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Abstract

Background Pink stem borer, Sesamia inferens (Walker), a major rice pest, has rarely been reported to cause serious
damage to sorghum in China. During a survey of insect pests in glutinous sorghum for Chinese liquor production
areas in Guizhou Province, it was found that S. inferens has caused serious damage to local sorghum in recent years.

Methods In this context, we assessed the adaptation of S. inferens to three gramineous crop host plants (maize, rice

and sorghum) based on age-stage, two-sex life table theory.

Results Sesamia inferens had the highest development time, survival rate and total longevity on rice, followed

by on sorghum and maize. There was no significant difference in intrinsic rate of increase and finite rate of increase
among maize (r=0.0702 day ™', A=1.0727 day ™), sorghum (r=0.0681 day ', A=1.0705 day ') and rice (r=0.0645 day ™',
A=1.0666 day '), but the mean generation period (7) was significantly higher for populations reared on rice (53.84

days) than on sorghum (49.53 days) and maize (47.31 days).

Conclusions The results of our study indicate that S. inferens was able to complete the full developmental cycle on all
three host plants. This study further supports that glutinous sorghum is an adaptable host plant for S. inferens.

Keywords Sesamia inferens, Two-sex life table, Sorghum, Maize, Rice, Adaptation

Background

Pink stem borer, Sesamia inferens (Walker) (Lepidop-
tera: Noctuidae), is a polyphagous pest attacking vari-
ous gramineous crops like rice, maize, pearl millet, finger
millet, wheat, oats, barley, sugarcane, and some grasses
(Banerjee et al. 1967; Khan et al. 1991), and complete
generations can be achieved on rice, water bamboo, and
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maize (Chen et al. 2017). It is a serious pest of almost all
cereals by attacking the crops at various stages and caus-
ing severe damage and yield losses (Hashmi 1994; Bala-
dhiya et al. 2018). Sesamia inferens was first reported
in rice, which later migrated to other gramineous crops
(Pathak and Khan 1994).

When S. inferens infests crops in the field, the larvae
emerge in groups within or behind the leaf sheath and
feed on the epidermal layer of the leaf sheath (Jeevanand-
ham et al. 2020). As a result of eating, gummy oozes with
water-soaked lesions appears on the affected leaf sheaths
that were externally visible in the initial stages of eating
(Chen 2019). The larvae then reach the central grow-
ing point by boring through the sheaths (Hashmi 1994).
Then feed on unopened leaves in the whorl, resulting in

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-9964-0512
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43170-023-00191-1&domain=pdf

Li et al. CABI Agriculture and Bioscience (2023) 4:49

the formation of oblong (oblong or oval, slightly larger
than pin size) holes of 2-3 mm in size in parallel rows
in the unfolded leaves (Jeevanandham et al. 2020). As
the plant grows, these holes widened and became slits
and streaks. In severe cases, tunneling of the midrib
was visible on the leaf blades and the plants had a frayed
appearance (Pathak and Khan 1994). Attack of the shoot
growing point eventually lead to desiccation, resulting in
the formation of a “dead heart” at the seedling stage in
cereals and “white ears” at the ear head stage in sorghum
(Sau et al. 2022). Before the 3rd instar, the larvae usually
gather in the form of dozens of heads, feed first on the
inner layer of the leaf sheath, then bore into the stem of
the plant to continue feeding, resulting in a “withered
heart” (Baladhiya et al. 2018). The insects feed on the
stems, causing hollow stems, the plant collapses and the
rate of course reduces (Hashmi 1994).

