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Acaricidal Activity of Individual and Combined treatments of Plant
Extracts against the Tea Red Spider Mite, Tetranychus kanzawai
(Acari : Tetranychidae), a Pest of Tea Plant

Kang, Choong-Soo * Kuk, Yong-In - Kim, Sang-Soo

The acaricidal activity of extracts of Gleditsia japonica var. koraiensis, Camellia
sinensis, Cinnamomum cassia, Lantana camara and their mixtures against the tea
red spider mite, Tetranychus kanzawai was evaluated. Treatments with mixtures 3
and 1 were effective against the adult females of 7. kanzawai and yielded 82.0%
and 77.3% adulticidal activities at 7 days after treatment, respectively. Treatment
with mixture 2 revealed 68.0% adulticidal activity. Generally, the acaricidal activity
of the single treatment of each plant extract was lower than the mixtures. The adult
females of 7. kanzawai treated with mixtures 3 and 1 produced only 24.0~29.6%
as many eggs as control females did. The residue of the plant extracts tested had
low adulticidal activity (16.7~31.3% at 7 days after treatment). All the plant extracts
tested exhibited no remarkable toxic effect to the eggs of 7. kanzawai. Treatments
of mixtures 3 and 1 were effective against nymphs of 7. kanzawai and led to
emergence rates of 16.7 and 22.0%, respectively. These results suggest that
mixtures 3 and 1 might be used for the control of 7. kanzawai in tea fields.

Key words : acaricidal activity, control, plant extracts, tea plant, Tetranychus
kanzawai
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I. M =
UY(Camellia sinensis)= OFEUIAG ASAEZE JUld A= AAA ] A BA, A3
S3 A dls L AF=oA FE2 AuE 2 AtKKim et al., 2016). Vet 3=
o] A& o2 I I3 wMEA AHEHA A7 FET olet ASEe of
3 BAET} Zolx 1 ]E]-(Yoon and Choi, 2017). H A= 4kl &<, #8839 5
o2l 7k Aol o2& FeEol WAL o5 A& AW el ¥HH S0l B

TEEA, APl A] ﬂr%}?& AFoz 7jE o] o] &Hal UTHCho et al, 2011; Shin et
al, 2015). o]¢} 2 wiA A 2ptF AQui7bES A=Y Hd FAE tig 87
F-33t7] 918l Ak F42 el Tt o, bl B hslete oY dE R
of thet WAE sl B2 o]#3& 3 UK Cheon et al., 2006). W A XppF-2 3%

e oF 309F0] A o, 1?01]/\1 2] 21 A4 -8-ol| F(phytophagous mites)?! X}-8-¢l|
(Tetranychus kanzawai)y= ZHH7 & AH FF 7lelste] o] A= At Fgiol
HE= JEE AEAE HES 2 o Artel]l & AFE F3 Y= FLRIFoItHKim et al.,
1993; Kim et al.,, 1999; Cheon et al., 2007; kim et al., 2016). =3+ x}-3-ofj2] AHEejd EAH
SHAT Aol AL = TIgbe] i B ARk Bol WAlE AES & - dAY W
of MAT W=7} G353 HKim et al., 1993; Tsutsumi and Yamada, 1993; Gotoh and Gomi,
2003; Park et al., 2012). ]2 zF-gofe] BALUE AAE fal] AZ7FES 771348 <A
& TE AR oY, O A S oA 2pEolf Aol oFAl AEA L] TR <l
Sk WA S AR £l A9 2o B uE At Ozawa, 1994; Kim et al.,
1998, Kuk et al., 2016). 7194 ofAlo] @82 AEiA ueh, 87 o3 22 728
gk 2171 wol, Hol| A AR ol A= AR kAl WAE A WSSt FA ot
(Park et al., 2012).

ols} e BAMESC] W T oz B ANAA fANE WAL AL 42
Aol FE3te] A%7Fed B o] Folof Ak FATIF FAHAA, Tl HE 2
BAZRY oS 4EAL o83t A% WAl UF ATFEe] FAHI YrkYou

et al., 2006; Lee et al., 2008; Kim et al., 2010). 2] EFEES T3 AESAH S Y Q)

om % 9 A the F2Hgo] Hof, {7] A oAl Hls| FriHom kAol
FAL W AR 9§k v g-o] FAtEojok k= {1t oAl Hls| A n-§ o] 7}
5% AHEo] ATHKim et al., 2010; Song et al., 2013). siFLA ] T3V} A= A EFZ
EE2 T2 719 ad, gaAsl, dsAs 2 AAee] o2 Ag3ithal HuEglom,
87 FHANA NMEE SAFHAAZA DAl A2EHo AREo] solu= FAoIt

