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Abstract
[

Ih hornworm one of the mostimportant pests of cassava in the Amencas can defoliate plantations
| ripidiv More than 90 larvae/plant have been observed in Colombia When populations reach this
* magnitude they can consume up 1o 100 of the foliage they also attack tender stem parts and laieral

buds hilling young plants Yield losses after a single attack can reach 2007, starch contentcanalso be

reduced The 5 lanal instars are described as well as the ecological factors that influence population
| Muctuations Biological control 1s preferable to chemical control because pesticrde application 1s
costh and affects the equilibrium between parasites and pesis CLAT 1s conducting a biological
control program to evaluate parasiusm of cggs by Trichogramma munutum and Telenomus
dilophonotae parasitsm of larvae by Apanieles congregetusand A americanus lanal predationby

Polistes canadiensis and P ervthocephafus and a bactenial disease of larvae caused by Bacrllu

thurmgmnesis Data related to these expeniments are presented in tables

| The cassava hornworm Entnmis elfoisgenerally  'Cassava and rubber are the principal hosts of £
considered to be one of the mostimportant pestsof  |elfo which appears to be confined mainly to the
cassava 1n the Amernicas 1its ability to defohate |Euphorbiaceae (15)

cassava plantation rapidly has caused serious

alarm among cassava growers This pest 1s not Yield reductions 1n cassava of 10 to 50 percent
found 1n Asia or Africa The hornworm has been ' have been estimated (13) depending upon plant
previously recorded as Sphinx ello Dilophonoia  |age and wntensity of attack a decrease in starch
eflo (2 10) andy Anceryx elio (1) E alope a less |content has also been suggested (9) Yield losses 1n
important species has been reported from Brazl farmers fields in Colombia have been measured at
—— 20 percent after a single attack Undoubtedly

Entomologist and rescarch assistant respectively repeated attacks would cause greater yicld
Cassava Program CIAT Cah Colomba reductions
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Cassava protection workshop

\ Type of damage caused

The cassava hornworm 15 a voracious folage
consumer Hernworm outbreaks with populations
of more than 90 larvae per plant have been
observed mColombia (6) When populations reach
thts magmiude 100 percent of the foliage 1s
consumed and larvae will also feed on the tender
parts of the stem often consuming the upper 20 to
30 cm of stem tissue Lateral buds may also be

iconsumed and young plants may be killed
|Damagc simulation  studies ndicate  that
| defoliation of young plants (2 5 months) reduces
yields morethan that of older planis(6-10 months)

Laboratory and screenhouse studies at CIAT (3)
[ show that alarva canconsume 1107 cm? of leaf area
{during us hfe cycle 75 percent of which 1s
j consumed during the last (5th) instar High larval
mortahity results when larvae are restricted to the
basal leaves only and no larva reaches the pupal
stage There 1s no indication that high or low
cyanide content influences larval development
greatly (4) Some cassava varneties can tolerate
high larval populations since under favorable
environmental conditions there can be up to 80
percent defoliation with no reduction 1n root yield
|(4)

E Biology and ecology

The generally gray nocturnal adult moth has five
to six black bands across the abdomen with gray
forewings and reddish hind wings The male
forewing 15 a darker gray and brown with a black
band from the base to the apex and 1s smaller than
the female Females live 5 to 7 days n the males
new days less Winder and Abreu (16) found that
the nocturnal flight periodicity for both sexes was
bimodal for females from 2300 to 2400 hours and
0200 to 0300 hours and for males from 2400 to 0100
hours and from 0200 to 0300 hours Owiposition
occurs 2to 3 days after emergence usually on the
leaf uppersurface but also onthe petiole stemsand
leaf undersurface (10) A female may deposit from
30 10 50 eggs which hatch 1n 3 to 7 days (6 8)

There are five larval instars with a total duration
of 12 10 15 days (may be shghtly longer in some
areas) Thefirst instar larvac consume the egg shell
before moving to the leaf undersurface to begin
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feeding Larvac prefer feeding on the upper leaves
Allinstars show color polymorphism butitis more
common dunng the third instar Larval colors
including green greemsh blue greemish gray tan
bluish gray brownred black and yellow have been
reported (15)

The fifth instar larvae may reach 10 1o 12cmin
length they mgrate to the soil \\hercllhey form
chestnut brown black lined pupae under plant
debris Larvae may crawl considerable distances
prior to pupation which lasts 2 10 4 weeks Pupal
diapause of several months has been reported (14)

Population fluctuations of the hornworm are
reported as occurring dunng different months of
the year depending uponlocality 1tis possible that
these fluctuations are triggered by chimatic or
seasonal change as well as beng cychc In
Colombia hornworm outbreaks generally occur at
the onset of either rainy or dry penods but attacks
are sporadic and the insect can be virtually absent
for several years 1n Brazil they are found all year
but are most abundant from January to March
several generations may occur

