
ut111zing 垂ifferences 1n photosynthet1c effic1ency as a basis for 
develop租ent of a breed1ng populat10n. Na阻.ely ， the breeder 甜ust
demonstrate a relationsh1p between y1eld and photo6ynthes1s w1主h
measurable f1e1d techn1ques , reco鑫n1zing that the relationsh1p wi11 
probably be con是it10ne蓮。n other factor6 contribut1ng to y1eld and that 
selection based on photosynthet1c eff1c1ency (espec1al1y if measured 1n 
terms of unit leaf area) w111 have to be 61輯u1taneously comb1ned with 
other y1eld determ1nants. 
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聽evertheless. the aS60c1ation between the yield of crop plants and 
photosynthetic efficiency has been elus1ve (草也ttery 聖主豆豆， 1981; Elmore 
1980; G主fford and Evans. 1981). 1n fact , in the case-of r主cc (Yoshida. 
l雪72 ， 1983) and wheat (Evans and Dunsto綠e ， 1970; Khan 帥d Tsunoda. 1970) , 
two crops where 1arge ga1ns 1n productiv1ty have been made. through 
change 1n harvest 1nde萃， there appears to be a negat1ve re1at1on bet>leen 
the level of improve祖ent of the crop and the photosynthetic rate. The 
authors feel that the lack of a d1rect and s1mple relation between yield 
and photosynthet1c rate 6f leaves as nor臨a11y mellsure是 1s not surprls1ng. 
Yie1d 16 60 depen是ent on harve尊重 index for crops that have not been 
subject to 1揖provement for h1gh-1nput a車ricu1tural systems , that factors 
such as photosynthet1c eff1c1ency may be ma6ked. Secondly. total b10阻ass
production 16 so dependent on the leaf area 1ndex (LA1) and hence 11ght 
intercept10n under sub-optimal conditions that it w111 be difficult to 
detect differences caused by variat10n 1n photosynthetic effic1e也cy
a1one. Further聽。re ， unt11 recently. photosynthet1c eff1ciency has 1n 
genera1 been 祖easured on lellves when they are perform1ng at the1r m闊論1臨
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rates , rather than the圭r average performance in the fiel述。r pe宮haps 攏。re
圭亞.portant their efficiency durin車 the period of yield for聽ation

(E1-Sharkawy 學泣， 1965; Sinc1ai室，凶惡0; Butteη 泣泣， 1981; Bunce , 
l 會86) ，蟲11 these factors wi11 tend to make any 是 irect relation between 
yiel是 and photo發ynthesis tenuous. 

The ca忽發ava crop offers a good 血。del for searching for a 是irect

relat10n between yie1d an這 photosynthesis. ln genera玉， sink doe悠悠ot
appear to 11觀it yiel挂 and increase是 carbohy是rate supply will be reflected 
in increa忽ed yie1d rather than growth of other organs (Tan and Cock 197會 z
Cock 位 a1 197誓 Cock 1984; Cock 酬是 E1-Sharka呵， 1988). Furthermore , 
the photosynthetic r是ite of in是ividua1 1eaves does not show 間是在rked

va主lation with 1eaf a島e during a 10ng portion of their 1ife (Cock , 1984). 
ln additio怨， the crop 1s not characterized by a critica1 yield formation 
period in wh1ch leaves are senesclng and rapidly changing thelr 
photosynhthetic capaclty. Thu潑 a signlflcant relatlonship between 
photosynthetic rate and yield would be more probable ln cassava than ln 
grain crops , 

In addition to the cho1ce of crop ln evaluatlng such a re1ationshlp , 
there i8 a1so the choice of environment. Most attempts in the past have 
assumed that such expression of differences in yield due to variation in 
photosynthetic efficlency would occur under opti回a1 or non-li阻iting

conditions (See 且unce ， 1986) , Such an assu血ption usual1y severs the 
linkage with breeding programs since in crop production p1ants must be 
assumed to be subject to periodic or continued stresses. In cassava, the 
breeding approach has been based on se1ection under a range of re1evant 
stresses. In addition , recent re緯earch suggests that cassava is a C~ 個
C,. 1nter睡a謹iate. that there 18 variation between variet1es in activlty-of 
tne C^ enzyme phosphoeno1pyruvate carboxylase , and that the role of the 
C,. e昆主yme may be particularly advanta草eous under water stress conditior姆
拉l-Sharkawy a關 Cock ， 1987; Cock 位是1 1持7; CI主堂， 1987). 主11 of this 
points to evaluation of the genotypes under re1evant envi室。室主盟enta1

stresses 1n order to get sufficient variation 主.n photosynthetic 
efflciency an這 relate it to yiel謹，接owever ， this does ra主se a conceptual 
prob1em of how photosynthettc efficiency 1s bein車是efined. especia11y 
given the shared pathway between transpirat10n an桂 C02 exchange. This 
issue 主s a1so a吾吾resse是 in the ana1ysis. 

話直.TERI主LS 蟲NDM琵THODS

The e玄perl四ent was con益ucte垂 on a private far臨 10cated in the fatia 
Val1吟. Cauca. c.!'泌的詞. South Am肘ica (總ltitude 600 如. 1atitude 2- 肘，
宮. longitude 77 - 04 t 幫，血ean annual temperature 28-C) , The farm wa8 
under contlnuous pasture grasses. main1y Panicum maximum , for the last 25 
years. Table 1 summarizes some physical-說d""ëiiëiñ品a1 properties of the 
surface soi1 of the experl四enta1 site after it was c10sely grazed before 
being disked twice to 0.15 - 0.20 m deep. 

More than 100 cassava cultivars and 1ines (Manihot esculenta 
Crantz) , representlng the major eco1o臨的a1 zones where"cass面a 忘了主高Z
were selec ted as test mat，:~~~1s 2 (Tab1e. 3). On October 23. 1986. the 
experimenta1 area of about 2600 m- was planted on the f1at. A single 4 m 
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x 再聽 plot Wa8 assigned , rando認1y ， to each cultivar. Twenty five healthy 
woody s主ake怠， 0.2 m lon囂， were selected fro誼 the CIAT cassava germp1as給
每ank at the Pa1mira Experi臨enta1 Station , Valle , Colombia. The stakes 
were pretreated with fungicides and i扭扭ersed brief1y in 8 是iluted
solution of zinc su1fate a8 s standard treat阻ent before p1anting. The 
stakes were vertica1_1~ _~~，:nted at .O.!h m x 0.8 盟 arrange聽ent to 車ive a 
popu1ation density of 15625 p1ants ha~. At 30 days after planting , the 
few stakes which failed to germinate were replaced with ger觀inat1ng
stakes that were prev10us1y planted 1n p1astic bags fi11ed w1th the s忽聽e
80i1 and were kept in the field since the day of p1ant1n草 the who1e 
experiment. Forty days after plantin囂， 10-20刪20 萬?芷 co盟pound fertil1zer 
was app1ied i家!..t>a泣如 0.05 體細ay fro臨 the pl削ts at the rate of 75，的，
and 125 kg ha 勵草， P and K，主espective1y. The p10ts were hand-weeded 
whenever needed before ful1 canopy c10sure. Fro器 p1anting to the fina1 
harvest (30會 days) ， the cassava crop rece1ved about 700 間n of ra1n (Tab1e 
2) a8 wa5 recorde是 by a ra1n 露8uge in8ta11ed at the experimental plot. 
From Decemher 1986 to April 1987 , the rainfall wa5 ~S8 than the 
potential evaporat10n of tte region (草reater than 5 臨m day 必). The Patia 
Valley , 1yin話 between the central and the western Andes mounta1ns , 18 
characterized by two wet periods (October咖Decemher ， an是 March-June) and 
two dry periods (Decemher• larch , and June-Septe祖her).τhe 1986/19在7
season was particularly 是ry with no recorded rainfall fro血 June to August 
l會87.

吾談哇eas軌支ure軒me'制'nts of 5ingle1eaf 草a5按掛軒.盼.
we宜e made with a L1帥6000 portab 1e iJ玖lf主ared gas aÎ姦'ia1yzer (L1-GOJ竄史丸 inc. , 
L主z瓷豆c。主n ， Neb笠εska ， U. S .A.) on 24 February to 6 March (4 leaves per 
cultivar) , on 也-1轟轟pril (4 leaves per cultivar) , an丑。話 3-7 June 1987 (2 
1eaves per cu1tivar). Measurements 叫re a1糊狗血de during 4 h 甸i1r
from 900 h to 1300 h when the 801ar irradiance exceeded 1000 jL4哩。1 酷 g

of photosynthetic photon f至ux density (PPFD). Across cultivars and 
measur扭扭t datSß, , the PPFD ran草吋 from 1070 to 2200 (1700 + 227 , mean + 
s.d.) 戶噓。1 血"「九 The central 10he of the attached upper canopy 
lesves , 4th to 6th fro臨 top ， was enc1òsed in a 、renti1ated 4 L chamber 
(L1判COR) he1d toward the sun for one 種inute gas exchange meas!:1fement. 
The CO? depletion 是uring measure晶ent ranged fro值 20 to 毒5/恥 LL\ 堂he
1eaf të盟，perature ins主de the cha祖iher ranged fro誼 27C to 38C (35 + 1.7 , 
盟ean + s.d.) across cultivars and 個easure臨ent dates. Th1s range of 1eaf 
te誼perature coincided with the broad opti祖U血 known for cssssva 1eaf 
photosynthes1s determ1ned under contr011ed 1aboratory cond1t10ns 
(E1-Sharkawy 泣祉，的似的. A 1at虹a1 lobe 關s cut from the measure桂
1eaves pr10芋"to enc10sing in the chs祖lber ，必n是 the bu1k 1eaf water 
potentia1 (T L) was deter盟i~~p ~lth the pressure chamber technique 
(Sch01ande室的祉，仿的). The 'P L ranged fro盟 -1.0 to -1.5 MPa (-1.2 + 
O. 口， mean +s:τ) across cu1tivar穆 a吋 measure帥的 dat忽6. During ti硨
measurements of gas exchsn車e ， the 乞ero and span of the CO 勻 gas analyzer 
were a1想到ì!S checke是四ing a cy1inder of a st甜dard gas of" approximately 
657 片... LL 心 CO? ，﹒ The zero was reset every 20 臨inutes and the span was 
reset every 1:wo hours. Due to the high humi垂ity 1n the air , the 
是esiccant (u攝寵nesium perch1orate) was replaced at 1es穆t every two hours. 

