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Abstract Since the ‘Dissemination and management of rose of sharon (Hibiscus syriacus, Mugunghwa)’
was newly legislated in the Forest Resources Act in December 2016, various attempts are being made to
increase the familiarity to the peoples and its usability. Cotton aphid (Aphis gossypii) is a representative pest
that occurs in H. syriacus, and there are no registered synthetic chemical pesticides and field pesticide
efficacy evaluation guidelines so far. Due to the H. syriacus is mainly planted as ornamental and street trees,
the pollinators protection and unintentional exposures should be firstly considered during the efficacy
evaluation. To establish the efficacy evaluation methods, first of all, we screened out the mostly similar field
efficacy evaluation method by using hierarchal clustering analysis among the nine candidate methods. Two
types of field evaluation methods for fruit crops (method01 and method02) were revealed close cases of A.
gossypii for H. syriacus. By referring the method01 and method02, a topical shoot spray method (ToSS) was
newly established to minimize the unintentional problems (such as pesticide scattering occurring several
negative effects, securing pesticide application area) and its appropriateness were evaluated by on-site
experiment during mid-April to early-June in 2022. Four organic agricultural materials which was high
efficacy under the leaf dipping method in the laboratory were chosen and topically sprayed to A. gossypii on
the shoot with two synthetic chemical insecticides as control. As a result, a mortality rate of over 80% was
confirmed from the second day of treatment in Test01, Test03, and Test04. In summary, it is judged that the
ToSS can be applied to the efficacy evaluation in organic agricultural materials and chemically synthesized
pesticides by minimizing the spraying range. In the future, it is necessary to verify suitability through
comparative evaluation between the existing weekly spraying method and the ToSS method.
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Table 1. Several candidates of efficacy evaluation methods which were listed at pesticide registration methods (NIAAS, 2018) for

Aphis gossypii in Hibiscus syriacus

Crop plants Target insect Method ID
Fruit tree crops Leaf-resident aphids (Ovatus malisuctus, Sappaphis piricola, Tuberocephalus momonis) Method01
Non-leaf resident aphids (Aphis spiraecola, Myzus persicae, Hyalopterus pruni) Method02
Field crops Aphids (Aphis gossypii, Myzus persicae, Lipaphis pseudobrassicae, Uroleucon gobonis) Method03
Flower crops Aphids (Macrosiphoniella sanborni, Aphis gossypii, Myzus persicae, Sitobion ibarae) Method04
Tinocallis zelkowae Method05
Ricania shantungensis Method06
Tree crops Lycorma delicatula Method07
Hishimorus stellatus Method08
Corythucha ciliata Method09
Hibiscus syriacus Aphis gossypii Unknown

A

Fig. 1. The experiment site for the evaluation of organic agrochemical material efficacy which was located at Gosan-myeon Wanju-
gun in Jeollabuk-do. (A) Description about the site as Mugunghwa-myeongso, (B) view of planting on the road side by the direction
from Jeonju to Gosan-myeon, (C) view of planting on the road site by the opposite direction, (D) aphid-infected shoot, (E) Location

of the labeled-trees by satellite view.
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Table 2. Agricultural materials used in this study

Names Classification at level 2% Major components and its amount Recommep d
concentration

Test_00 Water Water for control Control

Con_01 Insecticide (1a”) Carbosulfan suspension concentrate 20% 1,000

Con_02 Insecticide (4c®) Sulfoxaflor suspension concentrate 7% 2,000

Test 01 PSM_04 Rotenone 1,000

Test 02 PSM 06 Diallyl disulfide 0.16% 1,000

Test 03 PSM_01+PSM_04+PSM_04 Geraniol 1.3%, Rotenone 0.2%, Cinnamaldehyde 2% 1,500

Test 04 PSM_02+PSM_01+PSM_01 Matrine, Eugenol, Geraniol 1,000

¥ Classification criteria followed by organic material classification by Kwon et al. (2021).
® Asterisk represent the mode of action from insecticides in Insecticide Resistance Action Committee

Method01 (Fruit tree crops / Non-leaf resident aphids)
4’_: Method02 (Fruit tree crops / Leaf resident aphids)

Unknown (Hibiscus syriacus | Aphis gossypii)
MethodO05 (Tree crops / Tinocallis zelkowae)

L Method06 (Tree crops / Ricania shantungensis)
Method09 (Tree crops / Corythucha ciliata)
Method07 (Tree crops / Lycorma delicatula)
Method08 (Tree crops / Hishimorus stellatus)
Method03 (Field crops / Aphididae)
Method04 (Field crops / Aphididae)
—
0.20

Fig. 2. The dendrogram which was constructed by WUPGMA method among several insecticidal efficacy evaluation methods
putatively related with Aphis gossypii on Hibiscus syriacus.



