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Abstract — The objective of this work was to study the toxicity of pymetrozine and thiamethoxam to
the cotton aphid parasitoid Aphelinus gossypii Timberlake and to the whitefly predator Delphastus
pusillus (LeConte). Cotton |eaves containing mummies of the parasitoid A. gossypii were collected and
treated with seven concentrations of both insecticides. Parasitoid emergence was not affected by
pymetrozine and ranged from 59.9% to 75.0%, but decreased with the increase of thiamethoxam
concentrations ranging from 30.2% to 69.6%. Cotton leaves infested by whitefly and treated with
recommended rates of both insecticides were collected three hours, three days and six days after
spraying and colonized with larvae and adults of D. pusillus. Predators released on thiamethoxam-
treated |eaves experienced mortality from 70% to 100%, while those released on pymetrozine-treated
leaves showed mortality from 0% to 20%. Topical toxicity from both insecticides was studied on
larvae, pupae and adults of D. pusillus. The survival of predator after six days of exposure to 400, 600
and 800 mg/L of pymetrozinea.i. was higher than 69.6%, and to 25, 100 and 200 mg/L of thiamethoxam
ai.waslower than 8.7%. Thetoxicity datafor A. gossypii and D. pusillus characterize the pymetrozine
as harmless for both species, and thiamethoxam of low to moderate toxicity for A. gossypii treated
mummies, and high toxicity for D. pusillus.

Index terms: Gossypium, infestation, parasitoids, insecticide selectivity.

Toxicidade de pimetrozine e tiametoxam a Aphelinus gossypii e Delphastus pusillus

Resumo — O objetivo deste trabalho foi estudar atoxicidade de pimetrozine e tiametoxam ao parasitéide
do pulgéo-do-algodoeiro Aphelinus gossypii Timberlake e ao predador da mosca-branca Del phastus
pusillus (LeConte). Folhas de algodoeiro contendo mimias do parasitoide A. gossypii foram coletadas
e tratadas com sete concentragdes de ambos inseticidas. A emergéncia do parasitéide ndo foi afetada
pelo pimetrozine e variou de 59,9% a 75%, enquanto as mUmias tratadas com tiametoxam produziram
emergénciade A. gossypii variando de 30,2% a 69,6%. Plantasinfestadas por mosca-branca e tratadas
com trés concentragdes recomendadas de ambos inseticidas foram coletadas trés horas, trés dias e seis
dias apos tratamento e colonizadas com larvas e adultos de D. pusillus. Os predadores liberados em
folhastratadas com tiametoxam apresentaram mortali dades de 70% a 100%, enquanto aquel esliberados
em folhas tratadas com pimetrozine apresentaram mortalidade de 0% a 20%. Seis dias apds tratamento
tépico de larvas, pupas e adultos de D. pusillus com pimetrozine (i.a.) a 400, 600 e 800 mg/L, a
populagdo viva era acimade 69,6%, enquanto os tratados com tiametoxam (i.a.) a25, 100 e 200 mg/L,
apresentaram sobrevivénciaabaixo de 8,7%. O pimetrozinefoi indcuo paraA. gossypii eD. pusillus, e
o tiametoxam mostrou toxicidade de baixaamoderadaparamimiasde A. gossypii efoi altamentetdxico
aD. pusillus.

Termos paraindexagdo: Gossypium, infestacdo, parasitdide, seletividade deinseticidas.
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these species were recognized as cotton pests for a
long time, just recently their status changed from
occasional to frequent outbreak pests, probably due
to changes on cotton production systems such as
improved varietieswith emphasisonyield, N fertili-
zation, resistance to insecticides, among others
(Ernst, 1996; Elbert & Nauen, 2000; Godfrey et al.,
2000; Jauset et al., 2000). These species cause indi-
rect and direct injuries by virus transmission and,
depending on the duration of the infestation and
insect population levels, cotton yield can be seri-
ously endangered (Slosser et a., 2001). In addition,
both species secrete honeydew on leaves and on
openlint. Thisfavorsthe devel opment of black sooty
mould fungi, which affects plant physiology and re-
sult in sticky lint with severe problems during the
spinning process at textilemills.

