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ABSTRACT

Cassava (Manihot esculenta) occupies a uniquely important position as a food
security crop for smallholder farmers in areas of the tropics where climate, soils,
or societal stresses constrain production. Given its reliability and productivity,
cassava is the most important locally produced food in a third of the world’s
low-income, food-deficit countries. It is the fourth most important source of car-
bohydrates for human consumption in the tropics, after rice, sugar, and maize.
World production of cassava from 1994-1996 averaged 166 million tons/year
grown on 16.6 million hectares (ha), for an average yield of 9.9 tons/ha. Approx-
imately 57% is used for human consumption, 32% for animal feed and industrial
purposes, and 11% is waste. Africa accounts for 51.3% of the production; Asia,
29.4%; and Latin America, 19.3%. The area planted to cassava in Africa, Asia,
and Latin America is 10.3, 3.7, and 2.6 million ha, respectively.

343
0066-4170/99/0101-0343$08.00



JSANDOVAL
Reprinted with permission from Annual Review Inc. Originally published in Annual Review of Entomology 44:343-370, Copyright 1999.


344 BELLOTTI, SMITH & LAPOINTE

INTRODUCTION

Cassava originated and was domesticated in the neotropics (146). Today cassava
1S a major crop across an extensive area of western and central Africa, referred
to as the “cassava belt,” where it was introduced by returning slave ships in the
1500s. In the seventeenth century, cassava was introduced to Asia, where it is
grown for both human consumption and animal feed, often for the European
export market (93, 113).

The cassava germplasm bank maintained at the Centro Internacional de Agri-
cultura Tropical (CIAT) in Cali, Colombia, consists of &~ 6000 accessions and
locally selected cultivars (landraces) collected primarily in South America.
These traditional cultivars represent centuries of cassava cultivation in diverse
habitats (113), having been selected by farmers over long periods in the pres-
ence of a high diversity of herbivores. These landraces often possess traits
that confer low levels of resistance to multiple pests. Farmers also rely on
intercropping, rotations, burning, and other cultural practices to control pests
(113).

Large-scale production and product diversification for industrial applications
are increasing in some areas of South America (e.g. southern Brazil, northern
Colombia, Venezuela) and Asia (e.g. China, Indonesia, Vietnam), but most
cassava is produced for immediate consumption and provides basic sustenance
to large populations in marginal areas (111). Cassava is cultivated primarily on
small plots with minimum inputs. The plant is well adapted to seasonally dry
environments, where rainfall is scarce and unpredictable. There is, however, a
large gap between potential yield [21.2 tons/ha (110)] and that realized by pro-
ducers [a mean of 11.2 tons/ha in Latin America; 10.0 in northeast (NE) Brazil,
where half of Brazil’s cassava is produced; 9.0 in Africa (110)]. Contributors
to yield reduction include low-fertility soils, harsh environmental conditions,
arthropod pests, and diseases, as well as the limited use of inputs (e.g. fertiliz-
ers and pesticides). Stem cuttings rather than seeds are planted, and vegeta-
tive propagation contributes to the buildup of pathogens and pests, resulting in
yield reduction. Few improved cultivars or stem cuttings free of pathogens or
pests are available to farmers, in part owing to poor articulation of research and
extension agencies with marginalized populations.

The technical options for cassava pest control in many areas of Latin America
and Africa are limited by farmers’ inability to invest in inputs and by weak
national agricultural research and extension agencies. Although classical bio-
logical control succeeded in controlling introduced pests in Africa (112), farmer
education and participation in the decision-making processes are essential for
controlling most pest problems and achieving sustainable increases in produc-
tivity. Participatory research and development with farmers is showing promise
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in overcoming these obstacles in South America (41, 63; B Ospina, unpublished
data).

Cassava has the ability to generate hydrogen cyanide (HCN) (70, 156). Many
farmers and indigenous peoples in the neotropics prefer to grow “bitter” culti-
vars with high (fresh root parenchymal tissue concentration of >100 mg kg~!
HCN) cyanogenic potential (81, 178), based on the belief that the concentra-
tion of cyanogenic glucosides in the leaves and roots 1s a defense mechanism
against pathogens, as well as arthropod and mammalian pests. The evidence
for this hypothesis in cassava is speculative (28). Specialist pests such as the
hornworm (Erinnyis ello) and the green mite (Mononychellus tanajoa), which
have presumably coevolved with cassava, show no preference with respect to
concentration of cyanogenic compounds (12). On the other hand, generalist
feeders such as the African grasshopper (Zonocerus variegatus) and the root-
feeding burrower bug (Cyrtomenus bergi) display a preference for low HCN
(16, 28,36, 147), indicating that cyanogen levels may be an important factor in
pest resistance. The key factor appears to be coevolution, in that cyanogens in
the leaves and roots may deter damage by generalist feeders, which have not
coevolved with cassava.

An extensive review of cassava pests was undertaken two decades ago (30)
when cassava was an under-studied crop. During the past 20 years, however,
considerable research has been conducted at international agricultural research
centers such as CIAT and the International Institute of Tropical Agriculture
(IITA, Nigeria) and by numerous national research programs in Latin America
(e.g. Brazil, Colombia, Cuba), Africa (e.g. Cameroon, Nigeria, Uganda), and
Asia (e.g. India, Indonesia, Philippines, Thailand). Thus we now have a more
complete understanding of the cassava arthropod complex, crop losses, and
possible control techniques (19,20,42,67,102,112,132,161,179). This re-
view focuses on pests that can significantly reduce cassava production, with
emphasis on the neotropics.

