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What little information ;.-. available on this subject scattered in numerous journals and 
,-ror.ograptis has been collected and made available to researchers through ClAT's Cassa\a 
ir.'.iMuUition v. enter There is a paucity of data on cassava pcsi hiolory, ecology, distribution,
• •.•atonal occurrence and economic damage, often resulting in confusion as to identification,
•.•.•.orumnc ciassiticatior., determination of synonyms and effective control measures. An 
r'.L'rnpi h.if bwn made ;o gather information on these pests with recent obseivalions b\ tin. 

.1 ::r.i-r-.. whose experience has been mainly in Laiin America.

The host plant
.'••'.uiitiLit esfiilenta. a member of the Euphorbiaceae, is a perennial shrub that originated in the

••.•-.ericas: it was later taken to Africa and more recently introduced into Asia. Common names
,.;.;,!•.' mafidioca. yuca, manioc and tapioca. Because of the different levels of cyanogeme

.•r.-.vKide? if contains in the roots, it has often been classified into "sweet" and "bitter" varieties.

f -.-avcs are formed at active apices and consist of an elongated petiole and a palmate leal blade.
•; i- plan; e:\hibits apical dominance, producing a single stem; the petioles are borne on raided 

v.ruerjrss. giving the stem a characteristic nobby appearance. When the main apex becomes
^•productive, apical dominance is broken: and two. three, or four axillary buds immedi.'teh 

'-eKv.v tiie reproductive structure become active and branching occurs. The roots accumulate 
.-.irbiihyarates in the parenchyma to form swollen storage organs. Depending on ecological 
..•onditions, the plant is cultivated from 8 to 24 months. Although the plant can be grown from 
seed, it is usually reproduced "srgetatively for commercial purposes by planting stem cuttings. 
Cassava is grown commercially at altitudes between sea level and 2000 meters.

Distribution of pests
The greatest diversity of insects reported attacking cassava is from the Americuj. 

Representatives of the 17 general groups of pests described in this review are found in the 
Americas. 12 are reported from Africa, and only 5 are from Asia. U ndoubtedly, pest distribution 
is more widely dispersed than the literature indicates.

Mites, \\ hiteflies. white grubs, scales and termites are reported from all major cassava-grow ing 
areas. The green mite \fononychellus tanajoa is. reported only from the Americas and certain 
parts of Africa (105). whereas the two-spotted spider mite Tetranychus uriicae (T. lelarituj is 
reported worldwide. The white scale Aanidomytilus albus is reported from Asia. Africa and the 
Americas whereas several other scale species £.re more localized. White grubs are reported 
damaging cassava in several regions, but no single species appears universal. The cassava 
hornworm (Erinnyis etloj. shoot flies, fruit flies, lace bugs (Variga manihoiae) and gall midges 
are reported only from the Americas. Stemborers, thrips. mealybugs and leaf-cutter ants are 
reported from the Americas and Africa. Grasshoppers are reported as a major pest only in 
Africa. Cutworms and crickets are found worldwide but have not been reported as attacking 
cassava in aii areas.

It appears that the pest complex varies greatly over the main cassava-growing areas; therelme. 
careful quarantine measures should be employed to prevent their introduction into unitilestcd 
areas.

Crop losses due to insects and mites
Insects can cause damage to cassava by reducing photosynthetic aren, which results in \icld 

reductions: by attacking stems, which weakens the plant and inhibits nutrient transport; and h\
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attacking planting material, which reduces germination. Thosemitesand insects that attack the 
stem also lessen the quantity and quality of planting material taken from these plants, thus 
affecting production. Soil-borne insects attack cuttings, causing wounds or boring holes 
through which soil-borne pathogens can enter: they may also completely destroy the epidermis 
and or buds of the cuttings. Others cut the roots and or shoots shortly after emergence. Some 
insects are vectors of diseases as well.

Indications are that pests such as mites, thrips. whiteflies.scales. mealybugs. lace bugs and 
stemborcrs. which attack the plant over u prolonged period, will reduce yield more than those 
that defoliate or damage plant parts for a brief period; e.g.. hornworms. fruit flies, shoot flies 
and leaf-cutter ants. This is because the cassava plant appears able to recover from the latter 
type of damage under favorable environmental conditions, with rainfall and soil fertility being 
critical factors. Cassava is often grown in regions with prolonged dry seasons and infertilesoils. 
These additional factors of water stress and poor fertility will compound damage caused by 
mites, thrips. lace bugs and scales,whose populations tend to increase during dry periods.

Most of the literature reviewed did not include good economic loss data. When quantitative 
figures were available, they are presented in the text for each insect group.

Mites and insects attacking foliage 
Mites

Recent research indicates that mites are one of the most serious cassava pests throughout the 
world. A complex of 22 species of spider mites, all belonging to the family Tetranychidae, have 
been identified as feeding on cassava. The criteria used for identifying these mites and their 
taxonomic description have been reviewed by Flechtmann(49). The more important species ol 
the genera Tvtranychus. .\fanonychellus and Olignnychus are shown in Table 1.

The two species of greatest economic consequence appear to be M. tanajoa and T. unkai-(T. 
telarius). T. unicae is found throughout cassava-growing regions of the world and is reported to 
cause serious losses in parts of Asia (117) whereas M. tanajoa is native to the Americas (16). It 
was possibly introduced into Africa around 1970(86,87) but may have been present earlier (106) 
and has spread quickly because of favorable environmental conditions (104, 106). 7". wr/icoehas 
a wide host range, whereas both the A/, tanajoa and Oligonychus peruvianus mites appear 
limited to Munihot spp. but may attack other Euphorbiaceae. O. peruvianus has been identilied 
only in the Americas (49) but O. gossypii has been found in Africa as well.

Yield losses as a result of .nites are considerable. Nyiira(I06) reports yield losses as high as 46 
percent caused by M. tanajoc in experimental plots in Uganda. Studies in Vene/uela(E. Doreste. 
personal communication) pl?ce losses from M. tanajoainlhe 15to209crange. Field experiments 
at Cl AT (30) involving a complex of four mite species (M. tanajoa, M.mcgregori. T.urticaeand 
O. peruvianus) resulted in 20 to 539r loss, depending upon plant age and the duration of the 
attack.

Damage

The Moiwmrhclliis mite is usually found around the growing points of plants, on buds, 
young leaves and stems; the lower part of the plant is less affected. Upon emerging, leaves are 
marked with yellow spots, lose their normal green color, develop a mottled, bronzed, mosaiclike 
appearance and become deformed. Under severe attack, plant growth is stunted, shoots lose 
their green color and stems become scarified, first turning rough and brown and eventually 
presenting dieback. Stems and leaves necrose progressively from top to bottom (29. 106).



Table 1. Important species of I hi cussavu mile complex.

Species Synonyms

\f-:tt.>nychellus lanaioa Teiranychus lanajoa
Monon> chus tanu/na

'..' ciirihpfanaf T. caribbeanae
Eoietranychus caribbeanae
Mononychus caribbeanae

M. planki T. planki
E. planki

M. bondan Mononychus bondari

M. chaenwsieioius Mononychus
chaemostelosiis

',{. mcgrcgori Mononychus nicgrtgori
Mononychellus planki
(partim)

Tttranychui urlicae T. lelarius (partim) 
7". bimaculaltis

T. cinnabariniis T. lelarius (partim)

T. tumidu.i

Oligonychui peruvianus T. peruvianua
Parateiranychm peruvianus 
P. irinitatis

O. tfoj.npii P. Rossypii

•£' H W FleLriimarn. personal communication

Damage from the Tetranych;": mite appears initially on 
hows as yellow dots along (he main leaf vein, eventually s

Reported from

S. America
E. Africa

S. America
Caribbean
Caribbean

S. America
S. America

Brazil

Brazil

Colombia
Colombia

Reference!)

27, 40
hb-S7. IIM

115
III
III

111
4

87

III

2S
CHWF*

Americas. Alrica.Asia 39. 50. 117 
Asia 75

Brazil, Uganda

Brazil, Mexico 
Asia, Caribbean

Colombia
Colombia 
Colombia

Brazil

CHWI-'

CHWF*

27
CHWF* 
CHWJ-*

50
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turns reddish, brown or rusty in color. Beginning with the basal leaves, severely infested leaves 
dry and drop, and plants may die (29).

The presence of the Oligonychus mite is characterized by small white spots, which are webs the 
female spreads on the leaf undersides, commonly along the central and lateral leaf veins and
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margin. Eggs are deposited under this web where the immature stages develop. Corresponding 
yellow-to-brown dots form on the leaf upper surface. Damage is more pronounced on the lower 
leaves («2).

Life history, appearance and habits

Mites are pests primarily during the dry season when favorable environmental conditions 
permit populations to build up to high levels. At C1AT (29) mite populations increased during 
the dry season and as the plant increased in age.

The Miinnnyi-helhi-i female oviposits on the leaf undersurface. along the midrib or other veins, 
or in leaf concavities. As the mite population increases, eggs are deposited at random. Nviira 
( 1051 states that mite density and egg production are enhanced by dry periods, new leaf growth 
and high quantities of chlorophyll: they decrease during and after rains (107). Preoviposition 
lasts 1-3 davs. with lemales laying from 15-1 I 1 eggs each (105). Laboratory conditions produce 
t he follow ing time periods for the various stages: egg. 3-5 days: larvae. 1 -2 days: protonymph, I -2 
da\s:deutonymph. I-2 days;, i i adults up to 30 days (30, 105). Laboratory studies at C1AT( 30) 
revealed a sex ratio of (>2'V females and 38 f7 males and an egg viability of 92%. The adult M. 
KiinijiHi is ureen in color and has an average hi, y length of 350 m/v. M. mcgregori is similar in 
behavior to M. tiinii/oii. We have often observed M. tanajoa feeding on leaves still within the 
bud. whereas \l. mci;ri>w>ri feeds on the young leaves after they have expanded from the bud. 
Both species have been found on the same plant in Venezuela (E. Doreste. personal 
communication) and Colombia. Laboratory studies indicate that optimal temperature for A/. 
itinujtxi development is 28-32'C with a relative humidity of 6()'~( (30. 107).

Studies by Nyiira (I(171 and Bennett & Yaseen (8) show that wind is the primary means of 
dispersal for M. tanajoa. These mites form ballooning threads by which they lower themselves 
from the leaves. They are picked up and carried by air currents for long distances; thus 
movement of the mite is usually in the direction of the wind. Dispersal is most active on hf>l days 
(25"C). between the hours of 9-11 am and 3-5 pm. Dispersal via man, animals or other insects, as 
well as by walking, is also important. This mite was probably introduced into Africa via cuttings.

The two-spotted spider mite (T. urticar) is co nsidered a major agricultural pest worldwide and 
has been st udied by several workers (often as T. telarius) ( 17); however, there are few studies in 
relation to its association with cassava. Laboratory and screenhouse studies at CIAT (30) 
indicate that cassava is an acceptable host for this mite.

Oviposition is initiated on day 2 of the adult stage, on the undersides cf basal leaves. Each 
female is capable of depositing 40-50 eggs over a 20-day period, with the peak period occurring 
from days 3-9. Laboratory studies (25-28°C. 60-70^ RH) resulted In aneggperiod of 3-4days, a 
larval period ol 2-5 days, a protonymph period of 1-2 days, a deutonymph period of 1-3 days 
and an egg-to-adult period of 7-11 days; adults survived up to 22 days (30). Dispersal occurs via 
wind (although not by ballooning threads), walking or phoresy.

