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Abstract
The current study was designed to assess the effect of different feeding substrates on survival and reproduction of Therophilus 
javanus (Bhat & Gupta) (Hymenoptera: Braconidae) and Phanerotoma syleptae Zettel (Hymenoptera: Braconidae) in order 
to optimize their potential as biological control agents against Maruca vitrata Fabricius (Lepidoptera: Crambidae). Experi-
ments were carried out in laboratory with batches of ten adult females exposed to flowers of either Vigna unguiculata (L) 
Walp., Tephrosia candida (Roxb.) DC, and Sesbania rostrata Bremek & Oberm, pure honey, honey solution, or saccharide 
solution to assess parasitoid survival. Parasitoid fecundity was evaluated with separate couples of each species using the 
same substrates. The highest longevity and mean fecundity were obtained for the parasitoids exposed to Tephrosia candida 
flowers, while there was no difference between control (starved adults) and adults fed using S. rostrata flowers. The putative 
nutritional compounds of different flowers used in our study affected the biological parameters and performance of these 
parasitoids differently. Flowers of Tephrosia candida can serve as feeding substrates to both P. syleptae and T. javanus. This 
study suggests the possibility of using host plants at the flowering stage as a release point for the deployment of the two 
parasitoids in a classical biological control programme against M. vitrata.
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Introduction

After emergence, adult hymenopteran parasitoids need to 
acquire food to initiate and maintain oogenesis and for sus-
taining foraging activities (Jervis and Kidd 1986). Parasitoid 
longevity and fecundity can be strongly influenced by the 

composition of adult food substrates (Wäckers 2001; Jervis 
et al. 2008). Moreover, well-nourished parasitoids are gen-
erally more active and more focused in searching for their 
herbivorous hosts (Wäckers et al. 2005). Often, their pri-
mary food source comes from immature stages of the hosts, 
whereby (Jervis and Kidd 1986). Adult females feed on host 
body fluids commonly referred to as ‘host-feeding’. Host-
feeding can be a critical step for obtaining protein resources 
for eggs production (Ueno 1999). However, not all para-
sitoids feed on hosts (Jervis and Kidd 1986). Plant- based 
substrates such as floral and extra-floral nectars, pollen etc. 
are also widely exploited for adult feed (Mitsunaga et al. 
2004; Jervis et al. 2008).

These plant-based substrates were reported to influence 
several biological parameters in parasitoid wasps such repro-
ductive capacity or fecundity, longevity, sex-ratio and flight 
capacity. Thus, females of the larval parasitoid Necrennus 
tutae Reuter (Hymenoptera: Eulophidae), parasioid of Tuta 
absoluta Meyrick (Lepidoptera: Gelechidae), significantly 
increased their egg load when fed using flowers of Fagopyrium 
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esculentum Moench, Lobularia maritiama L. and Ononis 
natrix L. compared to unfed females (Arnó et al. 2018). Like-
wise, higher egg load was displayed by females of Bracon nr. 
nigricans Szépligeta (Hymenoptera: Braconidae) when fed on 
flowers of O. natrix compared to flowers Tagetes patula L. 
(Arnó et al. 2018). In field cages experiments using Brussels 
sprout leaf infested with larvae of Plutella xylostella (Lepidop-
tera: Plutellidae), Winkler et al. (2006) found that the lifetime 
fecundity of the parasitoid Diadegma semiclausum Heller 
(Hymenoptera: Ichneumonidae) was higher when females 
were fed on flowering F. esculentum plants compared to con-
trol plant without flowers. In the endoparasitoid Microplitis 
croceipes (Cresson), a larval parasitoid of Helicoverpa zea 
(Boddies) (Lepidoptera: Noctuidae) and Heliothis virescens 
(L.) (Lepidoptera: Noctuidae), longevity of females was higher 
with nectary producing cotton plants or honey compared to 
demineralized water or nectariless cotton plants (Röse et al. 
2006). Likewise, longevity of Cotesia vestalis Haliday (Hyme-
noptera: Braconidae), a larval pararsitoid of P. xylostella 
increased when fed on flowers of Cosmos sulphureus Cav and 
Lantana camara L. compared to water or flowers of Zinnia 
elegans Jacq. (Chau et al. 2019). The sex ratio of M. croceipes 
was not affected (Röse et al. 2006). Similarly, equal sex ratio 
was reported in the parasitoid Dolichogenidia tastanica (Cam-
eron) (Hymenoptera: Braconidae) when fed using flowers of 
Lobularia maritina L. in comparison to water or plants without 
flowers (Berndt and Wratten 2005). Flight capacity is another 
biological parameter affecting by adult parasitoid feeding 
sources. Thus, flight capacity of the braconid M. croceipes was 
higher when adult wasps were fed on Nectary producing cotton 
plants compared to nectariless cotton plants (Röse et al. 2006).

