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HIGHLIGHTS

o Honeydew and plant guttation are the main plant-derived food sources in tomato crops.
e Honeydew improves the fitness and performance of the parasitoid Dolichogenidea gelechiidivoris.

e Tomato guttation does not affect the biological parameters of Dolichogenidea gelechiidivoris.

e Chemical analyses demonstrated that tomato guttation is poor in carbohydrates and proteins.
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ABSTRACT

Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae) poses a significant threat to tomato crops worldwide.
Following its detection in the Mediterranean basin, considerable efforts have been made to develop biological
control programs against this pest. The larval parasitoid Dolichogenidea gelechiidivoris Marsh (Hymenoptera:
Braconidae) is widely distributed in northeastern Spain and has shown promise as a natural enemy in this region.
Recent studies have demonstrated that access to floral nectar can improve the biological parameters of this
parasitic wasp. However, the effects of other plant-derived food sources available in tomato crops, such as plant
guttation and honeydew, have yet to be explored. This study assessed the impact of plant guttation and the
honeydew of two phloem-feeding insects, Myzus persicae (Sulzer) (Hemiptera: Aphididae) and Bemisia tabaci
(Gennadius) (Hemiptera: Aleurodidae), on the fitness (longevity and fecundity) and performance (parasitism and
sex ratio) of D. gelechiidivoris under controlled laboratory conditions. Our results demonstrated that both hon-
eydews enhanced the fitness and performance of this parasitoid, while tomato plant guttation did not have an
effect on its fitness and negatively impacted parasitism. These findings highlight honeydew as a potential food
source in integrated pest management (IPM) strategies. Further research is recommended to explore the specific
chemical composition of tomato plant guttation and its broader effects on beneficial insects in tomato systems.

1. Introduction

basin where it initially invaded, its biological control is based mainly on
the use of the predatory mirid bugs Macrolophus pygmaeus (Rambur) and

The tomato moth Tuta absoluta (Meyrick) (Lepidoptera: Gelechii- Nesidiocoris tenuis (Reuter) (Hemiptera: Miridae) (Desneux et al., 2022),

dae), recently reinstated as Phthorimaea absoluta Meyrick (Chang and
Metz, 2021), was first detected outside its native range in Spain at the
end of 2006 (Urbaneja et al., 2007), and from there it spread quickly
across the Mediterranean area, causing severe damage to tomato crops
(Desneux et al., 2010). Although insecticides continue to be the main
control tool for this pest in many areas of the world, significant in-
vestments have been made in the development of biological control
methods (Biondi et al., 2018). So far, in the areas of the Mediterranean

as both species prey mostly on the eggs of T. absoluta (Arn¢ et al., 2009;
Urbaneja et al., 2009). To complement the low predatory action of these
predators on T. absoluta larvae, surveys have been conducted to detect
new species of larval parasitoids capable of controlling this pest
(Gabarra et al., 2014; Zappala et al., 2013).

In Spain, numerous species of larval parasitoids of T. absoluta have
been recorded, mostly belonging to the Braconidae, Eulophidae, and
Ichneumonidae families (Gabarra et al., 2014). Necremnus tutae Ribes &
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Bernardo (Hymenoptera: Eulophidae), previously referred to as Nec-
remnus artynes (Walker), is the species with the highest abundance in the
field and wider geographical distribution (Gebiola et al., 2015). In many
tomato-growing regions of Europe, conservation biological control
through the manipulation of widely distributed N. tutae could serve as a
viable strategy against T. absoluta (Calvo et al., 2016). Dolichogenidea
gelechiidivoris Marsh (Hymenoptera: Braconidae) is a koinobiont solitary
larval endoparasitoid that is native to South America and has been
widely distributed in Catalonia (northeast Spain) since 2016, where it
was probably unintentionally introduced with the pest (Denis et al.,
2022). This braconid parasitoid is one of South America’s most impor-
tant biological control agents for T. absoluta (Salas Gervassio et al.,
2019). It was imported into Kenya from Peru in 2017 (Aigbedion-Atalor
et al., 2020), and it was recently detected in tomato crops in Algeria
(Krache et al., 2021). According to van Lenteren et al. (2021), behavior
studies of this parasitoid have been conducted outside its native range,
particularly in East Africa (Aigbedion-Atalor et al., 2020; Mama Sambo
et al., 2022). However, in the Mediterranean basin, the behavior of
D. gelechiidivoris remains unknown.

