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CIAT is a nonproftt organization devoted l o the agricul tu ral and 
cconomic development of the lowland tropics . The Government 
of Colombia provtdes suppon as host count ry fo r CIAT and 
fu rnishes a 522·hectare farm near Cali for CIAT's heaclquarters. 
Co ll aborative work with the Institu to Colombiano Agropecuario 
(IC A ) is carn ed out matnly at i ts Experimen tal Centers at Turi
paná and Car imagua. CIAT IS financed by a num ber of donors 
represented In the Consultat ive Group for International Agri
cu ltu ral Research . Ou ring the eurrent year these donors are t he 
United States Agency for International Deve lopment (USAIO) , 
the Rocke feller Foundation, the Ford Found atio n, the W.K . 
Kellogg Foundation. the Canadlan International Developrnent 
Agency (CIOA), the International Bank for Reconstruction and 
Development liBRO) through the International Development 
A ssociation (IDA), th e Interamerican Developmen t Bank OSo) , 
the United Nations Environment Programme, the M inistry of 
Overseas Oevelopment o f the Unlted Kin9do m and the govern
ments of Australia , Belglum, the Federal Republlc o f Germany , 
the Netherlands and Swi tzerland . In addi tion , special projec t 
funds are supplted by various of the aforerne n ti oned en titi es 
plus the International Development Research Centre flORC) o f 
Canada. In/ormal ion and co nelus_ons reported herein do not 
necessarily re fl ec t the poslti on of any of the aforement loned 

agencies , foundations or governments. 
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FIELD PROBLEMS IN CASSAVA 

J. c. Lozano· 
A. Bellotti a nd A. van Schoonhoven * • 
R. Howe lcr* 
J.OolI * 
D. Howell dnd T. Bates*'"" 

INTRODUCTION 

The cult ivation of cassava (Maniho t escufenta Crantz) has 
increased considerabl y as a result of Ihe increase in Ihe world's 
populatio ll, l he sca rcit y of other sources of nutritiona l energy, 
and ils hi~h potcntial production of carbohydrates per su rfaee 
unlt. Ncverthclcss , although il has been relative ly easy lo obta in 
yields o f around 50 to ns/ ha a l expe ri men tal centers and in so me 
commercial opcra tions, world figures for cassava production 
average only 10 (o ns/ha. There are many factors tha t infl ue nce 
cassava production, (he sa me as in an y o ther crop; bul diseases 
and pe~>ls, nutritiona l dcfici cncie'ii a nd p lanl IOxici lY , rcsult ing 
from lhc misusc of hcrb icidcs, affect producllon considcrably. 

Pl;.nt patholuglst. cntolllologists, soil SCll'nOS¡ and wccd con trol 
spC<:.:i¡¡hst. rcspectivcly, a{ the Centro In{erna ciunal de AgriClI1tura 
Tropie,JI (CIAT) , CaH . Colombia 

Gr~duatc Sl1LdCll t ¡¡n d profcssor, rcspcctively, Universi¡y of GUc!l' ll. 
Omario, Can;lda 
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The inform ati o n ava il abl e a t prescnt un d iseases, inseels and 
problems of a ph ys iological nature is general ly quite limited. 
Descriptio ns of Ihe symptoms of attack by the different patho
genic agents and phys iolog ica l problems are even sc:arcer. Man y 
problems occurring in cassava·grow ing areas pass unnoliced ar 
are a ttributed 10 pa lhoge nic agenls thal are nal fou nd in lhose 
areas or 10 c limatic and edaphic conditio ns thal have nOlhing to 
do wilh Ihe cause o f the problem. The inadverten t lOlrodu cti o n 
of a palhogen or pest and failure to recognize ils polenlial im
portancc can cause considerable economic losses. 

Th is manual describes some diseases and pests that attack 
cassava , as well as the sympto ms induced by nutritional defi
ciencies and d amage resulting fro m the misuse of herbicides. 
In add itio n, so me reco mmendations for control are given. 

James H. Cock 
Kazuo Kawano 
J. Carlos Lozano 
J. César Toro 
A. Bello tti 
Reinh ardt Howeler 

Physiologist, Program Leader 
Plant breeder 
Plant pathologist 
Agronomist 
Entomologi st 
So il seienti.,t 
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IMPORTANT DISEASES 

Cassava ¡s attacked by more than 30 bacter ial, fungal , viral, 
viruslike and mycoplasmal agents . Discases affeCling cassava 
cause losses in crop establishment. lessen normal plant vigor, 
reduce phOlosynthetic capac,ity. or cause pre· o r postharvest rool 
roto Some pnhogens attack only the stalk, which is the normal 
propagation material, ¡nduelng tissue necrosis. They may al so 
invade the vascular system, causing no visible damage bUl con
stituling prímary sources of ¡nfeelian in the plantations. Olher 
P31hogens altack foliar tissues and the tender parts o f the sla lk , 
causing spots, blight, defoliation, wilting, dieback and hyper
trophies (exaggerated elongation or proliferation of buds and 
internodes). Others attack only rOOl tissue a nd the basal, woody 
pan o f the stem, causing preharvesl rool roL Oamage is charac· 
teri zed by a sudden yellowing accompanied by wilting and 
sudden defoliation. These symploms may occur al any stage of 
plant growth, gcncra ll y during periods of heavy , prolongcd ra ins. 

Recently harvested cassava rooLs may be affeeted by soft or 
dry rOL shonly after they have been harvested. Although Ihis 
appears to be a physiologieal·palhogenie effee t, it is frequenlly 
eorrel ated wilh and aecelerated by meehan ical damage lO the 
rOO IS, which occurs during harvesting. 
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Recommended agronomic practices for disease control 

Altho ugh effecti ve , absolu tc control of all cassava diseascs is 
im pos.sible on a commcrcial scale, the folJowing general reeom· 
mendations are suggested in ordcr to keep plantation~ rclatively 
disease free . 

1 . Selecllll c so il carefully; it should be lighl, well dralncd and 
nol very high in organic ma tter. Do no l plant cassava on 
soils previously covered by woods or planted lO forest and 
o ther pcrenn ial erops. In these cases, grow a cereal crop 
(ma ize, sorghum, etc.) before plantíng cassava. 

2. Use sound agronom ic pract ;ees: prepare the 50;1 well, install 
a good drainage syste m and plant on rid ges when rainfa ll ís 
high (more than 1,200 mm/y r, approx imately) or soil is 
heavy. 

3. Use cl ean "seed " only. Try to produce or seleet planting 
materia l o nly fro m disease·free plantalions and planls . 

4. Handle plan tí ng material earefuJly , avoiding meehanica l 
damage during its prepara tíon and planting. Treat this 
materia l with a disi nfesta nt fungie idc , such as thiram, 
chloro neb or peNB (pentachloron itrobenzene), immersing 
the cu tt ings fo r 3 minutes in a 3 perecn! suspension of the 
commercial product in water (ap proximately 2,000 ppm 
a.i.) . Th is trealmen t should prevent damage caused by soil · 
borne pathogens. 

5. Plan t eutt ings us ing reeommended proeedures, Icaving an 
adequale distanee between plan ts according to the variety 
used . Plan t a t lile beginning of the rain y season to assure 
good germ ination and erop establishmen t. Eliminate 
weeds, wh ich may act as hosts for pathogens. 

6. Do no l use machinery or lOo ls that ha ve been used on other 
plantations cspecially where there is bacteria! blight 0 1 

permit workers from other farms 10 vis it the plantat ion . 
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7. ROlate cassava wilh a cereal (mai ze or sorghum) for a period 
of no less than six monlhs if indices o f rool rol are higher 
¡han 5 percent. Improve ¡he drainage. 

8. BUfn debris from previous cassava erops; do not leave old 
plant debris after the land has been prepared. 

9. Avoid damage to roo t5 during ha rvesting; pack r oot5 carcfu lIy 
in adequa te packing material. 

10. Se\ \ or process the harvested product immediately; otherwise , 
harvest on \y what is 10 be 50\d, processed or used. 
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Bacterial blight (Xanrhomonas mamhotisJ 

Thls IS one of the mos t serious dl seases affecting cassava. 1I is 
recognized by the presence of water·soaked , angula r spots, bl ight, 
par tial or tota l wiltlng of Ihe branches, gum exudate on stems or 
green branches, di eback, and necrosis of some vascu lar strands o f 
Ihe stems and (OOl s. These symploms, which are evident duri ng 
the rainy season¡ vary in accordance wi th [he susccpt ib il ity of the 
variety affecled and the time Ihat ,he plan t has been infected . The 
pathogen is generally in trod uced through the use o f cu ttings taken 
fro m plants from affccted planta tions. Use clcan " seed " only. 
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Pani,1 wiltio; 



Bacterial stem rot (Erwinia sp.) 