(Hwang et al., 2009; Park et al., 2012; Song et al., 2013; Kim et al., 2015).
webd B ATE R, AR, AN, deht S $5E o5 EPvIEol e &



ANRE Aelehs Agolol e AEFEE B B EFALe) A &) 709

% gAAe] ALg BHoz ojEe wEAeist EHH e
o Bajol Agelol A FAAZAL) o) §

1 Aol 453 Agolsh A%z

Aol ARE-SE 2F-gofl AT 20173l BAT] AT Au Ao A A FsEar, 25£2TC
o] ARSAANA F3GE(Phaseolus vulgaris var. humilis)®l 5213Fe] SR 3T

2. NEFEE

2k-g-ofoll gk Anl &AE s A% AEFEES AdsdriedodA S HAA
22N 3 FEEES 2ol AFsAT. FH U (Gleditsia japonica var. koraiensis)
G|, 2 SFF(Camellia sinensis) E, Al (Cinnamomum cassia)®} TEN N (Lantana camara)
A 5o FEEF o5 EHEE Dl T 1(FF 4H4AUF 24419 3+FERY 1),
Sy 2(FH AT 24719 4+bERY 1), EFY 3(FF SRV 24419 2+ ERY 1),
Tl 4FF AT 1A s+FERY 1), EFY S(FE 2+ U 3+A419] 1+THERY 4)
7N 6(FY 2+AUT 4+A4| T 1+2ERY 3) T2 APUGCRE T AEFEES
ASEE vpste] 1 mm 3P0 E FHAZ|A ZF A EA AlE T 200 g2 95% ethanol 2
Loll 24713 Bt FE3t] oAg § 1 % Z7]12 50ColA 4t 55
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Be B e A4 30vEd A3 F HAeFEEss Adsiinh GBSl i
AEFEEed] FaAS AFsr] A AELUAL o Aol vg HEFEEES A
ot 13 &, dAAASTE 30vE Y AFeA. A 53 AP S A dRATE
Z4zke] Z3dd o Aol 10mtElE HE[ A 19 B AAIR F AR TS AAS
3070¢] ol FES 243 ti HeFEess Adsidn

AeFEee] Ade Aed 4] d3olA AEy4e o dde hdeE 25 em

AE2] AgloA] hand sprayer (Komax co., Korea)E ©|-83}] 7 dF 320] v‘?*o] X4/HZ§_

AEg Axsts dHEAZ W (Hoy et al, 1988)0.F AA =

25+17C (16L:8D, RH 50~60%)2] Z71ol] R#A3IHA At =g 4 :4 SHHEo = @_

AetRom, Al o] ko g e Rslorg of

Attt A S A= AHE 1, 3,5, 74 Fol dn

&6‘}@1 40 AEE o]FtA XatAY o A ‘#2_% olgd MAES F2 4
&2 EdRon, AE NAEY s sikRo R &/\Pf‘f};’it}.

éaifé ﬁasﬂr—t— E4HE A (ANOVA)I Tukey test (SAS Institute, 1996)= H] 1l
I} H3}-8L arcsine AoE WIS T FEHof o] &3t

f

M. 2z % =g

zhgole] AT Ui AEFEEE] Av] S48 AP AF = Table 139 2T}
A2 1Y ol F4, &, A¥, e 52 d=A oA 10.7~17.3%, SFA S A A
+ 30.0~44.0%2 A4S BHE YER O, o] dFA ol el BE A EollA] 4]
o] F7IeATh A 79 Folle= T 37 19 A olA 77} 82.0%} 77.3%9] =&
JAHES UEtg o] SAA frelabrt gldth £33 29} 49] A ellA= 242t 68.07 66.7%
FFe AAES e oW, £ 591 69 AHPdAE e EFAE] AHYHtt
Tha 22 54.7%2F 56.0%2] AAHES BATH AEFEEEY dsAdAE A 79 &
o 28.7~50.7%%] &% EHE Bt webA ANt o w FH, A, AlY, dERY T ©
EAXPRTHE EFAEL A A5 T 52 02 UEYTH B8 AEFF
58 AP T AAAPFTEC] AEE7] Mol Abeket GE ZAGE A3 (Table 2), EF
1, 2, 3, 4 59 Aol FAg rﬂﬂl 24.0~35.1%2] 2F4E B om, EFtel 59} 62] A
gl X= A7 48.9%2} 45.7%2] AraErE UETE 28y =44, 25 A, dERY 59

