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Accumulation Transfer and Exposure Harm of Triazole Fungicides in Rice
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Abstract: Accumulation and transfer of triadimefon and epoxiconazole in rice seedlings were studied, and the ef-
fects of these two fungicides on the growth and development of rice seedlings were also investigated. The results
showed that triadimefon was easy to transfer in rice plants, while epoxiconazole was mostly accumulated in rice
roots. Triadimefon could promote and inhibit the rice growth at the low and high concentrations, respectively. How-
ever, the inhibitory effect of epoxiconazole on rice growth was positively correlated with the contaminated concentra-
tions. Compared to the control, H,0, content and SOD activity of plants at the low concentration treatment of triad-
imefon were reduced the 21.9% and 11.9%, respectively. Whereas, H,0, content and SOD activity at the high con-
centration treatment were increased by 9.9% and 18.3%, respectively. Compared to the control group, MDA content
and SOD activity of the rice seedlings at the high concentration treatment of epoxiconazole were increased by 18.6%
and 37.0%, respectively. This study revealed the accumulation and transfer of triadimefon and epoxiconazole in rice
plants and the exposure risk as well, and the results provided a reference for the rational use of triazole fungicides in
rice production.

Key words: Triadimefon; Epoxiconazole; Rice; Enrichment and transfer; Physiological and biochemical indicators

KRR E EER Y 2 — AR 5 R O fRSR Y = e SR R SR A A T
FE A 5 M Z SO RN MRS SR A A i IR H A B A PN IR R SR L T B IR K
o R R E K RS A Y AR PR KA R T B AR, O T = 2R R
o A B B P RN AT B T B, P LU R K R AR R I e AR LA, DL SRR 2 XK
68 4 1 3 2 A S A R o A = e

el B 98 2024-09-16 SIS KR DA 40 O B 30 25 L K R )
BEME PR ARELEA N (177217) T 9 2 S S0 4 S = A 0 £ K R e

TEB® A A (1995-) , 8 i+ W58 J7 o]y 7= b BR 8% A \
GBS PEAY 5 A F RAL IS LA
BEMEE BTG, 14 BI2U4%, E-mail: chengjiangfeng@qust. E/JJ—LIKJ. -H:/fﬁ Iﬁ‘ H Eﬁ{ﬁﬁﬁ&z{ Eﬁlb LE&

educn 1% P % (reactive oxygen species, ROS) #% A 4
AT, B 1 B9 R E-mail: yu981190@hotmail. e A2 W) AR 2B 9 J0h 360 3 8 A 1 463 45 1) 32 22 D
com PRS- 35 A S 0 v 9 2 M T, 2 S B I



26 P/ | A A S e 494

i Ak B AR AR PE  DNA ZEAE 4 BE T AR
T A S A S R AR A A
HEAG T R RO R BT AL 5 R B S B S L B 1
RYE . H oYU E A 1 7 G0 AL 45 A B
AL i (superoxide dismutase, SOD) 4% Bt H AKiL J5
lif (glutathione reductase, GR) . id % 1k ¥ i (per-
oxidase, POD) . i & fk & B (catalase, CAT)ZE®,
JK REARL PR A PN 16 P 4 7% 5 0 S T Tl O P ) 4
W 7K A 32 3 AR AL A5 AR FE

1 M#E 7%

1.1 RIS

R 46 (VT 758 44 A b B} 27 Be AR £ 1F 9 iF 58
BT ), UK SRR BV W KRG 8 SR — MR 2 (
H96% , 1 AR MY B F AL TRy A BRA A, #E
M JEE 24 (5 5 97% , L AR e Dy o <Ak T A PR
A, CHE Oy Mrat) , N Crg ut i i AR R A
R HD) 8 B R & g R R & PoD K
£ SoD a5 & . N [ (Malondialdehyde,MDA )
A& G A AR (0 F & (B Ry T
FEBEFEFT ), WA % 5 3k 156 ) (LC/MS-1260/
6410, 3¢ H ZHER B A RA A, B f6 5 K%
By (HH=-2, 5 M E A2 i 25 A7 B A )  8 8 2.0 4L
(Centrifuge 5804R %!, i [&] 3L A fE /N F] ) , 40T
L4366 BE 3 (A-1506 B, | i B AT Rl 24 AL 88 A
FRAFD .
1.2 FHik
121 REHGHEF