Since the great 器ajor1ty of the csssava cultivars posses發
hypostomat時_teaveθ (El-Sharkawy 耳其 1984b) with sto棚ta1 dens i ty of 
about 500 mm - on the lower surface , calcu1ations of 1eaf conductance to 
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water vapor were made for one surface only. The measure<挂1 boundary 1~氯lyer
res1stance to water vapor of wet leafι帽rep1icas made of filter papers that 
were placed in the ve制ntilated 4 L chamber was about 0.12 s cm且‘ Usin臨
the apparent lesf CO句 uptake rates (AP) and the ca1culated intercel1ular 
CO句 (C.). the mesophÿl1 conductance to CO~ transfer was calculated from 
thë foI1owlng relatlon: ~ 

Mesophyll conductance - AP 
(C，倫 c 缸. ) 

、 ~1 vchl' 

官here CM缸 1 1s the concentrat10愁。f C02 w1th1n the chloroplast and was 
as呈亨med -lô be equ1valent to the CO? CO盟pensat10n po1nt of about 25 

戶LL “ CO2 for cassava (El-Sharkawy and tock. 1會87) • 

主t 1岳o days after plant主很容， five upper canopy leaves were harveste謹
per cultivar for 贅. P an挂在 analys1s.

On 26-27 August 1987 (309 day翁 after pl缸ltin車)， the six centra1 
plants of each cult1var were har、lested for the deter祖inat主on of yleld and 
stsndl口車 bio盟ass (exclu益1n車 the fallen leaves). The fresh weight of the 
stors草e roots and the stems + attached leaves were determ主ned ln the 
fleld in臨時diately after harvest. 

Five kg of fres~ roots per cultivsr were cut 1nto small p1eces and 
were oven偏偏dried at 75~C for 7Sh for the determinat10n of dry root y1e1d. 
The average dry matter content across cultivsrs was 30.9 + 4.5寬 (mean + 
s.d.) with the cv. MCol 2019 poss帥的ing the 10west 1e可是;-1 (16.1%) and 
cV. MC01 2215 the h1ghest leve1 (40.5%). 

RESULTS AND DISCUSSIO諒

There ‘iere 1arge variations in the averl鑫囂e 瓢easured leaf 
photosynthetic rates , total bio血ass. top wei草;ht and yield (Table 3). 
There was a 100se but h1ghly s主囂n1f1cant correlat10n (r • 0.31. 125df) 
between total b10觀輯部是 the avera草e 1eaf photosynthetic rate (T治主e 仿.

In 草eneral ter雄s tota1 biomass should be described by the product of 
tota1 light 1ntercept主on and eff主ciency w主th wh1ch that 11惡ht 1發 used 1n 
photosynthesis. The total light intercept10n of the crop w111 1n turn be 
loosely relate謹 to the leaf area duration of the crop. Further祖ore. the 
leaf area durat10n w主主工 be related to the total leaf product10n and other 
factors such aS leaf life and the pattern of leaf for祖at10n over t1me. 
In cassava , the nodal units that form the aerial part of the plant each 
sustaln one leaf. Hence. in very broad terms total top weight at harvest 
can be used as an 1ndirect measure for the 1ntegral of leaf area index 
with time. that 1s leaf area durat10n. Llght 1nterception is however 
asymptotically related to total leaf area index at any 島iven tlme. 
Hence , above a certain level of LAI 11ght interception wil1 vary little 
with changes in LAI. Applying this argument to the assumpt10n that top 
weight can be used ss a pr閱cy for 1eaf area duration leads to the 
assu血pt10n that at hi惡h values of top 官eight light 1nterception should be 
relat1vely constant over a range of top weights. If th1s i8 true then 
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there should be a close relation between average photosynthetic rate of 
leaves an是 total bio揖ass at hi草h va1ues of top weight. This relat主on
wou1d a180 be expected to be weaker at 10wer values of top weights as the 
total biomass would be deter盟ined by both photosynthetic capacity of the 
leaves and the light intercept主on.

The data were ,di'lided into three sets: high va1ues of 需op weight 
(more than 31 t ha-') , ~ed_tr~ values (between 23 andr3~_t ha~'~~an岳王可
values (less than 23 t ha '). At the high values of top weight , total 
biomass was closely corre1ated with photosynthesis (r = 0.50 , 38df) 
(Tab1e 的. There 關s no significant relation between tota1 biomass and 
top weight indicating th!軍t 1ight interception was probab1y not a limiting 
fsctor. It would be expected that the dominant factor at low leve1s of 
light 1ntercept主on would be the ability to i位tercept 11草ht. There was a 
highly 8i草nificant correlation between total biomass and top we1ght at 
low top we圭ght (This correlation should be treated with care as top 
weight i8 a180 used in the deter臨ination of total biomass and as such i8 
not an in桂ependent variable). However , the correlatio瓷缸etween avera鑫e
photosynthetic rate of leaves and total biomass at 10w 1evels of top 
wei草ht was not significant (宮= 0.0誓，在5 d f). The tendency of these 
relations i6 in the directions d圭ctated by our hypotheses. The 聽@是iu祖
1eve1s of top weight gave similar resu1ts to those for high top weight悠
悠悠草gesting that 1主ght interception was not limiting. 

These results indicate that , at high leve1s of 1ight interceptio袋，
there was a 是irect and readi1y measurable re工ationsh1p between total 
bio臨ass and avera惡e photosynthetic rate of 1eaves. 直t lower levels this 
relation was lost and light 1nterception itself appears to be the 器。st
significant factor in determining bio單ass production. 

Un桂er the cond1t10ns in which the experi輯ents were carried out there 
were 10ng 挂主y periods at這d potent1al evapotranspiration certainly exceeded 
prec1pitat10n. Unfortunately, due to the primitive conditions under 
which we carried out these tr1als we do not have data on potentia1 
evapotransp主ration ， however the rainfall pattern shJlwu 1n Tab1e 2 in an 
area with an avera草e te臨perature greater than 25 v C are sufficient to 
substantiate th主s conclus10鈴. 1n these circumstances st由natal
conductance could be a 觀ajor factor influenc1ng photosythesis and hence 
total biomass production at h1gh leaf area 1n桂ices. The corre1ation 
between tota1 b10體ass and leaf conductance was low and not significant in 
the high top weight 惡roup ， negati'le in the average and non ex1stent 1n 
the low top weight group (Table 再). The 0、Teral1 analysis showed no 
correlation between leaf conductance at這是 total biomass. The sa制e trend 
was found between photosynthesis and leaf conductance (r a 0.08 , df 125). 
These data 1ndicate that d1fferences in leaf conductance cannot account 
for the relation between the tota1 b10也aSB and photosynthesis. 

Further盟ore ， var1atio悠悠 1n 1eaf photosynthesis cannot be attributed 
to variations 圭n leaf N P K contents s主nce the correlation coeff生cients
,,,e1'e not significant (r 'lalues for lellf photosynthes1s with N. P and K 
llre 0.02 , -0.08 an謹 -0.01 虫， df 125 ，言espective1y).

On the other hand , total biomass was 
mesophyll conductance for the whole sample 

positive1y 
(r = 0.33 , 

correlated 
df 125). 

with 
The 
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correlat10n was not s1gn1f1cant 1n the low top we1ght group (r = 0.09 ，是f
45) and was s主gnificant at the 1% level 1n the average an是 high top 
wei草ht groups (宮.. 0.43 snd 0.47. df 3巷. respectively). This in挂1cstes
that the primary effect of d1fferencea 1n photosynthes1s on total bio臨aSB
1s relsted to differences in the 聽esophyll conductance. This suggests 
either bioche觀主cal or anatomical differences in the varieties tested as 
be1n草 the major cause of variation rather thsn stOl閥tsl factors. The 
possibility of screening d1rectly for these factors 思hould not be 
overlooke益.

Yield 1n 翁 crop such ss ca諮asvs is not synony聾ous with total 
b10mass. In fact there 1s considerable evidence to indicate that opt1mal 
yields of csssava will be obtained when the distribut主on of photosynthate 
to the roots is such that light 1nterception 1s incomplete (Cock. 1警車品) • 

Harvest index is close主y related to y1e1d. as 主室主d1cated 1n Table 5 and 19 
critical in determinin早 yield (Cock a純是 El-Sharkawy ， 1988). 

拉evertheles路. in each of the classes of top weight there was s 
posit1ve correlation between yie1挂 and sversge lesf photosynthet1c rate 
(Table 5). The h1ghest correlst10ns were once aga1n 1n the highest top 
wei囂ht c1asses. and lowest in the lowest clsss. The Ss閉e trends were 
observed in the correlations bet習een yie1d and mesophyll conductance. 
These dsts in垂icate that when lnsufficient light interception or lesf 
area 1s a problem in cassava 車rowing then the use of selection based on 
leaf photosynthet1c rates wil1 not be effect:主ve. however where 1ight 
interception is already at h1gh leve1s then selection for photosynthetic 
rate i8 likely to 1ead 1:0 yie1d increase8. It is a180 interesting to 
note 主hat in the higher top wei露ht classes the photosynthesis and harvest 
1ndex are highly significantly correlated (r = 0.62 and 0.47. df38 , for 
high and svera草綠 top weight移. respectively). On the other hsnd. there 
was not significant correlstion between photosynthesis and harvest 1ndex 
in the 10w top we主草ht group (r= 0.1皂. df45). Cock (1984) and Cock and 
El-Sharkawy (1988) have in是icated thst other things being equal increased 
photosynthesis will 1ead to increased hsr荒lest 生ndex.

The possibility exists thst the relation between yie1d an是 bio區ass

and photosynt:hetic rate is not causa1. It has been 8ho研1 that 
photosynthetic rste 觀ay be inf主uenced by the s主nk or the capac1ty of the 
plant to absorb carbohydrates (Neales and Inc011, 1968). This seems to 
be un1ikely 1n the case of cassava. Tan and Cock (l979) showed that 
reducing the aeria1 sink by prun1ng d1d not decrease the net assi甜ilation
rate an丑 that the excess csrbohydrate was effectively ut圭1主zed by the 
roots. Simi1ar1y Cock 皇主~~ (1979) showed that severe reduc t: ions 1n root 
numbe室 and hence sink were required to decrease tota1 bi棚ass
production. The authors do however concede that th1發 1s still an open 
question. Neverthe1ess , fie1d selectlon for average 1eaf photosynthet1c 
rate would se1ect for plants that w給re not sink 1i祖ited wh主ch i8 in 
itself s desirable character. 

