
F 

氏拭A心心~心丸l付你?卜叫、
F丈:AS鉛SAVA PROGRAM 

--恥心恥再叫? 句 d吋-' ~:"'- ν 

Oecember 1989 

多Zl9

?-r ~For In~er~al Ci!cula_ti~n 
and Discussion Only 

也酷~U
~entro Internacional de Agricultuta Tropical 

\ 

/ 
/犧

--廿一 h心 4 耐心肌叫一璁那時r



E自55晶V晶 PR06R曲"

INTRO IlUCTIO輯

Since its initiation tMe cr 自 T Cassava Program has maintained a 

dyna回 ìc and productiv~ research and outr~ach pro♀ ram with numerous 

achieve教ent 麓， which incl 認誰會話 ni 需ue a 垂 vance這 in crop physiclogy , crop 

..anage教會nt and natural r懇懇Ources cons~rvati 早洞， biological control cf 

several pest 憊， plant resistance to diseases and insects , the development 

of numerous hybrìds based on CIAT ger~plasm released by natìonal 

progr 盞.s in Latin Amerìca and 益密 ìa 是nd technol 會Y 普 ev彎 lopment in cassava 

uti lì zatì 0鈍， 事 roce嘻嘻ìng ar心 root 司ualìty an亞 conservation. 

With the stationing of a physiologist/breeder at lIT 品， Nigeria ， as 

益 CI 自 T lìaison scientìst , tMe CIAT Cassava program nQW has research 

sci 零ntists 測。rkin章 on al1 three continents , L聶，品fric 遍， and 晶sia 蚓、 er 弩

E 這ssava i s an 僑portaηt cr op. τhe Cl 自 T Cassava Pro告 ralll lS CO僻的 tted to 

developing germplasm for selected ecosystems of 自 frica ， particularly 

the semi arid areas of that continent 轉nere th役 cassava crop ha答

considerabl 登 pot 發挺tia J. To acc 忍據plísh thìs 雪 oal we hav零星evelop i'這 a 

Uftl 每位密 model lor collaboration Hith EMBR晶PA in Br .uil , in cooperation 

with IIT晶 As part of this arrangement the Programa Nacional d 贈

Pesquisa de Mandioca (PNPM) (CNPMF/EMBR典PA) will be responsible (in 

collaboration 切 ith CI 晶 T scientistsl for developin事 semì-arìd and sub 

tropìc 益 1 a亞 apt 霞 d ca5sava ger~plas第 The P揖PM/C揖PMF research pro告 ra路

線 ill be 5ten電 then變d Hìth additional resources to undertake this 

challenge. 

&. 



The IITA/CIAT collaborative research project for the biological 

control of the cassava green mite (CGMI in 自 frica made considerable 

progress during 1989. Shipments of phytoseiid mite predators were made 

to Benin , via 自 msterda俑，口n a monthly basis. Establishment of at least 

one introduced predator mite species in cassava fields in 8enin appears 

to have been achieved and enhances the possible future success of this 

project. In addition several new mealybug predators have also been 

introduced into Africa fro備 CIAT.

The CIAT Cassava Program's role in the development and 

strengthening of nati 口 nal cassava research programs in 自 sia progressed 

considerably during 1989. 自 one month interdisciplinary course on 

cassava research for Asian scientists was held at CIAT/Palmira. Twenty 

seven scientists from 9 自 sian countries including lndia , Thailand , the 

Philippines , Laos , Vietnam , Indonesia , China , Sri Lanka , and 

Malaysia participated in this cassava production and utilization course. 

Collaboration with national research and extensi 口 n services in 

Latin 自 merica intensified during the year , especially in Brazil , 

Paraguay , Panama , Ecuador and Colombia. ln Paraguay , Panama and the 

Atlantic Coast of Colombia , researchers and extensionists combined to 

formulate recommendations for improved production of cassava. These 

technical recommendations were based on research results obtained from 

on-farm research trials. The Paraguayan Extension Service (SEAI 

produced a co個prehensive technical bulletin with recommendations to 



l.prove c 益ssava production. 

聶哥 ter considerable plannin♀ and ne雪ocíation怠 a ca 益 5ava dryín雪

project for C學ara ， Brazil (The Kell 白色唾 Projectl , was initiat發d i n 間 ay

i 守§亨 Fifteen dryíng plants have already been co需pl l! ted ..íth 態勢veral

more under constructio詞，自pproximately 200 tonnes of 垂ried ca宣sava

already pro謹uced have been primarily utilized ín rations for the dairy 

co.. industry. τh管 cassava drying in 區垃stry in Colombia has expan這態謹 to 

an a科院ual production at bet..e金 1、 12 and 15 thou5and tonnes of dried 

CU5ava. 1n Panama four cassava drying plants are pr 登sently 1n 

operatíon. 

Ouríng lq99 numerous trainìng courses anò ..orkshops for Latin 

h銀 erica ..ere held. Themes included: Production and utiliz 龜 ti on 

hchnolo章y of ca包裝 ava starch (held in 8razil)j 側彎時ting on cassava 

projects with National 喪esearch and Extension Policy-Makers fr 。你

Northeast Brazil; lnte~rated pest control for ca55ava in latin America; 

lntegrated projects for caS5ava devel 口pment in latin 聶merica; and 

聽eeting5 00 ca5sav 是 germplas總.

The 這ucce5S 0+ the integrated productio椅， utilization a台是翰arketin 雪

projects on the 輯orth Coast of Colombia have create這 a 9r ea t 發T 垂e彌 and

for cassava. This has lead to a demand 手 or ne總 and 他proved technolo型y

to increase yields as well as the 可uality 01 caS5av. roots. During 1 守自守

IC轟 held two variety pre-re!ease 5e微 1 n ar s t 包 present to groups 01 

scientist5 three new varieties for the North Coast an昔 three for th怨

Eastern plains (llanosì. These varietíes are of CI 揖 T or i ♀ en selected 



aver sever.l years in calll寄電 tlve CI 自τ I! C措 trials. Th俊 e.pandin章 cassava 

總arket 00 the North Coast deman 睡 5 dual purpo章發 v.rieties , to be utilize草

in the cassava drying plants for animal fee甚 5 but also for th腎 fresh

發arket consu鑄ption . This 龜 one of th變贊ost de穗 a!芳草 ing markets in the 

world for cassava root 需uality. CIAT breeders have , with con雪iderable

effort , been able to combine the益 e rigid 需U益 lity characteristics with 

higher yield an 這 pest and 益 isease resistance. The selectio位 process

ioγolves on-far僑 trials ..ith c 口nsiderable far 翁 er participation and has 

resulte替毛病 3 selecte普 cl 口nes for 發 ach ecosyste鐵嘴 i th aver 遜色 e yields 00 

the 揖orth Coa這 t of 22 t I h為這怨誰 io the Eastern plains of 24 t/ha. 

Additional ca悠 5ava program hi 事 hlights durin會 19B9 includ發d:

1. ßiochemical characterization by i 益 ozy 的 e analy益 i 話 has 00" b 會斬、

achieve昌 for nearly 2000 cassava accessions. 

2. 自酪ar ker 雪 en bank for cassava conta1niπ9 kno撼。告穆netíc marker 這 In 

alternate states of hetero and ho翁ogocity has been establi5hed. 

3. Photosynthetic rate 巷 51 章 nificantly correlated 據 ith dry root yield 

and selection for hi 書 h leaf photosynthesis is likely to lea亞 to

hi 雪 h 發 r yield. 

4. Ca5sava cl 昏 neS to!erant to 1 。“ -P 5011. have been i 這 entified

indicating that yíelò can be increased throu雪 h ♀enotype s按:建 ction.

S. C.s5ava y1e1 草草 show每誼 通 positiv會 respons誓 精hen 9ro..n in 



associati 凹的th th i! f 岳 r age 1 e會閥科主主主主主主立( 1 扮7. 1 ， Kudzu (12在主 1 , 
Zornia (115%1 and Centrosema (107%1. 

b. Cassava yields better 被hen int 想 rcropped with i 議prove話 maize

varietiεs possi 益 ly 當U發 to the fact that less li 雪 ht is intercepted 

by improv魯西 maize varieti 發s than tra亞 it í oan益 1 v ar í et i 跨 s.

7. lt has berm 于 ound that tha tolerance of cassava to flooding is dU i! 

to a quick 干 ormation of a secon甚 ary root system 00 th i! U吾 per

/ 

unfloo重登垂 bas i! of the st 委總.

8. Resi 喝tance to root rot pathogens Ehvtoohther a 且rec且主且er i an d E.. n. 

var n i c立主ia立主呈 have b 想 en found in cas駕 ava 嘻餒rmp1asm.

守. τhe c 串通 t protein for CaSsava com鏈。路給osaic virus (cc 錄 v) 這約 d X virus 

(csxv) have been characterized. 

10. Using race specific electrophoretic patterns , six races 01 the 

轉hite手 ly 1星星星主主主主主主主主u) hav發 b 登 en 重 entified in Colo鈴bi a , a蕊總ell

as five 悠 P 發 cies attacki 夠當 cassav 益 z

11. Two new species 01 cassava mealybug parasite have been uncovered in 

Ven會 zuela d \l rin♀ exploration for natural en登終 i 發龜，

12. 1 倍portant strain differences 0+ cassava green 偏 i te phytos會 iid

predators for shipment to Africa have been identified. 



13. Several new specles of phytoseii 亞 mite predators nave be態們

j dent í 手 i 含量 and researcned fcr release in A手 rican c 益 S5ava fíelds. 

:是 Root HCN con t智nt of both cook 每星 and boiled caSSav 益 root pieces 

correlates siqnifícantly 例 ith bìtter ta5te in CaSSava. 

15. Tne quantítative enzy倫 atic metnod was found to be more accurate 

tnan the pîcrîc acid 緣 etho吾 for 罷easurin雪 HCN cont 發病 t in c 是 ssava

root霆，
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Kazuo K惡wano

Gener器寸 Ing technology bγ worklng 寸ogether wlth natlonal programs has 

been the major actlvity of the CIAT Ca草草ava Aslan Reglonal Progra亞﹒ In 

pursul • of this goal. a good unders寸 and 1 ng of 會 he role of cassava In Aslan 

agrlcultural economies. the 約8寸 ional program sltuatlon. and Implementlng 

mechanlsm for be寸ter cooperatlon 15 a prere有ulslte.

CBssava research.need In As l.an Aμ拉111 如ral econ口ml的

It Is a gross over-slmpl Ificatlon 寸。聶ssume 寸hat the Ilml 寸 1 ng factor 

In cassava produc• lon/ut 111 za寸 lon in Asla Is on the supply r告ther than the 

demand slde. It Is rare to fina the sltuatlon In whlch supply Is 

uncondltionally the Ilml 寸 1ng f 晶C寸。r; i n most cases de昂and and supply 

Interact wlth the agr1cultural pol icy. processlng scheme. marketlng 

sltuation and 寸he 昌vallablllty of other crops. How the cassav器 crop

produc十 1 v 1 十y comes i r汁。寸his 11nkage is ln itself an lnterestlng research 

concern. 

Even In currently low儡 Income countrles such as Chln晶. V le寸na間. Myanmar 

(Burma) and Laos. only a mlnor 品moun寸 of cassava pr凶uctlon Is COnsumed as 

f resh human food. I nd 1 a 15 the on 1 y As 1 an country where 寸he grea寸er part 

of ca5sava productlon 90es for fresh human con5umptlo約; ye啥. the 

consu酷ptlon per c詰pltê Is decreaslng. 甜alnly due to the lmproved 

avallabllf i'γof rlce. In Indonesl 昌，寸he Phlllpplnes 串nd V letna詞，書

slgnlflcant amount of productlon 15 freshly consumed; yet cassava as fresh 

food 1 s cons r dered ma I n 1 y as a subs r stence food when r I ce 15 10 shor寸

supp 1 y. I n 昌 I1 these countrles. the research offlclals by and large deny 

the need of cassava productlon rese晶rch for fresh human consumption. Thl5 

部ay be justlfled because 1) most cassava for th1s purpose 15 grown 10 

backyard也 type p 1 ot皂. where 寸he yleld per hec寸are Is seldom a serloU5 

concern. 2) 寸 he cultural practlces cause comparatlvely 5mall dangers of 
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envlronmental deterloratlon, 3) the cultlvars may be low喲 y I e I d I ng bu十

usual Iy excel lent in eatlng qual Ity, 目的d 4) the proc6ssIng does not requlre 

fur寸her reflne賄您們十 After all , 十he sys寸em j 5 a century峙。 1 d perfec寸 lon on 

Its own. It 1 草草 IfflcυIt to Improve the components of thls system 切 Ithout

touchln♀ the w寸10le fra昂ework and there does not appear to 每 e much need for 

lt either. 

Throughou寸寸rop Ica 1 As I a, cassava 15 processed I n寸。 f lour or starch, 
which 10 turn Is utll Ized In the produc寸 lon of num6rous food produc寸5 wl 寸h

varyíng Gegrees of sop~ls寸 Icatlon. A large number of small far的

co鼎鼎已 nltles 告re Involved In the productlon and proces5lng. Many dlfferent 

productlon and processln草草chemes exl5寸， whlch glve endless comblnatlons of 

no令 only productlon wlth 怯 tlllzétlon bu寸 al50 of 5upply wlth de罰單nd. A 

further an晶 Iysis of 十he produc十 ion and utlllzatlon sltuatlon Is 

much開 needed. The baslc unders↑晶 nd I ng I s tha寸 any Improved crop productlon 

寸echnology wl I 1 have 寸。 be well In寸egrated wlth 十 he development of 

processlng and marke寸 Ing.

C品ssava productlon, bo十h by 5晶磊 11 f昌f輯er串串nd by p I antat lons for 

lar嘉軒'sc串 le starch productlon for elther national Industry or exportt Is of 

gr自at Impor• ance In 開any Aslan countries. WI 寸h the develop昂en十 of industry 

i n curren十 Iy underdeveloped countrles , such as Vletnam or Myanmar,• he 

Importance of cassava produc寸 lon for s↑晶rch Is expected to Increase. 

Demand 晶 nd supply sharply Interac寸 wlth 寸he prlces of raw and end produc寸s

as well as w i 寸h 十he capacl 寸Y of processlng. 

A 1 昌 rge amount of cas串串va ， although the exact quantlty 15 not knownt 

goes for anlmal feed , bo• h fresh and drled, wlthln the country. A more 

detalied decrlptlon of the present s寸a寸us and the analysls of fu寸ure

po寸。ntlal merlt 5erlous research attentlon. 

An enorrr時 us quantity of cassava In Thalland, and an Increaslngly 

signlflc這ηt proportlon In Indonesl 串串nd Ch 1 na, 15 exported 串串串nl 訊告 1 fee亞

i n the form of 這 ried chlps or pellet5. Countrles such as Vietna鞘草n苦寸he
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1 s ca5Sélva of maJorlty τhe 。pportunltγ.5ame the seek 1 ng are Phlllpplnes 

寸。small . by undertaken Is proce5sIng wh I1 e farmers , $昂a 11 by produced 

but factor Ilmltlng the predo由 Inantly

Ilmltln♀ 

15 Deman亞factorles. 肥ed 1 um-s lze 

。f學H Illons factor. the often Is supply locally and temporar 1 1 y 

sources obtaln hardly can otherwlse who com昂unltles ，farm small In people 

才hlsfrom beneflt5 precloU5 but 相odestrecelvlng are Inco間傘，cash ot 

scheme. 

Improve普for demand the sche閉e雪，produc寸 lond 1 fferen寸十 heThroughout 

(hlgher cons I derab 1 e Is etc. ) conten寸，starch h Igher and yleld cultlvars 

for or expor寸for grown Is crop the where strong partlcularlγ Is It and 

be w 111 practlces cultural Improved processlng. starch large鵬 5cal e 

cash to farm 1 ng subslstence from crop . moves the as πeeded Increaslngly 

The genetlc 

product competltlvene5s 

both efflclency, produc寸 lonhlgher for technology cropplng. 

hJgher to lead ru 外，long ln the w 11 1. C泣 Itural.and 

use land better 寸。due pollcy agrJcultural nu i 
aJterηatlves bet寸erand 

品?needed ac起telyIs technology conservatlon 5011 on Re5earch eft 1 c 1 ency. 

whJch wllJ technology processlng new tor Deman岳ot productlon. levels all 

countrles ln strong partlcularly Is products cas$晶vafor marke寸snew open 

旱。clo-economlcChlna. and Phlllpplnes the Vie寸na酌，Indonesl 晶，as 5uch 

large-sc矗 leand small 需ln cassava ot po寸。n寸 laland role 寸heon studles 

the 單 lvewlll context5t macro-economlc and micro-nH i 
schemes, productlon 

for b 器5edata sound more a producers 書 naresearchers makers. 

plannlng. 

pollcy 

.IlWι且品A心m取似品位紛1.l.i:w.

natlonal In Asla con十rfbutes to Progra間τhe CIATcassava Asf 晶 n Reglona 

collectfon consulatlon旱，vlsl 寸Stof for如寸 he10 progra酷草rese昌rchcass晶va

deslgn and ln tralnfng on輸 the-spot這昌寸益，cul • ural and of pertlnent varlet器;

of se寸寸 l11g寸 heIn but鵬not-Ieas寸，last and exper 1 ment 5, of executlon 

and and conduct varletal germplasm materlals We otfer rese揖rch prloritles. 

晶 IsoWe rese昌rchers.program national wi 才h寸。getherexperimen寸scul 寸ural

and 

口tlllze

wrltlng 

寸。

the 

programs 

In help 

natlonal 

and symposla 

en器ble寸G

workshop , 
articles 

tralnln♀-courses ， 

sc len寸 Iflcof publ icatlon 

。rganlze
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aval lable technology more efflclently. 

CIAT corltrlbutes a small amount of f Inanclal suppor• (maxlmum 

$2000/project) 十o conduct cooperat 1 ve research 1 n each coun寸 ry through 

reglonal col 1 aboratIve re5earch contracts. This sm晶 11 mcne寸 ary sυppor寸 15

to e釘 hance the efflclency of exls十 ing research programS and Is ex寸remely

υseful I in order 寸。 p晶y for rese昌rch expenses such as smal I tOOI5, 
fer寸 Illzer皂， trave 1 eXpenSe5, contract I abor etc. Care 15 taken not to 

create dependency, where nothlng coul 亞 be con寸 lnued at the dlscontlnuatlon 

of contract fun社 log ﹒ A research adv 1 sory co問問 1 ttee 15 to be formed to 

def I ne the pr 1 or 1 t i es for the type of research to be done 寸 hrough these 

research contracts. Our I nvol vement through these research contracts 15 

expected 寸。 be very slgnlflcan十 I n I ndones 1 a, Ch 1 na, V 1 etnar莉， and the 

Phlllpplnes. 

Our presence 1 n Th器 I1 and 喜民這 the excellent collabora寸 lon an這

fac 111寸 les offere搭起y 寸he Fleld Crops Research Ins寸 Itute offers a reglonal 

center of germp 1 昌S謂 develop然eot and exchange, an這紹昌kes It posslble to be 

哥 irectly lnvolved ln 恥。re 1 n寸en51ve a♀rono扣 Ic research to tes寸 new Ideas or 

to stu 丘y 醋。re baslc prloclples. 

k糾叫心

Tralnlng has been an extremely Important component of our acl 十 Ivltles

i n forml ng research capab 11 Ity on the na寸 lonal program 51 de, and on Ollr 

slde, learnlng 昌bout research needs and the sl 寸ua寸 lon of natlonal progr昌昂s.

Tr器 inlng h昌s been done In 寸hree for賄草， I.e. , 11 Short course, 21 ln紛革ervlce

speclallze惡 schorlarshlp, 昌拉拉 31 Degree tralnln岳﹒ Thls year we co甜P 1 eted 

the 3rd Cassava Research Short Course for Aslan cass昌va researchs 

successfu 1 1 y , a寸 CIAT hea是有uarters In Colombl 置， wlth partlclpatlon of 27 

cassava researchers fr口問 9 countrles. 

Generel objectlves of the Course were: 

1). To enhance the pertlclpan寸s' unders寸 anding of cessava as a crop and i 寸s
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socÎo-economlc potentlal on a worl 討回 Ide basl5. 

2). To expose the p器rt i c 1 pants to broad I n format 100 and research 

opportunltles regardlng cassava. 

3). F or • he partlclpants to learn baslc research know-how In thelr areas of 

research speclal Izatlon. 

再). For 寸he par寸 1 c 1 pants 寸。 learn the operatlon of a multldlsclpl Inary crop 

research program 10 昌 large research organlzatlon. 

5). For the partlclpants to galn experlence wlth other cultures and 

socio-econo酷 Ic sl 十uatlons through Interna• lonal and Colomblan trlps and 

1 nterac寸 lons wlth partlclpants from other countrles. 

6) , For al 1 of us 令。 develop a research network In Asla , 

Advar汁age of tralnlng Asian natlonal program researchers are: 

1). Deallη9 wlth research personnel Involve母 10 an extre臨終 Iy Important part 

of the nat 1 ona 1 economy (Tha 11 and) or potent 1 a 11 y 50 (1 ndOne5 I 昌， Ch 1 r珊，

Vletna制) • 

2). Most c早已只寸r ieS h 器ve we 11 曲。 stab 1 15hed research 1 n5寸 ltutlon單， In whlch 

cassava re5e晶rch occupIes a slgnlfIcance proportlonal to the lmport單位ce of 

the crop In the natlonal econo賠y.

3). Most Asian cassava rese晶rchers contInue 寸o do cassava research wlthln 

the same research Instlt泣 tIon for thelr entire career. 

4). General Iy serlous attl • ude towards the traIolng course. 

The po寸en寸 Ial effects are: 

1). Enh串nced sk 11 1 of research personne 1 1 n aηa I ready well-es• ab 11 shed 

research program wlth posslble 吾 lrec↑ results (Thallao垂) • 

2). Further consolldatlon of research program 祖nd slgnlflcant 1 間provement

10 re品earch capab I 1 1 寸 y wI 寸h posslble dlrect resuIts (Indoηes 1 a, Ch I 0詣，

V I etnaml • 

3). Broader knowledge 10 cassav昌 research wh lch can be υ十 11 1 zed when the 

rese串rch atomosphere is improved (In這 i 昌 PhIllppInesl or new cassava 

utll !zatlon 15 developed (給alaysl 昌， Srl Lanka) , 

再). Utl 1 Izatlon of tralolng ↑ot晶 IIy dependent on the contln泣 Ity of outslde 

funding. (Laos) 
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K. Kawano 

S 1 nce the s↑a寸us of nat lona 1 caSS3va breed 1 og progra的s 1 n As 1 a 1 s 

highly heterogeneous, It may be useful 寸。社eflne flve phases of our 

cooperetlon In order 寸o un垂erstaηd the present 5 ltuat lon and assess the 

fu寸ure potent 1 a 1 (τeble 1). 

CIAT has been hlghly Instrument是當 ln Phase 1, "Identlflcatlon of 

research needs 昌nd es寸ab 1 Ishment of research program" and many present 

cassava research programs ln Aslà were es寸abllshed Insplred by our effor寸.

V 1 etnam (North) , 終yanmar (8泣「賄品). and L 器。s. are at thls phase now and we 

have est在b 11 she是 f1r隔 contacts wlth 寸 hem.

CIAT has strong expertlse 10 Phase 1I "Research capab111ty bull 是 I ng" 

of na寸 1 ona 1 research programs. Our tra 1 n 1 ng effort of nat 1 ona I progra桶

personnel and 寸he contrlbutlon of genetlc ma十erl 晶 Is have been partlcularly 

strong co昂ponents of our cooperatlon. We have been 醋。st successful In thls 

phase, and Tha 11 and. 快晶 laysl 爸. 1 ndones 1 皂. the Ph 1 1 1 pp 1 nes and the South 

Chln昌 Academy ot Trop 1 ca 1 Crops 1 n H串 1 nan. Ch 1 na now have en 祖de有社晶十e

research cap 晶bi Ilty. We are al50 worklng hand In hand wlth the cassava 

varletal 研prove和en寸 progra研5 of Sou寸h V 1 etna冊 Guangx 1 and Gυangdong. 

provlnces of Chlna 令o upgra益。 the!r research capaclty.τhe great majorlty 

of breed I ng me寸er!õl hanaled by these program5 are e1ther C!AT crosses or 

cro草草es between CIAT c!ones 車nd local cultlvar5. 

Cons 1 der! ng the s 1 gn! f 1 cant se 1 ect I on ga 1 n we have demonstra寸啊 ln 

CIAT幢Pal 部 lra 晶nd Car i magua dur 1 ng the 1970草 t we expected that 

"Iden寸 lflcatlon of superior ♀enotypes" (Phase 1 11) tor As 1 a was not 

partlcular!y dltflcult. In every part of Asl 毯， where cassava func寸 lon革 as

a cash crop. farmers h丑ve selected cu1tlvõrs we! I-adapted 寸。 local

enviroηmen寸昌 1 an挂 mark et i ng reqυIremen十s. Improvlng beyond 寸hese cul 寸 1vars
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has not been as easy as orlglnally assu和ed. Nonethe 1 e55, after severa 1 

years of I earn 1 ng and hard work , we are 5e I ect 1 ng super lor genotype5 I n 

品any par寸5 of Asla. 

We 留 111 continue worklng hand-In-hand wlth natlonal program breeders 

to 5e 1 ect super j or genotypes tha• wlll be 寸 he re晶 1 breakthrough 寸o the 

ylelólng abll ity of currently avai lable cul 十 Ivar皂 WI 寸 h Rayong hybr 1 ds 

playlng an increaslngly 51gnlflcao寸 role ， we are confldent of 寸 he

effec寸 I vene55 of our genet 1 c mater 1 i!d 5. Our cooperat 1 ve breed 1 og work 10 

Rayon岳， Thalland, has an addltlon晶 func寸 lon of provldln♀ breedlng 

昂昌今erlals to other Aslan countrles. At least In the nex寸 severa 1 years, 
Phase 1 I 1 wlll be the major area of concern 寸o the CIAT cassava breeder In 

A51a. 

The streng十h of na寸 lonal progra品s In Phase IV "Varletal release and 

ex寸enslon" Is hlghly varlable. CIAτcannot hel p them 1 n th 15 phase as 

effectlvely 器5 In the prevlous ph昌ses. Howevert our work in Phase 11 and 

111 wl 11 cer寸alnly help natlonal progr晶ms 9昌 In strength In thls phase. 

Phase V, "Soclo-economlc galn by new cultlvar叭 t should be 寸he

ultlmate goal of our cooperatlve work. Only a small part of our 

cooperat 1 on as yet has reache亞 th 1 5 ph為5e. Even 1 f we are successfu 1 i n 

phases 1. 11. 111 , and IV ，寸h I ngs 寸ake 發'Very long tl 問8 寸。 move 1 約 cassava.

Cassava is tradJtlonal Iy a Jow-prlorlty crop , plante岳 by s院a 1 1 tarmers and 

the crop 品ul 寸 Ipllcatlon ra十e Is 1/10 寸。 1/100 of that of gr串 In crops. A 

aemanc-這omlnated sltuatlon Is rare ‘ Thus, the c 1 e晶r case of Phase V 

achlevement has been 11 悶 Ite道即alnly to large-sc昌 I e ca5sav在 produc寸 lon

sch告知es such as ln $ou寸hern $um串tra. Now that new hlgh-yleldlng or 

hlgh-5寸arch cυ| 寸 I vars , ad惡p寸ed to seml-arld lowlands , have been released , 

export-orlented 5晶晶 II-t 晶rmer prod起ction sche認es ， such as In Thall 直仿忌， w 111 

soon take advan寸ag皂 V晶rlet告 adoptlon does not occur 屯ulckly In 

small-f 晶rmer productlon for small-scale prosesslng schemes; ye寸， our 

con寸 rlbution 寸o thls scheme should be the most lmportant objectlve In the 

long run. Thls type of produc寸 lon takes place 扣。stly as a part of 
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JntensJve a♀ rlcultυral systems.τhu 皂. the 有uest for efflclent land-use Is 

conslderable. As long as c昌ssava Is a cash crop. hlgher-yleldlng cultlvars 

w 11 1 be soυgh十 after . Selectlon and promotlon of scale哨位台υtral

hlgh-y1eld1ng cult1vars fu1f111109 a1 I • he major requ 1 rements of sma 1 I 

farmers contlnues to be 寸he 晶rea of hlghes寸 prlor1 寸γ.

加且且弘綜述里叫科且

We had the opportunl 寸Y to compare cassava breedlng materials from CIAT 

headqu 晶rters w lth 寸 hos串 from R車yong on an equal basls ln slng1e-row. 

prel i 甜 Inary and advanced trlals cooducted In Rayong. Thalland and 10 

Sumatra, Indonesla durlng the past 寸 hree years. A十 Rayon虫， Rayong hybrlds. 

臨昌 1 n 1 y crosses b e十ween Rayong 1 or Rayong 1 hybr 1 ds and 1 oca 11 y s81 制cted

CIAT hybrlds or clones. were supEwlor to CIAT hybrlds ln vlr十uaily all the 

lmpor寸ant tral 寸s ， Includlng germlnatlon, fresh y1eld. root dry m晶tter

conten寸器nd plant type. Th15 Is understandabJe and suggests th申 lmportance

of local selec寸 lon of not only cult1vars bu寸昌 150 of cross pare彷于5.

The overwhelmlng superlorlty of R器yong hybrlds was not 有ulte the c昌se

1 n Surr啥tra selec寸 1005 ， where CIAT hybrlds 智ere sl Ightly be寸寸er than Rayong 

hybrlds In fresh yleld whlle they were sllgh十 ly lower In root dry matt母f

con寸ent. Rayong hγbrlds were slgnlflcantly bet寸er ln plan寸 type.

τhere 1 s now enough ev 1 豆eηce to 1 n這 Icate th昌t the Rayong breed 1 ng 

晶晶terlals are a5 good a 50υrce of genetlc selectlon for wet lowland troplcs 

as CIAT ma寸erlal 串 and may 皆ell be superlor ma• er 1 a 15 for 寸he sem! 幽怨r1d

lowlands. 

Convlnce這 by these resul 十 5 ， we 5hlpped a total of 1 尋， 500 hybrld seeds, 
produce是 by our coopera• 1ve breedlng projec寸 a十 Rayong Fleld Crop Research 

Cen寸er ， to nlne na寸 10081 cassava breed Ing programs ln slx coun寸r i es 1 n 

As1 藹，

summarv, of oresent technlcal s寸車主逼真

1. Selectlons from our early hybrid5 from CIAT head有 uarters (cro品 ses
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made fro昂 1973 寸。 1979) dl 母 not offer superlor clones 1m間edlately

reco昂紋。 ndable ln Asla. 

2. Selectíons from la• er hybr 1 廿 5 from better-def i ned cross parents 

晶ppear to offer superlor clones in the we寸 iowlan這 troplcs such as 

Inctonesl 昌， Malaysla and the Phll lpplnes. 

3. CIAT hybrld5 haγe no寸 50 far glven really superlor selectlons for 

seml-arld lowland troplcs such as τha 11 and. Hybr 1 ds b'etween loc晶 I c lones 

and locally selected CIAT clone5 appear to glve good 5elec寸 lon oppor寸unl 寸y

under 寸 h I 5 C J I ma寸 1c condltlon. 

4. Rayong hybrlds thus made between Thal clones and locally selected 

CIAτclones by the Thal/CIAT coopera寸 1 ve program appear to be effec才 IV9 ，

both In the we寸 and seml-arld lowland troplcs. 

5. What sel ec• lon possibillty CIAT and Rayong hybrids offer • o the 

sub-troplcs, such as Chlna an這鈍。γ↑h Vletna阱， 15 yet to be carefully 

assessed. 

6. Harvest Index 15 the most lmportant selectlon 十ral 寸 The key 寸。

success 1 s how not to lose the v i gorous grow i ng hab I t of I oCa i 1 Y a這串戶 ted

cultlγ晶rs when we try to Improve harvest lndex. 

1 n the pas• ten ye昌rs ， we have spent most of our energy defendlng the 

5日cl 拉倫economlc relevance of our research dlrectlon. Th1s Is correct 

because wlthout this, .any research wll I be a dead en還 under↑ak In宮， whatever 

晶 technlcal 扣arvel It 晶晶y produce. yet, 1 寸 15 also true tha寸 wl 寸 hout sound 

technologlcal advance, the whole scheme wll 1 not reach anywhere even If 寸he

rese器rch dlrectlon ls soclo-economlcal1y jus寸 Iflab1e. The 5酷a 1 I cassava 

varle• ai Improvement sectlon of the CIAτCass晶va Aslan Reglon晶 I Progra昂 Is

goln9 to devote lts prlme portlon of actlvlty to the technlcal slde of 寸 he

matter; that i 5 to say , demonstrat 1 ng what breed 1 ng can do to 寸 h 1 5 crop 

cassava. 

h摺泣真真口f successfullli品抖訟

工均以且正 The local c泣 Itlvar Rayong 1 Is, 
successfu 1 cassava cu 1• Ivar. It 15 not 

for any standar丘， the world most 

only wel1 聶哥 apted 寸。 寸he local 
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cu 1 tural coη這 i 十 lons but a 150 of h 1 gh Y 1 e 1 d I ng capac 1 ty. 十 has no寸 been

easy to select clones whlch could outyleld R昌yong 1 1 n the e晶rly years of 

our coopera十 ive breedlng work 1 約 Rayong. Nevertheless, gr晶dual progress 

has been made and new cultivar皂， Rayong 3 and Rayong 60 , wer位 rele晶sed out 

of 寸hls work. The result of advanced yleld trl 晶 15 thls year reflects the 

progress we 器re mak 1 ng 1 n recent years (Tab 1 e 2).τhe best clones gave 

more than 25% h 1 gher dry y 1 e 1 d than Rayong 1 I n th告 average over three 

loca↑ lons. 糾any hlgh yleldlng clones showe寸 hlgher roo寸 dry 鞘atter content 

than Rayong 1. Comblnatlon of high ylel 益 Ing abl I Ity wlth hlgher root drγ 

ma寸ter conten寸， good P 1 ant type and accep十ab 1 e germ 1 n at 1 ng ab 1 1 1 十γunder

erratlc r 局 lnfall scheme 15 寸he curren寸 寸街rge寸 for recommeadable neW 

cultlvars. 

lrU:J.♀主~ The cassava varletal Improvement program of Brawljaya 

Unlverslty , Mal 昌 ng ， East Jav司， has new grown 寸o a fu I1 制scale ， co肥prehenslve

progra的 capab 1 e of conduct 1 ng ne昌rly all steps of varle寸al evalua十 lon ，

Includlng 鼎ultl-Ioc晶tlonal on-farm trl 品 1 s. In vlew of the fact that no 

C器ssava breeding actlvl 寸y exls寸e這 as I 昌te as Jn 1984, thls 15 a slgnlfJcant 

progress. The good leadershlp and actlve lnvolvement of local personnel , 
Includlng the former 器nd present Deans of the Faculty of Agriculture, the 

tralning of key research personnel at CIAT，寸he es寸abllshmen寸 of thelr own 

fiel 是 re5earch 5寸a寸 10仇 I cons寸an寸 supply of breedlng materlals from CIAT , 

CIAτIThalland and the other CIAτIIndone51a çooper告tlve program In Southern 

Sumatra WJFl , the CIAT breeder's constan寸 pre5ence at every I mportaηf 

f 1 e 1 d operat 1 on espec 1 a 11 y, 1 n ear 1 y years, and f 1 nanc 1 a 1 suppor寸 by IDRC 

and CIAT ln expan益 Ing varle寸墨 i 寸 rl 串 15 to farmers' flelds have been 寸 he

factors for 寸his successful es寸ab I 1 shmen寸.

CIAT con寸rlbu寸 lon of breedlng materlals started wl 寸h the lntroductlon 

of 3000 CIAT hybrld seeds from 60 cr05ces ln 1985, followed by the 

Introd臼ctlon of 60 clones from our UJF selectlon. From 1987, hybrld seed草

from CIAτIThal1 晶na have been ð 1 so 1 ntroduced. A 1I 寸 hese mater 1 ð 1 5 have 

been evalua寸ed Jn a serles of selection trlals. τhe mos寸 adv昌 nced

品a寸erlals were evaluated In flve 閑υItl-Ioca寸 lonal on-far隔 tr 1 a 15 I n East 
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JaV8 寸 hls year and the followln自 results were obtalne廿:

1). The best cultlvar selec十ed fro時 locally avallable germplas冊，

F aroka, showed a h 1 gh I Y corv I nc 1 11♀ yleld perfor晶晶 nce ， outyleldlng 

prevalllng local cul 寸 Ivars In many locations. 

2). Ad I r昌 4 ， a newly recommended cultlvar for Indu5寸rlal use, selec寸。d
malnly based on results In UJF , gave ylelds equal 寸。 or better than Faroka 

In many locatlons. 

3). Locally selected CIAτclones I.e. , CM33息。幽 10 UJ/BU, CM3962帥2UJI皂U
and CM3虫97-8UJ/8U ， gave y lelds superlor to those of Faroka and Adlra 4 

across locatlons. 

Our three way cooperatlon among 恕。gor Research I nst 1 tute for F ood 

Crops of 寸he Cen寸ral Rese晶rch Insti 扒Jte of Food Crops under the Agency for 

A♀rlcul 寸ural Research and Develop冊en寸 p • T • Uma5 J aya F arr鈍， and C I AT 

starteo w 1 th the co昂prehens i ve eva I 位 ation 昌t UJF 1 n 1982 of hybr 1 d c 10ηes 

ioca 11 Y pr。這 uceò dur i ng the 1960s and 1 ♀70s and the 1 n 寸 roduc十 lon of 4600 

CiAT hybrl 進 5ee這 s from 80 crosses In 1983. The c∞per晶t Ive program has 

grown into a hlghly operatlonal varle• al selectlon and multlpllc昌tlon

scheme, out of which Adlra 4 was selected from the local Iy produced hybrid 

pop口 latlon. Adlra 4 was multiplle番， named and re I e昌sed ln 1986. Adlra 4 

proved to be a hlghly 恥Jccessfu I 1 ndustr I a I cu I 寸 Ivars and !s now plante岳 !n

mor,e 十 haη 10, 000 h a ma J n 1 y 1 n I 昌rge pl an寸詔tlons In Sou寸hern Suma• ra. We 

are now trylng to spread Adlra 再↑o be planted bγsmall f 翁r鼎e:rs In Suma寸r 翁，

Java and other outer Islands. 

From the t Irst CIAT seed JntroductJon，寸wo clones, I.e. , CM4049-2 UJ 

and C絲是031 輛 1 OUJ , hav申 been selec寸ed ， whlch have been glvlng ylel 社 s far 

superlor to the local control , Kretek an垂 equal to or superlor to Adlra 4. 

8esides, CM4049-2UJ has shown good drough寸寸。 lerance and good adap寸 atlon • O 

the drler condl 寸 lons of Eas寸 Java. One lI ablllty of 寸hese clones 15 their 

51 I ght 1 Y ye I low co I or of root f I e5h (parenchy甜晶)， wh 1 ch may cause some 

additionai dlfflcul 寸y In starch processlng. Selection from 寸he populatlon 

of more recent ln寸 rod話ctlons see閑5 to be produclng the comblnatlon of hlgh 

γleldln♀ ablllty wlth acceptable root color and good plant type <Table 4). 
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It Is notewor寸hy ↑hat many of the lates寸 prom!slng selectlons come fro前 the

crosses wl 寸h Brasl 1 lan clones. 

學品JJì羊.sJJì. Our cooperatlon wlth r'lalaysla Agrlcultural 只esearch an話

。evelopment Instl 寸ute (~1ARDI) 5↑ er寸 ed w I th 寸he 寸ralnlng at CIAT of key 

research personnel an岳 the subsequent 1 n寸ro謹 uct lon of breed 1 ng mater 1 a 15 

durlng the second half of the 1970s. The co昂para十 Ively 悶。des寸 1 1 n 

proportlon to the relatively low Importance of cassav昌 presently In thls 

country , cassava program of ~lARDI has been hlghly functlonal , thanks to 

compe寸en寸 S寸aft and Compara十 Ively adequate support from MARDI. From one of 

寸he earller CIAT 5ee社 lntroduc寸 lons ， C假冒87-7 was selected and released in 

1 ♀ 88. 對h 11 e there 1 s no doubt abou • the 5uperlor yleldln♀ capaclty of 

CM982-7 over the successful local In吾 ustrlal cultlvar , Black Twlgg or C5, 
CM982-7 Is less 1 即press Ive ! n vegeta• 1 ve growth ar亨通 much lower ! n root 

s寸 arch content than these cultlvars. 

τhe f I fth hybr 1 d seed I n寸roductlon In 1982, whlch 間al n 1 y c晶晶e from 

crossess between well selec• ed hybr I d cross p品rent5 such as CM8再9-1 or 

CM1362-6 , has shown great prom I se J n the pre 1 1 鼎 lnary and advanced ylel 吾

trlals. In one harvest of a reglonal trlal for selected clones from 寸 hls

In寸roductlon conducted 0彷 pea寸 5011 thls year , the be5t ylelder CM39位6-31 ，

of goo還 P 1 an寸 type and 0\0亞 era寸e 1 Y h 1 9 h root 5寸arch conten寸， ylelded 14.3 

十Iha In roo寸 dry 甜at兮兮r 10 slx months , ou 于yleldlng the Jocal check by 100% 

fτable 5).τhe re5U I 寸 S of 寸 he 5ame tr1al p1ante這 1 n other 1 ocat Jon5 at 

olfferent 寸 ime were not as s寸r 1 k 1 ng; yet, they showed a s 1m 1 1 ar prom 1 5 1 ng 

re5ults.τhese are encouraglng enough to 5uggest the posslbl 1 1ties of: 

1) • Se 1 ect 1 n♀ new clones wlth far superlor yleldlng 昌b 1 I1 才y than 

successful local Industrlal cultlvar言，

2). Comblning hlgh yleldlng aol I 1 寸Y wlth good plan寸寸ype and hlgh root 

s十arch con寸er汁，

3). HIgh absolute produc寸 lon In terms of calorlel晶rea/t Ime on 

problematlc 5011s. 



Table 1. Flve phases of CIAT cooperatlon wlth Aslan natlonal research 
Instl • utlons In cassava varletõl Improvemen寸.

一一一一一 一Natlonal program Area 

一
Identlflcatlon of research need and 
es寸ab 1 Ishment of research program 

N. Vietnam 
Laos 
Myanmar (Burma) 

一
11. Research capabl 1 1 十ybulldlng Chlna 

a. Tralnlng of research personnel S. Vletnam 
b. Germplasm collectlon , In十roduction Srl Lanka 

and evaluation 
c. Creatlon of new genotypes 
d. Varletal selec• lon scheme 

一
1 1 1. 1 den十 Iflcatlon of superlor geno寸ypes Indonesla 

Malaysla 
Phillpplnes 

一 一一一
IV. Varle十al release and extenslon Thalland 

( Indla) 辦

V. Soclo-economlc galn by new cultivars 

一一一

一

一一一
Sumatra 
MI ndanao 
Guangdong 

Eas十ern Tha 11 alld 
<Tamll Nadu) 

著 Progress In lndla 15 presen寸 Iy nearlγIndependen十。f our dlrect coopera• lon. 



Table 2. Result of advanced yield trials inτhal!and (Conducted at Rayong , 8anmai Samrong and Khon Kaen 
ln 1988/89) 

前，

。 ry Roo寸 Yield (寸Ih器) Root Ory Matter Conter汁(%)
Clone Parents 

Rayong Banmai Khon Kaen X Rayong Banmai Khon Kaen X 
fM. a.... -

CMR 25-10雪也 112 27-71糟 10 x Rayong 3 13.9 15.7 9.2 12.9 38.8 41. 5 35.2 3早會學

C核反 28ω05-13 67-77盼7 x 21-1 12.6 12.0 10.3 11.6 39.1 40.6 36.1 3在 .6
CMR 27倫27-3 Vl x Rayong 1 12.0 13.8 8.8 11 .5 35.9 再告.再 32.5 36.3 
CMR 28ω76-29 M Col 22 x Rayong 1 12.1 14.2 且. 1 11 .5 33.8 35.5 31.8 33.7 
CMR 28-67-7吾 Kaset x 21ω1 12.3 12.8 息 .5 11.2 37.7 39.3 34.9 37.3 
C終只 25-33都 105 Rayong 3 x Rayong 1 12.2 11.6 事 .2 11.0 38. 雪 40.0 33.6 37. 是

CM 4054都40 CM 1015-3再 x CM 849-1 9.7 15.2 7.3 10.7 35.7 40. 再 3再 .0 36.7 
CMR 28咖 15知4 21-1 x 27-77耐 10 10.1 12.3 9.5 10.6 39.1 41 .0 37.6 3告 .2

014R 27-2日-1 再會 CMR 24“ 06-1 12.6 11.8 6.3 10.2 37.9 36.9 3 1. 1 35.3 
CG 1354間的 CI-I 922明2 x 斜拉，1al 2 10.8 9.6 9.岳 10.0 38.3 37. 再 33.7 36.5 

Rayong 1 10.0 11 • 1 9.2 10. 1 34.7 37.8 32.6 35.0 
只aγong 60 M Col 168再 x Rayong 1 11 .再 13.5 7.7 10.9 37.1 38.7 32.0 35.9 

看 4'." 



Table 3. Resul • of on-farm trials in East Java, Indonesia (Conduc寸ed 晶t five location早
!n 1988/89) 

也

Dry 絞。ot Yield (t/ha) 
Clone Parents 

Madura Tarokan Kandat Kal ipare Jo寸 ikerto X 
A祖圖

C~l 3997-8 UJ/的U CM 681 幽2 x CM 849也 1 9.7 11. 4 1 再 .8 13.0 12.2 

CM 3962個2UJ/BU M Co I 22 x cr~ 8 是9-1 11.7 11.8 11.5 13. 再 12.1 

CM 3380什 OUJ/BU CM 586旬 1 x cr是 523-7 8.1 11.0 12.7 1 再 .8 11. 7 

A亞 ira 再 7.6 11 .5 12.5 11. 3 12. 1 11.0 

Faroka 7.0 9.5 12.6 11.9 11 .9 10. 已

Local 4.9 10.1 10.4 7.2 8.2 
叫



1 ndones 1 a. Lempung. at U甜8S Jaya Farm. edvanced yleld trial Result of 
198818♀. 

了able 4. 

Plt Root 
typeτr. 

ι似品ζ

Total 
plt.wt. 
U均以

Fresh 
yleld 
泣Lh泣

Dry 
ylel 性

心心.al

V
E
M
n
v
a零
凶
n
u
n
划
"
“
n
n
v•• 

凶
的
M
n

4553355545 

i un 

.56 

.64 

.60 

.61 

.63 

.58 

.68 

.58 

.51 

.46 

RDMC 
必i

3雪 .0

3再 .5

37.7 
3岳 .6

35.3 
36.8 
35.9 
37.3 
37.0 
33.0 

7 1.7 
70.0 
67.1 
67.0 
63.5 
67.0 
56.3 
62.0 
71. 5 
69.8 

再O. 再

再4.6

40.1 
40.8 
40.3 
38.6 
38.5 
36.1 
36.3 
32.2 

15.8 
15.4 
15.1 
1 辱 .9

14.2 
1 再 .2

13.6 
13.5 
13.4 
10.6 

Parents 

C~\ 922輛2 x CM 507-37 
終 Bra 35 
始 Bra 5 
事I Bra 5 
C終 681 幽2

位 Bra 5 
斜 Bra 35 
CI~ 1013-1 ♀ x CI-~ 8是章-1

Clone 

C終再D31-10UJ

草紙 566-15UJ 
S該 564-5UJ

SM 56再儡9UJ
SM 554糊3υJ
5M 56是-15UJ
SM 5己巷-8UJ
CM 40再9-2UJ
Adlra 4 
Kre寸國< (locaJ controt) 

w 3 .5位30.4 60.5 3再. 1 10.4 CM 2087-101 5終 582輛2UJ

RDMC: R∞寸 dry 甜atter content 
H 1: Harves寸 lndex
Plt type: Plant ↑γpe. 1. poor ... 5. exce I I en寸
Root fresh color: Y. yellow; W. whlte 



TabJe 5. ResuJ 寸。f advancec yJeJd trlal for early harvest {6 mon • hs at 
Pontlen Pea • Sol J St益tlon. Malaysla, 19日8/89.

Dry r位。? Fresh roo十 Roo寸挂ry Harves十 Total plant Plant 
Clone Parents yleld ylel 垂 mat寸er I [, dex 辦t. (寸Iha) ?γpe 

(t/ha) {寸Iha) con寸ent(器) . 

CM 3906-31 CM13己2-5 x C~1 586-1 14.3 41.8 3再 .2 .益? 62.3 5 

C向 33皂0-10 C~司 58忌“ 1 x CM 523-7 11 .6 32.5 36.3 .63 52.2 4 

CM 3299-26 CM 849-1 x 14 Co! 22 11 .尋 30.8 36.9 .6日 51. 3 5 

CM 3906柵 13 GM 1362-已 x C'再 586翩 1 11 .0 31. 1 35.4 .56 56.3 是

GM 3898自己 CM 1320-1 x CM 586-1 11. 0 3 1. 9 34.5 .53 60.4 3 

CM 3855-37 CM 127車輛3 x CM 523-7 10.2 28.7 35.7 .58 50.5 3 

CM 3371 翱22 CM 517-1 x CM 72串備2 9.5 26.7 35.4 學 55 51.5 5 

C然 3707-31 C院 1090-59 x M Col 22 9. 再 27.2 34.4 .53 53.0 4 

C終 3388-15 CM 己21-1 己7 x M Col 22 皂 .9 25.6 34.7 .53 48.7 2 

己約 2527鵬7 CM 1297-9 x M Yen 77 8.1 23.7 3再 .2 .44 56.4 5 

CM 2975-21 CM 1252-12 x CM 523珊7 8.1 2再 .4 33.4 .45 54.3 2 

CM 告82-7 CM 321 翩 170 x M Col 1684 7.3 23.2 31. 6 .63 36.9 3 

CM 3303輛21 CM 1124個 1 x CI~ 849-1 7.2 2 1.雪 32.8 .54 41. 5 3 

C 5 (Iocal con寺roll 6.7 20. 。 33.5 .35 57.1 事
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Annual Repor十- Cassava Agrono悅于 in Asla, 198雪

R. Howeler 

終串ny col laboratlve agrono昂γ 寸rlals Inltì 器ted In 1988 were harves寸ed In 

1989. Deta 11 ed repor十s of these trlals 1'1 111 be presented by the 

researchers of natlonal ins寸 itutions durlng the nex令 Reglonal 蟬orkshop

planned for October 1990. In the 1 事88 CIAT Annual Report for the Ca5sava 

Program 寸he gener昌 1 condl 十 1005 of cassava cultivatlon were descrlbed for 

each cou ntry as we 1 1 as the reason for conduc寸 ing speclflc 寸rial5 ln 

speciflc countries. Therefore，今hls report 1'1 111 descrlbe brlefly only the 

扣。st 5al lent results of 十hese trlôls: 

I!l..!l以A叫

In collaboratlon wlth researcners from Kasetsart Unlversl 寸y and the 

Depar寸men寸 of Agrlculture of τhailand ， Several eroslon control trlals were 

es寸abllshe吾 I n 寸hree locatloη5 durlng 寸 he p昌5寸寸1'10 years. o i fferen寸
treatmen十s of cυItural practices were establ Ished in plo十5 of 15 品 long anc 

10 m wide on a slope of 5刪 10草 BeJ 01'1 each p 1 ot 翁 plastlc covered channel 

was installe益 to collect the eroded sedlments. These sed Iments were 

weighed at rr油n寸hly Intervals and s器研ples were taken for 卓e寸erm 1 nat ion of 

細oisture content and for chemlcal anôlyses. Table 1 shows 十ηe resu 1 寸 5 of 

十he f i rs寸 year 十r!a 1 i n 寸he Kasetsar寸 Un i vers 1 ty Research S寸a寸 lon I n Sr 1 

R晶cha. Highest yìelds were obtõlned In 寸reatmen十5 of contour rldging and 

of subsolllng. These 寸reôtments also prod日ce位↑he lowest levels of 

erosion. The no-tll lage treatment produced very good yield草， but 

surprlslngly , also very severe erosion. This was due 寸。 the removal of al 1 

crop resldues and weeds. which lef寸寸he 寸。psoJ 1 co昂ple寸el y expose唔寸。 the

Impact of raln drops. 悅。reover ， η 寸he õbsence of a rough 5011 surfacB 

creat曹亞 by 1 是 ηd prepara十 Îon ， 十he • opsoll sealed wlth the flrst heavy ralns, 
resulting in excessive amoun十s of run帥。 ff and erosion. Lack of fer寸 i I izer 

appl ica寸 lon ， the common practlce among τhai cassava farmers , resulted In 

severe eroslon bec惡use of i nadecuate canopy c losurel 1 t a 1 so r翁su 1 ted 1 n 

the 10切es寸 ylelds.
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F Igure 1 shows the effec寸 0+ some 5e 1 ected treatments on eros lon 

durJng 寸he second year. 501 1 losses b y eros J on were ♀ reat 1 Y reduced 

compare苦 w 1 th the prev lous year. Eros lon occured ma 1 n 1γdurlng the flrs寸

寸wo 罷。 nths of establ Jshmen令發5 well as durlng • he heavy ralns of Sept-Oc寸­

Lack of fert i 1 1 zer app 1 1 cat lon aga J n resu 1 寸。 d 1 n the h 1 ghest 1 eve 1 of 

eros lon an唔 low ylelds. Unllke In the prevlous year , 00-十 i Ilage markedly 

reduced run圈。 f f and eros i on, resu ì t i ng f ro甜 a bet十er 即發但是喜emen↑ In whlch 

crop resldues and weeds were let十 a5 品問ulch on 十he 5011 surface. 

Subso I11 ng and contour r i dg 1 ng were aga 1 n very effect 1γe i n contro 1 1 1 ng 

eroslon, but for some reason , SUb5011lng oaused 寸hls year a 51gnlflcan寸

reduc寸 ion In yleid. In a nearby farmer's fleld a 51mllar trlal produce這

aga I n th發 hlghest eroslon and lowe5t yJeld In plots wlth如此 fert 111 zat lon, 
whlle high ylelds and low levels of eroslon were observed wl • h co兮兮our

r 1 dg 1 ng and w I • h no-tlllage. 

In • he Research St是tlon a↑ Plu晶k D晶eng ln Rayong Provlnce (Table 2) 

low levels of eroslon 昌nd relatlvely hlgh ylelds were obt器 Ined wlth contour 

rldgln草 t and w i 寸 h closer plant spacíng at O. 惡xO.8 m. In寸ercropp 1 ng was 

effectlve ln reduclng eroslo口， bυt It also reduced cassava ylelds. Peanut 

wa5 the mos十 pro鼎 Islng lnTercrop. Lack of fer寸 i 1 Izatlon agaln resul 寸。d ln 

hlghest 5011 losses and a very low ylel 亞.

Two tr i a 1 5 on 研ethod of plan寸 i n9 were conduc寸ed ln Rayong Center, one 

at the beg i nn i ng of the wet season and one at 寸he beg i nn 1 ng of the dry 

season of 1987. Flgure 2 shows 十 hat ridglng lncreaseé ylelds 51 ightly ln 

both season5, b υt was more effectlve 1n 寸he wet season. Stake pos 1 寸 1011

durlng plantiηg ， l.e. vertlcal , lncllned or horlzontal , had no slgnlflcant 

effec寸的 y iel 0 I n 的e wet 時a50n p 1 仙tlng，已utωrlng 寸he dry season 

vertlcal or lncllned ~osltlons were slgnlflc詣nt 1 Y be寸寸er 寸 h an hor I zonta 1 

plantlng. Stake length or plar汁 lng 還ep十h had no 5ignlficant effec十 on

yleld. Durlng the second year (19881郎， da寸 a not 5hown) , the vertlcal or 

Incllned plantlng posltlons were slgnlf Jc an• Iy be寸寸er th晶n the hor 1 zonta I 

positlo口， ln both the wet and dry season plantlngs. Durlη9 the wet season 
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5hallow (5 cm deep) pl 告仿ting of hor izontal st昌kes wa5 better than deep 

plan↑ in這 (10 or 15 cm deep) , b 泊令 for 寸he dry 5eason plantl 約草 it wa5 ex晶ctly

the oppos I 寸e. Durlng the dry sea50n. plan寸 Ing on 寸he flat was 

slgnff Icantly better than on the ridge, sfnce the 5011 fn the rld♀e tended 

to dry ou寸 faster. Thu 草， for the rather Ilgh寸寸ex寸ured 50115 of Rayong the 

vertlc晶 or Incllned plan十 ing positlon 15 deflnltely superior to the 

horizontal p05itlon, especially i r. the 這rγseason.

In a green manure trlal ln Pluak Daeng , ten legume specles were grown 

for 3 mon寸h草， after wh 1 ch they were cu• and i ncorporated 1 nto the 5011 

before planting cassava. Table 3 shows that almost all green manures 

slgnlflcantly Increased casseva yield over 寸 he check withou寸 green 臨anure.

1 ncorporation of 抽泣.ao~研試扭扭 an位 已明均峙w 抖叫車且將5 equally 

effective as the appllcation of fertl I izers (100 kg N 昌nc5g kg KZG/h星) • 

However, cassava yields were extremely low , because , due to green manurlng , 

pl 晶 nting of cassava had 寸o be delayed for 4 months until the end of the wet 

seeson, wh 1 1 e the crop was harvested at the start of the fo 1 1 ow i ng wet 

season. Thus , cassava was grown during only 3 wet months and 6 dryπ\Onths ， 

wM ich resu I 寸ed In 10'11 yields. If the crop had been plan寸ed a十十he

beg i nn i ng ot the wet 5eason , a5 most f armers do, i t wou I d probab 1 y h 晶ve

pro社 uced about 15 寸!ha wi 寸hout fertil izers òn位 20-25 十/ha wlth fer寸 Illzers.

τhus ， green m品nur 1 ng may no寸 be a vlable option in areas wlth only one 

relatively short wet season. 

One alternative ↑告 th i ~主 d i 1 e的R器 Is 寸o grow the legumes as a cover or 

1 ntercrop between caSSòVâ rows. Cassava 切as grown 1 n rows spaceà 1.80 前

w Ith 55 cm be寸ween p 1 ants I n tηe row. 起 I ne pasture 1 egume spec i es were 

growη1 n doub 1 e rows between the cassava rows, w Ith 寸he objec• lve to 

control weed且， reduce erosion an母 lmprove 5011 ter十 ili 寸y. Ho詔 ever ， Table 再

shows tha十 all specles compe十ed to a gre告ter or lesser extent with CaSSaVð, 
C告us i ng a reduc寸 ion i n c車ssava yield. S土耳i♀孟晶♀主拉品~ h且也且主品 and 8ι品♀l:ù品

泓勾起~ were low growing and theretore tha 1 帥st competitl 峙 C.en土耳:.lL.:i.氣忍a

an拉拉車♀L♀Jl.illi且m cl Imbed into the cassav益， resulting In severe competi 寸 íon ，

的 i le 扭扭♀心必♀;::81 i fQ 1 i u!ll，且心勾起泣拉晶晶♀臥車丘車站i主 aM lildl訟 grew tall , 
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causlng al50 severe compe寸 Itlon. It 15 clear tha寸 the legumes have to, be 

cu寸 regularly 寸。 reduce competltlon, but thls would al50 lncrease COSTS. 

Cassava y1elds wll I h串ve 令。 be I ncreased sυbstantlally by th1s pr垂C十 Jce to 

make 寸晶n a寸寸ractlve alternatlve. 

勾心站已a

In collabora寸 lon wlth the Bogor Ins寸 Itute of Food Crops, two 寸rials

were p 1 ante這 In Tamanbogo, Lampung , of southern Su詢問tra ， and two simllar 

寸rl 直 Is In Playen, near Yoκyakart昌 1 CSí汁ral Java. 

A fer寸 Illzation 十rlal was planted In Tamanbogo on rather acld , hlghly 

lηfertlle Ultlsols. Four levels of fertlllzers were applled 十。↑nree

cropplng systems, as shown In Flgure 3. Ylelds of malze, rlce, and cowpea 

were signîflcar汁 Iy Increase這 by appl icatlon of Increas1n♀ leveîs of 

fertll Îzers, whl le cassava and peanut were less responslve. Fîgure 3 shows 

the response of each system In 今erms of 寸。tal 1ncome obtalned. The cassava 

+鼎alze + rlce followed by peanu寸晶nd cowpea was economlcally the most 

attrac十 Ive sys十e品， whîch also responded positively 寸。十he hlghesT level of 

fertiliza寸 100. Comparing 寸he 寸ota I 1 ncome 切 ith 寸ha寸 of the COST of 

(subsldlsedl fer寸 11 izer品， ; t I s c 1 ear th a十 fert!llza寸 lon up 寸。寸he 3rd or 

再th level was economlcal Iy aτtractîve 寸。寸he far晶er.

Fîgure 再 snows the etfec寸 of varîous crops and Intercropplng sys十ems

oηso! I erosion, measured in a slmi I 晶 r fashlon as descrlbed above. Erosion 

was severe, bu寸 only 垂urlng the firs寸 tnree mon十hs of es寸abl ishment, which 

also correspon社 ed t。于he mon寸hs of highest ralnfal 1. Eroslon was extremely 

serlous when cassava was grown In monocul 寸ure wlth wlde in寸errow spacln雪，

elther ln slngle row a寸 200x50 cm or In doυble rows at 273x60x60 cm.τhese 

P 1 a1汁 lng arrangemen寸 s shou I d never be used i n monocu î ture when cassava i s 

grown on slopes. When cassava was ♀ rown in a normal square plan寸 !n♀ system

of 1 xl 訟， it caused I e串串 erosioo than peanuts; eroslon was slmilar • o thet 

caused by rice and fi~re 寸 han that caused bγmaize， al I grown In 

罰。 nocultυre. AI I !ntercropping sγ5寸ems ， plaη寸ed w!th w!de singleωrow 

(2.0xO.5 m) cassava, reduced eroslon compared with the same arrangement of 
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monoculture caSSâγa; when cassava was plan寸ed â十 lxl m square arrangemen寸

50! I 105se5 In Intercropp!ng system5 were slmllar to that of cassava In 

rr時nocul 寸ure， excep寸寸he ! ntercropp 1 ng of caS5喜va w1 寸 h peanut fo 1 10wed by 

mu ngbean and cowpe晶， which cau5ed a much h1gher 1evel of eroslon. It Is 

surpr 1 5 1 ng 寸ha十 Intercropp1ng or 憬。nocropp!ng of peanut ln Indone51a c器used

severe eros 10衍， while 1n Thalland intercropping wl 寸h peanu十 was found to 

reduce eros lon.τh1s may be 是 ue 寸o the very h1gh r是 Infall enco叫\tered i n 

the early stages of establ Ishmen寸 1 n I ndones I a. 

In Playen , Yokyakar寸a，直 cassava 5pacing/popula寸 ion trlal was planted 

on a heavy A 1 f 1501 , deve 1 oped on J J me5tone. CaS5aVa was I ntercropped 

wlthln 寸he row wlth malz緣， an垂 between the rows with rlce or peanu寺， both 

followed by 50ybeen. Cassava root ylelds were extremely Jow a寸寸he w I de 

Jnterrow space ot 4 m (5000 plants/ha) and tended to 1ncrease wlth closer 

Interrow spac1ng5. HIghe5十 cassava ylelds were obtalne是 w1th a populatlon 

of 10,000 plônts/ha (FI 這ure 5). At that populatlon 寸he c器ssava ylel 這 W串S

higher In 十he s有U昌re (lxl m) pl 晶 n十 ing 晶rrangement thôn in 寸he rectangular 

arrange鼎ent (2.0xO.5 點) • S I nce rr唱 ize wôs pl 晶nted wlthln caS5ava rows，十s

yleld al50 Increased wlth increaslng cassava popυlatlon. Rlce, peanu寸 and

soybean y1elos , however, decre昌sed sl Ightly at narrower cassava row spacing 

(data not shown).γhe highe5寸 net income wa5 0起 talned wlth cass晶va planted 

ln the square (lxl m) arran雪歇了油n↑.

A level-ot-fer寸 i J izô寸 ion 十ri 晶 In various croppl 們立 sys寸。ms w晶$

conduc十ed 1 n a nearby t armer I 5 f I e 1 a w i 寸 h trea寸ment5 s I 肥 11 ar to 寸1105e In 

Tamanoogo descr 1 bed above. Cassava, ma I ze and r Ice responded marKed I y 寸。

fert 1 1 1 z at i 0悅，叫) I1 e the second 1 ntercrop ot soybeao d 1 d 00寸 respond.

To十al net Income was hlghe5t 晶t the second (75悅-67.5P 0 -90K O/ha) or thlrd 
252 

(210N-150P.O.-195K O/ha) level of fertl I izatlon. 
252 

Jn collaboration wi 十 h Br昌wljaya Un1versl 寸y in 終alông ， E閩、Java 寸wo

trlals were conduc寸ed ， one on erosion con寸roJ and one on methoG 中f

ferti I i Zô寸 lon ， both us I ng a C8S5avð-ma I ze- i ntercropp I ng sys• em. Table 5 

shows that 50 i I losses 桂Je to eroslon were extremely high , especlal Iy when 
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cassava was plante亞 0 1'1 the flat. Con寸。ur rìdglng reduce益 eroslon to about 

705臣， while plantlng elephant or setarl 昌 grass 0 1'1 every slxth ridge further 

decreased eros 10 1'1. 1 t i 5 C I ear 側的 run-off and erosion 105s的 are qul 十e

h i gh , even 0 1'1 a gent 1 e 51 ope of atlout 10囂， melniy because of 令he h I ♀h 

I ntens I ty of the ra 1 nstorms 11'1 th 1 5 area. Cassava root y 1 e 1 ds were not 

signlflcantly effected by treat部en寸 s.

The 肥etho還 of fertlílze↑ 101'1十rial produced excellen令 ylelds of malze 

(up to 4.8 t/ha) out relatJveJy low yleJds of c器ssava (12儡 16 十Iha).τhe

寸 Ime and 品ethod of fer寸 i 1 i za寸 10 1'1 treatmen十 effec十5 were only slgnlflcant in 

term5 ot m晶 ize yieid旱， which were highest when ai 1 fertl I Izer wa5 晶pp Iled 

a寸 pian寸 in♀ and 01'1 • hE< 5urface of the 50 11. The resu 1 ts were not very 

consi5• ent and wll 1 have to oe corroborated. 

已μ主品

1 n coi 1 串起。ra十 10 1'1 with the South China Acedemy "of Troplcal Crop5 an 

eros 10 1'1 contro 1 tr i a 1 was p 1 an寸eo 11'1 Xhl Fang vlll 晶宮e of centrai 抖ainan

Island. Cassava wa5 plan十eo 0 1'1 abou寸 8耳 slope 0 1'1 a rela十 Ively rertl le cley 

loam, classifled as Ultisol. Plots were 8xl0 m end 5011 IOS5 、 cυe ↑o

eros!on was determlned as descrlbe垂 above. Flgure 6 shows 寸hat eros 101'1 wa5 

ex寸remely severe during 寸 he f 1 rst 3個4 品。1'1↑ hs of estab 1 Ishmen寺， even on a 

gen寸 le slope. Thls 15 probably due 寸。 the very hlgh lnten51ty ralnfall , 
co甜b 1 ned w 1• h low sprlng-time 寸emperature， which resulted 11'1 slow sproutlng 

and c昌nopy closure. The horlzontal plan十 Ing sys十e昂 used ln Chlna may also 

con↑rlbu寸e 寸。寸his. Simller to what was ooserve<l 11'1 Thalland , erosìon was 

most severe when cas5ava was grown on the flat or 0 1'1 up-and酬 down rldges. 

Contour r i d告 1 ng , on the other hand , reduced eros 10 1'1 to about one th 1 rd. 

Llve barrlers ot 學ι品♀hl鼎立i晶晶晶晶心拉車2品~ reduced eroslon to about two倫十hlr進s.

U符 Ilke alITIos寸晶 1 i other eros!on-contrOI experiment皂， i n th i s 寸rlal

fer寸 illzer appllcation increased ero草 ion comp晶red w Ith the non-fer寸 Illzed

trea十ment. Tab 1 e 6 1 nd i cates tha寸 fertlllzer appl ication had 1'1 0 

slgnltlcant effect on yield , while 令 he soll loosenlng durlng 十he spllt 

appllca• 101'1 may actual Iy have con寸r ibu 十e哥 to erO$ 101'1. 
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cassava wl 寸 h pasture specles 

stvlosanthelj ~斗lJI且真品品草草 (CIAT 184) 

in十ercroppingshows 寸he effec十 ofTab 1 e 7 

or 紅心叫品as 恥ιblar 1a 血心血且品，such 

were ylelds cassava Intercropped, when and monoculture nN .a. 
品。十h此沁抖1.

I n system 寸hansquare plan寸 Ingnorm晶 la 的
刊

.l planted conslderably hlgher when 

mos• hablt of 
UF e u­-4? a i @ 

門
w
d
p
z

nH eRH 

戶
i
v

n a r hu " mH o nu 
erec寸，the of 8ecause sγstem. row double the 

hlgh et system plantlng square the varle寸 1 es, cassaV8 Aslan 

row doub I e or rec十anguler寸 hethan ylelds hlgher 自 I ve populatlons tends to 

reduced spec 1 es pasture these wl • h intercropplng However, arrangemen十s.

row double 十heIn no寸bu• planting square the in ylelds cassava sllghtly 

sys• em. 

In早tltu寸@Research Crops Sub寸rop Ica 1 w I 寸 h the Gu 昌 ngx I In collabora寸 100

f ert 1 I e c 1 ay rela寸 Ivelya on p 1 anted were trials 十woGuanGx 1, Nannlng. ln 
?這?母respoose slgnlflcant 衍。showed 寸 rialNPK long懈ter胎A υ| 寸!旱。 1 • 10翁間

A trlal 寸he 寸1'10 varletles. ln one of response to K sllght a and only and P 

no showed 61so 醋。 nthswlnter cold 

among trea十昂ents.

the dur!ng storage 

slgnlflcan寸司 1 fferences 

staKe of method on 

addltlonal 

Lanka and Vletnam. 

whlle repe昌te逞，

Sri Philipplnes, 
were trials 

!軒然61 aysi 車，

these of mos寸

trl 晶 Is were establ Ished 

1989 Durln事



5011 and 

1987/88 

crop m晶na♀ement on CaS5aV晶 γ!eld器nd5011 Effec十 ofTable 

Tha! 1 and. Rach車，! 0 Sr! !osse5 due 寸o eros 1 00 

50! 1 

心主孟

位ryCassava 

抖起A

crop managemen• and Soll 

1心真♀巳且♀μ且真且必孟已位泣♀主.QJJ.A. 
93. 串30.7 no 寸 Illage

unprepared and al 寸erna寸 i 們這 prepared 5trlp preparatlon, 2. 

再2.126.7 strlps 

37.5 22.3 plow 4-d15C wlth one p!ow!ng 3. 

30.5 25.8 two disclngs followed by two P 1 0 \'1 1 og s 再.

35.4 25. 岳ri 是glngup柵 and“downand d 1 sc ! ng fo 1 10'11 ed 0 y 寸'110 plow!ngs 5. 
1 • 1 1 

22.2‘ 

35.5 

34.3 

rldglng con寸。urand disclng fol lowed by 寸'110 P 10'11 1 ngs 6. 

7. 。nlγsubsoll !ng 

!!ve barrlers 主且且intSrcrocnfnð B. 

30.5 25.8 I Ive barr 1 ers or 1 ntercropp! ng 行。

44.9 22.5 double輛 row cassava w: 寸h ma!ze intercropplng 2. 

17.2 22.8 peanut cassav 晶 wlthdouble-row Intercropplng 3. 

52.7 22.6 1 Ive barrler of ac此江1m:.勾心泣立迋JJ..l.且 grass4. 

36.5 23.3 elepnant grass Ilve barrier of 5. 

manaoemer司令 oractrces 

fertll !zation, 
C. ♀L:2Il. 

30.5 25.8 weedlng hand popula寸 ;ε鈴，10'11 wlth 

5再 .918.8 fertí Ilzatlon wl 寸 hout2. 

24. 再25.4 hlgher plan↑ popula寸 lon3. 

25.7 30.♀ wee是 con寸rolchemlcal 4. 



Table 2: Effect of land pr皂P是?是tion methods and crop m毒nagement 00 ca5sava 
yield and soi1 105S due to erosion in P1uak 0是en包. Thail 是nd. 1988/89. 