Sheets of infected plants wilt; the disease is charaClerized by a 
punge nt, 50ft 5tem 101 or discoloration of the woody Portian of 
the pla nt. On the stem sur face, th ere are hales made by in sects 
(Anaslrepho spp.), which appear tO be lhe vector s lhat spread the 
bac teria. These holes are easy to distinguish by the traces of dry 
latex ex udaled afler {he Slem has been perforated. Di5eased 
cull ing5 used ror plantingdo nOI alwaY5 germinate; and ir they 
do, ptants are 5IUn ted with a small number of thlck root5. Always 
use clcan "seed." 
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P;Jr"tiilll wilting 



Afriean mosaie (causa l agent unknown) 

Th is d iscasc, spread by insec[s o f [he ge nus Bemlsia (whitcflies), 
is found in Afr ica, whcrc it causes considerab le losses. A similar 
díseasc has al so bren rccorded in Ind ia. IlS symptoms are 
characteristíe o f o thcr mosaies. Young planes havc yellowish areas 
and frequent leaf deFormaríon . The reduetlon in si ze o f young 
Icaves ¡s also vcry co mmon (wi th Ihe prese nce o f yellowish areas) 
in adul t plants. AII cu uings fro m in (eCled plants generare diseased 
ones ; thereforc, lhe int roduelion of African malerial should be 
strictl y prohibi ted since the majori ty o ( plantalions in Africa are 
affcc ted by this di sease. Use ( lean "seed " or res ístant cultívars. 

16 



Leal d,~ortion 
and mosaic: 

HNlvily in'ected I.af 



Common mosaie (eaused by a virus) 

This is an American discase lhat has al 50 beco recorded in 
Africa (Ivo ry Coast) . Thc discase is caused by a virus that has 
becn transm itted only by mcchanical means and is spread by 
the use of cu ttings fram diseasl'd plants. The symploms are 
characlcri sl ic af all masaies, consisting primarily in the presence 
of ye llowish arcas in lhe leaf bladc and the stunling af diseased 
plan ls. In general th e ycllowish arcas are nol well defined as in 
African mosaic ; otherwise, the sy mptoms are quite similar. The~c 
sym ptoms may also be confused with severe altacks of thrip5 in 
susceptible cul tivars (see corresponding scction in chapter on 
insects). Use disease-free cu ltings only; all diseased plants shou lc.l 
be removed and burn cd. 
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Two symploms typicill of mosaic 

Cna'ilcte.islic diSlort,on and mos.aic 



Leaf vein masaie (eaused by a virus) 

Thi~ discase occurs only in limilcd arca> of Brazil an d Vl'nl'zuelJ. . 
Because of il s rcd uccd inciden ce, ilS cconOllllC Importance is II mll ed . 
Thc sy mptoms of th e di,ease al e characlerized by yc llowing or (he 
vc ins a nd leafcu rling. The di sea)e ca n be lra nsmitlcd mechan ical ly 
o r by grafling; morcovcr . aJl cUlli ngs lakc n fro m inrectcd material 
prod.ucc diseascd plan ls. ro crad icalC Ih is d lscase, all planl) wllh 
suspi ci ous sy mploms should be eliminal cd. Alwa ys ~I SC d isease-frcc 
plan ling malcri al. 
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Vein yel lowing and lelf t i" cu, ling 

Two symp10tn$ ty" ical of leaf Itein mON ie 



Witches'-broom (caused by a mycoplasm) 

This disease has becn recorded in Braz.il , Venezuela, Mexico 
and in the Amazonian region o ( Peru. A1though jts incidcnce is 
low, the percen tage of d iseased plants in affccted plantations is 
much highe r than in the o thcr diseases causcd by the American 
"iruses. There are several types of sympto ms, probably duc to 
different races or biotypes o f the causa l agent. Amons them, lhe 
mosl im portant are (1) plan ts that show slunt ing and excessive 
prol iferat ion of branehes ; shoo ts have smalt Icaves and shortened 
internodes, with out showi ng distortion o r chl orosis; (2) prolifera
tion of shoo ts from lhe cu tti ng ; these are generally weak but grow 
without showing any other visible symplom o f being affecled ; (3) 
only a few wcak and stu ntcd shoo ts ger minate from the cutting; 
they never reach normal size. Plan ts affectcd by the mycoplasmJ 
gcnerall y produce up to 80 perecnt less th an healthy plants. As 
lhe disease is transmi tt cd mech anically and through lhe use of 
cuttings taken fro m diseased plants, their eli minatio n is indis pen
sable for its contro l. Always use disease·free material for planting. 
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Pro l i fllratioll of mooa from the cun,nq as compared w ith n ormal 
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Stur'lled IInd 
w ... k shoots 



Brown leaf spot (Cercospora henningsiiJ 

This is one of (he most common diseases in cassava. It almost 
alwa ys occurs in plantat ions Jocated in areas wilh high temperatu res. 
When the crop is more (han five months old, the disease is more 
widespread and severe , de pending upon the suscep tiblity of th e 
cult ivar. The disease is characterized by angular, uniforml y brown 
spots on both sides of the leaf; the margins of the spots are well 
defined and dark. On the undersurface of the leaf, the spots ha ve 
a graylsh olive cast due lo (he presence of the frui ting bodies of 
(he ca usal agent. Al limes, accardíng to the susceptibili ty of the 
cultivar, thert is an indefinite yellowish halo aro und the lesions. 
As the disease advances, the affected leaves beco me yellow, dry 
and fall. Susceptible cultivars can be severely defoliated al the 
end of the rai ny season. Use resi stam or lolerant cultivars if 
possib le. 
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Typiul brown angular Inf ,pot 

Vellowirtg induc:ed by brown lell spot 



Blight leaf spot (Cercospora vicosaeJ 

This disease appears whcrc brown leaf spot is preval ent; in 
contraS[, thi s Icaf spot is large and without well-defined borders. 
Each spot may cover one fifth or more of the leaf lobe. The 
same as brown leaf spot , it is a uni form brown in color but with 
a grayish center on tlle undcrs ide of the Ica f duc lO the presence 
of fungal frui ting bodies. Thc general appearance of this leaf spo t 
di sease is simi lar to tha t causcd by Phoma sp. (Phy/Josticta sp .), 
neverthelcss, Icsions caused by Phoma sp. have conccntric rings 
on lhe up per leaf su rfacc. The palhogen can cause heavy defoliation 
in susceptib le cultivars, the severi ty of Ihe disease is greater whcn 
the plants are more than six mont hs old . Pl an t resistant or tolerant 
cu!tivars if possib le. 
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Ty pie.lleaf blighl 



White leaf spot rCercospora caribaea) 

This di sease is com monly foun d in humid , coo ler cassava· 
growing areas and causes defoliation in suscept ib le culli vars. 
Lesions are small, circular to angular , white or yellowish brown; 
tney are sunken from both Si des , redu cing the thi ckness of th e 
normal leaf blade 10 about one halL The lesions on th e under
surface of the leaf often have a diffuse-colorcd border thal looh 
like ao irregu lar viol et-brown line surrounded by a yellowish halo. 
The center of the spo ts may have a grayish, velveIy appearance 
dur ing th e fructification of the palhogcn, which occurs mainly 
on ¡he underside of the leaL Plant resistant vari et ies if ava ilablc. 
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Whit8 spots on upper lea' surlace 

Whita spots on unchr leaf SUrllce 



Concentric-ring leaf spot [Ph oma {Phy/lostictaJ sp.1 

This diseasc appears duri ng lhe rainy scason whcn the 
temperaturc is less than 20°C; il causes sevcre dcfoliation in 
susceptibl e cultivars and occasionall y dieb ack or total death of 
the plant. The spots are large and brown in color; they do not 
have well-defined margins and are localed near the típs or edges 
of the labes or aloog lhe mídríb or majn vejns. In iti ally , the upper 
surface of the tes íons presents concentric rí ngs, fo rmed by the 
fru iting bodies (pycnidia) o f Ihe fungu s. Old les ions resembre 
lesions produced by C. vicosoe .. ince their concentric rings are 
washed off by the rain . Dr. 'lil e un derside, there are no pycnidia 
so the lesions are da rk brown in color. Vejns and ve inlets beco me 
necrosed, forming black thre ad s that radiate from the lesi ons. Thc 
fungus invades the leaf, then the pet íole and the green pans of 
the stem, causi ng defol iat ion. dieback or to tal death of the plant 
It spreads to the stem, starti ng from cankcrs lhat for m towards 
the base of the petio le of lhe affected leaf. In coo ler arcas , alw ays 
plant resistan t or highly tolerant cultivars on ly. 
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Superelongation rSphaceloma manihoticolaJ 

