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With 3 figures

Abstract: The Asian corn borer, Ostrinia furnacalis, is one of the most important pests of corn crops in Northern China.
From 2004 to 2015, a public financial support to biological control of the corn borer resulted in a significant increase in the
cultivated area treated with Trichogramma dendrolimi parasitoid applications in corn field in the Jilin Province, in north-
eastern China. In the present study, we analyzed the impact of these parasitoid releases, from 2000 to 2015 in the Jilin
province, on the control of the corn borer as well as on pesticide use. We demonstrated that the widespread large-scale use
of T. dendrolimi applications against the Asian corn borer, while being effective for controlling the pest and ensuring com-
petitive corn yields, led to a decrease in insecticide use across the province. The use of Trichogramma is an economically
and competitive alternative to insecticide applications in northeastern China.
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1 Introduction

Maize is one of the most important crops in China, however an
average of 6—9 million tons of grain yield is lost yearly owing
to damage caused by the Asian corn borer (ACB), Ostrinia
furnacalis (Guenée), 1854 (Lepidoptera: Crambidae) (Wang
et al. 2014). To address this concern, large-scale releases of
the parasitoid wasp Trichogramma dendrolimi Matsumura
(Hymenoptera: Trichogrammatidae) were initiated in the
1970s to control the ACB (Chen et al. 2015). Trichogramma
are egg parasitoids widely used to control lepidopteran pests
in agricultural and forestry systems in many regions around
the world (Smith 1996; Guo et al. 2019; Hou et al. 2018; Li
etal. 2019; Thiery and Desneux 2018; Zang et al. 2021).
This is now one of the most successful biological control
programs in China (Zhan & Liang 1999; Xiang & Zhang
2011), with more than four million hectares of maize treated
annually. The release rate varies from 225,000 to 300,000
wasps/ha depending on the pest pressure by ACB and the
wasp species used, mainly 7. dendrolimi, but also T. chi-
lonis and T. ostriniae (Chen et al. 2015; Zang et al. 2021).
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Such large-scale releases have been made possible notably
thanks to mass rearing technical advances, using eggs of the
Chinese oak silkworm, Antheraea pernyi Guérin-Meéneville
1855 (Lepidoptera: Saturniidae), as the rearing medium
for T. dendrolimi (Gou 1986; Zang et al. 2021). In the Jilin
Province in northeastern China, large-scale applications
started in the 1980s and an automatic production line pro-
ducing 40 billion wasps per year has been used since the
early 1990s (Song et al. 1994; Chen et al. 2015). In this area,
the maize-cultivated area was 4.3 million ha in 2015, and the
average yield was 7.38 ton/ha, representing roughly 15 %
of the total maize-cultivated area and 20 % of corn yield
in China (National Agro-technical Extension and Service
Center, NAESC, China). The Jilin Province is therefore a
major contributor to corn production from the Chinese North
Spring Corn Region, the most important maize-cultivating
region in China (the two other regions being the Summer
Corn Region and the Southwest Hilly Corn Region, all three
forming the Corn Belt of China).

A key aspect widely contributing to the large-scale
deployment of parasitoid releases was the financial support
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by the government. Trichogramma applications against
ACB have become one of the key components of integrated
pest management in maize in northeastern China prioritized
by public recommendations (Wang et al. 2003; Chen et al.
2015). From 2004 to 2015, governmental subsidies to ACB
biological control resulted in a massive increase in the area
treated with 7. dendrolimi wasps in the Jilin province, from
0.6 to 2.72 million ha (Chen et al. 2015).

However, the effect of T. dendrolimi applications at large
spatial scales and in the long term on corn yield and insecti-
cide use is poorly understood. Such knowledge is yet critical
for future, sustainable improvement of integrated pest man-
agement in maize. In the present study, we used data of T.
dendrolimi applications from 2000 to 2015 in seven counties
among the biggest contributors to maize production in the
Jilin Province to analyze the impact of such applications on
ACB control and pesticide use in maize. We hypothesized
that large-scale, long-term releases should contribute to sus-
tainable control of ACB, by maintaining low densities of
ACB but high corn yield while reducing insecticide use. This
in turn should provide environmental and ecological bene-
fits, by delaying pest resistance to insecticides, reducing neg-
ative impacts of insecticides on non-target biodiversity, and
reducing potential negative health impacts (Weisenburger
1993; Desneux etal. 2007; Lu etal. 2012; Guedes et al.
2016). We investigated the following questions: (1) Did T.
dendrolimi releases result in reduced density of ACB? (2)
Did such releases result in higher corn yields? and (3) Did
such releases result in a decrease in insecticide use in maize?

