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Cassava production systems 

HI(;HIIGHTs IN 1975 

The cassava program's objective is to provide the technology for obtaining high cassava 
yields with low input levels. It has developed simple cultural and sanitary practices to be 
used with improved germplasm or varieties, which are the mainstay of this technology. 
This new gerrnplasm will consist of efficient plants that are naturally resistant to diseases 
and pests, as well as to certain soil conditions such as acidity and low fertility. 

An efficient plant is one that has a correct balance between the source of prod uction 
the leaves and the product sought -the roots. It has been found that the correct balance 
for an efficient plant is best achieved by %arietiesthat maintain at leaf area index (ratio of' 
leaf surface to ground surface area) of 3 to 3.5. Model data suggest that the best varieties 
are those with a Ilng leaf life and with branches that begin to form at four to six months. 
In the absence of restrictions (i.e., diseases and pests) and with a nearly perfect balance, 
yields of about 25 tons halyear of dry roots should be easily obtainahie under CIAT 
conditions. 

Altho ,h CIAT had previously developed technology for producing "seed" material 
free of'( sava bacterial blight, there were doubts as to whether farmers would always 
accept it;therefore, varietal resistance was investigated. A rapid inoculution procedure 
was developed for use in screening, whereby plants are infected by clipping lea\cs with 
infested scissors. Good resistance was found in a very limited [lumber of cultivars: 
however, it was found to be transmitted to the progeny from resistant lines crossed with 
susceptible lines, thereby making it possible to produce high-yielding lines. Similar results 
were obtained with superelongation disease and Phoma leaf spot (of local importance) 
and with the Cercospora leaf spots (of worldwide prevalence). ttowcver. a new bacterial 
disease, probably spread by insects, was discovered. 

Work continued on the evaluation of insect-resistant lines and on control measures. 
Substantial losses occurred in lines susceptible to thrips even under the conditions of high 
fertility and fairly uniform rainfall found at CIAT.A large part of the germplasrn bank 
was found to be thrips resistant. Studies on spider mites, common in drier cassava
growing areas, suggest that some cassava lines may be resistant. Although the use of 
insecticides does not constitute a major part of our technology, low levels of insecticides 
placed around the seed material arc effectively used to control pests nonspecific to cassava 
that reduce germination and seedling establishment. 

B- I 



Ihe breeding pl oglanll is attetpting to combine the components oi efficient platnts aind 
lesistalince with other ctha ract ers such as improved postharvest shell iti, and increased 
star ch content. Fhe disconceiting lack of correlation between single-row yield and 
prrpulatioi yield ksas ovucorre us selection criterion. It was alsot.,,ing harsest index as a 

found that there %.saa hgh correlattion of yield data bet\\ccn seedling and stake-planted 

gceneration, ;Iascarl\ sa ssc\i Illonths alter t',-.planling. Which is \er\ helpfLl for more 
rapid selection. Yields of 6( tonsI Ia \ere obtained at CIAT rising varieties selected by 

Ihese techlnique,,. 

i)at11 Cllecrir \is c.mCpleted lor tileag iecnosnc ufvey of cLaSSa\ production in 

(olonulia S( hl. iilal,ses have beenr made for disease and inscct incidence, soil 

chalacterislcs. \icld trends arid the use of irp osd tchnolhgv infise ecological ztes. 

A\ Cr'age CiL. ICIw tonsl ha in four of these /Oiies and only 12 tols ha inithe bestHN \Is es 
/ ire. 

RlcgiU.l trials, using n11iririn ilriuts but good cthtLnlliI practices (\\cd control. clean 
scdt oplinliail plait rpullat]olis) w'ere CatiLd out at nine sites in Colombia. I ocal 

\alliCl.s ,rci c uI S tols ha in less than tsear. s hich is liunch higher than those ohtainled 

h\ local tanermcs (3 to 12 tois! hIa). Using selected CIAI I W(A lines., yields were Lurther 
incrcased to ir tvcragc of 3t) ton., ha. lhus large .\ield increases carlbe obtained by 
sinple irtpiocvici in tehnolg., and dramatic increas- by combining these ,Ith 

irirpi0\Cd \Sricties. I Ile ecoomic su\rey shosss that the highest yields (up tit 43 tonsl ha) 
\crc obtained illthe (aicedonia region. %%here the [cdeacirit Nacional de ('afeteros 

coopCltCs \6it t. I iii tire ilitioductiol ot ns\ tcchlirlogx through two extension 
otliccis trainc at (CIA I .I the acid soils ot tie l.lan,,s. representative ot ast areas otthe 
tropic.,, that are prescntl. \cr\ urrprrductic. yrelds of 25 to ns ha were ohtained it 9ii 2 
110111ths b\ using illpiltod tCchrology and good tertili/,:r practiccs. 

I lwc teclniques are being taught to trWiinres; duriing the pst \ei there were students 

loin Asia. Africa and tire Amcricas. A \workslop k\as also held at CIAI to standardi/e 
rCsllch Irrtlh.S r lie\ ard a the regionaltlo l altratirig uiiatCrial: as resutl, basis for 

tcstlig prTra S in lo Countries \\issestablished. 
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ECONOMICS 

Agro-economnie analysis 


The data collection and certain parts of 
the analysis for the agro-economic survey 
of cassava production in Colombia were 
completed during 1975. Finil results are 
presented for disease and insect incidence, 
soil characteristics, yields and use of 
modern technology in the production 
process, in addition to the principal results 
and conclusions from a comparative 
economic analysis of selected cassava 
cropping systems. 

Table I shows the presence of diseases 
on sample farms for cassava crops four to 
eight months of age. The presence of some 
diseases was greatly influenced by crop 
age; data for crops of other ages may be 
obtained directly from CIAT. While 
considerable differences were found 
among zones, brown leaf spot (Cercospura
henningsii), white leaf spot (('ercospora 
carihaea)andPhoma leaf spot (Phoma sp.) 
were present in many of the cassava lots in 

all zones. Superelongation (Sphaceloma)
was found on a large number of farms in 
Zone Ill, while cassava bacterial blight wasimportant in Zones 1Il, IVand V. Another 

potentially important disease, frog skin 
root disease, was identified in Zone I. 
Although this disease was found on a 
relatively small number of farms, yields 
were sevetelY affected. 

lhrips, gall midges (Cecidoniyiidae) and 
whiteflies (Bemisia sp.) were found on a 
large proportion of sample farms in all 
zones ( lable 2). Other insects of local 
importance include miles and fruit flies 
(Anastrepha sp.). 

Results of soil tests taken on sample 
farms are summarized in Table 3. 
Considerable differences were found 
among zones; however, it appears that 
cassava is most frequently cultivated on 
relatively heavy, inorganic, low-fertility 
soils with a low pH, low organic matter 
content and low phosphorus and 
potassium contents. Zone II had the 
highest yields and also the highest 
potassium content in the soil. Until further 
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Table I. Disease incidence in cassava on sample farm in five zones* (Percentage of farms and area affected). 

I If III IV V 

Farms Area Farms Area Farms Area Farms Area Farms Area 

Brown leaf spot 28 6.1 31 6.5 75 9.9 71 29.4 80 42.7 
White leaf spot 70 39.9 92 48.3 24 2.0 29 3.7 57 21.7
Cercospora leaf blight 57 26.5 31 7.3 69 28.5 49 7.6 55 25.1 
Cassava ash disease 46 17.4 16 31.1 52 5.3 9 1.2 9 3.0 
Phoma leaf spot 41 13.0 42 9.3 0 0 0 0 0 0 
Superelongation 2 0.5 0 0 63 7.3 24 3.9 0 0 
Cassava bacterial blight 2 0.4 0 0 14 2.3 25 11.0 30 8.6 
Root rot 2 0.3 3 0.6 0 0 0 0 0 0 
Powdery mildew 2 0.1 0 0 24 3.3 5 0.8 0 0
Frog skin root disease** II 0 0 0 0 0 0 0 0 

I-('-ucag. I. ilerV andQuindit) III. hdinla;W'. tlt.V. Miadalcna 

i lncildntcincaisired ai l oI ,Ii NIrot 

analysis has been made, however, it would advanced cassava production, from abe premature to conclude that the higher technological point of view, is found inpotassium content is an important reason Zone I1; the most traditional systems arefor the higher yields in other zones as in found in Zones I, III and V (Table 4).Zone 11. Many cassava producers in all zones use 
insecticides, but the use of chemicalAlthough the use of modern technology fertilizers, fungicides and herbicides is low.differs among zones, regional differences Machinery is used only for landare less marked for cassava than for certain preparation; its use isdetermined primarilyother crops such as beans. The most by topography and farm size. 

Table 2. Insect incidence in cassava on sample farms in five zones (Percentage of farms and area affected). 

I IV V 

Farms Area Farms Area Farms Area Farms Area Farms Area 

Thrips 59 14.2 88 36.6 100 63.9 95 62.9 86 29.2
Gall midges 25 3.1 44 8.3 69 8.9 65 848.6 15.3 
Whiteflies (Bemisia sp.) 70 34.3 14 1.7 37 16.7 25 13.2 70 15.5 
Whiteflies spp. 48 14.4 5 0.3 12 3.8 0 50 0.9
Leaf-cutter ants 10 2.5 5 0.3 24 2.5 0 0 2 2.6 
Shoot flies 8 1.3 30 8.1 3 0.7 24 8.6 0 0 
Fruit flies (in stems) 7 2.0 75 25.6 14 6.3 5 0.6 9 10.2 
Leafhoppers 2 0.2 2 0.8 0 0 00 18 1.6 
Hornworms 0 0 2 0.6 0 0 0 0 II 2.3 
Chrysomelids 

(leaf beetles) 5 0.3 6 1.9 0 0 00 5 0.6 
lingids (lace bugs) 16 2.6 3 0.4 7 0.5 7 1.6 0 0 
Mites 7 1.6 8 1.0 41 11.4 9 2.7 43 34.3 
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Table 3. Selected soil characteristics on sample farms (average by zone) . 

Organic matter (C() 
Less than 4('i* 

Phosphorus (ppm) 
Less than 15ppm* 

Potassium (meq 100 g) 
Less than 0.30 meq 1100 g* 

Aluminum (meqi 100g) 

pH 
Less than 5,5* 

Sodium saturation 

Calcium Imagnesium 

Exchange capacity (meq I100 g) 

Percnoge ,IP larms 

5.22 
26.20 

1.78 
100.00 

0.21 
80.30 

4.37 

4.69 
100.00 

1%)1.46 

1.66 

20.33 

Cassava yields were extremely low in 
Zones I, I11and V. Quantitative analysis is 
presently being carried out to identify the 
principal factors determining yields. This 
analysis has been completed for an 
extendedsampleoffarmsinZonell, where 
yields ranged from 0.5 to 43.3 tonsl ha, 
with an average yield of 12.6 tonsl ha. 

II lt IV V 

3.69 5.33 3.53 1.93 
75.00 32.20 60.00 97.71) 

32.89 2.62 21.36 09.66 
35.90 (00.00 72.70 3.1. 

0.45 0.26 0,12 0.22 
37.50 76.30 94.60 8I.,10 

0.06 0(.84 2.X4 (.06 

5.73 5.21 4 75 6.59 
12.51 83.10 89.1(0 6.80 

0.46 0.18 0.48 5.16 

5.42 2.67 2.65 4.37 

15.26 24.18 ( .80 9.75 

Independent of cropping system, rainfal 
and soil potassium content were identified 
as the most important factors affecting 
yield in Zone 11.Rainfall pattern and 
quantity during the crop cycle were 
classified for each farm as normal, 
excessive or deficient, according to the 
farmer's perception. Sixty percent of tfie 

Table 4. Farm size, yields and selected technolog) characteristics of cassala production (i sample farms 
(average by zone). 

Average farm size (ha) 

Cassava acreage (ha) 

Input use (Ci of farms) 

Fertilizers 
Insecticides 
Fungicides 
Herbicides 
Purchased seed 
Credit 
Technical assistance 

Mechanical land preparation 
(C-of farms) 

Monocropping ((' of farms) 

Cassava yields (tons I ha) 

I II III IV V 

7.2 37.5 16.5 61.3 (8.0) 

2.9 6.4 2.0 9.4 5.3 

18.0 35.9 8.5 21.8 13.5 
96.7 60.9 79.7 85.5 36.4 

0 3.1 0 1.8 (0 
0 10.9 0 3.6 

41.0 23.4 1I(2.7 27.3 
29.5 12.5 10.2 23.6 2(1.5 

8.2 6.3 27.1 1,8 9.1 

0 81.3 3.4 8(0.) 52.3 

77.1 48.4 71.2 74.6 36.4 

4.2 12.6 3.1 6.2 3.7 
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farmer s reported excessive rainfall while 
the rest said rainfall hlid been normal. A 
simple comparison of yields under these 
two diftlerent conditions showed a h i'ly 
significant differe nce of' alhnlt 12.000 
kg hai. A,er;lge' yields on ex eess rainfall 
lots w'i e X.,?T kgl it. atscompatred with 
20.r,09 kvjmii ,n lots wil' ni,,rdl rainftll. 

)n tile hbisis ol slil Itsts mnade on the 
sarirpie t1witls. lots ''.tc Classified into two 
groups itccording too tlil petassiurn 
corjileitl the Iccel of 3(1nel It?0),g was used 
ts the itiII'it riliC'lb level. Ahbout 45 
ivrcctit of lie lots contained Icss ttIul this 
level. ,\vcrvt', clIs ,o., these lots \wre 
estimatedi t 7.3X Ip ild!ar 19.N 12 kgl ha 
for cxcssi \ e Ind normanl rair'lf ll, 
respectivel. Yield on lots \\'itI 30 
1et l I)0 L or tl ,.. s crc ,259 ktzl ha and 
2lt,857 kg h; I (,c;uclt of tile rainfall 
condittitos. respectis. lv. Hence a simple 
yield c()Itnpi isi indicated Ihil IoXN 
polssill,.li coit'tIll re iced vields by I to 2 
tonsi ha. 

the inpact:I lvs'sis of
A inore com plec 

of rinfall tid ptiasst cortterit onield]s. 
isrg hai rultcti, ftr,:tion ppriachl, 

iIl,' 'floV.t' that itilci rainfl! was 

[II.X(l) kg and o pitoliil, 1,700] ll~it rar 
kg ha. 1,,ins, 1,t r-mIlt-; of I1Ie si ItrPI 
iC tio iII, ';I 

ii tled at dent if'r! thle-Arralvses 
lowe, theprirtc'pa! actors; catsi'itlg Iidlifiyields i h

olier l ~o cap out: indhutt s lowi \'i"Id ~ 
others t a\,Itoin aiio t hilthitthe sinai! latier tended to use mixed 
appears 11:1 ill addito o t rittile c r' ) ipping. [he l:t rget prod ricer's preference 

tr otro1rTppirg is baIsed partly on the
disrlse ill lone 1. stipcelslptisnit Zoneo for 

I c texpressed belieftIlhit net returns per unit of 
Ill ant.d v's!s t Iltctctit? blight il Zones 
Ill, IV :trid \" n At;l,' w ':-.ttlses itf tle lo.' 
vielis, 

onoricrn of selectedcroppin 
.,sectted croppnr 

In alpito-itately 31) percent of the 
illci dedicated to c.assava in (olombia. 
soimt-eIt pci'ert of lhe gio\, rsnix cassava 
with other crtps (I Q74 Annual Report. 
p1 . 1(i ). lic ause of tie iilport:lice of mixed 

i1-6l 

cropping in cassava production and 
because of the lack of information on the 
relative economic behavior of such 
systerns. :in economic analysis of selected 
croppintr systems wats caried out in Zone 
11. The ob[jectives were (I) to estimate 
reati'e yields, Iabol use, costs and net 
returns otr each of the systems and (2) to 
identify factors - other than relative net 
returns influencing thL farmer's choice of 
cropping system for c:ras'a in Colombia: 
cassa va alone. ca-ssi' air.d mai7e. and 
cissava ,nd beirs. 

Zone II (Valle and Quindio) was chosen 
fot the arialysis because of its importance 
in cassaiva production and because of the 
large number of farmers vith each of the 
three crtpping svterns within a small 
region. Slisghtly more than one half of the 
cassva pioduceis in the region grew 
c.sgava ;lone. ('assa\\a mixed with maize 
or beans was found on 34 percent (17 
percent each) tf the farms \while the rest of 
the it uers gkew c ,snv\a mixed with other 
c 

Ia ril size, area planted to cassava and 
use of ino.dern !echnology on sample farms 
by cropping sxstem arc shown in [able 5. 
]lI-c is a %erv,strori cortelation between 
tire le-el of technology and cropping 
sYstern I lie highest level of technology was 

found aiong fartne s growing cassava 
alone: ninocroppirg was basically found 
on tile lirier, mre progressive farms while 

land arle hiitcr, which in ttri appears to be 
based mnore oin the influence of the 
cx ten, on agent than actual experience and 
p rtly on tile fact that credit is easier to 
olta:ti for itono'roppirng. Hence, 

rrin,itttioiis providing credit and technical 
assistance ,cern to play an important part 
in liotinotirig rnon:rtropping among the 
Irore ptogreS\ie fai 'rs;i.e.. those that 
need credit arnd receive technical 
assistance. 

http:polssill,.li


.. . .- . . .
 

,abl5. I'arin si asii- ut ol il i nliloihg)mi de 

Farm size (hia) 

Cassava aclez ge (11a)13. 
lPeC e 01 , s L. .  . 

