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CASSAVA PROGJW.1 

General IntroductLon 

In 1972 the CaS5ava Program began to build up to ~ts full strength 

wh~ch w~11 be reached ln 1973. At the same t~me mult1pl~cat~on of plant

Lng mater~al went ahead rap1dIy so that new tr1aIs could be planted 

The germpIasm bank, cons~st1ng of some 2,000 collectLOns has now 

been freed of bacter1a uS1ng a green shoot propagat1on method Th1S sys

tem proIDLses to glve a slmple system to rapidly propagate clean seed for 

release 

A new aLBease that causes superelongatLon was reported and 15 being 

1nvestlgated 

is grown extenslvely, but as yet has not been reported elsewhere 

PrelLmlnary observat1ons suggest that under dry condlt1ons thrlpS 

may be a very selious pest, however, there are llnes that show a qUlte 

striking reslstance to the lnsects 

On the experLmental farro acceptable yields in the reg10n of 30 ton 

per hectare can be obtslned in less than one year with 11ttle problem lhe 

searcr for hlgher ylelding types 18 intensifylng. 

lhe optlmal plant spaclngs aud fertllizer levela are belng invest~gated 

The optl~al spacing on CIAT soils appears to be between 2 and 10 thousand plants 

per hectsre Above this level y1eld drops off rap1dly. On relatively fertl1e 

soll we have gained no response to N, p. or K However, on more impover1shed 

so11 fertil1zer response w111 certalnly occurr • 
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StudLes on the losses caused by weeds and ways of preventing these 

are underway A large number of herb1cides have been tested on a small 

acale Sorne of these appear particularly promising 

The development of s1mple on~farm techn1ques of fresh root storage 

15 progressLng rspldly snd the possibillties of uSlng a soil and straw 

storage unlt appear very good Progre ss has also becn made ln the descrlp· 

tion of the drying characteristlcs of cassava so that s1mple solar driers 

can be des1gned ln the future 

A study of world productlon flgures suggest that cassava product1on 

is lncreaslng at arate equel to the population lncreese Productlvity per 

hactare has not, however, lncreased Efforts are belng mede to study the 

be 

Tha collect10n of casssva 11terature continues and work on a compre

hensLve blblLography LB well advanced 

The Cassava Program has not been in a pos1tLon to traln many new peo

pIe, however, as our knowledge and experlence increases we are taklng more 

tralnees frem dlfferent countrles so as to extend knowledge of thlS neglected 

but important crop 

r .... 



PLA'IT PHYSIOLOGY 

Growth cycle of the plant 

OIC 84, a bitter variety, IoTas planted in the lCA fam at Palmira at 

1 x 1 m spacing, using 25 cm stem cuttings inclined to the horizontal Miss-

ing plants loTere replaced by transplants one month after the or1ginal plant-

tng At pIant1ng 100 kg/ha of N, P205 and K20 loTere app11ed Asevere hail-

atorro 3 1/2 months after pIanting severely defo11ated the plants and damaged 

SOme of the ap1cal buds 

Fresh weight root y1eld after three months was les s than 3 ton/ha but ;; z'o~, 
thereafter increased rap1dly to 26 tonfha after 8 2 months (F1g 1) The per-

centage dry mattar of ehe roots increased dur1ng the same per10d from 18 tn 38 

percent (F1g 2) Consequent1y, the y1eld of root dry matter increased from 

3; ¡01.S 1.5 equiva-

lent to an annual production of more than 14 ton/ha of root dry matter 

The increase 1n yield from 3 to 8 2 months was not due to a large in-

crease in the number of swol1en roots but due to an 1ncrease in their size 

(F1g 1) 

The crop grolo/th rate (Cea) during the first three months ",as extremely 

slow (19 g m-2 wk- l ), ",hile leaf area ",as be1ng formed (F1g. 4), Later, the 

cea stabi11zed ae about 60 g.m·2 wk· 1 which 18 small compared w1th the crop 

growth rates achieved by many crops The level of CGR may be 10l0I far two rea-

sons, first1y, the 10l0I leaf area 1ndex (1.4-2 2) dur1ng the period and secon-

dly, because no attempt vas made to assess che dry mateer lost in the leaf fall, 

which m1ght have been considerable • 
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Flgure 5 shows the proportion of tatal dry matter that accumuIated 1n 

the roats during the per10d between each harvest Dur1ng the final two manths 

the plant dlverted 86 percent of its dry matter productlon into the roats, 

demonstrat1ng a remarkably efficient partition of dry matter. 

~.... i 
The nltrogen content of the various pIant parts l.S shownj iO Flgure 6}~ 

Ihe n1trogen content of the leaves decreased form 4 7 percent at 3 months to 

about 3 5 pereent at 6 mo,ths when apparently it became atable The pereentage 

of n1trogen 1n the roots decreased steadily iroro O 95 to O 40 percent at 8 2 

months The nltrogen content of the stema (wíthout leaves and perloles) stayed 

alrooat constant at about 1 pereent after 4 5 months 

Transplanted plants had less thlek roots and yielded less than regular 

V¡~lU .. ~. buggest:1.ng tnat thl.S method of re'Olacin~ m'fl::~1."g 'rl~T"I"~ !::; .... ~t ::ffc~'" 

Precocity 

In the germplasm bank thera are ~~ny varietles whose local name 15 

"Tempranita" meaning early. Fifteen varietJ.es* (ten of them called Tempramta) 

were planted as spaeed plants (2 x 2 m) and harve5ted at 76, 100, 164 and 220 

days to investJ.gate varJ.atlon ln the tJ.me tha plant begins to store carbohydrates 

in the roots, a process callad rootbulking. By 76 daya none of the varietJ.es 

had produced a substantial root yield but by 100 claya most of the varieties had 

started to produce root yield (Fig 7). None of the varieties showed a delay 

*Two colleetions ~ere later lost beeause of severe bacterial infectJ.on 



in onset of root bulbng followed by a rapld rate of bulking 

These results suggest that there ls little if any difference ln the onset 

of root bulking, however, sorne varietles appear capable of produclng acceptable 

yle1ds after seven months' growth 

and tested further 

Strain M Colombia 137 will be propagated 

Germlnatlon of cuttlngs under fleld condltlons 

Stem cuttings 15 cm long of alc 11 and CMC 64 were planted vertically, 

lncllned horizontally and lnverted (wlth the ax111ary buds pOlnting downwards) 

GermLnatlon was assessed by countlng the number of buds that broke the so11 sur-

face. The soil conditlonS were dry durlng th~ measurament period The vertl-

cally planted cuttlngs emerged mest rapidly ln both varleties (Fig 8), whlle 

cnose plantea upslde down emerged most slowly In CMC 71 the final germinatlon 

for all treatments was slmilar In CMC 64 the lnverted cuttings never reached 

the level of the other treatments. This experiment i9 belng contlnued to glve 

final yleld flgures 

TIro node cuttings of Llanera and H Colombia 375 were planted in the field 

elther treated with 4,000 ppm of NAA or IBA absorbed on tale or as untreated 

cOntrol s Germlnatlou was more than 90 percent ln al1 treatments, and nO 1mpro-

vement in germination was associated with the treatments These results suggest 

that, under good management, two node cuttings can be used in the fleld when 

there is a shortage of planting material, and that hormonal treatment does not 

improve germination. 

Farmers frequently plant cuttings which previously hore side branches. 



S.mple and branched cutt1ngs of CMe 84, Llanera and M Colombia 1080 were cut 

to 25 cm The branched cuttl"l.gs "ere as sho"n LU F1g 9 Gerrn1uatl.On "as 

both slo"er 1n branc~ed cuttings than 1n slmple ones (Table 1) 

ever posslble, plant slmple cuttings 

Lesd angle aud stonatal reslstance 

Hence, "here-

Leaf angle 15 lmportant ln consider1ug the lnterceptlon of 11ght in a 

crop canopy The angle from the hor1zontal of an expandLng leaf, the upper-

mast fully expanded leat and a lower leaf were measured on two var1et1es on 

a clear day (total radiatlon 462 gcal/cm) Tha lawer leat af both varietles 

remalned horlzontal dur1ng the day (F1g 10) Ihe f1rst fully expended leaf 

of M Ecuador 44 also remalned almost hor1ztontal durlng the day However, the 

45-50· st ffildday before decl.n1ng to a 10· in the late afternoon The expan-

dlng leaves of both Varl.etles changed the1r leaf angles in a s1milar manner, 

reaching a max1mum of 110° and 70·, respectl.vely, fer M Col 114 and H Ecu 44 

At the same tl.me, stometal reSl.stance was measured uSlng a dlffus10n 

resistance meter The readl.ngs varl.ed In M Ecuador 44 the reSl.stance ten-

ded to decrease unt.1 10-11 a m and then to l.ncrease The mean reSl.stance 

of the lower leaf "as much greater (7 O seconds/cm) tbant the expand1ng (4 6) 

and che f1rst expanded 1eaf (4 4). In M Col 114 the stomatal resistance of 

the expanding alld fl.rst e"panded leaf remained nearly constant throughout the 

day (mean flgures oí 4 5 and 4 1, respectively) "hile the lower leaf resis

tance increased from about 6 to about 14 sencond/cm during the day (mean value 

of 10 7) 

