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Abstract: Plants are a treasure trove of bioactive compounds and research into the bioactivity of naturally occurring
botanical compounds is an effective way to develop new pesticides. Pesticides can have many effects upon target organisms,
including stomach poisoning, contact poisoning, systemic poisoning, fumigant poisoning, antifeeding and repelling activity,
and growth regulation. Justicia procumbens is a traditional Chinese herbal medicine, and studies have shown that extracts
from J. procumbens have insecticidal and antimicrobial activity. Plutella xylostella is an important agricultural pest of
cruciferous vegetables in south China that, as it causes damage throughout the year, is responsible for huge economic losses.
We used greenhouse bioassays to test the contact poisoning, antifeeding, stomach poisoning, growth regulating and
oviposition—repelling effects of methanol extracts from J. procumbens against P. xylostella. .Results showed that methanol
extracts from J. procumbens had strong contact toxicity to P. xylostella, and that this activity was positively correlated to the
concentration of the extracts. The LC,; values of methanol extracts against 3rd instar larvae of P. xylostella were 5.17, 4.05

and 3.06 mg/mL within 1, 2 and 3 d after treatment, respectively. Methanol extracts from J. procumbens had significant
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antifeedant activity against P. xylostella , whose antifeeding rate was positively correlated to the concentration of extracts. The
effect of the extracts on selective antifeeding rates was stronger than on non-selective antifeeding rates, and the antifeedant
effects were decreased noticeably over time: the AFC,, values were 2.64 and 3.13 mg/mL within 1 and 2 d after treatment
under the selective conditions, and 3.70 and 4.54 mg/mL under the non-selective conditions. Methanol extracts from J.
procumbens had strong stomach toxicity to P. xylostella, and the larval mortality was positively correlated with the
concentration of the extracts and the time after treatment. In all treatments, no larvae died within 1 d after treatment. The
mortality of larvae in the high concentration (32 mg/ml) treatment was 16.67% within 2 d after treatment and 46.67%
within 3 d after treatment. The LC,; values of methanol extracts against the 3rd instar larvae of P. xylostella were 8.13,
3.65, 2.88 and 2.23 mg/mL within 4, 5, 6 and 7 d after treatment, respectively. Methanol extracts from J. procumbens had
a significant dose-dependent inhibitory effect on the larval growth of P. xylostella. Larval body mass significantly decreased
in all treatments of methanol extracts compared with control, and the magnitude of the decrease correlated with the extract
concentration. The IC,, values of methanol extracts against the 3rd instar larvae of P. xylostella were 2.02 and 1.40 mg/mL
within 1 and 2 d after treatment. Methanol extracts from J. procumbens had significant dose-dependent repelling effect on the
adult oviposition of P. wxylostella. There was a significant reduction in the number of eggs laid per female adult with an
increasing concentration of extracts. At the same time, the oviposition repelling rate of extracts at all concentrations
decreased with time, and the effect on selective repelling rates was stronger than on non-selective repelling rates. The AOCy,
values were 2.61, 3.66 and 4.58 mg/mL within 1, 2 and 3 d after treatment under the selective conditions, respectively,
and 3.19, 4.52 and 5.65 mg/mL under the non-selective conditions. The results suggested that methanol extracts from J.
procumbens have significant insecticidal activity against P. xylostella, and have the potential to be developed into a new style

of botanical pesticide with high efficacy and low non-target toxicity.
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A A TEPE S R, BERIRIBCYIE Sy — RS A 1 A W IR BUR TR, BT RIS, Grainge 5517
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1 #MREFE

1.1 X5 Ak
1.1.1 Al

TG BT FH /N SR BURRh R  VEVE AR K 2E B b2 A S S g s e At IR S RAE IR E (25 1)
C,HXHEE 60%—70% , 618 16:8 (L D) I N TAUMREFR N, 1% LR 37 2 AF R B AT T 255
1.1.2 B RARH I i %