Tre昌tments Fr皂 sh root yíeld Dry soil 1055 
t/ha t/ha 

1. Land Preparation 

3-dísc plow 26.6 55.1 

3-這 jsc plow + 7 disc harrow 29.9 3尋 .9

twice 7-disc harrow - no ridge 21. 2 再7.9

twice 7-disc harrow + contour ridge 27.1 25.7 

twíce 7-disc harrow + up-down ridge 32.9 60.再

cassav矗 harvester 19.3 46.5 

II. Intercroppln♀ 

no ìntercrop 21.2 47.9 
peanut íntercrop 20.9 28.6 
mungbean intercrop 12.5 23.8 
soybe直n intercrop 1 悉 .0 24.7 
cowpea íntercrop 16.5 3尋 .6

I11. Fertilization 

with fertil íz告rs 21.2 47.9 
without fertl1ízers 18.1 69.8 

rv. Cass是V謹 Spacing

1.0 x 1.0 21.2 47.9 
0.80 x 0.80 27.7 主6.1



Table 3: 
Effect of iocorporatioo of gr皂eo m是oure 00 cass是va yi 岳 ld in Pluak Daeng 

Tha il an是 ， 1988/89 

No greeo manure , 00 fertilizer 

Sesbaoia rostrata ，許o fertìlizer 

Crot昌 laria junce巷， 00 ferti 1 iz 惡r
Crota 1 ari 晶 mucrooat昌， no f會rt!lizer

Crotalaria spectabilis , 00 fertilizer 

Sesbaoia specios 昌， no ferti 1 izer 

Canavalia ensiformis , 00 fertilizer 

10這 i 章。， 00 fertilizer 

Mucuna fospead昌， no f皂 rtilizer

Sesb在oia acul 惡ata ， no fertilizer 

Caj 矗ous caj 初， 00 ferti!izer 

No green manur告， with fertilizers* 

* 100 判， oP , 50 kg K20/ha 

c喜ssava root yield 
t/ha 

3.21 

9.29 
9.04 

6.71 

5.81 

5.61 

5.37 

5.37 

5.21 

5.19 

2.06 

8.75 



Table 尋:
Effect of intercropping cassava* ';11th leguminous covercrops or cassava 

yieJd in PJu吾 k Daeng ， τh在 ìland ， 1988/89. 

No covercrop 

Covercrop of Stylosanthes hamata 

Covercrop of Ar是chis pintoy 

Covercrop of Centrosem毒品cutifolium

Covercrop of Centrosema pubescence 

Covercrop of Mimosa envisa 

Covercrop of 0告smodium ovalifolium 

Covercrop of Macroptìllium atropurpureum 

Covercrop of Sty!osanthes 9泣 íanensis

Covercrop of Indigo 

會 cassava receìved 25 kg N-25P20輛25K20/h矗

Cassava yield 
t/ha 

11.68 

1 丸27

8.46 

7.66 

7.51 

7.49 

7.26 

6.61 

3.21 

3.05 

?晶bJe 5: Effect of various cultural pr丑ctices on erosion as welJ 是S on 
yield of c在 ssava grown on 10% slope in Jatikerto experim色nt
st昌 tion in M昌 1 星ng ， Indonesia in 1987/88. 

τreatment 

contour ridges 
contour ridg曹S
contour rid草草草
contour、 ridges
contour ridges 
contour ridges 
f1 at 
f1 at 
fallow plot 

elephant grass 
S居tari 昌 grass

peanut 
色Ií ricidia sepium 
Leuc在告na leucoceph晶 la
peanut 
setaria grass 

SÕTT"可 oss
(t/ha) 

98.0 
69.1 
79.2 
93.5 
91. 1 
85.5 

126.8 
114.6 
224.5 

root y話ra
(t/ha) 

20.6 
25.2 
21.4 
20.4 
20.5 
24.2 
22.8 
23.6 



Table 6: 
Effect of several cultural practic告5 on cassava root yield and $011 

losses due to erosion 10 Xhi Fang , Hainan , China. 

E00t Dry ic sci I 
yield 55 
t/ha t/h是

1. no ridgin雪， no f雪rti 1 izers 26.4 16尋

2. no ridgio雪， with fertll!zers 30. 尋 208 
3. contour ridging , with fertilizers 31.4 67 
4. up-down ridging , with fertilìz啞rs 25.9 210 
5. no ridging , with fertilìzers , Brachiaria barriers 22.6 139 

T墨色 le 7: Effect of IQtercropping c 在 ss丑va with pasture grasses and legum是S
on cassav吾斗f root yìeld in Xhì Fang , Hain直軒， China. 
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1 • 尋 rows c喜 ssava alternat控d with 2 rows Br昌chi 是 ri 是 dec泣如bens 19.7 
2. 4 rows cass墨va alt告rnat惡d with 2 rows 吉守而高nÐïe'了可討苦路尼泊 吟.3
3. 再 rows c昌 ssava alternated with 1 rOw$]?在Ch ， and 1 高官3哼了了 18.1 
4. 再 rows cassav扭扭 lternat告d with 2 rows 荒rac有了s pintoi …一一… 17.5 
5. cassava monoculture in squa內 planting--一一一一…… 21.1 
6. double row cassava alternated with 2 rows of Brachiaria • 5.0 
7. double row cassava alternated wìth 2 rows of ~fÿ1τ認市純s 17.0 
8. double row cassava alternated with 1 rows of Brach. and row Stvl. 14.5 
9. double row cassava alternated with 2 rows Ara百ls古intoi …… 15.3
1O.cassava monoculture in doubl 日 row planting-一一一一………… 14.2 

11 cassav昌 population 約aintained at 10 ,000 plants/ha. 
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α岱SAVA FHYSIOU浴Y 間 1989

食盟主ati怨望通lÌDl::輝訪晶蟬1 root Vi!皇ld an:主咬盟to毯V誰也是訟s1S.

k結論公海ry 翁仗單路也Y:J for bi翁滋滋囂， zwt y￡絃諮ao1 s拉苟le 1起af

其也似海yn紛1榔i潑嚇單單位艾滋借ted wi位1 l ro:ge numb獻。f 喘騙毯凋 clα晦 (127 

clon師) grown in 也糖 field in 位le P當:tia 糊11體y， 制統法， 白1α耳b1a ， 111 

1986-1987 (~Annual Reports 1987, 1個9). 切嗚咽cpr前e1ved only 700 

111m of ra拙， 6悅。f 叫ùdl fel1 during 泌le f敘說甘當ee ll'Ol1ths of 

自t品lisl:棚nt (OCt:ol鴻rto Dl認磁臨r) 怨說 tlle r棚t in April必也祖站出 dry

p控主組S 扭綠綠街城的甜點突;但 of grO\-ft.h. 主臨f 伊S 揖訟法呵e (∞2 

嚀出3總也泌1I20 1棉紡叫賣粉ùtor，泣如eral tin棚惡化是 to 6 mOll出s after 

p工研討呵訟法必給你'op鞠S 協定?也ted at 11 lr.OIl位E單位ft軒 plantitY:J. l-Ih副

主19ht interc郁結如鴨s not 1j批科峙I 1.e. at hi荒草草 levE成。f 1曲f 紅軍a

in主氓1 there 蜘闊的研討如訟比∞口elationsω僻Y:J 1帥f 肺的時戶的穩s1s ，

total b1α扭曲紅耳1 約:lOt Y扭扭. τt逗留到臨 trer吋s w財富~ 01斑erved for 

∞口電lat10ns ~ n棚咐lyll 開吋uctan(罵I tOI況1 biæa紛紛ao1 root y1eld. 

m位ew紅enos勾r泌的闊的∞，0:起lations be:個恰曲也閥割睡 tr滋its 紛說 stcmatal

訟法治前tana里 {位扭扭削al Reports 1987 絃泣 19皂的. 食lis inf位嗨ti∞

訊驕留迪拉此愉臨械設lt Íl他rce牌ic立1 is not lilni的時單位疇的iOl1 for h1gh 

1甜f photx浴yn遐海sis i器之紡線1y to 1思ed to hiφtery說1d.

Ase∞泊 ye揖r trial in 1姆拉它如9 grCMÌITJ s明son 鴨綠仰rrlucted wi自

詢問您認iVa clOl泥s select叫你:JlU th勻。rigil洹1 group on the büsis of th世ir

yield. 'n19 trial' w祖s conduct:e:l in Ia ]:<"01誠且， Patia Vall呵， 加pt. of 

cauca on a private farm with f叫lr replka七ions for each cult:ivar. IL::llf 

o.f the exr:erÍl間訂出1ar蚓、ros f，軒的lized at plantin害 (13 Apri1, 1988) 

“ z wi油 50， 100 , 100 洶 ha 漪， p 認草草几吉部:pectively. '111睦位反泊叫 half w鵲



前 2 鵬

1eft un如此iUzed. 位αn p1antin:J to 出車 f位叫加rv盟t (308 days) ，愉e

CûSSava cr心P 宮阻eiv硝 abo'cIt 950 Tr餒。f 1:a訊社出 560 mn inα:::tcl海當磁滔

縱即結rber， 1988. 給錄surønents of s Íl'g1e 1ea.f 伊母叫::har海e (C0
2 

up出悔

arrl H
2
0 1臨到總胸悶d聽聞1y 0夠給吐出 a 1正恥-2 portab1e in台誼主制 gas

a阻1yzer on 29 必耶路t to 7 S可怕E扭r 1988. 且位田s a工1 b1叫Z器 ard

ferti主iz虹 t拍拍能nt傘， 35 fully e)伊n主ed 海JPet:個napy lea.耶臨鴨r直

到臨崗位關 perαlltivar﹒ Al1 11糊SUl油nents 糊措 troade 能憫。s∞ to 1300 h 

也2 個1
with a solar irradianc囂。f 1500 to 2000 IL 1101 1連串.

Tab1e 1 P阻翩翩 data of dry root yield 位Ù 1甜f gas 甜甜arge of 

前le 16 cultiva油 sel前ted on 討漣抽sis of 投leir yield PE釘formance f:以湖

泊睡 P昂1llninary screer站時 trial. 以1e to the 1ack of signifi個nt

diffet:l留給揖知tv海部份海 fe沈ilized al治 unf聽此iliz海d p10ts with re錄制t

to yield a!泌 leaf ga浴@孩童la!'l;苦的位給 d品ta wero p001蟬. 脅論臨an dry root 

yie1d rru導材恕的時 αlltiv訂諮 flWI15to 27.4t ha 1，瑞，er珊5 位1e 臨街E
-2 “ 1 

1臨f 拉伯珊ynthesis rarg咱俞文組 14.7 to 18. 是 μm工 α)2 m s 

ω2 -1 
lOO!SO戶yll ∞抹去uct:ance臨時緝令部\ 65 to 的總001 百 s 鳴叫臨瀉出e

-2 枷1
1eafαmduet:anee ra月ed f J:'Qll 720 to 990 泌的，1 m s 如e avera伊

.“l 
internal ∞2 詞時ed frcm 247 to 257μLL 秘聞油畫 αllti'精rs. 當灣自潮時

sìgnifì冊nt diff，車間I唸舖縫制啥叫主主ti:鴨rs .lith r，紹海潮:::t to yield arrl 1甜f

q牆倒<<::haJ可ecè滋racter認tics ('rab1e 1). 

臨spit車 diff絃甜1CeS in cli:ma扭 知U峙甜1 th位 做甸 S岫鼠就嗨， 挖苦傘

阱。t依勾n松etìc rat臨臨拙也喝訊 the fir位研W訂單主帥部侃 (1986-1987)

W位e signifi臼nt1y ∞紅軍~lat甜 wi組恥e dry root yield of 沿海 5融::000

5臨son (1988-主989) (r 眉 O.話 I P < 0.01) (Fig. 1). FUr出敏mo1"唔I av紅河e

leaf 阱。，to晰可晶晶15 as n閥訟.lr咄如lyα間划 198惡耐凹的 season 鴨$



自 3 -

01伊ifj個ntiyα=遜lated ..，1t立1 the rat帥 mea血泊泌 over a 1α句也rp甜100 of 

tb鴨扭 19a6哨1987 自諮欽混 (Fig. 2). 金le dry root y1eld 道泊位le av位這.ge

l告說室已成α啪啦3倍is of t l1e 1會惡心1989 叫司pw位e sÍ!伊拉ic甜rtly ∞白連lated

(r '" 0.53 , P < 0.05) (Fig. 3). 吸J.e sm揖伊它做n of ∞rrelation 隔s

d洽卿I也d bebi飽船釘Y root yield and 位le 訟法叫hyllα按喇ctance (r 晶 0.57 ，

P < 0.05) (組.g. 4). 世海 leafα軍協綜蜘nce 糊終摺記錄ignifi，αmtly

∞n-elab臨d w1泣1 dry n紹t yield. 當lÍS訟法icab臨泌lat d1ff，絃棚臨S 幻1 1組主

"就相抖出esis 獄認可 culti油站嘲re d1.誨， mainly, to d1ff，翩翩脂 h

r悶悶tanabal fact紋私 咀1is 紋滋滋lusion is fur抽給r sl賽和絨服 by the 

signif抑制It arn 1聰明.tive corr嘩1ation (r 器 -0.57 ， P < 0.05) b晶晶間 dry

root yield 磁泊位也眩cellular ∞2 (Fig. 5) . MOJ::激';1</，膛， s1rql位 leaf

M扭扭酬溶wa.ter u純 efficiency 門可凶~O 1臨}糊s also 

significantly ∞口成純國，.1紋1 dry root yield (r 捕。.52 ， P < 0.05). 

工n vi酬。主泣ler紋淘汰 biα枷::mi但1 evidence 訟法.t large 珊riation in 

站起 activit乎 of 泣論加，y c 如zyme 1?EP-心a:rboxyla帥郎dsts 斜"。呵自給時鴨
4 

c1α蜘 (CIAT 知1I1t趙主齡疚蚓二， 1987 誰誰Table 勻， diff，聽聞油S 趴 l晶主

阱。tα;ynth時isα玖玖d 1:睡 partially 已僚主.am吋勾心fferenc鵲起 PEP

carlx時lase activity. It Íl蓋 also p:糊1b1e 技lat d1ffe:捕玄粗幻1 1輪室

β10絃鴻ynthesis 位lat 甜甜lted in d1fferenc鵬 in yield wer草創臨 to

variation in 1晶主訟法tcxny﹒ 洗浴n 曲直揖 daba it 開nOOα3認luded 滋滋t

ur諒自r f1eld ∞n:Utiα15 羽田間自忱站S 紋=， a 評潑itive arn signif抑制t

∞也睡lation 就1st器 001:1岫間絃祖阱。M明泣letiC ra脂 of ù泌ivij晶晶1 1制V自

帥 I臨a盟主主吋 in the f1eld ar過以給t yield of 臼ssava. 食單 relati∞ is

associat啦啦出 variati∞ in 約1且 bi叫1紛ni個1 or 緝捕tomi曲1 f，帥包res of 

the 1揖av個 ar泊 not 位盟成總混出主∞nduc出J1(車， in:licatù灣 that the:re Il滋Y

E睡 9惚惚lWic variation in 街1atαlrf 獄法 biocl糊ùstry 泊湖.t can 油艦只ploited
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IYj' b訂單lde扭扭曲ta訊 hi，ψrer yields. It should 00 加以必沿海.t 泣W

扭扭'roach wil1αùy J:自 sr閥混S丘lfu工 if 蜘1ectìon for 11i拉拉1忱。勾叫1etic

ca開city is 叫nbÌI喇叭愉 other yield date約泌nan泊 such 翻中t訂閱m 11.吵lt

1nt扭扭帶t10n (1. e. 呼t:Í1nullI 1eaf ar親a .b:l紛{)認泌 5trorq 5紋此間伊ci1字

(Le. storag伊口:JOt char祖己站risü叩). Sel自tion for 10ng 1臨重 11fe an主

hence hi，φer1阻f 位祖aÌI泊位缸rdgr臨出r 1晶far晶 duration should 1細d

toa 扭忱鹿r light intE前那位叩搶過 to a greater 個nopy p:純α勻挖出揖i路

沿江訊崢'lOUt他.e gror.惜1 cyC工恥 α1 沿海悅耳缸 h紋訟，鵬主崗位。>n ofα斗的油rs

with StrOJ可 stor盲棋-root sink may 絃岫nce 沿1e 紛<PrE紛51α1 of 1組f

phot也可ntheis. Stor時e r艾滋ot numl:萬r an主 5iz惡 might 00 used as a 

sel部tion criteria for sink stre旬出 H明僻V仗，治le validity of 位ùs

a帶口:lIich should J:鳩 testl給 since 掛臨臨 stora伊 root characteristics ar芭

hi吵üyW1糊認ed by env泣。m隱前街1d切可鞠nag<磁縮在.

E治ssav<畫室當闊的se to ph闊前10rtlS rbV D1àier pel互幫.t. 說1.D. 啦啦date).

G磁1el.âlly in 您給 tropics 品進泌pa:法:1∞lar1y in Iatin 泌回ri品，11\(洛t of 

tlle 冊S血路伊儀仗nJ位組$誼通位mrncteriz由主 by a 的zα灣 acid an:l. 

阱。幫101'US (的寸eficient soi1. 雪紛 l叫 P 1足跡els can limit 也5S晶:va yield 

宜之 least in 能e first cycles 喃叩 it is grcr..m α那位nu以JSly for sev留我l

y晶rs. 'Ih起自臨在va ge.t:n1plasm at 位1>æ iscurr目叫y OOing cl:滋ractariz甜

for tol位這nce to low-P soils at san個Z耳其.er de 必泣licl:lao. Sinc駕車 1980, 

E治安盟 tl海n 1500 clon臨s wer單 evaluated an:l. several of th磁1 W祖re f，訊md to 

k祖 tolerant to 1ow-p soils (CIAT Annual 知po伐s 1982 to 1987). A 

∞llaborative re闖紅油 proj研虹間$釘ùtiated 油 1988 001:1揖問 CIAT 仙過

tha swiss F，借給ral 滋滋titute of 'l\蚓1I101ogy， 刻就 fur泌吋勾r 白磁 swis器

如汽relopme巾的苓路時tion (S加) to 5b主要y v當ietal 阻spon浴e to p 磁rlto

elucidata the p:>ssl.ble 11蹄d】ani紋ns ul法erlyÌI弩 tlùs respcru;札
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A field trial was 0滋草草lCl:且d 絞1 a private fann ne喝r CIAT stati仿1 at 

$部tand甜曲。成1ich晶。. τ11e 輯q;xi)rill細tal site 留as ur泊位r tropical 

pasture grass for 誠i!VeJ芯ly晶晶位前 soi1-P 1evel 蠅s aboot 2.5 ppn (叫也

江路fficient of varil單位011 3是衍 I a level ltI紹1 10;機r 扮滋臨a 吋恤E海揖 critical 

1e研!Vel r拇弩恥i拉r暐祕d for 句ti岫i

in a 5句plit-p1ο怯t 迦迢副i伊伊1 W吼i甘由E 組1宜r輛 r缸呻pli嗨ti仿莒洹s 紋芷泣主 沿1海揖 主ο11c叩耐的釘官w哥

主叮t泣iz缸 tr回b瞄lt踹綴 w喘絃捨 a揖5i，伊揖甜dto 甘1鴻鸝 E嗯絃紋划1 p10t扭s:

(1) UIlf訂tlliz剖

(2) 100-0呻1∞ kg ha-1 N獄

(3) 100-50也00 1句 ha-1 N1'K 

(4) 詣。也仰。也100 均 ha-1 N服

'lbe cassava cultivarsαf 489研主' 的 523-7 I If 0;)1 1684 aro C就是o wer瘤

p1anted 錯刺耳plots at a p<明ùaticn der單位ty of 泊， 000 p1arrts ha-1 

S峙2叫Itial harv站恤扭扭re 服必e a仰起ry :: 11'.onths to dete:rmiJ:濾油。 patb結n of 

gro;;1:h over tÌll亂的秘圭亞alf 仰暇翱翔部門可恥叫 H20 1055) 

E健由 E鷗sured 011 the 5甘1呵?也.1 upper car忱的， 1晶:ves 2 , 3 ，是紡滔 6 mon油器

在位er plant訂19" u甜苦苦 apo抗ab1e 幻1frar剖 gas 訟法1yzer. 臨喜滋X敏龍nts

W紅軍車 always mad臨。惡00 to 1300 h wi th a so1ar irr蕊dianc海 over 1000μ1101 

-2 個工
III S 

說白* v1鹽ld and total bi偉:也S品

Figure 6 il1ustrc量tes fre甜的:JOt yield with tiI賠 aft是~r p1antÍI1g. 

'lbe clone 014的-1 bad the highest yie1d at any givl間 P 1evel aro 甜"呢d

a signific研，t respo悶e t" P at t立濾油，test 3 harV臨ts. Signifi個nt

X單5戶msetoP ，咱s a1so noted wi也1 th巴拉訟法Y bulJdr1g c10r海做 40 ar吋 t立1e

1ate 以ùki:t可 c10n臨 01 523ω7. ']11自 01仿滋滋 α:>1 1684 did not show 



個惡"

51gnifi血nt re咚lOl1f滋 to P. l'.cross tl1e f，叫，t' clon鯽， 前時1j臼.tion of N除

公含iÌfÌC'.an泣y ír犯reased yield 誼民朋伊E嚼 wi油滄江也尤拉lzed p10t您

訂社icatír苦苦怨le 10101 f，綜ti工ity of 泣le e:l伊~幻滅悅誠草草ite.

Figure 7 pro翩翩d:ty root yield 前泌 total bi，α防S5 at fír溢工 hatv，師t

10 mor他s after planting. coa開1咽 wi愉 Z位。 阱聞抉3。如誨， 沿海

-1 
直時li目.tion of 100 }句 ha ~ p incr過as剖 yi成1d by 40龜， 39老位值 32告泊位w

c1α正!s æ: 523呵，概是o an:l. CM 489-1，臨睡船tiv，告1y. 世le clon輯 M Co1 16起4

did not ~這lCM r絨線路治e to P a卸工icati∞ ar就 its yield at zero P 鳩S

5imilar to that of 位普車 hiφyieldirg clc糊怨是89-1 ír啦部.tinc主 its

tblerance to 1仰中. 血泊1 biα1師S 松樹當d thc s您自己 patt扭扭臨拉法治t

yield 訊喇閥t訂單3 咄晶.t differenti<.ù. vari酷:ta1 閃電泊nse to P i5 not duc to 

different ef:f，峙。ts of ferti1.i.zer on harvest írx:l甜 and biomass 

P前尤ition幻耶 哇11CBe data ír過icata t:l1e p-"'Ssibility of incJ:"'愉s幻"YJ l招生h

total bio!l13哪位叫 r∞t yie1d 訟法。心h genct沿海 selection as \VI程11 as crop 

軍法nag紛臨nt.

mlOtosvnt立法部i:3. 1eaf carlODV ar滔 ::;j11k耶路α!rQe relationship. 

F:L吵X晦 8 illustrat自 sirg1e 1細f photc活yn廿1屆is a<I磁r t知單 aα'OS5

all f肘tilizer treatl祖nts. 岫ximum 耳~lot。可n位1etic ra恤晶 for all c10nes 

wer，單 X瞞你咱是llPr洗hs after plant紅耳~.. s均nificant v刻rie細1 diff，叮當臨S

油供給以游似的部i5 were ol海部f啦， wi情歌是89-1 p<浩S峙的"YJ位le hiφlest 

av，悅電器移磁 rate 訟法 M co豆 豆忌器是 tl1El 10west average rat母 acr吟唱5 al主

臨淵I鬧鬧地 pericd5. 溢油.ar給翱闊忱。e leaf pho位海拘捕部掉 byphα苓立10rus

dpplication was consist:ently o.':lser、r值j ír1 clones C/or 523喘.7 ，。在 489-1 an主

α1 40. 加 the other ha肘f tllC olone N Co1 1684 目hOv;ed variable re呵。nse

!Fig. 9). DJffcrcnces in phctos主T帥部in due to c1、cnes or P leve1 vlerc 
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A field trial 嚇草草叫Jduct結紛1 n privatc f位m near ClAT station at 

伽.J:.."lnder de Quilichao. 'Ille ElXPI甜甜nt:a1 site 閥5 urJder tropical 

pasture 敬酒S 室。r 取W目前1 y.制自控討如泊中 1evel 關5 a以m 2.5 開n (wi校1

位姐fficient of variation 3呦， a level ltll紹1 1α飽宮泊湖泊1e critical 

1eve1 l.;呵rlr甜 for 呼叫獄.nn自晶晶lva growth. 'lhe e苓前ÍlI約1七協5 1ai.d∞t 

in a 話plit-p1，恍如!S.lJ恢1 wi由泌的糙的判plicati佼15 絃ñ the foll部irq

主ert泣izer tr單a如臨Its官做瞳 a忌器i研制 to the main pl挑5:

(1) unfertiliz揖

(2) 10恥。-100 I甜苦 ha-1 N器

(3) 100耐50-100 }唱主 ha-1 NPl{ 

(約 1ω-1∞-100 洶 ha-1 NPK 

'1h聽 cassav器 αJlti浦路 ζ是在是89-1 ， 0'1 523-7 , Mα，1 1684 arJd仰的間路

p1ant甜甜紋峙10ts at a 品伊lation 如15ity of 妞， 000 plant學 ha-1 .

S呻誨的ial hm:v阻ts were n也d忠心V位y 2 T的nths to determir隱位le pa:沈紅n of 

grow出 over t設點 Sirq1e 1eaf 9器Sω:char:.g，曲(∞2UP恤ke ar過 lf20 1但器)

輸2re 俗話sured on t立1e 5位1-7th up伊r CaJ'lOI司'1 leaves 2, 3, 4 街滔 6 n做法hs

a況且r p1antirq usirq a 伊拉abl扭扭frm:曲直伊5 位注lyzer. 臨asurerr蜘Its

were a1如君主ys made 0800 to 1300 h Witll 晶 solar irradianc潑 over 1000 μ mol 
明2 .酬Z

m s 

E<.oot vield arJd t口，tal bi白宮祖ss

純學服海 6 il泊位.rat部 fre且h root yield wi也 tb晦 a民控r p1位吉tb1g.

m路 clor睡。也是89-1 had the high控器t yie1d at any giv，前.P1evel 甜苦主 show甜

a significa:nt r給達X:ln揖 t-:> P at the 1扭扭st 3 h結V鴨ts. signifi田nt

re寫給nse to p 寄給s a1so noted wi自治犯臨r1y 以illdn;J c10neα4 40 敏說出e

late bulking olone Q是 523-7. 勁。 c1000 M Co1 1684 did not sh個I
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significant r，程結pons串 to P. 其r.... "t'OS器必被 f∞r c1α恐草草， 蔚:ppHcation of NPK 

significantly incr單ase立 yicld as c.ompare主 with ~~erti1ized p10t綴

ìrrlicatin;s the 1叫如此ility of 偷聽e:l伊r.h間1個1 sit札

Figt紋駕車 7 pr<海部.ts dry root yield arrl total bi惚惚瑟瑟 at fir這lha的ast

10 J叫咱浴攝氏紅 plantin;s. 如1伊主ed wi'出僻即興但掉位恤， the 

-1 
appli問.tion of 100 1句 ha ~ p incr明.sed yield by 40巷 I 39老an:l. 32老細細聽

c1αleS叫 523-7 ， CM 40 an:l. CM 489-1, r當意間tiV'申1y. 羽田 c10ne M 恥1 1684 

did n:父刻茲別主海SIXJIlS8 to P a:跳?lication ard its yicld at zero P was 

simi1ar i給您1at of 出e lú'φyie1d位海 c10間做 4的-1 ìrrlicat幻yl its 

tDl位滋滋怨 to 1.副-P. Tota1 bi.儒1a5sst祖祖互支 thc 綿租車 伊拉皂白臨泌 root

yie1d su<拘astir可泣1at dif伽rentü:ù vari軒個1 r棚ponse to P i5 not c1ue to 

different effects or f依rtiUzc1: on harv帥t irldex and biomuss 

partitionÌl耶 The提做做釘叫咱tc the p::>Ssibility of II給rea.sin;s 抽血

扭扭1 bior沿路法治以JOt yic1d thr叫出 ger吉的封給$拉拉tion as '11最11 as crop 

mi'lnag部磁!nt.

m.otosvnthe話15. 1eaf canoov a吋 Sh1峙追旦鄧:e r啞1ationship.

莘莘鎮江這3 8 illu器trat帥 sin;s1c 1臨￡防哨紛啪啦混sis ov癌r t彭總 acr田s

all 如rtilizer treab棚3綿• l益X訂閱! phot部yn沿海tic rat臨 for all clαleS 

糊Z聽 r睡ach屆主立路啦lS a伐串r p1部主訂單g. sigtÚfi也ntv控ie臨1 dif如閱紅揖

趴叭。to可nth笛is were 01:沼e:rved， \VÍ'出伽 489-1 乎忘se串串in;s偷聽 highest

av侃道ge rate aJ前 M Co1 1684 the low.閥t 制前age rate 祖cr田:s all 

鵬總紋且間賠n1二 pericd乳 制la!芯路nent of 1帥f 沙lOt。可討1串串isby 阱。單lon泊

a掙工i臼ti∞留as ∞nsisten之1y ol:這位ved III 01α怒sαf 523嘲7，做是8虫-1 an:主

佼者的. 加 i二h.;;: other hand, tllc c:lol1c H (治工 168在 sh研叫 variable re勾銷se

IFig. 9ì. Diffcrøncos in t:h:itosiI惜1削ü:; due to clcn扭扭 or P 1的el .1.自治



啦?你

not relat關切成orr路.taJ.∞的uc知ncs (data not s11=) 紋絲gestin]訟1<1.t

non-st:Ol!'a tal factor寫(i. e. 崗位h臨ica1 ar.d anat部ù.ca1 fadors) 帥lld 1:晦

沿海 E帥部ns for 甘鳴曲 ùiffev問C溶化 喃自 direct relatíonsh.i.p betWeen 

l'ie1d ar治主制f 阱。b:浩ynth臨ís 011 000 1浴n:l ard 1揖f area ind位∞訟法

。沿海r has 抽臨時αm from previ∞s 甜甜甜個泣sn苓治，rt arx主叮叮泌制且工

恥，por峙 198是-19串起). In th患 α位惚惚 sb泌ies 給'rl at 是對臨出s after 

pl品出苦苦， OOt11 1eaf !毒犯以治yn油部ís ar.d av紅河6 leaf are車拉叫做愉m

positively ∞口夸1au泌 wi出口:xJt yield 訟泌 tota工 bi翎總ss(混過;，le 3). 怨滄

Mφ誼t ∞，rrelations w位單 d溺εrved wi沿1 1阻f area in主甜 alone or in 

位裂lbinati∞ wi位1 1曲f J;仰仗時n沿1esis.

工t ís knOI耐 that cas細浦口結pon甜 to 50il 做成ilit:y i5 mar}制主主y

e.p時ssed 知 charx子臨 m1臨f canopy arx章投16 present da個∞nf位m 別.ch

祕S前vation (Fig. 10). HO\vev甜，出e v訟法eti祖 differ世凱包給ir

reSJ知阻融 to P 1evel 留i甘1 r祖spect to lcaf 個11OP'1. 當he c1011器部 489-1

an:主倒是o ShC:;'I;剖∞iI'lSistent ir>..'"T儲珊 il\ leaf 個r呻':1 wi恤知仿明串串趴 P

1evel 喊叫咱s Clf 523-7 did not show r臨抖'nse to P. '.the clor祖 l~ COl 1684 

again 時鼓揖泌 vari油站口約po俗的﹒ S:iJlùlar tr滋滋S WI位海 d鴻erved 吼也包19

number of storage r∞ts at final harvest. Nllll位自r of storage r執法:s αJUld

bean 扭過icator of "sir扭曲，pacit:y mα惱臨lYa. 芯=阻s台灣 P 1evel 

r怪叫t甜甜 h1φler nur該組X of sto也ge r∞t.!草 m all 01，α臨 at an 割rly

s位只終 of b.泣kil海(是 mon絞15 aft揖r p1antir可)館泊位現阻咚路1臨許您sísted \耳p

to 枝硨甜甜 harv部t (Fig. 11). 必3廳主睡咚掛祖e 總揖 gr草at結t 幻1 c1仿:e CM

是89-1 ar.d 1east in M Col 168ι 

Ac:r.明s all varieti暉，鵲起始啦 l:00t yie1d 油串串ignificantly

=位單lat晶d wi也1 =t l1Ulllber at 毒品吋 10 months after pl胡tin] an君的組
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leaf 晶rea duration over 沿海喘口10 gr(耳孔h cyc1e (T.晶ble 4). 混進se

re1('，tionshir其;; varie:主訟rolìg CU 比i.vars. On the 0-位leJ:: h品I咐， 主訟法1 r∞七

，是 yi母1d 被認豆∞控e1ated wi能董必叫 ri~:ln 試成 we1ght in clor潑倒是89-1 only. 

'Ihe 您給itiv6 effe:丈 of bo協主臨af ar四 duration 智若是 1臨af 紋lOtO句口油器is

喘口:>0位 yield 1s 拉法icat叫 by 沿海i.mp口We!間.t in corre1ati∞ 

。帥ffici.ents pattiαùar1y wi仙伽 523-7.τh唱e f i.rrli.n:J5 SU叩est that 

yield in 個ssava deper泊5 on both D叫X牌 and 5位女朋阱。iti制﹒ Alt.hOl崢1

it 閥5 previ∞s1y too崢.t 紛l!lt 個晶晶，va i5 not 5ink-1imit鍋， 位16

$扣除恰似=母 輯室主.ect 品αlld 諦 。蛇口余llly studied. Leaf 阱。to章在仍可自esis

祕侈浪 be 訟法1uenc海dby 出e sm;.:一點lr珊 re1ation (i.e. fee這兮:;ack effect). 

In t11e pr'翩翩，t sb.l!主i笛 v前ie出1 ra給dng on 沿海 ba寫i詣。f 知白 leaf

阱。tosyn約1師15 at說 sink-缸瓦JJ::Ce ratio (as root number/且I) 關$必imilar

(Table 5). 

旦監控飽飽泉之叉車念品理 to fertilizeL 知去發組&主綿起﹒

In }級di品 IJJn忌， D;pt.. of 悔當已:11α1品， 140抗:h αJast of Colαnbi盔，協絃駕車

自S臨，va is pr鴨昌說!d bysr法11 f.部戰3 油油nited fi位1II area，惚泌ction 知

yield has b輔na 滋;;riαlS α:mstraint in 她終 1ast few y'聞主1>. 哎隱 soil is 

sar治y with low 0月剖1Íc rna吐血Z 街泌 nutri削.ts ∞ntÆ凱.ts (CI妞， 如mual

Report 1989). 明)e 1ack of "fa11ow 舟，寫t棚" due to pl:'阻sure on 1a叫做官草

包1色拉浴缸憫。f f，紋的:ili單位 appli也.tion wer酷 rnajor caus揖 for re:主.uction in 

且5日.va yield. 111 1988-1989 核試<lÍl海帥榔棚 a fie1d tria1閱單

es乙ab1ishεd 位. "正正主 α:>1orada" to t串串t 投給 芷思sponse of cass揖V龜 to 

主t:rt主1j zer application. 'Ihe tr話1 ∞nsist串d of 正是 c1α祖S arrat海關 ina

z運，lit-b1臼汰 d時ign wi臨 fαn: rep1ication5 in 愉iCh half of the b1∞ks 

rer的in吋 lU1fertiliz叫做泌 the z依;000 half r嚀。母iv(前 50 )句 lm lCf N, p 

arrl K in t \Vo splits 30 and 60 cbys after plantl.n:J. 'lhe canpouOO 

司，

. 
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室的:tilizer 15-15-15 NPK 瞞自 used. 到enty five stak昭伊r plot w紅海

planted on 能e flat, aft就r bein主 tr罩在b:d wi組合mgicid岱叩luti憫， in 1 x 

1 m arr;至nga單泌，t. !t, 

個個 of fre海h aoo dry r∞t yie1d aoo t中 fr單純鴨主φ.t ar官 pre!瞄准ed

in Table 6. As an av<紅rage of all c工間留 t揖t峙，給1直晶pp工i個.tion of 50 

陶 ha-1 NF反 signifi崎ntly 診治re品ed 1-'::成 yield aoo top bi，αnass. 管溶

average increa臨 du血 to f，前tiliz虹 application wa話是哥華， 是7月孟訟法 44老 in

fl:l譜1 以JOt， dry 以::x:>t aoo top b1個甚至錯， re勻地ctively. Wi血泊1e 紛位迫pti∞

of clα1e SG 是55咖1 ， all clol'ìE路 r位咚紛吋吋伊sitive1y to f，敏:tilizer

application. 喘息 clα吉思路 455-1 did not 臨終:x:md to ferti工iz紅當泌 its

位軍shn沁t yield 隔s rer磁rJ<:ably hiφ(44 甜"rl 42 t ha-1 啦位1 缸草草 wi位以lt

fertilizer, re建制tive1y) • 甘1e av，位-age給您lerÌll熔1tal yie1d of 22. 在 t

IEam1 dztainadwi位叫.rl: tl潑 application of fertiliz融r is three tin閥

宇宙a扭r 沿海n tl16 average 間gional yield 01游街ved for 垃J6 last'Z-3 y臨ars.

/哇哇le 僻lecti∞ of g制 ψalit于 pl凶ti.r海lTater組1器邀訪時叫恆rytr糊認刷出

r of stal倍5 pdω: to plan吋.ng should have ∞ntributed to the 知岱er

叫時信封珊ltal yi睡ld. hlso，站起<D答>eri:Jren協1 site was under fallCM 也說

紛1e 綴。il fertility l1lÌ咳lt has 開rti在lly r宙:over惚darx支出那主紹ulted in a 

better prc祿.lction asα寫伊Z就 to tlJat of 位盟主∞alf紅絲垃'5.

In view of tl睡攔阻r比able 位叫田融訊 yie1d dt是e to application of 

m::x:治rat車車總:xmt of fertiliz車r， it is bet鴨ficial to 拉油 1臨海l farrr總rs to 

adc司pt 給泣s practic聆訊 ord血r to 磁獄拉暐抽扮1 臨asor滋ble yie1d 智主1

織lffici研t pl揖ntir咚葛湖扭rial {位副蜘} witll good quality. 吸16α海t of 

投Jis leve1 of fertilizer is irlsignific削t α::rnt=雄主"ed wi出 the gain 切

yie1d a咱也給街游收"ed planti.ng naterial. l.foD抑-7er， th酷 appli的ti∞ of
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fertiliz智紅'lCr:曲臨器出ev呵。tative grc.W-o..Ìl of 也ssava 街泣的講b1阻 it to 

cαr.p♀te with 嚇關s and hence v申du;::.泊位給 th睡劍波 α::1St requir.緝毒 for

W怯~幻"".及1 this cas缸， it is adv沾ab1e to app1y the f紋rtilizer in 2-3 

時lits after the 臨個blist滋粉.t of 愉e c.玄學 (1-3 m::m掛為 after p1ant釘可}

to avoid 1arge 1嗨滋;s d嚇 to heavy 1扭曲in;J in 沿海岫間工詰Y soils. 。愉er

αop manag'留給ltp回ctiCE諮詢1a'快:d to 愁苦eα:mtrol of di紙織揖S 街草草伊~

that greatly .i.mprov韓伯S回iVa pI'l譜ucti帕拉紛加 E可ioo a提 pI'l給朋ted 知

位祖泊的.101呵Y 敏泌EntOl!協主αrfS缸立tions of 沿泌S 自port.

去揖間lse of cassava to ass=iatioo with foracre 1摺滋臨s.

In 1987/1988 field trials were initiab封封1 防啪站滔er de ~i甜甜

to 以W師tig喜鵲位1e re咚闊臨 of 惚ssava to 自故x:iation wi協臨ne fo目ge

l吋滋滋s (CIAT Annual I迦port 1988). 借口摺糊t grOtlIlI主仗)Ver Yli愉 forag融

1&抖臨做主ld min釘吐ze soil 10且為， erosion 知 hil1y lan:ls鴨蛇車由$喃喃

is prcduc.剖. 食1e e.'Xl=給吋擱在S 1:Jal:'e ∞n如ct科幻1 紛àlau講叫 soil du.a to 

∞nt釘1UOUS C品蕊晶.va gro;也可 for many y'位組'S. 命磁eXJ;揖r:ir胞1t r ec.e.i v.甜 m

fertilization an主拍出S 諮紋路rl cas臨.va 鳩s f，位tiliz婦怯怯1 500 J至g ha-1 

of 10-20-20 NPKα:uti玖m:主 f前tilizer at p1絃咚:ir>g • 吸190給 clα海s M Co1 

16制 and CM 507-37 wer車 us融進r:旭.ta of fresh 以泊t yi融1d ÌIl仿1e secor前

growin;J鍋陋。n (1988/89) are giv.研ÌIl Tab1e 7. In general，自聞訊，祖

pI'l站lced 1es草綠lan ÌIl紛滋e first ye缸 of 留tablist單單nt of 位單 forage

1呵UI臨 (CI肘I Annual知F目前，必88). H叫起vl艙，恤且 c1α給 ζ11 507ω刃，鴨$

紛1e hi柚臨t ÌIl prodllctio泣如抽thy斜絃S l.rr略略海ctive of th融融ss∞iatioo

syst翩絃rl fertility 1evel s\穆孩游t:ir可 its hiφ19V1el of vigor. 吸1Ís

cl絞19 is knc閥1 to have hiφ獻r 1揖畫冊nopy 街草草草給自制tensive fib= 

訂祖，t sy:成棚 than M C治1 163在 (CI跤I Annua1 R咚沁此， 1985) . 

• 

• 

• 
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。法研rOO with 501串揖ss祖，va in th攝 unf位tiliz甜 plcts，心1e c1α海部

507-37 yie1dOO more in ass∞iatio."! wi油 siratro (14盟約， 站派zu (12位) , 

zomia (115衍剖諒。間位田hna (107衍，的er閥β 役1e yie1ds were great1y 

間如α封 in aS5昭iation wi愉 de!部科i潮 (35幸) a11:主 arachis (是2約. ∞治活

。份1缸恤泊，自1e ca臨av車拉1 位1e 如此ilizOO p10ts∞tyie1d屆主 cas臨vain

ass∞iation ，ri血 a11 forage 1句四屆l\g單位1， 沿海 gr純油器t yie1d 

E草duction 抽s 01海融rved in association wi恤如sm:xlium 紅著主 arachis. It 

a滋潤聞控lat high 師.uf<祖rtility 紛也制叫出e growth of forage 1呵也臨單

位被 hence 叫l'{:let:E滋 strong1y wi始問時a珊， p試制b1y for soi1 water. 哎1e

depressing effect:s on 但冊ava 峙， d車組此dium 街泌 arachi5 are no回b1e

irr電話研成ive of soil fertility and 怨滄 cau談話訟法前lying 甘漁揖 effec如

are 叫<.n:OWI1 (沈防明創，t. Al1揖1q為投ùc eff.樹立t due to 揖依法:::iation wi出

d倡議份idum arrl ar這d泣5 個lld beα1e of 怨滄 d臨pre制訂~ facto血泊甘心s

叫牌. 當主車$街路社借給s have b臨en ol:施間，00 \oIi'咄咄e 1ess vigorous c10r時哥哥

α:>1 1684 ir描寫海ctive of 器。il f 1i'rtili ty • 1柚吶aver， yie1部 were 拇指.ced

R心，re in association wi岱1 forage 1愕umes. 質E自揖 data ir這icate the 

p游sibility for 揖1部ting cas晶va clon臨訟法t 個n p次創曲 rea叫法b1y

we11 in a訟法氾iation wi出 α=rtain forage 1呵llII聽S﹒ Neve此油1個5 ， 出e

effectiv，帕拉S5 of 油15 fi位m幻~呵成帥 in 訟lSta拉茲ll:J崎怨自va prc論泌的m

and 訊 α浴缸荒:>11位可 soil erc臨icn 知hU1y regions should 油 evaluatÆ泌

即給 1α~er 伊ric治.

Effect of water str唱SS on 1支:N in cassava rc的tS.

句訟ùdeα:lllt冊是二仰借路av雄主$擺闊3叮咚1ality 叫浴缸草草int. 眩溶t of 

位16 阻S甜陳 d一闊論$ αm服üy u獄必 byfa:t'l!盟軍Sα:llltain rel成ive1y hiφ1 

1蟬ve1s of H佼哥拉3 位晦ir roots. h'hen 出臨erc油脂 are dir留tly 個1SUl睡去主 as

hIlII獄n fcx耳垂叫出部主甜甜事Jat車 pr∞闊的苟， it 偶n cau臨 a hea工柚 prc譜b1珊
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parti∞larly in r，呵ions 油雇主'.3 C，'1sSc，va 甜prl翩翩ts a laJ:ge portion of 

calory 如take (e咚. Afri也) • 安部ides beírg ∞ntrolled by 伊功的F阱，泣浴

缸叩 l問她1 may change with envircrn晦的 an1 regÌl鴨s of 前均純旭弓偷偷1t.

Water stress dur位海 r∞t fi主ling no泊位lly incr阻ses HCN 1evel. 如ss部甩

is 目tr紛紛ly drOI秒lt to1erant ar法 is 研 a r田ult graw仿 inar帕站前l6re

rainfall is l.i.mited 滋泌峙。盡adic. 卸的臨臨 circums拉ðl玄自g;民X宜

。a終sav車-root qt治工ity "拉伯lðllêlα海pt品1e level of H<咽 may b發細re

inq:也，rtðllt than yield potential. 

D.lr訂-q the 1987-88 grow訂-.g s制son I a field trial wi油 8 c10ne器鴨5

個治uct自d at Sðlltðllder de Quilichao to investigate to 鴨at extent 

cassava 個n to1磁扭扭甜情插曲主伊ri吋s of water 成主宙S 卸p論自這 at ðll 

early Stagi程。f growth aOO hCM d紋絲址lÏs af加;;t prc治uctiv土ty aOO r∞t 

quality (的紹， 1Ir!nU.<ü R咚泊位 1988). 質1e 給您路rÌl摺lts v]駐海 =i祖汪叫tin

a 1arg告 ficld lysü陪扭r 綠16ro 叩il water ∞，uld be ∞ntrolled by 

ω泊位台灣 the strel諮ed plots by p1astic 的錯ets. 僻的 days a伐缸

plðlltÌl旬，加工f of th自治伊rü制ltal ar宙 (~1500 m-2 ) 間s deprived of 

wa'.ßr for 120 day:器位治 then 盟as all臼府給 to recov酷r for 泣1e r祖st of 位1e

growil海訟法son of five 激流Iths wi出校le aid of irrigati如游城 raWal1.

如患白叩叫 half of 心1e e泣鬼r幻nental are矗岫s kept un:ier wel1吋啦缸ed

∞吋itions thr取掙以lt 甘le growm主間都α1. 吹草;! root ∞ntent of to'出主滋滋

fr棚 hydrt:x:加了1ic acid (冤叫 as enZYII滋.ti個lly de似絃混ined at f拉拉 harv臨t

11 mon恤s after p1ðlltil-.g are 曲創n in Tab1e 8. 費磁 clor祖s p:寫se品sed a 

wide rðllg聽 of 1悶f 訴訟16ir roots fran 115 路軍車鈞。10ne C說 3306.翩.32 to 723 

鼓伊拉 c10ne M 001 1684 un:ier 海lell耐抽t缸自i co法lltions. Wi治至是耐::>n組s

mid骨tcrrn wat.er 50草5S，協.6 }約3 ∞ntmt at final harvest 血ng甜食棚 108

P伊拉的依祖 α1 1335-4 卸的。該pm in M α:>1 168是. Fre臨 HCN 1evels rar苟吋

• 

• 
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gcre部1iI浴 cassa'\雄也睡泊nola國n for to1.er官閱單 to 1.微伽P soi1s at SanteJ1(主er de 

必泣泣益盜金﹒

αuu:acterizatìon of the 晶晶晶哺育}ermplasm for tolerance to 10' .... -P 

soi1器 has 扭曲幻泌的a七屆 several years ago to id聞tify olones an1 

br，制詣這位苦苦 mat成:rials 當lat 0胡 hav，聽到5扭扭abl輯 pr吋uctionin 細i1s 工CMin

詩也需虛幻間絡 (CI肘， Ann臨主恥伊拉s 1986 , 1987). 白你別nt釘晦ti∞ of 役ùs

ef如此， a r當~字執耳? of 01α海s were s研單當盟主 durir灣沿海 1987/19串串揖扭曲

at sar組閣er d，倍。斗lichao. 吸器 01α浩sw敏毛主 p1胡lted (15. 惡25 plants 加-l)

Ìl1 plots 祕1ÌC'h rea車iVl甜 no 戶OSIiloru晶 for the last 7 Y話也宮 。Ir wi街

-1 
街糊泊1 a:館工i自.tion of 75 I句 Pha-bar治ed at p1antir弩品結 trip1e

紋客站ZβlO!咽late. 'lhe treatr樹1ts w位-e replica:似泌 4tir揖s. Tab1e 9 sh白帽

位1e!闊論玖沁，t yields an1 the adaptati∞訟法i由s of 紛1e tested cl統灣s.

Acro帥 a1工 clon冊，紛紛 average r∞t yie1d 品位駕車 1仰-P pl，位s (27 t ha-1) 

鳩$晶ìgrùfiαmtly 1御自r 滋滋n yie1d 扭控器蚓呻孟晶e..p plots {3S t ha 1). 

Yields v蕊ri的成 widely 卸的呵你X湖泊胎出 P treatr轍rt:浴缸啦目位J1(寄給1e

9倒海:tic div，位'Sity 如 yield pot.ential. Anol灣投泣s gt'Ol司P of c10r給蟬， six 

W紅車 id部tifi晶d on 拉油站sis oJ:訟法úr adaptation 幻訟i揖sto 抽 to1erant

to lCM-P. 奴主串串e ada醉ed c10r珊珊;rre品嘗13-4 ，。至 2177耐2 ， 0:; 1370-5，叫

910ω7 ， α也 4049-毒品ndα通 2174-7. 吸1e b臨st adapt欲i c10rte wasα:; 913-是， an 

a卻被'10申d b訴說m.ng 1紋雄。f CI肘， wi油 a 1CM-P 晶晶阱ation irtd阻 of 2. 

“ 1 吸1Ìs c1000 yie1d國 43.9 紛前 46.4 t ha - without 磁前 wi也 awli吋紗，

語等研tively. SI.社1 c1α1e個n be u滋滋主揖 a bn總m.ng material for 

tol位當阻 to 1個i-P Ìll 0吋er to develop r灣w varieties 絃咐個n t法iVe

晶usta釘lab1e pr吋uction 知 low-P soils 前ler睡激怒t 胡錦ava i器 grown. 被激糧

E器研 a以鴻ssi= are 凱政rently ur泊er ev漲11滋.tion.

• 
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E政法部D 'l'O FIGm花這

Fi根結有~ 1. Relatio問hip betl攔阻 1988/泌的紅Y root yield 紡xi s in;rle leaf 

防治，tosyn紛海sis mea訊K割訊 1986/1987 為臨son.

F.ÏJ領絃荒草 2. 融latior泌úp 悟t蠣糊 1988/1989 leaf 防lOt磁帶3出冊is mea忍X甜

。股海 at 是實也寫胎sa位er plantin華街草草綠1屆 19.86/凹的 ratJ時

E臨asur甜 α1 3α抽S寫iα15 at 4 個 6 軍閥惜15 after pl街唸訂單:/.

Figur噓 3. 知latiα蛾ip 知如曲制訂yr∞t yield am. 1臨f J;hoti:海yn:紛回is of 

投祖~ 1988/1989 錯論獄訟，

Fi;制組弘知lationship 加油蟬削俊Y root yield am. mesc肺:yllα寫論lCtanCe

of 位E融 1虫草8/19帥 S曲欽ID.

Figur聽 5. 法elatiα臨ip 1:時枷給n dry r∞t yield 訟泌 inb認'Cel1ular ∞.2 0:芷

波浪 19串串:/1989 認織法草1.

Figure 6. Re彎路醋。f fn盟主闖北 yield to P 戀:plicatim. 0∞: no 

f磁ftiliz控; OP，抽P 滋滋 1∞'P: ze:ro, 50 泌泌 1∞旬 ha-1 p 前組

100 kg 1駕車 1 NK. 

Figure 7. 認錯;pcnse of dry 1"(沼t yield am. tot羽1 dty bial給歸 top

聲稱icaticn.

1: no fez蛤.li.zj摺['; 2 , 3 am. 4: 蠶的，即 an量1OOl!;穆 ha-1 p 組a

z∞陶抽 .1 NK. 



帶 16 -

(a): lSD 5華 for 1:0胎工 biol1l11SS1 (均: ISD 5老 for dry root yield. 

Figu油 8. !lingle leaf ∞ upt訟法如此祖扭扭曲 aVI位這ge of all ferti工i草er
2 

tr問切敏先Sll目sur捕悅:t\伯到 2 仿冒草草lIlOI'l甘15 after plant釘'lg.

Figure 9. 加海x:mse of single leaf 0)2 可站站 rat祖 to P awli曲ti啦，

Treat:r磁nts as in Figur駕車 7. 

Figure 10. R俗海x:mse of grC:Mth cycle ël\l1眩目ge IAI an:l fÌI叫以:ù.ked吉部ts

to P awlication. 'I法_tn自lts 晶晶 in Fig. 7. 

Fi那時 11. Eff，酷;t of P ëlWlicatiOl1 on nlJllll:揖r of st位age r∞.t 0\1，缸 t詠恥

a‘ 
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Pn (u mol CO2 m-2 S-1) -. 1988/1989 
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Dry root yield (t ha-1) 
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;!f: 

Dry root yield (t ha- 1) 
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Dry root yield (t ha.1) 
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CM523-7 
FRESH ROOT 
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NET PHOτOSYNTHESIS 
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AVG LAI & BULKED ROOT 
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BULKED ROOTS 
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TA且E 1. Root yield arrl 1eaf gas excha呵e characteristics of 16 
cultivars gr四m in the Patia Val1ey，臼.uca ， Co1αnbia ， 
1988-1989. 

前Y leaf 時~戶lyll leaf 
αlltivar root yie1d 阱lotosyn位leSis corrluctance con:主uctance Inten祖1

(∞'2) {屯的 (∞2) 

t ha-1μ 1101 α32m -2s -l m 1101 m 但2s-l μLL-1 

Mα)L 1684 17.5 16.1 71 837 255 
α咀 305-41 21.6 17.4 78 852 250 
CM 308-197 15.0 16.9 75 892 254 
αVJ 342-170 18.5 16.5 73 836 252 
。1 523-7 17.6 15.8 69 816 254 
。1 922-2 23.3 18. 1\ 81 990 252 
。1 962-4 18.4 17.2 76 891 255 
α'1 976-15 18.1 14.7 65 759 255 
。1 1015-42 17.4 15.8 70 761 252 
CM 1016-34 27.4 17.6 79 879 250 
α咀 1022-4 19.0 16.7 74 838 252 
α1 1335-4 17.7 16.4 71 887 257 
。1 1797-4 23.6 17.8 80 856 247 
CM 1797-8 22.1 15.2 67 720 255 
HMC-1 21. 2 17.9 79 930 254 
Mα)L 1468 15.3 16.1 71 844 253 

工SD (P=O .05) 3.233 1.7 8.6 74 7.5 
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訟BlE 2. Activity of PEP cati:loxy1a移e in 1eaf 酷xl:racts of cas臨惘，詣aÌ2:e
都黨主口CIII輯mb臨缸單. Values are m臨街器 of 是 1eaves :!: 5.0. 

自1忱S。P勾串明成白部磁tgicx1 tEF睡 回罰F 目泌X>Xyla臨街tivitity

μ 111)1 NMl約組1. qfw j.l 111)1 NAæI磁扎開 chl.

治ize - c是

CV. CIl學哎T3聶哥 14.9 士1. 8 6.單主 3.5學

swan lapc揖ta C848 

C法ssava 嚇 C3m C 是

M Mex: 59 3.2 士 0.6 2.2 士1. 0

M駐軍這 534 3.0 :!: O.是 2.1 士 1.0

M 肉a 2 1.3 士 0.1 0.4 主 0.1

MV，明1 77 2.毛主 0.2 1. 5 士 1.0

~!α，1 22 2.3 企 O.唾 1.0 主 0.6

M Co1 168嘎 1.8 :!: O.是 0.6 :!: 0.1 

Mα，1226是 2.6 士 0.6 2.3 士1. 6

M Br祖 309 1. 8 主 0.4 0.6 士 0.05

M Ven 331 1.草土 0.2 O. 卓:!: 0.2 

ca龍就結1 13曲Z器，-c3

α人 cal Ìllla G 喔喔94 0.2 ;1; 0.07 0.3 :!: 0.1 

弘一
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TABlE 3. α:>effici目前:S of ∞nelation related to dry r∞t yield arrl 
total dry matter pr自:luction 4 months after plantu可﹒

Dry root yield τ'otal dry matter 
4 mon世15 4 months 
n = 64 n = 64 

加t 阱。但可n出自is 0.376 ** 0.313* 
at four months 

Avg. IA工 2 ， 4 mon世15 0.532*** 0.740*** 

Net 阱。t目中lth揖is X 0.604 *** 0.750 *** 
Av穹. IAI 2, 4 months 

Harvest Ir吋ex 0.661 *** 

*, **，的*∞nfidE自1ce level of 位leα:lefficient of ∞'rrelation 95, 99 , 
99.9老 respectively.
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沈治制是. α祖ffici酷rt:s of α>rre1ation r鹽1祕甜 to 1:.ina主 drv root vi位g (t朋軍閥治喲，
自1尷蚓敝訂可輯朋湖騙ly 制組1 variety 前泌 av虹 all 精rieti臨.

職.Illtler of storage roσt:s 
4 祖:mths after pl-研仗時

擔鵬以=翻譯e r∞t 愉iφxt

C終 523編7 C刻 48事-1

n 臨 U n 軸 U

0.50 n.s. O.單3 *** 

終::01 168壘 。您的 All varieti阻
訂揖 U n 置 U conf明軍或曲直

n 揖 48

0.35 n.s. O.草草*** 0.67 *** 

4皇軍問她lS after pl甜，tirg 輛0.23 n.s. 吋.14 n.s. -0.35 n.s. 喲。.50 ß.S. -0.40 ** 
路臨n stor殉ero倪鴻i9ht
at final t抽J:Vest -0.25 n.s. 0.59 * 

Numl::曜r of storage r回Jts
at 主ìr過1 1揖J:V自t 0.89 輛* 0.72 料

Avg. IAI r:Ner 10 lOClIlthS 恥的* 0.806 僻

Avg. lA工 aver 10 l!間被忽S X 0.70 會
Avg﹒ netβlOt由伊拉糧sis

0.811 ** 

0.49 n.s. 0.49 11.囂 -0.16 n.s. 

0.72 ** 0.73 ** 0.76 *** 
O.吾吾* 0.790 ** 0.65 *** 
0.495 n.器. 0.799 ** 0.69 會發*

n.s" 1 、 訓， 帥* confid甜1ce leve1 resp館tively: not sign.ificati嗨， 嗨， 詞， 曹雪.9弘
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TI\BIE 5. Av位可e net Fhotc草ynthesis ar咕咕拉官司lCllIrI譚" ratio of f，∞r 
ZT m甜甜a clOl祖s (average aver all fe此ilizer treatI間lts) . 

NetFd﹒D一M-T--2向呵皇宮k， il} 
sink-sour由 ratio (2) 

R詞t I'IUIIi:ler/IAI 

α宜 489-1 20.14 A (3) 18.66 A 

。獲~ 4日 19.81 AB 9.77 B 

CM 523-7 18.67 B 9.37 BC 

Mα)1 1684 17.25 C 7.75 C 

(1) 且&erc旬e of all me胡立宙間，ts durir苟，即thp虹1吋.

(2) 世le f拉圖l'IUIIi:ler of 5'切口均er∞ts/av缸苟且 IAI r:N官g:rowth伊ri晶.

(3) D.mcan旭呵e Test at 95毛 αlIlfidence level. Valu自 ~lith 甘le 竄到祖
1e位前 a血 not significantly clifferent. 

. 
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TABlEι 袋輔扭轉恥叫 C酷詞唱知何rtit fzet'﹒仲1I揖計研 tn the 8當前輯il ， Hedi. Lune, Ma世昌，磚，

Colø勵1. (1揖8.19即). V.lu揖 ar. 鵬﹒峙。f f.... 峙>11回tl.....

, 屯
fertit iud <50 捕幅圖世間 臨zf.rtll1.叫

Clor輔 Fr回;h to耐 。ryr牌電 亨4司P weight Cfr揖峙 Fre抽向前 Ory root Tcp welght (fre甜E

電 ha

棚 1223.11 42.9 13.5 17.9 盡量J 6.& 8.2 
制 1533'19 37.7 10.0 28.5 主1.8 事.1 17.5 
CM33揖哼 28.4 10.0 18.事 19.1 6.7 15.0 
間諮詢咱 主2.3 9.8 30.1 19.6 5.6 電5.3

部 3555.6 草草.2 9.7 27.1 21.2 6.2 16.0 
研單。7.37 32.3 8.‘ 28.5 23.7 6.0 12.7 
CM 97，吾話 34.9 11.6 主8.6 28雜處 9.7 29.4 
M8ra 12 32.1 8.8 23.1 23.2 6.4 .1.6 
MBra 191 27.6 8.0 29.7 19.2 5.7 19.9 

"∞t 喘掛 主乞6 8.0 2~.7 18.6 4. 電 9.9 
HCOI.站棋 27.0 孔， 17.1 15.0 3.9 9.3 
HCOI. 2057 25.7 7.2 22.。 20.5 5.8 18.6 
詞曲172 27.9 9.7 16.毛 16.6 5.8 18.單

在6 進軍5" 44.2 14.9 27.2 42蹋5 話.2 24.7 

L目結 ó.里， 1.91 3.縛 事.18 1聞 罩.4毛

Ave柵牌。f .Il 
clor當S 32.8 C*) 9.7 C*) 24.草草，主 22.4 6.6 16.9 

《叮郎，蟬$ all cl酬峙， fenH iIer 岫圳時討制到紋lifi帥附ly I惜時揖甜 (P ‘ O.留吟 M抽 root yield 
W揖傘。P 牌§掛t. Th. 抽閃輔t ir賀龍X 前嚼脾閃開扭扭 d吋間tter in r捕油桶re 附電到gnlfic擻ltly

differant. 

t 

f 

'.. 
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TA恥藍 7. FrestJ r∞t yield of e輯祖祖.. .11都全世蚵 lor.肺 1_ """棚胃、t ∞Yer in S輸電歡暢r 咖

Ouil ich輔相，. the 赫鵬研啞 g阿，.， i ，. "輯酬 。總駒.9).

cr甸事ir導
-1 

Unfertfl12緩<t ha ., m!.l.l.I喜甜 (t ho 
.1 

gsv. szea 崩 507.37 第缸，已'。棋 撒切'7-37 費組組k 峙斟

Sote 扭扭BY學 (Control) 17.1 (10揖3 8..~ (1明%) 56.2 (1帥紛 23.9 (10揖〉

C揖輔valz啊明i. 19.7 口151足3 ιa (餌划 41..7 <761日 話九時沛，

C揖鞠.Vll/ku<紅u 華1.6 (125:萬3 7.3 時協3 35.1 揖~) 12.6 (53X) 

C輔制va/c軸tr蟬$鵬 站.3 (107X) ‘.3 (51賞》 給.2 (m) 12.1 (511已3

cas ... 祖lSiratro
(1) 

25.4 (1相約 恥，“嗨，仿 32.5 給觀3 13.8 (58%) 

Cass晶VO/d蝴roditA 事穗9 (351已3 1.6 (1鴨》 特.0 (到處》 3.2 (13X) 

E臨糊糊lar8曲 i. 判前副 7.1 抖盡1\) 1.9 <m) 29.5 <52草} 8.5 (話給

L盟 51\ 5.進軍 2.揖 特.單是 進.46

(1) Siratro C6noDV showed Ðßrtial deterioration 11'1 the t.nfertÜ 對 r.甘@俑nopy 晶晶制問時ial deterior前1研知恤e t.nfertil b，組組porl輯卅峙 C揖p8:1"ed to other 
1.學E睡弘

省

，心

』﹒

、
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t旦成E 8. 益ff!甜t of 閥扭rstr電器是; on f治linc甜甜va rtX沈s. HCN 扭扭t研lt
自.:p紋揖sed on dxy root 楠sis at 11 寫概也hs after p1甜lt.in;J.
Values are 軍閥ns 士 s.d. (3 rep1icatior叫.

Clone 

過CDL 1684 

CM 507-37 

CM 489-1 

口!( 523-7 

CM 2136-2 

α哩 3306間。32

躍主訟法*

CM 斗豆豆車站*

τbtal HCN 
如rt:ro主

723 :!: 165 

718:!:215 

192 士主02

195 主 53

162 :!: 3會

115 士是9

本主要主 11

起3 主 21

(~服}

str串串串

會30 士 170

805 主 190

354 :!: 89 

30會士 51

3壘。全 90

186 :!: 35 

1.2華主 9

10畫士 12

Free f直到你那}
C0ntr01 str單醋

5.3 :!: 0.6 20.0 主 3.0

4.0 :!: 1.7 8.7 士 3.2

2.0 圭 1.0 12.0 士 5.0

3.3 :!: 0.6 10.0 主 3.5

2.0 士1.0 8.3 :!: 3.2 

2.3 主1. 2 12.3 主莓 .2

2.7 :t 0.6 10.0 企 3.5

1.3 士 0.6 6.3 土 0.6

的 ihe Ul過.erli甜甜瓜α蜘總站taìI叫 their 10w 1研e1 of liCN 研制 UI治學r

a pro1onged 嚇知r 成Z回S of 4 nar紛紛 d您訂可絞磁grCM位1 CjltÙe. 紋路
clones 個.ùd l:培閥割d 訟a:reas wi位1 l .iJni ted ra釘1fal1 arx:l愉目單
個S捕瑚 is a najor 制結盟 for 詠甜甜1 畫成ld. 線寬暐悠借閱ili導 is
祖rr宙lted to 泌且在ify c10阻器 wi心教軸tly reduc組 1楓抱1 of 1量2日 也誼會
stress. 
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您在監E 9. 認認t yield of cas!揖va c1α1eS urrler 10W'祖X主觀指啥叫e P 1eve1 in 
S研制組erd愁。泣1id:鳴。 (1987-198的﹒ Value翁 ar曹富蹄ans of f.租車E • 
replic范ti;喝溫﹒

Clor鴨
閃閃閃 {td}

Z蛇口 P 75 地 P 
lJ::M-P紅通觀盟全可fpt{altiiqn 

MalL 工505 25.7 (2) 41.9 (2) 1.05 

a告 3是2-170 27.7 3是 .3 0.93 

α哇 681“2 23.2 32.1 0.73 

怨宣 1015-正在 20.9 35.9 0.73 

。直 1203.“13 31.4 38.2 1. 17 

αf 1785-6 20.2 37.6 0.74 

CM 工.797可4 29.9 38.6 1. 12 

α章 2087倫101 立4.6 39.1 0.94 

。f 2157-工 2惡 .3 39.9 1.10 

CM 2166-6 立斗是 豆~ .LJ.Q 

α姐 217是-7 2串.3 14.6 O.咕。

α啞 2177“2 主斗2 革2.2 1.59 

α~ 2毒草草-5 23.9 47.5 主 .11 、

α理 2952-3 30.2 34.7 1.02 

a是 2976-1 25.0 16.9 O.是1

。寬 397惡-1 20.5 34.1 0.68 

C訟紛紛-4 是1.8 是1..1 .L2是

位嘻嘻G惡惡心2 25.1 34.1 0.83 

α哩 4068-2 28.1 44.5 1.22 

。:; 668-4 23.0 35.3 0.79 

æ 910-7 主么是 金色互 1.35 

α. 912-3 2宮 .6 36.7 工.06

α3 會主3也是 生3.9 且&重 1.99 

α~ 936-7 27.1 39.8 1.05 

α3 959-1 27.9 35.9 0.98 

但 137豎立革 2星斗 豆豆:..~ 三三室主

æ 1403-6 21. 7 48.6 1. 03 

SG 53惡-1 19.4 31. 2 0.59 

該:; 557-6 29.2 39.3 1.13 



α班主r. 包1\BI.E 9. 

Cl仿草草

SG 562-4 

鎮:; 591-3 

SG 782-3 

ISD5主

Av，祖宮時聽 of

al1clα注!s

- 37 -

眾對封:h rα:>t vield It 00 -1} 

Z蛇口 P 75 )句 00-1 P 

23.8 39.3 

27. 主 37.6 

20.2 29.9 

6. 主8 7.95 

27.0 (*) 3莓 .0 (*) 

InW-P 矗dantation

公泊臨 (1)

0.91 

0.99 

O.辜會

(*) SigniH聞:ntly differ納t (P < O.∞1) .吸E車 ur法erlined c1α過s a血

=事ider閣制 OOve a 9α::d level of tol認飄泊e to 1ow-P 甜衍甜甜.ted

by their adaptation 公訟扭扭S. 切潑 clα器也會主3-4， a new bn泌的海

line of CI紹， is 位le b昭tad揖.pted to 1明←P anaX.J甘心s gra紗，

follαh哩dby α哩 2177-2.

(1) Ia• P ad呻出.ti如 ir治組 was 個lculat由d for 制ch clone usm苦心le ratio: 

tYield at z且r口 Pl (Yield at 75 ka 00-1 Pl 

(Av，位海ge yie1d at 韋拉o P) (AV紅河e yield at 75 )句 -1 P} 

(2) 詣。 5毫 for clα現 XP 耳 7.03 t h忌-1

嗯?
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SOIL 臨海草棚尬。該翻滾INA庇EPI志以JCI官倒 rn

CASSAVA-BI\翩。 C品PPING SYSTJ'lI位

To街叫τ-e ast綜tainab1e agricultural pr咄給ti∞ arrl a 認悶lr闖紅治

叫lp1y to 1I臨t 恤臨扭扭扭也可做澄rñ of a fastly growirq wor1d htm削

核研工ation，∞，ru雌vation of ∞rna恥ral resoura諮Ìf草棚rranted. 如il器，

祖 α瀉 。f 位1臼e v龍luab1e r自∞l:'Oi串串， 加ve shown 酷ignifi，αmt 1eVl毛主15 of 

d甜食祖dation due to 衍。6iα1 倒前 dep1位，tion of nutrients in n綴ny parts of 

沿海 tropics. 法1e 1eve1 of soil d馬R甜ation is fur愉敏r 8!宇宙油器還咱曲

re的主主℃珈山nited srnal1 f紅軍腔s are forced to 伊漪，也祖ir f血泊位opsαI

V訂yst居ep 1ar泊5. 織創出闊論紋te呼 1ar吋浴 ar睡 striPl只rl off of 甘leir

Z滋tural vl甜苦etation 出.ey b戚朋時 prαle to s都缸單位明ion by h帥vy

rainfal1. C品$揖lVa is a 滋法泣 fannerαop an:主 p1ays 敘事力.rtant ro1e as a 

food source 掏出訪以前al s研tors 紛前口Z蜘np∞rα:l!1lIIIll1Ìti扭扭Althot崢1

ca闊的a is not r也camner莘莘ed to be grO\'ill in hillsid臼 with 51，客leS gr祖at絃r

tl滋n 10章 ， a 5iglÙficant J;治rtion of.惜ssava prt論J.CI:ion 以::cu闊論 tllese

ar閣S. 工11 位1εse en浴ion-prone st制p 1ar啦I C敏柚inreg話給緣。f soil and 

crop manag.部\eI1ts have to J::時 adcp怨言:l to 祖1V0id large 10悠悠es of 甘苦etcp

soil thrOl秒1 位osion. 訊息臼自ava 役句ram 加，VH b棚1 側。laSiz紅河沿海

:i.np:lrtance of 5位治yirq 50i工位明ion prt過bl，斜緣何個晶晶鴨"油器由d crq;司pir可

何時紹祖5ar治協$∞法草.lCted r晦串串arch 011 pn治uction manag紛糊流s eff，樹立tive

訊 nùn訪lÌzirq soil er臨10n. 質ùs res糊口車站s 100 to identifyirq 酬，揖

u單位斗 pr吋uction p:問ctic唱出at can 51治tain a r唱50n油1磁 1eve1 of 

ca終侈品，va production 敏被泊位神器ame til惜時象lC扭曲il 訂協ion (CIAT 且X官rual

哀愁沁，rts 主985-1~88). 主持，ly幻-qm:x主.erate levels of f，祖rtilizerto 個s臨.va

a主OT1e or intercropp叫 w1惱。出er crq;怒， p1antirq in ∞ntour r1，甸揖位治

師師nbination wit立1 live 1法=1聽rs of P晶晶X睡 gr百ss揖 all have proved to 

. 

. 