Field efficacy evaluation method for Aphis gossypii in Hibiscus syriacus 191

Al 23S AAEL QUTHNIAS, 2018). 3HA Y 33} 1
A EslzIgEed gk oFg H7t AlF 232 AN B 9
7] W2oll, & dFoMe FHEdAStAY] AeA r
B7F AR A A 9% TR TP A
4 AL Foto] 723 dA E3hinlEd 8349l ofs
7S =&k
AEE 9] oFa el tigk SeiHE B A3
E3RIG =S Fo] wAshs H9EE B A9d
15905 kg% 71 (Method01, Method02)0] 7173 2 gteh
Ao2 YEPF oM (Fig. 2), Hl=2asle] A4S Yehd
= Cophenetic Correlation CoefficientZ 0.938Z =7 L&}
woh SY2EE BAS ARA ARE Fol] oA 55
71E0] BalA YA 2 F5 ol g kaHrpES
Ak = Q7] wiEel], Bot AsHH o R A oA BUHE

-

QL
X
o I
o
L e
OE ox M\
g ol —1)’ :z
s
e o o
AN g
oft rlo 2
St
lo fﬁ o
= 2
rﬁ 2] :Q
[o BN
N =2
N

i

M

b
o
bt
T
o
R
%0,
ui
ol
)
-
o}
oty
=2
1y
Si
ol
e
o

o
ox
LE
ot
1L
o
N
X
N
i)
rlo
i
o
i
B
- &8’ :
: (o3
R
r2 oy
2T N
off & & o \o
>0

i tlo

(e} =4 =

23} ge) Bgshe £ 24w Bl
of, SFEHF NPT B, WS0|H i
=

e
P >
b

E

Ak

=2

o

=

2 FEH7} o=l A4 Al Fad vhs
s

2

o)

s = o

TEste] Fgsle] A oFa W7} rlol=etel AHo)
[e}
Al

238 Axf Yo SEXGIE U H
49 19978 69 847K T3t =Y E3xl
o

UE HE5S AR 49 19¢ A3
A B3RIGEo] #EE o|F 1F, 457, 315, 397, 537,

1085, 123F 2 Z71slth 59 20¥ S AAR 4F, 197, 14
T2 F4¢] sl AS GRSt (Fig. 3). H3IGE
o] WS Alx 4 oA ISt FFe=E UM, 4, 3871,
5370, 1607, 1,15971, 3,65470= 571 3 207H, 717), 847H
2 F4% 7244 PFS B OoH(Fig. 3), 10-1007}12] Alo]
o] Ax7t 7MY T2 RIEE AX|8l= 2 o2 YRt ©]

o] YelorE 59 209 XA Fa 3
OFA| A7t P mHE Aol 4 ¥ tH(data not shown).
Kim 5(Kim et al., 2013) ©] 28 tgjd3GA] ] g3}
Y Bl G Ee] U Wy AL A9E AuEd 49 Yl
AT g FF 1] FEoE B4, 59 A F 7 <F
69vle] A, 69 AlRITHE 8Y ARAF7IA FIA, 8¢
EATHE 99 AAT7A 7 1357171 P ste] o]+
AEshs Aoz It B Ao s 59 2 oF
Al AEE Qe AEA BUHY 7P o AT LAY
7= 59 FeA R HrkEr

