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Bioactivities of citronella oil microemulsion against Tetranychus cinnabarinus
(Acari: Tetranychidae) and its effect on the detoxification enzyme activities

Cheng Zuohui'™ Fan Fangfang' Wang Qi' Liu Qing' Zhang Peng' Li Rui® Li Shengcai*
(1. College of Basic Department, Shanxi Agricultural University, Taigu 030801, Shanxi Province, China;
2. College of Agriculture, Shanxi Agricultural University, Taigu 030801, Shanxi Province, China)

Abstract: To clarify the bioactivities of citronella oil microemulsion against carmine spider mite 7et-
ranychus cinnabarinus and its effect on the activity of detoxification enzymes, the fumigation activity
of citronella oil microemulsion and the oviposition inhibitory activity, repellent activity and detoxifica-
tion enzyme activity at the sublethal dosages of citronella oil microemulsion against 7. cinnabarinus
were determined using the fumigation method. The results showed that the mortality of 7. cinnabarinus
caused by citronella oil microemulsion reached more than 80.37% at the dosage of 2.5 puL. The subleth-
al dosages of LD,, and LD,, were 0.082 pL and 0.284 pL of citronella oil microemulsion by fumigating
T. cinnabarinus for 24 h. By fumigating with citronella oil microemulsion at LD,, and LD,, for 24 h, the
oviposition inhibition rates were 76.30% and 78.67%, and the repellency rates were 80.00% and
88.00%, respectively. The esterase activity was up-regulated in eight hours but then down-regulated; the
glutathione-S-transferase activity was up-regulated but the mixed function oxidase activity was down-
regulated when treated with citronella oil microemulsion at LD,, and LD;,. It indicated that citronella oil
microemulsion was a promising green acaricide.

Key words: citronella oil; microemulsion; Tetranychus cinnabarinus; fumigation activity; enzyme

JEA I - NPT T ARRRE IS (201801D121203) , ILPGAR MY K2 RHE A I 42 (20162205)
* W (5/EH (Authors for correspondence) , E-mail: 501191438@qq.com, sxaulisc@126.com
Wk H 1 : 2021-05-27



44 FRAEEAE . T 2RI B LIBONT A I 140 2 0 P R il 35 P P 5 ) 915

KA Tetranychus cinnabarinus 5345 ] 12 31
H AT hH G2 R Ol B AR FIAR AL S 2 A EY)
(Sertkaya et al.,2010) , HAMA/ N, S Ty, AR
WS, S INXE LB G WA AR DR v (R
2008) o KLU Ak 2 g 24 7 4 il i 58y TS 4
BEVEH, SR I R (AN & Bl Ak 2k 24 =
HoE AN, RE KRBT, RARUKIEg TS
N PNz P TR ESl 27 NN AR AL DN
Rk (BAEESE,2019) , I HLEUS A ™ i h KA 2
FREH o AEAIR N R A X R A 4 B D R
PRI A REEEIL R, SR TSR 2 AR 1R i
Ui (FRAE RS, 2016)