IKFE B FH 5% 19 R GRS % W= i 5 min,
ZRABK MY 5 IR EAT R IATH 75 o BN 5 )5 A+
BT P s AR A B SR LD, A ) 2508
K (B i B ) —2F R B, B R e — IR 781K .
TE 32 CEAMF T REOEMEE 2 do BEHET & — B #h
T TKE &b B B 35 °C/25 °CL OB
FIE] 12 h B 25000 R 3597 5 do K &b i 4 ok
FEE IR, SRR 3 A Ef— K, R E =
—O, fE
122 =R b g 3Rk 3 RO

fii FH QUEChERS ¥ i 17 FF i 1) $2 B4 AR
BB fif £ 0 7K A 25 0 59 146 85 ML IR R AT
e PRI R 0.2 g 2 10 mL B0, A 2 mL 2 )5
J5 R HE 1 min, JITA 50 mg Z4L4H , IR BE 1 min, 5 000
r/min B0 3 min, B 1 mL FVER T HAY S mL B0
o RN A 75 mg MgSO, , 20 mg PSA F1 10 mg

GCE, 147 1 min, B 75 0.22 pom A HLFR 8
RS B AERE /NI, TR o KR AR = s i 5
IR e i B Ak O vk 5 ZE A A ek A R 75
mg MgSO, #1120 mg PSA

TRAR IR rh — s ] 5 R A 1 4 B A, B
R K RS F5 W 2 mL 2 10 mL B0 %, A 2 mL
ZE G T 1 min, A 50 mg S8 ALHY, I E 1 min,
HEZES)Z, B oL P22 THNS mLE.OE
o, A 75 mg MgSO,, W E 1 min, B35 W0t 0.22
wm A HLFR JE R RS 2 ERE /NIRRT
123 Zvw @5 # R A n

o, 3% # . Agilent ZORBAX SB-C18 (100x2.1
mm, 3.5 wm) ; SN 2 0.1% R K (V: V)=
90:10; Ji % : 0.4 mL/min; JZ N BF[E] + 5 ming BT U5 :
HL I 55 29 1 U (ESD), 1E & TR Binfb &9 : =
WA ] R BRI 5 4T A 5K MR 22 B2 07 ARG T 5 3
.5 ul,
124 REEX =85 R IR RIS &

TR = I — O WK R G, 53 e K 3G
TN — 5 He A7) () = s T 5 30 A0 s s o 35 YA, 78
FRI A = 8 Tl TR I Y R B R 1 mg/L B4R
M E3ANHEE, THREIS05.1.2.4.6dK
SERE SRR AR A I 1.2.2 10 7 25 B BOK ARG = mk
B SR I R 1.2.3 4 0y vk BEAT AR
1.2.5 A=y T

I = — 0 WK R ) 1, 6 K B &b A
— 5 H B 1 s S MR A O VR R R TR
e = WA ] T 980 A WA 1 9 BE 43 9l R 2 0,.0.01,0.05
0.1.0.5.1.2.5 mg/L, & Fh v B 4 5] % & 3 41 &
2L H 9810 do B AR FE 10 d Y 2K RS P BRI
KRR R AR 0 SR
1.2.6 A3 AL ARR T

