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ABSTRACT

Podisus nigrispinus(Dallas) (Heteroptera: Pentatomidae) was exposed gammacyhalothrin to study the
stimulatory effect of low concentrations of thisrgifiroid. The doses studied were 23.4375, 11.7588594,
2.9297, 1.4648, 0.7324 mg.littend water, as control. The third, fourth, and fiftistars ofP. nigrispinuswere
shorter with all the doses of this insecticide. Bevival and longevity of this predator was highegh the lowest
doses. The oviposition period &f. nigrispinus decreased as the doses increased. The lowest grd-
postoviposition periods were found with 11.7188 limg! of gammacyhalothrin. The dose 0.7324 mg'litre
increased the clutch interval. The egg viabilityswgamilar between the treatments. The number of pgg clutch,
clutches per female, incubation period, and fentady weight were not affected. The hormesis respoosld be
used as a tool for IPM programs, allowing the maudping parameters of this predator in synergisnihwthis
insecticide.
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INTRODUCTION questionable, but adverse effects on biological
parameters by low doses of chemicals have been
The cotton leafworm, Alabama argillacea shown (Alford and Holmes, 1986; Perveen, 2000).
(Hibner) (Lepidoptera: Noctuidae) belongs to théositive or stimulatory effects of insecticides on
major lepidopteran cotton pest group in Brazilarthropods are attributed to the hormesis
(Ramalho, 1994; Silva et al., 1994)d chemical phenomenon (Toft and Jensen, 1998) which has
control is frequently used against this pest. been often overlooked. The hormetic response
The insecticides can be used on the cotton crop bexhibits relationships with low-dose stimulation
the deposited materials of spray programs, even and high-dose inhibition (Calabrese and Baldwin,
low doses can affect pests and natural enemie2002).
The effectiveness of sublethal doses and thefentatomid stink bugs of the genBsdisusare
consequences for the environment ardiocontrol agents for several crops (Ruberson et
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al., 1994). Podisus nigrispinusis an important concentrate suspension was supplied by Dow
regulator of the cotton leafworm in Brazil AgroSciences Industrial Ltda, Brazil.
(Medeiros et al., 2003) and continuous
applications of chemical insecticides against thiSublethal Effects on Immature Stages.Egg
pest can cause undesirable effects, especially atutches ofP. nigrispinuswith a total of 1000 eggs
non-target organisms (McCutcheon and DuRanysed in the bioassays were maintained in 10 Petri
1999). These chemicals can have xenobiotidishes (9.0 x 1.5 cm) with a moist cotton ball to
impacts which could also affect the behavior andteep moisture. First instar nymphs of this predator
physiology of natural enemies as a result of thavere kept in similar Petri dishes until the next
hormetic phenomenon. moult. Second instar nymphs &f. nigrispinus
The great mobility and susceptibility to low doseswere isolated in 100 ml plastic cups with a cover.
of insecticides make predators and parasitoidall the cups used had a circular hole in the cover
more susceptible to these chemicals than their prély which a 2.5 ml cylindrical plastic tube was
and host species (Boyd and Boethel, 1998)nserted. The opening of these tubes was plugged
Attempts have been done to identify, conserveyith cotton to supply water and to keep the
augment or manipulate populations of beneficiamoisture in the cups.
insects (Fitt, 2000). A few studies have beersix sublethal concentrations of the insecticide
carried out to assess the hormetic effects ogammacyhalothrin were used, based on results
natural enemies after pesticide use. This iffom previous toxicity bioassay. This insecticide
necessary because the understanding of theas diluted in distiled water to obtain the
hormesis phenomenon on natural enemies is dallowing doses: 23.4375, 11.7188, 5.8594,
important tool of Integrated Pest Managemenf.9297, 1.4648, and 0.7324 mg.litré&ach second
(IPM) in the cotton crop. Therefore, the effect ofinstar nymph ofP. nigrispinusreceived a topical
sublethal doses of the pyrethroidapplication of one microliter (1) of each
gammacyhalothrin was evaluated on nymphs ancbncentration of the insecticide on their thorassic
adults (males and females) Bf nigrispinus,a dorsum with a calibrated micro-syringe qul bf
predator of lepidopteran pests on cotton cropdistilled water in the control, immediately after
Gammacyhalothrin is a pyrethroid insecticidetheir moult in accordance with the treatment.
commonly used against cotton pests in Brazil.  The development period (monitored until adult
emergence) for each instar Bf nigrispinuswas
obtained and measured on a daily basis between

MATERIALS AND METHODS moulting. Survival was calculated as the inverse of
' the nymph mortality with each dose using the data
Insect rearing from second to fifth instar as a percentage. The

Podisus nigrispinusiymphs and their preMusca nymphs were observed daily and fad libitum
domestical. (Diptera: Muscidae) were obtainedwith M. domestica receiving water when
from mass rearing facilities of the “Unidade denecessary.