Studies of the Oligomclws mite on cassava arc incomplete. The female spreads a small 
whitish web along the central and lateral veins on the undcr.-idcs of basal leaves. Eggs are 
oviposited under this web, where larvae and nymphs develop by feeding on the leaf (28).

Control

The use of pesticides to control mites should be avoided. Their short life cycle enhances the 
development of resistance to acaricides, and predators are more adversely affected by broad- 
sprectrum pesticides than mites are (8). There is also some evidence that the application of
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••. •: ;ctd;> can stimulate the fecundity and migration of nv'tcs. To prevent mite infestations on 
>:..nncs. pesticides such as malnthion and Tamaron should be used. These products can be 
,ip:il\ed by dipping the cuttings in a solution for five minutes (S4). The two primary methods of 

.iiin-.l under study are biological control and host plant resistance.

tlioitifical control. Numerous predators have been reported (ceding on cassava mites. These 
'iK-l'.iu'e Coccinellidae (Sift/torus sp.. Cliilomtnes sp.. I'rrania spj Staphylinidae (Oliguui 
mmiiia). Cecidomviidae, Thysanoptera. Phytoseiidae (Typhloiiramiislimonicus, T. rapaxj'Md 
\iuhocoridae (Orius inanitions). O. minuta. Stethorus sp. and the Phytoseiidae mile complex 
appear to he the more c mmon predators of M. tanajoa (8, !04).

Hennett & Yaseen (8) have evaluated the effectiveness of biological control of M. tana/o<iv>\\\\ 
i'. 'H.nutt;. The development period of O. miiniia is only 15-18 days, enabling it to react quickly

.1.1 .r.cre.tsi'in host number. Both larvae and adults feed voraciously on the mite (as main asSS 
l.ir.ae and .'2 adults per 75 leaf samples have been observed land can teed on other letranyehids,

• lien >/. itinaifii i^ scarce I 59). Predator populations were greater during the dry season when 
mite densiu u.is highest and decreased during the rainy period, as did mite density. O. niiinna 
populations were highest on leaves 6-10 (measured from newest leal"), coinciding with highest
•r.ite popuiatinns: :t> activity is therefore synehroni/ed with that ofthemite I heintrodiielionol 
ihis predator into Fast Africa has begun.

. 'iirit-iisi r,'wianct\ Systematic evaluation of the CIAT germplasm bank under greenhouse 
.ind screenhou.se conditions indicates only low levels of resistance to T.urticae and intermediate 
or moderate levels to M. tanajoa ( 30). Nearly 98Q of the varieties were highly susceptible to T. 
iirticiii'. as compared to 45 ( > for M. lanaiua. Only 0.4^ of the varieties were in the intermediate 
resistance range '"or T. uriicae, as compared with 14^ for M. tanajoa. These results indicate that 
ihere is a higher level of resistance to .V/. lanajoa than to T. uriicae in cassava germplasm.

"ennett A Vr»seen (8) observed large differences i:i population levels of M. tanaina on different
•.;irjet:es. s'vura (!04) found the lowest M. tanajua population on the varieiits Kru 46. 301. 15 
and K.. Kawanda. During heavy attacks, he observed three times as manv leaves on tolerant 
varieties as on susceptible ones, and leaves developed about four times more slowly on 
susceptible varieties. Root yield of resistant varieties was about twice that of susceptible ones. 
Reports :rom Bra/il (l?0) and Venezuela (4) have also identified varieties resistant to 
\l"Hi»-i,<-hetlu\ and Tctran\chm. In recent field evaluations in Colombia* 1| (.several varieties 
.u-re -elected as promising for resistance.

Thrips

Several species of thrips are pests of cassava throughout the Americas. These include 
F'runklinU'lla ;\il!ia/nu (28). Frankliniella sp. (102. 122). Curvnuthrips stenopivrux (42, 122), 
::i(ihr',->\ niumhoih 14. 15). Scirinthrips munition (39) and Calioihrips maxcitliniui (27). Thrips 
iiiacK-, have also been reported from AfricalZ.M. Nyiira. personal communication) and India 

1 Ki-ntlirins \\riacu.\. Hellotti. personal observation). Yield reduction ranges from 5.6-28.4'7 
dcDenoiri}.' nn varietal susceptibility. The average reduction for eignt susceptible'varieties in 
C.Yiomnia was \".2'riM>. 123), These results are consistent with reports in literature, which 
estimate a 15'P ;.ieid reduction (102).

Damage

/•". H-tlliamsi. vi'hich damages the terminal bud of the plant, is the species of greatest economic 
importance. Leaves do not develop normally, leaflets aredeformed and show irregular chlorotic

14
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spots. Stylet damage to leaf cells during expansion causes deformation and distortion, and parts 
cf the leaf lobes are missing. Brown wound tissue appears on stems and petioles, and internodes 
are shortened. Growing points may die, causing growth of lateral buds which, in turn, may be 
attacked, giving the plant a witches'-broom appearance (6, 102,122,131). Symptoms of a severe 
attack are similar to those for cassava mosaic (102).

Life history, appearance and habits

Limited information is available on the biology of thrips on cassava. Larvae and adults of E. 
manihoti and F. williamsi live in the growing points and on young leaves (14,122). Frankliniella 
sp. and £ manihoti are golden yellow and measure about 1.1 mm in length (14). C. masculinus, a 
black species, is found mainly on expanded leaves of young plants (27). Adult C. stenopterus 
measure 1.5 mm and are yellow in color; the head and the last two abdominal segments are 
darkened. Thrips insert their eggs in the midrib of the leaf undersurface. The greenish colored 
nymphs live near the veins where they go through two nymphal and two pupal stages (46). Thrips 
attack is mosf frequent during dry periods, and plants recover with the initiation of the rainy 
season (131).

Control

The use of resistant varieties, which are readily available,is the best method of control. In the 
C1AT germplasm bank high levels of resistance to Frankliniella sp. and C. stenopterus exist. 
Approximately 20 percent of the varieties are highly resistant to thrips attack, and an additional 
29 percent show only minor damage symptoms (27,122). Resistance is based on leaf bud pilosity. 
Increasing pubescence of unexpanded leaves increased thrips resistance (122).

The cassava hornworm
The cassava hornworm Erinnyisello is generally considered to be one of the most serious pests 

because it can rapidly defoliate plants. It occurs only in the Americas, where in severe outbreaks 
large cassava plantations are defoliated. This pesi has >,een reviewed in. detail by Winder (.134). 
The hornworm has been previously recorded as 5!' iiinx ello, Dilophonota ello (24", 57) and 
Anceryxello(l3). A less important species Erinnyis alope has been reported in Brazil. Cassava is 
the principal host of £ ello. which appears to be confined to Euphorbiaceae. Additional hosts 
reported are Aleuritis iriloba(24), Manihot glaziovii, poinsettia, rubber, papaya and milkweed 
(13, 36, 99). When heavy attacks occur, larvae may migrate to adjacent crops such as cotton(27, 
102). Yield reductions of 10-50% have been estimated (110) depending upon plant age and 
intensity of attack; at Cl AT yield was reduced by 189c (31). A oecrease in starch content has also 
been suggested (52). Transmission of bacterial blight by hornworm larvae has also been 
reported (27, 99).

Damage

Hornworm outbreaks with populations of more than 90 larvae per plant have been reported 
(30). Populations of this magnitude will defoliate plants rapidly, and the larvae will subsequently 
feed on growing tips and lateral buds. Young plants may be killed. The influence of hornworm 
attack on the roots is severer in poor than in fertile soils (57). Damage simulation studies indicate 
that defoliation of young plants (2-5 months) reduces yields more than that of older plants(6-10 
months). Although each lar.va consumes an average of 1107 cm* of leaf area during its five 
instars, large populations can be tolerated (28) since under favorable environmental conditions 
there can be up to 80% defoliation with no reduction in root yield.

17



Life hisiorv. nppt'aruncc and habits

i he generally giav nocturnal adult moth has five to MX black hands ae-. >ss the abdomen, with 
L'.a\ K> rowings and reddish hmdu in us. The smaller males have a longitudinal dark handovci the 
t nv.viNgs. Females live 5- 7 days, and the males live a lew days less(24). Opposition oectiis 2-3 
. !>-. .liter emergence, usually on the upper surface hut also on the petiole, stems and leal 
u.ukJsiirlaces (5"1 ). A lemaleni.iv deposit trom .'0-50 eggs(30) although recent observations at 
('! A I uiiipuhlished data) indicate an average of N50 eggs for individual pairs and 450 when 
'.Ivr-j Vioie I I pairs in the cage. I he eggs hatch in .'-(' davs (43. 57).

! ;K !irs'. instar larvae consume the egg shell bet ore moving to the leal undersiirlace to begin 
Iced ing 1 he duration ot the li\e lar\al mstars is from 12-15 days! 5? I. 1 arvae pieler teed ing on 
;ppei ica^es. consuming approximately "5'V of the total leal area in the tilth itistai. I he 
••.oti'gen cvanidc content of the leaf appears to have no eltect on larval mortality hut leal age 
'i—si 2S). All instars-how color polymorphism, run this is more common during the thud instai. 
Jolors \ar> from yellow, green, black, rea and dark grav to tan (57).

Hfth instar larvae may reach 10-12 en in !cni;!h: thev migrate to the soil where the\ loim 
chesnut brown, black-lined pupae under plant clenns. Larvae mav crawi considerable distances 
prior to pupation. Pupae can diapause ii>r several months IIX 125). but the adults normally 
emerge within 2-4 weeks. Hornvvorm outbreaks generallv occur at the onset of either rainy or 
dry periods, but attacks are sporadic and the insect can he v irtuallv absent tor several years. In 
Branl they are found al! year but are most abundant from January to March: several 
generations may occur. In Colombia outbreaks occur mainlv during the dry periods (57).

Control

A biological control program that combines parasitism of eggs and larvae, as well as 
predation. appears to be the most effective. Severe outbreaks can he reduced hv applvmg 
Bacillus ihuringiensis. Chemical control should be avoided as infestation is less Ircquent in 
nonchemically treated than in treated fields (29. 57).

Egg parasitism by Trichogrumma minutum (99). T. fasciatum (27). 7'ri<hm;rui>iniu spp. and 
Telenomus diluphonotae (57) has been reported to be as high as 94-99''r (110). An average ol 23 
TrichoKramma adults emerge per egg (28). Experiments at Cl AT were designed to muasuic the 
effect of Trichotiramina release on hornworm egp parasitism. Egg parasitism was meusuicd 
prior to release and periodically postrelease. Results showed a 22-2.V"? increase in parasitism 
four i.lavs after release (5. 31). Trichogramma are being released in large cassava plantations in 
Colo/nhia. Egg predation by ants (Colichorerux sp.) and wasps ( Polihias sp.) has also been 
repoited (57).

Ol the reported insect and vertebrate predators of larvae, the paper wasps (l'i>li.\u:\ 
cantnlifmts and /•". erythroci-fthaliixj appear to be the most effective (27). Each wasp requires 
several larvae per day. for its own consumption as well as for its brood. C'ontrol is most effective 
when tentlike protective shelters are provided for the wasp in the center ol the cassava field (57). 
i his practice has been successful at C'lAT and on some (arms in Colombia (30). Other larval 
predators are a pentatomid. Alcenrrhynchiix xrutulis. and a carabid. Caltfuinia rctiMum (36. 
51). Predation by birds is also important in several areas of B/a/il and C'olombia (57. 99).