Insecticides 
Fungicides . . 

icrbicidcs 
Machinery .S2,0 

Credit 

lechnica ,i.cial I lc 

The inmain reasons fo(;r iamiltaining a 
mixed cropping system, as expressed by 
the pioducers, were (1) to maintain a 
supply of beans andi or maize, as well as 
cassava, for home colisumption, (2) to 
provide for cash incomes during the 
cassava gro iiig cycle, and (3) to obtain a 
higher net return per unit of land. Many 
farmers felt that cassava yields would not 
be greatly affected by the presence ofmaize 
and or.beaus, hence the land would be 
more efficiently exploited by
intercropping. -The present economic: 
analysis dues not disprove the validity of 
this; however, it should be noted that bean 
and maize yields are extremely low. 
Furthermore, cassava yields are far below 
those obtained by the best fariers in the 
region. 

Survey farmers seemed quite willing to 
change from one system to another,. From 
1972 to 1974, more than half of them (53.2 
percent) changed from one system to 
another. The primary reasons for changing 

. .. a-. . . . i i.". 

h) roppiig . teimill Z/II 11. ,n 


Cssava : and and 
- alolne hcdn% :I ./.1 

. 0 349.87.. ISA 

. 
.' 

7.4 38.1 41.7 
4.3 0.0 11(1 

111.4 4.8 . . 

1 1) 58,:3 

4.7 . 23.8 8.3 

-5!1.) 19.1 : 

oticir hand, ftlelS changing floiloniono 
to mixed cropping did so because they 
wanted to grow maize and or beans for 
home consumption. 

A slightly tendency toward incrca:ied 
monocropping was found among the 
survey farmers du'ing this tluee-year 
period. This trend was not represented by 
an increase in the number of farmers using 
monocropping exclusivcly, but rather by 
an increase in the number of farmers
 
having both cassava alone an"d 
intercropped simultaneously and the 
resulting reduetion in the number of 
farmers having oinlY a mixed cropping 
system. The primair'y reason for this 
tendency seems to be the desire to try 
nmonocropping initially on a limited scale 
while maintaining the more traditional 
mixed cropping systems. 

Fstimated laborand production c.sts by 
croppingsystem areshown in Tables6and 
7. A cousiderahle difference in labor 

from mixed to monocropping were that (1) requirements was foui:d. The higher total 
the previous crop had failed and the farmer 
was experimenting to identify a better 
system, (2) the farmer was told that 
monoeropping was be:ter, and (3)no bean 
andi or maize seed-or funds to pay for 
it--were available at planting time. On the 

labor requircnlents for mixed cropping 
systems are a result of higher' requirements 
for planting, vigilance and harvesting, The 
differences in labor needs for land 
preparation and input application can be 
attributed to the differences in the level of 
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lahlc 6. Labor u~e hi production actihity and cropping s)stem (nzan-daysl growing season) in Zone II. 

I;1n! preparation 

'lIinig 

Rcpl,1i tnuP 

11i1MI .ipjlicjitioi 

\\CelcoL01 111 

\ P Ianctc 

1t,1
\csi no 

Seed clccoi(l 

()lci ictis tic, 

Ioll 

technology (mechanized land preparation) 
mentioned earlier and not to the cropping 
system per se. 

Although total variable costs differ 
among systems, these differei,:es were not 
statistically significant, basically because 
the variation was great among farms 
within each system. Principal cost 
differences were found in (I) seed---
hccausc of the high cost of bean seed; (2) 

(assa a 
alone 


7.4 

9.9 

0.7 

5.6 

62.1 

10.4 

14.3 

2.7 

1.4 

114.5 

fertilizers, 

Cassava Cassava 
and and 

beans maize 

8.6 14.7 

17.3 11.9 

0.6 0.5 

3.8 1.7 

77.3 60.8 

14.7 26.8 

20.2 31.4 

3.3 3.2 

1.2 1.1 

147.0 152.1 

insecticides and fungicideq
because of the difference in use; and (3) 
harvesting--because of the higher costs of 
harvesting beans and maize. 

Cassava yields were equal when cassava 
was grown alone or with beans (Table 8). 
When grown with maize, yields were lower. 
Although the yield difference was about 
2,000 kgl ha, it was not statistically 
significant, primarily because of a high 

I jlflc ariah, cost%(t SS! ha)* b) produOction acliit%and cropping s,,stem in Zone I1. 

I and preparation 

Sect]. platingii aid iepliating 

citih/crs. in,,ctcidcs. 

1iii1gicidcs aid application 

\ccd control 

Ilmes itg 

Other sarablecosts 

1otal \ar able costs 

I ilt 0tI 1 = iS$It'! Silt . 
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(assas a Cassava 
Cassa% a and and 
alne hei-ns maize 

44.66 46.71 41.44 

24.53 56.97 26.15 

32.22 21.29 6.38 

84.73 103.07 81.07 

7.46 10.70 14.48 

8.93 4.51 2.49 

202.53 243.25 172.01 



lahIc ' 1 ields. value of production and margin for fixed costs and ne returns I).crupping s)-sLum in/ 1 WII 

Yields (oisl hit)( it,.,,l 


i aiItsI 

Miau/c
 

Value of Ioductiol LISS hiar*6t 

Total .ariable costs i 'S$: hat 

Margin lor x: custsI% 
and net retuins 

' i. ~inI! ." LI * L d oil,i. 'Jt"ylrlc . ,i',. .. t. I . .3 I rj 

varia-ion in yields %widinthe cropping 
system. Furthermore, a production 
function analysis (lid nuot reveal ans 
significar, difference among cassava yields
for the different systems. The data provide 
strong evidence that th: Prescnce of' beans 
and maize intercropped with ,-assa~a dia 
not reduce cassa~a yields on the sample 
farms. Since no significant difference was 
found among total variable costs, it may be 
concluded that net returns per unit of land 
from cassava alone are below those 
obtained from cassava mixed with maize 
or beans unless .ields or prices of the latter 
crops are zero. Relative net returns from 
the mixed cropping systems depend on .he 
relative pi Ices of rnai-!e and beans. At the 
current price ratio of P (Maize) 

1 8 , P (Beans) -0. 
cassava and beans provide the highest net 
returns. Net returns from the two systems 
would be equal at a price ratio of 0.23. 

On the basis of the findings fromr this 
study, it appears that net returns from the 
cropping systems are slightly above those 
from cassava monocropping among the 
sample farms. In addition to relative net 
returns, it appears that farmers favor 
mixed cropping because they want to 
produce maize and beans for home 
consumption and they need cash income 
during the cassava crop cycle. On the other 

at lone' hc,: I, Illhoia.
 

2.9 132 I 1.1 

it 

8 54 15 

203 243 25 172 

W 742 643 

I Nsl,.' I 1 t,1,,t N'lI " I I 

nand. certai n inSiiutIonal pic s, s faor 
nionocropping. TIc sutve farmeiN 
stemed quite %,lhng to expcriiefnt with 
cropping syste ns other than the (,ne they
"ere currently using so the. "would 
probably ihift rapidly to \aid whichever 
system offered relati~ely higher yield 
potentials. 

PIHYSIOIO( Y 

Et'orts to define a plant idcotype tot
 
cassava haxe continued. Last .ear the
 
impcrtance ol baving a leaf aica index
 
(IAI) of about 3 during the root bulking
 
period coupled wit ita long leaf life, was
 
stressed nmainly till ough a study based on a
 
iivpothetical model. [his year the
 
experimental data con fir med this
hypothesis more directly. 

M Colombia 113 was planted in a 
systematic density design to give diflerent 
leaf area indices. 1' o harvests were taken 
at a six-week interval, during %\hichtime 
all fallen leaves were collected. Leaf life 
was quite short at about sc\eii weeks (Fig. 
I). Crop growth rate increased with LAl to 
about 110 g rn-2\wk- Iat LAI 4: above this 
level it declined rapidly (Fig. 2). The reason 
for this decline is not apparen: but may be 
due to high respiration rates at higher plant
populations or the large proportion of very 

11-1) 



52 .)l 

. . .	 - 4 S-). 

44, 
I At 

I i\,,3. Root sdght increase as a ftinction of 

113.411 . - I, 	 I ,I ( hllnlia 

(1 	 4.0)0 t0 3.5 ' 454.5	 Colombia 113 and N1 Colombia 22 
were grown at I x I in spacing. In the 

plots. hall the young lea\es were
I Atreated 

.1removed itsthey formed at different 
I 1uilc I I eaf life as a functilo if mean IAI growth stages. In M Colombia 22 yields 

(luring{ Ihe %i\ t'e after leaf frmation in M decreased inarkedy \vhen L.AI was 
(olomihia 113. 	 red uced at all stages (Fig. 4). As maximum 

I.Al was always less than 2. this result was 
you nit leakes at high populations. In marly consistent \with tileidea of an optimum 
crops photo, utheis increases with leaf L.AI of 3 to 3.5. In M Colombia !13 the 
age aid thnC declines slowly: at high control plots had 1.Al's below the 
I, ptilattIioI ,,ith a leat iitefol 1 42dys. opt mu in at 100 and 300 davs but above the 
it is prohable that average photosynthesis optimum at 200 days: plots with leaves 
is qI)uite loW. Root growth rate sho\ cd a removed at 100 to 200 days had I.Al's 
marked decline from 45 g in-'wk-l at a similar to the control at 100 and 300 days
I[Al ol 3 to 3.5 to lc ss han 20g in- 2wk- l at 	 hut beho\\ the optimun at 2.! at 200 days. 

a I.AI of 4.2 (1,ig. 3). lihese data cont'irin lh treated plants yielded 97 percent as 
the hYlothesis that the ptimum mIIuch as controls: thus it appears thatI.AI for tile 
root erol\th incassava is3to3.5d uringthe tilecontrol plots exceeded the optimum 
hulking period. \hercas treated plots w ere below, once 

again placing the optimum between 3 to 4 
....~ (Fig. 4). In plots clipped at 0 to 100 days 

1)10' I % and at 200 to 300 days. 1.AI's were 
considerably lower for long periods and4 	 . .- *. yields were substantially reduced (Fig. 4). 

61 - - *Leaf 	 area index is a function of 

ti,411 individual leaf size, rate of leaf formation 

20 per apex, branching habit and leaf lif'e. In 
20 ~ - CMC-84 plots 	 planted and harvested at1 

..... .. 	 different times, there was an increase in leaf 
I 2 3 4 ize up to three to four months after 

IAt planting, after which time, it decreased 
(Fig. 5). Similar data were found for CMC-

Iiuc 2. ('rolgronth'rateofM ('olouhia 113asa 9 grown in entomology plots (Fig. 6). Both 
(CMC-9 profusely andfunctlion f i.AI. 	 varieties branch 
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m 

I00 - _ :'spae.l~~f. ( )rie aaLii I itle dilere'nee[ <--\(,,iII hetx~t+en the t'~ o ail'tie, \\aN found:t ( I- sin, nv at I f er to 40rtiIritc the II 

:\ .,112 \\ eks; v'a',lmi lr tot haiI 100 260 ii mltli[I the' other-Off trial. lhe tI (o0r07 e 2 ' pernum ber b ed 

" 10[....  r r)!)cculdl ig he+ mv I 1t IedeIIrihed hv.c11 

'40., -e t cc It
\% 2.i5 t: 1-" l(tu12n6t)ditZO0 122dillkj-~ crcncc I"ilt, it) tl 13 lfie. 1) ithe ease ((,ounhiat I lltt db'IIISlt to4ter 

NO th e'sdata it i nilulhl that little \arietal 

t1- 1o000 2t 1 1 rtlled per itilp.\ o e t l e 

plaing~l pIl't,)hit) ltLr 40- (li".'IIL',I Shildintl wt Iu.ihtirul plre'. iintls(0 Ito0 ' I t 'iiel'ueeCMC-84~~illessili)[ '0 1 \( 'prousey) an1t:is'igure 4. l ffcct% of r:nt]i\ 5 if luh Icau] 1a 

hhei form al differet grm,,h tin oen . idharri \I
, 

I.% 
of M1(otlrmlhia 113 annul22. 250 . 'k. \I(+ 11 

thought that this decrease in leaf'site might 1 (

be related changes in hrartch number. 1511 it 

However,Colombia the-120. a non hranchitg
same trend variety\ [l...exwas rioted iiin

(Fig. 6); thus leaf size tends to decline \\'tiohtime alter about four oInths although 
great variability exists among varieties. l 50 

The number of lea'es formed per / 
continuous branch was measuredI on 2 -4 i 1i 12 
spaced plants. The cunmlative number 
formed per apex increased with time fromMl~T tii tlIiitilL
10 to 40 weeks after planting; however. the ILic . I.e'af ara per leaf (ty( -a lthivai 
rate of increase declined(Fig. 7). There wtas ranched 'ariet. adl ((nlnitia 11211 a 
little difference among varieties; i.e., about nnnranhing Ipe. 
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systemaiic density trial and ieaf life was 120 
measured. Leaf life decreased in
proportion !o the LAI at the time the leaves 

It 

formed (Fig. 1). These data suggest that it 100 
will be difficult to obtain LAI's above 4 as 
leaf life drops very rapidly above this level. 90 -

The low efficiency of maintaining high 80 -
LAI's for root growth (Fig. 3) is not only 
explained by mutual shading and reduced 70 -
crop growth rate but also by the extra 
energy used for producing a large number 60 --
of short-lived leaves whose efficiency is low 
in terms of energy produced per unit of 7 50 
energy expended in formation. *0cMc- 4 -... . 

- 30 - 0 CMC-9
Leaf life of spaced plants was measured 0 X M MxI 

for leaves formed 10 to 23 weeks after 20 - : MNIex 55 
planting. Leaf life did not apparently 
change w ith plant age (Fig. 9). Consistent 10 +---- e---+- ---
varietal differences were found: The 
variety CMC-9 (Llanera) had a 
consistently long leaf life (94-114 days) in 
comparison to the other four varieties (66
98 days). This difference is not likely due to 90 ....... 
shading because the plants were widely
spaced (2,500 plantsl ha) and CMC-84 80 .... 
(with a short leaf life) is of about the same 
vigor as CMC-9. It is therefore concluded 70 / - Mean at 5 Varei s 
that large and useful differences in leaf life 
exist among varieties.'1012 14 16 18 20 22 24 

Time when leaves formedThese data suggest that the key to high (Weeks after planting) 
root yields in cassava is to maintain LAI at 
the optimum level for as long as possible Figure 9. Leaf life of five varieties as afunction of 
during the root bulking phase. There time after planting (spaced plants). 
appears to be little genetic variation in rate 
of leaf formation per apex and the 
tendency forencemanpulaionofleaf size to decrease after four cassava basedmonts; wastesegrowth takes precedenceon the fact that topover root growth 
months; hence manipulation of these 
 and that roots accept the excesscharacters to maintainOnoptimumthe otherLAIhand,does carbohnot appear possible. croydrate produced by the tops. 
notvaeari osibet fOnteaohe hand, Shading five-month-old plants of Mvariation does exist for leaf life and Colombia 22 reduced the number of nev 
branching habit so these can be leaves formed per apex by 15 percen.
manipulated to maintain the optimum increased leaf size by 6 percent and reduced 
LAI. At present the interaction between stem weight changes by 8 percent.
these characters and the environment is not Therefore, the effects of reduced 
known. carbohydrate supply on top growth are
 

minimal at a level of 50 percent shading.

The model to describe the existence ofan On the other hand, shading reduced root
 

optimum LAI and the overall growth of dry weight increase by 35 percent,
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confirming that top growth has preference 
(not complete) over root groV T. 

Many varieties of cassava flower and 
fruit readily; however, little is known ofthe 
effects of flowers and fruit production on 
root yield. Five varieties were grown as 
spaced plants and flowers were removed as 
they formed. This was quite easy to do up 
to about seven months after planting, when 
it became difficult without damaging 
plants and several flowers could not be 
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Figure 10. Yield of two cassava varieties at 
different plant densities with removal of suckers, 

removed. Ten months after planting, the 
roots and tops were harvested. There was 
no relationship between yield and number 
of fruits per plant; therefore, it was 
concluded that flowering, at least at 
moderate levels, had no adverse effect on 
root yield. 

Many farmers in Colombia remove side 
or sucker branches. At CIAT it was found 
that these suckers generally have long 
internodes and very small leaves. This 
suggests that leaf production per unit of 
stem weight is small and that these suckers 
would be rather inefficient in producing 
excess carbohydrate to meet their own 
needs. M Colombia 22 and CMC-84, a 
low- and a medium-vigor variety, were 
planted in a systematic density design. On 
treated plants the suckers were removed 
every month. In CMC-84, treated plants 

slightly more at all plant 
populations; the mean increase was 
approximately 1.5 tonsl ha of dry roots 
(Fig. 10). The less vigorous M Colombia 22 
yielded about 2 tonsl ha less when suckers 
were removed at low plant populations b it 
about 3 tonsl ha more at high plant 
populations. Maximum yields were about 

tonsl ha with suckers and about 18 
tonsl ha without suckers. It appears that 
suckers are useful only at low populations
with low vigor types; otherwise they are 
inefficient and reduce yields. 

PROPAGATION 

In the 1973 Annual Report a 
method was described. Small 

green shoots were rooted in peat pots filled 
with sterilized soil and placed in a 
propagation frame; after rooting they were 
transplanted in the field. This system was 

because of the need to sterilize soil 
and purchase peat pots. 

