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Biology of Telenomus pachycoris (Hymenoptera:
Scelionidae), a parasitoid of eggs of Pachycoris torridus
(Hemiptera: Scutelleridae): the effects of egg age,
exposure time, and temperature

Raul da Cunha Borges Filho', Dori E. Nava>*, Dirceu Pratissoli®, Ricardo A. Polanczyk?,

Ricardo B. Marangon®, and Marta Loiacono®

Abstract

Telenomus pachycoris (Johnson) (Hymenoptera: Scelionidae) is a parasitoid of eggs of Pachycoris torridus (Scopoli) (Hemiptera: Scutelleridae), a main
pest of physic nut (Jatropha curcas L.; Euphorbiaceae). The objective of this work was to know the biology of T. pachycoris in P. torridus eggs under
various conditions in order to develop a rearing technique for this parasitoid in the laboratory. We offered eggs of P. torridus to T. pachycoris during
4 exposition periods (6, 12, 18, and 24 h), as well as eggs of different ages (1 to 11 d), to evaluate, in both experiments, the number of parasitized
eggs, duration of the egg-to-adult period, percentage of emergence, and sex ratio. We also evaluated the effect of constant temperatures (18, 20,
22, 25, 28, and 30 °C) and determined the duration of the egg-to-adult period, percentage of emergence, and sex ratio and estimated the thermal
requirements and the number of generations per yr of T. pachycoris at each temperature. Parasitism of eggs was the highest at 12 h of exposure. Eggs
up to 3 d old were the most parasitized, and the parasitism was zero on day 11. The duration of the egg-to-adult period was inversely proportional
to temperature, ranging from 33.6 d at 18 °C to 9.8 d at 30 °C. The threshold temperature estimated for T. pachycoris was 12.9 °C, and the estimated
thermal constant was 163.9 degree-days. The number of generations of T. pachycoris ranged from 11.3 to 38.1 per yr at 18 and 30 °C, respectively.
The results may contribute to developing techniques for rearing T. pachycoris in the laboratory.

Key Words: biological control; parasitism; physic nut; rearing technique; temperature requirement

Resumo

Telenomus pachycoris (Johnson) (Hymenoptera: Scelionidae) é um parasitoide de ovos de Pachycoris torridus (Scopoli) (Hemiptera: Scutelleridae), principal
praga do pinhdo-manso (Jatropha curcas L.; Euphorbiaceae). O objetivo do trabalho foi conhecer a biologia de T. pachycoris em ovos de P. torridus sob di-
ferentes condigBes, visando subsidiar uma técnica de criagdo em laboratério. Foram oferecidos ovos de P. torridus a T. pachycoris durante quatro periodos
de exposicdo (6, 12, 18 e 24 h), bem como de diferentes idades (1 a 11 dias), avaliando em ambos os experimentos o nimero de ovos parasitados, duragdo
do periodo ovo-adulto, porcentagem de emergéncia e razdo sexual. Também foi avaliado o efeito das temperaturas constantes (18, 20, 22, 25,28 e 30 °C) e
determinados a duragdo do periodo ovo-adulto, porcentagem de emergéncia, razdo sexual e estimado as exigéncias térmicas e o nimero de geragdes por
ano de T. pachycoris em cada temperatura. O parasitismo de ovos foi superior em 12 h de exposigdo. Ovos de 3 dias foram mais parasitados e o parasitismo
foi nulo no 112 dia. A duragdo do periodo ovo-adulto foi inversamente proporcional a temperatura, variando de 33,6 d em 18 °Ca 9,8 d em 30 °C. A tempe-
ratura base estimada de T. pachycoris foi 12,9 °C e a constante térmica foi 163,9 graus-dia. O nimero de geragdes variou de 11,3 a 38,1 por ano a 18 e 30 °C,
respectivamente. Os resultados podem contribuir para o desenvolvimento de técnicas de criagdo de T. pachycoris em laboratério.