In China, S. inferens, known as a major pest in rice,
has rarely been reported to cause serious damage to sor-
ghum, but our research team unexpectedly found a high
number of S. inferens infestations on glutinous sorghum
in the Guizhou region in 2021. The pests have resulted
in the withering of young sorghum seedlings, large areas
of fallen or lopsided plants, and reduced spike rates, and
have led to a significant reduction in sorghum yield and
quality. Sorghum is a gramineous crop that has many
uses such as food, feed, and brewing (Aruna 2018). With
the adjustment of the agricultural industrial structure,
sorghum has huge development space and industrial
advantages in agricultural production (Zhang et al. 2014).
Among them, the winemaking industry is one of the
important industries in China’s economic development,
and also one of the industries with the most benefits
and development potential in China’s sorghum industry
(Gao et al. 2020). Since 2012, China’s liquor industry has
entered a deep adjustment period. As the main upstream
raw material of liquor companies, plant structure has
changed markedly (Fan et al. 2022; Yan et al. 2017). In
this context, Southwest China region of high-grade gluti-
nous sorghum for wine with first-class quality, is leading
the rapid development of high-quality grain development
and use as a model (Yan et al. 2017). Guizhou province
is the birthplace and main production area of Moutai
flavored liquors, and the liquor industry is inseparable
from the production of sorghum (Ding et al. 2019). The
occurrence of S. inferens in sorghum production areas
in Guizhou Province is increasing year by year, requiring
widespread attention. Sorghum was its host plant at the
time of its discovery, and S. inferens is widely regarded
as an important rice pest in China and has once been
reported as a pest on maize too (Chen 2019; Baladhiya
et al. 2018; Dhaliwal et al. 2010; Chen et al. 2017). While
rice and maize are major food crops, sorghum is of great
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economic value in the liquor industry. It is important
to ensure the quality of the yields of these three crops.
Maize and sorghum are both gramineous crops and
have similar growth stages and morphological structures
(Lozano et al. 2021). So three host plants, maize, sor-
ghum, and rice, were chosen for this study.

Phytophagous insects are dependent on host plants and
host plant be selected is important for their survival and
reproduction, and insects have different adaptations to
different host plants (Bernays 1994). Different host plants
had a significant effect on the bioenergetic, develop-
ment, and oviposition preference of fall armyworm, and
the results of this study are important for understanding
the adaptability of fall armyworm on different host plants
(Banerjee and Ray 1995; Veenstra et al. 1995; Guo et al.
2020). Agrawal (2000) found that mites can adapt to dif-
ferent host plants and that there is a trade-off between
adaptability and fitness on different hosts. On some
hosts, the mites can achieve higher reproductive success,
but may face higher survival risks on other hosts. There-
fore, the research on the adaptation of insects to different
host plants is important for understanding the ecological
characteristics of insects and assessing crops at potential
risk.

The life table is an important tool in population ecol-
ogy, it can clearly show the demographic parameters
such as survival rate, development time, longevity and
fecundity (Chi et al. 2022a, b). Various analyses, such as
population extinction estimation, population growth
capacity and pest outbreak prediction, can be meas-
ured based on the demographic parameters (Amiri et al.
2010). Therefore, the construction of life table contrib-
utes to the understanding of insect population dynamics,
which plays a vital role in integrated pest management
(IPM) strategy (Caldirola and Southwood 1968). In this
study, we compare and analyze the statistical population
parameters of S. inferens on maize and rice compared to
sorghum (the native host in the sorghum-producing area
of Guizhou) using the computer program TWOSEX-MS
Chart (Chi 2021) based on age-stage, two-sex life table
theory (Chi et al. 2020; Saska et al. 2021). The fitness of
S. inferens on three host plants was investigated to pro-
vide the theoretical basis for their prevention and control
measures in the future.

Methods

Plants

Plants of maize (variety: Zhuoyu 9), sorghum (vari-
ety: Jinnuoliang 8), and rice (variety: Taiyou 808), all
obtained from GuiZhou Zhuohao Agricultural Science,
Guiyang, China, were grown in a greenhouse at 27+ 3 °C
with 70+10% RH (relative humidity) and a photoperiod
of 14L:10D (light:dark) in Guizhou University, China.
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Healthy and undamaged plants were collected for experi-
ments. No pesticides were applied to any of the three
crops and no infestations were observed. For the experi-
ments, we used plants that were at different growth
stages, including the seedling stage, the jointing stage/
tillering stage, and the heading stage.

The seedlings of the three host plants were selected at
a height of about 40 cm for testing. Maize plants were
with 6-9 leaves, a height of about 60-70 cm, and at the
beginning to reach the jointing stage. Sorghum plants
were with 8—12 leaves, a height of about 60-70 c¢cm, and
to reach the jointing stage. The selection of plants to be
tested has been carried out within these criteria. The
criterion of the shoot stage was that the first shoot bud
germinated and protruded 1-2 c¢cm from basal leaf axils.
Rice plants with primary shoots were used in this study,
and their height was about 50-60 cm. Heading refers to
the stage or condition in which the fully developed young
panicle of cereal crops emerges from the sheath of the
flag leaf. The maize and sorghum plants selected for this
study were about 1 m in high, and the rice plants were
about 60-70 cm high.