BHIR (J. procumbens)2011 4F- 10 H R FYLVE S ILAEPI b, MR BE BT 40 C THRJS , /N AR HILR
e, i 80 A, FRHL50.0 g B AKIIEY , FH 400 mL FP SRR P 420 30 min &, 3o B0 770 200 mIL
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PEEL 2 WK, A I UETR 45 CHAR 2T 1S EHRBUR N 4.0% M EARIRE i A /> i B B 20 IR 32 B0 v i
Ji 0,193 - 80 K F W Bl il 32,168 .4 2.1 mg/mL ¢ JE AIZ5H
1.2 YN
1.2.1  filRAEH
SRR AGE ) BEBUNEK 3 W& 4h AU AR IE M b, B T 25N S s JE U, IR 4R G Hy
KRR LR, 5 NS Bt H T R IR R IE AR BT R L (=9 cm) 1, BT LR SRH WA 3%, ARk
B 20 Sk, A&V R 0.19% 03 - 80 /KIS WRAEXT IR, B4 3 k. 245)5 1.2.3 d 30l A il e T o, 11
AT SRR IESET %
FET -3 (% ) = FET- HUE/ I i AU Eix 100
MIESET R (% )= (IR BT R -XF FRAIFET- %) / (1-XF BRAISET %) %100
1.2.2 {EEEH
RFEEE Ak R 5 TR ATILAR (@ = 1.4 em) T HUTHEE , 43 5080 A A 380 24 30 R Xof B
WHNES 3 s I, BT OSBRI PR AR A 55 32 L, BBt 00 20 LA FE B A 4 S, BIXT R 4k 24
R4 2 A 738 RHES ; AR i A A 4 A4 FH - e o) B -8 4 LN 32 A EL YLK 3 h 14 3
il 1 3k AL B A 20 YR, BIECHRE 20 3k (n=20) , 356 R A 4 i ECR R I K IR N 28 4 I Ak LA -
i, 255 1.2 d 33l s it i 4% RO EAE R R,
FHER(%)= (O B AR - A 2R i1 AR ) /6 BEECE I T A x 100
1.2.3 HEEH
KRR A R A E AR IR S s 5 BT AT IR I PR AR A S SR L R
AN 3 #4420 Sk, LS /04 F R 0.19% I I5L- 80 /K A T AL BV X AR i AE 3 Yk, EZEiAmE 7 d, 4 H W
L B PRI T O TR T R AR IESET R
1.2.4 AERKEEWHIVEH
RVFIRARE LY A A BRFFE VR, AL 2 Ao 42 A 1 Sk E LI 3 h (19 3 I/ N R4l e, ik
B 20 kiR, LS /AR B 0.19% - 80 K IA AL BRAVEXT IR H 4 3 Wk, Z4RiMIZY)E 1.2 d 43 Ik ik il
R 3 N AT A R
ARAMHI R (%) = (o HE LA T 16 Ao — Kb 2 A o B85 i) /X6 S 2 (K 448 i 42 x 100
1.2.5 7Hlg#EEH
SRR 5 R R T A IR FT A% (0= 1.0 cm) FT R0 H-BSE, 0 31 il A Ak BHE 2 930 R o)
WP 3 s i, BT ERRE ™ O Rk IR 2 A2V A B BEERT 2 A X HE S SCHES A AT TR T U
ARH 500 ml ] 259040 BRI BRI BE R340 1 AN IE mT R 1 AT w0 R B N 2 kA 5
TN CE 4 A HE A R A A BRI RS X REIRREES R 2 AN IETE R L 2 NS L, ARG HEA 2
XPRAE 1 d I S50 Y B /NSl R, FHZD AR B O, 2040 LB AT 10% K B Is M ek, LA
TV EERY 0.19% M- 80 A MAEXT IR AT 3 Ik, 245 1.2.3 d ke &0t v BB, 1% T AR R
R
SIEER (%) = (X BRBP - Ab PR ON &) /%] IR B & x 100
1.3 Sitrik
IREGZE TR FH Microsoft Excel FAF#EAT I8 4 3, 28 DPS GeHH 4R XB 15 BB B AL 22 1 k17 £ 04 it
BT, SRR IR 1) X A58 IE BB T 36 (B4 &R AR KA R R ) JLSRAE A T3 SR 15 3038 rp ik
(LCy,) BRAEE FP ¥R BE (AFC,, ) NI HP I (1C,, ) SRR EE (AOC,, ) Ked J1 [ml )
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2 ERES

