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CIAT is 2 nonrlrOfil org3ni'l~tion del'oled lO the agricullural and t'conomic de\'f'lnpment of Ihc 
lowlAnd I ropic~, TIIl' (;u\'(' rl1mtnl of Colombia prúvides sUllpnrl as hOsl Caunlr} fur e l .<\. T and 
furnishc!l a S22-hechm.' farm n<'ar ('aJi for CIArs htadquarlers, Collaboralhe work with Ihe 
Institulo Colombiano ¡\~ropt'cuario (ICA) is rarritd uul on se\'eral uf it~ experim en tal slations alnd 
similar ,,'o rk i~ done with 1I111ional aJ:.:r iculturalll~l'nci es in other I,a tin American cuun tries, CIAT is 
financed b~ R IIl1mbl'r uf duno", represented inlhe ConsultatÍ\'e Group for IlIl l'fnalional Agricultu ral 
Research , Ouring 1976 Ihl'sC donors Wl're Ihe Unití'd Stales A~en{'}' for Internatiolllll De\'elopment 
(lJSA IO), Ihr Rodt:eft' lll'r Foundalion. Ihe Furd Foundalion. Ihe \V .K, Kelln~~ Foundaliun. Ihe 
Canudian Inl rrnalinnlllDC\'tloplllellt Agellc)' (CIOA), 1Ill' Intunaliolla l Bank fnr Rcconstruclion 
and Oe\'CIOpml'l1l (lBRD) Ihrough Ihl' IlIh'rn~ltiuJlal DC\'elopmenl As<;ocialion (II)A). Ihe Inler­
Alllfrican Ol' \'e lupmelll B:tnk (lOS' ami Ih e J.:m't'rlHncnt~ of Auslrll li :l. Hclgium. Ihe Fedtral 
Republic ofCerman)'. lhe Netht'rla nds, Switn'rland ancllh{' I lnilcd Kill~dom. In uddi l i(Jn.sp~rial 
project funds :Ifj~ !'oUllplil'd b~ ntrio us of the aforcrncnljoned cntilie~ plus Ihe Inl ernational 
Dl'\'elopmrnl Re,carch ('enlrto (IORC) uf Canada and Ihe Inl l'rmltiunal Buard for Planl (;Cf1tolit 
Rtsourc~ (IRf:I'R). Information and concJusions relwrtt'd herein do nol ncce!:isarily reneel Ihe 
positio n of any of fhe afort'mentioned agencies. fUIJJldations or Jl,()\'ernmenls. 
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C1imalic and edaphological data for localions where CIA T's 
Cassan Program has done research work in 1976 

(Most rescarch projects were carried out with 
the cooperation of ICA) 

Allilud~ 

(m~lu'S M u n Orcani< P 

abo"~ I~mperatur~ Rain(all maitu (Br.y 11 ) K Soil 
l.ocations· sea 1.\'.1) IOC) (mm lyur) (%) pH (ppm) (meq I100 ., I~xl urr 

CIAT. Palmira 
(Vallc) 1,000 24 1,000 6,8 6,9 46.3 0,44 Clay 

Carimagua 
(Mela) 200 27 2.03 1 4.3 4.7 1.6 0.08 Clayloam 

Turipana 
(Córdoba) lJ 28 1.200 J , I 6,8 13 .0 0,68 Clay 

Loboguerrero 
(Valle) 4,6 7.J H .O O,8S Sand 103m 

Calcedonia 
(Valle) 1,000 22.5 1,900 S,3 S,S 70.0 0,68 Silt loam 

Mcd ia Luna 
(Magdalena) 10 27 .2 1,486 0.6S 6.J 8,2 0.056 Sand 

Nataima 
(Tolima) 4JO 27.8 1.479 1.30 6.2 24.7 0.22 Sand 

Vi lla"icencio 
(Mela) 4SO 26.] 4.306 2.80 4,J 4.22 0.08 Clayloam 

Florencia 
(Caquelá) 4S0 25.0 ].475 2,JO S,S 18.9 0 .19 Sand 103m 

El Nus 
(Antioquia) 847 23.7 1.875 . 2.80 S.O 4.3 0.11 Loam 

Rio Negro 
(Santander del Sur) 480 26,6 1594 I.SO S. I 3.9 0 .16 Sih 100m 

La Z3p3llt 
(Vallc) 1.100 22.7 1.219 6.77 S.2 5.0] 0,) 4 Clayloam 

EI Oa rién 
(Va llc) 1.450 19.5 1,500 IS S, I 1.9 0.14 Sil! 103m 

Perelra 
(Risaralda) 1.480 19.0 2,000 8.25 5.13 8.28 0.08 Clayloam 

Po payan 
(Cauea) 1,760 18.0 2,500 7.56 S.OO 2.40 0.44 Clayloam 

La Unión 
(Narlñol 1.800 17.0 1.844 12.25 S,7 6. 13 0 .43 Clayloam 

(Quilcacél 
(Cauca) 920 28.00 2.250 6.0 S.3 2.S 0.33 

Rolichc o • 17 26.0 1,200 6.' 

f h(;i Ionllon, .'" .11 found 1ft Colomb .... 1M o.mf of 1"" CO<rfopnndl,. <k~"~""'ftl0 " I, ... 'n 10 JUll'nllhna. TMrf~" no dal. ro< 1M Ca"bsa 'laIlOa. 

Ioa lf'l "Ilhe Ilop.1n.lTItnl0 «1 M ~cda""", .. ~", rno:a ,eh "''''' fondllClf'l In 1" 1~ 10 cv.lua lt _ ChS1IV1I P'<>I~o",~ 

•• l 'hc I4oh."" E.prflfrKnll1 SI~lloo" loc.lf'l,n 1M P,,,,.ntt 01 Gua¡-a>. (."wor 





Cassava production systems 
program 

HIGHLlGHTS IN 1976 

The development of many aspeets of eassava produetion teehnology has now reaehed 
the stage when it can be used b)' farmers with only minor ehanges to adapt it to regional 
eonditions. Although major emphasis IS pace on eve opmen o new te{:hnology-more 
emphasis than before has been plaeed in training and cooperative projects with agencies 
from other countries. 

The ideal plant phenotype for cassava production appears to be similar for different 
temperature zones, however, when average temperature is below about 22"C special 
genotypes are needed. 

The spider mites that attack cassava can cause severe yield reductions in areas with long 
dry seasons. Low to intermediate levels of resistance, depending on the mite species, have 
been found. Efficient biological control methods for the hornworm are being tested on 
farmers fields and this system seems to be highly effective. 

The "Frog Skin" disease of cassava was shown to reduce yields considerably, however, 
it can easily be controlled by selection of healthy planting material. uperelongation 
disease causes extreme yield losses when attacks occurearly in the growth cycle. However, 
planting material can be disinfected by stake fungicide treatments, delaying the onset of 
the attack. This treatment coupled with tolerant varieties should greatly reduce yieId 
losses. 

In order to combine high yielding ability with desirable characters such as disease and 
pest resistan¿~~-ease of harvest, high starch eontent and long post-l1arvest shelflife, tens 01 
thousands of hybrids have been made and evaluated. The variety M Col 1684 s 
exceptional stability with high yields of over 50 t/ ha in CIAT, 44 t/ ha in Caribia and 36 
t/ ha in Carimagua. These zones have pH's ranging from 4.5-7.8, mean temperatures from 
24-28oC and vary from extremely low fertility to very fertile . It is therefore feasible to 
obtain broadly adapted high-~ielding types. I 

W"'- ~ ~ 
The yield of over 36 t / ha with .Q.w levels. of fertilizer input i Carimagua confirms 

eassava's ability to grow on poor acid soils which are generally underutilized . Good yields 
(more than 20 t/ ha) were obtained on these soils with modera te levels offertilizer input in 
several trials. 

In other areas selected lines have consistently outyiclded locallines by 75 percent with 
,txtremely low input levels. Tlle local lines yielded 16 t / ha- about double the ;;;¡¡¡;;;;-al 
average- due to improved selection of planting material and good cultural practices, 

Ca.\'.fQvQ Program - e/A T 8-1 



suggesting that average yields can be inereased to this level by optimizing plant 
population and level of inputs sueh as weed control. 

The agro-eeonomie study shows that eassava is frequentIy produeed in assoeiated 
eropping systems whieh can reduce average yields by about 30 pereent. The basie response 
of cassava in competition with beans is being studied to design more efficient associations. 

r.N ..J I Q...v\."'tV {~ , ~ 
The development of new produetion teehnologÍés makes it essential that post-harvest 

handling for the inereased produetion also be improved. Natural drying methods are 
. being developed whieh appear to improve effieieney over traditional methods by using a 
modified Malaysian ehipper followed by drying on inclined trays. 

The movement of new technology to other countries is based on cooperarion with 
national agencies through (1) training, (2) teehnieal adviee, (3) germplasm exehange and 
(4) eonferenees. The eassava Program was active in eaeh aspeet during the year. 

A short intensive eassava production course was held at CIA T for 32 agronomists from 
nine Latin American countries. More than 60 pereent of the course was devoted to 
practical aspects of production including on-site evaluations ofproduction methods used 
by farmers in different zones of Colombia. 

Furthermore, long-term training in research is given to students from Latin America. 
Africa and Asia. Groups are invited from each country and trained so that they can return 
to form an effective research team. Eight Mexicans and three Thais are now forming 
multidisciplinary research teams in their respective countries. Similar training plans are in 
progress with Brazil and Malaya. Seven of eight professionals at the recently formed 
Cassava Center in Brazil have received sorne training at CIA T. 

Both the Mexiean and Brazilian eassava researeh and development programs requested 
teehnical adviee on research and produetion strategies and CIAT staff has responded to 
these requests. Similarly, the Indian and Malaysian programs are in close eontact with 
CIAT and their program directors visited CIAT for short periods in 1976. 

Most national programs have not been in progress long enough to develop their own 
genetically superior material and breeding programs. As a result CIAT sent seeds and 
planting material lo 28 countries this year ..B-egional trials using CIA T and local varieties 
are being established in Guyana, Mexico, Brazil, Venezuela and Ecuador. The only trial 
already harvested showed a CIAT line to be the highest yielder of both fresh roots and 
stareh. 

Germplasm movement details and the methodology of the international yield trials 
were determined in a special workshop held in 1975. Cassava researehers from all overthe 
world had the chance to meet and discuss eommon problems at IV Symposium of the 
Intemational Tropical Root and Tuber Crops Society held at CIAT in August 1976. 
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PHYSIOLOGY 

Introduction 

The factors controlling leaf area 
development and maintenance so as to 
define and ideal plant type as well as the 
existence of an optimum leaf area index 
(LAI) of about 3 were presented in CIA rs 
1975 Annual Report. This year these 
results have been confirmed and used to 
construct a plant ideotype. In addition, 
relations between source and sink have 
been further studied. 

In previous years results have been 
presented mainly for CIA T conditions; this 
year responses of different clones have 
been observed under different temperature 
regimes to better understand the 
meehanism of temperature adaptation. 
The effeets of different photoperiods have 
also been investigated. Work has also been 
initiated on varietal differences in 
photosynthetic rate to see if new yield 
levels can eventually be reached. 

Since the understanding of the crop in 
monoculture is well-develop,d, emphasis 
is now being placed on designing efficient 
mixed cropping systems, which comprise a 
major part of the world's cassava produc­
tion. 

Cassava Program - e /A T 

Leaf Area Developmeot 

In 1975 it was showo that in three 
varieties leaf size reached a maximum 
about four mooths after planting aod theo 
declined. This was confirmed for ten 
varieties all of which showed the same 
trend, irrespeetive of branching habito It 
was also suggested last year that leaf 
formation rate per apex showed Iittle 
genetic variability. However, this year ooe 
variety, M Col 1120, showed a consisteotly 
greater leaf formation rate than nine other 
·¡arieties. Leaf formation patterns of four 
of these varieties are showo in Figure 1. 

Leaf life was also measured on ten 
varieties aod large varietal differences were 
observed; leaf lives of three are shown in 
Figure 2. It is interesting to note that these 
varietal characteristics were maintained 
throughout a prolonged dry spell and that 
maximum leaf Iife recorded was 18 weeks 
in M Col 72. The longest and shortest leaf 
Iives were in M Col 72 aod M Col 1120, 
respectively; neither variety produces 
branches suggestiog that leaf Iife is io­
dependent of branching habito 

Leaf life is a varietal characteristic; Ihe 
differences being maintained even under 

1J.3 



Leaves formed per apex 

e M Col 72 
5GI--- -hrM CoI1l20,-+---V~----1 

• M Col 1607 

'" M Col 113 

Relation between LAI and Yield 

LAI ofM Coll13 increased rapidly after 
planting reaching a value of more than 5 
after six months, after which it declined 
until the final harvest at 15. months. In 
CMC 84 and M Mex 11, LA! reached a 
maximum after four months of 4 and 2.9 
repectively, and then declined (Fig. 3). M 
Col 113 reached its maximum rate of root 
bulking (7.6 g dry maUerjm' jday) during 
the period of9-12 months when its leaf area 
index showed Iittle change and was equal 

2 6 8 

to about 3 (Figs. 3 and 4). During this same 
period both CMC 84 and M Mex 11 were 
increasing their leaf area index and 

10 although total dry maller weight increased 

Months after planting 

Figure 1. Leafformation per apex offour cuo¡ava 
varietits. 

dry conditions. Leaf formation rate per 
apex shows liUle genetic variability but one 
variety with a substantially higher rate 
than that previously found was identified. 
Rate of leaf formation declines as plants 
grow older in all varieties. 

Leaf life (days) 

./ ~ 

1/ ~ V ~ 
~ 

o V V ~ V r----.. 
V '- y ..... 

\20 

8 

o 
e M Col 72 ~;~:~:~:~:~:~:~:~:~:~:¡:~:~:~:~:~:~:~:;:~ 
o M Coll1lO Dry ~riod during '" i COllj7 le~f grO~h. 

Feb Apnl June 

Months when leaf formed 

Figure 2. Lnf life of Ihree selecled cassava 
varidies. 

(Fig. 5) root weight showed a very small 
increase. This trend is particularly 
noticeable in M Mex 11 where total dry 
weight increased by 515 gj m' while root 
weight only increased by 125 gjm;but LAI 
increased from 0.9to 2.7. Whena high LAI 
is maintained, as in M Col 113, from 4-9 
months root weight increase is small as all 
available carbohydrate is directed to 
formation of leaf and stem. Also, when 
LAI increases rapidly as in M Mex 11 from 
9-12 months, there . is liule root weight 
increase. These data demonstrate the 
balance between root production and stem 
production. 
LAI 
6,----.--,---,---.---~ 

e M Col 113 
o CMC 84 
Do M Mex 1I 

6 9 12 15 

Months after planting 

Figure 3. Development of LAI of .hree cassava 
nrietin. 
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Roo' dry weight (t I ha) 

Isl- --+--j--+---j--.,.tJ 
• M Col 113 
O CMC 84 
6. M Mex 11 

sr-----+-~L-_+~--+---~ 

4 6 9 12 IS 

Months after planting 

Figure 4. Changn in dry rool yield oflhreecJlS,.c¡ava 
varieties. 

Total dry matter (t / ha) 

• M Col 113 
o CMC 84 
6 M Mex 11 

20 r---+--t-~+.v-1--~ 

IOr---+-f.~--+--1--~ 

s r-~~--+---_+----1---~ 

4 6 9 12 IS 

Months afler planting 

In resulls in 1975, Ihe optimum LAI for 
root growth of M Col 113 was determined 
as 3-3.5. Data collected this year using 
three varieties show the same tendency for 
an optimum LAI of about 3 during the 
period 4-9 months after planting (Fig. 6). 
The data for 9-15 months showed thesame 
trend with rather large experimental error 
due to the unexplained decrease in root 
weight on M Col 113 from 12-15 months. 
This confirms that the optimum LAI for 
cassava is about 3 and that when this is 
maintained yields will be maximized. 
When hAI is increasing rapidly, root 
growth is reduced even though LAI may be 
optimal. 

M Col 113 tends to have excessive LAI 
during much of its growth cycle leaving 
liule carbohydrate available for the roots, 
and reducing leaf Jife by shading. When 
plants were five months old branch apices 
were cut so as to reduce the leaf produc­
tion. The treatments were such that total 
number of active apices were reduced by O, 
25, 50 and 75 percent. This treatment 
significantly increased yield from 33 t / ha 
10 months after planting to 41 t/ ha when 
active apex number was reduced by 75 
percent. 

Root dry weight change (g / m2/ day) 

6.MMexIJ 
o CMC 84 

8 ....L.M Col 113 

6 

/ 
4 11 

2 / 

/ 

• 
o 

2 

1\ 
0\ 

3 

LAI 

1\. 

4 

~ • 
s 

Figure S. Changes in 10lal hannlable dry maller of Figure 6. Changes in rool dry weight as relaled 10 
three cassava \'arieties. mnn LAI 4-6 and 6-9 monlhs arter planting. 
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The final LAI was nol reduced by Ihis Fresh rool yield (l / ha) 

Irealmenl as leaf life was increased. TOlal 4ol==~;:=:;;;::========~ 
dry.matter produclion was n<JI significanl­
Iy r~dil.ed by Ihe' Irealments bul harvesl 
inde,¡: was markedly increased lO giv. Ihe 

. higher:y.icld. (rabIe l.). Hence control of 
bra¡lClliing habil . appears lo. be a useful 
m~.of conlrolling LAI,and by breeding 

' (O~.l6. ideal IIran.hing. pallem yield. can' 
be~eased . 

. Te1Itperalure Ett~c¡" qJ1 Cassa .... Gr.owlb ..•.. . ..:. . .. . . '. .. , " ~ ~ ... . 
.. "f'o4r v"r"ieliés of low; medium, high and 
~ecY h~ vigor-(M Col 22, M Col 113, M 
~J(.59 and Popayan, respectively) were 

' plllnled in Ihree siles; one a shor! distance 
{rOD\. c'IAT (called. Km 27), ' CIAT and o 
CaribiA. wilh mean lemperalures of 2()1l, 

' 24'; . Ílnd 2SOC, respeclively. All plols 
,i'eCeived 300 kg/ ha. NPK so as lo give a 
'high ferlilily level in all siles. Phorna leaf 
,pOI is norm,llly a· problem in coole, areas 
and fungicidal applications were used in 
Km-27 lo contro~ this disease. 

Al Caribia, a high lemperalUre eviron· 
menl, M Col 22, gave Ihe highesl yi<:d 
followed by M Mex 59 and M Col))3 wilh 
Popayan yielding by farthe lowesl (Fig. 7). 
However, al Km 27, a low lemperature 
environmenl, Popayan gave Ihe highesl 
yield and M Col 22, Ihe lowest. The results 
al CIA T fell somewhere belween lhe Iwo 
extreme locations but showed more 
similarity lO Caribia Ihan lO Km 27. The 

Cultivars 

o 20'C 
mJ24'C 
_ 289<:" 

,Figure 7. Yi~ld ofrou .. ClKsa\'a cull.j\·ars 12 monlh, 
alter planling -•• Ihrft' siles h"VlnK dirr~renl .... n 
t~mperatures . 

data indicate that a clear interaction exists 
belween genolype and lemperalure. 

. Al 2()1lC plants-grew less rapidly Ihan al 
higher lemperatures; Ihe rate of leaf 
appearance per apex increased as 
lemperature increased (Fig. 8). The aClual 
rate of leaf appearance showed litUe 
varielal variation al 280 and 24°C bul quile 
large differences occurred al 2()1lC. 

Leaf size tended to ¡ncrease lO a 
maximum and Ihen decline for all varieties 
al all siles lesled. Little difference was 
observed belween 24° and 2SOC bul al2()1lC 

Table 1. Errects of reducing ape:.: numbers on growlh of M Col lB CUS8va. 

Apcx number Fresh root Dry root Ory stem Harvesl 
reduction yic:ld yield wc:ighl index F inal 

(%) (t / ha) (l/ ha) (l / ha) (%) LAI 

O 33.6 11.3 12.5 44 4.86 
25 38.5 13.3 12.7 47 4.44 

50 39.7 13.6 12.0 49 4.28 

75 40.3 14.0 11.8 49 4.92 

Significant .. .. N.S . .. N.S 
diffc:rc:nces 

•• M('ans a l ignifican! dirrercncc a! !he .01 , ignirlCancc leye!. 
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Leaves formed per apex 

Kilomeler 27 (2f1J C) 
I 

• ,M ~ol ~2 1 
160 

140 c- - o ,M ~ol ,IIJ , 
4M Mcx59 

120 f--~'Popayá~ 

lOO 

80 

~ 
~ ~ ~ 

40 

1 O~ 
Caribio (28flC) 

.b-:': 
V-~ 
V 

,/ 
y 

¡::- ~ 
~ 

140~+-1-~-+-+-4--~+-1-~-+--

110 ... 

lOO ~y 

: _,,"-+-~~-+-+--t--
10 

2 3 4 5 6 7 R 9 lO 11 12 
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~ 
~ ~ 

~ wV' 
" l . .' ' . I 

Mean ol lhe cuJtivars 

XZO'C 
o 24'C 
.2SOC 

./ y r 

~ .,¿'/ 

~ Y V~ 
V V rI" 

J. r' /' 
Iv' 

V'y 

" 1 3 4 5 6 7 8 9 lO 11 11 

Months after planting 

Figure 8, Total leave~ produced per apex by (our cassal"8 ,'arieHes al1hree lemperalure Iones, 

maximum leaf size was reached later and 
was smaller (Fig, 9). 

Although leaf size and leaf formation 
rate were smaller at lower temperatures, 
leaf life was markedly increased in all 
varieties (Fig. 10). At 200C leaf lives of up 
to 200 days were recorded whereas at 24°C 
and 280C maxima of 115 and 90 days 
respectively were observed. 

The number of functional branches per 

COSSO\'Q Program· CJA T 

plant did not show a consistent trend with 
temperature. M Col 22 and M Col 113 
produced the same number of branches at 
28° and 24°C and fewer at 200C whereas 
Popayan and M Mex 59 peaked at 240C, 
suggesting that maximum branch produc­
tion occurs at about 24°C (Fig. 11). 

In summary, leaf formation rate per 
apex and maximum leaf size increase as 
temperature increases while at lower 
temperatures maximum leaf size is reached 
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Figure 9. Leaf sin uf four cassava nrieties at 
dlrruent times a(ter planHog io three different 
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later with leaf life increasing as 
temperature decreases and most branehing 
occurring at about 24°C. The eombined 
effeet of these factors on LA! is shown in 
(Fig. 12). As temperature inereases LA! 
increases, exeept in the case of M Mex 59 
where less branehing and short leaf life at 
higher tempera tu res reduced LA!. 

Analyzing the LA! at Ihe most crucial 
period ofyield formation(8-12 months), M 
Col 22 had an LA! nearest to the 
previously determined optimum LA! of 3 
at Caribia, while all the others had LA!'s 
far exceeding 3 (Fig. 12). At Km 27, 
Popa ya n maintained an LA! of nearly 3 
during the 8-12 month period while the 
others failed to reach the LA! of 3. The 
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Figure lO. Leaf life of four varieties as a fundion of 
time after planling in Ihree different temperature 
zones. 

relalion belween root growth rate and 
mean LA! (Fig. 13) suggests that the 
oplimum LA! of 3-3.5 is valid over a wide 
range of temperatures and that the varietal 
interaction with different temperatures is 
demonstrated primarily through effeets on 
leaf area formation under different 
temperatures. 

