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Bioactivities of the essential oils derived from four species of non-host plants
against diamondback moth Plutella xylostella

Song Chengfei Feng Xuemeng Wang Zhiyu Yan Xizhong" Hao Chi’

(College of Plant Protection, Shanxi Agricultural University, Taigu 030801, Shanxi Province, China)

Abstract: In search for the green prevention and control method of diamondback moth Plutella xylo-
stella, the biological activities of the essential oils from four non-host plants, Polygonum hydropiper,
Rosmarinus officinalis, Ruta graveolens and Perilla frutescens, against P. xylostella were determined in
the laboratory. The results showed that the toxicity of P. hydropiper plant essential oil against the 2nd-
instar larvae was the strongest, with a median lethal concentration (LC,)) value of 2.18, 1.78 and 1.46 pg/ul
at 24, 48 and 72 h, respectively, followed by Ru. graveolens plant essential oil. The choice antifeedant
rate of Ru. graveolens plant essential oil at 15 pg/pL against the 3rd-instar larvae was the highest, which
was 100.00% and 92.84% at 24 h and 48 h, respectively. Its non-choice antifeedant rate reached the
peak values at the concentration of 10 pg/pL, which was 65.72% and 42.72% at 24 h and 48 h. Ru. gra-
veolens plant essential oil had the most obvious inhibitory effect on the growth of the 3rd-instar larvae
among the four species of plant essential oils, resulting in a lowest relative growth rate of —=34.72% and
a highest growth inhibition rate of 133.74%, followed by P. hydropiper plant essential oil, and Ro. offici-
nalis and P. frutescens plant essential oils exhibited a relatively poor inhibitory effect. The female and

male adults of P. xylostella displayed certain electroantennogram (EAG) responses and repellent activi-
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ties to the four plant essential oils. Ru. graveolens plant essential oil showed the most obvious repellent

effect. The result of gas chromatography-mass spectrometer (GC-MS) assay showed that the main com-

ponents of Ru. graveolens plant essential oil were f-caryophyllene, (+)-a-pinene and S-pinene. It indi-

cated that Ru. graveolens plant essential oil had significant biological activity against P. xylostella, and

had the potential to be developed as an insecticide for P. xylostella.

Key words: Plutella xylostella; Ruta graveolens plant essential oil; bioactivity
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HSD 7537 25 55 0 PRG35 R ROk skt /=g
0 HfE Al ol LR X R B AT A R AT 22 R W A R
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2.1 AFEMAE RN RS R E N
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JEE AR 2E S . BRI AE FH BRI , 2%
YEFASBI G % . BRERE YIRS 0T/ Sk 2 35 40 HL i
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Table 1 Toxicities of four non-host plant essential oils against larvae of Plutella xylostella

(E3mw RTi Ab SR B] [l 77 %

95% & {5 X [A]

Essential oil tested ~ Exposure time/h Regression equation LCy/(ng/ul) 95% confidence interval/(pg/uL) z P
B 24 y=4.982x~1.681 2.18 1.68-2.65 2221 0.001
Polygonum hydropiper 48 y=4.717x-1.178 1.78 1.35-2.18 19.59  0.003
72 y=4.186x-0.686 1.46 1.02-1.84 18.78  0.005
HIEE 24 »=3.488x-1.953 3.63 2.72-4.61 27.69 <0.001
Rosmarinus officinalis 48 y=3.192x-1.404 2.75 1.87-3.59 29.57 <0.001
72 1=2.349x-0.583 1.77 0.66-2.64 33.64 <0.001
=15 24 y=3.595x-1.623 2.83 2.13-3.49 22.05  0.001
Ruta graveolens 48 y=3.435x~1.113 2.11 1.48-2.67 21.84  0.001
72 y=4.971x-2.907 1.98 1.42-2.49 19.40  0.004
£ PN 24 y=4.917x-3.241 4.56 - 287.76 <0.001
Perilla frutescens 48 y=3.125x-1.671 3.42 1.51-5.88 79.85 <0.001
72 y=2.417x-0.928 2.40 0.60-3.96 61.03 <0.001

