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Abstract: The egg parasitoid Trichogramma dendrolimi Matsumura is one of the most widely used agents in sustainable 
crop protection to manage many lepidopteran pests in China, especially via inundative releases. It has been used as an 
important biocontrol agent in Integrated Pest Management (IPM) programs for the control of the plum fruit moth 
Grapholitha funebrana Tr. However, accurate knowledge of the parasitoid’s biology and ecology is needed to optimize its 
practical application in pest management. In the current study, the effect of key factors on T. dendrolimi effectiveness as 
biocontrol agent, including host age, exposure time, parasitoid density and, host density was evaluated under laboratory 
conditions. The parasitoid showed a higher parasitism rate on younger over older G. funebrana eggs. When host egg density 
increased, the number of eggs parasitized by the parasitoid also increased, but parasitism rates decreased. The functional 
response of T. dendrolimi on G. funebrana eggs fitted the Holling type II Model (Nt = 0.932N/(1+0.112N)). When parasitoid 
density and exposure time of hosts to parasitoids increased, the parasitism rate of T. dendrolimi also increased. In addition, 
previous exposure of host eggs to ultraviolet (UV) light did not affect parasitism rate. All aforementioned factors did not 
influence the emergence rate of the parasitoid offspring. Our results would provide references for optimizing the application 
of T. dendrolimi inundative releases in large-scale management of G. funebrana in orchards.
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1 Introduction

Trichogramma (Hymenoptera: Trichogrammatidae), a genus 
of egg parasitoids, is widely used to control lepidopteran pests 
in agricultural and forestry systems in many regions around 
the world (Smith 1996; Tabone et al. 2010; Helyer et al. 2014; 
Guo et al. 2019; Iqbal et al. 2019; Li et al. 2019). With the 
development of commercial mass-rearing of Trichogramma 
dendrolimi using silk moth eggs or artificial eggs in the 
1970s, this parasitoid has been the most commonly used pest 
antagonist over the past half century in China for suppressing 
lepidopteran pests in several crops (Zhou et al. 2014; Li et al. 
2016; Huang et al. 2018; Jin et al. 2019; Li et al. 2019; Zang 

et al. 2021). For instance, augmentative release of T. den-
drolimi in corn field resulted in 80% parasitism on eggs of 
the corn borer Ostrinia furnacalis (Lepidoptera: Crambidae) 
and reduced stalk-boring populations by 92.5% (Wang et al. 
2005). In apple orchards the management of Adoxophyes 
orana (Lepidoptera: Tortricidae) using T. dendrolimi main-
tained parasitism rates of 81–99% after the massive release 
of this parasitoid, but it largely fluctuated in control orchards 
(Feng et al. 1989). Moreover, augmentative release of this 
biological control agent may provide more opportunities for 
managing more herbivorous pests such as Grapholitha fune-
brana (Lepidoptera: Tortricidae) (Helyer et al. 2014; Zhang 
et al. 2018).
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The plum fruit moth G. funebrana Tr., native to Europe, 
has been one of the most destructive pests in fruit-growing 
regions of the Palearctic as it has two generations per year 
(Hári & Pénzes 2010; Rizzo et al. 2012; Negahban et al. 
2016). The larvae of G. funebrana are polyphagous and can 
consume a variety of fruit plants, such as plum, apricot, cherry 
and peach (Hári & Pénzes 2010; Riolo et al. 2010). Severe 
damage by plum moths is caused by the trophic consumption 
of larvae inside the fruit, which can cause a yield loss up to 
80% (Rizzo et al. 2012; Gavriliţă & Nastas 2017). Summer 
generation larvae feed on fruits and produce long-term dam-
age from early summer until the harvest time (Stefanova et al. 
2019). Infestation by G. funebrana not only produces color 
changes and boring holes in fruits but also results in early rip-
ening and falling of fruits (Alford 1987; Rizzo et al. 2012). 
For a long time, the pest management of G. funebrana in fruit 
orchards mainly relied on chemical insecticides (Stefanova 
et al. 2019), but their extensive are known to lead to serious 
issues, such as pesticide resistance in targeted pests, toxicity 
to human and non-target organisms, as well as environmen-
tal pollution (Weisenburger 1993; Desneux et al. 2007; Liu 
et al. 2017; Gul et al. 2019; Silva et al. 2019). With the global 
increasing concern on food and environmental safety, eco-
friendly alternatives are urgently needed. Moreover, pesti-
cide chemical treatments, sometimes are not efficient enough 
to control this pest because of the concealed lifestyle of G. 
funebrana larvae (Nastas et al. 2016).