Source-Sink Relations 

Previous results on the effeets of the root 
sin k eapacity on both yield and total dry 
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maller production were somewhat 
equivocal (CIAT Annual Report, 1974). 
This year two varieties, M Col 22 and 
CMC 84, were girdled at five months after 
planting and harvested three and a half 
months later. No variety by treatment 
interactions were observed and data are 
presented as the mean for the two varieties. 
Root weight showed no significant in­
crease in the treated plants, as would be 
expected, but increased in the controls 
(Table 2). LAI and area per leaf were not 
affected by the girdling treatmenl. Stem 
weight was, however, markedly affected by 
the treatment increasing from 0.4 kgf plant 
in the controls to 0.7 kgf plant in Ibe 
Ireated plants (Table 2). The total dry 
weight of the plants was not affected 

Cassava Program · CIAT 

LA·rl-r __________ ~r_----------r_ 
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.. Popayán 

5+-~----~~_+----~~--~ 

2H-------+-- --,:;;-""""::t-I 
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Figure 12. LAI of rour cassava nrieties ei,ht 
month$ alter planting al ditTennl temperalures. 

suggesting that reducing the root sink does 
not affect the efficiency of the source nor its 
size. Elimination of the root sink does, 
however, cause more carbohydrate to be 
stored in the stem. 

M Col 22 was grown in the field and 
three months after planting six roots per 
plant were cul. Harvests were taken at 3, 6, 
and 12 months after planting. The total 

Dry yield of ro01$ (t I ha} 
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Figure I J. Chan~es in rllol ~ro""lh rale as rehlled lo 
mean I.A' in cassa\'a nrielies grown "l dirrerenf siles. 
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Table 2. EfTeds of girdllng at Ihe base of the slem on growth of c:assan (mean of Iwo nrietin). 

Control 

Treated 

Rool yield 
¡ncrease 
(g dry 

matter / m2) 

456 

60 

number of thick roots per plant was 
reduced from 12.S to 9. 1 (mean of!he last 
two harvests). However, dry root yield, 
total dry weight, stem dry weight, and leaf 
area index were not significantly affected 
by the Irealmenl al any ofthe harvests (Fig. 
14). 

These data suggesl Ihal rool sink 
limitations do not alter source size or 
efficiency and Ihal when rool numbee is 
reduced to nine rools per · planl Iheir 
capacity lo expand is grealer Ihan Ihe 
carbohydrales available but when the root 
sink is isolated from the source the stem 
accepts the extra carbohydrate. 

A Cassava Ideotype 

This and last year's data suggest that the 
ideal cassava plant for maximum yield 
would rapidly reach LAI of about 3 and 
then maintain thal level. A compuler 
model was developed to define how this 
could best be achieved under CIA T 
conditions. Equations were used to 
described the relationship of crop growth 
rate to LAI, Ihe relativ.e leaf size compared 
to the maximum leaf size over time, rate of 
leaf formation per apex over time, the 
reduction of leaf lite by shading, and the 
dry leaf weight per unit area. The same 
equations· were used in all cases as these 

.. factors seem to be the same for all varieties 
with the possible exception of leaf forma­
tion rate per apex (Fig. 1). First, branching 
habit was studied using leaf life( 10 weeks), 
weight per node (1 g), and maximum leaf 
size (300 or SOO cm') at plant populations 
of 10,000 and 20,000 plants/ ha. 

The highest simulated yields were ob-

8-10 

St~m weight 
Increase 
(g dry 

matter/ m2) 

162 

580 

Tota l dry 
weight increase 
exc1uding leaves 

(g dry 
matter/ m2) 

618 
64Q 

tained with branctiing at 30 weeks at 20,000 
plants / ha with a maximum leaf size ofSOO 
cm'. When this plant type is compared with 
other types it becomes obvious that 
branching time is extremely important 
(Fig. 1 S) since early branching types yield 
very poorly. Increasing leaf life aboye IS 
weeks and reducing node weight from 1 to 
O.S grams give a small yield increase (Fig. 
IS) and may be difficult for the breeder to 
accomplish in practice as maximum leaf 
lives of 20 weeks (140 days) are rarely 
found in the field but IS weeks (lOS days) 
are not uncornrnon. Similarly, a mean 
node weight of O.S grams is generally 
associated with small lea ves and may be 
difficult to achieve. There is also litUe 
advantage in lea ves greater than SOO cm' 
maximum leaf size (Fig. IS). 

Ory rool weight (l / ha ) 
J • Normal no. 01' roots 

8 o Reduced no. of rools ---,.~~:=:=:9 

• o Total dry wcight 

12 3 A "LA1 ,--- -1- -;;''''--+-- - ..., 
LA1 

3 6 

LA1 

9 12 

Figure 14. Change in rout yield. LAI and total dry 
matter of M Col 22 ",ilh nurmal and reduced numbers 
of lhic:kened rools. 
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These simulate<!· data sugest that high 
yields can be obtained by searching for 
types that branch aloout six mon!hs' after 
planting, have large leaves and a long leaf 
life. 

Photoperiod Effects 

Two varieties, M Col 22 and Llanera, 
were planted in rows leading away from 
incandescent lights in !he field. The lights 
were used lo increase day length tq 18 

Dry rool weighl (kg/plant) 
1.5 

-
• Llanera 
O M Co(22 

hours during the period from planting to 
three months, 3-6 months and 6-9 months 
after planting. N o effect on yield per plant 
was noted when long days were given to 
plants oJder Ihan Ihree months. However, 
long days for the firsl th'ree months after 
planting reduced yield in Llanera but had 
no effect on M Col 22 (Fig. 16), suggesting' 
that long days during the early growth 
period may reduce yield and that varieties 
vary in Iheir sensitivity to photoperiod. 

~-
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Figure 16. E({tet or 18-hour dllys during lhe fint thref moolm afler planting on Ihe yields oftwo ellssan 
varietles. 
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Photosynlhelic Sludies 

In Ihe seetion on source-sink relations it 
bas been suggested that in eerlain cases 
sink does nol limit yield or total growth of 
the plan!. Furthermore, inereasing souree 
capacity by increasing its size is counter­
produetive as extra produetion of an 
inereased souree is more than offset above 
LAI of 3 by the carbohydrates required for 
produeing and maintaining it. Henee, the 
only means of inereasing souree eapaeity 
appears to be by inereasing effieieney of the 
individualleaves. 

The photosynthetie rates of different 
clones were eompared, using the first fully 
expanded leaf, to see ifvarietal differenees 
occur. Cultivar M Col 72 had the highest 
photosynthetie rate at all light intensities, 
being 63 percent greater than M Mex II at 
1,600 mieroeinsteinsfm'f see and 57 per­
eent greater at 700 mieroeinsteinsfm' f see 
(Fig. 17). Relative values are shown as 
calibration problems oceurred. However, 
rates of over 40 mg CO '¡dm' f hr have 
recently been obtained with M Cól72 using 

Apparent photosynthetic rate 

751--+-1-,"1---. 

~r-~~~~~-+-+~--~ 1 A standard ~eviation 
1 al each side 

I . I I 
• M Col 1613 

-¡-+-t.;-o M Col JJ<i'9í--+-I 
• M Mc"x 11 

'l> MCoin 

200 ·.400 600 800·1,0001,200 1,400 1,600 

Light intensity (microeinsteins I m2f sec) 

Figure 17. Photos)'nthetic r.l~ oC rour dirrerenl 
eassava dones. 

air of aboul ·350 ppm. These differenees are 
large and suggest Ihal Ihere may be 
possibililies of breeding for inereased 
photosynthetie effieieney. 

ENTOMOLOGY 

Inlroduction species was eontinued throughoul Ihe year. 
Resislance sludies were also eondueted for 

The main objeetive of Ihe eassava whileflies. The use of inseet diseases as 
enlomology program is to develop effee- control melhods was studied for Ihe 
tive methods of eontrolling eassava pests cassava hornworm and whilegrubs. A 
below eeonomic injury levels. Special biologieal eonlrol program for the cassava 
emphasis is given lo non-peslieide eonlrol hornworm was evaluated on several farms 
methods. However, until these methods and inseetieide eonlrol sludies were earried 
are effeetively developed, inseelieides may out for mites and fruit flies. 
be needed lO control severe outbreaks of 
sorne of the more serious pests sueh as 
mites, Ihe eassava hornworm of the Mites 
cassava fruil fly. 

Vield losses were determined for mites 
and shool flies and Ihe biology of 
Tetranychus urlicae and Mononychellus 
tanajoa was also studied. An extensive 
program to idenlify resistance lO these mite 

8-11 

Crop losses 

Several speeies of miles have been 
reported as attaeking eassava Ihroughoul 
many of Ihe cassava growing regions oflhe 
world. Reeenl reports from Africa and 
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enezuela indicate thal the green mite (M. 
tono}oo) causes crop losses ranging from 
3~ percenl. It has long been considered 
that mites may cause serious crop losses in 
cassava but until recently there was only 
minimal experimental data to support this 
c1aim. 

Four species of mites, M. tonoioo, M. 
mcgregori, T. urticoe and Oligonychus 
peruvionus, from Colombia were des­
cribed in the ClA T Annual Report of 1975. 
The high mite populalions coincide with 
prolonged dry periods in cassava growing 
regions. (Ory seasons in many areas of 
Colombia range from 2-3 months; this 
normally does nol allow mite populations 
to build up and remain at high enough 
levels to cause serious crop losses.) To 
determine the yield loss potential due to 
mites, cassava planls were artificially 
infested with T. urticoe from a screenhouse 
colony at the onset of the short dry season 
al ClAT. A natural infestalion of 
Mononyche/lus spp. and o. peruvionus 
occurred in the experimental plots. 
However, artificial mite infestation allow­
ed for more rapid buildup of mile pop­
ulations. 

Yield losses due to mile attack ranged 
(rom 20-53 percent depending upon the age 
of the plants when the attack occurred, and 
the duration of the attack (Table 3). 

The biology of T. urticoe and M. tonoioo 
were studied under controlled conditions 
in an environmental growth chamber 

(Tables 4 and 5). The female T. urticoe mite 
passes from egg to adult in approximately 
nine days and the female M. tono}oo, in 
eight days. The males complete lhis phase 
In slightly less time. Oviposilion by T. 
urticoe begins during the second day as an 
adult and each female is capable of 
ovipositing an average of 40 eggs. Of this 
lotal, nearly 29 eggs, or 72 percent of the 
tolal during the 20-<lay adult life, are 
deposited during the seven-<lay period 
between the third and ninth day of 
oviposition (Fig. 18). Egg viability and the 
sex ratio were also studied for M. tonaioa 
under growth chamber eonditions. Sex 
ratio studies with 1,186 adults resulted in 
62 pereent females and 38 pereent males. 
Egg viability for 289 eggs was 92 pereenl. 
This data, and the faet that these miles are 
parthenogenelie, indica tes that buildup of 
mite populations may be very rapid during 
favorable environmental eonditions. 

Two predalors of miles were identified 
during the past year. The predatory mite 
Typhlodromoles peregrinus Muma 
(Phytoseiidae) and Coleoplera, Stethorus 
sp. (Coccinellidae) were colleeted al ClA T. 

Resistance studies 

Screening of cassava vanetIes for 
resistance to Tetronychus and 
Mononyche/lus mites eontinued under 
conlrolled eonditions in the screenhouse 
and greenhouse (ClAT Annual Report, 
1975). A major objeetive of this initial 
phase of sereening is lo seleet about 10-15 

Table 3. Effects oC mites (MononychelJus spp., Oligonychus peruvianus and Tetranychus Uf/jeae) on 
cassaV8 yields (var. M Col 22) with .rtifieal infestalÍon5 oC T. urticae and biweekly applications 01 
monocrotophos for mite control in treated plats. 

No. af Age of plant Duration Miles per Production % 
Planting artificial when iofes- of infes- lear (l / ha) yield 
Rumber infestatio ns ted (mo.) tatioR (mo.) treated untreated treated untreated loss 

6 3 110 425 21.8 17.3 21 

tI 2 4 and 10 4 77 349 16.4 12.3 25 

1Il 2 2 and 8 6 60 263 27.9 13. 1 53 
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Table 4. Life eyde of Te/fanyehus uf/ieae on excised e.ssn.(ur. M Col 420) leaves under growlh ehamber 
eondilions.1 

Developmental No. Range in X 
stage observed days (d.y') 

.~emale 1 

Egg 44 3.0- 4.0 3.09 

larvae 27 2.()- 5.0 2.85 

Prolonymph 23 I.()- 2.0 1.65 

Deulonymph 22 I.()- 3.0 2.04 

Egg lO adult 22 7.()-11.0 9.27 

Longevity of adult 20 8.()-22.0 15.05 

Egg lo death of adult 20 17.()-32.0 24.35 

Male 

Egg 6 3.0- 4.0 3.18 

Larvae 6 2.()- 4.0 2.66 

Prolonymph 6 1.0- 2.0 1.33 

Dcutonymph 6 I.()- 3.0 1.66 

Egg 10 adult 6 7.()-10.0 8.83 

Tem~ralurt:: 280C da)' (l2h); 2SI>C n¡ahl (12h); R.H. 60-'0% 
Aver. number of eIP oviposiled per remale .. 40.0 

Table 5. Lire eycle or Monyehellus lanajoa on excised eassava (ur. M Col 1') )eaves under growlh ehamber 
eonditions.1 

Developmental No. 
slage observed 

FemaleJ 

Egg 35 

Larvael 35 

Protonymph 35 

Deutonymph 35 

Egg lo Adult 35 

Male2 

Egg 21 

larvaeJ 21 

Protonymph 21 

Deulonymph 21 

Egg lo Adult 21 

Tempt:ralU~ JOOC day(12h); 27'IC nighl (12h); a .H. 60-70%­

Su ralio • rcmate (62%), m. te (38%). 

Percenta¡e cU vÍllbiJily: 92%, 

~/4 

Range in X 
days (days) 

4.0-5.0 4. 14 

1.0- 2.0 1.22 

1.0- 2.0 1.17 

I.()- 2.0 1.60 

7.0-10.0 8. 14 

lO-5.0 4.19 

1.0-2.0 1.14 

1.0 1.0 

1.0-2.0 1.33 

6.()-9.0 7.66 
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Figure 18. Dajly oviposition by 20 female 
Telranychus urticae mil~ on excised eassava lea\'~ 
(var. M Col 420) in growlh ehambers. 

pereenl of the germplasm for further 
testing. Of 1,973 varieties sereened for 
resistanee to the Tetranychus mite only low 
levels of resistance have been found (Table 
6). This was expected sinee this mite is a 
very general feeder with over 400 host 
plants. Although most varieties are c1assed 
as susceptible, 270 Viere seleeted as show­
ing sorne low levels of resistanee. One 
hundred and eig~teen of. these were 

re-evaluated and 12 varieties were seleeted 
as promising for resistanee lO T. urticae. 

-These inelude M Col 310, 288, 289, 230, 
395,282,256,560,371,674,624 and CMC 
39. 

Among 1,349 eassava varieties evaluated 
for resistance to M. tanajoa. there are sorne 
showing moderate or intemediate 
resistance but none with high resistanee or 
immunity has been seleeted. F orty varieties 
have been seleeted for intermediate 
resistanee and 210 have been seleeted for 
future testing. 

Based on a 0-5 resistanee rating seale 
only 0.4 percent of the varieties evaluated 
for T. urticae reeeived a rating of 3.5 or 
less. Ofthe 1,349varietiesevaluated for M. 
tanajoa resistance, 14 percent received a 
rating of 3.5 or less. In addition, 86.7 
pereent of the varieties tested received an 
evaluation of 5.0 for T. urticae while only 
7.7 pereent reeeived a similar rating for M. 
tanajoa. This indieates that there is more 

Table 6. Evaluation of eassa"·. ~ermplasm fol" n-sishmn,1 tu Telranychus Ufr;cal' IInd Mmumyc·hellll.\ 

lanajoo. 

Mite 

Telranychus 

urr;coe 

Mononychellus 

lanajoo 

No. oC 
varieties 
evaJualed 

1.973' 

1.349' 

5.0 

4.5 

4.0 

3.5 

3.0 

5.0 

4.5 

4.0 

3.5 

3.0 

2.5 

Varieties in each 
resistance class 

(No.) 

1.711 

214 

40 

7 

104 

501 

555 

149 

36 

4 

Resisl.l.nce _le: 0-1. mutanl; 2-3, inlermed¡'le re$illancc; 4-5. susceptible. 

Ar1if.cially infestcd in Kreenhouse. 

Ar1if.cU.lIy inftlted in IJUIlhou5e. 

Casrava Program - CIAT 

(%) 

86.72 

10.85 

2.03 

0.35 

0.05 

7.71 

37. 14 

41.14 

11.05 

2.67 

0.30 

Varietics seletted 
as promising 

270 

210 
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resistanee to M. /anajoa than to T. ur/icae 
in the eassava germplasm bank and that 
there is little eross resistanee between the 
two speeies. 

In addition to thesestudiesatCIAT, 101 
varieties of eassava were randomly seleeted 
for mite resistanee in the field at Maraeay, 
Venezuela (Fig. 19). High mite populations 
oceurred when the plants reaehed about six 
months of age and eontinued for aboutfive 
months. Although both Mononychellus 
mite species were present on the plants, M. 
tanajoa was predominant. Many varieties 
were eompletely' defoliated and terminal 
and lateral buds were killed. However, 
several varieties did show intermediate 
levels of resistanee. 

Insecticide control 

Six aearieides were studied under 
sereenhouse and field eonditions for 

eontrolling Te/ranychus mites. Young 
cassava plants were treated in the 
screenhouse with six acaricides al four 
dosis (normal O,5N, 2N and 4N) inorderto 
measure mite mortality and the effeet of 
the aearieides on plant growth. Several 
aearieides were toxie to plant growth even 
at the normal or recornmended cornmer­
eial dosis (Table 7). Monoerotophos and 
ehlordimeform were least toxie at the 
normal dosage and monoerotophos eaused 
only slight toxieity even at 4N dosis. Both 
acaricides were also effective in causing 
mite mortality; effeets of the 
monocrotophos treatments are shown in 
Figure 20. 

These same six acaricides were tested in 
lhe field for their effeetiveness in mite 
control. The mite speeies present were T. 
ur/icae. Mononychellus spp. and o. 
peruvianus. Monocrotophos, chlor­
dimeform and RH218 effeetively eon-

Figure 19. Mononychellus mile damage in a (¡eld at Ihe Centro Nadonal de InvestiRaciones ARropecuarias 
(CENIAP) al Maracay, Venezuela. Obser\'ing .he damaced planls are (on the Idl) Dr. Carlos Arias, of 
CENIAP. and Dr. Ernesto Doreste S., of the Facully or Agronomy, Central University- or Vene-I.uela. 
8-16 Annual Reporl - 1976 



Table 7. Toxitif)' df('cts of seveul aClIricides un 
cas.'ian (\'Ar. Uanera) under screenhoust' 
conditions for control of Tetran)'('hus 
urlir'oe. 

Average gradel of toxicity fOf 
each application dosis 

Acarieide .5 x N2 N 2 x N 

ehlofdimefonn 0.\ 0.5 1.3 

dieofol 1.3 1.6 2.1 

monocrotophos 0.0 0.1 0.5 

binapacryl 2.5 3.0 3.0 

RH - 218 0.8 1.5 2.4 

Atellic 0.0 l.I 1.3 

4xN 

2.3 
2.4 

0.8 

3.0 

2.8 

2. 1 

I To:\ic ily grades: O = No leaf dama&e: 1 c Upptr Invn wilh lighl 
locali.z~ damagc . lId lowcr lea\'n und.magtd: 2 = Upptr lea,," 
heayil)' d.maged . 00 lower leav" with sorne damagt: 3 ... Plan t 
tota ll )' damqed, causlng dealh of lea \'eS aOO for planto 

2 N a:: Normal or recommended rornmerd.1 dO$is. 

Av!. no . . mites/ 210bes 

troUed mites up to eight days after 
application (Table 8). In a second trial at 
leA, Palmira six acaricides were eyaluated 
for control of natural mite populations of 
M. mcgregori. Again, monocrotophos, 
chlordimeform and RH218 were the most 
effective acaricides tested. M onocrotophos 
stiU gaye good control 24 days after 
treatmen!. Howeyer, since mite pop­
ulations were not high applications did not 
significantly increase yield. 

Cassava Hornworm 

Observations of heavy hornworm (Erin­
nyis eUo) outbreaks with populations 
reaching 90 larvae per plant on cassava 
farms this past year indicate that high 
hornworm populations will consume not 
only 100 percent of the folia!!e but larvae 

401---- - - - 1. none (control) .,--- - ---------­
• . 5 x normal 
m I x normal 
lIID 2 x ' nonnal 
E3 4 x normal 

Days after applicadon 
Figure 20. A veraRe population of Tetranychus urlicae on cas.'iava arter four levels of Irealmenl wilh 

monocrolophos. " '¡Ih observations at tour periods arter Irealment, 
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Table 8, Effects of {he applieation of se\'eral auricides 00 mortality of miles (T. urticae. Monmr)'che/lus 
spp, and O, peruvianus) al une, three and eighl days arler appliution (var. M Col. 22). 

Miles per leaf and % mortality at days: 

o 3 8 
Miles % % % 

Acarieides Dosis (control) Mites Monality' Mites Mortality Mites Mortal ity 

ehlordimeform 800 ce/ ha 780 346 
dieofol 1000 ce / ha 648 354 

monoerotophos 1000 ce / ha 430 336 
binapaeryl 250 ce/ ha 369 420 
RH 218 250 ce/ ha 593 207 

Actellic 250 ce/ ha 448 384 
Co ntrol 517 487 

, % mortalit)' c:alculated'by Hendcrson and Tildon method. 

will also feed on tender parts of the stem 
often consuming the upper 20 to. 30 
centimeters of stem tissue. In addition, 
larvae will proceed to feed on an¡! 
completely consume lateral buds. 
Hornworm larvae and heavily damaged 

' cassava field are shown in Figure 21. 

Since the adult hornworm moth is 
capable of lengthy f1ight, large populations 
of adults may migrate into an area and 
oviposit numerous eggs upsetting the 
equilibrium existing between biological 

53 207 72 156 79 
43 279 55 306 50 

18 152 63 106 74 

O 124 65 453 O 

63 87 85 210 63 

9 144 66 225 47 

O 481 O 453 O 

control agents and the hornworm pop­
ulations of that area causing a heavy 
outbreak and severe plant damage. Con­
trol methods are being studied which 
would not destroy the biological control 
agents and could effectively suppress heavy 
hornworm outbreaks. 

High Trichogramma egg parasitism of 
the cassava hornworm and larval preda­
tion by the paper wasp Polistes 
erytrocephalus (as described in the 1974 
CIAT Annual Report) naturally occur in 

Figure 21. I.arvae af Ihe cassava harnworm (Erinnyu ello) and a field ofcassan tOlally defolialed by Ih" 
hornworm, 
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many eassava fields. In order to determine 
the effectiveness of this biological control 
system, P. eryrrocepha/us were released on 
cassava farms and biweekly evaluations 
are being made of hornworm oviposition, 
egg parasitism, larval populations and 
wasp populations. 