Important larval parasites in Colombia are Apanteh's runxrexanm and A. ami'riainiix(57). 
These braconid parasites oviposit in the hornworm larvae where the parasite larvae develop. 
Mature larvae migrate from the host and pupate on the outer skin, lorming a white, cotioiilikc
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mass. These cocoons are approximately 3.8 cm wide by 4.1 cm long. Each cocoon contains an 
average of 257,-l/wm<'/<>.\ pupae, of which some 80',V will emerge. Liberations at C1A1 lesulted in 
an increase in parasitism of hornworm larvae (5, 31). Hyperparasitism of Apanii'le.', by several 
hymenopteran parasites was recorded at CIAT. resulting in an average of 569c hypei parasitism 
(5). Similar behavior is reported for ihe ichneumonid wasp Micragaster/laviveniris (24). Lanal 
parasitism by tachinid Hies is also reported (13. 24. 57. 91). R. iluiringii'mii, controlled hoi nwoini 
larvae effectively at CIAT. Six days after application, the larval population was fc?( ol the 
control: i.e.. one per plant versus 13 on the control (30). Additional experiments show that U. 
tlniriiiKii'nxi.t is effective against all larval instars hut most effective against the lirst (5). Studies 
also show thai application of B. tliurinf;ii'n.iis does not have an ad verse effect on 'Inihuxianiiua 
egg parasitism (31).

Laboratory studies at CIAT were designed to determine length of larval survival alter 
initiating feeding of /Jr/r/7/n.v-treated foliage. Results showed that larvae can survive lor 1 to 4 
d a\ s; h owever, the 1 eaf tissue they are able to consume is reduced by 86% for the third instar. 939i 
lor the fourth instar and 98'.',' for the fifth instar larvae (30-31).

Cultural control practices such as plowing between rows and after harvest, as well as 
mechanical weed control, will destroy mature larvae and pupae. Hand-picking of larvae is 
recommended for farmers with small plantings.

Whiteflies

Whiteflies (Alcyrodidae) attack cassava in the Americas, Africa and certain parts of Asia. 
Although they may not cause economic damage by their feeding, they are of particular 
importance as vectors of African mosaic disease in Africa and India (60,80). Bernisia tahaci is the 
must important species in these areas. B. gossypiperda and B. nigeriensis are also reported from 
Alrica. The species most frequently found on cassava iiVthe America's are Trialeurodes 
variahili*. Alctirniraclielux sp.. B. tuherculata and Aleuroilirixits sp. Although B. labaci has 
been reported from the Americas, there is some doubt as to its capacity to feed on cassava (39a). 
African mosaic disease, reviewed by Lozuno & Booth (83), is not present in the Americas.

Damage

High uhitefly populations may cause yellowing and necrosis of the lower leaves of the cassava 
plant. Si'\cre infestations of Ali'unitrai'htlux sp. have been observed in Colombia, where leal 
damage was manifested as severe mottling or curling, with mosaiclike symptoms on susceptible 
varieties. A sooty mold, often found growing on whitefly excretions, may have an adverse effect 
on plant photosynthesis (29). Yield losses as-high as 76% have been recorded at CIAT 
(unpublished data).

Life histon. appearance and huhits

Ihe biology of fit>nti\i(i spp. has been reviewed by l.euschner (80). The cycle varies with 
temperature; at 26"C, 17 days are required from egg to adult: within a range of mean 
temperatures from 12-26". the cycle varies from 11-50 days. During hot, dry weather and low 
relative humidity, no eggs are laid. One generation of B. tabaci lasts 4-5 weeks, depending on 
climatic conditions: there may be up to ten generations per year (79).

.Simile*, on the biology ol /'. vuritihili* (2l>) showed that females deposit an average ot 161 eggs 
with 7 2', survival from egg to adult. Average longevity for females was 19.2 da\s; loi m.ilt>. Jvh
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day>. The oblong pupal stage is normally pale green, but that of Aleiirotraclielus sp. is black, 
uith a while waxy excretion around the outer edge (30). Heavily infested leaves are almost 
covered with immature stages, which gives the undersurface a glistening white effect. 
Infc.stations have been observed on upper as well as lower leaves.

•\dult uhitcflies are almost always found on the undersides of developing leaves, where they 
oviposit. Activity depends on temperature, light and rainfall; temperature and light seem to ha\e 
an intending effect on flight activity. Temperatures of 27-28°C increase activity but do not 
induce flight: as light becomes more intense, flight increases (80).

H igh populations are usually associated with the rainy season when plants are more vigorous, 
(SO. 100). Detailed population studies of Rcmisia sp. have been conducted at 111 A (79-80); 
possible fac'.ors involved in fluctuations of population may be a combination ol ecological 
factors, physiological conditions of the plant, parasites and predators.

Virus/vector relationship

Experiments conducted at 1ITA (80) have shown that vector density and African mosaic 
incidence are related. In screenhouse studies on the virus vector relationship. Chant 02) 
demonstrated that whiteflies have to feed for at least 4 hours to acquire the "virus" and unothci 4 
hours to become viruliferous: they are then able to transmit the disease after a minimum leeding 
period of 15 minutes, There are no results available for vector efficiency under Held conditions, 
however, it is probably dependent on flight activity of the adults, population density and 
availability of young (succulent) infected leaves (80).

Control

One way of controlling, the vector is by using insecticides (23. 116. 117), but repeated 
treatments are necessary to maintain low populations, making this practice uneconomical. In 
addition, numerous wild hosts for Bemisia spp. would have to taken into consideration as new 
populations can build up quickly from these sources (80). Transmission prcssurecan be reduced 
by using resistant varieties (61). Studies at CIAT (29. 30) indicate that resistance to 
Aleiiroiraclielus sp. is available.

Biological control may be feasible. The coccinellid Serangium cinrium preys on immatures; 
the mite lypholodromite sp. feeds on adults. The wasp Prospaliella sp. (Encyrtidae) has been 
reported to parasiti/.e whiteflies (108).

Leaf-cutter ants

Several species of leaf-cutter ants, all belonging to the genera Ana and Acnmi\rmt'\. have 
been reported feeding on cassava in the Americas. especially Brazil(23, 24. 26.42, 94. 131) and 
Guyana! 12). The most commonly reported are Ana •.-sphalotes, A. scxdens. A. leavixuia. A. 
insulam and A. upacicepx: Acromyrmrx rugosits. A. ocio.spino.ius and A. tliselaffi'r.

Damage

Cassava plants can be defoliated when large numbers of worker ants move into a crop. A 
semicircular cut Ls made in the leaf: during severe attacks, the buds may also be removed. 'I he.sc 
parts are carried off to the underground nest and chewed into a paste, on which the lung us 
Rhu:uesgonKyloph<>ra is grown (11,12). Outbreaks fluently occurduring the early months ol 
the crop; the effect on yield is not known.
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Control

Insecticides are the most effective means of control. Nests, often readily visible by the sand 
piles around the entrance hole (6), can be destroyed by fumigation with carbon disulfide and 
sulfur smoke or arsenates (24). Chlorinated hydrocarbons around the nest (26,85) or granular 
Mirex baits applied alongtheant trails give effective control (112). Varietal differences to ant 
attack are mentioned (94). Cacao, a host preferred to cassava by some of the ant species, has been 
planted with cassava as a protective measure (25, 131).

Grasshoppers
Numerous species of grasshoppers are reported attacking cassava, principally in Africa (53, 

67-69, 127). It is reported that resistance of cassava to the migratory locust has stimulated 
cassava production in many areas of Africa (88). Grasshoppers have been observed feeding on 
cassava in the Americas but are not considered to be a major pest there. The two species of maj or 
economic significance are Zonocerus elegans and Z. variegatus (69), both widespread in Africa 
between 10° north and south of the equator. Yield losses as high as 60% have been reported when 
younger plants are attacked (79). They may also be disseminators of cassava bacterial blight 
(J.C. Lozano, personal communication),

Damage

Feeding damage is usually restricted to defoliation but can include young tender bark and 
seed coats (121, 127); in heavy outbreaks the bark is stripped. Immature plants are more severely 
affected than mature ones, which can withstand defoliation and have successful regrowth. 
Damage is of major importance during the dry season when cassava, which is tolerant to 
drought, is often the only available food source. It has been reported from some areas that the 
roots of defoliated plants are inedible because of excessive hardness (68).

Life history, appearance und habits

The biology of Z. variegatus in Nigeria has been studied by Jerath (67)andToye(128, 129). 
Adults generally lay eggs in April, placing them in eggpods a few centimeters below the soil 
surface; hatching occurs about 8 months later(79). The five nymphal stages last about 2 months. 
Z. variegatus is a mass migrator whereas Z. elegans migrates individually. Migration and feeding 
habits of Z. variegatus have been studied in Nigeria (9, 121, 127, 128) and Ghana(68). Increased 
cassava cultivation appears to intensify problems with Zonocerus (69).

Bernays et r.l. (9) studied the survival of Z. variegatus on cassava and showed that young 
nymphs normally reject cassava after biting it and die if they are confined on growing leaves. 
Later instars. if deprived of alternate food sources, will eat cassava, but adults progressively lose 
weight. Readiness to feed on growing cassava was associated with low HCN levels in the leaves.

Control

Definite varietal preferences have been noted in studies of feeding habits of Z. variegatm 
(127), possibly related to acceptability of the bark of certain varieties. On the other hand, the 
HCN content of varieties has been linked with resistance; however, its role has not been 
sufficiently confirmed (121).

With regard to cultural control, planting should be done at a time that would ensure plant
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inaiiiritv u hen pe.ik uni-shopper populations occur since thev preler young. developing plains. 
The ti>e ol chlorinated hvdrocarhons has also been recommended (79).

Hiolouicai control mas also be feasible as /. vnni'i:<;n/MsparasUi/ed hv mermilhid wornisand 
tr.e J:pteran HUh"i<> \inh,i filipicvi 1 129)

(Sail midyes

(i.ill rtndgo (C'ecidomviidui') h.ive been reported on cassava only in the Ameiicas (~>. Itiv. 
i .< 1 1 I he specie-' Jtun v/'ii <hiu /"•i;\;7ii l 'i.\n i = Eudi^li >.w\ hra.\ilien.\is. (.'liHoiiiploxi* hruuiu n.\i.\/ 
.ippe.ii- to be the must wide-spread I 14. 15. 20. 21. 56).

Ci.ill midges are considered of little economic importance and generally do not require 
control. However, in Peru and Mexico. 6- to '-month-old plants were totallv deformed. 
measuring onlv 20-."') cm high as a result of a severe attack. I'nder high populations leaves 
vellovv. retardinu pi;:tit growth: roots become thin and fibrous (21. 7 3l.

Life historv. appearance and lialiils

Adults ia> from 4 tt< 5 mdiv idual egg- per leal ( I 3 I i N\ hen the larvae emerge, thev pcnelialc 
the parenchvma u-'-ue. calling abnormal cell grout h and the formation ol a gall (one la i vac pu 
galli during the first larval in-star. The second and third instars are passed here, l.cal gall- 
g'.-nerallv meaiurf 5-15 \ 3-5 mm i |4iand are found on the upper leaf surlaee: thev aie v-.-KuvMsli 
green to red. narrower .it the ha-sc. olten curved and taiilv noticeable. Larval duration is ir--2l 
davs. Pupation! ID- 15 dav-i occur- in the gall: prior to pupation, the larva enlarges the exit hoic. 
winch i- -urrounded h\ anng of elevated tissue, through v\hich the adult emerges i"3i.

Control

\ arietal resistance to sail midges has been reported ( 130). The collection and destiuciion m 
affected leaves at regular intervals ha-, been recommended to reduce pest populations.

