Korean J. Org. Agric.

Volume 27, Number 3: 327-339, August 2019
http://dx.doi.org/10.11625/KJOA.2019.27.3.327

uho] Sofl o A HHQl Aallo] 2 Sl 2] 4
s 8l 5 Al dig A vl
OJZE"- R8Ql" - LM

327

ISSN 1229-3571 (Print)
ISSN 2287-819X (Online)

Differential Susceptibility of Tetranychus urticae and its Predator,

Phytoseiulus persimilis (Acari: Tetranychidae, Phytoseiidae)
against Individual and Combined Treatments of Plant Extracts

Lee, Chan-Joo - Kuk, Yong-In + Kim, Sang-Soo

The differential susceptibility of the two spotted spider mite, Tetranychus urticae
and its predator, Phytoseiulus persimilis against extracts of Gleditsia japonica var.
koraiensis, Camellia sinensis, Cinnamomum cassia, Lantana camara and their
mixtures was evaluated. The plant extracts tested were much less toxic to P.
persimilis than to T. wurticae. The plant extracts tested had little effect on the
survival of P. persimilis adult females. Moreover, reproduction of P. persimilis
adult females and eclosion of eggs deposited by treated predators were not seri-
ously affected. The treatments of the plant extracts tested showed no serious toxic
effect on P. persimilis eggs and exhibited 84~100% hatchability. The treatments
with mixtures 3 and 1 were effective against the adult females of 7. wrticae and
yielded 76.0% and 72.7% adulticidal activity at 7 days after treatment, respec-
tively. The treatment of mixture 2 revealed 63.3% adulticidal activity. Generally,
the acaricidal activity of the individual treatment of each plant extract was lower
than the mixtures. The adult females of 7. wrticae treated with mixtures 3 and 1
produced only 29.5~31.3% as many eggs as the control females did. All the plant
extracts tested exhibited no noticeable toxic effect to the eggs of 7. urticae. These
results suggest that mixtures 3 and 1 might be used for the control of 7. wurticae,
and expected to be promising candidates for use in integrated mite management
program with P. persimilis.
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A A (arachnida)dll &3t= 244 8ol F(phytophagous mites)? 7 8}o]-8-oN(Tetranychus
urticae)= A 542U &2 2 % Z1Zto 2 Q&) Az \Q-/\g M7} o} wBe mul o}

Yzt wago] Zsf o @y HAE £E3] s AT EEVF F43] SUehE Folt
(Ahn et al., 2004; Lee et al., 2004). =3} X]jHPOWOHh Z1F21 = o] ulg- theFate] oo
HpfFo] nFH oz A4S A& F= T dFolH, o] A AEA ] ZEol A

5= AR AAA £ Yeila Aok o] Foll thdk o] 7HA {71 ArlAle] AR
of A|Feh= WAl S Habo] ol o] ARE AMIAIE tEF ARAE e E80laL oA
o] egoZ QI AEeiA v % $H oY o HAEE YO HTHKim and Yoo, 2002;
Yu et al., 2005; Hwang et al., 2009).

ol# g ZAFES sMAdty] 91T ke ® Hulo]Zolo AEH BAE AT HAF
o]-&9] FoAol AU olo Hulol]Fofet B Teranychus %) 224 &l 7ol
sl 7 £32420 Aoz Ry E2A o] 23l F(phytoseiid mites)ol] 3= A& o]
2] &N (Phytoseiulus persimilis)®] =W =Y o2 ZZA &-8317] A% A7} o] Fo
A 3L, thFA4bE o] FPH R AvfE I JATHKim et al., 2003; Seo et al., 2004; Kim et al.,
2006; Moon et al., 2006). “L2{v} Zdo]g]-Z-of e} 2 =2 WA|AA} o2 Zuto]F-of
o Hx A7} A7)l o] FoX|A] S A-Fole HA o Ao w kA 2
Aot B ARgo] EpF o, Kty A7]ZQ WA NS FAL & Avhe Hiso] ot
(Yoo and Kim, 2000; Ahn et al., 2004; Kim et al., 2009).

4 HTols AAIFLE 37 B gk #4lo] Fopg wel S-ugtdM =
7184 FAES Alste = BH 02 AEA EAstE FE&EE S o] &3 J&A F
WA A kel thgt thFet AFEo] 43 F A THHwang et al., 2009; Kim et al., 2010; Cho
et al, 2016; Choi et al,, 2018). HE=FE =< °|&3 5 WAA= A= 51 YAl tht
Aol A2 ZAREo] HauHmA, Au) Ao B sl WAAZ ALgst= AuirHE
o] Z7}sla Q= FAlo|th(Song et al., 2013; Kim et al., 2015; Huh et al., 2018).

