IR AR 2022, 44 (6): 1569 - 1581 http:  //hjkexb. alljournals. net
Journal of Environmental Entomology doi: 10.3969/j. issn. 1674 —0858. 2022. 06. 27

Rk, XN, Wik, WER, KRR, BTE, MKER, VR, B SAEPIIRZ L IO B TR ORI B O AR i e v
i [J]. FREIERAEAR, 2022, 44 (6): 1569 - 1581.

= i AE 1 iR 25 7 X 21 ALY B iR BSR4
B B Xt 7S Hth 45 Y B 5% =2 i

N 1* > 2% =3 2 ~ > ] X 2 1
Regx . X BT, B K, &R, Rk, EFE,
N 1 N \ > ] 1% %
AR, %, £ &
(1. AR R BE M 510642: 2. BT AL RHESRIE L . TR 5180573
3. WHTRFEAYRAARAT], WL a1 321000)

FEE: 21 KWL Solenopsis invicta Buren J&—Fhfa Rt AR FHE d, X AZSERE . MOl A AFZeRATRE
FEAEE R . BT, S REEBTIALL I EE I A SR, REFLSARZGH AT T AR
KB SR X A A SRR X o A T AR AR X T OB YA B 259, AR SC b A 5 N RN D R I A T A
UEAR HUR 37 20 Matrine s #1 R[] Rotenone IR HIZG 3 Pyrethrin XL KA BIARCR . ENIREELTREY], WS
Bl B R RIS HL A 2R 20 ok Y LA e g aE e R BE FEH, 25.00 mg/L Ol 12.50 mg/L 3 2 6~
250. 00 mg/L #1125 mg/L FaRER. 75. 00 mg/L 1 37.50 mg/L |4 H 35 22 5 S A0 FH, 21 Ky i 8558 2R 4551 3k 5
100% « 81.25% « 87.50% « 79.17% + T1.73% H166. 67% - $XTi. F& 25.00 mg/L #5640, Hphab#3 S 307
P S ) S T RS 00 PN HE BT RS . WESLAC RS, AR TR IX T b AR MRS SR Y A BE SR R R AR TR
TR L5 LR, TS0 FREER IR B 3E A A S PTIA 20K, A 0. 5% TS 08 T IR BE A S
RET IR RE L, (A5 I AR 23K 100% , 7] Ak o 24 1y e ST o A SR TS R L LIR30 21 I B
YA 7 THLELA B T RV T

K LG MR HEE; BERSHN

BRESHEKE: (Q968.1; 433 CERARIRAD: A XEHS: 1674 -0858 (2022) 06 - 1569 — 13

Evaluation of three botanical pesticides against the fire ant Solenopsis

invicta and their impacts on native ant species
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Abstract: The red imported fire ant Solenopsis invicta Buren is an invasive species that have seriously

negative impact on agriculture, ecology, public safety, and human health in its invaded regions.
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Currently, chemical treatment is the main method for fire ant control. However, most chemicals are not
suitable for ecologically sensitive areas, including organic farms, water resource regions, etc. To screen
chemicals for controlling fire ants in ecologically sensitive areas, the control effects of three botanical
pesticides, matrine, rotenone, and pyrethrin, against fire ants were evaluated under laboratory and field
in this study. The results of laboratory bioassays showed that matrine, rotenone, and pyrethrin had
significant toxicity against fire ants. The field trials showed that the mortality of fire ant mounds reached
100% , 81.25% , 87.50% , 79.17% , 71.73% and 66. 67% under the 25. 00 mg/L and 12. 50 mg/L
matrine, 250 mg/L and 125 mg/L rotenone, and 75 mg/L and 37.5 mg/L pyrethrin mound drench
treatments, respectively. However, all these treatments caused new satellite mounds around treated
mounds except 25. 00 mg/L matrine after treatment. Investigations showed that the species diversity index
and species evenness index increased, and the species dominance index decreased in treatment plots after
mound drench with botanical pesticides, suggesting that the diversity of ants increased. This study
suggested that matrine, rotenone, and pyrethrin are suitable for fire ant management by mound drench.
The commercial product of 0. 5% matrine soluble concentrate are effectively on fire ants control which

caused 100% morality of fire ant mounds in the field.

Key words: Solenopsis invicta; botanical insecticides; mound drench; diversity

21 kWL Solenopsis invicta Buren J&—Ff B E 1) #h
RN, AR A S 2 s NIRGERR ARl
AR S PR B A FORfe 3 (Rli K BR AR 35,
2015; Flik K%, 2019; Wang et al. , 2020) » H
2004 4E A [ OR il & AR O e, R B
2022 47 A, B2 AR E KRR 12 X 579 A
HIX (FEKBKEE, 2019; http: //www. moa. gov. cn/
govpublic/ZZYGLS /202207 /120220707 _ 6404284htm ) .
ZLKWGE o Hl B TCEHMES Y T M A B
Y, siFEd WS, BAUARI A Y
A, R RS RGRM (IKRIESE, 2015, £
ZHEE, 2017; Wang et al., 2020) o i #E ) 3 =
(K H SR E RS 44 5% R A28y 379 Ty
s, A2 FE2k (149.6%) 1 R
WiZE (14%) . By 18 M T2 (5 100%)
FTRE PR A 21 ORI AR T T B A5 T e 22 K A
(PRIEHEE, 2006) o Z1 K MR AR 3 BOA M i i
PR 30% LI ( Tsai et al. , 2009; R
R4, 2009; Lu et al., 2012) o WFSR BN, 21k
WA X T [E R 7 7 B b SR AL RE PP 75 4
SR b A5 A A B b T S T A T E R
T (5= £ ek 4, 2010; J 4R % 4, 2010;
Wang et al. , 2019) o B& THIE W4, %28
S MR ZFEYR - (RS, 2010) .