• 



Table lo Gerllllnatlon of branched and un-branched stakes 

VaneD' Days after 
plantmg SImple Branched 

Colombla 
1080 16 71 38 

21 97 86 
25 100 87 

eMe 84 16 80 62 
21 97 92 
25 99 97 

Llanera 16 47 16 
21 73 51 
z:¡ oS 01 

Mean 16 66 39 
21 89 76 
25 94 87 



~) 

Ibere was no apparent relaClonshLp between leaf angle and stomatal re-

$Lstance. suggestlng that the change in leaf angle 15 not associated with mid-

day wLltlng. This may be important ln selectlng varietles with high dry matter 

production because Lt appears p05sible to seleet varleties that have inclined 

leaves at midday. WhlCh 1$ beneflClal to uniform light lnterceptlon, wlthout 

havlng a detrlmental effect on stomatal aperture and henee, dry matter pro-

duetlon of the canopy 

Effects of different spaclngs 

Three varletles of cassava, CMe 84, CMC 39 and Llanera, were shown ln 

a systematic fan deslgn at plant populatlons ranglng from approxlmately 2,GOO 

ta 80,000 plants per hectare Harvest had been taken at 3,5 and 7 manths 

.t\rr:er 5 months~ lodgl.ng became orogress1velv more nrrmt"'n,n("~ñ '1'1"'\ ('\.fe ~, .:! ... ¿ 

CHC 39, and the latter varlety had almost completely lodged at a11 plant po-

pulatlons after 7 1/2 months (Ftg l~ Up to seven months there was no lod-

l.ng ln Llanera. 

At three months, yl.eld in al1 varLetles was lesB than 4 ton/ha at the 
(# li!... Ij 

optimum plant populatlons (FlgS. ~, ~ ~) WhlCh were not clearly def¡ned. 

At five months al1 varietles showed marked optLmum plent populatlons for yield 

between 5,000 and 9,000 plants per hectare. By seven months, ~C 84 produced 

ies maxlmum yield oi about 18 ton/ha between 5-9 ehousand plants per hectare 

while CHe 39 also produced a maximum yield of aboue 18 tons/ha at between 2-

5 thousand plants pere hectare Llanera at seven montbs produced a maximum 

yle1d of aboue 24 ton/ha between 3·7 thousand plants per hectare These re-

sules lndlcate that 1) in casseva there ls an optlmum p1antLng de~slty snd 

2) thls optlmum varles wlth varLsty 



rhe decrease ~n y~eld oí thase varieties at higher than optimum plant 

densities ia because of a decrease in thick root number per hectare.{i~g. 1§), 

In all varietkes thickened root number per hectare appears to be reachLng a 
14;'-

plateau at about 80-90 thousand roots per hectare (F1g ~). 

rhe decrease 1n yLeld at high plant populations i8 because of a market 
1-

decrease Ln weight per thickened root as plant populat1on increases (FLg ~) 

The total dry matter productLon did not show an optimum plant populat1on 
le, 

(Fig ~ At five montha it 1ncreased from aboue 7 tonJha at 2.5 thousand 

planes per heceare and reached a plateau of about 12 ton/ha However, the pro-

porC10n of the total dry mattar found in the roots showed a marked decrease as 
¡-f 

plant populat~on ~ncreased (Fkg )'ti) 

lne relationship between crop growth rate and leaf area Lndex between 

3-5 montha was extremely varkable unless an allowance was made for the weight 

of leaves and pet~oles lost through senescence. ThkS was estimated by multi-

plying the mean leai 1055 per week by che mean leai weight from 3-7 months In 
,"GtI~ 

CNC 841GCR :mcreased with 1eaf area index (LAI) up to about 4 g1Ving a CGR of 

about 150 g m-2 wk- l wh~le in CMC 39 CGR increased with increasing LAI up to 
I~ 

about 3 and reached a plateau value'of about 110 g m-2 wk-1 (Flg ~) 

These results are somewhat surprising in view of the 11ght transmission 

data 
j~ee. 

co11ected for these~arietles (Fig 
J:::t 

(9). Light transmission was mea-

sured on a clear dayl at midday when the plants were approximately 3 months old 

CMC 39 absorbed less I1ght per unit LAI than CMC 84, suggesting greater light 

penetration Tnis should in turn lead to a greater critical LAl but does not 

The reason la not cIear but may be related to the leaf angle changes reported 



aboye 

Prelim~nary varietal observation 
t:I 

The work prev10usIy described suggests that growth rate of the cassava 

plant 1ncreases as pIant populat10n increases but that the proportlon of thlS 

growth found in the roots decreases, in sorne varieties, as pIant populatlon 

~ncreases Te select for high-Yleld~ng varieties that can w1thstand hlgh 
-<- 9 

populat~ons and fert11l.ty levels, ",ere titan 36 varletles were sown at 70 x 

70 cm spaclng (about 20 ~ 103 plants per hectare) with 100 kg/ha of N, P20S 

These varletles will be harvested at 4, 6, 8 and 10 months. 

After 120 days, M Colombla 22 had the hlghest yield, 12 4 ton/ha There 

was a close relationshlP between harvest index and yield, a loose rel~tion 
, 

between yleld and total dry matter productlon, and no reIat10n between yleld 
l,.Ó\ ')..4

1
,,"1.. 

and percentage dry matter of the root (FlgS. ~, ,2, 931 Thus, lt seems that 

higher yleldlng varletles can most easily be selected by choosing those with 

highest harvest 1nd1ces, and that high yleldlng varietles can be selected which 

also have a high root dry matter content 

Of the 14 varieties, so far harvested at both 4 months and 6 months, 

there ls a close correlation between yleld at the two per10ds suggesting that 

1) the breeder can use young plants to sslect for final yield and 2) there is 

little difference in the time at which var1eties atare bulking (Flg ~ 

So far, there does not appear to be any obviously super10r plant type 

Tha thrae highest yield1ng varleties st 4 montha were respectively short, bran-

ched with fine leavas, tall unbranched vith broad leaves and medlum height. 



branched w1th broad leaves 

Var1etal Selection 

Five promising var1eties were chosen fraro the germplasm bsnk snd plant

ed as two node stem cutt1ngs (treated with t~) 1n red acid 5011 and three 

weeks later trangplanted at 1 x l m spac1ng for plant1ug material multiplicatioÍl 

plots Ten plants, a11 surrounded by at 1east two border rows, were harvested 

7 1/2 manths after plant1ng Details of the yield data are presentad in Tab1e 2 

M Cala~b1a 22, a short variety from the North Coast of Colomb1a, showed a 

remarkable y1eld potent1al produc1ng 29 ton/ha after 7 1/2 months which i~ equiv

alent to 46 O ton/ha year The production of root dry matter is equivalent to 

17.8 ton/ha year The root shape of this var1ety i5 short, almost conical, and 

, 

r • 
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Table 2 Yleld and root characters of Ílve vanetles 71/2 months after planhng 

Vanety YIeld ton/ha YIeld ton/ha Percent roolsture Root number Welght per 
(Fresh matenal) dry matter of root per plant Root =!Kgl 

M Panaroa 64 17 4.9 29 16 011 

1\1 ColombIa 65 22 8 2 38 21 O 10 

!VI ColombIa 645 14 4 5 32 14 O 10 

1\1 ColombIa 463 14 4 5 32 13 011 

M ColombIa 22 29 112 39 18 O 16 

Mean 19 6 7 34 16.4 O 12 

• 



PROl'AGATION 

TechnLques far propagatkan, storage of cuttLngs snd the 1nfluenee of 
-(" 

agronomic praetLce on cuttlng praductlan are be1ng studied.a~a-doctoral 

th~SLS-ºy-Douglae-W -Wholey,.a research fellow supported-by-CLATr-and a grad

uate student of che UnlversitY-Of_the-We8t-lndLes 

Small S1ze propagules 

Cassava research 18 repeatedly slawed beeause of the lack of plantlng 

matorlal, hence, rapld propagation methods are belng studled Al though pre-

llmlnary lnvestlgatlons demonstrated that euttings with a 5kngle node froro 

mature stems ean be rooted under greenhouse conditions, poor results were ob-

talned under fleld eondltlons Two node cutt1ngs have given hlghly aeeeptabIe 

rates of amergenee and establishment and are now used to pIant in the fleld, 

where, because or a ahortage of plantlng materla!, normal size stakes, 1 e 

15-25 cm, are not ava11able. 

For success, two node cuttlngs need to be of excellent quality and must 

be grown under lntenslve care during the rootlng and estab11shment phase. Well-

prepared sOll 18 requ~red as we11 as attent10n to both dralnage and ~rrlgatl0n. 

Protectlon must be provlded agalnst pests which damage the buds and emerglng 

shoots Crickets. centlpedes and cut worms are problems at CIAT but have been 

controlled by applying Aldrln powder to the soi1 surface, around the young shoots 

A bamboo 1ath house has faci1itated experunental evaluatlon of rooting 

media, methods of p1antlng and the effects of rootlng hormones and fungicldes 

on emergence and establishment of two node cuttings. 