FR A5 A 4 et W 85 SR, 3 30 T T = ol e Ay
0.0.1.1 mg/L 5 MR 4 0,0.01.,0.1 mg/L 1Y
B IR, X = — 0 KR Ay B R AT b e AL B
B 97210 d J5 , o B0 FR OB 9 8T B 40 21 0.5 ¢, A
4.5 mL 2R BEER K, DKAK B S5 1 S LA S) 9%, 3 500
r/min 5.0 10 min, BCEIEWAFI o 050 &0
KFENEMEAR G & HRESHE H0, &,
MDA % i .\ POD Ji 7 .SOD % /1.
1.3 HBHW

Jir A g 3 E A (n=3) , i 50 45 R % ]
SPSS 22.0 %k 4l b B K ¢ 3E 47 BN R Oy 22 40 AT
(Duncan 3:) .



13 TIEE A - ISR TR K P B BT SRR MR 16 27

2 ZR 55

21 ZWESERBEKBINEEMER
7K R AR T A I 1 R T R o
(FE1A), ATRE S i = e s K M3 A%, 5 5
7K B AR fife W, 3 3k K R 1Y) 32 i R Gz 3% #) K
FE G 250 B 431 o B 7K 1 T 11 SR A I 5 KRR AR
EBELS A AES WK 7£05d 2 1 A, KF
SR rp = e T R AR o R R T

IR . 2 d Z 5 K AEZE R PR e T
= MR i (1B, AR T = M e K A
e fifp AL 38 U SR A I BT B BRI S R 2R AR
SPEC TEAE HK A = O 4.3 d, SRR
WO 15 d, A7 5 SR D = W L S B
PR fige , P R T SR BRI R (I 1C)
15 4~6 d I, /1T 28 BB AR I I, & 9% 0™ R
K, FEGRIAEE A T BT

A —a— R B —a— G
s | =M o —=—
5.5 —a— = 2.0 =
- 5.0 o 18
245 Z Le
4.0 E 1.4
3.5 =
gfj[ 50 fg 1.0
g2 X 0.8
g0 £ 0.6
¥ 1.5 = 0
i i O
0.5 0.2
. 1 ! 0.0 L L 1
o0 0.5 1 2 4 6 0.5 1 2 4 6
. HURRIS ] /d IURER 18] /d
C —— G
0.40 i
7 0.5
joTo)
5
il
po 0.30
R
& 0.25
T
=
#20.20
i
0.15 : . .
0.5 1 2 4 6
BRI ] /d

Bl ZMRERAREKERB.ZHPEENSREFRRIEEDS

22 ZMHAEERAMAIENKBHEEDEN

Al

WE 2A BR7R KA &) B AR = R AR K Bl A =
A ] e R ) T e S R e S PR AR R B
F5 W = e R U R 0.05 mg/L I, 56 R AR L,
JK R S BB SN 13.48%, HR K 4 21.04%
B = MRER R B R S mg/L I, KRS 4 1 ARk
A L T R D 45.77% , IR I D 28.42% ,
FRVB AP = e A e R A AR A a0 K A 4l AR R

A, 28 IR = R R e R A v A 4 K R
HE AR,

W& 2B s, 7K R 4 B Rk = FTAR K B A SR
IR B2 T i BRI AN R BRI E SRR
rF R ER W 3k B 5K 5] 0.5 mg/L 5, K R 40 ARG AR
MR TR R ARV, B R EA
W e B SR 1 mg/L B, 7K RS 401 F 1) BK  AH EE T X TR
I/ 62.28% , MRk 20> 23.39% AT UL G5 FR sk X K
o 20 1 25 I 194 52 ) L 5 1 X AR S B4 5



28 B | | A A 494

K /cm

0 0.0l 005 0.1 0.5 1 2 5
BRI = AR /mg » L7
He o ROR 225 W3 (P<0.05) , " FoR 25 520 e 3% (P<0.01), FIAl,

