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Abstract

Trichogramma foersteri Takahashi is a parasitoid recently identified in eggs of Palpita forficifera Munroe, considered the
main pest of the olive tree in Brazil. The efficiency of a parasitoid is conditioned to several factors such as the temperature.
The objective was to study the biology of the immature and adult phases at different constant temperatures (10, 15, 20, 25,
and 30 °C), determine thermal requirements, and to elaborate a fertility life table for five strains (R1, R2, R3, R4, and RS)
to T. foersteri. At 10 °C, there was no development of T. foersteri. The duration of the egg-adult period (days) was inversely
related to temperature, ranging from 32 to 34 days (at 15 °C) to 6.5 to 7.5 days (at 30 °C). The thermal range evaluated
did not influence parasitism (parasitism >57%) and the sex ratio (sr>0.74). The base temperature (Tt) was similar for
all strains (approximately 12 °C), corresponding to a thermal constant (K) of 120.48 to 145.13 degree days. For the adult
stage, T. foersteri had the highest rate of parasitism (>48%) to 15 °C. The emergence rate ranged from 75 to 100%. The
thermal range did not influence the sex ratio of the lines (sr>0.70), but reduced the longevity from 50 days (at 15 °C) to
6 days (at 30 °C). Regarding the fertility life table, all strains of 7. foersteri showed biological potential of development
and growth in eggs of P. forficifera in the thermal range of 15 to 30 °C, important information for the establishment of
biological control programs.
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Introduction

One of the main limiting factors for the production of olive
trees in the Rio Grande do Sul State is the olive worm Pal-
pita forficifera Munroe, 1959 (Lepidoptera: Crambidae),
considered the most frequent pest in crops and the most
important in economic terms (Ricalde and Garcia 2013).
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The damage is caused by the larvae, which feed on the
shoots. However, in high infestations, they can attack senes-
cent leaves, flowers, and fruits (Scheunemann et al. 2019).
The main consequence of the pest attack on cultivation is a
reduction in the following year’s production since the olive
tree produces olives on the previous year’s growth.

The management of the olive worm has been difficult
due to the lack of options for its control since the olive tree
plantations are recent and also to the fact that crop pests are
unique to the olive tree in relation to traditional cultivation
regions and have few hosts (Ricalde and Garcia 2013). In
addition, the control of insect pests in olive groves in Bra-
zil is carried out with only one commercial product, which
has been an obstacle to the adoption of integrated pest man-
agement (Agrofit 2022). In this way, the search for alterna-
tives for the management of P. forficifera has been directed
towards biological control and thus, to enable its use, studies
with potential biocontrol agents are needed (Scheunemann
et al. 2019).
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The use of parasitoids, especially species of the genus
Trichogramma (Hymenoptera: Trichogrammatidae), in
the initial phase of insect pest development (egg stage),
has been a recommended practice in integrated pest man-
agement (IPM) to reduce the use of chemical pesticides in
agriculture (Parra and Coelho Jr. 2019). In Brazil, there are
several successful cases of the use of Trichogramma spp.
reported for the control of different lepidopteran pest spe-
cies in crops of agricultural importance, especially sugar-
cane, soybean, tomato, grape, and avocado (Coelho Jr. et al.
2019). In the olive tree, several strains of Trichogramma spp.
may be employed identified as being Trichogramma foer-
steri Takahashi, 2021 (Hymenoptera: Trichogrammatidae)
(Ranyse Barbosa Querino, personal communication). How-
ever, in addition to identification, one of the first steps for the
implementation of a biological control program is to carry
out studies to verify the potential biotype of the parasitoid
on the host (Davies et al. 2011; Parra and Coelho Jr 2022) as
well as verifying the favorable environmental conditions to
exploit this potential to the fullest (Bueno et al. 2012; Car-
valho et al. 2017) since temperature is considered a crucial
factor for the multiplication, establishment, and adaptation of
the natural enemy in specific place (Silveira Neto et al. 1976;
Firake et al. 2014; Figueiredo et al. 2015). Trichogramma
foersteri is a species that was recently described in eggs of
Anticarsia gemmatalis Hiibner, 1818 (Lepidoptera: Erebidae)
(Takahashi et al. 2021) and has demonstrated high rates of
parasitism in P. forficifera (Nava D.E., Informacao pessoal).
In addition, the choice of a species adapted to the climate
conditions and present in the olive cultivation system is fun-
damental factors if the biological control program is to be
successful (Parra 2021). In view of the lack of information
on the biological aspects of T. foersteri in eggs of P. forfic-
ifera, considered a key pest of olive growing in Rio Grande
do Sul State, Brazil, the objective was to study the biology
of parasitoid strains R1, R2, R3, R4, and RS, under different
thermal conditions and from this information to determine
the thermal requirements and the fertility life table.

