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ABSTRACT

Experiments were conducted in 4 fields in Taichung Prefecture of Taiwan to evaluate
the integrated effect of sex pheromone and insecticide in the control of sweetpotato weevil
(SPW), Cylas formicarius Fabricius. The results show that the use of pheromone-baited traps
placed at a density of 4 traps/0.1 ha reduced 65% of storage root damage caused by SPW com-
pared with that of the untreated control. Use of pheromone-baited traps in combination with
preplant application of Dussban at 2.25 kg a.i./ha reduced storage root damage by 75%.
These effects are comparable to that from 2 applications of Dursban, one before planting
and another at the time of earthing-up. Correlation analysis revealed that the best criterion
for evaluating the loss of sweetpotatoes caused by SPW was the number of damaged storage
100ts.

Key words: sweetpotato, sweetpotato weevil, Cylas formicarius, sex pheromone, mass
trapping, integrated pest management.
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Introduction

Sweetpotato (Ipomoea batatas (L.)) is the
seventh most important ctop in the world (Chal-
fant, 1990). In Taiwan, the area cultivated to
sweetpotato and its production were once rank-
ed second to paddy rice. Sweetpotato is used as
a food, feed, and industrial crop, and more
recently has become appreciated as a fibrillous
food or green vegetable because of its good keep-
ing quality and the people’s demand for natural
health foods. The total area of sweetpotato
cultivation in Taiwan has remained steady at
about 15,000 ha in recent years (Anonymous,
1989).

P B ©

The sweetpotato weevil (SPW), Cylas
formicarius Fabricius, is the most destructive pest
of sweetpotato in the field and in storage. SPW
completes 7 to 8 generations annually in Taiwan
(Yen et al., 1982). The adults prefer to live in
the canopy of vines with leaves and feed on all
parts of sweetpotato. Females oviposit within
cavities excavated in vines or storage roots, where
the larvae also develop. Damage results from
adult feeding and oviposition and larval tunnel-
ing through the storage toots. The tunnels are
filled with saw-dust like excrements, and give
the characteristic terpene odor and a bitter flavor
that render sweetpotatoes unsuitable for human
and livestock comsumption.
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Although various control measures have
been practised to reduce the damage caused by
SPW, application of insecticides remain the
main control method. Since the banning of
chlorinated-hydrocarbon insecticides, it has been
difficult to find alternative insecticides which are
both environmentally safe and reliably effective.
The underground feeding habits of the larvae
and nocturnal activity of the adults make it
necessary for farmers to apply insecticides 3 to
5 times duting the 5 to 6 months of the grow-
ing season in order to obtain effective control
of SPW. The rate of storage root damage caus-
ed by SPW is typically at least 18% and
sometimes reaches 88% in severely infested
fields (Yen et al., 1982).

Recently, a sex pheromone, (Z)-3-dodecen-
1-01(E)-2-butenoate, has been identified as
highly attractive to the male weevils (Heath
et al., 1986: Proshold et al., 1986). We have also
prepared a formulation of synthetic sex
pheromone and developed a device for mass
trapping of male weevils which is effective, in-
expensive, and easy to handle (Hwang, 1988;
Hwang et al., 1989). Use of pheromone-baited
traps in the integrated control of SPW on
Penghu island and other prefectures of Taiwan
gave promising results (Hwang and Hung, 1990;
Hwang et al., 1991; Talekar et al., 1989). A

further study was undertaken to evaluate the ef-
fect of using sex pheromone together with soil
insecticides in integrated control of SPW in
Taiwan.

Materials and Methods

Soutrce of Sex Pheromone: Synthetic SPW
sex pheromone was provided by the Institute of
Applied Chemistry, Providence University,
Taichung, Taiwan (Yen and Hwang, 1990). Ac-
cording to our previous study (Hwang et al.,
1989), the attractiveness of the trap baited with
1 mg of synthetic sex pheromone was about 8
to 11 times higher than the equivalent of 20
virgin females, and it remained effective for
mote than 2 months.

Release of Sex Pheromone: A double-
funnel trap described by Hwang et al. (1989) was
used for the release of synthetic sex pheromone.

For trapping of male weevils throughout
the period of planting to harvest, 4 pheromone-
baited traps were set in each 0.1 ha field (Figure
1). Traps were fixed with their tops about 10 cm
above sweetpotato canopy. Trapped male weevils
were counted, pheromone was renewed, and
each trap was moved every month.

