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ABSTRACT

This study was undertaken to (1) obtain a better understanding of
the interrelationship of ants, mealybug, and mealybug wilt disease of
pineapple in Hawaii, and (2) to develop alternative methods of ant
control. The study was in three parts: 1) a follow-up study of the
epidemiology of mealybug wilt in a pineapple field at Poamoho, Oahu,
Hawaii, which was previously used for a study on the biology and

ecology of big-headed ant, Pheidole megacephala (Fabricius), and the

gray pineapple mealybug, Dysmicoccus neobrevipes Beardsley, the two

most important insects associated with the mealybug wilt of pineapple;
2) laboratory screening of potentially useful insecticide compounds
for possible use as ant baits or as broadcast spray; and 3) field
tests of promising ant baits and broadcast spray for ant control on
the Island of Molokai.

The population density of the big-headed ant was higher during
the second crop than during the first crop of pineapple at both
Poamoho and Molokai. No mealybug wilt plants were found in plots
with excellent ant control, while the number of mealybug wilt plants
increased sharply during the second crop in blocks where ants were
not controlled. The incidence of mealybug wilt was higher at the
edge of the plot than toward the middle of the field.

Infestation of the Molokai experimental planting (20.3 ha divided
into 102 0.2-ha plots) by big-headed ants started at the edge of the
planting adjacent to an abandoned field and along a waste area. The
ant dispersal and percentage of ant infested plots increased progres-

sively with the age of the pineapples.
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A baited stake technique is described for use of evaluation of
big-headed ant populations. Soybean o0il mixed with peanut butter
(50:50) was the most attractive bait material of all those tested for
the big-headed ant workers. The greatest foraging activity of the
ant occurred after sumset.

Sixteen pesticides were selected from laboratory screening
tests and tested as baits. Baits of AC 217300 (2(1H)-Pyrimidinone,
tetrahydro-5,5-dimethyl-, [3-4-(trifluoromethyl)phenyl]j-1-[2-[4~
(trifluoromethyl)phenyl]<ethenyll-2-propenylidene Jhydrazone) were
acceptable to the ant and were more effective than any of the other
pesticides studied. Field tests were conducted with baits of
AC 217300 (85 7 corncob grits, 15 7 soybean oil, and AC 217300 at
concentration of 1500 to 7500 ppm) at a rate of 2.24 kg bait per
hectare. Results showed that the baits at 7500 ppm were as effective
as mirex baits (0.3 %) for controlling P. megacephala. Broadcast
sprays of 8 insecticides were applied for control of P. megacephala
in the pineapple field at Molokai. Carbofuran, chlordane, diazinon,
fonofos, heptachlor, and acephate all gave a high initial kill of tne
ants one day after the treatment. However, five months after the
treatment, only heptachlor and chlordane continued to give good
control of the ants. Tests with diazinon and acephate showed that
their effectiveness was affected by the size of the pineapple plants.
Additional tests with acephate indicated it has some promise for ant
control.

Pest management strategies for control of pineapple mealybug

wilt disease are discussed. Information of ant movement would be



useful in ant control programs. Destrcying ants and mealybugs along
edges of pineapple plantings may prevent pest migrations into newly
planted fields. Use of insecticides only at the periphery of the
fields and in uncultivated areas contiguous with new plantings may
effectively control the ants, thus minimizing the overall use of

insecticides.
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INTRODUCTION

Mealybug wilt of pineapple is known to occur in most of the
tropical and subtropical areas of the world where pineapples are
grown commercially (Carter 1973). Mealybug wilt has been shown to
be transmitted by mealybugs (Illingsworth 1931, Carter 1932). Among
the various species of mealybugs in Hawaii, the gray pineapple

mealybug Dysmicoccus neobrevipes Beardsley and the pink pineapple

mealybug, Dysmicoccus brevipes (Cockerell), have been demonstrated

to be the principal vectors (Carter 1932, Zimmerman 1948, Beardsley
1959). The exact etiology of this pineapple disease is still a matter
of some controversy (Carter 1951, 1963, Ito 1959), but commercial
control has been achieved primarily by eliminating the field ants
which attend mealybug population (Carter 1973). The big-headed ant,

Pheidole megacephala (Fabricius) is the dominant ant species in pine-

apple fields in Hawaii (Phillip 1934). Because ants interfere with

the activity of mealybug natural enemies, and provide sanitary services
to mealybug colonies by clearing up honeydew, ant control is essential
to control the mealybug wilt (Carter 1967).

On Hawaiian pineapple plantations control of field ants has been
accomplished by applications of Mireég)at the rate of 2.24 kg 0.3 7
bait/ha (2 1bs. bait/acre), or broadcast sprays of heptachlor at the
rate of 2.24 kg AI/ha (2 1lbs. Al/acre). After the adoption of
insecticides for mealybug as well as ant control, the programs
developed were so effective that the mealybug infestation and the
mealybug wilt incidence became extremely rare in the fields during

the past two decades (Carter 1967). However, mirex and heptachlor



are slowly degraded in nature, and as a result, residues of these
compounds or their breakdown products may appear in many non-target
organisms, sometimes with deleterious effects (Edwards 1973). Thus,
in the United States, the registration for mirex was cancelled in
1977 and that of heptachlor is being phased out and will be completely
eliminated in 1983. Since the pineapple industry must have effective
methods of ant control to ensure that the devastating wilt disease
does not have a resurgence, a study of potential insecticides for use
against the ants, and a reinvestigation of the role of these pests in
the agroecosystem are required.

The object of this study was to obtain a better understanding
of the pests in the pineapple agroecosystem, and to develop alternative
methods of ant control. The acquired information can then be used to
develop environmentally acceptable pest management strategies for the
control of pineapple mealybug wilt disease. This study was undertaken
in three parts as follows: 1) a follow-up study of the epidemiology
of mealybug wilt in a pineapple field used for an earlier study on the
biology and ecology of the gray pineapple mealybug and the big-headed
ant, which are the two most important insects associated with mealybug
wilt of pineapple; 2) laboratory screening was done of potentially
useful insecticide compounds for possible use as ant baits, or as
broadcast spray applications. Emphasis was placed on toxic bait
preparations, since baits offer the most efficient use of insecticides
and have the advantage of providing some degree of selectivity for
target organisms; and 3) field tests were carried out with promising

experimental ant baits and broadcast spray formulations for ant control.



LITERATURE REVIEW

Mealybug Wilt of Pineapple.

Mealybug wilt of pineapple is known to occur in most of the
pineapple growing areas of the world. This disease has been
reported from South Africa, Mauritius, Guinea, Central and South
America, the Caribbean, Cook Island, Australia, Ceylon, Malaysia,
Taiwan, Fiji, Florida, and Hawaii (Carter 1973). The first
reference to this disease was made by Larsen (1910) in Hawaii,
although at that time the term "wilt' was used in a generic sense
to include all wilting conditions brought about by death of roots.
Illingsworth (1931) presented the first evidence that the pine-
apple mealybug, D. brevipes, was a direct factor and concluded
that wilt was a disease transmitted by mealybugs that had fed
upon diseased plants. The conclusive evidence for the relationship
between mealybugs and wilt was provided by Carter (1933), who
separated wilt as it was seen in the field into two categories
designated as ''quick wilt" and "'slow wilt". Quick wilt was that
which followed a sudden infestation of mealybugs which need to
feed for only a short time; slow wilt required the feeding of a
very large colony over a long period and could easily be accounted
for on the basis of destruction of leaf tissue due to the constant
feeding of the colony. The "quick wilt" is now known as mealybug
wilt.

The Species of Mealybugs Concerned.

Among the varlous species of mealybug in Hawaii, the gray

pineapple mealybug, D. neobrevipes and the pink pineapple mealybug,
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D. brevipes, have been shown to be the principal vectors. Because
of this, these mealybugs are considered to be the most serious
economic insects of pineapple in Hawaii (Carter 1932, 1967, 1973,
Zimmerman 1948, Beardsley 1959). D. neobrevipes and D. brevipes

were formerly referred to as Pseudococcus brevipes (Cockerell)

and distinguished as the gray and pink strains. Beardsley (1959,
1965) noted that these two strains differed morphologically and
biologically and split them into two species. Morphologically,
the former differs from the latter primarily in the form of the
ventral sclerotization of the anal lobe. In D. neobrevipes, the
sclerotized area is conspicuously elongate, while in D. brevipes
the area is roughly quadrate. In D. brevipes, the apical setae
are about 1.4 times as long as the anal ring setae, whereas in

D. neobrevipes the apical setae are about 1.2 times as long.
Males of D. brevipes are readily distinguishable from those of

D. brevipes by possession of eight-segmented antennae versus 10-
segmented antennae in D. neobrevipes. 1In general appearance, in
D. brevipes colonies the color of the individual mealybug is
definitely more of an orange or pinkish-orange than the mature

D. neobrevipes females. Biologically, the important differences
between the two are as follows: (1) D. neobrevipes appears to be
bisexual as winged males developed in all the colonies. D.
brevipes occurs as an obligate parthenogenetic (thelytokous)

race which is known from Jamaica, West Africa and Hawaii. The
existence of a bisexual race of D. brevipes has been demonstrated

in the Ivory Coast of West Africa, Madagascar, the Dominican



Republic, Martinique, and Malaysia (Beardsley 1965, Lim 1973).
(2) the bisexual races of both pineapple mealybugs are capable
of producing the green spotting symptom at its feeding site on
the leaf, whereas the parthenogenetic race of D. brevipes does
not. (3) D. neobrevipes has been found on aerial parts of its
host, infesting the exposed parts of plants, while D. brevipes
is mostly subterranean, infesting the roots and lower portions
of plants.

The life histories of these two specles of pineapple mealy-
bugs have been studied in detail {Itc 1938). The females of
both species moulted three times before reaching maturity. The
average number of progeny produced by D. brevipes females was
234 and by D. neobrevipes females 347. The average life cycle
of D. brevipes was 90 days; of the mated D. neobrevipes females
95 days; and of unmated D. neobrevipes 148 days. The males
moulted four times before reaching the winged, adult stage. The
bisexual race of D. brevipes in Malaysia has a shorter life cycle
of an average of 52 days (Lim 1973).

Etiology of Mealybug Wilt.

The mealybug wilt syndrome includes root collapse, and wilted
plants invariably have poor roots. The relationship of root
collapse to wilt was determined by Carter (1948), who developed
a method for growing the plani in a mist chamber which permitted
the constant examination of the roots while the plants were grow-
ing. By this method, the first symptom was clearly shown to be

the cessation of elongation of the roots, followed by collapse of



the entire root system before leaf symptoms developed. Recovery
is also associated with the condition of the roots. After the
root cease to elongate, and often before the old root mass
collapsed, new normal appearing roots emerge from the stem above
the old root mass.

A hypothesis of the etiology for mealybug wilt of pineapples
was established by Carter (1933, 1945); normally, that wilt was
an accumulative toxicosis resulting from the feeding of toxi-
cogenic pineapple mealybugs. In a reappraisal of mealybug wilt
of pineapple, Carter (1963) made the following conclusions: (1)
positive source value in the pineapple plant is initiated by the
transmission of a latent factor by mealybugs. Because of its
transmissibility and its multiplication in the vegetatively
reproduced pineapple plant, this latent factor was assigned a
virus status of a previously unrecognized type; (2) the latent
virus is separate and distinct from the mealybug-wilt-inducing
secretion; (3) the role of the inherent toxicity of the mealybug
is to provide the stress factors alding in the establishment,
concentration, or distribution of this latency in the plant;

(4) the role of the latent factor is to condition the nutritional
substratum on which the mealybug synthesizes its wilt-inducing
toxic secretions.

A contrary hypothesis of a strict virus etiology for mealybug
wilt was proposed by Ito (1959) who suggested that mealybug wilt
of pineapple is a virus disease which is perpetuated in the

vegetative progeny of wilt-recovered plants. The virus is



transmitted from these chronically diseased plants to healthy
plants by the insect vector, D. brevipes, the pineapple mealybug.

Epidemiology of Mealybug Wilt and the Relationship Between

Mealybugs and Ants.