Controle Bioldgico (UCB)” at the “Embrapa

Algodao” in Campina Grande, in the state ofSublethal Effects on Body Weight, Longevity,
Paraiba, Brazil. All bioassays were conducted witlind Reproductive Parameters

the !nsects in growth chambers. _The rearingNeW|y-emerged females dP. nigrispinus were
conditions were at 26 $°C; photoperiod of L:D mated immediately after adult emergence in 250
12:12, and 60_+10% relative humidity. The m| plastic cups. Female body weight was
parental generation d?. nigrispinuswas fed on measured on an analytical balance Q4 mg),
Tenebrio molitorL. (Coleoptera: Tenebrionidae) model “Mettler H31AR”. These adults received

andM. domesticdarvae. water in the same way as the nymphs and a total of
_ 15 M. domesticdarvae were supplied daily per.
Chemicals nigrispinus pair. These pairs were placed in

Gammacyhalothrin is the active isomer ofgrowth chambers in which they were fed daily.
lambdacyhalothrin ((S)-a-cyano-3-phenoxybenzyirhe  following  factors were  observed:
(2)- (1R,3R)-3-(2-chloro-3,3,3-trifluoripropenyl)- preoviposition, oviposition and postoviposition
2,2-dimethylcyclo-propanecarboxylate) and itsperiods, clutch interval, number of cluthes per
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female, number of eggs per female, number dfMohaghegh et al., 2000).Olla v-nigrum
eggs per clutch and longevity of adult females(Mulsant) (Coleoptera: Coccinellidae) showed a
The egg clutches were collected daily and kept ifonger larva stage after 24 h exposed to the
Petri dishes with a cotton ball wedded in distilledesidues of Copper Sulphate and Petroleum Oil
water to obtain the incubation period and egdgMichaud and Grant, 2003).

viability. The clutches were kept in a growthHormesis is advantageous to individuals when
chamber at 26°C, 60 0% of relative humidity resources are initially and principally allocated t
and photoperiod of L:D 12:12. fix problems caused by immediate damage
The males which died before their respectivdCalabrese and Baldwin, 2002). However, an
females, were replaced immediately. The adulhdequate and constant food supply can provide
females that died before nine days were not usezhergy for all the physiological processes, even

in the statistical analysis. after exposure to a toxic agent in sublethal doses.
The age-specific survival showed that the survival
Data Analysis of P. nigrispinuscontinuously decreased with all