Bacil/us thuringiensis, a eommereially 
available baeterial disease of many 
Lepidopterous larvae, was sludied for 
cassava hornworm control. In a cassava 
field with heavy hornworm attaek, 50-
plant plots were sprayed wilh a suspension 
of B. thuringiensis and the larval popula­
tion was measured before appliealion and 
three days. after appliealion. Results 
showed that Ihe larval population was 
redueed by 68 percent (Table 9), B. 
thuringiensis being most effeetive against 
the first three larval instars ando least 
effeelive againsl the fourth and fifth 
instars. 

One half of a five-hectare field was 
sprayed with B. thuringiensis and 50 plants 
were randomly sampled befo re applieation 
and al three and six days after applicalion . 
The larval populalion in the treated field 
was redueed from more than six larvae per 
plant to oile, while in the untreated field the 

Table 9. Number of (8ssa\'a hornworm (Erinnyis 
ellos ) lanae before and tbree days after 
application of & cillus Ihur;ngiensis on 
two·month cassava pl.nls (var. Chiroza 
gallinaza). 

No. larvae per insta rl 

Developmental Before 3 days after 
stage application aplication 

1 Instar 1,520 114 

11 Instar 4,449 982 

111 Instar 3.375 1,207 

IV Instar 1, 192 850 

V Instar 320 298 

Tot-al 10,856 3,451 

Eight plots of SO plants with cenler I ~ plants of e.ach ptOI samplcd 

(total of 12() plan ts 501.mplcd). 

larval population inereased lo more Ihan 
13 larvae per plant (Table 10). 

Trichogramma egg parasites were 
released into treated and untreated fields 
prior lo B. thuringiensis application and 
egg parasitism was reeorded al seven and 
10 days after release to determine Ihe effeet 
of the applieation on parasitismo Egg 
parasitism remained equally high in the 
treated and untreated fields (Table 11) 

Tablc 10. E«eeís af an lIpplic:alion af & cilllls thuringiensis on a population of cassava hornworm (Erinnyis 
ello ) afler Ihree and six da)'s. 

Days No. of larvae l 

after InWIr TOla! La rvac l 
a¡;plication 11 111 IV V larvac planl 

Wilh O 159 97 56 312 6.24 
B.thuringiensis 3 84 80 39 1 204 4.08 

6 7 19 21 3 4 54 1.08 

Without O 3 11 160 63 534 10. 68 
B. thuringiensis 3 141 287 100 1 O 529 10.58 

6 127 254 227 51 20 679 13.58 

Sascd on a 50 plan! random samplc. 
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Table 11. Percentage of cassna hornworm (Erinnyis tissue they are able to consume during this 
'//0) eus pa,..i.iz'" by r,ichog,amma period is greatly reduced (Table JO). 
Spl senn and ten days a(ter application of 

(BaciIJw thuringiensis). Cassava Fruit Flies 

% Parasit ism2 at 

Treatment o 7 10 

days after application 

Two species of fruit mes have been 
identified as attacking cassava in Colom­
bia. Anastrepha pickeli has been collected 
at the CIAT farm in the Cauca Valley 
(altitude 1,000 m) while A. maniholi was 
collected from the coffee growing regions 
of Colombia (1,200 m) where cassava is 

Wi.h B. thu,ingiensis 76 98 100 also widely grown. Stem and fruit damage 
Without B. thuringiensis 76 93 97 due to the fruit fly and the bacterial disease 
________ -------- associated with it (see CIAT Annual 

Approximalcly 98.000 r,ichogroml1lll HUII, rcleascd Report, 1975) have been observed in 
in each Ircalmcnl plol or 2.5 heclllres. . . f C 

l Sampa of 100 cggs. 

indicating that application 
Ihuringiensis will not adversely 
Trichogramma sp. egg parasitismo 

of B. 
affeet 

A common complaint of many cassava 
farmers is that B. Ihuringiensis does not 
rapidly kili hornworms and that they 
continue to consume foliage for several 
days after its application. Therefore, a 
laboratory study was designed to measure 
the foliage consumed after leaves had been 
sprayed with B Ihuringiensis. Larvae were 
also allowed lo feed on untreated lea ves to 
compare leaf area consumption between 
the Dacillus infested larva and healthy 
larvae. Results showed that larvae can 
survive for 1-4 days after they begin to 
consume treated foliage. However, the leaf 

several cassava growmg reglOns O olom­
bia. These range from coastal area where 
there is minimal and sporadic rainfall to 
mountainous areas where rainfall is well 
dispersed throughout the year. 

The Anaslrepha female oviposits in the 
fruit of mature plants or in the tender stem, 
just below the growing point of younger 
plants. The larvae may bore upward or 
downward in the stem causing extensive 
tunneling. This provides and entrance for a 
bacterial pathogen (see Plant Pathology 
Section) which can cause severe stem 
rotting. The rotten stem is not a favorable 
environment for the larvae and can cause 
larval mortality (see control treatment of 
Table 14). This also indicates that the 
major population increase of the fruit fly 
may result from the cassava fruit or an 

Table 12. Avence luf consumption (cm2) of cassava hornwonn (Erinnyis ello) feedinc on leaves treated with 
Bacillw thuringiensis and untreated lenes. under laboratory conditions. 

Developmental 
stage 

(Instar) 

111 
IV 

V 

Avg. untreated 
leaf consumption l 

larvae l 

(cm2) 

347.2 

273.8 

345.3 

S.mple of 10 1.rII1C in cach Ucalmcnl. 

8-20 

Treated wit h B Ihuringiensis 

Avg. ¡caf 
consumption l 

larvae 
(cm2) 

48.0 

19.2 

7. 11 

% rcduction 
of control 

86. 10 
93.0 

97.96 

Larval 
duration 

(days) 

2.7 

2.3 

2. 11 
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altemate host. The fruit of several other 
plants commonly found in areas of high 
fruit fly populations have been examined 
but no additional host to these species has 
yet been identified. It appears that cassava 
plants can recuperate rapidly from fruit fly 
damage given adequate, well-distributed 
rainfall. Plants that have been severely 
attacked when three months old, resulting 
in dead or rotted growing terminals, were 
compared to liealtby plants over a six­
month periodo Plant height measurements 
showed that within five months tbe 
damaged plants recuperate and attain the 
same height as non-damaged plants (Fig. 
22). 

Table 13. Influente 01 (155&\'1 (ruit ny (AnaslTepha 
sp.) damace on 'he lermination of 
planlioe material (var. Chiron gallinaza). 

No. of % germination al 

Treatment cunings 14 days 28 da)'1 

Cuuings infected 100 76.8 94 

Cuttings uninfected 100 84.4 99 

ehemical control 

Control metbods using insecticide 
.. applications for both the larval and adult 

Damage to planhng matenal stage of the fruit fly were studied. For 
. .. larval control, carbofuran was applied at 

Cuttmgs selected from planungmatenal . three different doses in the soil around each 
tbat has been damaged by the frUlt fly and plant and fenthion, in solution, was 
mvaded by the bactenal rot have aroUen applied at three different doses to tbe 
puh area. A~ a result, gerrnmatton of foliage. Percentage of larval mortality 
damaged cuttmgs IS reduced by 5 percent caused by each systematic insecticide was 
and may be delayed by several weeks recorded at 3, 8 and 16 days after applica-
(Table 13). tion. 

Plant heighl (m) 
3 r---~~.--------.--------. 

o damaged planls 
• h-eahhy plants 

Results showed that fenthion gavo good 
control three days after application and at 
eight days there was 100 percent larval 
control at all three doses (Table 14). After 
16 days control was still 90-100 pcrcent 
effective, depcnding upon the dose. Con­
trol by carbofuran was much less effective 
reaching only 69 percent at 16 days. 
Meanwhile, larval mortality in the control 
plants reached 40 percent, supporting the 
observation that the rotting stem is not a 
favorable medium for larval development. 

A tlraclants 

o Adult fruit flies are highly mobile and 
':-3-- - - -:6'------cS!--- ---:!9 difficult to control. However, trapping of 

months 

Figure 22. RecupH'ation DI uuau plant, stverely 
damactd by .he cassan (ruit ny (Anostrt'pha sp.)and 
bacterial rol (Erwinia sp.). 

Cassava PtQgram - e /A T 

adult fruit flies with the appropriate bait or 
attractant could result in an effective 
means of control, or of measuring adult 
fruit fly populations to determine when 
control measures should be employed. A 
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Table 14. The dffCl of c:.rbofur.n .00 fenlhion on Ihe c:onlrol of c:usa,'a fruit ny lune (Anaslrepha sp.) in 
slems of u sun (ur. M Mu 23 ). 

% mortality of larvae al. 

Treatment Dosis Application 3 days 8 days 16 days 

Carbofuran 10 g / plant Soil 9.7 45.0 069.0 

Carbofuran 20 g/ plant Soil 23.0 64.0 50.0 

Carbofuran 30 g/ plant Soil 24.0 53.0 20.0 

Fenthion 1.5 ccJliter H 20 Foliage 76.0 100.0 95.0 

Fenthion 2.0 cc/l iter H 20 Foliage 97.0 100.0 91.0 

Fenthion 2.5 ceJ liter H 20 Foliage 77.0 100.0 100.0 

Control 

Irial was designed lo sludy bails or 
attraclanls Ihal would increase Ihe effec­
liveness of insecticide application. The 
inseclicide EPN was used because of ils 
quick knockdown effecl which was 
necessary lO gel an aecurale mortalily 
coun\. Three bail combinalions were 
sludied- yeasl, molasses, and yeasl plus 
molasses. Yeasl alone proved lo be Ihe 
mosl effeclive bail causing more Ihan 
double Ihe adull morlalily of Ihe insec­
licide used alone (Table 15). The addition 
of molasses had no effecl on morlalily and 

22.0 24.0 40.0 

when molasses and yeasl are combined 
mortalily was greally reduced . 

In preliminary experimenls, brewers 
yeasl and hydrolized prolein gave Ihe besl 
resulls as attraclanls for lhe caplure offruil 
fijes. These were compared lo Ihree 
additional attraclanls- hydrolized yeast, 
hydrolized corn, and hydrolized soybean, 
using Ihe McPhail Irap. The hydrolized 
com gave nearly Ihree limes grealer 
caplure of fruil nies Ihan any of Ihe olher 
attraclanls (Table 16). 

Table 15. Evalualion of yrasl Ilnd mol.sses a!i bails mi xed wilh Ihe insecticide [ PN ror conlrol of CUllan 
fruil ny (Anaslrepha sp.) adults in field trials. 

Adult morta lity 
pe r replication 

Avg. ad ult 
T reatment and dosis 2 3 4 mortality 

EPN (12 ccf l2 1itcrs H20) 25 42 43 3 28.3al 

EPN ( 12 ccf l2 liters H 20) 71 103 41 17 58.0b 
+ yeast (0.5 kg) 

EPN (12 ccf l2 1itcrs H20 ) 49 49 18 14 32.5a 
+ molasses (0.5 Iiter) 

EPN (12 cc/ 12 liten H2O) 34 79 24 3 35.0a 
+ yeast (0.5 kg) 
+ molásses (0.5 liter) 

, AY1:nlF5 rollo"" e<! by di(ferenllelten are siSnificanll)' ditferenlal .0'. 
Annual Reporf - 1976 



Table 16. Compuison of fi"e .ttr.ctants in capture effidency of the .dult cassan fruit ny (Anasrrepha 
manihoul osin. McPhail traps. 

Average no. of 
Anasrrepha 

Attractant Dosis captured fweek 

Brewers yeast 40 g brewers yeast, 23.1 
6 g sugar, 1 g Borax 
400 cc ·" , O 

Hydrolized protein SO ccfl,OOO ce H20 17. 1 
Hydrolized corn 20 eell,ooo ce " , O 6IJ.7 
Hydrolized yeast 20 g/l .ooo ce ",O 21.9 
Hydrolized soybean 20 g/ l,ooo ce ",O 18.4 

Biological control 

Fruit fly larvae in cassava fruit are 
attacked by the parasite Opius sp. 
(Hymenoptera, Brackonidae). A study on 
the CIA T farm showed a 4.9 percent level 
of parasitism, while in the coffee growing 
region of Colombia, where fruit fly 
populations and damage are high, 
parasilism levels were 16 percen\. There 
have been no observations of parasitism of 
the larvae in cassava slems. 

Cassava Shoot fly 

The metallic blue adult shool fly 
oviposils its eggs between Ihe unexpanded 
lcaves in Ihe growing lerminals or in a 
small cavily in Ihe tissue made by Ihe 
oviposilor. After hatching, Ihe young 
larvae lunnel in the sofl tissue and 
evenlually kili Ihe growing poin\. 

1 n a field where numerous planls were 
aitacked by shool flies yield was recorded 
on an individual planl basis. On planls 
where Ihe attack occurred al 4.5 monlhs of 
age yield reduction was 15.5 percenl and 
when Ihe attack occurred al 5.5 and 6.5 
months there were 16.7 and 34.1 percent 
yield reductions, respeclively. Control 
plants (sampled al random) yielded an 
average of 4.19 kg/planl as opposed lo 
3.54, 3.49 and 2.76, respeclively, for Ihe 
damaged plants. Affected planls were also 

CaSSQVQ Program - CIAr 

shorler and may have been shaded by their 
heallhy neighbors, hence yield losses are 
probably overeslimaled. 

White Grubs 

White grubs (Phyl/ophaga sp.) can cause 
considerable damage to planting malerial 
and rools of young plants. Germination 01 
cUllings can be reduced by more Ihan 9C 
pereent under heavy attack by Ihe grubs. Ir 
previous experiments aldrin (2.5% al 6( 

kg/ha) and carbofuran (3 g/ m') applie( 
below Ihe cUlting in Ihe soil were found l. 
give Ihe mosl effective conlrol. 

A Muscardine fungus, Melarrhiziur 
anisopliae, is palhogenic lo Ihe grubs an 
preliminary laboralory experiments ir 
dicale Ihat Ihis can be an effective conlr<-. 
melhod. This fungus has been found 
attacking grubs in Iheir nalural slale in 
cassava fields in Colombia. 

Mealybugs 

Cassava planls infesled wilh mealybugs 
have masses of cotlony appearing insecls 
cluslered on Ihe stem and leaves (Fig. 23). 
The species Phenacoccus gossypii has been 
idenlified as allacking cassava. There is no 
information available as lO Ihe exlenl of 
damage by Ihese insecls bUI mealybugs 
have been known to cause serious losses to 
olher crops and could represenl a serious 

8-23 



Figure 23. A n infe,hlli"n uf m('al~ hu~s (PheIlDCQCCUS gossypií) on r3SSa\·a. 

pest of cassava. Communications from 
Brazil and Africa indicate that mealybugs 
severely defoliate cassava in these arcas. 
They have been observed i'n increasing 
numbers this year on the CIAT farm 
causing defoliation and the drying of stem 
tissue. 

Whiteflies 

Very severe infestations of whitetlies 
(Aleurotrachelus sp.) were observed at the 
ICA experiemnt station at Nataima (Es­
pinal) in Colombia. Leaf damage from 
heavy whitetly attack was observed as 
severe mottling or curling on susceptible 
varieties. These lcaves had a mosaic-like 
effeet with splotches of light green leaf 
tissue on the dark green leaves. The 
presence of sooty mold was also evident on 
the lower leaves of those plants with heavy 
infestation. 

The black pupae covered with a white 
waxy excretion was easily observed on the 

~2~ 

Table 17. Enluation of 12 'Varieties of euuva for 
resistance to Ihe whitefly Aleurot,ache/us 
,p. 

Variety 

CMC 4ü 

CMC 72 

M Col 673 

M Mex 52 

CMC 86 

MVenl19 

CMC 84 
CMC 137 

M Ecu 159 
CMC 57 

M Mex 59 

M Col 22 

Rcphcale 

G'f~tk 1 .. F~ ..... or no pUPIe on k.ves, no motlling of lea~'n; 
G,Qtk 1 .. Aboul one: lIalf oIka,'n wilh many pupae and SOITlC mOll ling 

of foliage bUI no curJing: 
G,tuh J; MOSI k.VCS "';111 pUPIe II\d se~n: mOtlli", ,nd curling of 

1a.'C$. 
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leaf undersides. The undersurface of 
heavily infested leaves were almost com­
pletely covered with pupae, giving a 
glistening white effecl. Infestation was 
observed on nearly allleaves (upperas well 
as lower ones) but mottling and curling 
were primarily present on upper leaves. 

A preliminary evaluation of 12 varieties 

was made for resistance/ susceptibility to 
the whitefiy. 

The variety CMC 57 appeared to have 
good resisiance in all three replicates. 
CMC 72 and Mex 52 gave moderate 
resistance while CM C 40, M Col 22, M Col 
673, CMC 86 and CMC 84 were highly 
susceptible (Table 17). 

PATHOLOGY 

Durin 1976 em hasis was placed on 
researc re ated to selecting and protectmg 
vegetatlve ' propagating ma erial. osses 
caused y sorne majoflhseases were also 
determined, as well as new methods for a 
more accurate e,,¡¡)uation of resistance to 
certain diseases. E aluations of resistance 
to cassava bacterial blight (CBB), Phoma 
leaf spot, Cercospora spp. leaf spots and 
the superelongation disease were done 
routinely on Ibe promising material 
produced by the breeding program':) 
Furthermore, the investigation relatedr¡¡,J 
identifying the causal agent of sorne 
syndromes observed in several commercial 
plantations was continued. 

Bacterial Diseases 

To date, three bacterial diseases of 
cassava have been defined according to the 
symptomatology, cultural and taxonomic 
characteristics of their causal agents. These 
are bacterial blight (Xanthomonas 
maniho/is), bacterial stem rot (Erwinia 
cassavae) and bacterial angular leaf spOI 
(Xanthomonas cassavae). However, the 
etiological and epidemiological knowledge 
of X. cassavae and the disease it causes is 
still in the preliminary phase. 

Cassava bacterial blight (CBB) 

I 
Research on this disease was concen­

trated on: (a) determinin Ihose factors 
that may induce vanabllity in t e reae IOn 
of cassava cultivars inoculat t e 

CoSJ'QVQ Program - e /A T 

clil!el!J.g method for resistance screenin&.to 
CBB (CIAT nnua eport, 1975); (b) 
aetermining the pathogenie variability of 
the causal agent; (e) evaluating resistance 
of F, hybrids obtained by controlled 
pollination; and; (d) determining losses 
caused by the disease on plantations 
infected monthly after germination, under 
conditions of the Cauca Valley of Colom­
bia. 

Inocula/ion procedure. Various trials 
were done to establish the optimum 
inoculation procedure for CBB screening. 
This procedure is summarized as follows. 
Plants should be grown in II-cm diameter 
x lO-cm high pots since bigger pots do not 
allow plants to express symptoms as 
strongly as do smaller ones. Six young 
lea ves around the stem should be in­
oculated using lOS cells/ml or more in 
sterile disti1led water when the plants are 
45-70 days old. Inoculation is best done on 
c10udy days or in the evening. Relative 
humidity should be greater than 70 percent 
and plants kept in pots at field capacity. 
This may require twice daily watering 
when temperatures are aboye 25°C sinee 
higher temperatures accelerate symptom 
formalion. Final evaluation, on five plants 
45 days after inoculation, can be made 
visuaJly. 

Palhogenic variabilily. The virulence of 
52 strains of X. maniholis collected from 
plantations in Africa, Asia, and America 
during Ihe last four years was determined. 

~ZJ 



The cultivars M Col 113, Llanera, and M 
Col 647, previously raled as susceplible, 
loleranl and resistanl, respeclively, lo 
certain Colombia n slrains were clip­
inoculaled wilh each of Ihese slrains. The 
52 slrains were classitied inlo four 
virulence groups as shown in Table 18. 

/These results suggesl Ihe presence of 
groups of Ihe palhogen differing in 
virulence. Of particular importance lo 
CIA 1"s breeding slralegy is whelher Ihese 
groups inleracl differently wilh various 
cassava genotypes. If so, Ihe screening 
system should include as much diversity of 
palhogen groups as possible. If, on Ihe 
olher hand, Ihe groups do nol include 
inleraclion wilh cassava genotypes, screen­
ing by using the mosl virulenl strains 
would be Ihe mOSI efficienl, although less 
virulenl strains (groups 1,2 and 3) are more 

L'" \ ¡ ~ ~ 
common. ~ Le \ C. 

'l\ll. , 
Table 18. EvaluaUon 01 virultnct' of 52 eRa slrains 

from Atrio. America .nd Asia, using the 
clip ¡noculalian Irthniqut'. 

Virulence l 

Disease losses relaled 10 crop age. The 
eValualion of losses caused by CBB in 
planlalions infecled al different ages was 
delermined by monlhly planlings of Ihe 
cullivars Llanera (Ioleranl), and M Coll13 
and M Mex 23 (susceptible). Yields were 
not reduced when plots were infected 
belween Ihe sevenlh and Ihe lenlh month 
of growlh (Fig. 24), bul in plots ¡nfecled 
between Ihe firsl and Ihe sixth month, yield 
was significanlly reduced in the IWo 
susceplible cullivars. Yield of the tolera nI 
cultivar was only reduced when CBB 
infeclion occurred between Ihe tirsl and 
Ihird monlh of growlh. No correlalion was 
found belween yield and rainy or dry 
periods during Ihis experimento 

Sourcc No. oC 
oC strains Group Group 

slrai ns tested I 2 

These results suggesl Ihal disease losses 
may be reduced wlth disease-free planting 
malerial in areas where Ihe disease is 
endemic. \When .. clean seed" (produced lo 
insure ám il doesn'l carry CBB) is 
planted in an affecled area, Ihe plantalions 
will be clean inilially if Ihe land has nol 
been planted lO cassava previously. oro has 
been rolal.ed for a six-monlh period (CIAT 
Annual Reporl, 1973I"1Since CBB dis­

3 4 Iy relaled lo environmental conditions and 
Group Group , semination Qver shortt"'drntances is general-

_________________ insecI populalions, Ihe possibilily Ihal 

Africa 

America 
Asia 

13 

35 

4 

2 

2 

8 
12 

1 

2 
10 

1 

5 

Ihese plantalions become fully infecled 
jwilhin 3-4 monlhs is low. Consequently, 
Ihe risk of losses caused by CBB could be 
reduced by using clean propagaling 

Total 52 
malerial or minimized if clean malerial of 

12(23%) 21(41 %) 13(25%) 6(11%) resislanl or loleranl cultivars is used. 
-------------------1 

GrOl.lp 1; Low "irl,lkrw:c; j i w ... blc 10 induce 1cs1O"5 only o n lhe 

dip inocuhua:! Ieaves or Ihe !hree cultivan. 

Group 1: Induce<! dicbKk .nd/ordulh of susceptIble cultival1l_ 

Toleran! and ,"islan! CUll i\',r, showC'Cl lesions 0"1)' on 

lhe inoculaled lrayes. 

Group J: Induc:ed d lcback or deal" of suscepliblt and toleran! 