Palavras Chave: controle bioldgico; parasitismo; pinhdo-manso; técnicas de criagdo; exigéncias térmicas

Pachycoris torridus (Scopoli) (Hemiptera: Scutelleridae), known in
Brazil as “percevejo-do-pinhdo-manso” (stink bug of jatropha) (Silva
et al. 1968), is one of the main pests of physic nut (Jatropha curcas
L.; Euphorbiaceae). This insect has received different names due to its
diverse color polymorphism (Souza et al. 2012). The nymphs and adults
suck the sap of all the soft tissues of the aerial part but mainly feed

on fruits, which become seared and will have unviable seeds, result-
ing in damage to the culture (Carvalho et al. 2009). During feeding,
P. torridus injects toxins and causes minor injuries to the plant, which
becomes vulnerable to phytopathogen entry. These damages hinder
plant growth and affect the production of fruit and oil (Borges Filho
etal. 2013).
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The control of P. torridus is hampered by the lack of management
strategies for this pest. Currently, there are no pesticides registered
for its control in Brazil. In addition, planted areas with physic nut have
been increasing in recent years with incentives of the Brazilian govern-
ment for bioenergy production (AGROFIT 2014). Thus, natural biologi-
cal control and applied biological control have become alternative pro-
cedures for the management of P. torridus. Natural biological control is
the most viable option because of the large number of natural enemies
of eggs, nymphs, and adults of P. torridus (Costa Lima 1940; Gabriel et
al. 1988), including micro-hymenopterans such as Hexacladia smithii
Ashmead (Hymenoptera: Encyrtidae), Trichopodopsis pennipes (F.)
(Diptera: Gymnosomatidae), Telenomus podisi Ashmead (Hymenop-
tera: Scelionidae), and Telenomus pachycoris (Johnson) (syn.: Pseu-
dotelenomus pachycoris [Costa Lima]) (Hymenoptera: Scelionidae),
which are the main parasitoids of P. torridus (Costa Lima 1930, 1940).
Telenomus pachycoris has a wide distribution, occurring in all regions
of Brazil (Costa Lima 1940; Gabriel et al. 1988; Oliveira & Silva 2011).

The females of P. torridus cover their eggs with their own body to
protect them from attack by natural enemies. Thus, the efficiency of
T. pachycoris in the field is close to 30% because only the eggs laid in
the outer part of the egg mass can be parasitized (Gabriel et al. 1988).
However, the preservation of these parasitoids in crops becomes im-
portant because in places of occurrence of T. pachycoris virtually all egg
masses suffer parasitism (Costa Lima 1928), contributing to reduction
of the pest population. In addition, the multiplication of T. pachycoris in
the laboratory and in sites without or with low presence of parasitoids
may also be a strategy to assist in the management of P. torridus.

The study of the biology of control agents and pests is one of the
first steps to establish a biological control program (Parra 2000). Much
information about the biology of P. torridus is available (Borges Filho et
al. 2013); however, little is known about the biology of T. pachycoris.
Thus, this study assessed the biology of T. pachycoris in eggs of P. torri-
dus at different egg ages and rearing temperatures to define exposure
time to the parasitoids and to know the effect of temperature on the
development during the pre-imaginal period of T. pachycoris, in order
to establish a technique of rearing in the laboratory.

Materials and Methods

SAMPLE COLLECTION AND REARING OF P. TORRIDUS AND T.
PACHYCORIS

Pachycoris torridus eggs, nymphs, and adults were collected during
periodic visits to experimental physic nut plantations at the Agricultur-
al Research Center of Temperate Climate (CPACT), Embrapa Temperate
Climate, Rio Grande do Sul, Brazil (31.6811°S, 52.4406°W; 58 m asl),
and stored in glass tubes (2.5 x 8.5 cm). The insects were transferred
to plastic boxes (10 x 15 x 10 cm) and transported to the Laboratory of
Entomology at the same institution.