Numerous species of beneficial insects require plant-provided food
sources as an indispensable part of their diets (Benelli et al., 2017;
Urbaneja-Bernat et al., 2020; Wackers et al., 2008). Thus, understanding
the role of plant-derived food sources in the biological parameters of
natural enemies is crucial for optimizing integrated pest management
(IPM) programs (Benelli et al., 2017; Wackers et al., 2008). Among
plant-derived food sources, extra and floral nectars are rich-nutritive
food sources for insects (Heil, 2015; Wackers et al., 2005). Although
these food sources are not present in the tomato system, two plant-
derived food sources can be found in this crop: honeydew and plant
guttation. Honeydew and plant guttation are nutritive carbohydrate-
rich food sources present in many agricultural systems, and they can
enhance the fitness of natural enemies (Tena et al., 2016; Urbaneja-
Bernat et al., 2020). Guttation is found in many crops, including
fruits, cereals, vegetables, and cover crops (Singh, 2020), and its nutri-
tional value depends on the morphological and physiological charac-
teristics of each plant species, such as xylem and phloem composition
(Urbaneja-Bernat et al., 2024a).

Recent research has demonstrated the importance of the nectar of the
insectary plant Lobularia maritima L. (Brassicaceae) as a reliable food
source that enhances the biological parameters of D. gelechiidivoris
(Urbaneja-Bernat et al., 2024b). However, the potential impact on this
parasitic wasp of plant-derived food sources present in tomato, such as
plant guttation and honeydew of phloem feeders, has yet to be explored.
We hypothesized that the presence of these plant-derived food sources in
the tomato crop system could enhance the efficacy of D. gelechiidivoris.
The aim of this study was to investigate the role of plant-derived food
sources present in tomato crop systems on parasitic wasp fitness
(longevity and fecundity) and performance (parasitism and sex ratio).

2. Materials & methods
2.1. Plants and insect rearing

All experiments and insect rearing were conducted at IRTA facilities
(Cabrils, Barcelona, Spain) under controlled conditions (25 + 1 °C, 70
+ 10 % RH, and 16:8h L:D photoperiod). Pesticide-free tomato (Solanum
lycopersicum L. (Solanaceae)) plants (cv. Roma; Semillas Fitd) were
grown by sowing seeds on a mixture of 70 % peat and 30 % perlite in
seed-raising plastic trays of 28 cells (7.5 x 7.5 cm) and maintained in a
greenhouse. When the seedlings reached 20-30 cm in height, the plants
were transferred to the laboratory to initiate insect colonies and bio-
assays. Herbivore and parasitic wasp colonies were established using
individuals collected from commercial tomato fields infested with
T. absoluta in northeastern Spain (Maresme County) and refreshed
annually. Tuta absoluta larvae were reared on caged tomato plants (47.5
cm x 47.5 cm X 47.5 cm; BugDorm-2; MegaView Science, Taiwan),
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where adult females and males of D. gelechiidivoris were then introduced.
To obtain individuals for the experiments, leaflets containing parasitized
T. absoluta larvae were maintained in aerated cages until parasitoids
emerged.

2.2. Honeydew and plant guttation collection

We collected honeydew from two phloem feeders, Myzus persicae
(Sulzer) (Hemiptera: Aphididae) and Bemisia tabaci (Gennadius) (Hem-
iptera: Aleurodidae), typically found in greenhouse-grown tomato crops
across the Mediterranean basin (Arno et al., 2018; Lacasa and Contreras,
1995). Fresh honeydew was collected daily from colonies of M. persicae
and colonies of B. tabaci reared on tomato plants under the same
controlled conditions mentioned above. Colonies were kept in separate
cages, ensuring that the plants were not co-infested. The density of both
phloem feeders was high-enough to collect ad libitum honeydew for the
experiments. The collection was realized by placing Parafilm® squares
of 10 cm x 10 cm below the infested plants for 24 h. Samples of
M. persicae and B. tabaci honeydew were stored in 15 cm diameter plastic
Petri dishes, sealed with Parafilm®, at —20 °C until their use (Urbaneja-
Bernat et al., 2023). Honeydew from each phloem feeder was provided
on 1 em? square pieces of Parafilm®, cut from the collected Parafilm®
squares, and offered to the parasitic wasp during the experiments.
Guttation droplets were collected daily early in the morning hours from
the leaves of greenhouse-grown and pest-free tomato plants in IRTA,
Cabrils. Plants were daily irrigated to maintain soil moisture and the
occurrence of plant guttation. Droplets were collected using a single
channel pipette of 200-1,000 pL volume range with sterile tip refills of
1,000 pL volume. Then, droplets were stored in 0.5 ml Eppendorf® tubes
at —20 °C in Cryoboxes labeled by date until used. Both plant-derived
food sources were collected from April to September 2023.