E3 MEHe E5 ok5 Ty}
T3k Ak g2 Al e s A o] 73} 5
of 917 ol =4le] hes gl g USSR AYEE
%7} dukdolct, &) wjie] k4| Mzl Al 9 34

slof 33} 94 BB Ut ok FRE WS
oh oble] kg ASE Beel] AaME FAET Y

_>‘J_ll
ARG
-
©
z
T
S
-
O
I
ot
2
o O
ﬂH
1s)
!
N
)
(98]
=
=
-y
L
2
R
=
=
H

=@— Infected tree === Low == Middle == High

Number of aphid-infected trees
N 858 3 8 8 B B

o
1

2%
April

- 4,000
) L 3,500
% L 3,000
L 2,500
L 2,000
L 1,500
L 1,000

500

_ /L
18 25 1 8
May June

sjooys pajoajul-piyde Jo Jaquiny

Observation date

Fig. 3. Number of aphid-infected tree and shoots between Apr. 19 and Jun. 8 in Mugunghwa myeongso which was located at Wanju-
gun, Jeolla-bukdo. The number of shoots were divided by ‘Low (< 10 aphids)’, ‘Middle (Approximately 10 ~ 99 aphid individuals
with less than 5 cm length of aphid colonies on shoots)’ and ‘High (Over 100 aphid individuals with over 5 cm length of aphid

colonies on shoots)’.



192 TES - 013 - Y -

Ao = FET), AgkE b

32 Aol BAETLe Ant ki
H7} Aol ek vIAA e Aoz

= = 2 st} e

oFA| o Al oA S x]éq—s}ggu}
Con 01, Con 2 H|Z7= 3334 & 7} AT A}
=3} 9} A—L#.A]——E___ WA E ’8_ }0511:} ol ¥
ok EIAGE uAle] S2F 53 AFAEA 2L

712+ 0132 0491 BH%PE} 015 2] W
2 oA A 27] 9xE 747 214n2) ¢} 4107 2 AL
HA=t, AT 1YAHFE E3RIEY] AEE 47
13.5%%} 2.8%=UERY} BAXCEE folgt 57 HA
THCon 01, Fy 5=75.28, P<0.001; Con 02, Fy »=3,501,
P <0.001) (Fig. 4).

F71 AN Test 019] A2 A BALUE=E 540m}2]

o Ax F 7Y Fob AEEE 19%, 17.8%, 19.3%,
15.7%, 8.4%, 6.3%= UER} £8/48 HolA] eskont
AEE ML SAHE FoTs ERISATHF, 2=
11.7, P<0.001)(Fig. 4). F715AAA Test 03 Azl A
2907 E tid o R AXE Fsiglon A4x 5 7Y Fet
AEEE 92%, 5.7%, 1.8%, 1.3%, 10.2%, 12.5%= e}
S84 B FAAR FA HES IASATHEF, 2= T72.63,
P <0.001)(Fig. 4). 315 A& AE T 6AHEH Lrert
10% ©1’F F71sIAAIRE A 02 80% o)de] WAl
2 Jephdth #7102 Test 042 A2 A 3400182
dos AxE Faaton A4x & 7Y et AEEL

= 49H30

3.5%, 1.5%, 0.3%, 0%, 0%, 4.5%% &£&A 2 orgzo] of
a7t ZRlE e oA A t] AEE "= B4

250

=y N
o o
o o

Survival rate (%)

-

olg T - Zoft - A

ron

Lt

2 o8 OB THFy o = 1,428, P<0.001)(Fig. 4). L&t}
F71EQAAQ] AT oAl Test 02 oFe] d4oA k&
g 3l & gtk A2Foz Agd) ARE #7159
A Test 01, Test 03, Test 04= 3}sF3dEorl oz
opA| e} W wES W, Fa3t B3Rl g %%Eﬁr
7F USSR o]F Test 04= A2l 193 A
o] 7P¢ EIL o]F A&HH R H2 WAEHE L}E}Lﬁoi
of| A golM Fg 3l BB oAkt 7MY S5
F71 QAR AT} o] A7 EXE 47159
AR ] AzFRAEHE Fate] off] Fgsle] WAshe
ESpIRES] A7} 7R gl

B A AME 715 PH 452 A |93x AE
X 80% ol’de] =2 AEES HQ 58 OHA|E(Kim
et al., 2023), ¥ ofe] 239 on*h Test 025 A|9|sta L
3 e =2 AES UEIRIT olgfg A= A AL
A 23g]do] A oA A 2 #F &iF A e S