In the current study, we assessed the effect of different 
adult feeding substrates on survival and reproduction of 
two hymenopteran parasitoids Therophilus javanus (Bhat 
and Gupta) and Phanerotoma syleptae Zettel (Hymenop-
tera: Braconidae). They have been imported from the World 
Vegetable Center in Taiwan to Benin by the International 
Institute of Tropical Agriculture (IITA) in the framework of 
a biological control program against the legume pod borer 
Maruca vitrata Fabricius (Lepidoptera: Crambidae), a key 
insect pest of cowpea causing 20–80% crop losses in West 
Africa (Tamò et al. 2003; Srinivasan et al. 2012). This is the 
first attempt of using flowers of some key M. vitrata host 
plants to feed adult parasitoid.

Material and methods

Experimental site

All experiments were carried out at the laboratory of the 
International Institute of Tropical Agriculture in Benin 
(IITA-Benin), near Cotonou, Benin. The mean temperature 

was 25.2 ± 0.2 °C and the relative humidity 76.7 ± 8.6% 
throughout the experiments.

Feeding substrates

Six adult feeding substrates were compared in the present 
study: pure honey, saccharide solution, honey solution, 
flowers of Vigna unguiculata (L) Walp.) Sesbania rostrata 
Bremek & Oberm, Tephrosia Candida (Roxb.) DC. The 
three plant species selected are all M. vitrata host plants and 
are abundant in Benin ecosystems (Arodokoun et al. 2003). 
Open flowers of the cowpea variety “Tawa” and flowers of 
wild M. vitrata host plants namely S. rostrata, and T. can-
dida were collected at IITA campus. Saccharide and honey 
were bought from a pharmacy in Cotonou, Benin.

Insect species

Colonies of M. vitrata, P. syleptae and T. javanus were 
established from pupae obtained from the stock cul-
ture at IITA-Benin. Pupae were put in wooden cages 
(44 cm × 45 cm × 58 cm) with a glass top and provided with 
sleeves. Emerging adults (males and females) were kept 
together in the wooden cages for mating during four days. 
Four-day-old females were transferred in cups (3 com diam-
eter × 3.5 cm height) for 24 h to allow oviposition. The 24-h-
old eggs were collected and used in experiments involving 
the ovo-larval parasitoid P. syleptae. After hatching, larvae 
were reared using sprouting cowpea seeds as described in 
detail in Aboubakar Souna et al. (2020). In experiments 
including the larval parasitoid T. javanus, 3-day-old M. vit-
rata caterpillars were used.

The egg-larval parasitoid P. syleptae was mass reared by 
offering to female wasps 24 h M. vitrata eggs for parasitism. 
Larvae hatching from parasitized eggs were fed with sprout-
ing cowpea seeds till cocoon stage.

The mass rearing of the larval parasitoid T. javanus fol-
lowed similar procedure as described above. Larvae hatching 
from M. vitrata eggs were reared for 3 days with sprout-
ing cowpea seeds. Three-day-old larvae were submitted to 
T. javanus females for parasitism. Parasitized larvae were 
reared using the above feeding substrate till cocoon stage. 
Emerged adult wasps of both parasitoid species were used 
in the different experiments.

Biossays

For the estimation of the parasitoid fecundity (A), treatments 
were set up to take into account different feeding period. 
Thus, (A1) consisted of females fed during only the first 48 h 
of their adult stage; (A2) adults fed daily during their whole 
adult stage; and (A3) a control consisting of starved adults 
(not fed). For assessing the parasitoid survival, the effect 
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of oviposition was considered and treatments consisted of 
(B1) female wasps not allowed to oviposit (naïve females) 
and fed daily, (B2) female wasps allowed to oviposit when 
fed using one of the substrates for 48 h after emergence and 
kept unfed afterwards; (B3) female wasps allowed to ovi-
posit and fed daily.