As other egg parasitoids, Trichogramma females locate 
G. funebrana eggs via the kairomones produced and emitted 
by the hosts (Boo & Yang 2000; Helyer et al. 2014). Once a 
suitable host egg is found, the adult wasp drills into the host 
with its ovipositor and lays an egg inside the host (Helyer 
et al. 2014). The parasitoid larva develops and pupates 
inside the host egg, turning it black and killing it (Helyer 
et al. 2014), preventing G. funebrana eggs to develop into 
larvae (that are the main stage causing damage on fruits). 
Therefore, Trichogramma wasps could be preferentially 
selected to control G. funebrana, due to the mass rearing of 
the parasitoids and the effective control of the pest follow-
ing egg parasitism (Nastas et al. 2016; Gavriliţă & Nastas 
2017). In addition, the employment of Trichogramma para-
sitoids for pest control would contribute to improving the 
conservation of the beneficial organisms and biodiversity in 
nature, the biological control efficacy in the field, the yields, 
the food safety, and the reduction of the environmental pol-
lution (Gavriliţă & Nastas 2017).

Parasitism performance of Trichogramma wasps can be 
affected by multiple abiotic and biotic factors, e.g. tempera-
ture and relative humidity, age and fertilization status of host 
eggs, host and parasitoid density, exposure time to parasit-
oids and, host suitability (Garcia et al. 2001; Rezniket al. 
2011; Pizzolet al. 2010; 2012; Perveen & Sultan 2012; 
Moiroux et al. 2016; Du et al. 2018; Thiéry & Desneux 
2018; Li et al. 2019). Therefore, prior to inundative releases 

of Trichogramma parasitoids in the field, it is necessary 
to assess how these key factors affect the parasitoid’s per-
formance in the laboratory, which would be quite useful 
to understand and improve the parasitization efficiency of 
Trichogramma wasps in pest management programs (Paraiso 
et al. 2012; Pizzol et al. 2012).

On the basis of the above, in the present study, a series 
of experiments were conducted to evaluate the parasitism 
performance of T. dendrolimi parasitizing G. funebrana in 
laboratory conditions. Specifically, we assessed the effect of 
(1) host age, (2) exposure time of the host to the parasitoid, 
(3) parasitoid density and, (4) UV treatment of host eggs on 
parasitism performance. In addition, the functional response 
of T. dendrolini on G. funebrana eggs was determined. These 
results can provide useful knowledge to optimize the employ-
ment of T. dendrolimi in the field (Pizzol et al. 2012) and bet-
ter estimate the potential that T. dendrolimi could have as an 
effective biological control agent against G. funebrana.

2 Materials and methods

2.1 Insects
The procedures for rearing insects were similar to those 
described in detail by Hou et al. (2018). Here below, these 
procedures are briefly described. All insect rearing and 
bioassays were conducted at 25 °C, 65% RH, 16L:8D and 
600 lux of light intensity at the insectaries in the Institute 
of Plant and Environment Protection, Beijing Academy of 
Agricultural and Forestry Sciences, Haidian, Beijing, China.

2.1.1 Trichogramma dendrolimi
Over 20,000 T. dendrolimi individuals were collected from 
maize fields in Jilin province, China during May 2019. 
These wasps were brought to the insectaries and reared 
there. Taxonomical identification of founder individuals 
was performed following Lin (1994). The parasitoids were 
reproduced using eggs of the alternative host Antherea penyi 
Guerin-Meneville (Lepidoptera: Saturniidae) (Geng et al. 
2005). Newly emerged female and male adults of T. den-
drolimi were respectively collected and maintained in plastic 
boxes (8.0 × 8.0 × 4.0 cm, 200–250 females per box). Some 
virginal females copulated with male adults for pursuing the 
colony. The other female waps were employed in the follow-
ing experiments when they were 2-day old (Pak et al. 1986).