Ju A5 A AAQESS A 5 AEF HAJAR] HA T s 23 A
]l F&Fo] o] A Foll thdk A S0l Hasirh= ol A= Bl ATHYou et al,
2006; Lee et al., 2008; Park et al., 2012).
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1. Aol el gol st Aol $ollel 4%

Hglolg]-goll= Biobestoll Al 2012130l F-ofro} 2542 o] Ao A ZdF A (Phaseolus
vulgaris var. humilis Alefeld)ol] uto]-&o)E Hol|Z2 A FstHA AFSSIH T Huto]-goll=
A -] wuFE AR olA 2017d ARSI TFdFel SA AT

2 AEFEE

Agolg]-gelol gk g3 uto]gofoll ik AH] AR5 AR A AEFE=
< AdsdrlsdolA s BAAZ AL S FEEES ST AP FAu
H(Gleditsia japonica var. koraiensis) Eull, ZrI-5-(Camellia sinensis) AU, A 3(Cinnamomum
cassia)2} TEN YN Lantana camara) & 52 FE2ET o] £ H&S 24 3 EFY
1(FH 42T 24419 3+&bEb 1), EFY 2(F 3+ 24419 4+FERd 1), S5
359 SRR 24719 2+ ERY 1), BN 4FF 3R 1A s+RFERG 1), £
S(FH 242 3+A19] 1@ ERY 4) B EFY 6(F R 243 44A1 T 1+ERY 3) T2
oz AAskdt

3 AEFEEES 5 At £3 Aol 3 Aol ol et ko] gl o] A4

As B Pl A 1A

A2 5 92 &2y AEYUAEAA 9 em)t TGl TH(AAE 1 em)e FL HE
Sl BxH S 2 N E AFE dEYUS 9ol T AR EAY 2o A4 A&
A & gl FA skt o] HEZUH QI e gAE Sl deola]sol
EE Hubo] gl & T AT 4 AHUEAA 3 em)e AWl HEFS T E wjAstaL
S AR Fofolls 2ol AAl eXEE Fok HF MAES] olgs wAEAY. 4F A=
FE=EY A7t ddolglsol dA Aeo A& ol rAls IEFE HAASH]
el et AELYA W AT o AU 3 emyell A5 7Hﬂl—?°ﬂ/ﬂ TARRE 4%
of FA A5 WA Ror &3 F, 44 HeFees A F Fdsdn 2
olg]gofo] Holzx o] WY FE3] FHFIAT IA 4FE2 A& A
1,3,5 79 Foll rjAstollA 7t Roz HFst] 520 A=E olFdtA EetAY o
Ao A ol Al ES AT o' s ofed AL JiAlEe] AdTE Al

i =
Ao, A dEe FAY o AHdd &3 F FEs AT AR Al Hd
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AdAd3= A4 AEH A 7] T (International Organization for Biological Control)oll A A7
Sk kAo 8 Eo g T8 539 7IF(Hassan, 1994)0] we} XARE-©] < 30%c
G Eol % 30~79%< ot Yol 1% 80~99%< 433 Bl UL, > 9% Y
B = ZoE AT AT AEFEZESY Ayt Adolgdole ¢ {3}
FE AAs] S8t AdE A AHEA 3 emyoll FEolE]-Sol dAH ZF 10714
1Y B¢ AFAFT 19 & A AFES AAS L Bagh = 245t
=59 IHge A3 tF AR e, do| F3} of e} Hal 5 2443t
AEES AT ddole]golo oAl AFH ol thet A2 72 A&

2 5070 A (R }%%* 107Hiﬂ)§ @_/\IE‘P%‘E} xq““31%0119] AA % %4 ‘dr ol EH?'?} A3

A ST

AEFSEESY Age A AEYUAY AYolgso e Flol$
) HH-S hand sprayer (Komax co., Korea)Z o] FE3] AAIA 55t Gusx 49
(Hoy et al., 1988)2. 2 AAI3IHTE A E|st I HAEL 25£1C (16L:8D, RH 50~60%)2] =
ol Byasts Adgsth

m[o

4. Az} BA

A olg-Zofel Hufo]-gofo] g, Fs&3 At tg Adae E4HEA(ANOVA)
3} Tukey test (SAS Institute, 1996)Z H]n 3] o, AHH]-&3 H-3}-8-2 arcsine GLO2 HIE &
Aol o] &3t