Effect of different feeding substrates on the fecundity, 
longevity and sex ratio of P. syleptae

Fecundity: In treatments where female wasps were fed, each 
of the following feeding substrates were used to feed females 
lots: pure honey, honey solution at 10% (diluted with dis-
tilled water), saccharide solution 10% (diluted with distilled 
water), flowers of V. unguiculata, T. candida and S. rostrata. 
Each batch consisted of 10 couples (1 male and 1 female) 
of P. syleptae. Fecundity was recorded by offering for 24 h 
to each couple of P. syleptae 30 one-day-old M. vitrata egg, 
daily. Larvae hatched from parasitized eggs were fed using 
pre-germinated cowpea seeds till cocoon stage. The num-
ber of cocoons was recorded per couple and per treatment. 
Fecundity was then recorded in terms of number of cocoons 
Experiments were replicated 4 times.

Longevity: The effect of different adult feeding substrates 
on the longevity of T. javanus and P. syleptae was assessed 
using ovipositing and naïve female wasps. A batch of ten 
(10) couples (1 male and 1 female) were fed using each of 
the substrates as described above. Ovipositing T. javanus 
and P. syleptae females were offered for 24 h, 30 three-day-
old M. vitrata larvae and 30 one day-old M. vitrata eggs 
daily for parasitization. Female mortality was checked daily.

Sex ratio: Cocoons of P. syleptae obtained during the 
experiments on fecundity were kept till emergence. After 
emergence, the number of individuals belonging to each sex 
was noted.

Effect of different feeding substrates on the fecundity, 
longevity and ex ratio of T. javanus

Fecundity: The effect of the five feeding substrates men-
tioned above on the fecundity of T. javanus was assessed by 
feeding adult wasps with each of these substrates. Each batch 
consisted of 10 couples (1 male and 1 female) of T. javanus. 
Each T. javanus couple was offered for 24 h, 30 three-day-
old M. vitrata larvae daily. Parasitized larvae were fed using 
sprouting cowpea seeds till cocoon stage. The number of 
cocoons was recorded per couple and per treatment. Fecun-
dity was then recorded in terms of number of cocoons. After 
emergence, the number of individuals belonging to each sex 
was noted. Experiments were replicated 4 times.

Longevity: The effect of different adult feeding substrates 
on the longevity of T. javanus and P. syleptae was assessed 
using ovipositing and naïve female wasps. A batch of ten 

(10) couples (1 male and 1 female) were fed using each of 
the substrates as described above. Ovipositing T. javanus 
and P. syleptae females were offered 30 three-day-old M. 
vitrata larvae and 30 one-day old M. vitrata eggs daily for 
parasitization. Female mortality was checked daily.

Sex ratio: Cocoons of T. javanus obtained during the 
experiments on fecundity were kept till emergence. After 
emergence, the number of individuals belonging to each sex 
was noted.

Data analysis

The mortality rate and parasitoid adult longevity recorded 
for each parasitoid feeding substrate were analyzed using 
analysis of variance (ANOVA) with SAS software version 
9.2 (SAS Institute Inc 2011). In case of significant differ-
ences, the Student–Newman–Keuls (SNK) test was used 
to separate the means. Data on sex-ratio were analyzed by 
performing chi-square test. Percent data were Arcsin √ (p) 
transformed prior to ANOVA.

Results

Effect of adult feeding substrate on the fecundity, 
longevity and sex ratio of P. syleptae

Fecundity of P. syleptae

The cumulative fecundity showed an increase in fecundity 
till it reached a plateau for most substrates, exception for 
S. rostrata flowers, honey and control (starved parasitoids) 
where the fecundity was very low (Fig. 1).

Significant differences were observed between parasitoid 
feeding substrates for P. syleptae fecundity (P < 0.0001; 
 F(6, 201) = 17.12) (Fig. 2). The highest mean fecundity was 
obtained when adult parasitoids were fed daily or 48 h using 
saccharide solution and honey followed by flowers of T. can-
dida and honey solution (Fig. 2A). On the other hand, the 
lowest fecundity was recorded on S. rostrata and control 
(starved parasitoids).