VFE 5 MY & A AWM E &Y, IF Bl
YIRS A S K TOER R W0, PR AR Bk
7 B R (FRAEEE45,2016) , 4 Topuz et al.(2012)
IR 45 R R R 4 uL/L 0938477 Mentha pulegi-
um KT I APt R4 i SR 78 5 78
YEEE S5 (2016 ) W58 & BE 3k 2 A& Rosmarinus officina-
Lis K5 THUORE AR - g6 1) fih % 355 P 755 T A6 Zanthoxy-
lum bungeanum A& 1M , P 75 58 7% b FUHE %856 24 h 1Y
W HBEHSE LC,, 439k 6.731 pL/L #1120.142 pL/L;
Cheng et al. (2020a) Jf 5% 4% 5 . 78 22 7 Agastache
rugosa K 0 X AAD i ) 52 28 AE F 5 T 30T Arte-
misia levI X5 , 75 750K T ZE 2% Ab PR D it i 24 h
Ji , WHBEHI R LD, 4 0.179 pLo EAM, A it %t
HEAEDA B R ek, ARG A 2k,
IR 5 e /N, g2 PRAR B JC 2 3 A% 2 (Severino et
al.,2014) , SR IMTAEDIAG il 2 4% K DEfig A 4a AL , 7638
T3 rp OR B ISP ) DR, 3R el B P, s v 2 22
AR D EHEAE BRI ] . 755 Herba cymbopogonis ¥
THBE B35 52 W K K 4R Sitophilus zeamais | 75 045 75
Tribolium castaneum (4 Y32 F1E B, 2008 ) Flid /NS
W Bactrocera dorsalis (SHELHH 45, 2012) i947 A Al A
B, X6H 2 K@ B Pythium aphanidermatum ( K 75 7
85,2017 A B B RCR . ASURIZ 78530 R A7
SERT I R 0 A 3 P | 3 A TR 2 T A R A
FREIE TR, & T &SR MRS T
XPAE A 2295 TR I Ak (FRAE 255, 2019) , TR B A
XIS A 25 HUBCR o B2 M il 5 LR
Z )t B AL B (mixed function oxidase, MFO) .4+ B
H BK-S-%% # i ( glutathione-S-transferase , GST) M Jig
fiff (esterase , EST ) 5525 i fiff 2 i 28 (1077 122 AL % 1)
AHOC (AT AREE , 2003 ) o K2 H02Y 51138 o 175 Ml 2 Tl
O P LA B AR RE T, A /s A fif

(2014 ) 5% J& IR BT 4 7 25 7 BBk B2 LC, . LC,, Al
LC, X Z1 0 R RN 2% (5 U 855 15 WF Acyrthosiphon pisum
KN GST fl MFO A1 MEA 5 SAEH  thfa —2e %
RT3 Ao 0 ) AR T DR A 3 R SR, A S
£5(2002) B 5% 2 B P el ] i 2 4 I 2% 8 Cote-
sia plutellae AN Z T ARG [t | 22 1% 156 16 1 GST (1)
TP DRI e 0 e A A A s mT T A
AWM IR (253555 ,2016) .

R BT R A SRS I CEL IR, A R el
TE B AR AL AT it 7o B 2 T R ST 35008
FUIE AL PR B A T LB AR i 5 1 7 B 417 1
TP JRRETG M SO A B i R TS I s, LA
W T b e R i 7R SR AR
1 MR 57*
1.1 ##

A AR  ARBED IR L P AR 2 E S
H N UL 5 Vigna unguiculata 14 T R4, 7E IR (25+
1)°C HXHEE 60%~80% ¢ JH 1 16 L:8 D AT,
A TP AR 3R BRI S R SRS RS B i
W E A RS . BLELR P TR RO IRA
BYES, T Ll AR R S N R R R, e K &
6 A BRI

2RI 45 2T 2020 4F 10 H I T IITPE4 K
B BN T FESEG S N A IR AR A F AT K
IRA RGN R KA PRI 7:1: 219
A FHL L T ) B SRS T TR L VR o (R R B A%,
2019) , ¥ ie5 H

IKBERREEFRE fF 13.3 g BillR My AR | L2518
AR P HE A B9 em 52 em [
REFRMA  ARILZ) 15 mL, &2, BEH

VRIS : o-BERRZETR , | IO B FR A
Al [ 2 BER, U IEM AR AR 152,
4-AEFR WAL T BRI T A BR AR A
HK, 36 Amresco 23 7l 5 RFAH FER L, 1 i 5 A
YR AR F . SMZ61 BUARE Wi, b atsr
B ESA PR B ; DNM-9602 B EEFRAY , b6
RN ATBR A
1.2 Ak
1.2.1  FF bl st Rk ayetibeg ER TR

FRULE K E 6 i BT SRASHT B R, i
BN B R T OKBENGEE SR 3L b BEILAL 1 R e
F s BRIBOE R N A 5 H IR 30 3k
BTEAIME L BEK3 em % 1 em B JELES5 ]
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UG 7E L5 PN, S8R 2% -5 55 =2 0] BE A5 25 Bt 5 43 1)
H0.156.0.312.,0.625.1.250 F12.500 pL 75 2545 115k
FLIRH 2 U ACAC I, TV 3 11 B ) 30 T IR
J& (25+1) °C HIXHBE 60%~80% 6 JHH 16 L:8 D
PN TR AR 3, 70 Ak B
1224 F148 h7EAARA i 3 T g AR mb it i A6 T
1500, R Al it S, AR Bl R 6T b o
THEAET I A TR Sy AT RS0 . ARG [kl
VA )5 38 2 Probit 15 B8 7 i LD, . LD, Fl
EFHEHHE LD, M H 95% EAFRR .
122 FF b sl st kA et b5 04 = 90 dp k) B