( 11+-

Rootl.ng medut 

Sl.X locally aval.lable rootl.ng media wl.th pR's rangl.ng from 4 9-7 3 

and organ1.c matter from O 6-5 2 percent were prepared as raised beds So11s 

were kept constantly at or near fl.ald capacl.ty The CIAT 501.1, probably 

because of 1.ts h1.gher water retentl.on propert1.es, supported a more rapl.d rate 

of emergence of two node cuttl.ngs 

were not stat1.stl.cally sl.gnl.fl.cant 

from the two most contrastl.ng med1.a 

ween the two curves 

Rootl.ns metlc!ad 

Dl.fferences 1.n fl.nal establl.shment values 
;:;!.. 

Figure:;;:::; snows the rates of emergence 

All the other treatments fell 1.n bet-

Rate of emergence Wl.th two node cassava cuttl.ngs was more rap1.d w1.th 

::. - ::1!.-.;:.1 ~uuLLlg" ~Ud!l Wl. en t:nase nor1.zontally placed Vertl.cally placad 
'25 

stakes produced l.ntenned1.ate results (F1.g ~) The 1.n1.t1al advantage of 

l.ncll.ned or vertl.cal over horl.zontally placed cuttings is rap1.dly lost, and 

all plant1.ng methods yl.eld siml.lar establishment percentages after four weeks 

Roocins green cuttings 

Two node cuttings of Llanera were prepared from green stems wl.th leaves 

s hU attached An experl.ment to compare the root1ng of this type of cuttl.ng 

w1th mature wood cutt1ngs showed that more than 90 percent success can be 

achieved w1th both types of cutt1ng, but d1seases result in the subsequent loss 

of a h1gh proportion of these green stem cuttings 

Disease problems in propagst1on 



Three weeks after plantl.ng, symptoms of "damping off" began to appear 

on the green stero cuttings. D1seased cuttings were examl.ned by the patbol-

ogl.st and 1s01ates oí Fusarium sp, ScIerot1n1um sp, PythLun sp and Alternar1a 

sp obtal.ned However, wh41e these fungi are known to be common S011 borne 

pathogens, the causal re1ationshl.p between these fung1 and the reported disease 

of cassava cuttl.ngs has not been established 

D1ppl.ng green cuttings 1n 1 percent Manzate D fung1c1de increased the 

rate of establl.shment from 51 to 72 percent and may be recommended as a pro-

tectl.ve measure agal.nst SOl.1 borne pathogens 

Rootl.ng hormones 

and the number of roots produced from the calIus at the basal cut in both types 

of cuttl.ngs 

Rapid propagatl.on methods 

Prell.rn1nary stud1es demonstrate that hl.gh huml.dity plays an l.mportant 

role l.n both shoot and root iroduction Mature stero cuttings rooted horl.zon-

tally 1n verml.cull.te under high huml.dit¡ produce shoots froro a high proportion 

of the nodal buds The exc1sed shoots may be rooted allowlng further shoot 

production from the same nodal grow1.ng point. Six mature stem cuttings ( a 

total of 60 nodes) produced more than 180 shoots 1.n 42 days using this tech~ 

nLque, a three-fold incease over s4ngle node propagatlon methods The metbods 

of m8X1rolzLng productLon and rootLng of these green shoot cutt1.ngs, uSl.ng mist 



propagat10n are be1ng stud1ed further 

T1p cutt1ngs 

Green shoot cuttings produced under h1gh humid1ty and shoot tips from 

young plants grown in the fieId Can be successfully rooted This techn1que 

has enabled the product10n of plants free from disease organ1sm harbored in 

the old cutt1ng p1ece 

A hUID1dity chamber has been des1gned snd constructed enab11ng large 

scate rooting of t1p cuttings for patholog1cal screen1ng Under constant 

m1st 1t has been found that fine gravel prov1des a better rooting med1t~ than 

S m1xture of sand and gravel or sand aIone. 

~torage Ot cutt~ng~ 

Long cutt1ngs (i e greater than 1 m) have been kept for up to 3 months 

w1th the central port1on v1able, however, ahort cuttings (less than 25 cms) 

rap1dly deter1orate. 

Groups of cuttings w1th paraffin wsxed enda were compared w1th non waxed 

cuttings in an experiment to investigate m01sture los s (F1g ~~) Waxing d1d 

not reduce 10ss of fresh weight st the 5 percent level of probab111ty. 

Storage attitude did not affect overa!l atorage behavior, however, it 

was noted that bud breaking was delayed when cuttings Were stored in the .0-
verted posit1on, and a larger proportion of nodal buds developed lnto shoots 

io hor1.zo'1cs.ly storeo cuttl.ngs t· an eicher vercl.cal or inverted cuttings 



The moisture content oi the c~tt~ngs fe1l from 67 to 46 percent after 

50 days storage in a room at ambient cond~tions Waxed cuttings deteriorated 

rapidly after the twent~eth day ~n storage because of a fungus (Glomere11a sp) 

which developed under the wax. 

After 50 days 48 percent by length of the waxed plantlng material had 

to be dÁcarded because of the fungus Only 16 percent of the un~axed material 

had deter10rated Non-dlsessed cutt~ngs frem both treatments showed more than 

90 percent germination. there being no differences between treatments Waxing 

15 not presently recornmended as a stake storage method 
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Bacter~al Bllght 

!h~s d~sea5e has been assoc~ated with considerabl~ los ses in several 

Latin American countries and Afriea In Colombia, epidemics have been re-

corded ~n the most ~moortant cassava-growlng areas, and the dlsease has been 

disseminated w1dely during the past few years 

Symptoms of the disease are character1zed by spotting and bllght of 

leaf ttSBues, wlltlng, dlebaek and exudatlon of gum on young ahoots and vas-

cular dlscolorat~on and necrosis in mature, old stero port~ons, and roots of 

susceptible cultlvars. 

!hese symptoms are 51mllar to those reportedly lnduced by Xa~thomonas 

manlhotls (Arthaud-Eerthet) Searr, but studles of the morphology, phys;nlogy, 

serology, and phage susceptlbillty of the bacterium isolatad ln Colombia, 

BraZll, and Venezuela suggest that lt 15 sufflciently diffarent from! ~-

hotlS to be consldered a dlstlnct straln or even specles Ibe eassava bllght 

bacterium (CBB) also differa from! manihotls in pathogenlCity USlng sero· 

loglcal and phage-tYPlng methods CEE can also be dLstinguLshed from spec1es 

of Erwinia, Pseudooonas and Xanthomonas A Bdellovibrto sp causes 1ys1s spec-

ifically on CSB and can be used to dist1nguish CBB from other plant pathogenic 

bacteria. 

, 
Isolates of CSB from distinct geograph1cal areas could not be grouped 

on the basia of differences in virulence or blochemical characterlstics üs-

tng serological and physiological characteristics, different groups could be 

identifled, but these dLfferences could not be correlated with geograph1cal 

• 



origln 

Cassava leaves can be lnoculated by spraying witn aqueous suspenslons of 

CBa cells, and maintalning tne plants under nlgh moisture conditLons for SlX 

hours after iTll'\;rnl 'Ot'.f~" ('!'ab!~.3 ) f¿¿iti~~ of Tween 20 (0.01%) lncreased the 

effectiveness of thlS procedure (Table tf- ) WoundLng epLdermal tlssues of leaves 

and stens witn lnfestad Lmplemants also proved an effectlve method of inoculatlon 

(Table !) ) 

eBB normally penetra tes the host Vla stornatab openings and wounds and 

eventually invades the vascular tissues and results in extensive breakdowr of 

parench}~to~s tissue ln leaves snd young shoots In mature, highly lignified 

old stems or roots the bacterla remaln restrlcted to the vascular tlssue eSB 

susceptlble cultlvars, bacterla have been found ln roots four months after leaf 

spray inoculations. 

Results of controlled lnoculatlons ln the field suggest that dlssemination 

in cassava plantatlons lB the resule of raln splashLng A hlgh correlatLon bet· 

ween total rainfall and the number of infected plants in successlve lS-day periods 
(FI"I52SJZ-1 

has been recorded ~tud1es on dissem1nation from an inoculum source to plants 

located at different d1stances from it revealed that spread only occurred over 

10 m dur1ng a 60-day perlod No infectlon was observad on plants grow1ng 15 m 

or more dlstant from che 1noculum source (Table~ ) During this 60·day period, 

the total rainfall was 207 mm and dissemination was observed to occur in ehe 

directions of the prevailing winds. 



