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Abstract

Maternal photoperiodic effect on Trichogramma nerudai Pintureau et Gerding (Hymenoptera Trichogrammatidae) was evaluated to
test its possible exploitation to store the parasitoid. Freshly parasitized eggs of Sitotroga cerealella (Olivier) (Lepidoptera Gelechiidae)
were randomly assigned to one of the following light (L)/dark (D) cycles (hours) (treatments): 3L:21D, 6L:18D, 9L:15D and 12L:12D.
This was the maternal generation (P1). Once the P1 emerged, they were exposed for 24 hours to fresh eggs of S. cerealella. The
resulting parasitized eggs (F1 generation) were maintained under a moderately low temperature (11 + 2 °C) and complete darkness.
All the variables registered on the F1 were affected by light/dark cycles. A longer time of emergence was registered for treatments
3L:21D and 12L:12D (94 and 92 days, respectively). The lowest times of emergence, were for 6L:18D and 9L:15D treatments (68
and 55 days, respectively). Treatment 3L:21D (80.20 + 2.46%) presented the highest value of emergence following for 12L:12D
(69.85 £ 3.10%), 6L:18D (62.70 £ 2.87%) and finally 9L:15D (25.90 + 3.25%). About the female proportion, treatment 3L: 21D
had the highest value (0.61 £ 0.02), followed by treatment 12L:12D (0.51 + 0.02). The female proportion was similar for treatments
9L:15D (0.41 £ 0.03), and 6L:18D (0.43 £ 0.02). The non-emerged and dissected material showed a high proportion of prepupal
diapausing stage on 12L:12D treatment. However, other treatments presented a high proportion of pupal and adult non-emerged
showing other quiescent stages for this parasitoid. Treatment 3L:21D on P1 generation keeping the F1 on a relative low temperature
showed the best combination to obtain ca 90 days of storage, with high values of adult emergence and female parasitoid proportion.
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Introduction

Dormancy is a term used to define a combination of strat-
egies that allows insects to survive under different envi-
ronmental conditions. Although its definition has been
subjected to many discussions, it is widely accepted that
dormancy corresponds to “any state of suppressed devel-
opment (developmental arrest), which is adaptive (that is
ecologically or evolutionarily meaningful and not just ar-
tificially induced), and usually accompanied with meta-
bolic suppression.” (Kostal, 2006). The induction of dor-
mancy in response to different conditions has been stud-
ied across many species, not just to understand dormancy
in depth, but also to improve the rearing and stockpiling
of beneficial insects and as a tool for the management and
control of insect pests. The ability to store natural ene-
mies produced in continuous culture could be a valuable
tool to provide flexible and efficient mass production, to
allow good synchronicity between the host and the para-
sitod/predator, to facilitate the long distance transport of
insects, and to keep the genetic background of the popu-
lation in dormancy (Rossi, 1997; van Lenteren and Tom-
masini, 2003).

Among wasps in the genus Trichogramma, the induc-
tion of dormancy has been studied in several species. It
was found that the main driver of prepupal diapause is
temperature (Rossi, 1997; Ventura Garcia et al., 2002;
Reznik et al., 2003; Reznik and Kats, 2004). However,
the induction of prepupal diapause on F1 generation is
also possible through a maternal effect. Prepupal dia-
pause occurs when the maternal generation is exposed to
specific photoperiodic conditions and the F1 is kept un-
der storage conditions near threshold temperatures (Rez-
nik, 2011; Reznik et al., 2003). From an ecological point

of view, this approach could be useful to differentiate, for
example, days with low temperature and a short light pe-
riod in winter from those with low temperature but a
longer light period in early spring (Reznik, 2011).

The maternal effect on diapause has been studied in
multiple different species of insects (Denlinger, 1998;
Saunders et al., 2002; Danks, 2007). In the case of
Trichogramma species, several authors have established
that this effect is mainly determinated by the photoperiod
condition of the pupal stage of maternal females (Ivanov
and Reznik, 2008; Reznik, 2011; Reznik et al., 2011;
Vaghina et al., 2011).