MR IR AR VUi N RN = G 7 31
Tidie KRR E FEMEZE. BWSETE (A%
A4, 2011) , I [a) 5% B A1 B 36 32 2040 1 2 1

W MRIER A AE L (RIS, 2017; Vogt
et al. , 2002; Wang et al. , 2020) , HEiFEHRHT
ZLISL7 45 3 700 B AR 300 1) 32 B 53l DA e B
(%5 WE BT B (http: //www. icama. org. cn/
hysj/index. jhtml) , I AREER, B4 Al fE
VB LL LT 25 1 BT 25 PE 1Y 77 A Zhang et al.
(2016) A IRAH g AU A BRLT KBS, 20 KRBT
WA PN 1Y e I PR (40 M B R P450) BN T
36.4 5. Siddiqui et al. (2022) 5 H {8 e 31 R
APRET KL, 1 WA PN R 3 A 5 Tl AH G ik 1A
KA 2 R GR . TR, AR Y R A
FIRESS AR AR REARAE Y, TS Ml 0 IR 9% i o )™
(60 THT 5% IR (R 7 4% %, 2009;  Senthil Nathan,
2013; Liet al., 2018) . FREMAHIFIEIX . K™
FRAH XA A SRR X A £ WUk A, (B2 BT
TS b b DA T Y 21 KOy 45 2R s = .
RASHUR X 20 OB BETS B A BOAHE, W2
S AR & I RSO S Sl AW VR ]
FR T B3 6 30 A i B o
IR A X N &4 RBREE . Sy B
NG PV A, R HUBIA P s B oGl
(Isman, 2020; Riyaz et al. , 2022) o W2 E
Bl # Y ¥ 5 Sophora flavescens. V7 % T S.
alopecuroides #EFA ML S. tonkinensis 55 W ¥ 25 K5 Yy
AOTE PR T (XSS, 2003) o B Biefol A
SRR R, H R AR 298 E TR A B
E A T R WK Spodoptera exigua 35 FH H
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Hyphantria cunea~ K W& Sesamia inferens~ /N 3% W
Plutella xylostella~ %5 R ¥ Ectropis obliqua hypulina
¥y B MW Dendrolimus. %5 T H Euproctis
pseudoconspersa~ HHF W Helicoverpa assulta~ /N #
F& Agrotis ipsilon~ Z% /N&g M1 Empoasca pirisuga-
1%t Aphidoidea. i & Thripidae. HE % Bradysia
odoriphaga FI- 1 Tetranychidae 4§ 14 Ff fé R 2 dy
(FRIEMISE, 2020) o fakM e M Derris FH4)
PR ke 1 BT I A R AR T A R R, BA
ARMTEES S AR HGETT XN K sh R EE, X
ARy A 75 PR FIAR 7 it 2 A AR R (AR DU R B
gk S, 2001 i % %, 2006
2006) , Xf 8 %5 Bk B Phyllotreta vittuta~ 3 ¥ W
Liriomyza~ %} 8L &K Wk Spodoptera litura~ 3% FH HL
Pieris rapae~ /NI WF HUAEAOD F RUEAT AR
BRI . R U3 3R 0 32 iU KRBk 2 T
J2 DGR HE 4 A ke v B8 B A AL TR A0 Tt I T 1l 114 T
H4bE%) ( Crombie and Elliott, 1961; 3§ IF 44 %%,
2020) , XTETEFL EH B Coptotermes formosanus 45 5
R S A (BN RSE, 2019) o mARM
T TR T B L34 3R 6 K AR AR W) B ( Matsuo and
Mori, 2012: fHesh, 2016) , fH 4 a2 2
Yee vEBUAK, sk 4k 5F (2005) 4 & AT A A
0.5 mg/L % 2 H: ¥y il £ B W) 3K 2% 6 f1 Siniperca
chuatsi YR B/ NZERS 1 Trichodinella ninuta 2§ 4
Mo I, B IR 20 OB AT AR 4 A [ 25 A Y A= 28
TRURR DX e B AH O (A P I 245 741

ASCVEAS TAE IR 25500 8 S0 R KR
HU 3G 2R L1 LR B A T K H: T ) 3 5 B R
[, AT 1 AE ) A 24 3 SR BRI 21 I M i
5 0 AS H T WORE R AR W, B AE N TIT R
FATEL KR A DX Sl A AL A DA K R fR 4
25 A 2SR X T B €0 1) 20 K LI 4 2 5]
PRALEAR ST

1 #REIE

1.1 #REREgts

77. 1% BrHRAGRIEZ (WA T MNP A Rt
TARAT) . 95% MpeEi 52y (WA M
YIRS R ) |« 98% WSR2 (W EH S A
AR A BRAF) « 0.5% 4 (T SM) Al
O (R E AR St [ ARBEBLIG A v
PRI FEAOL AR A R AF]) o 5% =P IE (M

Opolot et al.

JEERR)  vTAWN (= EAEYRHCA R A
Al) o 1L5% =AREAE (BRI R) KAF (=™
M EAYRHCA RSN o

TR0 I £ KCUBCRE Y F 2020 4F 6 ] REETF
TR sk os B AL AR S R 3 (N113.28869°,
E22.35188°) . K RAEFTIRAE AU LT JOBUIURESE A
WA WA SRR, R 2 ~3 d JESR AR K
Be, FRLLKOBUBCRETE TOKI S, KRR 2R A
WA ERE. DUKRA 10% v/v BEKE SR,
7 d JE R 5l . fE IR = R 25°C, AR
60% ~70% - X5 BT F A 21 KOBCH AR A — 3 (k
$i 1.20 ~1.30 mm) . fEFEIEERAY T I
1.2 EREWLE