x: MRS I BEXTE(E 5 v: SET-HER(E . x: Logarithm of concentration of plant essential oils; y: probability of death.
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Fig. 1 Antifeedant effects of different concentrations of essential oils from Polygonum hydropiper (A-B), Rosmarinus
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officinalis (C-D), Ruta graveolens (E-F) and Perilla frutescens (G-H) on Plutella xylostella larvae
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ters on the bars of the same color indicate significant difference at P<0.05 level by Tukey’s HSD test. *, ** indicate significant dif-

ference between different time points at the same concentration at P<0.05 and P<0.01 levels by Student’s ¢ test, respectively.
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Fig. 2 Relative growth rates and the growth inhibition rates of Plutella xylostella under different concentrations of essential oils from
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letters on the bars of the same color indicate significant difference at P<0.05 level by Tukey’s HSD test. *, ** indicate significant dif-

ference between female and male adults at the same concentration at P<0.05 and P<0.01 levels by Student’s ¢ test, respectively.
2.5 AFRAEYIAE XN S AR B YR 21T A S L H— 2 R RRETG 1 , ELRSII AR SRR BEANTR] , JRaEAL
ANSEHRME R OGS 4 PRI ORI R RAREL. 1,100,500 pg/ul BREHLYIRT il 0 /i ik
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I, K SRR R W 3 5 10~500 pg/pL SRS A M il
Xof I i A 2 O R (T 4-A) o 1.10,100 F11
500 pg/pL 2k 126 75 FE PR TR SHE i HR ) IR s A
510 pg/ul F 100 pg/ L 24 325 7 AP0 RG 0T B i
F % B 2 KRR FH (€1 4-B) o 10~500 pg/ul 257

n BERRH Female adult

A XTHRCK  BRYE Ordor
500 pg/ul *ok
100 pg/ul ok
10 pg/pL
1 pg/ul *
500 pg/ul *
100 pg/ul *%
10 pg/ul *%
1 pg/ul
100 80 60 40 20 0 20 40 60 80 100
C MR CK  BR¥E Ordor
500 pg/uL ok
100 pg/ul ok
10 pg/ul oK
1 pg/ul
500 pg/ul *
100 pg/puL ok
10 pg/ul ok
1 pg/ul *%

100 80 60 40 20 0 20 40 60 80

LRV X ol A A S 2 XU RE T 1 5 1~100 pg/ul
A ARG Uik X S L P S R A 1 2 ([ 4-
C)o 1 pg/uLF1100 pg/pL 58 F5FE PkS Tl X i ol e A
e 58 5 1) IR 3B 1 FH 5 10~500 pg/pl 48 F5 A 90 R Tl ke
T R AL KSR 125 (K 4-D) .
o R H Male adult
B & CK  BRYE Ordor
500 pg/pL *
100 pg/pl wok
10 pg/pL
1 pg/ul ok
500 pg/pl
100 pg/ul *%
10 pg/uL ok
1 pg/pl
100 80 60 40 20 0 20 40 60 80

*

100

b St CK  BRYE Ordor

500 pg/pl
100 pg/uL ok
10 pg/ul

*

1 pg/ul *%
500 pg/pl Hok
100 pg/ul wok
10 pg/pl ok
1 pg/pL *k
100 80 60 40 20 0 20 40 60 80 100

J% R Z Response rate/%
E 4 NI ER R AEIRERZE(A) KIEF(B) =& (C) LR (D) EWHEH BT A R KL

Fig. 4 Behavioral responses of Plutella xylostella female and male adults to different concentrations of plant essential oils from Po-

lygonum hydropiper (A), Rosmarinus officinalis (B), Ruta graveolens (C) and Perilla frutescens (D)
* xRy B ORI 5 A H 22 [8] 22 R O K B E P<0.05 Al P<0.01 7K F-22 5 53 . *, ** indicate significant differences be-
tween treatment and the control at <0.05 and P<0.01 level by y test, respectively.