Recently it was found that young green 
shoots rooted in sterile water satisfactorily. 
Green shoots (8 cm tall) are placed in small 
flasks containing boiled water (Fig. !1). 
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Figure II. Shoots rooted in sater. These plants haie passed the stage when the should be planted. 

After about one week, a callus forms on the 
base of the shoots and very shortly 
afterwards small roots appear. Whenthese 
roots appear, the plantlets can be 
transplanted directly to the field if it is well 
prepared. The plantlets must be planted 
deep enough (up to the lowest leaf) so they 
do not dry out. 

PATHOLOGY 

During 1975 emphasis was placed on the 
identification ofcultivarsandthetestingof 
Fi lines for resistance to the major diseases 
of cassava in America: cassava bacterial 
blight (CBB), Cercospora leaf spots 
(Cercospora henningsii and C. vicosae), 
Phoma leaf spot and the superelongation 
disease. Several etiological aspects of the 
causal agent of the superelongation disease 
and of an unknown bacterial disease of 
cassava (bacterial stem rot) were 
investigated, as well as methods for 
screening for resistance to the major 

cassava diseases. The survival of CBB in 
plant tissues and exudates is being 
investigated under controlled 
environmental ccaditions. Assessments 
for disease losses (some of which are still 
under way) were established by planting in 
localities where the severity of each 
particular disease was great. 

Cassava bacterial blight 

Screening for resistance 

Although screening for resistance under 
field conditions has given consistent 
results, final evaluations are possible only 
after a rainy season, thus requiring 
extensive time after inoculation to obtain 
results. A simple method for rapid 
screening under greenhouse conditions 
was developed. Six to ten cuttings per 
hybrid or culti~ar are grown in pots inside 
a greenhouse with about 83 percent relative 
humidity (maximum, 99 percent; 
minimum, 65 percent) and a temperature 
of 240C (maximum, 340C; minimum, 
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U3.Dip the sterilized scissors I 
2. Bacterial suspension 

in sterile distilled 
water (I to 3 x 109 

cellsl ml) 

.. 	 . 

I. 36-h-old culture of CBB on
 
Kelman's medium without
 

Tzc 

'4r1 
RESISTANT 

(Only inoculated . 

leaves have fallen) TOLERANT 
(Gum exudation 

on stem) 

into the bacterial 
suspension. 

SUSCEPTIB[.L 

(Death or 
dieback) 

" 

4. Clip each leaf lobe in half. 

5. Inoculate 5-6 leavesl plant. 
Keep the inoculated plants in 

greenhouse 	(241C and 85%
 
RH, approximately).
 

Figure 12. Clipping method for screening for resistance to CBB. 

190C). When plants are 30 to 35 days old, 
five to seven leaves are clipped with scissors 
infested by dipping into a bacterial 
suspension of 1.5 to 3.0 x 101 cellsl ml. The 
first leaf symptoms occur seven days after 
inoculation, 19 to 24 days later, gum 
exudation is observed along the stem on 
the susceptible genotypes. Resistance is 
evaluated 40 to 45 days after inoculation, 
(Fig. 12). 
B-I6 

Interactions between bacterial 
concentrations, serial inoculations, plant 
and inoculum ages were also investigated. 
Best results were obtained when one
month-old plants were clip inoculated with 
36-hour-old cultures at a concentration of 
I to 3 x 109 cellsi ml. A high relative 
humidity (more than 80 percent and a 
moderate temperature (around 24 0C) gave 
best results. 



Disease evaluation for resistance 

An evaluation of 870 Fl lines obtained 
from different crosses was made for 
resistance to CBB under greenhouse 
conditions by inoculating six to ten 
plants i line (Table 9). A higher percentage 
of resistant lines appeared when CBB-
resistant cultivars, which had been 
identified after screening the entire 
germplasm collection, were used for 
controlled hybridizations. This stresses the 
importance of using CBB-resistant sources 
and controlled pollinations for a high 
breeding efficiency for resistance to CBB. 

Simultaneous to the screening of 
hybrids, several well-known cultivars such 
as Llanera, M Colombia 22, M Colombia 
113 and M Colombia 647, were also tested 
by using the clip inoculation method for 
CBB reaction. Results were in complete
accordance with those obtained in 
repeated field trials. Cultivars like M 
Colombia 22 and M Colombia 113 were 
very susceptible, both in the field and by 
using the new inoculation method under 
greenhouse conditions. M Colombia 647,
which had always shown resistanccto CBB 
under field conditions, showed high
resistance with clip inoculation. These 
results confirm the efficiency of the clip
inoculation technique; moreover, a 
considerably largeramount of material can 
be tested in a short time with this method. 

Table 9. Evaluation of resistance to (BB 

Disease losses 

Data taken by the cassava soil group at 
Carimagua show that CBB could reduce 
yields of the tolerant cultivar Llanera from 
50 to 90 percent when the disease appeared
during the first four months of growth. 
This obviously suggests that CBB seriously 
affects yield in cassava plantations in areas 
where there are prolonged periods of 
rainfall, such as in the Llanos Orientales of 
Colombia. When infection occurred 
immediately after germination, yield was 
more severely reduced than when it 
appeared four months after planting. N (as 
urea) or K (as KCI) applications did not 
correlate with CB3 severity, but Mg 
applications (as MgO) increase its severity 
and reduced yield. 

CBB survival 

The survival of CBB in soil was studied 
during 1974. During 1975, CBB survivalin 
exudates and plant tissues was 
investigated. Results up to October, 1975 
showed that CBB may survive for more 
than four months and at high
concentrations (I x l07 cellsl ml) in plant 
exudates stored at room temperature
(around 240C and 70% RH) or in a 
controlled dry environment by using CaC2 
(2411C and 20% RH). CPB also appears to 
survive for the same period in plant tissues 
but at lower concentrations than in 

of F1 crosses among cultivarswith different degrees of resistance. 

Total no. Disease rating * 

Cross type 
of F1 
crosses 1 2 3 

Open pollinated lines 59 I (1.6%)** 9 (15.3c/) 49 (83. 1"C) 

Control pollinated lines 267 3(I.I ) 64 (23.9('-) 200 (75.0"'i) 
(Susceptible x Susceptible) 

Control pollinated lines 544 30 (5.5%7) 178 (32.7%j) 336 (61.8(';) 
(Susceptible x Resistant) 

. I seaw rating. I = rcsitant. 2 = tolerant. 3 = susceptihle 

. t'rcniagr: reaited Io the total numher ol lines tested p'.r crosst. pc 
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survival in necrosed stemexudates. CB1 
tissue is longer than in necrosed pctioleand 

theleaf :issues. These results stress 
importance of our previous suggestions for 
a careflu elimination of all cassava debris 
ain( volunteer plants b burning in order to 
eradicate CBB frorn infected plantations. 

('ercospora leaf spots 

was 

conceatl! ted on (. hi'ningsii(brown leaf 
Work on Cercospora lefd' spots 

viosaw (blight leaf spot), thei 17 percent later than the diseased ones.
spot) and (. 

most serious and \widespread pathogen..: in
 

It 	 appears that thU enirunmental 
cassava plant, ions located belowg 1201 m. 

conditions at CIAT ate good (or the 

occurrenec Afthese two di>cases, therefore,Screening mithods 
field evaluation for C. ht niti sii and C. 

iCi and C. iicosae vicosat, resistance could tic .tlcccssfullvCercoslpra /wmimi' 
areas located at around 1000 m 

are prevalent and endemic at CIAT. done in 

possibly becau-c ol the cothtinuous 
of caSas a and the -ivorableplanting 

environmental comiditions to disease 
development. lield ev (ou ion was 
possible throughout the -:ar, giving 
consistent result., ,Ohen rcadings were 
taken on sevn- to eight-nmonth-old plants 
spaced I x I in apart. I)iseaa¢e rating was 
evaluated on h\ hrids and cItiva ,sbv 
calculating the p c(cttagL (A inet i of 
the leaves for each pathog-n. R,stant 
hybrids or cultivat . \ct, those vhich 

showNed narrower leat lesion ani lc ss than 
1(0percent of the tot.il leaves infected, 

Checking 454 an..;4 -) leaves I 

sueptible cultiVars(O(NIK,,tldor 1:0 and 

I ii,11 . 1i- lei t l aIim of resisiantc IlV. .c' 

culi,,ars).
cullection (2.1161 

oC. hom ,,I''o" 

C. vi,'ojc 

Evalution too hoth pathogens 

• 1 , i iom 2 IokoiloO.3 *omtCpmlOllIdln t' lNl~lrll. O l, 

mimlo ml 1 IIIOltIIlogc te, Ilmiberot lutIl tled• ciceiot'¢ to t 
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1I Panama 64) from their emergence to 
leat'drop. it was found that only 13 and I I 
percent. respectively, of their leaves 

remained healthy. Of 325 leaves of CMC
84, a cultivar resistant to C. henningsii but 
susceptible to C. vico.sae. 27 percent were 
hcalthy. In con iast, 90 p cent of the 
leacs o'fM Mexic:o; 59,a cultivar resistant 
,,,both Cercospora spp.. remained 

that healthylc.lthy. It was also found 
k Ives of the susteptible cultivars (M 

I:cuador 150 and M Panama 64) fell about 

altitude \\itlh steady rainfall disi ibution 

throughout the year. Evaluation must be 
taken seven months after planting. It 
appears that high plant density per area 
increases disease severity and therefore the 
efficiency of screening. 

Evaluation for resistance 

(hC evaluation of resistance to C. 
huitring.sii and C. vicosae in CIAr[s 
cassava germplasm is presented in Table 
10. 	 Resistance to C.henningsii(58percent) 

higher than to C. vicosae (II percent).w,'as 

Hhis stiggests that resistance to C. 
hcimiig.,ii i:s m ore c mtmonl, found and 

casier to incorporate 

I\T.., trnplasncassava
' 	 i .1(. i, , v' or 

IDis,*crating 

2 3 

555 (27V') 314 (15(-j)1,192 (5 W.

221 (I I,( 1.134 (55 1) 706 (34(i) 

05 1 5 I. I7 ,)) 729 (36-) 



Many of the cultivars resistant to C. Cercospora spp. into one genotype; hence 
vicosae were also resistant to (' henningi, the resistance to Cercospora can be 
but the resistance to these two pathogens incorporated into any favorable genotype
does not appear to be linked in any way by using resistant parents in hyhridization 
because there were culti~ars with rcsistance programs. 
to either one. A relatively satisfactor%
 
percentage (8percent) of resistance to both The superelongation disease
 
pathogens exists in CIA]'s cassava
 
germplasm. Etiological studies 

The evaluation of resistance to C. The identification of the causal agent of 
henningsii and C. :' ovae of Fi hybrids Ihe superelongation disease of cassava was 
among cultivars with different degrees of confirmed as a species of the fungal genus
resistance is presented in Fables 11. 1- ai d Sphacelorna: the pathogen may well be
13. As was found in tic evaluat i, o, the i.'hacehmta manihoiicola, which was 
germplasm (Iable 11)), jesistar,.-.. 11) C. p viously reported causing a somewhat 
henningsii among V hybrids o, si "ila disease%:is t,:h on .fanihot e.culenta and 
more frequent than r, .,tar, eto ( . vi0A,1 1. ,la:iovii in Brazil in 1950. A host range
(1a bles II and 12). st ,;v of tie superelongation pathogen was 

nadt., using a number of available 
For both C. he'1ij, a.nii (. Vi, os,.. Mrni'iot and related species including 11.d 


higher percentages of res!stanu lines 
wcre cxcuh ira, .1. l,laziovii. H. carthagenensis,
obtained when re. istant cultivars were .1. iet(lda, l. sil'estre. Ricinus 
used as the cross p rents (1a;k 13). lhcre omritw' ,is, Jitropha goss"p Ilfia and 
seems to be no apparent barrier to Ih 't,r/. pulcherrima (poinsettia). Only
incorporating resistance to the two If. c'':' a and if. glazievii were 

lable 11. Field evaluation of resistalCt , , feaf spot) 

cultivars ,,ih dilfferent degrce, of rtsistancc.
 

to ( ,,,i P,,t,' r, It'ro of 1-j crosses among 

P ollilation : no Iy raiI 1 cIt.,,,t I 2 3 

.Sell-pofll immatd 

Resistant 30' 12 i )', I** (2' oS1 33') 
Ioler'a t 52 I5 (2')' 1 23 1441') 14 (27 11 

SLiNCCpi 1lC 7 2 (29 ' , 5 (7110 0 (0'f) 

1 'I ,lled lltimn'I 

Resistmlil \ i Ssitain! 
 259 10 162'' 69 (27',) 30 11 I f') 
Resi l,t ,, Il.' lt 78 27 (35 I 42 (54';) t) 1it() 
Resith t SSti.:'cpiihle 2-5 40 117'i 92 (39';) 103 1441 1' 
I mlc: 1n1\ Idel.;mm[t 1.241) 159 (13 I) 337 (27'10 744 (60(' ) 
I (,fmlitlt \ uSmLcLptjIibC 1.331 269 (20'1) 265 (20 1 8(04 (601) 
I olerl;lit \ Re. i';nt 3.967 2.192 (55' I 664 (17( 1.111 (281() 

SlismceetiheC \ f l'rillt 46 9 (211 ) 16 (37',) IS (42';) 
StlsCepfliIc \ I ' ittlt 76 30 (39'1) 25 33',) 21 (281' ) 

I o[tAll 7.3'2 

* I)In.,,, fiiiln I . ' I m . 2 . Itlkl~in. : 

'-I'Illt I1 I I ", 'fill;,trtill l bel! lll 
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]able 12. Field evaluation of resistance to Cercospora vicosae (blight leaf spot) of FL crosses among cultivars 

with different degrees of resistance. 

*Disease ratingTotal no. 	 of
Pollination system F. crosses I 2 3 

89 15 (17ci)** 25 (28" ) 49 (55(j)Sell-pollinated 


I i leranlt
 

(0ottlo lldpollination
 
(32(4) 7 (16(,j)
Resistant x lolerant 44 23 (52c') 14 

Iolcrant x Iokrant 2.233 275 (12 ) 555 (24"i) 1.403 (64,) 

I lerant x Susceptible 3,797 212 (6i6) 836 (22C;) 2.749 (72 ;) 

I olerant x Resistant 911 359 (39 ) 253 (28,) 299 (33(4 ) 

178 5 (3j3 ) 70 (39C) 103 (58(;)Susceptible x Susceptible 
5 (8) 25 (42") 30 (50(;)Susceptible x lolerant 60 

Susceptible x Resistant 6 0 1 01)? 0 (I) ;)? 6 (100",) 

Iotal 	 7,318 

t)iselse rating, I = resistant. 2 tolerant. 3 = susceptible 

tlercentage related tothe toital number ilII lines eatluated crois,pc 

infected by the pathogen, and the pathogen are small (averaging 5.3 x 2.7 ji), oblong to 
was isolated from naturally infected plants oblong-elliptical. The conidia swell greatly 
belonging to these two species. However, a prior to germination. The effects of 
Sphaceloma sp. previously reported as S. temperature, moisture, light, spore 
poinsettiae, isolated from infected concentration and age of colony upon 
poinsettia plants, induced symptoms on conidial germination were tested. Free 
cassava similar to those induced by moisture was shown to be essential for 
Sphaceloma sp. on cassava. Until further germination, and optimum germination 
evidence can prove otherwise, it is occurred at approximately 28.50C. Light 
suggested that the superelongation and spore concentration had little or no 
pathogen may be the same fungus as effect upon germination, but the 
reported by Bitancourt and Jenkins as percentage of germination decreased with 
Sphaceloma manihoticola. 	 increased colony age. 

The conidia of the superelongation The aforementioned data were necessary 
causal agent are produced on phialides and to establish a successful system for 

Iable 13. 	 Field evaluation of resistance to both C(er'o. ra hunninuQii and C. vicisair of Fj crosses among 
cultiars ,,ithdifferent degrees of resistance. 

Resistant lines I No. of 
Pollination systemt Parental reaction of lines evaluated resistance 

Self-pollinated Tolerant 11182 13.4 

Sell-pollinated Susceptible 018 0.0 

Control pollinated Resistant x Susceptible* 2251976 23.6 

Control pollinated Tolerant x Susceptible* 23816.075 3.9 

Control pollinated Susceptible x Susceptible* 21198 1.) 

I oal 	 47617,318 6.5 

intludui %nie ociprocal ctonmbinatiions 
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Table 14. 	 Yields of two resistant (R) and one susceptible (S) cassava clone when the superelongation diease 

occurred five months after planting. 

Yield (tonsj haI) 

Replicate Ilanera (R) %ICol 22 (R) %ICol 113 Si 

1 29.13 25.57 33.27 

2 23.23 31.06 27.87 

3 32.90 37.67 35.53 

Average* 28.42 31.43 	 32.22 

,
* I h difktrcncc h icivi.nme n iil the ,hn,ie three .ield, Aat,'nmu iugnihcant it the ' it test) 

artificially inoculating young cassava 
plants. A minimum of approximately eight 
hours of free moisture was necessary for 
infection to occur. Increased disease 
incidence and severity occurred as the 
number of hours under free moisture 
increased. No conclusive evidence of 
pathogenic races of the fungus has been 
observed yet. Histological studies of 
inoculated leaves showed that the fungus 
directly penetrates the host. 

