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Abstract

Utilizing ecological engineering to manage pests by enhancing 
the biological control function of natural predators through the 
selection of high-efficiency bank plants and the establishment of 
bank plant systems within agricultural ecosystems is an optimal 
strategy. While bank plant systems have found widespread use in 
greenhouse crop cultivation, their application in rice fields remains 
limited. This study aimed to assess the efficacy of Leersia sayanu-
ka as a bank plant for controlling planthoppers and to explore the 
potential of sesame as a complementary plant to enhance the ef-
fectiveness of the bank plant system through field trials. The find-
ings revealed that planting a strip of L. sayanuka, at least 50 cm 
wide and extending over 1 m in length, had a notable impact on 
planthopper control in paddy fields. Moreover, the incorporation 
of Sesamum indicum, a nectar plant, into the bank plant system 
consisting of L. sayanuka, Nilaparvata muiri, and Anagrus nilapar-
vatae, led to a significant increase in the population of Anagrus spp. 
in rice fields. This increase was accompanied by a rise in the egg 
parasitism rate targeting rice planthoppers, resulting in a marked 
improvement in overall rice planthopper control in paddy fields. 
Thus, the combined system demonstrated efficiency as an effective 
bank plant system for managing rice planthoppers.

Keywords: Leersia sayanuka; Bank plant; Sesame; Rice; Ecologi-
cal engineering for pest control

Introduction

Modern agricultural intensification has significantly dimin-
ished non-rice field habitats, causing a notable decline in farm-
land biodiversity and facilitating the proliferation of crop pest 
populations [1]. To promote sustainable agricultural practices, 
refined habitat regulation techniques have emerged as crucial 
elements in the ecological management of crop pests [2,3], par-
ticularly in the context of rice pest control [4-6]. The objective 
of ecological pest control is to strategically leverage plant diver-
sity to bolster the efficiency of natural pest enemies, thereby 
mitigating economic losses [1,4]. This entails safeguarding and 
amplifying the role of natural enemies by providing essential 
resources like shelter, host plants, alternative prey, and non-
prey foods [1,6]. The conservation and utilization of natural en-
emies in rice fields have proven effective in rice planthopper 
control [4]. Weeds in non-rice field habitats serve as shelters 
for Anagrus nilaparvatae, a significant egg parasitoid of rice 
planthoppers, with delphacidae insects on weeds serving as 
crucial alternative hosts for A. nilaparvatae [7]. However, the 
protective effects on natural enemies vary across different host 

plants and alternative hosts [8,9], necessitating exploration to 
identify the most effective plant and alternative host systems to 
enhance conservation biology efficiency. 

The bank plant system, a recent innovation in biological con-
trol technology, comprises bank plants, alternative food, and 
beneficial organisms, or combinations thereof [10]. Bank plants 
provide food resources to alternative hosts or prey, aiming to 
establish self-sustaining propagation systems for beneficial or-
ganisms within crop systems [10]. Various bank plants like cu-
cumber, papaya, ornamental peppers, and oats have demon-
strated success in pest control [11], though research on bank 
plant systems for rice pests remains limited. The integration of 
nectar plants into agricultural systems to attract natural preda-
tors and enhance their egg production and pest control capacity 
warrants further investigation [12]. Studies indicated that incor-
porating Sesamum indicum into paddy field systems effectively 
boosts the population and pest control capabilities of key natu-
ral enemies of rice pests [4].
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Rice serves as the staple food for over 50% of the global 
population, with China alone relying on it for 60% of its dietary 
needs [13]. The rice pest Nilaparvata lugens Stål, has witnessed 
alarming outbreaks in recent years, posing a significant threat 
to global food security [14,15]. Current rice pest management 
heavily leans on broad-spectrum insecticides, despite their ac-
knowledged side effects on natural enemies, the environment, 
and food safety [16]. However, research on ecological pest con-
trol methods for sustainable rice pest management remains lim-
ited, despite the severity of the damage caused [4]. Nilaparvata 
muiri, a homologous species of N. lugens, is prevalent in China’s 
southern rice-growing regions [17]. Leersia sayanuka, a primary 
host of N. muiri, exhibits a high population growth rate on this 
grass, making it a promising candidate as a bank plant for rice 
planthopper control [18]. Previous studies have identified the 
potential of the L. sayanuka, N. muiri, A. nilaparvatae system as 
a bank plant system for rice planthopper control, validating its 
efficacy in field applications [18]. Further research by Zheng et 
al. [19] explored the feasibility of establishing a “L. sayanuka, N. 
muiri, Tytthus chinensis” bank plant system in the field. 