YIELD-PEST RELATIONSHIPS

Cassava is considered more tolerant to pests than most crops because it does
not have critical periods that affect yield-forming organs (66). Nevertheless,
recent research has shown that several pests can reduce yields significantly
when pest populations are high and/or environmental conditions are unfavor-
able. An estimated 200 species of arthropods feed on cassava in the Americas
alone (30). Many of these species are specific to cassava and have adapted in
varying degrees to an array of natural biochemical defenses that include lati-
cifers and HCN content (28). In Africa, there are some native generalist pests
of cassava (Bemisia tabaci and the variegated grasshopper, Z. variegatus), but
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there are few serious specialist pests. Two major pests were accidentally in-
troduced from South America: the cassava mealybug Phenacoccus manihoti
and the cassava green mite M. tanajoa. P. manihoti was the target of a highly
successful classical biological control effort (112, 134). Advances in the use
of phytoseiid predator mites for controlling M. tanajoa are reviewed below. In
Asia, none of the major neotropical cassava pests has become established. Al-
though several native arthropod pests feed on cassava, none is reported causing
serious yield losses (82,127,151). Lack of solid data on yield reductions in
cassava stimulated research to determine the effect of arthropod pest damage
on root yield and quality.

Indirect Feeding Damage

The damage to cassava is often indirect because most arthropod pests are
foliage- or stem-feeders, reducing leaf area, leaflife, or photosynthetic rate. Re-
cent studies show that pests that attack crops over prolonged periods
(3—6 months)—such as mites, mealybugs, thrips, whiteflies, and lacebugs—
can cause severe root yield reductions (19, 32) as a result of their feeding on
leaf cell fluids and the subsequent decrease in photosynthesis. Severe attacks
can induce premature leaf drop and death of the apical meristem. The potential
for yield reduction by these pests is much greater than that of cyclical pests such
as hornworms and leaf-cutting ants, which cause sporadic defoliation; never-
theless, these highly visible pests often cause farmers to apply insecticides
(41).

In experimental trials, mites reduced fresh root yield in susceptible cultivars
by 21, 25, and 53% during a 3-, 4-, and 6-month attack, respectively, and by
15% in resistant cultivars (32,43). Under field conditions with higher mite
populations, there was <73% yield loss in susceptible cultivars and 67% of
the stem-cutting planting material was damaged (42,43). In the case of the
whitefly Aleurotrachelus socialis, there is a correlation between duration of
attack and yield loss: Infestations of 1, 6, and 11 months resulted ina 5, 42, and
79% yield reduction, respectively (168). Losses due to mealybug (Phenacoc-
cus herreni) infestations in farmers’ fields in Brazil are estimated at 80%
(AC Bellotti, personal observation); on experimental plots, reduction ranged
from 68-88%, depending on the cultivar (168). In Africa, mealybug attacks
have caused yield losses of ~80% (112, 155). Lacebugs (dmblystiria macha-
lana and Vatiga manihotae) reduced yield by 39% in experimental plots at CIAT
(57).

In the neotropics, a complex of pests attacks the crop over its 8- to 24-month
growing cycle. In seasonally dry regions, it is common to observe populations
of mites, mealybugs, lacebugs, whiteflies, thrips, and other minor pests infest-
ing cassava plants (20, 57, 126). Preliminary research indicates that controlling
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only one of these pests may not improve yields. In an experiment evaluating a
predominantly mite and whitefly complex in NE Brazil, yields improved only
when both pest populations were controlled; controlling only one pest had no
positive impact on yields (ARN Farias, unpublished data),

Direct Feeding Damage

The burrower bug (C. bergi; Hemiptera: Cydnidae) is one of the few pests
that damage the cassava root directly. As a result of punctures during feeding,
the root is exposed to invasive fungal pathogens, reducing both yield and root
quality. Brown to black lesions on the white root parenchyma in 30-40% of
the roots has resulted in total loss of commercial roots (31).

Seasonal Yield Losses

Arthropod pests do not appear to cause significant damage to cassava in areas
where there is considerable and consistent rainfall (130); however, the crop is
often grown under conditions of irregular, limited rainfall. The cassava plant is
well adapted to long periods of limited water, responding to water shortage by
reducing its evaporative (leaf) surface rapidly and efficiently and by partially
closing the stomata, thereby increasing water-use efficiency (65, 69, 82, 83).
Negative effects of excess solar radiation are minimized when the leaves change
their orientation in order to intercept less light. The combination of these stress-
avoidance mechanisms is highly effective. In water-deprived plants, both the
accelerated shedding of old leaves and the pronounced decrease in their photo-
synthetic activity means that the younger leaves play a key role in the plant’s
carbon nutrition. Given that pests prefer the younger canopy leaves, dry-season
feeding tends to cause the greatest yield losses in cassava.

Once the crop enters into a wet cycle (rain or irrigation), it has the potential
to recuperate and compensate for yield losses from severe drought as well as
from pest attacks because of the formation of new leaf canopy and the higher
photosynthetic rate in newly formed leaves (82). When yield losses due to mite
attack were evaluated in the absence of water stress (through irrigation), for
example, yield reduction was <25% (B Ospina, unpublished data).