Longevity of P. syleptae

Longevity of P. syleptae of three feeding modalities is 
depicted in Table 1. The parasitoid P. syleptae lived longer 
on saccharide solution, honey solution and cowpea com-
pared to the control and S. rostrata when the female wasps 
were not allowed to oviposit. But, when female wasps 
were fed 48 h before oviposition, the highest longevity was 
recorded on saccharide solution, honey solution and flowers 
of T. candida while they lived longer when fed daily using 
saccharide solution compared to the other feeding substrates 
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(P < 0.0001;  F(6, 201) = 15.78). Comparison within substrate 
revealed that females fed 48 h before oviposition lived longer 
compared to continuously starved females provided with 
host in the control treatment (starved wasps).

Sex ratio of P. syleptae

Diets affected the sex ratio of the parasitoid (P given in 
Table 2 for each substrate). There was a significant dif-
ference between proportion of females compared to that 
of male for the substrates pure honey, saccharide solution 
and honey, flowers of T. candida (Table 2). When fed 48 h 
before oviposition, the sex-ratio of P. syleptae was female-
biased in all the tested feeding substrates with exception for 
the control and flowers of S. rostrata. The sex-ratio was not 
significantly affected by adult feeding substrates when P. 
syleptae was fed daily, expect pure honey where proportion 
of female wasps were higher than that of males.

Effect of adult feeding substrate on the fecundity, 
longevity and sex ratio of T. javanus

Fecundity of T. javanus

The parasitoid T. javanus was able to parasitize the day of 
emergence. The curve describing the cumulative daily fecun-
dity when females were fed with pure honey was above those 
obtained when females was fed with saccharide, honey solu-
tion or flowers of T. candida (Fig. 3). The lowest cumulative 

was obtained when female wasps were fed using flowers of 
S. rostrata or starved females (control).

The substrates used to feed adult parasitoid significantly 
affect fecundity (P < 0.0001,  F(6, 199) = 16.17). The highest 
fecundity was observed on saccharide solution and flowers 
of T. candida when T. javanus was fed daily (Fig. 4A). How-
ever, the highest fecundity was obtained only when female 
wasps were fed using saccharide solution and pure honey for 
48 h before oviposition (Fig. 4B). The lowest fecundity was 
recorded on S. rostrata in both cases.

Longevity of T. javanus

The effect of different sugar sources on the longevity of T. 
javanus according to the three feeding modes. For all the 
different observations made during the experiment, treat-
ments with saccharide solution, honey followed by the flow-
ers of V. unguiculata and T. candida, significantly influenced 
the longevity of T. javanus compared to the control and the 
flower of S. rostrata (P < 0.0001  F(6, 270) = 10.33) (Table 3). 
Comparison within each substrate showed that continuously 
starved females provided with host larvae lived longer than 
females fed 48 before oviposition.

Sex ratio of T. javanus

Table 4 shows the sex ratio (percentages) of T. javanus when 
fed 48 h and daily. When fed 48 h before oviposition, the 
sex-ratio of T. javanus was male-biased in all the tested 

Fig. 1  Cumulative daily fecun-
dity of P. syleptae when fed 
using flowers of cowpea, Sesba-
nia rostrata, Tephrosia candida, 
pure honey, honey solution, 
saccharide solution and control 
(starved wasps)
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Fig. 2  Mean fecundity of P. 
syleptae when fed daily (A) 
or 48 h (B) before oviposition 
using flowers of cowpea, Sesba-
nia rostrata, Tephrosia candida, 
pure honey, honey solution, 
saccharide solution and control 
(starved wasps). Bars fol-
lowed by the same letters are 
not significantly different with 
ANOVA followed by SNK at 
5%. Error bars are standard 
errors of the means 0
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Table 1  Effect of different sugar diets on the longevity of P. syleptae 

Means followed by the same letters are not significantly different with ANOVA followed by SNK at 5%
Lowercase letters refer to comparison within column and uppercase letters refer to comparison within row

