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Fruit Fly Control With Bait Sprays in Relation to
Passion Fruit Production

By L. F. STEINER

ENTOMOLOGY RESEARCH BRANCH, AGRICULTURAL RESEARCH SERVICE, U.S.D.A.
HONOLULU, HAWAII®

The oriental fruit fly, Dacus dorsalis Hendel, is a serious threat to the
successful development of the yellow lilikoi, or passion fruit? industry in
Hawaii. The potential danger from this pest has not been fully recognized,
probably because of the newness of the industry and consequent lack of
information concerning some of the local production problems.3 Growers
are often unaware of the fly’s destructiveness until they find their im-
mature fruit dropping to the ground instead of developing to maturity
on the vines. Many of the plantings are being made on newly cleared
land in areas with abundant stands of wild guava where the oriental
fruit fly is generally abundant. In some localities the melon fly, Dacus
cucurbitae (Coquillett), may also be an important pest of passion fruit.

This report is intended to acquaint those interested in passion fruit
production with the fruit fly problem and a practical means of handling
it as developed at the Honolulu fruit fly laboratory.

Fruit Development in Relation to Fruit Fly Attack

The newly set lilikoi fruit emerges from the blossom remnants in 3 to

5 days and reaches its final size within the next 10 to 15 days. During

_this period of rapid growth the skin is soft, the flesh turgid, and the
surface easily punctured. Fruit flies are attracted to the young fruit and

readily oviposit in its thick rag. Subsequent oviposition may occur at

other points on the same fruit, but the original site may be used by

several flies over a period of days, or even weeks, with successive clutches

of eggs hatching after but slight enlargement of the cavity. Rarely do any

larvae reach maturity in a young fruit unless it falls and rots. Most o

them die in the first instar. ‘

After one or more egg-laying attacks the fruit may stop growing, shrivel
except around the puncture site—and finally drop. Although it appears
that a single sting injury sometimes causes a fruit to drop, several at the
same or different sites may be necessary. However, the oviposition punc-
tures may cause only minor blemishes. Young-fruit drop after injury is
doubtless regulated by plant vigor, nutrient and moisture availability,
and the number of fruits being set or coming to maturity.

1 In cooperation with Hawaii Agricultural Experiment Station, Board of Agriculture and Forestry,
Territory of Hawaii, University of California Agricultural Experiment Station, Pineapple Research
Institute of Hawaii, and Hawaiian Sugar Planters’ Association Experiment Station. The author is
indebted to various members of the Entomology Research Branch fruit fly laboratory for assistance
in these studies, particularly R. K. S. Lee, Martin Fujimoto, Susumu Nakagawa, and Gilbert Farias;
also to L. D. Christenson, Entomologist in Charge, for helpful suggestions.

2 Passiflora edulis v. flavicarpa.

3 For an excellent compilation of available knowledge on passion fruit culture including a discussion
of the fruit fly problem, see University of Hawaii Agricultural Extension Circular 345, July 1954.
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Once the fruit nears its final size the outer shell hardens, and while it
fills with juice and ripens during the remaining 50 to 70 days it is on the
vine, it is less susceptible to fly attack or to noticeable injury when eggs
are laid. In some vineyards as much as 70 per cent of the passion fruits
reaching maturity have had fruit fly oviposition sites.

After fruits ripen they again become very attractive to ovipositing fe-
males. Either the flies may oviposit in them through breaks in the skin,
such as old oviposition sites or other injuries, or they may scarify a point
on the surface until the ovipositor can be inserted. In ripe fruit oriental
fruit fly larvae readily develop to maturity. The custom of allowing the
fruit to ripen, drop, and sometimes remain on the ground for several days
before it is harvested may divert the flies from the soft-skinned young
fruit on the vine, but it may also attract larger populations into the
planting from nearby hosts. Most of the flies that attack commercial
passion fruit vineyards are immigrants, since the ripe fruit is generally
removed before any larvae reach maturity.

