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Tepercentage dry mate or march content taritie thf 

root isan lmportant qualitycriterion either for thefresh Pr~ 
market or for. processing.' Large diffeorenimi. In"dry matter content 
mater content b~wn varieties and ski been was mantlie 
obeed PCAT"AnnusAIeot. 1976). Aalysis of the ~ Wf~5I 

results 6f temperature ~oenotype trials (CIAT Ahnual ~S 
Rei i'ort, 1977)si~vedama~rkedl'ncreaselnd'ymatwe 
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content after 16 monthisat lowertemperature$s(Figure The effects of variu stress facto6rs" aon rout dry; 
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Figure 6. The effect of fertilizer level on the dry matter content o 
roots at different ages at CIAT-Quilichao. 

stress for four months at CIAT-Palmirahadnoeffecton 
root yield, however root dry matter content was 
significantly reduced; the control plot showed a dry 
matter content in roots of 35.8%, while stress periods 
from 4-8 and 8-11 months after planting decreased dry 
matter content to 34.2 and 32.7%, respectively. When 
plants were shaded (50%) during the first three months 

after planting, root yieldwas substantially reduced but 
the dry matter content was not affected when plants 
Nere harvested 8.5 months after planting. On theother 
iand, 50% shading for two months during the root 
)ulking period reduced root dry matter content from 
39.3 to 37.6% but reduced root growth rate by 37%. 
loot clipping at three months reduced thick root 
iumber, increasing the carbohydrate supply to the 
'emaining roots. This treatment had no significant 
iffect on either root yield or root dry matter content at 
3,9, or 12 months after planting. However, two months 
ifter blocking the carbohydrate supply to the roots by 
ing barking, root dry matter content was reduced from 
17.1 to 22.0%. 

These data suggest that varietal differences in dry 
natter content are greater at higher temperatures; root 
Iry mat,;. content increases with plant age and then 
leclin(.-- the maximum d: ',matter content is reached 
itanearei 4go-vhn temp,. stures are higher,atrm 
.onditions (e.g.. w&tor sr is, low fertility . weed 

mpetitlon) that reduce carbohydrate supply to the 

ro0ots during the bubg WIN decrease r 
conteint Stres 

differences Inyield ro nrsultingfromapIrlodf 
rain exclusion malntaned from 4 to 7 -- Mh aft 
sowlfg. Trilsreh no esbleIhed in thefldi tofoow 

emptl to define the mehnim of rensem towater 
stress and, hence, to identify the factorsa 
with the maintenance of yield under conditions of 
water shortage. Results for M Col 22 and M Mex 59 
(early and late bulking types, respectively) Indicate a 
highly developed capacity to maintain internal water 
status within a close rangedeteriorating water despite a rapidlyasupply. This is achieved by 
combination of reduction in production and expansion 

of leaves, morphological and physiological 
modifications to the stomatal system, and the capacity
of the fibrous root system to penetrate deep into the 
soil. Data presented in Figure 7 for M Col 22 showthat 
after the exclusion of rainfall for two months, when 
below the treated plots the soil water potential was at 
-15 bars to a depth of 1 m, the combined effect of 
reduced leaf area and decreased leaf diffusiveconduc­
tance was able to maintain water potential values in 
the stressed plants almost equal tothose in thecontrol. 
Under these conditions the plants in the stressed plots 
had water consumption rates at least 25% lns than 
the controls and were still able to maintain a slight leaf 
production and apparently, a slight root growth aCso. It 
is neesary to elucidate the independent as well as 
the dependent effects of water stress on the processes 
of leaf production and of leaf carbon fixation to extend 
the theories of the control of root growth by car­
bohydrate production that have already been es­
tablished for non-stressed conditions. 

