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Improving yield and quality of the economic crops is a central task in agriculture. One of the great potentials of agriculture
is to protect crops from pests. Chemical pesticides have widely used in agricultural production, but excessive amount
of them has resulted in many environmental and pest-resistance problems. With the increasing demand for organic products,
biopesticides have been an alternative to conventional chemical ones. Moreover, biopesticides are more and more favored
by the pesticide market because of their safety for environment, and their unique mechanism of action which is not easy to
produce resistance. Entomopathogenic fungi have a wide host range, and they are environment friendly and can markedly
improve pest control efficacasy. Entomopathogenic fungi can also as biological control agent against the oriental fruit moth,
Grapholita molesta (Busck) (Lepidoptera: Tortricidae), a significant pest of stone and pome fruits. Beauveria bassiana is
one of the most widely studied entomopathogenic fungus and it is used as biopesticide. B. bassiana, is a broad spectrum
entomopathogenic fungus with strong pathogenicity. It is easy cultured and its pathogenic is enough to keep pest populations
below an economic threshold level. It has a special status in field of biological control. In order to better understand its
mechanism and control effect on oriental fruit moth, in this study we analyzed the lethal effect under two different infection
modes of B. bassiana and the affection of three concentrations of spore suspensions. The fourth instar larvae of oriental
fruit moth were treated by impregnation method and the feeding method at different spore suspension of 1x10° conidia/
mL, 1x10° conidia/mL, 1x107 conidia/mL, the mortality rate and body weight were calculated. The results showed that
the maximum corrected mortality rate of cuticular infection and digestive tract infection on oriental fruit moth infected by B.
bassiana was 65.7% and 22.7%, respectively. Compared with the control group, the body weight was decreased in different
degrees. Under laboratory conditions, the concentration of B. bassiana of 1x10” conidia/mL is the economical and effective
concentration for the control of the oriental fruit moth.
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Introduction. Entomopathogenic fungi are one | mode is different as well (Quesada et al., 2013). For

of the most studied, produced and applied biological
agents for biological control (St Leger & Screen, 2001).
Beauveria bassiana is a broad-spectrum entomopathogenic
fungus with strong pathogenicity, and it is widely used
for agricultural and forestry pest control (Feng, 1998).
When the temperature and humidity is suitable, conidia of
B. bassiana can germinated and entered the host body cavity
through the insect’s body wall (Liu & Guo, 2019). Mycelium
grows in the haemocoel, produces toxic metabolites that lead
to host death and eventually invades all organs of the host,
and re-produces spores through the body wall (Gupta et
al., 1994). B. bassiana can infects its host by two ways:
the first one — through contact with the insect from the body
wall, spiracle, the invasion of internode membrane, stoma
and wound, which is the main way of its infection (Hu & Fang,
1996). The other way is by feeding and breathing of insects:
B. bassiana invades the host through internal channels
such as digestive tract and respiratory tract. For the same
insect, the development period is different, the infection
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example, when Myllocerinus aurolineatus Voss is infected
by Beauveria bassiana, the larvae directly infected the body
wall, valve, and intermembrane after spore germination,
while the adults are infected by swallowing a large number
of spores, which entered the body and germinated (Wu et
al., 2012). The larvae of Culex spp were mainly infected by
B. bassiana through respiratory tract, while the adults were
mainly infected through body wall (Vogels et al., 2014).
Therefore, in order to improve the biological control effect
of B. bassiana for the target insect, it is of great significance
to study the infection mode.