、
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加 eff，自::tive pracU借給如 prt泣如幻~hiφyield訝。盡 α認揖喃揖融11 扭扭

∞ntroll位官司 soil erc溺ion. To further ext絃草草甘泣s r海鱗滋xd:t effort 街游 to

augn削t t主le practical 認吋呵rol'lCl!lÚ.cal a咚誨。ts wi偷獵給海如前館臨能al

infon扭扭tion ∞闊前叫呵 C互訪單位10 arrl 融:æ戶1c facto自 involved in 部11

g明i冊， a ∞llaborative r借給紅油 proj部t 職s initi殺ted 詛切的 E峙楠鴨n

沿海口諮崩va pn苟r棚 at 位ÞIr aT設前喝放lÍversity of Hd:閥蜘h聾， Fa:始自l

R咚J.lbl.1c of Gen\lany. A 法1.0. sb泌ent (I.tX恥r 加ini:r買主} 缸鴨 G位職均

每粉11: two y，明rs wi由投韓伯S喃喃 ßly認101ogy 雖則i∞ arrlαx訟JCI::ed field 

Z留揖ar成1 bo'油聶.t S敏唸刻泊er: d獻。成工id滾。街1d結滋滋怨的 ar閉 α1 個寫腦鴨

P口治結tion 句st創結 in relation to soil 敵民駕車1011. His ar當海澱且這 摺port

SUl!閥rizes data 耐t:aiI當!d m 也鳴主甜t two Y田間訟法t 回到ldα~hùy

幻Ilprove our un:汪紅就忍泌拉嚀。f 綴。il ert溶i∞ p民:>blωns 泊 ger激ral an:宜。盡

做臨的a-恤S吋 cropp~ 均成ems in 戶就icular. 胎 do hq;駕車沿海.t s\揖I

U臨ful ∞llabo:自，tiVi酷主咱也arch efforts b融t騙錢n 位組滋泌的糊n驚d

natiα渴1 arrl internatiα祖l 釘Jstitutions w以主ldα攻11:釘1u臨拉1 沿海鼠給位弘

S:h<軍官t reoort on 器。il erosion st:udi的 α貨郎的;!d f :ran Þ包rch 1987枷且Dril

1989 at santander de α1i主ichao arrl 跳怨吋磁\0. DeI:范rtarr四11:0 ca:泊ca.

cl:;llælbia.lbv Iudqer Reininc:r. Unive:rsitv of f吋間翻im. FRG). 

1. 訊社回去ucti00.

卻il 償。sion 甜甜晶 晶 ca器組閥告也ed 諸opp~ 勾寫1:el嗨幫聽re

∞耐叩ted dur~ tl聰 泌的/88 訟1d 1988/89 位咚司pin莘 S柚滋滋滋﹒ 官油

treatn當mts w艦re as fo11αNS: 

計 cl組ntill觀主 fall仰和α蛇。1)

2- cas終是lva plan主自i on f1at lan:主

3扭扭ssava pl蹋的;!d on ∞悅our ri甸閥



也是8 月

4- cassava planted ∞C'IOWn器1勾起 rj是ges.

5扭扭ssava 幻化叮叮'OglEd wi1法1 9r法inl苟言滋個

6明白S喃喃糾紛Ited on flat lan:l .11出∞，nt:aJr gra描寫tri伊

7- C胡間va planted in local mir由iUllI ti11a<伊甸綜tem "個juel臨11m

as欽x:iation wi'油阻.tive grass. 

(For de'協主工叫 d磁紅ription of tr糊認躍nts 絃寵幸臨t 嚀。，f tr扭扭， refer to 

CIAT, Annual 加port ， 1988). 

食宣祖民司pliβatiα草草 wer為儲出blist祖d at 能起位r.:r-悉tation in 

S犯愁滋滋位 de ()泣11晶晶∞ 論ndwi也 7-13毒 草1qp盔 2 re伊，titi，α單單 at 

b知'rlcm:> wi th 13-2的 slope. ∞llectors to m:mitor bo投1 nIl'羽ff 前吋融X咐ed

soil w位-e install自d at 沿海 1ω悅r end of 閣ch plot. 必單單 plant甜 plots of 

treab斑血，ts 2刁鴨re adequately f缸rtilized. To甜tain infor賠.ti啪啪

路i.nf;公1 charl至C鞠ristics 扭扭伊tlgi臨唱組 a 獄單位出ly recor這in:J peri。這

wer-e plac臼主 at each site. 

2. Ra infall characterist1也

食獵頭1 the 互依舊~ tE鶴立臨描 of precipitation 悅端正.809 鵬當t

Sant晶X泌er de ()Ùli綿起。續討 2133 nm at 勵耐CIIO S酬n to be suffici間是二 to

紛咚制t reasα澄ble yi融lds from 曲S翱嗨， 校區 rainfa11 di綜trib沈10n 15 an 

愉悅acle to agricu1tural PD珀給tion. Even durin:J泌1e rainy 51詣50冊

闖紅lStorms c品 be fo11明梅主持d:ty咚海11s of 5前研訓時臨蝠，品 it

h峭撥給姆拉1 April, 19串7. 他xj滋忍1 如志做器1ties we血口認紛吋ed wi'位1 21 nm 

in 7 minutes (180 mrrVhl ∞April 4, 1988 in sar這a泌er and with 11 nm in 

3 m如illtes (220 mrrVhl on Al均ust 19, 19且8 in Mon:ïc:m:l. 質漁 higgl諮tar的unt

of rain durin<主 a sin:Jl揖 storm was 1浩劫吋鋪位E 品ntander on 10 ., 11.11.88 

• 
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wi油正的.3 1絲釘1 7 hol.lJ:S. 悅由 st耐泌的部 h甜沿海 hiφ阻t valu聽 of

kir賦io en<草rgy \.,ith 2864 放了 mνhl'k，. 訊 Non:lα1D tl當a big莎智st ra訊 yield吋

α.Nov怨nb叮 29 & 30, 19M, 85.3 l!Irn in 7.5 11副主毯 with a kir滋，tio en間穹y of 

2135 f.U mro叭草草草.

In Santan:l綜r de Quilid法。 ra訂lfall was 1毒草8 .1 1lIII duri.rg位值 1987/88 

位句有戶可滋滋敘耳目滋滋 24主6.8 1攪在泊沿海 19串串1/89 s翩翩直線1結盟S 岱濾油田3

t車間為曲n (ave:間啊 of 22 ye位紛紛 1809 棚In !的法獨自主是招.4 翻 of

rain fell in 19誰7/88 誼車:i 2376.6 l1I1I訊 1988/89 叫她 a 獄錯n (a現絃呵揖 of 16 

3向前的 of 2133 閥. 。晶.ta shα，ý t立ut 路拉lfall ∞甜iti閉路 W駝直想rlt揖

單位已lar at bo出 sitE賠 durirq 值1G peric泣。E 公we綜tig百.tion (S串e Figs. 

1-晶) • 

3. 1!!'rc耳ivitv an:l soil 1也S

切除 ef拙文s of the t屆ted 仿咚有~in畫 sy品級單s an:主 till時駕車 practio臨如

臨il ero:盟主on are shown in Figs. 5-10 a揖 α鶴立lative v位間S. 岱le soil 

l唱S酬。主抽，th sites 訟沿研避sen危ed 凶狠組ble 1. 

'Ihe a即>licability of 11 er珊ivity ÌI雌α扭扭 was tested for 卸ill揖S

from cle約ltilled fallow plσts (tr臨怨濕mt 1) of 11 m x 22 m 'Ihe 

∞a::relation c楓fficients of 出e calculated 釘啦C研 are prl海ented 抽

空適ble 2. 

且以::or吋irqto 吼叫llneier a叫 smi油 (1978) a rain storm is r時arded

組佼包括ive 的問 it yie1ds n臨時甘祖n 12.5 棚'lhis 磁rpirica1低rre泌101d

糊品 not al鳴狗耳其F伊rt獻:l by investigations on 出色蛇口sivity of rainfall 

ino位ler I:1呵ions of th揖閥r峙， e寫論cially in 位潑 tropics. Sd1w敏包切泊位
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(l981) fOl.ll1C主甘lat storms wi柚滋rre than 10 111m of ra扭曲iused 自治sion in 

闖恨 parts of 胎st Gel:l百any. Hl1ds∞(Morgan 1986) 仙rtro:訕血泊位le 闖闖25

index, s個t釘-q划lat un:ler位le climatic ∞n1itions of zimba切結 only 詣函

~li油 intensities hiφ獵r t立級n 25 m:n.β1 由used erosion. IAL (1976) f(油錢

投lat 位誣告 AIln紅軍主甜，臨終防治uct of thI皇位劉mt of 傲揖ive rainfall (主}

aI泌 its 路xi滋滋 7.5 海公結鞠公咚磁1Sity (Im) explaÍI路主以綠t 位單單 quantity of 

當1:lda'l soil, 位協崢主絞泌諮訂單主.ex has 位濤在結晶忿給ntage of :L歌給r幻-g位le

k訂購ic er盟gy of ra釘lfall. Hc糊肺結， the inv臨tigatiα單單 in 倆個rrler de 

必泣lichao arrl ~個世館也 hav灣的.own 世lat 甘le ability of a storm to 回.use

er明ion deper過son o'泊湖r facto扭扭sid扭曲e aI棚mt of rain. 工n

惚淵紹的， for examp諦， 揖 storm of 11.5 mm caused sli，φt 傲。sion ∞

Nov級法埠r 22 , 1988 , 已是主程E海asa 教torm of 20.9 111m on f物rch 27 & 2窮， 1989 , 

發ìd not p該冷lCe any soìl 1部& 撥給id<?..5泣le 泣如當lSity arrl 位le kir泡，tic

側重E時yofare!苓蛇tive s-...orr髓 I wat前∞他ents an主訟lrfac位叫泌ìtions

( 1:"01.崢官1認早， r泣1拉苦苦) of a 卸il 綜駕車 prvbably very influ飢.tial fac l:ors in 

借給 erosion 評'OCeSs.

切潑 calculation . of 沿海 的闊的ìty iI叫“盟軍 resul ted in v校ry lCM 

∞紅綠lati仰 C曲fficier丈s in Sant晶Z滅聽r de Quilichao 絃紋絲絲浴t no 

αlrrIÙation 悔臼梧部位器公泌ic組絃憲章 soìl 1晶s in 設00這α賠 dur位吟。雄

主9容7/88 部帥部. 海sid錯位le limit揖d numb絃r of s磁耳其自{工5 油加1枷盲動er，

泣如蜘關部叫也.e physi也1 ∞財iti閉路 of 恤.e soil 銀lrface 糊間 very

influential. Dlr幻可世le s血泊吋臨a帥n 位1自 S個闖紅d plots were tilled 

llPre frequently with a rotar tiller to provide llPre unifo:訂n cor泌itions

by el以山lat釘19 rills arrl 卸il crust品 For the se:站站 C自'PpÌI可 S臨酬1

1988/89 II時st of the tested er思sivity 訟法主ices are significantly 

∞注alat甜 wi紋ì soil erosion âf訟 the 路infactor of 出e USIE (Unive路雄主
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Soil !品s E耶ation) ， EI30 prcv吋 to 1::且能.e b<緝私 該給ause of 諮鳴

1紋::atior造 of 滋滋紛紛 sit部 it 閥s not al帽持 P論sible to measu抽出e

e設lded 抽il after 晶咱位瑞ive s'"...orn. 'Iherefo:間， if mor種沿海n 1 眩唱ive

stol:lll α=嚼 b翩起馴 t詞。 但卻要?lir'q day!單位為認30-幻滅臨 of th睦 bigt興st已

成Ol:lll抽s related to $0.江 1唱趴 By calculatiI啥也必s 幻滅眩，前ùch I 

cal1ed 誼拍拍X，沿溺∞白睦1ationαJefficien:個 W敏E 認1i.φtly inprcv過dfor

加坡1 sit臨(Tab1e 2). How磁ve:官，沿海 differ宙X迫s bet鷗臨恤揖 d扭扭 of the 

b約 cropp紅河儲海Sα'lS un主er1ine 校1e r扭曲描i句 to 間'ltim抱怨ùs 勾伊 of

inv也ti.伊，tion. Aαxl時必-q toW話給當i控划1主動ù油 (1978) aI幅持is of 

扭扭lfal1 dat為釘珊 2令25 伊拉'S is r給α浴sary to 悔tain a realistic 血泊

幻泣io融洽.

是. 如vsì由主自Horol:扭曲i間訟泊位~rodibilitv

UsiI'q位瑞 known prc治吋.ure d也叮ìb剖 by Hísd輝íer an:l訟法組 (1978)

to calculat揖 the K-抽ctor 叫.ù也 charact缸iz描位1e叫咱ibility of a gív賦

閑ilby 阻幻可 such 伊踴II帥位's 1ik惡 gra訊 síz給 distribu:tíon，。時留lÌc

matterα文化e:nt 諾諾 structural data did not p的地læ r磁Sαlðble K-Factor宮，

which vari甜 wi奴泣n the raI可攏。f 0.080 aI氓 -0.039. 當泣t器械JUld 蹦翻白lat

位le soíls of 甘甜 trial si個s are not sus做學tìble to 位。sion at all, 
被ù1喝自il 1口俗話 acb法lly 目=啞Further aIlalysis ∞戶ysical 品íl

propertí盟主必æmir濾油1 個nposìtíon，∞nsíster也y 1訟吐峙， stability of 

aggr嘲幸ate器， 聲問isture r官屯e:ntion charact車ristícs 臨危C. wer曹 done ， but data 

窮till h且.ve to 抽血治1uated.

5. 墓志位主主

Lilæ soíl 10帥I runoff "Ia串了臨asur唱 after 前瑞ive storms on a 

r時毛主1ar 站正主is. Unfort:una回1y 出e wa"回r ∞11目tiI'q system d蚓 not always 
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func叫∞ p:欽本浴室主ydur包苦苦 h咱可 st;(淵草草. 加油etb啦 。可當1Ìc mat紅海玉

的怨怨婦給e spli法ers 被1Ìch 咄咄OOta路敘事苦追捕 100 to ova"flCM or ev.胡

說協協車時1i找街3 咱也1 15 divisiα15 it:閥綴 not:紋:>ssih1e to ∞Uec.t al1 

滋滋 :runoff. 吸海refo血I runoff lttÌ.ght be und甜甜，timated. 世吐S 抽S

e罵法院ially the cas串 for the 1988/89 s軸游防1. H'α揖wer I :runoff val\岫

pn諮ent叫 in Tables 3 館官:l 4 缸'e aproximations usir.g =凹t data an:l 

should 抽 vi的制帥恤白磁1 estin此臨.

6. 歪曲棍路 of nutr主ents a醋。roanic 1阻tt:er m 甜甜緝部n

α:n::純正法草單位α15 of 認此ri部ts aI訟。以伊拉io 11滋tt:揖r m s屆主激扭扭 盡摺

given m 油b1臨斜拉滋草草俊雄 quantiti組 of 1部t 俑，峙， 1荒， P ar泣。句型1Ìc

matt:雇主 are pr棚恥加:l. m Tab1錦9-12. TreatlnE約，t 1 (c立論anti1工甜 fa主1部}

F閻部ts1立191榔綴。f natural soi1 fertility b臨翩翩 these P孔就S Wi間可~ not 

E世tilized. Uigh ca"叫淘nαmtl."atio悶 may have 以阻1 caused by 位油 mat冠rial

(民前nit) of \oJmch th臨叫Ueι吐呵 canals 街巷閥船， th叫φ 間mpJ招牌re

taken carefu11y. 

Reasα旨主，1告認棚mt綴。吏。可單位ic mat七er an:主 nutrientel絃榔唸器研位唱

主喝tto 位16 :runoff an:草綠甜甜器oils.

7. Yield 

臼ssava yie1ds 紅海 pro品ént科知Table 13. α叫JeaS of tr糊彷闖北 5

個lX.也1193-059D) produced aIl av，仗呵。 of 0.92 tβ13 m 1987/88 ar治 0.48

tjha m 1988/的 m santan:ler de Quilichao. 'Ihe s祖祖 variety 閥s ve河

防治，r m Mo吋磁扭扭 1錯7/88 叫協祖抖的d of 0.19 t/蝠I this b<給制鋪位16

咚蹄。ies a時ar的位y is not: adapted to 位1擅自治，lc哼ical 0α1Clition器 of 給嘩

sit札 贊leI駕車室。血，她ans (vari終t..y !!臼rlα豆豆，可 V官e pl部乞ed 訊也e 1會串串/的

看‘

, 
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S揖紋划以rl: a 俊Y 待單11 dur公19 thc 伊riod of f1曲唱吉拉191晶dtoa α油1p1ete

failuro of 偷給 αq;l. cassava yields 躊躇你且it車 unifonn with the 

G掠過!ption of trl臨包制rt 5 但偏認出r愉r arrl tr田包制11: 7 訂1 séu誌紛前er arrl 

Mor治錯。In the int位四oppin;r S:I泌em(控制它輔11: 5) 扣 séu沈鐘前肘，

明S報嗨紋lff，前祖d fran 沿海個E伊titi∞ of th為那遜in 1略m惱，叫泣知

α諮晶va yields of 滋滋 遜訂址服.nu til1呵e t晶晶伽間吉t w自治 晶跤控制tiy

d咚攻唱sed because of 位1e 抽.tiv聽 grass 似渴軒u叫做 for rn沈ri部ts 獄草草

帽臨r. In哎ù器 tr臨街19!1t: only the yield of 油e variety 除:01 1522 初

級:nkm)關s not 副棋ifia約t1y 1c哀怨r 訟lðn 倍間串串 of 滋鴻，t otl總rt紋湖泊轍1出.

贊ùs varie句 Mφt 油間自 to1erant to native gr在揖叫噫旭!titiα1.

必怨這玄騙自

La玉，孔， 1976, soil 位留i啪啪Alfiso1s in 闡發tern Niger鼠，工II.

Effa丈s of rainfall characteristic恕， G餌x'lerma 16:389-401. 

w臼d黨總ir， W..H.. , sm.i恤， 0.0. , 1978，投祖di，拉拉旬開拉法拉1 前臨ion 1惜自弱，

a guide toα灣海位vation pl給'IIlirq. U.S. [治p紅油路1t of 甸的位主lture，

均ri∞lture I恤訟說泊k No. 537, W.耐ùngton O.C. 

鉗制即位組nn， {丸， 19紋， Di聽 Vo:抽出schatz也可 d攝政治g滴bn勾5 durch Wa隔er

in 胎Y結n (V，結faJ:芯問 von Wischmeier 1.lI"lC主 smi出l . 

做扭扭1， R.P.C. , 1986 , soil 位明ion arrl cα浴缸vati冊， J. Wiley & Sα15 ， 

N間0/ York. 'i;: 
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m縣E 1. s位oKilPQlα.û路lid耐zar必o 海an:工29放97軍/dssaaaDz{119BS/SS C訊聯“可觀給紙lI"IS at 
{每位a).

‘ 

位恕。zi工id1ao 獨當lda!o 許能總n

電汝為議怨瓢潑1I二 泌的/草草 級路/89 主987/88 主.988/89 位愁予令五ili耐詣。 哥倫草草怨紛

主 是9.15 196.55 44.50 310.56 122.惡5 主77.53

2 5.05 17.19 9.90 40.07 11.12 立是 .9雪

3 3.83 8.46 1.48 2. 誼通 6.15 2.06 

4 30.42 67.98 33.7雪 12.60 峰9.20 23.20 

5 7.87 29.37 19.80 46.83 18.62 33.32 

6 5.28 15.34 1. 是6 3.16 10.31 2.31 

7 1.93 1. 76 2.71 2.48 1.85 2.60 

... 
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TA8LE 2. Correl.tl副 eocfflci.nt$ of vari眠JS erosivity ir甘 ic輔軒世 soH 10$1 of trea翱愴的 1 (01.酬，電 ill.d faU帥).

KE 130 “
切

,a 
I 

g
恥 EI 備.. 

30 先 眩 25
會2

1 
1 

ES t 
-ez 

E 
發

EI 
錯

AI 
a 

Cl，AT~Quil ichao .. 
1987/串串 串，諸如陣 0.555 0.41臨海 0.491聞 O.必街、$ 0.412間矗.5301哺乳毛的階凱的街15 0.43曲15 0.422ns 

1總8/1!B 章.3刻會 0.6紗." o.得0". O~綴。岫，. 0.2喝兩 0.590艙。.561** 0.730*瞞自.513" 0.712輪會 0.6串扭曲

Honc峙，.，

198718直 成自由4悶舟，自惚，總 '0.0521曹 '0.253唱 鼠的ons -0.0尉ns O.侷Ono -0.自1軒唱. 0.411階 0.172個玩 182r曙

1988/章9 0.56伊，. 0.787帥，. 0.8鈴鏈** 0.837*輔 0.480* 0.745*** 0.795輔" O.晶晶... 0.786*輔 0.806制* O~785*輔

結 = kl憎tie 凹ergy of erosive 肘。聞單S

130 醬醋剖阻.111 3O"minute int軒稽ity 01 an er輔相e storm 

EI 獨 prod情意。f kl約etic cncrgy ar甜 1._ (r.in f.ctQr .1 電he 岫、iv肘到曲1 SO\l L帽，重削ati膚、330' -30 
EI 職x = E1__ .f bi甜甜t sto聞出相峙，、 two 581帶給呵 da間30 '-30 

A 軍 ~nt of erosive rainfall 

KE 25 繪制憎tlc 開肘rw of rain with r臨何甜甜添nm/ha inten訓時

Z 抽xhrun 咚-rninute in詢問 ity of an er咽 lve 忱。m
15 

EI.. = prα魚JCt of kine電 lC ef、e f11Y and 1 15 -15 
Itn s 棚討緣曲 7.5-剖開Jte 俱全館、sity of 研肘揖ive storm 

EIm Z F耐帽定。f Idnetic e隅吋γu世 I'"

剖開 ::: proc余JCt of at悔耐性 01 erosive rainfall 街唱:
m 
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Runoff ~ichao 1987/88 an:l 1988/89 51組sons.
、

TABIE 3. 

1988/89 
% of rainfall 

1987/88 
老 of rainfall nm nm TreatJ臨誼lt

6.8 
7.6 
6.1 

10.9 
10.3 
4.9 
7.4 

163.4 
183.4 
147.3 
262.7 
248.1 
155.6 
179.3 

5.9 
4.3 
5.4 
9.6 
6.2 
4.5 
7.5 

86.2 
63.1 
78.4 

139.7 
89.8 
65.3 

108.7 

可
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‘
弓
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且
可Z
J
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u
弓
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Runoff at Mo吋a!D 1987/88 缸過 1988/閉目a甜15.咀且E 4. 

A 且盟。里
老 of ramfall 

且87/8旦一
主 of rainfall nm mm TreatJrent 

5.5 
8.8 
4.6 
7.6 

10.4 
9.7 
6.7 

130.3 
210.1 
110.2 
180.7 
247.4 
230.9 
158.8 

5.0 
2.8 
2.1 
8.2 
4.6 
3.3 
4.2 

75.2 
41.4 
32.2 

123.0 
69.6 
49.6 
62.4 
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呵
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J
A
且
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J
Z
O
呵
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t法忍E 5. α)!'lC糊rt:ration of nu1世i扭扭扭1d organic 閥混er in eroc這甜甜泣單
位位盼~ichao 1987/88. 

Trea智取認lt

1 
2 
3 
4 
$ 
6 
7 

{泊揖是2)

ca 紅耳 K 
叫一- mej1-Q0 gr soU …一一

3.82 
6.73 
7.13 
5.75 
6.50 
7.45 
8.5是

0.40 
0.84 
0.68 
0.79 
0.78 
0.74 
0.5事

0.19 
0.25 
0.2事

。.23
0.27 
0.26 
0.30 

p 
民m

4.9 
10.6 
26.7 
13.3 
14.1 
Z是 .5

6.7 

。4
告

6.4 
6.1 
5.5 
5.9 
6.0 
5.7 
5.1 

協滋E 6. α:mc街ltrati∞ of 減駐i恥rt:s街泌 organic ma'俊erin 敏吋ed 自us
at cu心令泣H晶扭扭88/89.

ca E壘莘 K 
笠聖祖晶治組nt …一一'1[臨'1'100 gr soil 一一…

1 0.39 
2 5.11 
3 6.07 
4 4.76 
5 莓 .72

6 6.22 
7 9.15 “= 21 forζ詣，陶，紋， P , 

0.08 
0.5是

0.52 
0.52 
0.55 
0.63 
0.57 

n 甜 15 for 怨句

0.10 
0.20 
0.21 
0.19 
0.23 
0.23 
0.29 

p 
ppn 

4.4 
16.7 
13.2 
16.5 
25.0 
11.3 
7.2 

æ 
老

6.1 
6.6 
5.8 
6.1 
6.2 
6.2 
5.5 
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α臨別，tration of nutrients an:i 0月也泣c matter in 位吋甜甜i1s
at Mor吋CIIO 1987/88. 

TABIE 7. 

α4 

老
P 

ppn 
昀

一一- Jre/100 gr 目位一一一
K ca 

Treat::ml當11:

6.1 
5.9 
6.0 
6.1 
6.1 
5.7 
5.5 

3.5 
9.6 
5.6 

12.9 
18.3 
5.4 
6.5 

0.14 
0.26 
0.29 
0.23 
0.26 
0.27 
0.20 

0.15 
0.50 
0.57 
0.73 
0.53 
0.54 
0.41 

1.96 
6.50 
8.72 
4.03 
4.64 
8.53 
6.22 

1 
2 
3 
4 
5 
6 
7 

(n = 26) 

Corx油1tration of rn恥i間扭扭過。可a吐.c matter in 位吋ed 目i1s
at Mor吋α的 1988/89.

世且BIE 8. 

α草
書

p 
ppn 

性J K 
一一- Jre/100 gr soi1一一-一
ca 

TreatJrent 

5.9 
6.1 
6.9 
6.6 
5.8 
7.0 
6.1 

3.3 
11. 6 
10.3 
13.9 
18.1 
11.9 
12.6 

0.09 
0.26 
0.26 
0.23 
0.33 
0.35 
0.28 

0.06 
0.49 
0.59 
0.40 
0.96 
0.67 
0.67 

0.67 
5.25 
8.36 
5.44 
6.36 
9.20 
7.43 

勻
，
南
呵
，
包
弓
J
A
情

F
h
u
r
o弓
，

N = 12 for α1) P, K, (n = 18 for ca , ~旬，



主括“單S of 0:時間ic matt位位'rl nutrients in 借故怒已臨泣摺 at

泣如-QJ.ili命ao 1987/88. 

個 61

頸鹿E 9. 

α覽P K 
kq/ha 

陶C法

Treat泌ent

3.1是6

308 
211 

1.795 
472 
301 
98 

0.241 
0.054 
0.102 
0.405 
0.111 
0.077 
0.013 

3.65 
0.49 
O.是3

2.74 
0.83 
0.54 
0.23 

2.39 
0.52 
0.32 
2.92 
0.75 
0.48 
0.14 

37.63 
6.81 
5.是7

35.05 
10.25 

7.88 
3.30 

可
自
喻
旬
，
動
弓

J
A
心w
k
i
v
Z
Q弓
，

I揖ses of 0呵祖nic ma:法釘﹒館前 nutri，叩t器品結取紅軍宣帥il器 at

CIAT-Q.主ilichao ， 1988/89. 
空車阻E 10. 

α現p K 
匈岫

M;J ca 
Tr鳴at:r輝當lt

11.990 
1.135 

是91

是 .147

1.821 
951 
會7

0.865 
0.287 
0.112 
1.122 
0.734 
0.265 
0.013 

7.69 
1.34 
0.69 
5.05 
2.64 
1.38 
0.20 

1.91 
1.13 
O. 革3
4.30 
1.96 
1.18 
0.12 

15.36 
17.60 
10.29 
6是 .85

27.78 
1雪 .12

3.23 

可
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你
啥
，
M
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J
A
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民
-
w
k
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1屆S自 of 。可誼吐.c na"吐er arxl nutrients in 位世ed soils at 
~ 1987/88. 

且直E 11. 

αz P k 
kgjha 

向ca 
世間abnE到t

2.715 
584 

89 
2.061 
1.208 

83 
149 

0.166 
0.095 
0.008 
0.436 
0.362 
0.008 
0.018 

2.44 
1.01 
0.17 
3.04 
2.01 
0.15 
0.21 

0.81 
0.60 
0.10 
3.00 
1.28 
0.10 
0.14 

14.48 
12.90 
2.59 

27.29 
18.41 
2.50 
3.38 

可•• 

啥
，
已
弓J
A
U
τ民
-
u
d
u旬
，

I品S揖 of 01:1興nic natter arxl rn此rients in erod刮目ils at 
Morrlα10 1988/89. 

咀血E 12. 

αz P K 
峙個

E句ca 
Trea包nent

18.323 
2.444 

182 
832 

2.716 
221 
151 

1. 025 
0.465 
0.027 
0.175 
0.848 
0.038 
0.031 

10.93 
4.07 
0.27 
1.13 
6.04 
0.43 
0.27 

2.27 
2.39 
0.19 
0.61 
5.47 
0.26 
0.20 

41.70 
42.16 

4.42 
13.74 
59.69 
5.83 

369 
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位臨街vafr敬你 root yie1d in e:rt溺ion tr垣lsat~idlao
訟法泌滋滋α紛 (tjha) • 

望在BIE 13. 

Mon:lano ** 
MCDL 1522 MI法注.2259
(AlC}:泊閥混) (品坤3泣如是0)

回AT-Quilichao*
CH 523-7 食eatr祖1t

15.52 
15.65 
14.57 
15.51 
20.18 
6.99 

19.70 
15.25 
15.37 
16.84 
1學.l9

15.7是

31.12 
29.73 
27.70 
21.29 
27.12 
皂 .95

234567 

14.7是

8.轟轟

16.惡6

2.92 
2莓 .32

3.66 
給海敏E

LSD 0.05 

19881島事做opp釘-q s曲scr還}
previou給 crop 糊S 101誌 due to 位可

工9871惡8 也草草
S揖船民 αl1Yt

{臨an of 1986/87, 
(Yield of 19881的
到dn 滋晶晶的.

* 
** 



CASSAVA BREEDING 1989 

The core activities of the cassava breeding section 
continue to be th韓 cons體rvation and ev殺lu轟tion of the world 
casl單ava 9嘩rmp1asm 0011喝ction ， genetic improve緣也nt of broad­
ba翁ed gen融 poo1s for adaptation tò distinct edaphoc1i獨atic
regions , and co11abor揖tion with national programs through 
training, germplasm introduction綴 I and con務ulting. Al1 
th峰se activities are long-term responsibi11ti也s of CIAT, and 
龜re expected to occupy 孤ost of the hUl聽an" and material 
resources of the br聽聽ding section through the next d臨cade.
Th嘩 pres融nt report su誠觀arizes the pr1nc1pal res嘩祖rch areas 
and results of 19串9. Additional background infor祖aation may 
be found in previous CIAT Annual Report揖﹒

Germnlasm Manaα直撥ent

、C:onservation 

Present status of CIAT's germplasr聽 co11ection 1s given 
in Table 1. This repr體sents a smal1 incr每aseover last 
Y體ar ， with !事。到嘩 addit10n祖1 acc融ssions fro滋 Colo級bi攏， and new 
hybrid!器 b聽in9 incorporated into the bank. The collection 1s 
maint2里1n聽d continuously in the field，祖nd 90車 of th融
acc閥sions have now been tran~ferr叫 to 品結缸2 cu1ture , 
m車intained under slow growth conditions. Within two years , 
the entir壘。ollection will be pass聽d to 主n 正主主1:2 condition岱﹒

The conoept of a 00吉思 col1ection i戀 be,ing studi睡d 室。r
the case of cassava. A core col1ection a!舊 app主 ied to 
cassava wou1d involve identification of a subset of the 
total collection (on the order of 10毫 of the total) , in 
which a high proportion of the gen聽tic variation 1s 
r也presented. There is 軍事till considerable debate among 
gen盟plasm specialists on the optimal means for determining 
00訟ponents of 揖 core c011ection , but frequently suggested 
criteria include mea發ur聽S of vari晶tion based on origin , 
morphological and bioch學mical de臨criptors ， and agrono聽io
trait!章寫uch as pest and disease resistanc塾， adaptation and 
quality. 

While the identif1cation of a core còlleotion wou1d not 
imply discarding any acces寫10n器， it would provide a 
manageable set of clones for detailed studies of the genetic 
variation 1n the ~~~~: This i結 especially ir單portant for 
tra1ts which are di f'ficult or co!幸tly to evalu晶te. By 
concentrating first on a core collection , res體archers can 
extrapolate to the whole of the crop' 務 genetic diversity at 
considerable savings 1n time and m。我聽Y﹒， There is of course 
some risk th揖t potent1a主ly important rare genes 1單ay not be 
inoluded in a cor昂 collection ， and this risk'J民ust b種
balanced against oth睡r cons1d嘩rations.



c:haract也rization

Over the last two years , the breeding section in 
col1aboration 當ith the Biotechno1ogy Res融arch Unit , has been 
characterizing the germp1asm collection for e1哩。trophor聽tic
patterns of 聽給t睡raze iso!:yme竅， 可rhis c1ass of iso!:ym聽聽 has
resu1ted , a單aong 28 t嘩sted ， the most polymorphic and h嚨里單
輯xce11ent resolution of band路 (Figur鹽 1). By the 酷nd of 
l會8章， a1most ha1f of th轟 collection (19耳o accessions) wa寫
characteri!:ed. ‘ 

月rhe information wi11 be u~單輯d for s輯、，eral purpose~章，
including dup1icat睡 identification，終tudy of pat.tern嚀。主
q聽n臨tic vari是ltio鈍， and corr融1ations with characteri!單tics of 
祖gronomic potentia1. First priority will b臨 giv睡n to 
duplicat融 identification ， using combined 濁。rpho1o發ica1 and 
bioche捌ica1 crit也ria. This 留ork will b聽gin in 融ar1y 1990. 

Some pr脅llminary observ融tions on the patt聽rns obtained 
to date are probab1y indicative of patterns within the 留orld
q融rmplasJ聾。f cassav轟﹒ Th串re is a wide range among countries 
on the fr聽quency of bands. The extreme rarity of 盟軍ome
bands (融 .g. ， bands 12 是lnd 17) sho留s the need for a very 
care室ul ana1y發is on the basi路 of a r揖nge of criteria in the 
definition of a core co1lection, in order to inc1ude the 
highest pOI聲終ible degree of v龜riation.

Based on isozyme patt融rns alone , 688 distinct genotypes 
were found among the 1950 accessions ev融luated. Of thel串疇，
378 patterns were unique. The two patt草草rns r嘩pr聽senting the 
1arg聽器t nu刻ber of acce鳴sion發 (35 each) were those showing 
pr聽草草串nce of bands、 3 ， 11 and 23: and 11 and.23. C10n體發
showing th蟬 same e1ectrophoretic patterns 是lre not 
n哩ccessarily dup1icates: it mean酪 on1y that they are 
identica1 at the re1ative1y few 100i represented by the 
estera駭俗 gene札 In order to identify dupl可icate怠，
e1罷ctrophore翁is dat揖 wi11 be used in conjunction with 
I章。rphologica1 descriptors. 

Band frequency appears to diff體r dep酷nding on the 
origin of the materials, indicating pos綴ibilitle綴。主
studying evolutlonary p龜tterns ln cassava on th蟬 basis of 
electrophoretio patterns. Table 2 i11ustrat酪sthe fr融quenoy
of 1囂。f the 23 band!晶體valu讀ted ， by 有Jroups ﹒)

Apart from the use of isozy紛紛紛 for 彎彎rmp1asm b是mk
charact融rization， the technique has be帽n used in 鼠evera1
studi峰器 of varieta1 id融洽tification. As one examp1e , on 
Co1ombia's north co揖揖t region , the vari嘩ty known as 
Ven體zo1an矗 is the mo草草t commonly grown. How臨ver ， ther酷 has 
b輯。n some 器uspicion on the part of both far湖融rs and 主oca1
research融r輩革 that the variety may 攏。tually be a mixture of 
similar clones. One indio矗tion that this may b聽 the oal草a
was th聽 observ揖tion of differences in branching habit of 
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Venezolana on different farms. since Venezolana is b蟬ing
officially multiplied and distribut聽d ， ICA ask聽d CIAT to 
compare Venezolana accessions show1ng different branching 
habit , using isozyme analysis. Stâkes 幫輯re tak聽n from 
plants showing 聽arly ， intermediate and.late br雄nching.
Electrophoretic patterns wer啥是這nalyzed for four isozyme 
systems (呵β 呻estere!峙 t diaphorase ，啞 13 phosphata!喜哩， glutamic 
oxalic transaminase) and from two types of tissue (root tip路
and shoots). For al主 syste甜s and 吏。r qoth typ聽話。f tissue , 
th酷主喝 were no differences observed among the.materials of 
different origins. While this 1s not conclusive evid融nce
that th位 Venez01anas 器howing diff體E輯nt branching habit are 
the sa臨e c10n聽 it strong1y sugge蟬ts that th1蟬 1s th啥 。a串串-
Di室主融renc聽s in branching h揖bit ar臨 pr口bably due to 
sensitivity of th串 clone to micro-environmental differences. 
Further studie器 are b融ing carri但d out to look at branching 
habit wh聽n Venezolana from different !害。urces.and of 
diff位rent habit are grown together und祖r unifon聽 conditions.

至義必泣淼ll9.!量

On位 of the services CIAT off融rs as 韓 global repository 
for cassava germp1asm i5 the return of accession5 to 
countri祖5 of origin. Loss of material in the country of 
origin or need for introducing virus indexedmat體ri祖1 ar韓
two of th聽 common motivations for this type of 啞xchange.
During 1988/89 , significant parts 。盡 th聽 collection from 
Peru (256 accessions) and from paraguay (171 accessions) , 
W輯re r聽turned a自 virus-indexed , in vitro clone草草.

Gen思 ?白白1 Development 

General Philosoohv and strate口V

CIAT has been developi均 and evaluating 9惡rmplas獄
specifically adapted to th程 major constraints for th體 main
edaphoclimatic zon位s (ECZs). Even though Colombia ha紡 a
variety of conditions that are broadly similar to the 
different ECZ!章， there are always productipn or utiliz觀tion
crit由ria specific for a country or region. As a result , it 
is hard to develop clones in Colombia with direct 
application for the national programs. Sel起cted clones for 
particular ECZs are us串d as parent臨 to generate progenies in 
controlled crosses or/and polycrosse5. Segregating 
progenies are screened by national programs for the in situ 
selection of adapte位 materials.

The connection between bre控ding at t沾 national program 
l臨vel and population improv酷ment done at CIAT is the 
interchang息。f both germplasm and information. Particular1y 
important for our breeding progr是這m is to obtain f體edback on 
th亞 average prog睦ny perforrnance and th啞 number of selections 
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from each progeny. with that information , bre臨ders at CIAT 
h聽adquart程rs can make informed d啞cisiom器 on parents to use 
in future CrOf草莓聽紋， and the possibi工 ity of recycling clones 
that may not have b扭扭n select聽d und臨r Colombian conditions. 
That is particularly relevant for th輯 subtropics (ECZ 6) , 
sinc串 similar conditions cannot b酷 found in Colombia. 
C聽ntralizing bre♀ding for the 器ubtropic器 in a r酷present祖tive
area in southern South America is now b串ing considered. 

An ideal breeding sche甜甜 for cal草草ava wou1d inc1ude th臨
dev程10pment 0主 prog患nies at CIAT and their subsequ串nt ，
eva1uation in different r告gions of the world，留ithin th憩
saI聽聽 ECZ (i.e. , for ECZ 1: Colombian north coast , northeast 
Br祖zi1 ， 務體mi-arid Africa , and northeast Thailand). with the 
information on 祖verage p也rforl通anc臣， parental materia1s 
Z說aintained at CIAT cou1d be s能1ected for recombination , and 
the production of fami1ies for the following cycl串 oth串r
promising m祖terial給 can be 串valuated and incorporated into 
th融 population improvement schem恩 at anytime. The strong 
collaboration with national programs (e.g.- , Br晶宮 il) ， and at 
th起 regional 1告V體1 (e.g. , semi-arid Africa) that is b車ing
developed , will open th睡 pos諮 ibility for such.an approach in 
the future. That will al工ow the ori啞ntation of our breeding 
activities toward obtaining germplasm adapted to a range of 
condition器 within the sam融 ECZ ， and with suitabl自
variability for 祖llowing selection for 綴pecific local 
traits. 

Genetic variability is b租ing introduced into national 
programs as clones (主n 芝主生ro or virus-indexed stakes) or as 
botanical 串串eds. The for主義也r strategy allows for the 
mainten聶nce of the genetic integrity of a qlon程 (important
when there is a b品lance of good traits in a clone) , but it 
carries the risk of pathogen transfer. Shipment of seeds , 
on th聽 other hand，祖llows for the introduction of a broad串r
range of gen酷tic variability , from which specifically 
adapted genotypes can b告終酷lect自d under the p祖rticular
growing condition!譯 of a national program. This approach 
requires well developed facilities sinc申 it involves a 
number of steps before reaching the 1聽vel of yield trial , 
and the handling of a large number of genotypes. G臨neration
of genetic variability by controlled cros怒ing or polycro路ses
ha!幸 been th惡 base of our br但eding program anq ~he 
cooperatio l1 with national programs. A brief 全體port on the 
advanc控告> made within each particular 9聽ne pool in Colombia , 
and advances at the national program 1臨vel for specific 
countries , is pres聽nted here. 

"是偷



LowLand trgp1cs w1th low to 1ntermed1ate rainfa11 and 
long drv season fEdaohoc主imatic Zone 1 >

Media Luna (Magdalena) is con翁ider聽d the principa1 
se1ect1on site for 忍CZ 1. Breed1ng materiall器 are eva1uated 
there , from F, C, up to adv攝nc聽d yie1d tr1a1S ,. El Carm串n
(8olivar}ish主帥condary s聽1ect1on site for 發CZ L 
progenies select融d in Media Luna are 融valuated ， start1ng at 
the pre11minary yi聽1d tria1 1evel. Thi哩 year ， hurricane 
Joan affected both p1anting e耳聽asons ， and'r蟬liabl聽 dat祖 cou1d 
not be gather蟬d from El Carmen. 

The ideotype that is sought for ECZ 1 inc1udes the 
combin祖tion of good plant type , high root yi體ld ， high dry 
matter , and 祖dequat臨主體vel器 of diseas聽 and ins峰ct
resistance. It 1s usually hard to get clones approaching 
dry matter levels of th酷 10cal check Venezolana (滋 Col
2215). This year at 1車ast on思 e1ite clone fe11 with1n 
non盟significant differenc告 in t思rms of dry matter content , 
with r磁盤p自ct to M Co1 2215 , in both s憩asons (Tab1e 3). Du聽
to the high yie1d potentia1 of advanced materiê達1s ， a11 of 
the top 10 yie1ding c10nes produced significantly h1gher 
amounts of dry matter p酷r hectare than th輯 check. HCN 
1eve1盟， determined by the co1orimetr1c m體thod ， are usua11y 
higher than the check's r哩ad1ngs. Som思 elite c1口nes hav聽
intermediate 1ev酷1s ， but c。當lbining ev嘩n 10wer HCt是 1略ve1s and 
high位r dry matter wi11 continue as a primary objective for 
thi甜 zone.

Low1and trop1cs with ac1d s011 savannas. and hiqh 
Ea1nfall CEdaphoclimat1c Zone 21 

Most of the breeding act1vity for ECZ 2 is being 
conducted now at ~he IC吼叫 La Libertad exper1ment stat10n , 
near Vi11av1cencio. A rep11cation of the observat10na1 
tria1 1s sti11 1電\ainta1ned at Carimagua for 自e1串ct10n under 
heavy pres自ur惡 from bact程ri聶 1 b1ight (CBB) and 
supere10ngat1on diseas峰 (SED). As was expected , d1發ea終e
pressure at La Libertad 1s 主ncreasing: sus~eptib1e ch體cks
consistant1y have high scores (high1y 祖 ff脅。ted) for CBB , SED 
and anthracnose. This fact , in addition to the potent1a1 
for cassava deve10pment in the "piedemonte" , is proving that 
the mov車到聽nt of the program to La Libertad 智i11 soon produce 
considerable ben聽fits. Se1ections frorn ECZ 2 conditions are 
often adapted a1so to the humid tropics (ECZ '3). Since 
gerrnp1asm dev睡lopment in th恩 Co1ornbian Amazon was 
di器continued ， nationa工 prograrns 日ithin ECZ 生 usually r祖ceive
prog酷nies and/or e1ite clones frorn ECZ 2. 

There are s位V串ral good advanced clones , with a superior 
L.umlJ lllatlull of charact告ristic自 with respect to th申 ch由ck M 
Ven 77 (Table 是). Three advanced 010n聽草草 祖re being put into 
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consideration for future r發1啞ase by ICA. As in previou盟軍
seasons , c10ne CM 2766-5 fe11 within the first 10 high 
yie1ding c1ones. 主ts abi1ity to produce we11 under 
different conditions r聽su1ts in a泣 'a1most id聽a1 genotypic 
reaction to di畫畫erent production conditions. C10n臨 CG 165嘛?
has con器istant1y app聽ared within the best c10nes for ECZ 2 , 
but its eating qua1ity has 1eft it outside ICA' 扇
consideration for re1ease. Howev憩宮， it cou1d b酷 an 
important cand1dat融 for industr1a主 purp9ses. Segregating 
progen1es from ECZ 2 hav嘩 a1so proved to do w蟬11 in other 
reg10ns with simi1ar di目臨ase and pest prob1ems (e.g. , 
paragu晶y) • 

E直idd1臨 a1titud阻 tropics (Edaohoc1imatic Zon也 4\

Even though it'has re1at1v11y 1ess 1mportance than ECZs 
1 or 2 , breed1ng effort!蓋 at CIAT headquarter!革 have generated 
severa1 prom1sing c10n酷s. S1gn1f1cant1y h1gher dry matt聽E
y1e1d per hectare , with s1milar or 10we,r 1位ve1s of HCN , than 
the 10c聶1 ch聽ck (HMC 主) has been obtained (Tab1e 5). 
Scre臨n1ng for resistance to thrips and m1tes, 1s stre串串串d at 
CIAT-Pa1mira. A good in(室主cation of th臨 succ曹ss obtained in 
se1ecting res Ì!幸t這nt c10nes to these p串串ts 1s the fact that , 
聽ven though th體 susc聽ptib1e 臨pread由r rows 揖r蟬 co晶p1ete1y
affect融d by th串 pests 1n th臨 advanced yie1d tria1!章， few 
c10n聽s reach higher than intermedi揖t 1ev酷1諒。f infestation. 

Tropical hiqh1ands IEdaohoc1imatic Zone 5\ 

Expansion of the genetic base of the h1gh1and gene四poo1
has be發n the main conc體rn ov控r the last y融融rs. 'From a 
massiv聽 scr也ening of germp1asm acc串串sions ， on1y t留o new 
entr1es appeared to be we11 adapt融d to h1gh1and conditions , 
with high yie1d potentia1 and adequate 1也有le1s 0重 resistance 
to Phoma , the I壘。st important disease. 

Re1ative1y s10w progres!草 h盈s be略n achi祖ved trying to 
incorporate genes from 10叫1and c10nes in crosse草草 with 
adapt二發d high1and c1ones. Since 9酷rmp1asm from other ECZs 
can be considered as high1y exotic to growing conditions in 
th聽 high1ands ， 9起rmp1asm introgression can be attempted 
through 3-way crosses , or oth申r types of crosses that result 
in a sma11er p蜂rcentage of 惡xotic germp1asm than two妞'par聽nt
crosse起 A major thrust of the n申xt several cycl聽s for the 
ECZ 5 gene poo1 wi11 be to incorporate r聽sistance to CBB , an 
ÌI惡portant constraint in some high1and cassava“ growing areas. 

A summary of results of harvest怠。f advanced yi蟬1d
tria1s 1n 1989 晶re giv串n 1n Tab1e 6. whi1喵 a few y聽ars ago 
few clones ♀xceeded the loca1 check (M Col 1522) in yield , 
many new hybr1ds now co蕊bin臨 high yield 晶nd good root 

、
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quality. Important targ慰t are晶s 吏。r this. 9'ene pool are the 
And融an 器one 祖nd the highlands of East Afriça. 

subtrooics CEdaohoc11matic zonë 6l 

Gen臨rat10n of genetic variabi11ty fo~ th聽 sUbtropics
has been approached by cros寫ing loca1 v揖riet1es for the 
region and o10nes from the ECZ 2 gene pool a諾 a so心rce of 
CBB rel軍istance1 or cros蟬es among parenta,1 J里祖terials fro除 ECZ 
2. prelil單inary data frol聾 paraguay showed"a. n嘩t superiority 
in root yie1d with respect to 10ca1 ch聽Ckf事. The introduced 
materiall器 a1so pres韓紅t酷d promisin9' resistance to CBB. 
However, none of thes串 first generation se1ect.ions ha量E
pro咿串d to have 聽atin9' qua1ity accept二.ab1色 foJ;' paraguayan 
st是單位dards. 室xtem草iv臨 eva1uation 岳重 nationalg睡rl觀p1asm
c011酷ction器 in 器ubtrop1ca1 reg10n揖 and a.o帶nt.ralized
融va1uation of subtropica1 9'輯rmp1asm wi11 rev稽a1 the most 
suitable 010n聽2萬 to UI喜e in 0唱r crossing schemel器， and th聽ir
principa1 weaknesses. At the moment , m隱terÌi:lls are s臨lected
bas融:d on their importanc蟬 in t睡n揖s of 轟rea planted , and the 
main report串d prob1ems for cassava production 1n th聽 sUb­
tropics. Breeding for subtropical conditions wi11 acquire 
consid聽rable dimensions with C1A吟 's support to the 
activities be1ng deve10ped 1n southern Brazl1. 

overview of 且ctivities in Se1ected National Proarams -Latiri 
益艷且峰

Z挂主金組旦旦y.

1n spite of deficienc1es 1n both human and 激ater1al
resources , cassava breeding r臨se攝rch 1n P融raguay h祖S
expanded modestly 1n recent year自， The1r central breedin9' 
activity is the evaluation of the local 'germplal幸被
collections. There are three co11ection器 maintained in 
paraguay at the mom聽nt: a) the nationalc011ection 
established at Choré between 19喜 3 and 1986 1ncol1aboration 
w1th C1AT and 1BPGR: b) about ha1f of the national 
col1ection established at Caacupe; and c) the 1oca1 
co1lection t晶晶de by SEAG (Capit卓n Miranda) . From the 1祖tter
col1ect1on , ten clones wer晶 selected (ba寫ed on yie1d and 
area planted co獄mercia11y) ，晶nd ar聽 be1ng eva1uated 1n 
on-farm trials. One c1one，終eza喘i ， not wide1y qrown 1n 
paragu龜y ， has good y1e1d potentia1 co汲b1n體d with mod聽rate
re器istance to CBB. 1t 1s being included a單 part of th融
reco鵬的ded techno10gy by the cassava proj臨的，

Extensiv融 eva1uation of th峰 nationa1 c011也ct10n cou1d 
h體1p detect clones combining d體sirab1e characters and that 
wer韓 previou草草1y not gro耐n in 1arge 融reas. This task w111 
certain1y have short懦t聽rm priority ov體r a massiv聽
intr 
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CIAT. Part of the national collection was received from 
CIAT 主島主主主主旦， and is being maintained and multiplied at 
IAN , in order to get enough planting material to compare 
"clean" and "unclean" material from-the same entries. Yield 
advantages of virus-free materials could be determined in 
that way. 

豆豆主旦旦控主主

Cassava varietal development work iR Colombia this year 
was highlighted by pre-release seminars by ICA for six new 
clones of CIAT origin -目 three for the Atlantic c口ast region 
(low rainfall; long dry season) , and three for the eastern 
savannas (high rainfall; acid soils; heavy disease 
pressure) . Five of the six clones are the result of 
hybridization made between 1980 and 1982 , and one (CM 
523-7) , from a cròss made in 1975. 

The clones for the Atlantic coast region were 
selections resulting from collaboration between CIAT and 
ICA-CRI El Carmen in Bolivar Department. The three clones 
were selected on the basis of good yield potential , high dry 
matter , good eating quality , resistance to principal pests 
and diseases in the region , and good plant type (Table 7). 
Final selection was based largely on trials planted in 
farmers' fields. During 1988/89 , fourteen trials were 
planted on farm , managed by farmers , and evaluated with 
farmer participation at harvest. These data give solid 
support to the probable acceptability of thø clones for the 
region. 

The varietal development work in the savannas has also 
been a close collaborative work between CIAT and ICA. The 
principal selection has been at two 工CA experiment stations: 
Carimagua in eastern Meta Department , and La Libertad in 
western Meta , in the piedmont area. The clones selected for 
this region are also characterized by high yield , good 
eating quality , and resistance to local pests in diseases , 
principally bacterial blight and superelongation disease 
(Table 8). 

堂皇主主豆豆

Subsidies on sorghum in Mexico continue to act as a 
strong disincentive for development of a viable cassava 
industry. Over the past few years production in Tabasco 
state in officially sponsored projects has remained at 500 -
1000 ha , with production destined primarily for silage or 
dried chips for pig rations. Nevertheless research 
continues on thecrop within INIFAP , withth~ expectation 
that economic realities will eventua11y bring pressure for 
reducing subsidies on sorghum and seeking alternatives to 
escalating grain imports. 

- 8 -
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In 1988 , three hybrids of CIAT origin, s融1eoted from 
seed introductions in the 體ar1y 80S , w融re identified as 
promising and plant蟬d in multip1ioationjpre-oow瞳erci雄主 plot器
at two sites ﹒ Th融y will be plant融d' in va1idation plot酪 at
the 串nd of 1989 , with r韓1ease expeoted next year. On 
averag體 the three hybrids (CGM 1322-12 , C組M 4051-1 and CGM 
1311-1) hav融 shown a 27軍 yie1d advantag聽 over th聽 S醇1eoted
vari臨ty “Sabanera" which at pres輯nt occupies most of the 
cas草lava area in Tabasco. 

、，

In the Yucatan peninsu1a , INIFAP has rèc串nt1y begun 
res揖arch on oas盟軍ava n融ar Campeche. A 1arge þotential market 
exist器 for balanc融d rations for the pig industry. At 
pres聽說t ， however, the sub寫idi峰s onsorghu機 and 1ack of an 
appropriate teohn01ogy mitigat愚 ag聽inst.rap .i.d d蟬V曹10pment of 
a viab1e cas單~ava indu器try. INIFAP is tak;ing a 主ong聽r vie習，
and has begun res曲aroh on varieties and! agronomi-c ，praotio聽S
for the r酷gion. Initia1 tria1s showed 01晉ar1y that the 
teohn01ogy dev臨10ped inTabasco i盟軍 not 滋滋itab1e to the 
Yucatan peninsu1瓏， with 1argedifferenc.es. in c1i駕車te 聶nd
soi1s. Research if事 ooncentrated on vari融tyeva1uation ，
which began with introduction of the 終exioan ger濕p1asm
0011體otio訟， and 、 was .f0110wedby introduotions xrom CIAT. 
The 1atter are in. a mu1tip1içationph阻e.ar綠 wi11 be p1anted 
in yi聽1d tria1s n申xt year. 

去袋豆豆經益

IOIAP has maintained a oontinuous f10留 of germp1asm 
introduotion路 from CIAT sinoe 1982 , both.as 主nY主志主g
ou1tures ëUlQ. s酷gr&gating popu1ation母. Fr~m th睦聽arliest
introduotions , the 010n峰 10ca11yn揖med "0總yanalt has 
oontinued t~ d~onst~a缸e" Ii\Uper,i()k p蜻古霉。即anoe .and is now 
plant聽d i怨怨econd year va1idationtria1f事 and co!llllleroia1 
mU1tip1ication p10t綴﹒ In ,.first. year. ?:有la1i咚遜色.i，on tria1戀，
Oayana yi臨1d聽d 25 tjh，章， oompared t() 主5 .tjha for the 100a主
c10ne Br攝si1eña. TheCIAT hybrid CM 955~2 hasa1so be聽n
giving promising re終u1ts and is included in va1idation 
trial為 this year. 

In Panam龜， the recent po1itical and economic 
uncertainly has be酷n a setb菇。k; to support for ，讀gricultu:t'al
r喝search in general 融nd to th融 adoption of )I1e留 t體chnology by 
主armers. Nevertheless future d輯mand for cassava seeI單單單
as終結red and the inpetus this i草草 creating for new varieties 
and improved agronomic practices is already ~vident. 

及支揖叫‘

Because Brazi1 very probably has the wor1d's broadest 
diversity of c聶諮sava germplas詣， CIAT ha盟軍 emphasized 
collabor聽tive activities which exp10it this native 
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div給rsity ， including collection , charact酷rization and 
utilization in a crossing program. Introduction of 
有;ermplasm from CIAT has a1so be血n on ongoing activity since 
more than ten years ago. 

The principa1 mode of c011aboration has b血en through 
th臨 cassava center (CNPMF) , at Cruz d扭扭 Alma!章， which in turn 
coordinates cassava'research activiti酷s with state and 
r聽gional institutions. A notab1e d融V融lçpment in CIAT-CNPMF 
co11aboration during 1989 has b幢幢n th臨 ~lanning of a joint 
project for deve10pment of germp1a闖關~ptel:i to 帥miarid
宮位gions of Brazi1 and Africa. Since ther啞，ar臨 extensive
c1imatic homologues betwe啞n the 盟軍emiarid ar思揖s of northeast 
Brazi1 and sub-Saharan Afric晶， it i給 hypothesized that the 
diverse germplasm of this part of Brazi1 could be we11-
adapt單d to Africa. CIA堂， IITA and th聽 ct這P}是F wil1 幫ork in a 
joint project to mutua11y ben盟主 it both 務主聶zil and Africa 
with drought-t01eran七， pest r發草草i!器tant and high yie1ding 
clones. 

A para11e1 program is being estab1ished in southern 
Brazi1 with EMPASC in Santa Catarina state to deve10p 
varieties for the subtropics. This project wi11 serve the 
southern cone of South America , cuba , China and southern 
Africa. • 
Participatorv Research on Farm 

The fina1 test揖 for acc臨ptanc串 of a new variety are in 
the farmers' fie1ds and in th體 mark睡t p1ace. Thus it is 
10gica1 that farmers can and shou1d contribute their 
experience and perspectiv祖s to breeders in defining 
se1ection criteria in a11 st為9聶哥哥 of se1ection. The 
app1ication of sound socia1 sciences theory can great1y 
increase the productivity of the interactions between 
farmers and breeder諮 in on崢farm tria1s. 

The breeding !草草草建立tion has been inv01ved since 19惡6 ，
joint1y 的th CIAT's Participatory 訣esearch group , and 
nationa1 program 諮ci聽nti怒t診， in deve10ping 滋ethodo1ogy for 
obtaining fan串串r Jnput into se1ection. with exp程rienc聽給
gained from some pre1iminary activities , a refined 
迪亞thod010gy has b融融n app1ied this year in C010總bia and in 
Ecuador. 

The core of this method010gy is captrlring th聽 far總er怒，
reactions to th酷 vari體ties being tested in a systematic 
manner , such th祖t 1位gitimate comparisons can b輯 mad甜 across
sites . Th嚀 。n個farm tria1寫 norma11y inc1ud睡 10-15 c1的口體弱，
inc1uding one or mor晶 10ca1 checks. Basic tri融1 d融sign
(e.g. , p10t 認i揖臨 and arrangement) are d也t串rmined by th皓
agronomist , but most other aspects of managem臨nt ar融 1甜ft to 
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the di書Icretion of the farrner , such as inc1us1on of an 
intercrop , forrn of 1and preparation , ferti11zation and 
weed1ng. Two harvest dat串s are 單mgg睡sted (ear1y and 
norma1) , though this m揖y vary w1th th體路ituat1on.

A major object1ve of th串串串 trials 1s ~o provide 
feedback to th自 breeders on settingselection pr1orities. 
Wlthout adequate int峰raction wi th fan單ers and consumerf章，
br聽eders may 1矗i揖s k蟬y cr1ter1a , thus r串~der1ng otherw1s臨
good vari臨ties unacceptabl體﹒ The exp曹r1ences in two 
dü軍tinct ;regions of C曰lombia hav體 prov1ded so!護自 exce11ent 
f揖edback to th位 CIAT/ICA br睡eding efforts. 

During 1989 , trials we;re harve眉ted frol建 14 on軸farrn
發ites in th輯 A.tlant.1c coast region. Slnc聶哥;ev韓ral 的f the 
national prog.ral聽 collaborators 可~ere ine)Cperi峰nced .1n the 
proc酷dures ， the quality .of.the data 晶宮聽器。m申wha七 variab1e.
N聽V串rth聽1ess some clear results emerg棍， and th幢幢滋.perience
has served as a trainlng for the t酷chnician蟬 invo1v輯d in the 
tria1s. 

Table 9 summar1zes the sa11ent data from.th聽 Atlantic
coast trials. Th融 lI10st notab1聽 aspect of the盟軍e tria1s is 
that four hybridswere positively eva1uated 1n a11 r輯spects ，
and these four have been se1ected by ICA for possible 
r聽1ea器e based on these as w位11 as oth酷r data. This 
1ndicates that the criteria used by CIAT/ICA'breeders has 
been high1y cornp融tible w1th those of f面rrners of the region. 
The one c1喝ar example of a clone which wa訟 rejected (CM 
3306也9) 直lernonstr晶t聽d that ac10ne with 1ight brown roots 
and/or poor eating qu攝lity 留i11 not be acceptab1e even if 
high yie1ding. 

Trials in Cauca 幫哥re managed more uniformly , 發ince
fewer scienti臨t自 were invo1v體d. Whi1e sorne of the criter1a 
con路idered by farmers in this region weresirni1ar to tho認e
of the coast (e.g. , production, starch content and 暐ase of 
harvest) (Tab1e 10) , others wer酷翩。r串 region-specific (e.g. , 
root thickening，路take production 忍nd branching habit). In 
thef蓋章 tria1f器， two introduced clones and the 10ca1 var1ety 
were eva1uated as good in a11 important criteria. Nearly 
a11 the clones were considered good in product!on (one of 
the princ1pal s體l酷ctioncrit啞ria by breederl草) but s酷，veral
h揖d other deficiencies , especia11y in th車 aspect of root 
th1ckening. Sinc聽 most of the clones wer臨終e1ect聽d in the 
highland station at Popaya訟， it app酷ars that this selection 
site is not entir聽1y appropriate for the ar酷a P啞scador and 
Morales wher祖 th啞 tria1s were conducted. Th韓S睡 re終ults
suggest that means should be taken to broaden the 轟daptation
of c10nes se1ected for the highland ecosystem. To do tbi暉，
祖ore 唱ffort will be m晶d盟， firs~ to .includ臨 a broader 
germplasrn base in the 9位ne pool for this zon雄， and secondly 

、
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to evaluate 1草aterial ìn other site盟軍 ìn additìon to Popayan 
to af幸sure broad串r adaptabilìty. 

Futur盟主nìtiatives

D叫lrinq 1989 CIAT 當ent through th串 proc緣綠綠 of 晶 ten呻year

綴trateqic plan. This plan contemplates major new 
ìn1tiatives in two areal單 rel矗ted to cassava breeding: 
research on d臨V酷iop1ng a viable technol~gy for c。獵mercial
cassava product1on from tru聶哥$輯ed: and ~he establishment , 
ch龜racter1zation and utì11zation of 祖 wild 軍事p蝕。ies
collection. preliminary work has already b嘩gun 1n both 
these ar臨al器， and i器 expected to expand siqnificantly 1n the 
next few year臨.
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Table 1. Cassava acc峰ssions in CIAT germplasm血 collection.

Country of origen 

Argentina 
Bolivia 
Brasil 
Colomb1揖
China 
Costa Rica 
Cuba 
Dominican Republic 
Ecuador 
Fiji 
Guatemala 
Indones1a 
Malay!草1a
Mexico 
I需ig位ria

Panama 
paraguay 
peru 
Philippines 
Puerto Rico 
Thail祖nd
United Stat臨S
Venezuel龜

Hybr1ds ICA嚇CIAT

TOTAL 

、

Total 
acces發ions

鞭
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16 
3 風

833 
1893 

l 
l是7

7 是

5 
117 

峰
會。

51 
67 

101 
19 
42 

194 
406 

6 
15 
s 
9 

241 
2雪 1

是635

X 

La軍事t code 
assign<臨d

說 ARG 16 
級 BOL 3 
M B民A 930 
M COL 2624 
滋 Cl至N 1 
M CR 1是 9

M CUB 74 
E哩。OM 5 
M ECU 200 
鼓 FJI 6 
滋 GUA 92 
M IND 51 
M 瓢AL 69 
跤，在EX 111 
M NGA 19 
M PAN 139 
說 PAR 195 
M PER 615 
M PHI 6 
M PTR 102 
M TAI 8 
M USA 9 
M VEN 332 
CM 4481-1 
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HHC 

BRAZIL 
E且由BIA

ctJBA 
OCflINICAN 種聲P.

ECl抽00II

FlJ l 
a且TE桶M

E插曲靈SIA

揖LAYSIA

提XICO

NIGERIA 
P胡"蝸

PARAGUAY 
PERU 
PTO. I1∞ 

T攝ILA搬

扭扭

濟組EZ位ELA

前軍費.CG

研單量. c槌

HY畢R. 事轟

HlB蟹，翱

25.0 
3.1 

諮 .0

車

0.0 0.0 25.0 單位.0

29.9 38.7 56.5 
31.8 50.6 71.8 

0.0 0.0 0.0 

0.0 1.9 ‘.1 
0.0 , 22.4 20.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

車.0 0.0 
0.0 41.7 
司 .0 22.4 
0.0 20.0 
0.0 20.0 

0.0 1.9 4.7 8.4 3.‘.6 
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Table 3. P酷rformanc暐 of ten hlgh yl聽ldlng clones and two 
ch聽cks (M COL 2215 and M COL'1505) at Medla Luna 
(ECZ 1); sea緣。ns A and B. 

Clone 

1989 A 

CG 1355-2 
CM 3372嘲4
CM 4362喘5
CG 910蟬3

CM 4209扭3
M Bra 589 
CM 4362扭6
SM 374-2 
CM 4362-9 
CM 3845.“ 2 

M COL 2215 
M COL 1505 

TOTl吟，被認AN

1989 B 

CM 4042-2 
CM 4052喘2
CM 4388-1 
C~置 1785-6

C!直唱063-6

滋 Br品 99

CM 2976-1 
CG 1唔主3-3

CM 5428-1 
SM 306-9 

N COL 2215 
M COL 1505 

TOTAL MEAN 

Fre!草h
root 
yield 
(tjha) 

23.4 
22.1 
2 1. 2 
21.0 
20.6 
20.2 
20.1 
18.8 
18.0 
17.4 

5.0 
6.6 

12.3 

16.6 
15.8 
15.7 
14.1 
13.4 
11.8 
1 1. 8 
11.攝

11.7 
11.2 

1. 2 
3.5 

8.0 

Dry 
Matter 
{的

34.6 
32.6 
30. 車

34.0 
36.1 
30.8 
33.5 
32.8 
33.7 
30.3 

37.0 
34.2 

33.7 

28.5 
27.6 
27.0 
26. 是

26.4 
25.9 
23.9 
26.3 
23.2 
27.0 

28.0 
2 是 .0

26.2 

1 1 盟 very 1ow; 9 輯 very high 

Dry 
root 
yield 
(tjha) 

8.1 
7.2 
6.6 
7.2 
7. 矗

6.2 
6.8 
6.2 
6.1 
5.3 

1. 9 
2.2 

4.1 

4.7 
4.4 
4.3 
3.7 
3.5 
3.1 
2.8 
3.1 
2.7 
3.0 

0.4 
0.8 

2.1 

耐 15 咽

Harvest 
index 

0.67 
0 ,.65 
0.74 
0.70 
0.69 
0.57 
0.70 
0.65 
0.67 
0.68 

0.50 
0.56 

0.62 

0.54 
O. 唾9

0.52 
0.57 
0.49 
O. 是l

0.52 
0.45 
0.41 
0.38 

. 0.21 
0.20 

九 0.39

HCN 
(1-9). 

8.5 
7.0 
7.0 
7.0 
7.5 
8.0 
7.5 
串 .0

5.5 
7.5 

6.0 
6.0 

6.8 

7.5 
8.5 
7.0 
7.5 
8.0 
8.5 
6.0 
8.0 
8.5 
8.5 

5.5 
7.5 

7.5 



Table 毛. PerforJ蕊ance of ten high yielding cl 口n聽給 and the 
local check (滋 VEt書 77) at La 'Libertad (ECZ 2): 
畫畫聽龜單;on A Y B. 

Fresh Dry 
root Dry root 
yield Matt融r yield Harvest HCN 

Clone (tjha) (老} (tjha) .比 index (i:':9) 1 

1989 A 

CG 165巴7 3 1. 9 28.2 9.0 0.60 6.0 
α~ 2766間5 30.0 22.9 6.9 0.63 2.8 
CM 2772喘3 27.5 22.4 6.2 0.55 3.0 
CM 3380-7 26.8 28.5 7.7 0.51 5.5 
SM 301-3 26.3 26.8 7.1 0.52 8.0 
SG 104-264 25.1 27.7 7.0 0.60 6.0 
C誼 3是 01-2 24.8 25.1 6.2 0.52 6.5 
SG 104-2發3 24.5 2會 .6 7.3 0.59 8.5 
SG 250輛主 24.0 26.4 6.4 0.54 6.5 
ct直是402-是 23.8 29.5 7.0 0.57 2.5 

M Ven 77 22.8 23.4 5. 是 0.5是 9.5 

TOTAL MEAN 22.5 26.7 6.0 0.53 4.8 
---咱翩翩..闕..翩翩﹒翩翩..翩翩---司間._.四-----.桐._.棚..棚.-‘_.騙.-嘲_.圖，因--_.圖-------------闡--------------_.翩枷-岫翩翩..輸勵-愉禪幽幽﹒

1989 B 

SG 695削-9 30.0 33. 毒 10.0 0.59 5.0 
CG 主莘學枷7 27.3 3 唾. '皇 9.4 0.53 8.5 
CM 2166-6 26.7 3是 .6 9.2 0.5雪 是 .5

CM 5253 “ 1 26.5 37.9 10.1 0.57 7.0 
SM 晶 94偏2 26. 唾 35.0 9.3 0.57 6.0 
CG 1139-2 25.9 34.5 8.9 0.53 5.5 
SM 343-1 25.4 、 34.3 8.7 0.54 5.5 
CM 2766 “ 5 24.9 34.6 8.7 0.53 5.5 
M Bra 97 24.9 35.3 8.8 0.48 6.0 
CG 1367-1 23.2 34.9 息 .1 0.48 6.0 
M V串n 77 13.8 32.5 4.6 0.41 5.5 

TOTAL 說法AN 20.4 3是 .7 7.1 0.48 6.0 

1 1 臨 very low; 9 輯、F酷ry high 

- 16 .喻



Table 5. P聽rformance of ten high yi酷lding clones and a 
local check (鼓MC 1) at Pall頭ira (ECZ 是) ; 

season A and B. 

Fresh Ory 
root Ory root 
yield 書是att串r yield Harvest HCN 

Clone (tjha) {巷} (tjha) 、 index (1棚宮 )1

1989 A 

CM 486是岫1 3惡.聶 34.9 13.5 0.53 7.0 
CM 305-4 31. 0 35.0 10.8 0.54 6.0 
MCub 32 30.7 38.7 11.9 0.54 3.0 
SG 779-9 30.4 32.7 10.0 0.61 8.0 
CG 912-9 29.5 34.6 10.2 0.58 7.0 
C島生 43是 4-1 29.3 3 日 .8 11.4 0.60 5.0 
CM 3924蟬2 28.7 38.1 10.0 0.40 6.5 
CG 996-6 28.1 39.7 1 1. 2 0.57 3.5 
CM 41在9喲1 27.7 32.5 9.0 0.4唔 4.5 
SG 582-3 27.7 35.4 9.9 0.63 7.5 

HMC 主 24.9 36.5 9.1 0.44 4.0 

TOTAL MEAN 18.6 3 是 .5 6.5 O. 毒草 6.3 
岫---團團團甜甜-岫---且也-岫E叫-四但由區咱自由且由扭扭扭-呻-由個世間-喘--帽----岫-咽.-司咽，自欄目呻祖師呻串串-岫『呻

主989 B 

SG 756呻7 是3.3 39.0 16.9 0.63 5.5 
CG 913-是 是 3.2 35. 是 15.3 0.65 6.5 
C經是 042-4 42. 是 39.2 16.6 0.6惡 是 .5

CM 1203-13 4 1. 3 37.0 15.3 0.75 3.0 
SG 731- 4 1. 2 40.6 16.7 0.73 2.5 
CG 1是 5。但是 39.6 39.5 15.6 0.70 5.5 
CG 1287-5 37.9 37.8 14.3 0.65 7.0 
CM 2976-1 37.1 36.7 13.6 0.65 8.5 
CM 3199枷1 36.3 36.8 13.4 0.70 4.0 
CM 12串 6-7 36.3 39.8 1是 .4 0.67 4.5 
紅MC 主 35.1 32.7 11. 5 0.63 4.5 

TOTAL MEAN 30.7 36. 是 11.2 0.61 5.4 

1 
主單 very low; 9 = very high 

岫 17 哪
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Tab1e 6. Performance of ten high yielding c10nes and a 
10c揖1 check (泌 COL 1522) at popayan (ECZ 5): 
單單ea草草on器 A and B. 