=EEWREHRRGC-MSH
ARG AR e 38 P B . WIS M
AR 2SR RS Tl 1 2 A, b B 2k
WA 9, & S AR T A AR DS 6 Bl B A
MG 2T K g AT e, HUOE
(+)-o- RN p-TE M 22T R VK v iR R 3- 2 1 it
(%£2),
3 it

PR I 3 2 T TR EAR T HU AT A A B
S s B E U (Isman, 2006) . ASHFFEINE T
4 P DL AE WK T O /NS 0 4y B R AR T
P, 255 7R PR A RS T /N ) e FR I

2.6

FIEEAROR . 259055 (2006 ) BIFFE 4% St ¢ I 2
L0 K TH KT /0N S i ok, P A A A 1) SRR TR M A B
24 .48 .72 h J5 LC,, /%4 6.30 .5.42 F15.12 mg/mL.
PRI, 0 S AE R il et /N 32 ik &y ORI B e
BEARER, X AT RESE B TR & A BUREY) It
Ak FURTEE R SRS P R AR
fh2E R (WA RS L 19995 B4 4k 245, 2006) . Ayaz
et al.(2016b) 7£ GC-MS 7 #1 it & BB 9
A O b R T TG N PA) I e R A L i 1 R
WA Y . BRILZ AN, S8 YRS I X &) B A7
RAFEERER, X BE S h FEFET 2R AR
MG A A (RIS, 2015) .
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R2 ZEEYHEHA S GC-MS 17
Table 2 GC-MS analysis of essential oils from Ruta graveolens
FFs aEw) CAS* Vit B [ AHXS 55
No. Compound CAS number  Molecular formula Retention time/min Relative content/%
1 (+)-0-JEM (+)-a-pinene 7785-70-8 C,H, 5.63 5.44
2 #J#i Camphene 79-92-5 C,H, 6.40 2.09
3 ZRHI#% Benzaldehyde 100-52-7 CH,0 6.98 0.07
4 ¥4 Sabinene 3387-41-5 C,H, 7.49 0.16
5 B-TRJ# p-pinene 127-91-3 C,H, 7.70 4.71
6 H M5 p-myrcene 123-35-3 C,Hy 8.29 0.19
7 WA o-terpinene 99-86-5 C,.H, 9.55 0.05
8 (+)-FrHEM (+)-limonene 5989-27-5 C,H, 10.12 1.72
9 -3 1,8-cineole 470-82-6 C,,H,0 10.25 0.03
10 p-#Al# y-terpinene 99-85-4 C,H, 11.44 0.49
11 AR Acetophenone 98-86-2 CH,0 11.74 0.11
12 WM Terpinolene 586-62-9 C,H, 12.63 0.07
13 J7HElE Linalool 78-70-6 C,H,0 13.31 0.08
14 (£) 5K (£)-camphor 464-49-3 C,H,0 15.22 0.54
15 (+)-53farfi (+)-isomenthone 1196-31-2 C,H,0 15.60 0.01
16 ZEAE Phenylpropyl aldehyde 104-53-0 C,H,0 15.86 0.02
17 2-PXF% Borneol 507-70-0 C,H,0 16.27 1.05
18 (=)-4-1i i (-)-terpinen-4-ol 20126-76-5 C,H,0 16.60 0.09
19 o-FAVHEE o-terpineol 98-55-5 C,H,0 17.20 0.25
20  3-2KPAME 3-phenyl-1-propanol 122-97-4 C,H,0 18.53 2.44
21 L-%JHd Carvone 99-49-0 C,H,0 19.03 0.10
22 RS Cinnamaldehyde 104-55-2 C,H,0 20.15 0.06
23 /JRLFRVKA TR 1-bornyl acetate 5655-61-8 C,H,0 20.59 2.50
24 AFEEE Cinnamyl alcohol 104-54-1 C,H,0 21.61 0.77
25  3-KAMRZBE Ethyl 3-phenylpropanoate  2021-28-5 C,H,0, 22.82 2.17
26 (- ETEHM (+)-cyclosativene 22469-52-9 C,H,, 23.29 0.31
27 (-)-a-JEM& a-copaene 3856-25-5 C.H,, 23.43 0.24
28 B-f1T ¥ p-caryophyllene 87-44-5 CH,, 24.2 31.17
29  FE.ZE Coumarin 91-64-5 C,H,0, 24.54 0.05
30 (=)-o-EEE M7 (-)-o-cubebene 17699-14-8 C.H,, 24.6 0.07
31 a-f{E5#% a-caryophyllene 6753-98-6 CH,, 24.7 0.72
32 WHERRZPE Ethyl cinnamate 103-36-6 C,H,,0, 24.83 1.33
33 KRARFEMH D Germacrene D 23986-74-5 C,H,, 25.02 1.77
34 fHT# Caryophyllene oxide 1139-30-6 C,H,,0 26.07, 26.79 1.54
35 1R Arachidic acid 506-30-9 C,H,0, 27.74 0.65
36 p-HEMEE p-eudesmol 473-15-4 C,H,0 27.91 0.91
37 AAERR S HE Benzyl cinnamate 103-41-3 C,H,0, 30.51 0.36
38  AKIHEERH G Methyl tetracosanoate 2442-49-1 C,H,0, 30.64 0.94