Material and methods

The study was performed in the laboratory in an air-condi-
tioned rooms with different constant temperatures of 10, 15,
20, 25, and 30+ 1 °C, relative humidity of 70 + 10%, and
14 h photophase.

Rearing and maintenance of P. forficifera
The rearing of the host was carried out on a natural diet
using olive shoots that were offered daily to the larvae

according to Scheunemann et al. (2019). The larvae were
kept in a container made of plastic (20 x40 cm and 15-cm

@ Springer

deep), which also served as a pupation site. At the beginning
of the emergence, the adults were transferred to containers
made of transparent PET bottles (SL) (22 cm highXx 16 cm
in diameter). The upper part was closed with a fine tissue
(tulle) fixed with an elastic band. In the containers, food was
offered based on a 10% honey solution (water and honey)
and pure water, offered via capillarity in hydrophilic cotton
arranged in 10-ml Falcon-type plastic tubes, adapted with a
longitudinal opening. Eggs were obtained from the ovipo-
sition substrate (filter paper) placed on the tulle at the top
of the container. A sponge cloth was placed over the paper
(Spontex™, Panesponja, I1héus, Brazil) in order to main-
tain moisture and prevent dehydration of the eggs. During
the oviposition period, the filter paper containing the eggs
was removed daily. Part of the egg laying was destined for
the maintenance of the rearing of P. forficifera according to
Scheunemann et al. (2019) and another part was destined for
the biology experiments of the strains of 7. foersteri.

Obtaining the parasitoids and rearing maintenance

The five strains of T. foersteri used in the work represent the
five collections where it was possible to establish labora-
tory rearing. Trichogramma foersteri was collected in two
olive orchards in the municipality of Pelotas (31°40'55"S,
52°26'11"W, and 31°37'05"S, 52°31'00"W, with about
0.2 and 1 ha, respectively) and in one olive orchard in Rio
Grande (31°57'04"S, 52°18'35"W with about 0.5 ha), Rio
Grande do Sul State. For this, cardboard cards (2 X2 cm)
containing eggs of P. forficifera were fixed in the branches
of the olive trees. The cards remained exposed to parasitism
for 24 h and were then collected and kept in the laboratory to
observe the parasitism of the eggs of P. forficifera. The eggs
were separated and individualized according to the place
and date of collection and defined as strains R1, R2, R3,
R4, and R5. Parasitism was indicated by the darkening of
the chorion of the eggs. Each strain was reared separately
in glass tubes (20 cm long X 10-cm diameter) with rearing
and maintenance procedures performed separately to avoid
contamination. After emergence, the adults were fed with
honey arranged in lines on the glass side of each tube. In
addition, moistened filter paper of approximately 2 cm in
diameter was placed in order to avoid drying out the host (P.
forficifera egg) and thus compromising the survival of the
parasitoid. Subsequently, the lines were maintained through
the daily offering of eggs of P. forficifera up to 12 h of age,
offered in cardboard cartons (#2000 eggs per carton), for a
period of 24 h. Subsequently, the cards were removed and
placed in glass tubes (20 cm in length X 10 cm in diameter)
sealed with PVC plastic film and kept in an acclimatized
room with a temperature of 25+ 1 °C, relative air humidity
of 70 + 10%, and photophase of 14 h until the emergence of
parasitoids to start the bioassays.



Biology, Thermal Requirements, and Fertility Life Table of Strains of Trichogramma foersteri...

Trichogramma foersteri was identified through an inte-
grative taxonomic analysis taking into account the morpho-
logical and molecular analysis. Identification was performed
by Dr. Ranyse Barbosa Querino da Silva, from Embrapa
Cerrados.