Development of Bait Sprays

In the course of studies carried on in Hawaii numerous insecticides
have been found to be highly toxic to fruit flies, including malathion and
several other organic phosphates, as well as DDT, methoxychlor, dieldrin,
and certain other chlorinated hydrocarbons. Since the fruit must be pro-
tected by applications close to picking time, as ordinarily used these
materials are likely to leave excessive residues. Recently, however, spray
mixtures have been developed that do not leave excessive residues
(Steiner 1952, 1954) . These spray mixtures contain as attractants certain
protein hydrolysates of a type found by Hagen (1953) to contain dietary
essentials comparable to those obtained by the fly in nature. These pro-
tein hydrolysates and certain others of acid as well as enzymatic origin,
when applied in sprays in combination with certain quick-acting toxi-
cants, attract the flies and induce them to feed and poison themselves.
One of the best toxicants for this purpose is malathion. Bait sprays con-
taining a wettable powder formulation of this insecticide applied at low
rates leave deposits that will attract and kill oriental fruit flies, melon
flies, and Mediterranean fruit flies (Ceratitis capitata Wiedemann) for
10 to 25 days if the residues are not washed off by rains. For reasons not
yet apparent, these hydrolysates do not add to the effectiveness of DD'T
and some of the other chlorinated hydrocarbon insecticides.

The distance of attraction of these deposits is unknown and probably
shrinks rapidly as they age. Since full-coverage sprays are unnecessary, it
appears that the flies are attracted for at least several feet. When an
entire orchard is sprayed, they may be attracted from considerable dis-
tances. Where the attack is largely from gravid immigrant flies, or where
small areas are treated, good distribution of the bait spray improves its
performance.

Two of the attractants, known commercially as yeast hydrolysate (enzy-
matic) ¢ and partially hydrolyzed yeast protein® (hereafter designated
PHYP), have been successfully used on lilikoi, mango, guava, and other

B

4+ Nutritional Biochemicals Co., Cleveland, Ohio.
& Marvin R. Thompson Co., Stanford, Conn.
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fruits at rates of 0.5 to 2 pounds with 1 to 4 pounds of 25 per cent mala-
thion wettable powder in 6 to 150 gallons of water per acre when applied
at intervals of 1 to 3 weeks.

Tests with marked flies have demonstrated that sexually mature gravid
flies are as readily attracted by these bait sprays as newly emerged females,
that the females respond better than males, and that melon flies respond
as well as oriental fruit flies. Where the bait spray has been applied to
scattered trees in 3 acres of guava, the number of dead flies found under
treated foliage has sometimes exceeded 1 million for each pound of pro-
tein hydrolysate used. These bait sprays have the advantage of being
relatively innocuous to pollinating insects except those hit by the spray—
and to fruit fly parasites. This is because less toxicant is needed than when
conventional sprays are used and also because complete coverage of the
fruit or foliage is unnecessary.

Flies respond best to bait-spray deposits when the sprays are applied to
the foliage of the host plant. Therefore, bait sprays can be used closer to
harvest than conventional sprays with less hazard from excessive residues.
They should be applied to lilikoi separately from fungicide, miticide, or
other insecticide sprays, preferably after such applications. Injury to
pollinating insects can be almost entirely avoided by making the applica-
tions before noon, when blossoms of the yellow variety begin to open.

Prevention of Oviposition

Experiment 1.—At the University of Hawaii’s Waimanalo farm in
1953, bait-spray applications were made 12 times at weekly intervals to a
4-acre lilikoi vineyard that was under heavy attack by both melon and
oriental fruit flies produced in adjacent guava and vegetable areas. The
formula used was 1.5 pounds of PHYP and 3 pounds of 25 per cent mala-
thion wettable powder in 120 gallons of water per acre. The sprays were
applied with a conventional hydraulic sprayer at 400 p.s.i. pressure.

At the time of the first application 68 per cent of the fruit on the vines
contained oviposition sites, and there was a heavy drop of young fruits.
Subsequent reductions in injured fruits (showing oviposition sites) on
the vines provided evidence of the spray’s effectiveness. On the hard-
skinned fruits there was a decline from 73 per cent after 2 weeks to 1
per cent at the end of 10 weeks. It required almost 2 months for most
of the fruits that were injured before the first spray application to ripen
and drop. Of the soft-skinned fruits (usually less than 2 weeks old) 15
per cent showed injury after 2 weeks, but practically none after 4 weeks.
Almost all loss of these fruits ceased within 3 weeks after spraying was
started. Dead fruit flies fell into 20 trays placed at random under the
treated vines at the rate of 144,000 oriental fruit flies and 81,000 melon
flies per acre during the 3-month spray period. _

Analyses® showed mean malathion residues of only 3.0, 1.1, 0.6, and
0.1 p.p.m. on the fruit 1, 24, 48, and 96 hours after application.