Fr串串h 。ry
root Dry root 
yi輯ld M晶tter yie1d . Harvest 

Clone (t/ha) {龜} (t/ha) index 

1989 A 

CG 402-11 42.5 30.1 12.8 0.58 
CG 481-3 38.9 34.2 13.3 0.53 
CM 4488-4 36.1 32.7 11. 9 0.42 
SG 638-6 35.9 33.3 12.0 0.51 
CG 1118-121 35.8 35.4 12.7 0.50 
CG 501-2 34.1 36.4 12.4 9 0.48 
CG 1231-3 33.4 31.6 10.6 .56 
SG 427-64 32.6 37.4 12.2 0.43 
SG 520-16 32.3 34.0 1 1. 0 0.46 
SG 501-1 29.3 37.0 10.8 O. 是 6

E直 Col 1522 23.2 28.0 6.5 0.40 

TOTAL MEAN 26.3 33.1 8.8 O. 是 6

HCN 
(1 “ 9)1 

4.0 
3.0 
5.5 
5.5 
3..5 
4.0 
5.5 
7.0 
3.0 
5.0 

4.0 

4.3 

---------巴巴巴巴咀咀扭扭扭扭扭扭嘲岫蟬儡喘蟬柵欄盼喘枷峙岫岫峙峙喘串串相輔伸伸嘲喘嘟"研骨間呻咱-------------

1989 B 

E直 Bra 是 05 16.9 34.5 莓 .0 0.56 5.5 
CG 1118-89 16.2 32.8 革 .3 0.55 4.0 
CG 502-1 15.0 3 是 .9 5. 唔 0.66 2.0 
M Co1 2261 主4.8 3 是 .0 5.0 0.48 4.0 
CG 501-16 主是 .8 3莓 .7 5.2 0.46 是 .0

CG 501-18 14. 是 37.0 5.3 0.47 5.5 
SG 424-19 互通 .1 31. 6 晶 .5 0.50 3.5 
CG 406-6 13.7 32 .8 4.6 0.50 . 4.0 
SG 898冉15 13.4 30.6 4.2 0.39 5.5 
SG 生 32-1 13.3 31. 4 4.1 0.50 2.5 
M Col 1522 1 1. 0 31. 6 3.5 0.38 5.5 

TOTAL MEAN 8.3 31. 4 2.7 0.3日 5.2 

1 1 鼎 very 1ow; 9 = very high 

- 1罩"時
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Table 8. Principal trait草草 of three n聽w clones and checks for the At主antic coast 
re有lion of Colombia. Oata from 揖dvanced yield trials and regional trials. 

Clone 

Trait ' CG 11昏 1-1 CM 3306枷4 CM 3555喘6 M COL 1505 VENEZOLANA 
(ch聽ck) (eheck) 

. ' 
Root yie工d (t/ha) 

Mean 20.3 (9) 18.1 (雪) 15.9 (雪} 1是 .9 (主晶} 11.5 (25) 
Maximun 41. 3 40.0 25. 書 31. 7 2學 .9

Root O. 疵， {主} 37.5 (9) 38. 晶 (9) 3是 .2 (含} 33.5 (正是} 35.5 (2 亨}

Reaetion to pests and diseases t 

J 

Th君主ps R R R 工 z 
Gre聽n mite R R z z S 
。iplodia R s R R s 

編 20 -
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?講bl彎 9. CO!串aris聞 bet閥研 hγlon臨r criteria of 糊汁的.1 .臨時油blllty 前世 119ror混攝1. 啊.1岫ti即海 for nlne clor唱g
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STARCII 愛訊3亨 EASE 0誓 .呵
EATI話告 副ERALL DRY 純ATTE費 扭扭'1 YIELD 

CL副董 PRI∞υCTlC機 ∞NTENT COlOR 做附EST FLA'叫 QUALIτy ACCEPT翩ce ()I) (t/ha>

CG 1141-1 e 重 G s E s 霍 37 Z毛

CH3車站.4 矗 s G 輯 G 華 s :sa 19 

副 35諮咕 G 暐 直 G s E a 草草 ll4 

研 33Oó-9 s 量 事 s P P 36 llll 

CH Sll3-7 s s E 矗 6 s 位 36 llll 

間 1355-2 G s 矗 G P 
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27 

Z刺 U7ll-‘ 晶 書 量 P 33 12 

灣總ZOlA岫 車 s 章 車 矗 3。 13 
Uo揖t ch輯划

1 
SUbj蜘ti四 ev，臥uation by far體措..哩。叫 4的. in悟"四di.t. (1) or poor (P) for 叭叭開 criteria. 船揖ir彎曲"“謝偏切

組前 a giv聞自'1峙rion W8S no重萄輯制制制 by 拋開槍，也
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τable 10. Cα串aris∞ bet闡明 key farmer eriteria of 糊ri肘al 8 cc:eptabHity and agronan;c evaluati啊10 for t研討。叫8
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剛C 53 E s 電 s 嘔 s 1 軍事 1事.0
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(1揖.l 眉，輯的
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E草草草1-18 s p 轟 疇 P s 4 40 14.0 
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, . 
"tt且 113 E P 量 s P E e 3 9.5 
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The orltica工 economic and po11tica1 aituation of Pan祖ma ， altered the 
rese融rch p1融ne for 1989 , part1cu1arly the onωfarm r體諒earch effor七且，
On1y four experiments w.醇re p1an七ed thi自 cropping s曹祖aon in Ocu. ln 
addi毛主。鈴， four pr蟬-produo乞10n p10七s wlth the beet avai1ab1e teohn010gy 
W也re a1so p1祖nted. 1n apite of thia s1tuat1on , 澈。自七 of the actlvit1es 
1n 七he Rlo H祖to Exper1menta1 Stat10n are very c10ae to norma1. ln Rio 
Hat口， tria1器 on cas臨ava germp1aam and a more oontr011體改七ype of fie1d 
reeearoh i的 conducted.
A technic亂1 recom單位dation 色。 improve cðssava production in Oou have 
be哲學n reo體nt1y re1eased by the Caesava Group for 00鐵路3轄nts by the r串串t of 
IDI孟p p申rsonn蟬1. Th1e i盟軍 the firs七 "teck pack “ ava11揖b1e for casl章融va in 
Panama and one of th申 few produced by IDIAP in th唱 1ast yeare. The pre心
production p10te mentioned above 阻re lar重le1y b融sed on 七he technolo單~y
proposed in this pub1ication. 

3.- ln the North Coast of C01ombia , a group of ree蟬晶rch and exteneion 
pereonne1 from diverf草曹 agricul七ure ine乞主色ut10ne have been organized. 
Thie group 1扇 oomposed of approxima七ely 25-30 perl賞。n眉毛hat meet 
regu1arly to coord1nate c~草草草sava-r聽1a七ed act1vities 1n the North Coa戀t ( 
Departmenta of Cordoba , Sucre , Bo1ivar and Atl患白色1co ). The Agronomy 
Sect10n 1n c101章e collaborat10n w1色h 七he "Progr祖ma d串 Cultivos
衍ultip1e!蓮.. of lCA or寫an1zed th1吾吾 Group baok 1n 1985 智主色h 七h申 purpose of 
lmprov1ng 七he re1evano曹 of th體 on-farm oael譯ava r申撥悍祖rch in th曹 R體重~ion.
Th看車otivi七 i睡終 of the Group 揖re many , bu七 the ev祖luat10n w1th farmer終
of 1mproved ca66ava oropping 譯ys毛em禪; tr1a1發 wi就h n體w cas蓋章ava

germplas說; the produc七ion of be七七er cassava p1ant♀ ing materia1 祖nd
farmer-s prob1em identifica七io鈴， are 耐nong 色h體 moet i醫lportant of theae 
aotivities. Th1驛 year 色he Group publisbed 七he firs七 6e乞 pf paper!譯 on
cassav若真 researoh 1n th申 North Coast 攝nd a 6econd 6e七 of þapers 16 in 
七he prooess of edition. A oharacterization of casaava/yam production 
system曲 回矗怒 a1so publi6hed 七his year. The Group al!置。 partioipat申d
actively in the first Work自hop on Diagno阻tic of Root Crops Produotion 
Sy臨tems held 1n Cartag體諒我 wh1ch wa6 a CIAT/CIP/IITA joint training 
activity. 50me m串mber揖 of the Group a1so participat違章d in the training 
of scientist from oth韓r countries 屯hat ar韓務ponsor蟬d by CIAT. 
Severa1 methodo1ogioal i甜甜ues of on-fa1'紛 research a 1'e f1'曹qu串ntly

d1scussed in the Group and many of 七he exper1毅ental d酷暑事ign used today 
1n fa1'mer's f1eld have b怨怨怨 previou61y 七r1ed 1n 乞he region by CIAT' 盟
staff. 
The Agronomy 諮ection par乞iCipate every y哲在lr 1n the planning and 
毋valuation of re6earch wi乞h cas扇ava 1n the Region 軍

是‘叫 The Ceara proj啞C七 1n Brazil is a r略lativ啞 1y new ac七ivity 吏。r the 
Casl單ava Prog1'am. The Agronomy sec乞 ion assist戀d EPACE 盟軍cientists in the 
fornlUlation of 程結urvey to ch祖rac七er1ze casl譯ava produc七 ion Syst層ms in 
梅ach of the micl'oregion扇 where the projeot bu11t drYing pat10磁 The
器urvey was designed to bett日r ident1fy product1on oonstra1n七6 faced by 
far單是~r盟 and available techn010gy 色。 imp1'ove caesavÆ真 produc色10n 1n 
Ceara. The p l'ee1imirary v1e1ts helped to de的gn a n體twork of fi串 ld
trialf軍 that Brazi1ian 路口1enti臨t甜 re器poaab1臨 主or the project 祖F韓
E咒'esently implem酷nting. The network W~黨體 organ1ze aft輯室、 several me甜tinga
with research ，主nd extension p甜raonn串1 that participate in the Project. 
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蟲GRONOMY SECTION - CASSAVA PROGRAM 

INTRODUCT lON 

During 1989 , the Agronomy Section of 七he Caeeava Progr部n carri時d out 
two main activitiee: Outreacl宜， primary in La七in 品mer1ca within the 
context of Integrated Caesava Projec七酷， and Croppina Syet串激怒 哀曹扇earch ，
both in 七he countries and in th酷 CIAT-s Sta乞ion at P綠1mìra. The 
outreach activities are brief1y!書ummarized in this annu融 1 repert , 
before resu1色s on cropping 6ystem6 research ar酷 pres串n七ed 輯1th more 
details. 

在 .-Outreach

This year most of th啞 activ1色1ee were conc體ntrated in Paraguay , Pan聽聽建益，
七he Nor七h Coast of C010誼lbia and Brasi1. 

1.- In Paraguay s租vera1 base line e色udies for caa眉ava production , 

• 

utilizacion and commercia1ization were finish甜d and 教re pr時扇ently in ' 
th串 procesB of been published. Not融ble a韓long th串m are the r體結u1七s of 
the s七udy abou七 位。絨merciali話晶乞 ion of c矗單單aava in the country. Also a 
document inc1udlng data on ca自器ava/儂說i鶴a1 production SYf譯teme from farm揖
of th串 target ar啞祖喝 of the proj串C色， w祖s made avai 11現b1e in the country. 
The Agronomy Sec七 ion co11aborated thia year in the ana1ysis of data and 
interpreta七ion of moe七 of thea申 baae 1ine 的tudi會a aimed to better 
charac乞聽ri百e ca器sava production ey!事tema in the Subω七ropic甜. Sp曹c1a1
聶t1三ention 16 placed on the training of nat10na1 撼。 ientiete during thl串
analysie activl七y “
For 七he f1rst 七 1me in Paraguay , the Ex乞eneion Service have produced a 
comprehenaive 七echnical recomendation to improve caeeav晶 production
which is baf事ed on reeult揖 from on-f祖rm r串串earch. Thi甜 technica1 
recomendation i怒 particularly eui色ed to the Dep在這rtment of Ybicui. 
Ba自ed on the new technology develop輯d by the Extenaion Servic體 p1u自 the
exi扭ting technical knowledg唔， aeveral pre-production tri~集1s have been 
imp工ement日d wi th farmer!譯 to further va11date the improved technology. 
These preωproduction trials 矗re 曲。rving a七 the aame time as 
demonstrative plots for farmers. 

2. 恥 In Panam忍 the experienc略a accumu1at曹d in the 1ast four year屑。f
ca宙間祖va activitiel單 are being documen七ed in a einø;l體 publication. This 
docum申nt wi11 aerv串 aa a starting point for a!書疇。ond phase of th體
Panamenian ca終sava research and deve10pmen七 projec七.



• 
1.呵。N呵FARM 況ESEARCH

lê ,= Inti@f'發f'('jj!會主ni 絞@w m雇主變@ @滋生老!Vãf'館辦主督1'1 @ê~f1IêVê 生n til1@發@f'tih @@â白色
。主 Colombia.

The t時sting of new 1'e1eaeed mai謂e mate1'ia1e 七o as!章程自e ite abi1ity to 
compite with ca!擎的ava and inve1'器ely th曹 eff曹ct of the串串酷aiz串 cu1tiva1'由
on the pe1'fo1'mance of ca的sava ， should be an impc1'tant pa1't of the on­
fa1'血 1'esea1'ch activiti串串 in a 1'eas whe1'e thes曹 two species a1'曹

in七s1'c1'opped.
In the 1a!章七七h1'ee yea1'暉， an expe1' iment ha蟬 been c岱ntinou驛1y ca1'1'ied out 
in the No1'th Coa甜七 of Co1ombia in coo 1'dination with 1C品， to test new 
1'eleased maize cultiva1's in as器。ciation wi七h c級自sava.
Recent1y 1'e1eae軍ed i酷p1'oved va1'ieties of maiz酷 a 1'e p正在tnted in a1te1'na七e
rows with the ca路sava va1'. "V思nezo1ana" (M Co l 2215). 
Casaava/maize a1terna七體 1'ows a 1'e p1anted a乞 1.2m apart. Ca茵茵ava i暐
p1anted a七1. 0m on 七h學1'ow whi1e maize ia p1anted on the row a色 0.5m (3 
p1anta/hi11 )‘ A aplit plot d會sign with cropping Systemf這 (monoc 1'op and 
association) as 揖ain plots and maize cu1tivars aa subp1ots. Thi串 year
the experimen七 was p1an乞ed in a to七a1 of 10 10ca1iti串s (fa1'ms) in the 
Departmen乞B of Cordoba , Sucr騁. Bolivar 祖nd At1antíco. Two rep酷titions
we1'e p工在n七ed at each 主要主rm. The maize v是t1' ieti串串 V-156; V-109; V如25θVω
106; V-155 and the "C1'iollo" 研單1'e tes七睡d. Cultiva1's V“ 155 and V-258 h租d
neve1' been 七ested before in associa七 ion with casava. B融的ed on previou自
reau1ts from monocrop ma1z申 experimen七的，七he var.. Vω258 wa臉色es色ed with 
cassava on1v in Cordob融 and Suc1'e whi1e the v聶主 V-106 w祖s test閉d on1y 
in Bo1iva1' and Atlantico. 

Las七 yea1"日 c 1'opping !章程ason in the No1'七h Coa凹t.. was cha1'act體rized by 
verY heavy 1'ainfall盟 inmediat申 1y 祖ft戀r 七he plantin屋J p峰riod. Thie 
unusu怠工 heavy 1'e.1nfall plUf章1'e1祖tiv體1y h1gh tempe1'atu1'軸紹. 1'esulted 1n e. 

vi囂。1'ous init 主a1 growth of maize. Thi的 B七1'ong ea!"主y develop鶴ent of the 
rnaize , n申ga七ive1y affected 七he 星星1'owth of th體 interc1'opped ca串紛av甚至. 1n 
spite of the favorable conditions for 1nit1al mai晶體 growth , the period 
nea1' ha1've揖七 was a1怨。 of heavy rainfal1 , causing 10dgin驛 and ea1' 1'otl章，
that 1'esu1ted in lower th祖t exp曹cted mai晶e yie1d體 e

It is known 乞ha七 cassava is v申ry su的ceptibl曹 to co臨pe七ition in i七屆
ear1y 發七ages of growth , 晶。 it臨 yie1d量~ in inte1'crop w略re re1ativ體1y 10w 
this year. 1n addi毛 ion ， the heavy rainf揖11r串串u1乞ed in high incidence 
of 1'oot rot pa七hogens 七hat fu1'ther reduced yields. 
On a globa1 analysis rnos七 of th會 ca怨自ava variables 1'ecorded re蟬ulted
highly significan七 diffe1'ent b申tween 10c祖1ities. Also the factor 
"c1'opping sy翁tem" that compares the p體1'fo1'閉ance of the t胃口 sp曹ciea in 
association and in monocrop , 1'e目u1色ed s1gn1ficantly diffe 1'ent f口r m口st
of th體 an祖1y醋。d v在這riables. In a gen體ra1 揖na1ysi紹， the inf1u申nc醇 of the 
di主ferent maize varie七 ies on the perfo1'rnanc會 of the var. ..V恩仇酷z01ana“
1n屯e1'cropped was not 自tatistical1y significant. Result串 from previous 
years inιlica七屆d that improved rnaize varieti曹s tended to yield 
起19ni主icantly more 七han the c 1' i0110 and at the 8am申 time ， these 



The fie1d trial器 were design申d 七。曹va1uate 軒ith farmer臨 th體 be由t
available technolo醒Y to improve cass級va producti的n. Each farmer' 由

a!草草書。ci a.tion 七hat operate a dry1n轄 pat10 w111 a.1so be responsable for 
man祖ging a七王申as七 one pre-produc乞10n 乞r1a1.

B.ωResearch 

The objective of 七he research conduct啞d by the Agron剖ny section is the 
deve10pmen七 of improved c a.ssava舟-b祖祖ed cropping systems for 自pec1f ic
agroeco1og1oal area息。f Latin Amerlca. Thls objeot1ve ia a.chieved by 
the Seotion through on-farm research , techno1ogy va1idation and support 
research. 
堂h峙。n-farm research is conducted in cloae collabora乞ion 甘ith na七 ional
inst1tu七 ions of Latin Amer1ca.. Du韓 to obvious geogr祖phical rea血。R昌 a
"hands-on" approach is pos盟ib1單位n1y in the 爽。rth Coa!譯t of Colombia. In 
other countrie器， the approach is rath串r of col1abora七 ion in the 
ana1ysis of produc七ion proble紡恕 design of r色的earoh ， des1gn of fie1d 
experiment目， assiatanc體 in s七at1s七10a1 晶na.1y盟軍 is of experimenta1 resu1七自
and 0七hers.
For pr融合七 10a1 reasons the activit1es cou1d be divided into thr串串

group器 1) Dt!'I體1:@參戀曾引起 e若 當戀草草@P @âl!ll!l轟苛色 fp8àij@主主8ft ë乎聽老學認戀 for a 
apec1主10 area of Co1o宮lbia (North Coaat) w1thin 七he context of a 
Int甜昌~ra七申d Cassava Produc七ion. 。七111zation 愚鈍d Commerc1a11話at10n
Project. This < sit學-spec1fic 發i 七uat10n 怒erves as a mode1 to deve10p 
appropi a.te methodo1ogy for f1串1d rese祖rch 1n aupport of a c融aaava-ba.aed
rural d申ve lopment pro.1 骨。七. Pa.rticu1ar 融mpha.a1s 1s put on me七hod01os1cal
i臨sue的 tha七 ca11 for d1scu甜s10n扭 轉i七h 1oc~漫主凹c1ent1s色s. This 
methodo1og1ca1 申mphasis 1ead to the o1'gan1蠶蠱t10n of th申 abov串 me綠色ioned
G1'oup of 囂。 1entist in the Nor七h Co祖串乞 1七 is expected that the 
methodo1o黨y deve10ped here wi11 be applicable e1串串whe1'e in Lat1n 
主merica as wel1. 2) V最主主d融面主9紛 轉車tin 會喜1'111串f'llI 0盡 Impf'oy@ft elllll嘩轟VIl
Techno1ogy. This act1vity is a1so conducted on fa1'ms , but the main 
objective of thi8 七ype of research i8 that 1'esul七8 could serve as a 
feedback mechani誼m to re!譯earch. The Validat10n of techn010gy under a 
se乞 of different ecologica1 and 話。cio-曹C口no揖ic circunstance甜 1s not a 
regular ac七 ivity of nationa1 research/extension institutiona. From thi自
1a蹄t poin七 of vie肘. Va1ida七 ion ia al的o a methodo1ogica1 iaaue , but as 
previoua1y stated , the main emphas1s 1s now on feedback to l'體甜體arch
in目t 1tu七 10n8. 3) Suppo1't 1吉普aea1'ch. Unde1' 七h1s headin窮 a11 the re自@揖1'ch
done either on Experimenta1 Stationa 0 1' in far留le 1'發 fields but tha乞 is
conducted under more contro1led condit1ona i寫 inc1uded. The 1'esu1ts of 
th1s rese忽rch help scientists to bette1' un 

For th啞 purp08es of 七hi臨 annua1 repor色 the resul七8 from four of the 
串xperi品en七s included , oor1'espond 七的軒hat have been c1a畸重üfied a甜 on­
far罰 research. They corre臼pond to numerals 1敏 to ld 1n the text. The 
thre~ fo1low1n惡 experiment甜 reported OOl'I‘espond 七o Teohno1ogy 
Validat， ion 留ith far晶體rs 轟烈d a 1'e numered 2祖 色。 20. Laet1y , 七hr啞e
expe l' iment眉 that oorrespond to Support R串search ar盟主nc1uded in 
numerals 3a 七o 30. 

.‘ 



The av甜ra反串 yield for maize in 七h1s exper1ment (1ncluding 祖11 th串
varietie器親nd cropping 器Y綠色@揖6) 前aa 2.7 ton/ha which 16 below th睡 y1曹ld
ob色ain體d 1n prev10u器 Y體ar思 under exper1mental conditions with farmers. 
Th哲 av曹r晶經睡 yi韓 ld for 峰。主體 crop 輸ai揖e wa6 3.0 七on/ha and for int體rcrop
with caSf器av揖 "Venezo主an星星 wa6 2.4 ton/ha. Th1s difference 1n cropp1ng 

s 器Y綠色體鵲器 for 聽雄主ze ， W扭扭 h1g1y 串ign1fican七 室。r a va1ue of 20% of cv. 
草草lprov串d ma1z揖 var1et主曾是草 草〉體rformed better 七han the r患重~iona1 1n a11 th發
1ocalit1聽聽種Th體?學 W醇F串串ignificant differences between improved 臨aiz串
varieties in 絡。1e crop in terms of yields a6 we11. 0官lly th曹 r蟬gional
variety wa酷 significan七11' d1fferent fro血 the rest 1n th體 case of 
interorop with cas忿忿va. These differences can be appreciated in T是ib1輯 3 

Tabl單 ;直機 yi會1d6 (ton/ha) of different 阻aize vari曹乞主串串 in 發命工會 crop 星星nd

祖6sooi祖ted with cassava in the North Goast of Go10誼lbi攏. 19忿忿，

Maiz思 V揖rieties 801e crop 且ssociated 軒ith 。我ssav蟲

Vω156 

Vω109 

V“ 258 
V-155 
Regiona1 

3.4a 1/ 
3.2a 
2.9ab 
3.3 b 
2.4 c 

2.5a 
2.4矗

立 .4a

2.6a 
2.1 b 

1/ Figur串的 fol10wed by the same letter are not 的ignifioant1v differ申nt
according wi七h Duncan's mul七ip1e range test (0.05) 

A highl1' significant (0.01**) interac七 ion betwe申n 100祖liti甜甜祖nd maize 
varie七ies was regis七ered ， this means that 七h臨 re1ationship between 
mai血e and cassava w111 remain site叫speoific 晶。ro甜甜 th體 North Coa回t if 
improved varie七1es become more widel1' u!主ed in th體 F略重~ion. This fao七
a1so implies 七he need 七o ecologically r串giona11z驛 this t 1'pe of re6earch 
1n order 七o opt1m1se ca6S晶va/mai昂醇 1'1串ld 祖t eaoh sub恥region in the 
region. 且 sign1ficant interac七ion (0.05*) betw甜甜n localit1' x cropping 
s1'ste閉 x ma1ze varie七l' further confirm thi!章 faot from the point of view 
of the maize , 

The rela乞ionship be七ween maiz母 and 0議發綜觀v<至
Tab1f'哇 This table only ino1ude甜 th慰
Cordoba , where the low串串t and high體苦苦t yield臨
resP6ctively. 

1'1體 ldf事 can be observed in 
Departm帶紅色諮 of Sucre and 
for cas發ava w串re obtained , 



improved maize varieties allowed c融的蹄ava to yield more in t體宣布帥部 of 
aerial part biomaaa and fre串h roots 七han the yie1d obtained 甘hen it Wêía 
intercropped wi七h the "cri0110" maize. 
Caeava p1an七 height , 七he wei露ht of it 聶哥ria1 part and th會 number of 
caseava planta/ha we，r申 eign主ficantly affected by the 10ca1ity. Th串串e
1aat two variab1es w暗re a1so eignificant1y 祖ff蟬cted by th體 cropping
ays乞em. Ther體 waa a1so 聽 aignificant in七eraction between 1oca1ity and 
cropping eYf草色嘩眾 for thea曹 七wo vari揖b1酷戀. Thie reault indicatea that • 
oa盟軍盟軍車va doea not perform ln th曹 same manner in aa單位ciation in !室主主 七h啞

differen七 environmen七s and furthermore 七hat management of th酷
aeeoclation by th曹 diff串rent farmera , a室主ect this relatlon盟軍hip. The 
number of caasava pl揖nta/ha waa higher in monocrop 七han in a韌的001a七 ion
with m融ize. ThiB e室主ect haf聾七o be 酷dd學d 色。七he compet1tion with maize 
to exp1ain the reduction of caea8va yi體 1d when 主nt甜rcropped.
Due 七o root rot 10se盟. values of cv w體T睡 above 30% for most of the 
var1ab1ea recorded this y思ar. Al七houg七七he f望祖me 七endency in yie1da than 
in prev10ua yeara wa6 observ皓d ， 七he differencea 1n yie1da of 七h警車
cas信息va var. "Venez01ana" 1n monocrop as we11 aa in aaaociation with 
different maize cu1乞ivars were no st融tia七 ically e1星星nificant. Tab1e 1 

Table 1. Yields (ton/ha) of ca酷的ava in intercropp with different maiz翱
varieties. 且verage of 10 10ca1i毛主體恕. 1988 

Maize varieti時扇 直eri串1 weigh乞 M祖rketab1e root臨 l1onocrop 

V-156 14.0 6.8 10.5 
V-109 13.6 6.9 11. 3 
V-258/106 1/ 13.8 6.2 11.8 
V-155 13.1 5.6 11. 9 
Regional 10.7 5.0 11. '1 

主/Average of var. V“ 258 and V-106. 

A自 崩哲ntioned above thi串 was an excep七ional1y unfavorable year for 
cassava pl.'oduc乞ion in th曹 Nor七h Coa發t of Colombia. 。經 aver祖g戀 the
hlghss七 yield盟軍 were obt思主ned in CO l.'doba 祖nd 七he low串et in Sucre. Table 
2. 

Table 2 “ Marketable yleld (七on/ha) of free章h roots caSI軍av祖 intercropped
wlth differen七 maiz體 val.' ie乞 ie8 in Cordoba and Sucre. 且V體T主義務體 of two 
farms in each Depart.men七. 1988 

Maize Cordoba Sucre 
varie七ies Intercropped S01的 crop In乞ercropp甜d S01聽 crop

V-156 9.3 14.0 吐 .2 6.7 
V司 109 12.4 13.9 3.5 9.8 
V如258 11. 1 16.3 3.9 愁緒 5

V-155 1 1. 1 18.2 2.4 9.1 
Regional 11. 1 15.3 3.6 9.5 
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The exp體rì悶ent was harve!章 ted ìn only six localìtì的間 (far觀自). ln the 
rest 0至 the looalì七 ìe5 I章。me rep體tì乞ìons were loe事t for oau蟬給自 七ha七
oould not be 瞳ttrìbuted to the effeot of treatme紅色5.

On a global analY5ìs of the sìx looali七 i串串 there were no 100ality 
effeo乞 on ca悠悠發va yìeld in terme哩 。f 留eisht 0主 mark體tab1e si誼e roots. 
Consìderin緣 the aver祖ge yìeld of all 七he oas盟ava varìe七 i申銬，
includìn豆豆 501e crop and a怨怨。cìation with 控laìze ， 七here were 
signìfìca紅色 diff目re泊位e5 between vari申ties. 鈴 C01 22 outyi申1ded th曹
rest of th告 varìeties and the loca1 "Vene話。lana" r醇蟬u1七ed in the 
lowe器t yield. 

Ther申 wa5 al閏o a signifìcant dìfferenc體 betw串串n varìetì體體 ìn s01e 
orop , but thi5 diff聽rence wa器 not pr串體ent when the yi睡1d醋。f the 
t譯租車le varì綠色ies ìn ìntercrop were compared. Tab1略 5. 

Tab1e 5. Yi申ld ìn 
ca晶晶ava varì蟬tìes in 
v叫156.

marke乞ab1e fre5h 1'00七揖 Cton/ha) of different 
恕。1e crop and asaociated wìth the m祖1詣。 varìety

Varìeti體a 501e crop Associa七ed 完 Reductìon Average 
with mai品峰會

M Col 22 25. 唾a 12. 唾a 51 18.9a 1/ 
紛 Col 72 20.0 bc 11.0a 是5 15.5 b 
CM 681 豆。 .8 cd 10.3a 45 1是 .2 bc 
CM 962ω哇 20.5 b 11.8a 42 16.1 cd 
Vene話。lana 16.3 d 9.9a 39 13.0 d 

主I Figures fol10wed by the same letter ar串 not sisnifìc矗n七ly
different 融ccording to 七he Duncan"s multiple ran亞運體 test (O 爛。5)

l1aiz終 in 801e crop yield租d signifì口antly 間。T體 (2.9 ton/ha) than did 
mai話時 in a話給ociation with 乞he differ智紅色 cassava vari日ti體島 (2 網 3

ton/ha). Mé全i話e in 801e crop showed no difference in the ch醋。k plot峙，
hut 乞hi部 1晶。k of differenc愚 was expected from plots with the 間還是賠禮
variety 榴

To 七he contr融ry of the p祖at year蟬， during thie cropping sea靜。蹄， the 
ca串串ava vari結ties did not aff醋。ted diff醇rentlv th扭扭aize that wa眉
i悅色串rcrop"p曹d with th申鵬. Tabl體 6. 



Tabl酷 4. Yiel器(七on/ha) of different maize varietiea in 目ole crop and 
associated 軒i七h cas器av壘 in Cordob融融nd 5ucr體. North Coa臨t of Co10mbia. 

Ma!z程 varieties Cordoba 5uor略
801e crop As諮001a七ed 501e orop 且發恕。01祖ted

V-156 2.5 1. 7 3.8 3.3 
V叫109 2.7 1. 9 3.3 3.3 
V目258 2.9 2.4 3.2 3.0 
V叫155 3.0 2.2 3.0 2.6 
Re居~10na1 主，生 1.0 3.2 2.8 

In C口rdoba wher會 the high串串t yield輯 of ca時aava were obtained , the 
reduo七ion 1n ma1ze yi申lds due to 七he i紅色erorop w1th cassava were 臨O1'e
evid串紅色 th祖n i泣 Suore. 

生b:= 繁體f'f@pm接fi@tJ @f g皇室主@P@fl13
assooiation with 七he mal訝。
Co1ombla. 

8蠱學終襲警車 V最會主灣老生@!'l 島紛 !'l9主專 SP8i/ 接投漫 主食
var. "V-156" ln 七he North Coast of 

In the past , m。但七 of the re結iona1 tr1al蓋章 with cassava in the Nor七h
Coas七 of Co10mbia , w睡re oonduc七ed in s01體 orop. Since 08SS8V祖 is
a曹 1dom ou1tivat驛d a岱路。1e orop，費10部t res串arche1's wo1'k1n發 in the 
region a畢.1'eed that promi自 ing 答enetio mat曹ria1 盟hould b體 teste枝，
before re1ease , for 主ts abili七y to grow in interorop with ma1ze 
After ana1y的lng severa1 pas乞 yeara resultè of r晉giona1 trial!擇， four 
oassava varietiea wer日 aeleoted for high yie1d. 'These var主eties are 
being tes七ed for the past two y會ars in far由er 回 fi串 1d器 for its 
ability to grow in interorop wlth maize. A 器ingle maize variety "(V-
156") was aeleoted for intercrop with the different cassava 
varieties. V-156 i8 wid思1y ou1七 ivated in th輯 region ， and perform 
rather uniformi1y acroaa looalities. The ca器發巍、'a vari暗ties aelected 
were: M C01 22; M C01 72: CM 681 and CM 962-4. The 100a1 ou1t1var 
"Venez01ana" i8 u8ed 給您 check.
1n addition 七o the varie七 ies 甜串 1ect睡d for this exp會rimen色， ther申 are 
at 1east three other improved cassava variet~es reoommended for the 
North Coa臨色， but no aufficient da乞a are 8V~主主!是lb1e now about their 
performance in intercrop with maize. 
The I軍ame apat1al 在rrange肌體nt u紛ed for the 體xperiment on maize 
va1' iel且 1e ，主 waS uaed for thi發 exper1ment with ca串串絃.va varietiea. Rows 
of ca酷的ava were interp1anted a七 1 種 2m wi色h row!章 。主 m聶1ze. C祖悠悠穗va
wa話 p1anted at 1. 0m on 七he :row wh11e malz帶 was plan七ed at 0.5點 A
隻亨p1it plot design wì七h croppi只要t 6yst串臨串 (s01啞 crop or a自由。思主a.tion ) 
as main plots and varieties a串 aubp10ts was u!串串d. Two 
repetitiona/far品 W醇1'e planted and most of 七he orops m為nagernent afte1' 

the plan七 in餒. was th申 respon甜ability of 自祖ch farm串r.

4 



reduc的d tillag息。n cassava are 1arge1y lack1n反ItiE警 known though 
主h揖t many farmer自 operating in steep 1ands do 泣口t pr學par峰 th體訝。il
b聽for申 pl祖ntin綴。揖器6av在美 or prepare 七he s011 on1y in the 61色體 wher串 在美
stak申 i甜 p1融nted . 

• 

If the C06t of a possible reduct10n in y1eld du串怎口 no land 
pr啞para乞ion 1器 玉。曾串l' than the cos乞 of ren乞ing a tractor , 80臨終
主arm串rs 絨線Y 融dopt 七h串 no-t111age techno10gy for ca悠悠ava pr口duction
with signif1cant r串duction in the costs of production 曙 s母、r時r晶1
8毛毛ldi體戀泊在這V體 b愚en conducted with maize under no恥tillag曹 condition串
wi主h pO!事i乞 iv串 T曹su1ts in many in8tances. However information 教bout
乞he performanc體 of cas終av<!全 日nder 泣。一色i11age i8 1arg酷 ly 1acking ‘ 

Moreover inform晶tiòn about 毛he performance of a ca自sava/mai品蟬
in七ercrop under no叫t111ag串串。扭扭扭 1nex1stan七，
In addi七 ion 色。 poa驛 ib1唔唔co泣。mic benefits ,no-ti11age could a1岱醋。
improve the gener融工 給oi1 cond1tion in 七he long range . 

• 

To tes七七h串 eff申ct of soi1 pr輯P祖ration on 七he performance of ca闊的ava
and maize intercropped , an experimen七 waa conduc七ed wi七h three 
farmera in two d甜partm輯nt的 of the Nor七h Coast. Each farmer 0 1' 

loca1ity , managed four l'的P申titions of the 2 treatments. On申
七rea七ment w恆的 mechanl晶。d soil pr申par祖七 ion down to a d串串p of 
aproximately 25cm , and the other waa s口 11 with no preparat10n. The 
10七 s se1ec七思d for th串 串xp申riment had a simi1ar históry of 
cultivation , with c扭扭sava/m祖i品軒 cultivated previously on the lots 
for a七 least 4 consecutive y酷a1:甘. The cultivar "Venezolana" and the 
variety "V心 156" of ca甜甜av融 and maize , re自pective1y were u自ed ‘ The 
七wo species were plant體d in alternat啞 rows 1.2m apart. On 七he r:-ow , 
cassava was 1.0m apart and m品ize O. f主m with 3 p1ants斤1ill.
Resu1ts from this fir紛t exp體rim醇nt祖1 year 揖re SUl摺narized 1n Table 7. 

Table 7. Yields of ca串在直是美V總 and maiz盟 (ton/ha) under 乞甘o soi1 
preparation treatment發 in thr甜e 100a1 i tiel譯 of the North Coast of 
Co1ombia. 

J~ocality 8011 Preparati的n
Till紋該告 悅。…till挂忽略
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e um} 
R嘻

嘻
孟
晶

宮
，
帶
­

e
l

一

令
仇
"
一

喃
自
M

OZ MMe-

a MU 

te­
H
M
經
­

e
a

一

罷
工
­

t
‘i 

在
‘
五

哲
削•••• 

和

T 中4

1 12.3a 1/ 
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9.0祖

2.6a 
1. 7a 
1. 9a 

主“ 2b
1. 7a 
1. 4b 
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l/Figures follo時申d by the sam申 1e七t會r in th串 row and for the same 
cr(、 p "， are n口t different aocarding with th嚼。uno租n 祖l1ultipl串 Range

T恩怨 t (0.05) 

011 a 民loba1 anal :vsis there wa閉口的 的ignificant effe口t of B口 il
tre祖tment串 00 the yield of ca田sav祖 in t申rm峙的f marketabl曹 fresh



Tab1e 6. Y1e1ds of ma1ze( 七on/ha) cv."V-156" as sole c 1'op and 
in七e 1'c 1'opped with diffe1'nt cassava va1'ieties. 

Cassava Va1'. 801e c 1'op In七e 1'c 1'opped
with cassava Ave 1'age 

M Co1 22 2.9 2.2 2.5 
M Co1 72 3.0 2 .4 2.7 
CM 681 2.8 2..2 2.5 
CM 962-4 3.0 2.3 2.6 
Venezo1ana 3.0 2 .4 2.7 

Ave 1'age 2.9 2.3 2.6 

l@.= Ef主@@伍。重祖Wê êêii ~~@~â~â但 iêfl mêtíhê~ê êfl 但flê ilêfl重@flm壘fl@ê @重
oaeeava and ma1ze oult1vated 1n a圈圈。01a七 1on.

Land c1ea1'ing and s011 p 1'epa1'at10n a 1'e among 七he most 1abo1' and 
capita1 in七ensive cu1tu1'a1 p 1'actices to p 1'oduce cassava. Land 
c1ea1' ing is sp1'ead ove1'七 ime and due to the specificity of each 
case , it is ve1'y difficu1七 to ca1cu1ate i 七s costs and its ove1'a11 
inf1uence on cassava tota1 p1'oduc七 ion cos七s. G1ven the 1'est1' icted 
economic capacity of 七he mayo1' ity of fa 1'me1's , the 1imited avai1ab1e 
info1'mation about bet七e 1' techn010gy and the difficu1ties fo 1' testing 
new 七echno1ogy fo 1' 1and c1ea1' ing ，七he deve10pment of imp1'oved 
techn010gy fo 1' this activity 1s 1'athe 1' difficu1t. Howeve1', fo 1' soi1 
p1'epa1'a七 ion methods , the design and test of bette1' techno1ogy is 
somehow easie1'. 

0 1' 

of 
and 

Afte 1' 1and c1ea1' ing , soi1 p 1'epa1'ation is done eithe1' manua11y 
mechanized i l1 mos七 of the fallow-based p 1'oduction sys七ems
ca自sava. At p 1'esent in many 1'egions of La七 in Ame1' ica , p10wi l1g 
ha1'1'owing with a whee1 t 1'ac七01'， pa1'ticu1a1'1y in f1at 1and目，
comrnon cu1七u1'a1 p1'ac七 ices. The8e 80i1 p 1'epa1'at10n p1'actices 
1'epeated yea1' af七e 1' yea1' in a1m08t exac七 1y the same manne 1' 

negative consequences main1y fo1' 80i1 8t1'uctu1'e. 

a 1'e 
a 1'e 

w1七h

The cost of 1and p1'epa1'a七 ion is among 七he highest in te1'ms of cash 
fo 1' cassava p1'oduc七 ion ， pa1'ticu1a1'1y in the case of 1'en七ed t 1'ac七o 1' s
tha七 is ve 1'y common p1'ac七 ice among 10w 1'esou1'ce fa1'me 1's. 
On 1'ainfed condition目 soi1 p1'epa1'a七 ion 1s done at the same time 
七roughtout a ca8sava p 1'oduc1ng 1'eg10n. The demand 七o h1 1'e t 1'ac七o 1' s
i8 ve1'Y high at 七his pa1'七 icu1ar moment in 七he c 1'opping sea80n that 
coincides wi 七h the onse七 of the 1'ainy pe 1' iod. 8ince the numbe1' of 
trac七o 1's i l1 a given 1'egion is gene1'a11y ve1'Y limited , seve1'al 
fa1'me 1's end up p 1'epa1' ing soi1 too 1ate in the season , 0 1' no七
p 1'epa1' ing it a七 a1 1. The advantages of ear1y p1an七 ing to obtain good 
yie1ds a 1'e we11 known 七o fa1'me 1'目 bu七 many of them a 1'e fo 1'ced to 
plant 1ate in the season due to 七he difficu1七 ies encounte1'ed in 
hi 1' ing 七1'acto1' s.

Minimun ti11age and/o1' no-ti1lage have been tested wi七h seve1'a1 
c 1'ops wi七h dive1'se 1'esu1t目， bu七 info 1'mation about the effect of 

. 

a‘ 
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crop in a coropletely random block de經ign
in three depar貫注紛紛ta of the North Co社蟬乞.

轉ith three repetition/farm 

Reaults of this experiroen七 aI'e present串d in Table 8. None of the 
recorded vari~全bles was 喜lffected by the origin of the planting 
ma七erial. This demonstra色es that the quality of the plan七ing
認aterial ob色ained from ca扇sava that was cul七 ivat體d aa aole C I'Op and 
c是11事務ava cul七ivated in associ祖tion with maize , i自 not significantly 
different. The performance of th疇。a隸愚祖V融 pl龜nts from wh體F串串takes
W體re obtained was wi七hin the range of the 融vera撥體 yield諮 for the 
region. 

Similar r串串毛主1七s were obtained last year wi色h the sa蠶1e experi蹄ent. lf 
七h嘩se re甜ults are r串peated in th曹 nex七 year it could b啞 concluded
that ë益怠 工eaat the guality of th體 planting m駐色erial ia no色 affected
by 七h酷 intercrop wi七h ro揖ize. Since it i6 alr體ady known that the 
quantity of a七ake6 主6 affected by int曹rcrop ， the ability of the 
主ar草除r to 臨體lect stake甜 out of the available pl祖nting 富18t輯rial fro蹄
int蟬rcrop is mor串 critica主 than in other situ晶tions.

Tabl告 8. Effect of th體 in七明rcrop 留i七h maize on th曹 quality of 
planting stakes of ca驛sava . 

Origin of plan毛主ng
materi揖l

Monocrop 
Intercrop 

Plant 
Heigh七
{臨}

V祖riables recorded 
且erial Mark體table roots 

Part Weight Weight 
{色。n/ha) (ton/ha) 

1. 79a 11 8. 法。教
1. 73a 8.00a 

17.32a 
16.56a 

主I Figure思 follow慰d by the same 1e七ter are no七甜ignificantly
diff時rent according with the Duncan- 的 multiple range 乞@綠色.

Since plan乞ing material selection 自ee臨s to be 
aucceafull cassav晶 production，七h驛 follo留ing
selecton of planting ma七er主義il by farmers , 曹as
sam峙。assava varíety. 

2. 心TECHNOLC結Y VALlDATION 

so critical for 
酷xperi級學nt about 

deeigned with the 



1'oots. The1'e was howeve1', 主義 sign1f10at diffe1'曹nce in ter觀訪 。f ma1諮e
yie1d due to the effect of 蹄。 i1 t 1'eatment5. Maize cultivated wi乞h
50i1 p 1'eparation yie1ded 5i，書niflcant1y more than 七he m~主 ize
cu1tivated with no 50i1 preparation. 

There wa器 ah章。 a et1'ong 10ca1i七y effect fo 1' most of the va1'iable扭
扭na1y務ed. Mo1' E會ov串l' a 75% pos5ibility of 主n七e 1'ac七 io位 betw串蟬n 10cality 
and maize yield with only 11.5% CV called fo1' a 器體pa1'ate analy自1酷 of 
va1'ianc體 at eaoh loca1ity. This 1ooa1ity ana1y器i自 ehowed that at 
fa1'm t碑。， the effec七 of land p 1'epa1'ation waa 1ef黨器酷vident

fo1' mai誼e yield 七han 忽t th日1'ea七 of the 10calitie草3. A1eo a highly 
signific祖nt diffe1'ence fo 1' ma1ze yield at 100a11七y 1 w1th a non 
揖ignificat diffe1'ence fo1'七h程 caesava th發t wae int脅1'c 1'opped with 
乞his maize 習as a1器。 evident afte1' this 100忽1ity analysis. 
No data on weed incidence betwe申n t1'eat恥ent驛 have been obt在這 ined
du1' inl草 色hi5 fi 1'st Y體a1'. Fa1'me 1'自 we1'e inst1'uc色體d to maintain the 
expe1' i轄lental plots exactly as 七hey 即aintain thei1' oomme1'cial plot蟬，
Weed incid酷nce ， if different betwe體n tr嚕atmentf薯 will p 1'obab1y 
influenoe th體 choice of th告 b申諮七 eoi1 p 1'epa1'ation p1'actic峙， due to 
色h聽 high coa色口f of 腎eeding which 1a cha1'acte1'1stic of caeeava 
p1'od拾。七 ion in i紅色ercrop.

114 ，泣雲汲UI:I曹Rê體 發言者說唐 生容主憲fEF8i3 w主主提 前壘皇軍體發技 毛說唐 ~H量生生証實 θf 幸垃穹
p1anting material of cassava cv. "V串nezolana

Inte1'c 1'opping c/憂思抒發va with m在美主 ze significantly 1'educe the total 
weight of the 晶erial part of ca發峰為va and con的體〈蓮波學ntly the 級啦。unt of 
planting ma七erial available fo 1' the next c 1'opping s串ason. Selecting 
stakes from plants that yie工d 1e自由 both in 七erms of f 1'esh roote and 
ae1'ia1 biomaas could n體重~atively 乏主ffect yields of ca器eava in the 
aubsequent cropping seasons. 
In addi七 ion to a posaib1e build up in vi 1'us incidence and 
decreasin莒 6011 f略rti主 ity ， th體 constant u目e of seeds comin畢~ from 
plant臨 tÌla乞 we1'e int哲rcropped th申 p1'evious sea60口， could be ano七he 1'
1'ea自on for the conf主tant dec1'easing yields tha七 i發 a cha1'ac乞eri揖七 ic
of casaava production in certain a 1'eas of the wo1'ld. 
The in色。rc1'op could aff時ct th體 plan七1ng mat唱1'1a1 in 七臨r臨s of quality 
and quantity 01' both. 
To t體st the inf1uence of interc1'op wí七h mai品e on the qua1ity of the 
ca串串ava p1anting m祖色erial ， an expe1' iment wa話 conducted with f1v會
farme 1'a in the No1'七h Coast of Colomb i.a. Cassava 的t體ms were selected 
f 1'om th啞 cent1'a1 pa1'七 of expe1' í血ental p10ts wl七h c揖語sava s01體 01'口p
and cas6av祖 in in色ercrop 留i th maize. l'hese st哲約終 we1'e sto1'ed 
B昔parately ín the same m祖r支持申r for 1e串串 th祖n 60 day自 1n each far酷
until the next p1antíng sea話。n.
6七扭ke器 p 1'epa1'ed fro臨 each of th申 two group帥 。f 蟬telllB wer脅 random1y 
se1ec乞ed for plan七 ing. These two lota of atake器 W酷re p1anted in 器。1e



Tab1曹 9. Influence of 七he o 1' i且還 in and sel患。tion of p1antin該酪ate 1' ia1
on 七he performance of ca自6ava in th甜 North Coa6七 of Co1ombia. 

1'ype of p1an七 in絃
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(ton/ha) 

Fa1'me1' by F揖1'me 1'
Fa1'me1' by CIAT 
CIAT by CIA1' 

1. 9，至 2/
主機 8a

1. 8a 

fL8a 
8.3在這

9.0a 

16.3a 
15.8a 
17.2a 

1/Fa1'扭扭l' by fa1'me1'= farme1"器 eeede 6體lec七體d by 乞h祖 fa1'me1'. Fa1'me1' by 
CIAT= farme1" 6 eeed怒鎧e1ected by CIAT's 您怎敏ff. Cl品.1' by CIAT= CIAl" s 
p1anting 紛起色色1'ia1 終e1ec七ed by CIAT'S a七阻ff.

2/ Figu1'申a fo110wed by the eame 1申七七e1' 聽1'e not e乞atietical1Y
differen乞 according with 七he Duncan' 診 mul七 ip1e range teet. 

工七 seeme that at 1e扭扭t eom，酷 farmer!章， have 話uffici申nt kn甜w1edge 社bout
prope1' 自takea !譯e1體C七 ion for better yields. Under 七heee circu泊的tances
租 "far級學r to farmer" rather than 翁 "exten紹ion ag體nt to farme1''' 

squeme i6 mor申 adequat申 to 七T直至nsfe 1' thie typ醋 。f t疇。00010億y in the 
North Coa6t of Colombi揖 • . 

學說:= HU懇懇主 @要聾發@à 舊書巒起草m@fi華 8ft ûH@ p@rf@rmä說@Ij! @重 êêlll戀êVê in 
farme1"的 fields of 七h體銬。rth Coas色。f Colombi~車.

Stake desinfec七ion pr體ViOU6 七o p1anting , is 耐。七ually included in 
mOB七 of the teohnioal r體comendations fo1' better casava p1'oduction in 
diferent region紋。f the w仔rld. However in the m給yority of th申
count1'ies. p祖1' tioularly in La毛in Ame 1'ica , no v發lidation of this 
teohnology in farme1" 6 field hav體 been done. 1'h悟。1'e七io祖ly ， st揖ke
desinfection i6 impo1'tant to sustain 0 1' improve p 1'oduction in a1'哲a6
whe1'e 80i1 patho星星。ns ne豆豆ative1y affect yields. The 1'01體 of 臨t祖kes
proteotion i6 not very olear whe1'e th曹 inocult紹I potentia1 of 七he
60i1 is low 0 1' unknown. 
In four dep桂rtments of the Nor色h Co租給t of C令10mbi晶， namely Cordob割，
Suore. Bolivar and At1antioo , sma11 fa1'磁帶1'6 do not protect th思主r
ca時時ava plan七ing 偶扭七體1'ia1 although色 this p1'actic蟬 1s oom蹄。n fo1' yam 
produc毛 ion and the ohemical p 1'oduots a 1'e 體單單i1y av祖i1able and 
frequently used in the f祖rm fo1' other purposes. 
To validate with fa1'me1'蟬 the t輯000010草草y 1'eoo融體nded by 色h唔唔xtension
service fo1' 6take p 1'otection , an experimen1已 W紋怨 des主gned and 
conducted fo 1' two years with f晶1'mers 的 pa1'ticipat圭on in the 
血ana!單位揖ent 口f th唔唔xperim申nt綴，

For t,he 甘ropping season that b體重~un in 198'{ , 師怎祖kes from a 揖ing1e
source of plantin銬 mat輯1' ia1 wer體1'andomly divided in two lot串 at



2a. 翩 Effeot of eeleotion of plantins m阻屯申rial on the p申rformanoe of 
ov. "Venezolana" in 七he North Coae七 of Colombia. 

Good 間eleotion of plan七 ing material have been pointed out 8S a key 
facto 1' for a 扇uccesful cassava p1'oduction. L融ck of sufficient good 
quali七y planting ma七eria1 or ignoranc體 on behalf of 毛he farme 1' (or 
both) a 1'e p1'obab1y the main 1'ea醋。犯錯 for pla紅色ing poo1' quality 串take揖
on any given y患a1'.

To study the in室主uence 0主 Beed origin and selection of p1ant 
mat唾1'ia1 on ca綜思念Vé主 yie1ds ， thi嘻 嘻xperi臨睡nt waa conducted in th會
No1'th C的綠器t: for the firat trea七鞘串nt (FxF) , six fa1'mers wer曹 ask盟d

to 發e1ect from thei1' availab1e 串串串d wh祖七 they conaidered "good 
seed". For th串 串串cond treat鈴ent (FxC )., C工品'f"思 ag1'ono揖ists selected 
what thev con串ider串d "good 串串串d" f 1'om the farme 1' "a avai1able 
p1anting 鈴祖te1' ia1. Fo1' the 毛hi 1'd tr曾祖tm串n七 (CxC) , CI8T"s agronomists 
selected 臨@蟬d from a fie1d exc1usiv思1y p1anted in the No 1'th Coast by 
C18T with the pu1'pose 口f providing "good 串串串d" 芷0 1' expe1' imen七a1

pu1'po的@的關 Fo 1' th租 first and second 七F時atment th悍的信ed W8S diffe 1'ent 
amon眉 10cali ti目的. In the third 七reatment the 甜eed was from a sing1e 
origin. 
The 七h1'ee treatmen七6 we1'e arranged on a co朋p1ete1y 1'andom b10ck 
design wi七h 七h1'ee repeti七 ions in each of 6 f祖rms.

The1'e was 租 約祖1'ked effec七 of 10ca1itie居 口n 體揖ch of the analysed 
variables. Thi怒 W揖怒岱xpected since eoo10gioa1 condition恕，認anage揖ent
and 串eeds from treatments FxF and FxC w驛F哲 diffe1'ent among 
loca1itiee章 But for the 1'est of 乞he variab1體重單 位o significant 
difference器 were found be七ween 乞rea乞men七s a岳 重shown on Tab1e 9" 

No difference in t程rms of weight of mark學乞敘bl串 fresh roots was 
registered fo1' the three treatments. Th1自 約會an器 th是~t far實lers a 1'e 
capab1e of seleoting good p1anting 蹄且七er1a1 if thi串 臨at體r1a1 i6 
ava i1able. Sinc臨 f祖rmer's p1anting material 的體 1ec屯甜d by CI8T"s 
agronomi由毛s was equ祖11y good in te 1'rns of yie1d than th由 CIAT"s 
seeds , the qua1ity of p1anting ma七erial availab1體 to th自 fa1'me 1' s

tha七 year ， was of 祖 V思ry high s七andard.

Since CIAT' 自 planting materia1 selec七ed by CIAT"的酷taff did not 
perfo1'm bette1' than th時 rest of the t 1'ea七ment愁， th申 pu 1'posefu1
planting of cassava. 體xclu的ive1y 七o serve a8 seed wil1 not be always 
an advantage in term8 of yi會1d ， a七 least fo 1' 80me f揖rmer路. Thi揖 i8
an important consider<直tion in the p1anning and impl體mentation of any 
ca6sava seed program for 器mal1 farrn學r8. A ca串串ava 串串串d prograrn could 
help to solve the occa蟬ional proble器。f lack of sufficient pl忽nting
盟主a乞eria工 on a giv惡n cropping 8eason and 10ca1主ty ， but th體 quality of 
the p1anting material produced by such progra輯 shou1d outperfo1'm the 
車vailable plant 實lat曹1' ia1 at far罷工eve1 七o motivate far臨睡rs 色。
par七 icipa七e in any co11abor祖色ive sesd program. 



T晶bl申 10. Total above-ground weigh t. (ton/ha) 祖nd popula t. ion 
(plant紛Ih祖 x 1000) of cassava p1'oduced with farme1"器由t.ak申自 and 
m七ake的 p1'oduced by 1'esearche1's. 

怠。urce峙。f p1anting 
絨綠色e 1' ia1

Farm酷T

R'醇悠輯a1'chers

To t.a1 weight of 
above ground material 

11. 8 a 
13.1 b 

Number of p1;ha 

8.2 

主/血mount器 followed by the eame 1研tt申l' a1'串 not etatistically 
dlff輯F韓nt acco1'ding to Duncan's mul色ip主e 1'anli!串 teat

T在全.b1e 11. F1'esh wei li!ht 
(ton;ha) produced f 1'om 
T體甚至ea1'che1'!章，

Sources of planting 

Farmer 
R由綜earchers

of COIl破2串1'cia1 and tot揖1 1'oot器。f cassava 
fa1'm車1" s stake臨 and ﹒串take串 p1'oduced by 

Co揖me1'cial root的

12.9 a 11 
13.0 a 

Tota1 1'oote 

16 , 9 a 11 
17.5 a 

Amoun七扇 f0110wed by the same 1申七色e1' 祖1'e no七 significantly differen七
accordinli! with the Duncan's mu1tipl體 rang申 teat.

Table 12. Yield目 (ton;ha) 1n t酷rm酷 of f1'體sh w哩 ight of comme1'cia1 and 
to七a1 1'00七s f1'o開 cassava pl 教nt串d with treated and no句t 1'eated stakes. 

Stakes t 1'ea七ment

T1'eated 
Non也毛主、eated

Ma1'k串七驛祖b1e 訣。ots

13.0 a 11 
12.8 a 

Total Roo七g

17.4 a 
17.0 a 

主moun乞s f0110哥哥d by the sa臨串 lette1' a 1'e not ai li!n主ficantly diffe1'ent 
according 七o the Duncan'發給u1tip1會 range tes皂，

The results of thi串串xp聽1'1臨ent demo露trate 色hat 室arme1" s decieion to 
plant cassava st祖k毋s w1th no che攝1ca主 t.1'eat揖en乞 1s b是畫畫，ically
co1'1'ect. at 1east 1n tt遺體路ho1't l'發言1ge 轟nd f1'm睡 the point of vi曹w of 
yie1ds/ha. It i晶 a1so 體vid蟬n色 that technica1 1'ecomendations 蟬:hot講1d
be va11dated unde1' fa1'團時1's conditons before releasing them to the 
extension se1'v1ce串 ln thl酷 pa1'ticula1' case of stakes tre揖tll峙n色. a 
mo1'e s1te spec1fic id會ntiflc祖tion of prevalent 8011 pathogenø could 
he1p to better s甜1峙。t th略的時mica1s fo1' atakes tre喜色當時間色，



each farm. The chemical treatment was applied to one of 七he lot器，
whil思 the r酷的七 of the eeeds served 8s check. The Exteneion Service 
reco認endat10n was 1argely b租約ed on CIAT- 忍 re!嘻嘻扭rch resul七 8. It 
consisted of 3 gr of Benlate; 3gr of Manza七種 and 2cc of Malation ln 
200 l/w晶ter. The seed used 研af草鞋 unifor阻自ourc曹 of reaBonable good 
quality pl融nting ma乞erial of th體 cultivar "Ven車站。1祖n器 (M Col 2215) 
tha乞 T草草草峰是真rches had selected for use in fi體 ld 聽xperiments. Two 
repetition/farm were plant斬草 in 16 farms of 七he four Departaments. 
All the cultural prac七 1ce俗，體xcep毛 the seed treatm思nt were conducted 
by 七he far前lers in exac七 ly the same way they manage th體 ir commercial 
plots. 
During the 1988 cropping season ， th串的xperiment wa峙的lightly modified 
七o include ano七her variable which Wi恩自 七he sourc啥。f 自七akes. 'fwo 
source8 of 臨take酷何申re us體d: 殺 similar Bource 祖8 七h體 pr甜víous year 
and the I聖tak毋錄 that farmers had I導體l串ct申d for 七heír c。總結ercíal plot串
and w曹re r輯ady for plan七in囂 F!這r酷程rs were ask曹d to 自elect s七akes
from their own planting material for this experim串nt. Ea口h lot of 
planting mat聽ri揖王智as then fur七her divided in two 10t話， one of which 
receíved th岱 終@告d treatmen1二 whil聽 th禮 。七her 串串rv甜《直在証醇 check. A 
SP工i七 plot experimenta1 design was us嘩d. Main p10t揖 were the sources 
of stake紹祖nd 發ubp10ts 七he ch曹mic祖1 trea七ment to th體 紡車ed. Three 
repeti七 ions/farm (10ca1i七ie8) wer體 U路。d 七his year in elev時n farms. 
During 七he 19日7 cropping 怒eason ， no statistical difference was 
registered in 七erms of yield of freeh roo七盟， betwe申n treated and non 
trea七ed planting ma七eria1. The difference in yield 1n favor of 
plan七s tha七 r醋。申ived etake tr串在ltment was between 1.5總3.0 七onlha
considering an average of a11 七he 10c揖litiee.

In 1988 di室主體rences between far融部 ( locali乞ies) wer曹 high1y 
話igni主icant for most of the varlablef草草、韓corded. The increa軒轄 in the 
number 0主 repeti乞ion臨 in each locality , allowed for on串串xtra degree 
of freedom to b申色色er identify 毛h申 程ff體ct of 1ocalitiee. The摺e
differences among 10c祖 lities were e咒P體ct體d becaUS6 1n addition to 
diverse eco10gical conditions，略ach farm串r manag曹d his p10t自
different1y. 

The effec七 of source甜 of stakes wa目的ignificantly differ體nt in terms 
of weight of the aeri晶1 par七 and numb體r of plants/ha. Tab1體 10. The 
stakes tha七 research侈的 had selected for their experiments re路u1色ed
in higher yie1ds of fresh roots than th給 etakes that farrr賠r8 had 
available for pl融nting that part1cular 母eason. How哲、r輯室 thi串

difference 1n we 主要~ht of fresh root惡 習聶哥 no七 揖tati器tic戀lly
器19nificant in an QV體ra11 ana1ysis. 'fable 11. 

For the factor stake終 trea七men色， no stati8t!cal difference for 統ny
V祖riab1e-!ncluding fr喔~sh 1:'00七 weigh七- was r慰發i的tered be七ween treated 
and non叫七reated planting mat車ria1. Table 12. This waa true both 1n 
an overall analysi日曲nd in 且 localitry by local!七y an祖lyaia. The 
扭扭me reau1七B wer思 obtained grouping th申 10。在ilities by each of the 
four Departments. 



On a globa1 ana1ysis that considers farm as 1oca1ities no clifferenc悍B
in yie1d were recorded at harvest b唱tween treatments. But as expected , 
significan七 differences were ob七ained between 10ca1i七 ies for mos七 of
the variab1es. Treatmen七百 1 and 2 tha七 correspond to the best 
avai1ab1e techno1ogy for stems s七orage did no七 differ significant1y 
from farmer's prac七 ices. There was no difference either between the 
yie1ds of p1ants comming from seed tha七 was stored and from p1ants 
comming from fresh s七akes. Tab1e 13. 

Tab1e 13. Differences in p1an七 height (m) number of harvested p1ants/ha 
and yie1ds (七on/ha) af七er p1anting cassava from stakes stored in three 
different methods and from fresh stakes. 

Storage P1an七 Number of Weight of Weight of 
method 11 height p1an七B aeria1 part commercia1 roots 

Improved 1 1.79a 21 7666a 12.5a 1'7 .4a 
Improved 2 1. 70 b 7666a 10.7a 18.0a 
Farmer 1. 74 b 7639a 11. 4a 17.6a 
Check (fresh) 1.92a 7800a 12.2a 18.4a 

11 Improved 1= Good qua1i七y stems ， ver七 ica11y s七ore in the shade and 
七ips immerse on mud; Improved 2= Same as above , but stems desinfec七ed
wi七h insec七 icide and fungicide previous to storage. 

21 Figures fo11owed by the same 1et七er are not si尾nificant1y different 
according with Duncan's Mu1七iple Range Tes七 (0.05) . 

On Tab1e 14 , a parti七 ion of resu1ts by locality is summarized averaging 
the da七a for improved techno1ogy and comparing them with the farmer's 
B七orage method and with fresh ma七erial.

Tab1e 14. Yie1ds (七onlha) of marketab1e roots from cassava planted with 
s七akes s七ored using improved techno1ogy and stakes stored with the 
farmer's me七hods.

Yie1ds 

Farms 
Improved 

techno1ogy 11 
Farmer 

techno1ogy 
Fresh plan七 ing

materia1 

1284 
16.9a 21 
18.9a 
15.8a 
19.4a 

17.3a 
17.7a 
15.4a 
19.4a 

16.1a 
20.3a 
16.58 

、 19.9a

11 Average of the recommended improved technology. 
21 Figures followed by the same letter are not different according with 
the üUlJcan's Multiple Range Test (0.05) 
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Coas色。f Colombla. 

To s七ore cas甜ava 甜t體制的 for plan七 lng next 諮eason iI望晶 prac七 ice common to 
many farmer自. Farm申rs rarely relay on a sing1e m哩七hod to have good 
quali七y plan七 ing m晶terial available for plantin區l after a dry season. In 
fact many farmers leave 祖 piece of land with a standing crop rath申r
than s七ore s七akes.

Storage of plan七 ing material i目 done in many diff聽?串n七甘ays according 
with farmer's pr串f串renc啞s and abili七ies. Under the的替 。ircumtanceB ， iB 
V思ry difficul七七o identify a single 觀ethod COIl轍lon to al1 farmeI、自色。
6erve as check for 主義n 體xperi點體nt.

Many research institution島 (CIAT among 七hem) h聽V體 conducted studie揖
trying 乞o i現prove current far師告r-s practices for 器toring Btakes. Most 
of the technical reco閉endation自 to preserve th智 pl祖n七 ing materia1 in 
餒。od condi七 ions for g輯rmina七 ion ， focus on proc融dur蟬的 to avoid water 
10悠悠@發 during the atorag體 p申riod. Storage und曹F 的hade ， covering the 
plan色 ing material with 1啞祖V皓嗨， adding wa七er periodica11y , immersing th曹
tip of 七he s七akes in mud , etc ar自 all prac七 1c思扇 aim略d to 祖void water 
10的路.

To va1idate with farmer岱七h酷 avai1ab1e technology to stor哲思takes in 
oomparison w主th 七he commonly UI單位d me七hods in the r曹亞i!"Ìon ， an 體xperiment
wa臨 begun in the dry season ( Janu揖ry-March) of 1988 in the North Coast 
of C010mbia. Four farmers th星星t u6ua11y store stakes 智er串 串串1串cted for 
七hil章 experimen乞. Four treatment臨 were se1ected: 1) Stor曹 rather long 
and heal色hy s七akes vertica1ly with the 10wer tips i控1輛er器e in mUd' cover 
them wi乞h leaves and 1eave 七hem standlng under th曹 ehade of 祖 tree. 2) 
5a綴醇苦哀愁 above ， bu七七he stak串綠綠T啞 treated previous 色o th串串torage with 
a 轄lix of ineecticide and fungicid酷.
3) Store in the same way as the farmer. 'l'his tre.至七ment varied from farm 
to f殺1、帥， but in general the tip of th申 etake was not imm體r!譯ed in nmd 
and the gen申ral care bo七h for f主tak申 8自 lec七 ion and during the proceduree 
for 的torage was much 1es8 than in the treatmen七e 1 and 2. Th悟y wer申 a11
stored in shaded places and the stems were covered with p1ant material. 
Two of the farmers s七ored s七揖k騁的 horìzonta1ly. 1'h體se thre皓島torage
trea七m由n七s wer恩 compared in terms of yi哲1d and other vari揖b1悍的， 留ith
the fr暐路h s串串ds that a11 the farm體re have rnaintained in the field for 
p1antin餒 七ha七 year. This treal且在i體nt of fresh rna七erial (4) wae a1單位
slighly different across farmf章， 發生nce the quality of the planting 
materia1 differed among farmer臣， 聽1thou絃1色;h they a主圭 gro掰 and 揖毛0重re the 
variety 霍"Ve董玖lezo主ana 
The f綜草1七;0軍r‘z絃草嘉絃z患 per、iod 幫as frOl鵲Y鈴l 7f怒5 to 110 days and frOl鵑2爽1 the 蟬 t<仔3芷r龜ed 串te醋母

&泣d fr戀揖h 終蟲teri矗1， planting 串take苦~ were rando罷王y ee1ected to plant 
thr扭扭 cornp1et思 b10cks on each farm wi七h the four treat賞梅nts arranged 
00闊少工曹色體 ly rando血. Farms were analy臨睡d bóth individually and con器idered
as localìtie鶴"



As expec七ed there was a marked difference in the yield of improved and 
tradi七 ional maize cultivars. Improved maize cul七 ivars averaged 4.0 
ton/ha while 七radi七 iona1 cu1tivars yie1ded on1y 1.5 七on/ha. In terms of 
maize yie1d , there was no significan七 difference whe七her it was 
intercropped on the same row or in a1七erna七e rows with cassava. This 
means 七hat regard1es the spa七 ia1 arrangemen七 of the maize , i七B
interaction wi七h cassava remains the same. Any of 七he 七wo spa七 ia1
arrangemen七 used for intercrop in this experiment can 七hen be used in 
the fu七ure in CIAT"s 5七ation to tes七 maize cu1tivars in intercrop. 

The average yie1d of 七he 七wo traditiona1 maize varie七 ies was similar in 
in七ercrop and in 七he 七wo monocrops checks used. The opposi七e was true 
for 七he improved varie七 ie日 that yielded significantly more ln s01e 
crop-particu1ar1y a七七he high p1an七 ing density-than in association wi七h
cassava (Tab1e 15). This 1ack of difference be七ween the yield in 
association and in s01e crop is probab1y the reason why the 七raditiona1
varieties of maize are rare1y cu1tivated a自 s01e crop. On the contrary , 
and compared wi七h 七heir yie1d in associa七 ion with cassava , a1mos七 two
七ons of more maize were ob七ained wi七h the improved cu1tivars when they 
were grown as s01e crop a七 high p1an七 densities.

Tab1e 15. Yie1ds of 七raditiona1 and improved maize cu1tivars (ton/ha) 
intercropped with cassava and as s01e crop in two p1an七 densi七 ies.

Type of maize 

Traditiona1 
Improved 

In七ercropped

1. 55 
3.56 

501e crop (p1/ha x 1000) 

20 

0.94 
3.03 

40 

1. 95 
5.44 

Average yie1d of the cassava cu1tivar CMC-40 was 22.0 ton/ha of fresh 
roo七日 when intercropped wi七h maize and 29.2 ton/ha as monocrop. A 
B七atistica11y significant difference. This difference remained simi1ar 
for cassava in七ercropped with maize in the same row or intercropped in 
a1terna七e rows when the four differen七 maize cu1七ivars are considered. 
Comparing the yield. of cassava intercropped with improved maize 
cu1七 ivars against its yie1d as 801e crop , a 5.7 ton/ha difference in 
favor of the s01e crop was registered. In the case of traditiona1 maize 
varie七 ies this difference in favor of the sole crop was 8.5 ton/ha. 
The in七ercrop of cassava with improved maize varieties yielded more 
cassava and maize than 七he intercrop with traditiona1 maize 
varieties.Figure 1. 
The .effect on cassava yie1d of intercropping with maize on the same row 
or on a1七e l"na七e rOW8 was differen七 according 七o the maize cu1tivar 
used. No statis七 ical1y significan七 difference was observed for three 
cul 七 ivaras bu七 the hybrid H-211 reduced cassava yie1ds significan七 1y

、
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Durin億 this cropping sea蓋章仔泣 result終 in terms of yield蟬 from th場

different stor!主絃e me七hod器 practic申d by the farmers , did no differ 
significantly fro血色h睡 available improved technology. 工f 揖imilar

:ref室主11七日 are obtained in the futur哲 ón a diff曹ren七 ast of environmental 
condition甜， it could 點ean that the exiating t曹chnology for stakes 
sto:rage a七 farmer's 1日vel 1s 自ufficien色 to ensure 緣。od guali色y plan七ing
materl桂1 for nex毛 思eason an改 that ref章程arch effort自由houl發 be be七ter
allocated on differen七日ubj體C七s. An i臨proved method of 揖torage should 
yield considerable more pr口duct per unit of effort than th酷 traditional
0沿線的 to be adopted by f祖rmers. No economical 揖nalysia of these dat發 are 
h氓、le been conduct思d ， but sur串 ly the improved t啦。hnology 1體蹄ore
expensive 祖nd ti酪e con話uming than the traditional methods. 

亂哺UP~蠶聽甜AR~H

3&.- C.....ve. ln巷eroroped wlth 色radltlonal and lmproved mai蠶e varie七 168.

C，主ssava and maiz曹 ar患 freguently int早rcropped in mo終t of the regions 
where these two species ar憩 grown. Worldwide cassava is probably the 
mos七 common of the maize intercrops. 
In Latin America , improv時d 鞘aize varieties ar申 beconling mor體 and mo l:'串

impor七ant among 8mall farmere習 M祖ny of the8e new maize va l:'ietiss have 
been develop曹d for monocrop a1though farmer8 grow th體m in associa七ion
wi七h ca!章的av串 在美nd sev時ral other論 crops. Sever怠工 experim體主lts conducted in 
七he 1al聖t years under far蹄er 鈴 condition間， demon驛trated that impl:'oved 
maize varie七ies not only yielded mor體 in monocrop 七han traditional 
varietie器 bu七 they a1醋。 yie1d串d mor時 in as峙。cia七 ion wi 色h cassav性“
Furthermore ca眉sava int軒rcroped with improv串d mai串串 varie七 ies
ou七yie1ded cassava intercroped with tradi七 ional maize varieties. 

