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ABSTRACT

The effectiveness of parasitoids as organism for biological control is at
times limited by food sources. Most of parasitoids rely on carbohydrate
foods to enhance their longevity and reproductive capacity. Honey is the
miraculous product of honey bees and is naturally delicious. A
preliminary study was conducted on the use of different kinds of honey
as food sources for the Trichogramma species. The value of honey as a
food source for Trichogramma was evaluated by testing the influence of
several honey diets on parasitism and longevity in the laboratory. The
most commonly available honey is made from a variety of flowers, pine,

chestnut and sunflower honey parasitized relatively more than when fed
on citrus honey. Trichogramma females fed on flower, sunflower, and
citrus honey survived drastically longer than females fed on chestnut and
pine honey. These results showed that supplying sugar, sunflower, and
flower honey to Trichogramma resulted in greater longevity and total
fecundity. Overall, feeding Trichogramma females on different kinds of
honey had a negligible effect on parasitization but did certainly affect
longevity. Of the Trichogramma species evaluated, T. brassicae appears
to be the most suitable parasitoids regarding high parasitization and
longer life span.

citrus, chestnut, sunflower, and cotton. Trichogramma females fed on
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1. Introduction

There are many beneficial insect species that can be used in biological control. Among these beneficial insects, parasitoids are a
very important group. The Trichogramma species in this group is of great importance in biological control. As a favorable
method for reducing egg hatching and consequent harm caused by larvae, the augmentative release of lab-reared trichogrammatid
egg parasitoids has been used (Smith 1996). The production of the Trichogramma species in the laboratory is cheap and easy. In
many countries, these parasitoids are produced in bulk and are used against various pests, especially Lepidoptera (Hassan 1993;
van Lenteren 2012).

The efficiency of parasitoids as organism for biological control is sometimes limited by food sources, and the availability of
food plays a major role in determining the effectiveness of parasitoids as control agents. The Trichogramma species is fed with
nectar and pollen in nature (Wellinga & Wysoki 1989), and these foods are known to be effective on the longevity of parasitoids
(Hohmann et al. 1989; Shearer & Atanassov 2004), parasitism (Somchoudhury & Dutt 1988; Shearer & Atanassov 2004) and
adult sex ratio. These natural food sources are replaced by honey and sucrose in the laboratory. Many studies have reported that
feeding Trichogramma adults significantly increases fecundity and longevity in the laboratory (Ashley & Gonzales 1974;
Bourarach & Hawlitzky 1989).

Honey contains many substances and consists of sugar, proteins, vitamins, and minerals (Alavarez-Suarez et al. 2009). It also
covers antimicrobials and antioxidants (Echingo & Takenaka 1974; Martos et al. 2000; Gheldof et al. 2002). The use of extra
food sources to improve biological control services for parasitoids and predators has been extensively discussed (Heimpel &
Jervis 2005). It was indicated that the providing of food in the field can help parasitoids maintain their sugar resources and
increase fecundity and parasitism (Tena et al. 2015).

Despite the significance and valuable information that laboratory work provides in selecting potential candidates for
biological control, the real value of these studies is still being discussed (Waage 1990; Jervis & Kidd 1992). These studies show
the potential value of adult foods, particularly when compared to the Trichogramma spp. In this study, we compared the
suitability of the various types of honey as food sources consumed by Trichogramma spp. The goal of this research was to find
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out if different food obtainability would likely be a significant point in the field's success by evaluating the response to a honey
diet under laboratory conditions.

2. Material and Methods
2.1. E. kuehniella Rearing Procedure

Mediterranean flour moths (MFM), Ephestia kuehniella Zeller 1879 (Lepidoptera: Pyralidae) has been reared in our laboratory
since 2015. The MFM were reared on a mixture of wheat flour, wheat germ and yeast (Marec et al. 1999). While rearing, the
moth cultures were kept in a rearing room maintained at 27+1 °C and 70+5% RH under 16 h light followed by 8 h darkness (16
L: 8 D). For obtaining host eggs, new emerged adults of MFM were obtained from stock culture and placed in plastic jars with
screen bottoms. The eggs were collected, sifted to remove parts of insects and frass and placed in Petri dishes.

