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ABSTRACT

Adults obtained from laboratory cultures of the insidious flower bug, Orius insidiosus
(Say), big-eyed bug, Geocoris punctipes (Say), convergent lady beetle, Hippodamia convergens
Guerin-Meneville, and green lacewing, Chrysoperla carnea Stephens, were exposed to ten
insecticides, including four newer insecticides with novel modes of action, using a spray
chamber bioassay. There was considerable variation in response among the species tested to
the insecticides. In general, malathion was more toxic than other insecticides to all species.
Chrysoperla carnea was highly sensitive to most of the insecticides. One-half of the insecticides
caused no mortality in G. punctipes, O. insidiosus and H. convergens were more sensitive.
Spinosad was less toxic than other insecticides tested on all species.

INTRODUCTION

Primary pest release and resurgence, and increases in populations of secondary pests,
may oceur as a result of the selective destruction of beneficial arthropods by chemical pesticides.
Even the newly developed biorational pesticides, which are based on natural products, and are
more host- or pest-specific, can have profound side effects (Croft 1990). Pest release and
resurgence have been widely reported as a consequence of pesticide use or over-use
(Michelbacher et al. 1946, Doutt 1948, DeBach and Bartlett 1951, Lingren and Ridgway 1967,
Flint and van den Bosch 1981).

One of the first definitive studies on the effects of pesticides on beneficial arthropods
was reported by DeBach and Bartlett (1951). These authors noted that adverse effects of
chemical control treatments on natural enemy populations in citrus were produced in three
ways: through direct toxicity, through toxicity or repellent action of chemical treatments
considered inert, and through elimination of beneficial populations by removal of host species.
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In addition to direct impact, pesticides often disrupt relationships of associated species
in the community , including competitors, hyperparasites, and alternate hosts or prey of natural
enemies (Croft 1990). The concept of integrated pest management (IPM) was developed as a
consequence of the incompatibility of pesticides and biological control.

Integrated pest management practice in cotton production recommends the preservation
of beneficial insects for control of various insect pests. Emphasis on IPM is especially important
in early season cotton, when beneficials are capable of maintaining some pests below economic
thresholds. Chemical insecticidal sprays become necessary, however, as the growing season
progresses and numbers of pest insects increase and plant fruiting structures become more
susceptible to attack. Information on the toxicitites of various cotton insecticides to several
key beneficial species is therefore important in selection of compounds that will minimize
mortality of these species.

The insidious flower bug, Orius insidiosus (Say), the big-eyed bug, Geocoris punctipes
(Say), the convergent lady beetle, Hippodamia convergens Guerin-Meneville, and the green
lacewing, Chrysoperla carnea Stephens are four important predators of several economic pests
of cotton (Sterling et al. 1989). Pitts and Pieters (1982) found that the number of adult H.
convergens and larval C. carnea caged on greenhouse cotton was significantly reduced by
treatment with methomyl compared with treatment with chlordimeform. Field application of
pyrethroid and organophosphorus insecticides significantly reduced the Heliothis spp. predator
complex in cotton, compared with an untreated check (Roach and Hopkins 1981). Field testing
of dimethoate, fenvalerate, and flucythrinate significantly reduced populations of most beneficial
arthropods when applied to early season cotton in Mississippi (Scott et al. 1986). Leggett
(1992) found that predaceous arthropods in Arizona cotton were reduced after application of
ULV malathion, but populations completely recovered two weeks after treatment.

Several other studies document the toxic effect of cotton insecticides on beneficials (Pape
and Crowder 1981, Yokoyama and Pritchard 1984, Yokoyama et al. 1984, Butler and Las
1983, Scott et al. 1983, Rajakulendran and Plapp 1982). The effects of four new compounds
at field rates on populations of beneficials: spinosad (Tracer), fipronil (Regent), chlorfenapyr
(Pirate), and imidacloprid (Provado) have been tested on cotton beneficials (Pietrantonio and
Benedict 1997, Sparks et al. 1997, England et al. 1997, Peterson et al. 1996, Murray and Lloyd
1997). Our study documents more comprehensively the toxicities of these new compounds,
plus additional standard compounds, on four beneficial insect species using a spray chamber
bioassay.

