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FEE N 7T AR SRR BRER AT ENRR R 2 P WU HORI ISR Spodoptera litura 45 €G48 %
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Abstract: In order to study the synergistic effect of tea saponin mixed with toosendanin and
azadirachtin on the antifeeding activity of the third-instar larvae of Spodoptera litura, this
experiment used leaf immersion method to determine the antifeeding rate and synergistic ratio of
tea saponin, toosendanin, azadirachtin, and tea saponin mixed with toosendanin and azadirachtin
on the third-instar larvae of S. litura. Through pot efficacy trials, the antifeeding rate changes of
the three single agents and mixed tea saponin + toosendanin, tea saponin + azadirachtin after
smearing cabbage leaves were determined under different treatment times. The results showed that
the antifeeding medium concentrations of tea saponin, toosendanin, and azadirachtin were 64.02
pg/mL, 29.90 pg/mL, and 3.98 pg/mL, respectively. The mixed tea saponin + toosendanin had
synergistic effect at a ratio of 9, 1~3, 7, with a maximum synergistic ratio of 1.39 at a ratio of 5, 5,
showing additive effect. The mixed tea saponin + azadirachtin had synergistic effect at a ratio of 9,
1~1, 9, with a maximum synergistic ratio of 1.87 at a ratio of 8, 2, showing synergistic effect. The
highest antifeeding rate of tea saponin + toosendanin (5, 5) was 2.05 times that of tea saponin and
1.21 times that of toosendanin; the highest antifeeding rate of tea saponin + azadirachtin (8, 2) was
2.47 times that of tea saponin. In summary, the results showed that the mixed tea saponin
toosendanin and azadirachtin had synergistic effect on the control of S. litura by two plant-derived
pesticides, which could provide scientific basis for the scientific prevention and control of
Spodoptera litura and the development of environmentally friendly synergists.
Key word: Tea saponins; azadirachtin; toosendanin; Spodoptera litura; anti feeding activity
R Spodoptera litura J&EBEH B ROEAL, J&—Fhtk A ES AR gl FER (£
SRR 58, 20210 o HAMERST, &MWL 109 7389 LR, EZONEMIE. ME. i
S By BB AR FIERHNBSE (lEE, 2023; 5KICHE, 2023) o REEURIEAE
—AER AT LR AE AL, IRt HEOR, il eikfa s, SREHE ENSANSE, KIEY
RISEHE A E, WA ER T BRI R R EA5E, 2009) .



T RO AR HARE 2, AR B RN s 28 R A R SR i, IR USRI L S350
BT ERUBURT PR 420 I S5 A S AR 24 AR [ P9 b RSB VE FE T (HROmAE, 2008) o (HACH]
REMAALRGA, C&FERLBERT 2 MR SR BT (5, 2013) o EIBER.
R A R R SRR 2 A XEEARAE Y m A, NN B SRS A e A, TS
NN, Doy A SRR TFATER AL, SOV RZAZEI T GBS, 2023) .
EIR 2% A EIBRBE 1) At 5 o 23 8 B DU 30 =l AL &, RFE T B A R T b SR
Plutella xylostella. “L3I¥k Tetranychus cinnbarinus. RE¥F Aphis gossypii~ Ri%% H Helicoverpa
armigera SEHEAERPOR, (IR GEMNENHM el SE & 5T, DU
B C5RIMEE, 2004) o JIBRER R BRATE SR PSR B DU =i B4 &9, X2 Mol 3
PR —ERAEYTENE, (EX8EE H F R 25 ROABAE GRS, 2017) o RERZEMNLZE
FHEVIRIM T G ZHHFD TR — e 54, 2 — R R IR i AR RS 1
RUR IS VER Ve BYTZ R H A ST A= v 72 R CeiE 3845, 2007)
T WA DR PR R R AR AR 2, ARSI AR 2 MR 6 XGRS R T, (R
AT DLEL ARy — M A AR 2 A o SR B — i ] o R AR PRI, PRl HoAd 25 )
TR B Ae R HAE I

R, ASHIE 7S LR SR 3 Bl UG SER X B, WA B3R IR A ENRR 2R 577 AR
WE J5 0 R SR 4y B PR B 1, e 2R 2 R IR I E 3 b ) SR R R R R+ R
BRI R RASE O A S, RFEAFRS )RR SRR &R A, AR g B
RESREAR B 71
1 MR5RHEE
L1 iR

RESCBURAER BT A8 AR B2 B R BT 70 BT I R AL B 5 R T U=, 2 = N )57
ZAC PRk —B EERI 3 I U Dy S duJE
12 NBE5HF

g SPX-250B-G UG AR OGIRIE R AT, BRI AIR AR MK30 N EJT
R, RYIE EE R IR A .