BT 55K I 9CPL VI BOPE 1) 4 LD, AT LD, %o
AP G S H S HE RS IEA T AN ], D7k A 1.2.1, AR
FIHHAL P 30 S, 43 W TAL B 3.6, 12 F1124 h LA
Wil 7 DR O, 530 DA 22 7 B o R =
(K] BE DX 7™ BT 50— FH 24 DX B 00 ) /0] B DX B 4
100% ( Tripathi & Upadhyay,2009) .
1.2.3 &b iUk st R B vt i oG AL 18 T

W B AR 3 om B IR 8 4CHT 26 59 i 2 1~
N L A B M | it e o R [
& LD, M1 LDy, , 75— 2F B 28 0 IR %
JE AT K Ak L ) 2 A2 B RS AE — R, fil H OOLTfT
JREHP R R 7R EAR 9 em 5 2 em ESFRILE SR .
100 SKYUHRARBE 4 h (AP I 5 H 150 1l dh 2 75 2]
242 [ g R Ak TR D 40 L ML AR L B
IEARAD ik % o 430 TAL 35 3,612 F124 hif
S UEAR AR A, B PR E AT S IR
1.2.4 A AF IR AT RV 6B S R rm ]

Fi B 1.2.1 5 2 A PR T LR I B i
LD, F1LD,, LA K45 (A HE AR B AP -5 5 H 34 0HE A
I, FAEHRS 3,612 F124 h 4 BIPRIBUbE R 3003k,
HIApH 7.0 M4 0.04 mol/L 14 1 500 pL B iR £h 2%
MR T VKOK S BT , T 4°C .10 000 r/min %58 F 25
L 15 min, B VE RS BB , I 75 -20°C K46

et . B ER 3K,

MK AR R A AL @- £ R 2 TR /K 26 B - 25180 D
I 52 EST 1% 14 (van Asperen, 1962) ; Z: i Clark et
al. (1984) J7 i 5%E GST i Pk ; 2 1 Kim et al.(2007)
J7 350 5 MFO & M, 3 il ) i35 7 B0 340
umol- ug™-min™ (3% FH 45, 2017 ; 1 28 55 FI e K1,
2019; % 255%,2020) .

1.3 I\

¥ FH SPSS 17.0 %144 1 Probit ¥ #4785 71 [ )4
S3ATT, N FH Tukey ¥ | ¢ K6 30 7 R 2 v 0 6 25 40 ok
1725 5 0 R e (ZERTAT A, 2012) .

2 HER55H

2.1 BEFFHMIAES RSO EREE

AN )6 7 S T L VR e A R SR 2R B )
ARABIHEFE TR 2 ) 4 2% 5 B (P<0.05) . 41
4 0.156 pL F10.312 L 4 75 25K i 0L B 25
12 h 5, R ZE T2 53 5] 12.60% F121.85%,
5Hb3 24 hF1 48 h B ARED I AE T3 2 ] 25 57 b 2
(P<0.05) ; 24515 4 0.625 pL I, E 7% 48 h J5 A fib i
WAET- 38585 55.93% , S5 AL T 12 h H1 24 h i A Ab it
WEAET % 2 8] 25 5 1 5 (P<0.05) 5 24 &4 1.250 uL
Af, BE 2% 12,24 FI1 48 h )5 RS 556 TR 43 5 Ky
67.78% .64.44% F1 67.78% , = Z A 25 H A % ;24

T3 514 80.37% . 80.37% 1 84.07% , = # 2 [6] 2%
EZNTEAC PN

THZE 12,24 F148 h5 , 7 0K T AL O AR b
- il 2 7 18] 0 5 R A ARE R 43 51 R 1,753, 1.401 F

TR AR B R TR BE 75 A 1 24 h B, LD, Fil
LD,, 43 %124 0.082 pL F10.284 uL, H 256 5 7€ i} (7]
{14 JIE T 2 S0/ 5 7 S8 A T P LV BE 25 12,24 11
48 hitt LD, 735124 0.737.0.671 F10.557 pL(F£2)