Trichogramma nerudai Pintureau et Gerding (Hyme-
noptera Trichogrammatidae) is an egg parasitoid, mainly
of lepidopteran species as Cydia pomonella (L.) (Lepi-
doptera Tortricidae) and Tuta absoluta (Meyrick) (Lepi-
dotera Gelechiidae). It has been studied as a natural en-
emy in several biological control programs (Botto et al.,
2005; Argerich and Lopez, 2007; Botto and Glaz, 2010;
Desneux et al., 2010; Do Thi Khanh et al., 2012; Luna et
al., 2012; van Lenteren, 2012). Previous research has
studied the effects of cold storage on pupal and prepupal
stage of T. nerudai (Tezze and Botto, 2004; Cagnotti et
al.,2018). These studies evaluated different temperatures
of cold storage including acclimation periods. However,
no maternal effect studies were performed to use these
effects as an approach to store this parasitoid species. De-
veloping effective methods to store natural enemies with-
out affecting their fitness is crucial to use them in biolog-
ical control strategies (Leopold, 1998; Morales Ramos et
al., 2022). The goal of the present work is therefore to
evaluate the maternal photoperiodic effect in T. nerudai
as approach to use it as storage method.



Materials and methods

The research was carried out at the Insectario de Investi-
gaciones para Lucha Biolégica (IILB) IMYZA-INTA
Castelar, Buenos Aires, Argentina. 7. nerudai and its host
Sitotroga cerealella (Olivier) (Lepidoptera Gelechiidae)
were obtained from colonies reared at this laboratory.
This parasitoid has been reared since 1997 on UV irradi-
ated eggs of S. cerealella in accordance with standard-
ized production procedures (modified from Hassan,
1997) at 25 £ 2 °C, 40-65% RH and 12L:12D photoper-
iod. During the period of the rearing, quality controls in
accordance with standardized procedures of the IOBC for
other Trichogramma spp. have been performed (van Len-
teren, 2003). According to these quality control guide-
lines, specific biological variables (fecundity, longevity,
sex ratio, natural host parasitism) have to be compared to
the accepted reference values.

To obtain the maternal generation (P1), fresh eggs of
S. cereallela stuck in a sheet of cardboard (ca 12 x 17 cm)
and previously treated with ultraviolet light, were placed
within a glass jar (3 litres volume) for 24 hours to be
parasitized by newly emerged parasitoid females at
25 £ 2 °C, 40-65% RH and 12L:12D hours. Each jar
contained around 40000 females and the proportion
Q:eggs was 1:2.3.

Then, the cardboard was cut into pieces holding about
600 parasitized S. cerealella eggs each. Parasitized eggs
could be clearly recognizable by their change in colour
from orange to black (chorion melanisation) 4 days after
the female parasitoid oviposition, under the assay condi-
tions. These pieces contained the immature parasitoid in-
dividuals defined as the maternal generation (P1) in this
experiment. Each piece of cardboard was individually
placed in a glass tube (height 10 cm, diameter 1.5 cm, cov-
ered with film). Twenty tubes (replicates) with freshly
parasitized eggs were randomly assigned to one of the fol-
lowing light/dark cycles (treatments): 12L:12D (control,
as in the routine rearing); 9L:15D, 6L:18D and 3L:21D.
To obtain the offspring generation (F1), when adults of
the maternal generation emerged in each replicate (<24
hours old; ca 400-500 individuals by tube; female propor-
tion 0.5), they were exposed for 24 hours (under light re-
gime: 12L:12D) to fresh eggs of S. cerealella (ca 600
eggs) stuck in a sheet of cardboard and previously treated
with UV light. Twenty replicates (tubes) were carried out
per treatment (photoperiod of maternal generation). After
exposure, the resulting parasitized eggs (F1 offspring gen-
eration) were maintained under a moderately low temper-
ature (11 £+ 2 °C) and complete darkness. These conditions
were chosen because several studies dealing with
Trichogramma species have demonstrated that under
these conditions the percentage of diapausing insects de-
pends on the maternal photoperiodic settings (Zaslavski
and Umarova, 1990; Reznik ef al., 2002; 2012).

The samples were daily checked until the massive
emergence of the adults (about 55-94 days). At this point,
two circular subsamples were selected from each sample
(piece of cardboard containing exposed eggs). For this
purpose, an acetate template with two circles of 0.5 cm
diameter each was superimposed, and the following
variables for the offspring generation (F1) were recorded
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in these two subsamples per replicate: adult emergence
time (from egg to adult), adult emergence percentage
[(emerged adults / total parasitized eggs) x 100] and fe-
male proportion (number of females / total emerged indi-
viduals). The non-emerged material remained under the
conditions of the test (10-11 °C and total darkness) for
another week. No new emergences were recorded during
this period. After this week, other two circular subsam-
ples (diameter 0.5 cm) in each replicate were examined.
Parasitized eggs from which no adult parasitoid emerged
were dissected to determine if parasitoids were alive (tur-
gid and/or mobile) or dead (dry and/or immobile) and
their stage (prepupa, pupa, or adult). The percentage of
non-emerged alive parasitoids corresponding to each
stage was estimated as (number of non-emerged alive
parasitoids in X stage / total number of non-emerged
alive parasitoids) x 100.