In the laboratory under controlled conditions of temperature (25
+ 2 °C), relative humidity (RH) (70 + 10%), and photoperiod (12:12 h
L:D), the P. torridus eggs, nymphs, and adults were placed in cages with
wooden frames (27 x 27 x 35 cm) and sides lined with nylon mesh.
For rearing, the insects were separated into cages according to imma-
ture and adult stages. Physic nut and Brazilian peppertree (Schinus ter-
ebinthifolius Raddi; Anacardiaceae) branches, leaves, and fruits were
placed inside the cages to feed the insects. The branches and leaves
were placed in plastic pots (250 mL) containing water to keep them
moistened, and the fruits were available in Petri dishes (8.5 x 1.5 cm).
Both foods were replaced every 4 d. A Petri dish (8.5 x 1.5 cm) with
hydrophilic cotton soaked with water was also provided. In cages with
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adults, branches and leaves also served as substrate for oviposition,
and the eggs were collected daily.

After hatching, P. torridus nymphs were kept in separate cages
exclusive for insects obtained from laboratory rearing. The P. torridus
eggs collected in the field were put in Gerbox™ cages and placed in a
temperature-controlled chamber to obtain P. torridus nymphs or para-
sitoids. After hatching, the P. torridus nymphs were placed in cages for
nymphal development as described above, and, after emergence, T.
pachycoris adults were placed in Petri dishes (8.5 x 1.5 cm) in cham-
bers with the temperature adjusted to 25+ 1 °Cat 70 + 10% RH and a
photoperiod of 12:12 h L:D.

The parasitoids were fed with small honey drops offered on a plate
lid. For reproduction, 30 P. torridus eggs up to 24 h old were offered for
every 5 T. pachycoris females based on previous observations. After 24
h, the P. torridus eggs were removed and transferred to air-conditioned
chambers to obtain the adults. Parasitoids that emerged from the eggs
collected in the field were preserved in 70% alcohol and identified
by Dr. Marta Loidcono from the Division Entomologia, Museo De La
Plata, Argentina. Voucher specimens were deposited in the entomo-
logical collection of Bertels of Embrapa Temperate Climate, Pelotas,
Rio Grande do Sul, Brazil.

EXPOSURE TIME OF P. TORRIDUS EGGS TO T. PACHYCORIS

Pachycoris torridus eggs were fixed on blue cardboard strips (2.2
x 4.0 cm) with gum arabic diluted in water to 20% and placed in glass
tubes (8.5 x 2.4 cm). Twenty-five eggs up to 24 h old were offered to T.
pachycoris females up to 48 h old for different periods of exposure (6,
12, 18, and 24 h). The glass tubes were sealed with plastic film to pre-
vent the parasitoids from escaping, and after 24 h, the females were
removed from the tubes, and the tubes were kept at a temperature of
25+ 1°C, 70 £ 10% RH, and a photoperiod of 12:12 h L:D.

Daily observations were carried out to determine the number of
parasitized eggs, duration of the egg-to-adult period of T. pachycoris,
emergence rate, and sex ratio (SR) determined by the formula: SR =
number of females/(number of females + number of males). The ex-
perimental design was completely randomized with 4 treatments (dif-
ferent exposure times) and 6 replicates (25 eggs each) in order to in-
vestigate the influence of exposure time on the parasitism capacity.

INFLUENCE OF HOST AGE ON PARASITISM BY T. PACHYCORIS

Telenomus pachycoris females up to 48 h old were placed individu-
ally in glass tubes (8.5 x 2.4 cm) with 25 P. torridus eggs at ages 1, 2,
3,4,5,6,7,8,9, 10, and 11 d of embryonic development. The holding
of eggs and parasitoids in glass tubes for parasitoid oviposition was as
described for the exposure time experiment. Eggs were exposed to the
parasitoids for 24 h, and then the parasitoids were removed. The ex-
periment was carried out under controlled conditions of temperature
(25 +1 °C), RH (70 £ 10%), and photoperiod (12:12 h L:D).