Culli~¡Hs. The f'C' SiJlalll tuluvar Iho ..... cd onl)' (olia, 

1e10101l~ . LP" ''''''''''' da," o, oh, ,,~p"b'" .... ,,',~"' """.,~ 
:tnd dic:back (80%1 and / o r de,lIIh (m¡ of!he resistan! 

cultivar. 

Evalualion for resiSlance. Evalualion of 
promising high-yielding malenal1>róllucea 
by Ihe lireedmg program was of hig 
priority. Other nonpromising lines were 
also included to obtain more information 
on Ihe genelic conlrol of Ihis disease .. 
Resulls (Table 19) were similar lo Ihose 
found previously (CIAT Annual Reporl, 
1975). Selfing of resislanl cultivars produc-

8-]6 
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Figure 24. [rrects of cassava bacterial blight inff'ctions al various growth stages on fresh rool yif'lds of IhrH 
cusn. varieties. 

ed a high proportion of resistanl Iypes 
(52 .2%). Similarly, by conlrolled 
pollinations of resistant x resistant or 
susceptible x resistant crosses, the per­
centage of resistant hybrids was con­
siderably higher (14.8% and 10.60/0, respec­
tively) than crossing susceptible cultivars 
(2.1 %) or by using open pollination (4.0%). 
W¡Th controlled hybridization resistant 

\ hybrids with olher desirable characters can 
be obtained. Based on these methods, 
promising hybrids resistant to eBB have 
already been idenlified. 'IJ~ 

Cassava Progrom . C/A T ~ 

Bacterial stem rot 

Etiological studies showed that the 
causal agent of this disease belongs to the 
car% vora group of the genus Erwinia. 
This pathogen also, seems to belong to the 
variety caro to vora. Taxonomically, 
therefore, this organism appears to belong 
to Erw;n;a car% vora varo car%vara. 
Erwinia (E. cassavae [Hansford] 
Burkholder 1948) is included in Bergey's 
Manual of De/ermina/ive Bac/eriology 
(8th ed.) in the herbico/a group. It is 
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Table 19. Greenhouse e\'aluaUon of resislance lo esa o( F I cros.ses from cullinrs wilh differenl degrces of 
resislanct. 

Total no. 
Cross type of F1's 

Self-pollinated 19 
(resistant) 

Open-pollinated lines 50 

Control pollinated line~ 375 
(susceptible x susceptible) 

Control pollinated ¡¡nes 530 
(susceptible x resistant) 

Control pollinated Jines 27 
(resistant x resistant) 

Di!lease ralin,: J -= rnistanl . 2. Ibleranl. 3 = susceptible 

l . fercentage relatcd 10 the total number of lines tes ted per crou typc 

suggested that its epithet he maintained but 
that the species be changed to the 
carotovora varo carotovora group. Sinee 
the type culture of this species is not 
available, it is impossible to make com­
parative studies; nevertheless, symptoms 
induced by E cassavae are similar to those 
induced by the present pathogen. 

Dísease ratingl 

2 3 

10(52.6%)' 3( 15.8%) 6(3 1.5%) 

2( 4.0%) 6( 12.0%) 42(84.0%) 

8( 2.1%) 40(10.7%) 327(87.2%) 

56(10.6%) 194(36.6%) 280(52.8%) 

4( 14.8%) 10(37.0%) 13(48.2%) 

veetors and the disease are endemic. Thus, 
it is possible that in these ·Ioeations the 
adult mes become infested and later spread 
the pathogen on the surface of the plant 
when they oviposit in the stem. When the 
larva emerges, it bores through the stem, 
causing a wound where the pathogen, 
which has survived epiphytieally on the 
plant surface, penetra tes into the stem 
tissues of the host. This is corroborated by 
the presence of plants attacked by the 
inseet only during the rainy periods and by 
the fact that the inseet! baeterium associa­
tion during dry periods is nil, even though 
the presence of inseet and damage caused 

The pathogen penetrates the host via 
plant wounds, generally caused by froit 
mes (Anastrepha spp.; see Entomology 
Section). The pathogen was isolated in 
small numbers (l %) on adults and high 
numbers (90%) on! in larvae collected from 
infected stems; the pathogen was found 
only on the body surface of the adults 
whereas it was also found within the larvae 
when there was a bacteria! inseet 
relationship in the stein. The pathogen was 
able to survive epiphytically for 132 hours, 
when relative humidity was near lOO 
percent and its concentration inereased 
more than lOO-fold. 

. by inseet veetors is cornrnon. 

With artificially inoeulated plants, 
disease severity is greater at 100 pereent 
relative humidity than at 70 pereent 
relative humidity during incubation (Fig. 
25). In the field , disease·incidence(infected 
plants! total plants) and severity are high 
during the rainy season. During the dry 
season, e"ternal symptoms (total stem rot) 

Insect adults generally live and feed on disappear, but the pathogen continues to 
fermenting organic debris, common in invade the pith tissues of the infected 
those cassava-growing areas where the 1, plants. Since no significant differences in 
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Figure 25. Disease pro~rts.'i of bacterial slem rol of 
rasSJ,va •• 1"·0 humidity levels. 

manihotis, whieh is a fast-growing 
organism produeing white mueoid 
eolonies on sugar media. First symptoms 
appear 8-9 days after spray inoeulation 
with a baeterial suspension of lO" eells/ml, 
followed by 24 hours of ineubation at 100 
pereent relative humidity and 2SOC. Small, 
swollen, water-soaked , reddish brown dots 
appear, whieh enlarge and beeome sur­
rounded by a yellow halo as deseribed 
above. 

Fungal' Diseases 

Superelongalion disease 

Cultural studies 00 Sphaceloma 
manihoticola, the causal ageot of 
supereloogatioo, aod 00 S. poinsettille 

)

the degree of stem rouing were found (ClAT Annual Report, 1975) showed that 
among artificially inoculated cultivars, these two organisms can mutate on 
best control is to identify eultivars resistant artificial media relativery easilr,prO'duC'mg 
to the inseet or direet control of inseets. eolonies phenotypieally differentfrom the 
:7" .., 'Y) "" J I~ original cultures. Frequently, blaek, 

. -- -? mueoid eolonies appear whieh can 
sporulate more intensely than the original 
ones and remain stable even after in-

Bacterial angular lear spot 

This disease was described in Africa oeulating/ isolating several times on a 
(Uganda) in 1956, but no other repor! of susceptible eassava cultivar. Sueh mutants 
the disease has been published. This year, were observed to be more virulent than the 
sorne eultivars were found to be affeeted by original cultures affeeting the same 
the disease in Carimagua (Llanos Orien-~ultivar. This suggests the possible ex­
tales, Colombia) during the rainy season. istenee of physiologieal raees in nature 
The disease, eaused by X. cassavae (a and/or the possibility of forming new 
parenehymatous pathogen), is observed l biotypes or raees in relatively short 
only on the foliar system of eassava as periods, an important point for a breeding 
angular, water-soaked lesions, very similar program to control this disease. 
to tliose indueed by CBB. The angular 
spots, however, are smaller, with a pale In general, three field-resistant types 
yellowish exudation in the eenter of the have been observed: (a) complete immuni­
lesions on the leaf undersurfaee. The spots ty, eharaeterized by the absenee of disease 
are surrounded by. a diffuse pale yellow lesions on certain eultivars; (b) disease 
,halo, whieh eventually extends over the oeeurrenee with foliar lesions in a 12-
whole leaf lamina, eausing leaf abseission month eycle, but without elongation 
within 20 days after infeetion. and / or leaf distortion; and, (e) complete 

The pathogen grows well but slowly in 
sugar media, produeing yellow eolonies; 
these two eh,¡raeteristies (slow growth and 
yellow eolonies) separate it from X. 

Cassava Program - el A T 

immunity during the first four months of 
plant growth and then toleranee, shown by 
the presenee of lesions on lea ves, petioles 
and green stem, and elongation only on the 
very young portions of branehés. 
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The severity of this disease depends on 
the occurrence of prolonged periods of 
rainfall but yield reduction is almost nil 
when plantations are infected after five 
months of growth (CIA T Annual Report, 
1975). Since it is likely that physiological 
races exist which interact with different 
cassava genotypes, especially in the case of 
type (a), importance will also be given to 
other types of resistance. 

Disease resistance evaluatíon is carried 
out using plots surrounded by heavily 
attacked susceptible cultivars. From the 
results it is evident that there are very good 
sourtes of resistance to this disease in 
CIA T's germplasm bank (Table 20). The 
resistant cultivars have remained resistant 
for ayear under continuous exposure to 
high inoculum potential. 

Du.emina/ion. The effect of the causal 
agent of this disease on germination of 
cuttings, as well as its dissemination by the 
use of infected cuttings, was determined by 
planting cuttings (var. M Col 310) tak,m 
from elean and infected plantations. Of 
cuttings from infected plantations 50 
percent did not germina te, and all sprouts 
were infected. 

When diseased cuttings were treated 
with the fungicide captafol (80%) at 8,000 
ppm the disease was eradicated. Captafol 
(80%) at this concentration did n\>I show 
any inhibitory or tóxic effect on the treated 

cuttings. Stake treatments could also 
red uce yield losses tremendously during 
the early growth stages. 

Phoma lear spot 

When the evaluation of 1,139 cultivars 
fCIA T's collection was completed, it was 
ound that only 1.7 percent were resistanf, 
5.4 percent were susceptible and 12.9 
ercent showed sorne tolerance. 

Comparing the yields oblained 15 
months after planting, resistant cultivars 
yielded 190 percent of the regional average 
and the susceptible cultivars yielded 60 
percent less (Table 21). This suggesls that 
in areas where the diseaseiSendemic (areas 
with low temperalures and high relative ~ 
hllmidity), growers have unconsciously 
se ected cultivars resistant to the disease j2, 

nd to the environmental conditions. If 
his resistance is increased, yields could be 
oubled In these a:reas (Table 21). 
owever, the resistance evaluation of the 

Irst 200 hybrids showed that lhe heritabili-
y of resistance to this disease is quite low 
Table 22). 

Cerco.pora spp. lear spots 

The effect of Cerco.pora henning.ii 
(brown leaf spot) ~nd C. vico.ae (blight 
leaf spot) on leaf longevity and yield of lhe 
susceptible cultivar Llanera was deter­
mined under CIA T environmental con-

Table 20. Field e\'alualion uf 488 cultivars and F Table 21. 
crosscs for resistance to SphaceJoma 

Average yield (al IS monlhs) uf 1.139 
caSSal'lII cullivars grouPfll according to 
the;r reaelÍon to Phoma leaf spot. mafl¡llOt;cola (su~relongation distase of 

calis:.a\'II). 

No. of cultivan;: Discase ralingl 

or hybrids testcd 2 

418 cultivars 7.2' 24.9 
70 hybrid s 10.0 18.6 

Avg. 7.6 24.0 

I Disease raling: [:mi.tant. 2::lolcrant. 3.$UlCeplibl~ 
2 Pereenla¡e of lhe total number lesled. 

fJ.JO 

3 

67.9 

71.4 

68.0 

Average % yield 
Disease yield related to 
reaction (kg/planl) regional yield 

Regional yield 1.2 100 al 

Resistant 2.3 190 b 

Tolerant LO 80a 

Susceptible 0.5 40b 

I Numbcrs followed by Ihe s.a mc klter wen: nol signirlCan! a l .01 

Icvd (F IC~I). 
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Table 22. f'ield nalualion of resislance of f't crusses lo PllOma sp. from cullívars "'jlh different deJ!fCts uf 
resislance. 

Disease rating' 
Total 

Pollination system F, crosses 2 J 

Self-pollinated 26 1(3.S%y 15(57.7%) 10(38.5%) 
(resistant) 

Open pollinated 52 0(0.0%) 6( 11 .5%) 46(SS.5%) 

Control pollina'ed: 

(susceptible JI. susceptible) SI 0(0.0%) 2{ 2.5%) 79(87.5%) 

(resistant x resistant) 41 2{4.9%) 31(75.6%) 8(19.5%) 

OiSCa5C ... ting: t_ ~nt. 2 _Io lera.nt . J _ su5Cq)libtc 

Per«ntage relate<! 10 Ihe total numbcr o r tines teste<! per cross I)'pe 

ditions by applying fungicides and stickers 
at 1, 2 and 3 week periods in a split-plot 
designo 

Longevity of healthy lea ves was 85 days 
and for infesied lea ves untreated with 
fungicide, 68 days (Table 23). Fungicide 
treatments redu<:&d infected leaf numbers 
by 60 percent but only increased leaf life of 
infected leaves by two days. The fungicide 
treatment every week reduced the level of 
infestation and increased leaf life, Y ield 
was increased by 14 percent (Table 24) by 
this treatment at CIA T. It is interesting to 
note that increased leaf life is suggested 
(Physiology Section) as a means of 

Table 23. tonge\·jt)' of healthy lenes of IJanera 
and thos .. ¡nfce'm w1th Cercospora 
henllingsii and{or C. vicosoe. 

Sanitary condition 

Infected leaves. 

Longevity 
(day,) 

no fungicide treatment 68 

Infected ¡caves 
treatcd with fungicide 70 

Healthy leaves. 
treated every week 

Cassava Program - CIAT 

85 

NO.of 
¡ea ves 

367 

4,732 

2,062 

increasing yield, Higher yield in this case is 
apparentIy associated with greater leaf 
longevity, 

Field evaluation for resistance to C. 
henningsii, C. vicosae and C. caribae 
(Table 25) showed results similar to those 
reported previously (CIAT Annual 
Report, 1975). A high percentage of F, 
lines showed resistance to C. henningsii 
and C. caribaea, but resistance to C. 
vicosae was very low. Resistance to C. 
henningsii and C. vicosae together was 
even lower (Fig. 26) with the resistance to 
each Cercospora species being independ­
ent and not correlated. 

Table 24. Yield of eassava (var. Llanera) according to 
the freqoency of applicalion of either 
maneozeb. Vitigran, henomyl and 
Matuprn. plus stieker (TrUon or Tw«n 
20). 

Frequency of Yield 
application (l/ha) 

Every week 33.1 a' 
Every two weeks 28.1 b 
Every three weeks 29.2 b 
Control 28.5 b 

, Numbcrs foltowe<! by differenl Iclttrs wcrc , ign iflC3n tly diUcrenl al 
Ihe .0$ le,·e!. 

IJ.J I 



Table 25. Field ev.lu.tion of rHislance lo Cer· 
CO$pora hennjng$jj (brown leaf spOI) and 
C. "ico$ae (blighl leaf spol) in F I crossa 
from cultivan w;lh diffeunt degrea of 
rHist.nce. 

Disease rating l 

CerCO$pora spp. 2 3 

C. henningsH 616(46%)' 210 (15%) 518 (38%) 

C. vicosae 53 (4%) 208 (15%) 1,083 (81 %) 

c. caribaea 141 (34%) 154 (37%) 118 (29%) 

Oisease rll illJ: hresistanl. 2. loleranl. J.susceplible 
Per«nlq( tdlled 10 Ihe lolal number of F I linn evalualed lclOSS 
Iype. 

Cassava rusts 

The studies on cassava rusts in coopera­
tion with lCA, the Universidad Nacional 
and CIAT (1975 Annual Report), were 
continued. A taxonomic analysis was 
made of Uromyces spp., pathogenic to 
Manihol spp. A total of 72 samples were 
analyzed after being obtained from the 
foUowing European and American her­
baria and j or museums: Royal Botanic 

Percentage 

801---ld1C. henning$i ____ _ 

Tolerant Susceptible 

Diseasc rating 

Figure 26. Fitld rrsistance to Ctrco$pora hen­
ningsii and C. ,,;cosal' uf F"l crosses from cassl". 
cul1ivars with dirrerfnl degrus of resistllnct. 
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dardens, Kew; Naturhistoriska , 
Riksmuseet, Stockholm; Botanischer Gar­
ten und Botanisches M useum, Berlin­
Oahlem; Instituto Agronomico, Cam­
pinas; Micoteca Nacional, lCA. 

As a result 42 samples were reclassified. 
The samples were characterized by com­
paring each sample with the type or isotype 
species. The identilication of rust species 
included studies on: ornamentation and 
thiekness of the eeU wall, color, size and 
shape of teliospores and uredospores, and 
the pedicel eharaeteristics of the number 
and position of the germinative pores on 
uredospores. 

Six Uromyces spp. have been reported 
pathogenic to Manihol spp. in Latin 
Ameriea,of whieh U. maniholis Henn. is 
most widely distributed (Fig. 27). 

The highest pereentage of germination 
ofuredospores of U. maniholis takes place 
at 20-250C, 36 hours after ineubation on 
agar. At 1°C and 350C uredospores do not 
germinate. Germination is delayed when 
light intensity is greater than 12,917 lux 
(1,200 ft-e). When relative humidity is 
lower than 81 percent, uredospores do not 
germinate but when relative humidity was 
between 95 and 100 pereent, germination 
was 18 and 68 percent, respectively. 
Satisfaetory infection was obtained when 
plants were spray inoculated and in­
cubated for 12hoursat lOOpercentrelative 
humidity. The optimum eoncentration of 
inoculum was 25 mg ofuredospores j40 mI 
of water plus Tween 20 at 0.1 pereent; lirst 
symptoms appeared 12-15 days after 
inoculation. The highest disease rating was 
obtained on four-week-old plants. The 
pathogen penetra tes the host via stomatal 
cavities, 4-5 hours after inoculation. 

Under field conditions (at Mondomo, 
Cauea, Colombia) U. maniholis produeed 
only uredospores. After evaluating 72 
eultivars, it was found that only 8 percent 
appeared to be susceptible, but the disease 
incidence was only moderate. However. 
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(1). Uromyces manihotis Henn. 

(2). U. jatrophae Diet & Howl. 

(3). U. carthagenensis Speg. 

(4). U. manihotis calingae Heno. 

(5). U. lolerandus Jack & Howl. 

(6). U. maniholicola Henn. 

Brazil 
( 1,3,4,5,6) 

Figure 27 . Gwgrapbical dislribulion oC Uromyces spp. in Marlihol spp. 

after inoculation under greenhouse con­
ditions, M Col 113 and 146, whieh showed 
high tolerance under field eonditions, were 
rated as suseeptible.Itappears that the high 
incidenee of the mieroparasite Darluca 
fi/um (Biv.) Cast. on pustules of U. 
maniholis in Mondomo plantations 
restriets the dissemination and ineidenee of 
this cassava rust and Iimits the produetion 

Cassava Program - CIAT 

of uredospores beca use it invades the entire 
fruiting strueture of the rusto 

When the pathogenieity of D. fi/um was 
tested under controlled conditions, it was 
found that after 10-li days of ineubation at 
70 pereent relative humidity and 25°C, the 
parasite invades rust lesions. D. filum on 
mature sori restriets sporulation of U. 
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maniholis almost completely. Since U. 
maniholis has been found infecting cassava 
at different altitudes (Nariño, 1,700 m; 
CIAT, 1,006 m), possibilities exist for 
ecological raees of the pathogen. 

Other Diseases of Cassava 

The frog skin disease 

This disease was first described in 1974, 
(CIA T Annual Report, 1975). lt causes 
tremendous losses when present (see 
Economies Seetion) and attempts have 
been made to determine the cause of the 
disease, the identification of the causal 
agent and its transmission. Nutritional 
studies made by adding major and minor 
elements to the soil of heavily infected 
plantations showed that Ihis disease was 
not due to any nutritional deficiency or 
toxicity. Similarly, in experiments using 
heat- or chemically-sterilized soil, it was 
found the disease is not caused by a soil­
borne pathogen. Further investigation 
showed that the syndrome was due to an 
infectious agent transmitted through in­
fected cuttings taken from infected plan­
tations. Of the cuttings taken from infected 
plantations, 87 pereent produced diseased 
plants, but none of the plants obtained 
from healthy cuttings taken from healthy 
plantations produced plants in the same 
site (Table 26). Diseased cuttings showed 
no necrosis or symptoms indueed by fungal 
or bacterial organisms and attempts to 
isolate fungi or bacteria from infected 
cuttings were also negative. The causal 
agent of this disease is still unknown. 

Yields of plants infected with this disease 
may decrease by 50 percent; the harvest 
index of diseased plants is extremely low 
beca use they produce few swollen roots 
and aerial development is more vigorous 
tban in the healthy plants. By using healthy 
plant propagating material taken from 
diseased or healthy plantations, the disease 
can be eradicated and yields can be 
increased more than three times the 

IH~ 

T able 26. Dissemination, losses and yield indu of the 
froe skin distaw tbrouch the use of 
infected planUne malerial t&km from 
diseastd and healtby plan'afions. 

Qrigin of the 
C uuings 

Cuttings ¡rom infecleq 
planta¡ions: I 

No. of harvested plants 

Yield (k81 planl) 

Harvest index 

Cutlings from heallhy 
planlaliom: I 

No, of harvested plants 

Yield (kgf plant) 

Harvest index 

Hea1thy 
plants 

50(13%) , 

1.40 

0.63 

360(100%) 

1.0 

0.84 

Disease<! 
plants 

326(87%) 

0.70 

0.33 

0.0(0.0%) 

I Cuu inp were planltd in I field whe~ ¡he previou. crop \l/U 92% 
¡" (tejed 

2 Pcrcenla8C related 10 the lo tal number or planu harvcsted. 

average expected under eonditions of the 
disease. 

Anthracnose 

This disease had been reported to be 
caused by Collelolrichum maniholis 
Henn; however, it has been found that 
other species of Col/elOlrichum and 
Gloeosporium can also cause anthracnose 
on cassava. The following species have 
been identified as causal agents of anthrae­
nose: C. maniholis. C. demalium. C. 
gloeosporioides and Gloeosporium sp. 

Symptoms indueed by these pathogens 
are similar to those of foliar blight, butt 
rotting, die-baek and stem cankers. 
However, specific symptoms have not yet 
been identified to specifie pathogens. 
Generally, these pathogens attack more 
frequently during prolonged periods of 
rainfall. 

Periconia leaf spots 

In sorne cassava plantations neerotie leaf 
spots different from those induced by 
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Cercospora caribaea and olher known 
foliar palhogens of cassava were observed. 
They are of variable sizes, lighl brown in 
color, wilh well-defined margins. They 
commonly coalesce, forming large 
irregular necrolic lesions frequently found 
al Ihe end of Ihe rainy season. The lesions 
are induced by a fungus of Ihe genus 
Periconja, Taxonomic studies show that 
Ihe fungus may belong lo Ihe species P. 
shyamala because Ihe conidophores are 
similar lo P. byssoides bul its conidia are 
only 17.5u (16 lO 20u) in diameler. So far 
Ihe disease is unimportanl beca use of its 
low severity and incidence. 

Seleclion and Trealmenl of Planting 
Material 

Losses almosl always occur during Ihe 
eslablishmenl of cuttings due lO Ihe attack 
of soil-borne palhogens (CIAT Annual 
Reporl 1972, 1973). These losses were 
reduced by a five-minute dip treatmenl of 
cultings in sorne fungicide solutions. 

Thirty-five fungicides and miXlures were 
lested (Table 12) and Ihe following 
conclusions were reached: (1) Sorne 
fungicides are effective in prolecting Ihe 
cuttings agains! mosl of Ihe soil-borne 

Table 27. The dfect af fin af Ihe mosl promising fungiddes or mixturn on ellrly performllnC:f of cas.<¡ava 
propagation material using 11 five~minute dip treatment af cuUings in the fungicide sus~nsion. 