To further investigat申 the r咽 lationship between c您的器ava and different 
七yp瞎話 。f maize , an experi臨ent was d串串 isned 七o b體 conduct會d under more 
cont l:'oled conditions in CIAT's Res日arch S七atlon !護t Palmira. 
Two types of maize 一 improved and tradi七ional的 both in七ercropped with 
th峰 cassava cultivar CMC-40 and 租車3 日 ingl體 crop wer曹 tel事t軒d. lmpl:'oved 
maize cultivars wer學 the hybrid H心211 and the variety V吟吟258.
Tradition融 1 varieti紛紛官ere colleoted from small farmers fields in the 
Valle del Cauoa. These ar患 known as "Clavo" and "Limer泣10
monocrop check終 were us申d: ο沿e p1ar泊lt峙哲d at the!戀豐a臨e density than the 
intercrop and other at a popu主主ation 缸h矗t th串 f趕彷~r軍缸紋I臨le 芷紗令8 would use in ca甜申
of r月I more intensive f多in屋üe crop mai串串 production system. The effeo七 of 
研pa七 ia1 arrangement on the interc l:'op was a1蟬的 investi星星揖ted. Ca串串ava and 
malze were in乞ercroped 0泣七h曹 甜甜ne row and 1n alternat申 rows but 
maìntaìning the 6ame planting d體nsity.

" 



more when intercropp串d on a1七會rna七e row than the intercropin 七he
row.Tab1e 16. 

Tab1e 16. Effec七 on cassava yie1d (ton/ha) of 七wo spatia1 arrangement器
between caf軍器ava 祖nd maize. 

Mai話e cu1七 ivar Spa乞ia1 arrangement 
on the row on a1七ernai且體 row自

H叫211 25.9 16.3 
V甸258 22.7 25.0 
Con七ro1 (cassava sole crop) 27.5 29.0 

"C1avo" 22.5 20.5 
"L1meno" 22.9 2 1. 0 
Control( ca扭扭ava 601e crop) 30.9 29.5 

Th1串 r酷duction of c扭扭曲融va y1酵工d 1n 1ntercrop in a1t曹rnate row甜 with 
mai路。 hybr1d器 has b嘻嘻n record體d 1n 串串V酷ra1 oca器串ions at CIAT"s Station. 
Simi1ar r串串ults hav酷 no乞 b聽聽n obtE義1n醇d in 1患重，甜 favorab工程 environments 
8uch as in the 鈍。rth Coas1二 of Co10mbia 盼 Furth會r re目申arch shou1d help to 
b曹七七er understand thi5 resu1七 and ass串串3t 1f th1s 1s a g申n曹ral
characteris七 io of mai話聽 hybrids 0 1" a location and/or variety sp息。 ifio
situation. 
Land Equival體nt Ratios for the 申xperiment rang醇d betw串串n 1. 4 and 2. 34 • 
dep甜nding on the aole orop check th綠色 wa時綠綠串d for the oaloulation. 
Tradi七10nal varietie怒 of maize do not alway的 respond signifioantly in 
色ermS of yield to increasing plan七 densitie日. In the ca揖e of thef譯岱
traditional vari甜ties only a sligth1y high體r p1ant density than the one 
used for 七he 1n七ercrop can be u話ed for 七he s01體 crop ch疇。k. In th1s 
e咒per1ment. 口nly 0.4 ton/ha of difference in y1eld were obtained af七er
th酷 increase in popula七10n for the 峙。 le crop check of traditional 
varieties. Thia difference 附5 1. 9 色。n乃18 for the case 0室 主都proved
var1etie時.

From th的 me七hodological point of vie甜 th串 test of new improved 鳴aize

varieties to 器發紡思5S their abl1ity 七o compite wi七h ca怨怨àva ， should 
includ告七he check of maize 601e orop at ita opti紛紛n plant density. 

'fhese resul七怠. obt~孟ined 111 祖 d1ffer體n七 environment and under mor嚕
。ontrol1ed conditions in CIAT"s Station. confir磁 the f1ndinga from th會
Nor七h C。在主的t of Colombia that th申 ca5sav祖/maize lnt晶rcrop yleld 鵑花)re
whcn i點proved maize vari酷七 ies 扭，、研 used.
Higher than av申1'age y1體lds fo 1' both ca話給ava and maize a1'酷 very 間trong
ùrguments for farm體?您 to decide 1n favor 0主 1mproved maize variet1es. 
but the high yield的 of th申 improved maize varietie終 are not only a 
consequene峙 。f 租 more effic1ent u酷疇 。f the available r扭扭。uroe6 but 
l\ J .60 a more inten扭扭 use of ther鈍， particul矗rly Boi1 nutrient蟬，

For i< fallow…based typ體 of 租車~riculture 5uch 線路 the on體 practiced by 
131治犯! 1 far 肉串 rs 1n the North Coast of Col命攝b1a ， the switch fro撤
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traditional 七o improved vari申七ies of 即aize ， wi11 mean 揖 more inten串e
uae of the 借口11 nutri學nts and c06equent1y a shor七er cropping phase and 
a 10nger fallow in 七he production cycle. ln Tab1e 17 and Figur會 2 60me 
pree1iminary re6ults from s扭扭pling pl晶nts in the Nor七h Coast are 
presented. The nutrients uptake by the 七raditiona1 v揖riety is 蠶IUch 1es6 
than the uptake of the improved vari曹ty.
Theu務體 of fertili品ers and 60me soi1 繞在美nagement practicss could help to 
reduce the fa110w period in the North Coast if improved mai扭扭 varie乞i體醋
become more wide1y planted. 

Table 17. Content and nutri體nt uptake by an i臨proved and traditiona1 
maize varie七y in the Nor七h Coa目t of Colombia. 

Nutrien七 ---一一……一一一一一---Cu1tivar--…仰的何一何-一一一呵呵昀叫---一

V如 156 Crioll。
Conten乞(% ) Uptake(kg) C011乞e治色(%) Up志在這}宜。 (kg)

N 2.3 175 2.5 85 
P 0.25 19 。 .31 11 
K 2.5 191 2.36 81 
Ca 0.43 32 0.35 12 
t1g 0.25 19 0.22 8 
S 0.15 11 0.17 6 

(ppm) (ppm) 
Fe 311 a 181 0.6 
Zn 69 0.5 33 0.1 
Mn 50 O. 哇 46 0.2 
Cu a 0.06 9 0.03 

913:= 蓊H@@藍 診室 鈍壘生j!j@ 鑫懿接 Yêfll S9綴~@H毛生8鈴 9H MI@ 彎彎寧主9FfIII!me戀 戀f
different cassava cultivars 

Result經 from 七he North Coas七 of Colombia 祖nd fie1d observations a色
。I蟲T' 發 Station ， indica七ed that cas聽聽va yield串瞥er早 affected differe綠色ly
by its intercrop with maiz體 and yam , dep申nding “among oth體r fac七Ol'f事- on 
the cassava cultivar planted. To te8t the hipoth串串i8 0主 a differ啞nt
reac七 ion of cassava cul七ivar白色。主色s intercrop with maize and y盈路， an 
摺xperiment was desi銘刻骨d and conducted 泌nd♂r controll體d condition in 
CIA哎，結 Station 祖t Pa1mira. 

Seven contras乞 ing cassava cul七 ivars w，思?早 selec色ed for thi盟軍 experiment: 
CMC 壘。 Ct1 1223心 11; CM 523-7; C也 849的 1; SG 107-3日 CM 1918“:3 and M Ven 
218. They w脅1'e plant串d as 801e crop and associat申dw主th 鵬aize at 1 
pl/m2. In a甜甜ocia乞 ion with yam they were pl在這nted Æ瓷缸 .83 pl/臨2. Maize in 
int恩rcrop waB p1an七ed at 3.3 pl/m2 while a的自01e crop it wa驛 planted



associated with maize. Figure 3. The abili七y to co輯pe七e with 觀念ize 18 
then p1'obab1y a variety-rela七ed caeeava characteri路tic.
Yielde of cassava in associat10n wi七h ya攝輔s1's not s1sn1f1cantly 
di歪歪e1'ent amons 。在l88ava cu1tivar with 七he 801e exception of va1'. M V學n
218. 
Average yie1d of maizs (1是% humidi七y) we1'e reduc曹d by 17 色。 32 % wh盟n
ints1'c 1'opped with 七he differnt caseava varie七i悍的. ln七e1'cropped maize 

t> yl學lded an ave1'祖se of 3.58 七on/ha wh11e in monoc1'op its yie1d w聶發 哇 .5

. 

七on/ha. Yields of ma1ze obtained wlth the different O'a終鑄ava varietise 
W酷1'e 泣。t statistic揖lly diff聽1'sn七. The H-11 hybrid m割i誼e hav體 perform'峰d

蟬1mi1erly in other 七eata when 1n七ercropp融d on th體 same row w1th 
caesave. 
Yam驛 y1s1ds 1n 1ntercrop with O'assava were higher 1n averag串 than
Yielda ob七ain體d inya臨 s01申O'1'op ， a1thoush 七he diff學rence wa揖 not
s1且還ltif聖tiO'a11y signifiO'ant. Yam yi會1ds obtained with the O'eeeava 
va1' ie七 ieB te自ted we1'器 not et融tiB七iO'ally diff申rent e1th酷1'.
Land equi、ralen七 1'atioe (LER) valuee of 1.31 and 1.72 fo 1' caf事eava/mai揖體
and c祖磁悠ava/yama in七erc1'opa we1'脅 。b七ain憩d in this expertment. This 
1'esult8 confirm 乞he pr，鹽f體1'ence for interO'1'opping O'assav聾， partiO'ularly 
in conditiona of 8mall fa1'憑自 1ike most of the 0'融aaava p1'O'duO'1ng a 1'eas 
of La毛主n America. 
In 七hie e法perimen七 ya臨 yie1d in monocrop w攝的 unueu揖 11y low , but no 
exp1anation f O'r thi翁 fac乞 i8 availabl串 a七 thi串 point. This l O'w yi啞ld in 
monocrop , inO'rea的ed LERs va1uee 揖bO'v曹 1.5 whiO'h ie 0'0'留激lon fo1' this c 1'op 
combination . 

Con8idering on1y the twO' O'~義務發若望V扭 va1' i體ties with 色he high啞st yield旬， one
of 色he nonωy1e1d va1'iab1e that was aignifican七 1y affeO' t申d by int串1'O'1'op
wae 屯he nUl揖ber of atema/p1ant. ln variety C於 1223-1 豆， tha七 d1'融終tiO'ally
reduO'ed ite yi體1d when inte1'cropped with maize，七h串 number of 
s七eme/p1an七 wa戀 2.31 in 富l0noO'rop while in 融的aoO' i聶tion with m祖ize thie 
number waa 1'educed to 1. 58/p1教訓七 a h1ghly 綜isnificant statiatiO'a1 
difference (0.01**) 

Varie七y CM 523-7 , that did not l'串duO'ed its yield aignifiO'antly in 
interc1'op with 蠶蠱 iz色 p室，轟ctiO'a11y maint祖ined th體 same number of 
器tema/p1ant in 總量5soO' iation and in monoc1'O'p. Fu1'ther re串串聽rch ahould 
help in es七ab1iahing the 1'e1ationship between yie1d 祖nd numbe1' of 
stem器Iplan七 in 801e c 1'op and a6eO'O' iation wi七h maize. 

Va1' ie七y CM 523-7 if章 one of the mO'at 、figorous in te1'me O'f fr曹sh weight 
of 1te a體ria1 part (11.4 色。nl至1a). In interO'1'O'p with maize thia weight 
16 reduO'ed by 62%. Va1' i串ty CM 1223叫 11 is 1串窈e vi.!草orous with 6.0 ton/ha 
of 我erial weigh七. When in七ercropped with 寶laize thie weight is l'體duO'ed
by 58怒. A ve1'Y simila1' percentu祖 1 reduO'tion for th曹 two varietie銬， but 
sti11 on a higher 1體V啞 1 fo1' va1'iety α1 523-7. These 仰躺1te indicat體
tha色 the vigour O'f a variety 體xpreas體d in f 1'esh we1ght of the 祖e 1' ia1
基>ar七， O'O'u1d indiO'惡七e ite abi1ity t O' compite with maize wh曹n
in七e 1'cropped on th啞 aame r O'w. Th輯紛紛ne i6 true f O'1' th愚 variable weight 
of 七he plan七ir主要t ma七e 1' i發1 produced by th申 two vari臨tiea in monoO'r O'p 桂nd
aS6oO' if主七ed with 富laize.



both at 3.3 and 
production). Yam wa6 
crop. The in七ercrops

5.0 p1/m2 (near optimun for 訝。1e
p1~主nte發現t .83 p1/m2 both in !nt串rcrop
wer會揖rr喜mged on the s聽m體 row.

crop mai島發

and in 臨ole

The ICA 10ca1 hybrid m發i思e H喝醉 211 and the yam cu1tivar "Pe1ado" 主ro聽 th會
Nor七h Coa6七 of C01omb!融研體re u6ed 室。畫， the a!富的oci祖乞!ons.
Tre祖trn體nts were arrang慰d in a sp!i七 plot deE直 !gn in which the crop 
combinations were th略 main treatmen七s and th騁。assava cu1tivar自 the
6ubtreatments. Four b10cks were plan七ed.

Considering an averag帽 of a11 the casssvs varieties used , yie1d的 of
ca揖恩ava express申d as tota1 fresh roots w怨怨 自ignificantly different 
(0.01**) in cassava s01體 crop (24. 丑 ton/ha) 串串 compared with both it路
yield in as!章。ciation with maize (12.6 ton/ha) and with yam (13.7 
tonlha) for a relativ輯工y high 31.8% overa11 value of CV , mainly du融 to
七h8 yam. The variety 吾吾 Ven 218 w聶瑟 發智V學rely affec七ed by r悍的t rot 
psthogena snd it諒 我ver甚至星星曹 yield 腎as only 6.1 ton/hs. There was 扭 hi發hly
significant differenc體 (0.01'拉克拉)in term軍事 of fr曹sh roots yi鹽 1<畫畫畫 b體tw哲學n

cassava cul七ivar 體ven wi乞h the exclusion of M Ven 218. Tabl啞 18.

Table 1日. Avera區~e yie1d of fre摺h roota (ton/ha) of 的ev時n cassava 
cu1七 ivars in 601e crop and sS60ciated with maize (var. H 211) 祖nd yam 
(cv "Pe1ado"). 

Caa為祖va !孟峙監事。ciated with 
Cultivar 501e crop (R)1/ Maize (R) Yam (1至)直verage (R) 

CMC 壘。 21. 6 C 宮1(6) 13.9ab (3) 12.2a (b) 15.9 b (6) 
CM1223-11 30.8ab (2) 11. 2 bc (是} 17.2a (2) 19.7是美b (;在}

CM 523-7 31.3a (1) 20.5a (1) 工?給;三是主 (3) 23.0主義 ( 1 ) 
C對 849叫主 23.8 bc (5) 14.5ab (2) 17 勵 2a (1) 18.5 b (3) 
SG 107輛“ 35 27. 的abc (3) 10.8 bc (5) 主愁 .Ba (唾) 18.5 b (4) 
CM 191B的3 27. 。祖bc (4) 10.8 bc (6) 11. 6a (6) 16.5 b (行)

M Ven 218 9.0 d (7 ) 6.5 。 (7) 2.8 b(7) 6.1 。 (7 ) 

11 R= Rank 
21 Amoun七a followed by 七he aam曹 1et色er are not signific祖ntly differen七
according with 七he Duncan-a multip1酷 range teat (0.05). 

In 601e crop c扭扭sava varietie!事 yield串d di主feren七ly ， CM 523-7 and C約
1223-11 outyielded the reat of th曹 varieties tested. Howev曹r ， variety 
CM 1223ω11 i抗戰6600ia七ion wlth m思主ze yie1ded on主y 63.6% of 1色更重 yle1d in 
601e crop and wa6 ranked amon!藍色h憩 lowest Ylelder in a轄錄oclation with 
maize. On 七h體 con七rary ， variety CM 523-7 main七aln曹d in a6發ociation 研ith
maiz兮， the high yield obtain學d 1n monocrop. Oth啞r vari體ties Buch as CM 
849ω1 rank申d in 七he 5th p1ace for ita yie1d in monocrop , became one of 
七he high yie1der (2nd p1ac悟) 1n a甜甜。ciation with maiz體 These reau1t目
demollstrate tha七 caSSBva varietie的 behave differently in 601e crop and 

e 
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fls:= 1錢主體PSP8fl 8至 8蠱矗曇蠱哥矗 草草生奮起草W8 111壘生護發幫轟F生每主主零矗量基 d皇室主@f@H老織81謹e
p1祖nt denaitiea. 

Reau1t6 obtained from farmer' 的 fie1d6 during 諮evera1 cropp1ng 目申街60n6
in the North Coa6七 of Co10mbia , d酷monstrate 七hat 1mproved ma1品。
有rarle也 1ea no七 only yielded mor體 in sole crop and 1ntercropped w1th 
。祖酷的av扭. but they o9.1so a110w申d to obtaln a hlgher yield of cae章6ava than 
th體怎F揖d1七10no9. 1 maize variet1e路“

Mo部七 of the 1mproved vo9.ri串t1es of 甜lo9. 1z脅 y1eld more at high plant 
d啞nsiti巷S. This 1s not so for mo甜t of the tradltional 間a1ze varietie甜"
In reglons where co9.ss串V扭扭nd 寶:揖生譯曹扭r體 fr曹quen七ly lntercropped , farmer怒
乞ho9.t adop乞乞hese i臨proved new 紛在這iz體 varle毛主es do not alwaYB plant them 
矗乞 h1gh plant dens1t1sa n告主乞抗體r 1n monocrop nor 1n assool發tion wi七h
c o9.sso9.vo9.. If improved maiz憩 V揖rieti曹6 yield more 七han 乞he 乞raditiono9. lE譯
in o9.6600ia七ion wi七h cae事諮ave盞 then an inorease 1n mo9.1ze denslty wil1 
produce more maize but keep1n重~ th峰 。assava yields high睡r or at the 器發鵲嘻
1體vel than w1th 七he tradition晶 1 m祖ize varie七ies. Thsse wil1 r脅§於llt in a 
gener o9. l improvemen七 of 七h串概是'IÌ寫聽loae軍串o9.va associa七ion

Plant arrangemen七 would probably influence the performanc昂 of th體 crop串
1n the o9. 660c1a七ion. W1th e擇。m申 V祖r1et1es of ma1ze and/or ca輯發ava ，
fo9.rm日rs prefer the intercrop on the row or 1n a1tern祖t輯 row6. The 
甜ffect on cassav祖 of incr由祖sing mo9. 1ze density w111 prob融bly be 
dlfferent whe七her the pl o9.nts are a11 on the same row or in o9.lternate 
rows 

An experiment was conduoted 1n C1AT's Stat10n 七o t串串t the p睡rformance
of 毛he cassava cultivar CMC“哇。 intercropped wi七h 但 traditional (Limeno) 
and an improved ( Vω兮兮8) maize variety. Maiz體 varie七 i思B were 
intercropped at 5 d串nBit1慰怨1. 66; 2. 是9; 3.33; 4.16; and 4.99 
plantsl品2. T腎。 BPatial arra洽談ement8 were used: int患rorop on the 8ame 
row (OR) and intercrop on alternate rows (AR). Cé主您踴8.va popu1揖tion was 
kept constant 品乞 ，怨3 plant/!蹄2.

Cassava a昂 1301體 crop always y1e1ded more th揖n 1n a悠悠001a乞10n. In 
general , as 臨aiz告 plant d愚鈍甚至i七ies increased. 器。 incr體as體d the % yi曹1d
reduction of c扭您的組VI里 in comparison wi乞h a oom書記ant ch體ck. Wlth the 
tradi七 iona工 maize vari思七y ， th昂re was a very 01曹ar n串gativ串 correlation 
be七ween incr睡ase in pl甚至nt d體nsi七y and cassav祖 yield. Thif譯官扭惡 a1忌。 true
for the improv租d maiz申 vari啞ty on1y in the cas學 of th母 OR spatia1 
cropping pattern. The ca岱sava in七ercropp自d with this improved maize 
variety in alt給rnat的 row日 (AR) did no七 show thi器 t體nd略ncy “ Table 19. 
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FIGURE 哇 YIELDS OF TRADITIONAL AND IMPROV我D MAIZE CULTIV，底RS
INTERCROPPED WITH CA6SAVA AT DIFFERENTPLANT DENSITIES AND 
CROPPING PATT滾滾NS.
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安產黨ble 19. Percen乞age yie主d reduction of cassava intercropped with two 
m祖ize varie毛主e6 a乞 five pl祖nting denaitiea of the 絨線主串串.

Cropping Li磁帶no plant d串nsity x 1000 
p揖七t體rn 11 16.6 24.9 33.3 41. 6 49.9 

OR 28.62 39.65 5 1. 31 59.67 65 偷 72

AR 28.91 36.69 39.34 是3.07 57.00 

Cropping V-258 plan七 density x 1000 
pat七ern 16.6 24.9 33.3 41. 6 49.9 

OR 22.43 37.34 54.05 59.45 的7.73

AR 35. 兮兮 法6.32 26.97 是1. 18 35.18 

1/ OR= Cassava and maize lntercropped on th曹 6ame row; AR caa6ava and 
maiz控 in乞ercropped in alt昂吏'nate rows. 

The decrease in c揖怨怨聶V在i yie1d due to incre告se in 機器i話e popl主lation 留aa
leaa eviden七 in the c教6體 of the improved v晶ri慰ty Vω25愁， particu1ar1y on 
the AR cropping pa七位ern.

With regard 七o mai串串 yi體ld訝， 七he 七raditional Limeno variety incre晶晶ed
its yields as the pl祖nt densi七y was increaaed up to aproximately 4.16 
plant/m2 both for th昂 OR and AR cropping p融tt申rn. The improv體d
varie七y V-258 n申ver r閉a.ohed the level of 七h醋。h悟。k. Probably high悍T
plan七 densi七1由路器hou1d have been 七e6七ed for a甜甜ociatioin with caaaav扭，
6inoe most of th申 improved varietiea r酷的pond to very high plant 
den6i七 ie6. Tab1e 20. 

Table 20. 波恩 lative yield of two 甜aize varieti帶路 at two plant denaitle蟬
in in七ercrop wi th (立在saava and 00揖pared with a check in ao1e crop. 

Cropping Limeno p1ant den怨ity x 1000 
Pattern 16.6 24.9 33.3 挂1. 6 49.9 

OR 11 84.54 117.27 123.49 131.41 124.13 
且R 83.03 99.66 10忍耐 73 116.86 113.24 

Cropping V叫258 p1ant d思naity x 1000 
Pattern 16.6 24.9 33.3 41. 6 49.9 

OR 83.24 97.27 93.43 97.01 9 1. 30 
且R 76.76 85.82 74.22 78.99 93.35 

主1 OR=M發iz串 and cassava intercropp體d on th串 BaRle row. AR=Maiz串 連連nd
ctissava int艘軍、思r口pp蟬d in alternat曹 rowB. 

1n Figure思是是ind 5 the effect二 of vari曹ty ， plant denaity and cropping 
pa七tern i臨 T給pr體蟬唔nted 主n ton/ha. 

‘ 

. 



In Fi器ur串串 6 and 7 the best fi 七 curve的 fo 1' maìze and caaaava yield的 a 1'e 
represented. With 七he t 1'adi乞ional Limeno va1'iety p1anted OR at a plant 
denslty of 2.5 p1sn七的/買12 is P066ib1母 to obtain 3.0 ton of mai誼e and 
9.61 七on of CSf事SaV8 ，.留ith a 且R o 1'opping P紋tt體1'n ， 37.0 p1antl酷2 of maize 
a 1'e needed 七o ob七祖in 七he 串ame yie1d oÍ ca扭扭ava ‘ but on1y 2.82 ton of 
m臨ize. For the traditiona1 variety therefo1'e the 體P綠色ia1 cropping 

• pa七七ern ha6 13. 01啞ar influ體鈍。醋。n the performano體 of th略問aize/cas盟ava

crop combination. 
With 1這he imp1'oved mai器e vari梧ty the OR crooping pattern a1so resulted 
inξ1 better gene1'a1 performance. With 1.69 plantsl獄2 it was pos自ib1e to 
harvest 12 七on/ha of caBsava and 4.2 ton/ha of maize. With the AR 
cropping pat七ern on1y with 樣 3.62 p1ant話1m2 of maize was po自由 ible to 
ha1'vest 11.2 and 3.89 ton/h翁 的f caS6ava and maize 宣布串串pective1y.

A11 evidenoe indica七e 七hat in 甜pite of 七he the口1'etically hil畫her
1'equie1'ement器 of the i觀p1'oved maize v揖rie七ies in t揖rm器 of nu七1' ient缸，
the也e improved v祖1'ieties 6串串m to co部pite 1e66 with c扭扭6ava at 1east in 
the sho1't rang啞 Thi目 is probably 1'elated to 蹄。1'e effici思nt use of 
11露h七 of 七he 1mproved v祖1'1et1e6. partioul祖r ly du1' 1ng eë主1' 1y 思tage的 of
g1'owth. This fsc七 1s 1'epresented in Figu1'e閉眼 to 12. Particula1' ly in 
F1gu1'es 主Ob ， 11殺， and 1213., 1t C8n be app1'eciated 七hat f 1'om 55 to 65 
d扭y6 afte1' plan七 1n訝， the 11gb七 intercep七 ion of th申 improved va1'iety.is 
1e6自 than the t1'祖di tional. A色 th啞 plant density of 3.33 plan乞s/m2 whe1'e 
the diffe1'ence in 1ight interc時ption i野哲101'e 啞vident. ca自sava vie1ds 
are less afected by m發iz醋。。劉pe七ition.
Leaa 1i呂~ht interc發ption in the case of 七he improved mai品e varieties 
al1ow<串d for a la1'ge1' leaf area index in cassava a七 h揖1'vesting t1酷e.
Th1s is 1'epresented in Tab1e 21. 

Tab1e 21. Leaf a 1'ea index of cassava 揖t ha1've目ting time after bein躍
associated with a traditional and an improved maize cu1tiv發F
interplan七ed at d1ffer曹nt d酷sities.

C1'opping Limeno p1祖nt d酷n自ity x 1000 
pattern 16.6 2喔 .9 33.3 唔1. 6 49.9 

OR 0.65 0.36 0.19 0.08 0.10 
AR 0.69 0.50 0.68 0.37 0.33 

C室，口pping V-258 plant density x 1000 
?祖ttern 16.6 24.9 33.3 4 1. 6 49.9 

OR 0.66 0.56 0.25 0.10 0.04 
AR 0.77 0.82 1. 01 0.56 0.61 

The 1e扭曲er arr間unt of inte1'cepted 1ight could be one of the rea訝。ns for 
better yields of mai名單 and ca自由晶va wh體n improv體d 1'athe1' than 
七radi tional m，率1詰e va1' iet1e臨 a1'e used fo1'七he as恕。cia乞ion with case級va.



FIGU紋路 5. YIELDS OF CASSAVA INTERCROPPED WITH A TRADITIONAL AND 
IMPROVED MAIZE CULTIVAR AT DIFFERENT PLANTING DE附閃閃S OF n也
MAIZE 翁ND CROPPING PATTERN. 
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Th韓 cassava

ins總c: t and 

c:rop 

mit幢

為NNUAL F聖EPORτ1989

CASSAVA 草NTor哩OLOGY

is confr昏nt串d 制ith

p曹雪sts thr臼U當hout

.a largEi c:ompl 曹汶 口f

thl曹c:assava growin嘻

曹亞。每γstems 0華 the world. The cassava ent口冊01 09γ program is 

involv跨d with c:ollaborativ. re..曙ar c:h proj 曙c:t忽 略n a11 t.hr智昏

c:ontinent學" where c: as,‘av .a is b.1n9 grown. in t. he Am醫rica愁，

4萬苦 ri c: a and Asia. Thω pr也gra攜 h .as b昏睡n .an ac t. i v睡 par t. l c: ipant 

in the Afric .a 祕ide Biologi c: al Control 口手 C.籠絡電õava Pests 

through a c:ollaborativ. proj.c: t with IITA. Numer位us na t.ural 

ene訊ies 0乎 mite穹. and m‘talybu唔5 h .ave be醫n 虹口11 e c: ted , 
identified. re當earched ， reared , and shipped to IITA via 

quarant1n睡 1m學tit世tions in Europ.. Monthly ship甜甜nt 口手 mit睡

predat口rs w蛤re m.ade during 1989 and a n瞥wlγid曹nti 苦 led

predator 0手揖ealaybugs. !::IvoerasDi s ,‘p. found in the Llanos 

of Colombia. was shipped to IITA and releas鹽d in Afri c: an 

c: assava fields. This pr口j.ct contin怯es to 章，只c: ite and 

c: halll會nge 酷ntomologi 唱;ts and 

continents. 

other sc: ientist電器 口n b口th

Continu幫會d !學tudies with other 需ajor p.電器ts 0干 c:.a蟬sava suc: h as 

burrowin當 bug電i <Cvrt自酷enu.s 垃蟲a!!.) , whi tefl i 層包 and the 

ca哲學sava hornwor楠 have c:ontributed additional information 

about the看u! pests. e:悶phasi. was als口 given t口 th曹

i mphtmentati 口n of control strate♀ i.. at national program 

leVI學15 as wel1 as c口11aborativIlI re電器堅arch pr位主 ects in 

Col ombi i益. Cuba , Pana捕.， Paraguay and Brazil. 
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Cassava Mealybu嘻S

Alth間社♀h nu鼎曹rc區s sp曹cles of m睦alybugs have been idE畫ntified

attacking CaSSaVi麓， two specie蝠， Ehenacoccu!ã b.錢旦旦益n1 and f!. 

maninho主主 can cause considerable reductlon in cassava 

yield翁﹒ f!. 且蠱設主且必主主， nat1ve to th睡 R借口tropic毯， i s a p體st 1n 

A手I"' i c: a whel"'. it .has spr&ad to about 30 c:位untrles. 公耐aj口r

bio1 口g1 c: a1 c:ont l"' ol program by IITA wlth CIAτ ‘ s c母llab口ration

is bringing thi!益 insect p曹雪.t un吋er c:口nt l"' ol. The CI自T

Ca$哲學ava Ent口閉010唱y Prog l"' am Is continuing tc &valuat. 

揖醬alybug natural ene酷i 睡電;; i.... th會 ne臨t l"' opi c: s for 悠hip捕ent to 

IIT侖， Benin for ev自ntual 1'"瞥leas聽 in Af l"' i c: a for P. 遠蠱且主品史主1..

contro1. CIAτ maintains c: 01 口ni 體s of two m曹alybug 電.pec: i 靜電S

<f!. 包袋瓜ζeni and f!. 開ade1rer、sis) ， 6 m時al ybug predator 翁peci 輯s

and two para5ite會.. At pr曹sent a we會kly produc: tion of 20 ,000 

E. 包援￡三反n1 乎 ema1es with ovisac雪. and 1000 f!. madeir瞳n51 含5

辜會ma1es a11 口ws thE會 maintainance of þ l'"醫dator and para各ite

l:olon1es as we11 as províding 瓢輯a1 ybug popul ati 口ns for 

arti 哥 1cial infestations in field scre瞥niog of 

germplasm 手。r r曹雪istance 隘

cas畫iava

E只plorations during 19日可 con手 irmed the p l'"輯sence of 旦.

臨重0::.經ni in Ven體zue1a for the f1 1"'st time. f!. 包袋rreni

population懲 制巷ere 苦口und in sev醫ra1 site哲學 in Venez迪普1a ，

including San Juan de Mac: arapana , Chirigu益， and Nuruc: ua1 in 

the department 0誓 S垃c:re; Los Bar l"' anc的s d灣 FaJardo ， Maturin 

and Boquer魯n de Amanà 1n Monaga忽 Cantaul"' a 1n Anz口袋tegui 喜

悅al"' 1n in Yaracuy; 例arac: ay lin the 9蠻f耐p1asm bank at U.C. 

Ven&zue1an exper1m曹ntal fi &1 ds 口f thl擔 Fac: ul tγ 口手 Agr臨nomy)

‘ 

且，
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in Aragua. Far觀聽rs in thsSE! ar輯as 虹口nfi γm that mealybug 

populations hav醫 been with them 手。r many years a1though th時γ

do not appear to be causing 攝ajor d酷ma嘗嘗1. τr、酷 wid自spr當ad

distr1buti 口n of this $P層c: ies in Venezu體1 a 1 ead恕 。們喔~ to 

speculat發

為捕盟rica.

Brazi 1 ìn 

that its origin may b自 the northern 

Wh輯n severe E. b.金志上金口丸 attac: ks 口ccurr睡d 1n 

th目 early 1980 零售 it was 悠pec峰lat輯d that 

s口uth

N.ε­

the 

臨ealybug may hav體 be會n introduc綠綠 i nto the areé盔 E. b.星紅紅 eni

was 華 irst repórt輯d in Brazil , 1n Bel 曹冊， Para ， 1n 1975 , 

th醫reafter spr輯ading rapidly throughout the N口rth醫ast. Few 

natual 酷nemi 醫色， 體spec1ally para望;1 te!益制體re 宰。垃nd associat曹d

with thes絡已垃tbreaks ， again 1 經ading to sp給c:ulati 口n th益t the 

sp曹c: ies was not indig曹nou駕﹒

In c位ntrast ， 史. 位康巴￡臭ζIII populati 口ns in North曹atern S.A. , 
聽spec: ially Colo閉bia and V終nezuela ， havE! a large co酷pleK of 

natur a. l 曹nemi!會翁 inc: luding numer口us parasl~es. Ouring 

輯Kploration電; in Venezu驛la t欄目 para5i t彎 彎peci 輯毯， Aen念完L品li.

E食主主fl.ã. (Encyrtid議聲) and an unídenti 手 ied 驛n c:γrtid were 

col1 ected a5 WI譯 11 as several predator sþ酷c1 時給﹒ 9.. y.旦真~

was the pr昏頭的m1nant parasit餘， found in 82乳白手 parasi ti zed 

f 聽ma1 驛s v宮;. 18% for th曹 unldent1 fi 韓d 聽nc: yrtid “ τh蟹，備。st

fr電tq誼ently 口bserved pr E!dators were 遐思.I2.!:l泣急 電器p.

(Coccin驛11 i dae) , Ch.這個aE!冊yda酷 <Dipt聽ra) ， and Q.忍.:tR主錢聽過li. sp. 

<Dipt研ra). The parasitE密 警;pec: i e電器 wi 11 be c:口llect E!d and 

reared at CIAτfor 干 uture study and posslb1 時 introduction

int口 Col 口mbia and 8razil where they hav輯 n口t been r E!portE!d. 
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Futura 幫肆搶 ploration$ are plannad for th時 話帶站ntri 睡s 0乎 Guyana , 
Surinal言\ and Fr. Gui ana whal'"鹽1:.. !:l錢a笠豆豆c poplulati 口ns should 

also axist. 1:.. harrani populations may have spr曹融6 along 

the c:oa也tal ar骨a of S.A. on inf 酷$ted planting matarial , and 

ev會ntually arriving 1n N.E. Bl"'azil , wh韓're th酷 absenc: a 口f

nat峙ral enamle!盔， and the pr彎彎§酷nce 口莘莘 avorable 曹nvir口nm聽ntal

c口nditi 口ns and th帶 consid曹rabl 彎彎 a l"' aa plant甜d to c: assava , 
c:ontributed t且 the d睡V臨 101車輛卷mt of 點在全jol'" 的utbr體ak事..

During 1 呼99 six p l'"曹dat岱r $peci 輯s were 曹valuated as pot輯們tial

candidates f 口r c:紛ntrol of c: assava mealybugs (Table 11 

也主旦旦坐監.ä巴金組峙， 監制主恤怯 部紅星星~ Cboth col 峙的醫d at 

CIATJ , 已i怨怨主益這.t:..ä sp. (p甜I"'U 1 , !::!vcera翁口 i s 悠p. No. 1 

(Carimagual , !::!voerasoi~ sp. No. 2 (Carimagua) , and 

NYDeraspi ~ No. 3 [Huila, Col.ll. Tha trib輯 Hyp酷I"' aspini

in c: ludes about 500 spec: ies in 14 GenE會ra and th腔《酷erica翁 al"' e

i ts CE誓ntel'" 0乎 distribut1on. They pr醫γpl"' imarily upon s c:ale 

1n雪õect揖 and maalybu嘗嘗; (75%) and could thel"'afol'"自 be i 冊pOl"' tant

in bi 口logi c: al c:ont l'"口 1 p l"' ograms. 

Raal"' in唔 鼎帶thods 乎01'" coc c: in給 11 id pr li'dat 的I"' S h .ava b臨en

d悟veloped at CIAT. Mealybug 1n手輯電器ted ， potted cassava plants 

al'"驚喜 plac:殺d into an ol"' gandy明coverad l"' aa l"' 1ng c: aga (90 x 90 x 

200 c: ml. Mal 曹 and femal 輯c:oc:c: inal1ids al'"甜 rE會 11會ased into 

thesa c: agas and al10wed to 辛§醫d and oviposit 干 01'" 48 hou l"' s 

b甜苦 ol"' e plants a l"'e I"' emoved to a 51 閉11ar 1'"給a l"' ing c: aga , a辛 tel'"

making sur發 that nO c: o c:c: inal11ds 

I"' e點ain on th體戶lant!第 Car體 is takan to aS5ur盟 tha sp哥c: i 悟g

rE會mai n Sl會pal"' at輯﹒ Aftar e c:ol05ion , coccinellid larva甜 feed

句

a‘ 
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岱n m酷alybug egg 5'o and i 昂matur忽悠， pupate and complete th韓ir

1i 串鞭位γcl 曹 t口 adult5'o.

Th鞍 瞥xp酷rim醫ntal arena for 11 乎驛 table and predat10nl 

consu冊ption studie5'o consist電; of a 1 ar單單 9時tri d1sh <15 x 3 

C酷) with a circular hol.語 (9 cm diamE會ter﹒) cut into the lid 

and covered with 口rgandy 乎口r air融為tiωn. 們睡alybug 口visac 5'o

with som甜 adult females , removed from th甜 colony are placed 

on a squar睡 pi 由C輯 of paper t口神智1. i n the c瞥nt曙r of the petri 

dish. Two end電話 。苦 the paper towel square are folded 

downward 悠口 that m轉alγbug egg$ r瞥捕ain 口n t鈴聲 und醫rside ， in 

位rd醫r to 嘗.i mul ati ng 1 ea手 condi ti 位n5. Predator 1 arvae 

Smal1 usually pr輯苦蹄r fe聾ding on th會 lea乎 und醫r!學urfac:語.

drops 0干 hon甜γar曹 placed in each petri di 略h ， prov1ding 

additional 辜的。弱 Thr醫世 males and 手 iv臨 哥輯males of 

coccinellid 電sp聰c1 E帶給 b輯1ng studied ar甜 remωV曙d from the 

E口lonγand plac:酷d in tha petri dlsh which i 悠悠aal 訟d with 

paraf i 1 m. F.急tri di 電sh級會i ar腔 mainta1nad at 290 C, 55~ 4% RH 

and 12L112D. The adult 5'o are allowed to oviposit for 24 

hr5. befor輯 removal ， thereby assuring 0哥哥 sprin嚀 。4 怯nlform

age.τhe petri dishe怒 are 聽aintain輯紋， under the 

afore掃雪ntioned c口ndit10ns and mon1tor daily during the 

曹ntire life cy c: le. 

Developmental times f 口r th層 51x 5pecies varied from 19.4 to 

20.9 days (Table 2). ~voeras口 i ã. sp. N口- 1 had a 

5'o igni 乎 icantly longer dl會velopml會ntal period 干 r紛冊 ovip吟唱 i tion 

to pupation than any 口f th輯 ωth借r spec: ies. Th驛 duratl 的們 回事

pupal stage averaged fro間 6.9 nHoerasoi s sp. No. 2) t 口 10.4
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(Cl金錢主b豆主豆豆 sp. ) day發﹒ Thl語 P峰pal dev梧lopm腔nt ti me 。4

Nyoerasoi ~ Sl草， No. 2 i 穹辜 會>i gnificantly sh口rter than that 口f

th醋。ther 習sp 酷ci 驗已 (Ta.ble 3). 

τr嘻嘻 total d掌聲vel 口pment ti 輯e (酷告 9 t的 adultl wa軍. significantly 

short控r for Hvoer 線電器口 i s s紋， r進口. 2 (mea.n of 26 day意) than th曹

other speci 控告. which ranged fr口m ne a.rl y 2日 d a.γ悠 f 口r

Hvo控ras口 i 喝 sp. N位. 3 to a high 的事 3.2 daγs f 口r HIvoerasøis 

sþ. N峙. 1 Tabl 曹 4). Th臨 s曹x r a.tiω 口乎 也X經盟主蠱毀院主義學p. N口﹒ 2 

was <2 fl會malli含章 I 1 mal e comparl會d to the oth輯V 看.pec: i I寄發 in 

whi c: h the 雙sex ratio was 1:1 (τabl 驗 5>'

必 short d也V瞥lopm蚓、 tal period fr紛捕 。vipositi 口n t口 adult 

em睡rgence maγ be a favorable attribute 乎也r bi 口1 口gical

contr口1. Shorter development time p僧，剛冊its m口re 嘻忠告nerations

per 9輯們eration 口f pr層γ. Hyoerasoi~ sp. No. 2 is 

distinguished from the other spec: ies by its short pupation 

p控riod (6.8 daγ翁) while its 干 e輯ding p悟rio噩， most imp也rtant

in biologi c: al c口ntrol ， re冊ains as 10n雪 as that 0手 the oth曹F

sp驛t: les.

C口mparative c也ns組mption 基tudies of 點ealybug eggs by larva皆

曰乎刊voer a.soi翁峙 No. 2 a.nd ç主盟主缸里已.s!..!lQ詛ta w自r驛 c: arr i 曹d

out in the labor a.tory. There was no signific a.nt difference 

betw li!em the tw的 SpE雪c: ies: ~. n錢主蟲主藍色 E口nsummed 36.65 mg 白手

酷ealybug e嘻嘻s and HVIJ曹rasoi 給 sp. No. 2 , 37.95 mg , during 

their r 盤~spec: tive larva. l d世vel 口pment (τabl 軸 6). Hγ口eras器 is

sp. No. 2 tendl海 to 輯岱ve quickly and searches ac: tivelγ for 

prey. lts 俗世益rching ability appears t口 be superior to that 

位手 the 口th醫r !Speci 彎彎﹒ Succe!S!Sful establi 紗布ment 0手 ç. [l且主良主主

aι 
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in La Libertad (Colombial wher腔 it was rel 輯ased durinQ the 

past y盟ar sUQQests that it has potential as a bi 口1 oQi cal 

control aQ曹nt. 1 牌as 悠ent to lITA Ni 唱eria durinQ 19臼8 wh鞍re

it has b體en reared and rel 世ased.

Hvoerasoi!!!. sp. No. 2 , al 容。 ha音器 時xcellent potential a電. a 

biωlogical c口ntr口 1 aQen t. Thi s Spl會cies has also bee悄 告書mt

t口 1 ITA/B醫nin wher層 it is bein當 mass rear酷d. Some releas酷s

of this specìes hav世 alr盟ady b醫en made. 

Ca悠悠ava Gr體會n Mite B10109ical Control Project. 

The obj 絡ctive of th睡 r體毯earch rep口rted h酷re was to provide a 

scientific basis 辜的r the selection 0手 phγtc會這種 iids for 

intrcducticn tωAfrica fcr ccntrol cf th酷 cassava gre發n mit曹

(CGMI (CGM. 公 s睡ri 酷s 0卒 labcratcry and fi 曹ld studi 曹s prcvid!學d

co閉parativ醬 data for charact醫ristics such as prey specificity , 
capacity 干 or p口pulati 路n ìncreas昏 with C扇門 as pr經γ ， and densi t yω 

dependent r曹sp口nse to CGM under field c口ndition怒. Data 手 rom

expl orati on tr i p 電>> w揖re u哲學醫d to characteriz醫 tt嘻嘻 ecological zone 

cf adaptatìon 甜苦 several phytoseiids. and to ìd總n t1 fy speci 曹雪s

with a high likelih口。泣 。手 adaptinQ t口 Q宰 rican c: a潑雪iava

aQrcecosystems. Biclogical di 手 ferEmces betw睡en 9韓信Qraphlcal

subpopul a t1 on容 cf phytoseiids werl會 identifi 倫d ， and the 

s1g01 手 i c:anc臨自乎也峙ch 雪.tra1n di 莘 莘曹renc輯15 for biological contr臼I

was evaluated. 

Laborat口ry Studies 

Life Tables 

Life tables (25 C; 70 + 5χ R. H. , 12L: 12DI 哥哥哥 ering

p10nonvchell us 主主立錢 ioa as preγ H曹f暐 C: O鼎pleted 乎 or 20 
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Spl會c: ies/strains 口f phyt綠綠輯iids. As a rcuQh m醫asur圈 。f th幫會

degre緣。f speci 手 i c: ity cf 輯ac:h phytos醫 iid ， a sec:ond life 

table Wa5 c:位nstruc: ted for eac: h 5p醬缸 ie5 盼莘莘曹ring 1酷tranvc:hu5

uζ本主乏主豆豆 as prey.The intrinsl c: rat骨 。手 incr帶ase (r Ml 轉as

rel ati velγ 1011'1 <{ O.10lwhen CGM wa5 0哥哥 er醫d a5 preγ t的 A. 

義紅豆豆主您必皂， 乞泌主義主必單 位必泣旦旦忽必主豆， 爽， 蠱皇ζi進li!呈， and C. 

tr an5vaal en5i!!.(Fig.1).Diff輯'ren C: 1醫5 in perf口rmanc體 on the 

tw岱 prey typ費電s wer-曹 辜的唱nd for e,. 1.主moni忘迅豆豆，e，. :!;目n區i 電器，c: utu毯，

and 1:;.. iransvaal 控n5i5; the聳聽 had n酷gativ體 gr口wth rates when 

玄>!!:.主主泣起呈 was th曹 prey. Superior r阱's with 1. 益主主主泉是.ê. a.s 

pney w酷re ob!學哲rv悔。 for 色c:ali 哥也rnicll毯， phvtoseiulu警告

macrooili 愁， and !;vdnodromella 且主i又送盞1:. o!曹F 會.i mi 1 i 毯， whi c: hi 雪慧

not associat聽d with c: assava , but known as a suc:c:es瞥乎 ul

predator 0于 1. 這ζ主主主錢e in a number of crop嗨， p體γ干 ormed bett輯r

when CGM rather than 1. ~主主主泉是單!. was 口莘莘醫F韓d as prey. This 

su唔gests that oth曹r data in additon to li 手 e tables 電iho世ld be used 

in ass曹雪ssing 5peci 辛 icíty 口f c:andidat聽話戶甜c1 研5 for CGM. 

Thelytoky 

To test the hypoth線電is tha.t thelγt口kOU5 (fema. l 曹-onlyl 5p戀c: íe5

might be promising biologi c:al c: ontrol ag艷nts 手。r CI3斜， 11 平曾

tab 1i密警. were con5truc: ted 乎口r A攝blv毯eius 忍豆豆主必.@.Q且豆， 全.

h總rbicolu2.， 也!l援級主注2且2. and!;lav1dro明垃單 transvaal 嘗嘗n515 and 

wer綾 co冊pared wi th th05脅。f non呻thelyt口Ì<ous 舊是尹蓮香cí e5. 

Thre禮 。乎 the four thelytokou吾吾 sp間c: ie5 were below the 唔 lobal

啤ean 手 or r M (0.16) and two of th曹雪5倍， C. ìransvaal 世nsi s and 

11. tlerbicolus were at 1 跨義發t 1 電standard d輯、li a.ti 位n below the 

mean (Fi ♀ .2); howev輯r ， th體 rr呀 呀f 11. 也鐵器主主益必必s wa電s c:omparabl 艷

• 



• 

9 

to th a. t 0手 e.. lí moni忽必泣， τhelγtoky wa.s sug嘻嘻彎彎ted a電; a. 

p紛悠望在ible p口音.i tiv螃 蟹§睡1 曹ction crit輯rion b體c a.use it was 

pr曹su聞發d th a.t c口lonizing a.bility might be sup醫rior to th a. t 

of sp酷cie50 wh會r酷 both 50摺)(e 5o a.r 醫 pre5oent. Alth口ugh this may 

be the cas腔， li 宇間 table analysis suggests th a. t 9疇。d

col 口nzing a.bility 閉a.y not be a.ssociat曹d with the ability t揖

峙se CGM a.s preγ. 

Si gnif i c a.nc腔。手 Gegraphical Subpop區 l a.tions.

e.. li亞on1三益s fr口m CI 為τha.s proven mωr酷 difficult t思 f甜ar than 

populati 口ns c的llected 干 rc阱1 the North Coast 0乎 Colombi 函， implying 

th a. t di 哥哥E!r酷n C:E!S b曹tWE!自n geographic a. l 悠泊bpopul a.tions 口r 5otr a. i n50 

閉ay e)(l 認t. If th臨 di 宇平曹F骨nc 時電:. a.r曹 grea. t eno叫gh ， the lik E! lihood 

of successful esta.blish翱酷的t 1 n 為fric a. could d酷pl會nd on th體

sele c: tion 紛f th悟 ri 告ht strai n. ln ord會r to test for str a.in 

differenc彎彎， 色﹒ 1 im必ni三益~ str a. ins from CI~再τ a.nd the Noγth C口a.st ，

于 rom CI公τ a.nd Br a.zil and Colombian and Br a.zilian str a. ins of A. 

anony怨法~， e.. !.鼠忌里坐s ， a.nd 色﹒ 蠱袋r1益lisw酷γ緣 cro翁sed. Pr口9輯們y w曹re

紛紛t a. ined in a. ll crosses , h口wever 電器 i 9ni 于 icant reproductive 

inco桶patibilitγwa.s det酷cted 1n r酷c1procal cross輯s of diff曹T甜nt

Colombian str a.in5 0乎 e.. 1主且oni忽必~ Habl 骨 7l, of C口1 ombi an a.nd 

認razil1 a.n e.. 主主金錢n1cus (τabl 總 8) , a.nd of Col 岱酷bi a.n and Brazilian 

e..壘eri淼li!主 <Tabl 帶守)， c:ompared to te!是t c: rosses b曹tween

individuals of the s a.m控告str a.in. No 5igni 手 icant r輯duction in th語

mean n垃mb酷r 0干 E嘻嘻51 干 ema. l 皆 wa5 observ曹d when 經raz i li an and 

C眼1 ombi a.n e.. 主且錢絃垃且包 wer層 cros5ed , how自ver ~搖igni 乎 icantly few輯r

fe閉a. l 彎彎口vi 紋路電iited in the r E!cipr岱cal cro悠悠曹雪 than in the t體st

crω55盟5 5ugg自5ti ng th a. t th蟬r蟬 ma.y b層 50me beh a.vi 也ral i501 a.tion 
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a手手 ec:ting 位口pulation !Table 10). In th曹紛razilian

Co1 口mbian c:r05S時5 0乎 全﹒ 盈也怨怨X強錢皇l no sign1 手 icant di 莘莘erenc:曹雪S

H自r酷 observed c口mpé進red to th體 test c:ro爸爸彎彎益 !Table 11). 

Predator Meal Analy悠15

E1ec: trophoreti c: anal γs1s 0乎 the gut c: ontents 0乎 pr俗datory mi t酷電器

can bl恐 used to t酷5t the hypoth聽電器is that th甜 c: assava gr韓信n mi te 1 毯

an important component of the di 酷t 0乎 phytos時 i i d predator哲學 1n the 

fí 會1d. The fin器t st間p in the u忘曾帶苦 thi s te智chnique Is 

id智ntifi c: ation of a c:harac: teristic elec: trophoreti c: "fing酷rprint"

手 or eact、 predat口ry 悶it聽 and f口F 甜ach it醫捕 1n the range 0手

possib1e a c: arine and n口n-acarine 平口的電草書. whi c: h may c: ontribute to 

its diet. 

Considerable progress has been 鞘a.de in id韓ntifi c: ation 臨f a. 

疇uitab1 醫 ell會c:trophoreti c:略ystem. Different techniques werl學

tested 世sing a. range of phγtos昏1id 韓pec: ies available 1n 

laboratory co10nies. Phγtosei id!品牌層re f自d phyt口phago\.ls 備ites of 

known id ，學ntity and th甜1r gut content5 were c:ompared to th051會岱手

predators which had been starved for 24 hours. Th鹽 most

5ucceS5乎1.1 1 method wa5 po1γacryla冊ide gel electrophoresi5 (PAGE). 

Phγtophagou器問ites whi c: h have b曹曹n t幫幫.t酷d 1nclud間!'1. 主豆豆豆 jOé包， 也­

oroares主 VU:事. !'1. ç; aribbeana膛， 也﹒ m一旦旦旦旦旦袋ζ丸， 王lJ.!:主主系綠豆豆. and 

。1ioonvchus 口eruvianu!;. All th曹雪§輯 species ar E! distingui 怒hable

electr口phor甜ti c:all y ex c:發pt 手。r 也﹒ nr岱aresivu路線nd !'1. 主重金錢 io.色，

which are c:onsidered a 電器i n9 1
曹雪

.pecies ba雪.ed on mωrph口1 口gi c: a1

data. 

，已
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Fi 酷ld Studies 

Within啊.plant Oistrib且tion 口手 Phytoseiida輯

1n 4320 samples collected 0'1體r 12 sampling dates from a pr聽dator

e)(clusion e)(peri 冊ent ， an averag曹白手 1. 0守 phyto戀eiid哲學 Ileaf were 

found on the f1rst fully dev酷lop層d lea芋， wh臨f甜as il.n av咽r il.ge 0干

1.守8 phytoseii dsll 睡a手 wer盟誓 ound on 冊atur層 leav蟬?s b甜tween the 

10th and 15th n口d聾 59Y. of the e.. 主鋒為您垃豆 C口llect響聲d 口ver 4 

sil.mplin哩。ates (n 揖 95) were found on mature leaves betw給en the 

10th and 15th node . τ村醫 r曹m il. ind嘩r wer蟬 found on th酷手 ir電器t 于 ully

dev酷loped 1 變af.

Pr驛li 揖inary results fr給閉 a field studγ 口辛 the within-plant 

distribution of e.. 主主經旦旦主&泌Z孟 indicate th il.t con!益 1st鞍ntly more 

e.. li企oni瓜泣~/l 聽af ar回 found on or below leaf 10 than on th盼

youngest leaves (Fig. 3 ), τh曹 9γow1ng points 。于 立。

pl il.nts/sampling date WE會re diss曹ct甜d to look 哥的r phytos醫iids ，

how會V盟r r酷虹口very 苦 rom the t盟rminals Wil.毯 n酷咀 li9 ib l l會﹒ TM、輯se r毫發it!翁器ult雪g島

indicat睡 that 驛valuation毯 o乎 E空stabl i 雪h棉韓nt after lib曹rati 口n、 毋苦

e.. 主主必絃a主早垃.i.証口r t絞i弘. 主且蟲紋泣z孟孟 in A乎h打r吋

based on on data 乎 r口m a mature 1 曹a莘 b毫彎含twe發n th、甜 10th 、 and 20th 穹

nωd摺.

Pr彎dat位r e)(clusi 臨門

為 predator e)(clusion 怒tudy was plant時d ln the North C口ast 0辜

Colo甜bia witM the objective of det體F揖1nin9 制h控ther phytoseiid 

predat口r5 ar聽 capabl 曹 of a 

f10n口nvc:hellu翁 spp ﹒ and wh電!ther

d曹nsitγ叫dependent response to 

they il.r曹 體乎乎 ec: tive 1n rE晉ducin♀

yield l05s.τhe會 treatments wer睡 pr發dator e)(clusion (per聽ethrin ，

applied every 15 days) , m1t噩噩只c: l us1 on (il.car i cid曹 t觀very 15 
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daysl , a s1ngle appl 主c:ation 0于 ac: ari c: id居 and permethrìn (冊ad輯

aftl醫r the 手 lrst sa罰pling datel , and 龍n 泣nspraγ野d c: ontrol. The 

treat酷椒、ts were r甜pli c: ated ln three bloc: ks and th睡 numb戀r of 11. 

Earlbbeana訟， a 駕pec: i 酷忽 c: losely r曹 1 ated to CGI唔， on 30 1 發av曹雪. eac: h 

from the語 1st and 10th nod甜s were counted for each plot on each 

samplln嘗 date.

Cumulatlve mite numb時f哲學 on both the fir發 t and tenth fully 

expanded leav敏5 W酷re s19n1 干 icantly higher (ANOVA; P < 0.05) 1n 

the per鼎發thrin-treat控d plot夸 than in the other tr發atments (Fig 

4) . τhere was no significant di 手手醫rence會 in cumulativ鞍 numb曹rs

of 點1tes betw彎彎n the 手 lrst and tenth leaf; how曹V酷r the patt蟬rn 0手

accumulation was different in th盟 two 1 曹vels. Mite nu酷b發T菊

lncreased on leaf 1 after the rainγperiod b會tween th甜 25th and 

35th week af1已聽r plantin疇， re事 lecting move捕絡nt onto the new 

乎 oliag戀崎hich appe發 ared in n器悠ponse to the rain. 

Permethrin treat輯發nt ..as suc c: e翁sf詰1 in maintainin白 色， 主且全登峰.!!.

nu捕b終rs at ban安ly dete c: table levels whi c: h were not sign1 手 icantly

di 莘莘給r臨nt from those in th曲 ac: aricid睦叫tr聽ated plots 1n th自 first 

fully d發vel 臼ped lea事 (Fig. 5). A larg曹 di 乎乎甜renc: e. (P < 0.011 in 

t峙mulat1ve numb曹rs waç巷口bs綜rved b曹tw輯曹n th且 tw口 leaf 雪;trata with 

h1gh發r numbers ωn lea手 10 in the unsprayed and acaricidel 

扭扭rmethrin-treated plots. τh聽 這c r::umulati 口n patterns of a. 
L且必錢給.!!. and 也c:益ri bbear、a輯冤uggest a density-d給pend曹nt re電õpons睡 of

the predator t岱 th俊 prey.

Tetranyc: hid 雪;pecie穆 other than CGM are 位ften a哲學哲學自ciated wlth 

cassava in th戀 neotr口plcs and r曹present alt間rnate prey whi c: h may 

be pr驛乎erred 口V紛r CGI句 by 緣。觀e phγtoselid predator嗨. The numb曹r 0乎

• 
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1nfested webs of q. ~eruvi anU !l; on the central lobe was c臨unt曹d on 

30 leaves 1st and 10th 1 醫必ves 1n each pl 岱t 口R 吾吾lch 舊.ampllng date. 

豆豆， 岱eruvíanu益 nu桶bers on the 乎 irst leaf w酷r會 negligibl 酷. On the 

10th leaf th自 smallest populatlon occurr酷d on the acaricide­

tr睡at曹d pl 口ts followed by th鹽 P時rmethr1n tr鞭at曹d plots (Fig. 也) • 

命ft體r a s用a11 in1tial gr口wth 電.purt 1n th韓 dry s曹a實.on ， th體F聽 was

littl驛手urth電er popul ati on gr位wth unti 1 th甜 end 0手 thE妻 rainy 

p融riod and 仿nly in the un島pray輯d plots and wh盟re acaricid甜 and

permE學thrin w除r輯 applied onc層 The rel ati velγlow number of webs 

which accu兩ulat酷d in the per間驛thrin-treat體d plots sugg曹悠t電器 that 

紋， 之錢袋糞鎮Z之 is not an i 聽portant predator of q. ~eruvianus. 

Compari 咎。n of th酷 t甜mporal aspect咎 。乎 the dynamic笛口干 a. 主必錢學垃.æ.

and q. 口 eruvianu包 (F1g. 7) populations a1so suggests that e.. 
主且袋紋絲.æ. i s not an 摺乎乎酷ctive pr曹dator of q. Q盟ruvianus. τhe heavy 

webbing produced by 旦 cer泣vianu毯攝ay serv曹 a電. a d始全發rrent

against A. 1daeus. 

Statistically significant di 乎乎時r酷nces in roωt yields were not 

口bs鞍rv自dj howev甜r th控 highest m酷an yi 彎ld was obtained fr路開

acaricid醫 treated plots (37 τ/辛苦我) and th曹 豆 。"曹雪.t 手 ro攝 plots where 

pr輯d ，益tor毯姆雷F昏昏xclu笨重蟬d <:26 T/Ha). 

Exploration/Agroecological Data. 

Bas甜d on the di 為tribution of CGM 1n Africa and on the Cart輯f

(1 986) agro控colog1cal cr1teria 宰。r cassava 酷icr位r甜嘩10ns 1n Sauth 

Q攝er1cè益， 這 prior1ty sch輯捕e for natural ene慨Y 體Kploration and 

selecti 口n was c: onstruct時d (Fig. B). Highest priority 19 given to 

lowland , 1s口therml C:， 忽贈儀s口nally dry (4-6 m口nths/y酷a.r with < 60鬧鬧

precipi tati 口n) zone!墓 Sec: ond priority 1s giv醫n to lowland , 
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i 哲學othermic ， semiarld (7且可 dry months/year) , and third priority is 

g1v甜n to highland , isother冊ic areaS which ar自 e1 thl醫r seasonally 

dry or 戀借miarid. EKcluding data 宰 rom Brazil , 岱f 4紛紛 coll 醫c:tion

F智心。rds of CGI呵， 3守% are from priority zon曹 1 , 1% ar體 from zone 2 

and 4 percent are 宰 rom zone 3.τhe humid lowlands and highlands 

account for 47 and 9% 0事 the records r曹雪sp醬缸tively.

Th醫 remainc主密警r 0辛 this report w111 d韓al pri 攝arll y w1 th phγtoseiid 

Spl韓ci 控電. with > 20 c: ol1 曹ctlon r醬缸ords (輯K c: ludin告 BrazU). τ約哥

most common species were &. 主主豆豆ni c:錢袋， A. 蠱位必!J.ì:鐵絲紋. g. 色金益受益主笠豆豆豆，

g. 扭扭盟主且豆， 全﹒ 立豆豆且， E. 立一點也ζ昆主1， an d &. t酷nui 終cutus <Table 

12). Spec: 1es with more than the 冊書費品n numb甜r 0卒 records 1n 

priority zone 1 (seas口而ally dry lowlandsl ar阻 &. 全金主主主li星， 主.

扭扭且且，全 i豆豆盟主， 巳 mac: ro口 111 筍， &. !;; anna輯們削筍. &. li旦旦旦主臨街

袋， 已蟲垃車li. and 企. 過旦昆主il1s (Ftg. 9). Sp盟cies with more than the 

mean number of rec: ords in prioritγ zon酷 2 (唱給miarid lowlands) are 

E. 坐立， 旦. 主豆豆豆豆主旦旦旦旦. 1:.. !!!a.c:rn口 i 1 i 也 必nd &. !;酷nulscùtus (Fi g. 10) 

The seasonally dry and semi arid highlands are a relatively 

uni 冊portant ec:口log1 c: al zon甜乎口r phytoseiids ín cassava. 

公手§關 sp曹c: ies have betw智體n 17 and 23 % 0手 total records in the 

humid highlands IFig. 111. Th盟各醫 a.r盟 主﹒ 星星主且全盆皇之， A. 主這蟲妥詰豆豆， 9.. 

主主主豆豆a.nd &. !;!erearin垃毯@

τhe humid lowland急， on th慰。th體r hand 警鐘ppear to be an i 悶。ortant

e c:ological zon電話 for a numb艷，峰 。存 phytosei i ds (Fi 9 121. &. 

thiaoensi 霄， ~. !Õ..!ID本級立級主紋， g.!:!處lv錢袋且必袋， &. 量旦旦旦X登這里益， 金， 矗立主立2.，

and &. !;!er島位rinu!:; hav蟬 mor酷 than the mean number 0乎 F曹c: ords in 

the humid lowladns. 

.‘ 
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Most species hav酷 a rather br口ad distribution with r臨sp宮tct to 

rainfall pattern (FiQ. 13) , however , 色﹒ 壘室主主主主主益. A. !ihiao世nsi 毯，

A. !;!erecrinuã" ~. 民.Q!l反駁C級斗.ã.， 1.. 且必i且蠱且豆.i..， B.. 旦全且盆里旦旦!..ã.. 8.. 

位臭豆主主 1 i!色. and 8.. 化為民為~ appear to be more narrowly-adapted than 

the other spec: i 悟s. 8.- ~hiao盟叫也i 電器， A. Qerearinus and t;.. 旦旦旦旦旦旦昆主泛 J

seem to b曹 humid zones wh研r輯as 8.. 蠱重主主益i主豆， 主. 互這主且最gai ， 8.. 

主益主皇坐笠， 企 cannaen毯is and 8.. !:淼錢袋~ and 8.. 援軍E主主主主.ã. s聲響，鴨 to b瞥

specifically adapt醫d t路 忽聽al辜的nall y drγ zones. t;.. ho and 8.. 

tenuisc垃tuã. are the speci 控告" b輯st adapt曹d to s曹酪iarid zones. 

Th li? presence 0手 phytoseiìd穹" ìn cassava throuQho泣t the 雪rowin當

season , has been propos li?d a懇 終極1 鶴立tton crit曹rion bec: ause of th體

importance 0干 rainy seascn survival t的 P智F冊an曹nt 曹雪õtablishment c乎

也P醬缸 i 自s intrcduc:ed tc Africa. Records of sp甜cies with 20 or more 

co11 給ctions in c: assava were classifi 酷d acc口rding to the age cf 

th酷 cassava field at the time of coll 酷ctiωn. 為11 species except 

乎 or 8.. i da里坐ã. and 旦 nacro日 i 1 i!;; werE費手。und ìn cassava from 0 to 

12 months of ag自﹒ No records 0乎 th酷s酷 species were found in 

cassava 乎rom 10-12 mcnths of a9酷 Fourt彎彎會n of the 17 species 

t甜nded t紛 pr甜dominate in cassava 0宰 l 盤錄s than 7 諦。nths of age 

(Table 13) and 金， 這里B主主主主義. A. 錢袋ri錢11s and 8.. 立企益益~t體nd曹d tc 

pr醫仗。酷inat曹 in c: as量ava 0乎聽ore than 7 鴨onth電:; of &g韓﹒ All specìes 

H驛f驛 c:oll 輯ct聽d during both th曹 rainy and dry 往醫asons.

Phyto路電器iids classi 手 ied earlier as pr聽紛紛酷inantly humid zone 

話p韓c1 駿哲學 神輯r輯 collected in 揖or曹 than 50 Y. 0宰 ca像帶s during th曹 wet 

s醫as口n ， wh酷raas the 穹.emiarid and dry zon酷暑答p酷ci 歸筍， with th團

體健位聽ption 0乎 8.. 主且主監坐益， were c口llected during thl醫 drγ sea笛口n 1n 

mor軸 thωn 50Y. 0乎c:asas.
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Sp酷cies Sel 鹽ction

Sp電!ci 體s with > 20 rec口rds of collection ín cassava , or with 

thelγtokous reproduction , 口r which 輔酷re available in laboratory 

coloni 槍s for biological studi 曹s were considered as possible 

candidates for introduc: tion to Afrlca aga1n電器t

reco酷酪ended that speci 輯發 which 虹口nclusion ， it is 

combination of the 乎自11 口win嘻 c:haract體ristic !õ 們給t b曹

CG們 In

have any 

consid曹red

for introduction to Africa again努t CG們(Tabl 秒 14) I 10蟬 fecundity

when rear錄d on an a11-pr毆y di 甜t 口f CGt哩， low sp聽cificity for CG啊，

inappropriate 曹colo當 ical adaptation , v給ry few records 0手

collecti ωn on cassava co惜paγed to 口ther host發 or v時ry f 輯w r帽cord電器

。手 C臨11ecti 口n on cas告:r. ava"

Species which remain 害。r consid會ration for introducti 紛n to 偽手 rica

are tl.. μ臨時訟豆，心 已是且且，tl.. t.enui 毯cutu毯，已 矗四點主呈盟， 也

恆lveolus ， E..nacro口 i 1i lh ß..臨時 i 1 i s and ß..恤斗立主主ii.

The Cassava Borrωwing Bug (Çvrtom輯nu~s 垃豆豆豆之) • 

Th奮發 Cas電;ava burrowing b峙霄， a s011 born酷 hemipteran , continu驛!õ to 

cause sev酷re daman容輯 t口 cassava in certain location為 1n Colo鼎bi a , 

as w醫 11 a單 other countrie!忌，發sp盟clally Panama. S垃rv甜ys in 

Colo酷bia ， in collabor ，邊tion wi th ICI再 (Insti tut口 Colombian口

Agropecuario) reveal that this insE會ct attack哩; and da鼎ages

nu問醫rou唱. oth體r crops. τh曹雪也酷 includ觀。n10n (All 主且且 手 iStul 口su!!l.) , 
peanuts (Ar袋忘位主三 hypog泛ã) ， maize q學ã 盟主主主藍色} 錢。rghum (錢給rghum

E坐且必&旦旦)， sugar can疇， coffe壘， cor1 ë趣nd曹r ， pastures and potl盈toes.

Yield 1 口ss靜電i in 130m睡 。宰 these , particularly p看!anut 會. and 口n10n態，

are con哲學iderable and numerou雪; application !õ of p曹雪.ticides ar驛 us甜d
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1n c:ontrol pr口密ra棉揖﹒ τhis wid盟 ho雪.t rang曾給ind體rs c:ontr口1

bec: aus曹 adul ts 手 ly from one c: rop or fi 層ld to another. 

Previous studl 曹s hav曹 sh口wn th a.t!;.. 提里立.9.i.. c: a n c:ωmpl 暗te its 

de學vel 防pment and oviposit on a c: a習.sava only diet; how研V體r ， i t ha哲學

al 發口 be曹n shown that 奪.weet or 1 路101 HCN vari 醫ti 彎s are 聞自re

acceptable than bitter or h1gh HCN vari 驛tles.

A comparison 1s a.lso 冊a.d驛 betw自en c: a-:器sava and two oth酷r crop色，

口nion and maize. Und世r

d田V間lωpment and 口vipo電;i tion 

lab的ratory c口ndition怒，

...as measured. In 

nymphal 

addition 

聽其P鞍ri 鳴響~nts were d會發 i gne學d to studγ 苦曹替。1ng pref盟F世nce between 

cassav，毯， maize and oni 的抖袋，

In pr醫于 erenc: e st區d1 會愁， 20 adult a. nd 30 nγmph 旦.一全室主.9.i.. were placed 

in th臨 center of a 10 x 20 x 30 cms plastlc tray c口ntainlng s01.1 

and t...ω 口干 the aforE語ment1 ωned crops , one at each extr酷me of the 

tray. Ob告ervat10ns on adult and nymph f曹密ding were 桶ade aft驛r 3 

days. A手 t輯r 3 day電$守立文 of th會豆. 全金三.9.i.. ind1viduals we會re f幢幢din嘩

。n 捕aìz鞍 when gìven on10n a電;; an alernatìv戀， and 787. 101M輯們 告 iv也n

ca穩sava <T abl 官 15) • Cas電.ava was sligMtlγ pr酷辜昏rred ov骨r on10n. 

Three days a干 ter r唐V酷rsal 口f th體 plant sp個ci 輯悠 in the tray習. (th瞳

!;.. 包錢已成1. ind1viduals w甜f睡 l 驛ft undísturbed) th甜 in雪;ects return睡d

to 乎聽edln韋拉n tMeir pref醫rr終d hosts <Tabl 體 15). τhese re毯ults

indicate that the malz曹-cassava plant1ng ~器γ認t輯m c: ould incr驗a發畸

populati 的ns of !;.. 區里DÙ..

Ov1p口sítíon ...as measured by al10w1ng 20 pairs 口干叫C. 但ergí to f 給ed

手口r 45 days 口n 驛ach of th體 three plant spec1 智慧S ﹒ Young ad詰lt綴，

less that 30 days old...盟Y 幫會 rand臨酪ly selected fro捕 a laborat路ry

colony that had been maintaine響。 乎聽醫ding 位n s...聽醫t ca電ssava. th酷
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numb曹r 約f e995 ovip口sit醫d by 乎間males 事甜甜din9 on maize (157) was 

攝扭r酷 than 發even time5 9reat睡r than those oviposit腔d 口n ca哲學習;aVê車

(21) and nearly nine timE寄電ii great輯r than those on onion (181 

!Tabl 曹 161. Egg hatch was a1so 9γ醫atE會r on maíze and least 

翁垃ccessful on 口n10ns. 們ortal1 tγ of nymphs was 1 口H艷st on 棚aiz聾，

2870 and highest on cassava，給570 <Tabl 甜 171. Female 捕ortality

was 10Y. on 揖aiz 腔 45 and 50Y. respl學ct1v自ly 白n cassava and c肝、 i 口n.

Nymphal devel 口pment was 也h脂rtest on maize (91.5 daγs) ， lon當醫終t on 

ooioo (119.3 daysl , and 1nt盟rmediat甜口n cassava 11 day蕊) !Table 

171. M口rtality was hígh甜r on 口nion than on maíze. 

data are not available for cassava. 

