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Mob, (2 RENLF Y. REKE. LHAHNR LI ZZ2FFHKRFRAFHT FATE
REGHA, Ak, ZEFAREEAX 2AFANN L IEETE LT EET, ARLBLE
R K

KRR REE T Iod; EE AR KRR, BEFER RE; AMEah; ARAFTEH
FESES: TQ450.261; S482.2 XRAPRERG: A WEHHS: 1008-7303(2018)06-0758-07

Toxicity of difenoconazole and azoxystrobin on the

growth and development of Bombyx mori

MO Xiufang'?, LI Xinghan', WANG Xiaolan', YIN Xiaohui"'

(1. Agricultural and Food Science College, Zhejiang A & F University, Hangzhou 311300, China;
2. College of Agriculture, South China Agricultural University, Guangzhou 510642, China)

Abstract: In order to evaluate the influence of 10% difenoconazole water dispersible granule (WG) and
250 g/L azoxystrobin suspension concentrate (SC) on silkworms in mulberry gardens and surrounding
agricultural fields, the acute toxicity and developmental toxicity were investigated in laboratory by
exposing both fungicides to silkworm, Bombyx moril. The 2" instar larvae of silkworm was
continuously fed with leaves exposed to fungicides. The results of acute toxicity showed that the 96 h-
LCs, for the 2™ instar larvae to 10% difenoconazole WG and 250 g/L azoxystrobin SC were 353.58 mg/L
and 498.66 mg/L, respectively. The results of the development toxicity experiments showed that the
highest dose (200 mg/L) and the lowest dose (50 mg/L) of 10% difenoconazole WG had significantly
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effect on the development duration of the 2"-4™ instars larvae of silkworm, however the influence

gradually became less obvious with instar. 250 g/L azoxystrobin SC had significantly effect on

silkworms. The development duration of larvae was prolonged, and the development was seriously

irregularity. The mortality of high concentration group (250 mg/L) was significantly above the average.

Compared with the control, the development duration and the weight of molting silkworm larvae had

obvious differences. In addition, the pupal stage without cocooning was observed. Although 10%

difenoconazole WG and 250 g/L azoxystrobin SC have low toxicity and low risk to silkworm, they can

influence the development duration, silkworm weight, fecundity and other major economic traits of

silkworm. Therefore, when using these two fungicides in silkworm area, to control the loss of silkworm

production, mulberry leaf pollution should be avoided.

Keywords: difenoconazole; azoxystrobin; water dispersible granule (WG); suspension concentrate

(SC); Bombyx mori; acute toxicity; growth and developmental toxicity
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K& Bombyx mori L. fiiFiN P50, HHHITLAE BT
INTH A STt AWM . B R
TF%. 1FRAE: HIRMARE 26 £2)C, MHXHE
FE 75%~85%, J:ME 16 h:8h. AthdthMd K
REBHESRAEE. K2 2 B4,
1.2 755

A RO R UM 10% 2K Bk F PR 7K 4y
HCRLFF] (10% difenoconazole WG), H: H [A] 4 # &
B 450 5 (B RO 4 220 mg/L); A UK
oy TR EWREE N 250 g/L 18 B R BF 51 (250 g/L
azoxystrobin SC), H [l HE#E & =i 7 &4 750 £
(B304 200 mg/L). iR 2553 i 4 1EIE (F5 1)
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PRSI EER]) 1.3.1 35, DR BESBMKRE
i, IREAAEACF A I, T4 8d A
HHERY, MEAEEKSEE, MHETE,
BEER IR MICE R, PR il d
B, THEPIMEE,
1.4 HiESH

RI6BHE R Excel 2013 1 SPSS 19.0 #f4idk
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Table 1  Criteria of toxicity and risk of pesticides to B. mori

FMEER BIC UL I M 25 4 FH 8] i 24 7 &£ /LCs
Toxicity grade LCs¢/(mg/L) Risk grade Dosage used in field/LCjs,
[l & Extreme toxicity LCsy < 0.5 % 55 R 1 Extreme risk =10
#2F High toxicity 0.5 <LCsp = 20 5 KKk High risk >10~<10
71 # Moderate toxicity 20 < LCsy < 200 FR 25 XS P Moderate risk =0.1~<1.0
Ik # Slight toxicity LCso> 200 IR AR Slight risk <0.1