Daily observations were carried out to record the number of para-
sitized eggs, duration of the egg-to-adult period, emergence rate, and
sex ratio. The experimental design was completely randomized with 11
treatments (age of the eggs) and 6 replicates (approximately 25 eggs
per replicate) to investigate the influence of the host embryonic devel-
opment on parasitism capacity.

DEVELOPMENT OF T. PACHYCORIS AT VARIOUS TEMPERATURES
AND DETERMINATION OF TEMPERATURE REQUIREMENTS

Twenty-five P. torridus eggs, fixed and sealed in glass tubes as in
the previous assay, were offered to T. pachycoris females up to 48 h
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old. The tubes with the eggs were kept under controlled conditions of
temperature (25 1 °C), RH (70 £ 10%), and photoperiod (12:12 h L:D).
After 24 h of exposure, the females were removed with a brush, and
the eggs were placed in air-conditioned chambers with temperatures
adjusted to 18, 20, 22, 25, 28,30+ 1 °Cat 70 + 10% RH and a photope-
riod of 12:12 h L:D.

Daily observations were conducted to assess the duration of the egg-
to-adult period of males and females and emergence rate. Based on the
data of the egg-to-adult period at different temperatures, temperature
requirements were determined for females, males, and both with the
hyperbole method (Haddad et al 1999). From the threshold temperature
and the degree-days required for the egg-to-adult period, we estimated
the number of generations of T. pachycoris for each temperature stud-
ied. The experimental design was completely randomized with 6 treat-
ments (temperatures) and 6 replicates (25 eggs per replicate).

STATISTICAL ANALYSES

The data from the experiments were subjected to analysis of vari-
ance, and the means were compared within the Student t-test, pro-
tected by the significance of the F-test at 5% probability, using SAS®
software version 9.2 (SAS Institute 2002—-2008).

Results

EXPOSURE TIME OF P. TORRIDUS TO T. PACHYCORIS

The number of P. torridus eggs parasitized by T. pachycoris differed
significantly between treatments (F = 5.93, df = 3, P = 0.0079), ranging
from 5.5 to 11.3 when parasitoid females remained in contact with the
eggs for 6 and 24 h, respectively. No significant differences were ob-
served for the other biological parameters evaluated: emergence rate (F
=0.56, df =3, P=0.6478), duration of egg-to-adult period (F = 0.28, df =
3, P=0.8368), and sex ratio (F=0.09, df =3, P =0.9660). The emergence
rate was greater than 80%, except for the 6 h period, in which the emer-
gence rate was close to 70%. The duration of the egg-to-adult period was
close to 15 d, and the sex ratio was greater than 0.8 (Table 1).

INFLUENCE OF AGE OF P. TORRIDUS EGGS ON PARASITISM BY
T. PACHYCORIS

The embryonic development period of P. torridus affected the para-
sitism capacity of T. pachycoris. Significant differences were observed
for the number of eggs parasitized (F = 14.38, df = 10, P=0.0001). Eggs
exposed at 1, 2, and 3 d of age were more parasitized than older eggs.
Parasitism of 1- to 2-d-old eggs did not differ significantly from that of
4-d-old eggs. The number of eggs parasitized was significantly smaller
in 5- to 10-d-old eggs, and no development of T. pachycoris occurred
in eggs exposed at 11 d of age. The emergence rate of T. pachycoris did
not differ significantly in relation to the egg age and was greater than
66% (F = 1.04, df =9, P > 0.6270). The duration of the egg-to-adult
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period of T. pachycoris differed significantly between host egg ages,
ranging from 13.24 to 14.83 d (F=3.37, df =9, P = 0.044). The sex ratio
was not affected by the egg age and was greater than 0.69 (F = 0.20, df
=9, P=0.9920) (Table 2).