Fullaway (1924) observed that mealybug infestation appeared
to start from the outer edges of pineapple fields and gradually
moved toward the center. Carter (1932) stated that scattered
mealybug infestations were present in infield blocks, but heavy
infestations were usually grouped a short distance from the edge
of fields. The big-headed ant, P. megacephala, was found to be
the principal species associated with pineapple mealybug movements
from wild host and old pineapple fields into new plantings
(Illingsworth 1931, Carter 1932). Phillips (1934) demonstrated
that P. megacephala was the dominant ant in the Hawaiian pineapple

fields. The fire ant, Solenopsis geminata (Fabricius) was also

found to be an important species in the pineapple areas of Oahu.

The Argentine ant, Iridomyrmex humilis Mayr, may also be important

in some areas. In addition, four or more ant species of minor
importance have bheen found in pineapple fields. The distribution
of ant species in the Hawaiian Islands has been shown to be mainly
determined by the climatic factors of temperature and rainfall
(Phillips 1934).

There exists a very strong correlation between the spread of
mealybug wilt and the movement of ants and mealybugs (Carter 1960).
It was realized that the buildup of mealybug populations was

mainly due to ants coming in from the edges of the field and



attending mealybug colonies already introduced on the planting
material when a new field was planted, or both ants and mealybugs
moved over as soon as the new planting began to grow. It has been
shown that an early infestation of ants and mealybugs along the
field edges built up to large populations that gradually thinned
out toward the center of the field (Carter 1932, Su 1977).

Control of Mealybug Wilt.

After the relationship between mealybugs and wilt was
established, control measures were devised in the 1930's, including
the application of o0il sprays and the arrangement of ant fences to
prevent edge infestation (Carter 1967). When DDT became available
it was found that this insecticide provided control of the big-
headed ant and the practice was adopted of using a broadcast spray
of 2.24 kg AI/ha (2 1lbs. Al/acre) as soon as possible after the
pineapples were planted, followed by three more applications of
2.24 kg Al/ha (2 1bs. Al/acre) at monthly intervals. In fields
where excessive trash was present, the ants were more difficult
to control and DDT at 11.2 kg AT/ha (10 1lbs. Al/acre) was sometimes
applied to the standing ratoon fields prior to knockdown. When
the cyclodiene insecticides became available, these proved to be
better formicides than DDT, and heptachlor was used at 3.36 kg
Al/ha (3 lbs. Al/acre) as a pre-planting treatment followed by
1.12 or 2.24 kg AI/ha (1 or 2 1bs. Al/acre) annually, to the
growing crop. Mirex bait (0.3 %) was found effective in control-
ling ants in pineapple plantings when used at about 2.24 kg

bait/ha (Sakimura 1970) and aerial application of this bait was



adopted by some plantations as the method of control for the
big-headed ant (Carter 1967).

Effects of Insecticides on Ants.

Attempts to control or eradicate the red and black imported

fire ants, Solenopsis invicta Buren and Solenopsis richteri Forel,

have a well-documented history in the United States. A large
number of scientific papers and some popular articles have been
published. Banks et al. (1978) compiled a bibliography of these
papers and articles. The published research on control of the
imported fire ant, S. richteri prior to 1957 has been reviewed
by Blake et al. (1959). This work had shown that two pounds of
heptachlor or dieldrin, or four pounds of chlordane per acre,
when broadcast as granules, were highly effective for control of
the ant and afforded good control for a period of three to five
years. Lower dosages of these insecticides gave good control for
one year after treatment, but they were ineffective thereafter.
Chlordane mound treatment killed the ants in the treated mounds
but did not prevent reinfestation. Ecological factors involved
and the effect of insecticldes on other pests were given little
consideration until about 1958. Hensley et al. (1961) reported
that heptachlor applied to sugarcane fields for control of the
imported fire ant (S. richteri) caused about 50 % increased

infestations of the sugarcane borer, Diatraea saccharalis (F.)

probably by suppressing populations of predatory arthropods.
Bellinger et al. (1965) stated that residual characteristics are

important in at least two aspects; first, the time period of
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effectiveness and hence the frequency of reapplication need and,
second, effects on other life. The long~term residual effects of
chlorinated hydrocarbons and potential health hazards through
uptake of residues in foods and crops led to intensive research
to develop an effective insecticide.

Insecticidal Baits for Control of Ants.

Hays et al. (1960) stated that a bait consisting of 0.125 %
Kepone in peanut butter gave excellent control of imported fire
ants. The effectiveness of this compound with various baits has
been reported (Bartless et al. 1961, Lofgren 1961, String et al.
1962). A toxic bait formulated with soybean oil as the food,
corncob grits as the carrier, and mirex as the toxicant, gave
excellent control of the ants (Lofgren 1961, 1962, 1963, 1964).
This type of bait has an advantage over granulated pesticides
such as heptachlor because the ants are attracted to and they
rapidly scavenge the bait, and so there is less effect of the
toxicant on nontarget organisms. The common bait formulations
are designated 4X, 2X, and 1X latex (10-5 bait). The 4X bait is
composed of 85 % corncob grits, 14.7 Z soybean oil, and 0.3 %
mirex; the 2X bait has 0.15 % mirex; the 1X latex bait has 0.1 7%
mirex. The 4X and 2X baits are prepared by dissolving mirex in
soybean o0il and applying this oil to corncob grits. The latex baits
are formulated by first adding soybean oil without active ingre-
dient to fill the pores of the corncob grits, then another layer
of soybean o0il in which the active ingredient has been dissolved

is added, followed by a thin layer of latex. The 1lX latex bait
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is normally applied at a lower rate than the standard 4X or 2X
bait, so that the actual rate of application of toxic ingredient
with the 1X latex bait is one-fourth that of the 4X bait (Alley
1973).

The Use of Mirex and Its Side Effects.

In 1962, mirex replaced heptachlor as the standard control
agent of the imported fire ants. Initially, the bait was applied
at a rate of 11.2 kg/ha of a 0.075 % formulation, however, further
studies showed that an increase in the content of mirex ir the
bait would permit reductions in the bulk rate of application.
Thus, applications were reduced to 5.6 kg/ha of 0.15 Z bait, then
to 2.8 kg/ha of 0.3 7% bait, and finally to the rate of 1.4 kg/ha
of 0.3 Z baits. Field studies showed that wherever the bait was
properly applied, excellent control of the ants was obtained
(Lofgren 1963, 1964). However, several laboratory studies showed
that mirex had undesirable effects on nontarget animals. Bookhout
1972, Gaines 1970, Lowe 1971, Ware 1967), so questions arose
concerning the environmental safety of the bait. Subsequently,
data became available that showed residues of mirex appearing in
nontarget organisms after large area application for ant control
(Baetcke 1972, Borthwick 1973). As a result, the Environmental
Protection Agency in 1977 issued notice of cancellation of the
registration of products containing mirex (Lofgren 1975).

Laboratory Evaluation of Candidate Bait Toxdicants Against Ants.

Restrictions on the agricultural application of mirex bait

for the control of ants (Ruckelshaus 1972) have stimulated an
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extensive research program in laboratory and field evaluations of
candidate chemicals to replace mirex. The bait screening tests
have evaluated more than 2050 chemicals (Levy 1973, Lofgren 1967,
Wojeik 1973) from all the different classes of insecticides
available. Results indicated that no toxic bait was as effective
as mirex for controlling the imported fire ant.

Stringer et al. (1964) determined that an effective bait
toxicant must (a) exhibit delayed toxicity (less than 15 %
mortality after 24 hr and more than 90 % mortality after 14 days)
over at least tenfold and preferably above a hundred-fold range
of doses; (b) be readily transferred from one ant to another and
result in mortality of the recipient; and (¢) not be repellent to
ants.

McEwen, et al. (1979) tested 29 commercial and experimental
insecticides in baits for the big-headed ant control. Their
results indicated that although many compounds were highly toxic
to big-headed ants, they were not suitable for baits, because the
baits were no longer attractive when the insecticide was added.
While some of the insecticides tested showed no repellency at
1000 ppm level, with the exception of mirex and AC-217300, these

were not sufficiently toxic to provide control.



MATERTALS AND METHODS

This study was done at several locations during 1976-1979.
Laboratory studies were conducted at the facilities of the Entomology
Department, University of Hawaii. Field studies were conducted on
the university campus, at abandoned pineapple fields of the former
Pineapple Research Institute, at a field in Poamoho, Oahu, Hawaii,
and at a special experimental pineapple field at Naiwa, Molokai,
Hawaiil.

A, Description and Location of Study Areas.

1. Poamoho Experimental Plot.

The experimental plot was located at Poamoho Farm,
Agricultural Station, University of Hawaii, Oahu, Hawaii. The
plot (Figure 1) was situated between an abandoned pineapple field
and a 10-month-old pineapple field. Two plantation roads
separated the experimental plot from the adjacent pineapple
fields. The road by the abandoned pineapple field was 3.7 m
(12 ft) in width; the other road by the 10-month-old young pine-
apple planting was 7.3 m (24 ft) in width. The study site was
0.14 ha (0.35 acre), was divided into eight blocks, and each
block contained 12 rows. Each row was 1.0 m (3 ft) in width by
9.1 m (30 ft) in length. Each of these roads formed a two-line
planting bed, with the bed parallel to the plantation road. The
plot was prepared five weeks before the pineapple was planted.
Sixty slips were planted in each row. The Smooth Cayenne variety

was grown according to standard agronomic practices by workers
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at Poamoho Farm. The experimental plot was used to study the
big-headed ant populations and the epidemiology of mealybug wilt.

2, Molokai Experimental Planting.

The Molokai experimental planting (Figure 2), about 20.3 ha
(50 acres), was located on Hawaiian Homes Commission land, Molokai,
Hawaii. The land was divided into 102 plots. The individual plot
size was 33.6 m (110 ft) by 61.0 m (200 ft), approximately 0.2 ha
(0.5 acre). Each plot was surrounded by a 3.7 m (12 ft) width
fallow roadway. The Smooth Cayenne variety was planted in
January 1977, and the general agronomic practices were maintained
by Del Monte Corporation. This experimental planting was used
for field tests with experimental ant baits and insecticide
broadcast sprays. The increase in natural infestation and move-
ment of big-headed ants from outside the field into the
experimental planting were monitored by surveying the experi-
mental planting every three~four months. An untreated check
plot (# 59) was also studied for the population trends of the
big-headed ant.

Studies on the Populations of the Big-headed Ant, and the

Epidemiology of Mealybug Wilt Disease.

1. Big-headed Ant Populations in a Three-year Pineapple Planting

at Poamoho Plot.

Big-headed ant populations were monitored weekly with
pitfall traps (140-ml baby food jars) containing a water solution
of 3 % formaldehyde and 0.3 7 detergent. Traps were installed

between plant beds at four distances, 2.7, 5.8, 11.6, and 14.3 m,
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respectively, from the roadside by the abandoned pineapple field.
A total of 64 traps were used, eight in each block. Weekly samples
were collected, and stored in 70 % alcohol for examination. Ants
and other species of insects caught in the traps were identified

under a bionocular microscope in the laboratory at the University

~F
o3

(el

lawaii, Department of Entomology. The ant populations were

monitored beginning in January 1976. After the first crop was

harvested, July 1977, two blocks of this plot on the east side

were used for other tests; the two blocks on the west side were
retained and ant populations were continuously monitored until

December 1978.

2. Epidemiology of Mealybug Wilt.

The plot used for ant populations studies was also used
to study the epidemiology of mealybug wilt. The incidence of
mealybug wilt was surveyed weekly with the observation of the
whole plot. After the first crop, this plot was split into eight
blocks. Two blocks in the center of the plot were used as a buffer
zone. The two blocks on the east side of the buffer were sprayed
with heptachlor at the rate of 1.68 kg AI/ha (1.5 1lbs. AI/acre) to
control the big~headed ants, and the blocks on the west side of
the buffer remained untreated. Six months after the application
of heptachlor, some small colonies of big-headed ant were found
to have reinvaded the ant control areas. Mirex bait was then
used at the rate of 2.24 kg/ha (2 1lbs./acre) for control of the

big-headed ants.
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3. Method of Field Sampling Big-headed Ant Populations.