Several larval parasites of gall midges have been observed, including 7 r/raw/c //«.-• so. /. 
/IIMIU'II!*, l)inn'rtnniirit\ aurii'i'ftx. A/>ri>\t(>i't'tus sp. and A. fhliu\ (21. 73. 95).

Cassava lace bug

Lace bug fl'utina >naniht>iai')d»mi\u.c\* reported from Colombia (23). Bra/ ill 1 19) ana M.VCI.H 
othti countries in the Americasl I 19. 131 1. The species I ilhutcns has been leportcd liom Hia/u. 
High populations can cau-e foliardamage. Leaves have yellow spotstiiatevetituallv tut,, iwiutisli 
hrown. resembling mile da mage. Yield losses a re not known, but observations in liia/il inun.ii,. 
severe defoliation in certain areas, possibly causing yield reductions.

Life historv. appearance and haliils

The grayish adults, about 3 mm long, are generally found on the understirface of the upper 
leaves. The whitish nymphs are smallcrand are usually found (ceding on the central part of the 
plant (27). Laboratory studies at CIAT (28) show live nymphal stages, lasting 2.9. 2.6. 2.9. 3.3 
and 4.8 days, respectively (totaling 16.5 days). The egg stage is about Kdays: females deposit an 
average of 61 eggs. Adult longevity averages about 50 days. Prolonged dry periods were
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favorable for increased lace bug populations, which were highest during the first 3 months of 
plant growth (29).).

Insects attacking stems

Stemborers
Numerous insect species have been reported to feed on and damage steins and branches of 

cassava (Table 2). Although nearly worldwide in distribution, they are of particular importance

Table 2. The common stemburcrs of cassava.

Family and species Reported from References

CURCULIONIDAE 
Cuelosternus nigico'ilis 
C. larpidi's

Brazil
Mexico, Central 
America. Caribbean

22. 26. 43,48, 77. 92, 119
22, 78

C. granicollii

C. maniholi

C. notaiiceps

C. allernans
Kukcriops munition
Etibiilus sp.

CliRAMBICIDAE
IjiKochirus ohsulflus
L. rot-irsi
Ijigoehims sp.

Venezuela, Brazil

Brazil, W. Africa

Brazil

Brazil. Caribbean
Brazil, Colombia
Colombia

Cuba, Nicaragua, Indonesia
Colombia
W. Indies. Florida

22. 26. 43.48. 58. 63,77, 119

22, 26.43,48. 77. 92, 119

26, 43.48,77,92. 119

22
22. 23.48.92, 119
23

24, 101. 114
C1AT
24

Acanihodfri's nix Colombia 23

HOSTR/CHIDAE
SiiMxylvti hraMai W. Africa 
llfterobomruchui hrunneus Africa

76
76.77

PVRALIDAE 
Chihztla bifilalb 
Chiltunina clarkei 
= I'yrauxla clarkei

l'lihviaentitle.\ ///II/W/M

Venezuela 
Venezuela ,Colombia

Colombia

47
47. CIAT
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;•; Mie Atnencas. especially in Hra/il(93). They generally cause sporadic or localised damage, and 
:v"i- can be classified as universal pests.

I'-.e t:i,is: important stemborers belong to the orders Coleoptera and l.epidopteia. 'Ihe 
.:;:-!.•:.•.::' An*i\;rt'phu spp. ( fruit flies) and Silba spp. (shoot Hies), which mav also boic into the
•:. ::. .IP.' described separately in this report. Stemborers appear to be highlv host spccilic, and 
:."•• ,:;'-. reported to feed on alterna*. hosts. Two species. Megasonia flfphas and \\llei>iti 

' .. ;,;>. are reported to feed on swollen roots in Vene/.uela (63). Several Icpidoptcian and 
. •'. • •"•.eran stemhorersare identified from Africa (76. 77. 114); the only one reported t mm Asia 
, .•',,V'ii>':i>u> -p. ( I 14) from Indonesia. Seven species of Coclostermu are repoited attacking 
. .«-.'.-. a in the Ariericas (22. 24. 26.48. 58,63.77. ^8.92). and C. manihotiii, reported UN a pot in 
\;°.... '.221. Only C"eli>siernu.\ spp. and Lagochirus spp. are dismissed in detail hcic.

(' v.v^wio spp.

/'i.vi.-i/i.Y Larvae of the Ciielosuvnus weevils cause damage by penetrating the stem and 
a ;;i:-.Ming into the center or pith region, which weakens the plant: stems and branches may
••iTr.ua!:'> dr> and break reducing the quantity and quality of planting material t22, 63). 
Vthough larvae of C. sulcv/utus have been observed feeding on underground parts of the stem,

•.hi". h.;se never been found at tacking roots (92). but they can reduce root production (78). Frass 
.ir.ii exudate from the stem wood, ejected from burrows by feeding larvae. :an be found on 
nUe-ied branches or on the ground below the plants (22). Adults also feed on the tips of young
• hoot- or stems, which may retard growth (77. 92. 93).

Life hiswn. appearance ami habits. Females may oviposit on various parts ol the plum hut 
prefer '.he tender parts (35). In C aliernans, oviposition has been observed near broken in cut 
end- of branches or beneath the bark in cavities made by the proboscis (22). Osiposiuon bs C'. 
^ranictillit begins 3 days after copulation: the female penetrates the stem, depositing up to 
several white eggs, often no more than one per day (v3).

Larvae vary in size depending upon the species. Fully grown larvae of (.. aliernam aie Id mm 
in length, with a maximum width of 4 mm. whereas those of C tarpide* are 9 .\ 2.5 man 22). Most 
larvae a re curved, with a yellowish white to pale brown body, a reddish brovsn head cap>ule and 
black mandibles (78). In C. rugicollh only a single larva is found in each stem, whereas in the 
other species there maybe several (22) The larval period ranges from 30-60 da>s( 93). 1 he lulls 
grown larvae of all species pupate svithin a cell constructed in the pith region. 1 he pupa is held 
securely in place in its chamber at one end of the burrow svith larval frass; duration ol the pupal 
period is about I month (22. 7 8) After emerging Irom the pupal case, the adult mas remain in the 
chamber for several days before leaving the stem. Ad ults range in sixe from 6 mm in length lor C. 
granii-ullisio 12 mm for C. alternant and C.rugicollu. Adults are light to dark brown and mas, he 
almost completely covered with yellowish scales (22. 92). They are active throijjiiuut the sear, 
hut activity may decrease during coo'er months in some areas (93).

us spp. 

I.ar\ae of lav,ochirus spp.. long-horned beetles, cause damage similar to that ol C'w/w.wi'/yn«.

l.iff hntury, appearance andhahiu. Ad ults oviposit in stems and branches about 2.5 cm below 
the hark, eggs hatch in 5-6 days. The larvae, which take about 2 months to develop, measure Uj; 
tn 29 mm; they feed at the base of the plant and many can be found in one plant. "I he pupal 
pen.'ii. which lasts about I month, takes place in the larval chambers in the stem. Adults are
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nocturnal, rapid fliers, active throughout the year. They are brown in color, about 17 mm long 
and feed on leaves and bark (24).

Control

Since adult stemborers are difficult to kill and larvae feed within the stems (22,103), pesticidal 
control is impractical. Resistance to Coelosternus spp. has been found in the lines 103 Brava de 
Itu and 192 Itu (103). Cultural practices that will reduce pest populations include removal and 
burning of infested plant parts (22, 24, 89,93). Only uninfested and undamaged cuttings should 
be used for propagation (24).

Fruit flies

Two species of fruit flies, Anastrepha pickeli and A. manihoti (Tephritidae) have been 
identified attacking cassava in Colombia. The fruit fly was originally reported attacking the 
fruit, where it causes no economic losses (71,136). We have observed fruit flies causing severe 
damage to stems in Colombia, Venezuela and Central America.

Damage

When oviposition occurs in the fruit, the larvae bore throughout the fruit, destroying the 
developing seed. The infested fruit will shrivel and become soft, turning yellow green in color 
(30). Larval tunneling in the stem results in brown galleries in the pith area, 

a
A bacterial pathogen (Erwinia caroiovora var. carotovoraj, often found in association with

fruit fly larvae, can cause severe rotting of stem tissue (29). A white exudate ma> flow from the 
larval tunnel and exit holes. As a result of severe attacks, growing points may collapse and die, 
retarding plant growth and encouraging growth of lateral buds. This secondary rotting may 
ca use a reduction of yield and a loss of planting material. Damaged stems have a rotted pith area, 
and germination of cuttings from this material can be reduced by as much as 16% and may be 
delayed by several weeks (30-31). In experiments at CIAT, as many as 84% of the plants have 
been attacked (29).

Root losses are suspected but not known. It appears that plant age at the time of attack is 
important: younger plants (2-5 months) suffer more damage. Cassava plants can apparently 
recover rapidly from fruit fly damage, given adequate, well-distributed rainfall. Plants that had 
severe rot at 3 months, with dead or rotted growing terminals, were compared to healthy plants 
over a 6-month period. Plant height measurements showed that within 5 months the damaged 
plants had recovered and attained the same height as the nondamaged ones (30).

Investigations were carried out at CIAT !o determine germination and yield losses due to the 
use of .-l/w.vrrep/ifl-damaged planting material. Cuttings were separated into five groups, based 
on damage grades ranging from 0( no damage) to 4 (severe rotting and tunneling throughout the 
pith area). Results showed a decrease in cutting germination, ranging from 59c for grade 1 to 16','c 
for grade 4, an average of 9% reduction in germination for damaged cuttings. In addition, plants 
from damaged cuttings yielded 17.49J- less than those from undamaged cuttings; this means a loss 
of nearly 7 t roots'ha (31).

Life history, appearance and habits

The yellow- to tan-colored female inserts the egg in the succulent part of the stem, about 10-20 
cm from the tip. so that about one third of the egg with a slender white rod protudes. Alter

33



hatching, the white to yellow larvae bore up- or downward in the stem pith regions. Since 
iiiJiiK-roiis ecus may be deposited in one stem, several larvae may be found per stem.

; he fruit fly bacterium association is not fully understood (30). It appears thai the bacterium 
11 present on the stem, where it can live epiphytically. Although it is probably not transported by 
::K- t'K. the holing action of the larvae under high humidity conditions provides the wound 
; :i\icvi lor bacteria! entrance into the stem. Under favorable environmental conditions of 
iidopate rainfall and high humidity, rotting develops (29). Rotting does not seem to favor 
lar\ ;ic; inspection of rotting stems showed 40% larval mortality. Thus major fruit fly population 
increases may result from infestations of the cassava fruit or alternate hosts rather than from 
stem infestations.

Mature larvae leave the stem or fruit and pupate on the ground. The larval exit hole is clearly 
visible in the stem. Adults emerge in about 17 days. High fruit fly populations occuryear round. 
but extensive damage is usually associated with the rainy season.

Control

Since M.-\erest damage coincides with the rainy season, rapid plant recovery' is facilitated and 
control measures may not be required. An evaluation of CIATs germplasm bank indicated 
varietal differences in degree of larval attack. Larval parasitism, as high as 16%, by a braconid 
Onius sp. has also been observed in the fruit (30): however, parasitism of larvae in the stem has 
not been found. Hydrolyzed maize was the most successful attractant used in traps for adults. As 
regards chemical control, it was found that fenthion, applied as a foliar systemic, gave nearly 
100% control of the larvae in the stem (30).