The data was submitted to ANOVA and thesublethal doses of gammacyhalothrin (Fig. 1).
average compared with the Student-NewmanSurvival curves of this predator decreased at a
Keul's test p= 0.05). The mortality ofP. faster rate when exposed to 23.4375 mglitran
nigrispinuswas evaluated by probit analysis (Sago 1.4648 mg.litré of the pyretroid with the
Institute Inc., 2004). The data of the number ohighest difference of survival of these two doses i
eggs per female was divided into five day oldhe age-class of 11-15 days.
groups to obtain the age-dependent fecundityhe survival ofP. nigrispinuswas directly related
model for this predator. Mean and standardo the dose of the gammacyhalothrin. The addition
deviations of the number of eggs per female pesf low levels of carbaryl stimulated the survivdl o
day were calculated for each age class. tadpoles of the bullfrodRana catesbeian&haw
(Anura: Ranidae) (Boone and Semlitsch, 2003).
The lowest survival oP. nigrispinuswas found in
RESULTS AND DISCUSSION 23.4375 to 11.7188 mg.litte  of
gammacyhalothrin (28.12 and 25.51%,
Sublethal Effects on Development and Survival respectively). The nymphs of this predator
of the Immature Stages exposed to intermediary doses (5.8594 and 2.9297
The sublethal doses of gammacyhalothrin reducenig.litre™) showed a higher survival rate than those
the duration of third (F= 3.6%= 0.05), fourth (F= Wwith the two highest doses; however, the highest
3.38,p= 0.05) and fifth instars (F= 6.7@= 0.05). survival rates (48.04 and 43.69 %, respectively)
The duration of the second instarRifnigrispinus and those most similar to the control were
(F= 1.91,p> 0.05) was similar in the doses ofobserved with 1.4648 and 0.7324 mag.litre
gammacyhalothrin and the control (Table 1). Thé50.94%) (Table 1). Yokoyama and Pritchard
doses of this pyretroid reduced the duration of th€l984) reported that the survival rates of the
fifth instar of P. nigrispinus compared to the western big eyed bugGeocoris pallens Stal
control; the treatment with the 23.4375 mg.litre (Heteroptera: Lygaeidae) were lower after
dose of gammacyhalothrin had the shorter duratiogxposure to the highest sublethal dose of an
in relation to this insect (4.78 days) (Table 1heT acaricide.P. maculiventrishad a high mortality
predatorSupputius cincticep&Stal) (Heteroptera: (males: 80% and females: 75%) with the sublethal
Pentatomidae) submitted to sublethal doses @fose of 8 mg.litet (LC10) of diafenthiuron in
permethrin had a shorter duration of third instadrinking water (De Cock et al., 1996).
for those which originated females (Zanuncio etnsecticide residue in cotton may result in higher
al., 2003). The duration of the third and fourthmortality in the hooded beetlotoxus monodon
instar of Podisus distinctug(Stal) (Heteroptera: Fabricius (Coleoptera: Anthicidae) than in the big
Pentatomidae) was shorter with certain subleth&lyed bugGeocoris punctipesSay (Heteroptera:
doses of permethrin (Jusselino Filho, 2002). Théygaeidae) (McCutcheon and Durant, 1999). The
spined soldier bugPodisus maculiventrigSay) apparent low survival rates of these insects in the
(Heteroptera: Pentatomidae) had a longer fourtifeated and untreated plots as well as the
and fifth instar when exposed to sublethal doses dfifferences in the level of susceptibility of syfeci
the insect growth regulator teflubenzuronpredators to chemical insecticides are important
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factors. The survival of three coccinelid speciesrate in nymphs and adults Bf nigrispinus A fast
was similar to the control after exposure to subpenetration rate through the nymph cuticle could
lethal doses of a copper sulfate fungiciddncrease the toxicity of the chemical even at
(Michaud and Grant, 2003) but the number oBSublethal doses. Although the cuticle of adults is
individuals of G. punctipeswas reduced in the thicker and more rigid than that of nymphs, a
field by the sublethal effects of the S-1812 (aeduced penetration rate through their cuticle in
dihalopropenytoxy benzene insecticide) (Tillmanadults may explain the differences in toxicity due
and Mulroney, 2000). to insecticides (Yu, 1998; Pereira et al., 2005 T
The higher mortality ofP. nigrispinus nymphs sensitivity of organisms to biological and chemical
with the highest doses of gammacyhalothrin couldtressors also differs from one species to another.
be explained by the different cuticular penetration

Table 1 - Development period (days) and survival (%) (nfeatandard error) dPodisus nigrispinugHeteroptera:
Pentatomidae) nymphs submitted to topical appbeatf sublethal doses of gammacyhalothrin d(C26elative
humidity of 60 +10%, and photoperiod of L:D 12:12.

(ng.(I)itSree 1) Instars (mean + standard error)t Survival® (%) Il:lltljlir\r;it()jiracl)sf
2nd 3rd 4th 5th
23.4375 3.85+021a 365+047b 356+0.26b.7840.14c 28.12c 96
11.7188 349+028a 3.34+0.35b 3.53+0.3041%0.11 bc 2551 c 98
5.8594 345+0.18a 346+0.34b 3.84+0.39181%0.12bc 32.98 b 94
2.9297 3.82+0.20a 3.32+x027b 3.80+0.45b69%0.16b 36.63 b 101
1.4648 3.81+0.20a 346%+0.44b 3.99+0.50%30+0.02 bc 48.04 a 102
0.7324 351+006a 3.70+x047b 4.04+0.55b21%0.27 bc 43.69 a 103
Control 345+0.15a 4.85+0.18a 5.66+0.22a.47&0.37a 50.94 a 106
F=  1.91p>005) 3.65(p=0.05) 3.39%0.05) 6.72=0.05) 12.72f=0.05) -

* Means followed by the same letter within eachucah are not different according to the Student-Newi{eul’s test§= 0.05).