Secondary Pests

Several arthropod pests attack cassava only occasionally, or they may be present
continually but at such low populations that yield is not affected (Table 1).
If their populations increase or outbreaks occur, several of these pests can
cause severe damage. In recent years, for example, the lepidopteran stemborer
Chilomima clarkei has caused considerable crop damage in several areas of
Colombia, with >7000 ha under attack (172). Borers not only reduce yields
by 45-62% (122); they also reduce both the quality and quantity of stem cut-
tings for planting material. Severe attacks of whitegrubs (Scarabaeidae) and
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termites can eliminate stake germination completely, destroying whole planta-
tions (29,30). Scale populations, normally under natural biological control,
can occasionally increase rapidly, causing yield losses and reduced planting
material. Leaf-cutting ants can defoliate part or all of small plantations, proba-
bly reducing yields. Thrips, which are often present in seasonally dry areas, can
cause yield losses. They can, however, be controlled easily through the use of
resistant pubescent cultivars that are commonly grown in these areas (25, 166);
consequently, this pest is not discussed in detail in this review.

MANAGEMENT OF MAJOR PESTS

Cassava Green Mite

The cassava green mite M. tanajoa (syn = Mononychellus progresivus; 108)
is probably native to NE Brazil, where it was first reported in 1938. The na-
tives had long known the damage symptoms, which provided the name tanajoa
(a sick or diseased plant). It attacks young leaves and meristems of cassava in
the neotropics (29, 30), but it is normally a serious problem only in dry regions
(42,171,183). The mite first appeared in Aftica (Uganda) in 1971; by 1985
it had spread across most of the African cassava belt, occurring in 27 coun-
tries (182). Today it is one of the principal pests of cassava in Africa, causing
estimated root yield losses of 13-80% (112,157,184).

CONTROL Cultural ~Application of acaricides is not an economic option for
low-income farmers in view of cassava’s long growing period. Cultural methods
are not known, and even if they were available, it would be a formidable task to
disseminate this knowledge across such large regions characterized by political
instability, lack of infrastructure, weak institutions, and low-input farming.

Host plant resistance ~ Cultivars from cither Africa or Latin America have not
shown promise for obtaining high levels of resistance; nevertheless, substantial
efforts were mounted to develop resistant cultivars (e.g. 21, 22, 78, 84, 109).
Cultivars with low to moderate levels of resistance are grown by farmers in
Colombia and Ecuador (148).

Biological The most promising approach is to find a practical, long-lasting
solution in the form of biological control (33). The International Institute of
Biological Control (IIBC, formerly the Commonwealth Institute of Biologi-
cal Control) began exploring for natural enemies of the mite in the neotrop-
ics in 1974 (188). A staphylinid predator Oligota minuta Was released in
Kenya in 1977 but failed to become established. In the early 1980s, IITA be-
gan working on biological control and built a laboratory in Benin to receive
and mass-rear imported natural enemies. Meanwhile, CIAT began intensive
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exploration and evaluation of phytoseiids and other predators in Latin America.
Ten species of phytoseiids in >60 shipments (> 14,000 individuals) were sent
from CIAT to Benin via quarantine at [IBC in England. Despite massive releases
(5.5 million individuals at 348 sites in 10 African countries) from 1984 to
1988, none of these predators became established (186). In 1988, IITA be-
gan receiving phytoseiid shipments from the Brazilian national research cen-
ter on cassava CNPMF/EMBRAPA (Centro Nacional de Pesquisa de Man-
dioca e Fruiticultura/Empresa Brasileira de Pesquisa Agropecuaria) in Cruz das
Almas, Bahia (186). Three Brazilian species of phytoseiids are now established
in Africa:

1. Typhlodromalus (Amblyseius) manihoti, introduced in 1993, is now in four
countries and spreading slowly (JS Yaninek, personal communication).

2. DTyphlodromalus (Amblyseius) aripo, as of 1993, spread 12 km the first season
and <200 km the second, and is now in 14 countries, covering ~400,000
km? (114). On-farm field trials indicate that 7. aripo reduces cassava green
mite populations by 35-60% and increases fresh root yields by 30-37%.
It is estimated that farmers’ profits increased $70/ha/season (JS Yaninek,
personal communication).

3. Neoseiulus idaeus, introduced in 1990, is spreading extremely slowly in
two countries. It does not appear to affect green mite populations (185;
JS Yaninek, personal communication).

Dry conditions favor the mite’s survival while hindering that of phytoseiid
predators (13). There appear to be fewer species of natural enemies in NE
Brazil than in other parts of South America with more rainfall (74; L Smith,
unpublished data). Predator exclusion trials in northern Colombia indicated
that mite populations decreased fresh root yield by 33% in the absence of
predators. Application of acaricides did not increase yield, indicating good
natural biological control (39, 40). CIAT and CNPMF/EMBRAPA are import-
ing phytoseiid predators from coastal Ecuador, which has a similar dry climate.
The two species released thus far—Neoseiulus californicus and Galendromus
annectens—have been recovered only occasionally and in small numbers.

An Entomophthorales fungal pathogen, Neozygites cf floridana, causes dra-
matic natural epizootics in the cassava green mite in NE Brazil (73). Some
strains appear to be specific to the genus Mononychellus (75; L Smith, un-
published data). Although this pathogen has also been found in cassava green
mites in Africa, epizootics have not been observed (187), suggesting that the
Brazilian strains may be more virulent than the African strains. A Colombian
strain (3) 1s currently being evaluated as a potential biological control agent for
Africa.