Mortality 

Th蜜語量已酷 data indicate that maize i 雪;; pr甜苦自rred bγ ~. 包怠￡必i. over both 

cassav.龜 and on10n皂 The low oviposition rate on cassava a150 

helps explain th靜 constant declin聲。誓 旦﹒垃豆豆.9.i. 虹口l 口nies when 

臨aintained on cas5av必 The 會.wí tch fro晒 ca喝5ava to maize 芽。r

colony 賄aint盟nance ha會. resulted in 9r 曾是!.ter availability of ~. 

錢袋ζ9.i. f 口f 晉xperimentation.

High populations 口乎 已Q.反cai on cassava may be th酷 re5ult 口手

migration 0干萃Q.虹.9.i. into cassava f 主輯lds 什胸口ther crops or 

乎 rom weeds. ~. 妓反cai 1s not r帶P口rted to be a 戀戀rious p輯也t on 

maize , which may be t口l 帶rant b酷caus輯 of its 醫xt掛ns1v醫 root

syste捕; howev終r ， a cassava白maize叫cassava rotatíon co泣ld Iead to 

昏昏ver鹽 1 怨言.ses i n the secωnd cassava planting. 

On10n does 

da插age 1s 

adults 臨f

not app甜ar t口 b聽 a pr帶手 erred h岱st; however , 
sevl發re in 答everal areas ωf Colombia. Mi ♀ration 

~﹒ 包錢!:..9.之 into onion fíelds could acc白怯nt 辜的F

。bs輯rvation.

cr口P

路f

this 
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包錢!:.9.!....長，of C口ntr口1

e莘莘 ecti '1蟬i必金三反a 1s crotalaria that 電器hownhave 管.tudiesPr醫'1 1 帶us

cassavaJ with 1ntercropp醋。1 警長it when contr自1全觀點Ç.. 乎 or

Crotal ar i a. 手romcompeti ti 也nt口du體low i5 yi 世ldhOWE會ver ，c: as雪~ava

giv曹雪§also costly , althou告hpest1cid緣，systemi c: a 。fuse The 

use P也sticide。手combination Th曹設笠ζ級斗.Ç.. 口fc:ontrol a c:c:eptable 

of tr骨at閉目ntsto c: ompared and evaluated was c: rotalaria with 

only. c: r口talaria

c: y c: le c: rop 憫。nth12 a -:hroughout cγotalaria with lnter c:ropping 

th盟的f7.5χ 。nlywlth c:ontrol 哥哥哥總c:tiv悟most th告奮1n F 層電器ulted

69% n控arlytO c: o酷pared18) <Table 電õympt位現sda攝ageshowin嘻roots 

穹õyste冊inof appl icati 口nThe plots. control thl導in damag蟬root 

。于c:o鼎binationthe or cy c: le month 12 a durin當days 45 every 

劑。nt電器b for crotalaria and month 雪si )( for days 45 盟verysy電.t盟min

c: rotalaria with IntE醫r c:roppingF甜sult電i.ac:c:甜ptable當ave011150 

-ille--pslii 

路4combination the wh發rea532χ 科且arl γ by y1eld悠c:as雪.avareduc:ed 

6 by followed days) 45 《甜V世rym臼nths6 for appli c:ati on答sytem1n 

yield F絡電草垃c:enot d1d c: r口tal ari a with 1nterc:ropping month 

19) • tτable sign1 fi c: antlγ 

祕hit層flies.CaS5ava 

three τhe cassava. attac: k whitefli 曹雪

Colombia 

of sp且c1 融會SSeveral 

聾惡忍1ali~忌，Q1 eurothrlxu毯are 1n spec: ies pr戀dom1nant

predominant The 且金錢主主主.ã!;垃ber c:且 1 at.益，and Variabili 毯Trialeur口des

c: onsiderable c: ausing 1s 益主.IÚ.泣，Qleuγ岱thrixusBrazil , 1n sp曹c: 1 掛悠

Thi!兔

1989, 
Braz i 1. 

durlng Col 口問bia

Central 

in 

and 

time 

Northeast 

fir 警.tth韓

。f

for 

aγea毯

F時port間d

捕any

was 

in 

電õpec: ies

da點是喜ge
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along with Earalevrodes sp. , also previously unreport曹d. 瀉。th

species were found in th學 《冊az 紛抖 ，密警告 10n of Colombia. Pro♀F層包s

inth自 id且ntification and charact臨rizatlon 口f genetic strain哲學 的f

whltefl1es 0手 the genus Be股主級la ， in collaboration with the Univ. 

of Tel Aviv , Israel ls r酷portE帶d in detail in the Virol 口gy S時ct1 ωn

of the CIAτ Cassava Pr的嘻ra冊， Annual Report. 

In recent yean皂， high whit卸flyp口pulati 口ns hav曹 b甜甜n r輯port酷d

乎 rom Paraguay , Brazil , and Colo酷bia. τhe rea空巷口n for th穆s疇

。utbr曹aks 1s unknow抖 Di 哥哥脅f曹nt 告p曹ci 曹s are involv體d 1n 輯ach

countrYI 豆 tuberculatil in Para嘩uay ， aleurothriKu登 金主錢袋!!. i n 

Brazil , and 金. 量豆豆主主1 i!益泌的d 1. ~ari abil is in Colo鴨bi 翁，

Predators and parasit臨終 of whi tefl i 醫學， 曹雪.peciallγ in Col 的帥bia ar厝

common. The predator Q腔lohastus ~且主主II泣lã. and th體 parasites 

Amitus aleurodinus an叫 E:retmocerus alevr口di ohaau!õ hav時 be層n

studied in Tolima , Colombia. 泣， 且且主主II必.li att總巳k喝 a rang時 of 

whi tef 1 y speci 給電器， and fi 瞥ld data su嘻嘻曹ssts it 1s capabl 驛 o a 

functional r輯sponse to whit體乎 ly densitYI how輯ver ， this pr酷dator

does not appear to control wh1t哥哥 ly P口。ulations and predators 

probably play only a 鞘inor role in whitefly population dynamics. 

Parasi ti s蟬， 密電.p脅clally on B,. 豎立三主主主主義， th曹 pr曹d口酷inant 哩õpecies in 

Colombia on cassaVi忌， app輯ars to b曹 a 棚里)r曹 importl龜nt morta1i ty 

手 actor than pr給datiol可. 全﹒ 星星星主主主主主 parasi t1悠楠 by B,. 2leurodinus 

and ~. ~levrodioha口us ranged 手rom 49.1% to 54.3χin 曹xp輯rimental

pl 口ts 1n ICA , Nataima呵Tolima. Parasltism of 1. ~ar i abi 1 is was 

negligibl 酷.

Th曹 cropping sy電器t帶m employed (maize or cowp瞥a) did not have a 

significant 蟹!ff口rt 的n 曹ither parasitism or pr輯dat10n 1 曹vel 雪，
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Over a p醫riod of sev臨ralγear5辜 evaluatlons of whi tefl γ 

r唐德i stanc: e hav體 be輯n c:arried 口ut 必t ICA-Nataima , Toli 撤a. The 

c:as雪iava vari 戀ti 曹雪志 們 Ec: u 72 , 們 Col 33品， 悅 Pan 70 , M Bf空公 12 , and M 

Col 339 輛輯re 會ielect自d a電器 resistant or tolerant to white手 ly

attack. The predωminant whitefly 印刷ies was e,. 義裂主詞牌ji.

Cr口sses were made b曹tw睦酷n re唱起istant 提 V終s1 電itant and reslstant x 

susc輯ptibl 腔 clon曹雪i and th聽 progenγ 蟬曹re 輯val 峰ated under heavy 

whit&'flγprea悠悠ure. No im悶unitγto wh1te乎 l γattack wa告曾提pres看ied 書

a11 varieti 酷s and progeny support曹d whit曹乎 ly populati 位ns;

however , damage sympto冊S 蟬er&' m岱r&' sev&'r聽 on 實iome clon哥哥;; than 

oth酷rs. For 酷xampl 腎， M Bra 12 often present甜d h1gh whit醫莘 ly

pop垃lations but n憲會導 1 i abl 腎 。&冊age sy棉pto鼎愁，

Fo且r hybrids w峙，戶 E 電.elected for r曹plicat輯d yi 醫ld trials at 

lCA-Nata. 1 揖a: CG 48守-4; CG 18守“2萃， CG 48守叫31 and CG4路可-34. Th曹雪ie

W酷re evaluat層d along with P 11 (CMC 40); P 12 (CMC 76) 總nd th昏

regional variety Ouindiana. Due to probl 韓ms 口手 robb曹ry of root哲學

and stak曹雪i dur1ng th鹽 1988-89 grow1ng cycl 由 th酷 data pres甜nted 1s 

incompl 珊te ， and an additional cycl 輯 1s being 輯valuated.

All fo峰r hybr1ds war臨 h1gh yl 曹lding with exc酷11 ent c站linary

char acter i st i c習i <Table 19). 向 1 though P 11 (CMC 40) had th曹

hlghest yield , d酷spit艷 h酷avy whit驛事 ly attacks and da問ag悟 dry

喘氣tter cont骨nt wa電器 unacceptabl y low (26,..). Yi 曹ld of the four 

hybrids ranged 哥 rom 37.4 t/ha 乎 or CG 4日q“4 to 55.9 t/ha for CG 

4B9-34.τhe regional cultivar Quind1ana yield甜d well (40.5 t/ha) 

with 聾xcell 融nt dry matter cont睦nt (34.2) in spit體自f hi 臼h

whitefly populations and m口derate damage symptom寫 All four 

hybrid雪i had a 10"1 1 臣vel of damag醋。espite of mod聽rat自 t口 hi ♀h
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adult whltefly populati 口n5. All fo垃r hybrids are pub酷scent and 

therefore resistant to thrips. 

Ouring April 1990 a fi 眉ld daγwill b醫 held at ICA-Natalma for the 

pre叫F 響llease 拉手 th曹雪~e hγbrid緣" Planting 研ater i al wi1 1 b醫

dtstribL在t曹d to participating farm甜rs to 智valuat.聽 at t. hl會 farm

lev聽1. It. i s expec t.ed t. hat.潑的rnetim靜 during 1991 ，的ne or 扭扭f甜 口手

these hybrid5 will b睡 P鞭lea5ed by ICA. 

The Cas電sav風 Hornwor冊， 良民主nyi三 e11o.

Thl誓 cassava hornworm 15 a maj 口r p聽電.t 0乎 ca德電.ava throughout t.he 

ne口tropics. Numero垃s natural en世mi 世S 結f this 5phingid m口th hav曹

been r給ported in previous Annual 純eport5. 0誼醫 to t.he 酷igratory

behavior of the adults (s體e Cassava 為nnual f空酷port ， 1988) , 雙.tabl e 

biologicðl control i 唱 di 乎乎 icult to achi 醫V臨﹒ Trichooramma 

marandoba!.. Brun ，憫。raes毒草. Soare錢， was found parasiting hornworm 

eggs in th韓 Depart蹄聲nt of Ca垃c: a ， Colo攝bia. This 15 the 存 irst

report 0乎 this parasite. In addition a predator , 堂里錢主滋滋.á

Q線是三踐民必 (Pentatomida醫) wa也 identi 事 ied am主 s t. udi 甜d. At present 

mωre than 40 natural enemi 曹s <parasite筍 predator毯， and 

pathogensl 0華 ~. el10 have b阻酷n rec:orded. 

An imp口rtant aspect of the ong01ng research in biological control 

has been the e怒tablishm曹nt of a 單yst甜m for 鼎as臨 rearing of 

hornworms und給r contr甜lled c: onditlons. Oviposition 15 negligible 

under laboratory conditlon唔，當.0 larg曹 fi 臨ld cage5 (2.5 x 25 x 25 

鴨ts) are 峰s曹d. Th時電器昏 P醫r揖it 手 light whi c: h appears nece5sary 乎 or

oviposition. Eggs obtained in th曹5輯 cag盟5 ar曹 br自ught to the 

laborat口ry 手 or hatching, al1 five larval instars are reared in 

plastlc boxes (d臨s1n莘 ect酷d with 1% sodiu點 hyp曹rclorlte for 24 

• 
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hours). Prepupa酷 and p怯pa酷 are hous曹d in m曹雪ih t: ag es ( 1 x 1 x 1 

鼎輯ter) and e冊酷rgin司~ adult電i ar踏 rctat醫d ba t: k to fi 曹ld t: ages for 

口viposition. Adults ar體自莘莘體red a ::;χ 當.ugar 愁。luti 口n and e嘻嘻嘻!i are 

co11ected daily. At pres骨nt about 27 ,000 eggs ar醫 pr的duc曹d

monthγwith an av曹rage 口f 1 ,400 egg5 per femal 酷 and a s輯x rati 口

。手 1.2 femal 發哲學 P時r mal 瞥，

grams. 

。ne thousand horworm 甜9嘻嘻;; w曹19h 1. 2 

Th層 possibility of st口rin當 hornworm e9gs un盛會r lcw te攝p發ratur戀S

to delay hatching was 習.tudi 酷d. Eggs p1aced in paper bags were 

stcr音響d at 40.C and hatching wa鳴 eval uated ev.安rγ 24 hcurs by 

re擒。ving the軒 from cold st口rage and placing th酷m at 2::;.C. 

Hatchability aftE會f 主尋 h口urs at 4.C was 40% while.a t:ontrol 9γ岱up

stored at 2怠。 C r聽5ult酷d in a 90% 聽t: 105i 的n. Hat t: hability wa5 

redut:ed to 30% after 48 hours and 1% after 72 hours 0乎 stcrage at 

4.C. 

The p甜ntat口mid E,. Q且5t:級立泣主主 wa5 st社died in the lab口rat口ry (25 0 :t 

::;"C and 60% :t 5χRH). This larval predator has b智體n observ聽d

f甜甜ding primarily 位n th酷 1st. instar 0手笠，設llt旱 Th時臨gg stage 

of ξ﹒ 設投豆豆必C結~ lasts 6.8 days; ther酷 are five nγ棉phal in電.tars

w1 th an averagE學 tot念 1 dev甜lopm曹nt t1m峙。手 21.2 days (range of 17 

to 27 daysl. Adult survived up to 守 1 days with an averag瞪口乎 63%

days. All nymphal and adult stag軒s w111 feE會d on !i..全l101arvae.

The first instar of 史" 包餃絃忘益主必單忌， feed泛 on !i.. 設li立. 1 t do控告i not 

cau5e mortality. Although the s輯巳ond thr口ugh fi 于 th instars 

caus曹給自揖e 1 arval 桶ortality of and th輯 adults t: a惜急報 the greatesT. 

mcrtal i ty (Tabl 艷 20) • υnd靜r 1 aboratorγ E口ndition!霉 an average 口手
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75 h口rnw口F備 larva輯 are c位nsumed during the ny輯phal stage and an 

averag體 of 627 larva輯 are consumed by on瞥 P. , 墜氮絃志接ζ坐s ad且lt.

The hornw口rm virus dis會..se (電器昏昏 Annual f司俊port ， 19881 口ffers i集n

eff自cti ve natural 輯nemy f 口r control of s.. 里主 10 becaus盟 it 1s easy 

to obtain and to store and can b驛 app1ied when hornworm outbreaks 

occur without a莘莘 ectìng 口ther natural enemies 0辛 s.. 設110 or 也f

other cas雙.ava p卷全st 電; su t: h as m驛alybu嘻嘻õ and 棉ites. Ouring 1989 

emphasis was pla巳ed trans辛酸rring thi 電õ technolo♀y to national 

programs , especially 1n Colombia but a1 緣。 in CUba , 終會提 ico and 

Brazi 1. 

IC~主<Instituto Colombiano Agrop'Icuario) in collaboration with 

CIAT has initiat世d a project for integrat脅。 control of s.. e110 on 

the Atlantìc Co逸事t 0干 Colombia in th酷 Department紛紛f Atlantico 

(Palmar de Varelal , Sucre (B甜tulia) ， Cordωba (M倍nterla and 

Sahagun) , and Santander de1 Sur (San Gill. 工 n recent γ甜ars there 

have be發n frequent hornworm attack溢的f incr輯asin告 inten也 i ty in 

thes聾發rea答﹒ A trainin雪 Course for ICA te t: hnicians from each 0辜

th揖 af臼伊皆觀enti oned 20n甜s was held at CIAT “ Emphasis was given to 

the d昏tection and m口nitoringω乎 hornworm attacks and to th層

acqu1sition , st口r詠唱絡， and application 口f th盟 h口rnworm virus. An 

audiotut的ri al 怯的 it on the bi010gical control 告f s.. 設110 and a 

vid稽。 on th醫 us自 of th睦 hornwor酷 ba c:ulovirus w世r韓信evelωped as 

teaching aids. 

The Pi10t Proje c: t Center has b繪甜n insta11ed at lCA-Turipana 

t惘。nteria) wher慰 nu冊erous 研經自tings t口 c:oordinate th胃 S甜1 聽ction of 

participating c: amp驛忽inos have ta!<en place. At thì 含;; Cent驛r two 

light traps have bl語層n insta11 自d as w酷 11 as a i' reezer f 口r

• 

• 
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bac:ul 紛viru悠悠toraQ峙. a 鞘i c:roniz曹V 乎給r virus appli c:ation tOQether 

with the 醫quip撤瞥nt and supplies needed to r醫ar ~. 室主主立 and to 

inc:r聽a蕊輯 th體 supply 0苦 th體 bac:ulovirus. LiQht traps hav昏 als也

be醫n instal1 聽d on c: a!每當.ava far揖s in a11 0手 the a手 orel會entioned

ar鞭as器，

Th帶 projec: t is n倍甜苦unc:tioninQ and data on E. 軍!.!..9. population雪i i5 

b輯in峰 c: atal 口gu甜言草， 命t pr聽這醫nt hornwor酷 populati 位ns have not 

f層ac: h靜。 1 驛V曹1s r體quirin♀ virus appli c: ations. 們eanwhi1e sev醫ra1

training c:口ur為臨5 run by lCA with small Qroups 0莘莘 arm紹r!器 hav輯

taken plac:發 fr的啪 May to November 1989 throu♀hout the proJ 瞥c: t

zon酷 • 
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τABLE 1. Camparison af 島 spe~ie5 af co~~inelllps ﹒ 

Speti 會忘 El ytra 5pats Dvlpas手 tianLarval Hu PU l1 atian 
IOvi uc 聽 I production 

Cleathera notata YelloM 單單la~k !l lthin Ye種 Soil 

Cleothera onerata y ，費 llllM 4 Blaεk Outsl de V..s Leaf 

Chothera sp. 81 atk 10 VelloM 語 ithin Y彎，已 50i 1 

HYZ3erasa li. sp. No I 單 lack 4 Yell 11M Outside YII'S L聽 af

Hyp E!r iSEis 這p. No 2 , 81 atk 2 5trip響5 Ouhi de Yes leaf 

HV堅 ..ra5p i5 5p. No 3 v.. ll 11M 6 8r aMn 轉 ithin Yes 50i I 

' 
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τABLE 2. Co.parison deve10p輔nta1 tiøoe in 以ys froll)ovipo絨毛 ion to popu1atìon for 
金華pecies of cDccìn變 11 i ds b彎彎 tl 蠻s .1 • 

Sp l!cills No. l1ean Range S. O. T-Grouping 

HYDHasai蓄積p. 詞。 1 哩。 20. 會。
. 

19-2壘 1. 17 員

Cleothera onerata 40 1 哩，守囂 17-2草 吏 .01 s 

HYJl erasa íi sp. 髓。 z 39 1 唔 .15 1 益-21 1. 39 8 C 

Cleothera notata 40 I q. 13 17-22 1. 14 E 

HYIl erasPÎ~ sp. No 3 40 18.95 1/1 -21 1. 24 E 

Cleoth看r 鑫 sp. 41 18.37 lbω21 1. 65 E 

I Sa.e letters ìn T-Grouping indicate nO significant dlfference froM elth other at 
P = 0.0001 (恥的 ova lIul ti ple t 恥 te5t. fisher's Isdl 

、

X 
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T晶BLE 3. C 口mparative pupal dRvelopmental time in day~ frOM pupation to adull 
emergence for species of coccine J\ id bee t1 es' 1. 

5p響cies 到o. l1ea看 Range S. D. T-Grouping 

CI 會。thera !ôp. 41 10.31 7-1 尋 1.嘻嘻 負

Iiï聲響rasE!i 5p. 輯o. 1 40 10.30 8輛 12 0.88 a 

"V曹 era 也 p !i 5p. 輯 o. 3 40 9.95 7 勵 11 0.81 s 

Cleothera notata 40 9.90 7. 1 t 0.91 自

Cleothera onerata 40 8.80 也爛 12 1. 49 E 

HV甜 era5o!i 5!" 髓。. 2 3會 壘 .85 革-守 1. 01 E 

1 l1 i f f 發r醫nt lelter5 in T-Groupin會 i 約dicate a hi 事hly 量 i 嘗 niflcant difference froa each 
other at P : 0.0001 (anovi multlple T-T管st. fisher's Isdl 

、

• 

也
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TABLE 毒 Co.parativ~ total develop 鐵ental the iπdays ，from oYÎposition to adult 
emer曹雪nte for b species of coccin會Il id bee t1 és 1. 

5pecies 輯o. l1ean Rang雪 單 D. T-Groupin會

Hï1I erasnis 發P ﹒話。. 1 40 31.20 、 2B輛 34 1. 32 自

CI eotheragn~rata 40 28.93 25-32 1. 62 E 

Cl eother asp. 41 2日 .73 21>-32 1.34 9 C 

Cleothera notat ô! 40 21. 亨3 2島枷31 1. 43 c 

HVIlerasais sp. 詞。. 3 40 27. 哩。 26哺 30 l. 15 c 

HY.P erassi s sp. 詞。. 2 喜可 26.00 2 萃 -30 1.自 i g 
~ 

l 器 i ffere給 t letters in T伽Groupin會 indicate a highlV siønifítint differente fro. 11th 
other at P = 0.0001 lanova .ultiple T-Test. fi 審h l! r' S 1 sd 1 

海
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TABLE 5. Comparative ux ratios of " speties. of tOtt~nellidS. 

Speci 發S 110. Z No. ~ Tolal 
Fe.ales nale5 

Cleothera notala 員 i 雪 45.0 22 草草，早尋§

Cleotflera onerata 聶 20 50.0 20 50.0 唔唔

Cl l!'otflera sp. 由 21 5 1. 2 20 4 日 .8 41 

Hyp eras 口!J;.. sp. 制o. 3 品 19 47.5 21 52.5 40 

Hyperasp !J;.. sp. N怨. 1 車 20 50.0 20 50.0 40 

輯yp !!r as吾 i5 蕊p. 起o. 2 § 主& 在島 .7 13 莘莘 .3 3會

T Il T 自LS 124 51. 1 11 1> 每 8.3 240 

1 DiHerent 1 發 tter indicales a highly significant difference fr 白.. others at 
P : 117111711 

、

、

• 
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T由單LE 6. Comparative tonsu位plion of ~ealybu9 會草草 s (11' lI ille嘻 ram;' by larvae of lwo 
specles of Coccinellid beetles 1. 、

Larval speties 髓。' Hean Range S. D. T-6rouplng 
Larvae IH6. I <<116. I 

可f

Cleolhera notata 20 36.65 30-43 3.57 晶

HY醫 eras軒!í sp. 20 37 .95 Zb綸52 喜. 17 a 

1 5a綠e letters in T-Grouping indicate no siqniflcant difference from eðch other at 
A1 ph晶宮。 .01 IAnova multiple T-τ !1 S t. fi sh響r' s 1 sd I 
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TA8LE 7. Hybridizati 口n between 白. limonicus strains fr口m
C口 1 ombi a. 

CROSS 
們ea.n no. Z 乎 emales

Female male r、 eggs/female ovip口siting

VAL x VAL 10 5.1 A8 90 

COR x VAL 15 3.2 8C 67 車車

VAL x COR 15 2.5 C 67 

COR x COR 10 7.7 A 100 

V白L = Valle , Colombia; COR = Cordoba , Col 口mbia Means 
4 口llowed by different letters are significantly different 
(DMRT; P = 0.05). 
串串 Signi 干 icantly lower ln hybrid than ln self crosses 
(8in口mial test; P = 0.05). 

、
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T為BLE 8. Hybridization betw聽聽n A. Li必袋益主主且.â 51train51 乎 rom
Colombia and Brazil • 

CR08S 
們會an no .. r. femal 世s

Femal體研ale n 酷ggsl莘 emal 臨 oviþ借給 i ting 

BR x BR 10 1 1. 7 A 90 

CO x Bf司 18 0.7 D 22 ** 
B只 x CO 18 5.0 C 67 

CO X co 10 5.7 A自 100 

Bf奇諾 Brazil; CO = Colombia. 
例eans 手白11 owed by di 莘莘 eremt letter 看. are 51ignificantlγ 
dif 乎 er聽nt tDMRT, P = 0.05). 
軍事 8ign1 手 icantly low曹r in hybrld than 1n 51醫lf crosses 
(Binomial t醫哲學t ， P '" 0.05). 
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TABLE 9. Hybridization b體tw甜an a. 臨riali.孟 stralns frOIl\ 

Colombia and Brazil. 

CROSS 
M輯an no. ï. f li!malas 

F自mal li! male n eggs/femal li! 口vipositing

BR x BR 10 4.2 B 毯。

CO x BR 25 1. 8 C 57 串串

BF老 x CO 21 0.5 C 28 

co x CO 10 13.6 乎每 100 

BR '" Br az i 1; CO 如 C口1 ombi ð. 

們eans 干ol1 ow驛d by diff 酷r輯們t 1 韓tt酷rs are signi 事 i c: antly

di 哥哥 er li!nt (DMRT; P = 0.05). 
車車 Signifi c: antly 1 仿制甜r in hybrid than in self c:ross間也

(Binomial testj P = 0.05). 



. 
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T為BLE 10. Hγbridizati 口n b揖tw輯輯們全. 生盟章笠必50 50traim慈手ro楠

C摺lombia and Brazil • 

CROSS 

Femal 曹 mal 融

BR x BR 

co 其 BR 

BR x co 

CO x CO 

BR 踹 Brazíl; CO 器 C口1 ombi a. 
車 An口va.

們

12 

20 

20 

13 

Meao 00. 7. females 
自99S1華醫揖al 融 口vlpositing

7.9 NS車 92 

3.6 75 車車

5.5 70 

5.9 92 

串串 51gni 乎 icantly 1 的wer in hybríd than in self cro悠悠es
(Bino聽1al t輯st; P 都 0.05) • 
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T食BLE 11. Hybridizati 口n between a. 主恩怨nym垃.!i strains from 
Col 甜點bi a and Braz i 1. 

CF主oss

F盼酷ale malω 

B終 X BR 

co x BR 

BR 其 CP 

CO x co 

BR = Br az i 1; CO 認 Colombia.

單 Anova

車車 Binomial test. 

n 

10 

12 

15 

10 

們ean no. i'. fe揖ales
eggsl乎聽male ovìpositìng 

10.0 NS車 100 

12.7 73 NS串串

13.3 100 

11.9 100 
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T恥BLE 12. Phyt口seiid species with at 1 臨ast 20 r軸cord怒的苦
collection in the neotropics 酷Kcludin唱 Brazi 1 • 

Sp曹cies No. R酷cord綾

侖， limonicus b3b 

ß.. anonγmus 157 

!æ.. annectens 107 

!æ.. !:!曹lv輯01 站s 94 

ß.. rò9aK 83 

~. 草草Jncordi 電器 77 

A. Ì響警nui5c:utu5 75 

ß.. ê酷riòlis 74 

E. ho 73 

ß.. ari 紛紛 73 

A. !!智ntili 嘻 68 

ß.. i di聳聽M絡 44 

ß.. c: anna驛n路1% 3日

A.D酷r摺Grinu終 3日

旦. mac: ron11 15 31 

1.Zuluaqai 23 

ß.. c: hi am酷n5i 也 22 



lB 

TABLE 13. Phyt器發曹iids o~~urring pr輯do棉inantly in young 
c: a電器5ava plal、tations <<7鴨口. ) • 

Spec: i 輯5 '、 ?已 Total rec:ord5 

a. i da運會us 44 94 

~. (;純金c:orc主 15 77 72 

毯， DereErinus 38 b唾

Q.. ann輯c:ten喝 107 6日

a. c: hiat3發明5i!> 22 68 

a﹒荒alnna間Jl學i5 革8 66 

a. anonvmu事 157 63 

主﹒ Zuluaqai 23 61 

~. ho 73 也 1

全. 1主且也n iJ;;u器 636 t忌。

a. t醫lJJ.!t g§~utu嘻 75 60 

a. ari BE 73 晶。

!ã.. helve01U5 94 58 

旦-F\ac:roIÛ11s 31 58 

、

, 
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TABLE 1 壘. Non“ seteεted spetlts of phytoseiids for introduttion to 聶哥 rica a雪 ainst cassava 
gre電鈴驗i te. 

JUSTt FIC轟τION

ECOLOSICAL Hosr PL轟輯T F霞在Q. OF 
SPECIE草 FECUNOITY SPECI Ft CITY 聶DAPT鹿Tl ON 體蟲輯GE' 車 OCCUR輯ENCE

jl. &IIrhl ilI E E 

8.. !!l!!!lv.us E 

色. cann a.變nsls x 

8.. thlaE發nsis E K x 

心 herbicolU各 E E 主

ß.. idul15 x 

ß..lUEoensis x E 

ß.. neat關us E E 

jl. Berearinu盔， E 

!;.. tr ansvaal ensi 巷 E 主 x 

l. concordis E E x 

;.. !l且 x E 

1.. lU luaaai E 

草 包I!.!.主星紅扭呈.ã and ß.﹒紅iIU!. uy be the S aM e speci 肘，
毒草 草 50Y.岱手c:ollec: tion rec:口rds w睡r昏昏n c: assava. 
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TABLE 15. Feeding preference of ç. 恤叫1. for cnion <B一斗泊!!!.
干 istclusum) ma1ze (互豆豆豆設投i必.!i'， and cassava 
t 包車nih且主豆豆豆ul袋瓜主.2.' • 

Crcp speci 管s miKture Cr的p pr融事間，仰體d

』﹒

E~KDer i 抽跨nt 1 

Maiz踏車。nicn Maize 

Maize 車 Cassava 學1a1z聽

Cassava '" On10n Cas害事..va

E~Koer1ment 11. 
嚀

。n10n 車開aize Ma1ze 

Ca唱sava 車們aiz 自 Maize 

。nion 串 Cassava Cassava 

y. pr耳f 酷r酷d

92 ，已

79 Y. 

:58 Y. 

88 Y. 

76 Y. 

54 Y. 

車 ln eKperim世nt 11 th驛 crops w自re reversed in th骨 plastic tray售量

but the ins體ct器 H酷r甜 nct disturbed. 

、
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TABLE 16. Ovipo億ition 叫如何mal e Ç,. berai)fe體ding on 
maiz蟬，口nion and cassava f~r 45 days. 

Numb曹r 在聽gg怒 % M口rtalitγ 口乎 nymph電器

Crop. 口f 嘻嘻9奮起 hatch曹d total males f 贈mal 曹雪蕊

Maiz 層 157 89 28 45 10 

Cassava 21 81 55 65 45 

On1 口n 16 61 42 35 50 

、

、
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了攝制 17 T恰如elQPleot 01 削phal 叫帥 01 ç..k星.w. fee川關 nÌle ， tassl 

祖祖 1 Z 雷聲:自 H

life E毯ratioo 輯orlali ty Ðurati開 請前tallty buratiQo 
Sh型電 ift days S. D. z io days 章. b. Z ift day' 

i 益t instar 14.6 2.1 25 1 i言，尋 3.單 an n.雪

2 nd j錦tar 15.在 2.4 E 19.2 3.9 11 17.8 

3 罰d inslar i 龜，告 2.6 5 23. 島 3.8 6 21.1 

4 th inslar 19.2 2.8 i 24.5 4.B 2 25.0 

5 th i 附hr 2晶.~ 3.會 2 3吾.6 4.9 3 33.晶

TOTAlS 91.5 5.1有 381 119.3 10.49 56 1 111.1 

1. Cnuv是色，怯的i !eeding dala t.ken frol th臨侃 by C. 6artl., 19鈴，

、
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喃自LE 18. Control integrado 如Ç.:，.!;!一點.9.i. (Fr時制hner) en el 
cultivo d 世 la γUCå. 

Treatm曹nt

Crotalari 益 1-12 months 

5iste冊in 1ω6 嘲 Crot.

7吋 12 months 

51 電.temin 1-12 rnonths 

Crot a.l. 1-6 - 5i!這t. ' 
7-12 點。nths

Control 

Yi 睦ld 車
t/ha 

17.3 B 

23.6 A 

25.5 A 

20.1 B 

25.4 公

?已 Damage 
車

只oot Oamag臨 Grad間

7.5 C 1. 0 B 

12.5 C 1. 4 B 

20.0 C 1.1 B 

46.3 B 1.2 B 

68.8 A 3.5 A 

車

M時ans foll 臨wed by th曹雪arne letters ar蟬 n摺t 悠 ignlficantlγ

differ即nt (p :> 0 慣。5 ， Dunccun's rnultiple ran曹雪 test) • 
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TA8LE 19. Th目 evaluation of four cas電.av~ hybrids and tree cultivars 
for whitefly CAl 曹urotrach曹llus socialis) resistanc體 and . 
yi 臨ld at ICA-Natai 冊益， Tolima Col. 

身

Clone yield r. Adult Pupa 。看義鴨a嘻曙

drγ 慨att睡r p也pul. pop位1 • 哲rade會

grad醫 grad曹

CG ，毒8可申4 37.4 32.2 3.7 3.7 0.3 

CG 499-2革 42.8 33.5 5.0 3.7 0.0 

CG 489呻31 39.8 30.3 4.3 3.3 0.0 

CG 4。可叫34 55.9 2呼.的 4.7 3.7 0.0 

P-ll (C例C叫40) 69.1 26.3 5.0 5.0 4.0 

P-12 (C們C“76) 32.4 33.5 5.0. 4.7 2.7 

REGtONAL <GIuind. ) 40.5 3 1. 2 5.0 5.0 3.0 

• 

4、

這
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寫t . _ . J 
TABL紋 20. Th時 C口n5U叩tion of 1 -- instar 佐抖則三點10 larva體 by

nγ慨phal and ad培lt sta唔es 0手 旦旦這主是垃早已設全議旦泌ζ論真 (Oal1 a蕊}

9世V體l 口p研ent 車 判。. Numb臨r of E. 經主主立 1arva目 con悠umed

Stage (im這tar) Obs聽rvati 口n Maximun 們inimun 自vera替睡

Nl 25 o O O 

N2 20 11 2 7.6 

N3 20 17 3 9.2 

N4 20 62 3 1 旬 .6

N5 20 74 16 再7.0

Adult 14 960 448 627.0 

Total 也 1 , 124 472 70守 .4

車 \Laborat口ry condition; 250 土話。 C and 60% 土 5% RH). 

、
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蟬窮 Thelytoky

關可

( 

們 r 

, . 

L 11, 11, 口， 11, 11 Il ,. 11 1 ! 11 11 H ,1 r- r--l-- r-
1 2 3 4 5 6 7 8 9 10 11 12 13 14, 15 16 17 18 19 20 21 22 

SPECIES 
苦，工 GURE 2. Intrin5ic rate of increa5e (rm) with CGM as prey for 22 speci申5/5trains

of Phytoseiidae including 4 speci惡S 官ith thelytokous reproduction~ 
The 50工 id lin聽 r嘩pr患sent$the ZEeanof EITland dotted l lnes represent 
one standard d患v'iation from the mean. The x句axis numbers correspond 
to the following species: 1 主. 全旦旦旦之豆豆豆 2 豆﹒ 豆豆見金主主泛~， 3 A. 主金2泛注豆，
4 孔 mrsimilis , 5 且 californicus ， 6 至﹒盟旦旦立話 7 !:.. !nacropilis , 
8 A. aeríal峙， 9 A. lirnQnicus , 10 A. !enuiscutus , 11 ι 及垃豆豆笠 I 12 
P. kazi芷江于杆 G. helv品詰互了ττιtrãñsvaalens話， 19 主﹒括2扭扭泣，的主­
Eer位古詩吉~'21 ~.草否在亞蓋了UCR ，互2 主﹒斗且此且是-Biotactics.
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PRIORITY ZONES FOR EXPlORATION 
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Lowland. Isolherrn悔. Seasonally d吋

自 PRIORITY ZONE 2 
Lowl益g惱. Isotherrn惜. Semiarìd 
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FIGURE 8. Priority zones for exploratiorzfDr natuzalenemies of ca$$EavagreenZRite in South 
且merica (map based , on 時;;e~c-;l~~gi;;;î ~ic-ror-egiè;ns defined by Carter ['19 86 口，
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C孟SSAVA PATHOIDGY 咽 1989

Special 棚phasis was qiven 扭扭89 to r輯search on 

funqal root rots and on defininq production syst啥滋s for 

diff聽rent 融coloqical reqions where patholoqic融1 probleml事 of

cas器ava were endemic. Rese晶rch on cas串ava e結dophytes wa揖

initiated this ye晶宮 in ord峰r to determine their 融tioloqy and 

酷ffect on different cassava qenotype器 • 

A. Root rot proble遜S of cassaVi量

Root rots are the mo器t important patholoqical problems 

of cassava, especially in those areas wh蟬re the crop is 

beinq planted durinq successive cycle眉 Con草üderinq

that the most important root rot problel聾發 thu寫 far 轟re

induced by specie發 口f phvtoDhthorA, 主旦登念本主追星量 and 

昆主絞lod主錢， r聾發告arch priorities hav聽 been focused ωn th蟬

c晶usal aqents of th融se q融nera and the diseases they 

induce. 

1. Phvtophthora root rot 

a. :r絃萃笠懿絃滋y.

Root rot器 induced by 1?hvtoDhthorA spp. are 

most severe in flooded 祖rea怒， badly drained soi1s 

andjor during abnorl臨al1y heavy rainy 終easons.

Thre酷 species of 1?hvtophthor祖 have been reported 

inducing root rots: p. 

Q革拉拉金錢瓢盆A and E... 9rech甚至er圭.

ervthro盤盤蛤tic晶， 去.!.

Ba諮ed on lal事t year's 

etio1ogica1 studie綴 f it was concluded that the 
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specie訝。f PhvtoDhthorA inducing root rot單 in

several pl龜ntations in Colo羽bia do not belong to 

the abov輯-reported 攝p.cies: rather they belonq to 

主ιnicotianae var. n1c旭tianae. Thi攝揖p聽cies can 

be differentiat晉d frolll 去ιdrechsleri (the 1II0軍t

cOllllllon I'hvtoDhthorä species affectinq ca蟬sava) by 

SYlllpto油atology ， structur祖1 differenc串串 optilllUIn

growth telllperatures and fungicide sensitivity 

(Tabl聽 1) • Th串串@ differenti矗主 charact也rs

facilitate specie!軍 identification for further 

studi串串 regarding their epidemiology and control. 

E~vcorrhiza鵬PhvtoDhthora relationshiDs 

汝昌aports on interaction between vesicular 

arbuscular lIIycorrhizal (VM哩) fungi and 器。il-borne

pathogens affectinq a given host are 

controv喝rsial. While some rese聶rcher器 have

reported a significant incr融ase in root rots , 

others have observed a reduction of root rot 

damaqe. This interaction was investigated in 

cassava with the following results: 

1. Th聽 VA-mycorrhizal species 點鐘服盟!ÚJlQ且Ji

has 晶 benefici轟1 effect on: Rootjshoot ratio 

(dry weight) , fine root , tub思rs 揖nd initials 

晶宮ld leaf weight蟬， COEIRared to the non-­

mycorrhizal control器 (Table 2 and 3) . This 

confirms earlier reports (C主AT ， 1983) . The 

increa器ed weight 揖nd high leaf r融t韓ntion
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E聽tel華 suggest a 紛紛re efficient us體 of the 

p1ant's resourc晶s.

Th融 1ack of 祖 positive eff臨。t of 

E~ntroDhosDora co豆。嚨biana on SOI聾e of the 

growth factors (Tab1聽 2 矗nd 3) contradicts 

體arlier reports. Other microorganisl盟s m通y

hav融揖 negative eft融ct on the VAM inoculum, 

since it was produced on cassava. 

2. Mycorrhiza1 infection appears to have a 

protective effect again器t the Phvtonhthora 

agent. 是... n.... var. 1licotianae-inocul祖ted

p1ant臨臨ho耐ed more damag酷 than contro1s , but 

when inocu1ated plants were a1so inoculated 

with the mycorrhiza speci聽器 damage levels did 

not incr聽喜皇軍事e as much as in non-mycorrhiza 

inocu1ated plants. Wheth輯r differ位nt

mycorrhiz融1 species give different 1eve1s of 

protection against EhvtoDhthora is not c1申ar

from this inv聽stigation.

The mycorrhizal plants 1盟ight be more 

resistant to disease att祖ck because of a 

better phosphorus balance or because of 

mechanic祖1 聽ffects: mor串 1ignin is produced 

in VA-mycorrhiza1 roots which could help to 

restrict pathog聽n in主ection and th酷 ir advance 

in the roots. 
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c. F1oodina-PhvtoDhthora re1ationshiDs 

Hydroponic p1antings of 5 cassava c10nes with 

different 1eve1s of to1erance to f100ding and to 

E....旦.!.. var. nicotiana~ showed that: (1) the 

to1erance of cassava to f100ding is due to a quick 

formation of a secondary root system on the upper 

unf100ded base of the stem (Fig. 1 and Tab1e 4); 

(2) the to1erance of cassava to E....且.!. var. 

nicotiana~ is , on the other hand , due to 

inhibitory biochemica1 effects on the pathogen in 

the root tissues. No production of secondary root 

system was observed on infected , susceptib1e or 

resistant c1ones; (3) the to1erance of cassava to 

f100ding appears not to be corre1ated with its 

resistance to E....旦.!.. var. nicotianae. After 

eva1uating more than 35 c10nes for to1erance to 

both these stresses , none of the c10nes eva1uated 

showed simu1taneous to1erance to both f100ding and 

E....且.!.. var. nicotiana~; and (4) the effect of E.... n.... 

var. nicotianae infection was additive to the 

effect of f100ding (Tab1e 4 and 5). P1antings on 

E.... n.... var. nicotiana~-infested soi1s wi11 possib1y 

show more severe root rots after f1ooding. 

As any damage induced by f100ding terminates with 

a comp1ete deterioration of the primary root 

system of affected p1ants , programs aimed to 

overcome these two prob1ems shou1d be better 
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direct瞳d towards (1) the improv串ment of genetic 

r聽錄istance to PhvtoDhthorA Spp.; and (2) th聽

prev晶ntion of floodin旬， either by uslng lmproved 

cultural practlces (蟬uch as by plantlng on ridg聽輯:

improving dr祖lnage; timing th串 plantings to 聽scap聽

heavy rainy periods; 嘩tc.) or by 臨睡lecting for 

輯arly岫1盟aturing genotypes to be harvested befor也

floodin嗨， such as those non聽聽11y u話聽d in the 

varz融a 囂one of th揖Alnazon.

d) li!creenina for r也sistance

(i). At CIAT: 

Twenty-three αlones wer體 ev晶luat酷d for 

r融sistance to both 趁.!.. 9reschslerJ. and Pι 泣A

var. nicotiana~ by th蜂 root-bor酷d lnoculatlon 

method (CI且.T Annual Report 1988). Results 

臨howed that: (a) resi翁tanc晶 to the abov告

pathogens appear哥華 not to be 11nked. How也ver ，

ca串串ava clon融岱 res1stant to both pathogens 

exist; (b) even though no 1t單mune res1臨tance

was ident1fied , h1ghly resistant clon聽器 to 

each of these two pathogens wer瞳 found; (c) 

res1stance to 泛.!.. 9rechslerJ. appears to be 

more frequent than to ~且.!.. V祖r. nlcotianae 

(Table 6). 

The above results and th聽 fact that high popu主ations of 

all of thes聽 pathogens app峰ars to be ecosyst融m related 

.æ.. grechsler1 has be韓n found aff融cting ca揖sav晶 only in 
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the varzea region of Bra蟬il and 1:... .n... v矗r. rlicoti盡nae

in ar壘矗韓 located at intermediat串 altitud聽器 of more than 

900 m.a.s.l.) suggest that growers should b聽 careful to 

select appropriate res1stant genotyp體s for planting 1n 

d1fferent areas if Phytophthora-broad resistant 

q串notypes are not avail祖ble.

(ii) .且t 賣給naos (var囂暐a zone of th帽 Amazon) : 

The ev揖luation for resi發tance to 是L

drechsler! i5 a cooperative effort w1th CPAA 

(Centro de P惡squisa Agrofor輯stal da Amazonia) 

and th臨 CNPMF. Thus far , of 197 clon嘩$

聽valuated under fieldαondit10n囂， only thre酷

(1. 5毫) have be聽n rated as resistant. These 

clones are al醋。 highly re臨主stant to .L. 

絞裂主豆豆主， another pathogen co豬實lonly found in 

th臨 varzea r患有J1on. In addition , the 

resistant clones (IB-18旱， IB倫 175 and IB你158)

showed very good precocity (yielded more than 

22 ton/ha in a 6-month growing cycle) and 

produc自d a yel10wish color喝d root cortex, 

which is highly valued for farinh器 production

in the area. These clones are being 

massiv晶ly propag祖t臨d for r聽l臨ase to growers 

next year. 

with regard to the origin of the evaluated 

material , resistant clon串單單 originated in the 

Amazon none of th也 clones introduced from 

“ 
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the CNPMF ha器 shown re器istance to ei ther ~ 

drechs1eri or L.錢學孟äni thus far. Simi1arly , 

a high P聽rcentage of the introduced c10nes 

have shown e龜r1y and abnorma1 gen單ination of 

theb心ds during the growing cyc1e; the器韓 bud輯

co滋滋only beco獵e high1y 聽ffect輯d by 

矗nthracnose patho月2位ns ， which reduces the 

qua1ity of the planting mat融rial produc聽d by 

aff總cted plants. Tri雄主s on the estab1ishment 

of introduced clone盟軍 after a I草econd cycle in 

隊祖naos have sho耐n 10s1事聽器 of up to 45毫 in bud 

germination. 

Fusarium root rots 

a. 1~tio10aical stud主體自

In order to define cu主tura1 charact輯ristic!幸 for

th臨主n v本主主g production of spores of L.鼓01旦旦i and 

主ι 金支X盜控旦玄張錢 (th融 species of .E旦豆錢玄主旦旦 which have 

most eff酷ct on cassava) the 聽ffect 0主 cu1ture

mediuI囂， 1ight and pH wer攝 investigat體d. This will 

he1p further 揖creening work dir啦。ted to 

identifying r臨sistance to these two pathogens. 

Resu1 ts have !幸hown th晶t:

Gro留th of th聽se t留0 .E且呈錢志主迫退路pp ﹒ was 

s1ightly affected (but not at significant 

lev臨1s) by both glucose-c揖ssimine 器cid 祖nd

Park m融dia; but the growth of F. 淼01ani was 

fast聽r und酷r continuous 1ight exposur聽 than
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in th輯 darJo th晶 growth of L.. 2翠草錢取金主草!!I was 

in contra揖t fa輯ter under contim主ously dark 

conditions (Table 7). 

The abov臨 four 1驅車dia can be used e室主ectively

for growing th韓驅車 two pathogem華主且又主墓志2.

Spore production decr輯ased at significant 

l學V聽1s when the two pathogens were grown on 

the Park mediuI晶 (Tllbl也 8). PDA appear盟軍 to be 

the b聽st mediu混 for a high ~蓋:por臨 yi臨ld; but 

L已經olani cul tures must be incubated under 

continuous light 蟬xpo器ur.串 and L.. 2主犯絃泣金支越遐

cu1tures in darkn串串s.

Use of an acidified 激edh且m increases spore 

production by l. 益.QJ&且主. ln contra自t ， 室主

Q泛泛這I!Q泛注重~ produc也s more spores on alkal ine 

medium (司rab1e 9) • Ho習ev酷r ， th聽 mycelia

………c加 was 加…Y~豆­
the pH of th臨 medium; this eff齒。t 留as 1韓uch

Z聾。re significant for 芝.!...Q墓主益por追殺 (Tab1串串}﹒

These results suggest that opt1mal pathogen gro留th

1s obtained on pDA 1通緝dium for 玄ι 義olani under 

l1ght and for 主.!. 結主~哀怨!!! in darkn臨ss; but for 

b融tter spor酷 production , the forl聽聽r should be 

growr. on acid media (pH 甜 3.0 to 4.0) 祖nd the 

latter on alkalin融 media (around 8.0). 

b. Scr也enina for r血揖istance

In 198雪， 220 clon聽揖 were 酷valu晶ted for r臨終istanc晶



• 

9 

to .L.. 袋義革發;QQ志組1!I and 114 to 互仇 s01a終主， using the 

cutting inocu1晶tion system (Annua1 Report , 1986). 

Results indicat酷d that independent-type re發istance

to each pathogen ex1sts. On1y two 0室 the

evaluated c10nes 蟬howed combined resistance to the 

above pathog晶ns.

3. Diolodia root rot 

In order to 融1ucidate r峰s1器t晶宮lce 1揖echanisms for 

盟主昆主旦這iA盈盈lÚhQ主12 on cassava , cutt1ng甜苦fere tak且n 主rom

basa1 , intermediat融 and upper port10n路。f stem揖 from

主O-month-old p1ants of 10 suscept1b1e and res1stant 

c10n串串. Th串串串 were ana1yz聽d for dry 1聽atte宮， ce1主u10s蟬，

hemice11u10s輯， lign1r宜， tota1 and reduc1nq suqars , 

starch and HCN c心ntents. Resu1ts d1ffered 

significantly only between the dry matter contents of 

the intermediate portion of 器tems of su寫ceptib1e and 

r睡sistant clones (T在ble 10). How融ver ， va1ues obtained 

for some of the resistant and susceptib1e clones in 

groups C and D ov聽rl融pped. It se暐ms th矗t other 

biochemical factors not y程t inv體st1gated are 

responsib1e for r聽s1臨tance to 旦ι 盟sn主義經主12 in c祖S寫ava.

The ev揖luation of 220 clones for resistance to this 

pathogen has estab1ished 4 groups ba!軍車d on cluster 

analysis , wh1ch mak聽s it possib1e to differentiate 

gen輯記ic from acquired (i.e. a protectiv蜂臨ff融ct due to 

b喝nefical microbial growth on st臨m epidermis) 

res1stance of eva1u晶ted genotypes (Tabl融 11) ﹒
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Genotyp聽器 with 揖cquired resistl直nce show輯d around 80老

bud germin祖tion and an intermediate rate (祖round 50學}

of funga1 infection, 20 days after inocu1ating cuttings 

from plants grown und融r fi啞1d conditions. 精hen

cuttings fro滋 simi1ar 器。urces w喝re disinfested by 

Na-hYPoch1orit峙， ger器lination dropped to 矗round 15% and 

funga1 invasion increased to mor融 than 90毫 (Tab1融 11) • 

This was probab1y due to the 聽radic惡tion of the 

ben告宣icia1 microorganisms growing on the stem 

epidermi揖﹒ Bud germin聽tion of cuttings frOI援 p1ants of 

susceptibl聽 c10nes growing under fi融1d condition!幸 was

low (7儡13 龜) and funga1 in主ection wa器 high (澈。re th融n

章。華) • In contrast , the percentage of bud germination 

of cuttings of resistant clone臨 was high , and the 

fungal invasion was r輯1ativ聽ly 1ow. Howev體r ， va1u聽器

for bud germination decreased , and th聽主聽 was increas啞d

funga1 invasion when cuttings w睦r體 st串rilized b蟬fore

inoαu1ation. Clones with intermediat輯 genetic 

resist融nc睡 show思主i simi1ar values for bud germin晶tion or 

funga1 invasion after the inoculation of steril醋。E

unsteri1e cuttings (Table 11). 

是 Effect of weed contr01 t誣告thods on root rots 

The eff聽ct of w暐臨d contro1 by both herbicides andjor 

mechanical means , on root rots wa串串va1uat融d at 益。dia

Luna (sandy 起oi1s with 10w organic matt喝r c心nt聽nt) and 

CIAT (clayed soi1s with high org轟nic matt聽r cont聽nt).

a. l~t M且dia 1式主n~. The highest yi車主d of th聽

• 
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susceptible clone Ven體zolana "Coñito" (滋 Col 2215) 

was obtained when weeds were controlled by 

h酷rbicide tr體atm聽nt器， and the highest yie1d of the 

resistant c10ne "Verdec1ta" (M C01 1505) wa揖

obta1ned on p10ts in 智h1ch weeds w.串re contro11ed 

by hoeing (Table 12) . The res1stant c10n聽

V酷rdecita showed the 10冒est p酷rcentage of root 

rot疇， which corre1ates with evalu起tions under 

contro11ed conditions for root rot r嘩sistance.

The contro1 of weeds by l島achet值 allows competit1on 

with 碎。eds due to a quick plant recovery; this 1s 

reflected in the low yields obtained 幫1th both th輯

E聽sistant and susceptlb1e c10nes (Tabl聽 12) • 

General resu1 ts suggest that the 富lethod used to 

control weedl器 ln cassava areas characterized by 

sandy 甜。11s in主體sted 留ith root rot pathog聽ns (such 

as !k. 墨紅豆1ho主主.!! andjor 艾.!- .Q義主發金投玄錢m) should be 

related to the susceptib11ity of th聽 clone being 

grown to soil-borne pathogens infesting the area: 

to control weeds on plots planted with a 

話usceptlble clon疇， root damag韓 should be avold睡d

(eg. by using herblcides); to control we啞d器 on

plots planted with a resistant clon唔， mechanlcal 

tools (such as hoes) can be used wihout incre晶sing

root rot 1055租5.

b. MS主義1:. The u給e of machete to contro1 w聽eds a1器。
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decreased root rot damage as 留ell as yields 

becaus悔。f the competitio~ of cassava with weeds. 

The control of we聽d誼 by hoes lncreased root rot 

d棚呵融 due to the injuries caused during weeding 

operations (Tab ;t.e 13). On thls location , (with 

bighorganic matter content and clayed soils) 

microbial population and activity ar祖 particularly

hi移h during the rainy seasons. Consequently , root 

rot ,problems can be very severe if roots are 

injur租d during these periods. Herbicide 

tr聽atments to control we聽ds duringth車主irst t腎。

months of planting followed by mech晶nical weed 

control (hoes) appears to bethe best method for 

controlling w串串ds at CIAT and Sil單ilar locations. 

B. Cassava endophytes 

Endophytes are 1轟icroorganisms (mostly fungi) abl揖 to

grow inside their host ti揖su臨s without inducing visible 

necrotic symptoms. They have been reported as 

affecting several grass species 揖nd variou器 commercial

crops inducing growth promotion (beneficial effects) or 

deleterious ef芷ects. Their existence on cassava was 

suspected for the , followlng reason訝: a) yield of 

low-yielding-vlru器-fr串串 plants of tr攝ditional clones 

can be incr聽ased by passing through meristem cult盟res

(CIA彎 's Annual Reports 1985 , 1986 , 主會87); b) the 

p串rfo訂閱nce (i. e. yield) of meristem-culture derived 
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plants decre撞車;es sharply and uniformly under fie1d 

condition蠶 (CIAT's Annual R嘩port路 1987 ， 1988); c) 

genera11y , a wide r祖nge vari晶tion of root yi酷ld

(kgjpl揖nt) i器 frequ韓nt among di器ease 臨ymptoml聽ss plants 

growing on the 寫ame p10t; and d) the 10ng growing cyc1峰

。f cass轟va and i記錄 veg融tativ融 propagation allow 

infection and diss聽mination of th韓se p聽rasit臨終﹒

Research undertak輯n to demonstrate the 攝xistenc瞳 of

endophyte器 on c轟轟sava have given th串 fo11owing results 

軍事。 far:

1.餒。re than 10 funga1 speci融s were iso1at自d from 

internal tissue囂。重 the epider草lis ， colenchyma and 

parenchyma of 器tems of sympto蠶玉盤錄器 low yie1ding 

plants of various clones (Tab1e 14) . Most of the 

is01ated funga1 speci聽綴 hav輯 been reported 觀串

串ndophyt聽s on wheat and barley: . i. e ‘ 這旦旦怠Qζ主主

淼金益金主ylll is the endophyte most co報mon1y found on 

wheat and i器。lated at the highef事t fr唱quency (52老 i

on cassava (Tab1攝 14) • 

2. Inoculations on plant1ets 祖nd ca11us tissue by 

spraying , puncb是ring or i靴mersion in a funga1 

suspension of some of the above i殼。1ated fungi did 

not induce visible sympto適量， but inoculated 

speci輯s wer聽 reis01ated from inoculated tissues 30 

days after each inoculation. 

3. The weight of symptomless嘟free p1ants treated with 
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sy臨t體單單ic fungicides was high融r than untreat嘩d

controls two lIIonths after tr晶晶tlll融nts (Table 15). 

The臨融 diff睡r且nces were lIIuch lIIor融臨ignificant alllong 

plant蟬 d融riv臨d frolll cutting揖 th視n frolll shoots. It 

lIIay be du融 to the higher probability of endophyte 

infectio紛紛 of cuttings than of shoots. 

The above re聽音llts strongly sug有Jest th融融xistence of 

infections by endophyt聽s on cass直va. Th酷Y 融ppear to belong 

to the delet聽riou器 group ， capable of r臨ducing yields. 

Further research will inc~ude histoloqical studles to 

ob自祖rve funqal inv晶甜ion into the host tissu融s and related 

res臨arch to deten祖in聽 the主r importanc融 for cassava 

production. Similarly，祖ttel體pts wi l1 be 1當ad串 to lsolate 

bene室主cial endophyt臨終 and ev器luate thelr e畫畫ect on yi聽ld and 

other tralts. 

C. C晶ssava production f亞yst帽ms

As a resul t of several y臨揖rs of research on cassava 

pathology ln dlffer聽nt ca話sava-qro耐inq areas with 

V晶宮lous contrasting 輯d祖pho鴨cllmatic characterl發tic器 and 

幫lth the cooperatlon of varlous sections of the C，聖器sava

proqra漪， the following cassava productlon syst聽線路 hav車

b緣聽n defined: 

1. varzea reaion of the Amazon 

Cassava is being plant融d in two different r融gions

of the Amazon: (a) coast祖1 or unflooded area 

(t輯rr晶 firme) with extremely acid (pH 是 .0) and 
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infertile soils; and (b) varzea , or the flooded 

basin edges of rivers with alluvial , fertile and 

with near neutral pH soils. Cassava yields on 

terra firme are of around 6.0 ton/ha/year while on 

the varzea region are above 20 ton/ha/ after six 

months. In 1983 a severe root rot outbreak was 

reported in the varzea area of the Amazon causing 

around 60毫 losses on almost 84 , 000 ha of cassava. 

A collaborative research project with UEPAE-Manaos 

(Unidade de Execucao de Pesquisa Agropecuaria de 

Ambito Estadual) , the CNPFM and CIAT , included 

research on control of the cassava root rot 

problem (induced by 主ι drechsler1 and .E... 豆豆L旦旦主}

through varietal resistance , cultural practices 

(crop rotation , mixed cropping , planting on 

ridges , and selection of planting material) , and 

chemical treatment of cuttings. This led to the 

definition of the following cassava production 

system for the regions of the Amazon: 

a. Infested land (showing more than 5% root rot 

on previous cassava harvesting) should be 

rotated with maize or rice. during the dry 

semester season of the region. 

b. Before planting cassava , soils must be 

ploughed once , disked twice; and then ridges 

about o. 30m high must be constructed. 
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Drainag串 oan祖ls shou1d be constructed or 

i認，proved.

c. Twenty-cm cuttings from 1ignified stems of 

10 to 12-華lonth-old plants of tolerant olone蟬

should b聽 select唱d visually (absence of 

rotting signs or meohanical injuries). This 

planting 1蠶at聽ria1 should be produced in th酷

00晶揖tal area. 

d. Selected cuttinqs mu器t be treated by dipping 

for 主 o 1聾in in a 晶uspension of fosety1耐Al 80華

at a concentratiQn of 2gjliter. 

Result隸主。110winq the above syst聽m are compared 

with these obtained by the traditional system in 

Tabl蟬 16: the accumu~ative effect on yi融1d induced 

by 輯ach of the components of this 自y!器tem i器 a1so

shown. The re器istant clone us融d in this 

experiment was the mo詰t re器istant clone found 

after screening more than 130 c10n磁s during a 

four-year 融valuation period (4 cons酷cutive

p1antings) • Although it yiel<皇島d only 6.5 tjha 

without technology I the application of cultura1 

control practices and tr峰ab祖ents to cuttinqs 

increased yield of thi器。10n串 4.5 time器 (Table

16) • This system of produotion for th輯 varzea

region of the Amazon is being validated in 10 

diff喝rent munioip<這lities of the region and will be 

officially released during a fielà àay that 
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EMI蓋起APA and UEPAE are plann1nq to orqan1ze for 

next Auqust-Sept體mbe宮， 1990. 

Media Luna reαion. 

Th聽 畫畫ed1a Luna req10n 1s characteri囂聽d by sandy 

草草:oi1s wi th 10w organic m雌tter content (0.3毛) and 

near1y neutra1 p畫畫 (6.8). Th聽se characteristics 

ar聽 co孤單non in Edaphoc11溫atic Zone 1 (ECZ 1) where 

a high percentaqe of cassava 1s grown (Thail祖nd ，

Northeast Brasil , etc). Land in M串dia Luna has 

b串串n u駁體d intensive1y for s都vera1 dec祖des (most1y 

for c祖ssava production) under a traditiona1 syst聽m

characterized by very 1i翅1t自d inputs . As -a 

re~甚u1t ， soi1s have been depl融ted of nutrients and 

have a high accumu1ation of inocu1um potential of 

soil-born融 pathogen晶 (mo鐘tly 良主lÙ.Q金主a m全盟主ho主主12

and f.蟻經益主主誠m Q茲革這RQ哀怨聽) that reduce crop 

聽stablishment and plant vigor, and cause severe 

root rots. 

主nitial yields in Media Luna were relative1y high 

(higher than 20 tons/h晶 according to farmer's 

information) , but have sharply decrease位 during

th恩 last decade , until re祖ch1ng an average of only 

3-4 ton/ha last year. Res韓arch dev聽loped during 

the last 1直 years 1>y different sections of the 

Cassava Proqram 1聽d to th聽 definition of the 

follo留 ing c晶ssava production systems for Media 

Luna: 
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a. 豆~nd shou1d be fa110wed or rotat曹d with corn 

or sorghum if c龜草草草草ava has been cu1tivat聽d 室。r

more than 4 consecutive cycle蟬. Debris from 

weeds or rotated crops must b融 incorporated

into th聽 soi1 before planting cas扭扭va by 

p10wing once 祖nd disking twic酷﹒

b. cuttingl單 shou1d be taken from 10 to 12且month­

o1d p1ants of high yie1din咳， root rot-

t01erant c1ones. CUtting草草 草聶綠草it be 主5-20 cm 

10ng (containing at 1e畫畫st 5 node翁jcutting) , 

盟軍e1體ct睡d visua11y and , treat融d for 20 min in 

a 揖uspension of sistemin (2cc/1) , benomy1 and 

captan (3g/1 each) before p1祖nting.

c. P10t器措hou1d be sprayed 晶ft融r pl祖nting with 

karmex (1 kgjha) and 1晶囂。(1. 5 ljha) as a 

pree綠島rgent 當eed contro1 practice. Two to 

three months 1轟ter weeds can be contro1主ed

manual1y during the growing cyc1e (11 months) 

as required. 

d) P10ts shou1d b聽 f串rti1ized (best resu1ts hav串

been obtained with 15-15-15 NPK at 300k9/h祖}

at a rate of 100kg/ha at the 1st , 2nd 祖nd 3rd 

months of p1anting. 

This year I s resu1 t盟軍 轟pp1ying the above syst聽m to 

p10ts of 300 p1ants with 是 rep1icates 串ach of 

three c10nes (one 5USC蜂ptible and two to1erant to 

• 
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th融 abiotic and biotic probl皂廠s of th1s region) 

are shown 1n 可rable 17. Root y1融ld of even the 

susc串ptibl皓 clon融 was 1ncreas起d sev融ral times. 

sÌI揖ilarly ， the number of s聽lected cuttingsjh晶 also

1ncrea揖體d considerably , wh1ch wil1 reflect 

posit1vely on y1elds during the n起xt plant1ngs 

(Table 17). Th1s sy器tem 1s being valid龍ted by 12 

月Jrower畫畫 and in two d融mon哥華tration trials planted in 

the ar串a.

3. 1biaoaba Sierr直叫 Ceara. Brasil 

Th聽 savanna r韓gion in th申 Ibiapaba Sierra runs 

through th蟬 stat串串 of piaui and Ceara; it串

elevation 1s around 900 m.a.s.l. , temperature 

種verage器 20'C; 90i1器 are 臨聽遂iacid (pH around 5. 1) 

祖nd 轟轟ndy ， but with intermediate lev聽Is of organlc 

matt臨r (豆-3垂) • In 1醬缸 5 ， a 9聽vere outbre器k of the 

wltches ﹒伽broom mycoplasm was reported to be 

affecting 毒， 000 h揖 in 4 訟unicip祖litles of the 

region. Losses were up to 95龜， with an average of 

是0% of the total root production of cass晶va in the 
... 

affected area. 

Research was initiated in 1987 with the 

cooperation of the Department of Agricultur醋。盡

Ceara and th聽 CNPFM of EMBRAPA. Results of thi時

inv申酪tlgatlon led to the followlng conclu器ions ln 

E臨lation to th臨 dis臨終獄lnation and contro1 of thls 

mycoplasma: 
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揖. I善。 軍區。til韓 V聽ctor (1. e. in串串ct串) has been 

found in th嘩 ar壘a thus far. 

b. D!s單車E器ination through the use of infected 

cutting怒， tak串n fro銀 diseased plants , was 

100龜 (T轟ble 18). 

c. Dise轟轟e transmission 8 months after grafting 

was 100t when diseased scions were grafted on 

h晶晶lthy cuttings , and 60巷， viceversa (Table 

18) • 

d. D!seas睡 incidence was lowered by us!ng 

cutt!ngs from symptomless plants taken from 

plot寫 affected at d!fferent disease levels 

(Table 19). Th!s system gave very good 

results even when it was performed by 

techn!c!ans or producers (Table 19). It is 

expected that extens!on progr祖ms directed to 

the erad!cat!on of th申 d!串串祖s租 by us!ng 

d!seased-free cutt!ngs for planting be 

successful. 

Based on the above results , the follow!ng production 

system was def!ned for areas where the w!tch疇，緣-broom

mycoplasma !s endem!c: 

a. Planting mater!晶主 (cutting器) must b臨終融lect輯d from 

symptomless 12倫14 months old plant器 (du體 to

議。derate temperatur聽s th融 grow!ng cycl聽 of ca臨攝聶V矗

in this ar聽a !蟬 around 14 l錢。nth終}﹒ C\主ttings
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should b聽 15-20cm lonq and treated 智ith 富lanzate

(3q/l) by dippinq for 10 min befor聽 plantinq.

前ach融te攝 and tool露 us聽d durinq cuttinq preparation 

and shippinq should be disinfested with 

Na-hypochloride (草書) by cleaning th體m with wét 

E攝qs.

c. Cassava d睡bris from previous plantings 盟hould b輯

burned before plantinq new selected cutting~盔，

d. Susp峰ct融d diseased pl融洽ts as wel1 a路 voluntary

plant器 from previou蟬 plantings ， should b融 rougu聽d.

To facilitate th酷ir identification , weekly 

inspections of the plantations are recommended. 

Some 8 ,000 copies of a pamphlet describinq disease 

symptons and the above production systeI聾 h揖ve b聽en

distributed by extension aqents working in the area , as well 

as by community leaders. Similarly, 串起veral demonstration 

plots wer聽 plant體d thi!章 Y蟬祖r for fi聽ld day臨 that 體xt融nsion

aqents and researchers from the cooperating institution當 are

planning. It is 睦xp蟬cted that through this action the 

actual severity of this di話ease can be r韓duced

significantly. 
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主車最主主ωL. Leaf rete偽軍Ic n and roo 電 'shoot ratfo for the .ycorrhlzal 
tr..t..nts" 

Mycorrhlzal treotMent. 
"。嘗嘗.，.ycorrh Izal 
E n 全 rODhoSDora 籃里i車盟主i矗立矗

立扭觀.L盟矗立述廳主!.!.

斃。。電 's恥。ot

R8t I 0 

0.26c.. 
0.32b 
O. 毛 20

Leaf retentfon 
lI eek 1 毛 .19 00 

67c 
77b 
898 

• The data for plants wlth and wlthout Phytophthora are pooled for 
clarlty.τhe pathogen had no slgnlflcant I 狗 fluenee On these 
þllr..eters. 

*. Avera;es tn the same colur珊，、 followecd by th. •••• 1. 電 ter 8re not 
slgnlflcontly dlfferent accordlng to Ounc.n' 零星 Multlple range test 
t 峙. 0.0 5). 
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Z且i且且. 間雪白-7 叫咱.. pl酬ted In ﹒臨間剖，.，... tn pest....tzed. fertll tzed Santar暉r de aull tch曲
0011_ Th叮 _e tnoculated .t ptonttrv wtth VA帽vcormfzal spores _世 at 14 揖eko wtth 
E隘溢血且且!m盟主tanae var. ntcott.,. er咱睛re hOrY08ted at 19 闢暐0_ The plants 瞬間
ettoleted bec甜甜。f low “'-'t tnt軒叫ty tn the .cr......ouso_ 

Treatø睡nto 。吋闢1蟬，t (g>

ftne Tubers+ 
VA- lI\ICorrht z. P.th。啊， 。"閣.. level* ro。電 Inltl.l. Le.f 

Non哺抖。r巾 i z..l ‘.4**c:*** ι8c 2_7b 5_ Oc 

• 6_00 ‘-‘c 
2_4b ‘_ld 

Entrod，os間ra cola由1.. 祖 ‘_4c 6.3b 2.9b 6.3b 

• 5.3b 5.7bc 3.2b 6. 7b 

且1011盟 mnihotfs 3.6d 8.“ 6.20 8.5. 

• ‘.40 8.‘. 5.1. 9.00 

* 0回æge level , 1 = 0-10囂。f rootleta 甜甜1呵曲嗯e; 10 a 翎-，∞" rootle扭曲。wtng dll間ge.

** Data 曲曲"" are averag曲。f 20-24 plants tn 曲曲 會向前悟nt.

Height 
4個》

150晶

1‘3b 

1560 
1弘曲

127c 
132c 

*** Averages tn the I團Ie col棚， followed by the ..... 1帥ter are not 訓gnlflcantly dlfferent .ccordlng 
to Duncan's multiple range test (a ~ o.仿).



25 

3組u... 抑自嘲疇。f 當y 融iφtt (9) of tb睡:roc法勾前鵬 of
cultivars after floc治ir灣當說 inoculated wi惱

呵呵品品滋器 a拉選結露韓 V宙.. nicx先ianae.

Flα浴ir冒著街草草紅斑紋且lab就

Ollti鴨r cor法:rols Flooc泊.n畫 幫i桶里&弘 var. 凶器站m:l!聽e

α:; 165-2 32.2* 11.6** 7.3 

M Ven 156 17.4 11.8 7.4 

α4507-37 34.6 27.6 16.1 

。運 2766-5 19.7 12.5 11.8 

M Ind輛是 8.4 16.3 革.3

* Av釘略必撫恤插曲1 f:試:m 3 1版ntsj包鴨包服lt.

** 'lh俗認做個 refer to total 街yw睡iφt incl:喝拉冒著位草草翱均由ryr∞t

野油機 prc泌lCed after flα治ir其主﹒
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路雌金斗 。總且1ativ啥也慨咖{孽。，f r就叫時) in:iuc甜 0115

紋路錢lVa culti浦路難fter f以x:dl.tq aJ富:l inOCI如t甜 wi油

血流抽出時鵑臨且滋總 var. 啦啦洹絃潑潑 n 峙潑的缸

tr體怎磁!Il1:s.