Adult emergence (F1), sex ratio (F1) and pupae,
prepupae and adult proportion in non-emerged parasi-
tized eggs (F1) were analysed as binary responses using
logistic regression (logit link function) with photoperiod
treatment as categorical factor. The model fit was
checked by deviance and means were separated using
LSD Fisher multiple comparison test. All statistical anal-
yses were performed using Infostat (Di Rienzo et al.,
2020). Data in results and figures are presented as mean
+ SE. The level of significance of the parameters consid-
ered was 0.05.

Results

All the individuals (F1) in each treatment emerged at the
same time. A descriptive analysis showed a longer time
of emergence for treatments 3L:21D and 12L:12D and
the emergence time was shorter for parasitoids under the
treatments 6L.:18D and 9L:15D (figure 1a).

The percentage of emerged adults from the F1 genera-
tion was significantly affected by the photoperiodic treat-
ments (y?> = 1434.5; df = 3; p < 0.0001). The treatment
3L:21D presented the highest value of emergence fol-
lowed by 12L:12D treatment, 6L:18D treatment and fi-
nally, with the lowest value of adults emerged, the treat-
ment 9L:15D (figure 1b).

The proportion of females in the offspring generation
(F1) was affected by the light/dark cycle to which their
mothers were exposed (y*> = 87.94; df = 3; p < 0.0001).
The treatment 3L:21D had the highest proportion of fe-
males, followed by the proportion of females at 12L.:12D.
On treatments 9L:15D and 6L:18D the female proportion
was intermediate and similar (figure 1c).

The percentage of non-emerged alive prepupae was
negligible for the treatments 3L:21D, 6L:18D and
9L:15D. However, the percentage of non- emerged
alive prepupae was high for the treatment 12L:12D
(x* = 513.82; DF=3; p<0.0001) (figure 2a).

Different treatments significantly affected the percent-
age of non-emerged alive pupae (x> = 333.82; df = 3;
p < 0.0001). The treatment 3L:21D showed the highest
value of non-emerged pupae. On the other hand, there
were no differences between treatments 6L:18D, 9L:15D
and 12L:12D (figure 2b).
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Figure 1. (a) Adult emergence time (F1), (b) percentage ~ Figure 2. (a) Prepupae percentage registered in non-
of emergence (F1), (¢) female proportion (F1) of 7. ne- emerged and dissected eggs, (b) pupa percentage regis-
rudai. Different letters show significant differences be- tered on non-emerged and dissected eggs, (¢) adult per-
tween treatments (p < 0.0001). Except for graphic a, centage registered on non-emerged and dissected eggs.
data are presented as means =+ standard error. Different letters show significant differences between

treatments (p < 0.0001). Data are presented as means +
standard error. The mean number of eggs dissected by
treatment were: 3L:21D: 19.75 + 1.86, 6L:18D: 49.74
+4.10,9L:15D: 64.2+4.26 and 12L:12D: 1215+ 1.61.
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The percentage of alive parasitoids in the adult stage
that did not emerge differed significantly among the
treatments (x> =414.78; df=3;p < 0.0001). It was similar
between treatments 6L:18D and 9L:15D, and between
treatments 3L:21D and 12L:12D (figure 2c).

Discussion

According to Mousseau and Fox (1998) in many insects
several variables as photoperiod, temperature and host
availability experienced by an ovipositing female deter-
mine the probability of diapausing on her offspring. In
general, females that experience short photoperiods, cool
temperatures or few potential hosts (i.e. cues that predict
declining environmental conditions) tend to produce a
high proportion of diapausing offspring.

In Trichogramma one of the mechanisms reported be-
hind the maternal effect is the direct photoperiodic reac-
tion in embryos through the abdominal cuticle of their
mother (Volkoff and Daumal, 1994; Saunders et al.,
2002). Other mechanisms involve transmission of cyto-
plasmatic factors and environment induced epigenetic
changes (Uller, 2008; Bossdorf et al., 2008; Ghosh and
Ballal, 2018). In all these cases, the factors affecting the
mother can have an impact on the development of her
offspring.