This is a disease that has been described only recently; it causes 
considerable losses in planlaliom where suscep tible cuhivars are 
used . The disease can be recognized by Ihe exaggera led elongation 
o f lhe stem inte rnodes. The affeeted stem is thin and weak; diseased 
plants are mueh taller and/or weaker Iha" heallhy ones. On the 
green part of the ste m, the pctioles and ¡he leaves , deformations 
assoc iated with th e formarion of cankers can be found. These lens· 
shapcd cankers are found along the midribs or main veins, in the 
petioles or in the st em. There is occasional dieback and partial or 
tOlal necrosis of lhe blade , which rC5uhs in considerable defolía · 
tion . The discase ís most severe during Lhe rdiny season . As il may 
be spread by the use of cuttings taken from in(ected planutions, 
clean "seed" should always be used. Resistant cultiva rs should 
be planted if possible. 
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Le .. , 5POIs . o d dieback 

Conceo lrtC rtngs o n u pper lellf su rlllce 



Cassava ash (Oídium maníhotísJ 

This disease occurs during lhe dry season, being more prevalent 
on lower leaves. It is characteri zed by the presencc of yellowish 
leaf spots. Initially, a white mycelium grows a n the lea f surface ; 
affected cells turn yellow, forming indefinite pale yellow iesians. 
Within these Icsions. there are areas of ne crosed tissue. which form 
different-sized, pale brown angul ar spots. Symptoms can be con
fused with certaln lypes af damage caused by insecl s and sp ider 
mites. The disease is considered la be of minar impartance in 
yield reduction. 
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Anthracnose rColletotrichum or Glomerella manihotisJ 

This disease appears afle r long periods of rain . 11 is characlerized 
by Ihe presence o f lea f spOIS found near ¡he edges o f young leaf 
Jobes, which are di storted ; there is parti al o r lo ta l necrosis of Ihe 
affected tissue. The pathogen 31so a ttacks the green part of the 
stem, producing canker s and dieback. In th e central part of these 
Icsions, pinkish arcas, formed by the fru ctifi cati a ns af the fungu s, 
can generally be found. Mast severe damage is done to cultivatians 
under one month a ld; attacks after thi s time ca n I c ~sen the quality 
of cuttings ob ta ined (ro m these a(fected plan ls Usc cl ean "seed" 
and do nOI planl a l Ihe heighl of the rai ns. 
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Rusts rUromyces spp.) 

5ix species of ru st pathogens have been reco rded in cassava, 
loca li zed in different pans of {he world. Nevertheless, th e;r 
incidence and sever ity are !ow. It seems lhat so rne species of 
rust occur on ly in tempera te zones where the disease is most 
sevcrc towards the end of the rain y season; other species are 
prevalent during the hOI, dry season. The disease is characteri zed 
by the formation of pustules on (he ve;ns, petioles or green stems. 
These pu stules are orange or light lo dark brown in color, depend
jng upon (he age of the pustule or the type of fungal fructifica
tion. Mature pustules show a high degree of parasi tism of fungi 
(Dorfuco spp.). Occasiondrly Ihe pustules are bordered by a yel · 
lowish halo. Generally the pus tules induce diSlortion or ¡he af
fected parts. Thc disea se is of mlnor importance. 
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Stem rot (various pathogens) 

The stem, whiC.h is normally used for propagalion ma terial In 
ca ssava, is auacke d by palhagcns o f woody perenn ials. The 
affected tissue i5 generall y a different color from health y ti ssue, 
especiall y around the vascular str ands or pith area . At firs t , the 
epiderm is may shaw superficial rol; later, fruiting bodies of the 
pathogen may appear. These bodies vary in form , co lor , size, ele, 
according to the species of pathogen. The occurrence of th is rOl 
is more no ticeable al the end of the rainy season and in cuttings 
that have been stored undcr eonditions of hi gh relalive hum idi¡y 
for periods of more than 1 S days. AII wounds caused by insee ts 
or by laboren. leave (he plant pred isposed la th e occurrcnce o f 
lhese di seases. Avoid planting " seed" with symptoms of any 
di sease. 
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Fung.1 fruiting bodin on st8m 



Infected propagating material (various pathogens) 

Cen.ain pathogens (causal agents of bacterial blight, bacteria! 
stem rot, superelongation , v¡ruses, viruslike organ isms and my
coplasma) translocate sys temica\\y in the vasc ular or cortical sys
tem and superfic ially from the stem of diseased plant s, wi thout 
producing any visible symptoms in -the tissue they invade. When 
thi s material is used for cuttings, the resultant p\ants deve\ op 
symptoms characteristic of me diseases that thcse pathogens cause 
and constitu te a focus for secondary infection. Sincc the maturc 
(Iignified) pan of the !.tem does nal generally present any sy mp· 
toms of ¡nfeetion , the symptoms of these diseases must be 'ooked 
fo r towards [he upper part of the plant and ge nera\\y du ring the 
rainy season when they are more noticeable . Never use planting 
material taken from plantations where these diseases have been 
observed . 
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Root rot (various pathogens) 

Ph y toph thora drechsleri, Pythium sp., etc. 

Cert31 n fungi or (he soil lhal cause rool rOl during the rainy 
season are widespread in heavy, poorly draincd so ils with a high 
organic malter co nten l. Pl1ylophlhor(j drechsleri is the most 
common and impor tant. These pathogens atlack yo ung or mat ure 
planls, espcdal ly when (he y are near dr,linage dit ches or in poorly 
drained soil5. They cause suddcn wi lti ng, se vcrc defo lia lion and 
50 ft roO I 101 . Roots exudale a pungent, watery ¡iq ui d and deco m· 
pose completely. Se lect a suit ablc soil for cu lt iva ting cassava and 
u ~e good agronom ic practices . 
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PI'Iytopthor. root rot 

Pythium root rot 



Rosellinia necatrix, Armi//aria me/lea, Fomes 
/ignosus, etc . 

Certain species of fungi cause considerable rool rol dur ing [he 
rainy season, but only when cassava has been planted immediate ly 
after forest clearance or after woody perenn ial species. Among 
these pathogens, Rosellinia necalrlx is the most important. The 
di~ease induced by thi5 pathogen is ca ll ed "black rot " because of 
(he charac teri stic. black color of the infected tissues. Canker like 
rOOI Jesions are also formed . To avoid lhis group of diseases caused 
by palhogens of woody perenn ial species, it is necessary to rotate 
with nonsusceptible crops (cerea ls) before plaCl(ing cassava . These 
diseases are generally found a IiUle before harvest or at harves ling. 
Infected crops initially present-in zones or patches- ye llowing, 
then wilting, and finally defoli ation and dieback. Rotate with 
cereal s and use good cultural practices. 
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Roselllnil root rot 



Postharvest root rot (physiological and/or pathogenic 
causes) 

Cassava rools generally deleriora le a few da ys aftel Ilarvcstmg. 
Th is deteriorall on seems lo be relatcd 10 tll e cu ltivar 's suscep tiblli ty 
lo deterio ralio n and 10 damage tha t the roOls suffer during harvesting. 
ROOls of ,"o me cul tiva rs dcteri o rale rapidly, whercas tll osc oC others 
rema in m good condilion for several days . Roo ts with no mechanica l 
damage rcmain sound longer, cven wllcn Ihe cul tiva r is susceptib le to 
deterio ration . The cau ~es of deterioration have no l becn dClermincd 
yct; bUI il seems th at deleriorarion is a resull of ph ysiologica l and /or 
pa.tholog icdl cffce rs, taking pl ace during harvesting o r immediatcly 
afl crwards . 
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Two dt'9rHS of ponhal"Ylt$l deterioration as compared w ith Ih. 
control 

Intllrnll posIhal"Yest root rot 





IMPORTANT PESTS 

Cassava is attacked by a largc number of miles aod insects, 
sorne of which cause co nsiderable economic losse s. Since cassava 
is a long-cycle eraD, the continl,lcd application o( insecticides for 
pest co ntrol would be very cost ly. It should be kept in mind that 
cassava has (he ca pac ity to recover (rom pes! altack when cl imati c 
condil ions are favorab le, es pec ially duriog the rainy scaso n. 