The oriental fruit moth, Grapholita molesta (Busck)
(Lepidoptera: Tortricidae), is a serious pest of fruit trees
and fruits in most temperate regions of the world (Myers
et al., 2006; Wang et al., 2017). The oriental fruit moth
is a host-switching pest species. The stone fruit peach
is considered as its primary host, whereas the pome
fruits pear and apple are supposed as its secondary
hosts (Rice et al., 1972; Rothschild & Vickers, 1991).
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Its larvae often bore into shoots or fruits and make
damage, seriously affect the quality and yield of the fruit
which always cause great economic losses (Kanga et
al., 2003). B. bassiana as a better biological agent has
been reported has potential for suppression of larvae pest
(Ran et al., 2016; Sarker et al., 2020). However, there
were few reports about the infection mode of oriental fruit
moth by B. bassiana. In this study, we analyse different
concentrations and infection modes of B. bassiana against
larvae of oriental fruit moth under laboratory condition.
These results will help a lay the foundation for further
studying of relations between B. bassiana and oriental
fruit moth, and better improving the control effect of
B. bassiana for oriental fruit moth.

Materials and methods. Insect cultures. In the laboratory
condition, the insects were reared on artificial diet for more
than 30 generations before the experiment beginning. The
adults were reared in beaker (2L in volume) with one fresh
Fuji (it is a variety of apple, experiments show that different
apple varieties have great influence on larval feeding,
and this kind of apple is not easy to rot, and better feeding)
apple and a waxed paper inside for egg laying and fed
with 10% honey solution. Neonate larvae were reared in
the apples, and late instar larvae (third to fifth instar) were
picked out from the rotten apples (Wang et al., 2017; Zhang
et al., 2021). The late instar larvae were reared on artificial
diet until pupation, following the methods of Du et al (2009).
All of them were reared under a photoperiod of 15: 9 L: D,
85% relative humidity and 26.5°C till the appropriate assay
instar.

Fungal Pathogen and Preparation of Conidial
Suspension. B. bassiana BNCC 111705 was from BeNa
Culture Collection, and cultured on potato dextrose (PDA)
plates at 28°C, 95% humidity under complete darkness.
Conidia (spores) used for the infection were harvested from
5-7 days old cultures by scraping the surface of the mycelia
with 40 ml ddH,0O, filtered with sterile gauze, and then
washed with ddH, O for third times. The spore concentrations
were adjusted to 1x105 conidia/mL, 1x10° conidia/mL,
1x107 conidia/mL. The viability of conidia was determined
before the bioassay, and greater than 95% conidia
germination was observed in all tests.

Larva Bioassays infected by impregnation and feeding
methods. Fourth instar larvae with consistent growth were
selected and used for two different modes of infection.

Immersion method. infected insects were soaked in
the spore suspension of 1x10° conidia/mL, 1x10° conidia/mL,
1x107 conidia/mL, for 10 s, while the insects of control group
were treated with ddH,O for the same duration.

Feeding method: the same size of artificial diet was
smeared with the suspensions of conidia with different
concentrations of B. bassiana, and place on absorbent
paper for a few times to dry excess water surface. The
treated group of insects were feed with the artificial diet
coated with B. bassiana. The control groups were feeding
with asepsis artificial diet.

A total of 120 insects for each treatment with three
biological replicates, and each biological replicate with
30 larvae respectively. Insects were further dried with

sterile filter paper, and reared separately in a dactylethrae
with artificial diet and kept in Atrtificial Climate
Chamber, at 26.5 °C, 95% RH, under a photoperiod
of 15L: 9 D.

Mortality was observed every 24 h for larvae and, until all
insects in the control had died. Every larva in control group
and treatment group was numbered, and the body weight
of it was recorded on the first day of the fifth instar and pupal
stages in each group.

Statistical Analysis. Statistical analyses were all
performed using SPSS 18.0 Statistics software and graphs
were constructed using Graph Pad Prism. 7.00. software.
One-way analysis of variance (ANOVA) and Tukey’s test
were used, P < 0.05 was considered significant (Zar, 2010).
Corrected mortality (%) = (treatment mortality — control
mortality) /(1 — control mortality) x100%.

