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''''TRIlE CASSAVA SEED; RESEABCH FOR A PRODUCTION ALTERNATIVI 

Carlos A. Iglesias 

Abstraet 

The overall objective of the proposed strategy is to develop 
True Cassava Seed (TCS) as an alternative commereial produetion 
system to traditional vegetative reproduction of cassava. The 
specific objeetives are: to generate experimental results 
determining the potential for TCS as a viable production system: 
to study different alternatives to overcoming the presently 
reeognized constraints for TCS: and to formulate an inter
disciplinary researeh approaeh supporting the new cropping system. 

The components of this strategy are: a) Socioeeonomic 
studiesto define potential aceeptability and impact in different 
regions, farming systems, markets, and eeonomic strata of farmers. 
b) Research on alternatives for genetie structure of cassava 
varieties produced via TCS. Apomixis induetion, double-haploid 
production, and seleetion for TCS related traitswill be studied. 
e) Development of TCS crop management alternatives that enhanee 
crop establishment and production. d) Supportlng research in the 
areas of aeed produetlon, eonservation, germination, and 
phytosanitary management. 

Highest benefits would aeerue to farmera in regions where 
vegetative propagation of cassava is espeoially problematie. This 
includes much of Africa, where Afriean Cassava Nosaic Virus is a 
major yleld constraint, and ls passed from one cyele to the next 
by planting euttings; and the drier cassava producing regions, 
where stem storage is problematic due to long storage periods • 
High potential i5 also likely in more intensively managed systems, 
as are commonly found in Asia. Due to the interinstitutional 
nature of the research, this project would strengthen linkages 
among a wide ranga of institutions in both tha developed and 
developing world. The research will also provide spin-off results 
applicable in improvement of cassava for traditional vegetative 
reproduction. 
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ABSTRACT 

The overa!l objective of the proposed strateqy is to develop TrL\E 

Ca.s~-:.a\¡a Seed TeS) as an allernative co/nme~cial produ~tion Systenl 

to traditional veqetative reproductiof1 01 C8ssaVB. 

to genera te experimer\tal results determlning ttle 

to ",[:udv 

researctl approach sllpportlng the new cropping Sys·teln~ 

The components 01 this strateQj are: a) Socioeconomlc st~dies to 

defin& potential acceptabilitv and impact in dif'feren't regiOf)Sq 

farminq systerns~ markets~ and economic strata 01 farmersh bJ 

prodllc~d via TCSh Apomixis induction. dOIJble-haploid prod'lction, 

and selection tor TeS related traits will be studied~ e) 

DevelopmEnt uf TeS erap management alternatives that enhance crop 

establishJnent ~rld Dr'oductiof1~ d) SlJpoorting r'ese~rch in the areae 

Di seed production q conservation. qermination~ ar~d phytosanitary 
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m..?ln¿J.gement" 

Hig~lest benefi,ts WDuld accrue to 'farillers in regioos wtlere 

vegetativ& propagation of cassava 15 especially problEmetic~ This 

incllAdes muc~¡ 01 Africa, wt1ere African Cassava Mosaic Vir-us is 8 

fna.jor vield constraint, and is passed trom Of1e cycle to the r¡ex1: by 

plantif1g cuttings; and the dr-ier cassava producing regions~ wher"e 

stem stor2ge is difficlllt due to long storage periods~ 

are cOfflAlonly 'follnd ln Asia. Due to ttlE inter'institutional nature 

oí trH:? r-e!5r.J.r.:ü-ch" this' r:;'f"c:¡ject wuuld str't:!pgtht:-::n linkag€'-!~; c:tllionq ,::;¡ 

wide range 01 institutions in both ttle devEloc~d and developj.ng 

The r'esearch wil1 ~lso pruvide spin-of'f resulte applicable 

in impF'ovement 01 cassava for tr'aditional vegetativE reproducti.on. 

INDEX DESCRIPTORS. CBSSaYa~ True Cassava Seed, ~eprQduc·tive 

aspects, genetic inlpr-CVem&nt. 