2.2. Trichogramma spp. Rearing Procedure

Trichogramma spp. were permanently reared on MFM eggs in the laboratory in a room maintained at 24+1 °C, 70+ 5% r.h, and
14:10 (L:D). Trichogramma evanescens Westwood 1833, Trichogramma brassicae Bezdenko 1968, and Trichogramma pintoi
Vogelé 1982 (Hymenoptera: Trichogrammatidae) used in the experiments were obtained from the Department of Plant Protection
of the Faculty of Agriculture of Ankara University. Parasitoid cultures were started by using individual females on eggs of E.
kuehniella and kept in glass vials (8 by 2 cm) in the same room. The females tested were 2 to 3 hours old, fed with honey, mated
and not contacted with the host eggs prior to testing. Fresh eggs (less than 24 hours old) of MFM were glued on pieces of white
cardboard (2 by 5 cm) and put into the vessels (8 by 2 cm). These eggs were presented at the same time to a single female of the
Trichogramma species for parasitization for 24 hours and placed in the environmental chamber and then were discarded.

2.3. Feeding tests

Experimental Design: Eight food options (A: No food, B: Flower, C: Pine, D: Citrus, E: Chestnut, F: Sunflower, G: Cotton and
H: Sugar) were used for dietary treatments. The honey sources and sugar were regularly given to females wasps and unfed wasps
were used as a control.

Each honey and the other treatments (no food and sugar) were compared as food for Trichogramma spp females. Flower,
pine, citrus, chestnut, sunflower, and cotton honeys were obtained from the Faculty of Agriculture, Erciyes University. Each
food was tested in three independent experiments in glass tubes (8 by 2 cm), namely with diluted honey, with sugar, and with no
food only. In tests with honey, a small piece of cotton moistened with the dilute honey was placed into each glass test tube. The
food was renewed every second day.

To test the ability (parasitization, longevity) of individuals of each of the three Trichogramma species reared on different
honeys, approximately 50 E. kuehniella fresh eggs glued on a cardboard was place in glass vials (10 cm x 3 cm) and were
separately offered to a single, newly emerged (0-24 h) and mated Trichogramma female of each species for one day. After
plugged with a ventilated stopper, the vials were then placed in a randomized block trial design with 10-12 replicates. The
females of each Trichogramma species were removed after this time of exposure and the number of parasitized eggs was counted.
Longevity was determined by counting the number of adults each day until death. The food source was replaced daily unless
otherwise indicated. Then each vial was examined carefully to determine the female longevity, parasitization, adult development,
and sex ratio.

Data were analyzed using one-way variance analysis (ANOVA) with food sources being used as a factor and the number of
parasitized eggs, number of total emerged adults and number of total females as dependent variables (PROC GLM) (SPSS 1999).
The homogeneity of the variance was evaluated with the Levene’s test. Before statistical analysis, all data were transformed into
the square roots; Tukey-HSD was used as a means of separation when significant differences occurred (SPSS 1999). The life
table statistics were calculated using data from adult survival studies. The mean survival rates were calculated using the Kaplan-
Meier survival analysis (Kaplan & Meier 1958). Differences in survival rates were compared with Breslow method (Generalized
Wilcoxon) (Gehan 1965).

3. Results and Discussion
3.1. Fecundity

All of the honey had nutritional qualities and there is a potential to rear this insect on honey. Reproductive success in the
Trichogramma species varied slightly when fed on different honey, but fecundity was not affected markedly (F, df, P>0.05). The
effects of food on the parasitization of T. pintoi are shown in Figure 1. The mean fecundity (total offspring) or parasitism was
between 29.0 and 36.7 per female; the highest values for honey F (Sunflower) were not significantly different from the other
kinds of honey (F = 1.162, df =7, P>0.05). In T. evanescens, the mean fecundity was between 25.1 and 28.8 per female; the
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highest values for honey C (Pine) were not significantly different from the other kinds of honey (F=0.289, df =7, P>0.05) (Figure

2). The number of parasitized hosts decreased to a comparatively constant level from honey C (Pine), to honey D (Citrus), and
to honey B (Flowers).
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Figure 1- The mean number of parasitization of T. pintoi when reared on food sources. The asterisks in the columns indicate that

there was significant difference at a 5% probability level by the Tukey test, ns: non-significant differences. (A: No food, B:
Flowers, C: Pine, D: Citrus, E: Chestnut, F: Sunflower, G: Cotton, and H: Sugar)
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Figure 2- The mean number for parasitization of T. evanescens when reared on food sources. The asterisks in the columns
indicate that there was significant difference at a 5% probability level by the Tukey test, ns: non-significant differences. (A:
No food, B: Flowers, C: Pine, D: Citrus, E: Chestnut, F: Sunflower, G: Cotton and H: Sugar)

Regarding T. brassicae, the parasitization is shown in Figure 3. The number of offspring produced by T. brassicae females
not differed significantly with the feeding treatment (F = 1.903, df =7, P>0.05). There is no difference since P>0.05). The mean
fecundity was between 29.5 and 39.4 per female for honey D (Citrus) and A (No food), respectively. A large difference was
found in fecundity among females. Wasps had the highest parasitization when fed on D (Citrus) and A (No food) and the lowest
in the other feeding treatments, particularly in G (Cotton) honey and in H (Sugar). The mean fecundity of the females, provided
with honey for a day and then allowed to oviposit for one day, was similar to unfed females. The number of parasitized eggs
(Figure 3) indicated that T. brassicae is more fecund than T. evanescens and T. pintoi.