Preven ti ve measures 

The best control is to ma intain a low incidence of pests. The 
following measures are recommended to achieve this: 

,. Use di sease- free planting materia l. 

2. Use cult ivars that are resis Lant or tole rant lo pests. 

3. Do nOl plant in soils that are highly infested with insects or 
post pone planling until the po pulation is 3'i low 3'i possib le . 

4 . Do not destroy natural enemies or peSI~. When pesticides are 
applied , pests as well as lheir parasites a nd predators are ki lled , 
increasi ng th e number of harmful ¡nseets . Thereforc, selective 
pesticides should be used -Le. , Thur ;cide (Bactflus r/wringiensis) 
against the casssava hornworm- or nes ts of paper wasps 
(Pofisres sp.) ean be placed ne ar (he erop to prey on larvae. 

5. Apply insceticides on ly when damage is severe and th e planl is 
in no cond ition to recover withouL the aid or this measure. The 
in sec ticide should be selcctivc. 

6. Observe qUJ,rantine measures to avoid intro ducing pests to zancs 
where they are nol found . 
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Mites (Mononychellus tanajoa, Tetranychus urticae, 
Oligonychus peruvianus) 

Mite'.i are di'.itributcd worldwide. Several specic '.i allack Cassava, 
frequentl y during the dry season, caus; ng comiderab le da magc. 

M. tonojoo 3nd M. mcgregorl are green mitc '.i tha t altac k the 
growing po;nt¡ feedin g on you ng 'eaves and the grecn partions of 
the stem. Infested le.aves develop ye llow spo ts, lose thei r normal 
green color and beco me deformed . The Sh001S turn rough and 
brown . Infes tcd 'caves and stems die progrcssivel y, from top lo 
bclLom. Severe damage stunlS planl growt h and induces branch· 
ing. 

52 



Mononychellus sp . d.rnaoge 10 IiIfowing point 



T. urticoe attacks mature Icaves at the basal part of the plant 
firSI, moving to the upper Icaves if the dry season is prolol1ged. 
Infested Icaves ha ve ye liow dots alang lhe 'Y'eins, which become 
reddish or rusl colored as the ¡nfestallon Increases or persiS IS. 
Severely infested leaves dry and fa 11 , and planls may die. 

o. perul/ianus normali y a ltac ks the lower and intermediate 
Icaves. On the under side of the lea ves, there are whitish spots along 
the center and lateral leaf vejns. These spats are webs spu n by the 
female, under which she lays her eggs and the larvae and nymphs 
develop.On (he upper leaf surface . they appear initiall y as 
yeliowish spots , which lurn brown. 

Cultivars tolerant to miles have been found. Miles can also be 
co ntrolied by using methamidophos, dimelho ate, or othe r 
organophosphoro us insecti cides al commercial rates of applj· 
calion. 
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Terranychus ur/icse damas' 

OligonychU$ perUVliJnus damage 10 leav8$ 



Thrips (Frank/iniella williamSi, Corynothrips stenopterus, 
Caliothrips mascu/inus) 

Seve(al species atlack cassava, principatly in the Americas. The 
most important is F. wifflomsi, which damages the growing points 
o f the plant. Leaves develop abnorma!\y; young \eaves are distorted 
and deformed, wilh irregular yellow spots. Brown cpidermal wounds 
are found on the green portian of the stem; intemedes are usually 
shortened. The grewing points sometimes die, thereby ¡nduelng 
growLh ef lateral shoots, which can be attacked with equal ~everity, 
giving .ln appearanee of witches'·broom. Outbreaks of rhrips are 
more frequent during dry periods, causing losses of up to 25 per
cenl. Best control is obt.lined through the use of resistant cultivJrs. 
Systemic insecticides such as dimethoate (160 ee .l .i ./ha) or th ia
meton (113 ce a.i.{ha) give goad control. 
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Th, lps dlmage 

s.".r. Ih,ips d.maQII 
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The cassava hornworm (Erinnyis ello) 

This insect is generally cons idered as the most important pest 
of cassava in (he Americas. High populations can defaliate large 
plantat ions in a short time. Whcn defo liati o n occurs in (he ¡nitial 
phase of erop development, yields are reduced and young plants 
ma y die. The ash -co lored female is nocturnal ; she oviposils her 
IiRht Rreen eggs freely o n (he te af surface. Larvae vary a great deal 
in color (yellow, gree n, bl ack, etc .), reach ing a size of 10 ta 12 cm 
befare migrating to the soil , where they form d H:slnut brown or 
bl ack pupac. Grea test incidence generally occ.urs al the beginni ng 
o f the rainy seaso n, bul outbreaks are sporadic aod ma y be absent 
for severa l year s. Sound agronomic practices (weed control, good 
la nd prepara tion) reduce pop ula tio ns. Egg parasiti sm by 
Trichogromma spp . reduces popu lations, and the paper wasp 
(Polisres sp.) is the most impor tant larva l predator. Effect ive 
control can al so be ob tained by spray ing bacter ial suspensio ns of 
80cillus lhuringiens;s. Chemical control (Icad arsena te, trichlorron) 
is effective against th e larvae bu t should be avo ided sincc the 
benefici a l insects tha t exercise biological control are dcstroyed . 
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Hornworm Ilnle 

Hornworm eggs 

Hornworm ;,dult 

Paper wasp ¡Po¡'sres 5p.l 
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Shoot fijes (Si/ba p endu/a, Carpa/anchaea cha/ybeal 

This pesl, found only in ¡he Americas , can damage terminal 
shoots, resulting in a reduction of plant growth. The adult fly 
is dark, meta!!ic bl uc in color ; cggs are oviposited ameng un
expanded Icaves in the growing points or in 5mall cavities made 
by the ovi positor in l ile plant ti ssue . Arter hatching, the larvae 
lu nnel in the young plant t issue and evenlUall y ki li lhe growing 
po int. Several wh itish lar vae may be fo und in lhe affec ted 
growing po int , w herc there is ge nerally a yellowish Of brow n 
ex uda te. The dea th of th e growi ng point retards no rmal growth 
and induces lhe formatio n o f new side ShOO1S rhat may al50 be 
attacked. Young plants are more susceptib le; damage lo older 
plants probably has no effect on yield. Since heaviest infestations 
occur al the beginning o f the rainy season, planting should be 
programmed so l hat init ial crop grow th takes place when shOOL 
fl y populations are low. Larvac are diffi cul t l o control, but 
systemic organophosphorous insl:,-ti cides, such as diazinon, 
dimethoate, methamidophos, monocrotophos and dicrotophos, 
can be used ar commerciaJ ratcs of application. 
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F,ui! flies (Anastrepha pickeli, A. manihorij 

ThiS fly has been frequently reported as artacking the cassava 
frujl, causing no economic losses; neverthel ess, it can al50 cause 
severe damage lo [he stems, The aUack on the stem occurs l Oto 
20 cm below the growing po int, leaving a smatl en trance or exir 
hol e. The female, which is ye llow in color, oviposits in rhe stem 
tissu e near the tipo Upon hatching, the ye llowish white larvae 
bore their way into [he pith region. A bacter ia l pa th ogen (see 
"bacterial stem rol") has been found in associatio n with the 
larvae ; (rom this association asevere stem rot results. A wh ite 
latex exuda te is ahen seen nowing from the larval tunnel. Heavy 
atlacks may cause lhe death of lhe growing POiOl, thus retarding 
growth and inducing the (ormation of la teral shoo ts. This bacteria· 
¡nsect assoc iation can reduce yields, as we ll as the quali(y of the 
propagation material coming (rom affected plants. Although 
methods of control are still in the experimental phase, it can be 
achieved through the use of resistant cultivars and systemic 
insecticides such as fenthio n. 
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FrUl1 fly adull 

Fru it 11'1 larva 

Seve,e fruit 11'1 damag8 



Whiteflies fAleuro trachelus sp., Aleurothrixus sp., 
Bemisia tabaci, B, tuberculata and Trialeurodes variabilis) 

Whitefties have becn recorded in th e Ameri cas, Africa and 
certai n parts of As ia. Oirect damage due lO feed ing is nOl 
reported; bul high popu lations may cause yellow ing and drying 
of th e lower leaves of th e plant. Adult whiten y populat ion s can 
be detected by shak ing the growing po ints of the pla nts, wh ich 
disturbs the adu lts in to flight. Pupae and nymphs are found on 
[he undersides of [he lower leaves. The presencc of a sooty mold 
is commo nl y found in association with whitefl y attac k. High 
populations usually oceur in lhe rain y scason. Bemisia tabaei is a 
vector of the African mosaie disease (see correspond ing section of 
chapter on di seases), which causes heavy yie ld losses in Africa 
and Asia . $incc thi s disease does not ex ist in (he Americas, the 
im portance of the whitefly on Lhis conlinent i5 mi ni mal. Fo r its 
control the fo llowing insecti cides are suggested: dim ethoate 
(250 to 400 ce/ ha) , demc ton or cicroto phos (400 10 600 ce/ha), 
o( phos phamidon (250 LO 400 ce/ha) . 
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WhiteflV pupae (AleufotrilcheIrJ$ sp.l 

