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Effects of plant secondary metabolites on the growth, development
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Abstract [Objectives] To determine the effects of plant secondary metabolites on the growth, development and detoxification
enzyme activity, of Spodoptera exigua, and investigate the potential of using these substances to control this pest. [M ethods]
Three different concentrations (0.01%, 0.1% and 1.0%) of three different plant secondary compounds, quercetin, kaempferol or
coumarin, were added to the artificial diet fed to 3% instar S. exigua larvae and their growth and development were observed
and compared. In addition, the activity of caboxylesterase, glutathione S-transferase and cytochrome P450, were measured 24,
48 and 72 h after larvae had been treated with 0.1% quercetin, kaempferol or coumarin. [Results] All three secondary
metabolites significantly increased larval mortality. The pupal weight of larvae treated with of 1.0% quercetin was
significantly less than that of the control group, whereas their developmental duration was obviously longer. CarE activity was
significantly higher in larvae treated with 0.1% kaempferol, but 0.1% quercetin and 0.1% coumarin significantly inhibited
CarE activity. Although quercetin had no significant effect on GSTs, 0.1% kaempferol and 0.1% coumarin increased GSTs.
The P450 activity of larvae treated with 0.1% quercetin or 0.1% coumarin was higher than that of the control group, athough

not significantly so, whereas the P450 activity of larvae treated with 0.1% kaempferol was significantly lower than that of the
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control group after 48 hours. [Conclusion] Different plant secondary metabolites have different effects on the growth and

detoxification enzyme activity of S. exigua larvae.

Key words quercetin; kaempferol; coumarin; mortality; caboxylesterase; glutathione -S-transferase; cytochrome P450

A Py kA AR 5 ) A BE R 55 25 R AE )
HERBEMXEREESEMRWEZL Wz —
(JTHRIRESE, 2020 ), TESZ3|HE MUZEHER, HY)
SRS AR KRR AE R G, LA
B ik soAXDEA, 2003; Lou and
Baldwin, 2006; #7 /5155, 2014 ), XA T7
S AR AR SRR B AR N, 2 B U
Z P A FRA TR . flan, THRE BAE LR
gt N PHLA B i E % (Howe and Jander,
2008; F¥S4FE, 2018), 7|k B H AR RN
SHERERKAFZHME (Blyttetal., 1988;
HIKRFIFER %, 1997; Taiz and Zeiger, 2006 ).
Berenbaum %5 (1991 ) WF5T F B, #yark ik
Trichoplusia ni ESIRME CREY G, H
ARG . XIS (2010) KL, AR E
BT XTI SR ik Spodoptera exigua 4y LA | i
L ARIR ACP b R W E AR

T Rk AF EAE B AL, B AR )
R RS2 R — RN, G0 S I ROE IR
W EERG R , A T A )5 Brattsten
etal., 1984; Lietal.,, 2004; Duan and Schuler,
2005; John and Graeme, 2008 ). ¥R % M5 /il
( Caboxylesterase, CarE ). 7+t 1H K-Sl
( Glutathione-Stransferase, GSTs) Fl4H il {1, 25
P450 ( Cytochrome P450, CYP450) /2 H ik P
SRR R . PRI, RRIRAE A X i
BEMHE S FRORANE o BN, FEAEE 3 RN
Tl 75 5w S % ik Spodoptera frugiperda GSTs
TEPERGR , TR B FA% Mg i R (i GSTs i 14
FEAG, MikREY . O B S BT H GSTs 1ok
T ERM (Yuand Hsu, 1993), M4h, B HUE
W= KeElE R & &, BB YRR 28 AN [H] i
FE—EMNES, I Wang %5 (2021) KINHE
WG SR IR A B CarE TGP THUCE 2SS |
H KLl L,

R Spodoptera exigua J&—Fh &P
T, FERFGR. BIFEMHEY (Wanetal.,
2019a, 2019b ), ixX 5 H R P A AR 2 AL ]

HYJHIE (Després et al., 2007; Jiang et al.,

2013 ), WFFTIUERAF EAEYIR RIS | B IR
o B MUAS B W) il R RE 7 A5 1 25 5 ) B SR ) AT 2
M (Hwang et al., 2008; Keathley and Potter,
2008; Sahaetal., 2012; Carrascoetal., 2015;
FA&ES%, 2018), 1EH e A BAET A a5 &
B, B O F SRR Al BB R 22 A A%
BEST AL T3 0 2 v T U g SR H iE ) 4y i
HE (Wanetal., 2016; Wangetal., 2020); it
— XA AT R A A, R IR
i R L LSBT SR 3 AR A
T, A, ARSGEREX 3R, B
X EH SR A AR K K 5 i e Tl T PR A 5
R R SRR A A P Y A ERAL I DL S
FI AU A ) o B 4 TR A AR R AR

1 #MB5ERZE

11 kst

SN £/ B S T 7 | 2 T e W BN U
PR % N SR 97 2 AR RIS 3 %)
7% Jiang 251 (2011, 2018) fFE T, #4h
HETREARBIEE R A (5 10em, FHiR 15
cm) , FENTAMEAE R (28+1) °C. St/
1 14L : 10D, AHXHEE 80%+5%] Hiilk 1R A
FE, FEME AN TR Ol E k. 2R,
BURKY . BERE. TREE . MREEE. WIEE. 1AW
B BER . PURMER . PR ER AL ARG ).