2.1 X/ il R AR H
ERRIR U XS /N ik LA s i MICRAE A, S M S 3R I vk B R B ARG, 2505 1.2.3 d BE ik E
(LC4) 43910 5.17 4.05 3.06 mg/mL(E 1),

F1 BRRBAIN/NSEEAMRER

Table 1 Contacting toxicity of extracts from Justicia procumbens against Plutella xylostella

1d 2d 3d
HePE/ (mg/mL) PR A 3k ek ROESETIE/%  EHE Sk ROERTE/%  SEREU Sk KEIESET %/ %
Concentration Insect number Dead insect Correct Dead insect Correct Dead insect Correct
number mortality rate number mortality rate number mortality rate
32 20 16.67 83.33 a 16.67 83.33 a 18.00 90.00 a
16 20 14.67 73.33 b 15.33 76.67 b 16.00 80.00 b
8 20 12.67 63.33 ¢ 14.00 70.00 ¢ 14.67 7333 ¢
4 20 9.33 46.67 d 10.67 53.33d 12.00 60.00 d
2 20 5.33 26.67 e 6.00 30.00 e 7.33 36.67 e
CK 20 0 0 0
[5] J5 J7 Y=4.0789+1.2911x, Y =4.2674+1.2051x, Y =4.3820+1.2732x,
Regression equation R?=0.9921 R*=0.9731 R*=0.9879
HIE R
Median lethal concentration 5.17(4.43—6.03) 4.05(2.95—5.58) 3.06(2.40—3.90)

LCsy/ (mg/mL)
F P RSB R ARING FRERIRTE 5% K F-26 7 3%

2.2 R/hGRERTE R

BRSO N B B3 e R HAE B R SR Mk B 2 IE ARG, B BRI R T
VEBRPEIR AR, 2505 1 d BRI PE B T2 05 2 d, EEEEME R, 2505 1.2 d SR i (AFC,,)
3R 2.64 313 mg/mL(FK 2) . FEAEERRMESM T, 2505 1.2 d MIEETHIREE (AFC,,) 73914 3.70 4.54 mg/
mL($£ 3),

F2 BRRBINREOZFEERIER
Table 2 Antifeeding effects of extracts from Justicia procumbens against Plutella xylostella in choice test

1 d AT~ 2 d TR 2 AR/ %

W BE/ (mg/mL) 1 d feeding area/mm? 1 d /% 2 d feeding area/mm? 2 d antifeedant rate
Concentration 1 d antifeedant rate
AbBE Treatment X Contrast AbFE Treatment X1 Contrast

32 1.30 38.30 96.55 a 3.50 50.03 92.99 a
16 4.30 37.17 88.45 b 7.20 49.40 85.39 b
8 9.10 36.69 74.92 ¢ 14.33 48.93 70.72 ¢
4 14.74 35.72 58.68 d 22.42 48.46 53.63 d
2 18.94 35.57 46.65 e 28.04 47.75 41.26 e

|15 5 8

g 77* . Y=4.3297+1.5890x, R?* =0.9922 Y=4.2826+1.4464x ,R>=0.9972

Regression equation

TR/ (mg/mlL)

Median antifeedant 2.64(2.14—3.26) 3.13(2.79—3.51)

concentration AFCy,

2.3 /bR E BEEH

EHRSRHU X/ Nt B B i B B SE T SR B S v BE R B i e . &0 FRZG S 1 d AR
PR HFET,32 mg/mL AbFEZE S5 2 d FET-%RAUN 16.67% , 255 3 d FET-R K 46.67% , 2455 4 .5.6.7 d BIEH
Wl (LCg) 73k 8.13 .3.65.2.88 .2.23 mg/mL( £ 4)

http ; //www.ecologica.cn



3858 JAE = 35 %
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Table 3 Antifeeding effects of extracts from Justicia procumbens against Plutella xylostella in non-choice test