DEVELOPMENT OF T. PACHYCORIS AT VARIOUS TEMPERATURES
AND DETERMINATION OF TEMPERATURE REQUIREMENTS

Temperature influenced the duration of the egg-to-adult period
of T. pachycoris, but no significant differences were observed for the
other variables analyzed. The duration of the egg-to-adult period of
T. pachycoris differed significantly among temperatures for females (F
=1,005.66, df = 3, P = 0.0001), males (F = 715.67, df =3, P = 0.0001),
and for both sexes together (F = 925.63, df = 3, P = 0.0001). Within
the temperature range from 18 to 30 °C, the duration was inversely
proportional to temperature, ranging from 34.6 to 10.1 d for females,
from 32.3 to 9.4 d for males, and from 33.6 to 9.8 d for both. The
emergence rate of T. pachycoris did not differ significantly between the
temperatures studied and was greater than 50% (F = 1.61, df =5, P =
0.1864) (Table 3). The sex ratio of T. pachycoris did not show significant
differences at the different temperatures studied and was greater than
0.6 (F=0.24,df =5, P =0.9426).

The threshold temperature and the thermal constant were 12.9 °C
and 166.7 degree-days for females, 12.9 °C and 158.7 degree-days
for males, and 12.9 °C and 163.9 degree-days for both sexes together
(Table 4). The coefficients of determination were greater than 0.98 in-
dicating a correlation between temperature and T. pachycoris develop-
ment. The results show that the temperature requirements of males
and females are similar; however, the females need to accumulate
slightly more degree-days to complete the development from egg to
adult.

Based on the temperature requirements of T. pachycoris and the con-
stant temperatures studied, this parasitoid can complete between 11.4 to
38.1 generations per year within the range from 18 to 30 °C (Fig. 1).

Discussion

A period of 12 h was enough for T. pachycoris females to parasite
on average 8.2 eggs, but when the parasitoids remained in contact
with the eggs for 24 h, they parasitized on average 11.3 eggs. Although
there are no previous studies that determined the parasitism capacity
of T. pachycoris by different exposure periods to eggs of P. torridus,
Pacheco & Corréa-Ferreira (1998) reported that 24-h-old T. podisi fe-
males parasitized about 14 eggs of Euschistus heros (F.) (Hemiptera:
Pentatomidae) and 8 eggs of Piezodorus guildinii (Westwood) (Hemip-
tera: Pentatomidae) in 1 d. This indicates that the parasitism capacity
of T. pachycoris is similar to that of T. podisi. In the present work, the
influence of host egg age on the development of T. pachycoris was as-
sessed, and we observed that for P. torridus eggs of 1 to 3 d of age, par-
asitism ranged from 8.8 to 11 eggs per female. Based on our results, 6
h of exposure time is enough to obtain good parasitism (on average 5.5

Table 1. Influence of exposure time on the parasitism capacity of Telenomus pachycoris reared in Pachycoris torridus eggs at a temperature of 25 + 1 °C, RH of 70

+10%, and a photoperiod of 12:12 h L:D.

Exposure time (h) Eggs parasitized (n) Emergence (%) Duration (d) Female sex ratio
6 55+14b 71.1+143a 14.7+0.5a 0.86+£0.08 a
12 8.2+1.3ab 82.2+6.7a 14.6+0.2a 0.88+0.05a
18 10.0+1.8a 84.9+50a 15.0+x0.2a 0.86+0.08 a
24 113+1.2a 85.6t7.2a 149+03a 0.83+0.04a

Means * SE followed by the same letter per column did not differ by the Student t-test with the significance of the F-test at 5% probability.
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Table 2. Age influence of Pachycoris torridus eggs on the parasitism capacity of Telenomus pachycoris reared at a temperature of 25 + 1 °C, RH of 70 + 10%, and a

photoperiod of 12:12 h L:D.