HERZG: KRR, ARE>90%, W T WA S EVRHEARA R, HAksrg5ik i
Bl Fs. JIBRER, 20RE>98%, T VU )14 4k v & AE DRI A BR AT . 40%EIVBR 2 J506
R A R RIRR 2 AW B E S E st . —H I (dimethyl sulfoxide,



DMSO) 4/%>99.8%, T MFMEDEH AR AF; tween-80 (A100442-0500) T~
INSFAE DR A BR A

K1 RERMLALEHK

Fig. 1 Chemical structural formula of tea saponin
1.3 S
131 ZRER. JIMER. ERERA RSO R AE s 1k

KA R RBUENE KRB, 2014) o BARERME: KRB ER. JIREMBREET
TR, FCHIA 10 mg/mL IREE, FEH 0.1% tween-80 /KVAVRFERBERL 6.25. 12.5. 25,
50 F1 100 pg/mL 5 NS A8 FH AT FLESAEHT i 2 H i EATEUEDE e (B4R 1.3
em) KRN RV 250 IR 5T 8~10's, BUR T T BRI B, HART S,
AN FJE A s iR gy, S 4 Fr, BN 10 SKOVRALEE 4 h (1 3 YA 0, N1 AEE,
TR BE 3 IREE . LL0.1% tween-80 /K VAR AL F A - 9 23 W HE ) 77 R8T IR
[ 26°C£1°C, HXRIE 70%+£10%, JEEWI L D=16h : 8 h MEIRRE7=4H . 43 241 J5,
[6) T A 4R SR G K, BEAE S B AR SRR o RSO A B A A B, R R T
TEBFAMR L, FHARNLZE MK 30 P9 BT CBEA i, [ 58 — 3 By 20 em %)
FERERSI, WRBREFI AR e A,

132 ZRERSNIBER. EIBE TR AC I 80 B 1 i %

TRAC LU 4% B8 Horsafall 531 (FRAE RS, 1997) o ARHE 3 MhE s i 2k g, i
A RO h IR B2, T LA LR AR L o R . #5796 & e (SEPRiE /R 2
>1.05 AWMIEM: HEWENT 1.05~1 Z 08, NHIEM: HEaR<, W PE
F o it B S0 F I C L
133 ZREREIME. EFREFIRAC IR0 L e & ik

DL Wadley 347 52 0%k (BERRAE, 1994) , SElc] 3 Fsa o) i B ek R, P %
R L PR AR JBE 56 FEE MG 4 2% 72 3240 31 5 1R 3 A BN 3 42 19 AU AL S I AR IR 4 75



B8 25 TR R B JO R BB R o T BAL % BRI AT AR 2 D [V U5 B2 y=atbx A1 -, #FHHE
BRI AFCsofl. 3 Wadley 235 2 B AR L .

JHEETE % =aX A (AFCsofE %) +bXB (AFCsofE %)

AFCso (B = (a+b) / (a/AFCs0A+b/AFCsoB)

AR Lb=AFCso BL1&{E/AFCso S Frfi

A AL B RRFE R GIRIA ) 2 A FIASY, a. b 2PALERF AT S &
B . MR AL A P . SRR 1.5 WEOABUER, A F 0.5~1.5 21
BEAAEIAER, /NT 0.5 B R ESHL/ER
1.3.4  FARABAL