Greenhouse test 2 

Shoot 
Rale height 1 Germinated 

Treatment l (ppm) (cm) buds (%) 

chlorothalonil 2,000 14.4 44.4 

4,000 12.4 57.1 

8,000 11.6 44.4 

maneb 2,000 11.7 61. 7 

4,000 12.1 56.6 

8,000 14.3 62.2 

captan 1,000 11.7 56.2 

+ BCM 2,000 14.8 58.5 

4,000 14.5 67 .6 

8,000 12.2 54.0 

chlorothalonil 4,000 14.4 40.0 

+ maneb 8,000 12.0 68.4 

chlorothalonil 4,000 12.9 47.8 

+ captafal 8.000 12.5 65.7 

Control 7.8 40.6 

Trealmentl conSl,tcd of. r. .. e-minute dip o( cuuinJI in Ihe !uogicide 5uspo:nsion 
Avcrqc ull or thru replic¡¡,tions with nine cuninp each 
A si,niftcanl dilfe~nt't (al lhe .01 level) existcd bctwec:n Ircalmc:nts and ¡he control. 
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Field test 2 

Shoot 
height 3 Wt f plant 
(cm) (g) 

12.7 251 

12.2 215 

12.2 213 

12.6 242 

12.2 225 

12.0 212 

12.3 232 

13.8 261 

12.7 24<> 

12.8 231 

11.9 211 

12.1 207 

12.2 210 

12.6 215 

10.6 160 
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palhogens of eassava and Iheir effeel can 
lasl up lo 60 days; (2) By Irealing Ihe 
euuings wilh eertain fungieides, bud 
germination lakes place more quiekly and 
is higher than in the untreated controls; 
and, (3) Sorne fungieides induce fasler 
rooling and growlh of sprouls Ihan Ihe 
eonlrol. 

Even Ihough Ihe effeel of fungieide 
Irealmenl of euttings on yield has nol been 
delermined, Ihese promising resulls and 
Ihe low eosl of Ihe Irealmenls suggesl Ihal 
il is wise lo Ireal Ihe euuings wilh 
fungieides befo re planting. Moreover, 
slriel seleetion and eare during prepara-

lion, handling and planling musl be given 
lo Ihe euuings lO assure good eslablish­
menl and lO avoid furlher disease 
problems. 

lt was also demonslraled Ihal by 
seleeling heallhy euuings laken from 
planlalions free of syslemie causal agenls 
(causal agents of baelerial blighl, baclerial 
slem rOl, Ihe superelongalion disease, Ihe 
frog skin disease, virusesand myeoplasma, 
and of eankers, rouing and/ or any 
vascular or epidermal necrosis) il was 
possible lO avoid disease disseminalion 
and lO assure a high pereentage of 
germinalion and erop development. 

V ARIET AL IMPROVEMENT 
During Ihe pasl year CIA T lines, bolh 

seleCled germplasm malerials and hybrids, 
oUlyielded local eullivars bolh in and 
oulside CIA T. ResullS indieale Ihal high 
vielding genolypes can be prad ueed 
relalively easily by hybridizalions and 
seleclions. Tens of Ihousands of hybrids 

utside CIA T. Thousands of hybrid and 
open-pollinaled seeds were dislribuled lo 
breeders in Latin Ameriea, Asia and 

IAfrica. Several lines were passed for 
multipliealions and regional Irials (Table 
28). 

were made and evalualed in observational !! was delermined Ihal rool stareh 
yield Irials and replicaled yield lrials in and {..2!!lenl and posl-harvesl rool durabilily 

Table 28. e_su". genot)'pes produced. euluated and selected al fOUT sites in Colombia during 1976. 

Germplasm collection 

Hybrid seeds produced 
(not incJuding open-po llinated secds) 

Hybrid seeds sown 

Hybrid plants harvested 
(planted in 1975) 
Hybrid plants selectcd 

Lines planted in obser\'ational yield trial 

Lines harvested in observational yield Irial 
(planted in 1975) 
Lines planted in rcplicalcd yield trial 

Lines harvestcd in rcplicated yield trial 
(plantcd in 1975) 
Lines scJccted f OT multiplication 

Hybrid sceds distr ibutcd to other programs 

8-36 

Sitc 
CIAT Carimagua Ca ribia Pnpayá n 

2.269 

J{).007 

22.482 

16. 196 

1.558 

2.057 

1.268 

483 

63 

JO 
6,628 

(+ some 30,000 
open-polJinated 

seeds) 

490 

300 

78 

20 

463 

370 

90 

J<\ 

2.10 
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re highly heritable eharaeteristies whose 
elative gene le values are sta e ove a 
ide range of envirOñffieíital e nd· ions. 

GroU¡;SO va uab e genotypes were newly 
identified for CBB, superelong.tion, .nd 
Phoma leaf spot resistanee. It w.s also 
found that high cassava yields can be 
obtained even on very aeid infertile soils 
sueh as those of the Llanos Orientales of 
Colombia. Finally, the same high yielding 
genotype can give good yield over en­
vironmental variations of soil pH 4.5-7.8 
and annual average temperatures 01" 24°-
28°C. r 
y ield T rials 

Several thousand hybrids were 
developed in 1973 with little knowledge as 
lo which parents were usefu!. The resulting 
hybrids were planted in the observational 
yield trial of 1974 with no selection at the 
seedling stage. The hybrids were first 
seleeted at this stage, and therefore, passed 
only one step of selection before they 
entered replicated yield trials. (Presently 
new hybrids pass three steps: se eetion of 
I?arents, selection at seedling stage, and 
seleetion in observational yield trials). 

Of these hybrids, 150 were planted in 
replieated yield trials in CIA T during 1975. 
However, only 58 were harvested during 
1976 beeause the others were lost as a result . 
of salt spots and poor drainage of the 
field.One hybrid yielded more than 50 t l ha 
and eight yielded more than40tl ha. Many 
outyielded the local cultivar (Table 29). 1 
Results have been promising and suggest i / 

that by simple seleetion high yielding 
hybrids can be produeed relatively easily. 

In Carimagua, in the Llanos Orientales, 
M Col 1684 yielded 36.8 tl ha (11.8 t l ha in 
dry maUer) and many yielded more than 20 
tl ha (Table 30)_ The soil in this area is very L hg., 
infertile and aeid (pH 4.5) and the level of r 
aluminum is so high Ihat most field erops ~ 
simply cannot grow even with a fairly 
heavy application of fertilizers. This 
indieates that eassava is a highly efficient 
crop in producing carbohydrate on poor 
acid soils. There is an immediate possibility 
of varietal selection of eassava for this kind 
of soi!. 

In Caribia, (pH 6.5, mean temperature 
zgoC) M Col 1684 was again the top yielder 
with 44.2 t i ha (Table 3 1). Seven cultivars 

Table 29. R~ulls or Replic~tt'd Yi{'ld Trial during I 97'f.176 crup yur 0111 ClAT.1 

Rool yield 
rresh wt. 

Line (' / ha / y') 

SM 1-150 52.2' 
SM 1-162 45 .8 
CM 192-1 45. 3 
SM 1-211 44.4 
C M 104-3 43 .6 
C M 156-3 42.5 
SMI-193 41. 9 
SM 1-223 40.3 
CM 192-5 38.9 
CM208-1O 38.3 

M Col 22 (control) 35.3 
M Col 113 (local) 27.2 
Llanera (control) 25.3 

I Soil pH 7.8; ~Dnual average ttmptratu~ 2K; no fel1 ili,.cr apphcd 

Root dry 
matter conten! 

.310' 

.326 

.358 

.324 

.332 

.356 

.322 

.346 

.3SO· 

.318 

.372 

.306 

.304 

Roo! dry 
mnlle r yield 

(, / ha /y') 

16.2' 
14.9 
16.2 
14.4 
14.5 
15. 1 
1:U 
\3.9 
n .h 
12.2 

]J. 1 
8.3 
7.7 

¡ Alllhe yicld dau. are ¡he avcnI¡c of two repl ieations a lUl come from the ni~ plan's plantcd al I JI. 1 splI.cing.. clim¡na t ¡n~ 1""0 rows of borden . 
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Table 30. Results of Rt"plicaled Yield Trial during 1975 j16 crop )'ear al (· arima~ua. 1 

Root yield Rool dry 
rresh wt. Root dry mattcr yiel( 
(, / ha / y') malter content (l / ha/ y' ) 

M Col 1684 36.8' .320' 11.8' 
C M 180-5 26.1 .358 9.3 

M Col 710 25.0 .353 8.8 
M Mcx 59 24.8 .357 8.9 
M Col 1468 24.7 .310 7.7 

M Col 638 24.3 .324 7.9 
M Ven 326 23.4 .350 8.2 
M Col 22 23.2 .349 8.1 
M Col 655A 23.2 .373 8.7 
M Col 5 23.1 .342 7.9 

Llanera (con trol) 23.0 .339 7.8 

, SOII pH 4.5; aoollal ave:rage Ie:mpcralure 2f1'C; fe:rt itize: r applied 100 !t,/ ha N. 200 It¡/ ha P20.s. 200 !tg/ ha K1fJ . l iS Iti! h~ Ca. 52 kg ' ha Mg. 
! AIt Ihe yic:Jd dala are the .",e:rage of 1""0 replicat ion_lInd come from Ihe: oioe: planb planlc:d al I x l m spacing. climinatin~ two 10\\ . "f hmdcr~. 

selected at CIAT and ICA yielded more is gene rally regarded as highly fertiJe. This 
than 30 ti ha and many outyielded lhe local suggests that a wide range of soil pH's 
cultivars quite significantly. M Col 1684 (from 4.5 to 7.8), temperature's (240-280C) 
was also one of lhe 11 cultivars yielding and fertilily can be covered by the same 
more than 50 t/ha in 1975 at CIAT. The high yielding genotype. The major part of 
pH of CIA Ts soil is ~round 7.8 and the soil the world's cassava grows within lhese 

Table 31. Resulls uf Replical ed Yi("ld Trild during 1975/16 crup )'ear al ütribia.1 

ROOI yicld RoO! dry 
frcsh wt . Rool dry mattcr yicld 
(, / ha , y'¡ matler con ten! (, / ha /yr) 

M Col 1684 44.2' .296' 13.12 

M Ven 307 37.5 .344 12.9 

M Col 1468 (CMC 40) 35.0 .269 9.4 

M Mex. 59 32.8 .337 11.1 

CMC 180 32.2 .315 10. 1 

C MC 144 30.6 .302 9.2 

CMC 151 30.6 .315 9.6 

M Ven 326 29.4 .306 10.0 

M ven 3 1t:! 29 .2 .344 10.0 

C MC 74 27.2 .357 9.7 

M Col 22 (co nlrol) 26.9 .350 9.4 

Majelcra (local) 23.1 .360 X.:'I 

Llanera (conf ro l) 19.4 .291 5.6 

Manteca p oca!) 17.5 .350 6. 1 

Mo ntero (loca l) 13.6 .370 5.0 

I So;1 pH b.S: .nnu.a lll\·crag~ temperalure 211"C: no fe r1 ili1.e:r applitd . .. _ . 
~ Alltlle yic:id dala are: the: ¡'itrage of t ..... o repl ic'lions and tome: from lile nine: plan" planlrd a l 1 _ I m s llae: IIll!.:I ,mln;,lrn~ '''' tl ro"" s o! bord"r~. -
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ranges. Thus, ·the data suggest not only that 
cassava can be grown successfully under 
wide range of environments, but als thll!P 
single high yielding genotype can com.!!!s 
major part of this wide range. 

In CIAT, there was a highly significant 
correlation between harvest index and root 
yield with a slight tendency for the types 
with too high a harvest index to yield less 
(Fig. 28). This correlation was also 
significant both in Carimagua (Fig. 29) and 
Caribia (Fig. 30). Last year (CIAT Annual 
Report, 1975) it was demonstrated that the 
harvest inde" was a highly efficient and 
reliable character in selection for root yield 
throughout the selection of cross parents 
and the selections at seedling stage and in 
single-row trials. Results this year further 
suggest the validity of harvest index as a 
selection character for high yield over a 
wide range of environmental variation. 

Evalualion of Hybrids 

About 16,000 hybrids from several 
huñdred crosses were harvested during the;. 
year. rom t IS population, about 1,500 

'ñyTitids were selected and planted In 

observational yield trials and sorne 500 
selected lines are being evaluated in 
replicated yield trials in CIAT and in 
observational yield trials outside CIA T 
(Table 28). 

Root fresh wt yield (t j ha / yr) 
so 

•• •• • • 
40 

.~ • • •• • 
.-:~ • r:a • 

2 
• • • 

1 

O 
.1 .2 .3 .4 .s .6 .7 

Harvest index 

Figure 28. Rclationship belwHn hanest ¡ndex 
and roo' yicld uf cassava a. CIA T. J976. 
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• 
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0.5 0.6 0.7 0.8 

Harvest index 

Figure 29. Relationship belwe-en hlnesl ¡ndex and 
rool yield of cassava al Carimagua, 11J76. 

AII the hybrid seedlings at CIAT are 
sel.;crea- or productivit mainly usiñg 
ha rvesl inaex. At this stage, stem cuttlrigs 
of sorne genotypes are prepared fordisease 
evaluation. After the observational yield 
trial is harvested al CIAT the superior lines 
are screened for different characters. The 
CIA T farm is kept free from two ofthe 
most important diseases, i.e., CBB and 
superelongation since the pathology group 
eradicated CBB from the farm four years 

Root fresh wt yield (t / ha / yr) 
4 5 • 
4 O 

r = 0.46'" • 
3 S 

• • • 3 o • 
• • • 2 5 

• • • • • 
2 o 

• • 
5 

.4 .s .6 

Harvest index 

Figure 30. Relationship belwttn harvest index 
and rool yield of cassua al Caribia. 1916. 

.7 

1J.39 



" 

I .. ~ • -'.1. :t Q 

;h \'.rI é~Q()te Q J~ 
ago. Henee, hybrids can be evaluated for 

ig yielding eapaeity pe' se. A brief 
summary of the scheme is presented in 
Table 32. 

M Col 1684, M Mex 17, M Mex 59, M Ven 
168, M Ven 185, M Ven218, M Ven 270, M 
Pan 70 and M PTR 26 remain as im ortan! 
parents in the list of hybridizations. fter ~ 
one eyele of hybridization and seleetion, 

Hybridization 

Enough data has been given to show that 
high yielding hybrids with wide adaptation 
can be produeed and seleeted relatively 
easily. The strategy of hybridizalion and 
seleelion is then to produce hundreds, or 
thousands, if possible, of reeombinations 
whieh yield more than 50 t/ha at CIAT 
from as many diverse parents as possible 
and to evaluate these hybrids under great 
environmental diversity, and at the same 
time, ineorporating as mueh disease ana 
pest resistance as possible into the whol 
l!2.pulation. 

high harvest index genotypes with other 
favorable agronomie eharaeters are 
available by the hundreds. AIl these ¡ 
materials were erossed among themselves " 
and with disease resistant genotypes, etc. "l 

~ 

General productivity and wide adapta­
tion. 

From the original germplasm eolleetion, 
sueh eultivars as M Col 655A, M Col 1292, 

An example is given by the case of M Col 
1684. Due to the extremely high harvest 
index of M Col 1684, it was deeided to 
inelude this cultivar in hybridizations more 
than ayear ago, so that sorne 5,000 hybrid 
seeds of M Col 1684 have been produced 
up to now. 

CBB resistance 

Among the four CBB resistan! 
genotypes, i.e., M Col 197, M Col 638, M 
Col 647 and M Col 667, which have been 
used as sources of resistant genes M Col 
647 has proven to be outstanding. After 

Table 32. Scheme or Cass8\'a hybrid evalualion according lo loealioos and research discipline. 

Major eh.faeters being evaluated 

Loca/ion ;) 1"'\' .o-y 

CIAT Productivity. starch cont~nt, rool durability, HeN content, thrips. 

Carimagua Productivity, tolerance lO poor acid soil, superelongation, CSB, tolerance 10 dryseason, starch 
content, rool durability. 

Caribia Productivity, CSD, superelongation. Cercospora diseases. gro wlh under hol dI)' c1imate. 
starch content, rool durability. 

Popayán Productivity under cool temperatures, Phoma dísease . 

Discipline 
Palhology (1) eBB 

Pathology (II) Superlonga~ion 

Pathology (1lI) Phoma disease 

Entomology Spider miles 

Physiology Photosynthetic activity 

1J.. 4U A']nlJol Repo n - / 976 
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Figure 72 shows Ihe dislribution of scores 
on Ihe Iwo lesls. 

These newly Irained agronomists will 
form important links between their respec­
tive counlries and CIA Ts expanding 
cassava outreach activities. 

Figure 72. Comp.rison of ¡nidal and lin.1 
knowltdct evalualion of 32 fr.intes p.rtidp.tinC in 
the C'AY C.SSIIva Produclion Course, 1976. 

No. of .rainees 

O Initial evaluation 
25 ~--1. Final evaluation ------ - -i 

Percentage of corred answers 

PUBLICA T10NS 

COCK. J.H . Characteristics of high yielding cassava 
vaTieties. ["pi. Agrie. 12: 135-143. 1976. 

tOlANO. J.c. .nd TERR Y, E. Enfermedades de la 
yuca y su control. Noticias Fitopatológica.'i 
1:38-44. 1976. 

NESTEL. B .• nd COCK, J.H. Cassava: (he 
deveJopment of an ¡nternalional research 

1J.76 

network. IDRCV5ge. Ottawa, Canada. 
(nternational Development Research Cen­
tre, 1976. 69 pp. 

ROSAS, c., COCK,J.H. Ind SANDO.VAL, G. Leal 
(all in cassava. Expl. Agríe. 12:395-400. 
1976. 
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Figure 7 t. ( hip~ 1111 IIIt" !t'fI "nt' dril,tl undl'r J!ClUtl nlnclilillll' alld ha\I'alll',n'lIt'nl aplll'araIlU'; lhnw IlIIlhl' 
ril!hl hall' d,'lt'rillralt'd ifltlll:llil~ durilll! t·~II·lldl·11 dr.\illl! I)t'rillll~ . 

floor. these being the major disadvantages 
of this method of drying. 

The visual quality of cassava chips 
depends on the drying rate. Chips dried 
rapidly under good conditions either on 
concrete al 5 kgf m' or in trays at 10 kg f m' 

are a brilliant white. When the drying 
period extends for two or more days the 
quality of chips produced by both methods 
deteriora tes and there is a greater propor­
tion of dust and fine partides in the 
concrete dried product due to repeated 
sweeping up and spreading of the cassava 
(Fig. 71). 

TRAINING 

Intensi\'e Course on Cassa\'a Production materials were compiled and printed as 
preliminary editions of two books in 

Thirty-two agronomists from nine Latin l s panish: "Course on Cassava Production" 
American countries participated in a 31- (432 pages) and "Management and Con­
day Intensive Course on Cassava Produc- trol of Weeds in the Tropics" (132 pages). 
tion funded by the Canadian International 
Development Research Center. During the 
24 instruction days. 176.5 hours of training 
were given with 37.4 percent devoted to 
theory and 62.6 percent to practice. 

Twenty-nine CIAT technicians. 
assístants and senior staff provided the 
direct instructional input. Teaching 

C(I.\·SUWJ Program - e /A T 

Effectíveness of the cQurse and progress 
of the trainees were mea su red by two 
examinations - at the begin ning and at 
the end of the course. Every student 
improved his knowledge; the average score 
of the ¡nitial test was 44 percent while the 
group averaged 79 percent on the fina l test. 

H- 75 
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Figure 70. Or~in~ lr;I~' l'ulI'.lnu'h 'd in thi ... lIlaUlU'f :IH' ,IUrtl~ 1I1111nm carr~ IS k5!, nflllui,1 chip .. m' 

Various materials are being tested for 
constructing the drying trays and their 
supporting frames. The latter can be made 
simply from bamboo pOSlS and rails 
arranged lO support lhe lrays at an angle of 
25-300 and positioned to make the greatest 
use oflheprevailing wind. Wooden framed 
lrays. 0.90 x 1.70 meters by 5 centimeters 
deep with a base ofplastic mosquito screen 
supported by chicken netting have proved 
sturdy and capable of carrying 15kgj m' 
(Fig. 70); higher densilies require deeper 
frames and a more substantial mesh. 

The malerial cosls per square meter of 
drying area are given in Table 46. Labor 
costs are not incJuded as a farmer could 
build the lrays or lay lhe concrele himself. 
The lrays may be built of readily available 
materials and thecost oftransporling lhem 
may not be as great as compared with 
cement, sand, gravel and hard-core. 
However. lrays will have a shorler life and 
need greater maintenance than a concrete 

IP4 

Table 46. Malerial costs (or Iray and concrete drying 
of ca.s..'ia\' •. 

Trays 

8amboo (rame 

1" ch icken neHing. 
0.90 m wide 

Plaslic mosquito netting. 
0.90 m widc 

Col . S/ m} 

15 

22 

16 

Wood frame for trays 0.90 x 1.70 m 45 

Total cost o f materials: 98 

Concrefe 

lO-cm thick concrete floor 45 

Foundalion 15 

Black pigment or paint 10 

Tota l cost of materials: 70 

A"lllwl Repurl - /976 



Cassava moisture content (%. w.b.) 

I Go~ co~di'io~s: .vi 'cm~ . 26D~; 
f-avg. R.H. 57%; avg. WlDd 'Pi l.ó1m/s. 
-- drying started al 0800 

~n.---- drying started al 1700 
Poor conditions: avg. temp. 2~; 

100 

90 

&o r- avg. R.H. 68%: avg. wind speed 1.1 mIs. ·r--- drying started al 0800 

7 O~ 
drying started al 1700 
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Figure 67. Drying curves for cas..~a\'a al a densi 
Iy of 10 kg/ m! in inclined Ira)'s according 10 wea 
ther condílions. 

Cassava moisture conlent (% w b ) .. 
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Figure 69, Dr)'in, curves for cassay. chips al a 
densily of 10 kg / m1 in ¡nclined lraysaccording lO Iray 
pl.cemen' . 

affeel Ihe drying rale (Fig. 69). Therefore, 
il mighl be possible lo increase Ihe loading 
rale per square meler of ground area lO 40-
60 kilograms by placing 3-4 lrays on lop of 
each olher, Ihereby juslifying a roof or 

'cover lo prolecl Ihe cassava al nighl and 
during .rain. 

Figure 68. When inclined tra)'s IIre slacked in Ihis wlly wilh a ,lO-centimeter spllce betwHn them. dryinR rlltes 
for Ihe chips are not appreciably arfected. 
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'i.l'the cassava skin together with particles 
\.¡ smaller than the chips. The fine material 

mixed with the chips apparently doesn't 
affect the drying rate, either on concrete or 
in trays, but does cause losses of up to 8 
percent dry matter during drying and 
storage in fiber sacks. Modifications are 
being made to the blades and feed hopper 
to try to reduce the production of fine 
material. 

Trials over a three-month period at 
CIAT have shown that the traditional 

t, method of drying cassava on concrete can 
....... be improved by placing the chips in 

~
"l horizontal or inclined mesh trays (Table 

45). The increased drying rate is achieved 
by better circulation of air around the chips 
and, in inclined trays, better usea is made 
of the drying power of the wind. The 

.;:¿r maximum angle of inclination of a tray has 
'R been found to lie betwcen 25 and 300. 