The response of pot -grownplantstoperiodsofwater 
shortage is also being studied. In these experiments 
measurement of leaf photosythes atransplration 
show that a ciose relationship exists between 
pho.obynstefic rate and lea waw potential which i 
dominated by stomtal closure. The relatively low 
residual conductance to C0 2 transfer within the lOaf, 
prviously dellied for casseva under well watered 
conditions, iefurduitpre-sd under even shoit"tr 
stres. The applimbi ol these responses of pat 
goinm plrns musmbeeVelmldbypmllicnwilh 
mea: of plant iemma.and r8aneo in the 
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ComvIII Fruit Flybewa 1ie 
pickel,) can reduce the quality of planting material 6% Ti 
(CIAT Annual Report, 1977). Studies on damnage fastW on theetockvr. lnfcn fee 

Table 1. Damape caused by fruit fies (&N~k~A~ app. )to stakes from cassaral variety Chir1o zIa)
plantatios treated every 15, 30, 45 or 60 days. 
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Fyigure,15. Plant heightof tiht culverus(tw fo ah of fu oew u 
at CIAT-Pulira. (Data taken when varieties weresiermontha ~. 

I~.d6W** I~teo~hh-IIi sWcit of til:,ihe'se ~~ ~ ~ ~ecbiotclinos~trswsveenmoert 

blo crbe. 70I Igo V"probfi, 
orben 

*Gei 
cuttivars sepic t'm 
ecsstm"we reduce when replan 

W natI~i, iroductwn ,w Wa 

oco"Ystel. oeyr they, ife
reduced ,when tmwitln 

z slightly r~iid 1YWI2quality of the palnt gaeIII lb 
cultivar Is"Wte 

Mo 1 bloti clati o 
O~~ratlnutoNP~e~ cutvar during Is ~r'nA I 

A Y (V/ha) 
1 2 3 4B3I 

Haiveet peglod. 

~ ~ ~* * MW 

Fi)gure 64 Effect of neatve pbuction fector,.(N s),6 the, 
eca o onIeydareacio cu.ecufivyarsar
aYO dff,' PIP 



Wq,Im 

c1!ill 

3X 

4 

S. 

m Al 

on 

4. ~ 2Y'~ ' 



0.G0. 

St.. 

a Ialfa.00"1 a P 
Wt"mM.A 

esu~~~~7717shwa9y lb 

rIJL.~t9~I PasO 

and32LfMVN218 

l 

Atawmee 

D~~ioaloTf IWM 
Ina 

15 
It mmm 

17 e 

,~ U11 

1,-* , , 

:7~. 

, 

od5 

, ®r-F 



Iipi~ M %wil Pget 

-a-Ifnw20iibatiej 
"' __nt we ah 

~~DurjngtrPAR979s 

* 

~di 

SMCO -. 

70 

CIS 

col leIIV 7? 



rUIv A a u r elaltina isf~P~m' a a14, i 1 
wlopeAJdar cli Gfoni hasbden 

I is e g~t rrkl 'Orainaalbelnecnw The,.primary goal 
~r:~A '~> moderateoxo, Igh-awor.vrsN t' n-

ATRfrom n t 
-Te nume-,o 

_t, 

accesons- jg)$qo4.1.. ,.r
 

~jnaioiii prgram colIIctions'lIncrease in the fistui
 
toodast!iinathpensttut Co61tbla n roecuanroiC 


~fom~ etcoollIIalltae have been foun aigwd
 

4diffitifie procedures and assrelti nton bfW'2i
 
bcdai materlil.to CiAT cob~istdlblecin intrIo4CW 

' ,to IA th" *iwaS from northern PeuM Crr&9S,, 
~Y pr or i Ib given oeegthBailncaaa I 

h 'Z6_Fitha 78/79g ow erm8S 
gerp asinc~ae treouces ofnrereablltsoMe, o te 


nc&eas theps bltisfor sedn L garaqag
 
ATmaera o:,naql, programs jor.tm and /iacpb
 

"read ng~prog!ams. it
Sincorporationjlnto .4~ccessionser aeletedroo 

~ein ~ bank~by pass~n each x, ajnd dis-ss
 
or, o
~~accssionhroufrmar tm ,cultureisunde'y b ,1 jarg 

" Jtdwil culti 13re,botas'a ' 

a66 ab.atoraIgeif test, tubey adrto FKI!,X 

v sfa, generetccmations of lo oni 

of'aedse iha n:prpa
 
't rmWIA iri s ~ o­

,Cultre)de 

9 be6 

http:materlil.to


4 

reu 

ar Afe. 