2.1.2 Grapholitha funebrana
A total of 300 peach branches with mature larvae of G. fune-
brana were cut from trees and maintained in the same insec-
taries as mentioned above. About 250 newly emerged adult 
moths were recovered from branches. Male and female adults 
were isolated in separated boxes (15.0 × 15.0 × 10.0 cm, 15 
adults per box) until sexual maturity, which occurred after 
3–4 days (Wang et al. 2019). Taxonomical identification 
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of founder individuals was performed following Zhang & 
Xu (2000). One pair of virgin and sexually matured adults 
of G. funebrana (3-day old) was placed into a plastic Petri 
dish (9 cm diameter which sealed by fabric net [40 mesh]). 
After 12h, the male was removed from the Petri dish and one 
sphere-shape filter paper (8.5 cm diameter) with one fresh 
peach leaf (6.0–6.5 cm2) was placed inside the Petri dish as 
an oviposition substrate. After a 12h oviposition period for 
each female, newly laid eggs on the peach leaves were col-
lected for experiments or colonies.

2.2  Effect of host age on T. dendrolimi 
parasitism performance

A peach leaf bearing fifty (Hou et al. 2018) 1-day-old G. 
funebrana eggs (the eggs were selected after 23–25h of 
being oviposited by female moths) was placed into a small 
plastic Petri dish (4.5 cm diameter). Subsequently, one 2-day 
old T. dendrolimi female adult (F0) was introduced into the 
Petri dish along with the G. funebrana eggs. After 24h of 
exposure (Du et al. 2018; Hou et al. 2018), the parasitoid 
was removed and the host eggs were kept in the same Petri 
dish until turning black (confirming parasitism). All black 
eggs were maintained until new parasitoid (F1) emerged. 
The number of black eggs and emerged parasitoids were 
both recorded. The parasitism rate and emergence rate were 
estimated as follows: Parasitism rate = the number of black 
eggs/ the total number of eggs in each treatment. Emergence 
rate = the number of emerged parasitoids/ the number of all 
black eggs. Two other treatments with different host ages, 
namely 2- and 3-day-old G. funebrana eggs (fifty eggs per 
age), were also tested following the same procedure as that 
for treatment with 1-day-old eggs. Each treatment was rep-
licated 15 times.

2.3  Effect of exposure time of the host to  
T. dendrolimi on parasitism

One 2-day old T. dendrolimi female adult and fifty 1-day old 
G. funebrana eggs on a patch leaf were introduced together 
into a Petri dish (D = 4.5 cm) that was covered by a fabric 
net. After the parasitoid and the host eggs were placed in the 
Petri dish, different exposure times of the host to the para-
sitoid were established. Then, exposure times of 12h, 24h, 
36h, 48h, and 60h were set up. When those exposure times 
finished, the parasitoids were removed from the Petri dishes 
and host eggs in Petri dishes were daily supervised to record 
the number of parasitized eggs and the number of emerged 
parasitoids in each treatment. Each exposure time of the host 
to the parasitoid was considered as a treatment. Each treat-
ment was replicated 15 times.

2.4  Effect of T. dendrolimi density on its 
parasitism performance

Different densities of 2-day old T. dendrolimi females were 
tested. Then, 1, 3, 5, 7, and 9 parasitoid females were respec-

tively introduced into a Petri dish (D = 9.0 cm) containing 
a leaf bearing two hundred 1-day old G. funebrana eggs 
per Petri dish. Parasitoids and the host eggs were confined 
together in the Petri dish for 24h. Then, parasitoids were 
removed and eggs in Petri dishes were daily supervised to 
record the total number of parasitized eggs (black eggs) and 
the number of emerged parasitoids. Here the parasitism rate 
per female was calculated (= parasitism rate / number of 
female wasps). Each treatment (i.e. parasitoid density) was 
replicated 15 times.

2.5  Effect of host eggs exposure to ultraviolet 
(UV) light on T. dendrolimi parasitism

One peach leaf bearing fifty 1-day old G. funebrana eggs 
was placed in a plastic Petri dish (D = 4.5 cm). Afterwards, 
the eggs in the Petri dish were exposed to 800 lux of UV 
light (230 nm) for 24h to kill egg embryo activity (Takada 
et al. 2001). After the 24h UV exposure, one 2-day old T. 
dendrolimi female was introduced into the Petri dish which 
was covered with mesh fabric net. Subsequently, the parasit-
oid was allowed to oviposit for 24h and then it was removed 
from the Petri dish. The host eggs were kept in the Petri dish 
and were daily observed to record the number of parasitized 
eggs and of newly emerged parasitoids. In addition to the 
UV-exposed group, a control group was also set up. This 
control group consisted of fifty 1-d old G. funebrana eggs in 
a Petri dish that followed the same experimental procedure 
than that for the UV-exposed group but were not treated with 
UV light. Both, control and UV-exposed groups were repli-
cated 15 times.