WhiUflV adult (Tria/eurodel vaflab¡{isl 



White grubs (larvae 01 Coleoptera belonging to the 
famili es Scarabaeidae or Cerambycidae) 

The grubs, whose adult stage is a beetle, attack the cullings and 
raots of the cassava plant. Various species have been recorded in 
many cassava ·growing areas of the wo rld . The presence of these 
larvae can be detected when the soB is being prepared for planting. 
Darnage is charac terized by the destruction of the bar k of Ihe 
cuttings and the presence of tunnel s in the wood y part. These 
cu trings may rOl and die. When young plants (1 to 3 months) are 
au acked , lhey sudden ly wilt and die . The larvae also fced on Ihe 
bark of the basal part of lhe slem , generally in the zone imme· 
diately below lhe soi\. The larvae are wh ile Wi lh black heads 
and reach up to 5 cm in length. They can generall y be found 
aroun d th e cutling or (oots of Ihe affected pla nt. Thc mosl 
effective contro l is obtained using aldr in (1.5 kg a .i.fha) and 
carbofuran (0.9 g a.i./plant), applied to the 50il, right u ndcr lhe 
cutting. 
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White 9rubs aUackin9 cassava roots 



Cutworms (larvae of Agrotis ipsilon and Prodenia 
eridania) 

There are severa l spec ies of CU[wOrm5 that altack cassava. These 
can be gro uped inlo the foHowing ca legories: 

Sur face cutworms 

The bJack CU(Worm (Agro tis ipsifotl), which feeds on Ihe basa l 
pa rt ofthe stem near ¡he surface of the 50i l, leaves lhe plan ls Iy ing 
on the ground. The larvae are greasy gray fa brown in color, wllh 
fainl , ligh ter s¡ripes. 

Climbing cutworms 

These cutworms c!imb lhe slem, feeding on the buds and 
foliage; lhey may also glrd le lhe st em , causing (he upper part 
of ¡he planl te wilt and die . The larvac of the souther n army
worm Prodema eridania have been reco rded causing thi s type 
of damage in man y cassava-growi ng areas. They are dar k gray to 
black in co lor, with lateral yellow stri pes. 

Subterranean cutworms 

These remain in the soil , feedi ng o n lhe root$ aMd underground 
pa((s of the stem . They cause damage to you ng plan ts (k ill ing up 
to 50 percent), making it neceS5ary 10 replant. Although rh e 
attacks may occu r sporadicall y, they are more frequen l when 
c.as~va has be en planted ah er mai ze:. 

Al! th esc larvae can be con trolled by using poi son bai ls (10 kg 
sawdusl, 8 to 10 li ters water, 500 g sugar or mo lasses, and 100 & 
tr¡chlorron fo r 1/2 to 1 ha) . For underground cutworms, applica
l¡om of aldrin or carbofuran around lhe cu ttings can be effewve. 

68 



CUt ..... orms 8tucking stem 
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Stemborers (various species 01 Coeloptera, Lepidoptera 
and Hymenoptera) 

Many inseet spec ies feed on (he stems and branehes of cassava 
plants, causing considerable da mage. These stemborers are 
distr ibu ted worldwide; but th ey are partícular ly im por tan! in the 
Amer icas, wh ere lhey cause sporadic or loca li zed damage. Most 
stemborers are th e larval stage o f Coleoptera (Coelosternus 
sp. and Lagochirus sp.), Lep idoptera (PhYCloenodes 'ip.) and 
Hyme noptera . 

The larvae vary In size and sha pe, depending on the speeies; 
some reach a size of 30 mm in length. The larvae are usu al ly 
white, yellow or tan in color and can be found tunnelin g through 
(he aerial part of (he plan 1. The stems and branehes may break 
because of the win d or be reduced lo sawdust. Duriog dry periods, 
affected branches may lose their leaves and dry up; whe n the 
infesta líon is severe, the plants may die. A stemborer attaek is 
very easil y detected by the presence of excre ta, sawdust and 
exudate, e)ected from burrows made by th e insect in the infested 
branches, and which can be found on the site of in(estation or on 
th e ground, ju sl under th e pl ant. Control with pesticides is 
impractical sin ce ir is difficult to kili the larvae ¡nslde the stems. 
Populalions can be reduced by removing the infestcd parts or 
plants and burning rhem. Always use d iseasc·free cuumgs for 
pl anting. 

70 



Slemoorer demage "'I'n presenll 

UNa, pupa Ind adult of Co lllOptera 



Scale insects (Aonidomytílus albus, Saissetia miranda, etc ,) 

Several speeies of seales atl.aek cassava stems; but except for 
\ocalized incidencc, they do nol seem 10 cause significanl 
reducti ons in yields. They ge nerall y att ack weak plants . The 
allac k on ¡he stem by A. olbLls can cause leaves to ye llow and 
fall. When damage is severe, lhe Slem is complelely covered 
with sea les, plant grow th is st unted, the stems may dessicate, 
caus ing plant mortalil y. Sorne species attack th e leaves. 
Neverthe\ ess, the greatest damage seems 10 be relaled 10 [he loss 
of propagation mater ial: th e germination of heavily ¡nfecled 
cuttings is grea lly reduced ; and when they do germinate, the 
rOOIS are poorly developed and th e ir qual ity, reduced. Heaviesl 
ou tbreaks occu r du ring dry periods, becoming worse durin g 
prolonged periods of droughl. Mosl effec li ve control is obtai ned 
by using di sease·free cuttings and by removing and burning 
infested plants to prevent later di sseminatio n. Chemical control 
during plan! growlh can reduce ils incidence (oxydemetonmethyl , 
malathio n, at 0.1 pe rcent) . 
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Blac1< $cale (Sa.net'J m""núaJ on Ca55i1V8 

White SClle I A O('/ldomytilul !llbus} on e.suv. 



Lace bugs (Vatiga manihotae and Vatiga spp.) 

Lac.e bugs ha ve been reporled at,tack ing cassava in se veral So uth 
and Cen tral American countrie~. In Colo mbia [he species V. 
munihotoe has been recorded, but losses due lO thl s ¡nsect have 
nOI been determincd yet. Adults are gray in color and are 
approx imately 3 mm long. The whilish nymphs are slightly smaller, 
both adult s and nymphs are found in large quantit ies on the 
undersides o f leaves. Damaged leaves have small ycJlow spots Ihill 
later lurn reddi sh brown, resembling mite damage. Considerable 
damage can be done lo all the folia~e of one planl. 
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Termites rCoptotermes spp.) 

Tcrmi tes have becn found a ll.Jck ing cassava in me tropical 
lowlands. They feed on propagatían material (cunings) , on rOOls, 
or on growi ng plants. In general the establishment of a plantation 
can be scvere ly a(fec led by term ite a ttack , aboye all wh en it 
oceur" during prolonged dry periods. Far thei, control, [he use of 
resid ual pesticides 5uch as aldrin, di e ldrin or chl ordane is 
reco mmended. 