4% AB2EESo] Adolel ol ?.Hi eSS R [ PR L 23
ol el gole] = m 5 1] ZAYS f LE oA

o6%5) WS Bgo, A 3%@4 59 Tof= AERZESY U= Hee £3 A
M =% MEgo] i Zastith Mg 79 Fo| ool go] =S AY AEF
250 BE oo A 86~90%, EFF HelolAE 12~84%] WEES L=, o]
Z S8 A AEA WA 7] TFHIOBC)N A A A3 7]=(Hassan, 1994)0l] W=
2 ¥4 Ao o] Y15l AU Dol oo
NEZZZ0 BE Ao B AN B TAe FAH folxe



of TE X 2o A 80.9~89.5%, &3 A A= 70.1~76.9%2] Ak
2 el e, A AFo] A GBS BE A oA 100%2] F38S ATt

Table 1. Survival rates of P. persimilis adult females on bean leaf discs treated with
individual and combined plant extracts

Plant species Concentrations % Survival (Mean+SE)
extracted treated (ml/L) 1 DAT 3 DAT 5 DAT 7 DAT
Gleditsia japonica 2.0 94.0£2.4™ | 88.0£3.7" 86.0+2.4% 86.0+£2.4™
Camellia sinensis 2.0 94.0+2.4% 90.0:£0™ 88.0+2.0% 88.0+2.0™
Cinnamomum cassia 2.0 96.0+2.4% 92.0+3.7% 88.0+3.7% 88.0+3.7%
Lantana camara 2.0 96.0+2.4% 92.0+2.0% 90.0+3.2 90.0+3.2%
Mixture 1 b b b b
2.0 88.0+3.7 82.0+3.7 78.043.7 74.0+4.0

(Gj4+C.s2+Cc3+L.c.])

Mixture 2

) 2.0 90.0+3.2% 86.0+2.4% 84.0+2.4° 78.0+2.0°
(G,j.3+C.s.2+C.c.4+L.c.1)
Mixture 3 b b Y b
. 2.0 80.0+5.5 76.0+£5.1 74.0+6.0 72.0+4.9
(Gj.5+C.s.2+C.c.2+L.c.l)
Mixture 4 b b b b
. 2.0 92.0+2.0° 90.0+3.2% 86.0+£2.4° 80.0+3.2°
(Gj.3+Cs.1+C.c.51L.c.l)
Mixture 5 b b b b
. 2.0 92.0+3.7° 88.0+2.0° 86.0+£2.4" 84.0+4.0°
(G,j.2+C.s.3+C.c.1+L.c.4)
Mixture 6 b b b b
. 2.0 92.0+2.0° 86.0+4.0° 84.0+2.4° 82.0+3.7°
(G,j.2+C.s.4+C.c.1+L.c.3)
Control 0.0 100.0+0% 98.0+2.0* 96.0+2.4° 94.0+2.4°

G.j.: Gleditsia japonica, C.s.: Camellia sinensis, C.c.: Cinnamomum cassia, L.c.. Lantana camara
Means in the same column followed by the same letter are not significantly different (p=0.05, Tukey test).
Survival rate was transformed to arcsine value before ANOVA. Means of untransformed data are reported.

Table 2. Reproduction of P. persimilis adult females treated with individual and combined
plant extracts and percentages of eclosion

Plant species Concentrations Number of eggs per % Eclosion
extracted treated (ml/L) leaf disc (Mean+SE) (Mean+SE)
Gleditsia japonica 2.0 180.8+6.5%% 100.0+£0

Camellia sinensis 2.0 191.2+3.7% 100.0+0
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Plant species Concentrations Number of eggs per % Eclosion
extracted treated (ml/L) leaf disc (Mean+SE) (Mean+SE)

Cinnamomum  cassia 2.0 193.6+3.9™ 100.0+£0
Lantana camara 2.0 200.2+5.1% 100.0+0
Mixture 1

. 2.0 156.8+5.3° 100.0+0
(Gj4+C.s.2+C.c.3+L.c.l)
Mixture 2

. 2.0 164.4+5.6° 100.0+0
(G,j.3+C.s.2+C.c.4+L.c.1)
Mixture 3

. 2.0 158.4+4.3° 100.0+0
(Gj.5+Cs.2+C.c2+L.c.1l)
Mixture 4

. 2.0 163.4+4.2° 100.0+£0
(Gj.3+Cs.1+C.c.5+L.c.l)
Mixture 5 J

. 2.0 172.0+5.0° 100.0+0
(Gj.2+C.s.3+C.c.1+L.c4)
Mixture 6 d

. 2.0 167.2+£5.8% 100.0+0
(Gj.2+C.s.4+C.c.1+L.c.3)
Control 0.0 223.6+5.9" 100.0+0

G.j.: Gleditsia japonica, C.s.: Camellia sinensis, C.c.: Cinnamomum cassia, L.c.. Lantana camara

Means in the same column followed by the same letter are not significantly different (p=0.05, Tukey test).