A sampling system was developed which made it possible
to obtain quantitative data on ant population levels at all stages
in the development of the pineapple crop. Ten bait stakes, each
consisting of a 91.4 X 3.8 X 1.0 cm (3" X 1 1/8" X 3/8") redwood
lath pointed on one end, were placed at regular intervals in two
interbed lines of five stakes each in each 0.2 ha (0.5 acre) plot.
Honey water (50:50) or peanut butter/soybean oil (50:50) was used
as an ant bait. Honey water stakes were used at first but later
peanut butter/soybean oil stakes were used because in plots heavily
infested with pineapple mealybug, the big-headed ants in attending
the pineapple mealybugs ignored the honey water stakes. The bait
was applied by a paintbrush to the lower 25 cm (10 in.) portion
of each stake, which was painted white, as the stakes were placed.
The trap lines were placed in the afternocon (3:00 - 5:00 P.M.),
and ant counts were made after dark (7:00 - 9:00 P.M.), as the
foraging activity of the big-headed ant was found to be at a
maximum after sundown. This method was used to study the rate of
ant movement into the newly planted pineapple field on Molokai,
Hawaii, and to obtain population data before and after application
of experimental treatments.

Studies on Chemical Control of Ants.

1. Laboratory Evaluation of Candidate Bait Toxicants for Big-

headed Ants.
The method of toxic bait preparation, attraction tests

of ants to toxic baits and toxicity tests were modified from the
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procedures of McEwen et al. (1978). The ant test chamber and
collection of ants from colonies were similar to that of Levy
et al. (1973).

a. Preparation of Toxic Baits.

Toxic baits were prepared using corncob grits with 15 %
soybean 0il as used in the commercial Mirex baits. In most
cases, the insecticide formulations tested were dissolved in
the soybean oil. Where the formulation did not disperse well
in the o0il, the corncob grits were treated with the appro-
priate amount of soybean oil and the insecticide added in a
water suspension. Toxic baits were prepared at concentrations
of 1,000, 100, 10, 1, and 0.1 ppm for each insecticide tested.

b. Attractancy of the Toxic Baits.

About 3 gm of each bait were placed in an 236.6 ml (8 oz.)
plastic-lined paper hot food container and covered with a
plastic 1id. A hole approximately 1 cm? was made in either
side, midway up container. Containers were placed in an area
known to be infested heavily with the big-headed ant. Four
containers were used for each toxic bait tested and counts
were made of the number of ants attracted into each container.
The containers were placed in the infested areas about 4:00 -

5:00 P.M. Readings were made about 7:00 - 8:00 P.M.

c. Toxicity to the Big-headed Ant Workers.

About 1 gm of the toxic bait being tested was placed on
the bottom of a 10 dram plastic vial. Four replicates were

made of each dosage rate of each chemical tested. A small
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piece (4 m3) of honey agar (100 ml Hy0; 13 ml honey; 1 gm
agar) was added to each vial to provide water and nourishment
for the ants. Ten worker ants per vial were placed in each
of the vials. The vials were stoppered (Snap-on plastic tops)
and retained in an upright position for 48 hours. Mortality
was determined after 24 and 48 hours.

d. Ant Test Chambers.

The ant test chambers were made of disposable plastic
petri dishes 90 mm in diameter, 15 mm in height, with a tight
fitting 1id. A layer about 5 mm thick of plaster of Paris
mixed with dental stone (50:50) was poured over the bottom of
the petri dish and allowed to harden. The plaster of Paris
acts as a wick to draw up water and maintain a high humidity,
which is essential for survival of the ants. The dental stone
is added to make a harder mixture which the ants cannot
penetrate. The lids were covered with red cellophane which
effectively filtered the shorter wavelengths of light to which
ants are most sensitive. Three small holes were drilled in
the rim of petri dish which allowed the ants to pass through
freely.

e. Ant Colonies Collection.

Mature colonies of big-headed ant were excavated from
abandoned pineapple fields and brought to the laboratory where
they were removed from the soil by either floating the ants
out of the soil, or by spreading the soil out to drive the

ants into a moist ant test chamber. The ant test chamber,
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containing queens, brood, soldiers, and workers, was placed
in a plastic shoe box. The insides of the plastic shoe box

®

rim were coated with Fluon™ to prevent escaping.

f. Toxicity to the Big-headed Ant Colomnies.

The ant colonies were maintained in the test chambers
for 24 hr without food to assure acceptance of the toxic bait,
as well as allow them to adapt to their new environment.
About 5 gm of toxic bait were placed in a 29.6 ml (1 oz.)
paper cup; these cups were 3 cm high and 3 cm and 4 cm in
diameter for the top and bottom respectively. A cup of toxic
bait was put inside of a plastic shoe box which contained an
ant colony. Two replications were made at each dosage level
of toxic baits. Mortality counts were made at every 24 hr
over a 21-day period. Check baits and mirex standards were
used to test the adequacy of each experiment. Check baits
were prepared using 85 % corncob grits and 15 % soybean oil.
Mirex standards were made of 85 7 corncob grits, 14.7 % soy-
bean oil, and 0.3 7 mirex. About 1.5 ml of water were added
in each ant test chamber at every two-day interval to main-
tain a high humidity for the ant colony. The tests were
conducted under conditions of 24%2°c and 55%5 % RH.

Field Test with Ant Baits.

a. Tests of Ferriamicide and Mirex 10~5 Baits for the Big-

headed Ant Control.

Ferriamicide, a degradable formulation of mirex, and



22
Mirex 10-5, a latex thin layer formulation of mirex, both
produced by the Mississippi Authority for the Control of
Fire Ants, were evaluated for control of big-headed ants on
the Molokai experimental pineapple planting during the summer
of 1978. Ferriamicide baits were applied at a rate of 0.56,
1.12, 1.68, and 2.24 kg/ha (0.5, 1.0, 1.5, and 2.0 1lbs./acre)
with four replicates of each treatment. Mirex 10-5 baits
were applied at a rate of 2.24 kg/ha (2 1lbs./acre) with two
replicates. There were four umtreated check plots. Baits
were applied with a home-garden type, hand-held fertilizer
spreader to 0.2 ha (0.5 acre) plots. The pretreatment ant
population survey was on July 19, 1978. Baits were applied
on July 20, 1978, and a posttreatment survey was made 18 days
after treatment.

b. Field Tests with AC 217300 and AC 206859 for Control of

the Big~headed Ants.

AC 217300 and AC 20683% are both produced by American
Cyanamid Company. The chemical name of AC 217300 is
2(1H)-Pyrimidinone, tetrahydro-5, 5-dimethyl-,[3-[4-
(trifluoromethyl)phenyl]-1-[2-[4-(trifluoromethyl)
phenvlcethenvl]-2-propenyvlidene] hvdrazone. The chemical
name of AC 206859 is 2(1H)~Pyrimidinone, tetrahydro-5,
5-dimethyl-, [3-(4-chlorophenyl)-1[2-(4~chloropyenl)ethenyl ]~

2-propenylidene jhydrazone. Baits composed of 85 percent

corncob grits and 15 percent soybean oil and AC 217300 or
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AC 206859, were made by dissolving the AC 217300 or AC 206859
at the appropriate concentration into the o0il and pouring the
solution onto the corncob grits as the grits were tumbled in
a mixer. The concentrations of AC 217300 tested in a corncob
grits baits were 1500, 3000, 6000, and 7500 ppm. The corncob
grits baits were 1500, 3000, 6000, and 7500 ppm. The corncob
grits baits were applied at the rate of 2.24 kg/ha (2 1lbs./
acre). Baits were applied with a home-garden type, hand-held
fertilizer spreader to 0.2 ha (0.5 acre) plots. All tests
were conducted in the test fields or abandoned pineapple
fields. The effectiveness of each treatment was determined
by the mean number of ants per baited stake. Posttreatment
evaluations of bait tests were done by comparing the mean
number of ants per baited stake with the pretreatment counts.

Broadcast Spray Applications of Insecticide for Ant Control.

a. Insecticide Broadcast Sprays for Control of Big-headed

Ants.

Six insecticides were evaluated for big-headed ants
control at the Molokai experimental pineapple planting during
1977-1978. Test plots were allowed to become naturally
infested with big-headed ants until the test plantings were
eight-months old. The insecticides and rates of application
used in these tests were as follows: 1.68 kg Al/ha (1.5 1bs.
AIl/acre) with three replicates, chlorpyrifos at 2.24 kg Al/ha
(2 1bs. AI/acre) with two replicates, carbofuran, chlordane,

diazinon and fonofos each at 1.68 kg Al/ha (2 1lbs. Al/acre)
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with three replicates. There were four untreated check plots.
The spray volume used in these tests was based on standard
spray equipment calibrations for commercial application at
the rate of 3739.3 liters/ha (400 gallons/acre). The treat-
ments were evaluated by calculating the mean number of ants
per honey water (50:50) baited stake, based on 10 stakes in
each plot. A pretreatment population survey was taken
August 23, 1977. Insecticides were applied August 24, 1977,
Posttreatment ant population surveys were taken August 25,
1977 and January 18, 1978. 1In this study, the heptachlor
and chlordane plots were treated again on January 19, 1978;
the diazinon plots were retreated on January 19, 1978, and
August 8, 1978,

b. Tests with Acephate for Control of the Big-headed Ants.

The experiments were conducted at Molokai experimental
pineapple planting during 1978-1979, Each te=t was arranged
as a completely randomized design with four replications.

Each test plot was 0.2 ha (0.5 acre) in area. The plots
selected had heavy natural infestations of big-headed ants.

In the first test, acephate was applied on January 18, 1978

at the rate of 2.24 kg AI/ha (2 lbs. Al/acre). The treatments
were evaluated by calculating the mean number of ants per
peanut butter/soybean oil baited stake, on 10 stakes in each
tested plot. Posttreatment ant populations surveys were

taken on February 17, and July 17, 1978. 1In the second test
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conducted on March 29, 1978, acephate was applied at the
rate of 0.22, 0.34, 0.56, 1.12, 1.68, and 2.24 kg Al/ha
(0.2, 0.3, 0.5, 1.0, 1.5, and 2.0 1bs. AI/acre) respectively.
Posttreatment ant population surveys were taken two weeks
after treatment. In the third test, applied September 22,
1978, acephate was used at the rate of 0.56, 1.12, and 1.68
kg Al/ha (0.5, 1.0, and 1.5 lbs. Al/acre) respectively.
Posttreatment ant population surveys were taken at seven,

14, and 60 days after treatment. In the fourth test, acephate
was applied four times at two weeks intervals at the rates

of 1.12 and 1.68 kg AL/ha (1.0 and 1.5 1lbs. Al/acre) on

June 1, June 15, June 29, and July 13, 1979. The plants

were 30 months old at the first application. Each dosage

was replicated three times. A pretreatment ant survey was
conducted on May 31. Subsequently, posttreatment surveys

were taken on June 14, June 28, July 12, and July 26, 1979.



RESULTS

Studies on the Population of the Big-headed Ant and the

Epidemiology of Mealybug Wilt Disease.

1. Seasonal Distribution of the Big-headed Ant Population at

Poauoiio Pineapple Planting as Monitored by Pitfall Trapping.