Leaf·cutting ants {Atta sp., Acromyrmex sp.J 

Several species of ants can defo lia te a plantation rap idly whe n 
a large number of worker ants invade it. They cut semicircu lar 
pi eces of leaves, whi ch they ¡hen carry to th e ir nes ts; in heavy 
a ttacks, even the bud s are removed . OUlbreaks usually oceu r 
duriog the fir!. ! mo nths of crop growlh, but th e ir effec t o n 
yield is not yer kn o wn. Their nests can usually be seen easil y 
because of the pil es o f dirt deposited around the e ntrance holes. 
Insecticides are the mos t effect ive mean s o f COnlrol. A nlS can 
be destroyed in the nes t by fumigating wilh carbon di sulfide, 
sulfur smoke or arsena tes . Ald rin (in powder), blown into the 
nest; or heptac hlor , di eldrin , BHC and aldrin (in solution). 
appl ied in or around lhe nest, al50 give good resul ts. Gran ular 
mirex , spread aJong the ant trails leading to the nests, is carri ed 
into Ihe nest by Ihe aots, gi ving e ffecti ve cootrol al so. 
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Term iU dlml{jlll0 cuttings 

Dlmage caused by laaf-cutt inlj anlS 



Gal! midges (Cecidomyiidae) 

Severa l species of ni es that induce galls on cassava have been 
recorded in the Americas. Thesc small flies are generall y found on 
the leaf uppersurface where they lay their eggs. Th c larvae cause 
abnormal ce ll growth, form ing galls. The gall s, found on the upper 
lea f surfacc , are yellowi sh grecn ro red in color, na rrow al Ihe base 
and oftcn curved. Whcn the gall s are o pe ned, a cy lindri ca l lu nnel 
with the la rva in sid e can be seen. Gal l mldges are generall y o f ti ule 
cconomic importance and thereforc do nor require control. Never 
thcless, thcre ha ve been cases of rclarded growth when Iherc are 
sevcrc ou tbrcak s in you ng plants (2 lo 3 months). To reduce their 
incidcncc, infeCled Icaves shou ld be colleclcd and dcs lroycd at 
weck ly inl ervals. 
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PROBLEMS OF NUTRITONAL OEFICIENCIES ANO 
TOXICITIES 

Ahhough cassava i5 frequently grown in poor soils, it can shaw 
a high response lo f ert ili l.ati on . Deficiencies of major elements do 
nOl a1ways result;n easily noticeable symptoms, rather they are 
reflected in reduced growth and yields. As a re sult, many farmers 
never realile the exi sten ce of these deficiencies. Among the major 
elements, potassium deficiency is the most camman, even in soi l5 
where olher erops do nol respond to potassium fertilization. 
Cassava al 50 seems to be very sensitive to magnesium and sulfur 
c1eficlencies. 

Among the minor el ements, zinc deficiency is the most camman 
in alkalineas well as in sorne aeje! 50il s. Cassava may shaw a nega tivc 
response to liming in aeid so il s due to th e effecI of inducing zinc 
deficien,y . The effect of olher minor element deficiencies is less 
frequ ent bu t can be ex pected in soils with a high pH or in very 
sa nd y soils. 

Cassava genera ll y adapts welllo ac id soil .. , bUI it is sensitive lo 
sa linity or a lkalinity. Nevenheless, th ere are cultivars with a hi gh 
degree of tolerance lO salinilY; in this case, lhe selection o f toleran t 
cultivars is the best solution to this problem. 
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Nitrogen (NI 

Nitragen deficic ncy signifi cantly red uces plant growth and 
production, bUl there are no dearly d isti ngui shable symptoms. 
The pho tograph shows cassava p lan ts growi ng in sand with 
di fferent levels (ppm) of N in a nutr itive solut ion. Stunt ing of 
plan ts occurrcd at low leve ls of N, bul there was no ty pical 
yc llow ing, which is a sign of N dcficiency in other crops. The 
ncxt photograph shows the poor grow th of cassava in the absc nce 
of N (foregro und). as compared with vigoraus growth in rhe 
presencc of N (background). 

Nitragen deficiency in cassava is na l as common as in o ther 
crops, but jt can be faund in infer ti le soil s such as o xisols o r 
ulti so ls. In these soi ls, the appl icat ion of N should be moderate 
(onl y 50 to 100 kg!ha) si nce prod uction is lowered if N is app lied 
in excess . App lications should be made a l plan ting and thc n 2 , 3 
or 4 months la te r. Nor mal N level s in upper Jeaves are from 5 to 
5.5 perce nt for the leaf bJ ades and 1.5 percent for [he pc t iolcs . 
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N r8$ponse in sand eu ltur8 
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Phosphorus (PI 

Phosphorus dc(iciency is charactcnzed main ly by stunting (see 
photo). Leaves may be slightly darker in color and the purplc co
lorat ion of the petioles more pronounced ; however, the symptoms 
related lo th is dcficiency are nol 'Iery cl ear. Severe defici cncy may 
resu lt in yeJlow ing and necrosis of sorne Icaves. The central photo
grap h shows a plant with tvp;cal P deficíenc:y; slender stems, nar · 
row and fewcr lobes. 

Th is deficiency i5 camman in oxisols and in volcanic ash soils. 
It can be corrected by band applications of fertilizer with a high 
percentage of soluble P, such as t ri ple or simple superphosphate , 
or by inco rporation of less sol uble P fertili zcrs such as basic stag 
or rack phosphate. Rack phosphate is a good source of P in very 
ac:id soils. AII P 50urces should be applied to the soil al the 
mament of pl anting. Normal P levcls in upper Jeaves are from 
0 .25 10 0.50 pereent for the lea f blades and 0.1 2 to 0. 15 pe recnt 
for the petiolcs. 

84 



p r&5pon5e In!.al'id cvlturll 

P defici ern:y 



Potassium (K) 

Potassium is one of the most ¡mportant elements a ffect ing 
production. The deficiency of this element reduces height, 
withou t producing definite foliar symploms (see photo). Plants 
with a K defic iency generall y have narrow and fewer robes . The 
lower pho tograph ShOW5 ¡he poor growth o f plants due to K 
defici ency (foreground), as compared with normal growth in the 
absence of this deficiency (background) . lntermediate levels af 
application (100 lO 200 kg K2 Os ¡ha) o f po tassium chloride or 
su lfate are recommended; the latter source is preferab le in sulfur
deficien t 50i15. High appl ica tions o f K may resu lt in lower yields 
due lO chlorine tox icity (ir KCI is used) or to induced magnesium 
defi ciency. Potassium should be band applied at plant ing and two 
to three months thereaftcr. Normallevels of K in the up per leaves 
are from 1.2 [O 1.8 percenl for the leaf lobe and from 2 to 3 
pereent for rhe petioles. 
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K responH in und cuhure 

K response in field 



r 

Magnesium (Mgl 

Magnesium deficiency resuhs in growth reduction 3nd jn ter 
venal yeJJ owing of the lower Icaves. The ye llowing begins 
tawards the lip of the Icaves or the edges, advanc ing towards 
me center. later the Icaves die (see photos) . 

Cassava is suscept ible lo Mg defi ciencies in soil s whe re ather 
craps may not respond to Mg; high rates af K may also induce 
deficiency of this elemenl. Magnes ium may be applied by 
incorporati ng it into the soil as MgC03 or MgO (20 to 50 kg 
Mg/ha), or band applications of 10 to 40 kg Mg/ha as MgS04 _ 

Magnesi um sulfate is prefc l' dble in sulfur ·deficient so ils . 

The levels o f Mg in the upper Icaves are fro m 0 .25 lo 0 .3 per
cenl for the leaf blade and from 0.3 to 0.4 perecnt for the peli 
oles. 
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Sulfur IS) 

Sulrur deficiency produces a yellowing or a light green ca loring 
of th e lower Icaves and redu ces the height of affec ted plants (see 
photo). Cassava seems lo be particularly suscepti ble lo S defici ency 
in highl y leached soil >, especia(Jy th ose far rem oved from ind ustri al 
cenrers. High applications o f K (as KCI ) may induce S defiÓcnci es. 
5ulfur ca n be applied at a level of 20 kg 5/ ha as elemental S or in 
lhe for m o f a sul fate¡ 5uch as potassium or magnesium sulfate or 
simple superphosphate. Normal S level') in the upper Icaves are from 
0.3 to 0.4 percent (o r the lea f blade and 0.15 pefecO( for the 
petiol es . When the relation N/S is more than 16, S defic iency 
may be ex pccted . 
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S response in sand cultu re 

Various dll1lrees 01 S daf iciencv 



Zinc {Zn ) 

Zinc deficie ncy produces white or ye ll ow spots on the upper 
leaves (see top ph010) and yellowing and deformalion of the 
youngest, recently formed leaves. Necro ti c Sp015 may appear on 
lowcr leaves (see lower pho to) . The color and shape of the spots 
vary accord ing to the cu ltivar. Cassava is very susceptib le to Zn 
defici ency, which occurs most frequent ly in soils with a high pH ; 
bUI it is also found in soils with a low pH. Li ming these soils may 
reduce yields scriously becausc of the induct ion of Zn deficiency. 
Zn deficie ncy beco mes worsc with a high application of P. Zinc 
shou ld be band applied to the so il atleve ls of 5 10 10 kg ln/ha as 
l nO or Zn504 . 11 may al so be app licd lo Icaves with 1 or 2 per
cenl solutions of Zn50 4 , or lhe cuttings may be immerscd in I 0'-

2 percen t suspensions of lnO. 