Cor時i這erable pro草ress ha8 been 龍ade 1n the 1ast: two deca是es on the 
use of visual chsrscteristics and harve8t index as too18 for breede玄8 to 
use in the select10n process (see Cock an通車1ωSharkawy ， 1988). It 1s 
suggeste是 that fiel是 8e工ection for pho!:osynthetic rate can now be ad桂ed
59 an effective too1 for p1ant breeders. lt may be too comp11cated for 
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Tab1e 1. Some phys1ca1 anrl che祖1ca1 properties of the surface 50i1 (upper 0.2 m) at the experi揖ental site. the Patia 
V忽l1ey ， Ca浴缸a ， Colo阻ibia. Va1ues a宮e means of 12 profilc仗 ?三 s.d. The s1te was closely grazed and then 
d1ske是 twice before samp11ng the 8011. 

Clay Si1t Ssnd Organic Conduct1vity pH Al Ca M島 K 

Matter 

革 kg
-1 -1 S m 

輛l
C 詛，01 kg 

303 + 55 232 + 37 465 + 31 20 + 9 0.013 + 0.003 5.8 +。‘ 3 0.6 + 0.3 3.4 + 0.7 1.晶+ 0.6 0.13÷0.07 

P(Bray II) N-草草在 Zn 

m草 Kg l 

N-NO、 B l缸1 Cu Fe 

3.2 + 1.9 7.0 + 5 3.3 + 2.1 0.42 + 0.12 0.56 + 0.11 15.1 + 5.1 0.75 + 0.39 29.5 + 21.4 

• 



Table 2. Rainfall recor是這luring the growing season 1會86/1987 at the 
experi聽ental site. the Patia Val1ey , Cauca , Colombia. 

Month/year Day Rainfal工 Month/year Day Rainfall 
(酬} {血〉

Octobe宜. 1986 20-31 35 Ma玄ch. 1987 4 l 毒

8 8 
November. 1986 會 16 I岳 15 

10 54 了7
19 18 
20 32 蟲pril ， 1987 2 20 
22 26 3 56 
28 22 1 岳 有

16苦 28 8 
30 吋' 

92 
Decembe宜， 198惡 3 8 

14 6 May. 1987 3 
14 3 23 

在 17 
January , 1987 § 24 5 2再

? 16 工§ 40 
8 19 1 會 36 

雪亨 24 40 
1哲

February. 1987 12 22 
13 34 
14 32 
19 10 

嘗嘗

‘ 

‘. 

.. 

‘學

‘學
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惋惜 of 斜斜.d.b1<:榔扭，紛紛eXdlII!\伊監車至 1棚f nutrlmt c曙祖ent目位朋障。f 泣聽個8臨瑚即1位朋憫辟酬1鼓動le 3. 

組位祖 Pa位11 V，成1<勻. C副恤， α3位灣島:Ia.

有語

(3) 

L船主。}(3) (2) (1) (l) 

(4) 偷偷JCtI紅牌冶a幣J;YllL組EB坦露經惡5位絃溢i且在做y

L曲fC明控mtto water G輪車揖tBnCe"四to-話arv揖Eto臨l位司F點X絃

K F 臨V咚扭Z助{訟法syn絞臨s:lak吋踹B如珊ssB:Iat關ssYield Qild."官
種

_gkg-1 一一_ -2-1 
1IIlDJ. m s 

“2 懦l
% fAm:>l mi血緣一一一的L一一

7.7 2.6 37.2 1311 III 27.毒54 72.2 33.1 11.5 MB:開 12

8.岳2.3 45.4 事47事522.0 67 58.再19.3 12.7 被::01 22 

6.2 2.4 在3.7843 101 Z毒.442 37.5 21.6 4.6 M::ol 72 

8.8 2 .1. 40.會或l!會323.3 33 50.3 33.6 5.1 經::ol 638 

吾.82.2 40.9 12的1m 24.3 51 62.2 30.2 9.7 M::oll級í8

11.9 3.0 48.2 i盟0175 17 .S 惡45.3 42.7 O.會).Col 1522 

車.92.5 有6.81493 會323.7 6S 4章.017.2 11.0 絡站，1168是

臼
旬
，
「;a
d
j
Z
J

持
t
3
1
4

9.5 2.7 在1.毒1C貼1104 25.7 60 再5.318.2 會.6絡站1 1823 

雪.52.3 41.4 紡車100 23.4 43 高峰.主26.6 5.4 ).Co11894 

10.1 3.2 45.5 1ω6 117 28.4 47 49.4 26.0 毛.9MBra 12 

會.82.8 44.0 1∞3 96 23.5 43 3會.022.1 6.晶).co主 1964

11.2 3.3 有7.0850 97 21.7 7 39.8 37.2 0.9 ).col 2017 

12.6 3.1 50.4 學5679 19.5 57 25.2 10.9 2.3 被::01 2019 

9.6 3.0 毒品.0930 III 侈品72 37.8 10.7 7.6 ).Col 敘泊2

ee;iiijzl; 

8.5 2.9 44.5 紛紛114 26.1 60 39.6 15.會會.3流::ol誼活4

9.5 3.0 49.0 %草122 27.8 37 72.7 毒化19.3 ).Co1 2057 

11.8 3.0 45.6 503 104 23.S 7 49.7. 46.1 1.0 lfbl2059 

書.82.9 50.1 飯13會523.7 73 41.1 10.9 12.2 間也是 2215

' 12.串2.7 49.8 紛紛117 29.0 31 50.2 34.聶垂.25訟b 晶9

12.4 2.9 56.3 1岱吾106 25.6 56 60.4 26.3 11.3 ID正122

12.4 2.9 47.3 1153 106 26.5 56 64.3 2車后10.2 ID.D 74 

12.7 3.1 民).71351 1m 25.6 33 58.1 39.1 4.2 M 鼓搗 n

1岳.0

11.6 

2.6 

2.在

41.2 

38.1 

999 

1182 

1∞ 

117 

2岳.再

29.1 

35 

49 

64.8 

后1.0

4年1.會

31.3 

8.5 

9.5 

MMat 2 

E賣給" 59 
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Table 3. Q寬誌.

(3) 

(1) (1) α) (3) (3) Leaf 

說y St置也ng 5位叫幼草 I翩f 海s吵苟且 ca法且t攝配忿 (4) 

里∞t top 1:0敘ù 勵R用st 請峙。翩 紋克誠且tance to 海融ter L阻f cm缸!nt

Culti"獻 Yield B:Iaæ錦 絨服縣招 2喝自 缸叭就聽滋2學 to (fJ)Z) V咚器官 幫 P K 

.. 
一一~每 ha-1一一一一

句
4

.P 
∞
 

咱
斗間戶

，

• -2-1 
tmD.i m s g kg-1 

MPan 70 7.8 32.0 54.7 晶1 2單.3 1。有 12垂2 3宮.2 2.7 15.再

M Per 21怯 8.1 主3.5 67.7 36 21.5 80 岳22 再4.2 2.7 13.7 

沒I'ai 1 11.9 在5.3 思再.1 4岳 27.會 10已 125會 高2.0 2.6 16.5 

的回答 13.會 38.8 74,5 48 25.8 97 u再5 有0.6 2.再 11.8 

MVI田 77 10.8 28.6 5會 .1 52 21.8 87 1469 37.0 2.8 16.1 

IDll 113 4.3 28.6 45.3 37 22.1 88 888 47.0 2.0 13.1 

即回 156 13.2 26.3 61.2 57 24.4 1∞ 1日32 41.4 2.7 10.2 

1M: 1 5.0 16.4 31.8 是8 25.7 102 1182 高5.8 2.9 11.8 

E費量， 2 3.7 35.在 在吾.6 2再 21.2 7會 1377 也6.2 3.0 10.1 

7.會 12.0 39.6 70 23.岳 再5.1
.. 

æl-37 會3 138晶 2.8 10.2 

æl.明48 11.1 14.6 53.7 72 25.3 102 1445 47.6 3.0 9.9 

α滋病，27 10.1 14.8 57.2 74 25.4 102 101日 47.0 2.5 10.3 

αδ-95 8.0 18.7 44.5 58 24.2 1∞ 898 48.2 2.5 10.1 

α弟-18 10.4 12.0 43.0 72 22.8 1∞ 771 45.5 2.6 9.1 

æH治 7.7 17.4 品嘗.7 在3 23.1 91 會今3 主5.2 2.岳 10.8 

IDll l，從治 10.3 21.1 55.0 62 2在.0 100 1124 43.主 2.6 8.9 

α:;32ω，22 8.8 2毒.0 46.9 t品嘗 24.4 99 口23 品0.3 2.9 11.8 

αn訟-2 5.會 35.7 53.1 34 23.岳 94 1145 44.8 3.0 10.5 

也3虫1-3 0.1 29.2 29.7 2 18.1 67 1217 45.8 3.1 12.2 • 
位淌。1-3 4.0 36.2 49.0 26 18.4 78 740 42.0 2.8 13.9 

α泌01-6 1.1 25.3 29.2 U 19.4 81 1凶8 再8.2 3.2 13.8 

α滋03ω18 4.1 46.9 60.7 23 23.0 94 或其 主4.8 2.6 13.2 

以講α←5 5.2 50.3 70.4 立學 25.2 10毒 1027 主5.毒 2.串 17.6 

該議秘』巷 2.7 47.1 56.2 1岳 23.5 101 868 35.0 2.7 14.8 

。論87-2 5.3 晶晶.1 岳6.4 31 19.8 83 1133 37.8 2.2 13.5 
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Table 3. Calt. 