2 Materials and methods

We used data from seven counties of the Jilin Province,
among the biggest contributors to maize production in the
Province, totaling roughly 2.8 million ha of maize and
representing 64 % of the total maize-cultivated area in the
Jilin Province: Changchun area (973,030 ha), Gongzhuling
(216,122 ha), Liaoyuan (71,438 ha), Meihekou (49,809 ha),
Siping (416,923 ha), Songyuan (810,285 ha) and Yanbian
(221,150 ha). Areas for each county are average maize-
cultivated areas from 2000 to 2015. For each year and each
county, we used the following available variables: the den-
sity of ACB (number of larvae/ha), maize yield (ton/ha),
the total amount of insecticides applied over a year in each
county in maize fields (kg/ha of commercial products), the
total maize-cultivated area (ha) and the portion of this total
treated with 7. dendrolimi applications. Because of lack-
ing data, sampling sizes were N = 73, N =59 and N = 71
for ACB density, insecticide applications and maize yields,
respectively. All data were provided by the National Agro-
technical Extension and Service Center, China.

To analyze the impact of long-term 7. dendrolimi releases
at a landscape scale, we used the ratio of Trichogramma-
treated areas, calculated as the proportion of maize-cultivated

areas treated with 7. dendrolimi (ha) out of the total maize-
cultivated areas (ha) in each county and year. We then per-
formed three linear regressions on the log-transformed ACB
density, the insecticides applied, and the maize yields, with
the ratio of Trichogramma-treated areas as a fixed effect. The
significance of the relationships were tested with ANOVAs
weighted by the total maize-cultivated area in each county
and year. All analyses were performed using R version 3.6.2
(R Core Team 2019).

3 Results

The density of ACB declined significantly with the increas-
ing ratio of Trichogramma-treated areas, from roughly
11,000 to 1,400 larvae/ha at 0 and 100 % of areas treated
with the egg parasitoids, respectively (Fig. 1; Fy 71 =159.19,
R2=0.692, P <0.001).

The total amount of insecticides used also declined sig-
nificantly with the increasing ratio of Trichogramma-treated
areas, from roughly 0.89 to 0.71 kg/ha at the scale of a county,
at 0 and 100 % of Trichogramma-treated areas, respectively
(Fig. 2; Fy 57=12.77,3 R2=0.183, P < 0.001).

Finally, corn yield increased significantly with the
increasing ratio of Trichogramma-treated areas, with a slight
increase from roughly 8.4 to 10.5 ton/ha at 0 and 100 % of
Trichogramma-treated areas, respectively (Fig. 3; Fj g9 =
57.655, R?=0.455, P <0.001).

4 Discussion

In the present study, we showed that widespread, large-
scale use of T dendrolimi applications against the Asian
corn borer (ACB) helps reduce ACB densities, resulting in
reduced insecticide use and increased maize yields. This
demonstrates the efficiency of such biological control tech-
nique at large spatial scales.

Decreases in insecticide use as a consequence of very
large-scale deployment of new pest control techniques have
already been shown in cotton crops in China, with the imple-
mentation of Bt cotton (Lu etal. 2012). The decreases in
insecticide use shown in the present study were expected
due to the large-scale deployment of Trichogramma applica-
tions. Indeed, the control of ACB populations by released
T. dendrolimi wasps should decrease pest pressure, and
hence reduce the need for chemical control. Also, biologi-
cal control is mostly not compatible with chemical control,
or may at least require temporal asynchrony, due to lethal
and sublethal impacts of pesticides to beneficial arthropods
(Desneux et al. 2007), including Trichogramma parasitoids
(e.g. Wang et al. 2018; Jiang et al. 2019). Therefore, farmers
may avoid use chemical insecticides in fields treated with 7.
dendrolimi. In addition, non-insecticidal pesticides, such as
herbicides may also cause sublethal effects to wasps, hence
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Fig. 1. Impact of the ratio of Trichogramma-treated areas (pro-
portion of maize-cultivated areas treated with T. dendrolimi appli-
cations) on the density of the Asian corn borer in seven counties
of the Jilin Province between 2000 and 2015 (N = 73). Dot size is
proportional to the total maize-cultivated area. The linear rela-
tionship was defined by Y = —4.337X + 11.60.

biocontrol efficiency relies on reduced use of all pesticides
(Desneux et al. 2007). A deeper analysis of the dataset pro-
vided by the National Agro-technical Extension and Service
Center also revealed that, beyond insecticide applications,
the pesticide applications also decreased with increased
ratios of Trichogramma-treated areas (Fj 57 = 41.373, R? =
0.421, P <0.001, unpublished data).