True Cassava Seed: Research tor a Production Alternative 

1 NTRODUCTI ON 

The develooment Q'f a trlJe cassava seed tTeS) technology otfers 

promising alternatives for overcoming sorne o'f the more ser'iOltS 

co~straints 01 cassava production. However, to develop TeS 

propag~tion as a commercial prodllction system will require ~ lOflg 

term ffilJltidisciplinarv research effort. The Intern~tional Center 

position to coordinate this e'ffort (Hershev, 1988)~ 

The idea 01 TeS is beirlQ proposed b~s~d on severa] theoretical 

with respect to conventional 

propagat .. lfJn ~ E,(nd SOtHf2 emp:i.r'ical FF.:.'SeE:lf-ch v"esltl ts" The benE'"1'.i ts ~ in 

view 01 the many constrain'ts resulting from vegetdtive pr-opagation, 

cou:t d bt:.~ E:-nOf'fTrCH \5" Cha.n9inq trIe r.:rr'odcl,c:t.lon s'/stem fr'c'')m st21<>.:::" 

propagat10n to TeS will represent the conception of a totaJlv 

dlffererlt cassava crop~ It will reouire a very wi,de r-ange 01 

resear'ch activities~ and the payoff will only begin tu be tangible 

bv ttle end of the first decade of research. A orioriti~ation 01 

research needs will allow in~estnlent un those kev aspects that 

technology ad.i\Jstloent fQr- latar s'tages. 



BACK6ROUND AND JUSTIFICATION 

Cassava hr-eeders llave obser"ved tor marlY years Lhat true-seed 

deriv~d pl~nts can be highly prOdlJctive llflder good management 

conditjons in nurser"ies. 

pr":Jgenies det-ived -fr-om the same D¿H"ental clone ~-hcH"fed c~Jmp¿H"'i;\;bl!!;:~ 

poterltial for res 11' terms o'f root productio¡,~ advantages in 

relation to plant type, and disadvdfl in terms 01 aerII CFOp 

development and root var1abilitv (801a~os~ 1987). 'rhfi!: theot-etic{:'~l 

ba18nce b~tween advantages and disadvan of a TeS cr"op providas 

a basis tor optimism about the poter'/tial of a TeS te~hnQloy~ T""bIt> 

1). ValuAble experience from trua patato seed (Malagamba and 

Monares~ l.988~ Pallais, 1991) will be analvzed irl order- te 

visualize lechflical problems and constrain"ts in the diffusion 01 

the new technoloqy. 

techoolagy were preViOtlS1y seen as impracticallv difficult to 

Dver'come~ ur requir"inq an excessively lunq time fr"ame~ 

the use 01 wild species as a 50urce 01 genetic variabilltv for 

TCS--r'e 1 at,ed tr~8"i ts tüqether l,."',f:l."Lh nevJ ar'e~s ot advances .irJ IIlolecuJ..i:)Y· 

biology give promise 01 overcQming these obstacles~ 

Al Propagation-related Constraints in Cassava 

Stake propagation confers the advanlaQ~ of larg~ carbohvdrate 

t-eSet-vf2S J.n pla¡·¡tin::;t fnatE'r"i¿~l" ('esultinq in !-I1.gh .Ln.itiEi.l v:!'(Jür ¡;:;nd 

better crop establishment llnder stra55 condit10ns when compared to 

Tes .. However~ there are inherent constraints in veyetative 



prc)pagatiiJn that c-~i:"·lnot. tiS O''',lE1rCOHlf2 b'y man ¿~qefl!en t .. 

consequence, ~ wide r'ange 01 prooagation-relaled problems mav 

infllAenc~ the est8blishment~ developnlent. and fj,n~l yield 01 the 

Cass~va is po·tentiallv subject to lnfestatiofl or inf~ction by many 

MarlY of 'these car1 a'ffect quantity and qllBli 

cycle to the ne)~t~ often with cumlllative effecls (eIAT. 1987}~ 

While i,l' vj.t~o techniaues have been Jeveloped tu eliminate viru~e5 

probabilltv 01 reir"lfec'tior"¡ withln a few years after a ClOf18 i5 

movs(j tú tt~e field (Table 2). 