Disease 	 losses 

Yields can be greatly reduced in heavily 
infected fields. Two resistant cultivars, 
Llanera and M Colombia 22, and the 
susceptible cultivar M Colombia 113 were 

inoculated one month after planting: in a 
second trial, inoculation was made five 
months after planting. Where infection 
occurred early, yield losses were 
approximately 80 percent. After the fifth 
month after planting, no significant loss 
was recorded (Tables 14 and 15 and Fig. 
13). 

Dissemination 

Disease dissemination and reduction in 
plant establishment by the u.e of infected 
planting material was studied with the 
susceptible cultivar M Colombia 113. 
Cuttings (144) taken from healthy and 
diseased plantations were planted in an 
isolated locality. After 25 days germination 

I able 15. 	 Yields of tsso resistant (Rand one susceptible (S) cassava clone Ahen tihe superelongation disease 
occurred one month after planting. 

Yield (tons I ha) 

Replicate I.lanera (R) M Col 22 (R) NI Col 113 (S) 

1 19.08 18.05 3.75 

2 17.32 15.45 3.75 

3 19.17 17.43 3.25 

Average 18.52* 16.9h 	 3.58 

LSI) helcn meanvieds at the I' h el is 3,14. 
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II 	 No supereongation disease percent of the susceptible cuitivars yielded 
11973 plantinl less than the regional average. In contrast, 
SSuperclongation discase establislhd 70 and 100 percent of the tolerant and 
5 1o ,ilerplawting resistant cultivars, respectively, produced 
(MIr. 1974-an 19751 more than the regional average. When 
I Supcretlon plgtiondjscse esablised harvested at the end of the dry season, 93 

Iia o dIt plling 
and 68 percent of the very susceptible and

I.\ug. I974-.hte 1975) 
susceptible cultivars, respectively, 	yielded 

S. 	. . . - less than 6 tonsl ha; but 92 and 100 percent 
of the tolerant and resistant cultivars

32 
7yielded more. To increase yields in areas 
. .. above 1300 m, where Phoma leaf spot 

2 i disease is more severe and endemic, it is 
necessary to incorporate resistance to this 

'1z0disease 	 into high-yielding cultivars. 

.6 ,By 	 grouping cultivars in accordance 

12 with their disease rating(Figs. 14 and 15), it 
8 .can be seen that yields increase when 

rcsi:;tance to Phoma leaf spot inciLrtses. 
4 -Some of the resistant cultivars yielded only 

as much as the tolerant ones (Fig. 15), 
which could be related to genetic yieldIIllllt %I Co l 22 M C ol 113 a b l t p e s .
 

WI ability per se.
 

Figurc 13.mean .ield 	 To verify the resistance shown by(of it)resistant (Ill andt one 

susceptible (S)cassa~a clone under three different cultivars previously evaluated in the 
%uperelongationdisease ituations. 

70) 
was reduced about 3 percent, 26 percent of 60. f 

Very susceptible cultikars 
the plants obtwined from diseased cuttings 

30 -I (201 
were infected and the weight of leaves and 


stems was reduced by about 41 percent. I0 1-,
 

301- ( 
.>2(1 22) 

Phoma 	 ,leaf spot 	 -ho lafpot1 Susceptible cultivars 
"
 

1401 L1... .
The correlation between disease reaction 

and yield of more than 348 cultivars was " 31 L ITlerant ultivars 

determined 15 morths after planting. A 2 r II (10) 
group of 113 cultivars was harvested at the 10 -L. L"1. L 
end of the rainy season, and another group 50 
of 235 cultivars was harvested immediately 40 Roesistnt eltiurrs 

12)the 	 div season. The cultivars were 20 after 
planted in rows (I n apart) of II l [__ 

2.011.2 1.4 0.6 11.8 1.) 1.2 1.4 1.6 1.8
pla ntslculti\ar (0.50 rn apart) with two 

replications. Yield (kgl ttt 

Fresh root yields in the area (PopayAn) Figure 14. Yield of 233 cultivars grouped 

average 6 tons iha. When cultivars were according to their reaction to Phoma leaf spot. 

harvested at the end of the rainy season, (ultihars ierehariested 15 months after planting and 

100 percent of the very susceptible and 84 at the end of the rainy season. 
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70 cultural, morphological. physiologica land 
60 biochemical tests, as well as disease 
50 Ver\ ,uceptihic cultivars sVmptonaiolog\. shmed that this 
40 (29) bacterial species and fhe discase it induces; 
30 are far diflerent from the icassaa Might
21 bacterium. 

-

40[1 

050 Tests suggest that the species belongs to 

the genus Erwinia. It is I (Grarn-cgattite.
.10 .1h rod-shaped peritrich( LS organism thatucep tible cuhtiurs, 

20'Zt (64)1 grows welIl o n se\e ralI sugp r riedia. = t1 producing round, \%-[ile and(Ienti re
0 1 colon ies. I t produtces gc la tinase, cauitses sofIt40 

1
 
30 - rlivars
C rot in potatoes, carrots and cassaa slides: 

l), I , 1 , 1 , 1 , I ,I , '- 

4(0 - Rsistant cuhi airs Bacterial penetration and estahlishment 
30 I I 5) occur through wounds, which in nature 
20 - may be caused by insects. Infected plants 
10 were always damaged by Anastrepha sp. 
0 .3 0.9 1.5 2.1 2.7 3.3 (fruit flies). hut not all Alnastrepha-i nfectedplants showed bacterial infection. 

Yield (kgi ni) relationship hetween insects and ':its 
bacterium to pathogenesis is still 

Figure 15. Yield of 113 cultiars grouped 
according to their reaction to Phoma leaf spot. th 1,. lotal p t vsight ofc i ar%resistant 
(ullivars were harvested 15 months after planting and [al e i). tolerant (I) and cuscepllile (S) to 
at the end of the dr)r season. Phoma leafspot. 12 monhs after planting 

in II D)ariin. 
Popaydn area, nine highly resistant 
cultivars were planted in El Daridn (1430 (uhis, 

m), where the disease occurs with greater cllectio t )i,,e ', o I ,aeiiht 
severity. In both localities, the susceptible I Iii I. 
cultivars showed complete defoliation, 
dieback and, in many cases. death; 
consequently, total plant weight was (*(-,' R 20 54 4 
considerably reduced. The resistant %I(oi340 R 25 14.3 
cultivars grew normally, rroducing a high t (123 2 I 

matter according tototal weight of fresh 
t (' 276 tR Is 29 4the intrinsic vigor of each cultivar (Table 

16). It was concluded that these highly \t Col', ) R 24 25." 

resistant cultivars could be used \1 Col 235 R 22 23.3 

successfully in any breeding program for \t (o1291 R 21 15.9 
resistance to this disease. %('ol 2 R 17 15.1 

\t (ol 307 I 53 13.0) 
Bacterial stem rot (MC-39 1 58 12.4 

\allia S 9S 3.6 
A bacterial species pathogenic to \1 U'ol 22 S 100 (,17 

cassava was isolated from rotted stem 
samples taken from three different . i a,,, . . " , lr ,,...... , ',. 

cassava-growing areas. Preliminary pu,, ,I,hold,, , 

B-23 



unknown; the insect damage is further 
discussed in the entomology section. 

Pathogenic tests showed that the 
organism is restricted to stem tissues. 
Infected plants show blackish necrosis, 
then wilting and finally dieback. Buds 
located along infected stem portions are 
first invaded and necrosed; thus the 
infected stem parts may be lost forplanting 
purposes. Even though its effect on cassava 
production is unknown, it appears that the 
most important factor is related to the 
damage to buds, which could be reflected 
in germination and crop establishment 
when planting material is taken from 
infected plants. 

Cassava rust 

Cassava rust was first reported in 1887. 
Six different species belonging to the 
Uredinal order are reported, but neither 
their taxonomic status nor their 
geographic distribution had been defined, 

A cooperative study between the Instituto 
Colombiano Agropecuariol Universidad 
Nacional and CIAT was initiated this year. 

The characteristic taxonomic features 
for each pathogenic species were 
determined. Keys for their taxonomic 
identification are being produced with 
descriptions and illustrative diagrams 
based on samples obtained from different 
herbaria. 

ENTOMOLOGY 

An extensive program to evaluate the 
cassava germplasm bank for'resistance to 
several mite species was initiated this year. 
A procedure was developed to evaluate 
resistance to mites. Continued emphasis 
was placed on determining yield losses 
associated with thrips, mites, fruit flies and 
shoot flies. Studies were undertaken on the 
biology, ecology and importance of 
whiteflies and fruit flies. Control practices 

were investigated for insects attacking 
planting material and germinating plants. 

Insect and mite population fluctuations 

A two-year study of the factors 
influencing insect populations in cassava 
was completed at CIAT during 1975. This 
insect complex includes mites, thrips, the 
cassava hornworm, the shoot fly (Silba 
pendula)and the cassava lace bug (Vatiga 
manihot). Three cuttings in two 
replications of 90 cassava varieties were 
planted an May 1,August Iand November
 
1, 1973. Fifty varieties were planted on 
February I and May I, 1974. Monthly 
evaluations were made of the 

aforementioned insects. 

Mite populations were measured by
sampling the central part of the plant and 
counting the number of mites found in a 
20-cm 2 leaf area. Thrips populations were 
determined by evaluating the damage
using a visual scale of 0 to 5 (0 = no 

damage, 5 = apical and lateral buds 
dead). The number of parasitized and 
nonparasitized cassava hornworm eggs 

were sampled weekly and larvae were 
counted on 75 randomly chosen plants. In 
addition a monthly evaluation by variety 
was made. Shoot fly populations were 
measured by monthly counts of the total 
number of growing tips per plant and the 
number of attacked tips. The percentage of 
infestation per variety and per planting was 

thereby determined. Populations of the 
cassava lace bug (nymphs and adults) were 
sampled by inspecting three leaves from 
each of the upper, central and lower parts 
of the plant. 

During the first three months after 
planting, attack by thrips, shoot flies, 
hornworms and the cassava lace bug were 
the most severe. The mite populations, 
however, increased with the age of the 
plant (Fig. 16). [he dry period was 
especially favorable for higher populations 
of thrips (Fig. 17), mites, lace bugs, shoot 
flies and oviposition by the hornworm. 
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0.6Tetranychidae and include Motionvchellus 
. ___ 

0.4 

0 _.3 

0.2 

_ 

--

---...... 

Iji i 

lanajoa, M. ncgregori, Tetranvchus 
urticae and Oligonychus peruvianus. M. 
tanajoa and T. urticae appear to be the 
most important species on a global basis. 
O. peruvianuis is of limited importance 
while M. mcgregori has been reported in 
limited regions of Colombia and 
Venezuela. 

_i-The Mononychellus mite is usually 

1 2 3 4 5 6 

Age of crop (months) 

7 8 found around the growing points of the 
plant on buds, young leaves and stems;
lower leaves are less affected. The leaves 

Figure 16. Monthly evaluations of .Miio/chelh. 
mcgregori, "l'etranchus urficae and Oh14onlch/n.o 

eruviantto.mite populations measured on several 
cassava varieties, 

emerge from the bud marked with yellow 
spots, lose their normal green color and 
become deformed. The attacked shoots 
lose their green color, turning rough and 
brown. The stems and leaves die 

Mites progressively from top to bottom (Fig. 18). 

Four species 
identified as 
Colombia. All 

of mites 
attacking 
belong to 

have been 
cassava in 
the family 

Damage from the Tetranychus mite first 
appears on the lower leaes of the plant. 
Damage first shows as yellow dots along 

016 1 Planting- 1 

1.40 

11.601 .........
 

.80 

0.6-

0.40 
VI 

-J 

VII VIII IX x XI XII 1 II III IV V VI VII VIII IX 
l
X XI XII 

-C 1973 - - 1974 

Rainfall 
(mm) 28 63 82 189 103 167 85 24 49 71 156 78 72 16 2 72 112 62 16 

Figure 17. ,Monthly evaluation of thrips damage for five plantings on several cassava varieties. 
0-25 



t-igurc 18. Typical damage caused by %iononychellus sp. on the gro ing points of the cassava plant. 

lk,, 

Figure 19. Severe leaf damage and webbing caused by Tetranyczus urticaeunder controlled environmental 

conditions. 
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the main leaf vein and eventually spreads 
over the whole leaf, which turns reddih 
brown or rusty in color. Beginning with the 
basal leaves, severeiy infested leaves dry 
and drop; under severe attack plants may
die (Fig. 19). 

a screenhouse and are surrounded with 
plastic to raise the temperature to 340C. 
Leaves infested with mites are placed on 
one-month-old plants to inoculate them. 
Resistance is evaluated at weekly intervals 
from two to six weeks after inoculation: 

Presence of the Oligonychus mite is 
characterized by a small whitish wveb that 
the female spreads on the undersides of the 
leaves, commonly along the center and 
lateral leaf veins. Yellow to brown dots 
form on the leaf's upper surface. Damage is 
more pronounced on the lower leaves. 

A procedure was developed to evaluate 
the cassava germplasm bank for resistance 
to the Tetranychus and Mononychellus 
mites under screenhouse conditions since 
natural infestations in Colombia are 
neither high enough nor sufficiently 
un'form for field screening. Cassava 
varieties are planted in floor beds orpots in 

second and third inoculations are made if 
the initial one was not successful. 

Screening for Oligon)chus re ,istance 
was done on 1.884 varieties in the 
germplasm bank during a natural outbreak 
on the CIAT farm. 

Preliminary results indicate that tl;2re 
are only low levels of resistance to the 
Tetranychus mite but intermediate 
resistance to both the Mononychellus and 
Oligonychus mites. Of the 427 varieties 
screened for resistance to the Tetranychus
mite, only one variety (M Colombia 114) 
was selected as having a moderate level of 
resistance. Several varieties, however, have 

a hlc 17. Itesis tance of t;ssaia %arieie ioihrev specie,, of mites. 

Mite 

7 'tratt.i'r tt orticiu' 

.1hfnonIye/wlhus ni gre'ifori 

Ohion~vchuspertiviatitns 

*Artificial illlestaionll inlscrtllhouseh 

Natural intestalikin in the ficid 

No. o \arictieo 
c\alluatcd 

Rcsit;nce ci.lua-
lion scale"** 

No. of uarieties in 
ach resistance class 

427* 0 - 5 5.0 = 3701%a r. 

4.5 = 46 %ar. 

4.0 =- 10 ar. 

3.5 = I %ar. 

45* 0 - 5 5.0 = 4 %ar. 

4.5 _12 %ar. 

4.0 - 44 %ar. 

3.5 = 9 %tar. 
3.0 = %'ar. 
2.0 = 2 var. 

1,884'* No. of mite co- 0 - 10 72 3.82(1 

Ionics I af 10-50 591 31.36(1 
50 - 100 454 24.09'; 

100 -200 421 22.341; 
200 - 500 319 16.931; 
5(11)- 100(0 27 1.431' 

[);image raling 0-1= rcsistant; 2-3= inltrriediate remstance. 4-5 %,,ce'ptihbl 
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been selected as promising for future 
testing. Only 45 varieties have been 
evaluated for resistance to the 
Mononychellus mite, but several lines 
appear to have good intermediate 
resistance. On the varieties screened for 
resistance to Oligonychus, 0.5 to 1,205webs per leaf were found. Seventy-two 
varieties had less than 10 webs per leaf 
varieties7hadndess thane10ewebssperhleaf. 
(Table 17) and 16 varieties less than 5. 

Thrips 

Five species of thrips have been 
identified as attacking cassava: 

Corynothrips stenoplerus, Scirtoi,1rips 
manihoti, Euthrips manihoti, 
Frankliniella williamsi and Frankliniella 
sp.
 

Yield reductions induced by thrips 
attack were studied in two trials on the 
ata re sthe irst trial th e
CIAT farm. In the first trial thri ps attack 

was heavy during the dry season, and losses 
were up to 15.4 percent in susceptible 
cultivars and i percent for intermediate 

resistant cultivars (Table 18). Yield 
reduction in thrips-susceptible cultivars 

was attributed to all insects attacking 
cassava; in resistant Lultivars it was 

Table 1.(Cassava yields of thrips-susceptible (S), intermediate resistant (I) and resistant (R)cultivars. ten 

months after planting, with and without insecticidal application. 

Yield (tons ha) 

Thrips 
resistance Without With 

C, 

yield 

Cultivar evaluation insecticides insecticides* reduction 

Trial I 

M Col 890 R 

NI Col 113 R 

NI Col 65 R 

Average 

M Col 22 1 

M Col 1438 I 

Average 

M Col 1703 S 

I Mex 34 S 

M Col 248 S 

Average 

Trial 2 

" Col 1696 S 

M Col 1745 S 

M Col 1670 S 

" Col 1765 S 

M Col 1703 S 

NI Col 1777 S 

M Col 1701 S 

M Col 1767 S 

Average 

I)lmethoate applied everymonth at 0.75 liters a.i.I ha 

17.3 18.0 3.9 

23.9 25.8 7.4 

25.5 27.9 8.6 

22.2 23.9 6.6 

28.1 33.1 15.1 

34.0 42.5 20.0 

31.0 37.8 17.6 

21.5 25.7 16.3 

14.3 18.9 24.3 

18.0 24.1 25.3 

17.9 22.9 22.0 

20.2 21.4 5.6 

21.9 24.0 8.8 

20.2 22.4 9.8 

20.8 24.3 14.4 

21.5 27.1 20.7 

19.5 25.3 22.9 

16.8 22.5 25.3 

16.9 23.6 28.4 

19.7 23.8 17.2 
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attributed to all insects except thrips. 
Assuming that insects other than thrips 
attack cultivars equally, the greater yield
reduction in susceptible cultivars can be 
attributed to thrips damage. 