Biological parameters of the immature stage of T.
foersteri at different temperatures

About 1500 eggs of P. forficifera were offered for a period
of 12 h to females of T. foersteri of 1 day of the five strains
(R1, R2, R3, R4, and R5), being kept at 25+ 1 °C, rela-
tive humidity of 70 +10%, and photophase of 14 h. After
parasitism, eggs were transferred onto cards with 30 eggs
and placed in glass tubes (8.5 cm highx 2.5 cm in diam-
eter) closed with Magipack® plastic film and distributed in
acclimatized chambers at temperatures of 10, 15, 20, 25, and
30+ 1 °C. The development of parasitoids was monitored
daily until emergence. The variables analyzed were duration
of the egg-adult period (days), number of parasitized eggs,
and sex ratio [sr =female/(female + male)]. The experiment
was carried out in a completely randomized design with five
treatments (temperatures) and six replications (cards con-
taining 30 eggs of P. forficifera).

Biological parameters of the adult stage of T.
foersteri at different temperatures

Twenty-five pairs of T. foersteri with up to 12 h of age of
the strains R1, R2, R3, R4, and RS of T. foersteri from
different temperatures were individualized in glass tubes
(8.5%2.5 cm), closed with PVC plastic film. For the feed-
ing of the adults, a thread of honey was provided every
48 h, placed on the inner wall of the tube. Subsequently, the
insects were kept in acclimatized chambers with constant
temperatures (treatments) of 10, 15, 20, 25, and 30+ 1 °C,
relative air humidity of 70 + 10%, and photophase of 14 h.
Daily until the 15th day or the death of the females, filter
paper cards were offered (1.5 X2 cm) (laying substrate) con-
taining 30 eggs of P. forficifera up to 12 h old. After 24 h of
parasitism, the cards were removed and transferred to other
glass tubes (8.5 % 2.5 cm), closed with plastic PVC film, and
kept in acclimatized chambers regulated at a temperature of
25+1 °C, relative humidity of 70 +10%, and a photophase
of 14 h, until the emergence of the parasitoids. The experi-
mental design used was completely randomized with five
treatments (temperatures) and 25 replications (pairs) of each
strain. The biological parameters evaluated were duration of
the egg-adult period (days), percentage (%) of parasitism and
emergence, and sex ratio [sr=female/(female + male)] and
longevity (days) of parasitoids. Based on the results obtained
from the biological parameters evaluated in the immature
and adult stages, the fertility life table was created estimating

the average generation time (T), the net reproduction rate
(R,), the intrinsic rate of growth (R,,)), and the finite rate of
increase (A) (Southwood 1995).

Statistical analysis

The duration (days) of the biological cycle (egg to adult)
and parasitism (%) were subjected to the Shapiro—-Wilk
normality test and Hartley’s and Bartlett’s homoscedastic-
ity test. Subsequently, the means were subjected to analysis
of variance (ANOVA) through the F test (P <0.05) using
the SAS® GLM procedure (SAS Institute 2011). When sta-
tistically significant, the means were compared by Tukey’s
test (P <0.05). The possible deviation in the sex ratio was
compared by the chi-square test (y°) (P <0.05) (PROC
FREQ, SAS Institute 2011). Longevity (days) of Tricho-
gramma adults was assessed by survival curves using the
Kaplan—Meier estimator and subsequently compared by
log-rank test with the aid of R® software (R Development
Core Team 2011). The thermal requirements of the imma-
ture stages (eggs to adults) of Trichogramma were estimated
using the hyperbola method (Haddad et al. 1999), calcu-
lating the lower limit for temperature or the temperature
threshold (Tt) and the thermal constant (K) (SAS Institute
2011). The fertility life table parameters were estimated by
the Jackknife method using Lifetable. SAS software (Maia
et al. 2000), and the means were compared by the bilateral
t test (P <0.05) with SAS® software (SAS Institute 2011).
Differences between treatments were evaluated at a signifi-
cance level of a=0.05 SAS ® (SAS Institute 2011).

Results

There was no embryonic development of 7. foersteri at
a temperature of 10 °C for any of the evaluated strains
(Table 1). By jointly analyzing the egg to adult develop-
mental periods (days) for all strains of T. foersteri, there was
a significant decrease (P <0.05) in duration with increas-
ing temperature (Table 1). The shortest development peri-
ods (ranging from 6.5 to 7.5 days) were observed at 30 °C
(Table 1). However, the different temperatures did not sig-
nificantly influence the rate of parasitism and the sex ratio of
insects within and between strains of 7. foersteri (Table 1).
However, the number of females was always greater than the
number of males, characterizing a variable sex ratio from
0.74 to 1.0 at all temperatures evaluated (Table 1).