2.3. Effect of plant-derived food sources on D. gelechiidivoris fitness

To study the effect of plant-derived food sources on the longevity of
female and male D. gelechiidivoris, six diets were tested on newly
emerged parasitoids (< 24 h): (i) water-only, (ii) sugar-only (1 M su-
crose), (iii) sugar (1 M sucrose) + superoxide dismutase (SOD) protein
(Superoxide Dismutase bovine, SIGMA-ALDRICH, S9697-15KU) (7 pg/
ml), (iv) M. persicae honeydew, v) B. tabaci honeydew, and vi) tomato
plant guttation. The selection of sucrose as a positive control was based
on previous studies that have evaluated the effect of honeydew on
parasitic wasps (Tena et al., 2013; Urbaneja-Bernat et al., 2023). Plant
expressed SODs have been found in the honeydews of phloem feeders.
These defense-related proteins have shown before a positive impact on
the fitness of a parasitoid used as a biological control agent (Urbaneja-
Bernat et al., 2024c). Twenty newly emerged unfed parasitoids of each
sex (20 males, and 20 females), per diet were placed individually in glass
vials (7 cm height, 1.2 cm diameter), with the corresponding diet offered
ad libitum. Water was provided in cotton balls that also sealed the vials.
Although honeydew was provided ad libitum on 1 cm? Parafilm® pieces,
the volume of this plant-derived food source was measured to analyze
the carbohydrate and protein content (section 2.6). Subsequently,
similar volumes of all diets were provided using a micropipette. Food
sources and water were renewed daily. Survival was checked daily until
the individuals died.

Next, to evaluate the effect of the six diets described above on the
fecundity of D. gelechiidivoris, the egg load (the number of mature eggs in
the abdomens of females) was counted. Fifteen unfed newly emerged
females (< 24 h old) were collected and then killed immediately at
—20 °C. To ensure mating, 75 individuals (2:1 female:male) were placed
inside a transparent polypropylene plastic cup (946 ml; 114 mm diam-
eter; 127 mm height; Paper Mart, CA, USA) and were provided ad libitum
one of the six diets for 24 h. After 24 h, 15 of these D. gelechiidivoris
females per diet were killed and maintained at —20 °C. Another 30 fe-
males per diet were individually placed in glass vials (7 cm height, 1.2
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cm diameter) with the corresponding diet. Food and water were offered
as in the longevity assay. Three and six days after emergence, 15 females
per diet and day were killed and maintained at —20 °C. Therefore, we
had females that were 0, 1, 3, and 6 days old. To count the eggs, all
frozen females were dissected, and the number of mature eggs was
recorded. All frozen females were dissected to count the eggs by placing
them on a microscope slide with a drop of water under a coverslip. To
expose the ovaries with mature eggs out of the abdomen, light pressure
was applied to the thorax with a pair of pins. A total of 15 replicates were
conducted for each day and per diet for this experiment.