In the second trial, yield reduction due to 
thrips was estimated by the reduction in 
yields of plots without insecticidal 
protection as compared to protected plots.
Yield reduction ranged from 5.6 percent 
for M. Colombia 1696 to 28.4 percent for 
M. Colombia 1767, with an average 
reduction for all varieties of 4.1 tons I ha or 
17.2 percent (Table 18). 

White grubs 

White grubs, the larval stage of a beetle 
(Scarabacidae) feed on the roots of young
plants, causing considerable damage. 
Grubs feed on the bark and buds of 
recently planted cuttings, reducing 
germination. Attacks are more severe in 
fields that were in pasture prior to the 
planting of cassava. 

Two control methods of insecticidal 
application were studied: Soil applications 
of a granular or dust insecticide w,'ere made 
at the time of planting, or cuttineg werc 
submerged in an 
20 minutes before 
(CMC-59 and 57) 
insecticides and 
germination was 

insecticidal solutioll h 
lhanting. I u \arieticc. 

were treatcd \ith eight 
one herbicide: stake 

recorded 15. 25 and 35 
days after planting. In another experiment 
using the insecticides carhofuran and 
disulfoton. thrce methods of application 
were studied: incorporation in the soil. 
placed below the cutting or around the 
cutting. 

Results in the first experiment show that 
white grubs can reduce germination
markedly unless controlled. Of 160 
cuttings planted in the four control 
replicates, 153 (95.6 percent) did not 
germinate due to white grub damage 
(Table 19). Aldrin and -arbofuran 
(granulated form only) gave the best 
control with 80.6 and 73.1 pe-cent
germination, respectively. Disulfoton (50.6 

Table 19. Effects of the application of seseral insecticides on the germination of cassasa cuttings intihe presence 
of Ahite grubs (Scarabaeidae). 

Insecticide 
treatment )osage gCr 

N,. 
ltl1 * 

gernlitta-
L tiol** 

toxap :-. e )-DDT 1.2 litersl 100 liters 1120 34.) 21.3 

carbofuran (granulated) 3 gim 2 
117.0 73.1 

carbofuran (dip) 100 ccl 100 literrll 2 0 17.0 10.6 
Herbicide 2 liters + 2 kgj ha 17.0 10.6 

(alachlor + diuron) 

methamidophos 100 eel1(0(0liters HIZO 15.0 9.4 

fenthion 75 ccl 100 liters HzO 48.0 30.0 

disulfoton 3 gj plant 81.0 51.6 

aldrin 60 kgj ha 129.0 81.6 

diazinon 70 ccl 100 liters Hz.O 14.0 12.5 

Control 7.0 4.4 

Randomited hlock of 4 plots of40)cutting%,perplot 

signilicant at I percent lcsl 
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Ia 0: Ihe (itit if the disrilbulion of the placement of the granulated insectiides carhofuran and 

ditulfi ii for the comtrol of Ahile grubs ( ,Scara haeidae). 

I , 
' .It'd A 'iI11 

IppLical Ion 
N. 

gel llllated" g.r tillat'd 

Incoi pmit+,at in 1)Ii I: 05 81.3 

I m:.ck +'.; I theL )tlt1)g 74 92.5 

.\rndnt c6thII 6 H2.5 

Incwu p racd Ii 20 ili: 02 77.5 

lchI,'. clttin' 

dt-ll qt Ctl1lLItl+ \h01111d 

tari, i 

percent germination) ga\c moderate 
conttol, but the remainder of the 
insecticides gave little or no grub control. 
I he lip lethod of application was not 

effective, 

Ii) tile second experiment. carbofuran 
(grantilar ) applied behlo the ctting gae 

the best CsIMItts ( liatle 20). [his resilted in 

Oul a 7.5 percent reductiio in germination 
alsColpa red to ia 27.5 percent reduction in 

the cont ril. 

(assaia fruit flies 

('assaa ruit flies have become one of' 
rte triost eriouIs Pests Of CaSSa1Va ill thle 
coiIce-ero\\ i rlt2 region of (olombia. 

Originlliy beliuecd to he onlv it pest of tile 
cas.av~a l rtlit, tw\o species Of fruit flies, 

1110 S ITil 14(iA cli and . itjhoti 

(cI phrIlitidae) hIate no\\ been identified as 
, ;lt;attackitw tile ster1. [he lfemale prefers 

to o,,(po'ait it the truit hit frequently 
.\ ipw it', il tile sfit tisue (If tile stem of the 

il~rlgGI an tt aibout 10 to 20 ciii 
bclo'is t1Krowi ng point . The voting larva 
hatchc a ild bores its \way into the pith 

rc uiot (t the ,Iciii rid tunnels downward. 

I hii tlincling i . I point of entry for a 
11tIC! i'll ptll( yt etll thiat catl catuse extensive 

ttllt.L 01 tile st.cll (Sfe pathology section). 

I )urin theirIIlitialt stages. the larvae are 
x\ hire. tiriitg yellow later. The presence of 

66 82.5 

5'7 71.3 

58 72.5 

the larvae within the stem can ofte-i be 
noted by the white liquid exudate that 
flows from the larval wound down the 
stem. This extensive rotting often causes 
death of the growing point of young plants 
(ig. 20). On one field 84 percent of the 
plants were ohserved with this damage, 
while in another field about 75 percent of 

the plants had collapsed 20 to 30 cm below 
the growing point. 

/ 
. , 

1A 
,
 

AL
 
igurc 20. Etensie rotting and death of the 

groing point caused h a hacterial pathogen in 
a%%iociation Aiith the lariae of the cassava fruit fly 

(..\nasrcptiiia %p.). 
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ablae 21. Fecuudit'.. egg ,ialili) and hInlge.il' P w .,, 

in tile field (Ihased on 10 pairs of a(dull,,.
 

idthi' hil i lef,, ,i'w under c',gl'd imidili.im, 

No. of eggs per honClh I14 I ' 161 114 Sf 

Eggs haiched ' 1} IS9.9 If 'I5.. f 

Pupae forined (I 59.3 96. I 7_ I 

Adults merged'l 86.2 9N4 9>3 32 

Surisal egg to atult 'i 55,1 1 '24 I37,f _ 

L.ollgeit% ol lenIale idas) 14 22 Ii 2 2 

longe%il I male IddS) 5 15 . _ . 

Whiteflies ulliforml, hut olly on10 e \alltloll \\its 
made and thertlfre needs to he repeated.

Whiteflies (Aleyrodidae) are distributed 
over many of the cassava-growing areas ft ('assaia hlOiwll ori
 
the world. Several species have been
 
identified as attacking cassava: these 
 A svstenlI lotr hffleiacal eoiitioI of the
include Triah'urotles variahilis, Bemi.sla cassava i(fllrormi (LIr4u, i/s 10/) kas 
tabaci, B. iuherculata, Aleurotrachelus sp. dc.,csribed in the 1974 \nnua I lReport. lie
and Aleurothrixus sp. Altho{ugh combination of egg pil&,iill I1w
indications are that whiteflies may not riru/1.ira/moa /ILS1astun and lar \a 
cause direct damage due to ICeding, they predation by the papel \%asp P1oh' t,.s 
are of particular importance because of ('rllro~cp ahau. suprressed lh ho rl rnli 
their ability to transmit mosaic disease in population at I'.\ I throughout the war.
Africa. In addition a sootv mold grox.ing [hcre has hcci no outhicak at the '\1 
on their excretions may have aIn adverse farm1 since these bioihg'ical t olli(Igcll s 
effect on plant photosynthesis. \crc introduccd in 1973. 

The biology of the whitefly 1. variahilis. Iorn\worm ott.hica ks \\crc stldied on
 
commonly found in Colombia. was studied two nearbv larms. In both Clses ill

under field conditions in screened cages insecticide 'had been applied to the c.lssaxta
 
(Table 21). crop for if scet {thrips itd Iitit fik IControl 

An evaluation for resistance to the
 
whitefly Aleurotrachelus sp. was
c ltvas h IKialualint 1 i'l iIars.casav ade n 22 of 15 ,,itl,,, c-l oI rp.wa m de anrL".'s.iltat i11 ii I..]it'll.I .\'l .'tITIlChILff
 
189 cassava cultivars during a heavy field

infestation. The oblong pupal stage of this __ __.
whitefly is black with a white waxy I otal ) llId 
excretion around the outer edge. making it no. ,it 
easy to detect on the leaf undersurface. ctiii\airs 0 2I 5 
Several varieties were identified with very 5')9 2 42
 
low levels of infestation (Table 22),

indicating that resistance to f = l ... I I .,

Aleurotrachelus sp. is available in the = 2,, , . , 
 , . f = 4 ...... ,..,,,,, ,,,. 
cassava germplasm bank. Infestation was ,,,,,.,,oI 

11-3I 

http:hInlge.il


prior to the outbreak. Egg parasitism by 
Trichogramma was between 50 and 60 
percent. The Polistes wasp was introduced 
into both fields. In the first field there has 
been no further outbreak for six months; 
the second field is still being studied. 

VARIETAI. IMPROVEMENT 

l)uring the past three years a substantial 

amount of basic data on germplasm and 
genetic behavior and selection efficiency of2 
the cassava plant was accumulated. 
Evaluation of more than 2,000 entries in 

the germplastn collection was completed. 
FHybridization and seedling selection 
techniques were established. Selection 
based on harvest index of the plant proved 
to he efficient, both genetically and 
physiologically. 

During the year, approximately 230 
cultivars, 3,000 hybrid lines and 8,000 
hybrid plants were evaluated and 
harvested in a replicated yield trial, an 
observational yield trial and a hybrid 
selection field, respectively. About 160 
hybrids lines, 1,200 hybrid lines and 25,000 
hybrid seeds were planted in the replicated 
yield trial, the observational yield trial and 
the selection field, respectively. 
Approximately 30,000 hybrid seeds were 
produced from about 250 cross 
combinations. A major part of these seeds 
are sown at CIAT within six months of 
harvest; some are sent to breeders in many 
countries of America, Asia and Africa. 

A yield of more than 60 tons Iha Iyear 
was obtained in areplicated yield trial. The 
highest yielding cultivars at CIAT are 
outperforming the local cultivars not only 
at CIAT but also outside CIAT; thus yield 
improvement through modifying the 
cultivars seems a forthcoming reality, 

Germplasm collection 

The present status of the CIAT 
gerinplasm collection ispresented in Table 

Fablc 23. Present status of the CIAT cassava 

germplasm collection. 

No.(f
 
cultivars No.of
 

(' of maintained cultiars 
origin at present evaluated 

Colombia 1,676 1,646 

V\nc/uela 269 255 

IC1aOr 34 134 

(lC.Ic,68 65 

5 
II/Il 
v'aniaii 20 21 

iett, Rico 16 15 

t',,ii,Rica 16 0 

Domainican Republic 5 0 

Perii 2 2 

Irauy2 2 

total 2230) 2142 

23. Useful genotypes have been identified 
for all the major diseases and insect 
problems. 

Yield trials 

Selected mainly on the basis of harvest 
index and root yield when grown in single 
rows, 232 cultivars were harvested in 
replicated yield trials at CIAT. The 
experiments had two replications and all 
harvested plants had two border rows. The 
nine central plants were harvested 12 
months after planting in each replicate. No 
fertilizer, fungicide or insecticide was 
applied to the experiment. 

Data on the best-yielding cultivars are 
presented in Table 24. One cultivar yielded 
more than 60 tons Iha, eleven cultivars 
yielded more than 50, and three gave a dry 
matter yield of more than 20 tons I ha. 
Llanera, a local cultivar, yielded 26.7 
tonslhaoffreshrootor8.7tonsofrootdry 
matter. These results suggest the possibility 
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lable 24. 'Twenty best yielding cullivars. 

Dry matter Root dry matter I olal plant 
Root yield 

(tonsI ha Iyear) 
content of 

roots 
yield 

(tonsi ha I ,car) 
%%eigtt 

(toils Iha I eai I 
Ilarest 

index 

M Ven 218 60.6 .359 21.7 96.7 .626 
M Mex 17 54.2 .368 19.9 83.9 .646 
M Cot 946 53.6 .394 21.1 106.1 .505 
M Pan 70 52.8 .376 19.8 79.4 .h64 
M Col 1686 52.5 .306 16.1 99,2 .529 
M Col 1292 52.2 .387 20.2 118.6 .440 
N1PrR 26 52.2 .368 19.2 79.4 .657 
M Col 8(13 51.4 .365 18.8 10(6.7 .482 
M Col 1684 50.8 .331 16.8 7s.3 .649 
M Mex 59 50.6 .358 18.1 100.3 .504 

M Yen 77 50.0 .334 16.7 88.6 .564 
N Ven 168 49.4 .369 18.2 86.9 .550 
M Mex 16 49.2 .353 17.4 83.9 .59o 
M Pan 114 49.2 .375 18.4 76.2 .645 
M Col 638 48.6 .351 17.1 1(6.9 .454 
M Col 655A 46.7 .385 18.0 105.6 .442 
" Cot 1468 46.1 .327 15.1 94.7 .487 
" Ecu 47 46.1 .371 17.1 93.1 .495 
M Yen 270 45.8 .395 17.9 1(8.9 .421 
M Mex 52 44.1 .390 17.4 1(17,6 .416 

l.anera (I.ocalcultivar) 26.7 .325 8.7 53.1 .503 
M Col 22 (Control) 26.7 .398 10.6 41.4 .644 
M Col 113 (Control) 38.1 .354 13.5 85.3 .446 

of immediate yield increase by varietal maintain a reasonable level of top growth
selection. Considering that the eleven and hence leaves, resulting in a low total 
cultivars that yielded more than 50 tons Iha dry matter accumulation. 
compose the upper 0.5 percent selection 
from the original collection, it is obviously 60 
important to start a selection program with 
a very broad variability of germplasm. . . . " 

High total plant weight and harvest 2 ." 4 ,,... 
index are very important in obtaining high - . 0. 
yields (Figs. 21 and 22). There seems no " 2o' 
way of obtaining high yields when the 
harvest index is less than 0.40. Harvest 10 
index was negatively correlated with leaf . . 
and stem weight (Fig. 23), thus confirming 40 61) 80 100 120 
that the top and roots are competing sinks. Total plant %keight(tons ha)
The types with too vigorous top growth
have a very low harvest index; and the Figure 21. Relationshiphleteentotall)lant wveighlt 
types with a very high harvest index cannot and root yield (fresh weight). 

B-33 



.. 
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1 . .3 .4 .5 (1 .7 
1 2. 4 6 m 10 12 14 

silp an po•r~ti'" tral %u s 'I(I :.IX..s 
_. 21e.dR ow II I inf•"u - p aill. 

I Iul ,t 2 kt usrpIv a ~ uue n I gui c 24. Ihelatiishlij) bitt) ttI root Nie(i data in 
rimt ri i rprrlaii trial. siInigll))o aid ~ippultioni trials. 

I li colrIielatiori het eril ' ield data inl the A remarkable xarietal Nariation wvas 
siadiL'l-roAppultio tralswasohserved in inlitial vegetatike vigor. Initial 

so rpr xi ugl\ lo (Fig, 24). proha bly
C Clh tc h ll l tse,wilc\l genoypeII -'..CL .. .................. 

errlipet (kill. I lie correlaition hetxeen 
ha" Idex il the single-row ard 

hecal iise (iofite us i% I ierge [lot ypie 

tCSCL 1tile obsvtinlhe ield ial
' .3 . .+ ..
popillair m trial (Flig. 25) was igh. As at 
rl, file liars ext Index inl the single-row 
itrial pxxxtiimieylil.%correlatedterltinw%]it h t\.rle Ih the .\icld in 
file plopuiluiolu1ri~aIfig. 20): this [:](]cities
hat lui index as a selection trait is 

. 0! :1 1
lIuulchi ri.ttd 

girh C23t I 1.7
h t:\l iOdexi 

4(5 , h w7h A(0.
v i ci th iri gly-troy 

vigor %\its high ly correla ted withI leaf and
les fa o a lec ndit
.i. ions. tlf'. .cassavasteml weight at ha rvest....anrd negatively 
correlated with harvest index: however. it 
was rot signilicantl related toyield (Table
A e
grwt thhtare ,oreepresnatieonwas4 - -" . . .. 25). Unrder conditions,. .. . which. .- - 

regarded as nearly ideal f'or obtaining high 
vields. thle yield oif' more than 5)) tonse, t I hat 

CI Al . are 

correlated with harest indtie trowei 
wa,,s ohtaired with atrather wxide range of 
-t However. consideringinitl vigor. when 

n.4 .25.t i.Ton 7h . r
rInch' is tl idealjir n o taln hg 

. Iettilniv'~c enisa selectio itiis nd itilr ig25 whuen consdereing 
tiulcn~ jctu trieiIil itelI edafi h ip whn gfnoly. snlesolandorlr c 23.st bsetiev opa r l onditios. frcasv
l idane grth th a ioreil ehe r % neesnte inas
harv, tnel,i olssava-gtial.ingl-m an areastion t hriroplsth
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 . I Ic e . Flfhfat of Io l.ing ol itild alid l Irn 'it 
5v iihe . 