2 ARl TSI 5 5 S T A T 24 7 Y
WREEDTA], VO B WK 3 S 0 (e B
R 3 FRL S BIFERER S LI . St
IR K7 39.200 19.60. 9.80. 4.90 Fl 2.45 mg/
L; g 76. 00 38.00 19.00. 9.50 F14.75 mg/
L BRAZE2 4 1542, 3.86. 0.77. 0.15 Fi10.03 mg/
Lo 7E A2 2.5 em & 7.5 cm 187245 3% 55 45 4 B
W — 240 (BRI, W TARZETEH
ET AR BRA D), LABG IR dkis, P
WA T mL (R0 B2 0 250, % S B RS 45
25 1 50 ML BEE T B I A P BE . B B A AR T
HCE RN S kI, BRI, HT A%,
et AN 55 245 7500 1 TR I 5 9 A LR Sl o) BB . B
A PR 30 Sk R/ S fEERE TR BR A R T
(961,20 ~1.30 mm) PEFTIRE. AbFE 24 h
Je . WA D R W FE T . AP S
W, B3R (A Te S, 2013) o Y4
X HEZHFE T 3% 20% LLT B A 350800 -

B LD KBUR s R B TP R 2 1 Kg
+8E, #E100°C FEFE T T 12 h, @it 35 B
W 2 E o K 10 g WCHE R — IR 2 k)
O HAR 10 em) , FFAINA 4.0 mL 4igokiRA], Sk
JEHEA 30 SR AT T, SRR LV P RE R K
Fesple, By Ik TGk . 1 T 7E 3Rk b i v
+ FRCEAZE 12 h B A, R AR
B 4.0 mL A5k B A U 2 9 R i B 1
RN S E I & Al RS 7 N Bl b = D S A7
JERBEE: 0.5% % 2k FE R 3. 00, 1.50. 0.75.
0.38 F1 0.19 mg/L; 5% fu i fi ¥ & & 250. 00
125.00. 62.50. 31.25 1 15.63 mg/L; 1.5% &
AW H 75001 15.004 3.00. 0.60 F10.12 mg/L.
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AR AL BEAE A s (AT R BB E A 5 K.
T3 IR AbFE 24 h 5 HE TOET 5. E
TR FET2H( %) = (FET- U/ A A
) x 100

1.3 HERERE

L3.1 g Ab el

RIS T 2020 4£ 6 H -9 AFE) R4 Bk 3
ITIX AN £ B T HLAE AR S AT AR K
KPR MR AT o TG M 2T O Z R .
6 AWLELAEAT ) 5 LT AN 1 ASREe /MK (AR
25200 m?) .

i 0.5% #4 (HS) IEwG, 5% =
TRE I (M) IR, 1.5% =447 (B
HAEE) IKFLFMERVER 257,

HEHEMRALE AT I MERREE, |
wHnA A mIZE s (18 L, i B i KA A%
W) L GBAEKE ( DAAHLERIR) ) RN A TR AR
Ay (LT VT 1R A 4 WAL, i 3 A PR D)
A (1) o xR A E 0 WK B KU
3.5 L/min. %55 B A T A2 AR,
PRI BB A RO TR R T — i S
JIT IR AR A I P9 i A 5 L T AR R Y D — i
EAMTIHABE RS, riddde LikEA
FH W00 e 38 24 R B O R e e i S
EJ7 i, @ REW WS I 25 & (F % %,
2020) .

B

Fertilizer gun
e
5 55

Sprayer Ay

Flowmeter

P 1 21 O e o 5 40 T 2 e
Fig. 1 Device diagram of mound drench for fire

ant management

1.3.2 RRIZEHMEHIN T IO D A
RIEH R R, BTG, s

WA K 44 25. 00 mg/L 1 12.5 mg/L. £ B
FHRUE SR 250 mg/L Fl 125.00 mg/L. [ Hi 25
HRKSY M 75. 00 mg/L F137. 50 mg/L. #E P
TEELARR A CEE, 1R 24 700 R Ta W SR T P
RN E WS TEZ LD LR, HEBEALA TR
RS VESRT) IR, 55 ] AE WUE R R
DD B PGA AR B T o BIIA B2 20 em LA |
HI S 254 10 L, 20 em DA OB 254 5 ~
10 Lo X HR P /K E 8. B b B 6 i
H, mH 4K

TG 8l TR 18 2 R 5 A 4R 1k R AT BORE
( RWIARSE, 2009) , FfAEi 5 A7 — 1 2 W & &
AS/NDC I 2 TR WO A R . M2 E5E 1. 4.
714 RAEA/NX AT —RIGsh T A, It
FESS 14 R IEAT 42 5100 5% WO A7 16 1% Bl R 3% B
HH

WAL . A/ NXAMILRCE 5 75
B, WELHES, B HEAARLY 3 ~5 m. $
YILF ) 5 mm JORR 70 7 A 30 mL 380kE) HfR
b, S S R T 2R, LR T T M .
30 ~40 min J5 YT, 0 55975 S O N A1 K OB .
TR B IR TR IR RO« WO & A= 200
BIARCR s LA BHIARRIT A A XS H A 2 H H]
ORI UEN] () A5 149 R4y R FIPIIALL
I (GB/T 17980. 149 —2009)

. _(1 . WO xWTi_
THLBTIRECR PW( %) =(1 WOi x WTO

WO: 24T K WER P R TR W
25 ALK W 7 4 TOR: WOi: 245 XTI
UM RG P TBE WIO0: 247 AL B X
Hirh P44 T80

B0 7 I L5 B B A 3
L) R 1 B A R AL 7
1 min A 3 ke K T BUEH, #its &1z
BB 250 T3 K TH W IR
FEFIZG IR 14 FOWGEBUILR 75 4RI, #7745
SUREE, JFBSE 15 m 6 FH PO 7 BB,
PR | ATV P M LR ( Vot et al.
2002) . fE K TN HEbRIE R 15K
PIRTEBLIL, ML 1 X A G AT 0 B
T
AR PN(%) =(1 - S0 X

NO: 2GR I DTG W8S NTi: 255 Ab PRIX %

) %100

x 100
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WOREG NOi: 2 J5 X0 RIS WUEEG NTO: 2571