Normal Zn levels in the upper leaves range from 50 10 60 ppm 
fa r Icaf blades. $ymptams a f l n defi cicncy are gencrally observcd 
when the level of thi s element is under 20 ppm. 
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Copper ICu) 

Copper dc fi ci cn cy is not vcry co m mon in cassava. II produce~ 
whi, c <¡ pols o n ¡he upper leave s {'iee upper photol, and recenlly 
emerged Icaves are defo rm ed (I owcr photo) . Symptoms are si milar 
lo those presentcd for Zn dcficiency, except Ihat ¡he Icaves are 
l es~ yellow. 

Copper deficic ncy is common ly faund in soil w jth a h igh organlC 
malter con tent and al50 In so il " wilh a high pH. lt can be corrcetcd 
by leaf spra y, by app lying copper sul fa te to the soi l) o r subme rging 
cu ttings in a 50lu lion of th is compound . Normal Cu level " in the 
upper Icaves are approximatcly 6 (O 12 ppm for the Icaf bladc. 
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Col deficiency 

Col daficiency 



Iron ( Fe) 

Iro n de fidcn c:y is charactcrized by the. presence of a ycllowish 
orangc colaring on (he upper Icaves (sce photos), lhe yc llowing 
being rather uni fo rm over t he cntire leaf arca. This deficiency is 
nal common in cassava, bUI il does occu r in soi ls with a high pH, 
in sandy so ils, ar in soils wilh a high organ ic maller conlent. 
Deficiency may be ind uc ed by li ming a r exccss applications of 
Mn. l ron should be appl ied by leaf aspcrsion wi th a 1 lO 2 perccnt 
solu ti on of FCS04 ar iron che/a tes. Iron che lates may also be 
applied lo (he soi l, bul th cy are only effcctive in relativel y high 
concentrations . Normal Fe levels in Icaves range fro m approxima tely 
100 'o 200 ppm . 
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Manganese (Mn ) 

The symptoms of Mn deficiency are si milar lO Ihose for Fe de· 
ficiency: uniform yellowing o f al! (he lcaves , beginning aL the 
edges of the !eaf blade (see ph010S). 

Manganese deficiency is rare, bul j t can occur in so tls wlth a 
high pH or in organic soils. I l can be con ,·ctcd by leaf aspers!on 
of MnS04 or by band applic.ations of MnS04 or MoO. 

Normal Mn levels in leaves (ange fro m 50 la 150 ppm. 
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Boron lB) 

Soroo deficiency is rare and clear symowms ha ve nol becn 
round ('ice pho los ). h is mast co mmon in alkaline soHs and 
ca n be corrected by applying borax or other sod ium borales 
(\ to 2 kg Btha) to the soi\ or by leaf aspersion o f th esc 
compounds. Normal B levels in the leaves are approximatcly 
15 to 40 ppm. 
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Boran toxicity 

Baran toxicity is characterized by the presence o f wh ¡te spOIS 

or necrosis of the lower leaf edges (scc photos) , e~ pecia ll y 10 

young plants. I t is Yc ry common wh en thcre has been an 
exccssive or nonuniform appli ca tlon of B fcnili zcrs. Plants 
generally reco ve r. 
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Salinity and/or alkalinity 

Symptoms du e to Ihese soir problcms are characlerized by a 
unifor m ycllowing o f {he upper ~ eaves. which procecds down wards, 
a ffcc t log ¡he whol e pl anl (sce upper pho to) , The Icaves d lC , bcgi,, · 
ning al lhe edgcs, a nd th en fall, laler ¡here is d iebac k of bra nc.hes. 
Some cu ltivar ,> are more a Hected than o thers (see lowe r pho to). 
The problem is moSl casil y sol vcd by scl ccting 10Icrant cu lt iva r,>. 
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SYMPTOMS OF DAMAGE CAUSED BY HERBICIDES 

The use o f herbi cides in cassava can replace in¡tial weed ings tha l 
the erop requ ires lo elimina te weed competi t ion du ri ng lhe fi rst 
weeks of developmen t and thus reach max imum praduet ivity. There 
are many facto rs that affect the effec tiveness and sefectivity of 
weed ·k ill ers in an y crop. 

In the case o f cassava, ma ny preemergenee and postemergenee 
products ha ve been fo und to be select ive when they are employed 
prope rly ; nevertheless, thcre are cases in which herbi cides cause 
erop damage. The most frequen t are as fo ll ows: 

l. An overdose because of (aílure to read the label carefull y, 
poor cal ibration o f equipment, or an er ror in weighi ng or in 
calcu l3t ing the quantily of the producl lO be added lo lhe 
sprayer . 

2. The utili z.ation of a product o r a (ate o f apphca tion na l 
re ca mmended far light 5a i1 5. The sarne [ale sha uld nal be 
used for all ty pe5 of soil. Wh en the organic maner conten t 
;s low and /or the 50 ;1 te nds to be sandy loam or sandy , the 
rate has to be reduced. 

3. Thc utili zati on o f a sprayer contamina ted with athe r herbicides. 
The herb icide group that most comma nl y causes thi s type of 
problem is the " harmane" herb ic ides su ch as 2 ,4-D; 2,4 ,5 -T; 
picloram and dicamba . These praducts are utilized a grea r 
deal in gramineous crops and in pastures. They can cause 
damage when the same sprayers are used fo r broad-Ieafed 
crops unless the sprayers have been w3shed well . 
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4. Volatdlza lion of herb ic idc,>. So me "hormone·· herblCldes are 
formulated as esters, which range from in lnmed iJlcl y lo 
highl y volatile. Wh en applied to gra mineous ero ps or in 
pa<;t ures near eassava plan tat io ns, the vapors ffiay a rfeel Ihe 
taller. 

5. Dri ft. If an hcrbicidc th at is nonseleellve 10 eassava is app lied 
lo anolher erop nearby. the \Vind Olay carry the sp ra y, eausing 
damagc 10 the caSSilV3. 

6. The teaehing of herbieides. Sorne prcemergenee herbic ides 
main tain their scleelivity due LO the raet thal the y rema in in 
chc fi rs l few eentimelers oF the soil and are nOI in direet 
eontaet wit.h ¡he roo ts; however, shou ld heavy ra ins oecur , 
rhey can be leached to the zone of the roa ts, causing da mage . 
This oeeurs only in light soils and with rclat ively solu ble 
produets . 

7. A poo rly directed pos lemergenee applieat io n. Cassava doc , 
nal to lera le mueh leaf eont ac t with any postemergence 
herbiclde. Therefore , recornmenda tions indicate thal th e 
poste mergence appliea tion should be dirceted al lhe wceds, 
avoid ing as much contac t with the ero p as possib le. If thi s 
js nol done, da mage can be caused. 

8. The use of con tamlllJt ed produ cts. Although infrequcnt, 
there have been cases wherc insecticides, fu ngi cides anu 
fertilizers are contam ina ted with herb ic ides because they 
are all Slored logether In th e same warehouse. Besides, 
when pest icides are no! kept in thcir original packing, th ey 
can be confused with olher agricu ltural products. 

9. The aecumula tion o f incorporated preemergcnce herbicides . 
The constructi on of beds or rid ges fo r plant ing wi ll increase 
th e concentratio n of sorne incorporaled herbicides; a:. a 
result, whcn ¡he cuuings are planted, th cre \Viii be Meas 
where there is a relative overdose of the product. 

10. The residual effec t of herb icidcs applied to previ ous erops . 
So me herbicidcs have a lon ~er li fe than the cycle o f the 
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pre violl s crop and the residue 15 some tí mes taX I' LO cassava; 
I.e. } a stro ng (ate of atraz lne In mAlze or sorghum could 
pers ist and cause symplom~ of da magc when cassava is 
planled. 

Thefe is ver y l inle to do that \ViII stimula te erop reca vefy , l he 
besl lhing to do is to wait. and see ir the era p reCQver::.. Cassava 
will generally rerove!" as long as damagc is Il ght. Fert ili zaríon is 
suggested for lhis purpose. I f th e damage is due lO hormane 
herbic idcs or poorl y dlreCled pos lemergence applicdtíons, 
¡rrigalion can be used if lhe ~o il 1$ dry; but ir the damagc i5 

caused by a soi l-applicd herbicide, il Is best nOl 10 ¡rrigale since 
this wil l on ly cau se more damage. 
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Diuron (preemergence application) 

This hcrbicide is rccommended for wccd control in cassava 
because il is normalty seJectivc . h can , however , cause yellowing 
and /o r necrosi s of the lower [caves when an overdosc is used 
(two or three times more (han th e reco mme nded rate ) o r whe n 
il is applicd in l¡ght so ils. The yell owing and necrosis begin al Ihe 
teaf edges and lhe veins; norma lly l he cro p recavers. The symp
lo ms of li nuron and fl uometuron would be Ihe same bccausc 
they bclong lO lhe same chcm ical grou p . 
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Diuron (postemergence application) 

When diuron is appJied aftc r cassava has germinated and th e 
application is poorly directed, it wil l cause lhe leaves {ha t havc 
come in con tact with Ihe product to nec rose and fal! p remat urcly . 
The product is not systemic; therefore, lhe damage witl be ¡estrict o 
ed LO the sprayed Icaves. The plarns re covcr normally. 
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2,4·0 or 2.4 ,5· T 

Thesc products 3re no! rccommcndcd fOf use ¡n cas~ava . 