4 ." 0 

.
 o
 

20 " v ."
 
- o ." • 
 -. 

1055 2~ 
530 3" .35.1 .2 .3 .4 .5 6 .7 .X 

4 413I 
Ilrtest Intde\ illSitglc-ma milt 5 Is. 

IOtl 2(l. Il116is1i0p Ieliv hanrt titslindex ill
 

single-rim trial and roul OtMd ill itpl aliiotrial. 

among 15 hest y'ielders in 3011 iflestypes with high initial vigor may be given evaluated. Ih,issugget that the.re aremore importance than those with a high high-yield selections adapted at luast to theharvest index and low vigor. altitude range from 0liii in ( ariait to I. 0() 
tn at ('IA.

Yields decreased parallel to the degree of

lodging index (Table 26). Like almost any 
 Selection
 
other crop, lodging isfatal to cassava yields
and should be avoided at all cost. From a total of approximatcly. 8.000l 1 

hybrid plaIts, about 1,200 were selected onTrials outside CIAT the basis of harvest index and root yield
(Table 27). Ihese materials \\eeA number of selected cultivars and forwarded to the observational yield trials.hybrid lines were planted in Carimagua and some are also being observed in(Llanos Orientales), Caribia (Northern Carimagua and Caribia.


Coast) and Popayin (mountain zone). In

Caribia, the center of cassava production The high correlation of yield data i.e..
in Colombia, M Mexico 59, M Color..bia harvest index, root yield arnd total plant
638, M Colombia 1468 (CMC-40. 
 ICA weight between the seedling and theselection) and M Colombia 1684 were sake-planted generations has been 

latle 25. I'ffct of inilial n ieldtharat nrs.iig r ort , 

Initial Number of Io.llI .111dROti iClI latrcst plant m ,tcm \%I 
%igor* cu ikars (ftois Ila) index i 1,'Ilal (ii' ha)
 

1 4 27.5 .523 53.2 25 
2 49 32.10 .473 0 s 5
3 911 32.5 .439 74. 1 41 h

4 81) 29.0 .363 
 79.2 5112
 
5 7 
 32.9 .338 96.0 63.2 

S ultted mi t tmsittr plIanting: t=% t.ItuIotr: 5= tri high sIgni g 
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Table 27. Data on selection of FI h)brids. 

Average Average 
yield of Average harvest 

Total No. Average selected harvest index of 
no. of hvbrids yield of hybrids index of selected 

(ross I'arents hybrids selected all hybrids* (kgl plant) all hybrids hybrids 

('NI 315 %ICol 113 x M Col 22 15) 40 5.9 7.1 .69 ,69 

('NI 317 NI C(O. 22 x M Col 340 254 13 5.0 7.7 .58 .64 
CNI 309 M Co' 22 x M Col 647 737 193 5.2 7.1 .62 .65 

CNI 311) M Col 22 x M (ol 667 310 17 3.7 7.6 .55 .61 

(NI 314 M (ol 22 x NI ('ol 1292 74 12 5.2 8.2 .66 .67 

CNI 321 NI (ol 22 x M Ven 270 423 69 4.4 7.0 .64 .69 
CNI 323 NI (*ol 22 x NI Mex 59 680 140 4.6 8.1 .62 .64 
(NI 334 NI klex 55 x NI ('ol 647 35 10 5.2 10.3 .61 .66 
CNI 342 NI Col 22 x M Col 1468 178 17 - 7.6 - .64 
('M 345 NI Col 113 x NI Nex 59 110 8 10.6 .59 

('N 356 M Col 647 x M Mex 55 35 II 8.2 .61 

-it,l ini racmr'll1 Itenl transplain. Phi I \,2 mird hmlloimc motllh-ifict.' g~l 

contirmed. This high correlation or high two years. Of 20 of the best yielders, eight
efficiency of selection with seedling plants had been used quite actively in 
exists as early as seven months after hybridization and several hundred 
transplanting them (Fig. 27). Even if the selections from these hybridizations are 
seedling plants are kept until 15 months, already being evaluated in observational 
these correlations do not improve (Fig. 28). trials in and outside CIAT.There is a good 

chance of perfecting such cultivars as M 
Since only a few planting stakes can be Mexico 59 and M Colombia 1468, which 

obtained with seedling plants less than easily outyield local cultivars in and 
seven months old, it is unlikely that the outside CIAT, by selecting from the hybrid 
breeder will practice selection with seedling lines which exist in the order of tens of 
plants before the plants reach this age. The thousands if the problem is high yield 
results do, however, suggest that very potential and wide adaptability. Thus, the 
efficient seedling selection is guaranteed emphasis in our hybridization program has 
whenever the planting stakes can be cut shifted to disease resistance and some other 
from the seedling plants as long as they are characteristics such as long root durability 
widely spaced to avoid intergenetypic after harvest or high starch content. 
competition in a reasonably uniform field. 

Additions to the hybridization program 
Hybridization are given in Table 28. M Colombia 638 is of 

particular interest because it seems to
Results of the yield trial were significant, combine yielding ability with high 

not only because quite a few cultivars resistance to cassava bacterial blight. As a 
yielded well but also because many of these result of one initial cycle of hybridization 
high-yielding cultivars had been actively and selection, several hybrid lines with a 
utilized in our hybridization program for high harvest index and resistance to CBB 
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* 0 
4r- 0.802** 

* 0 

20 
Root yield (kgl plant) 

0 
2 4 6 8 10 

15 
• 


10 - •Figure 

S •6 r- 0.823** 
5 

0 Total plant weight (kgl plant) 

0.0 1 1 1j
5 10 15 20 

* *was 
0.6 -, * a 

* * •significant** 

0.5 

r- .678**0 

0.4 - 0 • 

Harvest index 

0.3 
0.4 0.5 0.6 0.7 0.8 

Figure 27. Correlation of data for seedling plants
(horizontalaxis)harvestedatsevenmonthscompared 
tothat of the stake-planted plants (vertical axis) of the 
same genotype. 

were identified; thus hybrids such as CM 
309-41, CM 309-56 and CM 309-206 are 
actively used in hybridization, 

Using the data with seedling plants, a 
highly significant regression of parental 
average on Fi hybrids average in harvest 
index had already been shown. The same 
type of analysis was made with both the 
parents and the Fi hybrids, using the data 

8 1.0 
X 

.8 

6 

UUC 

U X Total plant veight
 
2oa .2 p e
R not h 

0UI 0 Harvest index 
0 1 1

7 9 11 13 15 

Harvesting of seedling plants 
(months after transplanting) 

28. Harvesting time of seedling plants and 
the efficiency of selection. 

of stake-planted plants. By nature, this 
type of analysis is more acct:ate and 
practical than the former. A highly 
significant regression was olttained not 
only in harvest index but also total plant
weight. The regression in root yield itself 

not as high as in harvest index and 
total plant weight; nevertheless, it was also 

(Figs. 29, 30 and 31). This 
encourages breeders to believe that almost 
any character with practical meaning can 
be inherited, therebyjustifying the fact that 
a large part of our hybridizations are bycontrolled pollinizations. 

Disease resistance 

The pathology group has shown that

there are at least five major diseases to be

taken into account when breeding for
 
resistance. Highly resistant genotypes for
 
cassava bacterial blight and Cercospora 
leaf spots were identified (See pathology
section and Table 28). The data suggest
that this resistance can be readily 
incorporated into agronomically desirable 
types. Highly resistant genotypes forPhoma leaf spot, a disease prevailing in 
temperate climates, were also identified; 
but it is not yet known whether this is easily
incorporated into high-yielding types at 
low temperatures. Several moderately
resistant types for superelongation disease 
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Table 28. Characteristics of cultivars or hybrid lines frequently used in hybridization programs. 

Resi-taIice to 

Harvest 
index Vigor 

Leaf area 
retention 

Early 
maturity 

Easy to 
harsest 

Root du-
rahility 

Starch 
content CBB 

Super
elongation 
disease 

Cercospora 
spp. 

I'homa 
sp. 

Llanera 

M Col 22 

M Col 113 

M Col 197 

M Col 340 

+ 
++ 

++ 

++ + 

+ 

++ 

+ 

++ 

M Col 638 

M Col 647 

M Col 655A 

M Col 667 

M Col 1292 

+ 

++ 

++ 

+ 

+ 

++ 

++ 

++ 

+ 

M Col 1468 

M Col 1684 

M Mex 55 

M Mex 59 

M Ven 270 

+ 

++ 
+ 

+ ++ 

+ ++ 

++ 

M Pan 114 

CM 309-41 

CM 309-56 

CM 309-206 
CM 321-15 

CM 327-12 

++ 

++ 

++ 
++ 
++ 
++ 

+ 
+ 

++ 

++ 
++ 
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Aveage root .i\d of parents 
(kgI plant) 

Figure 29. Relationship betiseen average root 
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were identified; however, it is not known 
how effective the resistance of these types
will be and how long the resistance will last.
Needless to say, all resistant types are 
actively hybridized with high-yielding 
types and among themselves, 
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The observational yield trial at Caribia 
was infected by C131, and a clear varietal 
difference in the reaction to this disease 
was observed. The observational yield trial 
at CIAT was free from CIBB. The varietal 
yields of the two locations were compared
at each level of the CBB attack in Caribia 
(Table 29). The yield difference of about
3.5 kg between CIAT and Caribia with 
resistant and tolerant cultivars (CBB, 
grades I and 2) represents the general yield
difference between the trials.two With
 
highly susceptible cultivars (grade 5), the
yield difference was 6.4 kg. Results indicate

that even under a moderate level of CBB
 
attack, resistant cultivars are highlydesirable, moderately susceptible cultivars 
give a significant yield reduction, and 
susceptible cultivars will give disastrous 

Thus, the first cultivar to be
recommended should possess at least amoderate level of CBB resistance, if not ahigh one, toin addition high yielding 
ability with wide adaptability. 

The observational yield trial at 
Carimagua was heavily infected by CBB
and superelongation disease. Practically 

14 
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Table 29. Comparison of root yields at Caribia and CIAT at different levels of varietal CBB reaction. 

Cill Yield at Yield 
attack Number of Caribia at CIAl 

in Carihia* cultivars (kgl plant)** (kgI plant)*** Difference 

1 6 2.23 5.85 3.62 

2 52 2.18 6.05 3.27 

3 76 2.47 6.71 4.24 

4 37 1.87 6.52 4.65 

5 25 1.09 7.54 6.45 

I= no s mptom s = heav.N(B infection 

Pinted atI I in %pacingand haresed at nine months 
i % 1 4 i .paCillg antt hlr ,tcd at ten m ln( 

all the plants were wiped out, and only M cultivars. Assuming 20 p~rcent as a rough 
Colombia 638 gave roots of edible size. The average for both, conversion diagrams
results simply indicate that under from root specific gravity to starch content 
extraordinarily heavy attacks of CBB and of (1) the whole root and (2)of the peeled 
superelongation, an extremely high level of root over the whole root are also presented 
resistance to these diseases is required; and (Fig. 34). 
in the long run, this level of resistance 
should be incorporated into high-yielding One of the biggest shortcomings of 
types. cassava is its extremely rapid root decay

after harvest. Some genetic difference in 
Starch content and root durability 

Since a significant portion of cassava 4 
production is exI cted to go for animal 40 1.9 52 
feeding and starch extraction in the future, 
yield should be expressed in terms of root 
dry matter or starch yield, as well as root 38 - - - 

fresh yield. Varietal variation in root dry 51 
matter content was great, even among the r a 
20 cultivars selected on the basis of fresh 36

weight yield (Table 24). This suggests that 
the yield ceiling level has not been reached E 34 _"
>1 -/ 

as regards dry matter yield per area per -, 
time. '€ 3:- A-.32• M Col 22 

The correlations between root specific 0 P M'Col 113 
gravity and root dry matter content and 
between root specific gravity and root 30 o Lianera 
starch content were very high. Conversion 
diagrams from specific gravity to dry 2g- 
matter content and starch content in the 1.0s 1.10 1.12 1.14 1.16 
peeled root are presented (Figs. 32 and 33). 
The proportion of root peel fresh weight to Specific gravity of whole root 
whole root fresh weight and the starch Figure 32. Regression of root specific gravity on 
content of root peel varies according to dry matter content (roots harvested at 11 months). 
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1sln1 rool on [11e starch tlwcnit olfthe Mi1111hleroot and 
Spcilic laXit\ olwhole lot the proportion of starch in the pleed root as 

i o te resh rool. 
root slewific grait 011tcomparedFigure 33. Re gression of 

starch content of peeled root (roots hiar,ested at II 
months). 

root durability after harvest has been 
observed. [wo methods representing two 
extremes of conditions to which cassava is 
subjected before marketing or processing. 
were devised to evalate this characteristic. 
In the field eva hat ion. 15 randomly 
selected roots \w-ere left in the field for two 
weeks and then evaluated by chopping 
them. In the laboratory evaluation, 15 
randomly selected roots were kept inside a 
room at a normal temperature of about 
240C. After one week, all the roots were 
chopped and the degree of'streaking on the 
root was evaluated. In this way, the fitness 
of stored roots for human consumption, 
animal feeds and starch extraction can be 
more objectively evaluated. 

In the great majority of cultivars, roots 
simply decayed after three or four days 
whether they were kept in the field or in the 
laboratory. However, roots of some 
cultivars of hybrid lines were occasionally 

found edible even at two weeks atter 
harvest. I he ic Is a large ulargill of error 
associated wit 1h the two methods. The 
correlation between the field and the 
Iaborat or v evalations was not high but 
acceptablv tseul..ltcl emi nating alitthe 
ciltiv ars or lines . lii1 cli showed 
unacceptable decay in any evaluation, 
there \ere still a certain number of 
ctiltivars and hybrid lines that survived all 
evaluations. Ihere seems to be no 
association betw'ccn root durability and 
yielding ability. 1he selected materials are 
being utilized in the hybridi/ation 
program, and the genetic behavior of this 
character is being studied. 

AGRONOMY
 

)uring 1975, 90 percent of the work was 
done outside CIAT, principally in 
collaboration with farmers and national 
agencies such as the Instituto Colombiano 
Agropecuario (I('A). the Federaci6n 
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Nacional de Cafcteros and regional 
departments (secretarias) of agriculture, 
Although work was done on cultural 
practices. finajor emphasis was placed on
regional trials. 

Regional trials 

(assixa 
select a seen in 
cornatie co m p a tib le 

shows great variability. TFogeatCassaa shws ariailit. To 
variety hased on markedtcino wsppraoai

chaater iasedea. bon select 
enetccharacterisuttolcs g enetic c h a racte ristics th a t 

react favorably to several environments 
and rice op I vywhenuA 
growing conditions is difficult. For this 
reason. yield evaluations in tile field Must 
Still he madeLI. 

From the 14 trials planted ii differen 
egins of' Colomhia (lahle 3(0. iie havye 

been harvested. Five trials were planted iri 
cooperation \ith ICA. three \with the 

Nacioriaiede Cafeteros and neof 
w itht DeartmntdofAgrlt ure ill 
wit the I)epartmnt (f Agriculture iur
Santarider dl Stir. 

Multiplying promising varieties 

The rapid propagation method (see 
section on propagation) was used to 
multiply 22 promising varieties in 
sufficient nurnber to plant 21 regional 
trials. Asexual "seeds" (cuttings) from 
these varieties were distributed to tile 
Philippines, Australia, Guyana. Ecuador. 
Venezuela and Mexico. 

Objectives 

As Colombia is a relatively sniall 
country that offers a wide gamut of 
climatic and edaphic :onditions. it is ideal 
for evalhating promising varieties for their 
productivity and adaptation. The trials 
have two rnain objectives: (1) to measure 
tle cornponients that have tihe Most 
influence on yield under different 
environniental conditions in order to 
extrapolate results to other regions. both 
within and outside Colombia; and (2) to 
replace local varieties with improved 

varieties that not only give higher yields 
but that are also disease and insect 
resistant, tolerate poor soils, are easy to 
harvest and are of superior quality for
human consumption and industrial uses. 

Technology and methodology used 

~ The samne technology wa,.s applied to all 
trials: the use of iodern, expensive inputs 
was avoided. Planting was done on ridgesv el ti e s l w a h a v a n o n t e f t 

soils were vevry permcable or sandy.
randonied block design with four 

replications was used. ihe soil was 
alved inl each replication, and at 

anI d in 
pluviometer was installed at each site. The 
regional \ariety or varieties were used as 
controls. The harv'ested area was always 
surrounded by at least two border rows. 
either of tle s.irne variety or at least one of' 

tederhcir te 
neighboring line. Stakes (20 cii) were 
planted vertically at a population density
of 10,000 plants ha. 

Cuttings were dipped iin a 5 percent 
araian solution for five miinutes to prevent 
the rotting of cuttings and the death of 
seedlings at tile timne of germination. 
ioxaphene-l)l)T 40-20 was applied at a 
rate of I gall ha to control soil insects that 
are not specific to cassava but that could 
hinder normal germination and good plant 
development during the initial stage. 