Feeding substrates P. syleptae fed 48 h before oviposition P. syleptae fed daily

Females fed 48 h before oviposition
Means ± standard error

Females without hosts
Means ± standard error

Females with hosts
Means ± standard error

Control (starved wasps) 3.36 ± 0.20dA 1.3 ± 0.08cC 2.07 ± 0.01cB
Flower of T. candida 5.45 ± 0.74bB 15.6 ± 1.52bA 15.66 ± 2.84aA
Flower of V. unguiculata 4.40 ± 0.22bB 14.63 ± 1.98bA 15.21 ± 2.78bA
Flower of S. rostrata 3.45 ± 0.15dA 1.53 ± 0.21cC 2.27 ± 0.20cB
Honey 4.08 ± 0.18 dB 2.3 ± 0.44cC 6.17 ± 0.90bcA
Honey solution 5.525 ± 0.24cC 10.06 ± 1.32bB 21.57 ± 2.74Aa
Saccharide solution 5.725 ± 0.36aB 19.4 ± 1.8aA 22.27 ± 2.98aA
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feeding substrates with exception for honey and flowers of T. 
candida. The sex-ratio was not significantly affected by adult 
feeding substrates when T. javanus was fed daily, except 
honey, flowers of T. candida and control (starved females) 
with female-biased sex ratio (P given in Table 4 for each 
substrate).

Discussion

The parasitoid species P. syleptae and T. javanus fed using 
the different sugar substrates affected both longevity and 
fecundity. A high proportion of P. syleptae, fed 48 h before 
oviposition, resulted in high percentage female offsprings. 
Likewise, when T. javanus adults were fed daily, this 

resulted in high females” proportion. Parasitoid adult feed-
ing was known to influence their fitness, reproduction and 
survival (Colinet et al. 2005; Onagbola et al. 2007; Wang 
et al. 2008). Similar observation has been done by Arnó 
et al. (2018) in the braconid B. nr nigricans, a parasitoid 
of T. absoluta with higher lifetime fecundity when female 
wasps were fed using flowers of O. natrix compared to flow-
ers of T. patula. Natural vegetation is an important source of 
pollen, nectars or for natural enemies feeding (Arodokoun 
et al. 2003). It was reported that feeding on wild flowers 
induced egg maturity in some Hymenopteran species (Jervis 
et al. 2008). However, not all accepted foods have the same 
value for reproduction, thus, diets can be distinguished in 
essential foods that allow development and reproduction, 
and alternative foods that serve as an energy source, and 

Table 2  Sex ratio in P. syleptae when fed using different adult feeding substrates

Means followed by the same letters in each column are not significantly different with ANOVA followed by SNK at 5%

Feeding substrates P. syleptae fed 48 h before oviposition (A) P. syleptae fed daily
(B)

Sex (Percentage) Probability Sex (percentage) Probability

Female Male Female Male

Honey 78.57 21.43 <0.0001 (χ2 = 114.28; df = 1) 55.61 44.39 0.019(χ2 = 5.49; df = 1)
Honey solution 64.07 35.93 <0.0001(χ2 = 23.35; df = 1) 47.96 52.04 0.378(χ2 = 0.77; df = 1)
Saccharide solution 65 35 <0.0001(χ2 = 14.40; df = 1) 51.15 48.85 0.615(χ2 = 0.25; df = 1)
Flower of Tephrosia candida 74.20 25.80 <0.0001(χ2 = 80.83; df = 1) 55.36 44.64 0.257(χ2 = 1.29; df = 1)
Control 44.44 55.56 0.56 (χ2 = 0.33; df = 1) 52.56 47.44 0.526(χ2 = 0.41; df = 1)
Flower of Sesbania rostrata 55.88 44.12 0.49(χ2 = 0.47; df = 1) 53.03 46.97 0.6225(χ2 = 0.24; df = 1)
Flower of Vigna unguiculata 46.03 53.97 P = 0.52(χ2 = 0.39; df = 1) 57.03 42.97 P = 0.11(χ2 = 2.53; df = 1)

Fig. 3  Cumulative daily fecun-
dity of T. javanus when fed 
using flowers of cowpea, Sesba-
nia rostrata, Tephrosia candida, 
pure honey, honey solution, 
saccharide solution and control 
(starved wasps)
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Fig. 4  Mean fecundity of T. 
javanus fed when fed daily (A) 
or 48 h (B) before oviposition 
using flowers of cowpea, Sesba-
nia rostrata, Tephrosia candida, 
pure honey, honey solution, 
saccharide solution and control 
(starved wasps). Bars fol-
lowed by the same letters are 
not significantly different with 
ANOVA followed by SNK at 
5%. Error bars are standard 
errors of the means
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Table 3  Effect of different sugar diets on the longevity of T. javanus 

Means followed by the same letters are not significantly different with ANOVA followed by SNK at 5%
Lowercase letters refer to comparison within column and uppercase letters refer to comparison within row