Reproductive success in the Trichogramma species varied only slightly when fed on different kinds of honey, the mean
fecundity or parasitism not being significantly different. It was found that when the T. euproctidis females were fed on artificial
foods and flowers nectars, the females fed with sucrose, honey and dog-fennel had higher parasitization than other nutrients
(Tuncbilek et al. 2012). These results are consistent with other studies that addressed the fecundity of Trichogramma where
sugar was supplied and showed change or no increase in parasitism (Heimpel & Jervis 2005; Wade et al. 2008).

Contrary to our findings, many researchers have indicated that an increase in fecundity can happen when parasitoid wasps
fed with different foods (Ashley & Gonzalez 1974; Leatemia et al. 1995; Shearer & Atanassov 2004). These findings recommend
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that habitat management should provide a continuous supply of sugar or nectars to parasitoids. The significance of sugar feeding
could clearly be greater in the field than expected from the laboratory, where parasitoids are not so active and are maintained
under adequate conditions (Steppuhn & Wackers 2004; Winkler et al. 2006). However, owing to the tendency of the
Trichogramma spp to be pro-ovigenic the availability of food will likely not always increase fecundity. It is much more probable
that adults will survive long enough to place appropriate hosts for their eggs (Harvey et al. 2012).
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Figure 3- The mean number parasitization of T. brassicae when reared on food sources. The asterisks in the columns indicate
that there was significant difference at a 5% probability level by the Tukey test, ns: non-significant differences. (A: No food,
B: Flower, C: Pine, D: Citrus, E: Chestnut, F: Sunflower, G: Cotton and H: Sugar)

3.2. Female emergence

The number of female emergence for Trichogramma pintoi was greater on the diet H (Sugar). It was significantly different from
honey C (Pine) and D (Citrus) (F = 2.463, df =7, P<0.05) (Figure 1). There was a large variation in the results of the kinds of
honey for female emergencies. Results were similar to the values observed for other honey and are not significantly different
(P>0.05). In T. evanescens, the female emergence was greater on diet A (No food) (17.0). It was significantly different from the
chestnut honey diet (F = 2.965, df =7, P<0.05) (Figure 2). Regarding T. brassicae, the female emergence was greater on the diet
D (Citrus) (23.7). It was not significantly different from the other honey (Citrus) (F = 0.598, df =7, P>0.05) (Figure 3). Our
findings support the study of Lundgren et al. (2002), who performed quality evaluation experiments for commercially reared
Trichogramma spp, and found that the percentage emergence increased when Trichogramma adults received honey.

3.3. Adult emergence

Adult emergence of T. pintoi was greater with diet H (Sugar) (33.8), although it was not significantly different from honey C
(Pine) or from D (Citrus) (F = 1.285, df =7, P>0.05) (Figure 1). Results were similar to the values observed for other honeys and
are not significantly different, though marginally more adults were produced for wasps fed on honey from flowers, sunflowers,
and sugar (P>0.05). In T. evanescens, the adult emergence was greater with diet A (No food) (23.1) It was significantly different
from honey B (Flower) and E (Chestnut) (F = 3.022, df =7, P<0.05) (Figure 2). Results were similar to the values observed for
other honey and are not significantly different, though slightly more adults were obtained for wasps fed on sunflower and, cotton
honey and no food (P>0.05). The daily emergence trend was very comparable to the amount of daily parasitized eggs. These
results accord with our previous study (Cinar et al. 2015).

Regarding T. brassicae, the adult emergence was a little bit greater with diet D (Citrus honey) (32.8). It was not significantly
different from the other honey (F = 0.593, df =7, P>0.05) (Figure 3). Results were similar to the values observed for other honeys
and are not significantly different, even though slightly more adults were produced for wasps that were fed with flower, chestnut,
and sunflower (P>0.05). The number and sex ratio of progeny emerging from hosts parasitized by Trichogramma females fed
on different kinds of honey did differ significantly. The sex ratio (female/male) of Trichogramma was affected by honey sources.
The sex ratio varied from 1.86 to 3.76; 2.12 to 3.42 and 1.67 to 2.97 for T. pintoi, T. evanescens, and T. brassicae, respectively.
T. evanescens had a more significantly increased sex ratio than T. pintoi.