Chemical control has been intensively used
against tobacco whitefly and cotton aphid, which
may disrupt the natural control provided by parasi-
toids and predators of these and other pests present
in cotton ecosystems. Preventing insect vectors of
plant diseases is usually a more effective strategy
than remedial treatmentsadopted by field and green-
house growers (Mason et a., 2000) and the use of
preventive insecticides in cotton has been ques-
tioned in relation to the effects on natural enemies
(Turnipseed & Sullivan, 1999; Hagerty et al., 2000).
Thus, away to prevent insect damage isjudiciously
using insecticidesin an integrated pest management
program, preferring compoundswith minimum effects
on natural enemies.

Pymetrozine, a pyridine azomethine compound,
isanovel insecticide with selective activity against
homopteran insects like the cotton aphid and the
tobacco whitefly in cotton (Nicholson et al., 1995;
Lawson et a., 1999). Pymetrozine acts in a unique
way interfering in the nervous regulation of feeding
behavior, which consequently results in death due
to starvation after afew days(Nicholson et al., 1995).
Besides the efficacy, pymetrozine has shown selec-
tivity in favor of the parasitoids Aphelinus
abdominalis Dalman and Encarsia formosa Gahan
in greenhouse treatments for controlling aphids and
whiteflies (Sechser et a., 1994). Thiamethoxamisa
second-generation neonicotinoid compound with
stomach and contact activity. It belongs to the sub-
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classthianicotinyl of the neonicotinoid insecticides,
which interferes with the nicotinic acetylcholine re-
ceptors in the insect nervous system (Maiensfisch
et a., 2001). After foliar, soil application or as seed
treatment, it has systemic and long residual activity
in severa plants for abroad range of commercially
important sucking pests and some coleopteran and
lepidopteran pests as well. Due to its broad spec-
trum for insect control and variety of formulations
(Actara25 WG, 1 GR, 240 SC; and Cruiser 350 FS,
70 WS), thiamethoxam recommendationswill be soon
extended to many pests and crops where whiteflies
and aphids occur as pest. On the other side, the
aphelinid parasitoid Aphelinus gossypii Timberlake
(Hymenoptera: Aphelinidae) and the coccinellid
predator Delphastus pusillus (LeConte) (Coleoptera:
Coccinellidae) areimportant natural enemies of cot-
ton aphid and whiteflies, respectively, which have
been receiving attention not only in cotton but also
in other ecosystems as regulatory agents of pest
species (Hoelmer et al., 1993; Heinz et al., 1994;
Tokumaru & Takata, 1996; Fernandes et al., 2000;
Godfrey et a., 2000).

The objective of thiswork wasto study the toxic-
ity of pymetrozine and thiamethoxam to the cotton
aphid parasitoid Aphelinus gossypii Timberlakeand
on the whitefly predator Delphastus pusillus
(LeConte).

Material and M ethods

Thiswork wascarried out at the L aboratério de Controle
Bioldgico of the Universidade Federal Rural de Pernambuco
(UFRPE), Recife, PE, Brazil. Theinsecticides pymetrozine
(Chess 25 WP) and thiamethoxam (Actara 250 WP) were
provided by Syngenta of Brazil (S&o Paulo, Brazil). The
effects of theinsecticides pymetrozine and thiamethoxam
on cotton aphid parasitoid Aphelinus gossypii mummies
wereinvestigated using seven concentrationsfrom thelow-
est to the highest recommended concentrations for differ-
ent crops and pests (pymetrozine (a.i.): 0, 75, 150, 250,
350, 450, 550 and 650 mg/L; thiamethoxam (a.i.): 0, 3.9,
7.8,15.6, 31.25, 62.5, 125, and 250 mg/L ).