Ao des T8 iyl 53. 2~77.4%4 e E}% o] A¢ET B ATE
eI =, ol & AEFEEE9 Agra 4L AEMAEe] BgAd Aol
7108k A o= gz

Aarsﬂ

Nl
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=]
=
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AR5 Tlefete Aol tid AeFEE 95 B Al 4 53 711

S 2gole] GAAF S AEFEFEES FEAS AHS AFE= Table 37 2
o A 1Y o AEFFESY dEAYAA 1.3~2.6%, SFAE2] AolA= 4.0~53%
o] AT AHE Btk o|F dFA el wel BE HE oA dulgo] T F718EA S
W, A 79 Foll BE AollA 16.7~31.3%2] Ax3 A4E&S YR web o]}
22 A9} Table 19] 275 vws] B, A3 AEFEEEY AEF 9= F2 A&
oo FAell AH Aej=o] Yetv= HFaA 9§ Z 0% AdE =, Kim v(ZOlS)_:_
ahgolol Tk WiE, 5o A FEEE AAF a9 FA AH AHdHE 7

of ¢<=8 gx= Jepdtiy Rk vp 9ok

.I

Table 1. Acaricidal activities of different plant extracts to 7. kanzawai adult females

. b
Plant species Concentrations % Mortality (Mean<+SE)
extracted® tested (ml/L) 1 DAT 3 DAT 5 DAT 7 DAT
Gleditsia japonica 2.0 17.3£1.6b 29.3+5.4bc 40.7£3.9def | 50.7+4.3bcd
Camellia sinensis 2.0 13.3+2.1b 28.7+2.0bc 40.7+£3.2def | 43.4+2.8cde
Cinnamomum cassia 2.0 12.7+2.4b 22.0+4.0c 30.7+4.1ef 34.743.1de
Lantana camara 2.0 10.7+1.2b 21.3£2.7¢ 27.3+£2.4f 28.7+2.5¢
Mixture 1
. .0£3. = iR 32,
(Gj4+C.52+Ce3+Lel) 2.0 38.0+3.4a 59.3+1.6a 69.3+1.6a 77.3+2.9a
Mixture 2
2.0 32, 3+3.0 60.7+4.0 8.0+5.1ab
(Gj3+C.s2+C.cd+Lc.l) 35.342.3a | 53.3+3.0a 7#4.0ab | 68.0+5.1a
Mixture 3
. == 3E3. == .0=0.
(Gj5+C.52+Ce24Lcl) 2.0 42.0+5.5a 59.3+3.2a 71.3+1.7a 82.0+0.8a
Mixture 4
. 2.0 44.0£3. 2.0+3.1 342, 6.7+5.0ab
(Gj3+Cs.14C.c.5+L.c.1) 36a | 52.083.1a | 57.322.7abc | 66.7£5.0a
Mixture 5
2. .0+3. 7+2.4 49.3+2.4 4.7+2.
(G,j.2+C.s.3+C.c.1+L.c.4) 0 30.0+3.0a 36.72.4b 93 bed | 54.7+2.3be
Mixture 6
. .0£3. .0+4. .0+4. .0+4.
(Gj2+Cs4+Cc14Le) 2.0 30.0+£3.2a 36.0+4.5b 44.0+4.6cde | 56.0+4.3bc
Control 0.0 0.0+0c 0.0£0d 2.0+0.8g 2.7+1.3f

*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).
Mortality was transformed to arcsine value before ANOVA. Means of untransformed data are reported.
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Table 2. Reproduction of T. kanzawai adult females treated with different plant extracts

Number of eggs per leaf

Plant species extracted” Concentrations tested (ml/L) disc (MeantSE)"
Gleditsia japonica 2.0 845.8+46.4cd
Camellia sinensis 2.0 908.2+47.9cd

Cinnamomum cassia 2.0 1038.0+41.7bc
Lantana camara 2.0 1231.2+49.0b
Mixture 1 20 471.6+37.2f

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

(G.j.3+Cl\./[si.);T(rje.c.24+L.c.1) 2.0 540.4+24.6ef
(G.j.5+(1:\f[si.§tr(r;c,32+L.c. 1) 2.0 382.4+23.6f
(G.j.3+(l:\‘4si‘)il:£e.c.45+L.c. 1) 2.0 558.2+34.7ef
(G.j.z+c1\./[si.§trgc.51+L.c.4) 20 777.6+40.4d
(G.j.2+(lj\‘/[sij3—l§c.61+L.c.3) 2.0 727.2+41.0de
Control 0.0 1590.6+19.6a

*For explanation, see Table 1.
® Means in the same column followed by the same letter are not significantly different (p=0.05, Tukey test).