- .' '!> ¡ . r 'l • .;:¡ ) 
~--
~ffect of mo~st chamber 

1noculatLon with eSB at 

Mol.S t chamber 
penod (hr) 
l.ncubatl.on 

o 

6 

12 

24 

36 

48 

\ 
\ 
\ 

exposure perLod on infection of cassava plants folIow1ng 
109 cells/ml (isolate S 27L) 

Number of Ieaf spots/leafl 
2S days after ~noculation 

o 3 

14 2 

174 

16 7 

15.5 

lThe data are averages of three triaIs, each treatment cons~sted of 10 
leaves from three plants 



~/jt.,4;J 
~tsLEtl ~Effect~veness of various materials added to a bacter1al 5uspenS10n 
( ,~~ (3 x 109 cells/ml of CEE 1solate 5 27L) used as 1noculum sprayed 

on cassava planes)' 

Eacter1s1 suspens10n in Mean number of spot~ 
distllled water plus 

~one 6 O 

Carborundum (O.l g/11ter) 5 6 

Gelatin (O 27.) 3 O 

Dextrose (O 27.) 2.3 

Tween 20 (O 017.) 10.0 

~Number of spots on each 
Averages of three replicat10ns 

lobe from each of six leaves from five plants 
Read1ngs were taken 25 days afeer 1noculat1on 

LSD O 51. = 1.8 

LSD O 17. = 2 6 



-

J.!!t.S~ 
Jl!~~feCtlon by CBB followmg wounding of epl.dennal tissues of leaves 
~ and stems of cassava cultl.var M Col 1 with infested ml.croneedles or 

infested km.ves 

Number ¡j<. Number *~ 7-
inoculate l.nfested 

Tl.ssue wounded 

Leaves 56 54 97 

Young stems 27 21 100 

.:u. 9 28 , 
, 

Old stems 82 9 11 

~verage of three repll.cations. 

~~1sease readl.ngs were recorded 3 months after inoculation as leaf spots 
(on leaves) or wl.lting (on stems). Control plants inoculated w1th dlst111ed 
water showed no infection 

• 



-¡;j, (. ~. 
-I!~~'~~SSeminat10n of eSB on cassava plants located at different d~stances 

'" " from the lnoculum source 

Dlstance (m) from 
~noculated source 

5 

15 

20 

Number of 
plants/plot 

20 

20 

Number of 
lnfected pl¡mts 

per plotA)'. 

12 

o 

o 

60 

l.5 

o 

o 

~Number of plants 1n each of four plats, each plat located on one slde 

of an inoculum source 

~~nC1dence of dlsease 60 days after planting. 



Dlssemination from one area tO another can occur by means of infected 

vegetat~ve plsnting material {F~g .3~. This methoda of dissem~nat~on i5 

partlcularly lmportant ln Colombls because there i8 no re8trictlon in the 

movement of vegetatlve cuttlngs throughout the country or any certification 

scheme for cassava. 

Dissemination of CBB by means of infested tools 1a also probable A 

hlgh inCldence of ~nfectlon has be en shown to result from cuts made with in-

fested knlves (machetes) (Table e) This method of dlsseminatlon may be most 

important during harvestlng when plantlng material stakes are obtained These 

operations require extenslve cuttlng ln locallzed areas. Because wounds are 

portaIs of entry for CBB, dissemlnatlon may b~ caused by man, animals, insects 

and may also oceur durlng envlronmental condltions that lead to extensive wound-

lng 

• 

!he followlng mechods for controlllng thlS disease have been investigated 

1 -Fleld experlments in WhLCh infected plants were heavily pruned 

showed that on1y 6 pereent of ehose pruned had symptoms on the 

young sprouts one menth after pruning but after two mantha an 

addltiona1 2-3 percent showed disease symptoms. Each of these 

infected planes were uprooted and destroyed. and by S1X months 

after pruning no additional diseased plants had appeared !he 

control unpruned plot was 100 percent infected. 

In a furt~er exper1ment, pruning waa carrled out in infected 

plota of dlfferent cultivara Within the very susceptible culti-

vara, 76 percent of the ne~ sprouts were ~nfected six manths 



after pru~ng as co~pared w1th 36 percent of the suscept1ble 

cult.vars, 16 percent of the rooderate1y sus~ept1b1e, and 9 

percent of che res1stant ones (Fig ~} ) These results .n-

d1cate that the effect1veness of the control methods depends, 

to a large extent, on the level of res1stance of the cult.var 

2 -T.p 1ndex1ng -Exper1ments on rooting t.p cutt1ngs 5howed that 

1t .5 poss1ble to errad1cate CBB froro d1seased plants by pro-

pagat1ng from young shoot t1pS free froro d1sease symptoms. 

About 95 percent success 1n root1ng and a 100 percent e11ro-

1nat10n of CHE was obta.ned when young cutt1ngs were planted 

1n f1ne gravel 1n sroall waxed paper pots. Root1ng cutt1ngs 

were kept 1n a humidity chamber under m1st nroduc@d frorn An 

electr.c hum.d.f.er at a temperature of 25-33°C After 12 

to 15 days rooted tip cutt1ngs were transplanted into ster11e 
, 

5011 and ma1nta1ned in a greenhouse for ~o mantha before 

transp1ant1ng to the field. 

To erad1cate CHE froro CLAT's caasava collection, about 80 per-

cent (approx.mately, of the 2,200 clones) have been indexad by 

this method 

3.-Varietal res1stance -The response of 1,400 cassava cultivars to 

CBB has been determined usirg artificial inoculations with sev-

eral iso lates of che pathogen collected in Colombia. Disease 

~nd1ces cf the 21 most res1stant cult1vars are presentad 1n 

Table J! Of these, M Col 647 and M Col 661 were t~e óost re-



sistant Even those cultLvars lLsted here as susceptLble 

(H Col 282, '1 Col 707 and M Col 803) had few leaf spots per 

leaf as compared wlth the susceptlble control cultivar Popayan 

Generally, the performance of cassava cultivars 1n the field 

appears to be wel1 correlated wlth the resistance ranking 

calculated frem die-back w11ting, gum exudation and leaf spott-

ing lndices obtatned following artifLcial inoculatlon In gen-

eral, leaf spotting alone appeared to be as good an index of 

reslstance as all the other characterlstics comh1ned, but the 

reslstant cultLvars M Col 647 and M Col 667 had a relatlvely 

high number of leaf spots per leaf These spots remaLned small, 

suggestlng a hypersensitLve response. 

While other control methods based on knowledge of the epldem

iology of the dLsease are belng 1nvestigated, the use of clean 

plantlng material and resLstant cultuvars are the best known 

methods for practical control oí bacterial bllght. 



Superelongation disease of cassave 

A new disease of cassava has henn found inducing ep1demics in several 

cassava growing areas of Colomhia !he disease ia charecteristically recognized 

by an exagerated elongation of the internodes of young stems of infected plants 

As a consequence, the stema hecome th1n and weak, and are considerably taller 

than those of nealthy plants. !he youngest part of ateMa, petioles of young 

leaves and leaf mldrihs are frequently distorted, resulting in stem, pet101e and 

leaf deformation Frequently. leaflet are not completely developed and leaf lam

ina not fully expanded 

Fortions of the epidermis of young stems show, on occas10ns, scratching 

damage which la characterLst1c of the damage known to be inflicted by tnrips. 

However. the epidermis of infected stp~q ~nm~nly be:r e~:~~r~ cf ~i:fc4cn~ SL-

zes usually loceted on che youngest and the least lignified parts of the stem 

Mature stem parts look normal, hut thery are generally brittle. !hese symptoms 

vary eccord1ng to cultivar frem m11d to severe distortien, elongation snd leaf 

deformation !hese general symptoms heve not previously been reported in the 

literature en cassava diseases. 

A fungus has beea found to he associated with the stem cankers usually 

observed on the infected plants !he relationship of this fungus to superelon

gatien disease ls hetng studied. 

Cercospora leaf spot 

!hree Cercospora spp. (C car1bea, f henningg~i. and Cercospors sp ) have 

besn found 1nducing leaf spots in most of tne casseva-growing areas of Colombia 

!heir inc1dence and relative importance varied according to che environmental 
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As a prellmlnary necesslty to the screening of varietLes fer resistance 

to Cercespora spp , studles have been undertaken on methods of Lnduclng artlfi-

cial cultures to sporulate and on inoculation techniques. 