MATERIALS AND METHODS

The O. insidiosus culture was originally collected from cotton near Weslaco, TX, in
September 1996. Adult G. punctipes, H. convergens, and C. carnea cultures were obtained
from Biofac Crop Care, Mathis, TX. Adults of O. insidiosus were maintained on green beans
as an ovipositional substrate. All colonies were provided Helicoverpa zea (Boddie) eggs as
food and moistened cotton wicks as a water source. Adults were maintained in 14.5cm x 2.5cm
ventilated plastic petri dishes, with 40-60 insects per dish. All species were held at 26 + 2° C,
55-60% RH, and a 14L:10D photoperiod. Adults were less than one-week old when tested.

Formulated insecticides tested were fipronil [Regent 2.5 emulsifiable concentrate (EC),
Rhone-Poulenc Agric. Co., Research Triangle Park, NC], spinosad [Tracer 4 suspension
concentrate (SC), DowElanco, Indianopolis, IN], chlorfenapyr [Pirate 3 (SC); American
Cyanamid Co., Parsippany, NJ], imidacloprid [Provado 1.6 flowable (F); Bayer, Inc., Kansas
City, MO], cyfluthrin [Baythroid 2 (EC); Bayer, Inc., Kansas City, MO}, oxamyl [Vydate 2.76
concentrated low volume (CLV); E. 1. Dupont de Nemours & Co., Wilmington, DE],
endosulfan (Phaser 3 (EC); AgrEvo USA Co., Wilmington, DE], profenofos {Curacron 8 (EC),
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Novartis, Greensboro, NC], azinphos-methyl [Guthion 3 (F); Bayer, Inc., Kansas City, MO],
and malathion [Fyfanon 9.79 ultra low volume (ULV); Cheminova, Inc., Wayne, NJJ.

Spray Chamber Bioassay. Cotton, Gossypium hirsutum L. (‘Sure-Grow 125", grown
in 11cm diameter plastic pots in a greenhouse were treated with insecticides using a laboratory
spray chamber (DeVries Mfg,, Hollandale, MN). The sprayer was calibrated to deliver 56 liters
per hectare using one TX-4 nozzle at 1.7kg/cm? and 4.8km/h. For ULV application of
malathion, the compressed-air system was replaced with a modified ULVA+ spinning disk
atomizer head (Dramm Corp., Manitwoc, WI; G. W. Elzen unpublished). Rates of formulated
insecticides applied were selected by referring to an appropriate control guide (Norman and
Sparks 1997) or from manufacturer’s recommendations (in the case of non-registered materials).
One leaf from each sprayed cotton plant was excised after drying and placed in a 14cm x 2.5cm
ventilated petri dish, with water-moistened filter paper placed on the bottom of each dish. Five
adults were aspirated into each dish and 6 dishes were replicated for each treatment. Adults
were exposed to 30-min, 24-h, or 72-h old residues of each insecticide. Sprayed plants for one
and three day residual tests were held in a greenhouse at approximately 30° C until time to
excise leaves and expose insects. Adults exposed to each compound at each residue period
were held for 72 hours at 26 £ 2° C, 55-60% RH, and a 14L:10D photoperiod. In the case of
C. carnea, exposure was for 24-h only, because preliminary data indicated high sensitivity to
insecticides in this species. Data were taken at 24-, 48-, and 72-h after exposure (24-h with C.
carnea); mortality was assessed by failure of movement when prodded by a probe. Control
mortality was never greater than 10.0%; data were corrected for control mortality using
Abbott’s (1925) formula. Percentage mortalities were arcsine transformed and analyzed by
analysis of variance; means were separated by least significant differences [P = 0.05 (SAS
Institute 1988)].

RESULTS AND DISCUSSION

At the rates tested, azinphos-methyl, imidacloprid, and spinosad were significantly less
toxic to O. insidiosus than other treatments. Of the newer insecticides tested, fipronil and
chlorfenapyr were intermediate in toxicity. Profenofos and malathion appeared to be most toxic
to O. insidiosus. Most of the insecticides were persistent in the residual tests; however, there
was a marked decrease in toxicity of endosulfan and cyfluthrin at three days after application
(Table 1). Pietrantonio and Benedict (1997) rated chlorfenapyr as slightly harmful (causing 25-
50% mortality) to Q. insidiosus. They also reported that spinosad was harmless (causing <25%
mortality to Q. insidiosus), in agreement with our findings. Schoonover and Larson (1995)
reported that spinosad was 450-fold less toxic to O. insidiosus than cypermethrin. England et
al. (1997) found 76% mortality in O. insidiosus exposed to endosulfan treated cotton leaves
[0.57 kg(Al)/ha] 24 h after exposure; we observed 46.7% mortality to endosulfan [1.7
kg(Al)/ha] 72 h after exposure. They also reported that oxamyl and malathion ULV caused
100% mortality; however, at the same rates we observed high mortality with malathion, but
much lower mortality with oxamyl (Table 1).