The data in Table 1 and Figure 3 indicate that the big-
headed ant had already dispersed into this experimental plot one
week after planting. Table 1 shows that the population density
of the big~headed ant fluctuated greatly during the three-year
period of monitoring by means of pitfall trapping. In the first
year, the population density of the ant reached a maximum in May
1976 and a minimum in September 1976. During 1977, the pineapple
plants reached maturity, and the leaves of the plants shaded most
of the field. Trapping results indicated higher populations of
ants during 1977 than during 1976. In 1977 these higher levels
extended over a six-month period, then gradually decreased,
reaching a minimum in September. The seasonal fluctuations during
1977 were similar to those of 1976, but the ant population density
was double that of the first year. 1In September 1977, the first
fruit crop was harvested. This also was accompanied by a decrease
in ant population density. Two months after the harvesting, new
slips shaded the whole field again. Peak trap catches occurred
during a short period in November 1977. In November, the trimming
of the pineapple slips was accompanied by a sharp decrease in the

ant population density. In January 1978, the ant population



Table 1. Results of a three-year study of big~headed ant

populations in a pineapple planting at Poamoho,
Oahu, Hawaii, during 1976 through 1978

27

Mean no. big-headed ants caught/trap/month 3 year
T 27 27

Month 1976 1977 1978 mean/trap

Jan. 10.2F 2.3 25.6 T 8.9 1% 09 13.3T1a
Feb. 9.0t 1.3 4.1t 91 9.3t 64 19.5F17.9
Mar. 77540 3.9t 170 12.8F 2.9 185 % 14
Apr. 9.3% 2.2 33.8%Y10.5 10.7F 54 179t 138
May 25,27 4.3 39.9% 7.3 a5t 206 35.97F 9.3
June 15.3 45 33.4% 160 697174 3905t 2707
July 6.6 1.9 16.8% 6.3 65.1Ft 1001 2041t 31.3
Aug. 45% 04 10097% 6.7 s6.8Ft231  24.17% 285
Sep. 3.7 0.7 7.07 5.3 49.1F 3.8 19.9F25.3
Oct. 11.6 T 2.7 7.3% 2.3 107.5 ¥ s53.0  42.17 s6.7
Nov. 7.5%1.6  32.3%215 947t o5 ss.sTasg
Dec. 8.1%16 14.8%7 9.4 26.8% 1.3 16.67% 9.5
Mean/trap 9.9 5.7 24.7%12.6 458t 3 26.8f111

;j Mean number of ants per pitfall trap based
sampled weekly.

2/ Mean number of ants per pitfall trap based
sampled weekly.

on 64 traps,

on 16 traps,
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Figure 3. Number of big-headed ants caught in pitfall traps in

the Poamoho pineapple planting during January 1976
through January 1979.
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gradually built up again accompanied by the growth of new slips.
The trap catches of the ant kept increasing until November 1978.
During the three-year period of the study of the big-headed ant
populations in this pineapple planting, the mean number of the
big-headed ants per trap in 1976, 1977, and 1978 were 9.9, 24.7,
and 45.8, respectively.

2. The Infestation of Big-headed Ants on Molokai Experimental

Planting.

A complete ant survey on a total of 102 plots of the
Molokai experimental planting was taken every three-~four months.
Ant populations were monitored with honey water (50:50) or peanut
butter/soybean oil baited stakes. Ten stakes were used in each
0.2 ha (0.5 acre) plot. The mean number of big-headed ants per
stake in each plot was used as an index of the ant population
density in these plots. In this study, an average of five or more
worker ants per baited stake was considered to indicate an ant
infestation of sufficient magnitude to be useful for insecticide
tests.

The first complete ant survey was carried out on March
22, 1977. Results (Figure 4) show that only four plots had been
infested by the big~headed ant. The percentage of big-headed ant
infested plots was 3.9 7 over 102 plots. All these ant infested
plots were located on the edge of the planting. The second survey
was taken on June 14, 1977. Results show that 22 plots were ant

infested. These plots were also found on the edge of the planting.
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This survey showed that ants were present in 34.4 % of the
peripheral plots of the planting. The third, fourth, fifth, and
sixth complete ant surveys were conducted in August 1977, January
1978, July 1978, and February 1979. The percentage of ant
infested plots increased progressively during these surveys
from 31.4 7 to 48.9 7, to 71.6 %Z, to 93.1 %. Using the field
sampling data to analyze the relationship between the percentage
of big-headed ant infested plots and the age of the pineapple
planting, a highly significant linear correlation, r = 0.995,
and a regression equation (Y = -28.82 + 3.81 X) was calculated.
Theoretically (using the equation), the expected percentages of
ant infested plots would be 45.7 Z and 91.4 7 after the pine-
apples have been planted for one and two years, respectively.

3. Population Trends of the Big-headed Ant on Molokai Planting.

The big-headed ant populations were monitored monthly
by using baited stakes in a 0.2 ha (0.5 acre) plot (# 59). The
tested plot was a peripheral plot located midway along the western
edge of the planting. The sampling method for the ant populations
was the same as usad in the general survey of ant infestation.
The first positive data were obtained three months after the
pineapples had been planted. The ant population density then
averaged 0.2 ant per stake. The data (Figure 5) show that the
ant population density gradually increased in company with the
growth of the pineapple plants. The ant population density

reached its highest peak of the first crop after the pineapple
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had been planted for one year, then the ant population decreased
gradually, reaching a low level in summer. By that time, the
first pineapple fruits were harvested. When the new slips
developed in the second crop, the ant population density increased
again. During the second crop, ant populations were well estab-
lished and ant population density was three times that of the
first crop.

4. Epidemiology of Mealybug Wilt on Poamoho Experimental Plot.

Observations on mealybug wilt were made in the same plot
used for the study of the ant populations. Mealybug wilt inci-
dence was surveyed weekly with observation of the whole plot.
After the first crop, the plot was split into eight blocks. Two
blocks in the center of the plot were used as a buffer zone. The
two blocks on one side of the buffer were sprayed with heptachlor
at the rate of 1.68 kg AI/ha (1.5 1lbs. Al/acre) to control the
big~headed ants, and the other two blocks remained untreated.

Six months after treatment with heptachlor, some small ant
colonies were found to have reinvaded the ant control area.
Mirex bait was then used at the rate of 2.24 kg/ha (2 1lbs./acre)
for control of the big~headed ants, and heptachlor was applied
only along the peripheral areas of the ant control blocks.

In June 1976, about six months after the pineapple had
been planted, four mealybug wilt plants were found at three
locations within this experimental plot. Two mealybug wilt

plants were adjacent in one area and the other two were located
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in two other areas. Big~headed ants were found in this plot as
indicated by pitfall traps. Mealybug populations were low; the
percentage of mealybug infested plants was found to be 0.5 % at
that time. In January 1977, when the pineapple plants were at
the inflorescence stage, a few new mealybug wilt plants were
found near the original wilt plants and the number of wilt plants
subsequently increased as shown in Figure 5. In August 1977, the
first pineapple fruit crop was harvested, and heptachlor was used
to control the ants in the two ant control blocks. No additional
mealybug wilt plants were found in the ant control blocks (Figure
6, area C). Untreated blocks had two mealybug wilt areas (A and
B areas). The mealybug wilt area A was located at the edge of
the plot, and the number of mealybug wilt plants it contained
increased sharply until April 1979 when the second crop of fruit
matured and experiment terminated. Figure 7 shows the distribution
of mealybug wilt plants and the big-headed ant population demnsity
at various intervals during the pineapple growth cycle in the
mealybug wilt area A. The mealybug wilt area B was located at the
middle of the plot, and the number of mealybug wilt plants and the
big-headed ant population density were lower there than the
mealybug wilt area A.

Studies on Chemical Control of Ants.

1. Laboratory Studies of Ant Baits.

a. Field Evaluations of Different Bait Materials for Accept-

ability and Attractiveness to Big-headed Ant Workers.
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Arrow indicate that insecticide was applied
after the first fruit crop was harvested.
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Figure 6. Total number of mealybug wilt plants in ant control areas
and no ant control areas at Poamoho pineapple planting.
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The experiments were conducted on the campus of the
University of Hawaii at Manoa. Soybean o0il, a soybean o0il
and peanut butter mixture (50:50), and honey water (50:50)
were screened for acceptability and attractiveness to the big-
headed ant. Two grams of the bait were applied with a brush
to the lower 15 cm of a 91.4 X 3.8 X 1.0 cm (3' X 1%"X 3/8")
wooden field stake. Eight baited stakes were placed in two
areas known to be infested heavily with the big-headed ant;
four stakes in each area.

Results (Table 2) show that all the tested materials
were accepted by the big-headed ant. Soybean oil and soybean
0il mixed with peanut butter (50:50) had significantly higher
number of ants than the honey water (50:50). Although not
significantly higher than the soybean oil alone, the soybean
0il mixed with peanut butter (50:50) attracted the higher
number of ants. Results of this test led to the adoption of
a peanut butter and soybean oil mixture as the standard bait
used in the evaluation of insecticides for control of the
big-headed ant.

b. The Foraging Activity of Big-headed Ant Workers in

Relation to Time of Day.

This study was conducted on the campus of the
University of Hawaii at Manoa. To relate the big-headed ant
foraging activity to time of day, baited stakes were used as

an index of ant-foraging activity. The assessments were made
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Table 2. Field evaluations of different bait materials
for sampling foraging populations
of big-headed ant workers

_ 172/
Mean no. ants/stake ( X ¥ SE )
Bait materials Test 1 Test 2
+ +
Honey: Water (50 : 50) 40 _ 11.73 a 31 _ 9.54 a
Soybean oil 80 T 13.69 b 76 Y1475 b
Soybean oil: Peanut-butter (50 : 50) 101 & 8.94 b 97 ¥ 8.37 1

Mean of five replicates in each test, two tests were carried
out at the same time ( 5:00 P.M. - 8:00 P.M, ), at two
different locationmns.

Means followed by the same letter within each columm are not
significantly different at 5 % level according to Duncan's
multiple range test.
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by counting the ants attracted to stakes baited with peanut
butter and soybean oil (50:50). The baited stakes and the
methods were the same as used in the tests of the evaluations
of different bait materials for acceptability and attractive-
ness to the ants. Tests were conducted from 08:30 to 22:30,
allowing a two-hour interval between placing the stakes and
removing them for counts. New baited stakes were replaced in
each time interval.

Results (Table 3 and Figure 8) show that the big-
headed ant workers foraged for food during the entire testing
period when foods were available in heavily infested areas.
However, the number of foraging workers was significantly
greater after the 16:30 - 18:30 time period. These results
suggested that the greatest foraging activity of the big-
headed ant occurred after sunset.

c. Attractancy Tests of the Toxic Corncob Grits Soybean 0il

Baits for Control of the Big-headed Ant.

The experiments reported herein were part of a
continuing program for evaluating candidate toxic baits for
the control of the big-headed ant. This study was conducted
in the laboratory of the Department of Entomology. University
of Hawaii. Corncob grits soybean o0il baits for the big-headed
ant were used with 12 selected insecticides added to the baits
at each of 1000, 100, 10, 1, and 0.1 ppm. Results (Table 4)

show that at the 1000 ppm level, only MV-678 added to bait in
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Table 3. Respoase of foraging big-headed ant workers to
peanut-butter/soybean oil baits during
different times of the day

. Uz
Mean no. ants/stake ( X - SE )

Time Test 1 Test 2

08:30 - 10:30 117.5 T 60.35 a 97.5 Y 24.11 a b
10:30 - 12:30 105.3 ¥ 11.98 a 60.3 1 14.79 a
12:30 - 14:30 100.8 T 32.86 a 58.3 ¥ 41.98 a
14:30 - 16:30 97 Y 53,89 a 55.3 T 51.49 a
16:30 - 18:30 192 to20.8501 115.5 % 7.72 0
18:30 - 20:30 223.8 T 30.92 b 127.5 Y 20.62 1
20:30 - 22:30 222.5 ¥ 35,94 1 155 T 42.03 b

1/ Mean of four replicates in each test, two tests were carried
out at the same time at two different locatioms.

2/ Means followed by the same letter within each column are not
significantly different at 5 % level according to Duncan's
multiple test.
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Table 4. Attractancy to big-headed ants to corncob grits-
soybean o0il baits with various insecticides added
at each of five concentration 1

Attractancy - 7% of check at ppm in bait

Insecticide Formulation 1000 100 10 1.0 0.1
Ambush 2E 0.8 1.6 57.6 64.6 66.7
Fonofos Tech. 95 % 1.1 7.9 17.4 84,2 110.5

Methyl parathion microencapsulated 3.1 20.9 102.2 95.6 88.5

Monitor Tech. 93 % 0 4.2 2.0 7.7  33.7
Oftanol 6E 9.7 68.8 72.7 62.7 82.8
Acephate Tech. 97 7% 17.3  76.9 67.3 86.5 90.4
Primicide 4E 0 21.6 54.6 73.9 95.9
MV—6732/ 1.58 31.6 89.5 73.7 100.0 89.5
MV—6782/ 4E 72.7  73.7 78.9 78,9 84.2
MV—6782/ 88.4 7% 78.9  73.7 68.4 71.1 89.5
SD-437752/ Tech. 95 7% 36.7 66.7 57.4 42.4 78.8
WL—4346f§/ 40 7 0 3.6 34.2 84.4 95.6

1/ Based con number of ants attracted tc 8 cz. focd centainers
containing about 3 gm. bait. Four containers for each bait.
Check bait-corncob grits with 15 7% soybean oil.