The parasitoid A. gossypii tested was reared on cotton
aphid Aphisgossypii Glover (Homoptera: Aphididag) colo-
nies on cotton plants CNPA Precoce 1, and the predatory
coccinellid Delphastus pusillus was maintained on kale
plants (Brassica oleraceae L. cultivar Manteiga) infested
by the whitefly Bemisia tabaci. Both colonieswere main-
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tained on plants cultivated in jars and open-sided green-
house, under natural conditions, and without previous
contact with insecticides.

The treatments consisted of cotton leaves containing
aphidsand at least 30 mummies parasitized by A. gossypii.
For each treatment (two insecticides and seven concentra-
tions each) three cotton leaves (replications) were col-
lected and treated using a DeVilbs sprayer calibrated at
1 mL/leaf for each insecticide and concentration. Black
mummieswithout parasitoid emergence (dorsal holes) were
dislodged from leaves under light microscope, three hours
after treatment using a camel hairbrush. They were indi-
vidualized (i.e., early parasitism) as well as mummies
formed up to day 4 after treatment (i.e., late parasitism).
The mummies were maintained inside vials (6 cm x
&1.5 cm) at controlled conditions (27+2°C, 60-75% RH).
Parasitoid emergence and emergence date were daily re-
corded. Longevity of adults emerged from early parasit-
ism deprived of food and host was studied. Ten to fifteen
adults from the second day of emergence per insecticide
concentration and treatment control were placed into other
vias at the rate of five parasitoids per vial, and recorded
the mortality daily.

Topical and residual effects of the insecticides
pymetrozine (a.i.) at concentrations0, 400, 600 and 800 mg/L,
and thiamethoxam (a.i.) at concentrations 0, 25, 100 and
200 mg/L, on the whitefly predator D. pusillus larvae,
pupae and adults were studied. Topical exposure treat-
ments consisted of cotton leaves infested by nymphs and
pupae of tobacco whitefly, and ten larvae (4th/5th instars),
ten pupae and 20 adults of the predator per replicate and
insecticide concentration caged in plastic cages. Treated
and untreated cotton leaves and predators were confined
inaplastic cylindrical cage (15 cm diameter, and 20 cm
height) containing four holes closed with organdie fabric
for ventilation, and cultured in controlled conditions of
27+2°C and 65+10% RH. A total of eight treatments (two
insecticidesand four concentrations each insecticide) were
composed with three replications (cages) each. Cotton
leaves containing pest and predator were sprayed using a
DeVilbs sprayer calibrated at 1 mL/leaf for each insecti-
cide and concentration. The number of live adults was
scored and removed four, five, and six days after spraying
and the percentage of survival were averaged after six days.
Residual effects were studied confining 20 larvae and
20 adults of the predator on treated cotton leaves 3 hours
(day 0), 3 and 6 days post-spraying. Cotton leaves were
collected from treated plants grown under open-sided
greenhouse conditions at each interval after spraying. The
leaves were placed with the petiole through a hole in the
plastic lids of vias containing water. Due to mortality of
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prey, at the intervals of three and six days after spraying,
a 4 cm? of untreated kale leaves containing whitefly
nymphs and pupae (more than 30 nymphs and pupae/
cm?) were placed over thetreated cotton leavesto provide
food to the predators. Mortalities were scored after
24 hours. Mortalities from topical treatment were cor-
rected by natural mortality of control treatments Abbott
(21925). Parasitoid emergence, devel opmental timeand adult
longevity were subjected to regression anaysis with in-
secticide concentrations asindependent variable. All analy-
ses were performed using the proc GLM of the statistical
package SigmaStat 2.03 (Statistical ..., 1997). The mortal-
ity of D. pussilus treated topically with both insecticides
was used to classify the insecticides toxicity according to
categories developed by the |IOBC Working Group “Pes-
ticides and Beneficia Organisms’ as harmless (mortal-
ity <30%), slightly harmful (mortality: 30%-80%), mod-
erately harmful (mortality: 80%-99%) and harmful (mor-
tality >99%) (Hassan, 1992).