Geocoris punctipes was very tolerant of many of the insecticides tested, with responses
at 10% mortality or less to cyfluthrin, profenotos, endosultan, spinosad, oxamyl, imidacloprid,
and azinphos-methyl (Table 2). Therefore, residual tests were not done on these materials.
Malathion and chlortenapyr were intermediate in toxicity and fipronil produced the highest
percentage mortality. Tillman and Mulrooney (1997) reported higher mortality in G. punctipes

“treated 'with the same rate of ULV malathion as in our study, but they reported similar mortality
with the same rate of fipronil (although applied ULV). There was a slight decrease in the
toxicity of chlorfenapyr and fipronil in the 72 h residuals (Table 2). Fipronil was more toxic to
G. punctipes than to (. insidiosus (Table 1), which'was overall more sensitive to insecticides,
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Table 1. Toxicity of Selected Insecticides to O. insidiosus Adults in a Spray Chamber Bioassay.

% Mortality (72-h)*
Residual Time

—Treatment Kg (Al)/ha 30 min 24h 72h
Azinphos-methyl 0.28 0.0a - -
Imidacloprid 0.052 5.9a --- —
Spinosad 0.099 10.0a -— —
Oxamyl 0.28 38.3b 45.0a 41.6ab
Fipronil 0.056 43.3be 43.3a 56.7bc
Endosulfan 1.7 46.7bc 433a 17.5a
Chlorfenapyr 0.39 52.2bc 50.0a 55.6bc
Cyfluthrin 0.056 53.0bc 62.5a 30.0ab
Profenofos 0.28 73.3¢ 50.0a 51.7abc
Malathion ULV 1.0 76.6¢ 80.0a 78.9¢
F=10.04 F=0.55 F=2383
df=9, 50 df=6,35 df =6, 35

"Means within a column by residual time followed by the same letter are not significantly
different (P > 0.05; least significant difference [SAS Institute 1988]).

perhaps due to its much smaller size. Mizell and Sconyers (1992) observed 77.6% mortality
to G. punctipes exposed to 127.4 ppm of imidacloprid, in contrast to our results where very low
mortality was found (Table 2). Their method was based upon dipping plastic petri dishes or diet
cups with lids into pesticide solutions; thus, the entire arena would have been coated with
insecticide, whereas in our tests, only leaves were exposed to insecticide.

Hippodamia convergens was generally less tolerant of the insecticides tested than G.
punctipes. Significantly less toxicity (<10%) was found with spinosad, oxamyl, chlorfenapyr,
and fipronil compared with other treatments. Cyfluthrin, azinplios-methyl, and malathion were
significantly more toxic than other treatments (Table 3). There was a decrease in toxicity of
endosulfan, profenofos, and malathion in 24 and 72 h residual tests. Schoonover and Larson
(1995) found that spinosad was 1000-fold less toxic to H. convergens than cypermethrin.

Table 2. Toxicity of Selected Insecticides to G. punctipes Adults in a Spray Chamber Bioassay.

% Mortality (72-h)*
Residual Time

Treatment Kg (AlY/ha 30 min 24 h 72 h
Cyfluthrin 0.056 0.0a — -
Profenofos 0.28 0.0a - -
Endosulfan 1.7 0.0a — —
Spinosad 0.099 0.0a — —
Oxamyl 0.28 0.0a -
Imidacloprid 0.052 6.7a -— -
Azinphos-methyl 028 10.0a - -
Malathion ULV 1.0 56.7b 73.3a 66.7a
Chlorfenapyr 0.39 66.7bc 83.3a 40.0a
Fipronil 0.056 86.7c 90.0a 66.7a

F=18.63 F=056 F=157
df=9, 50 df=2, 15 df=2, 15

*Means within a column by residual time followed by the same letter are not significantly
different (P > 0.05; least significant difference [SAS Institute 1988]).
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Table 3. Toxicity of Selected Insecticides to H. convergens Adults in a Spray Chamber
Bioassay.