352 BELLOTTI, SMITH & LAPOINTE

Cassava Mealybug

Although P, herreni is distributed throughout northern South America, it has—
from the 1970s onward—caused serious losses only in NE Brazil (19). Sur-
veys found few parasitoids in the region, suggesting that P, herreni may be
an exotic pest, probably coming from northern South America, which is geo-
graphically separated from NE Brazil by the Amazon basin (177). Farmers
estimated their losses to be >80% ard implemented cultural practices such
as pest-free cutting selection and destruction (burning) of infested growing
points where the initial mealybug attack is concentrated. These practices met
with limited success, however, and cassava production decreased in the region.
Although numerous natural enemies of mealybugs were observed in other re-
gions of South America, little was done to introduce appropriate biological
control agents into NE Brazil at that time (27).

[n Africa, an unidentified mealybug first appeared on cassava in the Congo
and Zaire in 1973. By 1986 it had spread across 70% of the African cassava
belt, causing losses of up to 84%. The African mealybug was identified as a
new species, P. manihoti, presumed to have come from the neotropics, where
cassava originated.

CONTROL Management of the cassava mealybug has become a well-known
example of classical biological control (see 1 12, 133). Explorations for natural
enemies were conducted by 11BC and IITA in Central America and northern
South America. Then in 1980 it was learned that the mealybug from north-
ern South America has males, whereas the African mealybug does not. The
neotropical population was subsequex.tly described as a separate species, P.
herreni. The target species, F. manihoti, was finally located in Paraguay by
Bellotti in 1980 (112). IBC subsequently collected natural enemies of P
manihoti and sent them via quarantine in London to ITTA in Benin for multiplica-
tion and release in Africa. The encyrtid parasitoid Apoanagyrus (Epidinocarsis)
lopezi and the coccinellid predators Hyperaspis notata, Hyperaspis raynevali,
and Diomus sp. became established in Africa. It appears that the parasitoid is
the principal agent reducing the mealybug population (64) despite some inter-
ference by native ants (72) and hyperparasitoids (1 15). Stunting of cassava tips
by mealybugs decreased from 88 to 3%, and yield increased by 2500 kg/ha in
savanna regions. The parasitoid was established in all ecological zones occu-
pied by the mealybug, and by 1990 A. lopezi was established in 25 countries,
covering an area of 2.7 million km?. The cost-benefit ratio of the project has
been conservatively estimated to be 1:149 (137). Poor soil fertility conditions
can produce smaller hosts, resulting in low production of A. lopezi female
progeny and higher mealybug populations. Predators were therefore released
during the late 1980s and early 1990s to control the pest where soil fertility is
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poor (134). In some regions, such as the People’s Republic of the Congo,
mealybug outbreaks at the onset of the rainy season continued to occur. The
Entomophthorales fungus Neozygites fimosa was primarily responsible for re-
ductions in pest density (121).

In 1993, UNDP (United Nations Development Program) funded a project
for ecological and sustainable cassava crop protection [PROFISMA/ESCaPP
(Protegdo Fitossanitaria Sustentavel de Mandioca/Ecologically Sustainable Cas-
sava Plant Protection)], involving CIAT, CNPMF/EMBRAPA, and IITA. CIAT
had already conducted field surveys and basic biological studies on several
natural enemies of P. herreni in support of biological control of P. manihoti in
Africa. Three encyrtid parasitoids [Apoanagyrus (Epidinocarsis) diversicornis,
Aenasius vexans, and Acerophagus coccois] were identified as effective para-
sitoids of P. herreni (164, 165). All three parasitoids were attracted to cassava
mealybug infestations (37). Surveys were conducted in nine states of NE Brazil
to measure damage and collect natural enemies (61). The three parasitoids were
then imported from CIAT and releasea in NE Brazil in 1994-1995 (158; JMS
Bento, unpublished data). Within 6 months, 4. diversicornis had migrated
130 km from its release site. 4. coccois also became established and was
recovered in high numbers at <180 km from its release site 9 months later.
A. vexans, despite being consistently recaptured at its release site, did not mi-
grate at all (158).

Whiteflies

As direct-feeding pests and vectors of plant viruses, whiteflies constitute a major
problem in cassava production in Africa, the neotropics, and, to a lesser degree,
Asia. The largest complex is in the neotropics, where 11 species are reported:
A. socialis, Trialeurodes variabilis, Bemisia tuberculata, Aleurothrixus aepim,
B. tabaci (19,29, 30), Bemisia argentifolii (94), Trialeurodes abutiloneus (170),
Aleurodicus dispersus, Paraleyrodes sp., Aleuronudus sp., and Tetraleurodes
sp. (49). A. socialis is the predominant species in northern South America
(19,29, 30,99) but is also found in Brazil and other areas (89). A. aepim is the
predominant species in Brazil (89); B. tuberculata and T. variabilis are reported
in low populations from Brazil, Colombia, and several other countries (87).
The spiraling whitefly 4. dispersus is reported to feed on cassava in Nigeria
(2, 135), as does Bemisia afer in Kenya (131) and the Ivory Coast (92). B. tabaci
has a pantropical distribution, feeding on cassava throughout Africa and several
countries in Asia, including India (120) and Malaysia (140). Aleurodicus sp.
is also reported feeding on cassava in India (138).