A field experiment was conducted at Sha-

100 meters

Treatment (A) Treatment (E) Treatment (C)
Four pheromone-baited Dursban 5% granules
traps evenly placed applied twice, before
in the field. planting and at the

time of earthing-up.
Treatment (E) Treatment (E) Treatment (E)

Conventional

insecticide, as

applied by farmers.

Treatment (B) Treatment (E)
Pheromone-baited
traps, and

Dursban applied
once before planting.

Treatment (D)
Untreated control

Fig. 1. Layout of different treatments in the sweetpotato field for evaluating the efficacies of sex pheromone, using insecticide or both to control SPW.
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lu, Taichung Prefecture, from April to October
1989. We selected 4 sweetpotato fields of ca. 1
ha each, with a distance of 300 m between each
field. Four corner plots of 0.1 ha in each field
respectively received one of four treatments: (A)
only use of pheromone-baited traps; (B)
pheromone-baited traps and preplanting ap-
plication of Dursban granules in the furrows; (C)
application of Dursban before planting and at
the time of earthing-up; and (D) untreated con-
trol. The middle section of each field received
three treatments of Terbufos, an insecticide com-
monly used by the farmers (as E treatment)
(Figure 1). Whete soil insecticide was used,
Dursban 5% granules wete applied at the rate
of 2.25 kg a.i/ha.

In order to detect the relative densities of
SPW in plots with different treatments,
pheromone-baited traps were placed in the plots
at the rate of 4 traps/plot 2 weeks before harvest.
The trapped male weevils were counted 4 to 7
days later. At the time of hatvest, 6 sampling
sites were randomly selected in each plot, and
10 consecutive plants in each sampling site were
examined for SPW injury to vines and storage
roots. The main vines 10 cm above the ground
were inspected and the percentage of plants
damaged was recorded. The roots were then dug
out, and numbers and weights of damaged and
undamaged roots were recorded. Storage roots
weighing less than 30g were considered un-
marketable and discarded. Percentages were sub-
jected to arcsine </ x transformation prior to an
analysis of variance.

Results and Discussion

Table 1 summarizes the results of in-
tegrated application of synthetic sex pheromone
and insecticide for the control of SPW. Percen-
tages of plants with vine damage ranged from
19.6% for the treatment of 2 applications of
Dursban (treatment C) to 32.1% for untreated
plots (treatment D). However, the differences
in the levels of SPW infestation did not vary
significantly among the different treatments. On
the other hand, percentages of storage roots
damaged, whether based on number or weight,
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showed a significant difference between the
pheromone and/or insecticide treatments and
the untreated control. The latter showed the
highest root damage, 14.2% by number and
20.0% by weight.

The number of storage roots per 10 plants
in different treatments ranged.from 28.6 to 40.8,
and root weight per 10 plants ranged from 7.1
t0 9.5 kg (Table 1). There was no significant dif-
ference in the number or weight of storage roots
between treatments which included pheromone
traps and the untteated control. Under the con-
ditions of this study, SPW infestation did not
appear to greatly reduce the potential yield of
sweetpotatoes. However, the weight of roots was
reduced significantly (27%) in the untreated
plots when compared with the plots that receiv-
ed the conventional, relatively intensive applica-
tion of Terbufos. It was likely that SPW infesta-
tion did not reduce the yield (number and
weight) of storage roots but reduced their quality
for human and livestock consumption.

During the entite season, we collected
1,547 to 21,722 male weevils from plots with
pheromone-baited traps. We also collected 1,877
to 18,290 male weevils from the plots treated
with pheromone-baited traps and preplant ap-
plication of Dursban. As shown in Table 1, the
number of male weevils trapped from the un-
treated plot 2 weeks before harvest of sweet-
potato reached 59.5 per trap, which was
significantly higher than that of the other
treatments.

In order to compare the efficacy of different
treatments for the control of SPW, the percen-
tage of damaged storage roots measured by
number and weight was converted to control rate
and shown in Table 2. Control rates with
pheromone-baited traps for the number and
weight of roots were 62.6% and 67.4% respec-
tively, with 2 mean of 65.0% . Control rates for
B and E treatments averaged 75.4 and 71.0%,
respectively. The control rate of SPW with 2 ap-
plications of Dursban averaged 84.5%, the
highest among the treatments but not
significantly greater than the others.