—e— 23.4375 ppm a.i.
o) 11.7188 ppm a.i.
—-¥-- 5.8594 ppm a.i.

N\ —A—. 2.9297 ppm a.i.
N —-m— 1.4648 ppma.i.
B —-— 0.7324 ppm a.i.

control

Survivorship [y)

0 T T T
1-5 6-10 11-15

T T
16-20 21-25

26-30

31-35
Age class (d)

Figure 1 - Survival () of Podisus nigrispinugHeteroptera: Pentatomidae) adults treated as 2nd
instar nymphs with sublethal doses of gammacyhatoti®bservations of adultd=
96 at 23.4375 mg.litte N= 98 at 11.7188 mg.litte N= 94 at 5.8594 mg.lit/§ N=
101 at 2.9297 mg.litte N= 102 at 1.4648 mg.litte N= 103 at 0.7324 mg.litrte and
N= 106 at the control. Age class= five days. Suiv{lia is the survival rate from age
class 0 to the beginning of age x.
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Sublethal Effects on Body Weight, Longevity, and Price, 2002). Sublethal doses of permethrin
and Reproduction did not affect the longevity d®. distinctusadults
The sublethal doses of gammacyhalothrin did nafter topical exposition (Magalhdes et al., 2002).
affect the weight ofP. nigrispinusfemales (F= This suggested that the hormesis phenomenon
0.36; p> 0.05) which was found for this predatorcould occur even without an impact on other biotic
and also forP. maculiventrisafter exposure to characteristic.

chemical compounds (Smaghee and Degheele,

1995). Fecundity and Reproduction

P. nigrispinusfemales had greater longevity with The sublethal dose of 23.4375 mg.litreof
5.8594 mg.litré (25.13 days) and 0.7324 mg.litre gammacyhalothrin decreased the oviposition
1 (27.79 days) than with 11.7188 mg.litr€10.38 period (F= 6.66p= 0.05) ofP. nigrispinus except
days) of gammacyhalothrin and the control (23.6%n the lowest dose (0.7324 mg.lifde The shortest
days) (F= 3.26p= 0.05) and to the other dosespreoviposition (2.25 days) (F= 3.3fi= 0.05) and
(Fig. 2). Pest species could have less longevitgostoviposition (0.25 days) (F= 3.4p= 0.05)
after exposure to sublethal doses of insecticidgseriods of this predator occurred when its females
(Stewart and Philogene, 1983) biietranychus were exposed to 11.7188 mg.litreof this
urticae Koch (Acari: Tetranychidae) had greaterpyrethroid (Table 2).

longevity after ingestion of imidacloprid (James

Incubation period (days)

Egg viability (%)

1 2 3 4 5 6 7

Doses (ppm a.i.)

Figure 2 - Incubation period (days) and egg viability (%) Rodisus nigrispinugHeteroptera:
Pentatomidae) submitted to sublethal concentratiohsgammacyhalothrin (1=
23.4375 mg.litré, 2= 11.7188 mg.litré 3= 5.8594 mg.litré, 4= 2.9297 mg.litré, 5=
1.4648 mg.litrd, 6= 0.7324 mg.litrd), and only water (7= dose-control), at 26°C,
photoperiod of L:D 12:12 and relative humidity &f 6 10%. Student-Newman-Keul's
test: for each variable, columns followed by thmedetter are not differenp£ 0.05).
Error bars indicate the standard error.
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The highest doses of gammacyhalothrin reducedatural enemies depends on the sped®s.v-