The dlfferent Cercospora species dlffer in thelr growth rates on dLff-

erent agars None of the species sporulated well when Lncubated in the dark 

Sporulatlon of f carlbea and C henningsii was enhanced by perlodLc one-hour 

exposures to black-lLght or by continuous exposure to flourescent 11ght 

A good Lnfectlon (3-5 spots per leaf) has been obtaLned with spray ln-

oculatlons of spore susoenSlon of ~ hb~nin~oii 

in a moist chamber for 48 hours at 28·C, followLng lnoculatl0n and disease symp-

toms appeared 10 to 12 days after inoculatlon 

Soft rot of cassava roots 

A Phytophthora sp. has been isolated from roots wlth severe 50ft rot 

and also from seedlings showing severe damplng-off symptoms The 50ft rot 

disease was reported by the Federaci6n Nacional de Cafeteros, wlth losses up 

to 80 percent on certaln plantatlons Observations 1ndlcate that the disease 15 

associated w1th wet 5011 conditions either in poor1y drained areas or near 

dralnage canals. A sim11ar condition was exper1enced on the CIAT farm in mid-

1971 when some areas under cassava cultivation became water-logged because of 

excessive rain fallo 



Present stud~es ind1cate that the Phytophthora sp ~solated 1S similar 

tc the fuogus (l drechslert) reported to eause a s1mklar dtsease io Brazil 

A Fusar1um apec1es was a1so i501ated from a number of rooting-rocts The role 

of th1s fungus 1n che ep1demiology of th1S d1sease 15 also be10g ~nvest1gated 

Phyllost1cta leat spott~ng 

Ihis disease has beeo found predom1nantly in high altltude areas of 

Colomb1a (more than 1,000 m) Infect10n results 10 severe leaf spottlng, de-

fol1at10n and dle-back, w1th a subsequent deerease 1n y1eld Spots are char-

acterlzed by the presenee of concentric rlngs on the necroSed areas a~d tlney 

brown dots, WhlCh are the fru1ting atructures Picnid1a of th1S fungua 

Successful l.solatl.on from diseased nlant tissues i~ TPht"'''ly ~_=?lc, 

out spore product10n by the fungus in artiflcla1 culture 15 only induced by 

lneubation under continous flourescent light 

Powdery mlldew leaf spot 

Th1S d1aease has been found to be present in most of the cassava-grow1ng 

areas of Lat1n Amarica Its lnc~dence ~ particular lmportant dur1ng the dry 

season when the pathogen attacks mature and fully expanded leaves, induclng 

yellow~sh spOts and rarely necros~s 

Fleld observatlons and evaluat10ns of about 2,200 cassava cultivars of 

CIAl's cassava collection have revealed a good source of varietal res1stance 

About 220 cult1vars were rated as res1stant and 1,350 as suscept1ble 



Gloeospor1UID diaease 

This pathogen appears only to,attack young leaflets and shoots induc1ng 

blight and die-back !he occurrence and severity of th1S disease appear to be 

closely related to a1r molsture condit10ns Artificial 1noculat10n (by spray-

5 lng aqueous spore suspension - 10 spores/ml) was only successful when plants 

Were kept for 60 hr at 100 percent relat1ve humidity 

Ocher diseases 

An Arrn11lar1ella sp has been round assoc1ated w1th a stem-base and root 

rot of matur~ cassava plants. 

Isolates of Sclerot1um sp , Sclerot1nia sp, Pyth1UID sp and Fusar1uro sp 

have been obtained frnm v""n~ 

off dur1ng propagation experiments 

_t.._ -' ........ "" ....... - -
~.1a.u!' ... vw." VA UéllUp~tlg-



---,./1 ~ , 1: 
~ ~Disease severity indices of 21 cassava cultivara 30 daya after apary - and stem-

inoculation with CBn isolate 4 26L (lO' celia/mi) 

(.ussava Disea¡,e indlces Total Number of leaf General 
cultivar Die-Back Wilting Gum Leaf spet index apots/lesf evaluation 

el-udstion 

~I Col 282 15 15 15 20 65 4 O SSl 

J1 Col 350 11 10 10 17 48 6 6 MS 
N (.01 353 8 8 10 15 41 10 1 MS 
H Col 558 10 11 10 20 51 3 8 I1S 
M Col 642 O 6 O 15 21 3 1 RR 
M (.01 647 O 5 O 5 10 20 2 !IR 
M (.01 667 5 5 O 5 15 110 HR 
M Col 707 17 15 15 25 72 5 O SS 
M Col 800 10 13 10 20 53 5 2 )1::-
N Col 803 15 17 15 20 67 4 O SS 
H Col 808 O 7 5 15 27 4 4 ItR 
M Col 853 13 15 10 20 58 5 8 11:' /-" M Col 866 11 10 15 20 56 8 5 M!) 
M Col 952 10 10 10 25 55 6 4 MS n • 

M Col 1060 10 11 10 20 51 5 4 MS \. \L. 
H Col 1073 5 8 5 15 33 2 4 RR ........ M Col 1079 5 7 5 15 32 4 2 RR 
M Col 1080 6 10 10 15 41 5 6 MS 
N Col 1137 10 10 10 20 50 5 8 HS 
N Col 1155 5 9 5 20 39 3 O RR 
N Col 1184 6 5 5 20 36 8 4 RR 
Popaysn (CK) 25 25 25 25 100 139 3 VS 

lVS e Very susceptible, SS e susceptible, MS" Illoderately susceptible, HR D highly resistant, 

RR" resistant. 
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Fig 28 Spread of CBB In the field from lnltlal sources of InfectIon 
In experlments conducted betv.een September 15 and December 
31, 1971 Results were recorded as number and poSltlOU of 
Dlants mfected at 15-day perlods after moculatlOn 
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Flg 29 Spread of CBB lO the fleld trom minal sources of infectlOn in experiments 
conducted between September 15 and December 31, 1971 Relation of total 
ramfall (mm) and number oí dlseased plants lO each 15-da.y perlod 
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Flg 31 Effect of prumng mfected culhvars haVlllg dlfferent lev:els ot reslstance to CBB. 
Plants were pruned 6 months after they were spray-moculated Wlth a bactenal 
suspenSlOll (109 cells/m1) oí lsolate 4 26L 
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EcITO IOLOGY 

Sheet fly 

N~neteen varlet~es were screened for res.stance to shoot fly (Silba 

pendula) at 20, 40 and 60 days after planting uSlng natural populations in the 

held Damage was estlmated by countlng the percentage of the total shoot nu-

mber that had been attacked by the shoot fly. None of the varieties had a hlgh 

level of reslstance, but che level of damage after 60 days varied between 25-78 

percent shorl~ng that there are d~fferences in suscept~bl11ty Young plant show-

ed little damage, and le lS suggested that plants should not be screened at less 

than 60 days. 

Observat1.0ns on mOre thsn C; 000 l.Rt··uS)~ ':)f S!.!b:!- !:pp .. i::'i diffeLca,u" btalt.!& 

of development dld not identify any parasites that could be used for control 

To screen varletles for resistance to Silba spp under controlled candltlans, 

it 18 necessary ta breed flies srtiflcially Promising results have been obtsined 

uSlng a diet containing ground cassava roats, yeast and sorbic and ascarbic acid 

Larvae callected in the fleld have been successfully grown on this diet 

Ihnps 

Thirty vsrieties were planted in the fleld and vere rsted bv eye for re-

sistance ta thrips At the same time, the number of thrlps per shoot was counted 

There was no relationsh~p between the ,two methada because some other 1nsects ~s-
I 

pec1ally sp1der m1tes) can ca~se dw~ge slnilar to t~at by thr1ps 

Several var1etles na¿ no thrlpS, suggest1ng tnat there 15 S h1gh level ef 



resistance to be exploited 

Horn Worm 

Natural paras4t4sm of the eggs of Erynnis ~ by Tr4chograrnma spp pro-

duce good biological control under mest conditions Whan this control breaks 

down, app14cat~ons of aresen~c ~nsectlc~des (5-6 lbs/ha of lead arsenate) hAve 

given good control Thase should not be usad when the leaves are to be eaten 

by an4nals or humans 

VatLga Man~hotae (Hem~ptera TLng~dae) 

These lace bugs can produce symptoms similar to these produced by th~ 

spider mte lt oVlposits in the leaf tissue itself snd because of its feed-

_ .... _ .. .t\..1_ 
r-"" ... _ .......... 



SOILS 

ACLd SOL1 tolerance 

of hroe 

CultLvars froro IC~ ~ere screened on plots hav1ng O, OS, 2 and 6 ton/ha 

The effect of lime on the pH and alumlnium lavels 15 sho~ in Fig~ 

The sOLI LS extremely LnfertLle (Table ~ ) 

The entire field was vary serLously affected by SuperelongatLon snd bacte-

rLoSLS However, in the fLrst three months the plants were not serLously affected 

by d1seases and the followLng observatLons were made 

~Iost varl.etl.es showed vLsual response to !l.me up to 2 ton/ha 

Some cult1vars appeared sLmllar to O, 05, 2 ton/ba of lime 

.-- _... -_ ............ __ .... 

bably because Lnduced mLcronutrlent defLC1enCl.eS 

After 8 months the plots were harvested The yield fLgures are lndlca-

tions of var1etal dLfference. not a measure of possible y1elds to be obtaLned 

On a large Bcale E1ght varieties Y1elded more than 1 2 kg/m2at O. 05 and 

2 ton/ha -2 The roa'<l.mum yLeld \,aS 2 6 kg al Ln C,IC 172 at O 5 tonrna O'C 172 

was one of the hlghest y1eldl.ng clo~es at O and 2 ton/ha lLme CHC 143 and 11 O 

were ameng the best varl.ettes 1n all treatments Those results suggest that 

csssava 1s extremely res~stant to aCld so~ls and ~s potentially ~mportant in these 

areas 

, 
In ~JO other trials there was marked vlsual response to pnosp~orus. 

nltrogen aqd potaslum 
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~ ~SoLl character1stlcs of a Carimagua 50il used to compare ~~~ 
cult1vars of cassava 

pli 4 S p C mea!lOO '"" '" <; 

O M % (0-20 cm) S Al+++ .. 3 5 

p pp~ (B~Y II) 3 Ca++ .. O 5 

TEXTURE .. Mg++ " O 3 

K+ .. O 08 • CUY LOAM 
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i.ffiED CO'¡TROL 

~esearch obJcct,vcs cp wced control were tO determ~ne the safe compounds 

aud reconmended retes for cassava. and to determLne the cr1tLcal per10d oí weed 

competl.tl.on 

Selectiv1ty of herbl.cl.des 

A herb1C1.de select1.vl.ty trl.al was done at CIAT where 50116 are relat1ve1y 

heavy The re6ults, consequently, are va1id only for soi1s equally as heavy and 

can not be transfered to 1.~~tcr 5011$ areas w1thout an l.nl.tl.al screenl.ug test 