Control

A bwological control program that utihizes
several of the natural enemies of the cassava
hornworm appears to be the most effective method
of controlling the pest economically Several
insecticides will reduce hornworm populations
trichlorphon (Dipterex) being especially effective
However chemical control should be avorded as
pesticide applicauons are costly for a long scason
crop and also affect the equilibnum between
parasites and pests (5 10)

Many cassava growers do not notice a
hornworm attack untl considerable follage has
been consumed and most of thelarvae areinthe 4th
and 5th instar Pesticide application 1s not as
effective against these instars as 1t 1s against the
earlier ones It has been observed that pesucide
application will often induce Sth instar larvae into
pupation In addition insecticides also reduce
natural enemies Egg parasiusm by Trichogramma
sp has been lessened 1n fields where insecticides
have been apphed (5) Hornworm outbreaks in
certain cassava growing areas of Colombia have
increased 1n recent years ln these areas there has
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The cassava hornworm (Ennnyis ello)

been anincrease incassava acreage as wellasinthe
use of insecticides especially to control thrips and
frunt flies

Biological control

A biological control program that combines
parasiism of eggs and larvae larvalpredation and
the lanal discase Bactlus thuringiensis 1s being
studied at CIAT

Lgg parasiism

“atural hornworm egg parasiism by
Trichogramma runuwtum (12) T fasciatum (3)and
Telenomus dilophonotae (10} has been reported to
be as high as 94 10 99 percent(13) Anaverage of 23
Trichogramma adults emerge per egg (4)

Two experiments were conducted at CIAT to
evaluate the effectiveness of liberating
Trichogramma n cassava fields to parasitize
hornworm eggs Durnng a period of considerable
hornworm oviposition approximately 100 000
Trichogramma were released 1nto a one hectare
field A nearby field where there was no release of

parasiies was used as acontrol Egg parasitism was
measured prior to release and  periodically
afterwards Resulis showed 22 | percent more
pirasitism after four days in the field where
Tnchogramma had been rcleased in the first
expeniment in the second there was a 23 2 percent
| increase during a similar period and a 32 6 percent
increase after five days as compared to the field
where Trichogramma had not been relcased
(lable 1)

I anval parasitism

Apanteles congregatus and A americanus are
iumportant lanal parasites in Colombia These
bracomd wasps oviposit n the hornworm larvae
where the parasite lanvae develop Mature larvae
mugrate {rom the host and pupate on the outer skin
forming a white cottonlike mass These cocoons
are approximately 38 cm wide by 4 1 cm long
Each cocoon will conmtain an average of 257
Apanteles pupae about 80 percent of which wiil
emerge (unpubhished data)

I

 In studwes at CIAT we have twice released

Apanteles adults mto‘thomworm infested fields to

Table 1 Percentage of cassava hornworm #ggs parasitized in Tields where Trichogramma sp had been relensed as
compared to control {no Trichogramma released).

Dufference in

9% of eggs parasiism between
Days parasitized Increase in p of eggs Increase in fields with
after by hberated parasiism parasitized in parasiism Iiberated Trichogramma
release Trichogramma contro! ficlds (L] vs. control
Expenimentno 1
0 483 526
4 731 248 553 27 221
7 679 196 673 147 49
10 910 427 957 43 04
Experimentno 2
1 308 450
2 542 234 610 160 74
3 800 492 738 288 204
4 760 452 670 220 232
5 927 619 743 293 26

Tnchogrammae released 1
Sample 1 50 plant)plot,
Sample {130 plants/plot

rate {100 000;ha
1366 cgpsipla 1
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evaluate larval parasiism Eleven cocoons were
ireleased 1n the first wrial and 408 cocoons were
collected after three weeks At the same time 382
unparasitized larm ae and 633 pupae were collected
in the field resulting i about a 35 percent
parasitism of the larvae present In the second inal
7 cocoons were released and 49 were collected §7
days later o count was made of lan ae or pupae

A drawback i the use of Apanteles as a
hornworm lanal parasite s the hugh percentage of
hyperparasitisin observed Seven hyperparasites
have been coliected from Apanteles pupae at
CIAT1 A study of 112 Apanteles cocoons collected
on three scparate occasions resulted 1n an average
of 56 percent hyperparasiusm (Table 2) An
adduonal difficulty 1 the use of Apanieles for
parasitizing  hornworm  larvae has been our
mability to massrear the parasite in the laboratory

Laryval predation

|
!