2.6  Functional response of T. dendrolimi to  
G. funebrana

A peach leaf infested with different densities (15, 30, 45, 
60 and 75 eggs per treatment) of 1-day old G. funebrana 
eggs was respecitively placed in a Petri dish (D = 4.5 cm). 
One 2-day old T. dendrolimi female was introduced into 
each Petri dish that was then covered by a fabric net. After 
24h of exposure, the female parasitoid was removed from 
the Petri dish. Afterwards, the exposed eggs were moni-
tored to daily record the number of black eggs and emerged 
wasps as described above. Each treatment was replicated 
15 times.

The functional response of T. dendrolimi parasitizing 
G. funebrana eggs was tested to fit the Holling II model 
(Holling 1959)

N a NT
a T Nt

h

 
�
c
c1

 (1)

Where N is the host egg density; T is the given holding dura-
tion (in the present study T = 1 day = 24h); Nt is the number 
of parasitized host eggs under each host egg density; “a’ ” 
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is the instantaneous attack rate, which means the theoretic 
parasitizing frequency (parasitized number) per given hold-
ing duration; “Th” is the handling duration, which indicates 
the time needed to parasitize each host egg.

2.7 Statistical analysis
Parasitism, including parasitism rate per female in section 
2.4, and emergence rates at each experiment were checked 
for normal distribution using Kolmogorov-Smirnov test 
prior to the analysis of variance. Parasitism and emergence 
rates at all experiments were transformed by arcsine square 
root to normalize data distribution and homogenize the vari-
ances. After transformation, they were analyzed using uni-
variate analysis of variance (ANOVA) with a linear model 
followed by a Tukey’s HSD test for multiple comparisons 
(Zar 1998). In that way, the effect of the host age, host den-
sity, parasitoid density and exposure time on the parasitism 
and emergence rate of T. dendrolimi were tested. In addi-
tion, the correlation between parasitism rate and the host 
age was analyzed using the Pearson test. The effect of UV 
treatment of G. funebrana eggs on the parasitism and the 
emergence rate of T. dendrolimi was tested by independent t 
test at P = 0.05 level as data fitted normality and homosce-
dasticity assumptions. All statistical analyses were per-
formed using SPSS 22.0 (SPSS Inc, Chicago, USA). The 
fitting regression of the T. dendrolimi parasitization perfor-
mance to the Holling type II model was performed using 
Matlab r2019b(2019).

3 Results

3.1  Effect of host age on T. dendrolimi 
parasitism

The parasitism rate of T. dendrolimi significantly decreased 
with the increasing age of G. funebrana eggs from one to 
three days old (F2,57 = 15.639, P < 0.05). Additionally, the 
parasitism rate of T. dendrolimi was negatively correlated 
with the age of host eggs (y = 26.65x + 8.633, R2 = 0.98,  
P < 0.05). However, when the emergence rate of F1 wasps 
was compared among different ages of host eggs, no differ-
ence was found (F2,57 = 1.392, P = 0.087, Fig. 1).

3.2  Effect of exposure time of the host to  
T. dendrolimi on parasitism

The parasitism rate of T. dendrolimi positively increased 
with the exposure time of G. funebrana eggs exposure to the 
parasitoid (F4,70 = 15.215, P < 0.01), but emergence rate of 
F1 offspring of the parasitoid was not affected by the expo-
sure time (F4,70 = 0.925, P = 0.135, Fig. 2).

3.3  Effect of T. dendrolimi density on its 
parasitism performance

As shown in Fig. 3, the parasitism rate of T.dendrolimi on 
G. funebrana eggs significantly increased with the parasitoid 
density (F4,70 = 116.395, P < 0.01). However, parasitism rate 
per T. dendrolimi female was significantly reduced as para-
sitoid density increased (F4,70 = 17.132, P < 0.01). The para-

Fig. 1.  Mean percentage  (± SEM) of  differently-aged G. fune-
brana eggs parasitized by T. dendrolimi female in 24h, and mean 
emergence percentage (± SEM) of F1 offspring of the parasitoid. 
Histograms  bearing  different  letters  are  significantly  different  
(P < 0.05, ANOVA followed by a Tukey’s post hoc test).