Three rates were used tor the 27 herbl.cl.des tested the recornmended one for 

other crops on sl.ml.lar S01.1S, tWl.ce that and quadruple the recornmended rate 

Thus, 1.t was possLble to detetm1ne not only WhlCh chemicals are selectlve but 

also what the margln of select1vl.ty 

Two specl.al condl.tl.ons exist for cassava plantlng wh1.ch are not co~on 

ln other crops aud these al so were taken lnto conslderatl.on Normally, a pre-

emergence herbl.cide 18 applled to the soi1 after the crop has been planted 

Sometlmes cassava i5 planted leavlng a portlon of che seed plece exposed and a 

herblClda appll.Catlon w111 brlng the produce into d,rect contact with the seed 

plece On the other hand, if the herblclde 15 applLed before plantLng, the seed 

plece 15 pushed through treated 5011, also brLnging lt lnto dlrect herblclde con-

tact To determlne WhlCh system caused the least toxlc1ty, haIf of each plot was 

planted before the herbicide apptlcatlon eud the other haIf afterwards 

The practl.ce oi rl.dglng befor~ planting also presents a problem Several 

/ 



excellent harb~c~des are only effcctLve lf sOLl-incorporatcd after belng app11ed 

If rldges are formad after su eh c1emlcals have been lncorporated, the produce lS 

accumulated w~thln the rldge and the furro"s are lefe with ll.ttle or no product 

ApplYlng and lncorporatlng after che rldges have been made ~s lmposslble with-

out da~aglng the rldges Thus, lf such chemlca1s are to be used, rldging may 

havo to be ellmlnated 

To study the posslble lnteractlon between rldglng and herb~clde tOXlclty, 

half of each piot "as rldged afeer applicationwhlle the ocher half "as planted 

dlrectly 10 non-rldged so11 The varl.ety used l.n the test "as CHC 64 and 1t 

was planted ln rOt1S 66 cm wida wlth 50 cm between plants Observatlons were 

meda at 30, 45, 60, 90 and 110 days, after "hich tlme the trlal was ternunated 

Surface lrrigatlon "as apph.ed after herbjr:!.de apnllcatlon to nrovi<'!p "<'!I'''''''CP 

5011 nlOlsture 

Hcrbicldes WhlCh sho"ed an extreme1y wlde range of selectlvity ln thlS 

trlal were (Tables ti i J ~#JJ). Linuron, Norea, Fluometuron, Chlorbromuron, 

Dluron, Fluorodlfen, NLtrofen, Pronamlde and N1tra11n Even at four t1mes che 

recommended rate, only s11ght or 1nitial injury was observed for a few oí these 

products, the maJority being completely selectLve 

Those herbic1des WhLCh were selective only at the reeommended rates were 

Ametryne, Prometryne, Terbutryne and ButyIate, and the ones WhlCh ~ere phytotOX1C 

at the recommended rate were Atraz1ne. Bromeeil, Karbut11ate, Vernolate and 

EPTe In general, the herb1c1des of the triazine, carbamate and uracil familias 

presented the greatest 1njury to the cassava plant No dlfferences ~ere found 



between plantLng el-ther before or after pre-emergence herb1c1de application or 

between rl-dglng and not rl-dglng for the preplant lncorporated herblcldes 

(rable ) lt appears that the pre-eMergence appl1catl-On can be made either 

before or after olant1ng and that there lS no increased inJury when ridges are 

made after applylng preplant lncorporated chemlcals 

Crl-tlcal competltl0n perlod 

Because of cassava I s 'llow lnl tlal groti'th and traditlonally '\>J.de plant 

spacing, lt 18 thought ta be suscept1ble to early weed competltlon Once the 

foil.age has "closed", that lS, formad a complete ground cover, weed control / 
/ 

pract1ces are normally not needed Fowever, mast var1etles delay 3 to 4 manths 

in elosing and thus may be affected by weed eompetlt1an over relat1vely long 

lleriods 

To determine the exaet periad that weed competition 15 most serlous, a 

ser1es of hand weedl-ng treatments LS belng carrled out wlth ttvO cassava varletles, 

eMC 84, a short groW1ng plant and Q1C 39, more vigorous and taller It l.5 loglcal 

ta expect that there wi11 be different crltlcal weed free perioda for each varl-

ety ta produce che maximum yl-eld 1n relat1an to its partlcu1ar vigor and growth 

hablts 

Tbe wceds present are Cyperus rotundus, Sorghum halepense, Rottboellla 

exaltata, and lpamoea spp Raws are l/m wlde and plants are spaced l/m apart 

1.n the rows Yield data are nat yet available but the cassava helghts at 160 

days after planting ln relatl.an :0 the number and tl.ming of hand weedings coro- Er' 
pared to the chemically weed free rreatment offer sone strL\.lng l.'tfo¡:-¡atl.on (Flg r ) 

I 
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lt was imposs1ble to obta1n cassava plants as tall as those in the 

cheull.cal1y weeded plot:; (fl .... cO?Oc t ... -=-o .... 1, :3 1{g.:a,/'"'a pre-e"llergence and paraquat, 

0.57., v/v, in d1rected-postemergence app11cations as needed) w1th hand weed-

i1~g A nun1mum oi two weed1ngs W111 be needed to obta1n 1lla1<1mum growth snd 

early weed1ngs (15 days) may be more harmful to the young piant than those 

done st later t1mes (30 or 60 days). 



lk:et--~ ~, _h""" ~ \lln:ury rat.rw > In cc~;O;;::C;~OT 45,60 t ?J ond 110 dais fer the. 
, 

~ 
prc.c~ncr9cnct.. r-ed.Hc c:s 

Injury rat.ng • 

Hcrblclde Rate kgal/ha 30 45 60 90 110 doys • 
1 Imuren 1.5 1 O 1 O 1 5 O O O O 
2 - 11 3 O 1 O 1 O 2 5 O O O O 
3. " 6 O 1 2 1 O J 5 1 8 2 5 
4 " " 

, ., O 2 O O O O O 5 nUIt;;"J < .J , L 

5 ~- ti 5 O 1 2 O 8 O 8 O O O 5 
6 11 la o 1 5 1 2 2 8 25 o o 
7 fI \lo'od I f en 3 O 1 2 05 1 8 O O O O 
8 11 Ó O 1 5 O 8 1 8 O O O O 
9 11 12 O 2 8 O 2 1 O 1 O 1 5 

10 DNSP 1 5 1 O 02 O 2 O O O O 
11 n 3 O 2 O 02 05 O O O O 
12 11 6 O 1 5 O 8 1 5 O O O O 
13 pronamide 1 5 1 O 1 2 1 5 O O O O 
14 n 3 O 1 5 O 8 1 2 O O O O 
15 JI 6 O 2 5 1 5 2 2 1 O O O 
16 methezole 2 O 1 8 1 5 1 8 O O O O 
17 n 4 O 1 O 1 O 1 O O O O O 
18 11 .<! /) - - 1 5 1 2 2 O 1 O O O 
19 nttroft'n , O 1 O O fl 1 Ú O O O O 
20 11 6 O 1 B 1 2 1 5 00 O O 
21 JI 12 O 1 O 1 O 1 a O O 1 O 
22 • butachlor 2 O 1 8 1 O 2 o o O O O / 

23 JI 4 O 1 5 1 2 1 5 o O o O 
24 .. 8 O 1 8 O 8 05 O O o o 
25 arraZllie 2 o 1 B 1 5 4 2 25 1 5 
26 .. 40 3 O 25 85 78 8 O 
27 11 8 O 1 8 3 2 El 8 50 100 
28 olachlor 2 o 1 5 1 O 1 o O o o o 
29 JI 4.0 1 8 1 O 1 5 O O o o 
30 .. 8 O 3 o 1 2 35 1 O O O 
31 flt..ometuron 2 O 1 8 1 O 2 8 25 O o 
32 " 4 o 1 O 05 1 2 O O O O 
33 " 8 o 1.8 1 5 1 8 o o o o 
34 chlorbroIT'UiOn 1 5 1 O 1 o 25 o o o O 
35 ~ u 3 o 1 o 1 2 3 o o o 1 o 
36 n 6 o 1.5 2 2 25 3 O o O 
37 bromocl! 05 1 o \ o 1 5 00 o o 
38 / " 1 o 25 1 5 35 2 O o O 
39. n 2 o 2.0 2 o 55 6 8 5 o 
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Inl";'" fr.,hr" ;>. ----

HerblCI?e Pole fgol/ro :;0 15 60 90 110 ¿C'ys 

40 chlotamben 2 O J 5 1 O 25 O O O O 
41 t! '1 4 O 1 O O 8 O 8 1 O 1 O 
42 I! 8 O 1 O O 2 1 5 25 2 O 
43 noreo +dlUron 111+05 1 O 1 5 2 8 05 O O 
44 " + I! 2 22 ' J 1 O 1 5 35 2 O 1 5 
45 " + " 4 44 ~ 2 1 O 1 f: .4 5 25 2 O 
106 ometryne 2 O 1 5 1 5 25 O O O O 
4/ " 4 O 2 O 1 2 .JO O O 05 
48 " 8 O O S 1 5 .,i 2 5-0- -n) 