Insects

The original colony of S. inferens was collected in June
2020 from Sorghum in Renhuai county (106°44”E,
27°67'N), Guizhou province, China. It was identified
as S. inferens by comparison with the morphological
descriptions of S. inferens as reported in Zhu et al. (1963)
and by molecular biology depending on CO I gene (acces-
sion number: GenBank OR676825). Larvae were grown
on zizania in plastic cages of 1500 mL until they became
pupa. After emergence, the adults were placed into a cage
(80 cmx 100 cmXx 120 c¢cm) and provided with a cotton-
wool ball soaked with 10% honey water solution as food.
In this experiment, the test insects were cultured in the
laboratory (temperature: 26 °C+1 °C, relative humidity:
70+ 5%, light/dark cycle: 14L:10D) with zizania for more
than three generations.

Demography and fitness of S. inferens feeding on three
host plants

The experiment was performed under greenhouse con-
ditions at 27 + 3 °C with 70+ 10% RH and a photoperiod
of 14L:10D. Taking the S. inferens life table experiment
on the sorghum plant as an example, the methods are
as follows. Ninety eggs were taken and the time of egg
laying and hatching was recorded. We used 30 eggs in
a group for this test. After hatching, the larvae were
transferred with a hairbrush to the leaf sheaths and core
leaves of the sorghum seedlings (3 plants in 1 pot, and
1 pot provided). The sorghum seedlings were placed in
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an insect cage of 80 cm X 100 cm X 120 cm, and the lar-
vae were allowed to feed freely inside the plant. Three
days later, we observed the traces of insect infestation,
if it is clear that there are traces of insect infestation,
then we continued to test; but if not, then we followed
the experimental procedure to repeat a series of experi-
ments. In addition, new sorghum seedlings (3 plants in
1 pot, and 5 pots provided) were placed into the insect
cage. We daily observed the sorghum plants eaten by
the borers for a period of 10 days, and we timely pro-
vided new sorghum plants to the cage. Here there was
no longer a need to provide sorghum plants at the seed-
ling stage, but we could provide plants at the jointing
stage and heading stage until the larvae became pupa.
This is also because the older S. inferens larvae prefer
to feed on stout plant stems. Newly potted plants were
placed just next to old plants to ensure that their leaves
touched each other so that the larvae could indepen-
dently move to new plants (Marina et al. 2019).

After adult emergence, they were introduced into an
insect cage (80 cmXx 100 cmXx 120 cm) including new
sorghum plants at different growth stages (seedling,
jointing and heading stages) as oviposition places, and
provided with 10% water honey solution as diet. The
process of insects breeding and experiments referred
to Fig. 1. The sorghum plants and honey solution were
changed daily. The total number of eggs was counted
daily until all adults were died and we also recorded the
sex ratio.

The method with maize as host plant is similar to that
of sorghum as a host plant, while in the experiment
with rice as host plant we only needed to replace the
plants at the jointing stage with those at the tillering
stage.

Life table analysis

The computer program TWOSEX-MSChart, based on
the age-stage, two-sex life table theory, was used to cal-
culate the demographic parameters such as develop-
ment time, survival rate, longevity, and fecundity. The
formulas and definitions used in this study are shown
in Additional file 1: Table S1 (Definitions and formu-
las of population parameters estimated in the present
study). TWOSEX-MSChart 2022 software was used
to calculate each parameter. The standard errors were
determined by bootstrap with 100,000 repetitions, and
evaluated the statistical significance of the observed
differences using paired bootstrap, where P<0.05 was
considered statistically significant (Shahidi-Noghabi
et al. 2009; Wang et al. 2016; Ding et al. 2021; Zhao
et al. 2021; Amir-Maafi et al. 2022). All graphs were
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Fig. 1 Insects breeding and experiment processing

created using SigmaPlot 12.5 (Systat Software, San Jose,
CA, USA, https://www.systatsoftware.com).