the preoviposition, oviposition and postovipositionnigrum females laid fewer eggs when treated with
periods ofP. nigrispinus,which was also found copper sulphate in the larvae stage (Michaud and
for S. cincticepswith low dosages of permethrin Grant, 2003) and sublethal doses of azadiracthin
(5.74x10° and 5.74x18 ppb) (Zanuncio et al., reduced the number of fertile eggs Ghrysoperla
2003). However, the pre-reproductive period ofarnea(Neuroptera: Chrysopidadljhe number of
three coccinelid species were not affected by theggs of P. maculiventrisfemales per day was
exposure to copper sulfate fungicide (Michaud angimilar when they were exposed to sublethal doses
Grant, 2003). The oviposition period of the  of insecticides (De Clercq et al., 1995). However,
maculiventrisfemales was not affected by the sub-G. pallensfemales that survived glyphosate and
lethal doses of diflubenzuron and pyriproxyfenmethomyl treatments laid more viable eggs
(De Clercqg et al., 1995)found for other (Yokoyama and Pritchard, 1984) a@d punctipes
Pentatomidae predators (Zanuncio et al., 2003emales laid more viable eggs after exposure to
Magalhdes et al., 2002). Pesticides can haveentanzon and acifluorfen than those on untreated
favorable effects on the biotic potential ofplants (Farlow and Pitre, 1983). This increase on
arthropods (Ripper, 1958yen indirectly with low egg deposition bys. punctipesafter exposure to
doses (Calabrese and Baldwin, 2000). The effecteerbicides may represent hormesis (Luckey,
of insecticides on fecundity and reproduction 0fl968).

Table 2 - Reproductive parameters and longevity Rafdisus nigrispinugHeteroptera: Pentatomidae) females
submitted to topical application of sublethal dos&égammacyhalothrin at 28, relative humidity of 60%0%, and
photoperiod of L:D 12:12.

Dose Reproductive parameters (mean + standard errt Longevity Individual
(day)* (no)
Preoviposition  Oviposition Eggs/ Eggs/clutch Clutch/ Clutch Postoviposition

(mg.litre™) (day) (day) female (no) (no) female(no) interval (day) (day)
23.4375 4.29+0.77ab 4.33+0.82c  50.29+7.02h6.88+2.71 4.08+2.49¢c 2.25+0.60c 2.00+0.35ab 15.67+4.14ab 96
11.7188 2.25+0.85b 7.38+2.25bc  182.88+24.12a 1B6RBa  7.00+3.17abc  3.13%1.1lbc 0.25+0.25b 10.382.2 98
5.8594 3.38+0.77ab 15.09+1.12a 150.71+19.69a 12.89a 7.35+1.38abc  7.75+1.61lab 1.67+0.49ab 25.3382 94
2.9297 5.81+0.92a 9.69+1.92ac  56.50+4.17b 13.9@£3.0 4.83+0.92bc 5.25+1.15bc 1.63+0.26ab 18.00+2.22ab 101
1.4648 5.36+0.39ab  11.86+2.38ab26.2:+19.26a 14.57+ 1.27a 13.37+1.51a 4.33+1.48bc 2R 20.34+3.57ab 102
0.7324 5.06+0.78ab 16.56+1.34439.21+12.91 17.13+1.53a  7.750.66abc 9.94+1.302 4.00+1.40a 7922.80% 103
Control 6.30+0.90a 17.40+2.67462.6(+20.37a  6.942.38a  12.35+1.41ab  3.71+0.95bc 3.50+082a  23.6%&h8 106
F= 3.31(p=0.05) 6.66(p=0.05) 9.33=0.05) 0.526>0.05) 3.686=0.05) 5.11§=0.05) 3.41%=0.05) 12.72p=0.05) = ----

IMeans followed by the same letter within each caiare not different according to the Student-Newaidanl's test p=
0.05)