11A 

WsTias rfirst begun last yenarin FonsecsGu jra. R iScre.nlng o 

~ resistance.Thl provd ait y irou_V~ sffa 

W ;'.k in ~yi rsitace and drtarch
 

~gernplam~hs ben iitiated. Atpresent 31 germi-_ 1:N:
 
plasniaccess onsandWI hybrids are being evlatd
 

In snle, row 'trials ,wih, two.rpc 1 6
 
replication, will',eiriae so, that the only "meo Up
 
4stress isfrom mite uuaaaonerpcuwri
1; 1 

be.suhcAt bthwaer4tre and m~cii TabLe 19. 4. mI 

m te ttac reIate to water stresof lioih. Cissav~;a -rosac o 

eve~oue o Resource P0os u:618'' o 
34 1 ~~~~~ concentration ~'Ukrvyac


'~'~ 0
Although the.ClATgermpis colcto ani 43ves 

extensIv rigeogenetcvar ability,'furthereflh iio.W
'g'a- n~j thi 3 

'.j 

M*4,vtato~s6. zosoAnd impoeeruur uenreeeuc 35'4 VIV"'lV 

De~~~lopmQlThe 145 INe~g~t~
moeedy ullzb -~­
progr~~~edI'~ii ame( %
m-

t Vrietal 203 



I C M~~ .p~ IA @1. 

- ul. 

71Mbogr th 

T 6 



A 7A 

323­

nineq 

6~.1 a J-1~4, 

gt42 " 1 

~p~ha~~geemF7 

ch~terIoJl1 7fUaev~prtr~O 



Iv 
S3 

~r 

20. ~w~bti~4~caT@SU~w 4At~q~wee 
y~s~f~ Th 2 

22.A. 

mlm 

~tk4. 

~~v- AR 

21g. -Of 
~15 V.V 

lit 



re 

aarm 

01 0 

-~n 4 

1 2 3 4 22 i.CW 

5uIo~~lnratin these condion It: has ti 
Figure -23.' Stqereionqsoton' re Mcti compair""on tetwein 

unselected((orial'i germpemoii* oof 1974.75) andselected 
(CIATilines of 1979-80) populstlosnirim 'im.4 

ha____
cr~lnra hg n ot*a 
consumption.-ihucet
of~hrtr~ 

tC~ 

to thripi'may betecue friATlah'iIu_a 
in ceIrtailn ILocations, such *s 218or II-s 

sm'at'da 
±&~ parqi 

Wowlsorigiallsollce y ICom~h CarimaguasIomia Msl~ 
ICA's -cassava germplasm' collsction.-MM Col 1884 

reev uhatnention, 1974ihenlt 
hhh~arwst~nds, rxInagl namvluio at
CA~Pi~araidgninth' 40kon 23 ktsi66scted 

~ I~gU~ 
Siar wel 

? 

gerplam acessyanluate"Id In 'spI styu
trial in" 19715. S eiairecqtog'linwa~sghvtm ' A1684 when it signntocatly O" 11a14i" 

se~io for inuliplicationw
trilIe~k laifooolndiis 

'intft 
i P; 

plasmsaccessions at Caribla an arnaua n17 
Sic 176'1,(O, h4,-sdJf 

pr,66C~dV r, M 



IK
i 

rao 

'0 J 

k 
In 

a 
~ 

W
r' 



IA
 

aC 

go I o n 
C- iw poor It s o6n laid A ronM 

a pere og ion an r 
_ 

oracneti h/I
 
d om
 

,iede a root w.ft/ha /Year.
.wjeltiAe1 thgh d 

Ulanos Oriental suic ~~sUanirMdI47 'MCol 
638M Coyli684,oPMg, howaevehhiger:hlev Under7 y a no, 

~of reitac than'Cr41 527 Ir. yielis,have no ilI- Tii24 
~ibeipressive. newahg ars lt~ 
biant At thyerlss aiVlov~npThe (3mal $ relativ1ne^o 

___i 

Importanc of ro 
beraerna in u ngyedHigh-yielding line under good cuinditions viromnt t 

thanth lwnvest:,aimW,?.h,, ltt 
yieldswayanlds weoatan verpwel ntnagyeMa8 1 hay (1 t/ha/year)i:- e9