Results

Development time, longevity, and the sex ratio of S.
inferens

The development time, longevity, and proportion of adult
females of S. inferens from the different host plants are
shown in Table 1. The preadult longevity of S. inferens

Larvae were fed on plants in cage

Plants at different stw/g{s /

Larvae were fed on plants in cage

seedlings.

(b) Providing different stages of plants
to larvae for feeding.

(c¢) After adults emergence, they all
were introduced into an insect cage
including new plants at different growth

stages as oviposition places.

on rice (49.34 d) was longer than on sorghum (45.33 d)
and maize (42.68 d). The highest preadult survival rate
(s,) of S. inferens on rice (0.5556) was significantly higher
than on maize (0.3778). Preadult longevity of female and
male on rice (48.76 d, 50.14 d) was longer than on sor-
ghum (45.12 d, 45.69 d) and maize (41.91 d, 44.27 d). The
total longevity on rice (55.69 d) was the longest, followed
by sorghum (50.79 d) and maize (49.16 d). Of the three
host plants, the total longevity of females and males on

Table 1 Development time, longevity, survival, fecundity, and proportion of female adults of S. inferens on different host plants

Parameters Maize Sorghum Rice
n Mean +SE n Mean +SE n Mean +SE

Preadult longevity (d) 34 42.68+041c 42 4533+0.25b 50 49.34+0.25a
Preadult survival rate (s,) 90 0.3778+0.0511b 90 0.4667+0.0527ab 90 0.5556+0.0523a
Female preadult longevity (d) 23 41.91+0.37¢c 26 45.12+0.32b 29 48.76+0.27a
Male preadult longevity (d) 11 44.27 £0.84c 16 45.69+0.38b 21 50.14+041a
Total longevity (d) 90 49.16£0.26¢ 90 50.79+0.18b 90 55.69+0.19a
Total longevity of female (d) 23 49.87+0.81c 26 51.88+0.40b 29 55.90+0.34a
Total longevity of male (d) 1M 51.55+0.56b 16 51.81+049b 21 5738+037a
Female adult longevity (d) 23 7.96+048a 16 6.77+0.12b 21 7.14+0.11a
Male adult longevity (d) 1 727+041a 26 6.12+0.20b 29 7.24+0.14a
Fecundity (number of eggs per female) 23 108.13+9.92a 26 100.88+5.25a 29 99.93+6.67a
Proportion of female adults (N;/N) 90 0.2556£0.045% 90 0.2889+0.0478a 90 0.3222+0.0491a

The data are expressed as mean + SE. Means in the same row followed by a different letter are significantly different by paired bootstrap test (B=100,000, P< 0.05)
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rice is the longest (55.90 d, 57.38 d). There were signifi-
cant differences among the three host plants in the total
longevity of the females (rice, 55.9 d; sorghum, 51.88 d;
maize, 49.87 d). In contrast, no significant differences
were observed for the S. inferens male and female adult
longevity between maize (7.96 d, 7.27 d) and rice (7.14 d,
7.24.d), the fecundity (number of eggs per female) (maize,
108.13; sorghum, 100.88; rice, 99.93), and the proportion
of female adults (maize, 0.2556; sorghum, 0.2889; rice,
0.3222).

Population statistics parameters

The net reproduction rate (R,), intrinsic rate of increase
(r), finite rate of increase (1), mean generation time (7),
and gross reproduction rate (GRR) of S. inferens on the
three host plants are shown in Table 2. There were no
significant differences between r, R;, and A on the three
hosts. The r and A values of S. inferens populations on the
three host plants were >0 and > 1, respectively (in detail
for maize, 0.0702, 1.0727; sorghum, 0.0681, 1.0705; rice,
0.0645, 1.0666, Table 2), indicating that S. inferens is able
to survive on the three hosts. The highest T of S. infer-
ens on rice (53.84 d) was significantly longer than on
sorghum (49.53 d) and maize (47.31 d). There were no
significant differences in GRR.