Experiment 2.—A second field experiment was started in April 1954,
this time in a year-old 5-acre vineyard near Kapoho, Hawaii. This portion
of the Puna coast had contained one of the heaviest oriental fruit fly popu-

¢ Chemical analyses reported herein were made by Kiichi Ohinata.
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lations in the Hawaiian Islands. The fruit drop in the vineyard had been
so severe that production of mature fruit was negligible. Ten applications
of the bait spray were made to four l-acre plots at 2-week intervals from
April 15 to August 18. One-third acre in each of three locations was left
unsprayed. Yeast hydrolysate or PHYP was used at 1 and 2 pounds per
acre, cach dosage with 2 and 4 pounds of 25 per cent malathion wettable
powder. A coarse spray was applied under a pressure of 300 p.si. at the
rate of 3 gallons per minute to only one side of each row.

The bait-spray odors so blanketed the area that nearly all flies dis-
appeared in unsprayed as well as sprayed plots within 1 to 3 hours after
each application. As a result control was nearly uniform throughout the
vineyard.

There was generally 2 to 4 inches of rain within each 2-week interval,
and it fell on 10 to 14 of the days. Usually an inch or more accumulated
within 4 days after each spray. Rains frequently interrupted spray opera-
tions. The early-weathering deposits caused by this intermittent rainfall
and the steady immigration and buildup of flies in the plots prevented
complete control. However, the dropping of soft-skinned fruit ceased, and
the set of newly formed [ruit increased strikingly within 2 weeks after the
first spray. The harvest of ripe fruit totaled 46,000 pounds in July, Au-
gust, and September, after having been only 1,500 pounds in May and
2,100 in June.

Within 2 weeks after the first spray, the injured fruit on the vines de-
clined from the prespray level of 70 per cent to 56 per cent on hard fruits
and to only 6 per cent on the soft fruits. Thereafter from 1 to 22 with an
average of 10 per cent of the young fruits on the vines examined during
each interval were injured by fruit flies. From 12 to 27 with an average
of 16 per cent of the older fruits were injured.

After the final spray a gradual increase in injury was noted, the per-
centages of young fruit on the vines with oviposition sites being 4, 8, 15,
and 42, respectively, after 1, 3, 5, and 7 weeks. After 5 weeks 7 per cent
of the average crop of 142 fruits per vine was shriveled and dropping.
During the following 2 weeks injury increased until nearly 50 per cent of
the fruits under 2 weeks of age had dropped and 68 per cent of the soft
fruits were injured.

Experiment 3.—A third experiment was started in the Kapoho vineyard
on October 6, seven weeks after the final spray of the second experiment.
Five sprays, each with 1 pound of PHYP and 3 pounds of 25 per cent
malathion wettable powder in 30 gallons water per acre, were applied at
2-week intervals to the entire vineyard. The sprays were applied at 400
p.s.i. pressure, across the tops of the rows from roadways eight or more
rows apart. Some dependence was placed on wind movement to carry
the spray mist to the more inaccessible parts of the vineyard. During
the last interspray period (November 17-December 1) the rainfall totaled
9.23 inches.

Random counts of the dead flies under vines at various points in the
area were made 3 hours after the first spray. These indicated that 25,000-
30,000 flies, more than 99 per cent of which were oriental fruit flies, were
present in the 5-acre vineyard when the spray was applied. After 48 hours
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only 4 flies could be seen within the planting in a 4-hour period, but 12
days later, after the residues had weathered, immigrant flies had again
raised the population to a high level. Catches of oriental fruit flies in
fermenting lure traps within the vineyard averaged 24, 96, and 201 per
trap-day, respectively, for the periods 1-5, 6-12, and 13-14 days after each
spray. :

The crop of 50 half vines uniformly distributed over the vineyard was
counted and segregated as to stage of development, and the amount of
injury and the number of injured young fruits lost by dropping were
determined. No record of harvested fruits was obtained for individual
vines, but total yield records obtained from the grower were available
for study. During October and November the 5 acres yielded 26,000
pounds of fruit, or about 80 fruits per vine. Data on crop abundance and
fruit fly injury are presented in table 1.

Experiment 4.—Another experiment was conducted in a l4-acre plant-
ing near the Waianae Mountains at Kunia. This planting was bordered
by wild guava thickets and pineapple fields, and a heavy drop of young
fruit was occurring. The vineyard had been blooming for more than 6
months but had matured very little fruit. A spray containing 1 pound of
PHYP and 3 pounds of 25 per cent malathion wettable powder in 20
gallons of water per acre was applied with a mist blower at a pressure of
50 ps.i., at 4 gallons per minute. Two-thirds acre of the adjacent wild
guava thickets was also sprayed. During the period November 22-30,
towards the close of the experiments, the total rainfall was 11 inches.
The results of this experiment, which closely parallel those of the
* previous experiment, are also given in table 1.