The positive impact of the large-scale adoption of
Trichogramma-based biocontrol, related to decrease in pes-
ticide use, may go beyond ACB control in maize fields. First,
Trichogramma species may also regulate populations of
other non-target pests in maize, such as non-target butterflies
(Babendreier et al. 2003; Wang et al. 2014). Second, and due
to the massive wasp releases and spatial scale considered,
T dendrolimi may also regulate pest populations in other
crops adjacent to maize fields via spillover (Li et al. 2016).

We showed that the Ilarge-scale adoption of
Trichogramma-based biocontrol along with insecticide use
reduction resulted in increased yields (Fig. 3). While other
factors may contribute in increasing yields (e.g., variety
development and use through time), the positive relationship
between maize yields and the ratio of Trichogramma-treated
areas highlights the economic sustainability of this biocon-
trol method, safeguarding long-term and large-scale use by
farmers (Gagnon et al. 2017, Razinger et al. 2016, Bzowska-
Bakalarz et al. 2020).

Finally, the reduced ACB densities with increased ratios
of Trichogramma-treated areas show that T. dendrolimi
applications are efficient to control ACB. Applications of
Trichogramma species have been shown to be very effi-
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Fig. 2. Impact of the ratio of Trichogramma-treated areas (pro-
portion of maize-cultivated areas treated with T. dendrolimi appli-
cations) on total insecticides applied in seven counties of the Jilin
Province between 2000 and 2015 (N = 59). Dot size is propor-
tional to the total maize-cultivated area. The linear relationship
was defined by Y = -0.1695X + 0.8873.
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Fig. 3. Impact of the ratio of Trichogramma-treated areas (pro-
portion of maize-cultivated areas treated with T. dendrolimi appli-
cations) on corn yield in seven counties of the Jilin Province
between 2000 and 2015 (N = 71). Dot size is proportional to the
total maize-cultivated area. The linear relationship was defined
by Y =2.096X + 8.436).

cient at controlling various pests in many crops in many
regions (Li etal. 2016; Li etal. 2018; Babendreier et al.
2019; Zang et al. 2021). Our study brings new evidence that
Trichogramma-based biocontrol remains efficient at very
large spatial scales and in the long-term.

Unfortunately, few data is available on natural popula-
tions of Trichogramma species and on other biocontrol agent
populations in the areas considered. Several studies yet
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found that inundative releases may largely exceed natural
abundances in China, at least immediately after the releases
(Shen et al. 1986; Shen 1987; Liu et al. 1990). They reported
that natural parasitism rates in non-treated areas was much
lower than that in Trichogramma-treated areas. In our data,
we considered all releases to be inundative based on very
high densities reported. Still the impact of releases on natu-
ral populations remains unknown, although there is evidence
that large-scale releases of 7. dendrolimi since the 1970s
did not suppress other Trichogramma species. For example,
T. dendrolimi only comprised 28.9% of the total samples of
Trichogramma found in corn fields in the Jilin Province in
1986-1987 while T. ostriniae was the dominant species in
the neighboring regions in the 1970-1980s (Zhang, 1988;
Zhang et al. 1990). However, no recent study has performed
wasp sampling at the scale of the Jilin province.

Our analysis based on long-term data at the scale of the
Jilin Province provided a valuable panoramic view of the
impact of T. dendrolimi applications on ACB control, corn
yields and pesticide applications. However, the absence of
data on ACB densities before the release, nor of parasitism
rates are limiting our analysis. Also, introducing areas where
Trichogramma-based control of ACB is absent would pro-
vide a control to directly compare the effect of releases on
ACB densities.

The data analyzed represented one province only from
those producing corn in northeastern China; the other prov-
inces include: Heilongjiang, Liaoning, Inner Mongolia most
part of Shanxi, part of Hebei, Shaanxi and Gansu, and alto-
gether form the North Spring Corn Region. Other corn-cul-
tivated areas in China are the Summer Corn Region and the
Southwest Hilly Corn Region. Incorporating data from all
these regions would extend the impact of our analysis.
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