. - (1) (1) 

訪y 5個illn串 5個必磚

里∞t 缸男P 扭扭l

Mti明館 Y紅ùd Biamss Bia盟BS

# 

…一……一句祕 l一一…---一

M::ol 1684 11.2 39.3 75.8 

æ91刪3 10.9 37.5 81.0 

。做主吟唱也l 13.4 32.0 74.2 

。似海鵬1世7 15.5 12.0 63.6 

。以2-170 17.1 17.7 67.2 

。044幽-71 7.7 2仇。 51.6 

。娘符合7 11.1 32.0 65.1 
列V

。位89-1 10.6 23.4 70.0 

α6J7-幽.37 再.7 22.1年 39.1 

4 。1523幽7 10.0 15.4 4仇雪

MV，冊 77 11.串 15.1 66.1 
。釗1-2 岳。車 22.4 41.會

。第夠-1 10.7 15.9 57.9 

。似7-11 11.7 22.1 ω.1 

。&\1弘l 13.8 48.堯 86.2 

。tl54-21 益，車 58.1 77.4 
rn922-2 14.4 24.5 岳7.5

rn955-2 5.9 26.0 44.8 

帽， 。“2-4 13.4 27.6 68.5 
G哩975-1 13.1 46.1 83.6 

MBm 12 11.6 3會.8 77.0 
rn975帽5 14.0 25.5 6雪.3

rn976間的 11.5 22.會 58.1 
rn98H3 11.5 20.8 52.6 

<MI82-20 7.5 20.3 55.2 

(2) (3) 

I..eaf 

Har唱單t 說抽缸>-

主驛站￡ 符吋糊18

-2 -1 
% t' 001 002'" ~s 

48 24.5 

54 22.6 

57 26.2 

81 23.4 

74 24.2 

50 22.4 

51 20.事

67 22.6 

43 20.0 

67 21.的

77 17.7 

再7 18.8 

72 20.3 

的 23.1 

再4 25.主

25 25.0 

64 24.會

42 23.0 

ω 25.0 

45 21.2 

4串 27.5 

63 21.7 

岳1 21.1 

ω 24.2 

屆3 20.9 

(3) 

(3) I..eaf 

b踏車輛11 c<x滅lCtance

令m揖草輯lCe to wat恕r

抽個d V鵝略重

• -2 個1
tmD.l m s 

112 114車

8會 1051 

106 1012 

99 1079 

102 657 

95 1176 

86 13在3

96 1410 

87 1310 

9益 1052 

76 1欲泣

90 1167 

93 1079 

會7 795 

lω 875 

105 1033 

102 1270 

101 849 

lω 1028 

會1 818 

107 1134 

94 1215 

93 1029 

1的 970 

87 1143 

(4) 

1船f c珊3個It

誼 P K 

一…gk甚 1 一

38.4 2.4 13.7 

35.4 2.4 14..0 

39.8 2.3 13.3 

39.8 2.4 1位.9

37.S 2.3 7.3 

40.6 2.8 8.4 

34.4 2.7 9.7 

39.8 2.4 10.1 

37.辜 2.再 10.4 

的.5 2.4 10.2 

有4.0 2.6 8.惡

37.0 2.冉 9.S 
43.1 2.3 l晶.毒

43.再 2.7 12.3 

41.2 2.6 11.8 

41.7 2.岳 12.6 

再5.9 2.8 10.7 

41.7 2.8 11.9 

3晶.7 2.3 9.8 

35.聶 2.7 13.臨

也0.5 2.8 11.8 

38.9 2.5 10.2 

再5.1 2.7 13.3 

38.5 2.4 9.7 

34.7 1.9 車.岳



Tabl.e 3. 位Ilt.

(1) (1) 

設y St都叫甜可E Sò當前訊息

E∞E top 扭扭l

Mti珊Z Y:Ie1益 B虹難為臨 B1圓圓曲

一一一句 ha-1 一一一

α紛令6 6.3 29.會 66.1 

佼咀01←2 9.7 l會.0 50.5 

倒1015盼1岳 17.5 22.4 72.1 

由1015-34 14.3 主再.5 岳雪.6

位位01多42 13.1 16.4 56.8 

~l:0122 17.3 43.8 93.3 

倒1016開放 18.3 3會.6 97.2 

。位。22伽.34 17.9 24.5 74.5 

做1223-11 16.0 23.7 72.1 

。但茲路-7 13.8 14.8 51.0 

@挂怨器問17 12.3 30.5 益5.1

。直297..1) 15.6 31.8 77.1 

。位游弘.2 14.0 21.毒 59.9 

。位305-3 17.4 22.9 82.8 

0il335-4 10.6 23.7 55.0 

組::01 113 5.8 24.5 50.5 

。旦真，91-5 11.2 25.8 毛5.8

。位5主3-19 9.在 22.7 62.3 

。也585-13 11.5 18.8 58.9 

您也785-6 9.1 24.2 57.3 

。位797-4 21.8 27.6 106.8 

。位797-8 13.4 13.3 55.0 

位的1&-3 6.4 15.1 32.8 

a-萃"弘5 8.0 30.2 53.1 

00偽恥的 7.2 27.1 48.7 

(2) 。}
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也2 -1 
% frrol ∞12m s 

55 22.3 

62 28.3 

69 25.6 

65 25.1 

71 25.4 

53 27.4 

5會 29.1 

67 28.1 

67 2主.1

71 26.5 

53 21.8 

5會 27.5 

“ 30.6 

72 25.毒

57 25.2 

51 27.3 

61 25.6 

“ 25.7 

“ 23.串

58 25.岳

74 25.6 

76 2息.7

5主 23.0 

43 23.2 

4毒 25.6 

(3) 
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lω 1361 
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112 1235 

會串 1145 

112 紛紛

84 71會

110 87會

126 1043 

99 1330 

95 1172 

105 1026 

9岳 1107 

98 1035 

93 敘滅

9串 1159 

97 的1

事益 114主

88 1202 

89 1250 

98 1317 

‘學

(4) 
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咱也自旱地:一一
.. 

38.雪 2.3 1l.4 

42.5 2.2 學.7

42.3 2.4 10.5 

41.4 2.2 會.4

44.0 2.5 11.1 

41.2 2.2 12.2 

40.3 2.1 百.1

41.7 2.2 8.8 

41.7 2.0 10.在

的.5 2.6 8.8 ‘. 
42.0 2.5 10.3 

40.9 2.在 11.3 

37.串 2.1 7.♀ 

35.0 2.0 10.5 

43.1 2.7 警.8

42.0 2.6 14.8 

42.6 2.7 10.5 

40.5 2.7 10.8 

45.雪 2.7 串.4
、

42.6 2.7 13.1 

是2.5 2.5 12.5 

48.2 2.5 9.6 

41.2 2.7 10.3 

42.8 3.0 15.1 

42.5 2.6 1l.8 
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Tahle 3. Ca:it. 
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(1) 
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一_g I導 1 一一• -2-1 
nmu m s 

-2 -1 
1"001ωzn a 軍一一的L一一

# 

會.92.7 44.5 911 100 25.0 5串58.6 24.7 10.0 道llllID8

15.9 3.2 45.9 1晶晶5106 26.5 61 冉O.雪15.9 6.5 CM2087-101 

17.5 3.2 43.4 1150 96 2仇晶38 44.3 27.已4.9 。位白弱-1

19.3 2.7 40.0 1171 99 24.6 50 58.8 29.4 9.3 位置2109-1

18.2 3.1 在1.21260 110 21.6 54 80.7 31.5 11.8 。但133-5

12.6 2.5 45.6 1189 113 28.7 是577.4 27.1 12.0 。位13恥2

15.5 3.2 42.0 串25101 24.9 52 64.9 31.0 9.2 。í21街，...3

12.會2.1 47.6 1012 84 21.1 48 55.2 28.6 7.8 ω12必6個3

2

告
別

d
i
r
e
p
d

12.8 2.6 3雪.21日30107 25.主74 69.0 18.2 13.6 æ2157-1 

14.6 2.岳38.1 1103 lO1 24.3 5會57.3 23.4 10.0 æ2166-6 4 

14.2 2.6 45.1 1330 嘗嘗23.6 ω 53.6 21.6 9.5 班主。1 1發給

12.3 3.0 38.1 1140 94 22.5 51 44.8 22.1 6.4 。位174個7

13.1 2.會41.2 1氣1991 21.7 39 有會.230.2 5.3 。老2177-2

1主.毒2.9 41.7 1泌巷92 22.9 44 再巷，車忽必6.3 α122繁弘3

17.4 3.0 再0.01紋的89 21.3 品。58.0 34.6 6.5 æ2306-7 

13.2 3.2 44.0 1603 19 20.3 37 56.3 35.2 5.再012452-5 

18.1 3.2 4年5.4141垢103 25.2 57 81.0 3毒.911.7 。位有81-2

15.5 2.8 再0.31439 90 20.5 再雪62.7。32.0 10.0 。位952-3

13.7 3.0 40.6 933 會322.2 6在5惡.520.3 11.2 Q12962-4 

12.2 2.8 41.2 質J5會522.告72 52.岳14.8 10.4 ool1()..j'! 
e 

12.5 2.4 3會.5575 97 22.5 57 55.7 23.7 11.0 措V酬 77

9.3 2.在42.8 1122 75 17.9 57 48.7 20.8 昏.600161• 15 

會.42.5 43.4 1127 84 19.6 63 58.4 21.9 13.6 SGl00• 13 

12.6 

11.1 

2.7 

2.8 

品O.會

45.4 

1254 

1260 

會再

且3

21.7 

19.6 

50 

25 

71.6 

44.8 

35.7 

33.6 

11.會

3.8 

SGI0恥74

SGI0恥164
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Tab1e 4. Corre1ation betwee也 total b10mass and: top wei草ht ， ave玄a臨e leaf photosynthesis , 1eaf conductance to 
water vapor and mesophy11 conductance to CO2 • 

Sample 
strata 

Overal1 samp1e 

Low top weight 

(1esathan 23t ha4) 

Average top we1ght 

(23 to 31 t ha-1) 

High top weight 

(greater thaza3lt tzadI>

(*) S1草nif1cant at 5% leve1 

(**) S1gnificant at 1% level 

Number 
of culti、lars

127 

47 

再告

40 

(NS) Not significant at 5草 leve1

Top 
weight 

0.48** 

0.37** 

- 0.01 NS 

0.28 NS 

Cor言elation coefficients of tota1 biomass w1th 
Leaf Leaf Mesophyl1 

photosynthesis conductance conductance 
to H20 to CO2 

0.37** 0.014 NS 0.33** 

0.09 NS 0.003 到S 0.09 NS 

O.毒9 ** - 0.14 萬$ 0.43 ** 

0.50 ** 0.11 NS 0.47 ** 

• 
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Table 5. Correlat10n between dry root yield and: top we1ght , av終rage leaf photosynthesís , leaf conductance to 
water vapor, mesophyll con是uctance to CO2 and harvest index. 