The paper wasps Polistes canadiensts L and P
ervthocephalus appear to be the most effective
larval predators Each wasp requires several larvae
per day for its own consumption as well as forits
brood Control 15 most effective when tenthke
protective shelters are provided for the wasps inthe
center of cassava fields A program using natural
Trichogramma egg parasiism plus the Polistes
wasp has been 1n operation at CIAT (50-60 ha
cassava) since 1973 and there has been no major
'hornworm outbreak dunng this period The
Polistes wasp has been mtroduced onto several
farms it a cassava growing region of Colombia
and biweekly evaluations are being made of
hornworm oviposition ¢gg parasiism larval and
iums;:a populauons

I arval dinease

The adult hornworm moth s capable of lengthy
1lixht and large populauions of adults may migrate
Into an area and oviposit numerous eggs upselting
the equiibrium existing between biological control
apents and the hornworm population In addition
the somewhat cyclic occurrence of the hornworm
often causes populations to increase rapdly and
dramatically also upsetting the equihbrium

Bacillus thuringiensis a commercially available
bacterial discase of many lepidopterous larvae was
studied at CIAT for cassava hornworm control In
a cassava field with heavy hornworm attack 50
plants/plot were sprayed with a suspension of B
thuringrensis the larval population was measured
before application and three days afterwards
Results showed that the larval population was
reduced by 68 percent (Table 3) B thuringiensis
was more effective against the first three larval
instars than the fourth and fifth

Inasecond experniment one half of a5 hectare field
was sprayed with B thuringiensis and 50 plants
were sampled at random before apphcation and at
three and six days afterwards The lanval
population in the treated ficld was reduced from
more than six larvae per plant to one whercas in
the untreated field the larval population increased

"to more than 13 lanac per plant (Tablg_iL__

A third experiment was designed o test the
effectiveness of 8 thuringiensis in controlling each
Ihornworm instar  under field conditions
Applications were made when there were high
populations of the desired tnstar Results indicated
that B thuringiensts 1s effective against the first
four instars (the 5th was not tested) but most
Icffecme against lhclﬁrst (Fig 1)

Table 2. Percentage of hyperparasites emerging from Apaniteles sp pupa parasitizing cassava hornworm larvae

Sample Date of No of Apanteles Hyper S o Hyper
no collection | cocoons emerged parasites Apanteles parasites
1 Aug. 1977 14 1034 1777 7 63
2 Sept 1977 49 5543 2482 69 3
3 Oct 1977 49 1190 5506 178 822
Totals 112 7767 9765 44 56
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| The cassava hornworm (Erinnyis ello)

Table 3 Number of cassava hornworm larvae before
and three days after applhcation of Baciffus
thunngiensis on iwo month-old cassava plants
(var Chiroza gallinaza).

No lanae/instar*

Developmental Before 3 days after
stage application application
First [astar 1520 114
Second instar 4 449 982
Third Instar 31375 1207
Fourth Instar 1192 850
Fifth Instar 320 298
Total 10 856 3451

Eighplo of 50plamt withee 1 15pl 15 fea hpl 1sampledit talof
120 pla 1+ sampled)

| Addwional studies have shown that applications
lof B thurmgiensis will not affect Trichogramma
,cgg parasiusm adversely (6) Laboratory studies
Iwere conducted to measure the fohage consumed
atter leaves had beensprayed with 8 rhuringiensis
as compared to consumption of untreated leaves
Results showned that larvae can survive for | to 4
days after they begin to consume treated folage
however the leaf ussue that they are able to
consume 1s reduced by 86% for the 3rd instar 93%
for the 4th instar and 98%; for the 5thinstar larvae
(6)

Wb 8 thuringiensis
[ IWithout 8 thurmgiensis{Sample of 80 plants)
129

140
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Figure 1 Effect of apphications of Bacillus thuringien

] 5is on hornworm population when inthe Ist 2nd 3rd and
| 4th Ianalimstars under field conditions

Conclusions

A biological control program for the cassava
hornworm appears to be a feasible control method
Several biological control agents were studied and
found 10 be effective 1n reducing hornworm
populations These include the Trichogramma egg
Iparasllc the Apanteles larvae parasite the Polisies
larval predator and B thuringiensis a larval
disease

[

Table 4 Effects of Bacillus thurtngiensis on & cassava hornworm population three and six days after application

:l\o of lanae
Instar

Days
after Total Larvae/
application 1 1 1 v vl larvae |plant {
With 159 97 56 n2 624
B thuringiensis k! 84 80 39 | 204 408
7 19 2t -3 4 54 108
Without 0 it 160 63 - 534 10 68
B rthurmgtensis 3 141 287 100 1} Q 529 10 58
6 127 254 227 51 20 679 1358

Based 50-pla t rand m sample
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I herc are several other natural encmies of the
hornworm that could be employed effectinely ina
biological control program but that need to be
studicd 1n more detail A wviral disease of the
hornworm has been identificd but no studies have
buen carried out Larval predators that have also
buen wdentified are a pentatomid Alceorrin nchus

wvranedny and a carabid  Calosoma retosum (7 9)
Numcrous other prudators and parasites have buen
tecorded  as attaching £ elfo (15)  Lanal
parasiism by several tachumd fhesis also reported
(1t 16) ind occastonal tachimd parasitism has also
buen obstnved at CIAT  Studies with these
pirasites should be inttiated
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