Results. Morphology of larvae infected with Beauveria
bassiana. Studies have shown that the insects of treated
groups infected with different concentration of B. bassiana
suspension, were characterized by decreasing body
size with the increase of the concentration of Beauveria
bassiana solution after 4-th day infected. The control group
larvae pupated at 8-th day, while some of the treatment
group larvae not pupated and their body covered with white
mycelium and conidia formed on top of the mycelial mass.

Larval Mortality infected by B. bassiana.

Infected through body wall. Larvae of oriental fruit
moth fastly died when the spore concentration was
1 x 107 conidia/mL, and the corrected mortality for this was
65.7%. The corrected mortality infected with 1 x 10° conidia/mL
suspension of B. bassiana was 44.9%, which reached
the maximum death rate on 7 days. And the lethal effect
of these two groups (1 x 10° conidia/mL and 1 x 107 conidia/mL)
were significantly higher than that of 1 x 10° conidia/mL
B. bassiana concentration 11.7%).

Compared with the control group, the body weight
of larvae treated with 1x10% conidia/mL decreased to 24%
and 21% at the fifth and pupa ages, in the group treated
with 1x10% conidia/mL, body weight decreased to 36%
and 31% at the fifth and pupa ages. In the group treated with
1x107 conidia/mL body weight decreased to 75% and 74%
at the fifth and pupa ages which was significantly lower
than that of the control group and the lower concentrations
(Figures 1, 2).
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Fig. 1. The corrected mortality of cuticular infection of
oriental fruit moth infected by different concentration
of B. bassiana
(The bars represent the mean + SD (n = 3)
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Fig. 2. Weight of oriental fruit moth infected by B.
bassiana (cuticular infection)

(Data represent mean * SD, the same age, different
concentrations according to ANOVA and Turkey
test method significance difference analysis, means
followed by the same letter are not significantly
different (a=0.05)

Infected by feeding. The results showed that
the corrected mortality of B. bassiana was up to 22.7% when
theconcentrationofconidiasuspensionwas 1x107” conidia/mL.
The corrected mortality of larvae was less than 20%
when the concentration was reduced (7.6% and 16.7%).
When the concentration of conidia suspension was
1x107 conidia/mL, it shows that the larval body weight
significantly decreased. Meanwhile, comparing to other groups
(1x10° conidia/mL and 1x10° conidia/mL), the difference is
statistically significant. And there was no significant difference
in body weight between different instars and control
group, when the concentration of conidia suspension was
1x%10° conidia/mL and 1x10° conidia/mL (Figures 3,4).
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Fig. 3. The corrected mortality of digestive tract
infection of oriental fruit moth infected by different
concentration of B. bassiana. (The bars represent the
mean * SD (n = 3).

Discussion. The entomopathogenic fungus of
B. bassianais wellknown as a potential alternative to chemical
pesticides for control of insect pests and is commercially
available for such purpose in numerous countries worldwide
(Glare et al., 2008; Sevim et al., 2010; Glare & Inwood,
2014; Saranraj & Jayaprakash, 2017). Compared with
bacterial and viral insecticides, fungal insecticides have
stronger spreading ability and wider control spectrum due
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Fig. 4. Weight of digestive tract infection of oriental
fruit moth infected by B. bassiana
(Data represent mean * SD, the same age, different
concentrations according to ANOVA and Turkey
test method significance difference analysis, means
followed by the same letter are not significantly
different (0=0.05)