A B DX I

F1 TEREMEHROTS RS (Vogt et al. , 2002)
Table 1 Scoring system used to evaluate the effect of

the mound drench treatments

o AEBE B S < 1.5 myu R AR
" A Number of new
Score
Treated mound active mounds within 1.5 m

1 7 No 0

2 75 No 1

3 75 No 2

4 = Yes 0

5 12 Yes 1

6 12 Yes 2

T WEELAL PEXS R B VA RCR A8 70 Ui 2 A 3RS S SE
WO, H LS mygHlN: AHBUHRA 1 A
532 B2 S 3 AAEHEATRECEE, H 1.5 m {5
W AHMIUH AR 4 I AME4 S 2 NS4 6.
Note: The mound scores were assigned as follows. If the
treatment resulted in an inactive mound, the score was 1, 2, or
3 based on whether there were zero, one, or two new mounds,
respectively , within 1. 5 m; if the treatment resulted in an active
mound, the score was 4, 5, or 6, depending on whether there

were zero, one, or two new mounds, respectively, within

1.5 m.

FERZI A5 14 R TIZ AN BE . MR WO 43
G R v S RS T 2T K ISORCRE AT T R R AT 2%
TR /N X BT A WSS BCRER F  RE HTk
6 DX PN A S SR 24 A 0 OB, PR L 24 ) A B
R BRSO A 3 Se ARHE WURE GO I A 45
TN R o WO b

0 Ye——JATAT AT

1 B——{A T30k 2 0 Ay B3

2 A AR . R A A 2
MNENERTH

3 G—— WUE K H A A AL -

T [0 928 29 _1 _ COXCTi
WRFBHAROR PC(%) = (1 - 0= 710

CO: ZyRixt X WHEF- 4 900; CTi: 2j)5 4k
PRI COi: 2 5 % iR X R 4 9%
Hl; CTO: 2y Ab LK W29 51 o

RN LK ZE G BRSO A P =
0.3PN +0.2PW +0.5PC. PN: I 55 B 34 3% 3

) x100

PW: THBHIARUER; PC: WUERT AR -
13,3 AS[w) 2450 W 53 Ak G 0 IR v 45 440 1Y)
Al

v B B B KO8 1S mmy HAR N
28 mm FPIERLELOAE (50 mL) HAMTR, 0
ST -5, 8 E DR R YE R, KR EE
45% viviIEKTEANE D, RBRRYEOE 13
(15~20 mL) o BA/NXTHCE S DFERE, B ZHE
G, HAFEBFRIRRZ) 3 ~5 mo BEBFCE 24 h J5 [A]
W, B IO A A 75% 05RE /N (30 mL)
SFRIC PR AR, A 013 P 4 Pl 2R I il sk A .
AR S E EE SR QR0 . (E
WY TAR A 0 35 55 S R G

FERFHEIR BT T 2B RATAR (2009) .

(1) Yk ZrevEdeER

KA Shannon-Wiener ¥ Z #£ 13 2 HE W)
MEHEIRH: H = - S PP, soh, Pi=Ni/N,
Ni 255 i MRS RS, N2 S YR Ak
S

(2) BjREdask

K H Pielou 5] FE ARSI TR % E =
H/InS. #f, H 2 Shannon-Wiener ¥ Fp Z#E1E38
B, SEWREE .

(3) e EEHREL

KM Simpson It # B > 2 5800 #5 B 45 4K
C= 3 (Pi)’ = X(Ni/N)*o sot, Pi=Ni/N, NiJ2
5 NIRN SRS, N &S DR ASR B
DL B ¥ Excel 4b3.
1.4 HHESH

NEERPOFAR e a kARl R €/ Y
F Excel 2013 F1 SPSS 21. 0 #/4. {#i i} One-Sample
Kolmogorov-Smirnov test X} 23§ #47 1F 725 43 A7 #6565
TFEIERS M H ] Levenes test #E47 7 22 57 YK
Bo XTHZEFFER, MHRREREGZ00, JF
i Tukey test T2 & LK X FAFFEIESS
AT 2ZE AT, Yo Kruskal Wallis test #E47
g, ik Sk P fE/h T 0.05, fff | Mann-
Whitney test #E47 B FG HL 5. = P 3 73056 ok H
SPSS 21. 0 i3k {/F7E Probit Bz T, 1A SIE
BT ISR 3 PR P R A 24 % 1 K A
Ferhk BT B 1 A A3 (B AR, 2006) .
BfAdi 2 %4 GraphPad Prism 8 %
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2 #FERESH

2.1 ESH. BEM. RARFEFERGIANNE
REHNE

VR TR S S0 . B A R R
XL BT 3 70 8 45 SRR, Bl R
WL T LCyy A 1. 159 mg/L, fil A2 B0CR R A
HUZ W 200 6. 621 mg/L, i IR 2R 5 22 0

22.436 mg/L (#£2) .
2.2 EHSW. BEMR. REFEEmEFITLILN
WY = R HE

BRI R S0 aRE . R4
s ) SR X6 21 OB Y 75 7 0 8 A5 SRR, S
ROV EL K ML 1.Cs, 2K 0.397 mg/L, 7 Jy s, HIK
R A &R 3.190 mg/L, it R Y LCs, A
88.470 mg/L ($3) .