F1 BFBMBELEAE LSRR E TR TR

Table 1 Mortalities of Tetranychus cinnabarinus caused by citronella oil microemulsion under different treatment durations

] ATl T LT Mortality at different dosages/%
Fumigation duration/h 0.156 uL 0.312 uL 0.625 uL 1.250 uL 2.500 uL
12 12.60+0.98 Be 21.85+1.96 Bd 48.15+1.34 Bc 67.78+1.92 Ab 80.37+1.61 Aa
24 18.15+1.96 Ae 32.60+2.06 Ad 50.74+1.34 Be 64.44+1.92 Ab 80.3742.43 Aa
48 21.11£1.28 Ae 33.33£1.70 Ad 55.93+1.61 Ac 67.78+1.92 Ab 84.07+1.34 Aa

TR TR . AR S RN R NG B 53513275 [R] 7] S A [ B[] Ak 31 22 ] 60 ] B ) AN ] 590 A 3 2
[] 2 Tukey ¥ K96 22 55+ 1. 3 (P<0.05) . Data are mean=SE. Different uppercase letters at the same dosage with different durations

and different lowercase letters at the same duration with different dosages indicate significant difference by Tukey test (P<0.05).
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Table 2 Fumigation activity of citronella oil microemulsion against Tetranychus cinnabarinus under different treatment durations

7RI 1]

Fumigation duration/h #l%Slope  LD,,(95% CL)/uL LD, (95% CL)/uL LDy (95% CL)/uL v
12 17530232 0.137(0.111-0.164)  0.370(0.327-0.413)  0.737(0.669-0.814)  4.556
24 1.401£0.243  0.082(0.059-0.105)  0.284(0.239-0.327)  0.671(0.597-0.756)  3.040
48 1.490£0.378  0.077(0.057-0.098)  0.248(0.209-0.286) 0.557(0.497-0.622)  2.189

R BRI bR MEDR . Data are mean+SE.

2.2 EFFEBRZLRRT R A = IR0 F E 1

Wit 2 o) [ B, SR T L VRO AR i g
FEBIM 2 B E AN (P<0.05) . YT RS IMIMELIK
LD, Fl1 LDy, Zb B 3 h B, Xof A il i) 7= P 40 i) 2243
N 8.22% F1 14.33% , X5 AL BRI [H] g 24 h I}, X A4
A0 I 5 B4 7= R SR B B T 76.30% F178.67%, 41
A 3 A AF R e FEE AL B 9. 28 475 11 5.49 7% 5 AH [R] Ak
PRI AR 24N W0 3508 7] 2 A P2 (] 34 2 SO B
(K1),

§100- EmLD,6 LD,

Q

g g0l Aa A2
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Fig. 1 Oviposition inhibition rates of citronella oil
microemulsion against Tetranychus cinnabarinus
under different treatment durations
Pt - S bR . AR - RER R [R] 2b
ANTR] R 1) 22 18] 28 Tukey 246,56 22 5 . 2% (P<0.05) s A[A/NE
BRI [ o () AN [) b B4 22 ) 28 ¢ AGr B A A 0 22 - b 3 (P<
0.05) . Data are mean+SE. Different uppercase letters in the
same treatment with different durations indicate significant dif-
ference by Tukey test (P<0.05), and different lowercase letters
in the different treatments with the same duration indicate sig-
nificant difference by ¢ test (P<0.05).