P. nigrispinus females showed shortest clutchFemales ofP. nigrispinushad lower egg viability
interval (2.25 days)(F= 5.11p= 0.05) with the after exposure to the sublethal doses of 23.4375
highest dose of 23.4375 mg.litravhile that of and 11.7188 mg.littt of gammacyhalotrin
0.7324 mg.litré of gammacyhalothrin increased compared to the control (Fig. 2). The doses of
the length of the clutch interval by more than &.9297, 1.4648 and 0.7324 mg.litreof this
factor of two (9.94 days) compared to the controinsecticide increased the egg viability of this
(3.71 days) (Table 2). However, the number opredator with highest value at 5.8594 mg.litre
eggs per clutch (F= 0.52r> 0.05), clutches per (41%) (F= 10.89;p= 0.05). The fall armyworm,
female (F= 0.52;p> 0.05) (Table 2), and the Spodoptera frugiperda (Smith) (Lepidoptera:
incubation period oP. nigrispinuseggs (F= 2.20; Noctuidae) showed higher egg viability with
p> 0.05) (Fig. 2) were not affected by the sublethainethomyl (Javid and All, 1984). Adults of the
doses of gammacyhalothrin. tobacco hornworm,M. sexta showed greater
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reproductive potential when treated with anconstants. For age class 1 (1-5 days as adult), the
organosphorous pesticide (Stewart and Philogenmodel was fitted to the data by a non-linear least
1983). This behavior was also evidenced for mitesquare technique (Sas Institute Inc., 2004),
(James and Price, 2002). On the other hand, teeighed by the number of females contributing to
energy used can be sufficient for all thethe means giving the curves in Figure 3. The
physiological processes of an insect even in thparameters: (+ SE) eB (+ SE), respectively, were
presence of a xenobiotic if the food supply isestimated to be for the dose 1 (23.4375 mgjtre
adequate. This is called hormesis which represengs= 25.9058+ 16.8295 and3= 0.3301+ 0.1460,

a strategy adopted by organisms for optimafose 2 (11.7188 mg.litfy: a= 37.2281+ 10.0815
allocation of energy (Calabrese and Baldwingndp= 0.3498+ 0.0553, dose 3 (5.8594 mg.litre
2002). _ 1) o= 21.8516+ 8.5692 anB= 0.2049+ 0.0634,
The effect of a contaminant may not be easilyj,co 4 (2.9297 mg.lit/d: o= 21.6907+ 8.9771
predicted due to changes in the food sources ary dB= 0.2665+ 0.0791, dose 5 (1.4648 mg.litre

predator-prey dynamics (Boone and Semlitsch,. T~ -
2003). The toxicity tests are difficult to compare ! a= 23.4637+ 7.7215 and= 0.2520+ 0.0581,

due to variations in the methods used and facto%Ose 6 (0.7324 mg littg: o= 17.3428+ 4.0726
such as high temperatures, sunlight, and rainfaindP= 0.1853+ 0.0285, and the control L of
that may reduce the effectiveness of an insecticidéiStillated water):a= 11.6798+ 3.4927 and3=
(Studebaker andd King' 2003) Chemical agent@lSSgi 0.0373. The model eXpIaIned that 68, 83,
and other agents including other toxic substanced%, 83, 87, 87, and 87% of the variatiorf)(Bf the
can induce the hormesis (Calabrese and Baldwifcundity of P. nigrispinus females submitted,
2000). For this reason, differences in the effefts respectively, to the doses of 23.4375, 11.7188,
sub- lethal doses of chemicals on arthropods ma38594, 2.9297, 1.4648, 0.7324, and 0.00 mgiitre

be related to unconsidered factors (Calabrese afgPntrol) of gammacyhalotrin was due to its age.

Baldwin, 2003). The estimated model, describing the specific
fecundity pattern ofP. nigrispinusfemales as a
The Age-Dependent Fecundity Model function of its age, varied with the dose of the

The relationship between age-specific fecunditynsecticide to which second instar nymphs were
and age was described by a model composed ofe¥posed.

linear function for the increase in fecundity atBesides being numerically similar to the control,
early ages combined with an exponential functio- Nigrispinus females laid more eggs with
for the subsequent decrease in egg laying at oldé#.7188 and 5.8594 mg.litteof gammacyhalotrin.
ages. This relationship was describedf@y= ax  Then, the capacity ¢*. nigrispinusto maintain its
exp ($x) (Fig. 3). In the modef(x) is the daily population growth under impact of a toxic agent
age-specific fecundity rate (eggs/female/day), x iEEPresents a positive characteristic of an efficien
the age in days (age class), andand B are naturalenemy.
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Figure 3 - Observed (dots) and estimated (solid line modaljies for the specific fecundity per
age ofPodisus nigrispinugHeteroptera: Pentatomidae) females submitteditbtethal
doses of gammacyhalothrin and on the control astifum of female adult age. Age
class representing females with one to five dayth@fdult stage (age class intervals =
five days).
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