Experiment 5.—This experiment was set up in a l-acre vineyard ad-:
jacent to nearly 3 acres of a guava and banana planting on the University
of Hawaii’s farm at Waimanalo. The lilikoi planting began producing
ripe fruit early in September. Surveys of injury and loss of young fruit
were made each week for 5 weeks before the first spray, which was applied
on October 22. The spray formula was 0.5 pound of PHYP and 1. pound
of 25 per cent malathion wettable powder in 12 gallons of water per
acre. The first three sprays were applied on a 2-week schedule and the
last two at weekly intervals. The total rainfall during the period Novem-
ber 26 to December 3 was 14.97 inches.

These results are summarized in table 1. As in previous tests, there was
a marked reduction in infestation following the spray applications. How-
ever, after the initial reduction in infestation it became evident that the
application rate was too low to depress injury further with sprays applied
to this particular vineyard at 2-week intervals.

Discussion

It is evident that the oriental fruit fly and the melon fly are both
capable of exacting a heavy toll of young fruit in lilikoi plantings. No
planting in the Hawaiian Islands is likely to be so located as to escape
danger from invading flies. In each of the five experiments, initiation of
a bait-spray control program almost immediately gave a great deceleration
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in the rate of loss of fruits due to fruit fly activity, and there was a
comparable increase in fruit set, especially where vines were not up to
full production.. There is abundant evidence that heavy fly attacks can
keep the vines from attaining the highest possible production levels, or at
least delay attainment of such levels. This fruit fly injury increases the
possibility that mites, disease, nutritional deficiencies, and other cultural
problems will begin taking their toll before plantings have produced a
satisfactory return on the grower’s investment.

At present prices the cost of a bait spray using 1 pound of PHYP and
3 pounds of 25 per cent malathion wettable powder per acre is approxi-
mately $4.00 for materials. Application costs will vary with the type of
equipment and the amount of labor. The bait sprays can be applied
effectively as concentrates with a knapsack sprayer or mist blower or in
more dilute form with a conventional sprayer. They can be wind-drifted
across otherwise inaccessible areas, but it would be advantageous for all
new plantings to be arranged in such a manner that prevailing winds and
mechanical equipment can be utilized effectively.

Table 1. Passion fruit production and fruit fly injury before and after applications of
bait sprays, 1954.

Number of fruits per vine

Daily loss of - Percent with oviposition sites
Spra injured soft-
Date No. Total skin fruit All fruit Soft-skin fruit

Experiment 3—Kapoho, Hawaii

1 149 0.87 37 68
2 162 0.46 26 30
3 148 0.21 19 16
4 115 0.04 13 3
5 80 0.02 12 4
Experiment 4—Kunia, Oahu
Oct. 5. 1 L 2.0 . 63
...... 1.0 57
69 L5 34 40
134 0.20 14 3
Nov. 147 0.30 11 13
160 0.33 7 7
180 0.14 7 4
205 0.16 5 9
. 195 0.19 5 13
Dec. 191 0.07 3 4
Experiment 5—Waimanalo, Oahu
Oct. 158 3.5 27 56
164 2.0 22 37
Nov. 151 0.75 13 24
183 041 5 11
226 0.64 8 17
201 0.67 7 22
Dec. 182 0.31 6 12
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More information is needed concerning the effect of sting injuries on
juice production in fruits that ripen normally, and on the amount of
injury that young fruits can tolerate. Obviously 100 per cent protection is
not needed. Tests thus far indicate that the frequency and rate of appli-
cation should be adjusted to prevent dropping of young fruit because of
oviposition punctures. Weekly applications of the 0.5 pound of PHYP
and 1 pound of 25 per cent malathion wettable powder or biweekly ap-
plications of 1 pound of PHYP and 3 pounds of 25 per cent malathion
wettable powder per acre in convenient dilutions are presently indicated
as being most practical.

For best results the malathion bait spray must be applied directly to the
crop. Applications to vegetation or trees in adjacent areas or border
plantings where fruit flies may be present will increase its effectiveness.
The excellent control that is possible with low application rates and the
longer intervals between sprays when comparatively large areas are
treated suggest the appropriateness of community control efforts in situa-
tions where this type of program is practical.
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