Shoot flies
Shoot fly damage has been observed in most of the cassava-growing regions of the Americas 

(10. 136). This pest has not been reported from Africa or Asia. Several species, all belonging to 
Lonchaeidae. have been described, but Silba pendula (10) and Lonchaea chalybea ( 10) are the 
most important. S. pendula L = Carpolonchaea pendula (\36). Lonchaeapendula(\Q3, 136), L. 
baiesi (73). L. glaberrina D is known to attack several other hosts including Mammea 
americana, \fangieraindica, fnga feullei. Eugenia sp., Atrus sp. and Capsicum Jrutescem ( 72, 
136). Other shoot flies are Silbapere:i (118). Antherigonaexcisa(\Ql), A. excelsa(45), Euxvma 
L'luta (103) and Neosilba perezi ( 133). Only 5. pendula will be discussed indetail, the behaviorol 
which is similar to that of L chalybea and S. perezi.

Damage

Larval feeding damage is manifested by a white to brown exudate flowing from the growing 
points, which eventually die. This retards plant growth, brep.ks apical dominance and causes 
germination of side buds, which may also be attacked. These symptoms resemble witches'- 
broom disease (102). I n some cases only part of the tip is killed, and the shoot continues to grow.

Younger plants are more susceptible to attack; repeated attacks may cause plant stunting (30, 
103. 131). During severe outbreaks, 86% of the plant population has been reported affected (24). 
At CIAT (27, 28) simulated damage studies, removing 50 and 100% of the shoots on plants 2-5 
and 6-9 months of age, showed that the degree of economic damage is dependent upon plant 
variety and age. The late-branching variety Mecu.l 50 was more susceptible than Llanera at early 
stages (2-5 months), and yield was reduced by about 30%. Shoot removal from 6-9 months did
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not affect yields of either variety. On an individual plant basis, there was a 15.5. 16.7 and 34.12'., 
yield reduction when natural attack occurred at 4.5, 5.5and 6.5 months, respectively. Alleeied 
plants were shorter and may have heen shaded hy healthy neighbors: hence these yield losses may 
he overestimated (30).

Studies in Costa Rica showed that shoot fly attack resulted in increased branching, loliageand 
production (120). Simulated damage studies in Florida (133) resulted in reduced height ol 
damaged plants (159cm vs. 241 cm) and an increased number of terminals for plants attacked 
once a month. However, there were no significant yield differences. Damaged plants had 
approximately the same number of leaves as undamaged ones.

Lift1 history, uppfurancf and liuhits

!'lie dark metallic blue adult of Silha/wixiula oviposits between the unexpended lea\es in the 
growing points or in a small cavity made in the tissue hy the ovipositor) 136). As many as 22 eggs 
per shoot have been observed but 3-X eggs per shoot is average (24). The eggs hatch in about 4 
dav s. and the young larvae tunnel in t he soft tissue, eventually k illing the grow ing point (24. I.»I). 
Several whitish larvae mav he found in the affected tip. It is claimed that the larval e.\udategi\es 
protection against parasites and insecticides (24). The larval period is about 23 davs; larvae 
pupate in the soil and the adult lly emerges about 26days later (131). The fly isespeciallv active 
on sunny days.

Development of the immature stages of A', pi-rtzi appears similar to S.fwmiula. but the adult 
ol \. fieri-:! lives 3-5 times longer than that of S. pemiula (133).

Attacks may occur throughout the year(66): but in many areas they are seasonal (24. 35. 103), 
oltenat the onset of the rainy season! 131). At CI AT (30) the dry period was favorable lorhighui 
-.hoot llv populations.

Control

I he lack ol data show ing significant yield losses due to shoot fly da mage indicates that control 
measures ma\ not he necessary. Insecticide applications should be avoided since thev are costlv 
and their effectiveness, in terms of increased yields, has not been proven.

Cultural [inn tit e\. Destruction of infested shoots at weekly intervals has been recommended 
hut is not believed el leetive since there are alternate hosts (136). Planting dates can he adjusted so 
that the younger growing stage is passed during low shoot fly populations (27. 30. 103).

Kf\i.\iam e. Distinct varietal differences in susceptibility to shoot tlies have been observed, but 
no extensive screening has been done (100. 101). In Guadeloupe, the varieties Petit Bel Air 4, 
Rais Ulane. Campestre 10 and Gabela were more resistant to L. chalyhea (66). In Bra/il. the 
varieties LAC 1418 an<j Ouro do Vale showed some resistance to 5. peiululu ( 19).

Chemical control. Larvae are difficult to control. Systemic organophosphates have been used 
during early attacks when populations are high (23. 101). Insecticides and a sugar solution 
sprayed on plants act as a bait for adult control (96. 101). Fly traps with insecticide, using 
decomposing fruits, casein or yeast as atlractants, are also effective (136. 137).

Scale insects

Several species of scales have been identified attacking stems in many cassava-growing 
regions of the Americas (24. 27. 29. 38, 109). Asia (44, 53, 88) and Africa (33! 53, !26)(Table 3).
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Stale insnis rfpniifil i'^ cas>a»a.

Reported Iroin

= I -. . nil; Illln i.'/A JT

= 1' .••<,,itl\:ll>llf.\ til 'W

Americas. Africa. AM.I
Asia (laiwan. India)
Africa
Cuba
Peru
Peru

- /.<'. t 
S /j;i,

i sp

Madagascar
Mauritius
Madagaseai. Malava.
Indonesia
Madagascar
Colombia
Madagascar
Madagascar
Bra/11
Bra/il

Th° most important scales appear to be Aonidomytihts albus (34) and Saissetia sp. (44, 53). A. 
alhux has been observed on cassava throughout most of the cassava-growing regions of the 
world. This scale, whicn may have been disseminated from one continent to another on planting 
material, is now the most widely distributed cassava n'-st.

Damage

Leaves on attacked stems yellow and fall: in severe attacks the plants are stun ted. the teinimal 
bud can be killed and stems can dessicate. causing plant mortality. Heavy scale populations ma\ 
cover the stem and lateral buds. Saixxetia co/fcae is reported attacking leaves, causing leal 
curling (44). Scale damage appears to increase when cassava is planted.continuallv on the same 
land. Outbreaks are severest during the dry season, thus aggravating drought sticss.

I he greatest damage from scale attack appears to be the loss of planting material as a icsultol 
the death of lateral buds. Studies at CIAT (27) with cuttings heavily inlested with A. ullni* 
resulted in 50-60' < loss in germination. Stored cuttings can also be lost because ol scales) 117).

Recent studies at CIA I showed that yield losses due to/•!.«//>;« can reach 19' , on a susceptible 
variety when the stem Ls almost completely covered with scales, causing severe del dilation and 
occasionally death of the terminal bud (31). Reduction in yield (53) and root quality (126) have 
been reported.
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Life history, appearance and habits

The biology of A. «//w.s has been studied in detail by SwairuM 126). 'I he female scale ol A. aihu.\ 
is mussel shaped and covered with a white waxy excretion. The cast skins ol the first and second 
nvmpbal stages are incorporated in the scale. Unlike the females, males have well-developed legs 
and wings. The female produces an average of 47 eggs, depositing them between the uppei scale 
covering and the lower cot tony secretion. During oviposit ion the female shrinks and shnvels up. 
Eggs hatch in 4 days; the first nymphal instars (crawlers) are locomotive and can dispose. I hcsc 
crawlers become fixed in 1-4 days, cover themselves with numerous fine threads, molt in 11 da> > 
and become immobile. After 4 days the adult female appears and commences ovipoMiiiui in 1-2 
days. One female generation is passed in 22-25 days.

In laboratory studies at CIAT (31) on excised cassava stems, male scales pass through two 
nymphal stages, averaging 10 and 6.5 days, respectively, and a prcpupal and pupal stage of 4.5 
days in total. Adults live from 1-3 days and the male life cycle is about 2? days. There are three 
female nymphal instars, averaging 10. 5 and 9 days, respectively. The third instar is the adult 
stage. Eggs are oviposited under the scale and nymphs emerge during a 7-day period, with peak 
emergence occurring from the 3rd to 5th day. Each female produces an average of 43 nvmphs.

Females of Eurhizofoci'iis sp. are described as verv mobile: they enter the soil and in 5-" da> •>. 
the ootheca with eggs appears on the soil surface. There are three nymphal instars. totaling .> 
days, before the female appears. No males were observed (38).

Dispersal occurs by wind, active crawling or infested cuttings. The most important means vi 
dissemination is by storing infested cuttings with health*, ones I 126).

Control

The most effective means of control is through the use uf uninlested planting mateiiai ami 
cutting and burning infested plants to prevent the spread ol'infestation (84).

Chemical control. Chemical control may be required during the drv season. Measured in 
percentage ol adults killed, systemic insecticides and parathion were most etleetivi:(3. 124). A> 
for chemical control of cuttings, dipping those that are infested with crawlers in DI) I cnuilMoii-> 
for 5 minutes reduces infestation: however, heavily infested cuttings .still germinate pooi 1\ 127. 
126). The insecticides malalhion 4cr (1 g'liter). HostathiorH I re liter),Tamaronl 1 cc liter juno 
Triona + malathion (2 cc + 1 g liter) all prevented a rapid increase of scale populations alter 
planting (JI, 84)

[iioli>i;ical control. Heavy predation of A. alhmi by a coccmelhd, Chil<<ct>rit.\ ilniignia. i.s 
reported (76). Hymenopterous parasites. Aspuioiphagus ciinnits and Siwtpiuiru sp.. ait- 
reported in Cuba (24).

We have observed heavy parasitism and predation of Saissetia miramla in the field, but the 
species have not been identified. We have also found a brown, spongelike fungus. Si-[>u>huMiiiuni 
sp., growing on /). albits.

Mealybugs
Mealybug damage to cassava has been reported from Colombia (28. 30). Bra/il (2. (>4) and 

parts of Africa (88). The species at CIAT has been identified as /Vicviunxri/.s VMM'/'", the 
Mexican mealybug; and P. gossypii and Phenacoccus sp. are reported from Bra/il (64). /'.
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IM-. uventlx been reported !r.>m A!nc:i l/.iiicl anil South Ammca (~i. Oihci 
!:•> ;vi.'rK'J Ironi Mnc.i arc /Vni/i'<'i>rrn.v v :.•-.!>«/ u\ ( = /•'••rriMiiini u/.iWi/. /)</vi//i'/><ii.t 
, /'\. .'(./PI i vi KA i7/r. and /'>n<c/i>iv<vm iiil<>nitln

I i-ete ;> no record ot economic losses in cassava reMiltmgltom mealybug attack. obsci\aiion> 
; MI!;,:.! to th.it i hi* pi st is capable of causing: crop lossev Albuquerque (2) reported a severe attack 
.11 mealy huc> causing plant mortality at the Ccntro do Pesquisa Agtopecuaria do I itipico 
I nude in Helem. Hra/il in 19 T 5. This was the lir.st time this pest was reported liom the Amu/on 
reiumi All 1 5(1 Tils'..! va varieiiesat thecentenu-resuscepiihle. High meulvbui; populations cause 
Jefiiliiition and dr\ing of stem tissue, resulting in .1 loss of planting material. Leaves will turn 
;,dlov. and dry. and detnlkued plants torm new -buds, which are also attacked (30).

In M'rica. /'. I'ninihnii <i.\ ,t attacks the terminal points of the shoots, then the petioles and 
expanded leave.-.. Internodes are shortened, there is leaf curling and reduced new-leaf growth. As 
population density increases, all green parts of the damaged shoot eventually die. Infestation of 
the lower leaves, together with natural leaf fall during the dry season, gives the plant a 
"candlestick" appearance IS! ).

Life hi.sliin. appcaranci' and habit-.