Based on confidence intervals, there were no significant
differences between base temperature values (Tt), with val-
ues ranging from 12.09 °C (strain R5) to 12.98 °C (strain
R2) (Table 2), corresponding to a thermal constant (K)
of 145.13 to 120.48 degree days, respectively (Table 2).
Through the linear equation of developmental speed, all the
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Table 1 Mean (+standard error) duration (days) of the egg to adult period, percentage of parasitism, and sex ratio of five strains of Tricho-
gramma foersteri raised at different temperatures in eggs of Palpita forficifera

Treatments Temperature (°C)
10% 15 20 25 30

Duration (egg to adult)
RI - 33.0+0.76A™ 24.0+0.76 aB 12.5+0.00 aC 7.5+0.00 aD F=10.13; df=4. 25; P<0.0001
R2 - 34.0+0.76A 22.0+0.76 bB 10.5+0.00 bC 6.5+0.00bD F=17.90; df=4. 25; P <0.0001
R3 - 33.0+0.76A 24.0+0.70 aB 11.5+0.00 abC 7.5+0.00 aD F=8.34; df=4.25; P<0.0001
R4 - 32.0+0.76A 24.0+0.80 aB 12.5+0.00 aC 7.5+0.00 aD F=8.00; df=4. 25; P<0.0001
R5 - 32.0+0.75A 24.0+0.70 aB 12.0+0.00 aC 7.5+0.00 aD F=8.12; df=4. 25; P<0.0001
F 4.11 3.17 2.13 5.10
df 4.25 4.25 4.25 4.25
P =0.2231 <0.0001 <0.0001 <0.0001

Parasitism (%)
R1 - 60.8+3.83A™ 59.8 +6.49A™ 58.5+3.54A" 59.5+2.96A™ F=22.14; df=4.25; P=0.1134
R2 - 57.6+8.57A 61.5+2.29A 62.6+5.08A 57.6+4.55A F=1544; df=4.25; P=0.3218
R3 - 60.3+3.10A 62.6+3.91A 61.6+2.32A 56.1+4.82B F=12.44; df=4.25; P=0.1211
R4 - 60.0+£2.73A 62.3+2.66A 61.0+£2.50A 60.6+1.28A F=13.56; df=4. 25; P=0.1211
R5 - 62.2+2.67A 59.0+5.09 A 59.2+2.54A 56.3+5.02A F=18.10; df=4. 25; P=0.1211
F 11.12 10.09 12.24 10.31
df 4.25 4.25 4.25 4.25
P =0.0734 =0.0984 =0.0231 =0.0146

Sex ratio
R1 - 0.79+0.04A™ 0.74+0.05A™ 0.77 +0.03A™ 0.81+0.07A™ ¥ =35.11; df=4.25; P=0.2213
R2 - 0.81+0.08A 0.85+0.05A 0.77 £0.04A 0.77+0.02A ' =44.87; df=4.25; P=0.1132
R3 - 1.00+0.00A 1.00+0.00A 1.00+0.00A 1.00+0.00A 22 =42.90; df =4. 25; P=0.1021
R4 - 1.00+0.00A 1.00+0.00A 1.00+0.00A 1.00+0.00A =44.17; df=4; 25; P=0.3544
R5 - 1.00+0.00A 1.00+0.00A 1.00+0.00A 1.00+0.00A 1*=41.90; df=4.25; P=0.1125
7 4.11 2.10 5.17 6.11
df 4.25 4.25 4.25 4.25
P =0.2202 =0.2677 =0.1144 =0.1021

“Temperature not used for statistical analysis, as there was no development. Means followed by the same lowercase letter in columns and upper-
case in rows do not differ statistically from each other, Tukey test, p <0.05. ns, not significant in the column by the Tukey test, p <0.05; **not

significant by the chi-square test

Table 2 Lower thermal

Strains Tt (°C) K (DD) Linear regression equation R? F P-value

threshold of development

(Tt), thermal constant (K), RI 1223 (12.01-12.32) 14450  y=—0.08502+0.00692x  0.93 2697  0.1113
development speed linear R2 1298 (12.30-13.04) 12048  y=—0.10775+0.00830x 093 2692  0.1018
Eq. (1/D), and coefficient of

determination (R?) from the R3 12.14 (12.10-12.32) ~ 137.90 y=—0.08806+0.00725x 0.95 38.12  0.0252
egg-adult phase of strains of R4 12.11 (12.01-12.26)  145.13 y=—0.08350+0.00689x 0.93 25.33 0.1193
Trichogramma foersteri in eggs RS 12.09 (12.03-12.35)  143.67  y=-0.08417+0.00696x 095 2896  0.0328

of Palpita forficifera

lineages of T. foersteri demonstrated that 93% of the time the
decrease in development time was explained by the increase
in temperature (R*>>0.93) (Table 2).