Fig. 2. Mean percentage (± SEM) of parasitized G. funebrana 
eggs exposed to T. dendrolimi female for different time and the 
resultant mean emergence percentage (± SEM) of F1 T. dendro-
limi. Histograms bearing different letters are significantly different 
(P < 0.05, ANOVA followed by a Tukey’s post hoc test).
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sitism rate per female was similar when parasitoid densities 
were 1, 3 or 5 adult females, but was significantly reduced 
when parasitoid densities were 7 or 9 female adults (Fig. 3). 
The emergence rate of the F1 parasitoid offspring was not 
significantly modified by the parasitoid density (F4,70 = 
2.505, P = 0.065).

3.4  Effect of host eggs exposure to ultraviolet 
(UV) light on T. dendrolimi parasitism

As shown in Fig. 4, exposure of G. funebrana eggs to UV 
light did not affect parasitism rate of T. dendrolimi (t = 4.477, 
d.f. = 29, P = 0.073) nor the emergence rate (t = 1.001, d.f. = 
27, P = 0.092) of F1 parasitoids.

3.5  Functional response of T. dendrolimi to  
G. funebrana

The functional response of T. dendrolimi fitted well into 
the Holling type II Model with an equation of Nt = 0.932N/
(1+0.112N) (R2 = 0.932, P < 0.05, Fig. 5). In a 24h period, the 
instantaneous attack rate (a’) was 0.039 for single T. dendro-
limi female and the handling duration time (Th) was 0.287 h. 
As the density of G. funebrana eggs increased, the number of 
host eggs parasitized by T. dendrolimi significantly increased 
(F4,70 = 14.091, P < 0.01, Fig. 5), while the  percentage of 
parasitism by the wasps significantly decreased (F4,70 = 
8.046, P < 0.01, Fig. 6). However, the emergence rate of the 
F1 parasitoid T. dendrolimi was not significantly affected by 
the density of host eggs (F4,70= 1.391, P = 0.088, Fig. 6).

4 Discussion

Our results demonstrated that parasitism rate of T. den-
drolimi significantly decreased as G. funebrana eggs aged 
(Fig. 1). This result is in line with previous results reported 
with Trichogramma parasitoids (Reznik& Umarova 1990; 
Ruberson & Kring 1993; Tunçbilek & Ayvaz 2003; Makee 
2005; Reznik et al. 2011; Zhang et al. 2014; Du et al. 2018). 
For instance, it was documented that five Trichogramma spe-
cies, T. dendrolimi, T. chilonis, T. ostriniae, T. leucaniae and 
T. japonicum, parasitizing Mythimna separata (Lepidoptera: 
Noctuidae), showed preference toward younger host eggs 
(Hou et al. 2018). Particularly, the parasitism rate of T. den-
drolimi on 0- and 1-day-old M. separata eggs was signifi-
cantly higher than that on 2- and 3-day-old eggs (Hou et al. 
2018). Together, that results and those of the present study, 
indicate that parasitism performance of T. dendrolimi will 
be higher on younger than older host eggs (Fig. 1). A pos-
sible explanation for this finding includes the possibility that 
the host’s defensive capacities increase with age (Mattiacci 
& Dicke 1995). Future experiments analyzing the immune 
response of this host along its age would be helpful to test 
this hyphotesis (Contreras-Garduño et al. 2016). Other pos-
sibility includes a potential variation of host nutritional prop-
erties along its age and the ability of the wasp to discriminate 
that quality (Velasco-Hernández et al. 2017), future research 
to explore this possibility is warranted. From an applied 
point of view, this result suggests that special attention must 

Fig. 3.  Total and per  female parasitism percentage of different 
densities of T. dendrolimi on G. funebrana eggs in 24h as well as 
emergence percentage of F1 T. dendrolimi  in parasitized eggs. 
Histograms (values are present by mean ± SEM) bearing differ-
ent letters are significantly different (P < 0.05, ANOVA followed 
by a Tukey’s post hoc test).