$棚ple Number 
strata of cultivars 

Overal1 samp1e 

Low top we1揖.ht

(1ess th為n23t ha--l} 

Average top we1ght 
(23 to 31 t ha都1)

H1gh top we1ght 

(gr制ter th閥 31 t 祕必}

(*) 8ign1f1cant at 5% 1evel 

(*的 81草n1ficant at 1% 1evel 

127 

47 

40 

再告

(NS) Not signif1cant a l: 5% level 

, 

Top 
weight 

- 0.19 * 

0.10 NS 

- 0.21 NS 

- 0.13 暫S

' 

Correlat10n coefficients of dry root y1eld w1th 
Leaf Leaf Mesophyll 

photo綠ynthesis co認ductance conductance 
to H20 to CO2 “ 

0.40 ** 0.03 NS 0.3雪**

位 .22 誼$ - 0.01 琵5 0.25 草草

0.50 ** - 0.16 NS 0.47 ** 

0.53 ** 0.23 NS 0.47 ** 

喝，

Harvest 
1nd給X

0.75 ** 

0.11 ** 

0.88 ** 

0.90 ** 

, 
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BIOLOG1CAL CONTROL OF THE CASSAVA HORNWO悶，主主盟且呈
Sphingidae) W1TH EMPHAS1S ON THE HORNWORM V1RUS. 

ell。 (Lepidoptera: 

INTRODUCTlON 

Anthony C. Bellotti* 
Bernardo Arias V. 

The cassava hornworm 且且且拉拉扯 i8 one of the most serious pests of 
cassava in the neotropics. Hornworm attacks often cause complete 
defoliation of cassava fields , resulting in losses of bulk root production 
and inferior root quality. Farmers often react to attacks by mainly 
excessive , ill-timed applications of toxic pesticides. This has often 
resulted in repeated and more severe attacks (Bellotti and Schoonhoven, 
1978). 

Cassava is a perennial shrub of the Euphorbiaceae but for commercial 
purposes is usually grown ns a biennial. Its long vegetative cycle makes 
tt particularly vulnerable to pest attack. Pesticides are rarely important 
in the traditional cropping syßtems \lhere cassava is usually grown and its 
long production cycle makes their repcoted use uneconomical (Bel1otti 
e l:. o1 , 1988). 1n nddition pesticide I.Ise i8 discouraged since it often 
leads to ol.l tbreaks of other pests such as mites. 

Adequate host plant resistance to the cassava hornworm does not exist 
although some ovipositional preference has been detected (Bel1otti & Arias , 
1988). 

There is extensive complex of natural enemies associated with the cassava 
hornworm in the neotropics; however , sporadic and unpredictable attacks of 
the hornworm , often occur when populations of natural enemies are low and 
therefore , unable to prevent severe outbreaks. Careful monotoring of the 
hornworm population together with manipulation and management of certain 
natural enemies is the key to successful control of the cassava hornworm. 

* Entomologist and Research Assistant 
Colombia , Apartsdo Aereo 6713. 

respectively , CIAT. Cali , 
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Crop Da阻age

Hornworm 1arvae wi11 feed on a11 cassava 1eaves and 0益 the young tender 
車row1ng stem and 1eaf buds. Attacks can occur at any p1ant age but young 
p1antations (2 to 5 months) are preferred. Research has shown that 10sses 
1n root production due to hornworm attack are 1nf1uenced by p1ant age ，筒。11
fer t1lity, environmenta1 factors (espec1a11y rainfall) and frequency of 
attacks. Yie1d 1088es in fert11e s011s ranged from 0 to 25% for one attack 
and up to 47% after two con8ecut1ve attacks. Losses on 1ess fert11e s011s 
were from 15 to 46% for one attack and up to 64% after two attacks. After 
p工ant8 have reache是岳阻onth緣。f age , 108ses are 1ess severe a1though root 
哇ua1主ty may be adverse1y affecte謹.

B1010草y an垂 Ec010gy

在ornworm a是ults ov1posit 戰總豆豆(l to 1.5 撞撞) roun蓮， 11gh章車reen to ye110w 
egg露， individua11y on the upper surface of cassav'益主eave緣. In fie正是 cage
st也是1e8 female ov1pos1重ed an average of 440 eggs , a1though as 臨any as 1850 
aggs per fe軍ale have been obser、led. Ec1os1on occurs 3 to 5 days after 
ov1pos1t1on. 

There are f1ve larva1 instars. Durat10n of the larva1 period 18 inf1uenced 
by temperature. At 15 , 20 , 25 and 30.C , larval duration avera囂e8 105 , 52 , 
29 and 23 days respective1y (Table 1). F1fth instar 1arvae are 10 to 12 個
1n 1ength and are respons1b1e for ~p to 75% of2to:a~ fo!1~ge.cons~mpt~on. 
Each 1arvae 18 capab1e of consum1ng 1100 cm- of 1eaf dur1ng 1ts 1arval 
cyc1e. 
Pupae are dark brown 1n color and about 45 甜甜 10n心 Pupat10n occut's 1n 
plant debr1s or w1th1n the f1rst 5 to 8 CIU of 8011 8urfaCe. The pupal 
stage 1asts fro祖 10 (at 30.C) to 41 (at 1S.C) days. 

ln 1arge fie1d ca囂的 (3 x 2 x 2 m) adu1t fe觀a1es live 輯都erage 9 days 
whlle 盟a1e學 avera惡e是 7 days. Copu1ation usua11y occura at ni鑫ht and dur1n喜
the f主rst 2是 hours sfter e盟ergence. Oviposit1on 1s inltiate是 three days 
after copu1atlon. 

Adult Migrat1on. 

The g間削島主如此立 (Sph1ng1da的主s princ1pal1y found in the neotrop1cs. 
E. ello 1翁 the most co間mon spec1es and is d1stributed throu草hout South, 
古en百a1 and North AllIerlca. up to Canada. Th1s w1de distribution der1ves 
from strong fl1ght ab111ties (Wolda. 1979) , broad c11幽tic adaptat10n and 
,,,ide host range (W1nder , , 1976; Janz間. 1985). , Larvae have been report吋
feeding on 35 d1fferent bosts in 10 fam1lies 1ncludlng papaya. tomnto , 
tobacco , and cotton. 

The migratory and f1ight capac1ty of !. e110 1s we11 docu祖，ented (Winder and 
λbr帥， 1會7忌. Janzen , 1986; 1987). Ït h喜s been found on the' Galapsgos 
Islnnds ，苦。。龍11es fro血 the 回ainland. Fro觀 f1eld observat Ì<ms in C。第ta
Ric悉， Janzen ( 19串 7 ， Pers. Co血.). conclude發 that a挂毛主1ts 盟igrate from the 
Paci室主C 81謹e of Costa Rlca to the Atlantic ra1nforest an垂 rhat this 
輯igration 1s synchronize是 to the onset of the rainy seasons. 

‘ 

、

.. 

、
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In the su吾tropica1 zone of Santa Catari支持補給肺結hern Br揖泣，主﹒泣10 is 
absent 謹uring the 智主nter months of June throu囂h September. However 
popu1ations begin to appear in October with attacka occurring from November 
through Apri1. It is possib1e that 主. e110 ia overwintering in the pupa1 
stage 忌ut no evi是ence of this hss been recorde垂 in this reg10n where 
te割peratures can fa11 to OoC. It 18 auspected , but not proven. that !. 
e110 adu1ts 組主囂rate from the warmer northern region9 and pas8 several 
generations 阻oving from one casaava-growing area to another within the 
southern region of Brazi1 (Pers. Obs.). Migration pattern9 are a190 
suspected in Cuba where 且﹒ e11旦 popu1ations appear to be absent from the 
ia1and during the c01der month9. This type of ec010gica1 migration i9 an 
escape from inhospitab1e environmental conditiona (Danthanaray胡a. 1986). 

Johnson (1960) atatea that "migration is an ev01ved adaptation for surviva1 
and reproduction，制 pr嘛。ting genetic f主tness". Wa11綠er (1987) attributes 
migration to severa主 factors inc主udin草 food avai1ab i1ity. insect 是ensity ，
environmenta1 conditions and natura1 ene觀主es. He further sta主es that 
"ev主dence 怨怨露露esta that natura1 enemies 盟ay have a 聽主鈍。r r01e in popu1at10n 
dynamics of rare. ende體主怠， and gra垂ient insects but a 輯ajor ro1e 主n those 
of cyclic an謹 irruptive pests'\ 直在是rewartha and Birch (19車2) attr1bute 
insect lrruptions to al這 unusual increase in food quality. reduced natura1 
enemy pressure, or 縫n exten是e是 period of favorable weather. They a1so 
state that llnatural ene曲直es are a more important factor in co目plex
perennia1 5y悅色臨s". Jan草en (pers. C個.) specu1atea that E. e110 probably 
ev01ved in the compl酬 pere羽nia1 rainforest of the neotropics.一一
The r01e of these factor5 1n hornworm outbreaks will be discussed later 
this paper. 
The Natura1 Enemy Complex 

in 

A 1arge comp1ex of natura1 enemies is associated with ca戀戀ava hornwor血
pupulations in the Amer1cas. Winder (1976) descr1be紹祖ore than 30 species 
of parasites and predator紹 attacking !. e110. Recent 終tu是ies at Centro 
Internaciona工是e Agricultura Trop1cal (Clm-have recorded 34 species of 
parasites and predators of the eg草， 1arva1 and pupal sta惡es an是 three
species of 盟主croorgani鐵站發 &忽soc1ated with the hornwor器 〈器ellotti and Arias 
1988). 

Eight 揖icrohymenopteran 移pecies of the fa誼111es Trich。當宮發阻natidae.

Scelionidae an是 Encyrt1dae are eg章 paraa1tes. Of thes傘， Tr1chogran珊ai and 
E扭扭扭主 are the 扭。每t important. Several species of Trichogra阻"a
paras1tize hornworm eg伊 (Winder 1976 , Bel10tti and Arias. 1988). A three 
yesr atudy in the Cauca Val1ey of Colombia messured egg parss1tism at 
between 53 and 57% (Bellotti and Arias , 1988). Re1ease of Trichogramma 
dur1ng hornworm adu1t ovi.position significant1y 1ncresses 1evels of egg 
parasitism. One parasitized hornworm egg y1e1ds an average of 23 
Trichogramm~ offspring , making 1t an effective paras1te dur1n串 high
hornw官r酷 densities.