RIHT, MR RN 3 MR A
(M Z IR B &SR ) A TR &
B, RRAY S N TR TR, 405
% 0.01%. 0.1%. 1% Tk,
DI A 9 N TR A SRy 5ot B

B AR AP e = (HPLC=98% ).
11251 (HPLC=98% ) fIfF . % ( HPLC=98% )
I IR AR R A RN FAE 7R SR TR TR
TP B RN A5 e H - S 0 R S 3 A g
BT 2k ERHE A RAR, diffifaz P450



14 TLRERESE: AU A A 0T TSR A 1 A T B il 2l ) 32 1) - 167 -

TEPENA A [ EE TSR YR A BRA T
1.2 REF*

121 #HERHEHRERKEZFIERRIET RN
E - EBOR/N—S0WEEE R 3 )4 sk
BFIERE T, B0 LA, YLk en
Ja . A 0.01%., 0.1% ., 1% A= 9 ( Hil
R INEBAEGER ) KRG RAREYRA
ThaRE; IR E TN T AR A SR AR
NT SRR SR 1.1 frik . seadbiim],
24 h MEFL SR L IR B U ARSI, HE
fRIREAET; AEALEEIIAR 20 k4, EHE 3K,
122 MEEHBHRENBESHEEEONE 17
W 1.2.1 R, SEHCR/N—E SR ik 3
B, BRI, B 1k, YUR
6 ho SEERET, YUK Y 4h LR B0 5 A
0.1%lfit 2 K . 0.1%ILZs WAl 0.1% 7 G KM A T
TR TC A R B B R g (55 10em, EHAR
15 cm), R 10 kgl DORE AN
N TARAME A I b E e 50 sk, &

2 3. ML i 3R 550 1.1 Bk
1.3 HiEsaE

{8 I SPSS 20.0 F A% S i B e A T HA IR 2
T 255307, IF HUEUCE AR R R A AR I i S
el B R R MEE N 2 5 (Turkey’'s HSD £
5y, P<0.05); #¥uaHrEr, Hrer R 83T
FAE 5%, K D) . R R T R A
L) 10 MR B RHEU B i FH— e AR R General
linear model ) 114 1 [F1 28 77 2= 70 B BH A Uk A= AR 40
VR | AP ) () B A BAE G SRR I 4y
i A T P ) S

2 HREHH
2.1 #EYRERFEHIHEREE KR THIRMm
Xt BAML, B 0.1%7 1%fMi % . 3

b B LA I B Ay B AR AN e B SR
WA AT 35 PRV (P<0.05); Bl A
WP BT, ghBsETo R (3R 1), B

F1 ARRERGYIHERBEERLZENRM

Tablel Effectsof different secondary metabolites on growth and development of Spodoptera exigua

AEFE Treatment FETK (% ) Mortdity rate & & 71 (d) Developmenta duration HHEE ( mg) Pupal weight
Xt CK 7.50+2.50e 6.49+0.09b 138.72+3.24a
O/ Hi GBS
0.019%t 2 %V\I Lﬂﬂ i 18.33+3.33de 6.70+0.15ab 135.93+3.56a
0.01% quercetin+ artificial diet
O/l Tl Bl
01/0%82%7?}\1 LEH:Jr i 21.67+4.41cd 6.52+0.10b 133.31+£2.48a
0.1% quercetin+ artificial diet
o SES
1/0ﬁ4ﬁ%f}\1 LEH:J{ . 40.00+2.89b 7.24+0.15a 104.39+3.97b
1% quercetin+ artificial diet
Ll ZS T ek
0.01%LL17 3+ AT Lﬂ;H. - 45.00+0.00b 6.42+0.10b 145.96+3.05a
0.01% kaempferol+ artificial diet
0 pa Vik S
OBFRE A TS 68.33+4.41a 6.40+0.13b 140.50+4.20a
0.1% kaempferol+ artificial diet
AT A il
1961l B+ AT LEH.:JF. S 68.33+£6.67a 6.78+0.13ab 133.42+3.50a
1% kaempferol+ artificial diet
0, =] ral Rl
0019 B+ A LIkt 36.67+1.67bc 6.74+0.18ab 140.78+357a
0.01% coumarin+ artificial diet
0, =] Fal Rl
01%% X+ NThF 41.67+3.33b 6.48£0.11b 150.03+2.47a
0.1% coumarin+ artificial diet
0 =] FalRl
197 5%+ A TAH 55.00+2.89ab 6.75:0.11ab 139.26+4.05a

1% coumarin+ artificial diet

F B PR bR DR, RISV R AR AT A R/ 7 RN 22 57 3 (P<0.05) .

Datain the table are mean + SE, and followed by different lowercase letters indicate significant differences at the 0.05 level.
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Table2 Two-way analysisof variance for testing the effects of different secondary metabolites and
hour s after treatment on the detoxify enzyme activities of beet armyworm larvae
WA LIRS A (h) HAERUN
- Secondary metabolites Hours after treatment Interactive effect
S E
. EIKF I IKF BEIKF
Dependentvariable  Fifi e oo R A o0 g ame POCT
F value df gnificant F value df gnificant F value df gnificant
level (P) level (P) level (P)
LTS
FRRRfi 80.225 3, 36 <0.001 114521 2, 36 <0.001 3.214 6, 36 0.018
Carboxylesterase
it H.Ei( SAAH 16.892 3, 36 <0.001 1941 2, 36 0.165 2.242 6, 36 0.074
Glutathione-Stransferase
4
AL PASO 7197 3,36 0001 8636 2,36 000l 0534 6, 36 0777
Cytochrome P450
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