According to other authors, in moderate climates, all the
Trichogramma species studied diapause in the prepupal
stage (Zaslavski and Umarova, 1990; Boivin, 1994; Rez-
nik, 2011; Voinovich et al., 2015). Reznik (2011) found
that the maximal proportion of diapausing progeny in
Trichogramma species was induced by a short day light
(10-12 hours) on the maternal generation. Also, Voino-
vich et al. (2003) and Ivanov and Reznik (2008) found a
maximum proportion of diapausing progeny of
Trichogramma embryophagum (Hartig) induced by short
day light duration (ca 12 hours) and a low proportion of
diapausing prepupae with long day light (>15 hours of
light, right threshold) and short day light (<9 hours of
light, left threshold) durations. Zaslavski and Umarova
(1990) found similar effects on Trichogramma pintoi
Voegele. Meanwhile the right threshold has ecological
importance, because it occurs in nature and can affect the
seasonal activity, the left threshold only can be experi-
enced by the parasitoids of temperate zones under labora-
tory conditions (Voinivich et al., 2003). In our study, the
treatment 12L:12D showed that of non-emerged F1 the
highest value consists of prepupae (39.75%) even though
it was lower than those registered for other Trichogramma
spp. (by between 60 and 100%) (Voinovich et al., 2003;
Reznik et al., 2011; Vaghina et al., 2011). This low value
compared to other studies could be a consequence of a
possible artificial selection since the laboratory colony is
maintained under the photoperiod 12L:12D, and only the
non-diapausing individuals are laying descendants. On
the other hand, we observed that shorter periods of light
did not show a greater number of diapausing prepupae but
very low values (<1%). The longest day light period here
evaluated for T. nerudai was 12 hours, and 3 to 9 hours of
light could be considered the “left threshold” of the pho-
tophase for this species. Further research considering light
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periods longer than 12 hours in a new established colony
is required to determine the effect of longer photoperiods
on the percentage of diapausing offspring.

It is important to note that the percentage of pupae that
did not emerge in the course of our 100 day observation
period was higher in the treatment 3L:21D (71.47%) than
in the other treatments (25-28%). Besides, the percentage
of adults that did not emerge was higher particularly for
the treatments of 6L:18D and 9L:15D (67-68%). There-
fore, our results suggest that other phases of development
could be in a stage of quiescence under the described ex-
perimental conditions. In the present study, once the mas-
sive emergence of parasitoids occurred, the non-emerged
material remained under the relatively low temperature
conditions of the test (10-11 °C and total darkness) for
another week. No new emergences were recorded during
this period. After that, the material was dissected to ver-
ify the development stages of those non-emerged individ-
uals. For this reason, it was not possible to register new
emergences in this experiment after 100 days. However,
in more recent studies on the maternal effect on
Trichogramma pretiosum Riley (Viscarret, unpublished
data), after the massive emergence of the parasitoids, part
of the material was dissected and another part was kept
under rearing conditions. In this case, it was observed
that there was one well-marked period of emergence after
the initial massive emergence. Although no material of
T. nerudai was kept under rearing conditions after the
first massive emergence, the observations in the 7. preti-
osum case suggests that a second period of emergence
might occur for 7. nerudai as well. This would explain,
in particular in the treatments of 6L:18D and 9L:15D, the
high percentages of non-emerged adults. Future studies
keeping material under rearing condition are necessary in
order to test this hypothesis.

In order to store pupal stage of 7. nerudai, Tezze and
Botto (2004) reported that the adult emergence and mo-
bility of individuals kept at 4 °C were similar to those of
the control not subjected to cold conditions, provided that
the storage was not longer than 50 days. In addition,
Cagnotti ef al. (2018), in an experiment storing prepupal
stage, recorded that the adult emergence and fecundity of
individuals stored during 70 days (50 days at 5.4 °C after
20 days at an acclimation at 12 °C) were similar to those
of the control at rearing conditions. In the present study,
the maternal exposition at 3L:21D and 12L:12D treat-
ments allowed to keep the filial generation for 90 days at
an intermediate temperature increasing the storage period
obtained by these authors. Similarly, Ghosh and Ballal
(2018) were able to increase the period of storage of
Trichogramma chilonis Ishii up to 125 days by control-
ling thermal and photoperiod outcome on the maternal
generation.

To conclude, in this study we found that by keeping the
maternal generation (P1) under conditions (3L:21D) and
storing the offspring (F1) in egg stage under moderate
low temperatures, it is possible to store the parasitoids
during ca 90 days with an adult emergence rate of 82%
and a 61% female proportion. The advantage of this ap-
proach is that it allows to store the parasitoids for longer
periods without affecting their basic biological parame-
ters, making them available to use in different strategies



of pest control. The evaluation of the biological parame-
ters of the F2 generation, sexual proportion, fecundity
and longevity, must be evaluated in future studied in or-
der to check the quality of insects obtained.
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