R2 HEW. BEN. RAFREAMINYTHMRSANBERRE

Table 2 Lethal concentration of matrine, rotenone, and pyrethrin technical against Solenopsis invicta workers

T IR 2 )5t 24 EANCI) =y LCsfH (mg/L) 95% EAFIX I RIE  brfEiRE P{H
Botanical insecticide TC Regression equation  Lethal concentration 50 95% fiducial limits 1 Standard error P value
HrZ:h, Matrine Y =1. 100X -0. 903 6.621 5.145 ~8.228  256.416 0.067 <0. 0001
1 B[ Rotenone Y=1.197X-1.617 22.436 17. 845 ~28. 698 336.293 0. 068 <0. 0001
FRHZE Pyrethrin - Y =0. 861X - 0. 055 1. 159 0.756 ~1.835 525.278 0. 034 <0.0001

®3 ESHE. GFM. RAFEREHREFGLANTWMRSAHBEHKE

Table 3 LC,, Lethal concentration of matrine, rotenone, and pyrethrin commercial products against Solenopsis invicta workers

RO R SRR GHEAE LM (me/l) 5% WFIKI  KAMH bRfER% P
Botanical insecticide EC Regression equation Lethal concentration 50  95% fiducial limits 1 Standard error P value
2B Matrine Y =1. 653X +0. 662 0.397 0.331 ~0. 466 250. 945 0. 076 <0. 0001
a1 B il Rotenone Y =2.834X -5.517 88.47 78.156 ~100.776 381. 754 0. 101 <0.0001
[ H125 % Pyrethrin Y =1. 095X - 0. 594 3.490 2.313 ~5.318 671.393 0.038 <0.0001

2.3 A[EE AL TR X AT A HU L BB A R

W TS R BR, WS 25,00 mg/L (1)
SHRE B RSO R (£ 4) . AELER
14 RELLK O EER 53k 100% , 2w THAR
AbEE; YR A 250,00 mg/L ) s, 14 d J5HY
HUHE %N 87.5% (F =60.157, df =6, P <
0.0001) o X HEZH 15 7K X &1 K IS B8 4 B 7 2508
75, WHLRGR AR 0% o NI 145 2015 ok
B, AL, BOERBEIR ARG, DR R .
25.00 mg/L fY 5 2 0 HE S A0 3SR AT 43 1F A
1.00, [ 250.00 mg/L () fapEfdfE4sr 1.29 4b, &
FRT H A AL B 52 X BRALAS 4 3,17,
WESTIAARELLRE (F=18.635, df =6,
P <0.0001)
2.4 A[E)EE AR X AT oAby T MY I BR A SR

TSN PR S 5 5 41 OB T OB W 25 R

7%, 75.00 mg/L F137.50 mg/L [R5 H 45 ZXF4T k
WO B T OB 4 B — R s, b3S
1 R TR #5351y 87. 38% Fil 86.24% « 4k P4
B4 R, X TR AR AF I 75. 00 mg/L R A4
£, T W8 & m ik 93.15% . 75.00 mg/L Fi
37.50 mg/L BRHE AR AL 7 K, T ORIE R4
Wk 91. 83% F1 89. 34% , A IHXF T B Y B 16 %50 9
Hhfe 75.00 mg/L BRI 14 KX TP
Biisk 35 95.23% , 5 250.00 mg/L £ B i [ %k
78.30% Jo i EMEZE T WKHESALL 14 K, T
WAL R 10. 83% (3R5) -
2.5 A[E)EELAMIR X AT A BB RO BR A SR

AN TR) 24 71) JHE 55 40 B IURE B B A 45 SR R
25.00 mg/L 7 S 087 WAL HLES 14 R ASCHEFE- 5 2 5
H 0, XTGBT IR RCR EA 100% , 3 LT
Mikb¥E ( F=95.846, df=9, P<0.001) , Hk
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x4 AEAHFELEREE 14 ROAWWE AR MWESS
Table4 Mortality of fire ant mounds and mean mound score 14 d after mound drench with different

botanical insecticides treatment

R IRAC 5 W (mg/l) BABHASCR Py (%) U PR 5y

Botanical insecticides Concentration Mortality of fire ant mounds Py Mound score after treatment

LT, Matrine 25.00 100. 00 0. 00 a 1.00 0. 00 a

12. 50 81.25 +2.08 be 1.40 £0.16 b

1 78 Rotenone 250. 00 87.50 +4.17 b 1.29£0.18 b

125.0 79.17 £4.17 bed 1.38£0.18 b

[ H1 %5 % Pyrethrin 75. 00 71.43 £5.83 cd 1.43+0.16 b

37.50 66.67 +7.04 d 1.48 +0.16 b

%} 8 Control 0.00 0.00 £0.00 e 3.17+0.21 ¢

e RPN E £ AR 22 LR NRT 2208 (Tukey %), RPFESIMFFEERZERARZE (P>0.05) .
Note: The data in the table were means + standard errors. Mortality of mounds and mound score using one-way ANOVA ( Tukey test) .

The same letters in the same column represent no significant difference ( P >0. 05) .

®5 AEAHFELELEBILAMTHHB AR

Table 5 Reduction rate of fire ant workers by different botanical insecticides at different concentrations after mound drench

R ZFE  WIE (me/l) TIBFIERE Py (%) The reduction rate of fire ant workers P,

Botanical insecticides Concentration 1d 4d 7d 14 d
1525 Matrine 25.00 35.32 +5.35 be 66.19 +4.45 ab 73.97 £5.17 ab 68.04 +13.71 b
12.50 29.39+2.59 ¢ 25.06+1.71 ¢ 43.04 £5.27 b 26.61 £2.74 ¢
111 JifE il Rotenone 250. 00 64.47 +5.89 ab 52.22 +4.61 ab 59.66 +5. 14 ab 69.94 +4.08 ab
125. 00 57.33 +4.24 abc 66.16 +4. 58 ab 67.95 +1.94 ab 78.30 +4. 11 ab
R H 35 % Pyrethrin 75.00 87.38£4.34 a 93.15 +£2.50 a 91.83+1.30 a 95.23 +1.95 a
37.50 86.24 £2.84 a 53.36 +5.07 ab 89.34 £2.22 a 74.00 +£2.36 ab
Xt Control 0.00 -23.50+£7.86 d -29.27£12.32d -10.48 £16.95 ¢ 11.32 +1.83 ¢

T RPBUE NP IE £ RfEdR. LT 200 (Tukey 35) . R P RIZIAR R 7 BE 2R B0 B FME SR (P>0.05) .
Note: The data in the table were means + standard errors. By one-way ANOVA ( Tukey’s test) , same letters in same column

represented no significant difference ( P >0. 05) .