FEBAFERALE (EAAN 20 cm) HP#EFh 3 RROF -, 7ERIGT0 M7 55 7%, HE
PR 8 B BB FEHEAT S SR, AR SO IR 3 A, B 3 IRE . AFA A 3
Tol 22 B0 TR £ v R T2 2 5 e B 2 L P 25 12 R+ R A S 2 R+ BB 32 2 AR I3 5
AL, RSO Fr s R RRAME S KRR, T2ES 1. 3. 5. 7. 9. 11, 13, 15 R%p
IRECE AT (BAEA 1.3 em) , $ZIRE&E 4 F, EEHEN 10 KULHALEE 4 h 10 3 78
VI, g1 ANES, KE 3 RES . MR 1 RN AL U RS R — B
45 SR (JE 2R AR BRI T2 BR 25 J5 58 1 RBUT) , SR s, W& A AR,
THRARE SRR, PN E RS
1.4 BEHITESERSEIT O

FAEE R HEE B R LA A H . {#H Adobe Photoshop CC 2019 $4 i %}
PR 1 em KRR G T B TIAL, 6 F DPS #0411 538 & ik E AFCso, 1 F IBM SPSS
Statistics 26 H1 ¥ 5L [K 3 75 22 23 BT BEAT SR T 0T

I TR =4 A PR S TR -2 4 P TR A

FEEBEPEAR AR (%) = G HRALECE T AN- AL B AL A THAD /3G HEZL I A B TR AR < 100
2 HRE5SH
2.1 3 MR R TIR R H LN R IE R TR

TR IR BB SRS RSO 3 54 A HE B iR 4 3 64.02. 29.90
3.98 pg/mL (£ 1) o EVMERINEEVEERGF, HETWREICHR BRI 6.2%, A% 16 fF,
NIBRR X2, THEEHIRERFRIB RN 46.7%, HZE 2 ff. 6.25 ng/mL KRN 4 v
WA (R T AR LA B AR ), TR S B R, 100 pg/mL ARFE R Fr AT AR



BRI R ACER s B R AR E 6.25 pg/mL AL R ECE AN E T, 100 pg/mL
ARFE R AR WSS BRI, R AR D s BB A E A R R AR, 50 pg/mL
AEBRRGH AL T AR R, HoAR 3 AEURR D, 100 pg/mL ARFE I L R R . 3
il 24750 A FE B PE AR IR e A RS R (BT 2D

R ORER IEE. (RRAFINRGRELREEREN

Table 1 Antifeedant activity of tea saponin, toosendanin and azadirachtin against the larvae of Spodoptera litura

ESpnlEZ EVEprpis A HIRE (ug /mL) 95% E 1% X [7] FHR AL FrAEiR 2
Drug name Regression equation AFCso 95% confidence interval Correlation coefficient Standard error
KRR
Y=1.3623+2.0139x 64.02 17.62~232.66 0.9919 42.15

Tea saponin

NPk
Y=1.0570+2.6722x 29.90 14.70~61.43 0.8344 10.96
Toosendanin
bl
Y=4.1806+1.3668x 3.98 0.19~81.17 0.9780 6.12
Azadirachtin
AP IE
Blank control % ? 4 ’
U (ug/mL) IR (ug/mL) VBRI (ug/ml)
Tea saponin Toosendanin Azadirachtin

B2 ZRER. JIBER. EIBER xR SRk 3 k4 dUidE (s ik

Fig.2 Antifeedant activity of tea saponin, toosendanin, azadirachtin against 3rd instar larvae of Spodoptera litura
e BEPEEHER 4 Bt RO — AR A R R, RBINR KBS A AL B . Note: The four horizontally arranged leaves in the figure
represented leaves treated with one concentration, while the vertical columns represented leaves treated with different concentrations.
22 FEE5IRE. EMRFREAIENECLL E M iHik

MG B FE ES TESE R, R RMEA R 70 5 R . ENBRER S, HEATHE 2%
FCEL e MR iE (R 2 IR 3) o HRHSEIRAE Rrl . FERHIMEMECT 1, 9 R
P B R bRy 0.92, /T 1 REUNTEGUER: 9, 1~3, 7 MECHEAIE R ERIGRT 1,
RIAWAEH: 2, 8 BICHAFE R H AN 1.03 NERBUNHINEM : BF B R+ IBRACE 5,
50, ERIREARN 1.27. FEHRAHRAARC AR AEAEN .. ZoR 2R EIRERR



