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The optimal formula of the ethyl formate plus methyl isothiocyanate
for fumigating Acanthoscelides obtectus ( Say)
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Abstract: [ Aim] To investigate the control effect of ethyl formate and methyl isothiocyanate mixture fumigation on the adults
Acanthoscelides obtectus (Say) and the optimal formula for prevention and control. [ Method] A jar airtight fumigation was used to
screen optimum formula for A. obtectus control. Based on LCy, values of ethyl formate and methyl isothiocyanate, the best combina-
tion was obtained using two factors quadratic regression rotation combination design and Lagrange multiplier method. [ Result] There
were significant differences in the toxicity of the two fumigants on the adults A. obtectus. The insecticidal effect of methyl isothiocya-
nate was stronger ( LCy, value was 0.667 mg + L™") , followed by ethyl formate (LC, value was 20.59 wL + L™"). A quadratic poly-
nomial was obtained by the two-factor quadratic regression rotation combination. Then, by the optimal target function and constraint
function, we worked out the values of ethyl formate (102.702 wL) and methyl isothiocyanate (3.0263 mg) in the mixture. [ Conclu-
sion] When the ratio of ethyl formate to methyl isothiocyanate is 33.94 : 1, the best economic benefit and insecticidal effect can be
obtained.
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K24 Acanthoscelies obtectus ( Say) X 44 K 5.
%, JEHM H Coleoptera 4 F} Bruchidae =15 .4
J& Acanthoscelides , EFK I EE YRR MEE L, KM
% £ BL5 FE K 5 Phaseolus vulgaris L. UL Vigna
unguiculate (L.) %t 5. Vigna rabiata (L.) Fl/NE
Vigna umbellate (Thunb.) %5 (7KiH&,2017) , K&
R ELDG R AT E G NRE, SRR TR
gl RO I, H T TP TR A, T v
BRET B RS, B R TOR™
AR, XE LA 2F, A B B R R ] (R R
45 2014) .

HFR £ (ethyl formate, EF) % i T b Jo W%
A Je— iy v it R e B B BB 2R R LA AU
et i A 1Y RGP AR PR, BRI R P8 F i HGR B W)
RE TR IR A Ay YRR PN 21 (SR AR S, 2004) , 27
VERIERDIRL 2 F AR P= A EF, BRI, 3% 24590 A ik
AN XA 8 0 ) & 1 RN R ) ( Valmas et al.
2006) , 2002 4, EF CAF Ak B 2R 14 2 78 550 7 0
RAMEAFICTEM (Vu & Ren, 2004) . S8R H
fit ( methyl isothiocyanate, MITC ) J&— Ff I {1, [& {4 ,
P K, W AR (117 ~ 180 °C), % BE Sl 1.069
g - mL™', MITC "] DITESSRESE 63 b HARIE L,
HAR & &84 0.001 ~0.05 mg - kg™' ( Kirkegaard &
Sarwar, 1998 ; Sarwar & Kirkegaard, 1998; Sarwar et
al. ,1998) , EFERA X LEAEY) 32 5 L8 5 1f1 &
EEEEAEH (Sarwar er al.,1998) o KRIILK, fif
R H R4 ] S SO Al SRR R e S 2450, (5
WAL S A PUPER B H 25 ™ 8 (Ren & Mahon,2006) ,
TR R e PR 3R 4802 HLAT ERORAE T 2 82E HT (Ajwa
et al.,2003) . A%#3# M EF R EZE MR F W SR
AT P B e B e T HAR R B M, e oy 77 %
S PR, T R B A i 5 J B IR 5 A A
H %, Ren et al.(2005) HF5E KW, H] EF+MITC &
78 AKG Sitophilus oryzae Linne B HL, — 354 P[] 14
BAE . PRI ARSI — R Yo e e
BIHH GBS G2 R PE T LR E 5 A

FRIELTILARE S 2550 2548 2 18 i) — ik 2315
TR, SEE P Y F SRR B B, SRS e i A%
HECREAFRIBCLE, LU AR T SR E R BT IR
"%,

1 #MRlEAE

1.1 et

11,1 BRG] 98.0% EF Jfzh ( KRl EL
2 RFN G BR A ) 598.0% MITC JR25 (|- Bl
T AR D AR AF]) o

1.1.2 )R SRE LR A SMNA ST R
WA, 76 50 M K2 B O 58 o A b i AT
TARFREUR, R TR MR T3 (4 60 C
THE 4 h) R g R B0 1 R R R, S
AL (25+1) °C HMXHEEE 70%+5% 24 h H1E
AT ARSR IR AR, DMERR AL (PIfk 1~3 d) fE
St