Results and Discussion

The insecticides thiamethoxam and pymetrozine
differ in their effects on A. gossypii emergence ac-
cording to the concentration tested, but not on para-
sitoid developmental times and longevity.
Thiamethoxam significantly reduced A. gossypii
emergence ranging from 30.2% to 69.6% by increas-
ing concentrations, while pymetrozine showed simi-
lar emergenceat al studied concentrations (Figure 1).
However, parasitoid emergencefrom late parasitism
(i.e., mummiesformed up to four daysafter spraying)
was not affected by both insecticide treatments
(pymetrozine, 64.6+2.46%; df =1, 16, F =1.94,
p = 0.167; and thiamethoxam, 66.9+2.42%; df = 1, 18,
F=2.17,p = 0.109). Thus, no direct effectswere ob-
served on emergence of parasitoidstreated at stages
prior to pupa formation. However, indirect effects
may be expected when host mortality takes place
before the parasitoid larva develops. The develop-
ment of A. gossypii from egg to emergence is about
15 daysat 27°C, and devel opment of mummieswas
observed from 7 to 11 days after oviposition
(Tokumaru & Takata, 1996). Thisfact suggests that
parasitoid time to emerge from pupa stages (less
than 4.5 days, Figure 1) was not affected by any of
the insecticides, nor was the emergence from mum-
miesformed up to day 4 after treatment.
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The cotton aphid parasitoid A. gossypii was able
to develop and emerge under these insecticide treat-
ments. After four days post-treatment, no more
mummy formation and live aphids were observed.
Indeed, one day post-treatment with thiamethoxam
all aphidswere dead and found at the bottom of the
cages. Aphids stayed alive for two or three days
under pymetrozinetreatments. Thiamethoxam treat-
ment is expected to have quick action while
pimetrozine curtails feeding activities during this
period (Nicholson et a., 1995; Maiensfisch et al.,
1999). However, thisdistinct action did not have ap-
parent effects on parasitoid emergence treated prior
to themummy stages, although the numbers of mum-
mies harvested under pymetrozine treatment
(n = 169 mummies) were almost twicethose harvested
under thiamethoxam treatments (n = 91 mummies).
The results achieved with pymetrozine agree with
those reported by Sechser et al. (1994) for
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A. abdominalis and E. formosa, as well as with
neonicotinoids on aphid parasitoidsat mummy stages
in protected crops (Ogata, 1999). On the other side,
Bradley et a. (1997) reported 81% mortality for
Aphelinus mali (Hald) adults exposed to dry resi-
dues of the neonicotinoid imidacloprid. These re-
sults suggest that effects of insecticide treatments
on parasitoid mummies are minimized compared to
topical contact. Therefore, topical and residual ef-
fectsof pymetrozine and thiamethoxam on adult para-
sitoids should be studied.

Thelongevity of adults emerged from treated and
untreated mummies did not differ (thiamethoxam,
df =1, 29, F=0.19, p=0.666, n = 155 adults; and
pymetrozine, df =1, 34, F=1.73, p = 0.196,
n = 181 adults) and ranged from 1 to 2.8 daysfor both
insecticides at studied conditions. The conditions
of food and host deprivation induced short parasi-
toid longevity. Tokumaru & Takata (1996) found that
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Figure 1. Emergence and time spent from insecticide application to emergence (days) of Aphelinus gossypii
(Hymenoptera: Aphelinidag) from Aphisgossypii (Homoptera: Aphididae) mummiestreated with different thiamethoxam
and pymetrozine concentrations. Recife, PE, 2000. Bars in each point represents mean+standard error.
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A. gossypii livesfrom 5to 13 dayshaving hostsavail-
able and resulted in one host killed by feeding for
5.3 eggs deposited.