3 Aglolg] oo Wl A EFEFEES #8]3 ZIKTable 3), A7} £& H]&
2 339 53 29} 4 AgoA 7 14%9F 16%2] do] RakslA] @etont thE A g

1
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Table 3. Effect of individual and combined plant extracts on eggs and larvae of P.

persimilis
Plant species Concentrations % Hatchability % Mortality (MeantSE) of
extracted treated (ml/L) (Mean£SE) larvae within 24 h after hatch
Gleditsia japonica 2.0 100.0+0* 0.0+£0
Camellia sinensis 2.0 100.0+0° 0.0+0
Cinnamomum cassia 2.0 94.0+4.0* 0.0+£0
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Plant species Concentrations % Hatchability % Mortality (Mean+SE) of
extracted treated (ml/L) (Mean+SE) larvae within 24 h after hatch

Lantana camara 2.0 100.0+0° 0.0+0
Mixture 1

. 2.0 96.0+2.4° 0.0+0
(G,j.4+C.s.2+C.c.3+L.c.1)
Mixture 2 be

. 2.0 86.0+2.4 0.0+0
(G,j.3+C.s.2+C.c.4+L.c.1)
Mixture 3

. 2.0 96.0+2.4* 0.0+£0
(Gj.5+C.s.2+C.c.2+L.c.l)
Mixture 4

. 2.0 84.0+2.4¢ 0.0+£0
(Gj.3+Cs.1+C.c.5+L.c.l)
Mixture 5

. 2.0 100.0+0° 0.0+0
(Gj.2+Cs.3+C.c.1tL.c4)
Mixture 6

. 2.0 100.0+0° 0.0+0
(Gj.2+C.s.4+C.c.1+L.c.3)
Control 0.0 100.0+0° 0.0+0

Gj.: Gleditsia japonica, C.s.: Camellia sinensis, C.c.: Cinnamomum cassia, L.c.: Lantana camara

Means in the same column followed by the same letter are not significantly different (p=0.05, Tukey test).
Hatchability and mortality were transformed to arcsine value before ANOVA.

Means of untransformed data are reported.

Auto]goo A AFol uigt A AEFEFEEY A4XF aHE P AHs
Table 49} 2t} A 1€ Fol F<4, 2, A9, Sty 52 &= AHgolA 13.3~23.3%, <
FHEL] MM E 23.4~44.7% ©] AT A4S YEATH A 397 59 Folle B
E AHgellA Anlgo]l TUtste, A 79 Fol EFY 37 19 A olA 2+ 76.0%2%
727%2 =2 AAES YEido] T X gl BAA FoA7F itk T 29 49
Aol M= 272} 63.3%9F 60.7%2] AdEe YERRL O, E3Fe 59k 69] APelX = 7t
7} 49.3%9} 52.7%2] Tha A X3 AES BT AY AEFEFEE ©E AHPdAE
Ag 7Y T 253~46.7%2] AAZF EHES BT wEA] AR o w F¢ 2 AT, T
B 5o O AHuthe EFAE] Ao A44F aHst EUTh
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Table 4. Acaricidal efficacy of individual
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ZA3KTable 6), AlF |} A7l =& HE&=E T3d
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Ao 2 e}

and combined plant extracts to 7. urticae adult

females
0, 1 -+
Plant species Concentrations /6 Mortality (MeantSE)
extracted treated (ml/L) 1 DAT 3 DAT 5 DAT 7 DAT

Gleditsia japonica 2.0 23.342.8" 32.7+2.9% 39.3+3.7% 46.7+3.2%
Camellia sinensis 2.0 17.342.4% 30.0+4.8 35.3+3.1%%¢ | 38.7+2.5
Cinnamomum cassia 2.0 16.7+1.1¢ 22.7+1.3° 27.342.7% 30.0+2.41
Lantana camara 2.0 13.3+1.5¢ 20.0+1.5° 22.742.4° 253429
Mixture 1 b b