2.4. Effect of plant-derived food sources on D. gelechiidivoris parasitism

To assess the impact of plant-derived food sources on the parasitism
of D. gelechiidivoris, the six diets mentioned above were tested. Thirty
newly emerged parasitoids (15 females and 15 males) per diet were
collected and paired individually in aerated polypropylene 100 ml urine
sample containers 2 h before the experiment. Each pair was provided
with their respective diets ad libitum, and water was supplied via a wet
cotton ball. The experimental setup consisted of a rearing cage (30 x 30
x 30 cm) with a single tomato plant (20-30 cm height) infested with 15
Lilarvae of T. absoluta. To ensure uniformity in larval stage, cohorts of
T. absoluta larvae were used, following the insect rearing methodology
described above. Tomato plants were infested with T. absoluta adults for
24 h, allowing for oviposition and ensuring that all larvae were at the L;
stage at the time of the experiment. A pair of parasitoids, along with
their diet offered ad libitum in a piece of Parafilm® (1 cm?) and distilled
water, was introduced into the cage. The parasitoids remained in the
setup for 3 days under the specified climatic chamber conditions. Daily
renewal of diet, water, and tomato plants was ensured, and parasitoid
survival was recorded. A total of 15 replicates per diet were conducted
for this assay. Additionally, there were 15 replicates with cages con-
taining only T. absoluta larvae (control). Plants were maintained in a
climatic chamber, and after 5 days, the number of alive and dead
T. absoluta larvae found on each plant and treatment per day was
counted. Alive T. absoluta larvae were introduced in a polypropylene
100 ml urine sample container for 24 h with water and sodium hypo-
chlorite solution (1:49 mL). After 24 h, T. absoluta larvae were dissected
under a stereomicroscope (ZEISS Stemi 508) to record the parasitized
and non-parasitized larvae.

2.5. Effect of plant-derived food sources on D. gelechiidivoris sex ratio

To evaluate the effect of plant-derived food sources on the sex ratio
(female proportion), 1-3-day-old female and male D. gelechiidivoris were
introduced in the same container as in the parasitism bioassay with their
corresponding diet ad libitum and water for 24 h to ensure mating. Fe-
males were then introduced into the same setup as in the parasitism
bioassay to allow T. absoluta parasitization for 24 h with their corre-
sponding diet and water. Before starting the experiment, alive
T. absoluta larvae per plant were recorded (8.9 + 0.11), with no signif-
icant differences between treatments. After 24 h, female parasitoids
were removed from cages, and plants with T. absoluta larvae were kept
under control conditions until T. absoluta or parasitoids emerged. Then,
the D. gelechiidivoris sex ratio was recorded. A total of 15 replicates per
diet were conducted for this experiment.

2.6. Carbohydrate and protein content in plant-derived food sources

The concentration of total sugars and proteins was estimated in the
above-mentioned honeydew and guttation samples that were previously
collected and measured (Section 2.2). The concentration of total sugars
in the honeydew droplets and guttation was determined using a quan-
titative anthrone assay (Morse, 1947) with modifications. The volume of
each droplet was estimated as (4/3 x & x r3) x 1/2, where r is the radius
of the droplet. To analyze the honeydew, we processed six samples
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(biological replicates) of each honeydew studied. For B. tabaci, each
sample contained 8977.7 + 1601.6 (mean =+ s.e.) drops, with a diameter
of 0.04 + 0.01 mm, a volume of 0.17 + 0.31 pl. For M. persicae, each
sample contained 61.1 + 25.9 (mean + s.e.) drops. Each, with a diam-
eter of 0.21 4+ 0.4 mm and a volume of 0.10 + 0.01 pl. For analyzing the
nutritional content of honeydew drops, samples were diluted by adding
150 pl of phosphate-buffered saline (8 mM NapyHPO4, 2 mM KH3POy,
and 150 mM NaCl (pH 7.4). However, further dilutions were made if
needed, depending on the sugar concentrations. To determine total
sugar and protein concentrations in the guttation, we used liquid
collected directly from tomato plants. No dilution was needed. Ten
microliters of each diluted sample were placed in a 96-well plate and
mixed with 90 pl of anthrone reagent (1.5 mg ml~! in 95 % sulfuric
acid). The plate was stirred for 10 s and incubated for 2 h at 65 °C (hot
anthrone test). Then, the absorbance at 620 nm was measured in a 96-
well plate reader (Tecan Infinite M200Pro; Tecan Austria GmbH,
Grodig, Austria). The concentration of total sugars was estimated using
known concentrations of glucose as standards. The quantification of
total proteins in the same six samples of honeydew and guttation was
carried out by fluorimetry using a Qubit 3.0 fluorometer (Thermo
Fisher, Hercules, CA, USA). One microliter of each sample was examined
using a Qubit Protein Assay Kit (Thermo Fisher, Hercules, CA, USA)
according to the manufacturer’s recommendations.