40
= %
2
ne
0>
_O'E
rir
|
lon
A
0
Mo
lo
12
ol
)]

7} 710l =2kl
X ot
g8 A EsRigEe 15—3— T2 7llshe SH%—
o7 IFgore] vFdd HHEF Y
BSOS XY E, %%WHE—N%%% 718l ol TA}
okrl ole] &gt ok W7} rto|=gele] A 80| 7hssith
(Method01). H]9HY XLz oFa A WS 19 7

a
a
a

oo

o
o Qa

o0
Qo
(FERAang 1221l

o o
p o000y

50 ‘

0
0123467
Test_00* Con_01 Con_02

©

|DIJ

ill-D-D-C' soo0000 I
01

234s7|o123467|01234e7|0123467|o1234s7|0123467|
Test 01 Test 02 Test 03

Test_04

Day after treatment by agrochemical materials

Fig. 4. Survival rate for 7 days after treatment of agrochemical materials against Aphis gossypii. Small alphabetical characters on
graph represents the statistical significance which was determined by Tukey’s HSD tests.



Field efficacy evaluation method for Aphis gossypii in Hibiscus syriacus 193

EAE W F, AT A A ABER
153 y.

oy
UApol| k&S Hrbeles sfal

S~

>,

= 3g
:

m>'

H

-

O

Y

S

~J

i
o

Noox M @ 12 30 N
O,
2o
e
i1t
2
rO
ox
ot
o
S
v
i)
=)
-
it
o
off
)
N
fo,
S

< 2RIy ek, 34
&l ek AR AR strsjeiof dt. A9 ¥go] Ay
A A FFsh A FefAtelA sk AE AR A
o &, APl U3t s Falofof ap Al Aol
12kl oja FFo] Fes= BHAAE elstoiof
A AE W9l Fash A e sl Alx
F3 AE AxE Tl oA ik 5w g
sfap A2 W 34 3uks o =
o] "7t et 50 vie] ol WA Al A2l sk
ojth2sviEle] B¢ FeE 5 A e
o 9T = F ;). M AEE A T

s ol KnEe] "Bt Hl mdspy] 1254 &
AR A Fde)e] dert BAHeR Z7} 4 7]

¢

o KO A
T

T
b o

rir

N

W)

oz
4

of
> tlo

T

S VR0
R

a)

2 oft
>

]
s
{

=
2
4w

S A8 Aol vt 7338 B 53t E9)

Fad7he 7129 oa 37t 7lEs ol AR, oF

AAE T 1, 3, 792 AV, 4] A34E EE 80-
100%2] E& AFEES HolE A S Akt

B Ao AMgE AlxRREA

B OHIES WEA HHE £ e AHES AU b

T B3 FRAYE Falo] v AR g 3
H, o

el
B, WA, s, 42, 28] o] A8E 4 e o
& wWopo] 7EHo] Utk ol slEo] tekalA|a 4l
FORAZE AL o] Aol A7k} vl 8-S A7e A
o) etaE e 4 e JEsel gg Helst A7t 2

a3,

w A7 20219 HHAAE A yelkx Fgst e
24d5} 2 A B AT(FG0403-2018-01-2021)°2] &1

=
o} FEFAER] Ao FYAF7E71EH

gt

H]
o] WA FAA F4b8l7 |7 AR (321054-05) 9] A9
Hrol £ £ Q)3

Author Information and Contributionsak

Deok Ho Kwon, Data analysis, Writing, Draft review,
https://orcid.org/0000-0003-2162-4771

Young Hee Lee, Data collection, Density observation
Jae Seong Im, Draft review

Yul Gyun Ahn, Draft review, Information collection,
Writing

Hye Youn Kwon, Draft review, Experiment

Hanna Shin, Draft review, Data collection

ol

i

A

Azke ol dEaAt Slee AT

H&S

ol

Literature Cited

Ebert T, Cartwright B, 1997. Biology and ecology of Aphis
gossypii Glover (Homoptera: aphididae). Southwest. Entomol
22(1):116-153.