In the adult stage, T. foersteri had the highest rate of
parasitism (>48%) when exposed to 15 °C (Table 3).
However, significant variations between the strains of 7.
foersteri were observed in the percentage of emergence
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(Table 3). Based on the chi-square test, the sex ratio was
significantly similar for all strains and temperatures evalu-
ated (range 0.6 to 1.0) (Table 3). However, adults kept
at 15 °C were the longest-lived, with ages ranging from
51.7 days (R2 strain) to 58.0 days (R4 strain) (Table 3). In
contrast, when kept at 30 °C, longevity was approximately
6 days (Table 3).
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Table 3 Mean (+standard error) of the percentage of parasitism, emergence, sex ratio, and longevity of five strains of Trichogramma foersteri
when adults were reared at different temperatures in eggs of Palpita forficifera

Strains Temperature (°C)
10%* 15 20 25 30

Parasitism (%)
R1 - 49.5+3.50Aa 40.2+4.5Bab 31.0+4.9Bb 40.0+4.0Bab F=14.10; df=3. 96; P<0.0001
R2 - 49.5+3.8Aa 41.2+3.5Ba 40.8 +5.4Ba 38.2+3.9Bbc F=10.08; df=3. 96; P<0.0001
R3 - 48.7+4.5Aa 40.5+4.0ABab 43.7+3.2ABa 31.0+3.2Cc F=12.34; df=3.96; P<0.0001
R4 - 48.8+1.10Aa 36.3+2.5Bbc 36.7+2.2Bab 35.0+2.9Bbc F=18.11; df=3. 96; P<0.0001
R5 - 50.0+2.3Aa 31.8+3.7Cc 37.2+5.0BCab 43.5+2.8Ba F=13.10; df=3. 96; P<0.0001
F 2.13 7.11 2.09 6.43
df 4.119 4.119 4.119 4.119
P =0.2231 <0.0001 <0.0001 <0.0001

Emergence (%)
R1 - 95.3+4.1Aa 94.4+4.1Aa 75.0+8.80Bc 99.0+0.9Aa F=23.12; df=3. 96, P=0.0967
R2 - 90.9+5.0Aa 99.1+0.5Aa 100.0+0.00Aa 91.1+5.6Aa F=25.10; df=3.96; P=0.1110
R3 - 88.8+5.6Aa 93.8+4.1Aa 79.2+8.3Ac 98.0+ 1.6Aa F=22.12;df=3.96; P=0.1911
R4 - 98.3+0.9Aa 94.1+4.1ABa 83.3+7.6Bbc 91.0+5.6ABa F=23.06; df=3. 96; P <0.0001
R5 - 98.6+0.7Aa 94.0+4.1Aa 91.7+5.6Aab 99.9+0.1Aa F=28.01; df=3.96;, P=0.1312
F 22.09 15.64 10.11 21.08
df 4.119 4.119 4.119 4.119
P =0.0231 =0.0977 <0.0001 =0.0201

Sex ratio
R1 - 0.8 £0.1%*" 0.8 £0.1%* 0.6£0.1%* 0.8+0.1%* 2=21.10; df=3. 96; P=0.1231
R2 - 0.8+0.1™ 0.8+0.1 0.6+0.2 0.9+0.0 22=36.07; df=3. 96; P=0.1098
R3 - 09+0.1™ 1.0£0.0 0.8+0.1 1.0£0.0 2=32.12; df=3.96; P=0.1212
R4 - 1.0+£0.0™ 1.0+0.0 0.8+0.1 1.0+0.0 7 =28.17; df=3. 96; P=0.0243
RS - 1.0+£0.0™ 1.0+0.0 0.9+0.1 1.0+0.0 22=31.10; df=3. 96; P=0.1100
7 2.10 5.12 3.18 6.09
df 4.119 4.119 4.119 4.119
P =0.0896 =0.1134 =0.1354 =0.0944