to its unique way of infecting insect body walls. In this study,
when the concentration is 1x107 conidia/mL, the mortality
of cuticular infection of oriental fruit moth infected by
B. bassiana is significantly higher than that of digestive tract
infection. In previous researches are reported that for other
larvae of Lepidopteran the similar phenomenon is observed.
In Plutella xylostella, the correct mortality of cuticular
infection with B. bassiana Bb02 (1x107 conidia/ mL)
was 73.79%, while that of digestive tract infection was
33.79% (Lei et al., 2010). However, sometimes, for
the same insect, due to the different concentration and host
strain type, the results are significantly different. In Plutella
xylostella, infected with B. bassiana GDS at concentration of
1x108 conidia/mL the corrected mortality of digestive tract
infection was 80.5%, (Yan et al., 2013). The corrected
mortality was 92.4% when infected through cuticular with
B. bassiana MZ041016 at concentration of 2.3x108 conidia/mL
(Yuan et al., 2007). B. bassiana HFW-05 was successfully
infected in Helicoverpa armigera through the digestive tract
(feeding method), and the corrected mortality rate was 75.8%
after 6™ days infected. The body weight and food intake
of the insects infected with B. beauversiana HFW-05 through
the cuticle surface were similar to those of the control group
(the corrected mortality rate of 6™ days was only 17.3%,
and the pathogenic effect could not be achieved through
the cuticle surface (Cao etal., 2011). However, Yu et al (2020)
reports that in Helicoverpa armigera, after 10" day infected
by B. bassiana at concentration of 1.5x10® conidia/mL,
the corrected mortality of cuticular infection was 63%,
and that of digestive tract infection was only 38% (Yu et
al., 2020). It is generally believed that the host relationship
between B. bassiana and its hosts is established mainly
through the germination of conidia on the insect body
surface, producing bud tubes and forming appressorium
to penetrate the host body wall, and then invading the host
body for reproduction (Cao et al., 2013; Holder & Keyhani,
2015). However, the hyphomycetes of B. bassiana can also
entry through the digestive tract, conidia enter the digestive
tract with food, germinate in the digestive tract, grow into
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mycelia, and then invade and expand into the body cavity
through the intestinal wall cells (Ferron, 1978; Huang et al.,
2002; Lei et al., 2010). Thus, it is of great significance to
better understand its infection mode and to achieve better
control effect. Until now, only a few entomopathogenic
fungus have been studied to determine their effects on
G. molesta. And, there was no reports on the infection mode
of G. molesta with B. bassiana.

Conclusions. In this study, G. molesta infected with
B. bassiana through cuticular infection had higher corrected

mortality and better weight inhibition than that of digestive tract
infection. These results provide reliable theoretical support
for the development and production of fungal preparations
for the control of G. molesta. Meanwhile, B. bassiana
at concentration of 1x107 conidia/mL may have potential to be
used as control measure against G. molesta in fruit orchards,
but the field experiment needs further verification. Moreover,
B. bassiana is also affected by many other environmental
factors, and it need to be further researched ways of improving
its control effect on G. molesta in the future.
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Lao YxuwaHb, acnipaimka, CymcbKull HayioHanbHUl agpapHul yHisepcumem, m. Cymu, YkpaiHa; LLikona pecypcig
i HagKoMUWHB020 cepedosullja, IHcmumym Hayku i mexHomnoeil XeHaHb, M. CiHbcsiH, KHP

BnaceHko B., 0okmop cinbcbko20ocrnodapchbkux Hayk, npoghecop, CymcbKul HauioHanbHUl agpapHull yHigepcumem,
m. Cymu, YkpaiHa

JlabopamopHa ouiHka ennuey Beauveria bassiana Ha xummedisnbHicmb Grapholita molesta (Lepidoptera:
Tortricidae)