α且tiv結 α草念ro1s Flα泊Íl'Iq

F1α治Íl'Iq an直 iroα.ùatE喊

叫紛l!!.. 恥 var 旦真臨諒~學

α:; 165耐2

M Ven 156 

α4 507-37 

0哩 2766騙5

M In:l吋

3* 句
d

勻
。
句

S
h
H
V
R
d

電
J

弓
，
旬
，

g
n
w
e
o

93 

1∞ 

100 

98 

96 

5758 

* Av位ag叫做.ta t紛愉1 fra車 20 plan恤Vtreab總nt. 唸滋! perc!滋lt卻抖。主

rottm主鴨綠個1culated ∞紛濾油sis of vil叫101渴ervatiOll of 跡owni油

d油::olorati∞ of rootsjplant. 
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孟晶\e 6. Oloe.... r帥的$棚 (percenta.. of Invaded root tlssues fro. pofnt 

。 f I 仿 hetlon) 0' 2草 clone. to f.hv 電 oDhtho f'a 瓏￡龜鹿h且i主主1. and e.... 
且必純扭扭且 var. olcot' ， o.且 7 恥"“te. 電 helr Inoculatfon by 

th. root-bored Inoculatlon .ethod <af. Annual Repo.t , 1 會草書) • 

Cu\ 電 ivar 皂ι 益主車.S.b..Ll.且.!:l 是心血ιv， r ，. !!l克車tfanø車

------闖闖闖偏偏胸棚-懦啼--------研蜘仰柵倫--棚.._----------慟偏偏鵬棚"闖懦--'-------“叫柵欄鴨偏偏ω盼“也

章"罩，轟7-8 事 55 
S輯 829-2 主 55 
$1嗎 827.5 2 毛 a
CM 52會 0-4 5 ‘s 
C"C 76 s 進章

S" 826 輛車 2 是。

SM 晶 25-5 4 軍事

H COl 168‘ 再 35 
CI毒 草草辜會 .3 15 30 
SM 車 27-2 。 .5 25 

" VEH 218 2 25 
CH 3320-9 5 15 
CH 罩，畢 7' 事 0_5 10 

CM 3322 曲 15 20 0.5 
CMC-91 10 事

SM 車27-3 事 。SM 831-1 s 5 
$" 826 總 1 5 2 
SM 823-10 5 2 
C飼 3967-6 0_ 單 8 
M CU8 74 

'。 15 
CM 523.7 2 事

CI種 5 也 73.7 5 10 

--鴨"“------切---------制爛帥"如-喃喃------側--“組偏偏他怕也圓圓--------備都偏偏偏僻--悟-------
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正直益!.LZ.品" 毯 ro"th (c.) of f.揖轟轟且i且l!. W轟轟主 蚓、d f...皇草草轟廳車E揖旦 on four 
..dla I ncub. 電 .d 龜.nd.r eontlnuoue Ilgh 電 or d.rkn..s. 8 days 
.ft.. Incub.tlon ..畫畫‘ 'c.

"側胸柵欄-----慟柵欄懦的---“個偏耐心瓣----棚-咱也咀---蜘伽枷扭扭咀----倫哪怕也“-----伽------司嘲他“-----

Medlu lI 

POA 

Tochl".1 

Glucoae-C..si.Sno 

park 

Gro"th 0' 
正忌，車車l.I.!lJ.. un d" r 

llllh t 

司~.Ofr

車.轟

7.3 

7. 昏

oarkn... 

車 .8

9. 聾

8.9 

8.0 

會 Aver8ged d.t. fro續 20 P.trl dl.h.,/tr.‘ t...nt. 

Grow電馳 。e

f...車車主且單車且揖盟且 under

主 Igh 電

8.6 

轟 .7

7.7 

7.6 

Oarkness 

9.0 

亨 .8

7. 事

7.8 

. 

• 



玉皇blt 1. 

29 / 
L// 

sp-re '，。aue t 1." EM.. af -p-e..Je--23 ., ZA』車車主車拉L and .L.. 

單草.u且lI..t揖.. . n fo紛. ..dlt 革 ncubated und.r c:﹒"電 Inuo... Illht 0' 
d.rkn.... • day. .f 電 .r Inc: ub.tlon .t 24'C. 

-----都啊，欄標E論--因.._---帥-_.時佩--偏偏-儡輛--倫ω---幽﹒輛“--盼“-“鴨--棚--呦棚，“鴨---珊--編-----

Spo..productlon of 
L..矗立11且L und.. 

霆 po.. productlon of 
L..囂且正盟.I!.!!主蠶且 under

lIed 1 u.聽 1I .h 電 IUrkn... 1I 11 馳電 oìlrtne8' 

骨-呻呦，串串喘帽--喘祖-岫-個國喘幅﹒-帽.._--喘由-國岫且-嘲幽--岫曲直恤，曲曲曲喘“-﹒國酬--喘---喘-哥叫帽，由叫個--恥叫司，冒牌--耐#

POA 8. 8x章 06 • 9.3麓，。
4 

2. 罩，‘ t 曹
4 

薯，直 xl 串
6 

Tochln81 2. Olc l0 
4 

3. 單麓 10
3 

1. 8晃 10‘ 2.3濃$曹‘ 
Gluco../C...I.lno 2.5xl0 ‘ 軍 .2.10‘ 車 .5xl 串

3 
1. 0xl0 

3 

P8fk 5. 車道 10
軍

1.4 萬嘗嘗
2 

3. DlI l0 
2 

8.0獲 10
在

*Avere,ed data fro. 28 coun電 8ft... 電 ..nt .. 
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/" 
I~ 2 

Table 9.V旬肘圳 ot lon 哇 .0. “ Ipor，"/c.-' end Ir州州 (C肘。f !.ι u1且主

pH 、， .l uea 

3.0 

‘ .0 

。'。
8.0 

9.0 

酬，d 主志龍星星且且呈且揖盟L on PDA at flve dlfferen電 p線電， 讀 daYI aft .. 

Ir‘cubatfon .全 2<且 'C.

Spore productlon 毯 rowth (c詞，主

L..車直i轟.!!l. 主品里且草草車車主且.!. 主4白龜鹿l!.且i L.盟且且呈且且且單單

3.3x l0 
6 

。. o.‘串串
2 

軍.單 軍 .5

1.書先 10
事

書 .0 麗，。
1 

6.7 4.3 

8.3 況 10
4 

2. 1 嵐 10‘ 7.6 7. 先

7.lx 哩。
a已

7.0 ,‘ 10 
E 

學. 1 8.1 

華 .9xl0
軍

車. ox 1 0 
軍

7. 會 7. 畢

---怕輸啊---﹒鬧鬧-幽的--欄偏偏心----偏偏幽﹒--叫“-咱也-咀-偏偏前，自--喲喃喃棚~---翎騙闊----鴨"帥----枷你帥--情
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孟晶i星斗』主﹒ TUkey's atandardlzed 川n ，o t 肘 t for dry 削tter con 電 e側重 In 
..dlu. portlon of .t... of 10'.onth'old plants of 10 .Ion.. 
8us..ptlbl. and r..I.tant 章。t.!且lodh !!矗昆主盔廳主Í!.﹒

Clon. M. ﹒絢 Gtouplng 

CH 3‘ 4.71 (S) 37.150.* 此

" Col 16轟‘ (5) 3‘ .599 A 

" Col 2063 (5) 車3.86‘ AÐ 
純 Col 72 (5) 33. ‘z2 B 
50 106. 章， (5) 事 2.773 g 

" Col 206事($) 32.02軍 BC 
M Col 2032 (S) 29.670 CO 
11 ecu 82 ($) 29.497 CD 

" 8rð 12 (5) 29. 軍事必 章，

M Col 1522 ($) 29. 草草， CD 

H col 2057 (R) 29.321 CD 
建 G 107.35 f 龍主 29.173 CÐ 

CM 183‘ -19 電建} 29.1 君， COE 

" C.I 1505 (官〉 27.093 。藍

CG 501-1 (R) 27 .盟軍事 曹藍

C鈍 1223 “ 1 f 費 3 26. 會33 OE 

H Bro 17‘ (R) 26.617 。 E

M 1: 01 19垂 4 (囊 3 2 誓 .9塵， E 

" Col 1823 (R) 25.9罩。 重

獨 Mo I 2 (R) 2L093 E 

• (S) 皇 Susc.ptibte; (R) = R..lstant .Ion... 
** Means of 10 cuttfnts. 
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1必i我11. 卸攝制。fger削"灣. lICC甜甜ng to 但問甜食嘲@叫 bud 駒，煽情剖開甜甜"睡過I lr糊剖開叫

GrOl.串

間商t..-II ， .. 睡到甘no 叫ttl"研討狗﹒回..th old p是軒"置。由.ys .f峙r dlp lnoeulatlcn In 8 

lipOre 側向Icn (104 酬res/III) of 制臨酬騙自﹒

樹當電erlle cuttl_ St曹11. 間社h醉﹒

NO. of c1甜曹./ AVêtage % Ave陶醉軍 Averaoe 草 Av肘峙.!I

章，鑽研 '嗎Go柵lnatlon r .... 個I 1"鴨叫開 會嗎恥f'IIlnetlon F回電gal Inv間1啊，

1 t草草).. 1章， 10.1軍 驚5

11 (AR) 20 7草.9也 50.嘗過 \4.串串 制.47

111 (lR) 35 51.皂， 62.93 5O.1t 的擎的

IV (R) 26 91.12 3ι軍事 71.草草 50.車1

• cuttl增8 帽re 肘.rllll"" for 10 mln In 蜘咐歸祖chlorl嚇紛紛軒咱制閥b甜鞠1.. 討鞠 sterlle \1st曹

扭foro I間x:ulatl棉.

•• (幻= .1啊"'.甜甜1.可甜甜申tlblllty; (ARl • .明悍拉姆1" 叫研"'.甜甜$啼輯申Irod r輔istønce 朋朋﹒

sterlle 軾的1呵. ..世制脫崢電Ibll ity on 到erne 削ttlngS; (1食) 1: inten蜘dhto 間棋就研t reactf開z

(R) .. r揖lsta叫 clor灣恥
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監控主級斗1.... Eff會ct of weed control m串thods on root rot揖 lnduced
by 昆主泣嚼起聽飽恤金長話 and E經聽本主且m 盤扭曲扭過 at
Medla 論悶，矗寫andy ar聽a with low organic matter 
content. 

We聽d control m也th昏d*

Herbicide 
諮嘩rbicid融+hoe
Ho岳重草

Herbicide+l轟轟ch聽te
Machete 

Fresh root yleld 

Coñlto** 
(M Col 2215) 

14.8 
1 1. 6 
9.4 
6. 喔

3.7 

Verdecita** 
(M Col 1505) 

10.6 
10.9 
13.3 
9.8 
5.2 

* Weed control method: Herblcld種= Karmex (2 kg/ha) and 
Lazo (1 1/ha) 融ppli也d as preemer導發nt and at the 3rd. and 
6th. months of plantlng; herb1clde+hoe: pr輯emergent
h嘩rbic1d峰 tr'體atm聽nt f011 0wed by a hoe weed control for 3 
consecutive times during a 10-month gro曹1ng cycl聽: hoe 
留體體d control: 5 cons曹cutive tlm聽S 積urlng the growing 
cycl酷: h體rbicld恩 and m囂。hete control: pr帽emergent
herbicide treat輯ent f0110留學d by mach聽te weed control for 
3 cons體cutive tim輯s during growing cycl睡 2 純揖chete weed 
control: 5 consecutive tlmes during the 可Jrowing cyc1e. 

** Coñito 盟 a su驛ceptib1e clone; V融rdecita 盟 a re盟軍 istant
clon串.

、
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主且.l!.1主斗L' E1fect 01 weed .on 電 rol ..thod. on r。肘 .ot. lnduced by ..ve'.1 
root p. 會 hogen. .t CIAT , • cl.yed 1011 wlth hlgh 0..."10 
00.寄電 ent .. 

fr..h roo電 yleld 驚 oot rO 霆 pe.o.nt.ge

\leed control ..電齡。 d. "車。 t \6 8‘.. 缸MC ‘ 0" M Col \68‘章HC 40 

He.blclde .nd hoea 童車.毛 t ‘ .8 2.3 2.0 
Hetblclde 空軍 .5 !1圈。 2.2 2.0 

"0'0 15.0 10.9 ‘ .0 3.9 
Herblclde ond ..th.電， 13.‘ 車. 1 2.0 1. 7 

H8chet. 10.6 軍 .2 1 .2 1 .毛

* Veed conttól aethod: Merbfc'ce. 眩.r... (2 kg/h.) end 主 ..0 (1 I/h.) 
applfed .s pr....rll"電 and .t the 3rd. ond 6 電胎 .. .on會 h. of plan電 1.、lI:

herb I eI deφahovel; pree..rgent herblcld. tr.a 電 .ent follow.d by ﹒恥。vtl

weed control for 3 cons..u電 Iv. 電，... f.r • 10-.onth g.owln. .yole; 
shovel weed oon 電 '01: 5 oon..cutlve 金 1.... durln軍 the growlng cycle: 
h.rblclde .nd Mache 章 e con 電 '01: p.....rg.nt h.rblcld. t...t.."電

followed bγ 間..chete weed control for J conaeeωtlv. tl... durl 闕，電 h.

øtowinø eyele; Maehete vèed control: S éonlecutf ‘，.電 'M.I .. 

.* M Col 16801且給 an fntermedlate r..1 學電 ant 010拘..; "Col •• susceptlbl. 
c\one. 

• 

• 

• 



• 

、

• 
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主且主L紅斗!.. Fungal specl.. Isol.ted fro絢 .ymp愛。.t.18 eeSS4V8 steM tf.lues 

。 f 10M yleldlng planto of varlouo n. 全 1 、ie clones. 

Fungal .pecl e. 

1& 01 ated 

星星島主且r..i盟L n患重且主單單

扭主踮起點必正經位且

E 011. 室。 trlchu錯 aloe0800rloldes

Coltetotrtchum 盟主車車l.!ú.且且主盟

是坐車主且.LI:.!A主主且且l!.!l單車

Tricho且II且JI. Sp. 

里盟主主nl.!.. sp. 

To主且!JI. sp • 

亞i且!..I!主且盟主主 sp.

o 電 her8

Frequency of Ilotation 

(1)* 

事 2. 1 

1.2 

5. 單

毛 .3

2.9 

2.9 

1.毛

1.這

1.‘ 

20.4 

• Perçentage bøsed on a to 電 .1 of 54 fung.1 1.01. 電，怠，
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Z鐘述說主5. Ave.訣眼dl:y鴨iφct (grJ 戶lr plant of 20 pl位叫 deriV1咄狡嘲
shc沼ts or cuttir弩喝口f c1扭這遠的 αJ1 2216 敏前斑紋J1 1505 tr唱at眉主
wÍ'前1 4 野位磁nic 的-gicid閥 ruxlψ田總部rir-g a 60 days 伊ric必
irl 11. 5αn-diaz鴨te.r伊ts wi掛 st前ile c1妞，錢SaOOY閱紅&

• 
S∞rc醋。主機::01 1505 plaIlts Sα.m:給 of MO:>l 2216 pl給lts

加快打句話發lOOtScuttin;Js Sho仗SFurgicide na鵬

b
b

晶
晶
c

m
w
d
n
M
U
可
4
a
a可
V
D

電
主
句
-
a呵
，w
句
淼
啥
扎

論h
h
m岫
吼
叫

筍
，
伽
吟
，
勵
叫
J
w
q
z
w
旬
，
也

她
說
油
站
叫
做

的
袖
油
脂
如

峙
，
“
吟
，
留
啥
，
耐
呵
，
已
勻
，
包

• 

PlaIlts w位et聞at醋的紅y 15 days with a 談時間sion of 800fpn (a. i.) 
for e歐卓1 fun;Jicide. 

** Weiφt 蛤梅n 60 days afte.r訟1e first tr個組繁衍t; p1aIlts w敏e grown ∞ 
plastic pots filled wi油 the s磁海開st磁波ized soi1. Values follα把d
by the s滋滋 lette.r wer買車 not s1ψufic絃rt: at 0.01 1eve1. 

* 
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正直b!e 16. CUMu!atlv. .ff..1 on Vl.ld of vorloul cultur.! pr.ctlces on 
零。 lerant and t5 suseepttble ctone. for the control of roo 電

rots Induc.d by I!hvtoDhthor. 重II艙里ll.!:.!. and 恆星且丘膛 .pp I 的

the V'rl.. ro, lon 01 the A.. 寞。n.

Cu!tur.! pr.ctl... u.ed 

Tradltlonol p!.ntl.、g

斃。 t.tlon ..，電 h ..tze or rtce 

Dr.lno,& ond p!.ntln, on rld曹...

Sol.o 電Ic n of cut tI n98 

Fo..tyl' A!壘。 X (2哩 11) tr...t..nt to 
cu 電 t I ngs 

I ntograt 會d 轟 ys t.1障

lolerant 
Ctone 

6. 事﹒

16.0 

22.5 

24.5 

29.3 

量9.3

軍uacep電 Ibl"

Clone 

0.1 

5. 曹

8.0 

事 .5

6.5 

7.3 

.間--間-﹒耐桐.-耐---....--...--帥，鴨--鬧個旬開._-耐個----輛“-----帥，曰“._-梢，也倆個叫倫--柵但_.爛--“--“---恥-

• Aver.ged productlon on plo全. of 20 planla per pl 。電 r.pll..ted 4 11... 
per tr.a 電 Ment.



38 

主益挂念.11:. Yleld (ton!ha叫什e由?揖ts) of 楠，制 C輔揖鴨叫懦、..叫肺.，唱“枷到t • c鵬騙嗨proclJetl側

吋前鈕.. 10,. the Medi a lur嗨，曙ion (ECZ 1) of COlanbfl. 

Yield of • 

CI哥灣

Fre曲間的建

(tcn!b的

$.1輯室。d cuttfngs 
f斃。. of cuttfngs/h.) 

E.t.bli.'"間輛電

(1\) 

1/1愉 t甜甜四logy，

.M Col 1505 (電)"

.M COI 2Z16 (t) 

.H Col 2215 (5) 

m
V

啥
，
‘
n
u

--t 
77.600 
58.8曲

終.0∞

抑
制
核

111甘_ techr糖logy:

(...Itl喝吋8tol 每個t棚}**. 4 1.300 13 

• F肘樹脂11. 開 C帥鞠鴨妒'oci泌的'" syst.酬 S輔輯、 the text. 
•• (t). to捕，研，t ct"，曹; (8). 輯JSceptlble clor曹.

...恥Itivarietal sys電輛何如悶 to the 廿掰lti <lO'祖1 syst棚喝喝 ;n 抽e area，鴨Ich 1間t甜甜 t恥攝祖鴨

納reo cl咽，.恥

‘ 
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lJ.益i車恥lL.嘗 ron..loolo" 0' th. .ycopl....1 w 自電 ch..'~broo. dla.... of 

e.偉 ...v. by t區 rlftlng. 獲 ..ul t. .f 電 er 6 .0'、電 ha of pl ﹒n全章，可 g . 

• 

Cutt I nl pool 電 10ft

per ,r.ft ,roup 

110. of plon章，

p.r gr.ft ,roup 

" of dloe... 

章 r. ，、 ..I..lon

變 .olthy/h..lthy

。 loeued/h..1 傘 hy

Healthy/dl......置

，看 ..Ithy eontrol. 

Ð Io....d .0紛霆 rol ﹒

•• 
ava--aw-­

‘‘ 
.. ,.,

-4.zh 

100 

60 
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1錢緯三星. Cont l'Ol of t加討帥，開'.br餌......，四pl繭_1 副輔蟬.of<輔軸喝 byp主制H呵 ..1聽電甜甜軒Ir可牌

什... Iyì騏甜甜揖. plants t值觀和棚p\嚼，咐輸 dlffer智，全帥，明惜呵輛。f Inf輛“間.CU悅Ir哪

闢阿鞠t幌ted .by re個體間才棚內，制棚叫開s.t. ， 恤線酬Icl_ 醫世 Dr揖轉伺﹒悅前廿olnl曙 In

dlse輔. .演帶電珊..tol_.

X of I卅韓刮憫

。f scurce plot樂

9苦 .3

(8aixa Fria). 

50.草

(5an Ser警甜Icto)

Z事 .8

(88;路軒1.)*

2串.3

(Alto llndo)* 

Tot.l.......r of 聽兮. of 
位Jttlng. sel間電吋卸 啊01嚇ted pt棚" 電車I...sed p\棚"

Res甜甜岫吋 5z 25 

Ext開叫樹種I.t. ‘四。 15 
Technlcla間 F揖 軍事

錢輔輯時....r. 8甜

1‘ 
Ext前..1""lst. 136 ' 肘。臨時 170 7 

Exter糖1曹嚼.ts 致揖 10 
習研智lici81鳴 重68 17 
Gro惜時 622 董事

01."酬輯

r......電$開 (X)

51.9 

96.毛

'‘珊，
97.9 
9這是

'‘ .8 

嗨，。
97.1 
備.1

*“國刻. .1 1鴨前lons 甜四re plcta 帥er. p\an柚d. AIl電岫輔 t揖atl r.-祖 ...1闊前剖 In 峙e Ibl曙捕，

plat輔U of the State of Cearaf 恥'.011.
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CASSAVA vmOLOGY 

It has be糧n a y融ar of some fr串sh new looks at sev聽ral of th峰

major probl紛路 of ca撥給av融 virology. Ar融as of inten叫V晶

research include the viral喘like dis串ase!單 of cassava , 

continued characteriz融tion of the pot體xviruses of c祖ssavé龜，

and a d聽tailed study of the ds-RNA器 found in cas!主ava

inf疇。ted with viruse揖 The scanning 睡lectron microscope was 

used to differentiate between species of pot晶ntial whitefly 

vector蟬 and has proven a useful addition in the studies to 

look at whit晶flies that colonize cassava. The mo揖乞

inten綴ive area of r幢幢earch has b串en th轟 work with th體

viral岫like disease揖 of cas蟬ava. Cytological studies using 

the tr聶nsmis器ion electron micro!器cope of healthy versus 

diseased cassava plants were J撞ad融. Inter聽sting result草草

includ融 the finding of virus-lik聽 P晶rticlef章， proteins , and 

nucleic acids associated with cassava plants affected by the 

Caribbean mo終aic di蟬ea綴e (CMD). 

Pot融xvirus體s in Cassava 

Additional characterization of both cassava common mo揖aic

virus (CCMV) and c盡ssava X virus (CsXV) w融re made. Th串 coat

proteins of these two virus聽s are shown in Figure 1. Th聽

relative mass (Mr ) of the coat protein of CCMV is 28 ,000 and 

the coat protein of CsXV hal器 a M_ 26 ,000. The nucleic acid r 



of CCMV wa蟬 analyzed in a for寶laldehyd融 agarose gel and the 

ss-狼對A species i盟軍 approxiJ鹽at融ly 6 ,500 ba串串鐵 in length 

(Figure 2). Complementary DNA clon串串 wer聽 prepared to the 

type strain of CCMV. 可rhes串 clon融s repres島nt approximate 75在

of the size of th晶 9串nom唔，曉nd mo驅t of the characterization 

has been on the cDNA clone , designated pCCMV28 (Figur韓 3) ，

which is 3400 ba臨es in length and r酷pr蟬sents over 50月t of the 

CC當V genome. Thi器 cDNA clone contains a poly A tail of 揖

lei軍st 60 bal器es in length which corresponds to the 3' end of 

the viral genome. Approximately 1500 base軍事 of this clone 

has b體en sequenced , including the area of th體 clon酷 which

contains the coat protein of CC滋v. The mol體cular

characterization of CCMV 1s proceeding as p揖rt of the 

col1aborative Cassava Trans project whose ultim轟te goal is 

to produce transgenic c祖ssava clones that are r融sistant to 

CCMV and African ca器sava mosaic virus (AC被V).

The cDNA clone of pCCMV28 was used 器S 祖 hybr1dization probe 

to det酷ct plants infected with CCMV. The virus was readily 

detected 室rOI盟 plants grown in the greenhouse for both the 

Type and Colomb1a strain蟬 (Figur聽 4). Additional 

exp聽rim憩nts are ne聽ded to test the 睡fficacy of using dot 

blot hybridization on field 1揖祖terials. The advantage of 

this type of test 1s that the membranes can b會 prepared v也ry

rapidly with very simple 酷quipn時nt and th輯宮聽sults analyzed 

in a central facility. The membran體s can be sent through the 

mail , and there are no problem寫 with guarantine regulations. 

. 

• 
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M C X 

Figure 1. La揖e M contains protein mar kers of 9巷， 68 ， 43， 29，
18, and 14 kilodaltons. Lane C contains the c間E
prt揖ein of儒揖ava comm部 m冊aic virus and Iane 
x ∞臨lains theα削 protein or臼鈴ava X virus. 

M C 

F她ure 2. Lanc 島{ contains ss心RNA markcrs or 9.5, 7.5, 4.4, 
2.4, and 1.4 kb. Lane C contains CCMV 狼狗A.



Xbal 

S i 

G 

Cassava Common Mosaic Virus 

cDNA Restriction Map 

Smal EcoRI Hindlll Hindlll Sphl BamHI 

BJ111 

A(切) 3' 

日敏nHI Pstl 

i C個t Protcini 

紋路 12(沁 18∞ 24<沁 法X的 3400 b聞自

、'

的伊re 3. This cDNA c10n酷 is approxi編輯tely 3,400 b溺總 in length 翻d
repre:除精ts 60% of the genome of CCMV. The 3' end of this c10ne 
E珊tai錄轟轟 polyA 緩緩揖械電he 3' terminal gene is the capsid protein. 
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Ao autoradh灣ram of a dot blot oC ca鉛ava cotnmon m部aic viru囂
雖種喜惚，翎鑽研aXv趾u囂. and healthy plant m純ri刻. 1'1總 probe wa囂
a c:l迪普A clone repr磁扭扭ting the type strain ofCCMV which w草草
radi<如beU叫 in 鐘盟ick 重ranslation reaclion. 

A translllission e\ccl r個I mìcrograph of all ìnclusion b叫y found in 
cas!臨棚 plants inCected wilh cassava commoll m阻宮ic virus. The 
incfusion body ∞閑ists primarily of CCMV viral parliclc.~. 



A cytological study , using the transmission 融1峙。tron

Z臨icroscope (T囂級)， of plants infected with CCMV or C揖XV was 

mad癌， and inclusion bodies were found in th融 parenchyma

c融工工發 of infected leaves and consisted of viral particles 

(Figure 5) . These inclusions are typical of inclu忍ion

bodi串串 reported for other potexvirus島發﹒ 主nclu盟軍 ion bodies 

hav嘩 not been found in cassava in宣告ct融d with C器XV ， which 

probably reflects the low titer of C器xv in c轟轟草草ava.

S毯rologica11y specific e1醋。tron microscopy (忍SEM) was used 

to d體tect CC滋V and CsXV. Both viru諮甜甜 could be detected by 

their homologous antisera , and thi揖 may b聽 an alternate test 

to ELISA when only small sampl融 volum串串 are available 

(Figure 6). 

Characterization of Rucl體io Acid 必ands Found in ds-RNA 

Extractions 

Double stranded RNA (d器"及NA) 矗洽alysis as a means to detect 

cassava viruses ha器 b融融n used for several years in the 

indexing program to a!草草;ur聽 th轟t cassava 1s virus-free. This 

technique , however , like 器告rology works best when one has 

positive and negative controls and knows the origin and size 

of the bands of th聽 virus b嘩ing detected. When setting up 

the procedur醋， th體r融融r臨$聽V酷ral positive controls which are 

needed , including pl祖nts singly inoculated with each viru綴

• 
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beinq tested , a sa滋.ple of DNA to t串串t the DNase I treatment , 

祖nd ss-RNAs and ds-民NA!草 to t喝啤t the treatment of RNa寫e A in 

pr也sence of hiqh and low 路alt. Th睡 necessity of the enzyme 

tr蟬鳴tments is illustrated 1n F1qure 7. Thisis a .picture of 

祖n aq祖rose qel of th壘 nucl也ic 扭。ids pr輯串ent after the ds-RNA 

輯xtraction procedure of H. Renthamiana infected 留ith cc被V，

and th串re are two bands of hiqh m晦1聽cu主ar weight. The top 

band (T) is DNA, since it i蟬 dig體終t聽d with RQ主 E主運{ase but i器

not diqested with RNase A tr輯揖tt聽聽nt盟軍. Thi單. band is found in 

he雄主thy l:l. Renthamianíl (data not 終hown) and is probably 

q體nOI龍ic DNA. The band 1直belled M is approximately 7000 

ba.s聽器 in siz轟轟nd was only digest融d by the RcNas睡 A treatment 

in 10唱t salt proving that it is d甜-RNA. This band is not 

found in healthy H. Renthamiana and corr單sponds to the 

exp體ct臨d 蟬ize of the replicative form of CC被V.

One band of ds-濃NA ， approxi蕊ately 10, 000 ba!華車s in length , 

was found in some apparently healthy cas器ava p主ants. This 

band was 器hown to be graft-transl聾issible (Fiqure 8) , and is 

larger than the size expected for the replicativ串 form of a 

potexvirus. whil體 there are no symptoms in Secundina or 

other cas臨av祖 clone串 containing this ds-RNA band , it is 

considered to b融 of probable viral origin b略必祖U串串 it is 

graft“transmis器ibl融.

Although the d器-RNA t聽chnique is useful in id脅ntifyinq

plants that 是這re infect聽d with viruses that hav體狡況且豈有2體nom串串，



斜斜re 7. 
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A B C D E 

The nudelc acldpatlern uslng the 忌器.RNA extracti個 pro俗~ureof
pla臨ts infected viith cassa祖 common m咽aic virus. Lane A Is 
uotreated; Iane ß is treated with DNase; tane C 15 trealed wlth 
RN轟se in hlgb salt; lane D is treated with RNase in low sall; lane E 
are DNA size markers 

Secundilla MCol33 
AßCDAßCDMR 

Fi伊re 8. Double.slrallded.RNA ballds of approximately 10，0∞油器e were found 111 
融ppearently heallllY plallls of Secundina and MCol 33. Lane A is a heallhy 
plant willtout ballds; lanc ß is a hcallhy plallt 車raßed 棚loa b捕Illy plalll; 
Jane C is I1結1lI0lher pl<l lll with thc ds-RNA band; Ialle D I囂 ab組IlIlypla揖t
tbat w祖5 graßcd 01110 Ihe mother plalll eonlainÎlIg tbe ds-RNA band. The 
seion was rcmove from Ihe r個關問k 10 prove that the d囂.RNA balld was 
not b已有ng Iransl酬:ated 10 the SciOIl. Lalle M conlains d峙。NA markers and 
lane R contains ds.RNA markcrs. 



this aSI事揖y i囂 。n1y part1y r融1iab1e ， 聽s demonstrated by the 

neg祖tive resu1ts obtained with 綴。me p1矗nts known to b聽

infect融d with CCMV or CsXV. One gram is current1y th也

minimu皇島 1eaf tis器ue that is used in the ds-RNA 轟轟says. The 

most consist甜nt r串串ultl講， using th融 ds珊RNA extraction 

proc聶哥lure ， were the identification of p1ants containing 轟 10 

kb ds-ru著A band, ther揖fore th矗、 VRU continuesto assay pl祖nts

主or ds-RNAs in order to 軍~creen 室。r latent viruses. 

Sαreen1ng Elite G發E當p1asm for viruses 

The VRU is continuing to maintain d蟬signated virus-free 

elite cassava clone揖 for int輯rnational shipment. 宜~hese

C矗茵酪ava clones are index體d for th聽 presence of virus聽草草 twice 

a year, and b脅fore ship單lent to national and international 

co11aborating in盟軍titutions or program盟軍 The fo110wing te盟軍ts

are performed: 

1. Enzyme-備1 inked immuno粗重章。rb峰nt assays (ELISA) for CCMV 

and CsXV. 

2. Th揖 indicator cassava olon體 Seoundina 18 grafted onto 

th融 plants to be assayed, and>the p1轟烈ts 晶r融 plaoed in 

an 祖r聽a where temper極tur也 doe!軍 not exc位ed 28喲30C. Thi輯

i盟軍 th體 only re1i祖b1e test for the C攝ribb體an mosaic and 

frogskin di蟬融ases. Thi臨 te!器t should a1so detect ACMV. 
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3. The ca摺sava plant臨 are I單cre體ned for th唱 pres融nce of 

ds-RNAs • 

The VRU is in th聽 proce臨s of testing 揖結晶nti書serum to a 

latent pot聽xvirl是s tentatively designated as ca揖sava

Colombian ~舊ymptomless virus by Dr. Bri晶宮1 Harrison (SC民主，

Scottland) • Since tl泣晶 virus is lat單純t ， 雄 study is needed 

to determine the geographical distribution of the viru器­

Th聽re 1s also 位1e need to set Up a cooperativ唱 projeot 1n 

Brazil for the production of an antiserum to cassava v酷in

mOI器aic virus , which is a caulimovirus that occurs in 

Brazil , in order to facilitate the 聽xchange of 9睡rmplasl聾

b體tw融體n oountri串串.

V主rus-Like Dis融ases of Ca~單位av祖

Considerable work ha器 b韓en done on the detection of the 

virus-like agents a室主ecting cassava. Areas of inve軍事tig轟tion

have includ酷d cytological 揖tudies of the di草草ea!事體d plants , 

immunological and hybridization assay酪 with antiser晶 and

cDNAs of known viruses , and purification protocols with 蟬ach

揖tep monitored by transmis思ion e1患。tron micro蟬copy ， prot臨in

and nucleic aoid analyse揖﹒

Cytologioal studi串串 of both h臨al thy and diseased cass轟va

plants were made using the tranSI輯iSI喜 ion e1eotron microscop聽­

Multipl融 dark staining ar聽as wer臨 found in th體 nuclei of 
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ph10也m comp晶宮lion ce11s 帶f p1ants 融ff臨ct融d with CMO (Figure 

9) . The串串 inc1usion-1ike bodies ar晶 simi1ar but not 

identica1 to the fibrilar rin9寫的f th甜 inc1uI單ion bodi體S

found in the ph10艦m 00混panion ce11s of p1ants inf酷ct聽毛主 with -

月~eminiviruses. Si蕊i1ar ino1usion-1ike bodies we主串 found in 

th融 nuc互融i of cass祖va p1ant草草 affected with F.SD (Figure 10) , 

but they were found not on1y in the nuc1蟬i of ph10e經

companion ce11s but a1臨。 in nuc1ei of 帽piden曉a1 and 

parenchyma c聽11臨.

since there are 怒everal 1ines of evidence that sugg也st th轟t

C滋o and FSD mi9ht b峰 caus晶d by geminiviru自es ， both cDNA 

hybridiz晶tion and 諮SEM ana1ys偉路 。f pl揖nts affected with CMO 

or FSD w磁re performed. since most whitefly-transmitted 

geminiviruses cros!蓋 宮聽act 盟軍車ro1ogica1ly ， the antisera to 

bean golden mosaic (路MV) ， b帕拉 dwarf mo器aic (的DMV) ， and 

ACMV w聽re us甜d in SSEM ana1y器es in an attempt to det峰ct a 

geminivin且s in cas扇av器 Geminiviru!幸 p祖rtic1es wer串 easi1y

found in bean p1ants infected with BG被V ， which were used as 

controls , but not in CMD or FSD affected ca串串ava. The 

second type of test con盟isted of tota1 有，eno[轟io ONA 

extraction器 frOI攝 both healthy and dis融as聽d p1ants which w聽E串

run on ge1s and transferred to nitroce11ulose membrane笛­

BGMV-infected p1ants were us體d as positiv聽 control囂， and the 

prob聽 was cDNA clone寫 of 路GMV ， but the result盟軍 wer學 ag轟in

negative. A cDNA clone for AC技V has been obtained and 嘗ill

be used to confirm th也se resu1t蟬， but at this time there is 

. 
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Figure 說 Inclusi，棚-like b制Jj怨氣闖關 in the I\uclci of phlocm companion cells of 
inca鉛割草 pla臨終 alTected by Caribbean Mosaic Dise喝se. Th總e
nucl說ll' incl韓sion-Iike b吋棚 are 草im i\ar but nc揖 idenlic謹1 to the 
fibrilar rings found in lhe phloem companio揖 cells of planls inrected 
with geminiviruses. 

l'igure 10. Inclu反on-like bodi臨 found in Ihe nuc\ei of scvcrallis.~uc Iypcs 
illcl制lill在 phlocm companioll , epidcrmal, and parcllchyma cclls ÎIl 
planls affcclcd with I'rogskill Disca純



stil1 no firm 聽vidence of a geminivirus inf聽cting ca怒發ava in 

tropica1 Americ龍﹒

HOI華t of the exp唱riment草草 to i801轟te the Cé聾u萬事揖1 agents of the 

cassava disease器。f unknown etio10gy have concentrat也d on 

CHO. Thi臨 ref1ect揖 the 8UCC晶ss in finding difference輯

betw融融n hea1thy and CHO-affect聽d p1ants with th聽 vlrus 

purlficatlon protoco1s 餒。 far attempted. The growth 

condition揖 appear to be v融ry import綠nt ， and to obtain 

com單lstent resu1 ts th聽 CMD aff串ct愚d p1ant草! are tran單ferred

to a growth room with 14 hours. of 11ght and temperatures 

be10留 26 C for two weeks before harvesting the 1聽揖f tissue. 

The puri室ication procedur融 for CMD consists of grinding the 

ti寫sue ， a ch10roform clarlfication, a PEG pr聽cipltatlon ，

fol1owed by centrifug揖tlon to concentrat融 the preparatlon. 

The r嘻嘻uspend酷d preparations are an是llyzed for proteins and 

nuclelc 晶。ids by 融1醋。trophoretic 濃ethodE量， and samp1es are 

t揖ken for analysls wlth the T竅，直. To further purlfy the 

virul單編11ke agent , pr且paratlons h祖ve been run on ceslum 

ch10rld輯 or ceslum sulphat嘩 gradient軍事. Siml1ar resu1ts hav體

b串串n obtain輯d uslng three dlfferent iso1ates of CHD. 

The 1聾。st consi器t酷nt result has b聽聽n the pr融sence of a 

protein b聽nd of Hr 疇。， 000 (Figure 11). protein b矗nds of 

slmilar size are sometil曉es found in healthy plant揖 but

always in very 主ow concentrations. This band i露 1arger than 

司b
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Figurc 11. 

MC級

Lane M contains prolein ma實kers or銘，帥， 4丸 29，紹， 14 
kilod誰Ilons. Lane CM ∞nlail1s 誼 prolein purilìed rrOl滋
plants a(fecterl wilh Caribbea揖 M部揖ic Diseasc. 

Figurc 12. A lranslIlÎssioll e1eclron micrograph orvirus-like parlicles that are 
purílìed rrom planls arrccled wìlh Caribb開nM捕aic Uisease. 



exp母cted for a caps1d prote1n of a V1rul器， but the prote1n 1s 

h1gh1y pur1f1ed aft唱r c011ect1ng the v1rus“lik聽 band frol軍 a

ces1u滋有Jrad1融nt. The prel華聽nce of v1ra1-11k體 part1c1e扇 h巍、r聽

a1so b融en found both before 龜nd after the ces1um qr祖d1融nt.

Th聽器e are rod 輯haped part1c1es th聽t 祖ppear to hav融龜 centra1

core (F1gur輯 12) ﹒ They ar融 of IIUlny d1ff聽r融.nt 1engths 視nd

are v蟬ry 1abi1e. Add1tiona1 experl駕車nts 祖re needed to flnd 

澈。r體 stab1e condition揖 for thes唱 part1c1es.

Nuc1暐1c aclds have b聽聽聽 融ssociat揖d w1th the prepar龜tions

b聽fore the ces1uI盟 grad1ents. wh聽n liquld n1trogen 19 used 

to gr1nd th酷 t1ssue ， there 19 a band of DNA 1n the 

preparation, whlch 1s probab1y genom1c DNA that is 

prec1p1tated by the PEG a10ng w1th th融 virus-1ike partic1es. 

There a1so appear two spec1融s of RNA , but th晶草草e are easily 

degraded. These resu1ts wou1d be 融xp臨ct直至1 of a 1轟bile

眉目帥RNA v1rus. 

The Mr 60 ,000 prote1n i器 b晶in9 used as 聽n ant1gen to produce 

an 龜ntiserum 1n rabbitl事. Th1s 聶nt1驛erum 可0111 be test告d for 

its efflcacy 1n detect二inq p1ants affected with CMD and 

shou1d c1觀rify the que揖tion of whether this protein i蟬 a

vir祖1 coat prote1n or a host proteiri that is in higher 

concentratlon器 in CMD affected p1ants. 
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被biteflles of Cassava 

Tbe VRU and Cassava Ento到ology have a col1aborative project 

官ith Drs. D攝vid Wool and D<主n Gerling of T曹1 Aviv University 

titled: Zdentific草草tion and Charact廳rlzation of G融洽etic

終trains 討E 愉it晶fli咽。f tbe genus 鼓翹起施. The project is 

u認ing i蟬ozYI聾曲 analysis to di綴tinguish speci喝s of 皇室裂主經ia and 

po，事務ible biotype器. The same tests hav融 been us聽d to 

distinguish various species of other whitefli聽話 that 

coloniz臨 cassava.

Using samples collected in Ecuador , Colombia , and V融nezu融1益，

the race.鳴p融。ific electrophoretic patterns within 濃& 怠金錢袋必L

indicate the existence of six r轟ces in Colombia , one in 

W學stern Ecuador and two in Venezu脅la (Figur融 13) • Th位置;e

races were named for the geographical location in which tbey 

pr嘩domin晶te (Figur聽 1是)， and tend to occur in area揖 that ar融

geologically isolat啞d by 1誼。untain range器 There if華 little

evidence to 飢lpport race differences that reflect ho器t plant 

preference. 

Five speci融s of whitefiie話 have been found colonizing 

C串串sava in Colombia. Three of the器e species Aleurotr盈。helus

盟品結起，全riale也rodes variabilië"聽nd 鰱盟站沾 tub陸rculata

have b位直n previously r聽port臨d on cas揖ava ， b也t Aleurothrirux 

sp. and ;earal融vrod慰自 sp. wer融 found in the Amazon region of 

.57 
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Racc specific is四yme patterns of the whiteOy 屋金迎接翅蜂h忽必
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Figure 14. Esterase iSQ2沙me bandin惡 patterns of cigbt JJCll彗星i且必J>aci raccs from 
Colomb誨. Ecuad紋. and Venezuela. Tbe numbersωrrcspo聽d 10 the 
follo啪"車 E航海rapbic regi冊s: 1. Valle 2. Cuωta 3. Ca回ω4.Tolima
5. Ca ribe 6. 叫做vieencio 7. Man器bi ß. Mara借給o. Tb ree regiol路
app給r 10 contain helero囂enous populations of ll. labaci as marked by 
the letlers. The r揖α:s tcnd to oeeur in areas thal are g租車raphically
isolaled by mounlain ran皂白﹒



Colombi晶 and this representl華 th聽 fir寫t r聽port of these 

whit學f11融s in Colombia. 

The scanninq electron microscop融 (SEM) ha軍事 be臨n used to 

identify adult whiteflies. Th廳 two B呈遞主義主.!! speci體s ，

tuberculata anð 淼議泣益泛i can be distinquish曹d by the number of 

C滋滋atiðia s嘩parating their compound 啞yes (Fiqur晦 15). Th酷

main adv祖ntaq輯 of using the SEM to identify 軍事pecies of 

whiteflies is that specimens are easily preserved in 

alcohol. This. contrasts with th融 liquid nitrogen tr告atment

that m必草草t be us自d to pres嘩rve whitef1i融蟬 for i目。揖Y報告

an矗lysis.
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Figure 15. 八. Scanning elcctroll micrograplt of the cyc of Iltc whilc /1y BCI建設控
支的缸里空lal盈﹒ß. S臼nning e1cclron 制icrograph of thc cye of Ihe 
whilc /1y 控史ni，還接 i越沒cj. Thc adults or Ih峙。 whilcl1ics 帥11 bc 
dislillguish研J by Ihc lIumbcr or olllmalidía scparalillg Ihc sccliOl憾。f
IhciT oompound cycs. ßcmi泣且越坦ci has only onc olll ll1ulìdium 
都paraling thc scclio閑 wbilc 控cmi道起純h盟mJ且經 has two. 
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CAS單晶單為 uτlLlZ蟲τ10"1 - 1會誼會

τhe Ca55aVa Util 主 >:a tioo SecHo彷 conceotrate5 its 絡。rk io five areas 雪

白. Cassava quality , B. Fγ零sh ca發當ava co05ervatio俑 C. Dry ca55ava 10r 
anj 徐al feed , D. Production 恭nd maγketin'l o'f ca55ava flour for humao 
r.on 包umption and E. Pro虛設 ction aod utilization of cassava starch. 

自 CASS晶VA IlUALITY 明

1. Effect of the pre-harvest eoνiroo.蠻的 t on root quality • 

τhe quality of ca55ava root忽 i袋 。f v主 tal 主劉Dportaoc幫會 to ca55ava 
farmers堡包ioce it determìnes 10to which 如是 rkets they cao sell their 
crop.τh終 fr戀sh markel fór hl\man con倒是mption 15 nor紛al1y the highest 
pr 主 ce昔 aod require5 roots of good eatín章司uali ty 畫 。th發 r industrìal 
markels have less stdnqeotγequiremenh. E漢 periments ov蠻r the years 
havm shown that the pre-harvest environ冊ent has a large effect on 
overall root Qualitý ‘ both as reqards chemical constituents 喝lI ch as 
5tarch and HCN contents and 10 1" sllbjective eati的 g qualily. lhe 
Utìlization S戀 ct 車。“ has been studying the ef1ect5 01 dìffer勝nt

pre可 h..rve5t treat絢傍nt5 lD obtain a better understandìng 01 which 
clìmatic. ed品 phic and biotic variables <l re 命。登 t related to root 每uali ty. 
I 彷 t l\1s Wi\ y a cr 行 p mana母，僚ent str i\ t會哥y foγ impγovlo穹 γoof quali ly co綠 ló
be 謹evised • 

Root samples weγ戀 taken from a wide ran尋 e of experimeots co約duded

by other section疇。f th堅 Cassava F'γ09 r <'l饋 and analyzed for dry ma!ter , 
starch , tot ,,1 "nd redttcing 5tHl"r and HCN content. 自笛ubjective

evaluation of 發ating qURlity was ,, 150 inclllded. Table 1 pres仰的 ts the 
overall results 1rom many 5uch experiment翁 withollt 901ng into detail 
fωr each one. In 9酬，仔 ral it can be 5彎彎n th" t qual i ty 疇。es vary 糖 ith

many of the eovìronmenlal variables te懸 ted ， but the r彎彎的 1 ts are 
confusi鈍 g. E忽pedillly 汝岱 regards the application of 1想 rtiliz戀r

tγ會atments ‘切here so徐e positive and some negativ發 effecls were observed. 
Sioce the f仔rtility strtt綠S of the fle1哥拉1結 t is a150 important i狗 thi包

respect ‘ "0益 the trr時也 of fertilizer treat街ent發 are diverse , uni10r目前 ity
o'f r鈴spons零 Is ‘ peγh"ps ， not to be expected. As an exampl彎， Tabl啟立
presents th智 results 01 on!! experin悟nt carri發d out with the PhysiolQg~ 

g總ction in Media Luna , 00 the North Coast of Colombia. The hlghest 
level of nitrog~n 1ertilizer produced the worst quality roots (hlgh HC叫，
low DM and starch) , but yi 時 lded more than the other treatment囂，崗
位ωmpromise between yi 仔 ld and quality may have t秒 be 這ollght. 1'10 1'"1學

r 符 searl:ll will be Ileed t仔 id 仔ntify the critical nlltrient compoηents 

respnllsiblH for iml，，'ovin嘻 root quality. 

In so紛令 .e X J.}fl,. i men t弓 there w法5 a slro仿g varietal effect , i. 磅. a 
f f' d i1 j H -, r t 亨您這 t紡扣..t which i 竹在γeased sta r't: h ι00 t E'nt i行 some clon警告 bu t 
redu t:ed i 電 in others. The s義制e occurred with HCN content (Tabl 體 J) • 
For vð_riet~l 5 '2']仔仁 tiDn it wll1 be important 10 ldentify those hybrids 
which pγoduce gl)f.l U ro行 quality under conditi紛ns of poor fertility: 
the 'î.e n~告ul ts SWJ tJB'弓 t t l1i\ t thi導 is possibl 盼， althollgh 511ch clones may 

J 



Table 1. 5'過lIary 01 敏ality experllent這 i會畫畫輛車亨Z 響tfects Qf 'varì韋拉雪 pre7harvest l.cto月 on (oot quali t1 !.' 

油路主冰心，九 蜢臨終忌，明斗 L Varyjnp ， ft，且i~

Dry I.tter content fallow 
重rou書長t

tert!!!zer applicatì的 (2 間ptsl

viru這 infection

Kd墨ticiencr
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(Iess glassynes51 

fertìlizer application 
(t.5te) 

" Re5ul ts ot 7 凹perilents are sUI.arlsed , including 5 tertilizer application tr1.15 Nhìcn eXilìned 5縫ch tictors as til璽 01 applìcatio路，
leve!三 01 .,[, lert111ty statu5 01 制il ， etc. 

=, Signiticant inc~ease in 50le clones tested, decreases in other筍，

• e 
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J 

la語le 2. Ellett 01 level 01 N applitalion on rool q硝litr fattot9, Irol aft 制 pe~Île繩 t pl達nted at 
員edh lun蓮，轉orth Coast 01 Ca\olbia 

level 01 Nltroge終 lotal Free Total yi雪\d

鑫pplied Ðry .aU莓， Starch HCN contenl 輯絲 cont研t HC輯 E臨lent t棉Iha

i句Iha) UI m 紗， IDM basisl F開 (f resh .ei會htl
Ifresh .t b的i事}

e 34.雪 a 78.9 • 113 •• 1書﹒ 的﹒ 19.0 • 
吾吾 35.2 • 費2.0 • 1喜喜﹒ 21 • 58 • 21.3 • 

100 34.2 •• 車1.2 • 2昏" 32 • 喜7 •• 25.2 億

200 32.5 • 70.4 • 219 • 30 • 71 . 26.2 • 

Values with diflerent superscript.1智 Iter are 9i9ft!licantly dilferent !Ouncan's 割ltiple range 
test, P 宮。 .051 種

Table 3. Ellett 01 lert!lizer application :' 0房間ot parenchy.a starch and tota1 11tH 
contents 01 15 (1糊的， 12 loftth. 01 a會e at harvest 

5tarch 白發tent u! 念， Total 輯2萬 cont酬!..ill!!缸

Clone + f密rtilizer - lertilìzer t lertiliz響， “ fertiUzer 

輯 8ra 12 5守 .0 74.章， 386 475' 
員 Bra 174 59.8 78.3' 591 419' 
農 Bra m 64.0 80.0' 212 152' 
" Col 72 主管 .0 ?體 .0 m 161. 
K Col 1給單 64.3 壘會.量， 181 i益重

" Col 1684 66.3 61.0' 982 183' 
聽 Cal 2057 晶晶 .5 76.S' 30B 350 
訊錄7-37 72.8 78.5' 821 825 
cn 97是-1草 11.3 75.8 m “2' cn 1223輛11 14.串 83.0. §亨壘 871" 
E韓 1533-19 69.0 偽.8 m 的3'
E轉 332昏-4 71.0 70.3 217 198 
E轉 m豆，島 16.0 74.3 177 111 
CH 3306-亨 ?在.單 72. 5:* i晶體 1I7 
E體 455-1 7壘，早 H.單 70亨 13亨

11 ferlilil.r applicati研制， 300 kQlha 01 15愉 1 5-1 5 • 
., 5hrch and IICIl cÐntent金制pr...ed on dry 割tter basi恥
, Denote審 si尋覓 i licant dífler發nce bet閥en ...ns IP = 0.051. 



4 

lIot respond well to 1ertilize f" treatmenl. A period of 切ater st ，"es態，
fol1owed by 2 Months 01 rl譯 cuperation ， Itroduced significantly lower 
starch and higher 純CN cont臂，‘ ts than in the control treat耐ent for '1 and 2 
01 th會 8 clones tested respectively (Table '1). Ilowever ‘ some clones 
當 hoωed no significanl HCU increàSe 0 1"污 tarch content decrease (illdeed , 
roots of Cl'I 1335-4 had 10酬~r HCN cωnlenls) under stress conditlons. lhe 

lexistence of varietal differences wlth re琵 pect to quality variation 
lunder environmenlal stresses is 01 crucial importance to producing good 
I quali ty cassava under the low f戀rtility. arid conditìons of many small 
I cassava farmers. 

./ 

Table 4. Effect of 切ater stres績。n root quality: parenchyma starch an謹
HCU contents 

starch i 之}龜/ …一…圭亞豆豆1一些主蛙..iPJl-!J三仁一
Clone Control Sh智慧話 Conlrol Stress 

終 Col 1684 89 76* 723 930* 
C約 4話9-1 73 7ll 192 354 
crl 507“ 37 82 76 718 805 
C約 523-7 86 78* 19:; 309 
C何 922-2 目。 77 146 1 日 5

C約 133日明4 目。 7日 123 10日

CM 2136“ 2 87 80* 162 3110" 
CI1 3306-32 87 75* 115 186 

.. Denote發 control and water stress treatlllenl valu悠悠翁 i唾nificantly
díff鰻rent (P 寫 0.0:;) • 

三" Sta l'ch an述“CN contentS are reportetl on a dry matter basi翁﹒

The experil寵信扮 ts reported here 僧ere con普ucte挂 at 彎彎veri\ l 發ite告 in 
Colo給bia i終 addi tí帥1 to CI在τ心Palmira. A further gγOUp of 發 xperím發nts are 
i 狗 pγ。曹 re悠悠， 01' alrea亞 y at the sta雪e of sample anlly忽主話 This shoul量
每nable i\傲。r發 compl終t戀發naly當is of the eff終 cl of e悅virαnmental variable雪

。n root 時uality to be made. 

2. Starch 發tudies.

自5 reported in last year"s annual 
Ci\SS i\va sla l'" ch 側紹'"(! 5upplied tυ Il Dt4R I 
Nottingham University fo l'" a wide 

土I Ov.rsea; Peveloplent and Natural Resources In5titute. 

report , sample愁。1 伶 xlractetl
:./, London 'for il. llaly坊 i!:; 0)' 

rangB of starcl, quality 
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characteristic忽. The objeclives were t切。fold: to obtain a co紡prehensive

charaεterization of cass"v.1 st"rch physìco吋 chemìcal characterj 銘 ti c: s.
especially as re1aUn9 to structure and rheolo9ical prol'仔rties 谷"社 to

d終 termin參 i1 v .1 riatlon in any of th僧se prωtH!'rties was γel ，1ted \0 
differenc懇懇 in roωt te.ture as perceived by coosumers. Ô h.1 rd or glassy 
texturl學 had previously b發彎n closely lillk l1 d \0 c紗，警告;um"r di51ike of 
cas發ava sa冊ple筍， and i 腎 the major quality d發fec\ reported by farmer懇 for

non acceptance of 電h懇iγcrop in the fresh ft時ar"，et. IdentHicatilm of the 
critìcal factors re每 ponsible for these te叉 tur品 1 chang彎彎彎哼ould enable 
尋ermplasm to be scr給ened for 終atin嘻嘻uality in .1衍。biective 事ft.1n 約 er .1行e

facili tate research into the e'ffect of pre-harvest variables on eating 
明uali ty • 

1'1010 types of st.1n: h 包ampl發各 總ere 5ent to the UK fro發 Cl白T: (a) 
saft時pl 喔15 1 rc:1I脅尋 cv喝發電! lect!亨d to show good a..d poor ea ting quali ty , 
harvested at 10 f潰。nths of a哼喔! at CIAT. !'luch samples were sent from 7 
field plot5 harvest發d betw穆酬1 1967 and 19B9. The samplE學話 thus reflecled 
sea50naI and enviroη給ental ef1ects 00 root quality , but not plant .嘻嘻會

e11ect梅毒nd (0) 5ampl絡發 from pl .1nts pnm經d approximately one month 
before harvest 參 and from unpruned plant5. Pruning i!I an effectìve \'Iay 01 
inducín曹 h<l rd or 哩 Iil5sy t戀xture i約 cassava roots. This OONRII 
Nottingham/ClAT proJect has no.. nnish驛哥. and the r懇懇紋 lts i\ re bein亨
pr紛pared 10r publica,tion. TalJ le 5 !J i \le5 tl閉館每an re5ult冒 for 3 of the 
15 quality characterisHcs e\l al lJ at(~d by the 特 xpert ta包 te pan t.!豆， 10r th傍

sample悠 5ent \0 th戀 UK. For .1 11 15 characteri 喝 tiC5 ， harv!!st dale had a 
signific創刊 (P 銘母 .001) effect. 11.仔 fact that t. he eating quality 01 one 
variety , harvested at differ蚓、 t times at th卷卷ame pla終 t aqe 種 i5 so 
、lariable make寫 selectin孽 clon研s 01 good eatin嘻嘻uality a 100導 term
發ndeavor (紛any sit總s" harv發st色， etc.) unle5s the factors co約 tro11 ing 
eatin事 quality are better 級n盛會rstood. Surprisingly , despit閉 the 'fact 
that root !登ating quality varied ，兔o gre,üly bet \'leen the harvests ‘ the 
starch sample發 "Iere 教 11 r 仔 nlilrk殺 bly similar for al1 chaγact程risti cs 
measun,d. Thi發 15 exιellent for tlw 悠悠巷~ o'f ca為sava starch in the food 
in唔u5try ， 10r example 嚕 beci.<u繁發 they 1"發quire a homogeneou5 product 綠 ith
consi各t戀nt tjuality. 衍。wever' " these r時5ul ts 疇。.穹的 t help to resolve tft仔

probl億阱。f the cause of hud 會 9 1al冬y textu r!是 in fresh cassava YOot5 ‘ 
Other root component苔 mu察 t b，~ re喝 ponsible fOF thís t勢 .tural variability , 
poss1bly 1ibre (ce11 \~a l1 /pectins). Cha"彗怨怨 in 紡embran" per紛eabil ity 
can affect t給 xture in potato穹弓， for example. The pursuit of the ca支持發g

of fresh root textural problems w111 contin恕。 with an investiQation of 
tfte訓! ch"r隸 cter1stics of cassava 需 M守這 external 'fun重 ing ， will be required 
for a collaboralive proj戀 ct with an advanc發d research in5titute with 
expertise in thi5 ar會a.

3. HCN and the bitter taste α1 cassava roots. 

自 lthough root IlCtl imparts a lJ i tttH- taste to fresh , boiled cassav" , 
it is frequently 悠 tated that th電'ye is no correlation bet制een biHer 
taste and IlCtl cru.t符彷 t ， i. e. that there ar" other hilter tastillg 
components in th僧 root 秘hich confot\f.之I the overall picture. 111e 骨 xpert
ca5sav,' tast戀 p~，nel was u發ed to tesl this fr發司 l\en tl Y 登n coun t{H'.~d 
statement. F 主 fteen cù'$9品va variet i. es 粉ìth root parenchY"'<I contents 
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Taste p義nel evaltl殺tion S of hardnes弓， 91 融洽S1彷ess i\nd cassava 
taste for boile謹 Ci!各sava samp1e varietie!忌， grown at CIAτand 
harvested at 10 months of i!9脅。n 7 occasions between 1987 
and 19日?

labl書~ 5. 

Quali t)' 
Charact酬"istic C約 4日9-1CM 1559且5CM 681怕21 HMC Harve發t
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1日 18'7 變

11/88 , 
1 " Marr.l 2吾/串7 ， 2 =品U嘻ust

4 = Mil rI h 15/88 ‘ 5 =晶uqust
7 = s令 p'ember 51思9.

Harv喔，發 t dat管s were: 
3 = January 12/80 ‘ 
6 = November 221話息，

1. Notes: 

Values with differ紹rot leH包. super答 cripts are siqnìficantl)' 
differeηt (P = 0.005) using Dunca狗 '5 multìpl零 range t脅st.
The 緣ain eHect of harve筍 di\te 例泉翁 $i雪白 ificant at P " 0.001 
in a11 cases. 

2. 

Evalua tion 色 C i\ lfl' 0-150 ωith 0 = ab電enc喔::! of c: h~'\γ i\ cter 冒
150 = intense expr彎彎彎墓。n of characler. See Casuava Program 
Annual Reporl for 1987 'for methodological d發t"U 5 of tas te 
I'an終 1 design and operat1on. 

自­

,). 
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\larying f ,.om 40 to 4QQ ppm (fresh w終 ight) weγ會苟 i\leo to th會 taste panel 
of 10 trained experts for ao eval l1ation 01 the bitter taste. Unεoot:.ed 

a緝毒 boiled root samples ωere al 這o a仿alyzed for 於c給 con ten t lIsing the 
enzy鑄aUc 領ethod. τhis was C也有 rried Ollt 間1 three oc r;asioos 樓 之建省主 n'1 root警

h<1 r\l懇懇 tl發疇。終 ly 2h previollsly , th傍羽絨51鈴g root翁 harvested 1 an是 2 days 
before the pùnel sessio鈍， τhis 弱羲電 to a.1 1紛紛 progressively 瘤。re time for 
physiαlog1cal d發 terioration to develop after har \le5t; the phenolic 
compolln桂怒 which accumlllate after har \l'est al 我o affect cas學ava taste and 
may increa努e bi tt發 rnes弓， and hen ce ，\包 ti紛紛 b紗 tween harve5t i.md food 
pr給paration increase喝 the 5ignifiεance 01 the correlation between root 
HCN content and b1tternes5 ma)' decreas會﹒

The re筒lI ltS (Table 6) show clearl)' that root HCN content of both 
lIl1l:ook帶d and boiled caSSava root pieces correlates significantly 樹ith

the bitter ta翁 te 01 th回 same samples aS evallll、 ted b)' th發 expert panel 現
Th15 i 發 trlle 總\len after two days o'f storage after har \l'est , when phenolic 
accllmllla tion had occurred ‘ τhe correla tiOI\ waS less 也 ign11icant 1n the 
intermediate evduation aft"r 24h ‘ however. τh終認e reslllt5 mean that the 
lIS" of the term bitter ca夸sava is acceptable ù事 a synon)'m fo l'" high IlC終
cassa\l'義，懇 1 1\ ce tI糟 correlation beb",en the t梢) is hi導 h and 51哩nifican哇，

at lea各 t 10r fr運會發 hl)' harvested roots. The taste i紛parted by the 
accll療法lation 01 ph發nolic compounds after ""1'"\1'會議 t ， aUhol\嘻 h I健arked ， is 
not bitter (th戀 panel úi每 ti制:J lI i sheú a det會riora ti紛n ta話 te specific for 
this). 

Ta ble 品. C紛rrelations I峙!tween total HCN content 01 tl l\ cooked ilnú cooked 
cassa \l'a root pieces , and the 言?X pert ta告 te panel e .,.a 1\ta tion of 
bitter ta悠 te

__Li rne_!J.旦控史可見A盈n!堅昆主_41!紋的凹的irtq一
2 hour!'l- 24 hOllrs 118 hOllrs 

Correlation coefficient (γ} 

between bitter taste and: 

Total IlC閥， lIncook鈴d root , 
(DI1 basis) 

0.827 *** 。聽 619 ‘ O. 單尋3 *** 

τotal HCI苦，以ncooke謹 root ，

fresh 拷ei曹 ht basis 
唔 .7811 *** 0.61毒* Q ，惡惡毒 *** 

' 鑫••• 

的M
O V--du 

p
h
悠
d

b
仇
-
z

og oa 
r
h
色
。

'r UHe Feu+ 

•• 

UH--

‘ a 
lm a &kvf or ?2.AU 

0.87毒*** 0.333 0. :193 **鄉

句， Total HCN 會 cook"o root , 
fresh weighl basis 

0.894 ** .. 0..3日 i O ， 6~9 .... 

Significance 01 correlatiωu co吟f :fi clent: 車車*. l'. = 0.001; 車車， P 悅 。 ..01;
卒. P = O.O~. 

恥的凡
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cyanide evaluation“ 

For many yean; the Ca55aVa Program has 1I海ed a rapid HCN evalllation 
method ba5ed on the rea c: tion of picric acid wi th HCN to pròduce a 
colored product. This is scored Qualitatively (1 “ 9) according to the 
inlensity of the color rea c: tion. One limitation of this method is thal 
the ma篇i側lIm score is reaçhed at onl)' l :iOpp帥，“herea5 ca5sava roo1 
parenchy紛a HCN contents of oveγ1000ppm i\ r秒 known. It 15 Imporlanl \0 
di翁 tingllísh HCN contenl5 of approxímalely 250ppm 1rom those even higl奇怪r

b!學ca1l5e the for貓er can be SllCC懇懇懇 flllly redllced to accep\able levels 
(<1會Opp綠) by slln dryin唔. whereas the latter cannot. 

Hydro種制4. 

Since this rapíd HCN melhod ha唔 never been correlaled with the 
qllantitatíve enzymatic method (In 1'0之.\ til寄電~ u當e by the Utilization 
S雙ction) ， advan ta曹e was tak創建 of threu 每著 perl紹智的 ts of lhe f'hysiology 
聾發ction to do thìs. ln two of th彎 彎 xperiments no 5i曹ní ficant 
correlation belween the tw。緣。thodn wa發 found. The 電話ir謹 exp零 ri第斬草 t did 
5ho僧 a 5ignificant corγelation (r 給 0.57草草草率) bet!哼een the picrlc and 
enlymatic 續發 thods. A clo發er an i\ ly弩 is 01 the restllts reveals a very 
lI n 發ati草factory picture. ho.發ver. Th會 vxpected range of response 10r 
each score of the picric aci晉級經 thod i怨這 11I>wn 111 Table 7 togeth會r wìth 
that actually found. It can be seen that the res lI lts are very 
11明 precise. 個 1th ， for e.ample , samplesωith from 21 to over 300pp的
scorìng 8 on the color scale. 

COlparison of the result蟹。f lhe qualítative picrate lethod and the quantitatlve 
enZllatic lethod lor HCH deterlination in caS5ava root ti55ue5 

Table 7. 

HCN: EnzYlatic nethod 
HCN content (PPIJ Hulber 01 5alples 

"ith HCHωnt棚 t:
ab也咕 Mithin bE loN 

且立益旦旦坐坐
Iheoretin I Ranoe 

of Ht:陸 E棚 t間 t (pp的

坐公 懿患難

車ctual rõMe found 

盟the theorelical ran幫會陸經點豆﹒較且﹒起揖lìt益 tívεScore
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HCN contents are reported on a Ire肘I weight bnìs. Hoh: 

自n experiment was c盼的 ducted at ClnT to examine some possible Ci!lIses 
of th自 error ínvolved í 何 this qualitative method. The m僧 thod \Ises i\ 19 
cllbe of parenchyma tissue placed ln a test tllbe , with 5 drops of toluene 



. 

. 

? 

a益ded 10 release the lict~. The vαlatite 1ree HCN reacts with the picric 
acid which is impregnated 僻lto a 1itte!" paper strip sU9pended 1 1"0111 the 
top of the tub縫. and held in place by a rubber bung.τhe color reaction 
takes 24h to develop. H was suspected that releaSE擇。f the HCN fro織 to

ti懲制Je cube 細&每 not total. The e f'f但 ct 01 ho緣。嘻eniziog the tissue t包

facílitate HCN removal was examined ‘ and the residues of HCI、 in the 
tissue cubes after the 24h had passed ωere deter緣衍led. The results 
(Table S) show that lI P to 32% 01 the tohl cyanide r絡mains in the tisslle 
and tI懈怠 the res~.l ts can be a 習 igni ficant ltnderestimate 01 the total 
HCN. I哩aceration 、 f the tissue di卓 not help to improve thi怒， however. 
Th給 1ailure to volatilize al1 the root HCN cannot be the only 響。urce 01 
error , however , 當 ince oveγestimations a吞 wel1 as lInderestimatio鈍銬 。f
root HCN content ~ccurred in the f' hy岱 io109Y Section exp發 rimer、 t
(T able 7). The color reacHon itsel f ml!電話 t be of variable re寫ponse.

Research is requir琴d ei ther to improve tho accuracy and reproducibili ty 
of this 綠ethod 0 1" to develop a totally ne街 rapid qualitative method 
based 00 a di11erent color reactio狗，

B. FRE單純 C自SSIW品 &0描ERV晶τ101、

1. Darranqullla pilot project • 

The objective 01 thi駕 juin t DRI 己~-CIAT ~ctivity is to achieve the 
1<\r尋e scale co綠綠綠rcial adoption o.f the fr令盲 a t::~聾發ava conservati的n

technolo唾y developed and te5ted by CIAT/ODNRI. 

The ini tial phase of this proje草t has estüblished the storable 
product in th零 marketplace and tri\Í 1奮發d 3 farm肘， cooperatives in the u億e

01 the technolo曹Y ﹒ C為唱sava in bags io on sale in several supermarkets 
in Barranquilla , and in 害。me s綠a11 local shop各 (see CIAτCassava F'ro唾 r i\晒

Annual 畏eport for 1 會87 and 19串串 for detai 1 里. includin琴 breaf;down 01 
cost寫給tc. ) 

An objective 01 obtaining 20泣 。f the fr給答h cassava market w嶽筍

1ixed.τhis would mean approximately 8 ,000 tly of fre雪h cassava being 
marketed w主 th the new technolo哥Y ﹒ For this objective to be met. sev發ral
new actions were nec終ssal"y : 

a.τraining 01 new 1armcr co釘perativcs tu s該pply 1resh cassava. 

τhe fo11owin彗 coop給r i\ tives hi\ve received training during 1989: 

Department Cooperativ容忽

Bollvar El Playó鈴. 5M Cayetano. Coo 58" Jo誇發車

!.' Cololbí制 lntegrated Rural Develo體重的 fund.
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Ta ble 串. Ðeter須ination of resi謹ual HCN remainin雪 in root ti 發哲學ues 怨言書含量

for the rapid picrale HCN l戀戀 t. and the effect of ti變笛lIe

maceration 011 鈍CN residue level益

I1 tN contents 

Variety Sample preparation i是Em. freshωt basis): 1 ..... 

主去且通盟主

Iní tial Residual ini tial 

CMC 40 tissue c l1 bes 72 ;t .... 16 22 

Ussue f萬:l c'?rateô 72 13 1 日

C~IC 40 ti翁 sue cubes 57 5 起

tisslle macerated 57 5 9 

1'1 Ven 25 ti懇懇ue c綠色彎彎 嘻嘻器 87 21 

ti態發II戀 macerated 有08 82 20 

1'1 Ven 25 ti唱唱“智 cubes 556 145 26 

tissu喔~ lI\acerated 556 178 32 

M Col 168 '1 tis畫 lle c\!bes 1在1 39 2尋

tissUl吾 I.acera t.e拉 主61 36 22 

</ As determined II話 ing the quantitativ醬 enzymatic method (Cooke , 197日) • 

,./ Each residual Ii巳N t: Ollt僧nt is the 伽ean of t\ r仔plications. Each replication 

consi s ted of 10 tes t tub鈴$ each containing on紹 9 ram 仿f root ti ssu憊， ei th !l'r 

給acerate蓮。r as a li SSl1e cube.τhe initial HCN contents were laken directly 

frO Il\ rec斬草Uy harve這 ted root答 al the same time i\忽 th彎 same root tissu懇切er翁

之(Sl?挂 to obtain samples for th籃， γapid picrate test. 
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Salamin<l, E1 Piñ6n章，Ma唾dall學約&

enterprise for fresh cassava in of a distr主 butionb. Or嘻anhatio總

第鏈rranquilla.

Since the clty has over 5QQQ sm發 11 shoj1毯， 隸。警t 彎彎 111ng cassav羲 &約e
the發e art! the I勢ajor site of cassava pllrcha彎彎， a distribution 5ystem 
capab1e of reaching this retail outlet wa5 requir贊普. IÌ c發紛 tralized

who1e話，üe systl哥德 is a150 necessary , to coordinate th終 arriva1 of ca露集ava
from many cooperative雪， and it5 dispatch to 雪uper綠ark警告 t毯 ， 8\i是rket5 and 
shops. If no such enterpγi5彎彎xist兮， it is likely that individual 
COOpl發ratives wl11 compete over the 認upp1y of supermark發t筍， for examp1e. 
A centra1 organization a150 assists in qua1ity control and in the 
management ot product promotion. 

WilS 
111 

and 
two 

In Janllary 1909 a new second of"der F怨deration of cooperatives 
formed wi th i ts bas發 in Ðarranqllilla. This F終dera tion r.o胸 pri5e毯，

addition to ca5saVil processing coopeγatives in I\tl i\ntico , [lolivar 
Milgda1ena departments，的any 0 thlH" aqγicultllral cDoperatives and 
5ma11 shopkeeper associatio l1 s ba悠elj 吃 io Di\ rranquilla itse1f. 

The Federa tion , whose formation has been supporled by ÐRI , had 
acces5 to al1 initia1 credit line antl the chie1 executive has an 
excel1enl busines5 background. The Federation was informed 01 the 
reslllts and potential 01 the fr紛sh Cil悠悠ava tec l1nolog)' al吋'11 as a 
consequence, proposed to set up a 聾發parate cas領ava distribution 
enterprise to manage the project • 

• 

Ilurin雪 February“Marth 1990 a proJect was 紛 ritlen by the Federation, 
with technica1 as草i告 tance frol發 CIIH/ IlRI and CO說F真$囂/. 10 enable this to 
be initiated. The initiill requir懲絨緣份 ts "f酬， 紛紛rldng capi ta1 were 
estimated at 5.1 million p懇懇。忽 IUS$12 ,000). . This wOllld enable a central 
錄制'ehouse to be rent制j an謹 織ainta主 netl ， and provide 切。rkin苟 capita1 for 
caS5ava pllrchase ilnd oth密r costs. Th戀 rate of return on the capital was 
estimated at 73之(less inflatio紛紛f 281). This project for credit was 
approve謹 by cor，F品S in Sept發給ber 19告宇l' .支持時 the Federation acled i 鈴

。cto lJer to set up the distri lJ~\Uon 診nterprise.

wholesal!空 markelplilce in Di\rranquil1a a150 ioit主 ate謹 full
in Oclober 198爭， .lnd the Feùer i\ tion has a warehol!se lhere. 