/' t,'«\M/'i/ has a wide lu-'St ninge. including food crops as well as many ornamentals (90). 
K-maie-. deposit sacks containing a large number of eggs around the axil of branching stems or 
!ea\cv on the underside of the leaf where the leaf petiole joins the leaf, or around icbudsonllie 
main stein. The young nymphs, shortly after initiating feeding, exude a while, waxy material 
fioii) their bodies, which forms a cover over the insect. High populations give a cottony 
appeal. nice to the green or succulent portion of the stem and on the leaf undersurlacc. They do 
not icrnain fixed but move slowly OUT the plant surface (2, 30). Adults measure about 2.4 b\ 1.5 
mm.

I ne o .,e studies of P. KOMxypii were conducted on excised cassava stems and leaves in the 
lab.>r;'.,u\ (temperature 26-28°C. RH 75-85 c,7)at CIAT(3I). There arc three female nymphal 
mstar-> a \eraging S.6.-5.7 and 6. 3 days, respectively. Adult females are able to survive I or up to 2 1 
day v opposition occurs over a 5-day period, with an average of 328 eggs per female. Eggs are 
located in an egy pouch which the female carries on the posterior end of her bod\ until the 
nvrnpli* hatch. Nymphs are mobile throughout their life cycle but may remain feeding in one 
area for se\eral days. The female remains wingless whereas the male develops wings, enabling 
Might. Males pass through two nymphal stages (8.5 and 6.0 days, respectively),a prepupal (2. 1 
days) and pupal (2. ! days) stage before adults emerge. Adult males live from I -3 days. 'I here is a 
sex riit 10 of one male to three females.

l.cuschncr (X I ) describes P. manihoti as probably being parthenogenetic since no males have 
been observed in the field or laboratory populations. He reports that the female lays about 440 
eggs during its life span. Eggs hatch in about ft days. Theduration of the nymphal .stages isabout 
25 days at 25"C and the female adul; life span is about 29 days. The dry season appears to lauu 
mealy bug population buildups.

Control

Reports indicate that this pest may be difficult to control. Albuquerque (2) states that no
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insecticide gave complete control but that parathion was mos; effective. Biological control and 
host plant resistance studies have been initiated. Several predators and parasites of P.gossypii 
have been collected at CIAT (31). Predators include Cleotera onerata, Cleotera sp., Hcymnus 
sp., CocciiJophilussp., a Coccinellidae; the neuropteruns Chrysopa ario/es and Sympherobius 
sp.; the dipteran Ocyptamus sp. (stenogaster Will, complex) and the lepidopteran Pyrodera-s sp. 
The only natural enemy of P. manihoti found in Zaiie was the predator lycaenid butterfly 
Spalgis lemolea (7, 81).

Insects that attack roots, cuttings and seedlings

Grubs
Grubs are pests of cassava all over the world and are reported as a serious problem in 

Indonesia (74). Although several species are mentioned in the literature, Leucvpholis ruriJa 
(1 ndonesia) and Phyllvphaga sp. (Colombia) appear to be ihe most important. The adult stage of 
the grub is a beetle, usua'lv of the family Scarabaeidae or Cerambycidae. Those reported in 
literature (29, 44, 74. 114) include Leocopholis roriila. Lepidioia stigma, Euchlora viritiis. /;'. 
nigra. £ pulchripes. Anamala ohsoleta, A. atcharalis, Phyllophaga sp., Hetemnychuspk'bejus. 
Opalrum inicans. Cf'phopilus margirelhts. Daclylosiernum sp., Inesida leprosa, Peirognaiha 

li and Sternotwnis virescens.

Damage

White grub damage is characteri/ed by UK destruction of the bark and buds of recently 
planted cuttings and the presence of tunnels in the woody part. These cuttings may rot and die. 
When young plants (1-2 months) are attacked, they suddenly wilt and die. Larvae will feed on 
bark of the lower stem just below the soil, routs and swollen roots (6, 74).

Studies with Phyllophaga sp. at CIAT (29) show that germination could be reduced by 95ri> 
in experimental plots; losses of 7(/7 have been reported from Madagascar (44).

Life history, appearance anil habits

The biology of L roriila on cassava has been described in Indonesia (74). Adults become 
active alter the rains have started, and the most severe damage occurs about 4-6 months later. 
The aJult beetles initiate oviposit ion about 9 days after mating, laying up to 37 pearly white eggs 
singly. 50-70 cm deep in the soil. Larvae hatch in about 3 weeks. The larval stage is about 10 
months, with the4-to6-month-old larvae being the most destructive. Larvae live about 20-30 cm 
deep in the soil where they feed on roots. Pupation takes place at a depth of about 50cm. The 
prepupal stage is 14 days and the pupal stage is about 22 days. Additional hosts include mai/e, 
rice and sweet potatoes.

Observations of Phyllophaga sp. in Colombia indicate that there is a one-year cycle, with 
heaviest damage occurring at the onset of the rainy season Attacks often occur if cassava is 
planted in land previously used for pasture or in a weedy, abandoned field. High populations can 
often be detected at the time of land preparation.

Control

Biological control. Several larval parasites of the grub have been identified (74) including 
several species of Dielis (D. lectuosa. D. tristis. D. thoracica. D. javanica, D. formosa and D. 
annulata). Parasitism in one study reached 26% (74). A muscardine fungus Meiarhizium
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jnisopliae is pathogenic to the grub, and recent experiments at CI AT indicate that this may be an 
effective control method (30). Diseased grubs have been found under natural conditions (30, 74).

Chemical control. White grubs were controlled with aldrin and carbofuran as a dust or in 
granular form applied below the cutting in the soil (29); insecticidal dip treatments lor cuttings 
were not as successful.

Cutworms
Cutworms, a universal pest, have been reported to attack cassava in theAmericas(2S,37} and 

Madagascar (53). The species reported are Prodenia litura [ = Hadema litioralis (53)] , /'. 
eridania [ - Xylomyges eridania (37)] and Agrotis ipsilon (28).

Damage

Cutworm damage to cassava can be grouped into three categories: (a) Surface cutworms, such 
as A. ipsilon and P. litura, chew off plants just above, at, or a short distance below the-soil 
surface. lea%'ing the plant lying on the ground (6,53). Plants will recover and continue to grow. A 
similar type of damage by crickets is reported (1). The larvae of A. ipsilon are greasy gray to 
brown, with faint, lighter stripes (6, 28). (b) Climbing cutworms ascend the stem, feeding on buds 
and foliage; they may also girdle the stem, causing the upper part of the plant to wilt and die. 
Larvae of the southern armyworm P. eridania have been reported to cause this type of damage in 
cassava-growing areas (37). They are dark gray to black in color, with lateral yellow stripes, (c) 
Subterranean cutworms remain in the soil, feeding on roots and underground parts of the stem, 
causing a loss of planting material. The bark and buds may be completely stripped. We ha\ e also 
observed A. ipsilon attacking cuttings in Colombia (6).

Losses of young plants as a result of cutworm damage may reach 509[,making it necessary to 
replant. In simulated damage experiments at CIAT(28), shoot removal of recently germinated 
cuttings showed that some varieties and shorter cuttings are more susceptible to this damage.

Life history, appearance and habits

The biology of the cutworm species that attack cassava is similar. Eggs are laid in masses on 
the undersides of leaves near the soil. Eggs hatch in 6-8 days and develop in 20-30 days. The pupal 
stage (8-11 days) is passed in the soil or under plant debris. Oviposition is initiated about one 
week after adults emerge. A generation lasts about 2 months; under favorable environmental 
conditions, several generations will occur in one year (37, 53).

Control

Cutworm attacks are sporadic but occur more frequently when cassava follows mai/e or 
sorghum,or is planted adjacent to these crops. Longer cuttings (30 cm) will allow plants to 
recover from surface cutworm attack. Cutworms attacking plai.ls at or above ground level may 
be controlled effectively with poison baits (10 kg of bran or sawdust, 8-10 liters of water, 500 g of 
sugar or 1 liter of molasses, and 100 g of triclorfon for 0.25-0.5 ha). Underground cutworms can 
be controlled by applications of aldrin or carbofuran around the cuttings.

Termites
Termites attack cassava mainly in the tropical lowlands. They are reported as pests in several 

areas of the world but primarily in Africa (53). Coptotermes voltkowi and C. parudoxia have
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been identified from Madagascar(53). They feed on propagation material roots. s\u>,. . i oois, 01 
growing plants. Principal damage appears to be loss of cuttings: plant establishment can also IK 
iiHeeled severely, especially during prolonged dry periods (33. 53).

In Colombia termites have been observed causing considerable losses in germination, as well 
as death of young plants, in several cassava-growing areas, especially where soils aie sandv In 
studies done at C'lAT (31) nearly 50',? of stored propagating material was lost due to termite 
feeding, and germination losses of IS-.Wr have been recorded. We have also obsened swollen 
root damage by termites with subsequent root rot.

Control

Propagation material can he eflectively protected by dusting with aldrin. C'lorvel or Se\in. 
•Mdnn. applied ;i«. a dust at the rate of I g per cutting at the time of planting, prevented termite 
attack nl germinating cuttings (31).

Crickets

Crickets damage plants by clipping recently emerged young shoots or feeding on the base of 
the plant, making it more susceptible to lodging (55). Gryttoialpa africana. reported from West 
Africa, is described u.s cutting and piercing roots and basal parts of the stem (I). Brachytripses 
tickuiinu'S has been leported from Malaya (62). Poison baits such as those described for 
cutworms appear to give effective control.

Storage pests of dried cassava

•\ppio\imatcl\ 3S insects, mainly Coleoptcra. are reported astound on dried cassava chips, or 
pi.idncis I 5-1. 1 13. 132. 135). Mati\ are polyphagons; only those able to reproduce on dried 
eassa\a are important. I'liese include Sit'i;i>hiiitn f>anii'cnm ( I 13). Afaeccnix luscicuiiinui (54. 
113. 132. 135). Hlii:i>ivnlui tiaminicathi (54. 113. 1351. ninndcrm. inimitus ( 132). Tribnliiiiii 
ni'.iiiiii-iiim 113. 132) and hiitn'iitu\ nr\ :uc( 132). Most damage is reported from Asia(113)and 
Afiica'l I. 5-1). and on imported dried cassava in luirope (132).

No data are available on losse-- in dried cassava resulting from insects. Cassava chips \\ere 
iciltieed in dust in -J-5 months in India (113). Keeenl studies at C1AT indicate thai /I. 
/</M'iV;//</;i<s. the eoffee bean v\ee\il. and /). mnwnix. the bamboo powderpost beetle, can cause 
considerable lossev

Life history, appearance and habits

< 'niton (-41). arming ot hers.iiive.s detailed references and information on the biology ol man) ol 
these storage pests. Indications are that dried cassava mots are not a good nutritional medium 
lor insects because they lack protein, vitamins and micronutrients (132. 135).

Control

Proper sanitary measures, such as cleaning and disinfecting warehouses prior lo restocking 
and rapid removal ol infested material, are the most effective control measures (1). Hitler 
varieties of cassava are reported lo be more resistant to weevils than sweet ones (70): however, 
this needs confirmation. Standard grain fumigations also give effective control ol these pests 
(113).

49



Crop protection
The recent interest in cassava as an energy source for human, animal and industrial needs is 

br: ii::ni! about an increase in production of this crop, as well as a change in production 
:•.••-• iK'logy. The need for a relevant and sound crop protection program takes on added 
unr ort.'.nje. As previously stated, cassava has historically been cultivated on a small scale with 
:•:/•• :al varieties being crown in one region or even on one farm. The genetic variability in this 
^;. •• em lias helped to safeguard against major epidemics of pests and diseases. In recent years 
tl'.e e ha> been a >hift in this system toward large cassava plantations, employing a limited 
:iunh-,T 01 high-yielding hybrids or varieties. These varieties or hybrids are often ideal plant 
:\ p >s; that is. efficient plants that will not produce excessive foliage as many traditional varieties 
dc. t proem. The reasonably s'able equilibrium that presently exists between pest and genotype 
in Mib.Mstence agriculture will be almost impossible to maintain in modern agricultural systems.