2/ Stauffer Chemical Company Formula confidential.

3/ Shell Development Company Formula confidential.
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either the 4E formulation, or as the technical (88.5 %)
material, attracted the ant. However, this dosage did not
affect the adult ants (workers, soldiers, and queens) in
laboratory ant colonies which were exposed continuously to
this material for three months. When the other compounds

were present in bait formulations at 1000 ppm level, most of
the ants ignored the baits. Occasionally, worker ants were
observed to stagger and exhibit an uncoordinated movement
while taking the baits, and were later found dead in the
container. Orthene 75S, SD-43775, and Oftanol baits at 100
ppm level showed more than 50 7 attractancy to the big-headed
ant compared with the check bait (85 7% corncob grits plus 15 %
soybean 0il). When these baits were offered to big-headed ant
colonies in ant chambers, no ant colony was killed within 20
days.

d. Toxic Soybean 0il Baits for Contreol of the Big-headed Ant.

Table 5 shows results of exposing soybean oil baits
containing various insecticides: Ambush, Ripcord, Belmaé§)at
the rates of 3 %; fonofos, Orthene 755, AC 217300 and mirex
at the rate of 6 4. Only AC 217300 and mirex proved acceptable

to the big-headed ant in these tests.

e. Attractancy and Toxicity Tests with AC 217300 and AC 206859

Baits on the Big-headed Ant.

An investigation was made for possible use of
AC 217300 and AC 206859 combined with corncob grits and soy-

beam 0il baits for controlling big~headed ants. For this
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Table 5. Attractancy to big-headed ants 27 soybean oil
with various insecticide added~

2

Insecticide and concen. (ppm) Mean no. ants/stake_/ % of Check
AC 217300 5% 6000 74.0 127.6
Ambush 2E 3000 0 0
Belmark 3E 3000 0.3 0.5
Fonofos 4E 6000 0 0
Mirex Tech. 99.9 % 6000 38.5 66.4
Acephate 758 6000 1.0 1.7
Ripcord 4E 3000 0.3 0.5
Soybean oil 3/ - 58.0 100

1/ Various insecticide was dissolved directly into soybean oil.
2/ Mean of four replicates.

3/ Soybean oil only as check bait.



45
evaluation, two types of baits were used: (1) AC 217300 baits

containing 1500, 3000, and 6000 ppm; and AC 206859 baits containing
3000, 6000, and 9000 ppm, which were produced by American Cyanamid
Company. (2) AC 217300 baits containing 1000, 2000, 4000, 6000, 8000,
and 10000 ppm; AC 206859 baits containing 1000, 2000, 4000, 6000 ppm,
which were laboratory made from 5 7 stock solutions provided by American
Cyanamid Company. Check baits were laboratory made from 85 % corncob
grits with 15 Z soybean oil. Attractancy tests were carried out on the
campus of the University of Hawaii at Manoa. The toxicity tests were
conducted in the laboratory, Department of Entomology, University of
Hawaii.

In the attractancy test, results show that AC 217300 was not
repellent to the big-headed ants at the dosages tested from 1000 to
10000 ppm, while AC 206859 was repellent to the ants at the dosages of
2000 ppm and over (Table 6 and Table 7).

In the toxicity tests, results (Table 8, Table 9) show that AC
217300 gave delayed toxicity in continuous feeding over a 10-fold range
(1000 ppm to 10000 ppm). The time interval between initial mortality
and complete kill for the worker ants was from four days to seven days
for both toxicants. When AC 217300 baits at the concentrations of
1500, 3000, and 6000 ppm were tested on big-headed ant colonies in ant
test chambers containing workers, soldiers, brood, and queens, the
baits gave complete kill of the ant colonies after 18, 16 and 16 days
respectively. AC 206859 also gave 100 7 mortality at all dosages

tested.
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Table 6. Attractancy tests with AC 217300 and AC 206859
baits prepared by American Cyanamid Company
on big-headed ant workers

Insecticide and concen. (ppm) Mean no. ants/container  — % of check
AC 217300 1500 55 b 93,5

AC 217300 3000 50 b 85.0

AC 217300 6000 42.5 ab 72.3

AC 206859 3000 32.8 a 56.6

AC 206859 6000 31.0 a 52.7

AC 206859 9000 23.8 a 40.5
Check 1/ - 58.8 b 100

1/ Check baits were laboratory made from 85 7 corncob grits with
15 % soybean oil.

2/ Mean of four replicates.

3/ Means followed by the same letter are not significantly different
at 5 % level according to Duncan's multiple range test.
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Table 7. Attractancy to big-headed ants of corncob grits-
soybean oil baits with AC 217300 and AC 206859 added

Insecticide and concen. (ppm)~ Mean no. ants/container'"'2 %Z of check
AC 217300 1000 82.5 ¢ 111.9
AC 217300 2000 75.0 ¢ 101.7
AC 217300 4000 65.0 be 88.1
AC 217300 6000 70.0 ¢ 94.9
AC 217300 8000 68.8 ¢ 93.2
AC 217300 10000 60.0 c 81.3
AC 206859 1000 71.3 ¢ 96.6
AC 206859 2000 50.0 ab 67.8
AC 206859 4000 56.3 b 76.3
AC 206859 6000 38.8 a 52.5
Check - 73.8 ¢ 100

1/ Baits were laboratory made from 5 % stock solution provided by
American Cyanamid Company.

2/ Mean of four replicates.

3/ Means followed by the same letter are not significantly different
at 5 7 level according to Duncan's multiple range test,
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Table 8. Toxocity tests with AC 217300 and AC 206859
baits on big-headed ant workers
2
% Mortality after days indicate 2/3/
1/

Insecticide and concen. (ppm)— 1 2 3 4 5 6 7
AC 217300 1500 20.2 22.5 37.5 57.5 77.5 100 -
AC 217300 3000 12.5 15.0 40.0 65.0 98.0 100 -
AC 217300 6000 12.5 12.5 27.5 48.7 70.0 90.0 100
AC 206859 3000 25 10.0 30.0 51.2 72.5 92.5 100
AC 206859 6000 10.0 17.5 32.5 46.2 60.0 97.5 100
AC 206859 9000 2.5 10.0 30.0 48.7 67.5 90.0 100
Check - 0 0 0 0 0 0 0

1/ The baits were produced by American Cyanamid Company; check baits

were laboratory made from 85 Z corncob grits with 15 7 soybean

oil.

2/ Ten worker ants placed in each vial containing about 1 gm. of bait
and an agar food supply.

3/ Mean 7 mortality of four replicates.
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Toxicity to big-headed ants of corncob grits-soybean
oil baits with AC 217300 and AC 206859 added

% Mortality after days indicate — —

Insecticide and concen.(ppm)™ 1 2 3 4 5 6 7
AC 217300 1000 14.6 29.3 48.8 65.9 87.8 90.2 100
AC 217300 2000 16.7 42.9 61.9 71.4 83.3 92.9 100
AC 217300 4000 64.1 64.1 89.7 100 - - -
AC 217300 6000 34.5 55.2 93.1 96.7 100 - -
AC 217300 8000 17.9 59.0 87.2 97.4 97.4 100 -
AC 217300 10000 14.8 22.2 59.3 85.2 100 - -
AC 206859 1000 6.7 13.3 43.3 66.7 83.3 100 -
AC 206859 2000 22.6 58.1 71.0 77.4 83.9 100 -
AC 206859 4000 16.1 48.4 71.0 80.6 87.1 100 -
AC 206859 6000 21.6 29.7 56,8 73.0 100 - -
Check - 0 0 0 0 0 0 0
1/ Baits were laboratory made from 5 % stock solution provided by
American Cyanamid Company.
2/ Ten worker ants placed each vial containing about 1 gm. cof bailt
and an agar food supply.
3/ Mean % mortality of four replicates.
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Field Tests with Ant Baits.

a. DBig-headed Ant Control with Ferriamicide and Mirex 10-5

Baits.

On July 20, 1978, Ferriamicide bait was applied at
rates of 0.56, 1.12, 1.68, and 2.24 kg/ha (0.5, 1.0, 1.5, and
2.0 1lbs/acre) with four replicates. Mirex 10-5 bait was
applied at a rate of 2.24 kg/ha (2 lbs./acre) with two repli-
cates. Four plots served as untreated checks. Baits were
applied with a home-garden type, hand-held fertilizer spreader
to plots 0.2 ha (0.5 acre) in size. The pineapples were 19
months old. Pretreatment ant population surveys were made on
July 19, 1978, and posttreatment readings were made 18 days
after the treatment. Results (Table 10) show that Ferriamicide
baits provided 65.7-81.6 7 reduction, and mirex 10-5 baits
provided 74.6 % reduction in ant populations. There were
significant differences between all treated plots and untreated
check plots.

b. Field Tests with Insecticidal Baits for Control of the

Big-headed Ant.

Baits were prepared using corncob grits and soybean
oil. 1In this test, different concentrations of soybean oil
were used in the baits. Diazinon, heptachlor, AC 217300,

AC 206895 and mirex at various concentrations were added to
the baits. Baits were applied at 2.24 kg/ha (2 1bs./acre) to
0.2 ha plots with only one plot per treatment. Results show

that AC 217300 and mirex baits provided good control of the
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Table 10. Mean number of big-headed ants per stake in plots
before and 18 days afte. treatment with Ferriami?ide
baits and Mirex 10-5. Molokai, Hawaii, 1978~

Mean no. ants/stake 2/3/87 Mean %
Pre- 18 days

Treatment and kg bait/ha  treatment after treatment reduction
Ferriamicide 0.56 31.2 10.7 a 65.7
Ferriamicide 1.12 25.1 8.2 a 67.3
Ferriamicide 1.68 62.4 11.3 a 81.9
Ferriamicide 2.24 40.9 7.9 a 80.7
Mirex 10-5 2.24 18.1 4.6 a 74,6
Check - 32.5 38.6 b ~18.8

1/ Treated July 20.

2/ Mean of four replicates, 10 stakes per plot, peanut-butter/
soybean o0il baited.

3/ Means followed by the same letter are not significantly different
at 5 7 level according to Duncan's multiple range test.

4/ Analyses were run on the logarithms of the data [loglo(n+1)].
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big-headed ant (Table 11). Heptachlor at 100 ppm also gave
good results., AC 206859 was good under laboratory conditions
but not in the field tests.

c. Field Tests with AC 217300, An Experimental Insecticide

Used in Baits for Control of the Big-headed Ant.

The first field test involved an abandoned pineapple
planting at Waipio, Oahu, Hawaii, where AC 217300 was compared
with mirex baits., Baits were applied at 2.24 kg/ha (2 1bs./
acre) to 0.2 ha (0.5 acre) plots with only one plot per treat-
ment. In this test, different concentration of soybean oil
were used in the baits. Results show that the mirex baits
provided outstanding control of the big~headed ant and that a
high degree of control was achieved also with AC 217300
(Table 12).

The second test was carried out on Molokai, Hawaii, in
September of 1977. 1In this test, there were two replications
of each treatment. Plots were 0.2 ha (0.5 acre) surrounded
on all sides by a 3.7 m (12 ft) fallow roadway, and the pine-
apples had been planted nine months previously. AC 217300 was
again compared to mirex and each bait was prepared using soy-
bean oil at 15 %. Both baits (Table 13) gave outstanding
control after four weeks (September 17). In the mirex treat-
ment, one of the plots had been reinvaded by ants from a
nearby uncultivated area prior to the count five months

(January 17) after treatment.
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control of the big-headed ants.