A ne紛
operi\ tions 

• 

!' CnrporaciOn Fondo de 持poyo .de E卸時5a5 自50CÎativas.
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The ßÌmultaneous opeoiog 01 a oew wholesale dl認 tribuíion system 10 
Barranquilla íogetller \>11th the arrival of the ne \>l cassava product io the 
marketplace \>Ias a very convenient coincidenc包 and has caused great 
impact in Barranquilla. Althωugh the disíribution enterprise ì15 only 
startio嘗 to operate , f1rm 倒叫er愁 for 117 t/month have b發en received 
(Table ", includiog some from 章。gotA ， where the Federation has 
contracted ao a嘻戀ot;

τable ,. Cllrreot 里 cooflr線電~d order15 for fresh、 treat發d ca哲學哲lava recei ved 
by the l1Iarket釘19 federation based 10 Barranqll i1 1a 

Wholesale/Retail olltlet City Volllme (í/lllooth) 

SlI per館arket15

Super儉ark'發t
Smal1變hop發

輯holes議 leγ事

D1雪 tributor

Barra仿quilla

Carta♀enù 

Barranquìlla 
l<ogotA 
Sao Andr重金 (ls1al1謹}

h
v
a
i
v
h
v
A
V
且
可
￡

唸
A
"

，
J
A
U可
-
A

Quality control has a1 so greatly improv終d: individual coop懲raUve忽
vary 哩 reatly io their capability to 15elect good qllality ca當sava ， aod 
th1s ha15 be軒 a coostaot source 01 friction between sllpplier懇&彷a

purcha15ers in the pa15t. Now a central 謹i忽tribuUon or雪anization exi懇t懇

切hich can control qllality. τable 1會發how15 the strlct 曙uali ty 
re電uire續ent15 fix變d 10r the t線。 classes 01 ca悠悠ava recogni15ed. ln order 
to 矜nable quali ty cootrol to be exerci忽ed by the Federation , root 
5election in their war怨h01l5e has been iocluded 1n the operation of the 
technology. Roots are packed into hrq給 (20 k'1) bags in the field , and 
treated. The ，.oωts ar總 removed frolll the bag in Barranqllilla, selected 
and repacked accord ing to QlIali ty. A pri ce di ff終 rence between the two 
qllalit1es 01 cassava exist悠 (τable 11). 

• 

The fllture o"f thìs busloess lool'.s promi話 in哩，

0 1'嘻 anizational and 起u登 in紛容忽給xpertise o"f the Fe拉發ratíofl an善

。btain發d io 15uch a 驚hort ti梅e 15ince operatìon15 be會an.

given the 
the impact 

c. Promotional activity 

Conserved ca t;15ava in bags 115 a ne\" product for the [tarraoqllilla 
con翁umer: it does oot b戀 have like trauitional ca切silva. and 115 marketed 
differently. Promotion 1 喝 therefore required 1n order (a) to explain 
ωhy this cassava is superior to th仔 normè、 111 available product and (b) 
to obtain a 切 ide 1會vel u1 awareness tl,at this prodllct exists , and wherE會

it can b位 pU l' chased.
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τable 10. Quality standard這 for traa t!吾吾 caS$ i\Va fi 衷ed b)' th發 Federation , 
Odober 19轄會

phγ毯 i o:: a1 characteγisticli. 

Root le仿嘻 th (CIII) 
Root dia終總t忽 r (cm) 

Shape: 
Root rot袋， dis位&答彎彎

Root peduncle 
Peel color 
Parenchyma color 
τaste 

Consistency (cooked root) 
Cooki鈴嘻 tìr樂e (mir草包) , 銀ax

做益主主L.ft

20- 1)0 
嘻-8

?扭拉圭L紅J!

牌hole ， normal , not mishap會n
Absent 
Short 
控制j ‘ pink or y想 10101

WhJ. te or )'11 101'1 

Not bi tter or 引導彎彎t
Finll 
~)O 

色生li ty D 

15-1)0 
4自8

τable 11. Costs (CoI. 事) per k9 01 treated cassava , qualí ty A and a 
(Federation , October 19管。}

l'!ll義1ì ty 向 tllla li tyB 

Raw Material 50 40 
Mertect 2 2 
POlyethylene Da嘻 在繪 5 6.0 
Jute Sack 4 。
String to try bag 2 0.3 
Labor 4 3 
Transport 7 轟

Other 事 3 

Tota1 拉臼 .5 品1. 1

Sale príce 90 、。 的0.0

(;01. 1>丹 10 =υS事 i ‘í)0 , Odob怨r 1 '18亨，
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Such a g"ne.-;,1 promotional camp,ügn reqllire怒 the use o'f various 
media in order to be 哲學 ffectiv.學 "t " dt)'鴨wide level 甸 and ω111 there10r發

be ...el"tively expen答 ive (i.e. beyond the c"pability of the F會dera tion to 
1inance) • Ma寫 imu的 impact wi 11 b發 achieved ..ith the lIse of TV 
"dvertising , using the local channel , which i悠&核ajor 會 xpens台.

A 5通 parate prαject 切as prepared for external funding ln 切hich

1inance i 誼 會。ught 10r the 謹跨》會lopmellt 01 promotional material (τ哼，

radio , pr彎彎導 advert響!' con宙um億r . and r給t.ailer 1 恥、 fle1s etc.) , and for 
their placement over a 2 y發ar period i研 Ðarranquilla. Unce developed , 
these materials can be used in other Colombian 鍛arkets (see next 
section 1 as th跨 pγoject expands. 

A te懇t 街arket for a ne.. product con悠iι ‘ s of placing the product 0鈴

sale using the distributíon organization an ‘ pro斂。 tiona1 campai穹n ..hich 
would be in phc發 for a ful1 scale commercill launch. This enabl發忽 the 
esti據ation of sales and pγofit雪 011 i\ truly 郁。mmercial basis. Without 
promotion 看電ales will not reflecl the true J ,tential 01 the pro普lI ct ‘
Thus, only 甜苦en promotional activity 腎功 t話 ur， j γ..ay (mid 199告} 紛i11 \h發

弩ales 01 1re當 h cassava 各 tart tωexpan!1 ,1nd ro <l ch the expecte忌 levels.

為t present , fun桂 in \l 10r the pro酬Jtional campai!r, is not assured. 

2. Market studies in Cali , Do哩。t晶 ðl1l1 l'!edel1;芳，

1n rnid 1 爭BB Dfll \<a 話 made r怨氣 ponsible by .he Colo佛 bian Ministry of 
h哩 ricul ttlre 101': the d,rafting of a na tí. onal pla I for cassava ，公s part of 
the Governm秒nt'$ pr09γ制n of in 虹reasinq th發 prrduction i\nd utilizatlon of 
學 i \l ht 告給leded crops. One 01 the 聽袋jor plankl 01 this. national plan is 
the develop敏ent of the fγesh caSS i\va stor Hle technology beyond the 
con1ines of the Darranquil1a market to the 0\ 、er major Colombian cities. 
Thi發綠i11 help cas發ava farmer兮總 and consun ers in these ci ties. The 
first stage 01 this expansioll ..as tlæ desi哲彷 execution aηd i\nalysi 當 01 
伽arket studies und戀γtaken in th發 thr終e maj.... cities. Bo嚀。 ta ， I'l ed 終 111n

and Call. These stu拉圭esωere financetl by DI, 1, and carried out by COr~F品S

(th~ N60 r~sponsible for commercia1izationε"d cγe益 i t tn the DRI ca各sava

proj綠草 ts) wíth t發chnical a各色 Istance from CIrT. The siudies 10110we益 the 
model of the previous onel carried Ollt in B .rranquilla and Bucaraman穹a ‘

but the questionnaire it言..lfωi\ S developed jointly by COflFAS and CI自T

after reyie紛ing the previous ".p總 rien..s. The inl智rvie切s with 
ιonsurner毯， retailers 訓ld wooles <l I" ，.弓 tradil 9 in c是ssava were carrie峰。ut
between I‘lovem ber ,\nd 0紛C符mber 1988. and a joint crn是FAS/CIAT 鍋。rking

group analyzed the results 主n February 1 會09. The resul ts 01 this 
登 X跨 rciseωer發 highly interestin哲 not onl)' from the point of vi戀w of th每

i.駕 plementation of the fresh cassava te' hl1 010gy tlllt also bec i\use 01 
information 011 a range of cO I1<l Umptioll and Ijual i ty i 發建ues .... obtained. 

Table 12 sho紛5 th僧 俗永in resul t!' of the con盔的ner surveys. A 
surprisin守 reSl\ lt ls th<>t the consumJ ,' tloll of C.'SS i\Va ís high粉st ill 
[10句 ωt斜， ra ther t h..1I in Cali. I'f prev 主，. l電台 d{, ttl ùr脅 reviewed (T i\ble (3) 
í t can be 治紹給彷 th"t corrsumpl 主 on of cas宮 va Ih'S increa毯。d dramalically ill 
rOQola during the 1.吟 t few year怠， con:r a: ry to 0紋γelpectations 01 a 
COfl Uou主約 q declin紛 Indeed ， only in l' 3性戀 llin h仇怨 COOSU給ption d等 cli 習íed

• 
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duriog th會 1930' 翁區 τhis ..1 貨也 ag.."哥哥s w1th th" results of 1967 10 
Ðarranquilla, wh發 re a 5 主 gnificant 主訂 crease in con當umption has been 
fouod. 10 Ðar l"anqll i1 h this can perhaps be explained by a lo"er real 
price of cassava in the ctlnsumer m i\ r~.et bllt in Ðogota and Cðli the 
lncreas仔 in consumption has 紛 cctlrred despite the r總al pdces b給 ing

higher that ever b"ior巷，. 1\ moreεol油pl"te study of the pric發s of 
cOlllpetìn唾 starch 斃。un:es i s requ之 ire謹 One possible pðrtial explanatio終

主5 the incr戀aS1n琴 imm草草γati彷n of poplllations fro紛 cassava I:on發U紛i約嘻

re雪 10ns to Ðogot袋. In甚@戀喔， only 4B:, of the 80嚀。 ta con 寫t\m!苦 rs íntervie衡發謹

泊ere frolll the c 主 ty 0 1" the 懇lIrroundin曹 depart!義務仿 t ， wh雙手 reas 90:' of the 
Medellin cαn 弱Umers in tervi緣"發d 1\1誇V較 from the 謹ep公rt鍛ent of 自ntio可uia 攤

Table 12. Characteristics of cassava purchase an廿I:onsumpt主 on in Ðogota , 
Medel1in and Cal1 

控臨主蟲

• 
Purchase sìte ，:;:羽ark，" tplace

各upermark戀 t

local 多hop

訟。bil發 market

other 

</ l)終 c. 19扭扭 us事 1.00 話 Col.$ 334.07. 

。

6
8
1
2

也F
l
u
e
k
n
u
可

l1edell :í. n 旦起主主

1.6 2.6 
0.45 O. 在5

242 202 
2..3 3.1 
7.0 15.5 

12 41\ 
25 21 
基2 24 
主 10 
G 。

Purchase frequency (聖 i 鏡會s/wk)

Purchas每鋒線。unt O:.g/tim會}

Last pl! rchas~ price (Co 1.事Ik嘻) 1" 
Con!';u倫ption frequen cy (ti紛發Iwk)
Consumption par capita 
(I<.gl adult cquivalentlyr) 

1. 7 
1. 1 :; 
272 
1.9 

17 , 0 

. 

Table 13. Consumption of fresll caSSBva io Colombia 196日-19BB
kg/adul t equivalentlyear 
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The conservation t想 choology was explained to the COnSll到aers in a 
coocept testing format , and a purchas蠻 intenUon 側i\$ obtai衍。d
(Table 14) 擱 fhe percentage of those con弩之攝制，過 ω110 already cons設備e

cassava 切ho responded positívely (definitely or probably wil1 purchase 
the product) "'as highest in C.li at 93~ and lowe發t in Bogo ti\ at 岳3月 10
addition , those consumer發 who do not a t preSI會nt 會<l t cas鴛，W<I cí te the 
hígh price <lnd poor qllality of the product , rathe l'" th<ln "" inherent 
dislike 01 c.ssava as their reaso列 5 101'" Oon嚇 consumption.. Since these 
problems can be at least paγt1al1y overcome by the stora曹e technolo唾y ，

it is int發resting that a significant percenta誓 e 01 curren t non-cωn.S lIl曉ers

gave posi tive purchas l? intentions (τable 14) , especial1y in Cali. Even 
though the overall purchase intentìon i 話 lowest in 車也嚀。 ta ， the 續arket is 
so large that it isωorthwhile to try to target those consumers most 
interested in the techoωlogy ， i.e. by income strata , site 01 food 
purchases 發 tc.. A detailed aoaly發 is 01 the re婆ults of thís survey will 
綠ake thi鴛 possible. The overall cOl1 c'.usion銜。f this study are: 

Tabl會 14. Purchase inlention of C. ，渴aV i\ in ba孽認 10r con學u寶路ers and 110n­
CO l1 sumers of c品認話ava
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1) 1 翰 portant problems in th會 commercialization and qualily of fre雪h
cassava exist 10 the three citie巷 surveyed ， and the conserva tion 
technolo雪 y has the potential to provide a solution 10 the瑟發 problem宮，

and hence s .:I Us'fy a cons",ner need. 

2) Consumers io al1 citie認 are i的 t發re!.ted in th彎 new storable 
product , with most emphasis in Cali and 1懲制5t in Bogot.. 

3) The <1 1 洛 tributio仿 system for each city 發言U告 t be designed with 
re音 Md to th怨 Càssava 為arketing chaγactl> ri s ti c勢。f each city e.g. , 
plu~chase 51 te ， 包ize of f ，，，純 11>' purch品selωee缸，. etc.. 
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4) 自S à r登sult 01 the i仿 troductioo 01 the technolo曹Y àO increase 10: 
cà5savà coosumption could be expl會ct發d ， not onlybecal電話e 01 increased 
purcnases by consumers ‘ but a1響。 becau彎彎話。me current non-consu倫ers 01 
叫10SàVà IIIi11 start to purchase the new producl. 

5) Most conSllmers cannot iden圳y any cassava variety , or name any 
visible characleristic associated with quality. Hence It ShOllld be 
re l.>, tively easy at the consumer level to introdllce new varieties wi th 
di11erent characteristics (e.g. peel color) 1rom tho每e cllrrently 
accepled ‘ Resistance ", i11 b戀 con t:啊ltrated 教 t the whole雪der leve l. 

Following the comp1eUon 01 the 給arket and consumer surveys 01 th縛，
three 提ajor C010僚bi棚I citi彎彎. it i忽 th終 i約電管終 tion 01 DRI to e軍 pand the 
Barranql\illa pilot project to the當戀 約蠻有。給arkets. Fi rst ‘ the operation 
01 the new distribulion 5y聾t發/11 and the 戀萬ecution 01 the promotional 
camp.1 i尋n /IIllSt be studied in B.1 rr.1n每uill .1 be10re expansion occ綠r5.

"紛紛ever ， 1t 110 p0105ible that 咎。街e marketin弩 01 the cassava in ba嘗s i約
章。會ota 紛i11 occur during 199(): th怨這 istributioo netlllork io Darranquilla 
has contacts in 90脅。ta and the price di11erential is su1ficient t經

warrant the dispatch o'f ca聾發視va 1rom the coa各 t. ln addi tio狗， a 
cooperative has rec訓Itly been fonned in Socorro, Santand會r 1)1學 partment

'for the express purpose 01 cO l!unen:ializin'j cassava io b，'g電 i仿 Ð090h •

The result答 of the lIlarket 單urv終y w111 be use謹 to orÎent thi當 activi ty 
during 199() • 

• 3. International cooperation 

a. Paraguay 

句，

τhe lDRC financed cassava project with the ext晰可鳴100 悠ervic僧 in 
Para雪 uay has b緣份n ex l:.ended 10r a 5econd phase of' three ye<l r億 fro l1l 1989 , 
剖Id 10r the 1irst time inc1uðe忽 a ulilization t:olllponent. An important 
part 01 thi5 new actìvity i第 the t發5 ting 01 the conserva ti Ol、 technα 109Y
under Para尋uayan conditio約s. Initial trials durin哲 1987 and 1988 h品ve

shown tha t the 建 torage technology fl\nctioo語 發笑缸怨11ently during the 
緣。nths Odob會γto l'Iay 續hen temperatures are high. Howev脅r ， d\\ring the 
wìoter months of June to Septemb發γ. the 10ωer te織曾懇ratur發s'510w the 
wound healing r發acti給彷答 of the root t 主s5ue盔. a位d thus mal增 the 
technulogy 1 發悠悠 e11發ctiv登﹒ This can be ìmprov發d by care<fu1 root 
selection to avoid exce10siv每 ly dama哥會d roots. In addition , the 
physiological 拉總 terioratioo re森ction is a150 much less rapi謹 io the c01謹
months , mainly becau忽發 the plants are pnUlE'tl at the 11r變 t sign of fr05t. 
Pruning induces r戀戀 istaoce to physiological d每terioratio鈴， a l1d thu10 the 
redllced e11給 ctívene瞥嘗 of the 5tor"ge t E'chflology is lIot 電;uch a problem 
dl\riog thi 錢 tìωe of tlle year. 

A 
自 series 01 storag E' trials are cllrrE'n\ly llnderway in Paraguay \0 
detl書 rmine the be翁 t cumbina tiO Il o'f treatment varì.,bles for the local 
conditions~ i約 clllding chemical treatment mothodolagy. bag size , raot 
seleclion criteria. tran污 portation 5ystem atc. Thls work will be 
carried ou! jointly with • farmer pra-cooperative group which ìs 
inter發當 ted 10 pilot commercíaliza tion of the t時chnolωgy. A cons t\mer 
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panel evaluatíon of th每 quali ty of s torabl笨~ cassava i會 a 1so in 
。I'eration. The result兮兮f thís work wíl1 be know約 by the e“d of 19日?聽
and 紛ill be use謹 to prodllce a feasibíli ty shldy of the use of the 
(on$益發rvation technoloqy wh主 ch ω111 include an econo僑íc 義nalyses of costs 
and potential returns. 

b. 器razil

Followin曹 a request fro繡 the extension 忽ervice of the State of 
Paraiba in N.E. Ðrazil , a tríal of the conservation technolo尋Y Wa!I 

carried out at three locations in that s\ate in mid 1爭89. These trials 
were conducted with extension a嘻終nts and far飾喔~r怒， and bag鴛 看，發re

distributed \0 whol於這教ler翁. retailers and con穹的鍛er駕 for ev心 luation.
品 1 tlloug h no dl子 tailed re l'ort has be!學n received , the re雷ul ts have been 
suffid敏ntly positive for the study to proceed \0 a mor懇 dehiled

I:on翁 lderation of the com說ercialization aspec\筍， and CI舟T will continl‘e 
to a謹vise in thi建 area in collaboration with the National Cassava Ce羽 tre
of Brazil. 1he cli級atic c紛紛di tions of I唾.萃， 醫razil are 冤 illilar to thoSE! 

of the 堯tlantic coa第 t of Colo給bia ， and the technology is E! xpected to 
function equally well there. 

c. Ecuador 

A market survey of fre發h cassava i 終 Guayaquil ha話 been completed , 
and a 綠arket exists for cas鴛.wa in bag每 both in 5upermarkets and local 
markets , where cassava is mainly purchased. lhe"我們abi re嘻 ion ， 轉here
the U向PPY 1:0符 cenlral彎彎 adivi ti絡會， can only 發綠pply good quali ty cassava 
from August to October. Market developllent in 6uayaquil wil1 de輸and a 
continuous supply of the product, and hence expansion of conservation 
technology tra約每fer to otheγ cassava prodllction re哩 ion. INIAP has 
recently conducted a serie夸。f very succes5flll trial發 of the tech衍。logy
in the Santo Domin誓o r戀gion ， ωhere Ci\S5aV i\ c蚓、 be produced year僻round.

CIAT 切 i 11 assi 5 t lhe UAF'PY and INIAP in pro豆 ect develop鱗ent for fresh 
cassava as requested by the5e national and re9ional institutions. 

d. 自fricê\

Alth紗的9h the con嗡的 rvation technology was d發5ign智昏 101' 話 pecifically

Latin A紛發I'"l can caSS8va 級arketin♀ condi tion毯， consìderable inter每當 t ha喔
been expressed by 研any 自frican visìtors to CIAT. Details of the 
technology hav跨 appeared in publications circulating i刺鼻frica. 1M發

has resulted in many letters to CI堯τasking for more delail5. 6reatest 
inl妥re5t has b鑽研1 express發昏 by West African countries and U穹斜，遲 a. In 
order to ilssist the tran蕊fer of this teζh衍。 logy to Af r 主 CiI， an Eng li sh 
languag吟 V鈴rsìon of the .H\diot綠 torial on fresh Ci\ssavil conservation in 
poly憩 thylene bag 室主 has been produced. 

• 

句。
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缸. DRY CASS由，\lA FOR ANII電轟L F革ED

1. 單錄tablisl糟ent of ca售書lava drying industries in L...t孟n Aaerica 

a. Coløab主a

;τhe drìed cassava industry continues to expand beyond the 
i狗sti tuti僻、al fr...，時work of the DRI恤CI自τproject (CIAT Cass...va Program 
Annual Reports 1981-88). It i悠 彎彎 timated that the total annual 
production of dry cassava for an~mal feed is betωeen 12 and l' thousand 
tonnes. 

輯Hhin the DRI-CI自T project, five new farωer drying cooperatives 
were estðblishe盛 and a number of existing cooperatlv彎彎 expa仿de垂 their 
drying capacity. Despite the overall increase i純 dryi約替 capacity of the 
pro豆 ect ， the total producti研稽。f cassava chip雪紛as 室主主尋 htly 10雜er than 
the 1會發71發韓 seaso給 at 4800 t. Flood努 caused by 付錢rricane Joan 1n 
i治精細軒"飽問蜘lted in 喃喃內 cr叩 losses in cedai約 areas and in 
con審equence fre擊h cassava prices rose s划 bstantially limiting the supply 
of:raw material to the drying plant每﹒ Direct technical assistance to 
the dry ca翁 sava component of th紛 DRI-CI自T project , through the 
stationing 01 a DRl funded agricultural engineer in Ðarranquìlla, ended 
in'May 1989. CIAT , however , continues to provide support 10r training 
courses and technical meetings. In this re悠 pect CIAτhas been adiv憩 ly
participatingωith national institutions in f1 萬 ing quality standards for 
dry c:assava. 

Dur主"警 星空語9 CIAT 151宰ned 翁n a會 ree紛發nt wfth the Colo傷bian

Govern綾密紛 t's I這ational R每ha起ilitation Pro曹 ra續 to provide technical 
asFzstance and trainznqfor the establight為ent of further dryin哩 plants
in:other Col棚bian r蛤嘗 i聞電{加rth and S削th Sant制der I治 partlllen t發 and 
Meta Departmentl and 1n ilreas not cover錢d by DRI on the AtlanUc Coast 
Region.τhe f1r導 t drying plants are now under tonstruction i約 these n榜“

ilreas and CIAT i 紛 ~ssisting local institutions with the establi翁 hment 01 
on-filrm variety adaptation trials and seed multiplication lot5. In 
North Santander Department , where individual 1 i1 rmers have been chippin嘻
CilsSilva by hand , 10ur CIAT/UNIVAllE redesigned pedal operat營d chlpper弩

(CIAτ Cassava Program 自onual Report 1968) are b給i約草 installed ‘ 

CI轟τhas also collaborated with 
S法bstí tutíon i鈴 Ciluca Department 10 
e詰 tablishment of 3 new dryin雪 plants;
01 plants in th主蕊 γegion to 4. 

b. Ecuadar 

the UI哇DP 1inanced project on Coca 
the 忽election 01 sites for the 
thi嘗 “il1 bring the total nu偷告穆r

lhe demand 10r cassava flour as an agglutinant in shrimp feed has 
5tagnated due to price and qual 主 ty competitian 1rom other raw material 宮­
The feed companies are naw demandin穹 a higher quality product in t事會F紛發
of a5h and fibre content.τo thls end the Utilizatian Section ha變 been
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coopera ting 制 ith INIAP 1/ and FUND由GRO 2/ in the in穆 talhtion and 
evaluation of root washi鉤 9 machines ~nd flour classifying equipmenl. 
The 1armer drying associations ar跨 a150 looking to dlversi1y onto the 
production of slarch and flour for hum劍1 consumption. 

c. Pana.a 

The expansion of the dry cassava indu喝 try in Panama has been 
limiled by the inabilily to harmonize c。當 ts and price瞥 betωeen producers 
and conSllmers of dry cassava. There is a de11nite int的γ彎彎t on the p心 rt

of the concentrate industry in the llse of dry cassava in feed ration宙

but it appears that in the prevailing economic sitllation it is cheaper 
to impod pellets from Thailalld. There are curren t1y 4 natur41 cas包ava
drying phnts in Panama. 

d. N.E. Brazil 

A Kellogg Foundal主 on ~ëinanced project based in the St'ate of Ceara. 
in which CIAT is col1abora~lng with the local a曹 rlcullllral research al治

發xt總nSlon 在仿認 titutions in the eslablishment 01 an integrated ca雪sava

development project , was inítiated in May 19B9. 15 small cassava drying 
plants have been eslablished with farmer associatior穹毯， the maJority of 
th糊。 i例 conjunction with "Casas de Farinha" (collllllflal processin雪

equipment used for the productioll 01 the tradi tional cassava flour 
consu像絡進 in 串razil). AppFoxi總at..ly 200 t of dry cassava 切ere prod之Iced
如川崎 t險的89 dry 蜘制00 (白色IgUst-悔糟的e叫， <111 of ~hich has been sold 
to 1αcal liv驗告 tock farll總 rs 發peciali l il電 9 in milk production. Finance has 
bee終 obtained for 彎彎 ttin韋鈺p a 1ur!her 25 dryi彷穹 plants in 1 乎90.

2. Research on Cassava Ðryin曹

CIAT疇 ba彎彎d r彎彎彎arch i鈴 thi告 area seeks to improve the e11iciency 01 
the dryin琴 。f ca這容ava chips throu導 h improving the chip 唾eometry and 
capaci ty of the 發xi怒 ti彷噎 chippin唾 machine發 and the development 01 
appropriab警戒rUficial dryin曹雪ystems.

a. 1給prαved cassava chipping machine. 

τhe Fedesí替ned cas食品va chipping machine , described in last year~ 
ann‘五al report (Cl負1 Ca容sav iI Program 自nnual RepoFt 1988) , which employs 
the Cíllombian-mod發 1 Cl電 ttì約嘻 di 錄 c with 8 blad喔~s of trape~oidal cross 
section was i含義 tensively field t!替sted in q 01 the natural dryin曹 plants 
located on the Atlantic Coa翁 t of Colombia (τable 15).τhe throu曹 hput of 
the chippin嘻 machine v斜'ied'between 8.2 ilnd 12.3 t/h , averaged over 20 
batches per plant 關Hh batch sizes ranging frolll 2 to 30 tonne餐﹒ τhis

., In,tituto Nacìonal d. Inv的tigaci酬的例ropecuarias.

豆， Fundación 帥ra el De,arrollo Agropecuarìo. 
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Table 15. Throughput 01 the Colosbi甜甜del ca臨蹄蓮 tbippìng lachine 

co量PR!lS州TACL賊晶 CODPROAl'Al CDoe賣單位醫ESCA CDOI紛紛

D.!e Frt5h t諱莫sav益 Tise Ð.h Fr會S全 cas單aVl Tiu Date Fresh tiSSava Tilt Date Fresh cassava 1i.1 
9alch itg) (.in) (kg) {虹n' (<9) i 兔in) (k草} i‘i發j

11-02-99 3,60. 3主 20捕。 1-絞 18 ， 7書7 70 01-02-89 2，給i 10 OH2-89 毒， 471 30 
2 ;有都02-衍 乏，233 3S 22-01 心? 24 , 110 140 02-02幽89 1, 453 10 , 04-02-89 器， 124 ' 50 
3 i扣(\2-89 7 ，喜36 S3 24-01-89 24 ，亨23 131 事3-串2-89 2, 511 13 05-02啥? 5, 923 3主
4 1哲"在2-89 S-, 422 32 2HI-B9 29 , 933 148 的構串2爾89 5, 136 27 。8輛串2心守 5，的g 4畫

5 21-0:-59 2~132 14 3串-01-89 24 , 375 m 。H2-B9 2, 500 i串 09-02備89 章，串50 53 
也 22-02-章可 4.465 22 。3-ô2-S會 "30, 375 i晶晶 。b-Q1-B9 2, 580 i串 10喻02-S9 亨，車27 57 
? 24-02刪約 7!097 41 。7-02慟59 21.893 120 事7-02-99 几串串串 50 11-02-99 罪，車15 66 
2 25“02-e9 4 ，串串? 31 09圈。3輛串串 23 J054 守♀ 05-02-39 3 ，每昏昏 15 12 .. 串2-89 9，的i 57 
導 2H2-99 毒，告24 3串 11 刪02-89 2~!串串3 1.5 10-02輛69 5，串串串 20 IH2“你 目， 314 57 

!\ì 在2-~3-a9 !2. 59O 72 14-告2-a9 27 ，高51 190 11-02-89 7, 184 zs 15-\12-單亨 9.029 84 
11 的﹒華:﹒衍 11 ， 8亨尋 73 i金-02-a9 25，的5 1;,5 !3吟2-單亨 3 ， 9串串 3♀ l扣。1輛39 亨， 039 61 
12 10-♀3咚嘻 7,SOû 45 18-♀2也89 19 ‘串16 1:<0 14刪02-8亨 7, 883 24 17贓。2繭的 章，1絲 óa 
13 12耐03酬S9 7, 843 55 22-02啥? 18 , .31 i串串 15-02-89 5, 000 23 18-02-89 亨，寄給 70 
14 17轍。3-8守 8, 362 ?吾 24佩。2編譯守 11 ,1>06 15 1 6-02愉89 主!23.7 30 1會-02-89 9 ，事2草 59 
15 20..03啥? ì ，亨28

吾吾

25輛。2-69 11 , 351 75 lH2-B9 3，亨約 20 20. íì2-SQ 9, 441 90 
J6 23-03-89 在.學金會 7Q 2益-02-S9 12.941 80) i守衛♀2-S9 晶， 9志每 36 22..書2輛車q 9, 039 I>S 
17 2亨-0::-89 e,m 50 金1-03-99 !7 , 793 105 21-幸2-善可 晶，000 30 23-02啥事 g,a'l4 串串

16 事i﹒04-89 1l .550 72 自3-03-89 17 ， 54喜 9~ 22輛ß2-B~ 5, 900 30 24-02-89 毒，串串串 3(ì 
19 03-串串棉紡 亨，色25 的 ~H3咚亨 7, 743 45 24-02"鈴 6.0M 31 25-02-89 亨， 1串串 的

2串 。7-糾紛紛 12.047 90 。7勵。3吋守 2b, 543 130 2~-(.2-89 毒，8SB '32 26-02-89 s,m 45 

Total 15立，會13 1, 010 有i哩， 217 2, 394 98 , 162 419 15盟， 596 1, 155 

Throughput 
{<9th ) 章， 084 10, 507 12 ,300 章， 210
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magnitude of throughput represents a 2 to 3 fold increase over that 
reported in the first years of the Colombian drying project (CIAT 
Cassava Program Annual Report 1982). These improvements in chipping 
capacity can be attribuled to the redesign of the blade configuration 
and the feed hopper , changes that have not resulted in appreciably 
greater costs of construction. A revised construction manual has been 
prepared and is available for distribution (Vasquez F. , Cuero J.L. 1987. 
Manual 自 ctualizado de la Fabricacion de la Maquina Trozadora de Yuca 
ripo Thailandia. Centro Internacional de Agricultura Tropicall 
Universidad del Valle ‘ C,ü i ‘ Colombia. 29pp and 13 plans). The initial 
reaction of the drying plant managers to the improved cutting disc has 
been tavorable as they recognize the advanhge of reduced labor costs. 
Shorter drying times have also been reported as a result of the more 
uniform chip geometry. lt also appears that the bulk density of the dry 
chips is significantly increased which should in turn reduce transport 
costs of the product to the feed mills. These aspecls are being 
investigated more fully. 

b. 自rtificial drying. 

A through circulation forced air bin drier for cassava chips has 
been developed at CIAT (CIAT Cassava Program Annual Reporl 1985 ,1986). 
The suilability of this technology for use by farmers' cooperatives and 
small scale entrepreneurs has yet to be tested at the pilot plant level 
in a cassava producing region. In Cordoba Department on the 自 tlantic

Coast of Colombia a large percentage of th何 cas喝ava is harvested during 
the rainy season ωhich restricts the possibility of natural drying on 
concrete floors and it is hoped to obtain finance to construcl a pilol 
artificial drying plant in this area during 1990. Further CIAT-based 
work on artificial drying wil1 depend on the feedback obtained from the 
operalion of the pilot plant. 

3. Cassava-based animal feed 

The constructlon of the pilot plant for the experimental production 
of a Ca.SaVa based animal feed was completed early in 19日9. The phnt , 
which was set up ir. coaperation with the Ðetulia Farmers" Cooperative in 
Sucre Department , incorporates a hammer mil1 ‘ a vertical feed mixer and 
equipmenl for metering andincorporating molasses into the feed ration. 
The objective of the projecl is to produce a cassava based feed wbich is 
cost and qualily competitive with brand concentrates ‘ thereby providing 
an additional markel. for dry cassava and stimulating local livestock 
production. 

Three feeding trials have been conducted with broilers ‘ comparing a 
feed produced by the farmer宮. cooperative with a commercially available 
poul try concen trate. The trials were undertaken in collaboration wi th 
three small scale poultry producers who provided the poultry houses and 
took responsibility for the management of the birds. Each producer was 
proviJed with an experimental and control batch of 50 birds each. For 
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the perio盛 。f the trial (seven 101*學發 ks) a technician from ICA 三r collected 
information on 1eed co羽 su.ption ， live weight 哩ain and mortalíty. 

hble 16 sho.峙 the composítion 01 the experimental díet發 10r the 
three tria l!!. The inclusion of cassava meal varied 1rom 30 to 草草屯
depending on the avai labi,li ty and price 01 the other raw materials. 
τable 1轟 also prese鈴 ts th戀 variable cost 01 production for the three 
experi穆ent鐵1 di時t雪 aml co愉pares this with th發 pric卷租1 the com僚ercial

， ra~ion. The cost/pri闖闖吋in between the two ranged bet州開 9 and lB~ 

inifavor01 the experi續奪ntal diet. The results 01 the three trial毯，
則lich are prese仿 ted in Table 17, 圳、。101 that 1彎彎d cons綠綠ption and 1inal 
live weíght were less 10r birds 1ed on the exp吟rim尉ltal diet , ho轉ever
there "'as only a 莘莘 di11erenc時 in 1eed conversi紛n. These di1ferenc夸夸
may in part be attributed t絡 the presentation 01 the dietsl the 
co織續發rcial conc僧ntrate was in th靜 for銬 。1 granules (gro"， ln嘻) a扮唔 pellets 
(fínhhin曹) while the 雙翼 perimental diet was f變d a唱 meal. Percentage 
mortality was similar for both 垂 iets “ Preliminary analysi響到19曹I!st that 
th總 profit per bird wa卷 approx，imat會ly 1:;;: le5悠 for the experi鴨會ntal

diet 珊 自緒。r曾 co側plet發 economic analysis i5 beì約華 llndertaken that wi11 
tak戀 1nto account th驛 relative availability and co話 t 01 the 1eed 
ingr發dients to th聽 farmer毯， cooperative • 

A survey 01 pOllltry producers in the immediat灣 vicinity of the 
pilot plant i發 being c<lrried Ollt to a零certain th發 demand for feed. Thi弩

information will complete the first stage 01 th戀 pro)發 ct and a decision 
will then be taken a道 t。“h發 th會 r 1urther biological trials need to be 
reali zed • 

h語i雪紛. Co.posití棚 and variable 臼雪紛 of the 制perl轍備tal dieh 甜d prite of the 
to揖軒tial feed [0間鶴t伺te

己， 185tH蕊to Colo岫ia80 蟲gropecuarÏD.
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iable 17. Results of the broil前 f蹄蓮 trìals. 5毛Icr賽車epartlent ， 1警車?

reed COn5u.ption Live .eìqht hed conver哈棚 軒orhlih

kg kg 鞋g/k9 1 
flr. Trial Control E!ptl. Control E!pt1. Cont時I Exptl. t關trøl bptl. 

Pi必ras BI鷗ta軍 i 3.70 3.8晶 1.74 1.~2 2.10 2.50 4.0 在.華

i單純F蹄zl 2 4.05 4.10 1.50 1.41 2.70 2.1會 14.0 當.華

3 3.39 2.單3 1.9單 1.63 1.11 1.74 2.會 4.0 

E1 Beque 4.1書 4.56 2.13 1.81 2.20 2.4會 10.0 2.0 
(Sincelejo) 2 4.57 毒 .51 1. 85 1.串串 2.41 2.泌 自 .0 12.0 

3 4.20 3.3幸 1.哩。 1.毒草 2.21 2 儷3種 0.0 17.0 

E1 "alÓn l 尋‘ 43 3.72 1.嘻嘻 1.51 2.20 2.40 12.0 會.0

!torDull 2 4.0, 3.39 1.80 1.毒草 2.27 2.2單 12.0 壘.華

3 3.75 2.73 2.00 1.1草 1.87 1.53 6.0 4.0 

"ean 4.10 3.60 l.書? 1. 59 2.20 2.32 1.6 6.6 

1>. CASS轟，VA FLOUR FOR HUrI自N 1:01紛紛軒PTlON

1. lIac峙內崩矗

亨he second phase of the 1 l>RC financed project to deter個ine the 
technical and economic condition事 required for the development of a 
rural ca忽發ava flouγ indu告 try in 1:010鈴 hia 90t under way. 1n May 1989. 

The first phas僧 studie腎 。f the ca寫發ava-Nheat flour system (CIAτ 
Cassava Program 自nnual Report , 1宇宙 11 ， 198:\ , 1亨單卓) included ca導sava
production and maγ I<.et 5urveys on the AUantic Coa翁 t Region 01 Colombia , 
。n句1ar鱗 testing 01 i 創 proved cassava pro垂uction technolo導'1， econo續ic

諮 tudies of the mil1io哥叫ld baking induslry , th終 developme的 t of a '5機.1 11
scale proces各 ing plant for the production of hìgh qudit '1 cassav.1 flour 
and. laboratory and consumer acceptancE' trials of COllpO認ite flour bakery 
producls.τh電~ results of thi當 work i側licated that, under the preva主 1 主 ng
price and cost structure寫 101" cassava a符益 wheat in Colombia , it is 
咎 conomically feasible to produc發 cassava flour at a competitive pric鬱
cumpared to whe"t flour. It ..as there'fore proposed to ent發r a second 紛r
pìlot project pha苔e which is briefl '1 described belo轉﹒

• e 
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2.τhe Ptlot Project 

The 彎彎cond phase of the project , which will be e.ecuted by Cl冉T ，

the Universidad del Valle (UNIV侖LLE) 缸，d the Colo億bian lntegrated Rural 
Developωent Fund (DRI),‘eeks to integrate the production , processing 
and Marketing components of the cassava flour syste倫 und會l' the real 
soc1o-eε。nomic condition5 of a ca55ava 9rowing region.τhe re5ult5 ..111 
甚e utilized by DRI , if warranted , to promoteγeplication of rural 
cassava flour proce5sing plant5 and utilization of the product 1n the 
Colo綠bian food indu發 try.

Th戀 activities that will be carried out durin唾 the second pha容包 in 
the areas of proεe5s1ng ， production and marketing are th發 fo11o紛 îng:

a. ProteslI l約嘗

The technolo唾y developed for the proðuction of dried ca包毯ava chips 
and flouγwill b每 imple備ented and evaluated in a rural pilot plant 
managed by a farmer巷，哀。operative with initial assistance from CIAτand 
DRI. The plant 5ite wil1 be selected using 晶ppropriate criteria and the 
plant itself bu11t by a local construction f1rm • 

τhe operation of the pilot plant ..il1 provide reliable dat袋。n

variable and fixed costs of production and sufficient product for 
promotion am兮的警 potenlial consumers. ìhe principal parameter for 
measuring the efficiency of the plant will be the conv瞥 rsion faclor of 
fresh cðssava to dry cassavaεhip which should be in the order 01 
2.75,1. Special attention will be paid to 緒。nitoring the 
總icrobiological quality of the end produεt. Modi1ication色 to the 
proc雪電察 wil1 be introduced according to th戀 resulls obtained durin導 the 
first year 01 operatio軒"

The pilol plant wil1 initial1y produce dγy cassava chips that ωi11 

恥Ib夸equen tl y 起e contract 機 illed in a commercial 據heat mil1 located 
eilher in Barra，這 quìlla or Medel1ín. An economic and technical 
evalualion of lwo smal1 scale milling system弓 a hammer mil1 plus a 
cylìndrìcal screen and a rol1er mill ..ith a horÌlonlal vibrating screen , 
will be undertaken with a view to producing cassava flour at the drying 
phnt.τhe most suitable mil1ing equipment 關 ìll be tra亨、 sferred to the 
pilot plant. 

b. Pro謹u.ction

An agreement wil1 be entered into with local farmer哲學 to supply γaω 

material to the pilot plant using improved 10泌-ìnput technology for 
ca悠悠ava produεtion in association with mai2e an重 yams. 為 comparative 
際valuation of tradilional and the improved productio亨、 systems in terms 
of yield and produclion costs wil1 be und脅rtaken to 嘻 ive an indication 
of farmers' ðbílity to implement the improved production methods. Thi 登

use 01 improved technolo唾y on a 'Se勵i-commercial 0γpre-prod包ction scale 
姆 il1 also provide the opportunity for de.悔。n 'S tration to exten 'S主 onists and 
faγmer這‘
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恥l'Ia\"Î<!金Wi唾

l'Iarlæt ..e駕earch wtl1 be conducted át 的at主ooal. regiooal aod loca1 
1evel發 to ide鈴 Ufy polenti.i l cònsumers of C1\SSava flour a傷。09 food 
processors. A !let of floltr幽cOhta1給 11\9 food categorles w1th potential 
for sub墾titutlon w1ll be se!ecled a prior1 and the corre學 ponding 100d 
proce怨SOÍ"!Í 1<1111 be 色lI rY給yed 1Íl hro 悠 ta章es. In the f1r雪tsta會彎. lIener綠 l
1010r..at10n on the charac\erisllc!I of the 1nd\時 trie寶 w111 b緒。btaioed
(types 01 product包，曾rocesses u!led. vollt恥es and price怨。1 raw 蛤ateda1s
employed) 椒Id a 書&備ple of cà!lsava j~QlI r 切111 be provided for lIse in 
s lIbstitution trlals. Subsequently. 1n the second stage , the processor密
切il1 report on the result5 obtàine喔， \he 忽ubstitlltion levels achi喔~ved
and their buyh、華 in\ention. this re5èarch 墊釗h穹祂。恥電之a沾 d id彎軒穹符穹 tify a nu喘，伶聽魯錚r of 
pote制n、 th1 c1ie僥 t‘ to \IÍωh冒抽o舞 the producHol屑穹 of th彎 pilot p1a約 t may be 鴛。1d.
Further, 1ar嘻er 弩cale \riàl毯 e縛費ay have \0 be taken with these cli彎nt雲.

For 51發a11 to mediu微 電 cåle 100d proce省憊。rs wit.holl t the 
infrastructure \0 carry oul prodllC\ develop翁會nt ， Ut.llV轟llE wt 11 be 
r零售pOl嘻嘻ible for laboratory studie宮 。n prodllct for概llations for u聾e in 
promotional work and for technical asststance to the絡e proc!!ssors ‘ 
Init主 al1，. studies ",il1 COI呵entrate on inclusion of cas雙ava flour in 
pasta毯，“lIànjarblar峙。. (a 鱗Uk“based swee t) and .. cαhdas經(Île\lerage type 
drink). 

3. Activit主@蝠 ，醫xecuted 1n 主管\)會

a. Proì:es!ling 

• P孟lot pla純t 態it彎彎electioll

The follo", ln9 criteria were used to select an appropriate site for 
the pilot plant: land åvailàbility , pote須是lal for increasin曹 cassava 
yield , availability 01 cassava root章 potential for harvesting twice p發F

Y會ar ， service infrastructure , prox1~ity to terminal market響，

in當 ti tu tional pre器等的ce ， 翁。tioecon。像 ic i愉portance 01 cassava and current 
i約sHtuti肘lal support. Six sites in theAtlantic Coast re曙 ion "'ere 
o~igi眉飛 11y Pγopo魯智d but t ",o 龜，當re discarded early in the decision 
process. A field questionnaire "'a軍 desi曹ned and iftlpl發mented to 'c011ect 
datil on the re翁atning four 51te5: Chin6 (Cór疇。ba) ， S"n Juan de Betu電lía
(Sucr雙}， Pall防ar d發 Varela (AtlAntico) , aod Pivijay (院a曹dalena}. 1n order 
to evaluat!! them according to àbove cri tèria. Chin(t, which was fina l1y 
selected a態 the site for the cassllvà chip pilot plant , has three far紛er
cooperativ!!當﹒ COOf'ROALß自 “這5 s!!lected to op發rate the ca也喝ava chip 
plant. 

Pilot plant desi誓紛

A preli爾 inary draft desi幫n of a pilot plant with a capacity of 300 
t紛紛彷密笛 was made and handed to the àrchitectural flrll 5elected to prepare 
th!! final des19n , consisting of bu11ding , hydraulic and electrical plans 
.:md a dehiled budget. Ðu電f to higher than bud曹eled building and 
eqtlip僚ent co懇 ts at潰。unting to US$ 目。報 000 ， the plant wa變色calt醫d down to 
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17~ tonnes at a cost of US$ 55.000 and 
increases in p1ant capacity. Price 

, received from three 10ca1 construction 
expected to start in November 1989. 

[)rovisions were taken for future 
quotations were requested and 

firms. Cons\ruction in Chinu is 

Xaproveaent of processing equip.ent 

The experimenta1 p1ant for pr酬cing cassava f10ur (CIAT Cassava 
Program Annua1 Report 1986) has been in continua1 operation during the 
year and a number of modifications have been introduced in the equipment 
to ~mprove functionabi1i\y and process efficiency. 

i The unit containing the se1ecti 凹，
machine has been modified \0 improve 
Th?chanq自叫叫 the 叩開in

tab1e , root washer and 
its re1iabi1ity and 

chi pping 
security. 

The e1ectrica1 c'ontro1s have been 
and convenient position for operators. 

p1aced 1n a read i 1y accessib1e 

I The area of the se1ection tab1e has been increased and 
of feeding roots.to the washer changed: instead of using 
selected roots are placed in sac v..s that hang from hoo k.s 
deposited inside the drum. 

the metho tJ 
ù shovel" 

and then 

﹒包ot w語hel"

the cylindrica1 stee1 dr l\m's 
root-ho1ding capacity fγom 80 
reduced from 10B to 92 I<.gs. 

size has 
to 150 fcgs 

been 
and 

a l\gmented 
its weight 

to 
has 

ralse 
been 

the friction-based power transmission to the root ωasher was 
changed to a positive sprocket and chain transmis!;ion which 
required the insta11ation of a l\niversa1.j 口 int to absorb axia1 and 
radia1 drllrn movements. 
the opening and c10sing mechanism for the dr l\m's hatch has been 
improved. 
a blocking mechanism 
opening the hatch. 

has been inshlled to protect 胸口rkers when 

the area of the mesh receiving waste 
and i t-s design simpli fied in order to 
materia l. 

materia1 has been 
faci1itate remova1 

increased 
o'f waste 

theωater spray in the mO l\nting ax1e 
distrib l\ tion inside the dr l\m. 

was modified to improve water 

the size of the ti1ted hopper was increased and 
faci1itate and speed l\ p the un10ading of washed 

its form 
roots. 

changed to 

旦旦旦且垃旦旦 of washin且 and 

pl\ lleys and be1ts 
avoid accidents. 

chip且主旦旦 machines 

have been 10cated 1n well protected 

a drive shaft transmits power to both the chipping machine 
root washer. The 3.6 hp motor is 10cated in the chipping 
hOllsing. 

areas to 

and the 
machine 
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" bel t ten濁。r l11ake5 i t pos5ible to operate the chippinq 
鐵achi刺 e indep潛ndently fγ0111 the root "， a5h雷 r.

她認tll.!l丸且好斜服

the height o.f :l he structuγe has been incre氛sed by 10 CI11喝.

the materials of the bl<ldes in the Cll這 ttin曹 d1sc and 1n .the fee卓

hopper have be發n chat、 ged to 5tainleS5 5teel 
th發 trolleY'5 capacity and 翻aneuverabili ty hav發 been enhanced 

Drying trial努

Certain ca55ava varieties are 曹 iving unacceptably high levels of 
HCN 1n th發 dried product (greater than 100 ppm) and preliminary dryinq 
tria15 are bein嘻 conducted to as話e55 the ,,1fect 01 three dryin曹

te，割 peratures on cyanid容忽limination in ca5sava chips. Chips are b每1n9

dr1ed i狗 an electr 主 cal ove終.

Pre.illin習 trials

自 premilling machine 1s bein嚀。perated in an 
mana♀ed by a 1armer coop龜~r .1 tive in B發tl\ li .1， Sl\cre. 
5.1 ti 夸factory ， but the discharge hopper's round 
incre.:o.話給d. Ma c: hin包 plan5 .1 r發 .1 lso bein曹 rev主 5ed.

ani細a} -1eed plant 
tt各 per10rma剝 ce 1s 
aperture wil1 be 

Co.pari認on of t ",o .灣thαds for measurin會 cassava chip .oisture 

E器EM盒， the Colombian 9ωver約m瑩的 t .:o.gricul tural mar l<.eU約苟 agency , is 
ínterest會d in purchasing cassav .:o. chips. Since chip 1110isture i5 a ba5ic 
qltdHy factor , l11EMA has to calibr .1 te it5 鈴。isture-鈴發asurlng in5trument 
to determine actui\l chi p humidity leve1s. This calibration require5 
knowled♀e on the correlation belween moislure m發asur每me哼lt5 at IDEMA an謹
th05e obtained by the freeze吋Jrying 詞句ethod. the 答 tandard proposed by 
CI晶τ ('::IAT Ca略這ava Pγogra飾自約泊位al report 1 會88). 90th institutìons are 
cond級 cti仿 9 trial~ for thi5 purpose. 

Analysls 01 cassava chip plant operations 

Processing operations were analyzed and organìzed to d發ter吸ine
minimu l11 time and labor requírements. Th鉛 oper.:o. tion雪 co的sidered included 
1'001 selection , washin哩， chi ppin苟句 ar t1fìcial dryin哩. pre.自i l1 ìng and 
p .:o. c~.ìn習，

lt was concluded that a mini 命U鈴。1 10u,. workers are requir谷d per 
plant 龜 Special foγmats were 垂esigned to 曹ather key 攝.1 ta on labor and 
time resources r發quìred 三 n prOCeS5 1n苛 operations.

" 
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b. Produdion 

Tω肘lty three hectare績。1 ca$sava 1n association with mai%e and or 
ya.lIIs in 41 1a.n龍er目lIIanaqed preproduction plots with area發 ra純唾 inq 1rom 
1.250 破2 to one hectare were established durin曹轟pri 且，終ay usinq improved 

,. t密chn010嘗Y ﹒ Thirty t帆 percent 01 these plots are planted in the 
.:..., cassava帥maize-yam association. 闕ost 01 the cassava production ~ill be 

; pun:ha彎彎d by the pilot plant at market price會. The卷發 plob ωi11 be us梧d
to det彎r.ine and demonstrate aεtual yield and economic advantages 01 'the 

、 lmproved technology . τhe a曹ron。攤主 c practice5 appli發d include mechanical 
501.1 preparation , stake selection and chemiε總 1 treatmen走， pre-emergence 
weed control , 1ertilization (10r yam) , pest 義彷d disease control when 

)',>, appropriate and plant density. Varieties p1anted are V 156 and V 109 
, (111.1戶 z剖， Criollo pelado ()'alll) , and Venezolana and P 12 (cas制va) ﹒

A sfAdler 馳電枷r of hechr間州1 be 向你d in September and 
“ Octob阱. to ensure availability of roots durinq the June呵Seplember

professi時 period.

c. 終ark僧tin嘩

narket research 

A three-stage 提arket research plan 扮as develo p.ed which i5 to be 、
1mp1緣。en ted a t t hree 曹餘的graphic level毒草的 Colo的bia: local1y (Chlnu' 也

area of inf1uence) , r終曹 ional1)' (Atlantic Coast) , and 約ati紛紛ally (lIIain 
cil1e5). In the fir5t 5tag倍， addre5se5 01 manufacturers of key 
preselected 110ur“ conta萃的 ing food categorie5 are obtained. 

h 三l'Ian綠facturer5 are surveyed in 5ta曹e 2 and a cassava flour 5a帥le 1發
1; :.' di省 tributed for U5e in substi tution trials. ln 懇 tage 3, results of 

海ubstitution trials are obtained and a Duyin雪 intention 10r cassava 
flour is requested 颺 The 僑ain outpllt of this research 1s a li5t of food 
cate曹orie5 where ther卷 i每 potential of substitutin宰 .heat ， rice and 

d ZRaize flczar議 w1th ca答5ava 11011r dlle to the 1atter's co發t adva仿 hge or 
. charaderi當tiC5.

1h15 three sta曹e plan was f 主 r5t impl借機ented in the Cali area. where 
1ìfty five larg態， medium and s悶a11 mao紋facturer5 喔~ere con tacted.τhe 
5tlldy ended in September. Prelimi符ary re5ult5 iodicate that the' 
10110wing 100d c..tegories 01fer potential for partial or total 
霓紅bstitution of other 11011rs. proc給ssed 織eats ， sweet cookíes , cakes , 
bread1ngs , porridge lII íxe吟， 1。“-cost 發oup pa濁 ta ， 5pice益. ice-cream cones 
and milk-based sweet5. 10 ad西 i Uon , th雙 10110wing tràditional product忽
prodllced 0仿 a 51建..11 含義 cale exhibited potential: meat pies (empanadasl , 
"tamale5' , cassava bread (pandebono and pandeYllca). and fried maize buns 
(buñllelos) , Table 16. 

l'Iarket research started nationa l1y in AlIgust. Sl\rveyed area5 
inclllde B090t品， Medel1ln , Ðarranqllilla , Carta嘗嘗善，可 d包，哩。nterí<<長， Santa 
Marta, Sincele .i o, and the 10llr to..n5 in Chinll's area of in111lence. 1'I0re 
than 200 food proces咎。rs have b發啊1 intervie..會d and 鴛upplied with cassava 

. 110llr samples and a promotional pamphlet on cassava 1101lr. 
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τ自SLE 18. Food categories io which food processor戀 tn Valle del Cauca. 
Pereira and Popayán expres答ed po詞 itive buying intention after 
condudi約9 substitution trials with cassava flour. 

Category 

Sw彎彎 t cookies 

Proce脅sed lIIeilts 

Porrídge and 
SOllp 鈴i 現es

( in c1ude會
I<ieneshril峙，

C~rtago) 

BTe糾紛aking

spices 

親ilk­

based 
and frlli t­
每weets

Low-cost soup 
pasta 

1 ce-cream cone!最

軒終at breading 

Tradi tional 
product發

( in c1udes 
cassava dumplin草色，
<<hmales. , meat 
p志發答， etc.) 

Raw mat時ri i\l s

substituted 

-wheat flour 

-wheat flo...r 
-sour cassaV i\ 

..tarch 

"制heilt flollr 
-rice fl紛紛F
-corn flo...r 
-p1anhin flour 

“ wheat flour 
你50ur ca5savil 
shrch 

儡 rice flollr 
-corn flour 

-ric.. flollr 
-corn 5 hrch 

偷 ric.. flour 
腳 corn flour 

-sweet Ca55 i1Vil 
當 tarch

制wh發at flour 

即cassava

-corn 悠 tarch

-precooked corn 
f10ur 

-planbin flour 

Subs t1盼

tutíon 
lev發 1 ，起

10 

100 

10“ 40 

;5-20 

旱。-100

~O翎 100

20-35 

100 

15-30 

3。“50

S"..ple 
IIIonthly 

de織缸，喔， t 

~O 

17 

岳2

21 

22 

4 

8 

2 , 5 
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Advanh尋e
of cassava 
flollr 

l'Iore 
cri容pness

Sett給 r water 
absorption 

Hi嘻h稽r yield 

Lo....r cost 
話etter taste 

Lo..er C05t 

終Orl會 shin發

and taste 

Lo..er cα5t 

1'10re r主唾 id

?哩ore

cri5pneliS 

More 
c: risp約e55

車 Sampl 懸 monthly de剝削d refers to the s\捕 。f cassava flollr vol閥峙
that could be purchased b于 companie話 inc主uded in the sa.ple and 
expressin唱 a po包 i tive buyín曹 intention. Since 爾any more cOlllpanies 
ωithin each category 線電台 re not interviewed , it doe5 not reflect 
total demand for eachεategory. 

~ 

~ 

' 
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τhree wheat m111s 
cassava chip答 produc總e
awaiting respoose 11"0倫

io ~his activity. 

'i A de1la ted 1II0del wa發 developed to determine the pr01itability 01 'a 
cassava chip pilot plant based in Chinú. The 隸。4億1 assu給es
發ubcontracting 01 the 為illin苟 op發raUon 得ith a wh鉛at 111111 in 
9arranquilla. 自悠悠必給in曹 an IlOnlla1 plant capaci ty 01 300 tor峙. the plant 
cani s&11 the ton 01 ca發盤ava 110ur 101" COl$117 ,973 01" US$284 to generate 
an internal rate 01 I"eturn (IRR) 01 8兔. With a plant capacity 01 175 

': tons per annum , the' price per ton 01 cas5ava flour would have to be 
lncreased to Col$127,315 01" US$307 to obtain an identical IR鈍. 90th 
prices are co緬petìtive ver穆us wheat ，的aize and rice 110ur (τable 1爭) • 

、.

in Barran唱uilla in order to 純i11

plant at Chin(l. The project 'is 
俏ancini ， which expre絡liI ed interest 

31 

紛紛re con tacted 
in the pilot 

one , Gener050 • 

• Cassava 11制lr price deter.inati帥，• 

al terr、ateca5sava 110ur and 起etweenPrice c也紛parì話。n
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a caS5ava 110ul" price 01 Col$ 125 produc發d
Colombia. 

(1): US事i 為

何) :的制約時

i Coa懇 t 01 

Nove串her

PRODUCTION AND UTILIZATION OF C自55自VA STARCH' E. 

General , Context 

Shrch i憊 after ιellulo彎彎， the main 穹綠草ar containin哲 給aterial
synthe事Ìl ed by l1 i 曹 her phnt認 1ro. 努olar ener雪Y﹒It i發 a natural source 
01 ener9Y , esp.學cially 101" hu給an co鈴Sll..ptiO濕 For 鱗錢約y centllrie筍， 級教m
has extracted 5tarch fro綾 cer哲al毯 rOOlS or tubers and throu替h
1enaentatior章. prepared many 答 taple foods 1 iI<,e brea蟬. beer etc.. 輯 ith

1 • • 

• 



惰，、

,,,U:. 

the develop給ent 01 scìence and t發chnology ， starch has now bec紛紛e a ra秘

書lat懇rial for many in謹U色 trial u發es. lnd發給d ， the functional properties of 
both 鈴ative starches and starche忽續hich have been 緒。difì費d by che綠ícal

or enzy給atical treatment to i終prove their rheologícal pr紛P餒rtìe寫 find

僑any applications in 100d processin學 and other ind紋話 tries sl\ch as those 
for lhe 除anufaclure of textile怒， gU lIIs , adhes主ve雪. paper , drilling lIIud... 
1n addition , starch , beíng a poly間r of D-Glucose會主s a raw 制terial of 
outstanding import森nce for tll想 production of many d戀 rived products by 
chemica1 , enzymatic or bìotechnologìca1 treat帥ent毯， for eump1總 Z

~I 

products of hydroly悠 i 話 (maltodextrins ， glucose , maltose syrups , 
cyc10dextrins...1 
products of isolllerizalio約 (fructose syrup筍， mal tul05e , 
isogluco簽發.. • • ) 

products of hydro幫會neration (lIIaltitol , .a鉤的 itl11 ， 瞥orbitol...)

products of f縛 FI良緣份 tation (轟scorbic acid , furfural...) 

Each I1f the5e pro彗核ct has speci fic functio狗殺 1 ， tech袋。logical and 
nutri tioni、 1 propertie忽 which 會 íve them specific u各密警 i終 the dífferent 
areas of the food , che翁ical or pharmaceutical i 鈴dustri彎彎﹒

轉orld

corn (13 x 
extrac t10n 
t?Ehnoloqy 

starch production i 這 about 20 x 10" tly I晉美 tracted .ainly from 
10‘ t) , potatω(4 X 106 tl and wheat (1 x 10. t). The starch 
and utilization industry consists of few large scale , hi唾h
firms II駕車 ng patented processes. 

Among starchy plants , cassava is one of the best sources 01 starch 
because the shrch content on a dry 曹atter basis 1s about 85?. 
Nevertheles怨， cassava starch represe剝 ts only a 每紛...11 fraction 01 the 
starch industry. 自nnual production of cassava 餐 tarch for industr1al 
uses is about Q.8χ10. t , mainly in 8razil (for the nat10nal market) 
an是 Thai1an謹 (for export to Japan or EEC). Variousγeasons exist for 
this: 

Cassava is a 蕊 taple food plant ìn tropical countries and ftlore tha彷

80? of th俊 pro桂uction estimate謹 at 140 million婆。f toos a year ís 
for hUlllan consumptior章，

Little or no research has been undertaken on the characterìzati色的
of cassava starch , it5 specific functional properties , its 
polenlial U5e5 , or the potential f的r modification 01 the a個ylose 017 
amylopectin contents. 

There i 發 an absence of an efficient technology for the 5111a11 scale 
extr,lction of cassava starch that i5 adapted to the production and 
to the po怒 t-harvest characteristícs of the crop~ 

Nev發rtheles毯， 當現hall scale cassava starch índustries do 零xi舊 t 10 
some lropical countries where the product has specific 絲ses io 
traditional food industrie霆， typically ， for the production of 'sour 
starch" as in Brazil 割地 Colo頭起i袋， 囂。ur starch is a feγlIIented starch, 
“ 110電發 怒 pecific funct主onal propertle發 ar發 lrreplaceable for the 

、最

, , 

? 

• 

• 



?此: I 
, manufacture of trad1tional breads with cheese 

yuca" , • bi認c01to" ， 'pao de queijo僧. • • ) • With 
',: •••• niche , the認e sIIIa11 翁 ca1e starch indu會 tries
三 pos1tion alongsid喔1 the oft酬\ complementary 
'， 1附錄嘻trie包

i 芳，立 ;!i:

、 2. 1 .' Collaborative Pro豆發ct Cl晶T-CEEn轟T/CIRAD 丘，

; . , Iτh發 fermented

、。 ma~e it especia11y 
I ì 

;, "1' 11 ;lt 1s eSll樹種 tially a 關a11 scale, trad1tiona1 activity (恥g. 叫a11
丘.' 也已 .plants called "rallanderias") , but with a real socio-economic 

I 1 可 importance to the loca1 econo街y. The promotion of a "紛all scale 
.! food industry i扮 rura1 areas like thi悠喇叭叭low the stab11ization 、
:. of populations by creatin曹 employment and 唾enerating resources , 

adding value to 10cal prodllction and üadi tional technolog1es. 

ijji--z;1 

呵~

("pandebon線11 ，. It pan de 
this specif1ιmarket 

h損ve 珊a1ntained their 
lar章發 scale shrch 
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• be 

「

which some characteri聾Uc怨
developme亨、 t.

悠 t發rch indll發try presents 
slli hble for re腎earch and 

Sour s hrch i 喝 the basic 1ngr懇di酬lt of 總指ny traditional products 
1"0αted in local food c1l5toms. Workin曹轉ith SOllr 盤tarch al盤。

provides the opportunity for develop館發nt of new products mak1n曹 us咎

。f its 發pec主f1c propertíe5. 

Sour starch is a raw mater主 a1 for 懇懇缸。'、dary transformation 
industries at a dif1怨rent scale (雲德all ba l<.eri彎彎 。r lar孽e

E紛紛pa扮 1es) ， and a150 a prodllct which 鐵ay be packaged for sel1in雪 to 
章 roceries or 話uper衡larl<.e t發 The 發t裁rch producti肘 and 給arketing .' 
system 15 the per1ect example of a "10od chain" , with 割any econOll1C 
participants (fan時f態， starch prodllcer啥. inlerJllediarie毯， trade 
cooperatives , process1ng ìndu夸tries ， retailer雪， con5泊Iherstò..).

Th翁，可 15 a 會 trong demand for sour starch 1n the 據ar l<.紛 t ，紛hich i戀

apparen Uy no t. 5a ti 51ied. As regard發 nati \le 驚 tarch ， (call發忌 .sweet 
starch鈴) 101" indu發trial II鋒的 in the 5ub當 titution of corn 第 tarch ，

lhere 15 an interesting p05sibili ty 10r market diver零11icaHon.

Th終 basic bioch別nical ph谷"。姥戀na in \lolved in the extract10n and 
ferm仔ntation processes are unknown 彎 but involve the modification 01 
stðrch 尋 ranules. Th1雪 ls a只 是毒草 C發llent opportuni ty for bas iC:' 
research to incr給我發發 ollr ~tnderstanding 01 cas各a\la starch that is 
directly applicable to proce發s and product improvel農ent.
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~' CE紡車r (Centr. d'Et紛時 .t d'Exp~ril.ntation du "achini... 員會r1開1. ltopicall is the 
起阱rtaenl 目p.dill蹄蓮 infood techAoloQ1 01 CIRAD ID壘parltaenl du Ce祕時發
Z臨終r.I1on Inlernationile 酬 Retherc跑車gronoliq包鬢如智持 Dév.loPPII樹，紋， IIonlp.1li肘，
France , 
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This is the bðCkgFO~tnd therefoFe behind the initiation of a 
program in 1989 on "Production and utilization of ca話悠ðva starch" 
part of the agreement between CIAT and CIR品J)/CEEI'I自 T.

the need筍，compatible with local For definining re菊earch priorities 
folloωing 街lethodology has been used: • 

technolαgy. 

and a study of 
lechnolo導 ies.

process 

Inventory 位f th!l existing lechnolog主 ca1 solutions 
th鍵 pos當 ibility of transfer 01' i稽prove紛ent of these 

tradi tional the 。fan唾 díagnosi弩自naly翁 15

。fwith the participation 鈕
，

e 
恥m

e &" 
4
2、
.E 

st 'zae 
色
"

6.
‘
-F 

ea 

nHr 
o
a
智

ap 

su nuF 
n
w
彎
，

h

這

enr ke rc ou 
u
g
h站
也。

fr op 
巷rgan主 zatìon

researcher霄，

conslitutìon of mllltidi5cipl幻lary。f re5earch the紛es an垂De1inition 
t金會a:彎彎﹒

the lechnological diagnosis 紛f

in Colombia are the f0110wln9: 
the 

No. 1) 

Preliminary work 

Th怨 main conclu會 10n$ of 
tra嘻 í tiona1 proces各{每ee Fi曹ure

J. 

• 真 technol09Y with some de哲 ree 01 mechanilation bul 紛 ith very 10弱
e1ficien r.y ($閥叮嚀u月5 N的.2 甜垂 3) 01 the p何時間，削th 弩 brch

los彎彎" of about 25主變
司6

quali ty fo l'" accepted parameters The absenc餒。f unbia各ed widely 
evaluation 01 $OUγ 發 tarch ，

自 great varialion in product quality , which penalize$ the user5 of 
the second tran$10rmation (e.g. bakerie5) and I'educes potential 
deman唱，

5tarch raw materíal quality on 01 A lack 01' knowledge 01 the effect 
quality and on extracti圳、 yields ，

the ex traction Poor microbiological and physico呵 chemical quality of 
water , which negatively affects starch quality , 

or雪anicwith contaminated water Environmental polution by wa51e 
matter (starch) and cyanid發‘

e 

自 first workshop was or♀aniz發d in Santa Catari鈴義， 誰razil (3-7 J~\ly) -, 

with the parlicipation 01 25 repre翁entativ怨5 1rol臨 Argentina ， Brazil. 
Colombia , EcuadoF , Bolivia and Para嘻uay. S紛紛e CI自τ coordinated 
i 刺 ter 主 ns t! tut主 ona主義ctions wer-e 進嘻 r綠綠d upon: 

'. a f'aragu教y and Ecuad紛r to undertake 
the 慈 larch 番，樂 tract羹。終 plant毯，

T èC 1\.撞車 cal as雪sistùnce to 
tech!lologica1 diagnosi5 of 
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Table 20. Priority areas 10r research 01\ ca翁sava starch. collaborating 
instítutíons and obj 發ctives

• 
1 hellle 

• 
Parlners Prod l1 ct 

Standardization of analvtical 
蠱皇室主主主

. Physico蚓 che.ical parameters 
10r starch characterization 
lnv會nlory and evaluation 01 

, the di1ferent m進!thods

- . Settin嘻l1p of assays adapted 
for cassava starch 

CI由T. 01這扭扭I

IlT. CIR轟轟
E結RA爛Nantes Publication of a 
UI\輯SSP Ðotucatu technlcal report 

' 

charact密rization 01 Cassava 
盟總3必也h
一;器efini tion 01 q嚇lity

jj;Eriteria for 替our slarch 
欄， Evaluation 01 exp的s10n

power 
, .' . Correlatiol鴨 with phy懇ico呵

::: i! chemical parameters 

i zn11愉nces 01 ra切號線且必
-i Char袋cterization of native 

• i starch 
;:~句，! Study 01 extraction yields 
"‘的川tion of stðrch 每uality

;.:J 

l ，.民， Ef1登 ct of technlcal Darameters 
i \盟且主rocess ef1ici經ncv

; " ; Extraction and sedimentation 
- I Il ryin曹

Stora唾e condi tions 

CIAT , CIRAD 
UNIV自LLE ， IIτ ， 
UNESP Ðotucatu 

Qltali ty s bndards for 
the evaluation 01 
SOllr staγch 

• 
CI自T ，

INR晶， Nant發g

UNESF' 

Technici\l悠uitabili ty 
of di1fer啊It cassava 
varieUe每

CIAτ 

SEDECOI'I 
UNESP 

Recol贈咱們dations on 
th灣 process management 

點到Ï-Q.ι三位經ntilt臨巨
. Identification 01 邪 1cro-

今 organisms involved in th變

process 
lnfluence of 1er.時的 tation 
帥1 the modi1ication 01 
shn::h granules 
Study of the enzymatíc 
s)'stems involved 

• 

UNIV品lLE

I lT 
Understand孟n可 01 the 
尪asic mechanìsms 

b提主Qmel成斗里的豆豆控泌
. Impγovements of existing 
給quip緯ent

Design and constru是ction 01 
new equip的ent
Process Engineerin苟

• CIAT , CIR血D
UNIV冉LLE

單EDECOM

Un. AlI tonoma 

Est.東blishment 01 an 
灣 xperimental plant in 
CIAT and a pilot 
plan t in Cauca 

W、
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Con5ti tution of ..n informd 警告，twork to promote inform..tion 
!!xchan雪e.

4司令$eco鈴d work各 hop 切a5 organized in CIAT on th!! 27th and 2日th 01 
Septe.曹ber with .50m!! 50 person雙o:oming 1rom rese..rch, produ o: tion , 
utiliz..Uon ‘ 0:0納mercial il.. ti酬1 "彷謹 ind l\stry ín Colombi... 

τh" inter懇懇 t of ..11 p..rtners in the research wa努 very gre..t ind總會d ，

and the 10110wÍl、 9 Pγiωri U!!5 ωere e導hbli舊hed: Techni cal sui hbi li ty of 
the raw 胸"terial; indU5trial l\5e ..'嘻嘻嘻u..l ity of 弩weet st..rch; 50l\r 
5t..rch ql\ali t y; equipme終 t ..nd process i 倒provement，“ater treatment. 
攝制'king 誓 roups were 5et up 1n 僧..ch of these ..r戀..5.

4. ; 悔rk in progr彎彎發

The prelimin..ry 5tudie發

defíní tion of 5ever..l re51慧arch

t絡。 workshop5. A network 01 
been e5tabli鈴糟d \0 carry Ol\ t 
雄主 11慰 rent area5 of research 
ob;ective5 for each area. 

50 1ar completed h..ve allowed 
program室。n the theme5 identified in 
collaborative re5earch in5tit紛tion5
thes每 priori tie5. τable 20 pre各響，約 ts
with the part扮er聾 concerned and 
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1膽portance 10r the project , and 

(varietie咎， far羽 ing 悠y穆 te績， productivity...) 
r..w m..terial characteri忽 tics on product 

每)， On ecor草omic aspects (m..r'"會 t studies on 疇。ur and 5彎彎彎t shrch) to 
identify market channel 巷， cost 發 tructures and d發閥割ld for starch. 

• 

• 
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