Survival rates of each insect stage of S. inferens feeding

on different host plants

The age-stage survival rates (s,) of S. inferens on
maize, sorghum and rice are shown in Fig. 2. The s,;
differed between developmental stages, which was due
to variable growth rates between individuals. Sesa-
mia inferens completed the preadult stage and adults
emerged after 39 days on maize, 43 days on sorghum
and 47 days on rice. There were differences in the
survival on the three hosts. Female adults survived
on maize (17 d) longer than those on sorghum (12 d)
and rice (12 d). While, male adults survived longer
on rice (13 d) and maize (13 d) than on sorghum (11
d). The peak of s,; in the female adult stage at age of
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48 d was higher on rice (32.22%) than at 48 d on sor-
ghum (28.89%) and at 43 d on maize (22.22%). For
male adults, the peak of the survival rate (sxj) on rice
(23.33%) at 54 d was higher than on sorghum (17.78%,
47 d) and maize (12.22%, 48 d).

Population survival rates and fecundity of S. inferens
feeding on different host plants

The age-specific survival rate (/,) on maize, sorghum and
rice showed a downward trend with the increase of age
are shown in Fig. 3. Based on the estimated values, the
last adult fed on rice died at day 59, while this was at day
54 on sorghum and day 55 on maize. On sorghum the
age-specific female fecundity (f,,) at 50 d (39.4 offspring/
female) was higher than on rice at 56 d (38.0) and maize
at 46 d (30.8). Similarly, the age-specific net maternity
(lym,) on sorghum (7.4 offspring/female, 50 d) was higher
than on rice (5.6, 52 d) and maize (5.13, 46 d). The high-
est age-specific population fecundity (m,) was achieved
on maize (27 offspring/female, 55 d) and this was sig-
nificantly greater than on sorghum (23.1, 55 d) and rice
(14.9, 56 d).

Life expectancy of each insect stage of S. inferens feeding
on different host plants

The value of e,; showed a downward trend for maize, sor-
ghum and rice, with maximum average longevity values
of 49.16, 50.79, and 55.69 days, respectively (Fig. 4). The
e,; was highest for females on maize (10.74 d) compared
to rice (8.90 d) and sorghum (8.88 d). Also for males, the
highest e,j was achieved on maize (10.55 d), while for rice

it was 10.38 d and 8.81 d for sorghum.

Reproductive values of each insect stage of S. inferens
feeding on different host plants

The reproductive values (v,) of S. inferens feeding on
maize, sorghum and rice at age zero (v, ;) were 1.0727,
1.0705, and 1.0666, respectively (Fig. 5). The v,; on sor-
ghum reached a peak of 88.39 d! at age 46 d and this

Table 2 Population parameters of S. inferens on different host plants

Population parameters Mean +SE

Maize Sorghum Rice
Net reproduction rate (Ry) (offspring/individual) 2763+555a 29.14+5.05a 32.20+534a
Intrinsic rate of increase (1) (d™") 0.0702+0.0042a 0.0681+0.0036a 0.0645+0.0031a
Finite rate of increase () (d™") 1.0727+0.0045a 1.0705+0.0038a 1.0666+0.0033a
Mean generation time (7) (d) 47.31£045c 49.53+£0.19b 53.84+0.27a
The gross reproduction rate (GRR) (offspring/individual) 118.04+20.28a 66.83+£9.02a 63.08+12.59

The data are expressed as mean + SE. Means in the same row followed by a different letter are significantly different by paired bootstrap test (B=100,000, P< 0.05)
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was higher than on maize (85.39d "}, 41 d) and rice (81.77
d™,49 d). The highest v,; was in female adults fed on
sorghum.
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Discussion

The age-stage, two-sex life table can accurately describe
the population variability and adaptability of insects
(Zhang et al. 2019; Chi et al. 2020; Ding et al. 2021). Here
we applied the age-stage, two-sex life table to describe
the population variation of the pink stem borer, S. infer-
ens, known as a major pest in rice, when fed on three dif-
ferent hosts, specifically rice, maize and sorghum. In this
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study, we found that the adaptability of S. inferens was
influenced by the host species.

The difference in nutrient content of host plants has a
major effect on the life cycle of herbivorous insects and
influences the development of their population (Liu
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Fig. 5 Reproductive values of each insect stage of S. inferens
on different host plants

et al. 2018; Alami et al. 2014). Insect development gener-
ally depends on the quality of the diet in the larval stage,
which was different among the host plants (Barros et al.
2010). However, a longer larva-to-adult period is thought
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to reflect a compensatory response of larvae to a low-
quality diet (Silva et al. 2017). In this study, there were
significant differences in the preadult period between the
three host plants (rice, 49.34 d; sorghum, 45.33 d; maize,
42.68 d). The reason for this may be the difference in the
main nutrients in different host plants (Liu et al. 2009). A
similar study showed that larval stage development time
differed significantly when S. frugiperda was fed maize,
rice, wheat and sorghum, with the longest larval develop-
ment being on sorghum (19.4 d), while the shortest was
on maize (15.4 d) (He et al. 2021).