Jung J-K, Kim M, Lee CY, Jang B-J, Kim D, et al., 2021.
Comparison of insect pest communities on 30 cultivars of
Hibiscus syriacus. J. Korean Soc. For. Sci. 110(1):116-127

Kim D-I, Kim S-G, Kim S-G, Ko S-J, Kang B-R, et al., 2010.
Characteristics and toxicity of Chrysanthemum sp. line by
extract part and methods against Tetranychus urticae,
Nilaparvata lugens, and Aphis gossypii. Korean J. Org. Agric.
18(4):573-586.

Kim MH, Im JS, Ahn YK, Kwon H-Y, Park Y, et al., 2023.
Insecticidal efficacy monitoring of agricultural materials
against Aphis gossypii populations collected at agricultural
and forestry area. Korean. J. Pestic. Sci. 27(2):75-84.

Kim Y, Cho Y, Kang Y-K, Choi M, Nam S-H, 2013. A study of
the major insect pest communities associated with Hibiscus
syriacus (Columniferae, Malvaceae). J. Ecol. Environ.
36(2):125-129.

Kwon DH, Kwack G-Y, Won SM, Kim MH, Choi HJ, et al.,
2021. Establishment of classification system of major



194 HES - 0/g8|

foi

ingredients in organic agricultural materials associated with
insect pest control. Korean. J. Pestic. Sci. 25(4):287-304.

Lee SK, Jung CR, Han K-S, Park B, 2022. Control efficacy of
organic materials against artichoke aphid (Capitophorus
elaeagni, Del Guercio) that damage Korean thistle. Korean
J. Appl. Entomol. 61(2):293-297.

Legislation MoG, 2023. Creation and Management of Forest
Resources Act.

NIAS. (2018). Detailed instruction of pesticide registration test
for efficacy and negative effect: Insecticide: RDA.

Paik WH, 1972. Aphididae. Illustrated Encyclopedia of fauna
and flora of Korea. Vol. 13. Insecta 5. Ministry of
Education, Seoul (in Korean).

R Development Core Team. (2020). R: A language and
environment for statistical computing. Vienna, Austria. : R

@ .....................................................................
233 Y SIS &8
NETE

T

ron

OIS - oo - Al

Foundation for Statistical Computing. Retrieved from
https://www.R-project.org/

RDA. (2022). Pesticide Safety Information System (PSIS).
Retrieved 14 Aug. 2022 https://psis.rda.go.kr/

Ryu T-H, Park S-E, Ko N-Y, Kim J-G, Shin H-S, et al., 2013.
Seasonal occurrences of insect pests and control effects of
eco-friendly agricultural materials (EFAMs) in the field of
Lycium chinense under environment-friendly management.
Korean. J. Pestic. Sci. 17(4):402-410.

Sarwar MK, Azam I, Iram N, Igbal W, Rashda A, et al., 2014.
Cotton aphid Aphis Gossypii L. (Homoptera; Aphididae); A
challenging Pest; biology an control strategies: A Review.

Shim JY, Park JS, Paik WH, 1979. Studies on the life history of
cotton aphid, Aphis gossypii Glover (Homoptera). Korean.
J. PL. Prot. 18(2):85-88.

.................................................................... @
Hol &M E 28 R7IsYAIRL
Y 43
O - Aol - Mg