A mixture of preemergence herbicides 
(diuron and alachlor) was applied 
immediately after planting in variable 
dosages according to soil texture (Table 
31 . Diuron was used to control broadleaf 
weeds and alachlor. grasses. Weedings 
were carried out in accordance with the 
rainfall pattern ofeach region. Carimagua 
was the only site where fertilizers were 
used. Iinsectsattackiigtlieaerial portion of 
the plant and diseases were not controlled 
iii order to determine the true potential of' 
the promising varieties under the 
conditions found on the majority of 
cassava-growing farms. 
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Table 30. Sites where the first group of promising ICA I(IAT varieties %ere planted and the main soil and climatic characteristics. 

Mean Organic PAltitude lemperaturc Rainflall RII Soil inater Mra\ lI) K(m) (n (minI .r) ' ) t\pe pHt I' ) (ppm) lcq! Il 0 g) 

Media Liuna 10 27.2 1.486 77.6 Sild\ 6.28 (N) 0).7 (I s.2 F) (.h (I') 
Carimamia 20)) 26.1 2.031 75.2 ('];- loam 4.7 1V.-\ 111, i !.') FI. 0(.1 1 | 

Nata ima 43)) 27.8 1.479 69.0 Said\ 6.2 )1 1.3 )\l) 2-47 )I) 0.2 (M) 

Villa icenci 45)) 26.3 4.306 75.6 ('la h,,,n 4.3 t\-\t 28 )N) 4.1 01 ) L. ) 
Flurencia 450 25.) 3.475 85.0 Sind\ loam 5.5 i (,) 2.3 (M) .I M) 0).2 (M.) 
1I Nits 8.17 23.7 1.875 63.6 I oitll 5.11 (A) 3.8 1IM) 4.3 (l 1 1.I 11I 

Rionegro 48) 26.6 1.594 79.5 Silt loatil 5 (.N) 1., 1 ) 3 ')I I 0.7 1() 
CIA]1 1.000 23.5 1.055 74.5 ('las 6.4 (\) 3.6 N 1 25.)) t .1) 1).4 (ll 

Caicedonia 1.100)) 22.2 1.910 809.7 Silt lilait 5.5 r.\15. (ll) -().ll Il)117 0 I- ) 
L.a Zapata, I.I10 22.7 1.219 75.2 (lax lanin 5.2 ( 6)6,.8 (III 5)) (I I 0.1 1I 

l)ari,.in 1.450 19.5 1.51)) 83.) Silt loam 5.1 (A) 15,o ill) 1.9 I11 (1
 
'reira 1.481) 19.)) 2.)10 
 ISO).) Silt.%Ol;t\ 5.1 (.\) s.3 (11 . I i fI. ) 

Iopayiin 1.7601 18.0 2.500 85.o (,];I\ la ll 5. (A) .) Il) 24 I 11.4 ()I 
La Uni6 n 1.810 17.0 1.844 7))) (la ,am 5.7 (A) 12.3 till I,. I (I i. (1i ) 

N- %utraA = Acid,A\r% -d,l 

http:l)ari,.in


I c I. I'rrnergeiict Ierhivide mix tore 
recomm..id'd accordinug to %ileIxt\ure. 

02(kv dititi + 1t) itcl,;laill, 

silt hni I1i5 t 2 5 liI, ahicll 

' Ii II kP tlIIIII0l 2(0 hICH1 01,0l1t 
-

'Ihe recoinltlenldaltiol ol varieties in each 
country corrcsponds to the respcctiv'e 
national agency: ho\ever. CIAf and the 
local agency cond uct a field daV at ha rv'et 
time to itnlorm farmers about the results 
and let them select tle varieties t hat best 
suit their needs. I he\ then receive seed to 
make their own evaluations. A register is 
kept of tile farme rs and the places w\here 
te varieties arc to be planted. So far, the 
criteria fktr selecting varieties for the 
second or third year of trial have been 
flexible. depending mainl upon tile /one 
and the behavior of the control. At 
Rionegro, for example. those varieties that 
outvielded the best regional one by 50 
percent were selected. At Media Luna, the 

percentage w%-as25:,at Caicedona, 20; and at 
CIAI .34. Rejected varieties are replaced 
yearly with new ones being tested for the 
first time. Fhis is a continuous, dynamic 
process in %khIchexcellence is the criterion 
tor selection. 

Each site was visited eight times to check 
the development of the trial, collect data 
aind order tihe necessary weedings. 

Results 

As regards diseases, there was a severe 
outhreak of hacteriosis at Carirnagua and a 
moderate outbreak at Media ILuna, La 
Zapata and Nataita. Although clean 
material %%as taken to all sites. it is difficult 
to prevent contamination w\'here the 
disease alreadv exists. 

SUr pCrehorngation disease was also found 
at Carimagua. IPhorna leaf spot decimated 
tile majority of varieties at Daridn, which 
explains the low yields obtained at this site 
(Table 32). All three types of Cercospora 
were found at all sites, but C. vicosae was 

I lc 2 I'rificipal cliaractristic, ,ftle promnising La%%ala ,arities pilanHtedat tht 19174-1975 regional trials. 

Re ic tilt.c' 

Plant Ia'. Super
height to Bacte- cloination Phiomna ( . '. 
(ll) lihl\ 't IIll Ilt discase p. It tit.gi vitomAip' sis 

\1 22 1i. I as.51,%** 


.\ (1 113 1.98 t 1 Iiiclt R 
\I ('ill 2.11 \odeltle Ih3 

\t \lc\ 23 2.23 Rt)illicill 

\1\lc\55 1.7() Fas,\ I 

\1 t' 59) I 5 Mtdelal S 
(AI-) \l(Il 143N) 2.1) \hdlerate S 

(\I'-40 (Mt (I'il 2.35 S1468) F;I \ 
'\f(A-7 \l Ilo 151 2.25 IFas S 

(At-S4 \t (I 15131 2.35 Fa,. I 

* 

S R S R I 
S S S I S 
S S R S 

S S I S 
S -S S S 

S .S R R 
I R S S S 

S .S R I 
-*** S R I 
S S R I 

l 
 of R i 11li
Q \al chl' I l '? nl 1 .11C 1.. 
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Table 33. Fresh seight (tonsl ha) and dry matter %ield (kgl hai ha) of cassaia varieties at nine sites in Colombia. harvested at I I months. 

Rio Negro Media I.una )arien L.a Zapata Caicedonia Natairma 1.1 Nus CIAl Carimagua 

F.W. 1). M. 1.\W. l).M. F.W. F.W. I).M. 1.W. I.M. F.\W. I).M. F.\V. I).M. 1.V. I).M. F.W. 

Trial varieties 

%I Mex 59 34.7* 20.5 28.7* 22.0 2.4 29.2* 30.5 40.0 49.( 43.6* 44.0 14.6* 16.9 33.1 35.6 

('\I ,'-40"* 28.6* 21.6 29.3* 25.8 5.3* 18.3 17.6 32.0 35.7 45.3* 40.9 15.0* 17.3 42.2* 42.3 

CMC-84"* 26.0* 26.1 17.8* 15.6 4.0 26.6 29.3 27.1 31.9 33.6* '6.3 2o.O* 33.2 40.3 44.7 7.3* 

CMC-76** 25.8* 25.9 18.2 19.5 1.4 17.7 17.5 32.4 35.3 26.7 29.8 2t.0" 24.9 36.0* 39.2 -

MI Col 113 22.9 16.4 13.4 10.8 2.5 38.9* 43.9 31.2 35.2 23.8 18.5 15.6* 18.t0 26.8* 29.t0 1.6 

CIC-9** 20.2 21.4 8.0 7.8 0.1 20.7 21.2 24.4 28.8 17.7 16.7 7.8* 9.0 31.7 31.9 -

MI Col 22 19.8 17.4 22.3* 24.t0 1.O) 20.01 22.2 27.7 35.8 34.5* 34.4 136' 18.2 39.4* 4h.2 4.1 

%I Mcx 23 14.5 12.0 11.8 12.6 I.( 35.6' 41.5 39.6* 43.6 24.5 2-14.S 4.5 5.6 34.3* 36.3 5.8' 

" Col 673 25.1" 19.0 10.5 10.8 32.8* 38.2 - - 25.10 2S.8 4.7 

"I Mex 55 12.8 8.1 18.8 211.1 - - 28.8 32.4 -

Regional larieties
 

Colombiana 15.7 12.)
 

Iorrana Ncgrita 11.9 8.4
 

'JlI( n.A 



Iahle 33. (Continuation) 

Ri Negro Me.dia I ,na I)aricn l~a Zapata (lfcc:donna \afa nm, I I ua \ I ' ill 

F.\. I).M. I-.W D.M. V.W. -. W. D.MF.FW. I).I. F.\W. I).M. F.W. I)%I. I.W. I).I.M .V\V 

Blanca Mona 

Secundina 

17.7 

I 1.0 

21.2 

12.8 

Natika 6.3 

lolina 

Chiro/a (iallina/a 

Varasanta 

Aguahajo 

Palmircfia 

M Col 113 

Chiro/a Acacias 

28.1 32.3 

32.3 33.) 

22.3 

18.3 

21.6 

19.3 

7.7 9.6 

19.5 

26.8 

21.0 

29.10 

3.x 

Axerage including 

regional varieties 21.5 17.4 17.3 16.9 2.5 26.7 29.4 31.8 41.9 29.0) 28.6 13.9 17.0) 32.5 35.1 4.3 

AwCrage %%ithout 

regional xarieties 23.0 18.7 17.9 16AK 2.0 26.6 29.1 31.8 43.0) 31.2 3(0.7 14.7 17.9 33.0 35.7 4.4 

Best regional a\erage 15.7 12.0 17.7 21.2 6.3 28.1 32.3 32.3 33.0) 22.3 21.6 7.7 9.6 26.S 29.10 3.8 



most frequent at Rionegro and Media 
Luna. 

As for insects. La Zapata was severely
attacked by thrips. which were also 
reported at Caicedonia, although in 
smaller numbers, 

In relation to dry matter, there was a 
great deal of variation, as can he seen in 
Fable 33. Taking into account only the 
four most outstanding varieties, it can he 
seen that as fertility increases so does dry 
matter content (Table 34). It was 
interesting to find that in areas of low soil 
fertility such as Media Luna. there were 
varieties so efficient as CMC-84 (13 
percent more dry matter than M Mexico 
59). These data are especially important for 
the starch and pelletizing industries and 
should he taken into account in the final 
evaluation of varieties. 

The principal characteristics of tile 
outstanding promising varieties are given 
in Table 32. [)ata on fresh weight and dry 
matter content are given in Table 33. The 
general average yield for the best regional 
varieties at the nine sites in Colombia was 
17.8 tons I ha. In comparison to the 
estimated national average (8 tonsl ha), 
there is a difference of 9.8 tons I ha. Results 
from the agro-economic survey carried out 
on 300 Colombian cassava farms suggest 

Fable 34. Variation in dry matter conlent (perccnlage) 
fertility. 

that this difference is eOen greater. 
Therefore, the national average was 
surpassed 122 percent through such simple
agronomic practices as planting clean. 
treated seed: incorporating insecticides ill 
the soil at planting: and keeping the crop 
weed free. The best ('l l IWA line in each 
region gave an average vield of about 30)
tonsl ha, suggesting the enormious yield 
potential through Lsi ng not onlv 
improved, lo\-input technology hut also 
improved varieties. 

Cultural practices 

Planting systems 

A trial todeterriinetheeffect of'planting
 
system (on ridges or on tile flat) on yield
 
was carried out in coliaboration with
 
cassava growers from the region of'
 
('aicedonia. where the majority of farmers
 
plant cassa Va on ridges. even onl t he slopes.


lie farulers do this to reduce root rot.
 
which occurs \when the soil is very moist.
 
Since some fitrmners had found that this
 
system produced fewer roots in
 
comparison to planting on the flat, a trial
 
was designed to determine whether this
 
was true. [he local variety Chiroza was
 
used with a fixed population of 10.000
 
plants I ha. Weed control was practiced: it
 
w\as not necessarv to apply either fertili/ers
 
or insecticides.
 

of four oLit.tanding varieties, according to site and soil 

(Nt1U-40 (N('-84 
M Nex 59 (M Cot 1468i,) (M ClI 1513) \1 Cot 22 

Media I.u na 
to%% NPK leels 19.5 24.9 33.) 29.0) 

Nataima 
Medijuim NPK leels 33.0) 29.x 35.7 32.9 

Caiccdoniia 
Iigh NPK le\els 40.4 36..S 38.9 42.7 

ILaZapata 
Ilih N,t\ow 1)and K lvels 34.5 31.8 36.3 36.6
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I t 3Ic I ,l)erctaltIge (if comnmercial roots and eight of comnmercial roots for tlhei ills,, har et inde 


dilfernl plnlt popiulatiom of tie iariely (hiroia,taken at340 da)s.
 

I Icsh %%cighl icld 	 Commercial Fresh %%eight 

Io iil ILIrslt roots con inlrciaI roots 

Ionrs ha) index* V'i (tonsI hlt) 
P'It ll oots 

100 	 20.54.000 20.5 01.51 

7,311.t9 	 0.51 100 30.9
 

91 28.5
I 1.0(1 31.4 0.49 

0.46 	 25.214.(0(0 27,s 91 

17.11110 35.7 0,49 84 29.9 

1)l , T 'I, pJ i' "c;" . .mid'1,1.. t I.,'l I'd , 

Harvesting was done at 341 days. not advisable in all cases; soil texture must 
Average yield on ridges was 28.4 tons Iha be taken into account. On sandy soil, 
whereas on the flat it was 32.2 tons. planting should be done on the flat; and on 
Nevertheless, planting cassava on the flat is heavy soils, ridges should be used to avoid 

I 	 lotal ntumher ol roots 1~~~~ 
35	 3............... ............... ---. - - --. .

~~ ---...................--,.
-.-.. ....
,~~~ 


/i 	 I -Short branching

15 ---.. .. .. .. . . .. .. .- l Short, nonbranching 

/~!-.Tall. .° branching 

iis'-	 nonhfanchhng! 	 ....TallI. 


2511 5,00011 I0,Il 1510010 201,0001 	 40,000l 

I'lantsi hai 

I i1 ic3). IEffect of piti ll llpulation ol fresh ' %eight ield of total number of roots from four different l lint 

I) l3,%. 
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the danger of rotting. Although yields are 
lower when cassava is planted on ridges,
harvesting is easier. This is not evident in 
the case of Caicedonia because of the 
special soil conditions of this region. When 
planting on ridges, an average of 1,070 
kgIman was harvested during a seven-
hour day, as compared to 896 kg for the 
other system. In a similar trial at CIAT, it 
was found that planting on ridges required 
12.6 tractor hrsI ha, whereas planting on 
the flat required only 8.4; therefore, the 
latter system is recommended on soils 
where rotting is not a serious risk. 

Optimal plant populations on ridges 

In order to determine the optimal plant 
population for the medium-height variety 
Chiroza, a trial was designed using low and 
high populations in contrast to the 7,000
plants Iha commonly used in the region.
Populations ranging from 4,000 to 17,000
plants Iha were used. 

30 


25 

Between the 7,000 and 17,000 plant
population, there was a difference of 4,790 
kgl ha, significant at 5 percent with the 
Duncan test (Table 35). Nevertheless, this 
higher weight is not profitable because as 
the population increases, the percentage of 
commercial roots decreases. 
Consequently, a population of 7,000 
plan's Iha is adequate for the conditions in 
Caicedonia, where the roots are destined 
for fresh consumption. 

Plant type versus population 

In cassava, optimal plant population
depends upon the height of the variety. The 
fan-shaped trials have provided a great
deal of information, but further study is 
needed in relation to the different plant 
types. 

Two short and two tall varieties with 
different branching habits were selected. 
Populations ranging from 2,500 to 40,000 

Commercial roots 

""
 20 
/ 

S 15 

- Short, branching Tall. branching 

--- Short, nonbranching -- . Tall, nonbranching 

2,500 5,000 10,000 15,000 20,000 40,000 

Plantsl ha 

Figure 36. Effect of plant population on fresh weight yield of commercial roots from four different plant types. 
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plantsI ha were used. Thc trial \was 
harvested at 367 days. 

Ficure 35 shows the trend for total root 
production: that is. as plant population 
increases. cassava production increases, 
Ihis \\ould be the ideal case for countries 
like Bra/il and Thailand, where cassava is 
pro cessed beore being marketed. In the 
1)74 Annual Report (physiology section). 
population curves tended to descend at 
40.000 plantsl ha. In this case, however, 
these curves do not descend at this level 
because weeding was done only three times 
and weed populations were lower at higher 
densities. whereas in the physiology trials, 
weeding was done throughout the trial. 

In areas where cassava is consumed 
fresh, it is necessary to find an optimal 
plant population for commercial root 
production (roots longer than 25 cm and 
more than 5 cm in diameter). For the short 
varieties and the tall. nonbranching 
varieties. this was 10,000 plants I ha; 
whereas for the tall, branching variety, the 
optimal population was 5,000 (Fig. 36). 
Each variety must be analyzed separately 
and cannot be compared, as each has a 
different genetic nature that determines its 
potential yield. It was also found that as 
plant populations increase, the number of 
weeds decreases. Branching varieties let 
less light through than nonbranching ones, 
thus exercising better weed control. 