material depends tú a s1gnificant degree lApon the plant 

types will ~H-"Ci(jUCF.: tl"i€': mest l~nitc.!~""m 0\i",d hiqhE'st Clualit,,¡/ p12.nt~n() 

m~ter-ial" While tt'lis plant type 15 a150 qener'ally consldered 

favor~ble fr'om other oersOEctives 25 well (e~g., rhvsia!ogical 

efficiency, sUlt~bili fot" tnte-f"ct"oppir"lq) (Cocl< ,-=::-I: dI 1979¡, it 

does place constrainls on the breeder or physiologist to eXpeYlment 

with highlv variallt types which tlsve deslrsble traits such as 

earliness or high yield potential~ 

Steke storage in cassava 15 a stant prQblem, arld ó 11 '/ so 

in ar"eas with long dr~! or cold seasons, where keeping good qu~litv 



plant:LrIC~ matef".i.¿;\l 'trDiTl anl~ cvcle to thf~ ne>i"t is c.1i'ffi.cLlltfi 

quai~ty ot planting ¡nater'ial may he orle of the most impor'tant 

intr-:i,¡')si c:: factor'E. I.n 1 irfli tir"lq C.aSSi~Vd. v iE~ lds wor ldw1.de ~ 

The multip11cation rate 01 cassava is ver"y low conlpared to most 

seed-propagated crops. I;JhilE: th:i.!:s fl'i2l'/ bE".:' no limit¿~t.ifJrt t,l,nde¡-" 

conditio'1S 01 stable pl~nting at"ea al1d good stake nlanaqement 

practices~ it car, be a severa constraint wherl a new varie'ty is 

introduced to 8 reqion~ when the areB j,s being increased~ or wher1 

1055 01 olantlrlO material OCCUYS from poor marrBgement or other 

may BCCllinLAlate in the planting stake dt levels up to 10-15% of tt¡e 

total root production ir"! c:assaV8. 19E17 = Gij ze-n et "" .. 
.¡;.i.i " , 

1990). This produc·tion is lost to commercial uses~ arJd. al least in 

theorj~ could be directed to the ~oot5~ in a sistem in which 8 

lignified stein is not used as ttle planting pieceh 

Early matlJritv 15 a majar breeding obJective in cassaY~. 

a constraint to achievinq this i5 that, to be successful, a varietv 

must not onlv pr·oduce good root yield, but sIso good quall ,3ncJ a 

y"easonable number 01 plantirlg 5ta~es~ Since well-liQnified stems 

are required to prodlJCe t'llgh Quality stakes. this places cer·'taln 

limi.ts Of1 how early a ~ar" c~n be har'vested, apart from r'oot 

y i~,:, 1 el ¿'-!relej qua 1 i 



B) Potential for a True Seed Technology 

DevelopinQ B set of te~hnDlogles for conlmercial cassava pr"oduction 

constraints lisi:ed above. 

has beeo demostrBted to pass lhrollqh tr"ue seed, and thereioF'e each 

gener-ation of proDag~tion would serve as a filter tor most viruses 

which might infect a given plantation. Since the ~ftects ot 

I~H2'ne!'~at:.ions, ·thi:::, phenome:n~ cCH.tld be obviated. 

bacterial agents wil1 pass throuqh true seed, buL simple anJ 

effective tFeatments are alr'eadv developed fOf' their ~rradicaliorl. 

Cassava seed can be stored for one to two yeay's uflder amblerlt 

temperature and low humiditv can prolof1g the viability to many 

The constraints on plant archi'techtur"e imposed by the nsed for-

ligrlified stems would not apply tor a se~d propagat~d croo~ 

efficiency 01 photosynthate partitioningR 

open the way tor selecting nluch earlier- genotypes, withQut the need 

to adjust 't.he gt~'Dl'iinq cyt:le tu thf'2 proo\.ictio:f'j of li.qnif:tt::'d ~::,tem~3 

., 



~long with f'OOtS. 

envisirJnr::-d ... 