~ Drying on black concrete gives a marked 
? improvement over plain concrete at a fresh 
.:¡ cassava loading of 5 kg/ m', but at 10 

kg/ m' the layer of chips is too thick and the 
black surface is almost totally obscured. 
The higher loading rate does not require a 
proportionally greater number of drying 
hours and hence gives a greater capacity 
per unit area of drying surface. In practice 

,1 it is difficult to achieve loading rates higher 
"" than 7 kg/ m' using wooden rakes to spread 
., and turn the chips; in this respect the design 

of the rake is important and requires more 

attention. Drying on black concrete has tne 
disadvantage of cassava dust collecting in 
the cracks and reducing the absorption of 
solar radiation; therefore the concrete 
should have a smooth finish with a black 
pigment incorporated into the finallayer to 
give a permanent color. For the same 
number of drying hours the capacity of 
inclined trays is double that of concrete, 
and if the cassava is spread evenly over the 
trays no turniog is necessary, thus·cutting 
labor costs during drying. 

If inclined trays are used a further 
reduction in drying time is achieved by 
starting chip drying in the late afterooon. 
Cassava chipped at 0800 hours and placed 
in inclined trays at 10 kg / m' does not 
always dry below 14 percent moisture 
content, wet basis (w.b.) in one day. lf the 
moisture content of the chips falls below 20 
percent absorption of moisture can accur 
during the night. However, cassava 
chipped at 1700 hours continues to dry 
throughout the night and heat of the nexl 
l'ay reduces the moisture content to below 
14 percen!. Figure 67 shows typical drying 
curves for sunny and cloudy days. Even 
under poor conditions, when drying starts 
at 1700 hours the chips reach 14 percent 
moisture in one complete day thus allow­
ing the trays to be loaded again. 

Stacking inclined trays one on top ofthe 
other with gaps of 30 centimeters between 
the trays (Fig. 68) does not appreciably 

~ Table 45. Houn required lo dry ussava lo 14 percenl moulare (wel basis), a. elAT, June-August 1916.1 

Drying time (hrs) 
Density of 

Method of chips Number of Hours between 
drying (kg/ m' ) trials Total hours 0800-1 800 
Plain concrete 5 6 26 12 
Black concrete 5 6 20 10 
Pla in concrete 10 4 34 19 
Black concrete 10 4 32 18 
H orizanlal trays 10 5 29 15 
IncJined trays 10 8 20 11 

I Dryingc:ondilions: Itorizonlallfa)'$ JO centumtcr, .bo\'e ground: inclined lrays al 28". Dryin¡ Ixgan al 0800and chips wcn-ro'"t'rcd b.: twet'1'I 
1600 and 0800. 
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Figure 65. Malaysian 'ype cassava chipper used in CIA rs sludies or ca.'isan dryin¡::. 

, . 
',-

Figure 66. Diff('rtnt Irtatmtn1s ustd in cuu .... drying sludits al eIAT. 
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Table 44. Yicld losses due to difrerent ractors afreeting eass ..... produetion in Colombi •. ' 

Loss in affected 
plot 

(l / ha) 

Phoma 3.45 

Superelongation 3.45 

Low phosphorus 2.21 

Associated crops 1.89 

High pH (>5.5) 1. 74 

Ants 1.20 

CBB 0.75 

Total 

Excessive rain 0.77 

Heavy soil texture 1.46 

I Caleullled on buu oC an .vena¡e yiekl of 6.2 l /ha. 

$19,OOO/ ha in zone 11 but returns were 
negative in zone V. 

Share-eropping occurs in sorne zones 
with farmers giving one-third of the 
production to the owner. In zones 111, IV 
and V net returns to the share-eropper were 
negative.~ 

rThe average price received by farmers 
{ wa~ ·Col. $I ,540/t, however prices in zones 

11, and 111 were almost double those of 
zone V. The difference is probably due to 
the proxlmil o ar~ els m. 
zones 11 and III. Allhough individual 
farmers receivoo very differenl prices, lhere 
was no lendency for lhe large farmer to 
oblain better prices. 

y ield Losses 

A mulliple regression analysis was used 

Avg. yield 
Total area loss over 

affected total arca 
(%) (l / ha) 

4 0.13 

4 0.13 

63 1.39 

31 0.59 

58 1.01 

2 0.02 

5 0.04 

3.31 

48 0.37 

75 1.09 

to analyse limiling factors on yield. When 
Phoma and superelongalion were presenl 
yield losses were tremendous (Table 44); 
superelongation was present on only a 
small area of the total bul potential losses 
are tremendous if this disease spreads. 
U sing associaled cropping syslems also 
markedly reduced yields (see Mulliple 
Cropping Section). Low phosphorus in 
the soil was also apparently a major 
limiling factor on cassava produclion. 
High soil pH (>5.5) also apparently 
reduced yield, although olher faclors are 
likely to be involved. Excessive rain and 
heavy soil texture are also associaled with 
reduced yields, however, unlike the other 
factors,il is difficult to see how lhese can be 
amelioraled. The correclion of lhe olher 
limiling fact ,?rs would increase yields by 
3 t / ha (35%). 

CA SS AV A DRYING 

Following earlier studies (CIA T Annual 
Report, 1973) work has been conlinued on 
improved methods of drying cassava 
naturally. Cassava chips produced by a 
Malaysian type chipper(Fig. 65) have been 
dried in horizontal and inclined mesh lrays 
raised aboye lhe ground (Fig. 66) Wilh 

~ 7fI 

comparative lrials on plain and black 
concrete. 

The Malaysian chipper produces 
moderately uniform chips, 0.4-0.6 cen­
timeters thick and 1-8 centimeters long, 
and separales from lhe chips a large part of 
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OOLand preparation gJHarvesting 

19'9Weeding mHilling, irrigating, 
G:lli1 _ draining, pruning, 

applying fertiliz.ers 
~Plan(ing. replanting and pesticldes. 

Figure 63 . • :stimated percenlages orlhe tOlallabor 
required for producing eass.va Ihat are a!loeated 10 
the ".rious production activilies. 

greatest yields, cost per ton was lowest 
(Col. $850/ 1). 

The total value of Ihe production was 
greatesl in zone 11, over Col. $25,OOO/ ha. 

lIllIJ Land preparation 

El:·:·: :.:.:. Weeding ... 

BHarvesting 

.lnpuIs 

e3. P1anting, replanlmg O Hi1~i~g. irrigat!ng. 
~ drammg, prunmg. 

applying fertilizers 
and peslicides 

Figure 64. EstimatOO percentages of .he lolal 
variable production cosl per hectare of nSSIlVIl Ihat 
are alloealed lo Ihe various production activities. 

and lowest in zone V, about Col. 
$4,000 / ha. The net return to farmers after 
paying for estimated renl was Col. 

Table 43. Average total production (mis uf e.ss.va per hed.re and perlon in e8eh of two lones in Colombia. 

Zone I Zone 1I Total 

Col. S/ ha Col. SI' Col. S/ha Col. SI' Col. S/ ha Col. SI' 

Average variable cosls 3,068 694 5,019 397 3.968 640 

Adminislration 199 16 62 10 

Technical assistant 8 2 9 1 4 1 

Surveillance 39 9 263 21 96 15 

Packing 52 12 126 10 123 20 

(nterest (12% of 
variable; cost) 368 84 602 48 476 77 

Total cost excluding 
land renl 3.535 803 6.218 494 4.729 763 

Land renl (10% of 
land value) 278 63 4.511 358 1.31 8 212 

Total cost 3.813 866 10.733 852 6.047 975 

Cassava ProgronL- CJAT 8-69 



(CIA T Annual Report, 1973) was again 
proven; the late the bea!Ul'as pIantedJhe 
greater the cassava iel The 80 days 

e ween tne r.rst and the second cassava 
harvest gave time for the cassava to 
recover, especially when the total biomass 
was low at the 100 days harvest (Fig. 61). 

These preliminary results suggest that by 
planting beans 0-2 weeks after the cassava, 
75 percent of the bean monoculture level 
can be obtained and after 180 days an 
average of 50 percent of the cassava 
monoculture level can be obtained (Fig. 
62). From 100-180 days the intercropped 
yield of cassava relative to control in­
creased so that by 300 days the relative 
yields may be even more promising. 

Yield relative lo monoculture (%) 

100 

80 

6 O 

40 

20 

"- / ir-
\. 

..... \ ,) {/ 
'-., ¡...-'j\ 1', ....... >-' 

~ ...... 

,,; 
• Cassava. 180 days _ 

i'---.. / o Cassava. 100 days 
6 Be~ns 

6 432101234 6 

--- befa re cassava ---~--- after cassava --­

Dean planting ¡nlerval (weelcs) 

Figure 62. RooI dry malter )'ield of cas.'\uII al 100 
and 180 days and yield of beaos al malurity when 
be_ns were planled befare. al the s.me time and after 
ClIs.'¡aVII. 

; 

ECONOMICS 

/ 

In the 1973, 1974, and 1975 CIAT labor input was for weed control with land 
Annual Reports the methodology and preparation, planting and harvesting using 
preliminary results of an agro-economic another 30 percent of the total (Fig. 63). 
survey were presented. The survey was 
made in r.ve zones ofColombia: (1) Cauea, The variable cost of cassava production 
(11) Valle and Quindio, (I1I) Tolima, (IV) was estimated as almost Col. $4,OOO/ha or 
Meta and (V) Magdalena and Atlántico. Col. $640/ t of cassava produced. h 
Analyses of all data have now be~ variable production costs per hectare 
completed. 11 "- ~ "-'1XI I!:C- yaried from Col. $3,OOO/ha in zone I to -

" - 'T '1 Col. S 5,OOO/ha in zone n. The weeding of J , ~ ~ 
Economic Da'a"" v • ;J the crop accounted for about 50 percent of 

~ /1 r tlie variable costs while purchased inp~ts 
Average yields from the survey were less accounted for only 8 percent of variable 

than 7 t/ ha although a greal range was Cosls (Fig. 64). 
observed from near zero lo more than 40 
t/ha. Vields tended lO be greater on large The average lotal Cosls are aboul Col. 
farms than on smaller ones, 7.9 and 4.3 $6,OOO/ ha or Col. $1,000/1 (Table 43). The 
l/ ha, respectively. The effect was par- costs on large farms are greater per heclare 
licularly nOliceable in Valle and Quindio due lo higher land value (renl eslimaled at 
zone wilh 14 and 8 t/ha for large and small • 10 percent of land value), adminislralion 
farms, respeclively. costs, securily and packing. Nevertheless, 

cost per ton of cassava is lower as a result 
Although yields are low, very much of grealer production. In zone I1I, with 

labor is used lo produce cassava an average lowest yields, costs per Ion were grealest, 
of 86 man-days/lla and varying from 66 in 1 slightly grealer Ihan Col. SI,600/I) 
zone IV lo 106 in zone 1. Aboul half this , and in zone 11 wiih hlghest cost and 
8-68 ~ \ A. I Annual R~porl - 1976\ 
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Figure 58. Monocullure yields uf beans showing 
¡nfluente of rain!aU pauerns on yields in intercrop­
ping experimenl wilh cas. .. ava and beans. 

yield was still2. 9 t/ ha (Fig. 58). Bean yields 
were not severely reduced when beans were 
planted earlier than the cassava but yields 
decreased when planted after the cassava 

Yield and LAI rela tive to monoculture (%) 

100 

80 

60 

40 

20 

~ ~ ..... 
r--... 
r-, l' .¿ 

~ 
'\ 

" LAI 
O Yield 

. 
6 4 3 2101234 6 

_ befare cassava _1 __ after cassava­

Sea n plantíng intcrval (weeks) 

Figure 59. Yields IInd luf arca index (LA) 
mnimum of inlercropped beans planled befare. at 
Ihe same lime IInd afler clIIssava. 

Cas.~ava Progrom - e /A T 

100{ 95{ _ 
79% 85% '5 

bean canopy higher cassava higher 
- -~ Ihan bean canopy ..... 

6 4 321 0 123 ¡ 
before cassava __ o t- --- aCter cassava - ---

Bean plant íng' interval (weeks) 

F igure 60_ P~rc~nlage oC lighl available to b~ans 
int~rcropped "ilh cas.uv. and plant~d b~fore. al the 
5am~ lime and afler casS8\'a_ 

(Fig. ~). When cassava was planted six 
weeks before beans, bean. yields were 
~:~e~ced to 53 percent/oftheir monoculture 

w >'Yj.. (V Q '¡A.A..~./&A..{ AA 
The light intensity at the MP of the ean 

canopy five days after maximum LA) is 
shown in Figure 60. Marked yield depres­
sion only occurs when the cassava canopy 
is above the beans suggesting that the main 
competition is for light. 

Cassava has been harvested at 100 and 
180 days and there will be further harvests 
at 260 and 340 days. Figure 61 shows the 
total biomass curve of cassava as affected 
by the different bean planting dates. The 
fact that cassava does not tolerate any 
competition during the early growth stages 

Yield relative lo ma noculture (%) 
100 

8 O 

6 o 

40 

2 O 

• 180 days A o 100 days 

~ "'" ...... 
..... 

/ 
"'-., V 

y 

6 4 3 21012 3 4 6 

-befa re cassava _¡ __ a fter cassava -­

Sean planting interval (wee'ks) 

Figure 6 1, Biomass )'iekJ of CIlSSIII\'1l al 100 and 180 
days when beans ,,'ere pllllnled before.llllhe slIme time 
and after cassna. 
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be recommended lO selecl a highly loleranl soil wilh ralher expensive acidifying 
cultivar of cassava ralher Ihan modify Ihe agenls. 

MULTlPLE CROPPING 

M ulliple cropping is widespread 
Ihroughoul Ihe world and il is commonly 
pracliced in Lalin America by small 
farmers who grow cassava. Beans, maize. 
yams, polaloes, loma loes and olher crops 
all are frequently grown wilh cassava. The 
multiple cropping melhods used appear lo 
be based on Iradilion and Ihe crileria for 
agronomic decision-making are poorly 
underslood. It is known Ihal inlercropping 
cassava wilh beans, for example, will 
reduce yields of bOlh crops. BUI,on Ihe. 
olher hand, multiple ero ping may be ~n 
efficienl way lo re!luce weeds, diseases and 
insects and hence increase farmers' fiel 
relums (CIAT Annual Reporl 1975). 
During ils early growlh cassava does hol 
lolerale shading, however, neilher does il 
inlercepl much Iight. Hence, much lighl 
apparenlly is nol ulilized by Ihe cassava. 
This Iighl could be used for anolher crop 
such as beans. 

{t 
" I 

.4Sm I 
l" 

.90 m 

1.80m 

Experiments on intercropping cassava 
wilh beans were begun early in 1976. The 
main objective of Ihese experimenls was lO 
understand crop interactions so as to 
define more efficienl multiple cropping 
melhods. 

Planting Dale Experimenl 

The cassava variely M Mex 11 and Ihe 
bean variely P302 were planled wilh 1I 
differenl bean sowing dales relalive lo a 
single planting dale for Ihe cassava. Beans 
were sown al 250,000 planlsl ha and 
cassava al 10,000 planls/ ha according lO 
Ihe pallem shown in Figure 57. Conlrol 
plols of beans only and cassava only were 
also planled. 

Due lO climatic condilions Ihe bean yield 
in monoculture lended lO decrease wilh 
advancing planling dales bul Ihe mean 

Cassava 

(:;l 
. .9 

Bean 

" 

1.40m 

Figure 57. Planling paltern for intercropping studits of cassau and beans. 
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Fresh wt yield (l / ha) 
40 

Llanera 

Soil treatments 

Figure 55. Effects of various soillreatments lo a high pH. saJine soil in ClAT on Ihe yield of Ihree cassna 
cultinrs. 

Fresh rool yields O/ ha) 
4U 

~ M c l122 
Mj12/01113 
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1\ 
\ M;OI2/COII13 // 

MCOII13/ 

Llanera. _ \~ ;nera l~ llanera 
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'\ "'< ~ ~ ~ 
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pH Na (%) Conduclivity (mmhos /cm) 

Figure 56. Relatian between yields af three cassau cultivan and the pH. percent sodium satura,ion. loo. 
electricll conducth·ity af the sail, al eIAT. 
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Figure 54. F~ffl'ct uf soil .'ialinil)' on CllsSllva ~rowth; in Ihe (oreground ¡s Ihe susceptible cullh'llr I.lanera. in the 
background. Ihe tul('rant cullh'llr M ('01 22. 

grown in eaeh treatment. Figure 55 shows 
the effeet of soil treatments on eassava 
yield. It is clear that the treatments had 
Iittle effeet on the yield of the two tolerant 
eultivars M Col 22 and 113. However, in 
the susceptible cultivar, Llanera, whose 
yields inereased from 5 to 35 ti ha with the 
applieation two tons of elemental S I ha. 
The applieation of 1 or 2 ti ha of sulfur or 
sulphurie aeid inereased yields eon­
siderably. However, soil treatment effeets 
were greatly masked by extreme soil 
variability within the lot and results must 
be eonsidered as preliminary. 

Figure 56 shows the relationship 
between yield and pH, pereent sodium 
saturation and eleetrieal eonduetivity of 

8-64 

the soU. The eritical pH for Llanera was 7.8 
and for M Col 22 and 113 between 8.0 and 
8.1. Above these pH's yields declined 
markedly. Similarly, yields were severely 
affeeted by exeess sodium when the pereent 
of sodium saturation was above I pereent 
for Llanera and 4-5 pereent for the other 
varieties. Yields were affeeted by salinity 
when the eonduetivity was above 0.5 
mmhos/em for Llanera and 0.7 for M Col 
22 and 113. Thus, while many other erops 
are not affeeted by exeess sodium until the 
pereentage saturation is above 15 pereent 
and by salinity until the eonduetivity is 
above 2 mmhos/ em, eassava is seriously 
affeeted at mueh lower values, and thus 
more susceptible to soil salinity and 
alkalinity. Under these eonditions it would 
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Fresh rool yield (l{ha) 
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Figure 52. Average response of cassava lo Ihe 
appllcation o( phosphorus and potassium, in 
Carimagua. 

Allhough there were no significant 
differences among melhods of application 
(P = 0.05), placement of the fertilizer in the 
planting hole gave a slightly higher average 
yield but also the greatest variability in 
yield, due to loss of stand caused by 
fertilizer bum of the stake. This effect was 
most pronounced when the dry season 
followed planting, but when planted before 
the wet season no loss of stand occurred. 
During dry season planting, broadeast 
application was comparable to other 
methods (Fig. 53), while in the wet season 
planting this method roouced initial plant 
growth and encouraged excessive weed 
growth. The commonly used and very 
labor intensive cirele application was equal 
or less effective than other methods. 
Fertilizer application in a hole 15 cen­
timeters from the stake was the least 
effective method. 

Cassava Program - e /A T 

Fresh rool yield (t / ha) 

2S~------~------~----~~~ 

ISf----Hw,F-~'-+---~-__1 

• broadcast 
o single interrupted band 
~ double interrupted band 

sf---- +'o' single continuous band 
• circle around plants 
A. in planting ho le 
Ji( in ho le 15 cm from stake 

0L---~2~~~---=SOO~---7~S~0--1 

Kg IO-20-20 / ha 

Figure 53. Effecls of various levels and methods o( 
1&-20-20 (ertHiler application on yields of caSsa\'II, in 
e . rimagua. 

Management of Saline/ Alkaline Soils 

Although cassava is well adapted to acid 
soils, it appears quite sensitive to high pH 
and saline soi! conditions. Large varietal 
differences in sensitivity have been ob­
served on the high pH soils of the ClAT 
farrn (Fig. 54). The uniform yellowing of 
lea ves and die-back of the growing point is 
generally due to a combined effeet of high 
pH, salinity, alkalinity, poordrainage, and 
sometimes deficiency of minor elements, 
especially zinc. 

Various soil treatments to overcome one 
or more ofthese problems were established 
in a field of high pH, and three cassava 
cultivars of different sensitivities were 
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Kg I'¡-<> ,./ ha [] 23-25 ' / ha 111> 25 ' / ha 

j( 20 19 19 19 

140 

130 21 22 

120 21 21 

110 20 21 

100 22 21 22 22 

90 19 19 20 21 

80 19 20 22 

70 19 18 20 19 20 22 22 20 22 21 21 

60 21 20 20 19 20 21 19 18 20 21 21 21 

SO 19 19 17 16 17 20 22 22 19 17 17 18 19 20 19 

40 19 19 18 18 17 17 19 20 19 16 16 16 16 17 18 

30 16 17 17 16 16 15 17 16 16 14 16 15 15 16 16 

20 14 15 15 14 14 14 15 14 14 13 13 13 13 13 14 

10 11 12 13 11 12 12 13 12 12 11 11 10 13 13 12 

20 40 60 80 100 120 140 160 180 200 220 240 260 280 X 

Kg K,O / ha 

Figure S 1. Roo' yi~lds of Clssava (1 / ha) in e.rímagu. as .ffeCled by the interaction of v.rious le"els of 
.pplled phosphorus and poCassium. 

of the soil was extremely low (0.24 
meq I I OOg after liming). 

Melhod oC Certilizalion 

The effieieney of fertilizers depends to a 
great extent on methods of applieation. 
Fertilizers of low water solubility are 
generally more effeetive when broadeast 
and ineorporated to seeure good soil­
fertilizer eontact, while highly soluble 
fertilizers are more effieiently used when 

Mil 

banded or otherwise plaeed in eoneen­
trated formo 

Without N-P-K fertilization (only lime 
and zinc applied) cassava yielded 5.8 I/ ha. 
Vields inereased to 14.7, 20.0and 23.4 Il ha 
after applying 250, 500 and 750 kg/ ha of 
complete fertilizer (10-20-20). Sinee the 
response curve did not reach a maximum it 
is likely that higher yields eould be 
obtained with higher rates. 
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The useofTSP gave Ihe highesl relurn al 
Ihe 200 kg P, O,/ ha level bUI Ihe lowesl 
relurn al Ihe highesl application rale. SSP 
was the least economic saurce, but broad­
casI application mighl improve Ihis. 

Nilrogen ferlilizalion 

The besl level and lime of applying 
nilrogen was sludied in Carimagua, using 
levels of O, 50, 75, 100 and 150 kg N I ha, 
band pJaced as urea in various fractions at 
O, 30, 120 an<j 150 days afler planting. 
Because of dry wealher no fertilizer could 
be applied belween 30 and 120 days. The 
Irealmenl wilh zero nilrogen slill yielded 
16.4 I / ha, indicaling Ihal ofthe Ihree major 
elemenls, nilrogcn, phosphorus and 
pOlassium, lack of nilrogen is of leasl 
imporlance in limiling yield (see Soils 
Seclion in CIAT Annual Reporl, 1975). 
Neverlheless, Ihere was a definile response 
lo nilrogen rales as high as 150 kg/ ha (Fig. 
lO). Only when all nilrogen was applied al 
planting was Ihere a negalive response lO 
Ihe highesl applicalion rale, probably 
because of fertilizer burn during Ihe dry 
season following planling. 