250. 00 mg /L ff1 e PR 75 Y80 X WSCREE 149 BJ 3 R R 1 3k
90% LA L, 5B &4 87.50% Fl 83.33% 1y
25.00 mg/L {288 F0 250. 00 mg/L i 22 5 oA
B (£6) .
2.6 AEELELENIANWEERHEHNR
FRAEAH AR, 25.00 mg/L. 12.50 mg/L
TS 250. 00 mg/L. 125.00 mg/L fa JHE fii F
75.00 mg/L. 37.50 mg/L [ o135 2 58 4140 3 5,
XFET K WU 2545 Bl 3053 50l Ry 93.61% < 73.45%
85.38% . 81.08% . 78.57% Fl 68.18% . 25.0 mg/L
TS IE S PR 2R G B AR, B3 T HARE

AP ( Kruskal Wallis test, Xz =21.985, df =6,
P =0.001) o X HETE 7K PE BEAL BEXH 21 K LAY 2545 Bl
AR 2.26% o

2.7 AEHFOINBELLGENEBWNEEERN

A1)
2.7.1 R[] S A PR IX A i i 2k

AR B0 XA SR 4R B 1 0 AR S R 4 B
19 J&. 25 Fl, 7E25RIAb B IX HORAE R 4 R 19 )&
25 Fl, AEXFIRIX AR AL H] 4 R 10 J& 10 Flo &
TR b, 24500 9 B DX IS SR AR B 1 I R 2R T
Hrf §5 4 Fp AR T, 404 2 5 B0 Anoplolepis
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invicta ( Guenard and Dunn, 2012; Xu et al. , 2022)
(£

gracilipes. 3 /2 B MY Tapinoma melanocephalum
KA 37 B W Paratrechina longicornis K1 21 'k 1L S.

F6 AREZHGFIELEEEI LD NI B8R
Table 6 Average activity level of fire ant colony and control effect of fire ant colony after mound drench

with botanical insecticides treatment

TESLALTRIS 5 14 RIWGHEF- 2429005

The average activity level of fire ant

WY IE A 25k YR (mg/L) FE AP WOREBH IR AR Py (%)

Botanical insecticides ~ Concentration colony 14 d afier mound drench Control effect of fire ant mound P,
528 Matrine 25.00 0.00 +£0.00 a 100.00 +0.00 a
12.50 0.38+0.18 b 87.50 +4.17 b
1 JE i Rotenone 250. 00 0.29 £0. 18 ab 90.28 +4.17 b
125. 00 0.50+0.22 b 83.33 +6.00 be
5% H1%4 Pyrethrin 75.00 0.71 £0.23 b 76.19 +4.35 be
37.50 1.00 +0.28 b 66.67 +3.37 ¢
% B8 Control 0.00 3.00+0.00 c 0.00 +£0.00 d

T RABEN P = ArifEiR e ZESHUGY (Mann-Whitney U 3%) . PRSI R F-RE2OR 80A B 257 (P>0.05) .
Note: The data in the table were means + standard errors. By nonparametric test ( Mann-Whitney U test) , same letters in same column

represented no significant difference ( P >0.05) .

RT AEEHEAEX g HE

Table 7 Ant species between control plots and treatment plots after mound drench

HEHALPE X Experimental plots

ik RIFIARE g
Ant species Native/ 1nt.roduced Control plots S A Wil 5 2
species Matrine  Rotenone Pyrethrin

B i F#l Dolichoderinae
TCB MR Ochetellus glaber A HiFp Native - - - +
B PR B Tapinoma melanocephalum ( Fabricius) A AP Introduced + + + +
W IEA} Formicinae
KL Anoplolepis gracilipes ( F. Smith) HhEFl Introduced - + - +
WHES 5 Camponotus albosparsus ( Bingham) Z<HuFl Native + + + +
# 2 Je R Nylanderia flavipes A Fl Native + + + +
Je [RIUR Nylanderia sp. AHFh Native - + n +
VG Z R Polyrhachis dives ( Smith) A HFl Native + + + +
K57 WY Paratrechina longicornis ( Latreille) Hh kA Introduced - - - +
Y IR Myrmicinae
BLEEWL Cardiocondyla nuda ( Mayr) A HFl Native - + _ _
DEWUE Cardiocondyla sp. A HuF Native _ _ " _
BYIM R Carebara sp. A HiFf Native + + - +
[ JE RIS Dacatria templaris A HiFh Native - + - -
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#£2¢ 7 Continued table 7

£ HE SN P X Experimental plots
Fik l\ifivﬁj{ir/mj\oiﬁd M —ﬁ;iim fa g@; % gp%z
Ant species . Control plots = - - s
species Matrine  Rotenone  Pyrethrin
A /NG I Monomorium chinense ( Santschi) Kb Ff Native - - - +
Pz /NG W Monomorium pharaonis ( Linnaeus) K Hiff Native - + - -
INFWUE Monomorium sp. Z o Native - + + -
55 /INF WL Monomorium subopacum ( F. Smith) AN Mo Native + + + +
ZN L B YT Pristomyrmesx punctatus AR Fh Native - - - +
KLY & Pheidole sp. M A5 2 Dubious + + + +
21 KWL Solenopsis invicta ( Buren) AhsieFl Introduced + + + +
WL B WY Tetramorium bicarinatum ( Nylander ) A HuFh Native + + + +
HE W E Tetramorium sp. A HiFP Native - + + +
JZEWL E Rl Ponerinae
JXEMUR Brachyponera sp. A Fp Native - + - +
Wi %f 8 J& Hypoponera sp. A Fp Native - + - -
MHIEMUR Leptogenys sp. ZHiFf Native + - + +
FE SR AE ML Odontoponera transversa ( Smith) A HiFP Native - - + -
A1t Total 10 18 14 18
W+ FRZAE T IZFY AR -7 FBARAAETE. Note  “+ 7 denoted the species were trapped, “— " denoted the

species was not trapped.

