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Abstract: Outbreaks of Ramulus mikado (Insecta: Phasmatodea: Phasmatidae) in the hilly areas of Mt. Bongsan, Mt.
Cheonggye, and elsewhere in Seoul and Gyeonggi occurred from 2020 to 2021, causing serious defoliation. We eval-
uated the insecticidal effects of six eco-friendly organic materials and the insect-pathogenic fungus Metarhizium anisopliae
against R. mikado. The fungus was isolated from naturally dead bodies of R. mikado in forest ecosystems. The results
revealed that three eco-friendly organic materials containing azadirachtin or geraniol as active ingredients showed high
mortality in the range of 85.2%-100%, which were rates similar to that of the chemical insecticide fenitrothion emulsi-
fiable concentrate. All R. mikado adults that were sprayed with a conidial suspension of M. anisopliae at different
concentrations were killed within a few days. In conclusion, three eco-friendly organic materials and M. anisopliae
could be good alternatives to chemical insecticides.
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Figure 1. (a) Defoliated trees by Ramulus mikado populations, (b) R. mikado population collected in Mt. Cheonggye,
and (c¢) dead body of R. mikado in pesticide bioassay.
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Table 1. List of organic materials (EFAM, eco-friendly organic materials) and a chemical insecticide to test the insecticidal efficacy
on Ramulus mikado.

Recommended No. of R. mikado
Plant extracts

Active ingredient

Products o o concentration  in each cage
*0) %0) (Dillution) (3 replicates)
EFAM A Neem (60) Azadirachtina 1,500x 16 / 16 / 20
EFAM B Oak smoke flavoring (40) + Matrinea, Eugenola, Geraniola 1,000% 18 / 18 / 18
Chinese scholar tree, goosefoot
and subtripinnata (50)
EFAM C Citronella oil (30) + Deris (20) Geraniol (1.3), Cinnamaldehyde (2), 2,000% 18 / 18 / 18
+ Cinnamon (10) Rotenone (0.2)
EFAM D Gosam extract (90) Matrine (0.45) 1,000% 18 / 18 / 18
EFAM E Custard apple oil (50) + Cinnamon (10) Oleic acid (4.794), Cinnamaldehyde 1,000x 18 / 18 / 18
(2.198)
EFAM F Deris (30) + Cinnamon (5) + Rotenone (1.4), Cinnamaldehyde 1,000x 18 / 18 / 18
Lemongrass oil (5) + Jicama (2) (3.3), Citral (2.5), Ethyl alcohol (40),
+ Pyrethrum (2) Pyrethrins (0.7)
Insecticide - Fenitrothion Emulsifiable 1,000% 18 /18 / 18
concentrate (50)
Controlb - - 18 /18 /18

* Percent of active ingredient is not provided
® Distilled water was used

39_| M. anisopliae RCEF0386 ex Lepidoptera

Ul ani NHJ3000 ex Un

M. anisopliae Mani D89 ex L
2| M. majus ARSEF 1946 ex Coleoptera

14 — M. anisopliae UASRBC-Ma82 ex Lepidoptera
{ M. pingshaense CBS257.90 ex Coleoptera

M. robertsii ARSEF727 ex Lepidoptera

M. izh

‘— M. brunneum ARSEF2107 ex Coleoptera

® CBS258.90ex Ch

M. idlic ARSEF7488 ex Coleoptera

— M. acridum ARSEF7486 ex Soil

—i
0.01

B i ii BS120.50 ex L

Figure 2. (a) A dead body of Ramulus mikado infected by Metarhizium anisopliae, (b) A 7-day culture of
M. anisopliae on PDA medium, (c¢) conidia of M. anisopliae, (d) Phylogenetic relationship of M. anisopliae
and reference sequences retrieved from GenBank, inferred from Maximum likelihood analysis using the ITS
sequences. Bootstrap values (1,000 replicates) are shown for each node and our sample is shown in bold.
The scale bar represents 0.01 nucleotide substitutions per site.
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Table 2. Insecticidal activity of six eco-friendly organic materials (EFAM) and one chemical insecticide (fenitrothion EC) against
R. mikado at 1, 3, 7 days after treatment (DAT) in laboratory conditions (25+2°C, 70+10% RH, 16L:8D) with statistics for one-way
ANOVA. Control was a group of water-sprayed instead of insecticidal materials. Different letters indicate significant difference

of R. mikado mortality based on Tukey’s HSD test.

Mortality (%, mean + S.D.)

Treatment

1 DAT 3 DAT 7 DAT
Fenitrothion EC 98.1 £ 321a 100.0 = 0.00 a 100.0 + 0.00 a
EFAM A 56.7 + 11.55b 85.0 £ 433 a 100.0 + 0.00 a
EFAM B 25.9 + 12.83 bed 33.3 + 16.67 be 889 £ 11.11a
EFAM C 31.5 + 22.45 be 48.1 £ 11.56 b 852 £ 13.98a
EFAM D 11.1 £ 556 cd 222 + 11.11 be 37.0 £ 12.83 b
EFAM E 7.4 + 3.21cd 18.5 + 8.49¢ 333 £ 14.70b
EFAM F 5.6 £ 9.62cd 11.1 £ 5.56¢ 204 + 849D
Control 0.0 £ 0.00d 74 £ 642¢ 16.7 £ 9.62b

Statistics F 28.04 41.30 37.12

af 7, 16 7, 16 7, 16

P <0.001 <0.001 <0.001
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P = et s s s s
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Cumulative mortality (%)
8

Days after treatment

Figure 3. Cumulative mortality (mean+S.D.) of Ramulus mikado
since days after treatments. (a) Comparison between two groups
(Metarhizium anisopliae treated vs. sterile distilled water
sprayed), and (b) among four groups (three concentrations of
M. anisopliae treated vs. sterile distilled water sprayed). Asteriks
indicate significant difference level at * <0.05, *** <0.001.

s Thete] o9 414 ARE Ao, AT
O] A E= FOFE =R HAE 3 WS ZA

4 ol Sl ma} ol Ao
1 thKilani-Morakchi et al., 2021). 12 tjH|Fof gt
Azadirachtin®] 443 &3 A7l vf gla, B oM =
i W@POE ﬂ 7] ol of& oFFolut U o
aeh e e e

= AFeS Helet, of =4 A tiddof ot ARl
£ g s Rl e 47 54 9 wol5) e
713 a7t &2l A Q1A tH(Chen and Viljoen, 2010). A
Az chgeol et SR B A A7 A o
3l mhe| ZA1E Hole %7} Wek=t], azadirachtino]u}



& (Ramulus mikado)o] T3t

- e e e e e D S - e

1A 657}

Le7tal(Metarhizium anisopliae) @] Y& &1} 7} 123

M T28TZ9 T30

% ® X % . B R N N W W

I
Control

M. anisopliae treated group

Figure 4. Fungi derived from dead bodies of Ramulus mikado in control groups (a~c): (a) Fusarium solani, (b) Aspergillus
westerdijkiae, and (c) Penicillium sp. (d) Metarhizium anisopliae re-isolated from dead bodies of the fungus-treated groups.
(e) Results of M. anisopliae specific primers screening on dead bodies of R. mikado 7 days after sterilized distilled water
(SDW) or M. anisopliae-treated groups as follows: C1~C3, Negative control (SDW treatment); M1 and M2, Positive control
(Metarhizium anisopliae cultures); T1~T30, M. anisopliae-treated.
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