Although trL\e Seed production vay"ies widely with genutvpe 2nd 

environm~ntal fa~tQrs, sel~ctiorl for goud seed productien could 

OBJECTIVES 

A TCS technology t18S not been seriolAsly consider"ed in the past 

because sorne of the constraints to its developmerlt were too 

difflcult tú ~tlack with tr'aditienal br'eedlng methods. New 

OPPc)t"·"tuni tie~. cl"f 'fer'ed by b·ic;techn() 1 DgV nCH"',l fHakt? TeS a 

viable alternativa. 

This project has t~¡e followlng objectives: 

tial1"! 

supportil)Q lrlformation to conflrm the potential ter TeS as ~ 

production system~ b) to forAlulate an interdisciulinar"y resear'ch 

e J i.:u st\ 

l1i"f'f€;)F'ent é:'I'l LE!r-natlv'E:-!:~ 'f e) !'. t.ht.:: bc)ttlen€::cks r-t,:,(.:.:oqr"li7¡:.:.\d D.t t-ht-? ITIC)fiH::nt. 

for TCS~ and d) to generate~ as a byprodl.lct, baslc inforrnation 

benefittir1g conventional breedir1g. 



ONGOING RESEARCH AND FUTURE REOUIREMENTS 

In CH"'i:!er- t.C) c:}(';:''-lt·::-lop fr.:f'; a~%, B \/iatd.c altet"Tiative t.echnoloqy'l tour" 

majar thr'llsts are corltelnplated~ ln the areas of socioeGonomics~ 

crop manaqemerlt. breedlnq, ancj seed p~oductiDn arld n\anegeme!1t. 

A) Socioeconomics 

ce 01 a TeS tec~lnoloqy 

r:..;hO\'llcj c:onstitttte Df)r2 of the "firs·t ph¿.<.::se of Y'eseE'.r"ch. 

from a conventional veqetatively prCJpagated cassava erap_ 

be possible incredsed variation in Jlroduct urliformitv 

-studif".:?s ~"JDuld be ··."'¡'?,~r;i di.ffic:ul t due to t-he HnewnE'sE.IJ c;¡f thfi' conc.t:pt 

of TeS .. ,,".:In.:::! Sí:iE·~nt.it:ij.ts :.i.n¿tbiLit-i te:, pr"crv'icle ,~~ technc,lc)(j\i ()f"¡ a t.~-.lBl 

basis unt.i 1 mi::tn}' 0'1' the genet: .. ic and ({Ii;',¡,ne;c,clE'¡TiE.;>nt c::ompf..1niE:.'n ts ha\,'t? had 

fur-ther research. Neverthaless~ socioeconomic studies to define 

probable accept~bility in different region3, f~t"minq systems~ 

markEts~ ~nd economic strata of farm8rs~ wil1 be essenti21 at the 

Clutset" 

B) Crop Management 



conditions (Bola~os, 1987). Comparisons across similar gen~tic 

disease And pest problems will hav~ to be corldllcted. 

ar~d later branchinq of o Tes crOEJ will impose 

plan't densitv ~nd di~tribution~ weed COf1trol, fertj.lization~ df)d 

cropping svstems will be nece5S~r'Y fOF TeS to succeed~ 

herbaceous typosl will imply assoc~Rted in c\.J.ltc\r·iil 

.. 
Due ti] r'elatlvelv slow es!:ablishment 01 the erop arld partic:ular 

morphological traits of the seedlings, pest and disease management 

wlll deserve special resear"ctl attention pspecia]]y during ttle fi~s't 

2-3 months 01 the crop. 