Feeding substrates T. javanus fed 48 h before oviposition T. javanus fed daily

Females fed 48 h before oviposition
Means ± standard error

Females without hosts
Means ± standard error

Females with hosts
Means ± standard error

Control 2.60 ± 0.44cB 2.03 ± 0.12 dB 4.17 ± 0.14bA
Flower of T. candida 4.16 ± 0.2bB 5.36 ± 0.44cA 4.77 ± 0.32aA
Flower of V. unguiculata 3.86 ± 0.11bcB 8.30 ± 0.84bA 4.72 ± 0.11aB
Flower of S. rostrata 2.76 ± 0.32cB 2.86 ± 0,14 dB 4.30 ± 0.094bA
Honey 5.03 ± 0.33aB 4.86 ± 0.45cB 5.27 ± 0.16aA
Honey solution 4.06 ± 0.12bA 8.66 ± 0.77bA 5.15 ± 0.14aB
Saccharide solution 4.96 ± 0.32aB 12.23 ± 1.37aA 4.67 ± 0.11bB
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complementary foods that, when added to essential foods, 
stimulate reproduction and egg laying (Hodek 1962).

The improvement of fecundity in T. javanus when fed 
using honey could be related to the amino acids it contained, 
namely phenylalanine and histidine (Hermosin et al. 2003) 
known as oviposition stimulants in several insect species 
including wasps (Barrett and Schmidt 1991). The high sugar 
content in saccharide diet may also explain the observed dif-
ferences, as the excess sugar taken by the insect could result 
in an overload of its carbohydrate metabolism and thereby 
would affect female reproductive activity (Zera et al. 2016). 
Röse et al. (2006) reported comparable lifetime fecundity in 
the parasitoid M. croceipes when fed using nectary produc-
ing cotton plants and honey.

The higher number of eggs laid observed in P. syleptae 
and sometimes less in T. javanus on T. candida may suggest 
that some flowering plants are suitable for the parasitoid 
feeding and that within these plants. Sivinski et al. (2011) 
reported availability in attractiveness and suitability depend-
ing on the parasitoid species.

Fecundity of adults fed 48 h before oviposition was lower 
than that of those fed daily, confirming that when food is far 
from host sites, switching between resources can become 
particularly costly, as searching feeding sites limits the 
time available for host searching and oviposition (Jervis 
and Kidd 1996; Stapel et al. 1997). The highest longevity 
of adults fed using saccharide solution is due to the fact 
that they have a digestive system that allows them to easily 
absorb simple sugars such as this (Leatemia et al. 1995).

Feeding on T. candida flowers observed in P. syleptae 
adults could be related to the attractiveness of flowers colour 
that may also have high sugar content. Differences between 
plant species might be due to the presence of secondary 
metabolites in flowers with various properties (Barbosa et al. 
1986; Dannon et al. 2010), their morphology (Wäckers et al. 
2005) or to the nectar smelling (Zhu et al. 2012). Access to 

flowers or a similar sugar source increases the longevity of 
parasitoids (Baggen and Gurr 1998; Winkler et al. 2006, 
Vattala et al. 2006; Lee et al. 2007). The longevity of T. 
javanus on honey suggests that T. javanus needs more car-
bohydrate and water to improve its longevity. Indeed, honey 
is an excellent food for wasps (Shaw 1997). Temerak (1983) 
reported that honey provides better nutrition to improve 
the longevity of adult parasitoids. Increased longevity was 
observed in the braconid M. croceipes when adult wasps 
were fed using honey or nectary producing cotton plants 
(Röse et al. 2006). The braconid C. vestalis was found to live 
longer when adults were fed on flowers of C. sulphureum or 
L. camara compared to flowers of Z. elegans or water (Chau 
et al. 2019). The significant difference between the longev-
ity of P. syleptae females fed 48 h before oviposition and 
continuously starved females provided with host suggested 
the absence host feeding in P. syleptae. On the other hand, 
in T. javanus, the higher longevity observed in the continu-
ously starved females provided with host compared to that 
of females fed 48 h before oviposition may be explained by 
the occurrence of host feeding. However, further research 
work should be carried out to investigate host feeding in 
both parasitoid species.