The coccinellid predator D. pusillusisaspecial-
ist on whitefly species with potential for biological
control programs (Hoelmer et al., 1993; Heinz et &l
1994). However, D. pusilluslarvae havelow mobility
on the plant and concentrate on whitefly colonies.
Therefore, they may be greatly affected by insecti-
cide applications. The percentages of adultsyielded
from topical treatment after six days when no more
larvae and pupal stages were observed inside cages
from leaves infested with ten larvae, ten pupae and
20 adults of the predator and sprayed with
pymetrozineat 0, 400, 600 and 800 mg/L were 100%,
77%, 100% and 69.6% (Figure 2); theinsecticidetox-
icity fitted within the categories of harmless to
slightly harmful according to the IOBC methods
(Hassan, 1992). On the other side, predators topi-
cally treated with thiamethoxam at 0, 25, 100 and
200 mg/L produced 97.4%, 2.7%, 8.7% and 8.3% of
live adults after six days from treatment and the in-
secticide toxicity was included in the categories of
moderately harmful to harmful (Figure 2).

The insecticide pymetrozine through residual
treatment showed lower (less than 20%) or no mor-
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tality at 0, 3 and 6 daysafter larvae and adults expo-
surefitting to the categories of harmlessinsecticide
to D. pusillus. The thiamethoxam showed mortality
rate within 30% to 80% and over 80% for larvae and
adults fitting to the moderately harmful to harmful
insecticide to D. pusillus (Figure 3). These results
resemblethose by Torreset al. (2002) when eval uat-
ing the interaction of insecticides and the predatory
stinkbug Podisus nigrispinus (Dallas) in cotton, in
which pymetrozine caused no effect on the predator
survival and predation rate, while the thiamethoxam
caused 100% mortality of the caged predators on
treated plants up to 72 hours after exposure.

Recently, attention has been addressed to mul-
tiple control methods emphasizing natural control
more than ever before. Preventing or reducing pest
outbreaks by promoting natural control, reducing
spray frequency and, hence, increasing insecticide
lifetimeisagenera consensus. Thus, chemical com-
paniesin developing and marketing their insecticides
have considered toxicity on natural enemies as an
important variable. Thisstrategy appearscrediblein
general, but regarding a multispecies pest ecosys-
tem such as cotton, the natural enemy conservation
isachallenge.

7\ 7N\ 7\

600 800 0
Pymetrozine concentration (mg/L)

Figure 2. Adults (number) of Delphastus pusillus (Coleoptera: Coccinellidae) yielded from larvae, pupae and adults
untreated and topical treated four (), five @A), and six () days post-treatment with three concentrations of
thiamethoxam and pymetrozine and mean (i) survival at day 6. Recife, PE, 2000. Bars in each column represents

meantstandard error.
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Figure 3. Residual toxicity of thiamethoxam and pymetrozine to larvae ((_]) and adults (Ji) of Delphastus pusillus
(Coleoptera: Coccinellidae) confined on cotton |eaves treated with different insecticide concentrations at spraying time
(day 0), 3 and 6 days after application. Dotted lines indicate 30%, 80% and 99% mortality. Recife, PE, 2000. Barsin
each column represents meantstandard error.

Based ontoxicity ratefor mummiesof A. gossypii
(Figure 1) and D. pusillus (Figures 2 and 3), thein-
secticide pymetrozine proved to be harmlessfor both,
while thiamethoxam showed low to moderate toxic-
ity for A. gossypii treated mummiesand it washighly
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toxic for D. pusillus at al tested concentrations and
time after application, which should be considered
when preserving these natural enemies in cotton
ecosystem. Theavailability of thiamethoxam formu-
lations to use through seed treatment and drench,
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which prevents exposure of parasitoids and chew-
ing predatorsinside plantsfrom insecticides, should
be considered.

Conclusions

1. The insecticide pymetrozine does not affect
Aphelinus gossypii nor the whitefly predator
Delphastus pusillus.

2. The insecticide thiamethoxam shows low to
moderate toxicity to Aphelinus gossypii based on
its decrease emergence by increasing insecticides
concentrations; in contrast, thiamethoxam is highly
toxic for larvae, pupae and adults of whitefly preda-
tor Delphastus pusillus.
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