Caribia (41 t/ho/year), and zViliavicencio (33 i Ve motant ihnhavt
 
t/ha/year). CM 321718 ihair st a h1gh j v n n"aeric
nalysis
52 t/ha/year). However, their high susceptillty to
CBBandsuperelongati.nreutrictstheiruu"i isase- el
 
infested areas. ams 
 I 
Lines adapted to hot lowland cimiates I~~
 

oI,eitb
denvir~~~Th tulie
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342-170 has demonstrated a similar. tenec in ~
 
performance. 10liri WVGG'XE 
 .Mgenfiotyp X 

Harvbst Sddek:tforAcrossn 

ac %fA h'as~ been, the, 

tethehe~ ~r~es isv~wFU a I W9 



Table 22. Relationship between harvest Index and total plant weight witFh root yield under.4dive 
environmental conditions. (Data from replicated yield trialss 

-Location 

Carinmagua 

Carimagua 

Carinagua 

Caribim 

Caribia 

Caribia 

CIAT-Palmira 

CIAT-Palmira 

CIAT-Palmira 

CIAT-Palmira 

CGAT -Patmira 

CIAT-Palmira 

1977-79.) 

Average yield of trialWtha) r YA VV 1~ ryro3B i.i
 

4. 9 0. 813** 0.615 0. 840* 0,530 

15.3 0.691** 0.406 0,932*4 0,748 

19.1 0.773** 0.640 0.889** 0.712 

24.1 0.582** 0.710 0.789** 0.738 

27.3 0.852** 0.690 0.807** 0.436 

?.9.8 0.711** 0.499 0. 821* 0. 760 

26.3 0. 840** 0.956 0.242 0.042 

27.8 0.817** 0.907 0.409 0.321
 

28.6 0.918** 1.040 0.542 0.254 

30.4 0.763** 0.823 0. 551** 0.476 

37.2 0.668** 0.708 0.767** 0. 670 

42.1 
 0.776** 0.767 0.525* 0.404 

." s Relative size of variance of harvest index or total plant weight to that of root yieldi
(vriables are converted into logarithmic scala). A refers to harvest index; B to totalan-t ' 
- i*h104 and Y to root yield. 

I 
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Figure 24. Correlation bewen harvest index and root yield of gusi 
cassava under high (CIAT.Paimlra) and low (Carlmagua) yield, lires selected Inia eedling 4at CauMd gu sntdr 
environments. ArV )-wwl 

Cassava isa unique crop Inthat harvest Index is.a selection for.!W"Wvr 
decisive factor~influencing yield from low to high sinifcnt-.'do erence..twe ~uslce nd4~ 
yielding environments. This suggests that common selectedr Populatikws while'no 
physiological factors for high yield exist for a vwId existe wbetwse~gI­

rane selected popuitnsTae25o eniroments. The use of the harvest Index In 

Table Z3. Heritability of caaeava yield characters calculated fws eoyeX envIronwent 4nperimeinte. 

V Totakl P.*t
 
Type of experiment Root yield Harvest indewieih
 

Glenotype x, locationi 0.350 0.64. O' 70
 
Genotype xyear2 0.681 0.5
 

035 ~ 
-Genotype x: spacing3 0.390 00 

Pure ya ixedpouaon 052. % ' O 2. 

thrytw peolpe.ns 0.lcton(ZT 411-54 0ii~ 

ZTwenty genotype 8,x,.,4 

3TW-Gaty genotypes ' PC6" V- 1riAla
 

~4 ~Tw ~ 4 ra
 

z yeare, at C AT -Palrdr' 

4 
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between diease reeiutance and yield characters.Table 26. Relationship 

No, of: Re~fltiObSS ~ 
-Disease rat ing'atCa i'aua ~ 

2 -3 B 4 2. 4''-5Data at CIAT 

Yield (t/ha) 	 40 1 '0 1 
6 13~850 2 8 

4>50 1 5 

30 1'" 
-31 

-$Z"~'5~~k43'32 - 7 3' 
- 8 8 1 2~- ~'-~ ~ 7~

Dry matter contents () 34 	 77 3 2 "336 3 
1 	 z2K'~ * ~~438 1 2 4 

10.40 1 4 3 
0.45 	 ' '2 ''.WI4 '~'~ 3 

24'"0.;50, ­

4'index'r~~Hwet - 0.55 .3 5 

0-.65~ 

of Ta Z~~i6 65 l 
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k8 rate trials wiee n 
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__ _I_ 4'i 
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i~w-4comparedhiih,-g rminat'ing 