FCHBCEEoy 8, 2 CARBILL, RED B, X RHEURERAIE R R KON 1.70, R IR
e
®2 FEZRSIMEAEEESHGREAEREN
Table2 Determination of the antifeedant activity of tea saponin and toosendanin in different ratios against

Spodoptera litura

HIERH)IBE (AFCso b3 FPRIEE A (%) WRIEEE (%) fEfrtes
Tea saponin+Toosendanin Actual antifeedant rate Expected antifeedant rate Antifeedant rate
10:0 48.10 48.10 1.00
9:1 52.29 49.04 1.07
8:2 54.95 49.98 1.10
7:3 56.40 50.92 1.11
6:4 58.22 51.86 1.12
5:5 67.31 52.80 1.27
4:6 57.73 53.74 1.07
3:7 57.56 54.68 1.05
2:8 57.48 55.62 1.03
1:9 52.01 56.56 0.92
0:10 57.50 57.50 1.00

*3 FERSHREANEG LN RGEIHEAIERTEME
Table 3 Determination of antifeedant activity of tea saponin and azadirachtin in different ratios against

Spodoptera litura

F I FRAEIB K (AFCso L) KEREREE (%) MEEEE (%) At
Tea saponin+Azadirachtin Actual antifeedant rate Expected antifeedant rate Antifeedant rate
10:0 48.10 48.10 1.00
9:1 77.91 49.85 1.56
8:2 87.75 51.59 1.70
7:3 87.25 53.34 1.64
6:4 73.41 55.08 1.33

5:5 91.33 56.83 1.61




4:6 90.51 58.57 1.55

3:7 93.04 60.32 1.54
2:8 90.75 62.06 1.46
1:9 92.61 63.81 1.45
0:10 65.55 65.55 1.00

23 FER5)IE. ERFRRARAENECLL 25k
MR E R 45, R Wadley VEIIE AS BR+)IBER . 202 5+ EDBIER e 1 A0 Ee
X RISUBORAE B, AR 4. G5 RRH: RERHIIBEKECE N 5, 51 AFCso fE5 29.45
pg/mL, HR LTy 1.39, RIFINAE T B3 +EIBRERAC EL 9 8, 2 1 AFCso {879 8.51 pg/mL,
SRS R AT BORIGAE R, 2kt 1.8, KT 1.5, RIUDNEEWAAE . K3
Y5 Horsfall v 7€ P 45 RAHTF &
F4 REZRS)IKRER. EMRFREECAVIEEL

Table 4 Effectiveness rate of tea saponin mixed with toosendanin and azadirachtin

LB
R X EE VB E Yy HEFWRE (ng/mL) W
Correlation
Mixing and proportioning Regression equation AFCso Effectiveness rate
coefficient
RERHIBER
Tea saponin+Toosendanin Y=3.2722 X +1.1761 0.9960 29.45 1.39
5:5
K E bR
Tea saponin+Azadirachtin Y=3.4001 X +1.7197 0.9971 8.51 1.87
8:2

2.4 BEHGPAE

I Z AR BOR I i 3 P SR TR B R IBER . SRR R BB R R L
J G, ANFEACERES )R RHEORR AR R A SR FTR R BB 3 R B AR T
Y, Z5JE5 3 RIBEHREEN 94.90%, THJEEH 5 KRBT TR, IR, &
FIE RN 53.58%, TZJEH 7 RIBEVEMEIFIA R RERNIECHIERNENEE,
FES 11 RAERHRATER] 31.57%. KRERHIBER (5, 5) MHEmEEERN 64.80%, RAkE
R 2.05 £, JIBRER SR 1.21 15, T2JE5 13 RIBEWEEIFA R, ZFE1+-EM