% Mortality (72-h)*
Residual Time

Treatment Kg (AlYha 30 min 24 h 72 h
Spinosad 0.099 0.0a --- ---
Oxamyl 0.28 0.0a - -—-
Chlorfenapyr 0.39 33a -- ---
Fipronil 0.056 6.7a --- -
Endosulfan 1.7 46.7b 20.0a 20.8a
Imidacloprid 0.052 48.3b 43.3ab 56.7bc
Profenofos 0.28 60.0b 33.3ab 23.3a
Cyfluthrin 0.056 93.3¢c 86.7¢ 76.7bc
Azinphos-methyl 0.28 93.3c 86.7c 96.7¢c
Malathion ULV 1.0 93.3¢ 66.7bc 50.0b

F=20.89 F=6.30 F=1797
df=9, 50 df=35,30 df=35,30

*Means within a column by residual time followed by the same letter are not significantly
different (P > 0.05; least significant difference [SAS Institute 1988)).

Similar to our findings on the toxicity of fipronil, Kaakeh et al. (1996) found that fipronil was
least toxic to H. convergens of seven insecticides , including carbamate, pyrethroid, and
organophosphorus compounds applied topically. In addition, imidacloprid, which produced
48.3% mortality in our tests, was found to cause 78.3% mortality to H. convergens at 127.4
ppm by Mizell and Sconyers (1992) and was the most toxic insecticide tested on H. convergens
by Kaakeh et al. (1996). England et al. (1997), as in our results, found high mortality with
malathion; however our results disagree on oxamyl (Table 3), where they reported 100%
mortality. They reported no mortality with endosulfan [0.57 kg(Al)/ha); we found 46.7%
mortality [1.7 kg(Al)/ha]. Wiley et al. (1995) stated that chlorfenapyr has low to moderate
impact on beneficials. We found that chlorfenapyr was low in toxicity only to H. convergens.

Chrysoperla carnea was generally more susceptible to insecticide treatment than the
other species tested. Preliminary data indicated that extremely high mortality occurred if tests
were carried-out past 24 h of exposure. Therefore, data were taken at 24-h only; residual tests
were also not done. Spinosad and cyfluthrin were significantly less toxic than other treatments
to C. carnea. The remaining materials all produced mortalities greater than 60%. Fipronil and
chlorfenapyr, which were low in toxicity only to H. convergens, were highly toxic to C. carnea
(Table 4).

In summary (Table 5), azinphos-methyl was very high in toxicity to H. convergens and
C. carnea, but very low in toxicity to O. insidiosus and G. punctipes. Cyfluthrin was highly
toxic to H. convergens, intermediate in toxicity to C. carnea and O. insidiosus, and non-toxic
1o G. punctipes. Chlorfenapyr was highly toxic to C. carnea, non-toxic to H. convergens, and
intermediate in toxicity to O. insidiosus and G. punctipes. Endosulfan was highly toxic to C
carnea, non-toxic to G. punctipes, and intermediate in toxicity to O. insidiosus and H.
convergens. Fipronil was highly toxic to G. punctipes and C. carnea, intermediate in toxicity
to O. insidiosus, and low in toxicity to H. convergens. Imidacloprid was highly toxic to C.
carnea, intermediate in toxicity to H. convergens, and low in toxicity to O. insidiosus and G.
punctipes. Malathion was intermediate in toxicity to G. punctipes and highly toxic to the other
species tested. Oxamyl was non-toxic to G. punctipes and H. convergens and somewhat low
to intermediate to O. insidiosus and C. carnea, respectively. Profenofos was non-toxic to G.
punctipes and intermediate to high in toxicity to the remaining species. Spinosad was low in
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Table 4. Toxicity of Selected Insecticides to C. carnea Adults in a Spray Chamber Bioassay.

% Mortality (24-h)*

Treatment Kg (AlYha Residual Time (30-min)
Spinosad 0.099 23.3a
Cyfluthrin 0.056 36.7a
Oxamyl 0.28 66.7b
Profenofos 0.25 76.7b
Imidacloprid 0.052 83.3bc
Malathion ULV 1.0 86.7bc
Endosulfan 1.7 90.0bc
Chlorfenapyr 0.39 93.3¢
Azinphos-methyl 0.28 96.7¢c
Fipronil 0.056 100.0c

F=842
df=9, 50

"Means followed by the same letter are not significantly different (P > 0.05; least significant

difference [SAS Institute 1988]).

Table 5. Relative Toxicity of Selected Insecticides to Predators in Spray Chamber Bioassays.