DAMAGE Whitefly feeding affects cassava in three ways. Direct damage is
caused by feeding on the phloem of the leaves, inducing chlorosis and leaf
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fall, which results in considerable reduction in root yield if prolonged feed-
ing occurs. Yield losses of this type are common in the neotropics owing to
A. socialis and A. aepim activity (168; ARN Farias, personal communication,
unpublished data). They also produce a honeydew, which provides a medium
for sooty mold growth that can reduce yields (52). Most importantly, whiteflies
are major vectors of cassava viruses (4, 80).

Two cassava viruses are known to be transmitted by whiteflies. African cas-

sava mosaic disease (ACMD) is caused by several geminiviruses transmitted by
B. tabaci. ACMD is reported causing crop losses of 28-40% from all African
cassava-producing countries (159, 160); it has not been found in the neotropics.
Until recently, the B. tabaci biotypes found in the Americas did not feed on
cassava (71, 180, 181). It has been speculated that the absence of ACMD was
related to the inability of its vector, B. tabaci, to colonize cassava. Since the
early 1990s, however, a new biotype (B) of B. tabaci, considered by some to
be a separate species (B. argentifolii; 145), has been reported feeding on cas-
sava in the neotropics (United States, Dominican Republic, Ecuador, Brazil,
Puerto Rico; 57, 94). Now that the B biotype has been found feeding on cas-
sava in the Americas, ACMD poses a serious threat to cassava production, as
most traditional varieties are highly susceptible to the disease. B. tuberculata
is the reported vector of cassava frog-skin disease in the neotropics (4). Thus a
continued strong research emphasis on whiteflies in cassava is justified.

ECOLOGY/BIOLOGY Most research efforts in the neotropics have concentrated
on A. socialis and, to a lesser degree, 4. aepim. Populations of both species
are highest during the rainy season but are present throughout the crop cycle
(91,100,107, 168). Egg to adult development time of A. socialis in growth
chamber studies was 32 days (5). Field studies on the biology of 4. socialis
show an egg stage of 10~12 days and immature stages of 24-33 days (53).

CONTROL  Research on whitefly control in the neotropics has emphasized host
plant resistance (HPR) and biolo gical control.

Cultural  Intercropping cassava with cowpeas reduced egg populations of two
whitefly species (4. socialis and T. variabilis) compared with those in mono-
culture. These effects were residual, persisting up to six months after harvest
(106). Intercropping with maize did not reduce egg populations. Yield losses in
cassava/maize, cassava monoculture, and mixed variety systems were ~60%;
whereas in cassava/cowpea intercrops, yield losses were only 12% (101, 104).
Intercropping may offer the small-scale farmer an effective means of reducing
pest populations (100).

Host plant resistance HPR offers a low-cost, sustainable solution to cassava
losses from whitefly dama ge. HPR studies at CIAT with 4. socialis, T. variabilis,



CASSAVA PEST MANAGEMENT 355

and B. tuberculata were initiated some 15 years ago, and >3000 clones have
been evaluated. Several sources of resistance have been identified, and the
clone M Ecu 72 has consistently expressed the highest level of resistance. This
and other selected clones were used in a crossing program to provide high-
yielding, whitefly-resistant clones, which showed no significant differences
in yield between insecticide-treated and untreated plots (59). Greenhouse and
field studies showed that 4. socialis feeding on resistant clones had less ovipo-
sition, longer development periods, reduced size, and higher mortality than
those feeding on susceptible ones. A. socialis nymphal instars feeding on
M Ecu 72 suffered 72.5% mortality (5, 60). Given that HPR to whiteflies is rare
in cultivated crops, these results offer an encouraging control option. Whitefly-
resistant cassava clones are being evaluated by CORPOICA, the Colombian
agricultural research corporation, for subsequent release to farmers.

Biological Numerous natural enemies of the whitefly complex have been
recorded (49, 103, 104). Recent surveys in Colombia show that the most repre-
sentative group is the microhymenopteran parasitoid complex, which includes
the genera Encarsia, Eretmocerus, and Amitus associated with 4. socialis, B. tu-
berculata, and T. variabilis (49). The predominant species were Encarsia hisp-
ida, Amitus sp., and Eretmocerus Sp. (undescribed). 4. socialis was the most
frequently parasitized whitefly species, and parasitism was higher in the Andean
zone than in the coastal and eastern plains region of Colombia. Parasitism of
A. socialis by Eretmocerus aleurodiphagus and A. aleurodinus ranged from 49—
54% in certain regions (56). The predominant predator species was Delphastus
pusillus, although predators appear to play minor role (103). The fungal ento-
mopathogen cladosporium sp. has been observed causing high mortality (82%)
of A. aepim in cassava fields in Brazil (90).

Cassava Hornworm

E. ello (Lepidoptera: Sphingidae) is a serious pest of cassava in the neotropics
(17,29,30), with a broad geographic range extending from southern Brazil,
Argentina, and Paraguay to the Caribbean basin and the southern United States.

DAMAGE Although several species of Erinnyis feed on cassava, E. ello causes
the worst damage. Severe attacks car cause complete plant defoliation, re-
sulting in bulk root loss and poor root quality. Losses in root production are
influenced by plant age, soil fertility, environmental factors (especially rainfall),
and frequency of attack. In simulated damage studies, yield losses in fertile
soils ranged from 0-25% after one attack, and up to 47% after two consecutive
attacks. On infertile soil, losses varied from 15-45% after one attack, and up to
< 64% after two attacks (6). Losses in farmers’ fields have been measured at
18% after one attack. Afterplants have reached six months of age, losses are less
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severe, although root quality may be adversely affected (88). Repeated attacks,
which are more common in large cassava plantations, cause severe yield losses
but do not kill the plant (17). The carbohydrates stored in the roots enable the
plant to recover, especially during the more favorable rainy season.