~ -" .~. ---. 
49 cy'10zme 2 O 3 2 1 5 1 8 O O O O 
!J.) " 4 O 1 5 1 5 2 O O O O O 
51 n 8 O 1 8 1 O 3 O O O O 8 
52 benthlocarb 3 O 2 O 08 2 O O O O O 
53 " 6 O 25 I 5 3 O O O 00 
5t 11 12 O 3 S J 5 3 5 O O O O 
fIj koroutdate 2 O 1 5 2 2 7 2 68 6 O 
5S .. 4 O 1 O 2 5 8 O 9 O 8 O 
51 .. 8 O ? O 3 8 90 100 9 8 
~ reroutrym, ' " t O 03 3 2"' " n ~ " ..o IV Vv V v 
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Post-harvest henavl0r of cassava roots 15 belog luvestl.gated In the 

hope of devlslng technlques for extendlngthe atorage 11fe of fresh cassava 

roots Whl1e tt 15 reallzed that such technlques as refrlgeratl0n and wax-

lng can sacIsfactorlly extend the atorage llfe of fresh roots, the present 

lnvestlgatlon lS dl.rected to fl.nd sunple, lnev penslve, "on-farm" methods 

A aetau.ed st~f1y ',as made of che nature, occurenee, sYTI'ptoms, snd 

progreós of tne post-~arvest deterloratlon that occurs In fresh cassava roots 

Rcsuttlng fron thts lnvestlgatlon a key for the assessment of deterl0ratl.On 

has been prepared (PIg ;)~ 

Ihe effeet of varlOUS che~lcals on che retardat¡on of deCerloratlon 

Results ¡ndlcate Chat surface sterllants may signlflcantly delay deteriora-

Observatlons on deterl0ratlng roots 1ndlcates a close asso-

e~at¡on betweeu var10US klUds of mechan1cal damage and the onset of daterl0ra-

non 

The poss1bl.ll ty of stor1ng cassava roots l.n sImple petato "clal"p" l1ke 

struetures J.S belng e..amlned {p¡g 3h To date roots have been stored by 

th1s roethod for fl.ve weeks wlthout any deterl.oratl.on and possibl.llty of long-

er term storage 1001"s prom:tsl.ng 

_~ ___ -----+"~.,----- ___ ... __ -" ... _____ ........... ~ .. __ -r ... _ .... --...-__ ....... ~ .. 

, 

'*i:lus hork .s bel.ng done by Dr R BootlJ of Che Troplcal Products Inst:ttute, 
Londo., wh:tle spendl.rg ayear at ClAT 
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Observat~ons suggest the pOSSlb~llty chat the rapid root deter10ration 

that occurs after harvest 18 the result of 1nvasion by epiphytlc organlsms 

naturally present on the root surface after lnJury These organísms, ae pre-

sene uncharacterlzed, do not normally invaae the roots, but when roots are dam-

aged they stlmulate vascular streaktng, discolorat~on and necrosis but do not 

cause any decay 

The success of "clamping" in prevent~ng deten.oratl0n suggests that 

either the condltl0ns wltnln the clarrp prevent the lnvaSlon oi wounds or that 

the wounds heal snd so prevent soy deterloratl0n 

Should the use of "clanps" be repeatedly fou'l.d to control deterloration, 

then thlS technique would prove~de s 81mple, lne:>.peOSl.ve method of "on-farm" 

, 
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Flg 35 Key for the asses'1lent of deterlOrabon In \Vhole cassava roots 

I 

> The assesment IS made by surface 

and numerous cross-sectlonal 

observahons on peeled roots 

> Typlcal syr.lptoms 

,¿( 
IJlf(I¡ '\\\~ ."-
I~IJ" '~~i 

Blue/black/brown ---JJf , ' 
streak:mg 

,..-- streaklng 

B Necrohc "leslOns" "lesslon" 
I~ __ - d!1fuse brov.'1l margin 

'----- whlte mtenor 

> DeterlOratlOu Index = Total score of sample x 100 
(No roots In sample X 4) 



CD 

o o 

Fla.35(A) 

0 00 

~EE 
'!'.' 

~' EEI 
'"J" I 

I 

I 

o 

E 

E 

® 

e 

, o (})DD ~ 
? 

E OEE 

" AA 

ss 



• 

A 

¡ 

J, , 

; 

--, 

\ 

B 

, 
, 

1, 

J 

\ /' ", 
-~ 

e D E F G 

É-

( 
I ~~-
~ "1 I 

<. I / 
'~ 

~, 
'( 

{ 
I , I 

COMMERCIAL ALCOI-lI)L 
Flg 36 '1 he effcct of alcohol on the retardabon of deterlOratloll oí cassava root ahces, onde day aRer treatlIlBnt 

I 
Treatmenta 

A 
B 
e 
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Fig. "":'" -SECTION rRROUGH CASSAVA "CLAMP" ,L -

~ , 

StrllW llned pit-125 meter d1ameter 
20 cm deep 

", 

;:---~---_._- SoU cover 20-30 cm thiek 

::~-">.,C--- Straw cover, 15 cm lhick 

.¡:'-.......:~:::--.:~:::-_~~<-__ Ce n ieal pl.l e of cas savll 1" r 

+'----- -

Surrounding drai1~ge channel 

{ 
\ 
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Solar ó.ry~ng'f 
\ 

\ 
Research was conducted to estLmate quant~tatLvely the bas1c phys1cal 

mechan1sms that control the dry1ng of cassava part1cles w1th emphaSLs on dry

1ng under natural amb~ent cond1t10ns Exist1ng theroretical pr1nc~ples of 
, 

dry1ng of b1010g1cal products were successfully applLed to desLgn the ex-

per1ments and to explain mathemat1cally the 1nfluence of the 1ndependent 

varLable 1n the desorpt10n character1st1cs of cassava part1cles 

ledge 1S appl1cable now to g1ve pract1cal recommendatl0ns to dry cassava na-

tura1ly at 1m, cost obta1n :!.ng a "lgh quall.ty product with excellent dry1ng, 

storlng and handl1ng propert1es 

A manual cutt1ng presa was bU1lt to produce rectangular bars of one 

square cent1meter of sect10n end var1able length 

kg per hour but could be mod1fled to obta1n h1gher y1elds lf requ1red A 

dLac cutter machlne, w1dely used 1n SOrne cassava produc1ng countrLes, was 

mod1fied to experlment w1th dlfferent type of ChlpS (nonwun~form s11ces w1th 

variable thLckness and length, uniform s11ces and a gaometry sim11ar to the 

rectangular bars) This mach1ne produces y1elds of 300 kg per hour when 

operatad by a man uS1ng a b1cycle pedal mechanlsm or 600 kg par hour operated 

by che power cake-off of e tractor or by a gaso11ne motor 

Ihe held tests conststed oL~Lng cassava parucl es in horizontal w:tre 

traya elevated from the floor durLng dry1ng e~periments Two types of solar 

drlers were tested, snd a prellffiLnary bin drying of cssssva ChLpS w1th unneaced 
__________________ .. _ ..... _~ ____ .......... _ .. It,.. ... ""'~ "'_"'"'''' ........ "... ... _ 

#rhLS Nork 
Un1ve<sity 

• 

forms psre of Che PHD chesis of Gonzalo aoa1at M~ch1&~~ S~ate 
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forced 3.l.l: '.~as perfor-::ed 

A slmple thln layer equatlon ~h>ch expresa the drylng rates (changes ln 

mOlsture content per unlt tlme) proportlonal to the removable mOlsture content, 

see equatlon (1), was fltted to the experlmental data, 

Where 

d.'1 

dt 

M, mOlsture content, dry basls 

t, tUle, hour s 

K, proportlonal constant 

(1) 

A muLtlple llnear regresslon lndlcated that drylng oí cassava ls sensitlve 

malnly to changes ln alr temperatures (dry bulb) and wind to a lesser extent 

Solar radlatlon does not lnfluence natural drylng of cassava dlrectly because 

of lts hlghly refectant surface Absolute humidlty had amall influence becauae 

of the re1atively low al.r free movement of the air between che partlcles ln 

natt..ral crylng (unear t'1e evnerl.&lental co.,ca t 1..0 '1S aosol ..... ce alr water content 
9.. 

fren 
./ 

be l.mportant) varled O 012 to O 019 g/g and; ln more huuud areas lt may 

The results of regresslon are summarlzed ln the equatlon 

'1 1 ·Kt (2) eq e e 

Mi . 'leq 

Saae leed 
I 
I 
I 
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1 el , • 
• " I 
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--~ 

" = o 01 -48 8 ~ 1 51 D - (4 O' - 3 38 x 107 n-S ) W + 6 54 D-O 654 T (3) 