Relative Toxicity

Predator Zero Low Intermediate High
O. insidiosus Azinphos- Oxamyl Profenofos
Imidacloprid Fipronil Malathion
Spinosad Endosulfan
Chlorfenapyr
Cyfluthrin
G. punctipes Spinosad Azinphos- Chlorfenapyr Fipronil
Clyfluthrin Imidacloprid Malathion Endosulfan
Profenofos
Oxamyl
H. convergens Spinosad Fipronil Imidacloprid Azinphos-
Oxamyl Endosulfan Cyfluthrin
Chlorfenapyr Profenofos
Malathion
C. carnea Spinosad Oxamyl Azinphos-
Cyfluthrin Imidacloprid
Fipronil
Endosulfan
Profenofos
Chlorfenapyr
Malathion

toxicity to O. insidiosus and C. carnea and non-toxic to G. punctipes and H. convergens.
There was considerable variability in response of the four species tested to the
insecticides selected. However, spinosad was consistently least toxic to the species tested. This
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is consistent with the study of Murray and Lloyd (1997) who reported that spinosad was not
distuptive to predator populations in Australian cotton and suggested that the product has an
important role in integrated management programs. Further, Hendrix et al. (1997) reported that
spinosad was softer on beneficials than chlorfenapyr, deltamethrin (Decis), lambda-cyhalothrin
(Karate), or acephate (Orthene), and Pietrantonio and Benedict (1997) rated spinosad as
harmless (causing <25% mortality) to Cotesia plutellae (Kurdjumov) in laboratory studies.

Cotton IPM is highly complex and relies on many factors, including the selectivity of
pesticides. Data on the selectivity of newer insecticides with novel modes of action are useful,
because these may replace conventional insecticides.

ACKNOWLEDGMENT

We thank Sergio Maldonado (Texas Agricultural Extension Service, Weslaco, TX) for
assistance in bioassays. Rod Summy (formerly USDA-Agricultural Research Service, Weslaco,
TX) provided cotton fields for collection of beneficial insects.

LITERATURE CITED

Abbott, W. S. 1925. A method of computing the effectiveness of an insecticide. J. Econ.
Entomol. 18: 265-267.

Croft, B. A. 1990. Arthropod Biological Control Agents and Pesticides. John Wiley & Sons,
New York, 723pp.

Butler, G. D., Jr., and A. S. Las. 1983. Predaceous insects: Effect of adding permethrin to the
sticker used in gossyplure applications. J. Econ. Entomol. 76: 1448-1451.

DeBach, P, and B. Bartlett. 1951. Effects of insecticides on biological control of insect pests
of citrus. J. Econ. Entomol. 41: 1188-1191.

Doutt, R. L. 1948. Effects of codling moth sprays on natural control of the baker mealybug.
J. Econ. Entomol. 41:372-383.

England, M, R. Minzenmayer, and C. Sansone. 1997. Impact of selected insecticides on boll
weevil and natural enemies, pp. 989-993. In Proceedings Beltwide Cotton Prod. Res.
Conf. National Cotton Council, Memphis, TN.

Flint, M. L., and van den Bosch. 1981. Introduction to Integrated Pest Management Plenum
Press New York, 240pp.

Hendrix, W. H., III, R. Huckaba, B. Nead, L. Peterson, D. Porteous, and G. Thompson 1997.
Tracer insect control-1996 EUP results, pp. 1086-1087. In Proceedings Beltw1de
Cotton Prod. Res. Conf. National Cotton Council, Memphis, TN.

Kaakeh, N., W. Kaakeh, and G. W. Bennett. 1996. Topical toxicity of imidacloprid, ﬂproml
and seven conventional insecticides to the adult convergent lady beetle (Coleoptera
Coccinellidae). J. Entomol. Sci. 31: 315-322.

Leggett, J. E. 1992. The influence of ULV malathion, applied for boll weevil control, on other
pest and beneficial species in Arizona cotton fields 1989-90. Southwest. Entomol. 17:
49-61. -

Lingren, P. D, and R. L. Ridgway. 1967. Toxicity of five insecticides to several insect

: predators. J. Econ. Entomol. 60: 1639-1641.
Michelbacher, A. E., C. Swanson, and W. W. Middlekauff. 1946. Increase in populations of
- Leucanium pruinosum on English walnuts following applications of DDT sprays. J.
* Econ. Entomol. 39: 812-813.

Mizell, R. F,,'and M. C. Sconyers. 1992. Toxicity of imidacloprid to selected arthropod
predators in the laboratory. Fla. Entomol. 75: 277-280.

Murray, D. A. H., and R. J. Lloyd. 1997. The effect of spinosad (Tracer) on arthropod pest

341



and beneficial populations in Australian cotton, pp. 1087-1091. In Proceedings Beltwide
Cotton Prod. Res. Conf. National Cotton Council, Memphis, TN.