REHEAT B AP 0 ) R AR AR 3 3 T
P sl il A R B BT, i 4 AR
KRR E HORR IE B TR AR H . xXefl
W S PRGE R A5 A VR T R Ak A T 2
7 LB 32 R 22 e, T LR A A K e A —
E M (Yang et al.,2017) . ARWFFTLERE R EFK
HE T /NS e P B R B B S, O TR A A T
E R B R AN, 1T R8-S5 05 T R R iR T P T 1
A KGRIERESE,2014) . TRIERESE (2012) BT
SRR S PR BORO A R i AR v PR B R

3 MM B RO WA oY & I 2541
YRR N Rk g BE IR B AR PR B A
BEAME, U HC SR 15 pg/ul i, 7 ] 24 h #l
48 h I 11 3 B MR 4E &R 4 0 R 38 100.00% Al
92.84%. 1 ICHEM , AH A T A5 RO | 25 B A A Th
X /NI AR B AR R R (HE R AR B A
FH A P T (0 ) 22— & A 50 43 itV
B ) P 348 i gD, L SR AR 5 S 1 s ] P 3
FEEF(Z2/KIE 55 ,2005) , A Y R, 227 R
FEHAEH 24 hxh/ N eifa a2 S51EH 48 hi)
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BT W22 57 I ERORRE , X TR T 257
FE R T P B RRR AL A X /N el i f ek a7 27 A
LA 558 (R R ] Rk B ik AL A5 i 0ot
1 HUAA PR LR T R e A R PV P

TR T AR 5 R R AT o i IR B, 25 4
KgAK, HmgET- 5, 51 JE IE AR, wk >
FEER L, BRI R AN AL 3R 4 (R 4% ,2007) . A
WA IR , ZSB ARG TGN gk gl B Ay i 2
(AR MBI VR 5 sk IE R 55 (2012) A58 Kk 0 25 42
WAk #J A% RO &y e b 8 W 04 5 AL R A
5.08%, SARMFLAE R —8 . XFIGE—J7 1] g
e TR L) AR AN, AR R g Y b,
AT ST B AU A K & (Pavela, 2011) 5 75— 7
T A BB PR 2 B Tl A A Py, 51 ke B UGG
KBRS, sE s Ak, LI A, BELBE
WA AR N, T T R RMAEKEE .