Table 3. Residual effects of different plant extracts to 7. kanzawai adult females

. b
Plant species Concentrations % Mortality (MeanSE)
extracteda tested (ml/L) 1 DAT 3 DAT 5 DAT 7 DAT
Gleditsia japonica 2.0 2.6+0.7ab 8.0+1.7abc | 16.7+1.8ab 22.0+0.8bc
Camellia sinensis 2.0 2.0+0.8ab 7.3+1.3abc 12.0+1.7b 21.3+1.3bc
Cinnamomum cassia 2.0 2.0+0.8ab 5.3+1.7bc 14.7+1.7ab 18.7+1.3¢
Lantana camara 2.0 1.3+0.8ab 4.7+1.7¢ 12.0+1.7b 16.7+1.8c
Mixture 1
. IR J1E2. .0£1. KES N
(Gj4+C.52+Ce3+Lel) 2.0 5.3+1.7a 12.7+2.0ab 20.0+1.8ab 29.3+1.2ab
Mixture 2
. 70, .3+0. NEIW J7£0.
(Gj3+C52+CedtLel) 2.0 4.7+0.8a 11.3+0.8abc | 20.7+1.2ab 28.7+0.8ab
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. b
Plant species Concentrations % Mortality (Mean+SE)
extracted” tested (ml/L) | DAT 3 DAT 5 DAT 7 DAT
Mixture 3
. 3+0. L0£1. JTE2. 3E2.
(Gj.5+C.s2+C.02 el 2.0 5.3+0.8a 16.0£1.3a 22.7£2.0a 31.3£2.0a
Mixture 4
. 2.0 4.7£8. 15.3+1. 22.742.0 27.3+1.
(Gj3+C.s.1+C.c.5+L.c.1) 783 >:3+1.7a 7#2.0a 7.3%1.3ab
Mixture 5
2.0 4.0+0. NS 15.3+1. 24.0+1.
(Gj.2+C.53+C.c.1+L.c.4) 7a 8.7¢1.7abc | 15.3+1.7ab 6abe
Mixture 6
2.0 4.0+0. 9.3+2.0 15.3+0. 23.3+1.1
(Gj.2+C.5.4+C.c.1+L.c.3) 7a 3+2.0abe | 15.3+0.8ab 3.3+l labe
Control 0.0 0.0+£0.0b 0.0+0.0b 1.3+0.8¢ 2.0+0.8d

*For explanation, see Table 1.

®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.

Table 4. Effects of different plant extracts on the hatchability of T. kanzawai eggs

Plant species extracted” Concentrations tested (ml/L) % Hatchability (Mean+SE)
Gleditsia japonica 2.0 100.0+0a
Camellia sinensis 2.0 100.0+0a

Cinnamomum cassia 2.0 94.0+1.6bc
Lantana camara 2.0 100.0+0a
Mixture 1
2.0 98.0+0.
(Gj4+C.5.2+C.c3+Lc.1) 8.0+0.8ab
Mixture 2
2.0 92.0+£1.
(Gj3+C.s.2+C.c.a+Lc.l) 0=1.7¢
Mixture 3
2. .0£0.
(Gj.5+C.5.2+C.c.2+Lc.1) 0 98.0+0.8ab
Mixture 4
2. .01,
(Gj3+C.s.1+C.c.5L.c.1) 0 90.0+1.5¢
Mixture 5
2. 100.0=+
(Gj2+C.s3+C.c.1+L.c.4) 0 00.0+0a
Mixture 6
. 0+
(Gj2+C.s4+C.c.1+L.c.3) 20 100.0+0a
Control 0.0 100.0+0a

*For explanation, see Table 1.