This study evaluates the potential of L. sayanuka as a bank 
plant system for rice planthopper control and assesses the fea-
sibility of S. indicum as a functional plant to enhance the effec-
tiveness of the bank plant system. The findings aim to provide 
a foundation for subsequent research and field implementation 
in this area.

Materials and Methods

Experimental Materials

Rice: Seeds of the insect-susceptible rice cultivar TN1 were 
obtained from the International Rice Research Institute (IRRI) 
and germinated in concrete tanks. After 15 days, the seedlings 
were transplanted into plastic pots, and those aged between 40 
and 50 days were selected for testing. TN1 rice seedlings were 
sown at 15-day intervals. 

Leersia sayanuka was collected from fields in the suburbs of 
Hangzhou, with tillers cut and directly transplanted into plastic 
pots. One stem was placed per pot for propagation, with trans-
plantations performed every 15 days. Plants aged between 40 
and 50 days were used for testing.

Both TN1 rice and L. sayanuka were cultivated in small plastic 
pots (10 cm in diameter and 12 cm in height) within insect-free 
mesh chambers to ensure the absence of insects before testing. 
Before introducing insects, any old or yellow leaves, along with 
their sheaths, were removed. For rice, three tillers were main-
tained per pot, while for L. sayanuka, five tillers were kept per 
pot to ensure uniform biomass distribution in each pot.

N. lugens: The test N. lugens were collected from the rice 
fields of the Jinhua experimental base and subsequently reared 
in laboratory cages (90 cm×80 cm×80 cm). These cages con-
tained 40 to 50-day-old TN1 rice seedlings. The insect-rearing 
greenhouse maintained an average temperature of 27 ± 0.5, 
with relative humidity ranging between 70-90%, and a light 
cycle of 12 hours of light followed by 12 hours of darkness. N. 
lugens were reared on TN1 rice for four generations prior to 
testing.

Experimental Methods

Site description: The experimental site was chosen in the 
Rice Pest Ecological Engineering Pest Control Demonstration 
Area in Siping Village, Tangxi Town, Jinhua City, Zhejiang Prov-

ince, China. The demonstration area was 10 hm2, and each field 
in the core area was regular in size and dimension (20 m × 50 
m), containing three longitudinal and two transverse mecha-
nized roads.

Experimental design: Four treatments were established: 1) 
A 50 cm wide and 5 m long strip of L. sayanuka was planted in 
the rice field next to the ridge. S. indicum seeds were planted on 
the ridge; 2) A 50 cm wide and 5 m long strip of L. sayanuka was 
planted in the rice field next to the ridge; 3) A 50cm wide and 1 
m long L. sayanuka strip was planted in the rice field next to the 
ridge; 4) Conventional ridges lacking L. sayanuka and S. indicum 
were utilized as a control. The experiment was a split-plot de-
sign with three replicates. The ridge length in each plot was 10 
m, and the isolation distance was 10 m. The rice cultivar was an 
indica-japonica hybrid single-season rice Yongyou 1540. In early 
June, the ridge was planted with S. indicum seeds. The L. sayan-
uka was transplanted at the same time with rice on June 15, and 
L. sayanuka was transplanted as single stem tiller cuttings into 
the rice field near the ridge, with the spacing between plants 
and rows being 5 cm. On June 30, strips of L. sayanuka were 
planted with N. muiri at a density of 100 adult females per m2.

Survey of rice planthoppers and their parasitic natural 
enemies during the growing season of rice: The egg trapping 
method was utilized to assess the parasitization of rice plan-
thopper eggs by wasps. For each pot, three strong rice seedlings 
were placed with five egg-bearing N. lugens. After 24 hours of 
oviposition, the N. lugens were removed. Pots containing N. lu-
gens eggs were positioned at distances of 1 m, 5 m, and 10 m 
from the ridge. After 48 hours, these pots were retrieved and 
brought to the laboratory. After five days of incubation in an 
insect-free artificial climate chamber (26.0 ± 1, 70% to 90% RH, 
12-hour light cycle), they were dissected to determine the total 
number of N. lugens eggs and the number parasitized, enabling 
the calculation of the parasitism rate. This investigation was 
conducted once during the booting stage of rice. To assess the 
population of Anagrus spp., yellow sticky traps measuring 28.5 
cm × 21 cm were deployed at distances of 1 m, 5 m, and 10 m 
from the ridge. These traps were wrapped in plastic wrap and 
retrieved after 48 hours. In the laboratory, they were examined 
using a stereoscope to record the population count of Anagrus 
spp. The population count of rice planthoppers (Laodelphax 
striatellus, Sogatella furcifera, N. lugens) and spiders in rice 