1.1.3  HREHM  RGL-P400A A TS5 (&
NEERRAEYRHECABRA ) 1 LT Hfl R E
il Zb A DR A

1.2 EWHE

1.2.1 B AFEA PRI 10 mg 1Y MITC % T 1
mL PRV, A5 2 RER, B ZS S 2 H
122 EZAAMWFEHMNE R DR A EZE
B (R4 2006) . HF 40 KT LRIMA L L)
FUfR, T EUN S 288 ( HAR 2 em, 5 1 em) 4t
N R, TEN TSR 25 CH&MT,RE S A
EF ¥EH ¥ (16,18.20.22 24 pL - L) F1 5 4
MITC ¥ 5 #6 )% (0.05.0.1.0.2.0.4 0.8 mg - L"),
7K 24 h AbPRZE TR 24 h G KA IETS

123 —HF_4kBARZEEBLAALEEL L
EF \MITC () LCy, {8 >4 FE Atk , 4 28 20 ik 47 %

ZIAI R (F T B I SE,1996) , R 5 & IR
T AR (1986) 14— R F UG FH e % [l 13 4 A 15
TRV TEZEI MBS R .

X, =log,,N,~log,, N, (1)

KN, N, 58S i KOS 0 K FXE
o7 Y A HFR el PR L X, oA i KB SR A
1.3 #HiE4bE

700 52 B A SPSS 17.0 R A
LCyy \LCyq  LCo, {H S H 57 g 0] 59 75 25 2R H Excel
2010 HAFXF = Rl yGE FH e % nl I3 41 & i 52
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2 ZERESH
2.1 BEFNSFSHWE

EF MITC BY7 S g 25 5 W% 1, 2 A5 xt

SN AR R 25 5, Hod MITC 1Y)
AU R 5 H LC, fHM 0.667 mg - L' EF (5%
R Z  LC MM 20.59 L - L',

R1 2HEBEEFMKERMANZHNUE

Table 1 Toxicity test of two fumigants on the adults of A. obtectus

R [l 75 RIrfE L L L
. . . . C5() C‘)() C99
Fumigant Regression equation Chi-square value
EF Y=-20.09+15.29X 4.07 20.59 pL - L7 24.91 pL - L™ 29.22 pL - L7
MITC Y=0.323+1.838X 2.926 0.667 mg + L™ 3.323 mg - L' 12.299 mg - 1!

22 Z“HEFIRBERAEERIEAASIZIT

7550 EF MITC gt {E -5 {f Hk B 22 18] 1 ¢
FUWE 2, WHEER 2 P HLE, 46 ZHF K
e MU H G TR T SE 00, AT A5 45 Ab B 2%
PFFEEEBRBEIETILRE (R 3), RIEER3
T B TR AT AR IR B

Y=7.29338+1.14915X, +1.12626X, - 1.09295X,, X,
-0.309X,-0.2766X; (2)

K, YRR T GRBET LR R A

X, X, 5850 EF MITC 1248 B i i

SRy BTz el E Oy B BE A S H T EE 2R H 24
SO AT LREZ M A O R %
PEAT IR A3 BT, 38 R A a8 2 2k ), &5
k4 5 PR, HFEA AR =0.9867, i i%
WA FRELE L EEARGE . i3k 5 I, P=0.000023
<0.01, M7E a=0.01 B9 & /KPR e, %
] U1 7 P B 108 A A e e 25 351 FH 2 1 5 50 & 2
HIET LRMEZ MR LR,

x2 SHETHRABSHBENESRIR

Table 2 Conversion relationship between dosage and coding value of test factors

. EF MITC

éﬁﬁ%ﬁ — = st e =) =0 H

Coded value JiEETE S FHACE XU JEEETE S FH e R
Dosage/ L. Log values commonly used for dosage Dosage/mg Log values commonly used for dosage

1.414 534.1415 2.72766 17.3032 1.23813
1 205.9 2.31366 6.67 0.82413
0 20.59 1.31366 0.667 -0.17587

-1 2.059 0.31366 0.0667 -1.17587

-1.414 0.7937 -0.10034 0.0257 -1.59007
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Table 3 Two factors quadratic regression rotation combination