[In Cf:0' ttlE? bes. t ter:hno 1 OC;!">, 'fot- TeS e: ¡O-DP fZ'~S t.ctb]' :i shmpl"! t, ,31'"'\[! inan¿ilgemf.:~n t 

has bt-?en det-ey"mil)t?LÍ, fE;'a~;.ibilitv !;S.tUCj.1.E!:'S< must: be conduct\';:.~d under 

diver'se agroclimatic and sDcioecor~olnic situa'tl0ns in arder to 

estab11sh the cond~tions Tor farn¡ers' accep'tarlce. 

el Breeding 

A cass~va JlrocjlJction field conslsts of B homoqeneous populat1on O" 

r¡eter·'Dzyq01..\!,:; p12!1nts (dlthCll\qh !:,SC)f'nt? t1E't.-E'':·f""c)(,Jer:E'i':t."t,Y mi~lht be Tound in 

!,Jnlformity for roal tralts (color~ 



quality, etc.) i~ especlally impartant wher1 the JJr-Odllctj.O¡l lS tor 

fresh consumption. In arder to ha ve a compar~tive advantsge, ~ TeS 

CI..Iltiv¿:lr- mus.t !.::<resE,¡-n"l": . .a (lood pl'-od·uctiof1 pC)tent..i~l ,:;,r'¡d ttn1fonr¡it.y 

fol'"' {í)O~::::.t o'f t!'¡:E- .i.mrjor··"tant tt-'att5~ E'Y3:fJec.i.ally tt'lC.')f.f,.E· r'elB.t2d t",(J the 

The cLlrrent pr'opagatian system allc)ws for the inmediate fixation of 

variatj,ans withir'\ these~ e)tlst tor" tt1e qenetic structur'e 0'( cassava 

varleties oroduced via tr'llE seed. 

m¿ijur impJ.ic2;t":.ions¡ on th€-;; resf-:lar-c:h cfiy""ect:.ieons 1r"1 df2veleo¡::tinq 2\ "LV"UC? 

Since cassav~ i5 QutLf'ossinq and highly heterozygo\JS, operl 

pc;.11in-i,::.tic)n ~JDuld r""f:0=,ult ifi 

cornmercial plantina materlal* Parerlts wil1 have to be sel~ct~d fer 

relative unif()r"¡ni.ty 01 t~le most critical traits~ such as rOCJt 

qU.¿'.l i 

more like:ly ~e ~cceptab)e in industrial markets~ and less 

acceptable in human toad Inarkets. This al·ternative for genetlc 

'S~"tf'Uc:tUt'""(2 ;'·,lDlllcl .. j,¡"'¡ t:.heüt-y, dl]LJ¡"~ fl'=':f"íflE-:V""S. tu pr·(.')Cíl"lce t:.ht~.il"''' c)t\!n sf-,:'ed 

from orle gerleration to the rlExt. 

This alt~rndtive will reqtJire bUllding up closed Dopul~tlons by 

crossing a set ot elite clor~~s with coo~plementarY char'act8Fistics~ 

and COf1ductirlq sev~ra] cycles 01 selectj,on il1 arder to obtain 

, , 



adequate levels of uniformitv foy' the ¡nost i¡nportant traits and 

increased flowerinq capacity wlthin the population. 

ttlese types of populations wlll f"equire relatively llttle 

additional effort te the normal breeding activities. 

pDpulEJ't.ion~. b¡':',S;E?d ün hetet~cd:,ic patter-'n~~. coulcJ contf~ibute to Otht2r

alternatives 01 genetic strllctlAres to be disClJSsed below. 

Preliminary results TabIe 4), hsve shown qood genetic ~ariabllity 

in terms ot the ca 

comparable performance when planted eittler by stake oro by TeS 

(CIAT;I 1990a) .. E2H" 1\; and abundant d¿.velopiflE·nt of foliii:'ige seems tú 

be essentlal in order to cOlnpete with weeds and secure gCJod 

b) A second alternative would be to produce hybrids from par"tially 

or fully hOffiOZygOllS lines. No inbrEd lines Di cassava YEt cxjst~ 

but rEsearch 1s adVarlCl!1g irl the area of dihaploid or-oduction from 

It can be e~;pEcted that a Qr~dt deAl of 

ir1bred selection arld testinq foro combinirlg ability will have lo 

precede hybY"id orodllctiofl. 