2.3 EFFERAELR XS R R R R E

B RS I RLFL RO A il ) e sl 0 LA B
() 2500 AR TRV o A A T AL & LD, A1 LDy,
ABFE 3 B, X AR -l £ s R 40 551 51.00% F
52.00% , KT 6 h i (1) ; &b BH 24 h i, X < b il 7
4 3R 53 91 35 51 80.00% FiI 88.00% , ¥ i 3 v T4
I8 (P<0.05,1512).,

2.4 FFEBMILAST R MR ST NI
241 STREHESESTE M0 R

F R M FLR AL BSR4 8 EST 15
PETE 0~8 h tH BLISTEARAS , Bl Je — ELAL TR
BRI CFLIR LD, A P 4~8 hESF, 2 b i g < Py
EST 1% P 5 BRI 4 %, 8 h B 3% M A HE 4 h B AIG
6.00% , {EAV3 i 2 =5 TR AR (P<0.05) , JEXT R 1.094%
ALFR 12 h B P SRR B4R 0.013 pmol-pg " 'min™',
BT L o) BRI 3T I 8.00% (P<0.05) ; B 5 74 K
K, Ab 4 24 bGP B X R I 2 R IG 28.28% (P<
0.05, &1 3-A) 5 & 5 45 Il CFL W LD, 2 3 4~8 h i),
RAP I A N EST WG PR H7F-22, 8 h 5 ik T I,
12 h i EST 36 1 b X6 8 i 3 F B 27.20% (P<0.05) ,
Bt S ST 5, 16 h 5 FR4E T %, 24 h B 2 e (IR,
4 0.008 pmol- pg ™ -min", {4 Fb X IR I 25T B
21.21%(P<0.05,[F 3-A) .
2.4.2 AR HEBGSTE M %R

Fr EAE ML AL B | AR iR N GST 1
PESB AL T RN . B PRI FL & LD, M LD,
AFRIS , AR I AR ) GST 1P B8 i TR IR (P<
0.05) ; LD, ZbFH 4~8 h i}, GST 3G A fr - 7F, kb3
8~12 h it GST i P 2 B0 T B s 34, Zb 3 12~20 h i}
GST 1% PE K = FF, 4b B 20 h itk B0 {E , N
0.018 pmol-pg ' -min", JEXFRE 1) 12.57 £%, bl f5 L 4%
TG T R (EALEE 24 h IR PEATS R X BB A9 10.58 1%,
H 5% 825 5 3 (P<0.05) ; LD, &b P 4~16 h i},
GST % 454 1 JF, Ab B 16 h iF 35 B0 {H , N
0.017 umol-pg " -min™", & XF HR A4 10.44 1%, Bl 5 £ 5%
HUH T, (HAREE 24 h B REPEATS AT BR 4 9.25 %, HL
55X} R 22 57 18 3% (P<0.05,K13-B) .
2.4.3 STRE A EEMFOE M 69 %R

B NG MELBAE PG , ARED i AR Py MFO 1%
PRI FIIHPIRES . RS I L LD, AT LD,
REFRE , A Ab i g A 9 MFO % 1 247 5 2540 T % B
(P<0.05) , HZAE A3 I - 22 , 7R AL B 24 hif 3
W S A, 235114 0.159.0.165 pmol-pg ™ min™", 7351
FEXR IR 2B 1 22.43%F1119.519%(P<0.05, 513-C).,
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Fig. 2 Repellency rates of citronella oil microemulsion against Zetranychus cinnabarinus under different treatment durations
P R A B R DR o * s AR TS X BR 2[R 28 ¢ A0 e AL 00 22 57 2 % (P<0.05) . Data are mean+SE. * indicates sig-
nificant difference between the treatment and the control by ¢ test (P<0.05).

-~ CK LD, LD,
0.014 020 Aa 030 [
~ = B Aa = ¢ Ba Aa
=8 0012 3.2 016 F<_Bb S5 0247 C.a/./'\Qa\Q_a\_Ea
# 2 E ﬁ‘if b b Ca %Ef g FOR B A oo
BT S e 0.010 E B g, v A‘C§=!$H
: w S8
P £ gf—“’f 0.08 - Zof ont Be Bb BCe Be (b
=28 0008 2E o =L
2 R At Ac Ac Ab Ac Ac 2 006
0.006 0.00 . i 000 — 1+ &+ 4
0 4 8 12 16 20 24 0 8 12 16 20 24 0 4 8 12 16 20 24
KbFERT ] Treatment time/h

&3 REAERE T EFERAMEL RS R EST. GST 1 MFO & MR 8201

Fig. 3 Effects of citronella oil microemulsion on EST, GST and MFO activities in Tetranychus cinnabarinus

under different treatment duraitons
B R P BRI R . N RIS BRI [ NG B3 551 387 [a] AL B [R] ) 1) 22 (R A B[R] AS ] Ab 32 [B] 25 Tukey

Pk I8 22 5+ 8. % (P<0.05) . Data are mean+SE. Different uppercase and lowercase letters indicate significant difference among dif-

ferent duraitons of same treatment and among different treatments with the same duration by Tukey test (P<0.05).