R/ (mg/mL) 1 d B E R/ mm? L dIEERE/% 2 d B mi A/ mm? 2 dIEER/ %
Concentration 1 d feeding area 1 d antifeedant rate 2 d feeding area 2 d antifeedant rate
32 3.20 92.28 a 6.20 88.83 a
16 7.00 83.12 b 11.30 79.65 b
13.94 66.37 ¢ 20.94 62.28 ¢
20.90 49.59 d 30.82 44.49 d
25.93 37.46 e 37.57 3232
CK 41.46 55.52
[F1JH 75 #2 Regression equation Y=4.1581+1.4806x , R* =0.9959 Y=4.0563+1.4352x,R* =0.9974
FERHREL (mg/ml.) 3.70(3.26—4.21) 4.54(4.14—4.99)

Median antifeedant concentrationAFCg,

R4 BRARBWINEHHNESER

Table 4 Stomach poisoning of extracts from Justicia procumbens against Plutella xylostella

e/ (mg/mL) KEIEFET=% /% Correct mortality rate
Concentration 2d 3d 4d 5d 6d 7d
32 16.67 a 46.67 a 72.41 a 89.66 a 100.00 a 100.00 a
16 6.67 b 33.33 b 58.62 b 72.41 b 89.29 ab 96.43 a
0b 23.33 be 48.28b ¢ 62.07 be 78.57 be 89.29 a
0b 16.67 cd 37.93 cd 51.72 cd 67.86 cd 78.57 b
2 0b 10.00 de 31.03 d 41.38 d 57.14 d 67.86 ¢
CK 0b 0e 333 e 333 e 6.67 e 6.67 d
EYEp Y=4.1819+0.8987x Y=4.3443+1.1668x Y=3.4100+3.4600x  Y=3.8350+3.3497x
Regression equation R*=0.9927 R*=09744 R*>=0.8334 R*=0.8732
HIE R S

Median lethal
concentration

LCsy/ (mg/mL)

8.13(7.11—9.31) 3.65(2.63—5.06) 2.88(1.00—8.33) 2.23(0.81—6.16)

2.4 XA KRB EIE-

BHARFEI X /NI A 1 kB HAT B 3 09I VE R FERD R S Ak B2 B EAH G & H iR
PEIUYHR BE A i/, 25 AR BRA S 3 IRA [ g BUR T ) 22 S 3 L )R 1.2 d PR B (1Cy,) 4
F4 2.02.1.40 mg/mL(F£ 5) .

x5 BRERWMNBERZFTHMEER

Table 5 Inhibitory growth of extracts from Justicia procumbens against xylostella

WelE/ (mg/mL) 4 KT Larval body weight/ (mg/3k) MR A2/ % Inhibitory growth rate
Concentration 0d 1d 2d 1d 2.d

32 1.39 a 1.59 f 1.61 f 92.26 a 94.48 a

16 1.44 a 1.85 e 1.95 e 84.13 b 87.12 b

8 135 a 2.05d 2.19d 73.03 ¢ 79.01 ¢

4 1.49 a 244 ¢ 270 ¢ 63.10 d 69.73 d

2 1.44 a 2.69 b 3.10 b 51.48 e 58.28 e

CK 1.50 a 4.08 a 5.49 a
BV Epys Y=4.6506+1.1416x, Y=4.8352+1.1261x,
Regression equation R*=0.9958 R*=0.9952
IR (mg/ml.) 2.02(1.70—2.41) 1.40(1.12—1.75)

Median inhibitory concentration ICy,
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2.5 XF/NSEM Y B ek