Genetic m~le s'terililv ~1~S dlreadv beeJl identi'fied in cassava~ 8!1d 

Promis1ng r~s'jlts arE beinq ebtalned in relatian te ceI! dlVlsion 

in microspore culture from certain genotypes (CIAl, 1990b). 



Differenl alternatives in culture Inedia J1eed to be tried in Drde~ 

to succeed ir1 haploid regeneration~ Bines the process of 

regeneratian appears to be genotype-speLific~ cl cyclic selec'tlan 

and reconlbir18tion foy" that abj.litv will enhance the level 01 

dc)uble-haploid regerlerat.iof1 arld will Biopllfy the genetic base tram 

whictl the linHs are derived. 

Selfing aGd recombir'lation uf tt)OS8 fami.lies tt)at stlOW the smaller 

eff~,:'t.:ts D"f .1nbr·eed.1.ri~j I'je~}:f"ess:ic)fi ~"J.i.ll tJf.:: r"t,::,qu.irt?o .in ()!"·t1I:::-F· te .• 

}~is to reprOdll(:e llniform hete¡-ozygolls clone5 ViB 

clon85, 2nd possibly h~ve a choice 01 vegetative oro seed 

!ndUC8d apomi~ls r-eptesents ttle ideal system to sear"ch for-~ because 

it will allow takinq advan of a:Lready e>:isting elite clon~s~ 



be 'followed in arder" le have th~ alternative :i.n t.r"Dc1\ Ir.: 

d) Arl inteY'mediat~ alternative~ and JI the most reliable for 

male"-fertile clones~ 

D) Seed Production and Management 

than une ye3F 'from plarltinQ the p~f"ental Llones to harvestj,flQ &11 

reproductive (se~ds) Elem~nts. 



seed productlon need te be assessed in arder to deter"n!int~ ttle ~~~t 

t:onrlitions for seed productiorl. 

consi.dered as altern&tives~ 

relatively lar'ger llnpor-tance ot gerlctype as conlpared to 

temperatures CTilble 6). 



d) Phytosanit~ry mana0ement 01 seed 

r.t-·,';:in s/f1_:i t t.ed f cr:::!....'v') E.':' t 

A maJor- effov't i5 needed to cOflfirm or- refLlte seed 

transmission of the r\3_Jor ca~sav~ viruses~ sirlce thlS is one 0t trIe 

ts that qives advantagR ~o -r'es ove~ stake nropagatJon. 

CONSLUSIONS 

since it will redilee or eli.minate several present corlstrrlints too 

PV'C)[!uc:t' ion ~ T~je nl~st impclr"Lant Cüf'ltributions O'f TeS wi:ll be the 
• 

problems 01: stake s 

c¡!c:len 

i k _ 



Ttlere are severdl ger!etic and manaaement r81~ted COflstrain'ts tu 

mt,ltidiscipl~~~ary approach~ involving basic studies in breedir,g. 

ph/sj,ology~ ~grono"!y, mulecular bioloqi~ EtC.~ in order to Ov8t-COme 

those limit2ti0ns. Prelimj.nar'y results have shown promise in the 

is good reason to believe that imolementing these new tec~¡nologi(:al 

ions in other major crops . 

• 
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Comp2rison between Tes and tradlti,onal vEQetative 
pr"opagatl.on i'1 cassava . 

Seec! qUf2!.l 3.. t.Y 

Multipllcatiofl rata 

Plant architectLlre 

Ease 01 breadinq 

'Y'~·~qet,::·"ti \/8 
pr'Dpi:-~9t;:\tiDn 

Few mc)nth:-;::, 

(.~ c: C:UfilU ], el t i ()n 

in stems 

L,1qrLl. 't ied stem:.-:::
?*ec¡u.i f~E~d 

R:;.í.picl 'f i;.;2t'tlfJn 
o'f qer-1C¡t'/f'::.I.-E'S 

Good 

Tes 

U¡"¡known 

1: iOO-- JOOO 

Un r"·e~:· t !-~. i. c:tE~d 

!"1ore 
pr"c¡b 1 e¡¡¡·:."t t 1 C. 