3 itig

TERT A T B R, S/ PR A = KT
1.0 pL B389 75 44 24 h A &35 100% , 117 24/NF 0.6 pl
ik AR I M ISR R (R R REI ) X T REZ T
TR A PR 5, SR s N ZEi g i i rh
LRI T o N 1 e IR RG I S5 2 R
ff PR A 22 I ) T, AR PRBUZ ) 45 T A SRS T icEL
W o AT SE SRR ISP RS T L O AR i L
A R EZEEVE . KRR LR #E
AR ELAT fl A I P A28 3 RS TR L VRO IR K
UL Aedes aegypti H- A7 fih % 1% 4 (Duarte et al.,
2015) , TEAE S Artemisia annua FEEU LR R0
- il EL AT Sk % 0 P (S SCHT L 2009) , 22 8 Curcuma
longa ¥ I ARFLIBON AL i i ELAT R 3 1) ik 5 0 P
(Cheng et al.,2020b) .

A LSRRI, B G I L AE B 7

AL P S AR A T S A 7 A e R
TEME . R (2009) A5 A BRI LR LC,, i LC, b
FEXT 4R B\ Bemisia tabaci A —E W BRAER , 5
ARTFFEEE R — 3 R (2019) fRIE R IR LC,,
FILC, AL BRAHD It f | 77 B AR, = B d 2
A0, GRS R 5. KEWHHT, WEIEH
245 751 388 3 45 7 B [R]  FRAER Z5 ) RN R AR I AL
RN R B 7 A i SR 52 R (Pan et al., 2014) .
S EBE R B 257D A R R A ELA i ol A
RN, 5 S EBOEAE M X R F A R 5
PR BOEAE R R FH SRR,
Bl2e G s SR 258 A 3% 2y ia 2 (B
2R,20115%25,2020)

A 5T 45 3 0N B NG I i FL I LD, A1 LD,
Ab 3 AR I 85 EST 176 M 7€ 0~8 h 30 H 3G 1
F Bt 5 — LA TP HCRAS 0 BST 14 M Fifi 25 4b
s 1] 174 20 K 2R 47 7 B, S O R N Y
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P RIE , TR o s T A LB B ) 4
P AR bR N GST G — B AR . il A
Z5(2019) 5K FH LC, o LCos FI LC,, VR H P i 42 /N
M 2 Agrotis ipsilon J& FARP GST 14 i 3 12 &
SARMGE T — 20 5 22 (2020) IR IR 2058
e B AL B BE 15 Tetranychus urticae J& GST 1% 14
BT TR TE R BT, SAMEE A R —3 . MFO
2 B AR N Y A I, A R ZE(2009)
RIS U X RS ke Spodoptera litura {1
MFO IEPEA S BT A5 (2012) #3E H AR
POk it %) B 2308k Lymantria dispar RN MFO {5 Y 119155
SR, AL B 60 h 5 AR MFO TG HEA HI B R
(9 N 0 a2\ 2 R 2 R = 8 =
RIS, RS A ) MFO 15 PE S AL FHHPIR S, 78
SYUESE T A FL AN 230 35 i = A= pi bk 2
— P RIR B SRR 2

A5 T 5250 28 N R H B 200 5 7 SR Tl
FLIBORE A -l 1) B 28 158 1 B A S8 W T L R I 3
FEF T ACHD 056 1) 7 DA T 005 P gl 3 e R
X EERG R G TR . TR IR A 5 5
TNFETE2ZE 5, H IR i 2 7)o Sy K R
BRI, T — DB TR DGR 2 a0, (8 T HORS A oo oY
Yo A SRS RV A TS 056 (1) 52 ), LA D) A KA
YIRG I GEL IR T Ak ka8 R AR R 2400
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