2.7.2  RI[AIAbPEIX 0 SRR AR HE B2 Ak

it FH AL 47 DR 245 7)o 0 I I B Ak B AR
14 K, AT X P54 2 59 21 JOGE 30 T 08 B iG
Hi Y 644 Sk B b B IA J5 B9 200 3k, FRET
68.94% o LA [ E 5L AL PHOGH I OB VR 22 AR 1Y
S, ZERFREN, ZRIFESBEIR S 14 RUG W 2k
PFEECH 1.34 £0. 13 B E & THiIAHT 0. 87 0. 14
( Student test, t = —2.483, df =10, P =0.032);

Bl i6 I B WA ) BE FE 0k 0. 70 £0. 04 & 35 5 TPl
VATT 0.50 £0. 07 ( Student test, t = —2.426, df =
10, P =0.036); Biiafa g e# e 4ch 0. 35 «
0.03 I ZME T B5i6 0T 0.57 £0.08 ( Student test,
t=2.564, df =10, P=0.028) (F8). nJhl,, ¥
HLAb TR 1 45 DX UG S BE 22 M8 B 1 &) 2 4R
BOtm, MHEZIEEBTRE (K8 MFL9) o Hrpw
Zg AR 2 2% A0 B IXCE 5540 P 00 i )

R8 HFIEEEGIDH LB ERERTN

Table 8 Change of characteristic index of ants exposed to botanical insecticides after mound drench treatments

FRIEFS AL Characteristic index i 25 R Before treatment Mizh%5 14 K 14 d after treatment

H 0.87+0.14 a 1.34+£0.13 b
E 0.50 +£0.07 a 0.70 £0.04 b
C 0.57 £0.08 a 0.35+0.03 b

{E: Ho E R C R ZAENEIR R BISI AR BOM I S A8 2. R AP RIS BO P (E = prifEiR . K Js AR 7
BFIRGEMSTAEAR TR 25 AB2E (P>0.05) . Note: H, E, and C represented the species diversity index, species evenness
index, and species dominance index. Data in the table was the mean + standard error. Same letters within a column indicated no

significant difference ( student test, P >0.05) .
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R AEHGFIELLE X B RBFERRHTL

Table 9 Change of characteristic index of ants exposed to botanical insecticides after mound drench treatments

HEF 5 5L WS (mg/L) R (mg/L)  BHMBE (mg/L)

A IR (d) Characteristic Matrine Rotenone Pyrethrin REL
Days after treatment . Control
index 25.00 12.50 250. 00 125. 00 75. 00 37.50

N 0.66 = 0.92 + 0.31 0.92 + 1.07 + 1.31 0.54 +
TG 245} Before treatment H

0.22 Aa 0.18 Aa 0.09 Aa  0.01 Aa 0.04 Aa 0.08 Aa 0.18 Aa

| " 1.20 + 1.44 + 0.92 + 1.05 + 1.66 + 1.55 + 0.77 =

0.15Aa 0.25Aa 0.10 Aa 0.21 Aa  0.26 Aa 0.03 Aa 0.09 Aa

4 g 1.25 1.06 = 1.19 = 0.91 + 1.34 + 1.82 + 0.71 =

0.16 Aa  0.41 Aa 0.05Aa 0.15Aa 0.31 Aa 0.04 Aa 0.12 Aa

; " 1.32 + 1.71 = 0.77 + 0.63 + 1.22 + 1.27 + 1.42 +

0.27 Aa 0.09 Aa 0.13 Aa 0.15Aa 0.06 Aa 0.13 Aa 0.08 Aa

14 " 1.46 + 1.50 = 0.85+ 1.07 = 1.45 + 1.71 + 1.00 +

0.22 Aa 0.11 Aa 0.25 Aa 0.20 Aa  0.57 Aa  0.03 Aa 0.24 Aa

e 0.41 = 0.57 = 0.19 = 0.57 = 0.67 = 0.59 = 0.39 =
Jifi 25T Before treatment E

0.10 Aa 0.02 Aa 0.03 Ab 0.01 Aa  0.03 Aa 0.06 Aa 0.12 Aa

1 P 0.75 = 0.63 0.43 + 0.59 + 0.69 + 0.68 = 0.47 =

0.18 Aa 0.11 Aa 0.06 Aab 0.13 Aa  0.11 Aa 0.04 Aa 0.19 Aa

4 i 0.78 = 0.48 + 0.62 + 0.51 0.75 + 0.83 0.44 +

0.18 Aa 0.14 Aa 0.03 Aa 0.06 Aa 0.03 Aa 0.05 Aa 0.15 Aa

; E 0.68 = 0.71 = 0.48 + 0.46 + 0.63 + 0.71 = 0.73 =

0.13 Aa  0.07 Aa 0.09 Aab 0.11 Aa  0.01 Aa 0.03 Aa 0.23 Aa

14 E 0.66 = 0.77 = 0.53 + 0.77 + 0.75 + 0.69 = 0.51 =

0.13 Aa 0.02Aa 0.02 Aa 0.03 Aa 0.12 Aa 0.09 Aa 0.20 Aa

e 0.68 = 0.53 + 0.88 + 0.56 + 0.39 + 0.35+ 0.75 =
G 2457 Before treatment Cc

0.08 Aa 0.07 Aa 0.04 Aa 0.01 Aa  0.03 Aa 0.02 Aa 0.15 Aa

| c 0.32 = 0.30 = 0.60 + 0.49 + 0.33 + 0.29 = 0.64 =

0.03 Aa 0.14 Aa 0.04 Aa 0.12 Aa 0.13 Aa 0.04 Aa 0.10 Aa

4 c 0.34 + 0.57 = 0.44 + 0.53 + 0.32 + 0.19 = 0.67 =

0.14 Aa 0.16 Aa 0.02 Aa 0.06 Aa 0.11 Aa 0.01 Aa 0.04 Aa

4 c 0.34 + 0.25 + 0.63 0.69 = 0.44 + 0.37 = 0.28 +

0.12 Aa 0.04 Aa 0.09 Aa  0.09 Aa 0.01 Aa 0.03 Aa 0.04 Aa

14 c 0.37 = 0.28 + 0.43 + 0.42 + 0.33 + 0.25 + 0.44

0.15Aa 0.01 Aa 0.10 Aa 0.11 Aa  0.25 Aa 0.02 Aa 0.06 Aa

TE: Hy E R CopiRERMF ZAR R B B0 R B S B R 4. SR P RR AR (A8 O P 2MH = bR [RIAT 8 m A
FIRE FHRFRAETI 200 (Tukey £28) ZFAWZE (P>0.05) , FSVEEMFE/NG FHRRZTT 25081 ( Tukey K