Results of tests with insecticidal baits for

Institute, Waipio, Oahu, Hawaii, 1977

Pineapple Research
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4/5/6/
Mean no. ants/stake — — —

Treatment
and formulation June 9 June 22  June 29 July 14 July 28
Diazinon 500 1

ppmt15% 0il™ 33.3 ¢ 19.2 de 48.0 e 5.2 b 6.6 bc
Diazinon 500 2/

ppmt30% oil™ 18.0 b 12.6 cd 26.2 be 11.0 ¢ 6.6 be
Diazinon 1000 1

ppmt30% 0il™ 15.9 b 53.8 £ 75.1 f 39.0d 19.0 4
Heptachlor 1004

pput30% oil™ 23.9 be 8.4 ¢ 15.4 b 3.4 ab 3.2 ab
AC 217300 50004

pput25% oil™ - 2.0 ab 1.0 a 6.0 be 0.8 a
AC 206859 10003

pput25% oil™ - 4.6 be 53.0 e 55.0 d 21.0 d
Mirex 3000

pputl5% o0il™ 0 a 0.4 a 0.8 a 2.2 a 0.4 a
Mirex 3000

ppmt30% oil™ 0.3 a 0 a 1.0 a 0.4 a 0.2 a
Check 58 d 31.0 e 36.4 cd 34 d 14.2 cd

1/ Treated Jume 2.

2/ Treated June 2, retreatment June 17.

3/ Treated June 17.

4/ Mean of five stakes per plot, honey-water baited.

5/ Means followed by the same letter are not significantly different

at 5 7 level according to Duncan's multiple range test.

6/ Analyses were run on the logarithms of the data [1oglo(n+1)].
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Table 12. Mean number of big-headed ants per stake in plots at
various intervals after treatment with insecticidal baits.
Pineapple Research Institute, Waipio, Hawaili, 1977

1/4/5/
Mean no. ants/stake — T
Treatment
and formulation June 9 June 22  June 29 July 14 July 28
Mirex 3000
ppmtl5% oil 0 a 0.4 2 0.8 a 2,2 a 0.4 a
Mirex 3000
ppmt30% oil 0.3 a 0 a 1.0 a 0.4 a 0.2 a
AC 217300 5000
ppmt25% oil - 2.0 a 1.0 a 6.0 a 0.8 2
Check 58.0 b 3.0 b 36.4 b 3.0 b 14.2 b

1/ Mean of five stakes per plot, honey-water baited.

2/ Treated June 2, 2.24 kg bait per hectare.

3/ Treated June 17, 2.24 kg bait per hectare.

4/ Means followed by the same letter are not statistically different

(P=0.05) according to Duncan's multiple range test.

5/ Analyses were run on the logarithms of the data [1og10(n+1)].
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13. Mean number of big-headed ants per stake in plots at
various intervals after treatment with insecticidal

baits.

Molokai, Hawaii, 1977-1978

Treatment and concen.(ppm)

1/2/

Mean no. ants/stake Mean % reduction

Aug.23 Sept.l7 Jan.l7 Sept.l7 Jan., 1}

AC 217300

Mirex

Check

6000

3000

27.0 0 = 1.8 # 100 93.3
17.3 2,2 % 21.1 87.3 -22.0
19.2 28.7 33.3 -49.5 -73.4

1/ Mean of two replicates, 10 stakes per plot, honey water baited.

2/ Treated August 24, 2.24 kg bait per hectare.

% Indicates significantly different (P=0.05) compared with the
pretreatment within the same treatment.
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The third field test was carried out in the same field
used for test two. At this testing, the pineapple plants had
been established for 14 months. Three concentrations of
AC 217300 bait were included. In this test, the mirex plots
and AC 217300 (6000 ppm) plots used in test two were retreated
with the same baits. The mirex bait was made up freshly in
our laboratory using soybean oil at 15 7. The AC 217300 baits
were supplied by American Cyanamid Ltd. Results (Table 14)
show 29 days after treatment that baits were completely
effective in controlling the big-headed ant in the mirex as
well as the AC 217300 (3000 ppm, 6000 ppm) plots, although in
the AC 217300 (1500 ppm) plots a few ants were found in some
baited stakes.

The same baits used in the third test were tested also
in an abandoned pineapple planting at Waipio, Oahu, Hawaii.
Plots were 0.1 ha (0.25 acre) and baits were applied at 2.24
kg/ha (2 1bs./acre) with two replications. All baits gave
excellent control (Table 15).

In January 1979, a more extensive field test was
carried out at Molokai, Hawaii, using 0.2 ha (0.5 acre) plots,
each surrounded by a 3.7 m (12 ft) fallow roadway. There were
four replications of each treatment. In this test, three
different concentrations of baits of AC 217300 were used.
These had been prepared by American Cyanamid Company and they

were compared with a 3000 ppm mirex bait made up freshly in
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Table 14. Mean number of big-headed ants per stake in plots
before and 29 days after treatment with insecticidal
baits. Molokai, Hawaii, 1978

Mean no. ants per stake 1/2/ Mean 7
Treatment and concen. (ppm) Jan. 17 Feb. 18 reduction
AC 217300 1500 64.4 2.8 * 95.7
AC 217300 3000 44.2 0 *=* 100
AC 217300 6000 1.8 0 100
Mirex 3000 21.1 0 . 100
Check 33.3 31.5 5.4

1/ Mean of two replicates, 10 stakes per plot, honey water baited.
2/ Treated January 20, 2.24 kg bait per hectare.
3/ Plots previous, treated with same bait five months earlier.

* Indicates significant decrease (P=0.05) over mean for pretreatment
within same treatment.

*#% Indicates highly
- v3 1o

ignificant decrease (P=0.01) over mean for
y‘- .-l.eahuell.h W s t
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Table 15. Mean number of big-headed ants per stake in plots at
various intervals after treatment with insecticidal baits.
Pineapple Research Institute, Waipio, Hawaii, 1978

1/2/3/4/

Mean no. ants/stake = =
Treatment and concen. (ppm) Jan. 26 Feb. 1 Feb. 7 Feb. 14
AC 217300 1500 1.2 a 6.5 a 3.6 a 5.9 a
AC 217300 3000 0.4 a 5.9 a 7.4 a 6.8 a
AC 217300 6000 0.7 a 0.8 a 0.3 a l.4 a
Mirex 3000 0 a 0.4 a 0.2 a 4.2 a
Check 10.4 b 57.0 b 58.0 b 118.6 b

1/ Treated January 20, 2.24 kg bait per hectare.

2/ Mean of two replicates, five stakes per plot, honey-water baited.

3/ Means followed by the same letter within each colummn are not
significantly at 5 % level according to Duncan's multiple range

test.

4/ Analyses were run on the logarithms of the data. [loglo(n+l)].
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our laboratory. Mirex and 7500 ppm concentration of AC 217300
showed excellent control (Table 16). Control with the lower
concentrations of AC 217300 improved after the first post-
treatment count and all treatments were still providing good
control seven weeks after treatment.

Broadcast Spray Applications of Insecticide for Ant Control.

a. Insecticide Broadcast Spray Applications for Control of

Big-headed Ants on Molokal Experimental Pineapple Planting.

In August 1976, six insecticides were evaluated for
big-headed ant control at the Molokai experimental plots. Each
test plot of 0.2 ha (0.5 acre) was naturally infested with big-
headed ants. The plneapple planting was eight-month old then.
The rates of insecticide application were as follows:
heptachlor at 1.68 kg Al/ha (1.5 1lbs. AI/acre) with three
replicates; chlorpyrifos at 2.24 kg AI/ha (2 lbs. Al/acre)
with two replicates; carbofuran, chlordamne, diazinon and
fonofos at 2.24 kg AIl/ha (2 1bs. Al/acre) with three repli-
cates. Check plots (four replicates) received no treatment.
The treatments were evaluated by determining the mean number
of ants per honey water (50:50) baited stakes, based on 10
stakes in each plot. Pretreatment ant population surveys were
taken August 23, 1977. Insecticides were applied August 24,
1977. Posttreatment ant population surveys were taken August
25, 1977 and January 18, 1978. One day after treatment with
carbofuran, chlordane, diazinon, fonofos, and heptachlor, the

ant populations were significantly decreased compared with
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Table 16. Mean number of big-headed ants per stake in plots
before and at various intervals after treatment with
ingecticidal baits. Molokai, Hawaii, 1979

Mean no. ants/stake Yz/3/
Treatment and concen.(ppm) Jan. 23 Feb. 8 Feb. 22 Mar. 15
AC 217300 1875 147.5 18.0 b 6.2 ab 4.6 b
AC 217300 3750 177.3 29.0 b 8.7 b 1.9 ab
AC 217300 7500 180.5 7.1 ab 2.0 a 0.9 a
Mirex 3000 181.2 0.1 a 0 a 0 a
Check 194.2 184.2 179.1 ¢ 87.9 ¢

1/ Treated January 24, 2 lbs. bait per acre.
2/ Means followed by the same letter with each colummn are not
statistically different at 5 % level according to Duncan's multiple

range test.

3/ Analyses were run on the logarithms of the data. [loglo(n+l)].
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pretreatment (Table 17). Most of the insecticides, except
chlorpyrifes, provided effective control of the big-headed ant.
However, five months (January 18) after the treatments, only
chlordane and heptachlor still provided effective control. At
that time, ant population levels in heptachlor plots were
significantly lower than untreated check plots. There was
partial ant reinfestation in the peripheral areas of the
chlordane plots, and only poor to no control with the remain-
ing treatments.

On January 19, 1978, the chlordane and the heptachlor
treated plots were retreated at the same rate as in the initial
treatment. Pretreatment ant population surveys were taken
January 18, 1978. Posttreatment ant population surveys were
taken January 19, 1978, and July 17, 1978. Results (Table 18)
indicate a significant difference between the pretreatment and
posttreatment in both chlordane and heptachlor retreated plots.
The ant populations in these plots remained at a low level
during the whole year compared to the untreated check plots.

In the diazinon treatment plots, the second treatment
and the third treatment were applied January 19, 1978 and July
20, 1978, fespectively. Results (Table 19) show that post-
treatment plots had significantly lower ant populations than
the pretreatment following the initial treatment and the
second treatment. There were no significant differences
between treated and check plots following the third treatment,

when the pineapple plants were 19 months old.
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Table 17. Mean number of big-headed ants per bait stake
in plots before and after broadcast insecticide
applications. Molokai, Hawaii, 1977-1978

Mean no. ants/stakelji/ Mean 7% reduction
Treatment and kg Al/ha Aug.23  Aug.25 Jan.1l8 Aug.25 Jan.18
Carbofuran 4F 2.242/ 19.3 0.5%% 46.6 97.4 ~141.5
Chlordane 8E 2.242/ 52.2 0.1** 8.8 99.8 83.1
Diazinon 50% W.P. 2.242/ 28.2 0.5% 22.9 98.2 18.8
Fonofos 4E 2.242/ 38.0 5.1% 34.3 86.6 9.7
Chlorpyrifos 2E 2.242/ 24.5 55.2 55.7 -125.3 -127.3
Heptachlor 3E 1.682/ 37.8 0.1%* 3.5%% 99,7 90.7
Checkéj 19.2 13.8 33.3 28.1 ~-73.4

1/ Treated August 24, 1977.

2/ Mean of two replicates.

3/ Mean of three replicates.

4/ Mean of four replicates.

5/ Mean of 10 stakes per plot, honey-water baited.

* Indicates significantly different at 5 7 level compared with
pretreatment.

**% Indicates significantly different at 1 7 level compared with
pretreatment.
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Table 18. Mean number of big-headed ants per baited stake in plots at
various intervals before and after treatment with chlordane and
heptachlor broadcast application. Molokai, Hawaii, 1977-1978.

1/2/

Mean no. ants/stake = —

Treatment and kg AI/ha Aug.23 Aug.25 Sept.l7 Jan.18 Feb.1l7 July 17

Chlordane 8E 2.24 52.2 0.1%=* 0.9%* 8.8 0 ** 2.8
Heptachlor 3E 1.68 37.8 0.1%=* 0 *%* 3.5 0 ** 0.1 *=*

Check 19.2  12.9 28.7 33.3 31.5 32.5

1/ Initial treatment applied Aug. 24, 1977; retreatment applied
Jan. 19, 1978.