The major objective of a cassava pest management program is to suppress insect pests and 
maintain populations below their economic threshold. This should be done with a minimal use 
of costly inputs, especially pesticides. The accomplishment of this goal requires greater 
knowledge than we now possess of the biology and ecology of many of these pests. Advantage 
should be taken of the favorable factors involving the insect, plant environment interaction and 
socioeconomic considerations that make a cassava pest management system an attracts e and 
practical goal. These factors include:

1. Cassava is cultivated fron: 8 to 24 months, making the continual use ol pesticides 
costly.

2. Being a long-season crop, cassava is ideally suited for a biological control piogram, 
especially in areas where there is considerable acreage and continual planting ol cassa\a. 
Biological control agents have been identified for many of the major pests.

3. The cassava plant is often able to recover from insect damage. During periods ol adequate 
rainfall, high levels of defoliation can result in little or no yield reduction.

4. Many pests are not widely distributed and pest incidence is often seasonal. "I he dry periods 
favor population buildup of many pests, but the plant's ability to withstand long periods 
of drought will usually result in its recovery at the onset of rains.

5. Cassava has a high economic threshold; vigorous varieties can lose considerable foliage 
|40c"cormore), and there are periods when the plant can undergo much higher deloliation 
with no significant reduction in yield. However, the new varieties developed may ha\ea 
lower tolerance to defoliation.

6. Few. if any. pests will actually kill the plant, enabling it to recover from damage and 
produce edible roots.

7. The selection of healthy, vigorous planting material, combined with a low-cost fungicidal 
and insecticidal treatment, initiates rapid and successful germination, ensuring early plant 
vigor during this important phase and ultimately increasing yield.

8. Studies have shown that there are sources of pest resistance in cassava which, although 
often low levels, may be adequate to prevent serious crop losses.

9. Cassava is often grown on small farms and under multicropping conditions; this system 
not only reduces pest incidence but also ensures against pest outbreaks over extended
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10. Evidence is thai insects can cause yield reductions during .specific periods in plain 
development. These periods should he identified so that control practices can be 
intensified during this time.

Since cassava pest control has received only limited attention until recently. lew. il any. real 
trends nr practices have become established over a wide area. Cassava i.s a low -\alueci op inmost 
areas, so ihe use of costly pesticides has not become a common practice us i.s the case wnhcotton. 
The use of pesticides does not appear economically justifiable: therelore. then application 
should he limited. The mention in this paper of the use of insecticides for controlling cassava 
pests is not necessarily an endorsement of this practice.

The role of different control methods
There are several met hod si or reducing pest pop illations below their economic injury level. An 

integrated control program utili/ing cultural practices, selection of planting material, resistant 
varieties, biological control and alternative methods such as pherom<^nes or attiactants should 
he developed. Insecticides will be used because they offer the most immediate and rapid meunsof 
reducing pest populations over a short period. However, it is strongly tell that no pest 
management program should he dependent upon pesticides and they should he used only as a 
last resort, on a short-time basis. Nevertheless, treating planting material with pesticides is 
economical and effective for certain pests.

Insecticidal applications to cassava foliage may temporarily reduce pest populations, hut 
indications are that they are ineffective over a long period as they may also leducc parasite and 
predator populations | S. 57). This can lead to rapid buildups of pest populations or to secondary 
pests (normally suppressed by natural enemies) becoming more destructive.

I here are several cultural practices that can reduce pest populations. These include the use ol 
insect-lice planting material, the destruction of plant parts containing shoot Hies, .stemborers 
and scale insects, and the plant ing ol several varieties on a single plantation. The implementation 
and piacticability ot some ol these practices may he reduced as more modern agricultural 
technology is applied to cassava production.

Alternate me:ms of control such as the useol pheromones. juvenile hormones, attractantsand 
growth regulators are future possibilities and may he economically feasible on large cassava 
plantations: however, their use may he prohibitive for the small grower.

Since many cassava pests are not widely-distributed, especially from one continent loaiuuher. 
it is important that an efficient quarantine program he developed and enforced within and 
between continents As new high-yielding hybrids are developed, there will be increased 
movement ol planting material. Since cassava is vegetatively propagated, many insects and 
diseases can he transported from one area to another. Precautions should be taken to send only 
insect- and disease-free planting material, and all vegetative material should be treated wuh an 
insecticide to prevent the dissemination of insects such as scales, mites, mealybugs, thnps and 
other pests. Material should also he free of sternhorers or tniit fly larvae.

We strongly tee! that an integrated control program tor cassava pests should he based on 
biologic,il control and hosi plant resistance. These two links in an integrated \ Mrol chain will 
play important roles in future cassava pest management programs. F.xtetiMW studies in both ol 
these areas are being carried out for several cassava pests.
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Numerous natural enemies have been identified and found efficient in reducing populations
• ••! cassava pests Concent rated biological control studies lor cassava pests are a rather recent
•.•;:.' r t: three systematic studie> and consequent programs have been militated. Hcnnett & 
'\ ..seen 'S> have evaluated the el feet i \eness of biological controlot the mite \l. tuiiuioti \\U\\ the 
v.iphvljmd.ie (Vn'i'iij ininniii. Studies on the biological control ot the mealybug I'hcntu n< <i/.s
•\,':;lin!: involve a collaborative program between the Commonwealth Inslitin .• of Biological 

. :-.:r>.l 1:1 ! rmidad. II I \ and CIA I
\ program siiuiv ingt he biological com:ol «| thecassav .1 horn worm. /.. i-iiu. has tn.cn iii >.IK>. i

• . ;,;.ul\ M\ ve.trs .it Cl-\T (2v.• 11 I hi- program combine-, egg and laivai pai.i-iiiMh. ,.m.u 
:- -.:.-.:-.>:) anJ larval di-eases.

>.-vei.ii other cassava pesis oiler the possihiiitv o! being controilcn elkMiveiv bv ii.iitn.ii 
. :'ij:;:ii^ I here arc several parasite-, or predator- ol scale insects, whitellies. the g.m 1111111.1. .iiid 
. • .:r MIL-S that have been .dentilled and require lurlher studv. I'relimanarv siudies at C'lA'I on 
c.'.-itio! oi the white grub U'lnlln/t/ni^i sp.) using the muscardme fungus Mci(iriii:inni
•:n:\ >fiiitif aic promising.

i here is excellent potential lor implementing biological control as a ltw-cnsi.en\ ironmental- 
i\ -mind and compatible component ot a cassava pest management program.

Host plant resistance

Host plan! resistance offers the most economical and environmental sound iiKan- ui 
cont: oiling cassava pests. Resistance to pests at tack ing cassava is not reported e\ tensi v civ in l he 
literature, most reports deal (inly with field observations. Ongoing sx.siemaiic cMilii.iiioii »t 
gfrmplasm ?or pest resistance has been initiated at CIAT. IITA and several national reseait.li 
centers, \arying degrees of varietal resistance have been reported for mites (4. 24-3 I. I (Mi. limps 
( I22i. whiteflies (30, 31. 61). stcmborers (103) and shoot flies (19. 100). Cassava gci mpi.istii :- 
presently being evaluated tor resistance to mites, thrips. scales, meal v hugs, while I lies, lum HH.N 
and lace bugs.

The decision to identify and utili/e host plant resistance for specilic cassava pests depends 
upon variou-criteria that should he taken into consideration when establishing a progiamni ih,-, 
nature. These criteria include:

1. The level of economic damage being caused b\ a particular pest should be sigini.t..iiii.

2. Resistance should be sought onlv for those pests where it is considered teasibic.

3. The availability ol adequate, low -cost alternative met hods of con trolol certain ptsisuMiiu 
negate the need for entering into an extensive resistance breeding program.

4. '(he levels of resistance needed lit reduce pest populations below an economic ni|iii\ .^v^i 
should be considered. Since some cassava \ aritMies have a high economic thieshmu. LI^II 
levels of resistance mav not be necessary.

5. Low levels of resistance can be combined vviih other control methnus (i.e.. biology.n 
control or cultural practices), to maintain insect populations below economic, uaihagc 
levels.



6. Multiple cropping systems may require lower levels of resistance sincethese systems may
, have reduced insect populations. 

i
(•'assa\a is a leafy, highly hctero/ygoiis naturally cross-pollinated,woody perennial. It has a 

IKIII.' growth cvcle anil is easily propagated hy seed or cuttings. It is grown in a scaileicd 
cultivation pattern with many traditional varieties that have various degrees ol susceptibility in 
insects anil diseases. I hese characteristics indicate that there is a minimum ol selective piessuic 
being excited hy pests in cassava cultivation. Vertical resistance in terms ol the gene-loi-ginc 
thenry would prohabK not evolve within such a system: therefore, resistance is piobabh o| ihe 
liitii/ontiil type, inherited multigenically. Resistance to major cassava diseases appeals in 
ciinlirm tins assiinipiion. Since hori/onlal resistance is more stable and entails less i isk asto the 
de\clnpmeni "I hiotypes. cassava insect resistance studies should have hori/ontal resistance as 
I heir goal.

\ c.issiixa pcsi management program should place emphasis on combinations ol ihiee 
linulainenlal tactics: (I) host resistance. (2) biological control and (3) cultural coiuiol. It is 
important to note that pest damage to the cassava plant does not neecessariK icsuli in a \iciu 
eduction or loss of quality ol I he harvested crop: therefore, control methods need not he applied 

unless there is an estimation ol yield reduction. The ability of the cassava plant to reco\ei lioni 
pest mjiir\ is an important criterion that should always he taken into consideration.

The status of cassava entomological research

Concentrated research in cassava entomology is recent. At CIAT. for example, the research 
program is less than 7 years old. and a full-time entomologist has been assigned only for the last 
4 years. Few national governments have cassava research programs, and entomology seldom 
occupies a significant role in any program that might exist.

We are presently confronted with an extensive range of studies that needed to be done belore 
an effective pest management program can be developed. These studies should be oriented 
towards a minimal use of pesticides and the development of alternative control methods that will 
not destroy the ecological balance between pests and parasites found in cassava plantations. 
Emphasis should he placed on the following aspects: determination of yield losses and levels of 
economic injury for the major pests or combination of pests: the role of the environment and the 
influence of plant age on pest incidence and severity of damage: studies on the biology and 
ecology of all important pests, determining the most feasible control methods (host plant 
resistance for mites, whiteflies. thrips. mealybugs: biological control for hornwornis. scales. 
while grubs, mites: cultural practices for cutworms, fruit flies, shoot Hies): studies on potential 
pest problems that could occur if cassava acreages increase and monocultures and continuous 
planting of cassava are practiced; investigation of the danger of major or secondaiv pests 
becoming increasingly important as high-yielding varieties are released: studies into alternate 
control practices such as attractants. pheromones. or insect-growth regulators; investigating 
pest problems during the storage of planting material and the establishment phase ol the plant; 
and production of insect- and disease-free planting material (as the basis for an ellectnc 
quarantine program, a worldwide survey should be undertaken to identify cassava pests 
accurately and establish their true distribution).