There has been extensive discussion of the use of additional food sources in agriculture to enhance biological control facilities
for parasitoids and predators (Heimpel & Jervis 2005). The provision of food in the field was reported to help parasitoids maintain
their sugar resources and raise fecundity and parasitism (Tena et al. 2015).
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3.4. Longevity

Longevity in Trichogramma varied significantly when fed on different kinds of honey. Honey types provided to T. pintoi females
significantly affected longevity. The highest longevity was recorded (6.91+0.8 days) on sugar. The shortest longevity was
recorded on no food (2,00+0.0 days) (Figure 4). The longevity of parasitoids that were maintained with sugar was marginally
higher than those kept on chestnut honey and no food.
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Figure 4- The survival rate of T. pintoi fed on different kinds of food sources (n=12), Kaplan-Meier curves of survivorship in
days for T. pintoi females fed on different kinds of honey

The longevity of T. evanescens provided with sunflower, flower, and cotton honey was significantly different than those
given no honey (y*> = 41.06, df =6, P<0.001). Parasitoids lived a longer period of time when they were fed on sunflower honey
than cotton, and pine honey (Figure 5). The highest longevity was recorded (6.00+0.8 days) on sunflower honey, whereas the
shortest longevity was recorded on no food (3.25+0.1 days) when they had no access to honey. The shortest longevity was
recorded on no food (3.25+0.1 days). The longevity of parasitoids that were maintained with sugar was marginally higher than
those kept on chestnut honey and no food.
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Figure 5- The survival rate of T. evanescens fed on different kinds of food sources (n=12)

Honey types provided to T. brassiace females significantly affected longevity. The highest longevity was recorded (8.71+1.2
days) on sugar. The shortest longevity was recorded on no food (1.83+0.3 days) (Figure 6). The longevity of parasitoids that
were maintained with sugar was marginally higher than those kept on sunflower, pine honey, and no food. The longevity of T.
brassiace provided with pine honey and no food was significantly different than those given other honey (y>= 52.45, df=6, P <
0.001) (Figure 6). The Trichogramma male was not observed.
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The survival curves of adult females of T. pintoi and T. evanescens (Figures 4 and 5) showed similar time patterns. The
maximum female life expectancy was 10 days for T. pintoi and T. evanescens, and 15 days for T. brassiace. In spite of the
similarity of the survival curves (T. brassicae), some minor differences could be observed (Figure 6). Although the availability
of honey has clearly affected the life span of all three of the Trichogramma species, it did not markedly increase fecundity.
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Figure 6- The survival rate of T. brassiace fed on different kinds of food sources (h=12)

The findings of the study indicated that the various kinds of honey had impressive effects on longevity in the Trichogramma
species. There was a dramatic decrease in longevity when wasps were reared on chestnut honey. A similar amount of offspring
was yielded within each species, however, the wasps had different longevity on the eight kinds of food examined. An earlier
study (Wéckers 2001) observed a major shift in sugar quality in parasitoid C. glomerata longevity. There were important inter-
specific differences in earlier experiments when wasps were fed honey (Harvey 2008). In a previous study it was found that a
major shift in sugar quality had a major impact on the longevity of the parasitoid C. glomerate (Wackers 2001).

Our study provides new insight into the biology of Trichogramma spp which can be useful concerning the ability to use T.
pintoi, T. evanescens and T. brassicae species in biological control. However, further testing should be done before a decision is
made on which species is the appropriate agent for control of pests. Therefore, we conclude that almost all honey is adequate for
rearing Trichogramma, except for chestnut, based on the biological parameters of parasitization, adult emergence, and female
longevity. Overall, feeding Trichogramma on various honey had a slight effect on parasitization, but greater effect on longevity.
Of the species of Trichogramma assessed, T. brassicae appears to be the most appropriate parasitoids for high parasitization and
longer life. Further studies should target the efficiency of resource use in adult parasitoids derived from different diets in order
to establish possible relations to certain life histories and reproductive strategies for these insects. In the same way, the approaches
to mass rearing of these wasps for biological control and the unraveling of trait-mediated evolutionary constraints could be
strengthened. It was concluded that different honey sources are effective on female longevity in the rearing of the Trichogramma
species. In the current study, some honeys have been shown to be a more adequate food to maintain the development and
reproduction of Trichogramma species.
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