Figure 1: Influence of different treatments of Leersia sayanuka 
bank plant system on the population counts of Anagrus spp. in rice 
fields at distances of 1 m (Point A), 5 m (Point B), and 10 m (Point C) 
from the ridge (using yellow sticky trap method). A) Tillering stage; 
B) Boooting stage. Treatment A: a 50cm wide and 1 m long L. saya-
nuka strip was planted in the rice field next to the ridge; Treatment 
B: a 50 cm wide and 5 m long strip of L. sayanuka was planted in 
the rice field next to the ridge; Treatment C: a 50 cm wide and 5 m 
long strip of L. sayanuka was planted in the rice field next to the 
ridge and Sesamum indicum seeds were planted on the ridge; Con-
trol: Conventional ridges lacking L. sayanuka and S. indicum were 
utilized. The values showed are means (± SE) for each treatment. 
ns indicates non-significant differences between treatments. * and 
different lowercase letters indicate significant differences between 
treatments (P < 0.05).
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fields under different treatments was conducted using the pat-
ting method (with a 30 × 40 cm enamel tray) during the tillering 
and booting stages of rice. Each treatment was sampled using 
the five-point sampling method, with each point consisting of 5 
trays of 2 rice bushes.

Statistical analysis: Data were analyzed using SPSS 26.0 soft-
ware to contrast the significant differences between treatments 
using analysis of variance (ANOVA) followed by a Tukey’s test 
for the number of rice planthoppers and rice planthoppers egg 
parasitoid populations. Parasitism rate data were subjected to 
inverse sinusoidal square root transformation prior to analysis.

Results and Discussion

Effects of Different Treatments of L. Sayanuka Bank Plant 
System on The Population of Anagrus Spp. in Rice Fields

There was no significant difference in the Anagrus spp. Popu-
lations in the rice field within 10 m of the ridge (df = 2, F = 1.237, 
P = 0.299) (Figure 1A & 1B). However, there was a significant 
difference between the different treatments of rice fields and 
the population number of Anagrus spp. in rice fields. The popu-
lation count of Anagrus spp. in rice fields of the 5 m L. sayanuka 
combined with S. indicum treatment was significantly higher 
than the other three treatments at the tillering stage of rice (df 
= 3, F = 14.158, P < 0.001) (Figure 1A). Similarly, the population 
count of Anagrus spp. was significantly higher in the rice field 
with 5 m spacing of L. sayanuka combined with S. indicum treat-
ment than in the rice field with 5 m spaced Leersia sayanuka 
treatment compared to 1 m spaced L. sayanuka. The population 
count of Anagrus spp. was significantly lower in the control rice 
field than in the other three treatments at the booting stage of 
rice (df = 3, F = 34.746, P < 0.001) (Figure 1B).

Effect of Different Treatments of The L. Sayanuka Bank 
Plant System on Parasitism Rate of Anagrus Spp. In Rice Fields

The findings of the egg trapping test of rice planthoppers 
demonstrated no significant difference in the parasitism rate of 
the Anagrus spp. in the rice field within 10 m from the ridge 
(df = 2, F = 0.061, P = 0.941). There were significant differences 

in the parasitism rates of Anagrus spp. in rice fields across dif-
ferent treatments, with parasitism rates of Anagrus spp. in rice 
fields in the 5 m spaced L. sayanuka combined with S. indicum 
treatment being significantly higher than those in the other 
three treatments. Moreover, there was no significant difference 
between the 5 m spaced L. sayanuka treatment and the 1 m 
spaced L. sayanuka treatment in rice fields, but they were sig-
nificantly higher than the control treatment (df = 3, F = 49.399, 
P < 0.001) (Figure 2).

Effect of Various Treatments of The L. Sayanuka Bank Plant 
System on Spiders in Rice Fields

There were significant differences in the impacts of different 
treatments on the population count of spiders in the rice fields. 
The population count of spiders in the 5 m spaced L. sayanu-
ka plus S. indicum treatment was significantly higher than the 
other three treatments, while there was no significant differ-
ence between the 5 m spaced L. sayanuka treatment and the 
1 m spaced L. sayanuka treatment in the rice fields. However, 
these treatments had significantly higher counts than the con-
trol treatment at the tillering stage (tillering stage: df = 3, F = 
6.265, P = 0.001; grain filling stage: df = 3, F = 9.226, P < 0.001) 
(Figure 3).