Norman, J. W., Jr,, and A. N. Sparks, Jr. 1997. Suggested insecticides for management of
cotton insects in the Lower Rio Grande Valley. Tx. Agric. Ext. Serv. Bull. B-1210A.,

Pape, D.J,and L. A. Crowder. 1981. Toxicity of methyl parathion and toxaphene to several
insect predators in central Arizona. Southwest. Entomol. 6: 44-48.

Peterson, L. G, D. J. Porteous, R. M. Huckaba, B. A. Nead, R. L. Gantz, J. M. Richardson,
and G. D. Thompson. 1996. Beneficial insects - their role in cotton pest management
systems founded on naturalyte insect control, pp. 872-874. In Proceedings Beltwide
Cotton Prod. Res. Conf. National Cotton Council, Memphis, TN.

Pietrantonio, P. V_, and J. Benedict. 1997. Effect of new chemistry insecticides towards
beneficial insects of cotton, pp. 1339-1340. In Proceedings Beltwide Cotton Prod. Res.
Conf. National Cotton Council, Memphis, TN.

Pitts, D. L., and E. P. Pieters. 1982. Toxicity of chlordimeform and methomyl to predators
of Heliothis spp. on cotton. J. Econ. Entomol. 75: 353-355.

Rajakulendran, S. V., and F. W. Plapp, Jr. 1982. Comparative toxicities of five synthetic
pyrethroids to the tobacco budworm (Lepidoptera: Noctuidae), an ichneumonid parasite,
Campoletis sonorensis, and a predator, Chrysopa carnea. §. Econ. Entomol. 75: 769-
772.

Roach, S. H,, and A R. Hopkins. 1981. Reduction in arthropod predator populations in cotton
fields treated with insecticides for Heliothis spp. control. J. Econ. Entomol. 74: 454-
457.

SAS Institute. 1988. SAS/STAT user’s guide, version 6.03 ed. SAS Institute, Cary, NC.

Scott, W. P, J. W. Smith, and C. R. Parencia, Jr. 1983. Effect of boll weevil (Coleoptera:
Curculionidae) diapause control insecticide treatments on predaceous arthropod
populations in cotton fields. J. Econ. Entomol. 76: 87-90.

Scott, W. P, J. W. Smith, and G. L. Snodgrass. 1986. Impact of early season use of selected
insecticides on cotton arthropod populations and yield. J. Econ. Entomol. 79: 797-
804.

Schoonover, J. R, and L. L. Larson. 1995. Laboratory activity of spinosad on non-target
beneficial arthropods, 1994. Arthropod Management Tests 20: 357.

Sparks, A. N, Jr., J. W. Norman, J. R. Raulston, D. W. Spurgeon, and B. F. Tanner. 1997,
Effects of selected pesticides on populations of beneficial arthropods in lower RioGrande
Valley cotton, pp. 1313-1316. In Proceedings Beltwide Cotton Prod. Res.Conf.
National Cotton Council, Memphis, TN.

Sterling, W. L., K. M. El-Zik, and L. T. Wilson. 1989. Biological control of pest populations,
pp. 155-189. In R. E. Frisbie, K. M. El-Zik, and L. T. Wilson [eds.], Integrated Pest
Management Systems and Cotton Production. John Wiley & Sons, New York.

Tillman, P. G., and J. E. Mulrooney. 1997. Tolerance of natural enemies to selected
insecticides applied at ultra low volumes, pp. 1312-1313. In ProceedingsBeltwideCotton
Prod. Res. Conf. National Cotton Council, Memphis, TN.

Wiley, G. L, R. De Spain, K. Kalmowitz, T. Campbell, F. Wells, T. Hunt, and K. Treacy.
1995, Results of the 1994 Pirate insecticide-miticide EUP program on foliage feeding
insects on cotton, pp. 925-928. In Proceedings Beltwide Cotton Prod. Res. Conf.
National Cotton Council, Memphis, TN.

Yokoyama, V. Y., and J. Pritchard. 1984. Effect of pesticides on mortality, fecundity, and egg
viability of Geocoris pallens (Hemiptera: Lygaeidae). J. Econ. Entomol. 77: 876-879.

Yokoyama, V. Y., J. Pritchard, and R. V. Dowell. 1984. Laboratory toxicity of pesticides to
Geocoris pallens (Hemiptera: Lygaeidae), a predator in California cotton. J. Econ.
Entomol. 77: 10-15.

342