The 扭扭扭扭~ eg皂 paras1te 1a consid肘ably larger than Trich贈閱棚a 阻垂
appears to be a better "searcher". Esch Telenomus can paras1tize an 
avera草e of 32 hornworm e揖s and approxi服teÌ亨"""3T莖m哩 adult悠閑咿
fro盟 each paras1t主zed e草草 (Be110tt1 eta1. 1警車3). 一一一一一---

Nu臨erou9 dipteran an是 hy單enopteran para穆ites attack hornworm larvae (W1nder 
l 會 7唔， Be110tt主 and Aris , 1會串串). Tschin主是 fl1es are th陣 誼。每t iI越porta綠色
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group of dipteran parasites , espec1ally in Brazil where 8 spec1es have been 
identified. Of the hymenopteran para!lites , the Braconidae , particular1y 
those of the genus 垃旦旦垃! are the most importail.t , 帥pecia11y 1n 
Colombia. Adult 主E哩些主堡壘 females ovipoait within hornworm larvae; after 
14 to 16 days paras1te larvae emerge and form a white cottony web , which 
contains up to 500 pupal cocoon怠， around the parasitized hornwor祖 larvae.
1n 5 to 6 days the adult parasites emerge (Be11ott1 and Arias , 1988). 

;2位JiZJT}rtxz月研單位立叮桔紅輯:::;:
闊的ciated with the 捏旦旦控s reduces the effectiven輯s of thia paraslte 
in the field. 

A lar車e 惡roup of predators attacks hornwor器 G囂阱， larvae and pupae. The 

z;4:r∞34:1:tt:JJ:JE藍語學frfrrtLZJ:;;弋也;Leff
hornworm e草草s per day. 

The 觀ost 1峙。rtant larval predators are PO豆豆登堡壘 spp. 你ym間。ptera:
Vespidae) and the Pod1sus 移pp. (草棚主ptera說 P諒自t咽1dae). Polistea 
erythrocep地1u~ gener立ly 明Iives in s臨a11 c010枷發 1n or aroundτassava 
fields. Their st1ng paralyzes h陣rnwor祖 1arvae which are then carr1e垂 to
the nest to feed developing w帥p larvae. Those hornwor祖 larvae that are 
too large to transport are sectloned into strips , r011ed up , and carried to 
the nest. 些且旦旦 predation 1evels are prlmari1y determined by the 闊的M
of wasp larvae contained in the nest. Each Pollstes 1arva will co啞su臨e
about 0.5 hornworm 1arvae daily (Be110ttl and A甘忘了T988). 旦旦笠盟 wasp
popu1ations can be maintained in cassava f1elds by constructing roofed , 
open-sided , huts to pr四tect wasp c010叫ies. Wasp nests , preferab1y with 

.. 

、

less than 50 cells can be attached to beams under the protective covering. -

The bacteria1 pest1c1de, Bac111us !hur1n車iensis has bee哩 shown to be 
effective 1n controlling h品品訪談n larvae. Larval mortality reached 68% 1n 
f1el是 stu是1e8 3 days after Baci11u8 app1ication. The bacter!a is 冊。st
succ臼sful against the first ~立在這orm larval 1nstars. 

主丘主彗星星 sp. (Ascomycetes: Clavicip1taceae) 18 a 8011 fun耳聞， the mycel1棚
。f which invades the pupsl sta草e of the hornwor盟﹒ 1n 8個.e cassavs也growin草
regions of C010揖bi傘， natural f1eld popu1at主ons of the fun皂毯8 Cau8e 
consi是erable pupal 哩。rtality. 全he fungus can be cu1ture是 1ú the 1aboratory 
on a oat-a事ar me挂ia. 1n co誼trol1ed experiments , 80i1s innoculated w1th the 
cultured fun舉措 resu1ted in 80% 阻。rta1ity to hornworm pupae (Be110tti and 
Ar1as , 1會8車) • 

The Cassava Hornwor祖 Virus.

1n 1980 f1e1d popu1at1ons of hornworm 1arvae were foupd to be infested with 
a d1sease that cal閥e cons1derab1e larvae 尬。rta1ity in C1AT fields. Sa臨plea
sent to Boyce Thompson lnst1tute (Corne11 Univers1ty , 1thaca. N.Y.) 
ident1fied it as a granulosis vin且s of the fami1y Bacu1ov1ri1dae (Granados, 
Persona1 Commun1cat10n). Subsequent studies have evsluated the potential 
of this virus for the control of E. ello (Ar1a8 and Be11otti , 1n pre結侈，
Bellott1 and Ar1a筒， 1988). - -一

• 
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Virus infected 1arvae co11ected fro觀 the f1e1d were 11哇uified 1n a b1ender 
and the mixture filtered through chee發ecloth to remove large part1cles. 
τhe resulting 1iquld 電fas di1uted with water to a 30% concentrstion. Five 
and 10 cc of this solution were 祖ixed with 1 1iter of wster an是 applied to 
cassavs fie1d移，甚ornworm larvae fed in the viru加infected fields for 24 
houra. Flfty larvse were collected from plota where the vims was applied 
as wel1 as fro誼 co諒trol fields where no virus was applied. Co l1ected 
larvae were maintained separately 1n the laboratory an是 fed only non-vin總
infected larvae. 

Larval mortality was ob扇erved 是8 hours after applicst主on; at the 10 cc dose 
larval 盟ortality was 82% sfter 是8 hours and 100% at 72 hours (剎那間。­
At the 5 cc dose , larval mortality reached 45% at 48 hours. 88% at 72 hours 
and 100% at 96 hours. Due to contam1nation of the control larvae , mortality 
was 32% after 宮昏 hours • 

.. 

A second trial was carr主ed out 1n the field in El Patia (Cauca , Col.). 
Freshly co l1ected virus prepared at a dos1s of 70 gr. 1n 200 liters of 
water was applied to hornworm 1nfested fields. Hornworm populations were 
monitored on 50 plants 1n the treated and non treated plots before 
applicat10n and 48 hours post spplication. Mortality at 再8 hours was 
99.75主 (Table 2). 

豆，

Production of Hornworm Bacu10v1rus. 

A 1aboratory proce是ure was estsb1ished to produce a powdered for祖 of the 
v1rus. This procedure be車ins 叫th the liquif1cat1on of 、11ms呵infested
hornworm lsrvse fro阻 the field followed by sepsration of re紙是祖1 skins 
throu軍h a s主eve and then by filtrat1on. 1觀，pur1ties are decanted and the 
virus inc1usions are separated by centr1fuging. Virus 1nclusions are mixed 
with water and chlorofor祖 and eve言ltual1y vacuum dried a powdered for盟

(F1g\主re 2). 

Evaluation of Virus Sources: 

A field experi祖.ent was con挂毛主cted at CI在T to evaluate the source and storage 
of virus on hornworm mortality. Two-year stored powdered virt時，

virus懦infected hornworm larvae stored frozen for four year翁， and recently 
collected virus-infected hornworms were c棚pared The follow1n囂的lutions
were used: 

~ 

4 

椅，
謹1stille是grams/liter (2.6 0.26% 。fsolution stock Virus powder: 

water). 

infested of grams {忌。6% of larvae (4 years): stock 鐘。1ution
in 1 liter/d1st111ed 夸，ater) • 

Frozen 
larvae 

2) 

stock solution of 6%. 

Treat阻ents were made in 15-plant plots separated by 20 rows of casssva 
plants. The number of hornwor祖@轟轟s and larvae were evaluated in eacb plot 
prlor to application. A 10% solution of the prev10usly 是escribed stock 
solutions were app主led to their respective p10tl學﹒ Evaluations were 阻ade at 
有 1 ， 89. 113 snd 161 hours after vims application. 

Recently collected larvae: 3) 

a. 



岳

Virus extracted from recent1y co11ected Infected hornwor祖s resulted in 100% 
hornworm 攏。rtality within 161 hours after apppl主cation (Fi車ure 3). The 
v主rus from four-year frozen hornworms resu1ted in 67草 control whi1e virus 
in powdere是 for血 reached only 27草盟。rtality. These results indicate that 
viru翁 storage for 10ng periods of time i8 very feasib1e an是 further

research needs to be done 1n this area. 

Far祖er App1主cation of the Hornworm Virt間:

:;2:OZ斗志;嘻嘻話語聲響2jJz:zr::;;1:;?mrzfzt:這
frozen hornworm/virns technique , the virus i8 available on a 
sel昆主-co臨mercial basill (訟紛ASC ， the Santa Catarinha State Research 
Institute , prepares and stores the frozen virus which i9 avai1able to 
scientist怒. extension worker9 , far盟ers ， etc. 也pon request). Throu草h
printed 聽aterial ， newspapers , audiotutor1al un1ts , radio and te1evision , 
far聽潑玄s are instructed on the co11ectio訟 preparation storag緣， and 
app11cation of di牌阻ed 1arv帥 The hornworm v1rus 19 being used 
effective1y by farmers in several areas of Brazi1 (Schmidt. 1會串串) • 

DISCUSSIO誼

In spite of the 1ar草e comp1ex of natura1 enemies prev10us1y descr1bed an桂
the1r apparent success 1n causing hornwor種祖orta1ity. hornworm outbreaks 
cont1nue to occur periodica11y 1n ca戀戀ava plantat10ns throughout the 
neotropics. In certa1n area筒. these outbreaks occur a1阻ost annua11y. In 
other areas cyclic outbreaks 器ay occur every 3 , 4 or 5 years. Light 
trapping data (Bel1otti et. 發1. 1983) shows that these outbreaks are 
chsracterized by an “invss宜。n" of 祖igrating sdults resulting in 
considerable ovipos1tion. Several hundred e草gs per p1ant have been 
obse宮、led. The natura1 e級@臨y popu1ation present 1n the f1e1d i學 not
adequate to contro1 larval popu1ations. resu1ting in severe defoliations 
and y1e1d losses. 

A probable explanation for th1a pheno觀enon 1s based on the 聽igratory
behav10r of the adults. Migration is a possib1e 是efense against the large 
complex of 閥tural ene盟主制闊的ci紙“ with !.呈且!?. Walln虹(1987)挑at甜
that 衍the equilibrium populat1on size an是 dyna阻ic behavior of 聽any
phytophagous i當lsects 1s 1argely determ1ned by their predators an垂 ho的t
food" and "natural ene綠ies are key factors 1n keeping 回any phytopghagous 
in穆ects rare". Mlgrating ]:.e110 adults oviposit in c.as穆ava fields where 
natural enemy populations 玄re 10w and perhaps 1n equil1b室主um with the low 
nat1ve hornwor盟 popu1at10ns. Because the1r rate of reproduct1on is 
1imited. predators and parasites usual1y cannot co血pensate quickly enough 
to suppress drsmatic pest irruption of certain 田igratory 1epidoptera 
(Wa主1ne室， 1987). 