BFRHR YRS /N3 Sl ol 7 B HAT I 25 1 Sl VR P ™ O e 3 5 S SR VR B S AR ARG . iR AE A
BRI LAy Bt AR U o B 3G a0, ELAS A B IR 2 S L (RIS, % 24V ALk 3L Bk okt R Ak B
I I) P SR T ARG, e B Sl FH R T A 7™ O bV AE R 25 N 245 1.2 .3 d ik
W BE (AOCy,) 4391 2.61 3.66 ,4.58 mg/mL( 3K 6) , FEAREFMSMF T 255 1.2.3 d Ak (AOC,)) 47
N 3.19 4.52 .5.65 mg/mL($ 7)

R 6 BRI/ RS2 EER

Table 6 Oviposition deterrent of extracts from Justicia procumbens against xylostella in choice test

1 d BiE /L 2 d B/ R 3 d B/ K
I S 3R 57 T S R 22 S22 [N B G 2%
HeBE/ (mg/mL) 1 d number of eggs U Skl % 2 d number of eggs 75 SR/ % 3 d number of eggs 7SR/ %
. . —————————  Opviposition Oviposition Oviposition
Concentration Ab g PO Jb X R sl pagiis
! deterrent rates ’ deterrent rates ’ deterrent rates
Treatment  Contrast Treatment  Contrast Treatment  Contrast
16 2.00 20.67 90.29a 7.33 42.67 82.82a 16.00 69.33 76.89a
8 5.00 20.33 75.32b 13.00 41.67 68.82b 25.00 68.67 63.58b
4 7.33 19.33 61.93¢ 18.67 41.33 54.82¢ 34.33 68.33 49.73¢
2 11.00 18.67 41.03d 27.67 41.00 32.51d 48.67 68.00 28.43d
1 13.33 18.33 27.10e 32.00 40.33 20.65¢ 55.33 67.33 17.82¢
OIEyig: Y=4.3445+1.5704x, Y=4.1622+1.4868x, Y=4.0702+1.4059x,
Regression equation R?=0.9968 R*=0.9978 R*=0.9970
7 G v
Median anti-oviposition
. 2.61(2.37—2.88) 3.66(3.40—3.94) 4.58(4.20—5.00)
concentration
AOCsy/ (mg/mL)
xR7 BARRBAX/NEHE IR REHER
Table 7 Oviposition deterrent of extracts from Justicia procumbens against xylostella in non-choice test
- LBk PIREER/ %  2dB0iRR PPEREEER/% 3 d BBk 7N B %
WL/ (mg/mL) - N -
. 1 d number Oviposition 2 d number Oviposition 3 d number Oviposition
Concentration
of eggs deterrent rates of eggs deterrent rates of eggs deterrent rates
16 3.33 88.24 a 10.67 79.35 a 20.33 73.59 a
8 7.67 72.94 b 17.67 65.81 b 30.67 60.17 b
4 12.00 57.65 ¢ 26.00 49.68 ¢ 42.67 44.59 ¢
2 18.33 35.29d 37.33 27.74 d 58.67 23.81d
1 22.33 21.18 e 44.00 14.84 e 68.00 11.69 e
CK 28.33 51.67 77.00
G Epix: Y=4.1701+1.6487x, Y=3.9724+1.5685x, Y=3.8473+1.5324x,
Regression equation R?=0.9986 R*=0.9979 R*=0.9964
7 Gk v

Median anti-oviposition

3.19 (3.00—3.39)

4.52 (4.21—4.86)

5.65(5.12—6.24)

concentration AOCy,/
(mg/mL)