/o+ratmetf odto shonn 	 r ,cons sthed 	 t Mephoen -me+ods aid eue oamagettus".anj O' 4;t,$three~ rel66at 
~Table 37.Ai i the 36plants ineach p otwereetd~ directlyjt rv _ot ;jWStie unth 

by thegiven treatment anid yield data was taken from planting in bas; however,,t~r nshni~ h~ 
-tthel16 central plants of, each plot;., 'vith the' shovel is'more time Cown 

Table 37. 	 The efie.t of, method of 'stakerepliceiient on' yield 'of cas'uava'cultiv'ar' M;Col 22 in ~ 
CIAT-Palmira. 
t+i! 	 a W+iia~?+ii.(..i 

* ~,~ rot roo yied vommnercial. 
Treatment Method of stake replacement ,ta~) % r f2~~~o 

1 ora planting; comp ete gerination1 
S(planted, day 1) 21.a 100 'i 

1 + orma +++ -++++++ 

Stsak- in pla'tc bag ', plantingonday
'25 St CK S '~~ 2,a~~~3:~' 

i 3, pStakesdin ridges; transplsztinu+by, t 
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Vluna ra data 
Mean of 66 cultivars 
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+ 

31 
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A Stizolobium derringlanimm 
Mean of 2 cultivars 946 143 

Psophocarpus 
Mean of 9 cultivar + 19 

~4 
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~~4~ 

Phaseolus lunatus 
Mean of 3 cultivars 5 

-v 

Mean of14 cultivars 0 ,359 
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~Cinavalla gladiata 
1cuivar 0 

as,v rd 
J. a 



(CIA ichao; 

mean"' 11ihao 0 0 19.) . 1 
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I~cultivar): 

v Sword­ eans/cassava 
4 creeng' trial'A 
(CLAT.Qiiillchao' 

0 763',kio 

Croundnuta/cassava 

:2Quiluchao): 82 1 22,501 

1- Cassava, cultivar CIVC '40with cowpsa TVU.2101,D 
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A, major objective lof CIATs"Cassava P~ograrn asto 
develop tech~nology for cassava production on acd 
infertile soils. The strategy to attain this objective
follows a two-prngd approach: 

(1) The development of cahsava'germplasm that will 
be well adapted to grow on acid,-low fertility soils; and, 
(2)the development of diagnostic criteria to determine 
the type and amount of.fertilizer to be applied, and to 
determine the most effective way-of applying these 
fertilizers. 

To develop grmplasm adaptedto acid, infertile soils 
it is necessary to evaluate the existing germplasm for 
adaptation to specific factors that. limit camv 
production on these soils.Low levelsof availale Pasnd,~ 
hi4W~levels'of 'exchangeble Al had been previ~ously 
identifeLasfactrs striousitjiltinrg yieds. Thus. 
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i!At harvestthere was asmall but highilsignifianti. In 197,th1of uslaemwas 
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A, Aio p2dg, 
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Table 46. Effect of liming on the chemical characterstics of.a CIAT-Qullchao a 

Lime 	 0 ,pH Als Ca .... K ___ ate___ 

__id at 0 lime '~ to4.05 , 3.90 	 i.69 (C0 R 7 

-•, 	 a, a a.,4 a1;
6 t l Highest yiatl357 	 n o r n.... 	 a 

a'a.so72 4. 55-2' 07 ~ 1 
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31.8%, resulting Inastarch yield increase from 1.7 to 
4.5 t/ha.
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PSources and Application Method 
Phosphorous sources and method of application may

affect yields as much as the rate of application.
Different Psources such as TSP, Huila rock phosphate, 
fused magnesium phosphate, granulated or. non­
granulated partially acidulated rock phosphates, and 
several combinations of rockphosphatewithTSPwore 
tested In band or broa itgplicatons to assava 
cultivar Usnera in two trials at CiAT-Oullchao In .55P­
cooperation with the CrAT/IFOC Phosphorou Project 

Although this hutiahd respondd q kIy to P
 
applications atthis 'skein 197 tiiesh. 
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Table 47 shows the effect of teriin 
pplomtlons on -the Pcnettion in soil s~iiri 

Tptrated -by centrifugation', as well as the"o .@ 
Ai i9 inoculation on dry matter yields and total P . I. 

aI110111110AID _the unsterilized soil, Inoculation had amarked effecton 
dry matter yield and P uptake at the intermediate­
levelsof0.1,01.5,1 and2 t/ha (equivalent toO.23, 1'.14, 
2.3 and 4.58 t P20s/ha). However, the effect wes 

36-	 much more pronounced In the sterilized soil, where 
inoculation increased dry matter yield three fold and 
total P uptake seven fold (Figure 36). 