2.7. Statistical analysis

Kaplan-Meier survival analysis, followed by a log-rank equality test
and a complete pairwise analysis, was used to analyze differences among
survival curves for the six different diets for each sex of the parasitoid
species. Bonferroni correction was used to find statistical differences for
each pair of treatments. Generalized linear models (GLMs) with a
Poisson distribution and a log link function were applied to determine
differences in the number of mature eggs for each diet. When statisti-
cally significant differences appeared in the GLM, the means were
separated using estimated marginal means and adjusted with the Bon-
ferroni correction for multiple comparisons. For the egg load on day 6,
we performed a t-test. We used GLM with a Poisson distribution and a
log link function to determine differences in the number of T. absoluta
larvae parasitized per parasitic wasp. Means were separated using esti-
mated marginal means and adjusted with the Bonferroni correction for
multiple comparisons when statistically significant differences were
found. GLM was also used to analyze the sex ratio, with an analysis of
deviance, assuming binomial errors, and a logit link function. The
number of female wasps was used as the response variable, and the total
offspring number was used as the binomial denominator. An analysis of
deviance was performed to assess the overall differences among the
treatments. When statistically significant differences were found in the
GLM, post hoc pairwise comparisons were conducted with a Bonferroni
correction to control for multiple comparisons. All statistical analyses
were conducted using R Studio software (R version 4.3.1) with a nom-
inal significance of 5 % (P < 0.05).

3. Results
3.1. Effect of plant-derived food sources on D. gelechiidivoris fitness

The survival of D. gelechiidivoris females depended on the diet pro-
vided (y? = 357.84; P < 0.001) (Fig. 1a). Dolichogenidea gelechiidivoris
females lived significantly longer when fed sucrose and sucrose + SOD
(positive controls) compared to those fed honeydew of both phloem
feeders, guttation and water-only diets. Furthermore, survival rates
were higher in females fed on B. tabaci and M. persicae honeydew
compared to those that fed on plant guttation, and water-only (negative
control). Females fed on water and plant guttation had the lowest sur-
vival rates (Supplementary material, Table 1S). Similarly, access to
sugary foods, including positive controls and both honeydews,
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Fig. 1. Survival curves for Dolichogenidea gelechiidivoris females (a) and males (b) fed on six different diets: water, sugar-only (1 M sucrose), sugar (1 M sucrose) +
superoxide dismutase (SOD) protein (7 ug/ml), Myzus persicae honeydew, Bemisia tabaci honeydew, and plant guttation. Different letters indicate significant dif-
ferences among the treatments after pairwise comparison of the survival curves (Bonferroni correction was used to weigh the multiple comparisons done).

significantly increased the longevity of D. gelechiidivoris males (y* =
254.22, P < 0.05) (Fig. 1b), but was lowest when fed on plant guttation
and water-only diets.

Newly emerged females of D. gelechiidivoris (< 12 h) had an egg load
of 55 + 3 eggs per female. One day after their emergence, the egg load of
D. gelechiidivoris females differed significantly depending on the diet (32
= 179.67; df = 5, P < 0.001). Dolichogenidea gelechiidivoris females
significantly increased their egg load when fed all diets compared to
water-only (Fig. 2). Three days after parasitoid emergence, females fed
only on water and guttation had already died, and those fed on sucrose
maintained a significantly higher egg load compared to the sucrose +
SOD diet ()(2 = 9.01, P < 0.05), while females fed on both honeydew
diets showed intermediate values. Finally, 6 days after their emergence,
females fed on honeydews were not alive, and there were no significant
differences in females’ egg load between the two sugary control diets (t
= —0.14, df = 27.09, P = 0.89) (Fig. 2).