After one or possib1y two generat主ons of hornworm feedin皂. populations of 
natural enemies increase and food 飢lpp1y decreases due to severe host p1ant 
defoliation. 囂. e110 adults are forced to migrate to other cassava fields 
or forests to se占四r鞠ore favorable habitat. J馳zen (Per恥 C棚.) supports 
this possibility and has indicate謹 that in Costa Rican rainforestE草堂he

first generation of sphingi譜S (as wel主籠絡。ther moths). pro是uces an 
enormous pulse of carnivores (parasites and pre桂ators) that wou主是祖ake it 

、

、

.. 

、

、
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Th1s factor 
poss1b1y two 

a1鶴。st suicida1 to atte租pt another generat主on.

exp工ain why there se1do攝 occurs more than one , or 
hornwor盟 out尪reaks 主n the same cassava f1e1挂.
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It has a1so been observed thst hornworm outbreaks occur more frequent1y in 
a主ess of intens1f1e挂 cassavs production. Th1s has occurred in souhern 
Braz圭1 ， the m主dd1e a1titu是e h1ghland (1 000 to 1息。o m.a.s. l,) snd the 
At1antic Coast of C010mb1a. i位 Tabasco snd Veracru囂 States of Mexlco and in 
severa1 areas of Cuba. The increased food supply combined wlth 10w 
carnlvore populat1ons make hornwor盟 outbresks a more frequent occurrsnce. 
Light trapplng data in Col冊bia as well as other reglons (Jsnz酬. 19串7)

show thst E﹒￡垃旦 outbresks usual勻的血ence st the onset of the rslny 
sesson. In subtropicsl sreas such ss southern Brszi1 and Cuba , outbreaks 
are t1med to the onset of wsrm weather and rains. The food supply at this 
t圭亞e ， espec1ally the youn惡 tender csssava growth that hornwo言，當 lsrvse 
prefe世， i毯。pt1ma1 as the rs1ns stimulate cons1是erab1e new 惡rowth.
Uudoubted1y , cli血st1c con是ltlons a1so play an importaut role in hornwor臨
migratlon and popu1at1on dynamics. Janzen has observed similar behsvior 
with 主，時L三 populations in Costa Rican rainfore建ts.

4 

A co融bination of fsctors inc1ud圭ng food supp1y , nstursl ene觀ies and 
envirQnmenta1 con垂itions probably inf1uence the migration of 旱， 且主丘
adu1ts. This movement makes control of 且.結社 1n c甜甜va s宮roecosystems
especislly difficu工t. The application of pesticides is often unecomical 
and 阻ay destroy the natura1 enemy complex (Ur1as and Bellotti, 1987) 
re忽必1t1ng in more frequent sttscks. 
The rearin草 of parasites and predators is costly and the ti回1n草 of releases 
difficu1t due to the migratory snd cyclic habits of the adu1ts. The use of 
light traps in cassavs fie1ds s110w pre挂ict10n of hornwor盟 outbresks and 
consequent1y more ti祖e1y app11cstions of pesticides or reles發es of natursl 
ene觀ies. However , cultures of parasites snd predators would hsve to be 
continua11y ma1ntaine垂， at s h1gh cost. to have available when outbreaks 
occur • 
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The hornwor甜 virus offers s natural enemy that can be manipulsted , 
聽aintsined and managed at s relat1vely low cost. The virus csn be essily 
stored in refrigerated form unti1 required for app11cat10n. The nee是 to
msintain a perpetual culture of parssites or predstors is svo主運ied. The 
spplication of the virus w1th a back‘ .pack sprayer 1s essily schi師吋 an垂
the farmer or technic1sn can n.sintain the culture by collectin車 infeflted
larvae from the fie1d for storage. This avoi益s the use of expensj.ve 
pesticldes or the maint師師ce of carnh'o J:e ∞10n1es. Thc 萃，就拉 virus

CO酷hil1 cd with timely detection of hornwm:m outbreak發 offers an effective 
and economica l. control of this pest. 

4 
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OUTBRE直KS OF GASSAVA DlSEASES 血ND LOSSES INDUCED 
J. CA鼓LOS LOZANO 

Ga8sava , Manihot e8CU工enta Crantz (Euphorbiaceae) , i8 a 8主archy-root crop that 主8 amon草 the 囂。st 1盟portant tropical foods. World 
product主on is e8ti路ate挂 to be 120 mi11主on tons annually. Because the 
root8 are 65% water , annual product1on 主g 再2 睡111ion ton8 of 是ry matter, 
。r the calorie equivalent to 40艙50 盟i11ion tons of 草rain. About 喜0% of 
the ca8sava produced is for human co益8umption and const1tutes the 
principal carbohydrate source for more than 500 million people 1n many 
developing countries. 1n countries of tropical Africa , for example. 
cassava provides an average of 230 calories/person/day; in Zaire. the 
average daily intake is over 1,000 calories/day. The remain1ng 20% of 
produ叫on is used for sn山lfeetand hdustrialpuzposes(COCK, 1985). 

Cassava i6 窮rown between 30~ north and south latitude under very 
broad climatic and edaphic con是主t10ns. The plant 1s Co甜pletely
do血e6ticated an益的IOWS a high degree of local a社aptation. Gassava i8 a 
perennial plant snd i8 訟ult1p11ed by cuttin囂8 fro揖 the woody ste盟.宮he

large , swol1e袋， true roots , reseu密工1n車 sweet potatoes，說ay 忌e harveste挂
seven 誼onths after plantin車主n war誼 areas; however where te器perature8
are 10習. harve發 t 臨ay be delaye是 for 18 盟。nth8 or 10nger. The worl是
average yield i8 9 t/ha. but y1elds of only 4-7 t/ha are co盟盼n in 觀any
areas. Under favorable. semi- co盟nercial conditions , yields of 晶。 t/ha
can be obtained (Cock. 1985). 

Msny cultivation systems have been developed , including 祖ixed­
croppin暉， that generally mainta1n stable , although low yields. Recent 
economic difficult1es 1n most developing countries. have stimulated 
policy makers to reevaluate the potential of native crops as substitutes 
for foreign food imports (Hortonet ~l. 1984). Partly as a result of 
this , eassava cultivation has been expan是ing rap主是ly. with concurrent 
increases 1n internat10nal exchan草e of plant主ng 盟aterial over the past 
20 years. 單ew areas wlth large 觀。nocrop cassava plantations are bei綠草
establ1she謹. and w1th this ehange, patho1o草1cal and ento誼。10島主csl
proble祖s are flourishing an是 causing heavy losses in msny countries. 
lmportance of di移eases on cassava 

Ca移sava has been considered a 發pecie怒 tolerant to a這verse e是aphic
and cl1臨atic conditions as well as to the attack of patho惡ens and pests. 
This i9 correct when comparing production stabillty of native cassava 
c 



2 

by a complex of patho嘉軒lS reduce桂 yields by approximately 50% in large 
plantations of Minas Gerais , Brasil as a result of the introduct主on of 
cuttin囂s from infe發ted plantations locateζI several hun是red miles away. 
Yields of cassava plantatio個s a10ng the Amazon River have decreased more 
than 30% due to a root rot in是uced by Phytophthora drechsleri. 紋。re
than 70% of the plantations 1n the states orthe--Ä且az謊言京立主Z亨ara are 
affected. The pr1ce of fresh cassava roots and far1nha (a p宮。cessed
cassava f10ur used aa food in Brasi1) have 1ncreased 5 to 10 f01是 dur1ng
l會88.

Sev怒ra1 year怠。f research in location話 w1th diverse eco10g1ca1 
condit1ons have de愣了lOnstrated that cassaya d1seases are not universal. 
F是thogen 是istribution and incidence are lim1ted by spccif圭c c1imatic 
and/or edaphic factors that rcstrtct them to cc010gica1 zones (Tab1e 1) 
(Lozano 拉拉斗. 198品). Susceptib1e c10nes 翻y not 8urvive i.n areas of 
high 垂isease pressure; however the perfor龍ance and yie1在 of the sa盟a

c10nes 盟ay be very good i11 other 10cations (w i. th different 
edaphoc1imatic characteristics) 的ere these d主seases nre not present 
{空犯b1e 2) (Lozano , et a1. , 1978). Disease co位stitutes an 圭亞portant
factor that detendnc!' the stabi11ty of a c10ne 圭n a given re島生on
(Lozano et a1 , 1 雪惡毒) • 
Yic1丘 105發es due to diseases 0f cassava 

Disea5es of cassava cnn be arrnngcd in fou安惡roups basc苦。n their 
cffect on fresh rαot yield or root det必rioratio袋，

1. Win挂起10wn patho草ens. These a皂ents are win是
disseminated , and establish most readily during rainy periods. 
Leaf b11喜悅 且早結訟法且一再紹給三)， brown leaf spot 
〈 Cercospori挂 ium --\-1高百茲豆豆心， 間perelongation (E1sinoe 
br臼iliensis) 甜挂部高rτ高空 spot 主體空盤耶anihotis) 立reτhe
most 蜘ri仰的eases of cassava 首詩言gingτ'õ"tliis group. 
Losses have been eva1uated by co盟paring yiel是 (tons of fresh 
roo.s and/or starch/ha) of untreated controls with fu租車ic主垂e
treated plots of c10nes with various degrees of resistance to 
these disea懇懇s (Teri , et a1" 1977; Zei車1er ，墅里車1 川 1984) 
(CI泣. 1974). Yie1d ïõ豆豆es induced by these d1Sëãses are 
most工y due to the effect of defo1iatiol1 an益， 1n the case of 
supere10ngation and pho閥 1eaf spot. by dieback (Zeig1er，拉
a1川 1984; CIAT , 197的; losses ran草e from 18.8 恰恰%， or fro揖
訂亨 to 12 ,5% 10憫。f 終arch content (Tab1e 3). 