Egg age (d) Eggs parasitized (n) Emergence (%) Duration (d) Female sex ratio
1 8.8+0.9ab 84.3+9.5a 148+0.2a 0.81+0.06a
2 9.0+1.4ab 77.2+10.5a 148+0.2a 0.81+0.03a
3 11.0+1.7a 76.7+9.1a 14.2 £ 0.2 abc 0.69+0.10 a
4 7.0+ 1.5 bc 90.7+3.2a 13.6+0.3 bc 0.77+0.05a
5 4.2+0.8de 79.3+16.6a 14.1+0.3 abc 0.83+0.06 a
6 45+1.0cd 69.2+17.8a 13.2+04c 0.76 £0.15a
7 3.3+0.3 def 72.2+109a 13.7+0.2 bc 0.81+0.09 a
8 1.5+0.6 efg 83.3+250a 143+0.2ab 0.75+0.25a
9 1.5+1.0efg 66.7+24.22a 14.6+0.4ab 0.80+0.20a
10 0.7+0.3fg 90.0+333a 143+0.8ab 0.75+0.25a
11 -2 - - -

Means = SE followed by the same letter per column did not differ by the Student t-test with significance of the F-test at 5% probability.

°A dash (—) indicates there was no development of T. pachycoris.

parasitized eggs per female) with an emergence rate greater than 70%,
a sex ratio above 0.8, and a pre-imaginal period of approximately 15 d.

Telenomus pachycoris parasitism of P. torridus eggs decreased with
host embryonic development after day 4 until day 11, when no suc-
cessful parasitism occurred. This reduction in the number of parasit-
ized eggs with increasing host egg age also occurs with other parasit-
oids, for example, those in the genus Trichogramma (Navarajan 1979;
Mellini 1986; Pratissoli & Oliveira 1999; Soares et al. 2012). The para-
sitism by Trichogramma pretiosum Riley (Hymenoptera: Trichogram-
matidade) decreased with increasing egg age of Grapholita molesta
(Busck) (Lepidoptera: Tortricidae) (Rodrigues et al. 2011). Food ab-
sence (carbohydrates) could affect the parasitism (Soares et al. 2012).
Probably, the change of the embryonic content of nutrients in the host
influenced the pre-imaginal development of T. pachycoris. For P. tor-
ridus, the hatching of nymphs at 25 °C occurs, on average, between 10
and 11 d (Borges Filho et al. 2013); therefore, 11-d-old eggs were not
parasitized. The T. pachycoris females may have oviposited in the egg,
but there was lack of time for parasitoid development; alternatively,
they did not find the eggs viable for parasitism. This condition was also
observed for Trichogramma maxacalii Voegelé & Pointel (Hymenop-
tera: Trichogrammatidae) parasitizing eggs of Oxydia vesulia (Cramer)
(Lepidoptera: Geometridae): no parasitism occurred in older eggs or
when host larvae began to hatch (Oliveira et al. 2003).

The age of the host eggs also influenced the duration of the egg-
to-adult period of T. pachycoris, ranging from 14.8 d in 24-h-old eggs
to 13.2 d in 6-d-old eggs. Although statistically significant, these dif-
ferences are biologically not important, because no extension of the
egg-to-adult period was observed with increasing egg age. Similar
durations of the egg-to-adult period at 25 °C were observed for T.
pachycoris (Oliveira & Silva 2011), T. podisi, Trissolcus brochymenae

Ashmead (Hymenoptera: Scelionidae) (Torres et al. 1996/1997). Prob-
ably, in the case of T. pachycoris, changes in the physical characteristics
of the host egg with increasing age, such as the thickness and texture
of the chorion, may also limit parasitism. In a study by Vinson (1997),
the host egg quality decreased with embryonic development affecting
the sex ratio in the emerging parasitoid generation. However, an effect
of host age on the sex ratio was not observed in our study, and the sex
ratio remained above 0.75.