Mean of three replicates, 10 stakes per plot, honey-water baited.

|~
~

3+
3k

Indicates significantly different at 1 7% level, compared with each
pretreatment within same insecticide treatment.
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Table 19. Mean number of big-headed ants per baited stake before and
after treatment with diazinon spray. Comparison of treatments ap-

plied at different ages of crop. Molokai, Hawaii, 1977-1978

2
Initial treatment—/ 1st retreatmentéj 2nd retreatment™

Age of Mean no. Age of Mean no. Age of Mean no.
pineapple ants/ pineapple ants/ pineapple ants/
(months) stake (months) stake (months) stake
Pretreatment 8 28.2 i3 22.9 19 37.4
Posttreatment 8 0.5% 13 7.0% 19 32.1
Mean % reduction 8 98.2 % 13 70.3 % 19 14.2 %

Mean of three replicates, 10 stakes per plot, honey-water baited.
Treated August 24, 1977, posttreatment resading August 25, 1977,
Treated January 19, 1978, posttreatment reading February 17, 1978.
Treated July 20, 1978, posttreatment reading August 8, 1978.

All treatments were applied at the rate of 2.24 kg AL/ha. The same
plots were used for all three applications.

Indicates significantly different at the 5 7 level, compared with
pretreatment ccunts.
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b. Effect of Insecticide Broadcast Spray Treatments on the

Infestation of Gray Pineapple Mealybugs on Pineapples.

Observations on the populations of gray pineapple
mealybug were made in the Molokai plots used for the control
of the big-headed ants. The study was initiated to determine
the relative efficacy of diazinon, heptachlor, and acephate
for control of the gray pineapple mealybugs.

In diazinon treatment plots, results (Table 20) show
that three weeks after the initial treatment with diazinon at
the rate of 2.24 kg AI/ha (2 1lbs. Al/acre), the treatment
reduced the mealybug infestations from 78.8 Z to 100 %, The
posttreatments were significantly different from the pre-
treatment, However, six months after the initial treatment,
the mealybug populations built up again. Retreatment was made
on January 18, 1978; surveys were carried out one month after
the retreatment; results show that the retreatment reduced the
gray mealybug infestations from 85 % to 100 Z.

In the experiments of the insecticide broadcast spray
applications for the control of the big-headed ants, diazinon
was used three times, and heptachlor was used two times for
the control of the big~headed ants in the first crop. When
the fruits matured, surveys were conducted to determine the
effects of diazinon and heptachlor in controlling mealybug
populations on pineapple fruits. Results (Table 21) show that
the percentages of mealybug infested fruits in diazinon and

heptachlor treatment plots were significantly lower than in
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Table 20. Effect of gray pineapple mealybug infestation in plots
at various intervals before and after treatment with_ diazinon
broadcast spray. Molokai, Hawaii, 1977-1978 1

2/3/
Mean 7 mealybug-infested plants

Initial treatment Retreatment
Plot Pretreatment Posttreatment 7% Pretreatment Posttreatment 7%
number Aug.23 Sept.1l8 reduction Jan.18 Feb.18 reduction
16 8.9 0 * 100 27.1 0 = 100
65 46.7 3.3 %% 92.9 72.9 0 ** 100
69 15.6 3.3 78.8 28.6 4.3 *% 85
Mean 23.7 2.2 *% 90.7 42.9 1.4 %% 96.7

1/ Diazinon treated August 25, 1977 and January 19, 1978, both were
at the rate of 2.24 kg Al/ha.

2/ Mean of 70 pineapple plants per plot.
3/ Analyses were run on the logarithms of the data [loglo(n+1)].

* Indicates significantly different at 5 7% level compared with
pretreatment.

** TIndicates significantly different at 1 7 level compared with
pretreatment.
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Table 21, Effect of diazinon and heptachlor broadcast spray
treatments on the infestation of gray pineapple m7a}zbugs
on pineapple fruits. Molokai, Hawaii, 1978 1/2/3/4%/

Mean 7 mealybug Average fruit
Treatment and kg AI/ha infested fruits weight (1b)
Diazinon 50 7% W.P. 2.24 30.0 a 3.4 a
Heptachlor 3E 1.68 43.3 a 4.0 a
Check 93.3 b 3.6 a

1/ Diazinon and heptachlor were applied August 24, 1977 and January
19, 1978.

2/ Samplings were taken May 12, 1978.
3/ Mean of three replicates, 10 fruits per plot.

4/ Means followed by the same letter are not significantly different
at 5 % level according to Duncan's multiple range test.
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untreated check plots. However, the percent infested fruits
were quite high. Average fruit weights were no different be-
tween the insecticide treated plots and the untreated plots.

c. Effects of Big-headed Ants Control with Acephate at

Molokai.

The first test was carried out on January 18, 1978,
Acephate was applied at the rate of 2.24 kg Al/ha (2 lbs. AI/
acre) with four replicates, when the pineapple plants were
12 months old. The pretreatment ant population surveys were
taken on January 17, and the posttreatment surveys were don2
on February 17, and July 17, 1978. Results (Table 22) show
that acephate at the rate of 2.24 kg AI/ha (2 lbs. Al/acre)
provided outstanding control of big-headed ants compared to
the untreated check plots one month after treatment (February
17). Ant populations in the acephate treated plots at six
months after treatment increased but were significantly lower
than in the untreated check plots.

A second test was conducted on March 29, 1978 when
the pineapple plants were 14 months old. The applications of
acephate were at the rate of 0.22, 0.34, 0.56, 1.12, 1.68, and
2.24 kg Al/ha (0.2, 0.3, 0.5, 1.0, 1.5, and 2.0 1lbs Al/acre).
The pretreatment ant population surveys were taken on March 28,
1978, and the posttreatment ant population surveys were taken
two weeks after the treatment. Results (Table 23) show that
ant populations in plots treated with acephate at the rate of

1.68 and 2.24 kg Al/ha (1.5 and 2 1lbs. Al/acre) surveyed two
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Table 22. -Mean number of big-headed ants per stake in plots before
and at various intervals after treatment with acephate broad-
cast spray applications. Molokai, Hawaii, 1978

2

Mean no. ants/stake 1/2/3/41
Treatment and kg Al/ha Jan. 18 Feb., 17 July 17
Acephate 2.24 44,7 2.0 a 19.9 a
Check 33.3 31.5 b 32.5b

1/ Treated January 19.

2/ Mean of four replicates, 10 stakes per plot, peanut-butter/

soybean o0il baited.

3/ Means followed by the same letter within each colummn are not

significantly different at 5 7Z level according to Duncan's

multiple range test.

4/ Analyses were run on the logarithms of the data [logy,(n*1)].
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Effect of acephate at different concentrations in

broadcast spray applications for control of big-headed

ants in pineapple fields.

Molokail, Hawaii, 1978

Mean no. ants/stake mean 7
2-week

Treatment and kg AI/ha Pretreatment after treatment reduction
Acephate 0.22 13.8 39.4 ¢ -185.5
Acephate 0.34 10.9 4.4 b 32.1
Acephate 0.56 14.8 9.0 ab 39.2
Acephate 1.12 15.4 13.7 b 11.1
Acephate 1.68 13.9 1.2 a 91.4
Acephate 2.24 16.8 3.6 a 78.6
Check 28.5 24,5 bc 14.1

1/ Treated March 29.

2/ Mean of four replicates, 10 stakes per plot, peanut-butter/

soybean oil baited.

3/ Means followed by the same letter are not significantly different

at 5 7Z level according to Duncan's multiple range test.

4/ Analyses were run on the logarithms of the data [log. .(n¥1)].
- 10
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weeks after treatment were significantly lower from those in
the untreated check plots. No significant differences were
observed between the acephate treatments at the application
rate of 0.22, 0.34, 0.56, and 1.12 kg AI/ha (0.2, 0.3, 0.5,
and 1.0 1bs. AL/acre) and the untreated check plots.

When the third test with acephate was applied
September 22, 1978, the pineapple plants were 21-months old.
The applications of acephate were at the rate of 0.56, 1.12,
and 1.6 kg AI/ha (0.5, 1.0, and 1.5 lbs AI/acre) with four
replicates. The pretreatment ant population surveys were
carried out one day before the application and the posttreat-
ment surveys were taken at seven, 14, and 60 days after treat-
ment. Results (Table 24) show that ant populations in plots
treated with acephate at the rate of 1.6 kg AIl/ha (1.5 1bs.
Al/acre) surveyed seven days after treatment were significantly
lower than those in plots subjected to other dosages. The
application rates of 0.56 and 1.12 kg AL/ha (0.5 and 1.0 lbs.
Al/acre) resulted in ant populations significantly lower than
those of the untreated check plots. At 14 and 60 days after
treatment there were no significant differences between ant
populations in plots treated with different dosages of acephate
and the untreated plots. Four applications of acephate at the
rates of 1.12 and 1.68 kg AI/ha (1.0 and 1.5 1lbs. AI/acre)
were carried out in June 1979, when the pineapples were 30-
months old. Applications were made at two-weeks intervals.

Following each application, the ant suppression data showed
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Table 24. Effect of acephate broadcast spray applications against
big-headed ants at various intervals before and after treat-
ment in pineapple fields. Molokai, Hawaii, 1978

Mean no. ants/stake 1/2/3/4/

Post~treatment after days indicated

Treatment and kg AI/ha Pretreatment 7 14 60

Acephate 0.56 74.1 32.1 b 26.2 a 118.2 a
Acephate 1.12 107.2 17.1 b 28.7 a 136.5 a
Acephate 1.68 61.0 2.2 a 4.4 a 87.1 a
Check 121.2 78.4 ¢ 65.3 a 95.8 a

1/ Treated September 22,

2/ Mean of four replicates, 10 stakes per plot, peanut-butter/
soybean oil baited.

3/ Means followed by the same letter within each column are not
significantly different at 5 % level according to Duncan's
multiple range test.

4/ Analyses were run on the logarithms of the data [10glo(n+l)].
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that acephate failed to completely control the ants. (Table
25).

In the applications with acephate at the rate of 0.56,
1.12, and 1.6 kg AI/ha (0.5, 1.0, and 1.5 lbs. Al/acre) for
the control of big-headed ant experiments, surveys were also
conducted to determine the effect of acephate on the gray
pineapple mealybug. Results (Table 26) show that seven days
after the treatment, there was no significant difference among

the treatments.
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Table 23. Effect of acephate applied four times at two-weeks
intervals against big-headed ants in a 30-month old
pineapple planting. Molokai, Hawaii, 1979

Mean no. ants/stake 1/2/3/4/

Treatment and kg AI/ha May 31 June 14 June 28 July 12 July 26

Acephate 1.12 66.9 a 26.8 a 31.2 a 15.1 b 6.5 a
Acephate 1.68 65.2 a 12.8 a 6.3 a 2.5 a 4.0 a
Check - 49.3 a 79.8 a 24.8 a 45.0 b 47.4 b

1/ Treated June 1, June 15, June 29, and July 13, 1979.

2/ Mean of three replicates, 10 stakes per plot, peanut-butter/
soybean oil baited.

3/ Mean followed by the same letter are not significantly different
at 5 Z level according to Duncan's multiple range test.

i/ Analyses were run on the logarithms of the data Iloglo(n+l)].
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Table 26, Effect of acephate broadcast spray treatment on
infestations of gray pineapple mealybugs.
Molokai, Hawaii, 1978

Mean 7 mealybugs infested

1/2/3/
Treatment and kg Al/ha plants 7 days after treatment™ — —

Acephate 0.56 6.3
Acephate 1.12 31.3
Acephate 1.68 46.3
Check 65.0

1/ Treated September 22.
2/ Mean of four replicates, 70 pineapple plants per plot.

3/ Analyses were run on the logarithms of the data. No significant
differences among the treatments.



DISCUSSION AND CONCLUSIONS

Pineapple mealybug wilt disease has been the most important
insect-related pest problem of pineapple in Hawaii, but after the
adoption of effective insecticides ant control as well as mealybug
control, mealybug wilt incidence became rare in commercial pineapple
plantings during the past two decades. However, the present studies
in Poamoho experimental plot and the experimental planting on Molokai
demonstrated that mealybug wilt is still a potentially serious
economic problem in Hawaii if adequate ant control is not maintained.