2 GR55R

2.1 REHSERWE
22 FAEAEH G, FEAFIRERAESE
— SEARAE, Wik gE. V. (B, Ak E,

£ CTEE “ST B KIERSE (R 2), TR
Bt A4 kL 1 #h R (SFig. 1) b4k, 2 [ Fh 25
ARG, R BAERAA A — € %
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Table 2 Acute toxic symptom of the 2™ instar larvae of B. mori to two fungicides

il R4 LR/ “C” B “S” % (=N (LSERS
Fungicide Shrink Spit liquid “C” or “S” shape Rigid Black
10% 75k B PRI 7K 43 HORE ) J N N N N
10% difenoconazole WG
250 g/LW% T i = V7 N N N N \

250 g/L azoxystrobin SC

FE: FPERARIRAOL S AL ER S 24, 48, 72 K 96h, ‘N7 RRFE HBLLZE P ERRR .

Note: Toxic symptom was record at 24, 48, 72 and 96 h after the treatment. “V”

22 #iK 2 HMEAFEFIXMRENEESH

M2 Fi 2 B R R AR 96 h-LCs {H (3R 3) 7]
B, 10% KMk IR WG AT 250 g/L M5 g SC Xt
KA PR SE R NICTE, HRS S FONIRR
6
23 #iR2 MRAEFINRENEKLESMH
23.1 XNEBXKENBMHZE SRWE4.
10% KEF IR WG T 2~3 W 4h 2y, S AabBa

indicated that the treated silkworm showed the correspondent symptom.

ZIRF AT 2 WA 3 WS RE DI o 2 R B
# (P<0.05); 4§, 100 fi1 200 mg/L K EAH 5
SRR ZE SRR E (P<0.05); FIKREH S BREEMK
B 53 IR E Z 7 (P <0.05).

250 g/L WG SC 62.5 mg/L W 2 75
&R B PR 5 0 B0 B2 2 R (P < 0.05),
125 F1250 mg/L ¥ 2 4H ) 5 00 HE 22 ¢ i 2 (P <
0.05); 3 W, 62.5 A1 250 mg/L #5415 %} R 1)
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Table 3  Acute toxicity of two fungicides to B. mori (96 h)

AT VB Ep AR RHL 95% A5 X [i]

Fungicide Toxicity regressive equation r 96 h-LCso/(mg/L) 95% F1/(mg/L)

10% 2 ik B B M 7K 23 Bk 5] y=-6.777 8 + 4.621 5x 0.973 2 353.58 310.94~395.79
10% difenoconazole WG

250 g/L W TR i I 7 y=-9378 1 +5.329 5x 0.9610 498.66 347.08~713.98

250 g/L azoxystrobin SC

F4 B2 MREFINRENREL B R

Influence of two fungicides on the developmental duration of B. mori larvae

FuHRRE T (n=3)

Average of developmental duration of silkworm larvae (n = 3)/h

3 #% Third instar 4 # Fourth instar 5 #% Fifth instar

Table 4
27l JREREE, A RURSY
Fungicide Mass conc., a.i./(mg/L)
2 #% Second instar
X i 66.56+0.69 a
Control
10% KTk B PRI K 43 BOKE 50 69.00 = 0.00 b
10% difenoconazole WG 100 70.00 £ 0.00 be
200 71.24+0.73 ¢
250 g/L W5 T i B I 71 62.5 71.00 +0.00 a
250 g/L azoxystrobin SC

125 76.22+2.42b
250 7943 +1.22b

57.54+1.56a 9523+1.31a 12045+ 2.76 a
67.13+2.86b 90.52 +2.30 ab 121.72+1.78 a
68.80+1.22b 86.26 +1.07b 12097+ 1.84 a
72.13+£3.64b 88.57+1.46b 118.62+553 a
78.80£3.17b" 97.07+0.48a 130.00 +3.40 a"
100.42 + 9.58 ab” 96.41 +3.87a 151.07 +15.40a"
—c —c —c

e R HdEL LSD (D) fle, FISIEE G AR T ERIRTE 0.05 K FZR R . RSEEETT 2 R TR 2 24 %/ T 0.05, SRHAJ Dunnett T,

G Rl “—7 FRRREBRETLT, RIMGHIE.