) 2.0 26.7+4.6° 51.3+4.3 66.7+2.8" 72.742.9°
(G,j.4+C.s.2+C.c.3tL.c.1)
Mixture 2 b b b ab

i 2.0 32.042.9 42.0+3.9% 56.0+2.7 63.3+2.1%
(G,j.3+C.s.2+C.c.4+L.c.1)
Mixture 3

. 2.0 44.7+1.7% 57.3+3.2° 64.7+3.3" 76.0£3.2°
(Gj.5+C.s.2+C.c.2+L.c.l)
Mixture 4 b b bed

i 2.0 32.742.4° 51.3+5.1° 56.7+4.1° 60.7+4.3%
(Gj.3+Cs.1+C.c.5+L.c.l)
Mixture 5 be b b d

i 2.0 24.742.3 32.7+3.2% 44.0+3.2% 49.3+3.6%%
(Gj.2+C.s.3+C.c.1+L.c.4)
Mixture 6 be b b d

) 2.0 23.4+2.8 34.0+4.6™ 43.3+2.8% 52.742.7°%
(G,j.2+C.s.4+C.c.1+L.c.3)
Control 0.0 0.0+0° 0.0+0¢ 2.6+0.7" 3.2+1.18

Gj.: Gleditsia japonica, C.s.:

Camellia sinensis, C.c.: Cinnamomum cassia, L.c.. Lantana camara

Means in the same column followed by the same letter are not significantly different (p=0.05, Tukey test).

Mortality was transformed to arcsine value before ANOVA. Means of untransformed data are reported.
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Table 5. Reproduction of T. urticae adult females treated with individual and combined
plant extracts

Plant species Concentrations Number of eggs per leaf
extracted treated (ml/L) disc (Mean=SE)

Gleditsia japonica 2.0 1221.4+42 2%

Camellia sinensis 2.0 1405.8+77.2°

Cinnamomum cassia 2.0 1730.4+71.1°

Lantana camara 2.0 1800.6+57.9

Mixture 1 c
. 2.0 722.0+£51.2

(G,j.4+C.s.2+C.c.3+L.c.1)

Mixture 2 ¢
. 2.0 822.4+55.1°

(Gj.3+C.s.2+C.c4+L.c.1)

Mixture 3 f
. 2.0 681.4+41.1

(Gj.5+C.s.2+C.c.2+L.c.1)

Mixture 4 f
. 2.0 830.8+76.7°

(Gj.3+C.s.1+C.c.5+L.c.l)

Mixture 5 J
. 2.0 1137.8+54.2°

(Gj.2+C.s.3+C.c.1+L.c.4)

Mixture 6 4
. 2.0 1082.8+51.7¢

(Gj.2+C.s.4+C.c.1+L.c.3)

Control 0.0 2309.6+68.8"

Gj.: Gleditsia japonica, C.s.: Camellia sinensis, C.c.. Cinnamomum cassia, L.c.: Lantana camara

Means in the same column followed by the same letter are not significantly different (p=0.05, Tukey test).

Table 6. Effect of individual and combined plant extracts on the hatchability of T. urticae

eggs

Plant species extracted Concentrations treated (ml/L) % Hatchability (Mean+SE)
Gleditsia japonica 2.0 100.0+0°
Camellia sinensis 2.0 100.0+0*
Cinnamomum cassia 2.0 88.7£1.7°
Lantana camara 2.0 100.0+0*
Mixture 1

. 2.0 96.0+2.4°
(G,j.4+C.s.2+C.c.3+L.c.1)
Mixture 2 be

] 2.0 83.3+1.5™
(Gj.3+C.s.2+C.c4+L.c.1)
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Plant species extracted Concentrations treated (ml/L) % Hatchability (Mean+SE)
Mixture 3

. 2.0 98.7+0.8"
(Gj.5+C.s.2+C.c.2+L.c.l)
Mixture 4

. 2.0 74.7+1.3°
(Gj.3+C.s.1+C.c.5+L.c.1)
Mixture 5

. 2.0 100.0+0°
(Gj.2+C.s.3+C.c.1+L.c.4)
Mixture 6

. 2.0 100.0+0°
(Gj.2+C.s.4+C.c.1+L.c.3)
Control 0.0 100.0+0°

Gj.: Gleditsia japonica, C.s.: Camellia sinensis, C.c.: Cinnamomum cassia, L.c.: Lantana camara
Means in the same column followed by the same letter are not significantly different (p=0.05, Tukey test).
Hatchability was transformed to arcsine value before ANOVA.

Means of untransformed data are reported.
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