On the Poamoho experimental plots, the first mealybug wilt was
found six months after the pineapple had been planted, and only 0.5 %
af the plants were infested with mealybug at that time. When the
pineapples were at the infloresence stage, a few additional mealybug
wilt plants were found near the original wilt plants and the number
of wilt plants subsequently increased. After the first crop fruits
were harvested, heptachlor was used to control the ant in the two
ant control blocks. No additional mealybug wilt plants were found
in the ant control blocks, while the number of mealybug wilt plants
increased sharply during the second crop in the blocks where ants
were not controlled (Figure 6). The incidence of mealybug wilt was
higher at the edge of the plot than infield (Figure 7). This is
evidence of correlation between the number of big-headed ants and
mealybugs and the incidence of mealybug wilt, It demonstrates that
the control of the big-headed ant is effective in controlling the

spread of mealybug wilt in pineapple plantings.
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In the Molokai experimental planting, a few mealybug wilt plants
were found in three untreated plots in the first crop. However,
during the ratoon crop, areas of serious mealybug wilt developed in
eight plots which had been used either as untreated check plots or
sprayed with experimental insecticides which failed to provide ant
control. This further demonstrated that the occurrence of mealybug
wilt is correlated with lack of ant control and that the disease is
still a potential threat on the Island of Molokai.

The results of the epidemiology of mealybug wilt at both Poamoho
and Molokai experimental plantings showed that the mealybug wilt
started from edges of the fields. This result was similar to
previous findings that mealybug wilt was concentrated along the
edges and the grass-covered drainage ditches throughout the fields
(Carter 1973). There exists a very strong correlation between the
spread of mealybug wilt and the movement of ants and mealybugs
(Carter 1960). It was realized that the buildup of mealybug popula-
tion was mainly due to ants coming in from the edges of the field
and attending mealybug colonies already intreduced con the planting
material when a new field was planted, or both ants and mealybugs
moved over as soon as the new planting began to grow. It has been
shown that an early infestation of ant and mealybug along the field
edges built up to a large population that gradually thinned out
toward the center of the field (Carter 1932, Su 1977).

In order to prevent ants and mealybugs from dispersing into
fields from adjacent source areas, it is recommended that the source

of these pests along a newly planted field be destroyed, especially
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old pineapple fields should be plowed under as soon as possible, if
land is to be fallewed. Fallowed fields should not have pineapple
plants that act as a reservoir source of ants, mealybugs, and mealy-
bug wilt disease.

The populations of the big-headed ants were abundant along the
field edge in the first crop of Poamoho planting. The population
density of the ant infield increased continuously in relationship
with the growth of pineapple. This showed that not only did the
tctal ant population in the field fluctuate strongly with changes in
seasons, but also that, as environmental conditions became more
favorable for ant activity, ants tended to become more uniformly
distributed throughout the field. Comparison of population level of
the ant in the plot with those in the abandoned pineapple field
showed that the ant population density was higher in the abandoned
field during the first year of this study (Su 1977). However, one
year later, the population density of the ant in the experimental
plot increased sharply, and surpassed that in the abandoned pineapple
field. This indicated that the environmental conditions of the
former had become more favorable than those of the latter.

After the first crop fruits were harvested, the ant populations
and the mealybug populations both decreased. Two months after the
harvest, when the new slips of the pineapple came out, the population
of the ant and mealybug started to build up again. But the average
population density of the ants caught from pitfall traps was higher
in the other side of this plot, rather than in the area nearest to

the abandoned pineapple field. By that time the pineapple plants in
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the abandoned pineapple field were withered and dried; very few ants
and mealybug could be found. An adjacent pineapple field across a
7.3 m wide plantation road was well-infested with big-headed ants
and mealybugs. This adjacent pineapple field provided the source
of ants and mealybugs which moved into the experimental plot.

The establishment of ant populations in Molokai experimental
planting was monitored by surveying the plots every three-four months.
The first complete ant survey was conducted three months after plant-
ing, and showed ant present in only four plots. All these ant-
infested plots were located on the edge of the planting. The second
survey was taken six months after planting. Twenty-two peripheral
plots were ant infested and none on the interior plots. The slow
rate at which ant populations invaded these plots may have been due
to cultural practices. Tillage, preplant soil fumigation, weed
control and so forth may have indirectly affected the rate of ant
invasion.

The use of chemicals for ant control in pineapple planting has
been highly successful in reducing ant populations and removing the
threat of mealybug wilt of pineapple. McEwen et al. (1979) reviewed
the history of ant control in pineapple and reported that mirex
(0.3 7 bait 2.24 kg/ha) and heptachlor (2.24 kg AIl/ha) were effective
in controlling ants in pineapple planting. However, the registration
for mirex has been cancelled and that of heptachlor is being phased
out and will be completely eliminated in about four years. Many
efforts have been made to find alternative insecticides for ant

control which also meet the criterion of environmental acceptability.
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In the development of an inexpensive and effective method to control
the imported fire ants, S. richteri and S. invicta, mirex bait was
found effective (Lofgren et al. 1964). The mirex baits formulated
with soybean oil as the attractant, corncob grits as the carrier, and
mirex as the toxicant, gave excellent control of the ants. This
represented a major development in efficient use of pesticide, because
bait applications have relatively little impact on nontarget organisms
and are generally effective at relatively low dosage levels. There-
fore, baits appear to offer less hazard of environment disruption.
Stringer et al. (1964) suggested that effective toxicants for inclu-
sion in ant baits should exhibit delayed toxicity over a wide range
of dosage, be transferred readily from one ant to another, and not
be repellent to the ants. The major problem in developing an
effective toxic bait to control ants is to find a compound that is
lethal to ants at dosage levels which are not repellent to the ants.
The candidate insecticides tested to control the big-headed ants
included a number known to have activity against ants and others of
unknown potential. The results of our tests with these compounds
indicated that those insecticides that were highly toxic to the ants
were repellent in baits at dosages needed for control. Most of the
toxic baits tested were not attractive to the big-headed ant when
insecticides were present at the 1000 ppm level, while most baits
containing 1000 ppm of toxicant which were tested in ant test
chambers did not produce an acceptably high mortality. In the pro-

cedures for screening toxicants for ant baits for testing of control
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of big-headed ants, attractancy tests were conducted first. If a
bait containing a test toxicant remained attractive to the ant at
the 1000 ppm level, then toxicity tests were carried out.

Test of toxicity of baits to the big-headed ant workers were
first conducted in 10-dram plastic vials. Later, toxicity was tested
in ant test chambers. Results showed that some toxic baits produced
a high mortality after 48 hours when big-headed ants were tested in
the small plastic vials. However, when tested in ant test chambers,
these baits did not produce a high mortality after an exposure
period of 20 days. With acephate, for example, 1000 ppm baits tested
in the plastic vials produced 100 7 mortality to the big-headed ants
worker after 48 hours, but when tested in ant test chambers, these
baits did not kill the ant colonies after 20 days. McEwen et al.
(1979) stated that the procedure for testing big-headed ants in 10-
dram vials did not differentiate among contact, ingestion or vapor
toxicity, and results thus Indicate maximum toxicity. For the
purpose of screening toxic baits for use in pineapple fields, the
ant test chamber is better than the small vials. Therefore, we later
used the ant test chamber for testing toxicity to the big-~headed ants.

Broadcast sprays were made with carbafuran, chlordane, diazinon,
and fonofos at the rates of 2.24 kg Al/ha, respectively, and
heptachlor at the rate of 1.68 kg AI/ha, applied on eight-months
old pineapple plants. The results showed that there was a high ini-
tial kiil of the big~headed ants one day after the treatment. How-
ever, carbofuran, diazinon, and fonofos failed to maintain control

of the big-headed ants five months after the treatments. Chlordane
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and heptachlor gave a very high degree of control when they were
applied twice a year in the pineapple planting. This confimed that
chlordane and heptachlor are very effective in reducing big-headed
ant populations in pineapple plantings. The decrease in control with
these two insecticides in some of the tested plots was caused princi-
pally by the reinfestation of the big-headed ants into peripheral
areas of the plots. Diazinon was effective in controlling the big-
headed ants at the first and second applications, but failed in the
third application when the pineapple plants were 19-months old. By
that time, the foliage of pineapples had fully covered the entire
field and the insecticide broadcast spray applications were of in-
sufficient volume to reach the ground, where the big-headed ant
colonies were located. The results of these tests confirmed that
chlordane and heptachlor are effective in controlling big-headed ants
in pineapple plantings, while the effectiveness of diazinon applica-
tions was affected by the age of the pineapples.

Acephate at the application rate of 2.24 kg Al/ha (2 lbs. Al/acre)
on one-year old pineapple provided outstanding control of the big-
headed ant in the treated plots at one-and-six months after treatment.
Applications of acephate at the rates of 1.68 and 2.24 kg AI/ha (1.5
and 2 1lbs. AI/acre) on l4-month old pineapples also showed results
significantly different from those in untreated check plots two weeks
after the treatment. When acephate was applied at the rate of 1.68
kg Al/ha (1.5 1lbs. Al/acre) on 2l-month old pineapples, the ant
populations were lower than those in plots subjected to other lower

dosages one-and-two weeks after the treatment. However, two months
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after treatment there were no differences among the treated plots.
Those experiments showed that the best effects of an acephate spray
would be expected at the rate of 1.68 kg AI/ha (1.5 lbs. AI/acre) in
the first crop of pineapple rather than in the second crop. The
insecticide applications were of insufficient volume to reach the
ground when the foliage of pineapple fully covered the entire field.
This is one of the reasons most of the insecticide broadcast applica-
tion cannot effectively control the ant in mature pineapple plantings.
Further studies may be needed with larger plots to obtaip better data
with acephate because of reinvasion.

The results obfained in field tests with mirex and AC 217300
baits confirmed those obtained in the laboratory tests, in that these
insecticides were found to be effective for controlling the big-headed
ant. The results with the AC 217300 baits suggest that this compound
has a good potential as an alternative to mirex baits. Since AC
217300 baits at concentrations of 1500-7500 ppm have been tested in
pineapple fields at the application rate of 2.24 kg bait per hectare,
higher rates of AC 217300 may be required for ant control than has been
the case with mirex. However, more field tests will be necessary to
fully assess the efficacy of AC 217300 baits for control of the big-
headed ant and to establish field application rates.

In previous tests, considerable difficulty was encountered in
obtaining a good evaluation of a toxic bait or a spray application of
insecticide in field tests when 0.2 ha plots were used because of

cross foraging by the big-~headed ants from one treated plot into
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another, or because of early reinfestation by colonies from adjacent
untreated grass lands or from plots where poor control was obtained.
To minimize these problems, the tests should be conducted on larger
plots and ant populations be surveyed in the inner part of the test
plots only, ignoring the peripheral areas, or blocks of several plots
should be used for each treatment and only the central plot of each
block used to determine ant populations after treatment.

Ant movement into newly planted fields can have important bearing
on the development of pest management strategies for control of the
pineapple ants and mealybugs. Perhaps control can be achieved by
applying bait or spraying insecticide only on the peripheral plots
and adjacent uncultivated noncrop land to prevent movement of big-
headed ants into the pineapple planting. This method could minimize
the use of insecticide and therefore be more environmentally acceptable
than the present method of treating fields over the entire plantation.

The baited stake with peanut butter/soybean oil (50:50) is good
for use in the evaluation of the big-headed ant populations. This
baited stake technique can be used in commercial pineapple plantings
for monitoring the big-headed ant populations to determine if an
application of bait or spray is needed. AC 217300 with corncob
soybean oil formulation bait has a good potential as an alternative
to mirex bait but the ants cannot be completely controlled by use of
AC 217300 only unless this bait can be retreated about every six
months to prevent the reinvasion of the hig-headed ant. Otherwise,

a broadcast spray is needed to kill the ants where mealybugs build up.
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0il baits can only kill the oil-feeding ants, so that other formulation
of baits may be necessary for control of other species of ants such as

Anopolepis sp. and Paratrechina sp. which are of potential economic

importance in Hawaii.
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