SOILS 

At the beginning of 1974 various 
experiments were planted in the acid soils 
in Carimagua (llanos Orientales) to study 
the response of cassava to fertilization and 
to determine the best agronomic practices 
for this type of soil. A severe attack of CBB 
eliminated several experiments and 
affected plant growth to a lesser extent in 
others. In October, 1974 several 
experiments \were repeated in Tranquero, a 
few kilometers from Carimagua; and these 
remained free of CBB until harvest. The 
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results of the Tranquero and the least 
affected Carimagua experiments are 
reported below. Except for the element(s) 
under study, the trials received a uniform 
fertilizer application of 112 ton lime Iha 
with a Cal Mg ratio ot 10:1:100 kg NI haas 
urea: 100 kg P2051 ha as triple super
phosphate: 200 kg K2OI ha. half as KCI 
and half asK2SO4:and 10kgZnJ haaszinc 
sulfate. The variety llanera was used: all 
experiments were harvcsted at 9 112 or 10 
months of age. 

Fertilization 

Potassium* 

In last year's report it was indicated that 
K is the element that most limits cassava 
yields in many soils. The importance of K 
was again demonstrated in Carimagua and 
Tranquero, as well as in Jamundi, on an 
acid, but relatively high base-status soil 
(1974 Annual Report, Table 26, p.91). 
Studying the effect (f three sources of 
K(KCI, KCI + S and K2SO4) in Tranquero, 
it was found that plants with the KCI 
treatments had severe yellowing of bottom 
leaves, indicative of S deficiency, at three 
months of age while those with KCI + S and 
K2S04 applications remained green and 
showed better plant growth. Sulfur content 
of leaves, averaged over three levels of 
application, was 0.29, 0.30 and 0.37 
percent for KCI. KCI + S and KISO4 
treatments, respectively. The S contents 
were above the 0.2-0.25 percent level, given 
as the criticals content for most crops, but 
cassava may have an unusually high S 
requirement as it was the only crop 
showing clear S-deficiency symptoms in 
Carimagua. 

Figure 37 shows the yield response tc K 
applications in Jamundi and Tranquero. 
In Jamundi there was a significant 
response to the application of 120 kg 
K-01 ha, but no significant differences 
were observed between KCI and K2SO4. In 
* Ihis and thLenext r'o experiments %\repart of a 

I'h) thesis pro'jct. 

http:0.2-0.25


30 

4 Ja undi - Llanos soils (4.0-4.5 ppm). Yields in bothtrials were high, particularly for thc.-" 
Llanos. where a yield of just under 20 
tons Iha was obtained. 

* KCI NxK interaction 
, KzSO, 

-- JA complete factorial trial of three levels0of N by three levels of K was established in0 .. Tranquero to study the interaction of these 
__ I-r 	 importantreserr plant nutrients. There was no 

15 	 response to N in the absence of K, but there 
was a strong positive response to K in the 
absence of N (Fig. 38).'Cassava yields with 
no N and 300 K20 were nearly double 

t + S those obtained with no K and 200 N. In the5 preseiice of K there was a positive response 
to the application of 100 kg NIha but a 

0__ subsequent negative response to 200 kg. In 
60 120 240) the presence of N there was a strong

positive response to the application of 150
Kapplication (kg K20 IM) kg K-01 ha (as KCI). but there was no 

Figure 37. Response of cassava additional yield increase with 300 kgto the application K 201 ha.
 
of several levels and 
sources of K in Jamundi and
Tranquero; harvest 10 9 months,at and 112 It appears that K is the main elementrespectively, limiting yields, but once the K requirement 

Tranquero cassava showed a large is satisfied, plants respond to a moderate
 
response to applications of'120 kg K2[O ha 
 25 
as KCI and 240 kg K20 ha as KCI + S ,i-
K2SO.t The negative response to high KCI
applications could be due to a high leaf 20
 
N I S ratio of 17.2, as compared to 15.1 and
 
14.8 for comparable KCI + S and K2S0 4 
treatments. In other crops NI S ratios over 1515 are generally indicative of S deficiency. - 15
 
Also, the high chloride application reduced
 
the uptake of sulfate by anion competition,

intensifying the S deficiency 	even more. A 1I0 . . .. .
 
direct toxicity of the chlorideobserved in potatoes) is also anion (asa possible" 0 gYa
 
explanation since the high KCI treatm ent 5 .. 002 N ha0.. k g,
had a chloride content of 0.11 percent in 01 1
the roots as compared to 0.09 percent for 
KCI + S and 0.06 percent for K2S0 4 0 
treatments. The lack of significant 	

* 

150 300

differences between K sources in Jamundi 
was mainly due to a lack of S response, K application (kg K201 hal)which is due to the higher S status of these Figure 38. Response of cass .ato the applicationvolcanic-ash influenced soils (7.8 ppm ofseveral levels ofK and Nin ,iluero; harsestat9
available sulfate S) compared with the 1 2 months. 



but not too high application of N. 
Information in literature indicating that 
high N applications increase leaf growth
but decrease root growth was not 
corroborated in this experiment since leaf 
area as well as yield were depressed by high
N applications in the presence of K. Root 
dry matter production was highly
correlated (r = 0.97) with total dry matter 
production. 

Although yields increased, K 
fertilization reduced the N content andthus the protein content of rootssignificantly;enevrthelessfproteinsignificantly; nevertheless, protein 
yield I ha was increased. The application ofK reduced the Mg content of leaf blades 

from 2.95 to 1.38 percent by high MgSO4 
applications. MgSO4 was a more effective 
source than MgO because of its higher
solubility and the presence of sulfate, 
which apparently is essential for optimum 
cassava production in these soils. The yield
of 25 tons Iha, the highest obtained to date 
in the Llanos, is very promising in view of 
the fact that it was achieved after 9 1I 2 
months. 

Lime x minor element interactions 

observedDuring a previousthat most evaluationcassava it wascultivars 
osred hat most assavativasproduced highest yields with applications

anredced tioeand petioles, pgoibly ofinducinof 112 or 2 tons Iha of lime but showed apossibly inducing Mg 
deficiency, resulting in a yield reduction 
with the high K treatments, 

Magnesium 

Since cassava plants grown in 
Carimagua generally have a very low Mg 
content in the leaves, a trial was establishedto determine the significance of Mg
fertilization, using two sources and five 
levels of Mg. Figure 39 shows that cassava 
yields can be increased by 10 tons ha, 
applying 50 kgl ha of Mg as MgSO4. 
Higher levels of MgSO4 were detrimental, 
possibly due to induced Ca deficiency. Ca 
levels in petioles at 311 2 months decreased 

2was 

N 

20 
"N 

go 

15 

S 2 5 5Foliar 

Mg application (kg Mgj ha) 

Figure 39. Response of cassava to several levels of 
applied magnesium using tvio different Mg sources in 
Tranquero; harvest at 9 112 months, 

strong negative response to higher lime 
applications. At the 6 tons Iha lime level, 
many varieties showed severe chlorosis and 
deformation of the growing points, which 
was attributed to a possible deficiency of 
minor elements. Although the problem 
was thought to be due mainly to Zn 
deficiency, an experiment was planted to
study the interaction of lime with all minor
elements except Fe, which is abundant in 
these soils. Within main plots with 
applications of 0, l2,2and6tons haof 
lime, subplots of minor elements (added
individually and in complete combination) 
were established. 

The effect of liming on pH and Al has 
been reported before (1973 Annual 
Report, p.211). The Chirosa variety used 

intermediately affected by CBB; the 
attack was less severe at high levcls of lime 
application. During the entire growth
cycle, plants did not show deficiency 
symptoms, and there appeared to be a 
positive response to the application of 2 
and 6 tons Iha of lime. 

analyses at two months (Fig. 40) 
indicated that without Zn applications the 
Zn content decreased from 72 to 38 ppmwith the application of 6 tons lime Iha. 
With applications of 20 kg Zn Iha, the Zn 
content decreased from 212 to 71 ppm. As 
compared to other varieties, Chirosa had a 
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Figure 40. The effect of lime application on the 
zinc content of cassava leaves with and without soil
applied zinc. 

high Zn content; but without Zn 
applications its Zn content (38 ppm) was 
deficient although it was not low enough to 
produce deficiency symptoms, which 
generally appear below 20 ppm. 

Figure 41 shows yield responses to lime 
applications with and without added Zn. It 
is clear that without Zn there is a negative 
response to the high lime application 
whereas with Zn the variety responded 

16 - NPK Z. 2 

12 --

2 
"_ 


8 -maximum 

0 1/, 2 6 

Lime application (tonsi ha) 

Figure 41. Response of cassava to lime 
applications with and without soil-applied zinc in 
Carimaagua, harvest at ten months. 
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Figure 42. Response of cassava to minor element 
applications at a lime level of 6tonsl ha in (arimagua; 
harvest at ten months. 

positively up to 6 tons lime Iha. This was 
the only minor element treatment without 
a yield reduction at the high lime level. 
Thus, the negative response of cassava to 
even moderate lime applications, not 
observed in any other crop studied, is due 
to induced Zn deficiency, to which cassava 
is apparently very susceptible. Figure 42 
shows the yield response to all minor 
elements at the 6 tons] ha lime level, 
indicating the relative importance of Zn 
and, to a lesser extent, Cu and Mn. At the 
lower lime levels, the response to minor 
elements was smaller. 

Nutrient content of plant parts 

Table 36 shows the nutrient contents of 
leaf blades, petioles and roots at various 
times during the growth cycle. These 
nutrient contents correspond to near 

yields in Carimagua; they give 
an indication of what may be considered to 
be "normal" nutrient contents although
these may vary to some degree according to 
soils, varieties, climatic conditions and 
fertilization. 

N, P and S contents were higher in the 

leaf blades than in the petioles while levels 
of K, Ca and Mg were much higher in the 
petioles. The petioles also showed a wider 
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Iahle 36 Nutrient content of leaf blades and petioles in upper canopy and roots at various times during the 

growth cycle of cassava plants gromvn in Carimagua. 

leal blades 

Months 2 4 6 

N(' 1 

11; ) 

5.6) 

1.27 

4.91 

0.25 

5.00 

0.25 

K ili) 
Ca ( 1 

1.80 
0.60 

1.60 

0.61 
1.51 

11.70 

Mg' 1 1.23 1.23 0.22 

S i 

Zl ([1i00 (( 

0'((.37 

60 

0.34 

range for the latter group of elements and 
thus were more indicative of their nutrient 
status. Roots had a much lower nutrient 
content than either leaf blades or petioles. 
Most elemental contents decreased slightly 
during the growth cycle with the exception 
of ('a. Ca and Mg contents in Carimagua 
were low compared to those on many other 
soils and may have resulted in relatively 
high K contents. 

Economics of fertilization 

Without fertilizer application, cassava 
yields in the llanos soils are extremely low 
(5-10 tons iha). An adequate level of 
fertilization would be the application of 
500 kgI ha ofdolomitic lime: 100 kg NI lha 
as urea, band applied at seeding and 60 
days: 100 kg P20.51 ha, band applied as 
basic slag at seeding: 200 kg K20. band 
applied as KCI: 25 kgl ha of elemental 
sulfur: and two foliar applications ofZnas 
2 percent zinc sulfate, 

At current fertilizer and transport costs, 
this amounts to about S4,500 in fertilizer 
and $1 .500 in transport costs or a total of 
S6.0001 ha. At current prices for cassava 
(S3 Ikg),thecost offertilizationcanbepaid 
for by producing an extra 2 tons of 
cassava Iha. With a potential yield increase 
(due to fertilization) of at least 15 to 20 

Petioles Roots 

2 4 6 10 

1.60 1.51 1.41 0.50 

0. 13 0.12 0.12 0.1105 

3.31 2.80 2.21 0.80 

1.21 1.50 1.51 0.1)4 

(0.37 0.30 0.41 0.15 

0.14 0.13 0.05 

tons Iha, the application of fertilizers 
seems economically justified. 

Agronomic practices 

Methods of fertilization 

Comparing various methods of 
application of a complete fertilizer 
(broadcoast, band, circle and spot placed), 
it was found that broadcast applications 
were entirely ineffective in supplying 
nutrients to recently planted cassava. 
inducing excessive weed growth only. 
Among the localized placement methods, 
spot placement either in the stake hole or 
15 cm from the stake, as well as the single
or double-interrupted band placement, 
looked most promising at the early growth 
stage. At two months of age, plants had 
heights of 31 to 36 cm with localized 
fertilization, as compared with 19 and 20 
cm for the broadcast and check plots, 
respectively. 

Time and method of seeding 

Inareas with a pronounced dry season, it 
is important to determine the best time of 
seeding in relation to the dry season. 
Monthly seedings were carried out 
between October and June, when the trial 
had to be terminated because of CBB. In 
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I able 37. Yields of cassa a planted in (arintagua at 
monthl.y inte rals on ridges or on tile flat: 
hariest at eltt onths. 

Moinl lof 
planting Ridge 

ctoher I'. 

Nosemher 

I)ecem her 12.0 

.ianuary* 17.7 

I-eblr rs * Is.9 

Malch* 14.5 

S\pril 1.) 

10.5 
12.8it 

on'. 111,I Irrigation at ,Cedr 

. . ri .d die to,,m,,,, h%pi,. 


Carimagua the dry season 

Ililt 

I,.1 

17.i 

12.3 

14.4 

2o.2 

12.8 

5.3 

9. 1 
11.7 

extends from 
December to March. with highest 
precipitation in June and July. The 
.anuary, February and March seedings 
received one irrigation at time of seeding
since soils moisture was entirely 
inadequate for germination, 

Best yields were obtained by seeding one 
to three months before the onset of the dr' 
season or during the dry season when 

irrigal ion \\.s possible. ILov est yields %%Cre 
ob tained seeding t\%o to three mon ths 
before the \wettest in ollths w hen high 

rainfall coincides ilht a period of high 
plant susceptihijitv to diseases and root 
formation coincides with a period of soil 
moisture stress. Seeding on ridges \%as 
better during the wet season plantings 

whereas seeding on the fiat \\as better 
during the dry season plantings (I able 37). 

WE ED CON TRO0I, 

In the agro-economic sur\ey conducted 
last year. bracken fe rn (Pteridium
aquilitnm) N\as Iound to he an important 

weed in several c;ssa\a-gro\\,ing regions.
None of the herbicides recommended for 

.cassava give effective control of this 
rhi/olnatotis weed. s a p OsteilllergeCee 
herbicide, asulam is reported to control 
bracken fern: a trial was conducted to 
determine its selecti\ity in two cassava 
varieties. Applications of 2 and 4 kglha 
were made over the top of 45-day-old 
cassava or to the lower half of the plants. 

[he over-the-top application caused 
severe initial injury to both varieties at the 
high rate but only to M Colombia 137 at 
the low rate (Table 38). There was partial 
recovery from the initial effects when the 
entire plant was treated. Spraying the 

Fable 38. Tolerance of to cassala varieties to postemergence applicationls of asulam. 

Asulani rate Part of plant treated 

2 lo\er half 

2 Entire 

4 to\er half 

4 E'ntire 

Check 

Visual scale "here 0 = no inur.: ii = crop killed 

• )AA = di) ilter applicatimi 

hljlur rating* 

M Col 137 \1 Pan 64 

30 I)AA** 60 I)AA 30 t)A\ 60 I)AA 

1.) 1.2 Ys 1.3 

5.2 3.5 3.3 3.10 

2.3 1.6 1.3 I.0 

7.3 6.6 7.0 6.6 

0 i1 (I 

11-55 



Iahie 39. Summary of three years' research on selective herbicides in cassava.' 

Highly selective Marginally selective' Nonselective4 

alachlor hutvlate ametryn 
hcnrthiocarh chlorhromuron amitrole (post)
hiltllox CIPC + naptalam atrazine 
hitlachlor diuron hentaton (post) 
chloranihen fluometuron bromacil 
c3;la/inc linuron dalapon (post) 
dinitraminc methahentithiazuron DNBP (post) 
I)NI31' metrihutin DPX- 111)8 (post) 
D)IPX-6774 oxadiazon DPX-3674 
fluorodifen EPTC 
FNIC-25213 glyphosate (post) 
11-22234 karbutilate 
11-5914 MSMA (post) 
melha/tole paraquat (post) 
napropatmide prometryn 
nitralin tebuthiuron 
nitrofen terbutryn 
norca 2, 4-D (post) 
perfluidone vernolate 
pronamide 
prinachlor 
S-2846 
trilluralin 

All herhicide, applied i, preplant oicorporaeld or preterrgence trealn tshunlessotherm se noted 

N inrur% Io tashtti cen at Iour itmesthe nornial rate 

N,. Inltu% it the rir rae hutlseruius injry it doiuhle andquadruple rates 

4 Sero ,s Imou, es.n al ite recomlmended rates 

1'11 it,,ieltrgenetreatmalents ,,e¢ applied etrthe tip ot .%ounge;,saa 

lower half caused only slight injury at 
either rate. Therefore, where bracken fern 
is a serious problem. directed applications 
of asulam should be tested as a possible 
control measure. 

As a conclusion to the intensive 
herbicide screening activities in cassava 
which began in 1972,a large selectivitytrial 
was carried out. The recommended rate 
and four times this rate were applied 
preemergence in a medium-textured soil to 
the variety M Colombia 113. Injury 
observations were taken during the first 
three months, and foliage and root vields 

plant,. 

were taken ten months after planting. 
Based on these and all previous trials, a 
summary of the relative selectivity of 
herbicides in cassava is presented in Table 
39. 

Twenty-three compounds were found to 
be highly selective. These products applied 
singly or in combination would provide 
effective treatments for nearly all weed 
species commonly found in cassava
growing regions. In addition, the 
marginally selective compounds could also 
be recommended under most conditions if 
applied correctly. 
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