lidsuweHHs 8poxatiHocmi ma sikocmi 20cro0apchbKux Kynbmyp € UeHmMpanbHUM 3a80aHHSM Y Cy4acHOMY CiflbCbKOMY
eocnodapcmei. OOHUM 3 HaUbINbWUX MOMeHUjanig CibCbKo20 20crnodapcmea € 3axucm CiflbCbK020CcrnodapChKuX Kynbmyp
8i0 WKIOHUKig. XiMiyHi necmuyudu WuUpOoKO 8UKOPUCMOBYHMbCS 8 CillbCbK020crnodapCbKkoMy 8UpobHULUMEI, arne ix HaOMipHe
3acmocysaHHs1 npu3eeno 0o bazamboX eK0I02iYHUX Npobiem i Nid8UUEHHS pe3uCmeHMHoCMI WKIOHUKIG. 3i 3pocmaHHSIM
rnonumy Ha opaaHidHi npodykmu bionecmuyudu cmarnu anbmepHamueoro 38udaliHuM XiMiYHUM npenapamam. binbw moeo,
6ionecmuyudu Kopucmyromscs gce BiflblUUM NOMUMOM Ha PUHKY necmuyudie Yyepes ix 6e3neky ma 3axucm HagKonuuw-
Hb020 cepedosuuja, a maKkoxX 4epes iX yHikarmbHUl MexaHiam Oif, 00 IKO20 Hereako 8upobumu cmiliKicmb WKIOHUKaM.
EHmomonamoezeHHi epubu Matomb WUpPOKUl criekmp 2ocrodapig i Hewkidnuei 0519 HasKoMUWHB020 cepedosuwia. BoHu
MOXymb MOMIMHO nidsuwumu egpekmusHicmbs 60pombbu 3i WKIOHUKaMU, a makox 6ymu eaxiueum bioio2idHuUM 3acobom
6opombbu 3i cxidHoto nnodoxepkoro Grapholita molesta (Busck) (/lyckokpuni: Tortricidae), w0 € Hebe3neyHuM WKiOHUKOM
Kicmoukosux i 3epHAmMKosux Kynbmyp. Beauveria bassiana — 0OuH 3 HalbinbW WUPOKO 8UBYEHUX EHMOMONamoaeHHUX
epubis, KUl WUpPoOKo sukopucmosyemscs sik bionecmuyud. Llel eHmomonamoaeHHuU epub mae wupokul criekmp Oi,
CUIbHY Mamo2eHHICmb, 11eeKo Kynbmugyembcs. PigHs namoaeHHocmi epuba 0ocmamHbo, Wwob nidmpumysamu nomyasauii
WKIOHUKI8 HUX4Ye EKOHOMIYHO20 nopoey wKodo4UHHoCMI. BiH Mae ocobrusuli cmamyc y eanysi 6io102i4H020 KOHMPOITHO.
LlJob Kpawe 3po3ymimu io2o MexaHiam i KOHMpPosibosaHy 0it0 Ha CXiOHy MIo0OXePKY, 8 UbOMy OOCIOXKEHHI HaMu npoa-
HarnizoeaHo nemarnbHUl echekm rpu 080X Pi3HUX criocobax 3apaxeHHsl B. bassiana i ypaxeHHi mpboma KOHueHmpauismu
cycrneHsit cnop. JIu4UHOK CXiOHOI Mno0oXepKu Yemeepmozo 8iky obpobnsanu memodom npocoYeHHs1 i Memodom 200y-
8aHHS CycrneHsieto crop pisHoi kKoHueHmpauii (1x10° koridit/mn, 1%10° koHidit/mn ma 1x107 KoHidit/mn), ikcysanu pieeHb
cMepmHocmi ma macy mina. Pedynbmamu rnokasasnu, Wo MakcumarbHuUll CKopueosaHuli piseHb cMepmHocmi 8id iHghekuji
KymuKynu ma iHgbekuji mpagHo20 mpakmy 6 cxiOHOi nnodoxepku, 3apaxeHoi B. bassiana, cmaHosus 65,7% ma 22,7%
8i0r0eiOHO. Y MOpigHSIHHI 3 KOHMPOITLHOK 2Pyro Maca mina byna sHuxXeHa. Y nabopamopHUX yMogax KOHUeHmpauisi
B. bassiana 1107 KoHiQili/mn € eKOHOMIYHO echekmueHoto 011 6opomMb6U 3i CXiOHOK MI0A0KEPKOH.

Knroyoei cnoea: WwkiOHUKU pocnuH, cxiOHa nnodoxepka, 3axucm pocuH, bionoaiyHul KoHmposb, Beauveria bassiana.

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty 7

Cepis «ArpoHomist i Gionoris», Bunyck 4 (50), 2022