R (8, 2) MEmEIEE RN 77.95%, AR TEIBER B, 2 B R Bl miE R m 2.47
B, THRE 9 RIBRIGTEI IR T .
xS ARAYIRER

Table 5 Results of potted plant pharmacodynamic experiment

KRR+ KRB

By 3k Xt i R iy &~ U N Tea saponin Tea saponin
Preventive effect Control Tea saponin Toosendanin Azadirachtin +Toosendanin +Azadirachtin
5:5 8:2
Pl A THIAA
(em?) 1.48 £0.09 ¢ 2.06+0.06 d 239+0.11¢ 492+0.15a 2.46+0.04 ¢ 3.35+0.08b
CWN
Remaining area
Day 1
FEE (%)
1543+ 1.67¢ 2428 +2.85d 91.89+4.04a 26.24+0.94 ¢ 49.81+2.24b
Refusal rate
PR T
(em?) 223+0.06¢ 2.88+0.08d 3.40+0.35¢ 5.07+0.04 a 3.22+0.07¢ 3.93+0.07b
EIRIPN
Remaining area
Day 3
HEE (%)
21.82+2.77d 39.13+9.69¢ 9490 +1.37a 33.19+249¢ 56.78 £2.46 b
Refusal rate
Pl A THIAA
(em?) 3.02+0.17f 357+0.05¢ 4.20+0.03d 5.08£0.09 a 3.95+0.10¢ 4.50+0.11b
EURIPN
Remaining area
Day 5
FEE (%)
25.04+2.43¢ 53.58+1.32d 93.43+4.16a 4229 +4.46 ¢ 67.37+5.03b
Refusal rate
PR T
(em?) 297+0.10¢ 3.59+0.10d 4.07+£0.01¢ 5.00£0.05a 4.17+0.01 ¢ 4.73+0.08b
TR
Remaining area
Day 7
HEE (%)
27.70 +£4.39d 48.90 +£0.56 ¢ 90.11+2.09 a 53.16+0.55¢ 77.95+3.69b

Refusal rate

HEIOKR FIAR AR 3.30+£0.12f 3.85+0.04 ¢ 4.19+0.09d 498+0.02a 4.46+0.02 ¢ 4.68+0.04 b




Day 9

ERIPN

Day 11

HFI13 KR

Day 13

15K

Day 15

(cm?)

Remaining area

HEE (%

Refusal rate

R AR

(em?) 2.38+0.07 ¢

Remaining area

ERE (%)

Refusal rate

RIA AR

(cm?) 3.46+0.05¢

Remaining area

HEE (%

Refusal rate

R AR

(em?) 2.79+0.17 ¢

Remaining area

ERE (%)

Refusal rate

28.36+2.20¢

3.28+£0.09d

31.57+3.19d

396+4.11d

28.24+7.31d

3.41+0.05d

2558 +1.94d

46.13+4.57d

3.45+£0.05¢

37.67+1.86¢

436+0.03¢c

37.10+1.73 ¢

3.64+0.11¢

3471+444c

87.06 +£1.30 a

4.76 £0.02 a

83.79+0.16a

4.16+0.39a

62.41+13.75a

422+0.02a

58.79 £ 0.68 a

60.08 +1.29 ¢

4.22+0.08b

64.80 £2.81 b

4.49+0.04b

51.01£1.89b

3.83+0.12b

42.81£491b

71.65+2.12b

431+0.11b

67.81+3.73b

4.56+0.03a

58.60 £2.03 a

3.95+0.01b

47.80+£0.24b

e RAPEIR T BIME AR R, B SN F B R F — i R R SR AR 4 SR KO E AT B R (P < 0.05)
Note: The data in the table was the mean + standard error, and different letters after the number indicate significant differences (P < 0.05)

in one-way ANOVA between different treatments at the same time.
3 HFig5rhie

F R E R BEEAGHEY 2 —, BEHAR, EE, SREIEDRE, FRH
PEA TARZ A E AR BRI AR, ORI A= R — R, RS, R SH R
BMEEER, WHIPRAMMGZREER, TUSCBURSFEMERIM, G808 K KRT R L 45
i, R AR R R TSR, WSRO PSR R FE R PR LAY E B S GRS e
45, 2021)