F4 EPEFEEIERTER

Table 4 Regression statistics

LR

o, X, X, X, XX, x X3 Y
1 1 -1 -1 1 1 1 3.72
2 1 -1 1 -1 1 1 8.09
3 1 1 -1 -1 1 1 8.09
4 1 1 1 1 1 1 8.09
5 1 -1414 0 0 2 0 4.68
6 1 1.414 0 0 2 0 8.09
7 1 0 -1.414 0 0 2 4381
8 1 0 1.414 0 0 2 8.09
9 1 0 0 0 0 0 712
10 1 0 0 0 0 0 741
11 1 0 0 0 0 0 741
12 1 0 0 0 0 0 741
13 1 0 0 0 0 0 712

Bl 5E 3T Regression statistics {8 Value
FHK ZE R Correlation coefficient 0.9933
1 5E 2% R? Determination coefficient 0.9867
FEIE I 5E 2244 Adjusted determination coefficient 0.9734
PrifEiR 22 Standard error 0.2463
WM Observed value 13

23 ERMMWKER

— M EAARHEE )T B PRI R AL EE 2 AT —
SR H AR E B TR P IR RO N B4 R R
KEOZMTHEA . B R A (2)
o TS 2 R PR

Y=5.6926+3.3968 log,,N,~1.093 log,, N, log,, N, +
0.8368 log,,V,-0.309(log,,N, ) *~0.2766(log,,N, )’

(3)
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A, YIRS T QR RIE T LR A
N,.N, %3 %1 EF MITC F 25 &, N, BU{E 5
[0.7937,534.1415] N, HUEEF[ 0.0257,17.3032 ],

R ASE NS

J=C,N,+C,N,=0.089N, +0.218N, (4)

Kb, ¢, .C, M BIFER EF MITC B4 5N, (N,
& IR (3) K,

HRIE (3) 3, (4) AR B H SRR AR U, R
#%:N, =102.702 pL. N, =3.0263 mg, N, : N, =
33.94 : 1, MR P EF 258 (N,) N 102.702
wL, MITC JHZ5H (N,) N 3.0263 mg, 2 Fl 43 Fb ]
2)°433.94 + 10, AR AR A T AR , H AR HUSUR
526N

x5 OPFENFESH

Table 5 Analysis of variance of regression equation

TR Frtis A 57 P P
Source of variation Degrees of freedom Sum of squares Mean square F value P value
1543 HT Regression analysis 6 26.98766 4.49794 74.13806 0.000023
582 Residual 6 0.36402 0.06067
&3t Total 12 27.35168
3 i 2, IR 5L B s L A

EF J&—F B i h 3 s B 2850 R T
HIATAR 4724355 ] BF B8R 3 T, 4R
T FL B 36 W B2 v T R 6 B {E ( Ren & Mahon,
2003) . Bki&%FE(2016) FEfHH EF Biiak 2 2 HE
ZEILI R R B, N R BE ) EF X 38 G4 il R B
BT BTIA RO AHE , T30 5 4 1) (= % 4 HURD
AT SR EF X ENTIA SR 2R B S KT
50 pL - L7 ARGk B T pe S 8 al o = T
EF HABE I (84 ~91 mg » mL™") . MITC &—F

KGR Callosobruchus maculatus Fabricius A |, 24
MITC ¥ 5 T 0.8 mg - mL™" I, 4b ¥R 45 0I5 fr A7
L #BSE T (Sanon et al.,2002) ., H1 T EF HE7£3
5 4y M K B ) A RSO B T RE S T SRR T
BEIE 1 MITC [ iAo 5, PR, 25 8 I
SOCB T FETIREC, BERERE AR EF /9 & X RERRAIT
BRI

Ren et al. (2005) 5% & W, K 4 B HUAE 5.9
mg - mL”" EF 25 C N 24 h JFEANZH M, {HEH
WA EF YR, O8I0 5% ) MITC J5 ZE T % n] ik 5
99% ., FrLA MITC ] DL 2 AR EF A fd A&, (5
T IRBE AR, AT Z [ A 2 0 B[R] 384 3501
RIS A % IR A B A s 5 AR USSR =Z [H] 1
S F I, A BF ST R B 5 G iR e
AV, PR PR B H SRR (8 R, SR A5 i
fBBC T EF(N,) : MITC(N,) =33.94 : 1, %7 EAN
ASCRT DA sl /b K 5 1 S 36 U B, 3 AT LY 24 S5 5 g

ATIEFTIC b 5 SR 2 AR AR = PN 1Y) S 36 B s 15 2]
(), 3 FOEH 0 — A IR FC 25 R 38 — 20, AR
ZEERAT LA EF 5 MITC IR B #7019 & $2t—
S PRI H , F B O3 R 0 2, S B AR
WL TG HE— 2L IR E

S 0k
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