Sporadic attacks usually coincide with the rainy season. The mass migratory
flight capacity of E. ello (116, 117) accounts for the sudden “invasions” and
subsequent increase in oviposition in cassava fields (6,32). Although a large
complex of natural enemies exists, thei: effectiveness is greatly reduced because
of the migratory behavior of the hornworm adults (17, 174).

BIOLOGY Hornworm adults are nocturnal grey moths that oviposit round, light
green to yellow eggs individually on the upper surface of cassava leaves. Eggs
hatch in 3-5 days. In field cage studies, females oviposited an average of 450
eggs, although as many as 1850 eggs per female were observed. This fecundity
partially explains the rapid buildup of hornworm populations. At 15, 20, 25,
and 30°C, the average length of the larval stage is 105, 52, 29, and 23 days, re-
spectively, indicating that peak hornworm activity may occur at lower altitudes
(<1200 m) (15).

CONTROL Chemical Pesticides give adequate control if hornworm popula-
tions are detected and treated during the first three instars. Larval populations in
the fourth and fifth instars are not only difficult to control but also uneconomi-
cal because considerable defoliation has already occurred. Moreover, pesticide

use disrupts natural enemy populations and can lead to more frequent attacks
(163).

Biological The large complex of natural enemies associated with E. ello has
been extensively reviewed (15,17, 18,29, 30, 88, 153). More than 30 species
of parasites, predators, and pathogens of the egg, larval, and pupal stages
have been identified. Eight microhymenopteran species of the families Tri-
chogrammatidae, Scelionidae, and Encyrtidae are egg parasites. Trichogramma
and Telenomus spp. are the most important and have been studied in detail
(15,29, 30,32, 105, 162). Natural parasitism by Trichogramma spp. ranges from
53-57%, which cannot reduce high hornworm populations below economic in-
jury levels (15,32). Releasing parasites to augment natural parasitism will
increase levels of egg parasitism; however, it is difficult to synchronize releases
to coincide with E. ello oviposition.

Tachinid flies are the most important dipteran parasite of E. ello. The Bra-
conidae, particularly Cotesia spp., are the most important hymenopteran larval
parasites (17, 88, 153). Several predator species feed on hornworm eggs, larvae,
and pupae, the most important being Polistes spp. (Hymenoptera: Vespidae),
Podisus spp. (Hemiptera: Pentatomidae), and various spider species. Polistes
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predation levels are determined primarily by the number of wasp larvae con-
tained in the nest. Each Polistes larva consumes ~0.5 hornworm larvae daily
(15, 128).

Releasing predators and parasites to augment field populations is difficult
and not economically feasible for resource-limited cassava farmers, as predator
and parasitoid effectiveness are limited by poor functional response during
hornworm eruptions, which last 15 days.

A granulosis virus (Baculoviridae) was found attacking E. ello in cassava
fields at CIAT in the early 1970s. Subsequent studies have determined the
value and potential use of this virus (8, 15,17, 18, 60, 154). Infested larvae are
collected from the field, macerated in a blender, filtered through cheesecloth,
mixed with water, and applied to hornworm-infested fields. Mortality as high
as 99.8% has been measured in field evaluations (18). The effect of virus con-
centration and mortality of larval instars showed a sigmoidal relationship for
the first, second, and fourth instars. LCs, studies indicate that progressively
higher concentrations are needed for adequate control of each succeeding larval
instar. Most fifth instar larvae reached iie prepupal stage, but few female adults
emerged. They had wing deformities and died without producing progeny. The
virus can be kept refrigerated (17).

The hornworm virus provides an attractive management option because of
its ease of manipulation and storage at low cost. This technique was first imple-
mented in southern Brazil, where light traps were used to detect adult movement
and invasions. Virus applications were made when populations were in their
early instars, resulting in almost complete control (154). Pesticide applications
in certain regions were reduced by 60% (17,41). In Venezuela the virus has
replaced the use of pesticides on large cassava plantations (7,000 ha), where
the hornworm is endemic, reaching levels of 60-390,000 adults on 1,000 ha
of cassava during a semester. Populations are highest during the rainy season
(50). Applications (70 ml/ha) can be made through overhead sprinkler irri-
gation systems when the larvae are in the first and second instars, resulting
in 100% hornworm control and savings in pesticide costs. The direct cost of
gathering, processing, storing, and applying the hornworm virus is just $4/ha
(61, 119).

Cassava Burrower Bug

C. bergi is a polyphagous feeder that attacks a wide range of crop plants other
than cassava. It has been reported only from the neotropics, with damage to
cassava reported in Colombia (98), Panama (1), and Costa Rica (47). Its geo-
graphic distribution has yet to be determined, but an attempt is being made to

map potential risk zones of infestation by means of the Geographic Information
System (GIS; 147).
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C. bergi was first recorded as a pest on cassava in Valle, Colombia in
1980 (98). Other hosts include onion, forage peanuts (Arachis pintoi), maize,
sorghum, sugarcane, coffee, coriander, pasture grasses, potato, asparagus, and
numerous weed species (28,47,48, 141, 147). Some host plants are strongly
preferred over others (147). Optimal development and survival of C. bergi
occurred on forage peanuts (4. pintoi) and maize; low-HCN cassava, sorghum,
and welsh onion were less favorable hosts. C. bergi was unable to complete its
development cycle on “bitter” cassave (fresh root parenchyma tissue concen-
tration of cyanide > 100 mg kg~! HCN) (28, 147).