Maternal diet was found to significantly affect the sex 
ratio in both parasitoid species in the current study (Tables 3 
and 4). Maternal diet is one of the key factors known to 
influence sex ratio in parasitoids (King 1987; Berndt and 
Wratten 2005; Hu et al. 2012; Hopkinson et al. 2013; Benelli 
et al. 2017). In general, well-fed female wasps may alter 
progeny sex ratio by given higher proportion of female off-
spring (Benelli et al. 2017). Thus, in the parasitoid Tricho-
gramma ostriniae (Hymenoptera: Trichogrammatidae), the 
sex ratio was female-biased when female wasps were pro-
vided with honeydew produced by the aphid Rhopalosiphum 
maidis (Homoptera: Aphididae) (Fuchsberg et al. 2007). 
Likewise, Berndt and Wratten (2005) reported that the sex 

Table 4  Sex ratio in T. javanus when fed using different adult feeding substrates

Means followed by the same letters in each column are not significantly different with ANOVA followed by SNK at 5%

Feeding substrates T. javanus fed 48 h before oviposition (A) T. javanus fed daily
(B)

Sex (Percentage) Probability Sex (percentage) Probability

Female Male Female Male

Honey 47.4 52.5 0.30(χ2 = 1.06; df = 1) 68.1 31.9 P < 0.0001(χ2 = 27.50; df = 1)
Honey solution 38.89 61.11 <0.0001(χ2 = 15.11; df = 1) 55.13 44.87 0.0959(χ2 = 2.77; df = 1)
Saccharide solution 34.35 65.45 <0.0001(χ2 = 39.24; df = 1) 59.49 40.51 0.0915(χ2 = 2.85; df = 1)
Flower of Tephrosia candida 40.74 59.26 0.054(χ2 = 3.70; df = 1) 67.86 32.14 P < 0.0001(χ2 = 17.86; df = 1)
Control 30.49 69.51 0.0004(χ2 = 12.49; df = 1) 30.3 69.7 P = 0.0236(χ2 = 5.12; df = 1)
Flower of Sesbania rostrata 30.58 69.42 <0.0001(χ2 = 18.26; df = 1) 42.11 57.89 P = 0.49(χ2 = 0.47; df = 1)
Flower of Vigna unguiculata 36.97 63.03 0.0045(χ2 = 8.08; df = 1) 44.33 5

5.67
P = 0.26(χ2 = 1.24; df = 1)
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ratio was strongly male-biased in the parasitoid Dolichoge-
nidea tasmanica (Hymenoptera: Braconidae), in the absence 
of Alyssum flowers; but when fed using Alyssum flowers, 
proportions of males and females were not significantly dif-
ferent. On the other hand, the sex ratio in the braconid D. 
tasmanica was not affected when fed using flowers of alys-
sum L. maritina (Berndt and Wratten 2005). Similarly, equal 
sex ration was observed in M. croceipes when fed on nectary 
producing cotton plants compared to honey or necatriless 
cotton plants. Sex ratio was found to be less female-biased 
in the parasitoid Pachycrepoideus vindemmiae (Rondani) 
(Hymenoptera: Pteromalidae) when fed using honey com-
pared to tap water (Hu et al. 2012). In the present study, 
significantly higher proportion of females was observed in P. 
syleptae when fed 48 h before oviposition using pure honey, 
honey solution, saccharide solution, flowers of T. candida 
or when fed daily with pure honey. However, in T. javanus, 
sex ratio was male-biased when female wasps were fed 48 h 
before oviposition using honey solution, saccharide solution 
flowers of S. rostrata, flowers of V. unguiculata or starved 
females; while the sex ratio was female-biased when female 
wasps were fed daily using honey and flower of T. candida. 
Besides, maternal diet, sex ratio may be influenced by many 
other factors such as maternal age, sperm viability, number 
of mating and host size and density at oviposition, quality of  
host feed (Arthur and Wylie 1959; King 1987; Van Alphen  
and Visser 1990; Dicke 1999; Brodeur and Boivin 2004; 
Harvey et al. 2004). Such factors could be addressed during 
further research investigations.

Conclusion

Fecundity and longevity of the parasitoids P. syleptae and 
T. javanus vary according to different the feeding substrates 
offered. This study revealed that flowers of T. candida were 
one of the best adult feeding substrates for both P. syleptae 
and T. javanus. This host plant could be exploited by the two 
parasitoid species and may improve their performance after 
release in Benin ecosystems.
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