3 itig

Kamaraj 45" "7 3238 B} A H B | 22 ZL T8 FIE O o8 B2 B X 11 25 128 ISORVE0HG: PR I Al o | 4 A 249 A A
it A L X O Al 2R A ol e R A B S (R SRE VR 5 S S 1 S R 9 3 B K Y R L X 1 SO
FM SET AT FOK BB BRI AR TEE . AR S R L I, B IR B4R B R /NS 3 it 4t B
fil A AR IR AR S B AR RS AT A R B R PR I v B A T B 25 1
2 d fil Ak LCs, 5351124 5.17 F13.06 mg/mL, AT ULEFPREE B X /N3 &l U BAT B i il R i 1 . FEAR SRR
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BAET i HUr RO i B PR SRR B 114 1 I I 2 /D s TE e R O A5 PF T i 7 A S 5 - 1 B
Bl I Y i i D PR R, SRR R b R AT RE R TR R e T b
BRI IS, R B WBR TR, iR IR IO A AR S Al U LR LA M B, 3 e o £ 1 1 £ R
%, BT AL B W A RIS, 8 | RS 3 R ANSE (LR S R 5 30 A AR 2 1Y) B R L 1 S 6 A
REZE—DHE . AR IS T Y AFC, R TR ICE I h AFC, (£ 2, 3) , X 4R 55E
T2 K AR EU) TN e B4R L) AR AT R B /NS e 4y s (40 £ VR A SRAR L 2 R
A RE AR H T/ NS 0l DR RR LR i B 2 M Ak B e it R 8 e, AT A B S 1R T/ NS MR 4 B fp 2 b 2 5% T 42
BRI REL 5 IS A0 SR U O BRI TR AT R, B ORBAR PR 4R ), R IR SR A SRR Xt 2
FEE N TP T AR Y ) —

B RS B X /NSt 4y sAR AR R AR RS BEAE . SR A B A I BRI IR 4 A 4 o 48 224
TERC R MR BE S SR Uik vl i /NS MR A0 4l AT T 5 /NS IR IR 4R I i, RV PR L2 ff R Ak By A58, &)y s
TRATY XS B S8 8 0, LB G i ) AR T T Ry, R B A e A U R B R TR R R B
HUBCE 5 5 R AR AR SR T A L B2 B TS, B REE BRI M ni ™ A Rk E . iR
TEALFRIRRE T 6107 B ek B4 S i B S g s ), 45 24 Y A T 7 B S i 3 o A R 1) ) S A TR AT, He v
PRV 7= O RV E R F AR e 7 Bl AR, 3 — 455 5 Kamaraj 5507 4058 A — 2, H 50 AT RE 2 H
TR R T HE AT, Bfe R b Ve B8 IR A I ) A A2 R TS BB T B OG5 A AT RE R i T/ S ik
J R R R TR PR BRI A A S5 SRR SZ o 4 SO 4 BRI AT B

H B R SR AL S W) EE A MRS S AT A AW S B A S RS IR
HACE AN B AL AP A5 U RS F A RS T A A v 5 DL A % HUA R4 227 ) S AR Y i T B R
JRAEY) 0 EE Ry = O ORNE R LR ARV DR S 2R B S LIRS R B B RS [ A
M TRR B X 0 B B B — s R Y A SRR e DL R IO v M e R A 2B A
W7 B AR OIS PR DL AR A B 2 SRR VEAL G AR X85 /D | BRI 1) 2% R P R JH LB A R E—
AHESE

RIFR e 2 3G 2R D AN Cynanchum komarovii ZFEFEHIZS 5 1.2 d X/ 3 /4 B pg kR LC,, 2
Sk 4.90 F14.3 mg/mL; FEBEFEMERNAEEBEEME M SR E T, SRR IE KUK EI Y Eichhornia crassipes { T4
BIZh)5 2 d XH/NSE 3 1 4h Bl AFC,, 20510 66.09 F1 293.35 mg/mL, ZE7EA 45 2 JE 522K B Pinellia ternat
TSR ZG )G 2 d XH/NEIR 3 W4 HU AFC, 43 3124 39.16 1 21.32 mg/mL; £ [ 2 55V BIF5E J2 B AE Al 16 4%
PERYS51F T 42 24EF Pharbitis purpure IR 2455 2 d XF/NEK 3 184 BB AFC,, R 34.60 mg/mL, A5
o BER H BRI 205 2.3 d X/ 3 4 Ul R LCy, 4300 R 4.05 1 3.06 mg/mLL, 7E e IR S £E
PERY ST BRI B SR IC 25 5 2 d X/ 3 W gl AFC, 7350128 3.13 1 4.54 mg/mL, A] WHEVE] i =
TLRDANT KT CEERE A TR . R, B R B TF R R B e a8 AR A TR 24 i T A E AN (A
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