L.l.mi t.i.n\,J 



Table 2~ Fir'st cycle vields of meristem culture cleaned and 
uncleaned clones ir! varj.ous 5ite$~ 

Gui 1 c:,0.tce 

Carimaqu.::\ 

el ?\T 

Clone 

ell! i 1 ca ce 
Val1l.Jn¿1 

Sect.tndina. 

Ll dnet"'·¿·\ 

i"l [:ClL 146B 
t"l VEN 77 

EeC1Jtld .in€". 
~I COL 1681+ 
1'1 CUL 72 
r1 COL 1468 

SOURCi:?:: CIAT~ 1987'" 

Un e 1 e¿~.nE',j 

4.1 
8e4 

12;; ~ O 

26.8 
l.b~ü 

4 "Y .'J 
.,t! .. "'i 

lb" ~i 

::~;~:2 ~ 8 

.1.4·,,8 
17.6 
.l",::;" '7' 

J9 •• , 
~26 ~ 8 



Tablí?? 

Grour:; 

Ct1 ::'::40-30 

CM 340-30 

SOURCE, 

Yiela comparison between clone CM 340-30 2nd 
pollinated pr·ogeny as seed pro~ag~ted (cycle 1) arld 
vegetatively propagated (cycle 2) plants. 

Root V ielrj 
Cycle Propagation (tiMa) 

1 

1 

B.I 

20 

Vegeta.tive 

lDt;;;1 plant. 
vield {t/hi:\) 

91 

78 

46 

Har\/F:'2:.t 
il-ldr:::::h 

0.49 



Table 4. Comparison ir, ~gronomic traits for diffe~ent progenies 
arld ola¡'lting systems (stake vs TeS). 

f-'F'ogeny 
Code 

SM l~::';:2 

~~M 87~3 

Sr1 ''148 

Si'1 949 

S~'1 9~)9 

E-;!vt "l::~~2 

L?ft! 8'78 

SM 948 

SM 949 

s)1\1 9;::~9 

t--'':'4. r" en t.a 1 
el t.'")nt:-:' 

1'1 ,'1F, X 1 

Cl'l 507-37 

LG ~:.~--19 

er; ::,:! w .. c¡ :;1 

CI"! 976-1:l 

j\1 !'lEX l 

Clvl ~~! () '7 - ~~~; 7 

cs ;:"-''79 

ce:; 5--9::1 

el'1 97¿:;,-1 ~-:: '-' 

Pr'opaq2t tj,u'n 
s}'':::~tem 

P··)egEi'tative 

l,}et,:;¡ceta tl ve 

Vegetativi:? 

VeqE:tc\tivf2 

\/~!get¿tti\/e 

Tes 

Tes 

Tes 

RDüt 
iield 
( ti ha) 

:':::6 · '1. 

.-',"~ :'2 ..t:., ,r · 
2:5 · 2 

.~:::~~ "', · ,..:~ 
::.: 1 · .1 

10 .. 4 

F D 11. i';uJe 

V iE~ 1. d 
(t/he\) 

~::;-.::;; "' · .. 
.--,-,.. 1. .. ::. / · 
.31 I:t · " 
41 · ',,;' 
:2:2 · EJ 

31 .. :: 

JI·'" 
"i" .. ,1 

8.8 

4 ",. K"" 
..!. .~:' " ... \ 

11 .. 4 

Ha,F·VE~:'S t 
~Lndt.:>; 

, , 

'+4 -' 

, .. ) 50 - · 
f) · "15 

( , · 4 ~.~~, 

O · ",El 

('.'lb 

LSD{O~()5) Propagn 5ystsm 1.25 ln67 O~03 

LSD(O.05) Pr-ogeny/system 1_97 2~65 0.04 

SOURCE: el (, T. 1 Cj'9() 

)~ Dr"~¡ 

mE. t ter-

::~c 
.~\ 

· .0:: . 