REER W EZAF AR, Hoxt 3 dUprE 7 AN EAR B o . B FERAN
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ST, AHOCEF AU R 30%4% 2 3 KA IR AL R 1Y) v 1 23 3 55 U Ectropis oblique
hypulina Wehrli iESI%59, S & H0T, AbHE 96 h J5 I IEFET - R AENEIE F] 74.08% (¥ 5th, 2017).
4 000 mg/L [P B FRA /NI 3 B4 B R TTIA 48.57%, #ERHEHE (H#, 201D .
20%ZR B R 6 h 5, WHZE/NRF Cylas formicarius 1) S HERUE R AL 97.65%, SEA
EERCRHE GRINZE, 20200 o RBHRMEN—FAEEFIRIEER], [FRE AT LUE 1824
FEF o I RO E TAEAR 2 oI NZE R R RS 5 25 M BRAL PR T, SR 25L&
VE MBI SERUR, BEARZIRIAR TR ) R e A, X2 Y AN S I A, S
FIFERERR Y B BOR R, BRI AR 250 B AR AR IS T, 3 B S A B R ROCR -

A FFD IR AT S FRR R R AN E B TR —  FRE RS RARREHA,
T LB 24 A ERAL R R, 4 7 2 RUAE S AR A ) I R SR R, AT I B B4 (¥ B R R
ALK sk R 2 1) F e, AR REIE A, S D IRBETS Yy, e LR T bt R R AR K
MER CRIEZESE, 2002) . CAFARY, FEFENZHAMFIAEHBER: RERM
HRERALL 5, 1 B9 ELRIR A S 38 R EGRIA 327.26, XHLLBKAREE Tirathaba rufivena 3 #5 %) 4
FIEEAE AT B2, SRR R R s LR L ) 2 Y70 LAAS TR ¥ 1 P O =) g ek e Ak 7y
ANFEHIE AR, Mg sR 1 Pia8CR (B#IZESE, 2015) o BUsiE Ly 5, 100-30, 100
2 SR B IRIC A A 55 9A B A F Aphis craccivora I, YAEHAER, HrhRER N 10,
100 A 38 201 FH B 35+ LI oL i 2 02 3R A D 3R T Vs e PR A K 7 bt R R ZE A T ) £
FII () (PR 42458, 20100 o BL 1, 3 WHCHIRIC A B R 58 R G R R 3, X i i
Cicadellidae FIX5 2. Mythimna separata (W38 305057 54 1.82 F1 2,83 H IR 0T e Ji BRI 5%
BERAAAM. SHl BE. BN AR R (BREIAE, 1995) « RERSRHE,
TEOAREFLIN . R . R R IR R BUER CREITEE, 2022) o FREEREX 20%K
Z AL R KT WL Pieris rapae Y83 MT ik 6.33 fif, X 2.5% — &5 56 Big A% KoK 4 i f
Lipaphis erysimi pseudobrassicae S8 14.83 £, X 5%J6 % W4 KA 42 N Panonychus citri
IR 61.8 i, XF 20%mkiH R A% K4 TR 18.67 £ (WHZAHESE, 1998) .

AW TR N AR AL 22 SRR de i 2 200, ML B3R, s duk iy
6 TR ThRE, EIBRER AR AL R B SR ZU A AR B R, T 2% 52 2wl Ao B2 e Ak A )
A EE AT T S O B () V5 P TRTERE ER TR PR R 3, 23398 RV RIAT], 2 R0 (&=
B AR AR, 1996; FNIFIAEEEK, 1998; M T4, 2010) . HHI, KTHRBHRKE
(3R E F AV 24008, FRB RN RGN R Z 5, 2225 MR 5K 7« Hefb £ o
VUSRI, A B T 78 20 RIEZIA (CE/NZHBERER, 1998) « AR LW, F



SR —E AL 5 )RR AT BB TR T (3 AT 7T DU R e )1 R 2K R BN 3R 0 R Sk

B R 1, I R LA 7T A 5 TR 7T A 6 S L AAS A FIALAA T 35 sRAE AR %, vl g

FETRE AR I RO RN 1 SR 25 VK BEAL VR B, SEAAE FI IS 18] o RS )T 2R BN 22 2 H A

e, m s TRER, MARERNEERBFAAL RN, HER. KR ER

D9 8 2G5 P B RE SE B RO R W O R T 5 RIS 7E /b 1 245700 ) P R TR s 31 17 A ] T 22

S RIBTVA U o DRI AR 75 25 SRAE RSB Mk ZR R 22 B 2 v B SE bR S (B, X T4
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