Effectiveness of Different Treatments of The L. Sayanuka 
Bank Plant System for Field Control of Rice Planthoppers

Significant differences existed in the field control efficacy of 
different treatments on rice planthoppers. At the rice tillering 
stage, the number of rice planthoppers was significantly lower 
in the 50 cm wide 5 m long L. sayanuka combined with S. in-
dicum, 50 cm wide 5 m long L. sayanuka, and 50 cm wide 1 
m long L. sayanuka treatments compared to the control treat-
ment (df = 3, F = 17.547, P < 0.001). At the rice tillering stage, 
there was no significant difference between the 50 cm wide 5 m 
long L. sayanuka combined with S. indicum treatment and the 
50 cm wide 5 m long L. sayanuka strip treatment paddy fields 
regarding the number of rice planthoppers counts in the paddy 
fields. The number of rice planthoppers in 50 cm wide 5 m long 
L. sayanuka combined with S. indicum treated paddy fields was 

Figure 2: Influence of different treatments of the Leersia sayanuka 
bank plant system on the parasitism rate of Anagrus spp. in rice 
fields (egg trapping method, booting stage). Treatment A: a 50cm 
wide and 1 m long L. sayanuka strip was planted in the rice field 
next to the ridge; Treatment B: a 50 cm wide and 5 m long strip of L. 
sayanuka was planted in the rice field next to the ridge; Treatment 
C: a 50 cm wide and 5 m long strip of L. sayanuka was planted in 
the rice field next to the ridge and Sesamum indicum seeds were 
planted on the ridge; Control: Conventional ridges lacking L. saya-
nuka and S. indicum were utilized. The values showed are means (± 
SE) for each treatment. Different lowercase letters indicate signifi-
cant differences between treatments (P < 0.05).

Figure 3: Influence of different treatments of the Leersia sayanuka 
bank plant system on the count of spiders in rice fields (patting 
method). Treatment A: a 50cm wide and 1 m long L. sayanuka strip 
was planted in the rice field next to the ridge; Treatment B: a 50 cm 
wide and 5 m long strip of L. sayanuka was planted in the rice field 
next to the ridge; Treatment C: a 50 cm wide and 5 m long strip 
of L. sayanuka was planted in the rice field next to the ridge and 
Sesamum indicum seeds were planted on the ridge; Control: Con-
ventional ridges lacking L. sayanuka and S. indicum were utilized. 
The values showed are means (± SE) for each treatment. Different 
lowercase letters indicate significant differences (P < 0.05) among 
different treatments at the same rice fertility period.
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lower than that of 1 m L. sayanuka treated paddy fields with no 
significant difference but significantly lower levels than control 
paddy fields (df = 3, F = 30.624, P < 0.001) (Figure 4).

Discussion

As an innovative method of traditional biological control, 
bank plant systems include the artificial propagation of non-
crop pests on non-cash crops as alternative hosts for natural 
enemies. This is accompanied by the mass expansion of natural 
enemies, aiming to achieve sustained control of outbreaks of 
major pests during the growing season and avoiding chemical 
pesticides [20]. Even in environments with low or absent pest 
populations, natural enemies can maintain high population via 
alternative hosts. This characteristic is what makes bank plants 
more preventive and long-lasting [10]. 

In addition, this strategy is more labor and cost-efficient than 
other biological control strategies [18,20]. Numerous studies 
have been conducted on bank plant systems, but most are fo-
cused on indoor or greenhouse conditions [11,21,22]. Large ar-
eas of field crops must account for additional influencing factors 
and feasibility, including variable and unstable environmental 
factors, compatibility of the bank plant system with the crop 
system, and benefits to farmers.

Some studies have confirmed that N. muiri cannot establish 
a sustained population on rice, although it can complete gen-
erational development on rice [18]. The population of N. muiri 
around the paddy ecosystem is very high, according to Luo et al. 
[17], who examined N. lugens Stål under the forecasting light in 
five locations across four provinces of China, including Guangxi, 
Hunan, Jiangxi, and Zhejiang. 