®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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Table 5. Emergence rates of T. kanzawai immatures treated with different plant extracts

Plant species extracted® Concentrations tested (ml/L) % Emergence rate (Mean+SE)
Gleditsia japonica 2.0 54.0+£2.9bc
Camellia sinensis 2.0 59.3£3.2bc

Cinnamomum cassia 2.0 64.0+1.9b
Lantana camara 2.0 69.3+£2.9b
Mixture 1
. 02,
(Gj4+C.s.2+C.c.3+L.c.l) 20 22.082.7¢
Mixture 2
. 2.0 27.3+£3.9¢ef
(Gj3+C.s2+C.c4+Lc.1) ¢
Mixture 3
2. 16.7+2.8f
(Gj.5+C.s.2+C.c.2tL.c.l) 0 6.728
Mixture 4
. 2.0 29.3+4.1def
(Gj3+Cs.1+C.c.5+L.c.1) ¢
Mixture 5
2.0 44.7+£3.9
(Gj2+C.s3+C.c.1+L.c.4) 7#3.9ed
Mixture 6
. 2.0 42.0+2.3¢d
(Gj.2+C.s.4+C.c.1+L.c.3) e
Control 0.0 98.0+1.3a

*For explanation, see Table 1.
®Means in the same column followed by the same letter are not significantly different (p=0.05, Tukey test).
Emergence rate was transformed to arcsine value before ANOVA. Means of untransformed data are reported.

2h-&ol 2] ol ths] A ZIK(Table 4), AT A gle} ATrt 22 v &2 E3H &3
o 29} 434 g4 8~10%2] Ho] FEStA] Fkot, TE Aol A= 98~100% -3}k
AWA o g olg o d&tad= gAY mnd o ® YRt

2k-g-of o] oFZo 555 Agst H4Fo29 9388 A 2= Table 5
o} 2ot TN 3,1 59 Aol FFol tigh A8 A3} 7Y Eof 16.7~22.0%2] @2

&2 A FoAr) gtk E5H 29} 49 Ao s 247 27.3%9} 29.3%2] $-3F
S3tol 59} 6] Ao e 27t 44.7%8} 42.0%2] FHiF o2 w2 $-3-&
SEEQ Ao E 54.0~693%2] 45 $SEE eFFol tigh A

gl MR BA YebgEd], olef 2 AREL ARAE T U AEFE
=529 Aol gt A3(Table 1)} FAFSE 74 3Fo] T
S ARES TR HA B APNA AT AEFESESS AWdo=

AP EE EF AgolA dHl 37t £ Aoz Yeiwgth 280 doll thk 4

X == = 1
NEFEE
AEFZE



AGRE AAdehe Agolol e 48322 B% 9 A e A &3} 715

S Aol mek YAY vivistgo, ER 3, 1 5 AT B H@A A
82.0%%} 77.3%2 4A4F EE UL FF9 A= HFoRe) $8hgo] o)

7—1
E Aol vlsl wrof zp3olfo] gk HAAE ALE 7heAol e AR AT A
2 Aol Aol ZF ESEfoll Wit Aot xSl ApolA AE, ok do R
Y53t dF ZE ESEHIE EASHY BT TE BEI(Kim et al, 1993)5 F=shH, A
H 37 A4 yeld A EFEEES Yo7 o83 2 Afoles Aol A 27
of Helste Aol FelHd AL =E ATE=H, kim (ZOIS)E 2] %%%% o] &3 2§
of o] WA= YA 27|l AAlSfof dtha Rttt wels 5 o] F AEFEEE A
o] Tl Eo] gl 4

G A o)A EAADL Fa) Agolo] the $A Ehol ﬂm}
Fol Ul dHS AR et YL Ao

T4, 2, AF, gl 5o FEEH o5 EFEES YR ASolol g
A a5 A5k th Agololl gk &9t 3,1 59 A2l 79 Foll 247} 82.07% 77.3%
o] 445 AHE el on, £ 29 Aol = 68.0%] A48 F aHE Bt A
Ao 2 AEFZEES] dEXdAs EFATET G2 v a5 B EFH
3, 1 9 A olA Apgof dAGZo Abre T8 iyl 24.0~29.6%°1 1T A EF
SEEY adEe Aty og Axg 445 595 e AthAE 7€ ¥ 16.7-31.3
%). AY AEFESEE A& ol te ATdage= A gt EFA 3,1 52 A
Soll FFol e a7rt 93t 47t 16.7%2} 22.0%2] e AF 938 JERSITh
oj9} Ze AFAHRERE Hol TFY 3, 1 T2 AT AufAANA ZF-gof o] HAAZ A
T Aog AzHAT

[Submitted, October. 4, 2018 ; Revised, November. 5, 2018 ; Accepted, November. 8, 2018]
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