Longevity (days)
R1 - 57.9+1.6Aa 26.3+1.3Ba 10.3+0.7Cb 6.0+0.3 Da F=4.10; df=3. 96; P<0.0001
R2 - 51.7+3.9Aa 242+1.0Ba 10.2+0.4Cb 5.9+0.3 Da F=2.08; df=3. 96; P<0.0001
R3 - 57.0+2.2Aa 254+1.3Ba 10.8+0.5Cab 5.9+0.3 Da F=2.34;df=3.96; P<0.0001
R4 - 58.0+2.7Aa 23.9+1.4Ba 12.1+0.4Ca 5.9+0.3 Da F=5.78;df=3.96; P<0.0001
RS - 55.5+2.5Aa 24.0+1.1Ba 11.2+0.7Cab 6.2+0.3 Da F=3.22;df=3.96; P<0.0001
F 7.12 8.18 4.15 3.19
df 4.119 4.119 4.119 4.119
P =0.1021 =0.1398 <0.0001 =0.1765

“Temperature not used for statistical analysis, as there was no development. Means followed by the same lowercase letter in columns and upper-
case in rows do not differ statistically from each other, Tukey test, p <0.05. ns, non-significant in line by the chi-square test; **not significant in

the column by the chi-square test

Regarding the fertility life table, temperatures of 15, 20, 25,
and 30 °C provided the species with a biological potential for
development (Table 4). However, significant variations were
observed between the strains evaluated within each tempera-
ture for the duration of each generation (T), the net reproduc-
tion rate (R,), the intrinsic rate of growth (R,,), and the finite
rate of increase (A) (Table 4). The shortest periods of T (days)

between generations were observed at 30 °C (ranging from 16
to 19 days) (Table 4). However, at 15 °C, this variation was
from 49 to 53 days. Regarding the net reproductive rate (Ro),
the R3 strain differed statistically from the other strains stud-
ied within each temperature (Ro>?20) (Table 4). In general,
these significant differences were maintained when analyzing
the intrinsic rate of growth (rm) and finite rate of increase (A).
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Table 4 Fertility life table

h ; Temperatures/strains T (days) R, (R/9) r,, (9/9 [days]) A
of strains of Trichogramma
foersteri at different 15 °C
}i;if;j;;m in eggs of Palpita RI 51.6+1.60ab  11.5+0.10b  0008+000lc  1.008+0.001 c
R2 523+134a 11.6+0.09 b 0.009+0.001 ¢ 1.009+0.001 ¢
R3 493+1.70b 20.8+0.99 a 0.048+0.003 a 1.050+0.003 a
R4 539+154a 11.1+0.23b 0.003+0.001 ¢ 1.003+0.003 ¢
R5 53.0+1.7a 12.7+0.23b 0.019+0.002 b 1.019+0.003 b
20 °C
R1 36.5+1.46a 11.1+0.12¢ 0.003+0.001 b 1.000+0.001 a
R2 35.8+1.60a 11.3+0.11¢ 0.009+0.001 b 1.009+0.001 a
R3 35.1+1.70 a 245+021a 0.023+0.001 a 1.011+0.002 a
R4 354+1.74a 22.1+0.21b 0.021+0.002 a 1.001+0.003 a
R5 354+1.65a 10.5+0.07 ¢ 0.002+0.001 b 1.012+0.001 a
25°C
R1 23.7+2.10a 11.0+0.03 ¢ 0.002+0.001 d 1.000+0.001 b
R2 209+198a 11.6+0.22¢ 0.020+0.006 ¢ 1.024+0.006 b
R3 212+224a 225+034a 0.097+0.008 a 1.140+0.008 a
R4 23.6+195a 11.8+0.26 ¢ 0.026+0.006 ¢ 1.026+0.006 b
R5 20.6x+1.53a 174+1.01b 0.073+0.002 b 1.102+0.011 a
30 °C
R1 174+1.79a 11.7+0.14b 0.030+0.005 ¢ 1.031+0.005 b
R2 16.2+1.77 a 11.2+0.12b 0.012+0.002 ¢ 1.012+0.006 b
R3 189+1.77a 209+0.02a 0.160+0.001 a 0.193+0.005 a
R4 16.4+1.60 a 18.1+0.86 b 0.131+0.003 b 1.170+0.004 a
R5 19.6+1.70 a 11.8+0.15b 0.031+0.001 ¢ 1.031+0.005 ab
"Values represent the average + standard error obtained by the Jackknife method in SAS software
T, generation time; R, net reproductive rate; r,,,, intrinsic rate of increase; A, finite rate of increase
Different letters within the same temperature indicate significant differences within a line [(Tukey’s test),
P<0.05]
Discussion The maintenance of the parasitism rate in a wide range of