B Uil b 53 A7 9 224 W A2 A AT SN[
s BB S & ARG S 2 PR 4 R
g TG S A B A i AT o (TR 45, 2018) ¢
ARHFFEMR T 4 FhAE Do TG /N o | g g P
F A TS, 445 SR 0715 X 4 Fh AR 0K Tl 7 4% R e
BE R YRES /N e pl R AR BN, (ELA
JERR AT 22 57, 3K ] RS 1 AN DR I ) 3 M o
5N R 7 B V45 A R AN, BT 5 R Y
HLE SNV AT T2 57 0 253 FIBR A RS i 6 A [+
W BE T 5 A A L i F EAG 34 538 v T A
ALY ZE A A R TR B R 100 pg/ul B A R
EAG {2 HERLHL) 2.91 %, Sk B0 500 pg/pL B,
R EAG B2 HERL ALY 2.58 45 . [, 224
YRS I BE S 500 pg/ul B BE A% d EAG i 2 A
U1 2.96 %, 58 F I PR AT BB /NS o e o R 7 AT
FE N SRARAN TR B 5 AT A R T T
(], AT F A2/ INRE I ok, ik Ay P 0 TR A s M T
AR R F 5 (EE P, 2014) . SR, EAG {H
SLRE WA P RS ok %o B HORIEE i R AR
HUHL R FLAARAE AR A Tt — 2B 9% o

ARWFFELE R R 4 P YRGBT RE 5 [/ ik
AN[EI AR BE A 9K EEF T A7 . Thompson (1988 ) A1 Lu et al.
(2004) 2 ML DAy, AR 2 45 2 Y B R
HAWRAE , SAMIREE R —5 XY R4
R o HoAth 38 vt A — 2 10 3K GBEA5CR, , Tk 1 B
(2014 ) 2 24 26 A A PIRE Th X 45 ROMEAT Inb 225 119 IR 3kt
YER s 3 HEFESF (2016) K I IR Z WA U0 R
Myzus persicae HY) ‘5 b TG PB4, = B R AE 7.34%~

98.35% Z|A] . ANMHFRES IR W, 2 kG i vt
JINSE gk (14 BIK B VE FH % ' 22 ; Hadis et al. (2003) BF5%
RINBR IR A PRI 5 0 =2 R e AP (L
T H OBk ) HLAA B SR RELE H 5 5 (2004) i 5% &
PRAE 7% Wt BE T 25 75 R 0 RS T 6 1 IS0 B Aedes
albopictus [FIFE EAG IKEREVE ], S A IR 45 R —2L,
F W ZEAAE YA I ELA A R/ NS A 7 A5 579
TELEMEL

ARG GC-MS srHra e B, 22 F ARG i
FEW IR B-A 0T () -a- TR N B-TR M 55, 5
Rojht et al.(2012) BFFE 45 AR, (B4 G4 LRI vk
BN FAE 225 . 11 Chaaban et al. (2019) & P 257
YRG5 A £ 5 WIREM (52.5%) , FE 2
1- T4 (19.4%) . 2-+ — BE R (16.22% ) F1 2- T T
(11.9%) , SAMR /A ES X AT g EH THE
YIRS Ak 27 B FN B e R LAz SR R 22451
(52 (Reddy et al.,2016) . X1 T I 25 (2010) B 5%
22, B-A1 7105 FN a- YR 4 XA U5 Aphis gossypii B fill
REESERE I LA p- A i B de ik . KR, 22
L e R el ) s DS R E I O P AN
WA 3 IR EEVE B (Zhang et al.,2015) . 25 &4
YR IHOT /NS0 ) A T R A S R - AT
I RN LA SR By A REIR S A G A R —
I

YRS 2 DAY PR B R A TR G, T
HEHA Z R EE, ATVE I K R gk i
R E SRR . AR 25 BRIV B MR I TE /N
S B ia Th B EEANME . SRR AL
BT X) A SR AP AR AE I, LA
FH [E] B 36 B e FHE AR A T i — 2B
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