The duration of the pre-imaginal period of T. pachycoris at differ-
ent temperatures was previously not studied. Oliveira & Silva (2011)
reported durations between 13 and 14 d at 25 °C, similar to the period
observed in this study (14.1, 12.9, and 13.7 d for females, males, and
both sexes together, respectively) at the same temperature. Similar
values were also reported for other species of Scelionidae, such as
T. podisi, parasitoid of Podisus nigrispinus (Dallas) (Hemiptera: Pen-
tatomidae), with durations from 21.8 to 11.6 d at 20 to 28 °C (Torres
et al. 1997). For Telenomus cyamophylax Polaszek (Hymenoptera: Sce-
lionidae), a parasitoid of Anticarsia gemmatalis Hiibner (Lepidoptera:
Noctuidae), the duration of the egg-to-adult period ranged from 25.4
to 12.6 d at 20 to 30 °C, respectively (Foerster & Butnariu 2004). For
Telenomus remus Nixon (Hymenoptera: Scelionidae), the duration of
the egg-to-adult period in eggs of Spodoptera frugiperda (Smith) (Lepi-
doptera: Noctuidae) at temperatures from 20 to 31 °C ranged from
24.2 to 8.3 d for females and from 23.8 to 8.1 d for males (Bueno et al.
2008), similar to the periods we observed for T. pachycoris.

The results of the temperature requirements of males and females
were similar. However, females needed to accumulate more degree-
days than males to complete the egg-to-adult period. The threshold
temperatures estimated in the present study are similar to those de-
termined for T. remus females and males in S. frugiperda eggs, where

Table 3. Influence of temperature on the duration of the egg-to-adult period (d) and emergence rate of Telenomus pachycoris reared in Pachycoris torridus eggs at

RH of 70 £ 10% and a photoperiod of 12:12 h L:D.

Duration of egg-to-adult period (d)

Temp. (°C) Female Male Average Emergence (%)
18 346+04a 32.3+0.2a 33.6+03a 713+6.0a
20 244+04b 224+0.6b 23.6+0.4b 70.9+3.0a
22 17.4+0.2¢c 16.2+0.3 ¢ 17.0£0.2¢ 70.7+73a
25 14.1+0.3d 12.9+0.5d 13.7+0.4d 66.4+79a
28 10.7+0.2e 10.3+0.3e 10.5+03e 64.0+12.42
30 10.1+0.4e 94+04e 9.8+04e 58.2+12.4a

Means * SE followed by the same letter per column did not differ by the Student t-test with significance of the F-test at 5% probability.
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Table 4. Threshold temperature (TT), thermal constant (K), regression equation
(1/D), and determination coefficient (R?) of the egg-to-adult period of Teleno-
mus pachycoris in eggs of Pachycoris torridus eggs. RH 70 + 10% and a photo-
period of 12:12 h L:D.

K
Sex TT (°C) (degree-days) Equation (1/D) R’
Female 12.98 166.67 y =-0.0779 + 0.0060x 0.9884
Male 12.92 158.73 y =-0.0814 + 0.0063x 0.9934
Total 12.93 163.93 y =-0.0789 + 0.0061x 0.9906
40 - 3814
35 - 33.68
30 -
2699
Zas
z 2029
.;’10
5 15.83
S15
= 1136
10 -
5
0 : : : : :
18 20 2 25 28 30

Temperature (°C)

Fig. 1. Number of generations of Telenomus pachycoris reared in Pachycoris
torridus eggs at different constant temperatures with 70 + 10% RH and a pho-
toperiod of 12:12 h L:D.

the threshold temperature was 12.5 °C and12.6 °C, and the thermal
constant was 158.9 and 154.1 degree-days, respectively (Bueno et al.
2008). However, for T. podisi in P. nigrispinus eggs, temperature re-
quirements were greater and differed between the sexes (Torres et al.
1997).

These results are the basis for the development of a biological
control program. The data obtained will help in establishing a rearing
technique of T. pachycoris in the laboratory.
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