Fig. 4. Mean parasitism and emergence percentage (± SEM) of 
T. dendrolimi on UV-exposed and unexposed (control) G. fune-
brana eggs. Histograms bearing the same letter are not signifi-
cantly different (P > 0.05, independent t test)

eschweizerbart_xxx



390    Yanyan Qu et al.

be paid to the time-point release of the wasps. It is likely that 
a better parasitism effectiveness would be obtained if parasit-
oid releases have place at the beginning of the reproductive 
period of G. funebrana moths. Regarding the effect of expo-
sure time of the host to T. dendrolimi, our results show that 
parasitism increases as exposure time increases (Fig. 2). This 
result is in agreement with a previous study by Laurentis et al. 
(2019) where the parasitism of Trichogramma pretiosum on 
Corcyra cephalonica eggs significantly increased over the 
time of exposure. More specifically, parasitism rate was sig-
nificantly higher after 48 h of host exposure, compared to 
24 h of exposure (Laurentis et al. 2019). The increased para-
sitism rate over the time exposure may be directly related to 
the greater window of availability of the hosts for the parasit-
oid. It is importan to note that parasitism after 24h of expo-
sure was almost three times that of parasitism at 12h and, 
in subsequent exposure periods, parasitism did not increased 
as much (Fig. 2). The foregoing suggests that the wasp of 
this species could be able to integrate processes of learning 
to optimize foraging and parasitism mainly during the first 
24 hours (Guiunti et al. 2015). Subsequent studies to analyze 
this possibility are needed.

As for the effect of parasitoid density on its parasit-
ism performance, our results show that with an increase of 
the parasitoid density, their total parasitism rate increases 
(Fig. 3). However, when parasitism per female was ana-
lyzed, it was found a significant reduction in parasitism per 
female (Fig. 3). As intra and interspecific interactions can 
modulate prey-predator interactions (Perez-Valencia et al. 
2019), the observed reduction is probably due to intraspe-
cific competition among female wasps for the hosts at the 

higher parasitoid densities (7 and 9 T. dendrolimi females / 
200 G. funebrana eggs). Besides, the mutual interference 
among parasitoids could also occur with an increase of para-
sitoid density, leading to a lower parasitism rate per female 
(Hassell & Varley, 1969; Hassell 1978). Nonetheless, the 
ultimate biocontrol effectiveness to the pests, represented 
by the parasitism rate, was dramatically accelerated as the 
density of parasitoids increased (i.e. near to 80% of eggs 
were parasitized when 9 parasitoid females were released, 
Fig. 3). This indicates that although intraspecific competi-
tion and/or mutual interference could have place, affecting 
the individual parasitism (i.e. parasitism rate per female), 
the overall parasitism performance of this wasp (i.e. para-
sitism rate) increased with a higher number of released 
females (Fig. 3).

In this study we were also interested to assess the poten-
tial effect of host eggs exposure to ultraviolet (UV) light on T. 
dendrolimi parasitism. This is of particular interest because 
UV irradiation has been frequently used to sterilize host eggs 
in numerous Trichogramma parasitism studies (Hoffmann 
et al. 2001; St-Onge et al. 2016; Takada et al. 2000; 2001). 
Then, it was important to assess whether host eggs steril-
ization using UV light could affect parasitism performance 
(St-Onge et al. 2014). On this regard, our results showed that 
the exposure of host eggs to UV light does not modify the 
parasitism rate of T. dendrolimi (Fig. 4). This indicates that 
the sterilization of host eggs using UV light during mass pro-
duction of the biological agent T. dendrolimi does not affect 
its parasitism performance. Trichogramma could develop 
and emerge normally even when the host eggs were killed 
by UV irradiation (St-Onge et al. 2014).

Fig. 5.  Functional response of T. dendrolimi to the increasing G. 
funebrana egg density. Functional response curve is fitting into 
the Holling  type  II  equation  (y = 0.932 x/  (1 + 0.0112 x), R2 = 
0.982). Histograms (values are present by mean ± SEM) bearing 
different  letters are significantly different (P < 0.05, ANOVA fol-
lowed by a Tukey’s post hoc test).