DAMAGE Nymphs and adults penetrate the root peel and parenchyma by
means of a strong, thin stylet, feeding on the starch. Soil-borne pathogens (e.g.
Aspergillus, Diplodia, Fusarium, Genicularia, Phytophora, and Pythium spp.)
can penetrate the root parenchyma during wounding or feeding (31). Brown to
black lesions develop on the root, rendering it commercially unacceptable (7).

BIOLOGY All five nymphal stages and the adult stage of C. bergi live in the soil,
and populations are present throughout the cassava crop cycle. Root damage
increases with plant age, reaching 70-80% of total roots and >50% reduction
in starch content (7). C. bergi is strongly attracted to moist soil; it will migrate
when soil water content is below 22% and is most persistent when it is >31%
(147). The rainy season greatly favors adult and nymphal survival, behavior, and
migration, whereas low soil water content during the dry season restricts adult
burrowing and migration and increased nymphal mortality (147). Laboratory
studies show that the lower temperature threshold for development is 14.7°C,
and population growth is optimal at ~26°C. Soil temperatures >31°C appear
detrimental to egg eclosion and molting from the fifth instar to adult stage (147).

Both field trials and laboratory experiments indicate that cassava feeding
preferences in C. bergi may be related to cyanogenic glucoside levels. Adults
and nymphs that fed on a high-HCN clone had longer nymphal development, re-
duced egg production, and increased mortality (28, 55). An exponential decline
in oviposition is observed with increasing levels of cyanogenic potential (CNP),
beginning 12 days after exposure, especially at levels > 150 ppm fresh weight.
Oviposition on clones <45 ppm (CNP) was significantly higher, while ovipo-
sition varied on clones with a CNP between 45 and 150 ppm (147). Cyanogen-
esis did not, however, have a negative effect on adult survival.

Field trials have shown that low-HCN clones suffer more damage than high-
HCN ones (28, 48). More recent research has found a negative relation between
CNP and damage caused by C. bergi, indicating that CNP in cassava may act as

a deterrent. Further research is required, however, as results are not conclusive
(147).
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CONTROL Controlling C. bergi is difficult because of its polyphagous nature
and its adaptation to the soil environment. Pesticide applications are costly, en-
vironmentally hazardous, and not always effective (7,48, 169). Intercropping
cassava with Crotalaria sp. (sunne hemp) reduced root damage to 4%, com-
pared with 61% in cassava monoculture (48). Yields were reduced by 22%
when intercropped, so farmers have been reluctant to adopt this technology.

Recent studies indicate that entomopathogenic nematodes and fungi may
offer a more acceptable solution for controlling C. bergi. The nematode Stein-
ernema carpocapsae successfully parasitized C. bergi in the laboratory (44).
A native species (Heterorhabditis bacteriophora), found parasitizing C. bergi
in the field, has resulted in 84% average parasitism of the instars (14, 45, 61).
The entomopathogenic fungus Metarhizium anisopliae has been observed
parasitizing C. bergi in the field. In laboratory studies, mortality was highest
(61%) during the fifth instar, while overall average mortality was 33% (60).
The effectiveness of these biological control agents in the field remains to be
evaluated.

Cassava Lacebugs

Several species of lacebugs (Hemiptera: Tingidae) have been reported feeding
on cassava in the neotropics. In a recent review, Froeschner (96) identified
five species of the genus Vatiga that show a decided preference for cassava:
V. illudens, V. manihotae, V. pauxilla, V. varianta, and V. cassiae. The first two
are the most widely distributed. V. illudens predominates in Brazil but is found
throughout the Caribbean area. V. manihotae predominates in Colombia and
Venezuela but is also reported from Cuba, Trinidad, Peru, Ecuador, Paraguay,
Argentina, and Brazil. V. varianta is reported from Brazil and Colombia, V.
cassiae from Brazil, and V. pauxilla from Argentina. In addition, the species
A. machalana, referred to as the black lacebug, causes damage to cassava in
Colombia, Venezuela, and Ecuador (57).

DAMAGE A prolonged dry period is favorable for increasing lacebug popu-
lations (149). Adults and nymphs feed on the undersurface of lower leaves.
Initially, white feeding spots appear on the leaves, increasing in number and
area until the leaf centers turn white and eventually tan. High lacebug popu-
lations will cause leaves to curl and die. Younger plants (4—5 months) attract
higher populations, which tend to decline on older plants (149).

The relationship between damage, population density, and duration is un-
known. A field trial at CIAT with a natural infestation by 4. machalana resulted
in 39% yield reduction compared with pesticide-treated plots (57). Field ob-
servations in Colombia and Ecuador indicate that populations of A. machalana
are higher than other lacebug species (AC Bellotti, personal observation).
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BIOLOGY The egg stage of V. manihotae is 8-15 days, followed by five
nymphal stages averaging 16-17 days. Adult longevity under field conditions
averages 40 days (38). Laboratory studies with ¥, illudens in Brazil show a
nymphal duration of 13.5 days and average adult longevity of 27 days (86). In
laboratory studies with 4. machalana, the egg stage averaged 8.2 days, the five
nymphal instars 14 days, and adult longevity 18 and 22 days for females and
males, respectively (57).