3In the sterilized soil with uninoculated plants the lack 
of a mycorrhizal association essentially eliminated P 
uptake until about 4 t P/ha had been applied. Thus, it 
appears that cassava roots without mycorrhiza are 
extremenly inefficient in P uptake, and are highly 

32-	 dependent on an effective mycorrhizal association for 
P uptake in low P soils. 

These conclusions were corroborated in a nutrient 
30 solution trial where inoculated and non-inoculated 

plants of eight cassava cultivars and one cultivar each 

& _ 2I -48_0 of maize, rice, beans, and cowpea were grown at four 
200 constant P concentrations of 0.1, 1, 10, and 1O0.uM. 

kg P205/hs Inoculation markedly increased dry matter production 
and P uptake of all cassava cultivars only at the 1,uM P, 

Figure 35. Yield response of cassva cultivar M Von 168 to the while it also increased P concentrations in tops and 
application of various levels and sources of phosphorous in CIAT- roots at 0.1 uM P. At 10 and IOO1iM P cassava plants 
Ouilichao, 19778. had reached near maximum yields and inoculation did 

not result In mycorrhizal infection of roots nor had a 

the other two beneficial effect on dry matter yield. None of the other
phosphate was slightly inferior to 

species became infected in nutrient solution and all 
sources. Methods of applicatior ranging from con-
tinuous bands under the stake to atrip and broadcast reached their maximum yield at 1 uM P while cassava 

applications, were not significantly different, which is required 10 IV P. Figure 37 shows that without 
mycorrhiza, cassava has a very coarse and inefficient

rather surprising for this highly P-fixing soil. 
root system, while with mycorrhiza, P uptake is greatly 
enhanced, resulting in better top and root growth. In 
nutrient solution, roots of inoculated plants were 

Effect of Mycorrhiza on P Uptake covered with a slimysubstance consisting of masses of 

and Plant Growth mycorrhizal hyphae, which greatly increased the 
nutrient absorbing surface of the plant. 

Two trials were conducted at University of 
Queensland, Australia, to study the effect of 
mycorrhiza inoculation on P uptake and growth of Long Term Fertility Trial 
cassava, one In a P deficient soil, and another In a 
flowing nutrient solution culture. Since cassava extracts large amounts of nutrients 

from the soil, especially K, continuous cassava 
Inoculated and non-inoculated cassava plants were cultivation must lead to nutrient depletion of the soIl 

grown ina highly PfixingOxlsoltowhicheightlevelsof unless the crop Is adequately fertilized. To study the 
P were applied, ranging from 0 to 16 t P/ha. Halfof the long term effect of caseava cultivation on soIl fertility 

pots were sterilized to eliminate the native mycorrhizal and cassava yields a N-P-K factorialeqxeriment which 
population, will continue for seoeral years was planted in CIAT­

07 
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Figure 44. Meristem.cult ure propagation of cassava: (a) A shoot.tlip prior to excision and culture (x4O). (b) 

Initiation of axiltary uuds (arrows) on shoot .tip cultures (x6). (c)Multiple.shoot culture formation due to the 
proliforation of axillary shoots (xS) (d)Routed plantlets recovered from multiple-shoot cultures by means of 
the 'nodeobud'" cutting teclnique (,%0.5) le)A well developed plantlet after hardening and before potting 
(xl 5) (MIPotted plants 9.10 weeks after culturing, ready for field transplanting (xO.15). 
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Cassavaarapidpropagation 
The Philipine government has lately emphasized ­

the extensive production of c will be selected for,triin. -
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Training Audiptutoru.MOiUs,
poiioii 'ntrviwdsm 25.pricipants_'Incollabcoatlon with CIATs Training Office, which i., 

has major responsibilities in coordinating, all, CIAT'~b
 
training efforts, the Cassava Program trained atotalof
 
68 professionals from 25,countries Indifferent areas of
 
speIalization (Table 60).,
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