3.2. Effect of plant-derived food sources on D. gelechiidivoris performance

Diet significantly affected the number of parasitized T. absoluta
larvae provided (;(2 =71.92, df =5, P < 0.001) (Fig. 3). Dolichogenidea
gelechiidivoris females parasitized more T. absoluta larvae when fed with
the sucrose + SOD diet than when they were fed on guttation (° =
63.10, P < 0.001). Both honeydew diets, along with sucrose and water,
also led to a higher number of parasitized larvae compared to guttation.
The presence of D. gelechiidivoris significantly increased the number of
dead larvae compared to the control (3% = 23.59, df = 6, P < 0.001). The
sucrose + SOD diet yielded a higher number of dead larvae compared to
water, the M. persicae honeydew diet, and the control, while the rest of
the diets had intermediate values.

In the sex ratio experiment, the number of female offspring of
D. gelechiidivoris was influenced by the diet provided. A higher number
of female offspring was obtained when the parasitic wasp was fed
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sucrose (% = 11.05, P < 0.05) and B. tabaci honeydew (y? = 9.53, P <
0.05) than water. Sucrose + SOD, M. persicae honeydew, and plant
guttation had intermediate values that were not significantly different

from water or each other (Table 1).

3.3. Carbohydrate and protein content in plant-derived food sources

were estimated at 0.15 + 0.2 mg ml ' and 2.5 + 0.5 ug/ml ™! (mean +s.
e.), respectively. For B. tabaci honeydew, the sugar content was 32.7 +
7.5 mg/ml ™}, while the protein content was 5.1 = 0.5 pg/ml L. Simi-

larly, in M. persicae honeydew, sugar levels were estimated at 39.6 + 6.4
rng/mlfl, with a protein concentration of 8.9 + 0.6 pg/ml’1 (Table 2).

The total concentrations of sugars and proteins per guttation droplet
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Table 1

Sex ratio (mean + SE) when fed on six different diets (water, sugar-only, sugar +
(SOD) protein, M. persicae honeydew, B. tabaci honeydew, and plant guttation.
Values in the same column for the sex ratio followed by the same letter are not
significantly different (Bonferroni correction, P < 0.05).

Diet D. gelechiidivoris sex ratio
Water 0.47 + 0.11b

Plant guttation 0.49 + 0.07 ab

Bemisia tabaci honeydew 0.74 £ 0.07 a

Myzus persicae honeydew 0.66 + 0.08 ab

Sucrose 0.77 £0.05a

Sucrose + SOD 0.69 + 0.07 ab

Statistics ? =21.84,df = 5, P < 0.001

Table 2
Carbohydrate (mg/ml) and protein(ug/ml) concentrations of the diets used in
the experiments.

Diet Carbohydrates (mg/ml) Proteins (ug/ml)
Plant guttation 0.15 + 0.2 25+ 0.5
Bemisia tabaci honeydew 327+75 51+0.5
Myzus persicae honeydew 39.6 + 6.4 8.9+ 0.6
Sucrose 342 -
Sucrose + SOD 342 7

4. Discussion

Our study demonstrates that honeydews produced by B. tabaci and
M. persicae in tomato significantly enhance the fitness, parasitism, and
female offspring of D. gelechiidivoris. In contrast, when this parasitoid
feeds on tomato plant guttation, it does not confer any beneficial effects
on biological parameters. Many studies have highlighted the positive
impact of carbohydrate sources in honeydews on the biological pa-
rameters of parasitoids (Tena et al., 2016; Wackers et al., 2005). These
results are likely due to the significant differences in the sugar content
between these food sources, as both honeydews contain more than 200
times the sugar content found in plant guttation. Our findings align with
those of Urbaneja-Bernat et al. (2024b), highlighting the importance of
rich carbohydrate food sources, such as L. maritima nectar, in enhancing
the biological parameters of D. gelechiidivoris.