They found that the proportion of N. muiri in the Nilaparvata 
spp. on the lamps throughout 2008 and 2009 was over 40%, and 
the number of N. muiri exceeded the number of N. lugens in Ji-
angxi, Hunan, and Zhejiang before September. Among weeds 

in non-rice habitats, L. sayanuka is the most suitable host for 
N. muiri [23]. Integrating L. sayanuka into the paddy ecosystem 
as an egg parasitoid bank can continuously release A. nilapar-
vatae into the paddy field to control rice planthoppers. During 
overwintering, L. sayanuka acts as an efficient overwintering 
host that can accommodate a higher density of overwintering 
natural enemies than other weeds [18]. Moreover, the N. muiri 
overwinters locally and early, with nymphs hatching in March 
and oviposition occurring in April, offering hosts for the over-
wintering Anagrus spp., which builds up sizable populations 
prior to the mass migrations of rice planthoppers. This study 
demonstrated that planting 50 cm wide strips of L. sayanuka for 
over 1 m along the edge of the paddy field had a significant con-
trolling effect on rice planthoppers in the paddy field, indicating 
the efficiency of this as a bank plant system.

The spatial pattern of non-crop habitats impacts the com-
position, structure, diversity, and dynamics of natural enemies 
in crop habitats [24-26]. Different species of natural enemies 
show varied responses to different complex habitats [27-29]. 
The results of this study showed that the “L. sayanuka, N. muiri, 
A. nilaparvatae” bank plant system combined with the nec-
tar plant S. indicum significantly increased the population of 
Anagrus spp. in the paddy field, and enhanced its egg parasit-
ism rate of the rice planthoppers, which in turn significantly en-
hancing the control effect of the rice planthoppers in the paddy 
field.

Takada et al. [30] suggested that Echinochloa crus-galli and 
Schoenoplectus juncoides on the paddy field margins contrib-
ute to the spread of the rice pest Stenotus rubrovittatus, which 
can exacerbate the damage to rice near these two grasses. This 
system may pose a risk as it may climb into the rice bushes and 
compete for water and fertilizer, affecting rice yield. However, in 
this experiment, L. sayanuka did not grow as rapidly as Leersia 
hexandra Swartz (a local noxious weed), and grew in situ before 
rice plants elongation stage. In contrast, after rice elongation 
stage, L. sayanuka growth was inhibited by rising temperatures, 
and it did not invade the rice.

In the practical application of the bank plant system of “L. 
sayanuka, N. muiri, A. nilaparvatae”, N. muiri is subject to pre-
dation by natural enemies (e.g., spiders). The use of this sys-
tem will greatly impact the ecology of rice fields and the trophic 
relationships of the arthropod community. L. sayanuka is also 
a host for Cnaphalocrocis medinalis, and eggs laid by C. medi-
nalis and larvae on L. sayanuka can act as a natural enemy host 
for rice Lepidopteran pests [31]. This combines them with egg 
parasitoids and larvae parasitoids (e.g., Trichogramma japoni-
cum, Trichogramma chilonis, and Apanteles cypris), offering an-
other possible benefit of planting L. sayanuka strips in paddy 
field margins as a bank for rice stem borer natural enemies. This 
means than L. sayanuka is a bank plant for rice stem borers as 
well as a bank plant for rice planthopper control. 

Artificial release of Trichogramma parasitoids for rice stem 
borer control is on the rise in China, but the high cost of un-
sustainable artificial release mode of Trichogramma parasitoids 
impacts the widespread dissemination and control efficacy of 
artificial releases of Trichogramma parasitoids. In contrast, 
planting strips of L. sayanuka likely has an important field con-
servation role for Trichogramma parasitoids released into rice 
fields, which is another possible positive influence of L. saya-
nuka.

Figure 4: Effectiveness of different treatments of the Leersia saya-
nuka bank plant system for field control of rice planthoppers in rice 
fields (patting method). Treatment A: a 50cm wide and 1 m long L. 
sayanuka strip was planted in the rice field next to the ridge; Treat-
ment B: a 50 cm wide and 5 m long strip of L. sayanuka was planted 
in the rice field next to the ridge; Treatment C: a 50 cm wide and 5 
m long strip of L. sayanuka was planted in the rice field next to the 
ridge and Sesamum indicum seeds were planted on the ridge; Con-
trol: Conventional ridges lacking L. sayanuka and S. indicum were 
utilized. The values showed are means (± SE) for each treatment. 
Different lowercase letters denote significant differences (P < 0.05) 
among different treatments at the same rice fertility period.
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