Fig. 6. Mean parasitism percentage (± SEM) of T. dendrolimi 
female on different densities of G. funebrana eggs in 24 h, and 
mean emergence percentage (± SEM) of F1 T. dendrolimi. 
Histograms  bearing  different  letters  are  significantly  different  
(P < 0.05, ANOVA followed by a Tukey’s post hoc test).
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The functional response is a very valuable tool to identify 
the optimal ratio of host population and the natural enemies, 
especially for those to be massively produced under labora-
tory conditions and it’s also a necessary parameter for the 
experimental evaluation on the performance of biological 
control agents (Berryman 1999; Bernstein 2000; Fernández-
Arhex & Corley 2003; Zang et al. 2011). Holling II model 
is a customary type of functional response that is generally 
associated with the invertebrate parasitoids and predators 
(Holling 1959; Hassell et al. 1977; Desneux et al. 2005; Liu 
et al. 2011; Yao et al. 2015). According to the results of this 
study, the functional response of T. dendrolimi when con-
fronted to increasing densities of G. funebrana eggs fitted 
the Holling II model (Fig. 5). As seen in Fig. 5 and Fig. 6, 
the Holling type II functional response, is an asymptotic 
curve that decelerated gradually as the density of G. fune-
brana eggs increased due to the handling time needed by the 
parasitoid to manipulate the host. Therefore, the capacity of 
parasitization (the number of parasitized host eggs) would 
increase with the increasing host density until the maximum 
capacity of parasitization by the natural enemy (Li et al. 
2011; Luo et al. 2013). Theoretically, the maximum num-
ber of hosts parasitized per female and day is the ratio (T/
Th) between exposure time and handling time (Chen et al., 
2006). Consequently, a maximum of 83.6 G. funebrana 
eggs per day could be parasitized by a single T. dendrolimi 
female, under the current experimental condition (calculated 
by the parameters in Section 3.5). The baseline information 
obtained from the laboratory functional response could be 
useful to establish the quality control standards in mass-
rearing projects of this biological control agent T. dendrolimi 
(Allahyari et al. 2004). Although Holling type II model has 
been used to evaluate the functional response of parasitoids 
to pest hosts in many researches, it may be more suitable 
to evaluate predators rather parasitoids because the Holling 
model fitness may be influenced by predation or parasit-
ism (Fernández-arhex & Corley 2003; Zamani et al. 2006). 
Mostly, we considered the parasitizing as another kind of 
Lotka-Volterra model (Margiotta et al. 2017; Mills & Getz 
1996). Besides, for the purposes of functional response 
assessment, parasitoids may be regarded as similar than 
predators because parasitized host eggs would no longer 
affect the pest population growth. In addition, a more suit-
able ecological model between hosts and parasitoids will be 
further explored and developed in future studies.

Overall, these results suggest that a better parasitism per-
formance of T. dendrolimi on G. funebrana could be obtained 
paying attention to the T. dendrolimi time-point release (as a 
higher parasitism is obtained with younger host eggs, Fig. 1), 
releasing higher densities of the wasp (Fig. 3) and consider-
ing the host eggs densities (Fig. 5). Augmentative release of 
Trichogramma parasitoids to manage the plum fruit moth G. 
funebrana and other lepidopteran pests is one of the key IPM 
components in various fruit orchards in China (Feng et al. 
1989; Li et al. 2014, 2016; Zhou et al. 2014). Nevertheless, 

due to the sensitivity of parasitoids to numerous biotic and 
abiotic factors in the inundative biological control program, 
potential integration with other control tactics may contrib-
ute to preventing yield and economic losses. For instance, 
environmentally friendly insecticides or biopesticides could 
be used as supplementary treatments to control the surviving 
caterpillars that were not killed as moth eggs (Rizzo et al. 
2012; Zhou et al. 2014). In addition, more biological agents, 
including predatory or larval parasitoids and other strategies 
such as the use of pheromone traps, can be integrated in the 
system to achieve a higher efficiency of the plum fruit moth 
control (Zhou et al. 2014; Nastas et al. 2016; Negahban et al. 
2016)

5 Conclusions

Improvement of augmentative biological control of lepi-
dopteran fruit pests using Trichogramma parasitoids in 
large-scale orchards will be an important part of organic 
agriculture development in China. In the laboratory, the 
parasitism rate of T. dendrolimi was studied regarding the 
effect of G. funebrana egg ages. This parasitoid parasitized 
significantly more younger than older host eggs. In addition, 
the density of T. dendrolimi female adults and the exposure 
time between G. funebrana eggs and T. dendrolimi adults 
both positively impacted the parasitism rate of T. dendro-
limi. Treatment with UV irradiation on the host eggs did not 
change the parasitism rate of the parasitoid. Moreover, func-
tional response of T. dendrolimi to G. funebrana eggs fit-
ted the Holling II Model. All factors above did not influence 
the emergence rate of F1 parasitoids. Field application of T. 
dendrolimi should be done in future studies to validate and 
optimize the biological control efficiency of this parasitoid 
on the plum fruit pest.
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