The correlation between the parametets us-
ed to evaluate the efficacy of integrated control
of SPW was also examined. Correlation coeffi-



Table 1. The effect of integrated application of sex pheromone and insecticide on the control of C. formicarius

Treatments!) % plants % roots damaged No. of Root No. of
damaged Measured  Measured roots weight  weevils
. per 10 per 10 per trap
by number by weight
plants plants

A 25.4a 5.4a 5.7a 28.6a 7.1a 22.5a

B 25.0a 4.8a 4.6a 37.2a 9.0ab 13.8a

C 19.6a 2.5a 3.0a 38.9a 8.3ab  26.8a

D 32.1a 14.2b 20.0b 29.4a 6.9a 59.5b

E 25.0a 4.4a 5.3a 40.82 9.5b 17.2a

1) A:use of pheromone-baited traps; B: use of pheromone-baited traps and Dursban before
planting; C:application of Dursban before planting and at the time of earthing-up; D: un-
treated control; and E: conventional insecticide as applied by farmers. Data were transform-
ed to arc sine \/x priot to analysis, and means within each column followed by the same
letter ate not significantly different at 5% level by DMRT.

Table 2. Percent control of C. formicarius obtained with different treatments

Treatments })

Percent control (%) 2)

% root damage by number % root damage by weight mean
A 62.6a 67.4a 65.0
B 70.5a 80.3a 75.4
C 83.3a 85.7a 84.5
D 0 0 0
E 69.7a 72.3a 71.0
1) See footnote of Tabel 1.
2) Percent control =
% damage in check — % damage in treatment
x 100%

% damage in check

Table 3. Correlation coefficients for parameters used in evaluation of the control of C. formicarius

Evaluated Evaluated measure (Y)D

measure (X) % plant % root % root No. of roots Root weight
damage  damage damage per 10 platns per 10 plants

by number by weight

No. of -0.03 0.17 0.28 -0.18 -0.28

weevils trapped

% plant damage 0.72%* 0.62*%* - 0.64** -0.32

% foot damage by no. 0.96** -0.56* -0.31

% root damage by wt. ~0.48* -0.27

No. of roots 0.69%*

per 10 plants

1) The marks ““*’” and “‘**’” indicate significant correlations at the 5 and 1 % levels respectively.
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cients between the parameters shown in Table
3 indicated a low positive cottelations between
the number of weevils trapped in pheromone
trap and SPW damages to various parts of plants.
Therefore, the phetomone trap may be used as
a tool for locating, sutveying, and monitoring
the occurrence of SPW, but the trap catches
alone are not a good predictor of SPW
infestation.

Based on analysis of correlation coefficients,
the number of weevils trapped together with the
rates of SPW damage to main vines and storage
roots could be used as an index of SPW infesta-
tion. However, considering the ease and accuracy
of sampling, we recommend the rate of root
damage by number as the preferred index of
SPW infestation level on sweetpotatoes.

The efficacy of using sex phetomone for
mass-trapping male adults to suppress insect
pests of crop has been a controversial question.
The results presented here indicate that the use
of pheromone-baited traps in the field not only
mass-trapped male weevils, but also teduced
storage root damage by 65% relative to un-
treated plots, where root damage averaged 20%.
Similar trials in another prefectures of Taiwan
confirm the efficacy of pheromone-baited traps
to suppress SPW infestation (Hwang et al.,
1991).

Some SPW males will escape from
pheromone-baited traps, and other insect pests
will also infest sweetpotatoes after planting. In
this study, the integrated application of
pheromone-baited traps and Dursban granules
before planting resulted in 75.4% control of
SPW. This method in combination with othet
cultural practices, such as crop rotation, plan-
ting of SPW-free cuttings, flooding of fields
before planting, control of alternate hosts and
earthing-up of vines, are also suggested as fur-
ther measures to obtain effective and safe con-
trol of SPW.

The cost of one pheromone lure is about
5 NT$ and the cost of a double-funnel type PET
bottle trap is about 20 NT$, or less than 5 NT$
when made from discarded soft drink borttles.
When pheromone-baited traps are used in in-
tegrated pest management of SPW, it will save
1 to 3 applications of insecticide as compared
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with the conventional control measure used by
farmers. This will save several thousand NT$ of
insecticidal expenditure per ha. Therefore, the
sex pheromone of SPW appear to be a valuable
component in integrated management of SPW
and should be studied further.
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