'~;I) · 6 

:3 1 · B 

~)L'r · U 

:::;.() · 4-

- .... ~ '':<" 
,~~,,;; " '.,) 

:::;;::;:" 6 

1 .. :~:; () 



lOable 5~ GirdlirlQ effects on two cassava clones. 

St?:eds 
~::q'?r' 

el Dn?:7 l r'e-i.~. tmen t p 1.¿:'H') t 

CG 91~·-i 

Gir'dled 
lOO'í~ "f lüvfEt-i.nq ~ 

(j~/ 'flc··h'="""'-;,¡.L _ ." "" J '<"1 \:,;: "' 1 "." 

C~1 :3:::7:2-4 

44 
... ~." 
"._".L 

Gi rd 1 ed :;)"10 
100% flowering 125 

O~!~ f 1 CH·~JE'¡-- inq 

LSD(O.05) "Treatm. 

lowers lnanually removed 

SOURCE: CIAT. 1990 

1 (H)""-~~eed 
weiCJ I',t 

(q (,) 

l:c: · 8 
1'2 · o 

.L 2 · 6 , 
.1 9 .\. · 

0.4 

Bfj 
"7 ¡;:: 

'.' 

94 
.-. 1 D 

Root 
~-Jeiqht. 

\ t./hE:<.) 

.L 1 . 1 
:~) ;::/ o fJ 
:,A . r, ,':' 

a · 1 
1-, "':' G 4 / · '"",r", 
Jé.Q · '';> 

8.7 

F{)li¡!':\¡;;J€0 
w€:'?iqht H¿\r~V1¡':;;S t 
ít'./h¿,) .indf::~>; 

.1. :j 
r', o 4:-;;:~ · -" o 

24 '.~' Ü 60 · .".' · 
1 '7' · é) <) · 64 

1 '":!" ·.M' · 4 Ü · 7-"1'-, 
' .. ) Cl 

::'4 · () ü · ~-14 
1 <:.- · 1 c· · é.j4 

4.1 0 .. 10 
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Table 6~ Means tor ttlE combination of Tes popLAlations ~nd pre
gt"ff"rn.inatj.fJrl t.empet'~$t~Jt'''es''lt under two qer~fnin¿'!_ t.iClf! 
t.emperatur"es" 

1 
Germj.n~tiorl Tes F'r'e-\,;jf:: r"fí) il'í.::i. t: .1 c,r"! GE~f~m.i na ti Qn - j'.L'::ti': irt¡urn 
temperature(~C) popn. tempera'ture (OC) rate % qermination 

1 (1 

25 2~5 1. 24 
2:'1 3 .. ¿~\ 1 1.j·B 
2::, :2" i) 1 ~'l'-) 

; ..::. 

k. ¡) .. :. " ~:~ 

25 2 ::::4- ~~ 
"M' · '7 

.¿ 48 ~3 · 4 
25 -, 72 .. ::. .-, 

~~) .,;;. · 
-~. , .. 

) o' · 

1 O 10 · 4 
1 24 14 · El , 48 .'. 1 1 ~:. · ",J 

1 7~;': 10 1 

1 1 · 7 

-<1 · :~~ ", ,. ) L . 
e 6 ',., 
, · :¿4 

."~ 48 b. "1 
4 · ~~ 

-, 7:" ... ~ 

, .. '''1 J · ":~ 
cent par day until maximum gerAlirlati.on is achieved 

SOURCE, CIAT, 1990 

:L8~2 

1~5~ ~, 

10 .. 2 

1:" · el 

10 · '" 1 (} ,-o · L 

11'3 · (; 

18 -, · ~ 

80 · "~. 
Ei8 · (l 
86 " 8 
81. · O 

84 · () 

óJ · 4 
~ '-, 
Q,,"~ · 1 
~.:,9 " ,,0 

i~9 1 

~SE1 · 1 