"t.¡Bre. 1 

"~) lU1.tU!.l -'Olsture cortenl, d:-y b"Sl.S 

D, 

W, average \,~nd velocl.ty, m/seo 

T, average a~r dry bulb te~perature. ·C 

This ecuatl.on a11ol,s calculatlon of values of mDl.sture content of 

1 ~ 1 ~ 5 cm unselected rectangular bar8 when the average independent var~-

abIes are kno\<u or can be predlcted 

When the mOlsture content lS expressed l.n the forro of eouatl0n (2), the 

desorOclon epuatl.on aud curves are not effected by the l.nitl.al Maisture content 

(Fl.g~5') "han the mOl.sture contact l.S above twenty percent wet basl.s ThLS 

ferences oí l'utl.al ~olsture content "'ere of the order of ten percent, ,,,et 

baS1S, oec8use of clffetences In cassava age, var1ety and Pos~tkO' oí the 

partl.cle aloug the root 

The l.nfluence of ambl.ent COndl.tlons in the drying rates are shown l.n 

F~g ;;1 The bottom sectl.OU shm,s the recorded ambl.ent variables Ihe ex-

perlm~rcal K Value, calculated us~ng equation (1) l.n lts flnite forro are l.n-

dl.cated l.n the upoer sectl.on 

Tne experlmental K values and those calculated uSlng the expresslon 

(3) are compared Ln Fl!; Lt O 'fhe standard dev~auon of these observanons 15 

o 03 and a mean value oí O 20 The estl.mated error ln the eAperl.~ental k 
I 

value due to tleld measure~ents i8 O 02 !bese flgures allo~s mOlsture con-

• 
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tent, ~et baSls, after 8 hours of nat ral dry1ng to be est1mated to with1n 

t4 percent 

rt was posslble to dry safely 20 kg/m2 of fresh cassava ln wire trays 

1 ty of 1 m/sec The dry1ng process to ID01sture content of 15 to 13 percent 

w g • takes two to four days Some drylng a1so occurs overnlght when the 

mOlsture conte~t of the root pleces is about 20 percent or hlgher 

Rectangular bars of 1 x 1 x 5 cm were from a practlcal point of Vlew 

the best geometry among those tested in the study The relatlvely hlgh void 

space between the partlc1es, about 65 percent, allows che natural alr to Clr-

culate removlng the saturated alr Also the dry bar s do not break easlly pro-

~mAll rhin~ (nnn_ 

(j" 
unlform slices, 1 to 12 cm long and O 1 to ~ cm th,Ck). blg chips (non-unlform 

sllces 1 to 12 cm long and O 2 to 1 2 cm thlCk), sllces (unlform O 3 cm slices) 

Hourly stlrrlng of the product does not acelerate the drying of cassava 

pattlcles slgnlflcantly lf appropr1ate natural drying cond~tions exlst. !he 

resson for thls ~s che h.gh solar reflect~v1ty vslue of the wh.te cassava surface 

The tested solar drLers are uot recommended to dry cassava because they 

have advantsges over natural dry1ng only when the rad~at1on intensity lS very 

Dry1ng of cassava particles in b1ns, with forced vent1laCLon 15 a dif-

fieult procesa if low sir flows are,used because of b1g dlfferences in stat~c 

pressures caused by the non-unlformity of the product and by the shrlnkage 

• 



(about 30 percent of the ~nit~al volumc) that occurs when 4ry1ng cassava from 

65 percent te 14, <, b 

product 

Th1S resulta in non uU1form drY1ug and rettLng of the 
! 

1 
! 
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AGRICULTURAL ECO~O ,lCS 

J" 
The work carr1ed out dur1ng 1972 focused on,tl) a descript100 of eX1st10g 

cassava product10n systems 1n Colomb1a and the cost of productLon under these 
...-

systems)and ;2) the econom1cs of uti11zat100 of cassava 

Descr1pt10n of product10n systems 

A farm survey was carr1ed out among 330 cassava producers 1n var10US 

reg10ns of Colomb1a A strat1f1ed samp11ng procedure vas used 10 an attempt 

to obta1n 1nformat10~ ev?ected to be representat1ve of the var10US Colomb1an 

product10n systems The objeetLves of the survey were to describe present 

product10n syslems and to est1m&te costs of product10n and labor use by pro-

duction actiV1ty for the various production systems A1though the analy~'~ 

of the data has not been completed, sorne prelXm1nary results may be reported 

Almost one-half of the cassava producers 1ncluded in the survey had 

les s than two hectares of cassava, while only 13 pereent had more than 10 

heetares S11ghtly more than one-half of the farmers grew cassaVa mixed wlth 

other erops Maize was the crop most frequently found together w1th cassava, 

followed by planta1n, yams, coffee and beans. A large proport1on of the farma 

(22 percent) grew cassava together w1th more chan one other crop 

A large var1at10n was fou,d in plant populat1on per hectare Ihe ma~ 

jor1ty of the farners producing cassava 00 flat lands outs1de the North Coast 

Region maintained a population oi 10',000-15,000 plants per hectare, whüe ene 
, 

farmers in Che North Coast Reg10n ma1ntsLned a much lower plant populat1oo 

(4,OOO-12,OOO) and the farners produc1ng on SlOP1,g lanG~ wcre ¡OJnd .0 oa1~-

• 
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ta1n a plant populat1on of 6,000-12,000 1n most cases Ihe length of the erop 

T~e mest eommon erop cycle was found 

to be 12-14 montha 

The use of purchased 1nputs was low Only five pereent of the farmers 

1nterv1ewed used fert111zers and 31 percent used insect1c1des About two-th1rds 

oí the farmers used only manual labor for land preparat1on, S1X percent used 

an1ma1 tract10n and 27 pereent used a more mechan1zed forro for land preparat10n 

On all farms the plant1ng and harvest1ng was done exelus1vely by manual labor 

None of the fa~ers used che~1cal weed control Most of the farmers weeded the 

eassava f1eld three t1mes dur1ng the erop eyele. 

The data are present1y be1ng analyzed with respect to labor ut111zat10n 

anO proauct1on costs O} produet10n act1vitv and farm ~i7P 

present produet1on costs run from 400 to 700 Colomb1an pesos/ton of eassava 

Ihese f1gures are tentat1ve, however, and subJect to reV1S1on 

Cassava ut111zat1on 

Ihe potent1al demand for cassava for d1rect human consumption, 1udustrlal 

starch and an1ma1 feed ls presentIy be1ug analyzed J01utly by the Univers1ty of 

Guelph, Canada, and CIAT 

Ientat1ve results fraro an analysls of the economlc feaSlbi11ty of part1al 

subscitut10n of wheat ln bread ln Colombia suggest that such substitution would 

not be economlcally sound given present prlces of wheat and cassava If the 

wheat price remains constant, the pr1ce of cessave flour would haya to drop by 

approÁlmateIy 50 pe~c2nt to ra~e the sLbst.tution econom1eally sound for the 
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bread producer lf the present cost of marketing and proces5~ng per ton 

cannot be reduced, the price of fresh cassava would have to fall from the 

present $1 700/ton to around $190/ton It 15 lLkely,however, that the cost 

of processLng w111 be reduced Lf the quantity of cassava flour increases 

The extent to wh1ch process1ng costs can be reduced 15 not clear at present, 

however, they are a maJor portLon of the total cost 

GLven the large outflow of fore~gn exchange assoc1ated w1th wheat Lmport, 

a pratLal subst1tutlon of wheat in bread illlght consLderably 1nfluence the 

foreign exchange balance The econQmlC feaSlbillty of partial replacement 

of wheat imports by other Latln Amerlcan ~ountries and the lmpllcatlons of 

such replacement on forelgn exchange, farm sector revenues and domes tic em-

ployment are presently belng analvzed 

The economlc feaSlblllty of usiug cassava as an energy source for SWlne 

is being studled TentaClve resJlts are reported under SWlne Product~on Systems 

Recent trends ln cassava productlon and yields 

An analys1$ of the world cassava productlon and y1ald tre~ds dur1ng the 

per100 1960-68 was carrled out on the bas1s of secondary data The analysu 

suggests an lncreaslng product10n trend of about two m11110n tons annually 

dur~ng the perLod The lncreaslng productlon was because of an lncrease lU 

cassava acreage of about 200,000 hectares annually Average world yields of 

aoprox1~ately 9 tons/ha show no signlficant changa durlng the period 

I 

Ihe largest productlon i~creases took place ln Afr1ca aré South ~erlca 

Tha 1ncrease ln total world production of cassava JUsc kepc pace wlth populaclon 
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increase in the cassava produc~ng countrles leavLng per capLta cassava con

sumptlon ~n these countrles constant 
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TRAINING 

Before 1972, tralnlne ln the cassava program had been avallable to 

few (two lnterns and two research fellows) mostly beceuse of limitation iu 

numbers of seUlor staff and an outbreak of bacterla disease Soon aftar the 

appo¡ntment of a full-tlme program co-ordinator, the cassava productlon 5y8-

tems team was establlshed. This team sought and ldentified qualifled candl-

dates for training In 1972, nine post-graduate luterns, two doctoral cendi-

dates and two special tralnees were appolnted or contlnued tralning 

In addltion, three tralnees in plant protectlon dealt wlth cassava as 

part of thelr tralning Colombla, Perá, USA, and the Unlted Klngdom have 

been so fal represented ln the above groups Additlonal professl0nals have 