FYNYAGY ARG AAAT L, TRV AL 544D T

(=]
R

2016 129 “Fgsle] By g #e] 2abo] AR 2ol ¢ Fgste] tigh d =} 14| S8
48 =ole tket Al [aE I ek BRI E Fgsll] Wshs txd siFoz AR g sl
o A&7kt WAA e} oFe] kg 7t W FF Aot} Fgshe 2 T4 Aol BdE 2 2
2 AAE o} lou =z okayIA] SRR/ HEstal Bl =]l o mEe] HAasts veld et At A
gkt o9 oFg Wy Wy AAS fdl], $AH R ASH FHAHT BAS A8t Tl BAshs o] &
siHIGlE oFm bl Fad ¢ e WS 23dsiith 1 A3, At WAsks 19Ee A8sks 27
2| k&% 71 (method01, method02)0] 7FF AR WHQl A& ERIEIAT. methods013}+ method02E FHarsfe] oF
T H7F Al AL HARS HASRela AXTE S 3R E § Qe ARFEAEH(ToSS)S AAEHAaL, 2022 4
4 FwolA 68 2E7HA oFe] AAelA AAS BT Al AdelA kg $5d0] ATE F71 AR
453 2T oA 252 AAske] FaE ek 2 2 AU AHA AN 53 ke S B Test0l,
Test03, Test04oA] 28] 2UXHHE] 80% ©1de] ARs-Eo] SRIFATE A2 FEAEY L oFA4 X M9E 2 4s)s)
o §715QAAN L sl Fere] Fgsl WA BalitiEe] oFg Al A4 rksdt AoR etEn &5 V)
Fof T A AZREAEY 7k v Hrhs 8 A4S HSche o] st



Supplementary table 1. Summary of similar methods for the control of Aphis gossypii on H. syriacus which was described in efficacy test of insecticides

Methods Representative Target species in Representative . . . Developmental
. Crops in detail Species
(Pages) target pest detail crops stages
Method01 Non-leaf resident aphids  Aphis spiraecola Fruit trees Apple, peach, blueberry, etc. Aphis spiraecola Nymph and
(119) Myzus persicae Myzus persicae adult
Hyalopterus pruni Hyalopterus pruni
Method02 Leaf resident aphids Ovatus malisuctus Fruit trees Apple, peach, blueberry, etc. Ovatus malisuctus Nymph and
(121) Sappaphis piricola Sappaphis piricola adult
Tuberocephalus momonis Tuberocephalus momonis
Method03 Aphididae Aphis gossypii Field crops Pepper, cucumber, water Aphis gossypii Nymph and
(205) Mpyzus persicae melon, pumpkin, bean, cab- Myzus persicae adult
Lipaphis pseudobrassicae bage, etc. Lipaphis pseudobrassicae
Uroleucon gobonis Uroleucon gobonis
Method04 Aphididae Macrosiphoniella sanborni  Floriculture crops ~ Rose, gerbera, Chrysanthemum Macrosiphoniella sanborni Nymph and
251) Aphis gossypii Aphis gossypii adult
Myzus persicae Myzus persicae
Sitobion ibarae Sitobion ibarae
Method05 Tinocallis zelkovae Tinocallis zekowae Tree crops Zelkova tree Tinocallis zekowae Nymph and
(268) adult
Method06 Ricania shantungensis Ricania shantungensis Tree crops Forsythia, Cornus officinalis,  Ricania shantungensis Nymph and
(261) snow bell tree, maple tree, etc. adult
Method07 Lycorma delicatula Lycorma delicatula Tree crops Copal tree, grape Lycorma delicatula Nymph and
(266) adult
Method08 Hishimonus sellatus Hishimorus stellatus Tree crops Mulberry tree Hishimorus stellatus Nymph and
(270) adult
Method09 Corythucha ciliata Corythucha ciliata Tree crops 0Old World sycamore, ash Corythucha ciliata Nymph and
(276) adult
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Methods Perioc} of Selection of Number (k))f Test area design Numb.e? (;)f Appropriate Elfﬁcacy. ](;:tffsi gljavcaiion Efficacy
(Pages) experiment test field t§st tree by or . msecticide tregtment observation time or represents
conductance site or area  allocation treatment periods methods &
equency
Method01 Early of May. ~  Occurrence site of 1 tree completely 1 time Over 200 Shoot resident 0, 3, 7 days after  Percentage of
(119) Middle of Aug.  previous year randomized individual aphids, Mark over insecticide alive
during design with by block 5 shoots by block, treatment
June to July three replications Leaf resident
aphids, mark over
10 leaves by
block)
Method02  End of Apr. ~ Insecticide or 1 tree completely 1 time Over 50 individu- Mark over 5 0, 3,7 days after  Percentage of
121) Early of Jun. (cf, machine oil randomized als at leaf-rolling  shoots by block insecticide alive
End of Apr. ~ non-treated place design with initiation periods treatment
Early of Jun. for  before three replications
Ovatus malisuc-  flowering.
tus) Begin forecasting
after flower
abscission
Method03  Multiple occur-  Use insecticide ~ Over20 m®  completely Foliar spray, 1 Early or Middle of Over 20 leaves by Soil treatment: 0, Foliar spray: Per-
(205) rence non-treated randomized time; occurrenceperiods block 3, 7 days after centage of alive;
periods seedling before design with Granular or drench (over 200 insecticide Soil or drench
(May ~ Jun., Sep. transplant three typeinsecticides, 1 individuals for treatment; type, Number of
~Oct.) replications time A. gossypii; over Drench at seed-  alive
100 individuals for ling pot: 5 ~7
other aphids) days with two
times
Method04  Multiple occur-  Occurrence site of Over 5m*>  completely 1 time Foliar type insecti- Over 20 leaves by Soil treatment: 0, Percentage of
251) rence previous randomized cides, 100 individ- block 3, 7 days after alive
periods (May ~  year design with uals by block; insecticide
Jun., Sep. ~ Oct.), three replications Soil treatment treatment;
Glass house (End insecticide should Drench at seed-
of May) use before ling pot: two times
transplant during 5 ~ 7 days
Method05  Early of Apr. Occurrence site of 1 tree completely 1 time Initial develop-  Over 20 leaves by Foliar spray: 0,3, Foliar spray: Per-
(268) previous randomized ment periods block 7 days after insec- centage of alive;
year design with (Trunk injection, ticide treatment;  Trunk injection,