Honeydew might be the predominant sugar source in agricultural
systems; nevertheless, it is more variable in quality than other plant-
derived food sources (Tena et al., 2016; Wackers et al., 2008). Our re-
sults demonstrate that B. tabaci and M. persicae honeydew enhanced the
longevity of both female and male D. gelechiidivoris as well as the egg
load compared to water. Although our study found no significant dif-
ferences in protein content between honeydews and the sucrose + SOD
diet, high sugar content, particularly sucrose, was key to sustaining the
egg load three days after the emergence of parasitoids. Many koinobiont
endoparasitoids lay hydropic eggs that are typically yolkless because
they absorb host hemolymph proteins to complete embryogenesis (Ode
et al., 2021). Therefore, additional dietary proteins might not signifi-
cantly impact egg production. When we tested these food sources on the
parasitism of D. gelechiidivoris, our results revealed that the percentage
of parasitized T. absoluta larvae was similar to that of the water diet.
According to a review by Lee (2024), while sugar feeding can enhance
the longevity and fecundity of parasitoids, it does not always result in
higher parasitism rates or improved biological control in the field. It is
commonly known that the sex ratio of parasitoids can shift to produce a
higher proportion of female offspring when female parasitoids are well
fed (Benelli et al., 2017). In the sex ratio bioassay, B. tabaci honeydew
and sucrose produced a higher number of female D. gelechiidivoris
offspring compared to water. These findings are aligned with the study
by Fuchsberg et al. (2007), in which the egg parasitoid Trichogramma
ostriniae Pang & Chen (Hymenoptera: Trichogrammatidae) produced a
higher proportion of females when parasitic wasps were fed with aphid
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honeydew in comparison to unfed individuals. Moreover, when Pachy-
crepoideus vindemmiae (Rondani) (Hymenoptera: Pteromalidae) females
were fed honey, they produced more offspring, with a higher proportion
of females. In the absence of this diet, parasitic wasps produced fewer
offspring, and the proportion of male offspring increased, although it
remained female-biased overall (Hu et al., 2012). Moreover, a biological
tendency towards a lower proportion of female offspring was observed
when parasitoids fed on tomato plant guttation compared to both hon-
eydews (~0.2), suggesting the need for further research.

Then, although the presence of honeydew in the field is not desired
because it serves as a substrate for sooty molds that can disrupt the
photosynthetic capacity of plants, thus leading to reduced crop quality
and yield, it is worth perceiving honeydew in agriculture not only as a
challenge but also as an opportunity to improve pest management
(Fernandez de Bobadilla et al., 2024). Strategies such as promoting
B. tabaci and M. persicae populations when they do not reach the eco-
nomic threshold can be valuable tools in the integrated pest manage-
ment of T. absoluta.

One of the hypotheses of our study focused on the potential positive
effects of plant guttation. However, when evaluating the impact of to-
mato plant guttation on a natural enemy for the first time, we found that
plant guttation serves as a poor-quality food source for D. gelechiidivoris.
This is evidenced by reduced longevity, lower parasitism rates, and a
higher proportion of male offspring when the parasitic wasp feeds on
tomato plant guttation. A plausible explanation for this may lie in the
lower sugar and protein content of plant guttation compared to hon-
eydew, but also in the potential presence of secondary plant metabolites,
such as alkaloids (Singh and Singh, 2013), which could inhibit feeding
behavior or exert toxic effects on D. gelechiidivoris. Our findings differ
from studies on plant guttation from other plants, such as highbush
blueberries, where plant guttation was found to be a rich food source for
beneficial insects and enhanced the longevity of three different insect
taxa: an herbivore, a predator, and a parasitic wasp (Urbaneja-Bernat
et al., 2020).

In conclusion, our study demonstrates that honeydew produced by
M. persicae and B. tabaci positively influences the fitness and perfor-
mance of D. gelechiidivoris, while tomato plant guttation does not pro-
vide similar benefits. On the contrary, our results indicate that tomato
plant guttation does not enhance—and may even negatively affect—the
biological parameters of this parasitic wasp. Given these findings, the
presence of honeydew from these two phloem feeders may play a
beneficial role in enhancing the biological control of T. absoluta by
improving the fitness and performance of D. gelechiidivoris. Future
research should further investigate the role of tomato plant guttation
and its potential implications for other beneficial insects in tomato
crops, such as mirid predatory bugs. Although our results suggest that
tomato plant guttation has no positive effect on D. gelechiidivoris,
reducing its parasitism, it is crucial to explore the specific mechanisms
responsible for these effects. Identifying secondary compounds in plant
guttation, such as alkaloids, that could detrimentally impact parasitoid
biological traits is important. Additionally, evaluating different tomato
varieties to assess variations in the nutritional composition of plant
guttation will provide deeper insights into its broader influence on
beneficial insects in tomato agricultural systems.
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