CONTROL Lacebug control appears to be difficult, as few natural enemies
have been observed (38, 85, 149). Preliminary screening of cassava germplasm
indicates that HPR may be available (24, 46, 57), but considerable research is
still required before implementation is possible.

TRENDS AND FUTURE CONSIDERATIONS

To develop the cassava crop to its full potential as a carbohydrate source, a
concentrated research effort is required. Arthropod pest management research
should concentrate on a more comprehensive understanding of the biodiversity
in cassava cropping systems. Another important issue is that of quarantine
measures to prevent the movement of pests, especially into Asia, in light of
what occurred in Africa (95). There are several pests found in the neotropics
that could potentially cause severe crop losses in these areas. These include the
cassava hornworm, several mite species, lacebugs, and whiteflies. Moreover,
what is considered a secondary pest in the neotropics at present could become a
major pest outside its center of origin, where native natural enemies or tolerant
germplasm are not available.
A successful integrated pest management (IPM) program in cassava will de-
pend on having effective, environmentally sound, low-cost pest management
.technologies available to cassava farmers in developing countries. Biotech-
nology tools presently available offer the potential to develop improved pest-
resistant varieties and to enhance the effectiveness of natural control organisms,
including parasitoids and entomopathogens. The new generation of genetic pest
management technologies presently being integrated with traditional IPM offers
alternative technologies for controlling stemborers, leaf-cutting ants, grasshop-
pers, whitegrubs, and other difficult-to-control pests. Research activities in these
areas are already underway and should be available to farmers in the near future.
[PM requires decision-making guides and strategies for appropriate imple-
mentation of control tactics. In traditional production systems, few options
are available to resource-limited farmers. Choice of cultivar is often limited to
local landraces, despite the diversity in germplasm banks, because of poor
communication between research and extension agencies and farmers, the
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neglected status of cassava as a crop for marginal populations, and farmers’ and
consumers’ strong local preferences for particular cultivars. Availability of clean
planting material is also limiting, especially during periods of drought. Good
stake sanitation greatly increases yield potential, but pathogen-free planting
material is often scarce. Pesticides are seldom used in traditional systems given
their prohibitive cost; nevertheless, pesticide use in Latin America is increas-
ing, especially when cassava is grown on a plantation scale (23). The use of a
baculovirus to control the cassava hornworm has been successful but requires
refrigeration facilities (17). Cultural methods and planting systems are also
highly influenced by local preferences. Because of these restrictions, cassava
IPM systems are still rudimentary.

A promising approach to overcome slow technological diffusion and to in-
crease productivity in small-scale production systems combines grass-roots
community development with a holistic approach to crop management and di-
versification of markets. Pest control is often a low priority for poor farmers
who depend on cassava as an “insurance crop” that requires minimal input.
Moreover, the highly perishable nature of fresh cassava roots makes transport
and marketing riskier (68), resulting in peaks in availability and low prices at
harvest time. In some traditional cassava-producing areas, increased produc-
tivity has been tied to product diversification in local and regional markets to
provide an acceptable return on farmers’ investments (59, 175). This has been
done most successfully by small-scale drying and chipping of cassava for an-
imal feed (144). By opening new markets, profitability of cassava production
increases, and pest control becomes economically viable through proper agro-
nomic and phytosanitary practices, use of resistant cultivars, and biological and
cultural control methods.

Area-wide classical biological control has had spectacular success in Africa;
however, management of most cassava pests in Latin America will require
farmer involvement in the identification and implementation of solutions. Par-
ticipatory research methods have been developed and tested in Brazil, Colombia,
and Ecuador (9, 10; B Ospina, unpublished data).

Classical biological control is largely independent of farmer input and, in
the case of cassava, requires little or no modification of traditional practices.
For the majority of pests not amenable to control through biological methods
alone, farmer practices offer the best ornportunity for intervention. IPM models
for developing countries have emphasized integration of farmers’ knowledge
and their participation in experimentation (9, 10, 34, 35, 41). For example, im-
proved cultivars must meet highly localized preferences for characters such as
root color, texture, and growth habit. Attempts to incorporate pest resistance
or higher yield must consider local preferences as selection criteria through
farmer participation in germplasm evaluation (97).
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Recent projects have emphasized direct involvement of international and na-
tional research agencies with growers to promote improved technologies and
to inform the research and development process (60—63). Key to the success of
such participatory research are identification of needs by farmers, inclusion of
farmers in field research and validation, training of research and extension per-
sonnel in participatory methods, and integration of production with expanded
markets. In Colombia and NE Brazil, these requirements have been accom-
plished through the organization of farmer research committees. By working
with trained extension agents and rescarcheis, farmers select problems to ad-
dress, participate in the design of experiments, and conduct trials on their own
land. Although it is still too early to judge the impact of this approach on cas-
sava productivity, these efforts have been marked by enthusiastic response from
growers and extension agencies. The concepts of community-based research
and participatory methods have been adopted by state agencies and financed
by regional banks. In some cases, communities have spontaneously adopted
the model after visiting neighboring community research projects (62). The
network of cassava farmer research organizations appears to be fostering com-
munication and technology transfer and should contribute to adoption of IPM
strategies and development of new technologies appropriate to the region’s so-
ciobiological environments. The infrastructure created by farmer organizations
and research committees will be necessary to implement pest control tactics as
they become available for incorporation into cassava IPM systems.
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