three replications

1-2 aphids on the
leaf), Multiple
occurrence periods
(Foliar spray, over
100 individuals)

Trunk injection: a
time observation
during 20 ~ 30
days

Number of alive
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Efficacy

Methods Period of Selection of Number of  Test area design Numb.ef of  Appropriate Efﬁcacy. observation Efficacy
experiment testtreeby  or insecticide treatment observation .
(Pages) test field . . . time or represents
conductance site orarea  allocation treatment periods methods f
equency
Method06 May (Ist-2nd of  Insecticide non- 1 tree completely 1 time 50 individuals Over 1 tree Foliar spray: 0, 3,7 Percentage of alive
(261) nymphal stages) treated place randomized (Multiple days after insecti-
Aug. (Adult) design with occurrence cide treatment;
three replications periods) Trunk injection: a
time observation
during 20 ~ 30
days
Method07 Middle of May ~ Previous year 1 tree completely 1 time 50 individuals Count the number 0, 3, 7 days after ~ Percentage of alive
(266) End of Jul. occurrence site on randomized (Multiple individuals in a insecticide
(Nymph occur-  copal tree, design with occurrence tree treatment
rence Toona sinensis and three periods)
periods) Picrasma quassioi- replications
des near
the vineyard
Method08 May Occurrence site of 1 tree completely 1 time Over 30 individu- A tree by block or 0, 3,7 days after ~ Percentage of alive
(270) previous year randomized als by block before count the individ- insecticide
design with flowering (Early of ual over 10 shoots treatment
three replications Jun., End of Jul.)
Method09 May ~Jun., Jul.  Insecticide non- 3 trees completely 1 time Foliar type insecti- Foliar type Foliar spray: 0,3, 7 Foliar spray: Per-
(276) treated place randomized cides, 50 individu- insecticidesand  days after centage of alive;
design with als by block; Trunk Trunk injection:  insecticide Trunk injection,
three replications injection, 50 indi- Over 10 leaves treatment; Number of alive
viduals by block Trunk injection: a
before Jul. time observation at
30 days
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Supplementary table 2. Index of similarity item for clustering analysis
T Index
Similarity item
0 1 2
Plant type Herbaceous plant Woody plant Mix
Cultivation place Rice paddy/Field Urban tree -
Cultivation location Field Glass house Mix
Taxonomic similarity Non-aphids Aphids -
Pest occurrence site Leaf-resident Non-leaf resident (shoot) Mix
Insecticide treatment method Soil treatment Foliar spray Mix (including trunk injection)
Insecticide treatment block unit Area Number of tree -

Supplementary table 3. Similarity index for 10 different methods designated by Supplementary table 2