An important aspect to determine insect population dynam-
ics is based on biology and the estimation of the optimal
temperature for the development of the biological cycle
in the natural environment (Buckley et al. 2017). For five
strains of the T. foersteri in P. forficifera eggs, the tempera-
ture of 10 °C is considered inadequate for the development
of this natural predator. However, when evaluating the bio-
logical performance at temperatures above 15 °C, small
intraspecific biological differences were observed, and all
temperatures provided the development of the parasitoid.
According to other studies with species of Trichogramma,
the significant variations that may occur within the popula-
tion may be associated with a natural phenomenon related
to the variability of the species or adaptation to the host
(Pereira et al. 2004; Zago et al. 2007; Oliveira et al. 2017,
Pratissoli et al. 2021). This fact is evidenced when evaluat-
ing the strains (R1, R2, R3, R4, and RS) belonging to the
same species, with only the place of collection as a variable
factor.

@ Springer

thermal variation, as observed for T. foersteri, is a positive
indicator as it allows releases at different times of the year
since P. forficifera attacks the olive groves from the months
of spring to autumn in the south of Brazil. In addition, the
prevalence of parasitoid development within a wide tem-
perature range is important for the maintenance, breeding,
and multiplication of insects in the laboratory, especially at
temperatures that are similar to the conditions of the study
region (Ramos Coutinho et al. 2021), as observed in the pre-
sent work. Based on the base temperature (Tt) and the ther-
mal constants (K), it can be estimated for the municipalities
of Rio Grande and Pelotas, microregions producing olive
trees in the state of Rio Grande do Sul, that T. foersteri can
complete 30.41 generations in these regions. This informa-
tion may help in the elaboration of management models for
the olive worm, as well as in the production of this parasitoid
under laboratory conditions.

One of the factors that contribute to the increase in para-
sitism and the success of biological control is the presence
of a greater number of females in the insect population
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(Parra and Coelho Jr. 2019; Ramos Coutinho et al. 2021).
In the present study, the sex ratio was similar between
T. foersteri strains. It is worth noting that three (strains
R3, R4, and R5) of the five studied strains presented only
females as descendants or, in general, the number of males
in the strains is very small, indicating the occurrence of
thelytokous parthenogenesis (Ramos Coutinho et al. 2021).
The presence of a greater number of females in the popula-
tion may increase the growth rate of the species under field
conditions since males do not contribute to the mortality
of the host (Nava et al. 2007). However, a large number
of females can also favor superparasitism, causing death
to the host and having a negative effect on the density of
the natural predator (Nava et al. 2007). In addition, the
presence of males in the population is considered essential
to maintain the genetic variability of the population and
thus increase the biological potential of the species (Parra
and Coelho Jr. 2019; Oliveira et al. 2019; Ramos Coutinho
et al. 2021).

Through the parameters of the fertility life table, the
development and multiplication capacity of the 7. foer-
steri in eggs of P. forficifera were accessed over genera-
tions. Fertility life table studies have been used to assess the
growth potential of parasitoid species subjected to different
temperatures (Oliveira et al. 2017; Pratissoli et al. 2021).
For the present study, significant variations were obtained
between strains and within each temperature. However,
all strains evaluated showed positive values of population
growth, demonstrating the ability of the species to grow over
time and avoid the extinction of the species in eggs of P.
forficifera.

Biological control using egg parasitoids of the genus
Trichogramma has been widely explored as an alternative
to the application of synthetic chemical insecticides in pest
management, mainly for insect species of the Lepidoptera
order (Parra 2014; Parra and Coelho Jr. 2021). For olive
tree culture, the discovery of a native species in the agricul-
tural orchards of the southern region of Brazil, associated
with the biological development capacity of the species and
eggs of P. forficifera at different temperatures, demonstrates
the future potential for the use of this control agent in pest
management. However, semi-field and field tests must be
performed to adjust and optimize the release methodology
and the association of this parasitoid with other pest control
techniques.
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