In general, individuals which develop faster at a certain
stage have a lower survival rate at this stage (Ban 1995;
Bou Sleiman et al. 2022). One study pointed to the low
survival rate of S. inferens in the preadult stage due to the
short preadult stage on maize (Feng 2011). In this study,
in which S. inferens has a short preadult stage on maize
and the survival rate is low, is consistent with previous
findings. In addition, the sex ratio of the population is
influenced by the nutritional status of the host plant (Wei
2021; Li et al. 2020; Gong et al. 2016). In this study the
proportion of adult females of S. inferens that fed on rice
was highest. The reason may be that the mortality of S.
inferens feeding on rice is lowest in the preadult stage.

The r and A values of S. inferens populations on maize,
rice, and sorghum were >0 and > 1, respectively, indicat-
ing that S. inferens is able to survive on the three hosts.
The r represents the growth potential of insect popula-
tions; a larger value reflects faster development (Hu et al.
2014; Qin et al. 2017). The low r values of S. inferens pop-
ulations on all three host plants and the excessive mor-
tality of their larvae to the adult stage can be explained
by the fact that S. inferens is subject to translocations
in the field and there is no restriction on its feeding by
the greater amount of crops in the field (Baladhiya et al.
2018). In contrast, in the cages that we used in the cur-
rent experiments, while adequate food is continuously
provided, the abundance of host resources in the field
has not yet been achieved, and in the cage of the life table
experiment, there is competition for both food resources
and survival space in the limited space available to S.
inferens.

Sesamia inferens was originally a major pest on rice,
which later migrated to other gramineous crops (Pathak
et al. 1994). Rice and wheat are the same major crop-
ping system, and later S. inferens started to emerge as a
serious pest in wheat. It was first recorded as a pest in
maize by Fletcher in 1914 (Fletcher 1914). It was also
widely reported to damage maize in Hebei, China, in
2012 (Chen et al. 2017). But now it has been found to
be seriously damaging to sorghum in Guizhou province.
The reasons are as follows. First, S. inferens is a typi-
cal omnivorous insect with a wide range of hosts (Feng
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2012); second, there are many kinds of rice pests, such
as Chilo suppressalis (Lepidoptera, Pyralidae) and Scir-
pophaga incertulas (Lepidoptera, Pyralidae), and S. infe-
rens is competing for niche (Yang et al. 2019); thirdly,
maize, rice and sorghum are major crops of Gramineae,
and their morphological structure is similar; and last
but not least that the prospect of glutinous sorghum for
Chinese liquors in Guizhou province is so broad that the
local planting structure is changed and the glutinous sor-
ghum planting industry is increasing (Ding et al. 2019), to
increase the transmission of S. inferens from rice to sor-
ghum. The results of this study showed that different host
plants (sorghum, rice and maize) had effects on the S.
inferens population parameters, but the overall difference
was not significant. Sesamia inferens is highly adaptable
in these three host plants.

The dynamics and growth and development of insect
populations are influenced not only by the host (Liang
et al. 2019), but also by natural enemies (Zheng et al.
2019), insecticides (Desneux et al. 2007; Guedes et al.
2016; Wang et al. 2022), environmental factors (Lu and
Wu 2011; Wang and Ma 2022), and other biotic and abi-
otic factors (Bartekovd and Praslicka 2018).

The results of our study indicate that S. inferens was
able to complete the full developmental cycle on all
three host plants. The populations of S. inferens fed on
sorghum were more stable compared to those fed on
rice and maize. This study further supports that gluti-
nous sorghum is an adaptable host plant for S. inferens.
It should be remarked here that the current experiment
was performed under specific greenhouse conditions for
S. inferens, while the growth, development and repro-
duction parameters of S. inferens under natural field
conditions are influenced by temperature, humidity and
natural enemies. In the future, further research is needed
in the natural field to better understand the occurrence
pattern and to provide a theoretical basis for the inte-
grated prevention and treatment of S. inferens.
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