Plant Cultivation Cultivation Taxonomic Pest Insecticide Insecticide
Methods type place location similarity occurrence treatment treatment block
site method unit
Method01 1 0 0 1 1 1 1
Method02 1 0 0 1 0 1 1
Method03 0 0 0 1 2 2 0
Method04 0 0 2 1 2 2 0
Method05 0 1 0 1 0 2 1
Method06 1 1 0 0 0 2 1
Method07 1 1 0 0 0 1 1
Method08 1 1 0 0 0 1 1
Method09 1 1 0 0 0 2 1
Unknown 1 1 0 1 1 1 1
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Supplementary table 4. Initial density of Aphis gossypii in Hibiscus syriacus before agricultural materials treatment

Agricultural materials Replication Tree ID Aphid density
Test 00 1 R22 130
2 RI18 100
3 L25 50
Con 01 1 R92 60
2 R92 55
3 R92 34
4 L37 65
Con 02 1 R35 50
2 R35 120
3 R37 120
4 L40 120
Test 01 1 R43 40
2 RS3 300
3 R63 130
4 L4 70
Test 02 1 R79 50
2 R79 80
3 R79 60
4 L21 100
Test 03 1 R5 100
2 R87 120
3 R100 95
4 L15 100
Test 04 1 R33 60
2 R33 80
3 R33 100
4 L65 100
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Supplementary table 5. Survival rate against two insecticides (Con_01 and Con_02) and four organic agricultural materials (Test 01
~Test 04) in Aphis gossypii on the Hibiscus syriacus by partial shoot spray method. Statistical significances were shown with
parenthesized small alphabetical letter which determined by Tukey’s HSD test

Agricultural Day after No. of aphids Survival rate Statistical
materials treatment (Replication) (%) significance
Test_00 0 280 (3) 100£0 ND
1 282 (3) 101.3+1.9
2 300 (3) 109.2+8.2
3 260 (2) 109.2 +£29.2
4 270 (2) 117.7£2.3
6 170 (2) 74.6+5.4
7 128 (2) 57.1+10.9
Con_01 0 214 (4) 100+ 0 (a) Fy 1 =7528, P <0.001
1 25(4) 13.5+9.7 (b)
2 17 (4) 112+15.6 (b)
3 13 (4) 7.1+52(b)
4 04 0+0(b)
6 04 0+0(b)
7 04 0+0(b)
Con_02 0 410 (4) 100£0 (a) Fs=3,501, P <0.001
1 12(4) 2.8+2.8(b)
2 04 0+0(b)
3 04 0+0(b)
4 04 0+0(b)
6 04 0+0(b)
7 24 0.4+0.7 (b)
Test_01 0 540 (4) 100£0 (a) Fys 2 =11.7, P<0.001
1 69 (4) 19+18.9 (b)
2 59 (4) 17.8+22.8 (b)
3 64 (4) 19.3+22.9 (b)
4 56 (4) 15.7+17.7 (b)
6 28 (4) 84+11.8 (b)
7 20 (4) 6.3+8.9(b)
Test_02 0 290 (4) 100£0 (a) Fe.,1=0.076, P=0.998
1 186 (4) 59.4+558(a)
2 235(4) 84.4+84.3 (a)
3 304 (4) 106.5+105.7 (a)
4 214 (4) 93.6+129.8 (a)
6 244 (4) 101.7+129.9 (a)
7 220 (4) 90+ 114.5 (a)
Test_03 0 4154 100£0 (a) Fe 21=72.63, P <0.001
1 38(4) 92 +8.1(b)
2 24 (4) 5.7+3.9(b)
3 8(4) 1.8+2.1(b)
4 54) 1.3+£2.2(b)
6 46 (4) 10.2+10.9 (b)
7 55(4) 12.5+£12.5(b)
Test_04 0 340 (4) 100£0 (a) Fe 1 =1,428, P<0.001
1 11 (4) 3.5+2.5(b)
2 6(4) 1.5+2.6 (b)
3 1(4) 0.3+0.4 (b)
4 04 0+0(b)
6 04 0+0(b)
7 14 (4) 45+2.7 (b)
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Supplementary fig. 1. Representative images of aphid-infected shoots patterns by low (A), middle (B), and high (C).
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