Note: Data in the same column followed by different lowercase letters in the table indicate significant difference by LSD (D) test. * The significant of data

in the same column was less than 0.05 by variance homogeneity test, with Dunnett T; (3) test. The “—

all the silkworms were dead.

ZREE (P<0.05), H 250 mg/L KEHNIRE
ZJLET T R4S REREMS, W 62.5M
125 mg/L IREEHPI KBS B RE 2R
(P<0.05).

B, T 2~3 WYy, 2 FORE AL —E

PR LYo R BEORE Y, THES
250 g/L ME T i SC A PR f5, kR B 5 5 I
MHEZFLEK T 1~5d (P <0.05), HHEEKE LM
I 24 77 o B VR FE (3 KT ZE K o 8 10% ATk FH 2R
e WG AbEE 2~3 WM R 4 s, HEa Ak
B SR EEABEDT 10h, ZRAEE
(P <0.05). HPFHE RS, 2 Pk &7 &
WEAS R ER BT ARE.
232 XNEREREBEMABERENTY LR GEES)
BIR: 10% Kl F IR WG T X & 2~3 W%
2y, BRI ERES R, IREAREY R ERE
i, HEMWFE-BNKR, Hi 4 0RE, 50 mg/L
WERH E XA E R E ZE R (P < 0.05); HAR&
I P A R 2 A A B e BRI B T R 3 5 R (P <
0.05).

250 g/L Bl SC T 5 2~3 WG 2, &k
FEH 2 IR A E SXT AL AR EER (P <

”

indicate that relevant data was not obtainable because

0.05); 32 )5, 250 mg/L HAFEH TR E
ZRRNK, NIREFAHZ™E, W 7 RIFEH
WREFRET:, &% 21 RIETZREIE 95%~
100%, TG IENSIREARE; thoh, 125 F
62.5 mg/L ZXT 4 W iR 7 A0 oA 2 R B 1) 5 ) 5 50 TR
ZREE (P<0.05), HIETE555HN 25% 0,
X 2 AN ALERZH X 3 W4 HIR A 44 2 1 5 ) 5 %) B AD
Tode 3 2 7 (P < 0.05).

B2, T 2~3 MR, ftil 2 MRzie

E— MR 2 A F BIREAE., & 10% K
ik IR WG ALFE S5, 4 HRES 50 mg/L 2415 %} &
TFERZEZER (P<0.05); 250 g/L WS SC 4b3H
Ja, HABHIIREARES N BAHLYEREER
(P <0.05).
233 XMNEREBZFFHRATH 4R (Ko
N TR 23 WIS L, BEE K IR
W, BEERERIC, HAAERERTIE-
BN R ZR (P <0.05); &iRkIEAIMHFEM L H R
W2 BB FZ N (P < 0.05); 15 EH AN
B, HEER IEE., FEIE R PR N 5 %)
IR EEZR (P<0.05).

TR Az 2~3 WIS 24, T s 1 P o Ak 2 T
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Table 5 Influence of two fungicides on the weight of molting and matured B. mori
B IR (n=3)
255 JREIRIE Average of weight of molting silkworm larvae (n = 3)/g
Fungicide Mass conc., a.i./(mg/L)
2 % Second molting 3 i Third molting 4 [k Fourth molting ~ #47& Matured silkworm
PO 0.019 0+0.000 79 ab ~ 0.085 4 = 0.000 87 ab 0.417 8 £0.002 64 a 2.6493+£0.06539 a
Control
10% ik FERIE 7K 43 B0k 71 50 0.0195+0.00029ab  0.0872+0.000 84 ab  0.4351+0.001 46 b 2.796 6 +0.034 73 a
S
10% difenoconazole WG 100 0.0202+0.00044a  0.0893+000044a 04258+0.00425ab" 2.6507+0.03087a
200 0.018 1 £0.000 19 b 0.0823+0.00385b  0.3913+0.01741ab” 2.6140+0.10353 a
250 g/L 14 R ik e 77 62.5 0.016 7+0.00044c  0.0718+0.00442ab" 04120+0.00925a  2.6237+0.087 70 a
250 g/L azoxystrobin SC .
125 0.0152+0.00082cd 0.060 2 +0.002 82 ab 0.346 6 = 0.006 04 b 2.376 6 £0.03433 b
250 0.0139+0.00021d —c —c —c

E: KL LSD (D) ke, FZIEIE R AR T B RTE 0.05 K2R R 3. RS 7 7 R 2 2 /N T 0,05, F Dunnett Ty (3)
K. “—7 ForieREETILT, RIRBH L.
Note: Data in the same column followed by different lowercase letters in the table indicate significant difference by LSD (D) test . * The significant of data

”

in the same column was less than 0.05 by variance homogeneity test, with Dunnett T (3) test. The “—” indicate that relevant data was not obtainable because

all the silkworms were dead.