Nevcrt heJess, damage may occur when con laminalcd ~p ra ycr~ 
are uscd o r when these produc ts are applied in nearby lo(s, due 
10 {he high volatili zatio n of the ester formu latio ns or when the 
wind spreads the drop let s l a the erop . Damagc is charaCl cri zcd 
by irregular growlh <l nd di stan io n o f the 'caves (scc upper phOIO~) 
and stcms, al mosl aJ ways wllh !caf deror ma lion. Thc buds and 
young Icaves are ¡he mast scn ~ lti vc la thc~e prodult~ (ser lowel 
phOlO). 
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Paraquat 

This lu:rbicide, recommendcd in direcled pos leme rgence 
applications, can cause dea th of Ihe sprayed leaf lis~ue , result ing 
111 defoliation and bhghl of ¡he sterns in ¡he sprayed area, Thls 
symplom ¡s due la ¡he deslruct;on of ¡he cell chlorop last. This 
damage is caused when the producl has been poorly sprayed; 
nevertheless, (he herbicide affe cts cnl\, Ihe tissue ¡hal comes in 
contaCI wi¡h ¡he spray. 
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Butylate 

This prod ucl is recommendcd when th ere are wceds of th e 
fa mtl ies Cyperaceae or Gramineac; it;5 normally sc lect ivc . Whcn 
an Qverdose is applicd in light soi ls or when il is incorporatcd 
befare planting and then beds or ridges are formed, th e herbi cide 
is accumulatcd. Th istan cause delayed gcrminaljon o f Lhe cutli ngs 
and wri nkling or cri nk li ng o f the fir sl leaves o f Ihe shool s. Thc 
plan ls normall y recaver. 
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Atrazine 

This herbicide is frequentl y used in maize and sorghum. In 
cases of an overdose, ¡he rc~') ¡due remains lil the sOI\ and ma y 
ca use symptoms of damage in cassava. The lower leaves and 
intervenal are as beco me yell ow and necrosc. When (here is a 
lo I o f resld ue, (he normal devc lopmem of th e erop is delaycd. 
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KEY FOR IDENTlFYING SOME CASSAVA DISEASES 

L Bacterial diseases 

11. 

A. Angular water·soaked sPOts ; leaf blight ; partial or total wilting of green stem tis· 
sues; gummy exudate o n young stems 

B. Wihing of growing points; perforations in stoms made by insecu; internal stem 
cat 

Diseases caused by \liral , vi ruslike, or mycopl asm al causal agents 

A. Leaves with yellow parches and distortions 

1. Occurring generally in the plantation and the area 
2 , Loca\ized i nciden ce and in low percentages 

B. Leaves with y ellowing in the veins, crinkling and distortion of the tip ot each 
lobe 

C. Pronounced stunting and proliferation of growing points; normal, bUI very small 
leaves ; proliferation of shaots f(am the planted eutling 

111 . Fungal diseases 

A . FOliar dlseases 

8 ae terial blight 

Bac terial stem (ot 

African masaie 
Common mosa!e 

Leaf vejo mosaic 

Witches '·broam 
(MycoPlasm) 
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,. SPOts on the leal blade 

a. Indefinite yellow spots 
b. Brown or white spots 

Angular brown spots 
Indefinite brown spots 
Indelinjte brown spots with coneentrie rings 
Indefinite brown spots on edges only ; leaf distortion 
Round or angular white spots 

2. Lesions on the leat veins and pelioles 

a. Erupted cankers with brown margins and white centers; Jeaf distottion 
b. Brown or blaek pustules on ejther side of the leal ; distortion of leaves 

and pelioles 

B. Diseases of the stem 

1. Lesions on the you ng parts of the stem 

a, Erupted cenkers o f different sizes ; elongation of internodes 
b. Cankers with blackish margins and pink center 
c. Brown cankers with circular rings 
d. Brown tO black cankers: distortion 

2. Lesions on mature (fignified) parts of the $tem o Induce<:! by various pathagens 
of woody craps , gene rally spec;es of Ascomycetes or Basidiomycetes 

Cassava ash 

Brown leaf spot 
Blight leaf spot 
Concentrie ·ringleaf spot 
Anthracnose 
White leaf spot 

Superelongation 

Rust 

Superelongation 
Anthracnose 
Concentric·ringleaf spot 
Rust 

Vari ous 
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C. Diseases of the (oalS 

1. Preharvest rOOI rot 

a. Pungent soft rot 

b. Nonpungent rot 

2. Po stharvest raot ro t o Browni sh ·black streaking a f the vascular strands ; soft tO 
dry rot 

KEY FOR IDENTlFYING SOME CASSAVA PESTS 

Mites 

SmaJl , almost microscopic. with 4 pairs of legs, faund in large Q' !antities on the 
undersides of leaves 

A . Young leaves anacked; yello"", spots and deformatian of leaves ; death of 
growing point 

B. IMial sttack on basal leaves: vellow to reddish leaf SPats ; drying and fallin9 of 
leaves 

C. Inicial at tack on basal leaves; presence of vellowish brown spots on the upper 
surface 8(H.! whi te spots on the underside. near the central and Iflteralleaf veins ; 
spots covered with webs 

Phytophthora sp., 
Phvthium sp. 
Various 

Phy siological and/or 
pathological 

Mononychellus spp. 

Tetranychus urticae 

Oligonychus peruvianus 
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11. Insccts 

Different s;zes with only 3 pairs of legs in adult stage ; found in and on all parts of 
the plant and beneath the soil 

A. Inseets causing deformation and /or lesions in the leaf area or green part 01 the 
plant 

1. Growing points attacked, causing deformation and yellow spots on lea .... es 
and proliferation of buds 

2. Presence of yellow to reddish leaf spots ; small insect (adult gravo nymph 
whi te) found on underside of leaf 

3. Yellowing and drying of basal lea .... es; presence 01 sooty mold; adult small , 
white in color, found on shoots ; nymphs and pupae on the undersides of 
lowe, lea .... es 

4 . Garls formed by abnormal growth on the upper surface of the leaf . yellow 
10 red in color 

B. Leaf.cuning and /or Jeaf-eating ;nsects 

1. Oefoliation by cutting lea .... es. except for petiores ; large larvae of different 
colors, almost always with a horn on the posterior extremitv 

2. Defoliation by cuning semicircular pieces of leaves, sometimes me presence 
of ants on the plant snd /or debris from leef pieces , and trails in the planta· 
tion 

Thrips 

Lace bug 

Wh¡teflies 

Gall m idge 

Cassava hornworm 

Leaf-cutting ants 
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C. Stem-boring Insects 

1. Lesions localized on the termi nal part of the plant; presence 01 vellowi sh 
brQwn exuda te, death of growing poin t , presence o f w hite larvae in affected 
pan 

2 . Ori fices in s tem that exudate w hi te latex: $ometimes 50ft rol and pr~ence 
of yellowish whi te larvae 

3. Orifi ces and tunnels in the mature part of the stem; presence of sawdust 
and excreta coming ou t of tunnels 

O. Stem suckers 

YeJlowing and weakening 01 me plant In general ; presence af scales on stem 

E. Imeets attacking cuttings and/or seedlings 

1. Wovnding and consumption of bark and roats of cu nings and seedlings ; no 
germination. or w i lting and d ieback of seedlings ; wh i te larvae with black 
heads found arou nd cuttings or ro ots 

2. Dreback or seedlings cut al the base. nongerminati on o f cuuings; bark and 
roots cut and co nsu med. larvae gray to black in co lor . almost al wa ys found 
in the ground near th e attacked plant 

3. Problems in germinatíon; cuttings with tunnels and presence 01 insects in 
them; smaU adult. cream co lored 

Shoot flies 

Fru it fiies 

Stemborers 

Scale insects 

Whi te grubs 

Cutworms 

Termites 
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