2. Ste聽 b'orne patho皂ens. Patho草ens of this group 
syste聽ica11y infect stems. decreasing the 發anitary qua1ity of 
plantin惡鳳aterial. Dissemination to othe 
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is related to the number of infected mother plants at the time 
of cutting preparation. Mechanical transmission of some 
viruses and bacteria may increase if contaminated tools are 
not disinfested. 
Losses induced by this 車roup of diseases can be 1arge (Table 
3) , particularly 主f a h主草h percentage of severe1y affected 
cuttings are plante是 during a period of favorable climatic 
conditions for diseases. This resu1ts in epiphytotics. such 
as those reported for CBB in Africa and several re草ion8 of the 
蟲惡ericss (Lozano , 1986). 
Soil-borr時 pathogens. The continuous p1anting of 
cassava or other crop species increa忍es the inocu1u聽 potentia豆

。f soil-borne pathogens follow1ng intro是uctio盟 v1s 1nfected 
plaI室主in皂盟ater圭a1 ， plant 益e語言革恕， 聾發ch主nery ， water , etc. They 
皂enera11y affect p1ant穆 by 1n謹ucin章 發給護這en wi1ting. Dama喜e

can be much 盟ore evident at harvest1綠草 when roots appear 
rotted.τhe de草ree of root infection depends on the soi1 
infestat10n at planting wh1ch i戀囂eneral主y several times 
higher than the incidence of root rot i誼 the prece是ing

harvest. Soi1 infestation increa終發感聶臨rin惡 soi1 preparation, 
due to 1盟echanical di訟tribution of 1nfected p1ant debris 
(especially by tractors) before planting. If non目lignified
cuttings 1ess than 10 cm 1u 1ength are p1aute忌. a high 
percentage of plants wi11 d1e before harvest or root rot 
severity i好 higher. Losses are general1y evaluated by 
comparing amended plots whαre soil-borne pathogens are 
contro l1ed through crop rotation , drainage. p1ant1ng on 
ridges. etc. ，~1th unamended controls. Losses can reach 100% 
1n 50me affected reg10ns (Table 3) , caus1ng a considerable 
increase in the pr1ce of freah cassava or byproducts. 
Post harvest root rot. The usually great 
d1fference in the price of fresh cassava roots between 
producers and retailers 19 due to the h1gh sU9ceptibility of 
roots to both 祖icrobia1 and physio1o車ical deterioration after 
harvest (習heat1ey ， et a1.). If roots are injured at 
harv甜ting ， 觀icr∞r辜汪18祖?九elonging to various genera of 
fungi and bacteria penetrate and invade root tiS5ues inducing 
rots s few hours after establish點ent. Affected roots are not 
e垂ible; losses due to this are frequently high an是 generally
represent 噓。re tban 10草 of 81主 cassava roots produced around 
the world. 
Due to tbe hi華h percenta墓e of starcb in cssssva roots (around 
70%) 輯any fun草a1 and bacteria1 spec1es. 

3. 

也

. , 
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yie1d 1088 due to cassava bacterial blight 
Losses induced by CBB vary throughout the world a1though they 祖ay

be very high. Losses can reach 30% when cuttinga taken from an infected 
plantation are p1anted in a c1ean plot (Lozano , 1986). If environmenta1 
conditiona are favorab1e and no contro1 閉隙，asures adopted. 108ses can 
reach 80% within three successive cropping cyc1es by using planting 
material fro甜 the previous crop (CIAT , 1975; Lozano and Sequeira , 1974). 
Generally , losses due to CBB , for auacepttb1e clones , are correlated 
with the nu聽ber of infected cuttinga (Tab1e 4) ，堂he sprout主ng of bu是e
from CBB-infecte是 cuttings ia 1ow. Shoota that do e瞌睡rge are foci of 
infec主主on ， increasing the incidence and 終everity of 垂ise瞳se. Rain 
sp1ash and hi囂h relative hum主是主ty favor bacterial establishment and 
invasion. Fresh root yie1d and number of 臨arketable roots decreas傘， but 
starch an是社ry 阻atter contents of roots are not affected (Oti盟繡Nap毯，
1985). 的叫糊ak pathogens such as C011etotrichum spp. and 盟盟聽且成息
cucurbitarum invade CBB-infected tissues , disease severity i8 higher due 
to the synergetic effect of the pathogens (Lozano. 1986). ln an area 
where cassava anthracnose was pre結ent ， losse紛 exceeded 90% during the 
fir8t cyc1e (Lozano , unpublished). 

The evaluation of root y1eld losses due to CBB have been calculate社
based on plot發 planted with cu幸 tings from affected plants or w1th 
CBB-free cutti草草、 artificially dip-inocu工ated with a bacterial 
suspens10曉(l X 10v cful亞1). For the calculat主on of 10sses due to CB草，
anthracno蹄， and the1r synergetic effect , a 位rain of 堅堅些堅哩哇 puti句

話Jt;;JTEEn告手里翠玉本主鵲乞丐wfEdZ叮叮;二
applicatio位s of esch was used to -ob í:.a :l.ti a satisfactory control of each 
patho草en.
Genera1 conc1usions 

There are severa1 diseases of ca悠悠ava able to induce severe 10sses 
in areas where c1imatic and edaphic conditions favor spread. The 
severity of most diseases of cassava on susceptib1e c10nes 19 re1ated to 
the sanitary quality of the p1antin車 mater1a1 used for planting and the 
cu!tura主 practices applied to reduce the inoculum potential of cassava 
patho草en路 durin車 its 10n藍藍rowln島 cycles. Post harvest 10sses in 
cassava are so important that they have a profo唱n垂 iJllpact on consu血er
preference. 
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Table 1. Damage induced by cassava diseases identified a器d evaluated in 

four ecosystems ( edapho-cli間tic zones. ecz; see Lozano et a1.. 

1984 , for more complete de移cription) in Colombia 毛luring 1會?會

throu鑫h 1982. 

ECZ number an垂 descript主on

主 II IV V 

Low ra1nfall Acid so11 

lowlan是 savanas , 說id-altitude Highland 

D1seases trop1cs h1gh rainfall tropics trop1cs 

Frog skin a ++ 
Cassava con血on 詣。saic ++ +-1• ++ 
Bacter1a1 b1ight ++ +++ 

Bacterial stem rot 令司令

Cassava ash + ++ ++ 
Bro研室 leaf spot ++ ++ ++ 
Brown leaf b11ght ++ +令

留hite leaf spot ++ 4令 今... 

Concentric ring-leaf spot +++ 

Anthracnose + +++ + +++ 

Superelongation ÷ +++ 司令

Choanephora leaf b11ght ++ 令φ

Root rots + 4卡 +++ + 
Diplod1a stem and root rot +++ ++ 

a+++個Severe da祖age (y1eld紹 were reduced at sign1ficant levels dur1ng the 

years of evaluat1on); ++= Moderate dama露@ (yields were reduced at 

signif1cant levels dur1ng one or two ye綠rs of evaluat10n); +也Light damage 

(yields were not reduced); 

unpublished) • 

間宿. Not observed (CIA世， 1981; Lozano, 

各
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Table 2. Fresh root yiel是 (t/ha) of different clones with different 

reactions to negative production factors (NP宮發}

existing in PopayáI豆. Dari~n and CIAT ecosystem紹﹒

一
Clone Popayán Dari磊賀電 CI蟲T

CMC 會2 22.3a 26.6 8.2 

絞。rada 16.5 18.3 

M Col 80 13.7 15.3 

M Col 235 14.5 11.5 

M Col 230 11.3 10.3 

M Col 307 岳 .5 6.7 

CMC 3會 8.6 8.8 13.0 

M Col 22 0.3 0.0 39.4 

技 Mex 59 0.9 2.4 33.1 

Q學C 40 3.在 5.3 42.2 

CMC S有 1.0 4.0 40.3 

CMC 76 0.5 1.4 36.0 

M Col 113 5.0 2.5 26.8 

CMC 9 0.5 0.1 31.7 

M Mex 23 1.0 1.0 34.3 

a Data taken during 1974-1雪75 by the A皂rono祖y and Pathology 

sections of the Cassava production program at C1AT (Lozano , 
Byrne and Bellotti, 1980). 
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Tab1e 3. Y1e1d 10asea 1nduce哇 by CBssaVB 是1sesseB on Buscept1ble c1。但ea
planted 1n locat1ons where edapho-c11盟at1c cond1t10ns favored 
d1sease 1ncidence. 

D1sease 鑫roup accord1ng 
to pathogen dissem1nat10n . 

Y1eld reduction (%) 

Fresh 
roots 

Starch 
content Reference 

H釘Id b10wn pathogens: 
Leaf bl1草ht
Bro耐n 1eaf apot 
Phoma leaf spot 
Superelongation 

Ste盟 borne pathogens: 
CBB 

Cassava bacterial ste祖
rot 
Co翩。n mosaic v1rus 
The frog sk1n 
The caribbean mosa1c 
v1rus 
African mosa1c v1rus 
D1p10是1a and 終te觀 root
rot 
Fuear1um ste誼 and root 
rot 

s011 born patoghogens: 

Fusar1um root rot 
Phytophthora root rot 
Rosell釘118 root rot 
S臨llpox d1eease 

Post-harvest root rots 

26. 會

l串 .8

92. 。
在0.0

雪 .5

12.5 
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CIA宜， 1986 

Lozano , unp毯bl1shed

69.9 
吾會 .9

晶 1.0

62.3 

100.00 

Lozano , 1會88
Lozano , 1988 
c工A堂， 1973 
Caeta宜。 et a1. , 1975 

Wheatley et a1 , 1 型車4
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Table 4. Y1eld reduct10n due to the use of cassava 

bacter1al bl1ght (CBB)-1nfected cutt1n草 s for 

planting a susceptible clone 1n a CBB-favorable 

locat1on. 

% of CBB耐1nfected

cuttings planted 

Y1eld 

(t/ha) 

Y1eld reduct10n 

(草)

G 

25 

50 

75 

100 

28. 會 a

20.4 

15.8 

17. 會

8. 1 

29.4 

45.3 

3 惡. 1 

72.0 

a Avera皂 e data taken from six replicates of 30 plants/plot 

one year af 主 er plantin鑫﹒
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Figur體 2. Procedure for production of cassava hornworn Baculovirus. 
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TABLE 2. The effect of cassava hornworm virus on 孟晶控泣5巴拉扯 populations in 

El patía (Cauca , Colombi晶) • 

1st Evaluation1 (0 hours 2, 
No. hea工thy 龜 healthy

工NSTAR
larvae 

工 136 

II 217 

工工工 46 

IV 

150 plants per plot eva工uated

2After application 

larvae 

34.00 

54.25 

11.50 

0.25 

2nd Evaluation (48 hour品)

No. live 聾

larvae Morta工ity

1 33.75 

8 5 哇 .25

G 11.50 

G 0.25 

‘ 