F6 K 2 MAEFMNREZFEMEROENT
Table 6 Influence of two fungicides on the economic characteristics of B. mori
R HER mpk  dwk ko URE  opnx
i1 . A Sz R “ A *  Rate of dead o
Fuﬁ icide Mass conc., Cocoon weicht/ Cocoon shell Rate of cocoon  Cocooning Pupation worm eclosion
g a.i./(mg/L) ght’g weight/g shell/% rate/% Rate/% cocoon/% rate/%
papict 1.5139+0.0216a 0.1985+0.0040a 13.12 ab 95.00 a 84.28 aa 1572 a 100 a
Control
10% ik F 2R 50 1.4453+0.0206a 0.190 8 +£0.003 8 ab 13.20 ab 73.33b 88.25a 11.75a 100 a
H:/ \».L.?
o 7K.%H&*V‘”U 100 1.500 7+0.0208a 0.194 8 +£0.003 8 ab 12.98 ab 90.00 ac 89.47 a 10.53 a 100 a
10% difenoconazole
WG 200 1.4280+0.0713a 0.1806+0.0030b 12.65 ab 80.00 be 79.50 a 20.50 a 100 a
250 g/L 5 TR I B 71 62.5 1.5873+0.0069a 0.1969+0.0017a 1240 a 88.33 a 84.53a 17.55a 100 a
250 gL aszg"ysm’bm 125 1297840050 6a 0.1738=0.0041b  13.41b 65.00 a 86.01a 16372  97.78a
250 —c —c —c —c —c —c —c

7 NIRRT ATIUT, RIS EE .

”

I RPEIEZ LSD (D) 156, FFIEHE G AR 7 RRIRME 0.05 KPFEREE.
Note:Data in the same column followed by different lowercase letters in the table indicate significant difference by LSD (D) test. The “—” indicate that

relevant data was not obtainable because all the silkworms were dead.

W, HEREIZRH T REE 0, AR MR-
iR F (P <0.05); Hixm7lE (250 mg/L) &b
FEATERIUN 5%, HIEATREWGE, ™EY
W) 3 28 0 R e M G FR A, HXT IR E R B
(P <0.05); 125 mg/L k125 2 AMG HAb T bx
P50 R E 2 7 (P <0.05).

B, T 2~3 Mgy, 2 MR 2R

ZARF EATE AR, Horh F B 5 25 5 A
HZ 8 2 MERR.
234 XMEBEHEEANTE AR E 1A
10% KMk IR WG T 58t 2~3 WAL 2, &K
JE 20 5 2 (1)1 35) A e 7= B 5 5 0 HEURH BL 22 SR 35 AN
B3 (P<0.05), REERIKRELEN, 10% K
fik FH IR WG S K A 77 SRR A K

P 1B AL, 250 g/L WS I SC %k B AbHE
RN~ O0 a5 X A T 2 7 23 (P < 0.05),
HBEAFIREIRE S, G~ EERET
Beiash, EE (250 mg/L) ATk g sk
U, FEINEA 0.

3 FRr5itie

ExBELaEEEMEEERKEE SR
5, BRI T AE A 2 R R R A ——10%
Tk IR WGl 250 g/L W5 T SC X RE I
M. Z5RFH: B2 MAREAXNRXENSER
P B R IR RS M, (H L 10% 2K 7k
WM WG X R EME T FEREREE —E %
m, HoxBEW K ARG AR A& E (P <
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700 4 A 7004 B
a
g 6004 2 a g 0007 T
Q
Lol ENE 5 £
28 504 | 1 . l_ 2F 5001 1
I <& T g =
% wod | 25 400-
Lo Lo
= £
& & 3004 & ? 300
:._:F % kkkkk _\’?42
#5200 4 #3200 -
g g
= 100 = 100
i i b
0 ST N - I 0 . . . .
CK 50 100 200 CK 62.5 125 250

Mass conc. of difenoconazole/(mg/L)

Note: Data were tested by LSD (D), and different letters on column indicated significant difference at the level of 0.05.