8 2% AWZE (P>0.05), Note: H, E, and C represented the species diversity index, species evenness index and species

dominance index, respectively. Data in the table was mean * standard error. Same capital letters within a row indicated no significant

difference. Same lowercase letters within a column indicated no significant difference ( Tukey’s test, P >0.05) .

SRR LT O R . WO S R TR ECONIIR. 28 LTk, FESLAL BT T
AL TAL BT RAE A L Th WA OU B se 8y EWIREDSE P 2L R L), A 075 A Ao 2
TRE, HAE SN 250 me/L kM LA AR R ko, FEACB X IS A AE Y 2R
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3 snSitie

THE L2570 1) 8 3 2 2 Wi R SR BOR B IR ORI
RCHN 72— B (2005) Fi K4 5 55
(2006) #ig HH @KL RRIEZS . A HLHESS AR th 2
B S A5 Ak 2 A2 TR 1 K O AR B 19 ik S B T
B A= 4 Ho5A) B 48 T 2R 00 il Ak 3 D AR IR, AN iE
THEGL - MW AR 25 B BRI X A3
With . RIFRAERS . HEMBHZ 2% (1
#HEE, 2019; Chen and Oi, 2020) , A LATERE-
PpAhE M e M, JF 2 B ey Ak
TR 8= VA S E o oy S VSR B A = F A AN
KR ], R RG O A B
WERA BRI, AR SCTE 52 90 % F1 H [ PEAY T
WS R LA SR A R 3 FhAE ) IR A 2 4
Z1 KWL RE ST BB BB o TE 3 N 21K 24 i
b AR g, BORBAFABRBE R, WS K
Zo FNFELEEBEEREY, 0.5% S50
PR X 21 K T B Bk s I, LCso B fiK, AN
0.397 mg/L. (A AN FEXF 2T K WLZE B BT iR 5K
REAHY A 25 mg/L 0. 5% o Z 5 7] IR, B
R ik 93.61% , 1.5% I 145 3R K 3L Bl 380
Zo AJBEEMEE R MG R Ly, HEN
FIREAZ v S e T 1[5k E 2 2R RS ol o 5 i el
PR B RS ), A5 45 7 25 B 21 J L ik 2% 2808 B
oo X TEPANE B A 25 0 I W B v T N FE L
B LGy, 3X 2 T HF A 2T WS 25 40 52 %
LAY 0 SRS R SRR ORI 1 50 ) A2 g, L
2R BE A AR TE T AR A G AT B AN L. A
R W B 422 £1 USR] AR AR T 0. 5% v Z T
PV RR IR o Fh T iy 2 8014 7 0 A v DA S By i
IAS AR, A A 21 K WK B O T B A AR 4 1Y
=

ZL AT T8 5 5% PR 5 AT TE A S 2 D
W2 B )R AR S A, AR b 0 R VR ) 2 R
PE Y5y BERR R Y R A R VR AR, HES B0OZ
T R NS L R Rl 11 N B R BN S v o )
( Morrison and Lloyd, 2000; Arnett and Gotelli,
2000; KiEAF, 2012; XIZR4AE, 2015) , fHZk
WOBCR I IR 5, A 1 05 I b 248 8 0 2 ik
S, RSP s E AR S (BRBE, 2008) .
AWFTEFR I, 20O IR 5 05 ) 2 A
BEABARTE 1,58 F12.23 £, He i ish s

FEBRATZ 1 N5 H 6 B, HEbm T
B BRIE, 2008) o ASHF 5T F AR 4 U8 24 570 6F 41
OISR B AR A 14 K, A EE AR A LT
LS B TR Bl IR T 644 3k B R BTG IS 1Y
200 3k, TRET 68.94%; jiif oW wi £ B PE 1S
B WS EERE R TR A T, 0 P A
JE 2 AR T B A A A L P 24 70 D kb TR R A
T SRR R 2T ORI, B e i
PSRN, 09 WORETE ZREPER . BT AR5
W RBEMIBG, WX (2015) K BZG70HE
LA 3 ROy 0 A o 0 w7 A R [ B S, 46 R
TR, 270HE LS 0 WO TR Z RS RO 1. 94,
BEETPHATTRY 1,56, (EAH ) 4b B 5 A< + 45
IR ZREME IR B A B . 45 IR, 2457
VEE B 3T L I S i EL Ak B XA 0 B 2 R . X
78 (2006)  ZEHH 5% 60U HE L AL B AR 21 K
T Y R 92.86% F &= 35.71% , {H
R 2 AR AR Hb W bR 2 RN B R TR SE
(2009) 5 T Ry R RN S 3 B AS [ it 25
T X AT KSR B A R Bk S Ak 7S b 0 )
S, JH R RIS 5 R A Ak R AR A R
B, HFEBE A KA b, 5 R skt
AR iy 0 B A ORI A I A R P B
R R S5 Ak D X6 AR el ) A R IR B N e AR TR ST
R B E S A B DX R IR T ) R 2 R T R )
RO BT BRI, ASHIE ST B 2 RE P TR A Y
BF ], AAE 14 d J0E), AN 2 DL SE 4 10 A B VR
FIZEE . AR S R A JE VR HE— 26 5T, DU
TR B R A 25 78 41 K0T R B 4 v A A
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