Since cassava entomological research is concentrated in only a few institutions, it is leasible to 
establish guidelines and recommendations for future research goals and the implementation ol a 
pest management program. The time to do this is now while cassava entomological research is 
still in its infancy. In 'November 1977, a Cassava Protection Workshop, sponsored by CIA'l
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brought together researchers and pest management specialists from all over the world to 
consider these problems (18).
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APPENDIX 

Indices for classifying pest damage

Anthony Bcllotti
Jesus A. Reyes

Oclavio Vargas H. *

Thus far little attempt has been made to standardijc procedures for evaluating pest impact on 
cassava. Based on our observations in the screenhousc as well as in the field, we have drawn up 
the following «cales with the hope that they will be used by cassava entomologists and 
agronomists in order to obtain standardised reports, which is basic for comparing results from 
one country to another. We would also welcome an interchange of experiences in this regard.

Pest
Level of 
damage

Type of damage and/ 
or level of infestation

Ttirips IFrankliniella 
williamsi, Corynolhrips 
ittnnpierus. Caliolhrip! 
masculinus. Scirtotlirips
manihoti)

0 No damage

1 A few yellow spots on terminal leave-.

2 Shoots and/or adjacent leaves slightl> 
deformed and with yellow spois

2.5 Shoots and/or leaves with moderate 
deformation (reaching the veins)

3 Severe deformation of leaves and; or shoots 

3.5 Same as in 3,plus great reduction in leal arcu

4 Shoots completely deformed or dead; no 
adjacent leaves

5 Witches'-broom appearance; death ol terminal 
and lateral growing points

White scales (Aiinidomyli-
lus u/hus]

0 No scales present

1 A few scales found around lateral or terminal buds
2 Same as in 2; some intcrnodes attacked

3 Scales completely covering growing points 
and 509t, of imernodes; loss of lower leaves

4 Approx 75c'r; of stem and branches covcieii with 
scales; loss of intermediate leaves

5 Scales completely covering siem and branches, 
desiccation of terminal shoots

Termites fCoptotermt's 
spp.)

0 No damage 

I Tunnels in of the cuttings; viable plain

Entomologist. Viming Scientiil and Rciearch Aiiocialc. respectively. Ciluvi Program. CIA'I
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Pest
Level of Type of damage and/or level 
damage of infestation

Shoot flies
(Silba pcndula, Umchaea 
clialybea)

Cassava hornworm 
(Brinnyis ?llo)

Tunnels in 26-50% of the cutting; viable plain

Tunnels in 5I-75CJ of the cutting; leaven wm 
and plant begins to die

Tunnels in^> 75% of the cutting; plains dn.

No damage

Up to 25% of shoots attacked

26-50% of shoots attacked

51-75% of shoots attacked; plant growth leuiiued

76-100% ol shootS'altacked; plant growth icundaJ

0 No damage

1 Up to 10% defoliation

2 11-25% defoliation

3 26-50% defoliation

4 51-75% defoliation

5 76-100% defoliation and/or grow ing points and MCIII 
	attacked

Fruit flies
(Anastrepha pickeli 
A. maniholi)

Mealybugs (Phenaeoecus 
gossypli)

0 No damage

1 Larval tunneling in stem; plant appeals normal

2 Tunnels and white exudale or latex in stem, 
plant appears normal

3 Same as in 2; deformation of shoots
4 Shoots die, rot and terminal collapses

0 No nymphal stages or adults present

1 Nymphs found on undersides ol lower leaves

2 Same as in 1; chlorotic spots begin to appeal tm 
these leaves

3 Adults, nymphs and ovisacs present; puitiul 
chlorosis of basal leaves

4 Adults, nymphsandovisacsonpetiolesand ui Merm, 
total chlorosis of lower leaves and, or nccius^ ui 
their margins; sooty mold on petioles and leaves

5 Death of growing1 points and new laieial buu>
attacked; leaf necrosis and fall, desiccation ol Mem
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Level of Type of damage and/or 
Pest damage level of infestation

Lace bugs ( I'atiga 0 No lace bugs present 
manihoiae, I'atiga spp.)

1 A few yellow spots on lower leaves

2 Many spots on lower leaves; leaves tuin }cllowish
3 Many yellowish red spots on leaves; lower leases curl

4 Lower leaves curl and dry up; intermediate lea\ es curl

5 Defoliation of basal and intermediate leaves; apical 
leaves turn yellow

Whiteflics (Aleuroirachelia 0 No infestation by adults no pupae present 
sp.. Bfttiisia lubemtlata. 
Trialeuroiles variabilis) 1 < 20?f infestation of leaves/ <5 pupae per leal

2 20-W-c infestation o! leaves/5-10 pupae per leaf

3 41-6(Kc infestation of leaves/ 11-25 pupae per lea!

4 6l-80rf infestation of leaves; 26-50 pupae per leal

5 81-IOO?c infestation of leaves. > 50 pupae per leaf

Mites (Telranychus unicae, Mononycheltus tanajoa) *

Because of the variations in severity of damage caused at different levels of infestation, a scale 
was established for each of these species, based on level of food preference and symptoms 
observed on cassava plants grown in pots under isolation (screenhouse and glasshouse) in order 
to establish favorable conditions for the development of high mite populations,

T. unicae prefers the lower and intermediate leaves; when infestation is high, they reach the 
apical region of the plant. Initial symptoms are generally in the form of yellowish spots at the 
base of the leaves or yellowish spots forming small patches on the leaf surface. The number of 
spots increases as the mite population increases: there are a large number of webs that may cover 
the whole plant. Total defoliation finally occurs.

M. lanajoa develops on the shoots and terminal growing points of the plant. Embryonic leaves 
do not develop normally. In some cases the shoot does not develop, remaining completely 
closed; in other cases the embryonic leaves develop, but are deformed. Initial symptoms are 
found on the leaves of the shoots in the form of small translucent spots, scattered over the whole 
leal Or at the base ol it. As the level of damage increases, there is a widespread mottlingol leaves. 
HeaviK attacked plants lose their leaves progressively, from top to bottom.

I'CSI

T iirtitac

Level o( 
damage

1

1 \pc ol damage and ur 
Icu'l ol infestation

Initiation of yellowish sp(its on some
of the lower and/or intermediate leaves

• I'rcparcd h> D.i^id H Bvrmv Visit in? Rtscaith ASMKMIIIC ;md Jme M Gucrrero, technician o| ihc tiivtuu I'u^i.itH ji C lA I
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I ype of 
level of

i or

spots on lowci

and curling of

Severe

r (field 1

2 
2.5
3

3.5

4

4.5

5

I net-nine
. especially the basal and 

: yellowing and loss ol some leaxcs 
. heavy defoliation ol basal and 

: parts of plant: a large numbei 
of mites as well as webs can be observed 
Total defoliation of plant: shoots reduced in si/e. 
with a great number of webs; death ol plant

Shoot and or adjacent leaves with a lew
faint yellowish spots
Some leaves have a few yellowish spots that stand out
Shoot and or nearby leaves with man> yellow ish spm.-,
Shoot and or adjacent leaves allected with a slighi vcllimu
yellow spots spread over the entire leal suilacc.

Considerable deformation ol 'shoot or reduction in si/e. 
yellowish spots are easily seen 
Shoot severely deformed or reduced in si/c. manv 
yellow spots: heavy mottling: widespread \eilowmg 
Shoot totally affected: no leaves on shoot; veUHWing 
and defoliation of the intermediate pan ol the plant 
Shoot dies: plant docs not develop

;..v-
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The cassava mite and insect complex.

Common name

White grubs

Termites

Cutworms'

Scales '••

Fruit flics ''*

Cassava 
hornworm:

Important species

IjMicoplwlis roritla 
Phylh'i'haxa sp.

Ciifnoternifs vulikevi. 
C. paradoxis

Pntiltnia linini. 
AiirHlis ipnilun

Aonitltmiyiilus alhu.t. 
Saixsflia sp.

AnaMrepha fiicMi. 
.-1. manihttti

Erinnyix ellu

Reported from

All regions but 
mainly Americas
and Indonesia

All regions hut 
mainly Africa

Americas and 
Madagascar

All cassava-growing 
areas

Americas

Americas

Alternate hosts

Numerous

Numerous

Numerous

Unknown

Unknown

Manihoi 
glaziovii 
poinsettia, 
rubber, papaya, 
milkweed

Yield losses

95';; loss
germination

Unknown

Unknown

(a) 20%. (h)50- 
60'/V loss in 
germination

(a) Unknown: 
(b) 20-30%

20% 
single 
attack

Type of damage

Feed on planting material 
and roots

Tunnel in planting material 
roots, stems and swollen roots

Feed on planting material, 
girdle stems and consume foliage

Attack stems, which dry, 
causing leaves to fall, (b) Use of 
infested stems reduces germination of 
planting material

(a) Boring of fruit (seed) and stems; 
causes rotting of pith area, (b) Use of 
infested stems for planting material 
results in yield loss.

Foliage, tender stems and 
buds consumed

Grasshoppers1 Zimticeria elegans, 
7.. varitgatus

Mainly Africa Numerous Unknown Defoliation and stripping of bark



(.'mil.

Common name

Leaf-culler

Mites'

Whin-flics'

Mealv hugs-

Lace hups' 

Thrips'

Gall midges-1 

Siemrx.rers'

Important species

Mta sp..

\.f 1' /I // f

Tciram-chiis uriinif 

( '//if* *//i'( y/i/.v pcnt\'tunits

fffmisia tabad
•Mfiironachi'hn sp.

l'ln-HIH-«ITII\ .IfOVM-/!//'.

r. intininitti

Frankliniflla williamM.
C«r\-ni>thrif>\ xieni>f>lern\ 
Culi»ilirip\ tnusniliinis

lfitrt,ttlif,f\ifijtiirtipnonia 

Cot'ftuft'rmu spp..
/ ,i,r,, tiirin tMr> tigm niru't spp.

Reported from Aluniale hosts Yield losses

Americas Numerous t nknown

Americas and Africa \tanih.n sp. Up Jo 46' r

All regions Numerous I'nknown 

Americas \\anili-i sp. rnknown

Africa. Asia Numerous t nknown 
America-, 1 nkmmn Up to 76'V

Americas Numerous I'nknown 
Africa

Americas Inknown I'nknown

Mainly in Ameri- I'nknown (-:S'V 
. cas but also in 

Africa

Americas I'nknown I'nkiumn 

All regions hut I nkmmn Cnkiuuui
rrcitnK- \ m,»rl.-'n.maini\ .*\nit ntiis

l.p.o.d:,,,,.^

Renune foliage e

Leaf deformation and defoliation: 
hea\> \ield reduction or death
1 t. t' r\ \r<r ... •!»! 1 i\ *,' .li'1,1 >nI.eal necrosis and ueloliation 

Leal spotting and deloliation

V'ectiir ol African cassava mosaic 
Se\ere motlling or curling of leaves, 
presence ol" sooty mold

Foliage and stems attacked, causing 
stem drying and leal fan

Leaves with yellov spots that turn 
reddish brown

Deformation of foliage, death ol buds 
and browning of stem tissue

Yellowish green to red galls Council on 
upper leal surface

Horing into and tunneling into stems 
and possihh swollen roots



Com.

Common name

Shoot flies5

Important species Reported from

Silba pendula, Amcricas
Lonchaea chclvbea

Alternate hosis Yield losses

Mammeaamericana. tip („ 34%
Manniffra imlica.
ti>Kii feullei
Eugenia sp..
Alms sp.

Type of damage

I.:irvae hore into and kill
apical huds. causing plant
deformation and stunting

i Insecla attacking planting material

1 Insects attacking the gi owing plant; foliage consumers

1 Sap-sucking insects and miles

' Leaf defotmcn

1 Bud and si cm botcri