A ik FR B e o AR
i HIEL LSD (D) Kk, M EARFEFREERE 0.05 K P EREE.

1 K 2 FREFIN R E~IERF M

A T i VR
Mass conc. of azoxystrobin/(mg/L)

Fig. 1

0.05); 250 g/L M55 SC 23 /™ & I K & 1 4
Tt MIRFE bR (P < 0.05), L7 fix v H 1) HE 4 75 &
o mEPN KBNS, A, 22 FRE
WFRJE, MEE 7 RIFGEH AL T2 H, [FRA R
SN, RGBT RERNERESISR; 1
WA LAER, AR B ADVRR2, Hil
DI BORAE T IILE [V DL ALK} 2 (SFig. 2)].

AT, 10% L0 I WG () 96 h-LCs,
BN 353.58 mg/L, -55ith#Ha S50 3E 1) K Tk B A
M B 25 1) 96 h-LCso 18 (713.40 mg/L) AL 2 F 4%
K, AW T e ) 7 AR A R A R A T B AR
., EIZR R & 2 AR S, 5 R XS
PEo BRAN, ASHIFTT 45 SRR I 2 K T A d e AR OR
F A 2 R E 2R I R A B LA (ME) X
ZTH) 96 h-LCs, 18 (46.5 mg/L); 5 B #AHH &K H
RENIAF 400 g/L ZKFk H AW SC 17 96 h-LCs,
{E (6.68 mg/L) %= 55 K. RUIAFEFIE K H A
A ) 5% 1A 2K ik FH BRI 24 7510 R 2 1 S S A AE
BMRESR. AWFRH, 250 g/L W EE SC ) 96 h-
LCs, 1H (498.66 mg/L) 5t <& 4R IE 1) 96%
W% B R R 245 11 96 h-LCso {H (795.57 mg/L) AHLL %
FAREK,  FIFEA AT BE S BT 70 A e At e 4y
PR TR S B SESR AR A AR 1)
50% ME T s WG 1) 96 h-LCs, 18 (883.79 mg/L)
bz ik, RSB R BN A E kR
PSR, GRS & & L= KEREM LK.

Vassarmidaki S5"HRIE, 25% WEREREH 0] V548
71| (buprofezin 25% WP) X X 7z 4= 1 & A = = 1)
oM S 2R B OG . WHE RS, 8 b

Influence of two fungicides on the fecundity of B. mori

REGEWT S 3~30 d J5 K4, TIXHKEmM K
B R A 32 E A T S R S R b
FEAEAFFEE R m s [F A 18 R AR B S N
PRJR AN 2 K KR E I, 10 H s 4
W, HEE. LR SR AR T R,
Ak, HFTERIN, 2 PR YIR 05 &= 42
FOAT B DL R 3K A (3 B 5 24 0 5K 2 (1) &5 SR R RN K
BHRBHAARZFRW, FRRE R TRR
F K AN VETE BT, 1A O R B R0 K 2
KRG ENM, JUHEE TR E R SR
FAERK R E R A IR E LR /> o i e S
R, 7 ME R EFRAFEFI RSN E, K
AR FEM, MIRERE. KB LA EE
M2 EA A RS2 A5 255 |
[ HEFE IR AL 2 Wi R 2, KIL 10% KK A
W WG AbERZH HIL4 UK B IR K HR i R
B Je AR R e A G SE R EEREIR,  HOHHR A
REAE 2. 3 RN 2 e S ERIKAES; &
250 g/L M5 R s SC bH G, XY KEHINE
IR AR L B e, RIS LR & ™ E A
MR 2 R B PR AT 2 s At 2 30T, LK
REEF RIS BHIR

A 7 R LR A O K A S e A D R R v B
MIA 2G0T, 38 8 2 v R B T 3% T AN OE R 3R A A
Wi, EXMKEE ARG EAEEE S B RIEAHAR
50, 10% KBk H IR WG Al 250 g/L % g SC
X EREMNEEEENEE, HHENXENKE
¥ BRZERRE . BHE ) S HA FE AT R
LIRS AR E R, Kk, R [E
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