Fresh root yield (t / ha) 
25 

N (kg( ha) 

Figure 50. Response of cas . .'¡na 10 "arious lenle¡ 
Ilnd limes of application uf nilrogen, al Carimagua. 

CassaVQ Program . e /A T 

The besl fractionalion was Ihal of 50 
percenl applied al 30 days and 25 percenl 
each al 120 and 150 days. There was no 
significanl difference belween olher frac­
lionation melhods used. However, a 
simila< lrial planled al Ihe begining of Ihe 
rainy season (deslroyed al IWo monlhs 
because oLCBB) showed a definile lack of 
vigor at two months in any trcatment in 
which Ihe inilial nilrogen application was 
delayed lo 30 days afler planling. Thus, il 
appears Ihal nilrogen should be frac­
lionaled wilh Ihe initíal doses al plantíng if 
Ihis occurs al Ihe beginning of Ihe wel 
season or al 30 days if planting occurs al 
Ihe end of Ihe wel sea son. 

Phosphorus x potassium interaction 

To delermine Ihe interaclion belween 
phosphorus and pOlassium a syslemalic 
design experimenl was eslablished wilh 15 
levels of each elemenl in all possible 
combinatíons. Levels of Ihe IWO elemenls 
increased in incremenls of 10 kg P, 0 , I ha 
and 20 kg K, ° I ha in perpendicular 
direclions. Each planl was one Irealmenl, 
arid Irealmenls were replicaled four limes. 
The yield of each Irealmenl was considered 
lo be Ihe average yield of Ihe planl wilh Ihe 
Irealmenl and ils eighl surrounding 
neighbors. Figure 51 shows Ihe effecI of 
phosphorus and pOlassium 00 yield. 
Highesl yields were oblained wilh 140 kg 
P, O,/ ha and 180-200 kg K, O/ ha. Al 
lower levels of P,.O, Ihe oplimum K,O 
applicalion was aboul 140-160 kg K ,0 1 ha. 
Figure 52 shows Ihe average phosphorus 
and pOlassium response. It is clear Ihal 
cassava responds markedly lo phosphorus 
and Ihal maximum yields were nOI yel 
oblained wilh Ihe highesl applicalion rale 
of 140 kg P, O,/ ha. There was relalively 
liule response to potassium but maximum 
yields were oblained wilh 160 kg K, ° I ha, 
above which yields declined. Since 
pOlassium was applied as K,'SO" lhe 
decline was nol due lo sulfur deficiency 
(CIAT Annual Report 1975), bUI was 
possibly due lO a pOlassium indueed 
calcium deficiency, sinee Ihe calcium level 
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Fresh wt yield (1/ha) HarveS! ;ndex cassaya production is directly correlated 
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with leaf phosphorus content and that 
O .8 plants require at least 0.35 percent 

phosphorus in the leayes for optimum 
yield . Since the curve does not reach a 
maximum. it is likely that elements other 

0.6 than phosphorus limited yield (zinc con­
tent was depressed from 47.6 to 37.2 ppm 
by high phosphorus-application) and the 

.4 critical phosphorus content is aboye 0.4 
percent. 

O 

O 
400 

The net return from applying 
0.2 phosphorus at current fertilizer prices and 

a yalue ofCo!. $2.000 / t cassava for a starch 
extraction plant is shown in Figure 49. 
Highest returns were obtained with basic 
slag due to its high agronomic effectiveness 

Figure 47. Erreds of phosphorus (avg. oC six 
sourc:ts) on yields of c:assna roots and folia¡:t and on 
thc h.rvest indexo 

and low cost. Production ofthis material is 
limited but the rock phosphates-sulfur 
mixture would be a good alternative source 
(Fig. 49). 

Root yield (l/ ha) 

2 5 
V 

/ O 
.~ ... 2 

~ 
5 

·1 • 

• •• 
O 

• 1/ 
• 

5 

O 0.2 0.3 0.4 

% P in leaves 

Figure 48. Reta.ion betwHn tasuva yield and 
phosphorus content of lenes five months afler 
planfinc_ 
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Net rtluen (1,000 COl. S/ ha) 
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Figure 49. Ne' return fmm fertilizing cassava ",ilh 
various Inels and louren of phosphorus. al 
Cadm.gua. 
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and Huila rock phosphate, either by itself, 
mixed with elemental sulfur or sulphurie 
acid (20% aeidulated). The highest yields 
were obtained with band-plaeed TSP and 
broadeast basie slag (Fig. 46). When the 
basie slag was band-plaeed plants suffered 
from severe phosphorus deficieney and 
yields were about half those obtained with 
broadcast basie slag. The SSP of local 
manufacture was only 43 pereent eitrate 
soluble (% of total phosphorus) and when 
band-plaeed was mueh less effeetive than 
TSP and slightly inferior to broadeast roek 
phosphate. The Huila rock phosphate was 
a good phosphorus souree for eassava, but 
its effectiveness was eonsiderably im­
proved by partial aeidulation or mixing 
with elemental sulfur (Fig. 46); the latter 
mixture gave yields equal to TSP. 
Although 37 kg¡ ha of sulfur had been 
applied to all treatments in the forro of 
K,SO" plants may have responded to the 
sulfur in SSP, and in the aeidulated or 
sulfur-mixed rock phosphates; the high 

Fresh rool yield (l/ ha) 
25 

o TSP. bandcd 
A basic slag, broadcast 
ó basic slag, banded 
• 55P. banded 

51---+--+---~~~~~--~ 

rate of applieation ofthese sourees resulted 
in sulfur eontents of the Ieaves above 0.32 
pereent whieh is approximately the eritieal . 
eontent at five months of age. 

Root. yield showed a quadratie response 
while foliage yielded a linear response 10 
phosphorus applieation (Fig. 47), in­
dieating that foliage produetion is more 
responsive to phosphorus than root 
produetion. The harvest index inereased to 
the level of lOO kg P, O,¡ha and then 
deereased with higher phosphorus 
applieations indieating that at rather low 
levels of phosphorus the plant utilized the 
absorbed phosphorus most effieiently for 
root produetion. Neither the pereentage of 
the dry matler (33%) nor stareh eontent 
(31 %) were changed by phosphorus 
applieation. 

The relation between eassava yield and 
phosphorus in the leaf blade at five months 
of age is shown in Figure 48. lt is e1earthat 

..---- -----
~ 
~ 
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h 
I! Huila rock phosphate 

o broadcast 
• 20% acidulated 
1:. wilh S (5, 1) 
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Figure 46. Cas.o;a~. response to nrious levels and ¡¡ourees orphosphorus, applied eilher banded or broadtast • 

.lit Carlmagua. 
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frequently grown in Latin America. U nder 
these conditions cassava response to nearly 
all essential elements as well as to their 
interactions could be studied. The most 
economic levels, sources, times and 
methods of application were also deter­
mined . 

The 1975/76 cassava trials in Carimagua 
suffered considerably from CBB infee­
tions. Eight trials seeded in early 1975 
beeame infeeted and all were destroyed. In 
late 1975 many of these were replanted at 
an isolated loeation (Tabaquero), 17 
kilometers from the main Carimagua 
headquarters site. These trials remained 
free of CBB and only at a later stage were 
they affeeted by superelongation, whieh 
seemed to have a minor effect on yield (see 
Pathology Seetion). The highest yield 
obtained was 36 t /ha with the variety M 
Col 1684, while most trials with the variety 
Llanera gave top yields between 20 and 25 
t/ha. 

AII trials received a uniform lime 
application of 500 kg/ ha as dolomitie 
limestone (115 kg Ca and 52 kg Mgl ha). 
Exeept for the elements under study the 
eonstant fertilization eonsisted of 100 kg 
N Iha as urea (50 kg at seeding, 50 kg at 120 
days), lOO kg P, O, I ha as triple 
superphosphate (TSP) at seeding, lOO kg 
K,O/ ha (50 kg ~s K, SO. at seeding, 50 kg 
as KCI at 120 days) and 10 kg Zn/ ha as 
ZnSO., all applied in short bands 5-10 
centimeters from the stake. AII trials used 
Llanera as the test variety, and were 
harvested at 11.5-12 months after planting. 

Phosphorus ferlilization 

To establish the phosphorus require­
menl of cassava and the mosl eeonomical 
melhod of applying il, two trials were 
planled in Carimagua using differenl levels 
and sourees of phosphorus. In Ihe first trial 
(eondueled in eooperalion with Ihe Inter­
nalional Fertilizer Development Center), 
six rock phosphaleo from various parts of 
Ihe world and of highly variable eitrate 

8-J8 

solubililY, were eompared with TSP and 
basie slag al four levels of phosphorus 
applicalion: O, 50, 100 and 400 kg 
P, O,/ ha. Average yields inereased from 
7.5 I/ ha without applied phosphorus lo 
13.9, 17.1 and 19.9 I / ha wilh appliealions 
of 50, lOO and 400 kg P, 0 , I ha. 

The mosl soluble phosphorus sourees, 
TSP and basie ~lag, gave highesl yields 
(Fig. 45). Howt:ver, Ihe more soluble rock 
phosphales from Gafsa (Moroceo) and 
North Carolina (U .S.A.) also gave very 
good responses, while Ihe less soluble roeks 
from Huila and Pesca (Colombia) and 
Florida (U.S .A.) gave lower but nol 
signifieantly differenl yields. Only yields 
obtained wilh Ihe leasl soluble roek from 
Tennessee (U.S.A.) were signifieantly 
lower from those obtained wilh TSP and 
basie slag. 

In Ihe seeond trial Ihe effeeliveness of 
TSP was eompared with Ihal of a number 
of other phosphorus sourees including 
simple superphosphale (SSP), basie slag, 

Frcsh rool yield (t l ha) 
2S 

------
2 O 

/, l.,.-----' 

I~ ----:d 
r ~ Sr 

~ V 
J citrate solub. 

(% of lolal P! _ , • TSP 100 
10 

o basic slag 80 
rock phosphatf!s 

5 N orth Carolina -- 20.9 
A Huila 16.2 

CJ Pesca 9.S 
• Tennessec 9.0 

O 
54J 100 400 

Kg P20 5/ ha 
Figure 4!i. Cassna response lo V8rious levels or 

phosphorus .pplifll as triple superphosphatc (TSP), 
basic sla. and varioU! rock phosphatn, in 
Carimacu • . 
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Table 42. Yirld and yirld eomponrnts of eassna planls plantrd by fivr 5)'slrms and harve:sted a. 10 month-s, 
CIAT.1976. 

Total plant Thickcncd 
Rootyield fresh wl. Harvest Total roots roo tsl 

Treatment (l / ha) (l/ ha) Index ¡ plant plant 
Peal pots 29.2 a ' 73.7 a 0.40 a 10.5 e 7.3 ah 

Waxed paper cups 26.3 a 63.9 a 0.41 a 11 .2 be 7. 1 abe 

Long roots 20.8 a 59.6 a 0.34 a 12.8 ab 5.8 e 

CaJlus 22.7 a 57.5 a 0.40 a 9.5 e 6. 1 be 
Stakes 21.1 a 81.2 a 0.26 b 13.6 a 7.4 a 

C.V. (%) 25.0 18.0 110 11.4 8.0 

, Values in lhe $ame column with Ihe ume lener are not significantly difrcrent al Ihe .OS level accord ing lo DUM2n's new mulliplc Tange Id 

methods are at least as good as the 
standard stake planting method and even 
showing a tendency to produce higher 
yields than with the traditional method. 
Plant roots from the peat pot treatment are 
not damaged at transplanting while those 
transplanted at the long root stage· are 
probably the most affected in the process. 
consequently showing the two extremes in 
yield. Harvest index was less (P=O.05) for 
the stake planting method . and although it 
had one of the higher total number of roots 
per planto the number of thickened roots 
was the same for stake. peat pots, and 
waxed paper eups treatments (Table 42). 

The favorable yield of plants from rapid 
propagation techniques would therefore 
enable sueh plants to be utilized under the 
following circumstanees: 

(1) For the establishment of new farms 
where problems of insufficient plan­
ting material in the form of stakes ar 
encountered. 

(2) When a disease out break oeeurs and 
there is a need for destruction and 

elimination of diseased plants, replan­
ting can then be done with disease-free 
material. 

(3) Rapid propagation techniques save 
the time required in the muitiplieation 
of plants to be used as stakes when 
releasing new varieties or evaluating 
new varieties in regional trials. 

Improved Rapid Propagation 

The CIA T rapid propagation system for 
cassava as developed and recommended 
called for shoots growing on the two-node 
stem seetions to be cut and rooted in flasks 
eontaining sterile water. The rooted 
euttings were then planted in the field . An 
improved teehnique is now being used at 
CIAT and a few other loeations. Shoots 
are cut at the same stage as previously 
(when they are about 8 eentimeters long) 
and planted directly into the field. Wateris 
supplied to provide adequate moisture 

uring the first two weeks. This improve­
ment makes the system even simpler, faster 
and less expensive, however losses can be 
gJ:,eat if management is not first class. 

SOILS 

Among tropical food crops eassava is 
uniquely adapted to aeid soils of rather low 
fertility status. During 1976 major 
emphasis was direeted to determining the 
erop's nutritional requirements under 
these conditions. 

Cossava Program - C/A T 

Fertilization of Acid Soils 

Fertilizer experiments were conducted 
in Carimagua, which has an extremely aeid 
and infertile .oil representative of many 
oxisols and ultisols where cassava is 
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Table 41. Frtsb rool yield and dry matler produclion of 12 ea55ava nrieties grown in Guyana. 

Anira Peat No. 20 

Fresh wt. 
yíeld I Dry matter 

Variety Ranking (l / ha) (kg/halday) 

M Mex 59 I 30.5 25.2 

M Mex 23 2 19.3 16.7 

Del Pais 3 19.3 18.6 

M Col 673 4 18.2 19.5 

Twelve Month S 16.4 16.5 

Llanera 6 15.2 14.9 

Uncle Maek 7 15.2 15.6 

Brancha 
Butterstíck 8 14.2 14.8 

R. Singh 9 13.0 14.6 

Four Montb 10 12.0 11.3 

Bitter Stick 11 1l.7 11.2 

Chinese Stick 12 7.6 6.0 

Avg. introduced 
varieties 20.5 18.9 

A vg. regional 
varieties 12.8 12.9 

Avg. best 
inlroduclion 30.5 25.2 

A vg. best regional 16.4 16.5 

, H_rve.lm _, 12 monllls. 

system was compared to yields from plants 
started as stem cuttings as normally used, 
after a similar growth periodo 

These fiye cassaya propagation techni-
ques were tested: 

(1) 

(2) 

Rooting in peat pots (8-cm diameter) 
filled with clay loam soil for 18 days 
and subsequent transplanting to the 
field without remoyal of the pots. 
Rooting in waxed paper cups (5-cm 
diameter) filled with c1ay loa m soil for 
18 days and subsequent transplanting 

Inki Clay No. 100 

Fresh wt. 
yield i Drymatter 

Variety Ranking (1/ ha) (kg/ha/day) 

M Mex 59 1 23.0 21.3 

Unde Maek 2 22.0 21.4 

Del País 3 22.0 18.1 

M Mex 23 4 17.6 16.8 

Four Month S 17.4 15.1 

Llanera 6 16.8 18.3 

M Col 673 7 16.4 19.6 

Brancha 
Butterstick 8 15.2 15.1 

R. Síngh 9 14.7 15.5 

Twe1ve Month 10 12.3 12.0 

Bitter Stick 11 11 .0 9.5 

Chinese Stick 12 9.0 7.0 

19.1 18.8 

14.5 13.6 

23.0 21.3 

22.0 21.4 

(4) Rooting in flasks (25-ml glass flasks) 
filled with sterile water for 8-10 days 
and subsequent transplanting to the 
field at the callus formation stage. 

(5) Planting 20-cm long stem cuttings 
directly to the field as a control 
treatment. 

Planting distance in the field was on I x 
I-meter ridges. The plantules were 
transplanted into holes and buried to the 
base of the lowest leaf, taking care not (O 

damage the roots. Plants were watered 
daily for the first 27 days. 

to thefieldaftercarefulremoyalofthe Yield, and components of yield of the 

(3) 

8-56 

cups cassaya plants haryested at 10 months are 
Rooting in flasks (25-ml glass flasks) shown in Table 42. Fresh root yield of the 
filled with sterile waterfor 18 days and! fiye treatments was not different at P=O.05, 
subsequent transplanting to the field proying that root yield of plants 
at the long root stage (I-cm long). originating from the rapid propagation 
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Table 39. The effect of ralnfaU on eaHa'" fresh root 
yiekl at fhe Ioc:ationsl in Colombia during 
two growing cydes. 

Cycle 

1974/15 

1975/16 

Mean rainfall 
(rnm / cyc1e) 

1,502 

1,162 

Yield average 
(' / ha) 

26.4 

18.1 

I Locations: Media Luna, Rionqro , Nataima, CIAT lndCaM:edOnia .. 

Abdul Wahab, of the Guyana Sugar 
Corporation. They have kindly made their 
data available to CIAT. 

80th trials were planted at Enmore, one 
on Anira peat No. 20 and the other in Inki 
clay No. 100. 80th soils are extremely acid, 
pH 3.4 and "t"1-;- respectively. The main 
eoaphic and climatological data of the site 
are shown in Table 40. 

Of the 12 varieties tested, seven were 
from Guyana, one (Del Pais) was in­
troduced from Puerto Rico, and four 
(Llanera, M Col 673, M Mex 23 and M 
Mex 59) carne from CIA T's cassava collec­
tion, 

Standard cultural practices were used. 
Plant population was about 12,000 
plantsj ha. Lime was applied in the form of 
aragonite at 6.7 tjha. Nitrogen, P,O, and 
K, O, at rates of 200, 67 and 134 kgTha, 
weresplit-applied in bands. Secondalyand 
micronutrients were also applied to pre­
vent any possible deficiencies. Weeds were 

controlled manually and hornworm and 
shoot fly attacks were chemically con­
trolled. 

Yield data of both trials are shown in 
Table41. OnAnira peat, M Mex 59yielded 
30.5 tjha, significantly higher than all 
other varieties. However, on Inki clay No 
100, M Mex 59 produced a fresh rootyield 
(23 t j ha) which was similar to Uncle Mack 
and Del Pais, which yielded 22 tj ha. On 
both soils, the average of the introduced 
varieties was significantly higher than the 
average of the regional varieties. 

Highest producer of root dry matter was 
M Mex 59 with 25 kgjha jday on Anira 
Soil, and both M Mex 59 and Uncle'Mack 
on Inki Clay soil with 21 kgj hajday(Table 
41). 

Rapid Propagation 

The vegetative cassava propagation 
method used commercially gives a slow 
rate of plant multiplication. Development 
of techniques for rapid propagation 
initiated at CIA T in 1971 have shown that 
it is possible to produce more than 36,000 
normal plant cuttings after one year from 
one adult plant. However, it has been 
pointed out that this method is mainly 
suitable for use at research stations 
producing planting material. 

This year, a root yield of plants 
originating from Ibe rapid propagation 

Table 40. M.in ed.phic .nd clim.tological ch.,.denstics for two Guy.na siles uled in Intern.tional Yiekl 
Triats for cassan dunng Ihe 1'75/76 cycle. 

Altilude Mean 
(m temper- Rainfall Relative Organic P K 

Soil aboye alure (mm l humidily Soi! maller ruog (meql 
type msl) (oC) year) (%) classification pH (%) (ppm) lOO g) 

Anira Peat 
No. 20 O 26.4 3,310 82.9 Silty clay 3.4{V A)' 32.O(H) 26.3(M) 0.45(H) 

Inki Clay 
No. 100 O 26.4 3,310 82.9 Clay 4. I(VA) 7.5(H) 1.1(L) 0.3(M) 

I Ferlilily coo": (N) neutral; (A) lcid; (YA) vel)' lcid; (L) lo .... ; (M) medium; (H) high. 
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Tablc: 38. Fresh rool yield of the ICA·CIAT promisinK varieties from nine locations in Colombia. 

Media El 
Locations Luna earimagua Nataima Rionegro Tambo CIAT Caicedonia Pereira Popayán 

Days to 
Harvest J33 335 337 326 335 367 363 400 428 

Varieties Rootyield freshweight (l{ha/ yr) 

M Mex 59 18.S·· 25.6· 26.7" ~ 18.7 23.7" 10.5- 0.9 
CMC-40 (M Col 1468) 19.2" 23.2* 35.3" 16.1·· 22.S* 35 .5" 16.1· 3.8 

CMC·84 (M Col 1513) 15.0** 26.S- 16.3" 18.2" 25.9' 24.6*· 18. 1 1.0 

CMC·76 (M Col 1505) 21.8 20. S" 17.1 29.7" 20.S- 0.5 

M Col 22 10.5" 15.5 23.2" 11.1 25. 1·· 8.8 0.3 

M Col 113 21.9 20.7· 5.0 

M Col 673 13.8 4.8 20.'·· 10.3 22.2 

M Ven 119 8.5 18.4 16.9 14.3 15.3 23.7 

M Ecu 159 15.9 22.8 18.3 

M Mex 23 18.3 10.4 24.5" 17.3" 17.0 1.0 
M Mex: 52 4.6 19.8 16.8 11.1 13.0 23.0 20.7 

M Col 677 8.4 6.3 20.8* 27.5- l2l: 
Othcr "arieties 

Maximum 24.4 (1) 23.4'(2) 9.6(4) 1 I.CJ(3) 13.1(4) 23 .8-'(5) ,. 
Minimum 4.7 (3) 0.8(4) > 

> 
§. Regional nrieties 

'" 
Maximum 4.0(9) 22.9(4) 11.7 (8) 22.3(6) 22.1(6) 15.8( 1) 16.9(6) 14.5(7) 

~ , 
., .... Rnpec1ively, varioeties I pprovtd for K<:ond Ind third yar evalU11lion al Ibe Ame location 
- (1) ChirouOallinaza. (2)CMC 57, CM Col 1486). ())CMC n, CM Col 1501). (4)CMC9.(M CoI1438),{S)CMC92.(M CoIIS22). (6) M Col 113. (7) Amarilla. (8) Colombiana and Torama Nearita. (9) Blanca Mona. -'O 

~ 
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Table 37. Sorne avonomic and commtrdal characteristics of the prommn, nrleties ustd in reglonallrllils 

durin, 1975/1976 cycle. 

Plant 
height l 

Varieties (m) 

M Col 22 1.50 
M Col 113 1.98 

M Col 613 2.00 

M Col 677 2.00 

M Mex 23 2.23 

M Mex 52 2.20 

M Mex SS 1. 70 

M Mex S9 1.85 

M Ven 119 2.00 

M Ecu 159 2.20 

CMC 9 (M Col 1438) 2.00 

CMC 40 (M Col 1468) 2.35 

CMC 57 2.50 

CMC72 280 

CMC 76 (M Col 1505) 225 

CMC 84 (M Col 1513) 2.35 

CMC 86 3.00 

CMC92 3.00 

CMC 137 3.00 

Chiroza Gallinaza 

Besl RegionaP 

, Under CIA."', coDdilio ... 
) Averaae of 1976 rqionaJ tnab, 
, Mean valuc from k:$S Illan l'ivc Joution 
• Data rrom only (lM 5ilc 
J Amon¡.1I uaional varietin uKd u lhe controls in .Utria] •. 

wide range of soi! and climallc condilions 
when lemperalure is aboye 220C. 

In Ihe Iwo cooler siles, Popayán and 
Pereira, Ihe highesl yields were oblained by 
CMC 92and M Coll13 respeclively. CMC 
92 is very loleranl ofPhoma and M Coll13 
is reasonably loleranl of cooler condilions 
when Phoma is nOI presenl. The yield of 24 
l / ha afler 14 monlhs in Popayán suggesl 
Ihal wilh carefully selecled lines high yields 
can be oblained in cooler areas (Table 38). 

CaSSQva Program - e/A T 

Ease of Starch2 Ory matter2 

harvest l (%) (%) 

eas)' 31.9 34.0 

difficult 31.1' 33.2' 

moderate 32.1 34.2 

moderate 31.2 33.3 

difficult 36.2 38.4 

moderate 32.0 34.1 

cuy 

moderate 31.S 33.7 

moderate 30.5 32.5 

moderate 26.0' 28.0' 

moderate 33.13 35.l' 

easy 29.8 32.0 

moderate 27.84 29.8' 
moderale 27. Jl 1.~ . J3 

easy 34.5 36.7 

easy 33.8 35.9 

easy 24.84 26.7· 

eas)' 

cuy 19.5' 21.44 

34.44 36.6' 

36.1 38.3 

I 

This year was much drier Ihan Ihe 
previous one and yields in many sites were, 
reduced; Ihe overall mean yield of Ihe same 
tive Irials was reduced from 26.4 lo 18.1 
1/ ha as rainfall decreased from 1,502 lO 
1,162 mm/ yr. (Table 39). 

lnlerualional Regional Trials 

YieId data from Ihe tirsl Iwo inler­
national regionallrials has been collecled. 
These were planled in Guyana by Dr. 
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" Table 36. Resistance or promising easu". varieties lo sorne imporlant inseds and diseases in regionallrial!lii during 1975/ 14; cycle. 

Resistancc to I 

Leaf spots 

Super· 
Varieties Thrips White fly Bacteriosis e1ongation . Phoma sp. C. henningsii C. vicosae 

M Col 22 T S S R S R T 

M Col 113 R S S S T S 

M Col 673 S S S T S R S 

M Col 677 S S S T T T 

M Mex 23 R S T S T S 

M Mex 52 R T S T S T T 

M Mex SS T S S S S S 

M Mex S9 S S S T S R R 

M Ven 119 S T S S S T T 

M I;:cu 159 S T S S 
CMC 9 (M Col 1438) T T R S S S 

CMC 40 (M Col 1468) S S S S S R T 

CMC 57 T R S S S 
CMCn T R S S S 
CMC 76 (M Col 1505) S S S S R T 

,. CMC 84 (M Col 1513) S S S S S R T 

• CMC86 T S S S S S • • CMC 92 !:. T S S R S S 

~ CMC 137 T T S S S S S 

" e 
~ I (R) ResislInl; (S) Susceptible; m Toltrront; (-) No! evaluated. 

:;; 
¡¡: 



lines have eontinued to outyield loeallines 
in Colombia and the first results from 
outside Colombia have shown these 
seleeted lines to be superior in Guyana. 

Regional Trials 

The regional trials test new seleeted line, 
un er technology which demands low eost 

- inputs and whieh farmers can readily 
ilccep!. Special emphasis is plaeed on low 
levels of ehemieal inputs. The details of this 
"Iow level technology" were deseribed last 
year (CIAT Annual Report, 1975). This 
year two trials were planted in eooperation 
with ICA, three with Federación Nacional 
de Cafeteros, two with Integrated Rural 
Oevelopment Projeets, and three with 
local Seeretariats of Agrieulture, with the 
remaining nine trials being under CIA 1's 
direet supervision and control. 

The major problems experieneed in the 
field this year were a heavy atlaek of CBB 
and superelongation disease in Media 
Luna, asevere white fly attaek in Nataima, 
and very heavy infestations of thrips in 
Caieedonia. 

Table 36 shows the resistanee of the 
promising varieties to sorne important 
inseets and diseases. Beeause of the 
susceptibility of many varieties to a few of 
these pesls, the improved cultural praetiees 
diseussed below should be used. 

Sorne agronomic and cornmercial 
characteristics of these varieties are shown 
in Table 37. Plant height and strong winds 
may affeet lodging, while ease of harvest 
affeets labor efficieney. 

Mean stareh eontent of the promising 
varieties varied from 30 to 36 pereent wilh 
a mínimum of five tdals foc variety mean. 
Furthermore, site means varied from 22 to 
36 percent. However, the relative varietal 
values to the site mean were stable (see 
Varietallmprovement Seetion). Where the 
best regional variety produced 36 pereent 
starch in one site. ~he best promising line 

Cassava Program· e /A T 

produeed 38 pereent. In all trials, exeept 
for the Media Luna site, the stareh eontent 
of the best promising line was greater than 
that of the best local variety. 

A similar analysis can be done regarding 
dry matler con ten!. The mean dry matler 
eontent of the promising varieties varied 
from 32 to 38 pereent with a minimum of 
five trials for variety mean. Furthermore, 
site means varied from 24 to 38 pereen!. • 
However the relative varietal values to ihe ,,­
site mean are stable. Where the best 
regional variety produeed 38 percent dry 
matler the best promising had 40 pereen!. 
In all sites, exeept Media Luna, the best 
promising cultivar had a greater dry matler 
eontent than lhe best regional line. 

Of the nine trials so far harvested, the 
average of the best loealline in all sites was ~ 
16.3 t/ ha (Table 38), or nearly double the 
national average yield of 8.5 t/ ha. These 
results suggest that simple improved 
cultural praetiees can eonsiderably in- · 
crease yields. The most important praetices '" 
are: (a) using seleeted stakes free of CBB 
and superelongation; (b) good soil 
preparation; (e) timely weed control; and, r> 

(d) adequate plant population at harvest < 

(10,000 plants / ha). 

When the best promising line in eaeh site 
is used, the yield shows a further inerease 
up to an average of 26.8 t / ha (Table 38), 
showing that the eombination ofimproved 
cultural praetiees with seleeted varieties 
can inerease national average yield 3-4 
times. The two varieties M Mex 59 and 
CMC 40 eonsistently yield more than the 
local varieties in all sites below 1,200 m 
msl. CMC 40 showed tremendous yield 
stability over a very wide range of soil 
eonditions giving 35.5 t / ha in the fertile 
soils of CIAT and 23.2 t / ha in the infertile 
Llanos Orientales. This variety, however, 
is very susceptible to lhrips and has very 
low stareh eontent (Tables 36 and 37). 
Nevertheless the data support lhe 
hypothesis presented in previous sections 
lhal a single genolype may be adapled lo a 
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Table 35. Sites in Colombia and their main soil and c:limaticchar'C:leri.."tlcs where the second cyde orpromi."ing ICA-CIAT varieties were planted during the 1975(76 cyde. 

Mean Relative Organic 
Altitude temperature Rainfall humidity Soil maner P (Bray 11) K 

Locations (m) (oC) (mm)J (%) type pH (%) (ppm) (meq / loo g) 

Media Luna (Magdalena) 10 27.2 887 77.6 Sandy 6.6 (Ny 0.7 (Ly 4.8 (Ly 0.08 (L)' 

Carimagua (Meta) 200 26.1 2,323 75.2 Sandy Laam 4.9 (VA) 1.9 (M) 1.1 (L) 0.04 (L) 

Nataima (Tolima) 430 27.8 1,064 69.0 Loam 7. 1 (Al) 1.2 (L) 77.5 (H) 0.23 (M) 

Rionegro (Sanl. del Sur) 480 26.6 1,746 79.5 Clay Loam 5. 1 (A) 2.0 (M) 4.9 (L) 0.17 (M) 

El Tambo (Cauea) 900 26.0 850 75.0 elay 4.9 (A) 6.0 (H) 1.8 (L) 0.15 (M) 

CJAT (Valle del Cauea) lj)OO 23.5 901 74.5 CIay 6.4 (N) 3.3 (M) 36.2 (H) 0.47 (H) 

Caicedonia (Valle del Cauea) 1)00 22.7 1,214 80.7 Silt Loam 5.6 (A) 2.9 (M) 7.1 (L) 0.20 (M) 

Perei ra (Risaralda)l 1,480 19.0 3,817 80.0 Silty Clay 5. 1 (A) 8.2 (H) 8.2 (L) 0.08 (L) 
:... 
S • Popayá n (Cauea)] ,760 18.0 2,998 85.0 Loam 5.0 (A) 7.5 (H) 2.4 (L) 0.44 (H) !l. 

'" ,"J I Ramlall dala cor~sllonds 10 actual rai" durina .rowch pe--.!ioc1 o 
~ 1 Fertilil)' coda:: (N) neutral; (Al) alk . lir,e:; (VA) ver)' acid; (A) acid; (L) Iow: (M) medium; <H) high. 

J Pe~ira and Popayin sites eorrespond 10 1914¡n eyele , 

:¡; 
~ 
~ 



from many parts of the world. A total of pollinated seeds have been distributed to 
21,750 hybrid seeds and 50,100 open- 28 countries (Table 34). 

Tablc 34. Summar)' oC the distribulion of CIISSII,,'III genetic mllltrials. 1913-76. 

Open-pollinated 
Country Hybrids. seeds Stakcs 

Brazil 4,400 2,000 20 

Mexico 200 160 

Venezuela 200 ( Entomology) 

Ecuador 20 (Agronorny) 

Nicaragua 6 

Dominican Republic 6 

Trinidad 600 6 

Jamaica 6 

Bahamas 6 

India I,Joo 

Thailand J.900 4,500 

Malaysia 900 

Philippines 1,450 12 

Indonesia 900 

Taiwan 1,200 6 

Japao 2.000 12 

Australia 900 50 

New Zealand Joo 

liTA (Nigeria) 1.550 41.500 

K enya 400 6 

Tanzania 1.000 

Tonga J50 

Samoa J50 

Scychelles 250 6 

Hawaii 6 

United States 1.000 

Canada lOO 

United Kingdom 1.000 

Total 21,750 50, 100 528 

AGRONOMY 

The agronomy program has continued 
to emphasize the pr<) pagation and testing 

Cassavo Program - e l A T 

of promising lines over a wide range oí 
~colog!cai cond! IOns (Tab e 5. Selecteíl 

8-49 



Vascular streaking rating Carimagua F t avg. root deterioration rating 
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Parental avg. root deterioration rating 

1 3 4 Figure 43. Rqression or F I avtrale on (he p. 

Vascular streaking rating, CIAT 

Figure 41. R tlationship bdween nscular slreaking 
o( USS8va in CIAT and Carimagua. 

positively correlated with the root dry 
mallercontent (Fig. 44). Athough there is a 
fair amount of variability left after the 
limitation imposed by the correlation. 
there may be sorne difficulty in combining 
good root durability with high dry maller 
contento 

F1 avg vascular streakíng rating 
4 

Ir: 0.642" • 
• 

3 • , 
• • 

• • A ¡o., 
• o 

• 4 • 
O • 

1 • • -
• • • • ... • 

renlal value or ussava rool deterioration In the neld. 

Nine genotypes have been identified as 
sources of genes for good root durability 
and are actively used in hybridization. 

Distribution of Genetic Material 

Since the beginning of the cassava 
breeding programo there have been 
numerous requests for genetic materials 

Vascular streaking rating 
4 

r= b. S29~' -. ~. ~ ~l' ~I • 
3 • ~;. Jo 
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Parental avg. vascular streaking rating 

Figure 42. Regrtssion or F t avera¡:e on the paren­
tal \'alue (or vascular slreaking of cas.o¡ava, 1976. 
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Rood dry malter content 

Figure 44. Relationship btlween rool dry maltee 
contmt and rool rotting in cassava. 
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MCOL 1816 MCOL 22 

MCOL 670A 
'--_ -----1 

LLANERA 

Figure 39. Rools of four caSS1n'1l cultivars three weeks arter han'est. 

Vascular streaking ratina, 1976 
4 

r"",0.67I1. • • 
• • • 3 

• 
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•• 

• 
• 

I • • 
• 

o 2 3 4 

Vascular streaking ratiog, 1975 

Figure 40. Relalionship between varielal vascular 
streakings of e_suv. in IY7S and 1976. 

CassQvQ Progrom . CIAT 

This suggests that genotype X enVlronment 
interaction may be significant in post· 
harvest durability . 

• 
An analysis with 43 different crosses­

showed that in vascular streaking the-­
regression of parental values on the q 

average of corresponding F I populations 
was highly significant (Fig. 42). Another 
analysis with 56 crosses in a field evalua­
tion of root rotting two weeks after harvest !:) 
indicated that the regression of parental __ 
values on the FI average was also highly 
significant (Fig. 43). The data demonstrate 
that the effects of additive genes are highly 
significant in root durability. 

In one of the varietal experiments at 
eIAT, an analysis was made on the 
correlation of root durability with yield 
characters. The vascular streaking was 
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Table 33. HCN conl~nt in Cl5sau root5 and root dry matt~r cont~nt. 

Average root dry 
"eN ratins NO.of malter.content 

(at 12 months) cultivan (at 12 months) 

1 5 .369 

2 32 .362 

3 87 .370 

4 82 .362 

5' 10 .356 

, Usually unrl!. for dire<:t human consumption. 

Two ways of evaluating genotypes for 
root durability were adopted: (a) a quan­
titative rating of vascular streaking on the 
roots kept under shade f or a week after 
harvest, and (b) a quantitative rating of the 
combination of vascular streaking and 
general rotting of the root kept under the 
sun in the tield for two weeks after harvest. 

MCOL /8/6 

MCOL 670A 

Minimum root dry Maximum root dry 
matler content matter content 

within rating class within rating class 

.349 .387 

.243 .417 

.302 .455 

.295 .406 

.319 .395 

Varietal rating in vascular streaking was 
fairlv constan! in 1975 "nd 1976 (Fig. 40, 
<:0.671**). The CIA T rating was 
significantly correlated with Carimagua 
(Fig. 41) and Caribia. However, the 
correlations were ralher low between 
CIAT and Carimagua (r = 0.344**) and 
between CIAT and Caribia (r = 0.262"). 

LLANERA 

Figure 38 . Roots of' (OUT cas.\an culth'ars on~ week arter hanest. 
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Root dry malter yield (t / ha / yr) 
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Root dry matter content 

Figure 37. Relafionship between roo' dry maUer content and dry maUer yield or cassava. 
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of corresponding F I population was highly Vand dry malter basis. W;ere ·;,as no sign 
significant (Fig. 36). The effect of additive that root dry maltercontent wasassociated 
genes must be significant and high dry with HCN content (Table 33). It is known 
malter content of sorne genotypes is (CIAT Annual Report, 1973) that HCN 
expected to be transferred to other content is not correlated with insect 
favorable genotypes without much dif- resistance (thrips and nornworrn), witb 
ficulty. disease resistance (Cercospora leaf spol)o r 

In one of the varietal experiments in 
CIAT, the relationship of root dry malter 
content with root fresh weight yield, root 
dry malter yield and HCN content of the 
roots were analyzed. The root dry malter 
content was not correlated with the root 
fresh weight yield but significantly cor­
related with the dry malter yield (Fig. 37, 
r.0.407**). The same analysis was also 
made with F I populations of several 
crosses. In all of these populations, the 
correlation between root dry matter 
canten! and dry matter yield tended to be 
positive, although in sorne of these pop­
ulations, the correlation was nol as strong 

\

as in the varietal population. Nevertheless, 
the data indicate that improvement in root 
dry matter content never leads to a 
reduction in root yield both in fresh weight 

F I average foo l dry matter content 

• 
.34 , • y - 0.098 -+ O.620"x • 

~ • • • 2 -• • .3 

•• 
• • l.·· • 

O • • • • .3 
~ .. 

• • 
8 • • 2 

~ 

• 
.2 6 

.30 .32 .34 .36 .38 

Parental average fool dry matter cantent 

Figure 36. Regres.o¡ ion or F I average (measured a 
10 monlhs) on Ihe parental averaRe roo l dry maller 
conlenl or C1Issava. 

1J.44 

Starch content; the popular legend thar 
bitter cassava is disease and ¡oseet resis­
tant, and good for starch production has to 
be challengeil . 

Twelve new hybrid lines have been 
included in the list of hybridizations for 
higher dry matter canten!. 

Post-Harvest Durability of Roots 

Observations of harvested cassava roots 
revea that there are at least two phases 01 
rool deterioration after harvest. a vascu lar 
streaking and a general, total root dllii 
The vascular streaking occurs 2-7 days 
after harves!. This does not necessarily lead 
immediately to the total rotting of the roo!. 
However, there is no doubt that the 
vascular streaking drastícally affects tbe 
quality 

~ a 
of the roots especially when cassava 
re consumed directly as human 
he en ral and total decay usual!y 
1-2 weeks after harvest on roots 

food. T 
occurs 
already affected by vascular streak ' g 

he internal root ca dition turns 
naerobic lo aerobic. 

'l'hen t 
from a 

M C 01 22 is highly susceptible to 
r streaking (Fig. 38) but fairly 
t to general rottíng (Fig. 39). M Col 
resistant to vascular streaking (Fig . 
susceptible to general rotting (Fig. 
lanera, like the majority of 
es, is susceptible to both (Fig. 38 

vascula 
resistan 
670A is 
38) but 
39). L 
genotyp 
and 39) Col 18 6 i resistant to both 
(Flg. 12). The root of M Ca 18'1 arn1íe 
eaten even two weeks after harvest. ese 
súggest tbat root durability is a ~genetic 
character and that vascular streaking and 
general rotting are independent of each 
other. 
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Root dry malter contento 1975 
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Root dI')' matlee content, 1974 

Figuee 32. Relalionship belween cassan rool dry 
maller conlenls in 1974 and 1975. 

r:0.678**) which was highly correlated 
with the 1976 experiment (Fig. 33 r = 
0.695'*). The varietal root dry maller 
content in CIA T was highly correlated that 
in Carimagua (Fig. 34, r = 0.662**) and 
Caribia (Fig. 35, r -0.641"). These data 
indicate that root dry maller content, 
which is almost parallel with starch content 
(CIAT Annual Report 1975) is a genetic 

Rool dry mattee content, 1976 
.38 • 

• 
. 36 

e = 0.695·· • • • • 
.3 

I .~~- ¡J./ • •• • 
4 • " . • •• •• 

.3 2 

• • • 
• • • . JO 

• • 
.2 8 

.JO .32 .34 .36 .38 .40 

Rool dry matler contento 1975 

Figure 33. Relationshlp belween rool dry matler 
conlenl in c~ .... va in 1975 aOO 1976. 

t.assava Program - CIAT 

Rool dry matter contenl in Carimagua, 1976 
.3 8 
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Root dry matler confent 
in elAT, 1975 

• • • • 
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• 
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Figure 34. R elalionship belween rool dry maller 
contenls of cassava al CIAT and <':arimagua. ~ 

character which is highly stabl~t~~e e 
range of environmental conditions. 

An analysis with 37 different crosses 
showed that in root dry maller content the; 
regression of parental value on the average 

t{oot dry matter content in Caribia 1976 

. 36 • • -

.3 
e = 0.

1

641 •• 

I ~ 4 • 
)o • 

.3 2 ".2 I -.1 ., • 
·H . 

I~ • 
• • .JO 
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.2 6 • 
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Root dry matler content 
in C1AT, 1975 

.40 

Figure 35. RelaUonship belween rool dry maitu 
conltnls of cassava al CIA T and Caribia. 
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Root dry matter content 
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Figure 31. Recression of cusava root spedfic gravity and dry maUer content oC the root in three trials. 

0.23-0.41 found in CIAT collectíons. 
Hence, tbis metbod can safely be used for 
selectíon. 
lJ.42 

Varietal root dry matter content in the 
1974 experiment showed high correlatíon 
with that in the 1975 experiment (Fig. 32, 
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one cycle oC erossing with M Col 647, 
dozens oC high harvest index hybrids with 

-11 resistance resulted. CBB resistance is 
apparently multigenic. Even in Taiwan M 

"Col 6'l71lrogenies ave shown high levels 
oC resistance (Leu, personal eommuniea­
tion) suggesting that CBB resistanee may 
be relatively stable. 

Superelongation resistance 
r<' 

There are two kinds of resistance sources 
(see Pathology section) one kind ineludes 
eultivars such as M Col 803 and M Mex 52 
whieh up to !he present have been 
completely resistant and have not shown 
disease symptoms even under heavy 
innoeulation, and the second kind, in­
c1uding eultivars Iike Llanera, M Col 22 
and M Col 638 which are basieally 
susceptible to the disease although it 
develops slowly on these eultivars during 
the first months oC growth. The breediog 
strategy against this disease wí1rdependOh 
tne Cuture investigatiolWby the patholo8l( 
group as to whieh oC the two types oC 
resistanee is better. 

Phoma disease and eold toleranee 

parent in CIAT hybridizationsduring 1973 
beca use oC its very high harvest index and 
dry matter and starch content, Ivas 
Crequently erossed with M Col 655A, M 
Col 1292 and M Ven 270, also high in dry 
matter eontent and many lines with very 
high dry matter eontent. resulted . Twelve 
lines which have constantly shown more 
than 40 percent root dry matter eontent are 
kept Cor hybridizations. However. several 
Iines such as M Col 670A and M Col 1468 
which have sorne Cavorable characters were 
dropped Crom the list oC eross parents 
beeause oC their very low dry matter 
content. 

Post-hanest durability 

One cultivar Crom the original germ­
plasm and eight hybrids are in the Iist oC 
hybridizations (see Root Durability See­
tion). 

Male-sterile lines 

Since the occurrence oC self-pollinatíon 
is unexpectedly high with normal flower­
ing types a d the selC- ollinated offs rin s 
are nerall ss (CIAT Annu 
Report, 1974), the use oC male-sterile lines 

A joint eCCor! among the Pathology, is highly recommendable in collecting 
Physiology, Agronomy and Breeding openpollinated seeds. Tho ollowing male­
groups revealed that selected cassava s terile lines are being used: M Col 113, M 
genotypes gave high yields even uoder ao Col 755, M Col 882, M Col 884, M Col 
annual average temperature oC 200C or at 1052 and M Mex 1. However, male-sterile 

tan altitude oC 1,800 meters near the equator hybrids with more desirable agronomic 
where Phoma disease is prevalent. It was characteristics are being sough!. 
also found that Phoma resistanee was 
genetieally independent oC eold tolerance. Ory Matter and Starch Content 
Po a n and several other cultivars hav 
""_ ..... ":"~ti~fi~ed~a""-s aving an acceptable _ In three varietal experiments done 
level oC Phoma resistanee and cold during 1975 and 1976 in CIAT, the 
tolerane O hat several thousand hybrids relationship between root specifie gravity 
were made with Popayan in an attempt to and dry matter eontent oC the roots was 
combine high harvest index and other analyzed (Fig. 31). The regression oC root 
desirable agronomic characters with dry matter eontent on the specific gravity 
Phoma resistance and cold tolerance. was highly significant (r' _ 0.839**)and 

Higher dry matter eontent 
there was oot much diCCerence between 
difCerent years. The deviation Crom the 
regression is considerable but is small when 

M Col 22, the most Crequently used compared to the dry matter variatíon oC 

CaSSDVD Program· CIAT lHI 