B2 AEREN=WE(A)S&AW(B)XMKBLEEDEH I

23 ZMEE@EMAMAIETKTEL E LB

) % M
231 = vEL FIR A B KAG S e R A

S A

Mgk R A R e, o LU S A E R, B ik
630 AR B A K A BELAR, AnE 3 FTR , 7E =
W 8 R K AR A S R S B SRR
Hb = e v R 1) T R A B S B S RIS Y
P, AR IA T, -k R Rl A R R TR
IR e B 1 1 T T BRI . AR A A S A =
il 55 6 P R Jilp 38 T KRR &0y AR ) 1 Y AR Ak B —
o ARV BE Y = s R A R 3R B R T, AT
fE 2 T I B B = e ) 2 5 K e A G B AE
P2 JEIK R & B, DT 2K R AR KR o g R A
o MR TR RE S 06 B3 A
O, = e ] 55 R A WA R AR T O 0 S R R B

0.4

*3k

ST ]

0.2

MRS E/mg e g7l - FW

0 0.1 1 0 0.01 0.1
=W IR
BT IR 5L /mg + L7

3 AREKREMN=ZWIRMATETKEHEHREER
SEZME

K /cm

0 001 005 01 05 1 2 5
B IR PRI R IR IR /mg - 17

AT FRIR DTN T AR ) S8 3 . &0 St
SRR E R AL, ORI RR I, SRR
& PR,
232 =L R A B A K AG 4 W H,O, A
SRR A
H,0, 1 ML 47 1E & A Q8™ 48 |, 1,0, 38 &
23 B Bl A AL B Ak B R
FEAEY MM IR T, WA 4 FrR 7R =
5 M A R KR 4 ) B0, B o A R
B R VR T WA ] 5 P A P A B T v S R S
I 18 iy

30 r
5
S
£
m\ﬁ 20
&
w
=
e
pa
& 10
ey
5
H
g
0 0.1 1 0 0.01 0.1
= IR
BT ISR ZURE /mg « 17!
B4 RERER=WERS SIRRE A28 X3 7K #8E 40 E H,0,
2ERFNT

233 = vEEAL FUER e AL P AT K AG 4 ¥ MDA 4
RO
MDA [ & &5 H e T HLR N R BT A 1k
P R BE ] 4 Ml Sz bt H AL AR 240 Bf 52 1 F R 0 1Y



13 TGIETE A =R

SRR B B R e R MR R 29

PEEAREER, WNES B, MR A R, K AE 4
B H MDA B 75 1t Fifi 5 5 7% R = s I o R Y
1o B SRR AR S TE e R R A SR ke By aa
T, KRGS MDA 1 i B A B SR T A
TR BE 1 T v B A T R

100
*k

N

= (2] (o)
(=) S S
T

10%ZH 21513 MDA & & /mmo ] » g

Do
S
T

0 0.01 0.1
S
B HA IR 2GR FE /g + L

B 5 RE R E R = WER S R 4 72 Xt 7k 75 4 8 MDA
SENI
234 ZvERAL5 FRwE A X KAS 4 W POD &
71 69 % R
POD J& S A3 i il /) — A, ZE A8 P v K A7
£, POD fig % 52 fift AT W) 32 2 ) A3 7 . &l 6
B 7, 78 = MR 38 T, K A 2l i POD i 7 Bl
B SRR = R e B A T v S I e RS T
R AP T, KRG L) POD

12 r %

—
(=]

oo
T

10%ZH 2153 % H1PODYE 77/U * mg™!

0 0.1 1 0 0.01 0.1
= M TR
EIRRR ANINA 5 /mg + L7

Bl 6 AEWRER =S FIA AL IE X kTS 40 8 POD
i& 71 Y i

T3 Wit 3 B R VR SR A I e R 1 T R R R ST
J B AT ) 35
235 =L HCER ek A 22 R4S 4 W SOD
71 69 % R
SOD X HL A 4 7 48 Ak 5 Pi 48 A1 i i 2 B %
MR, SOD RE 8 1% i M A BN B+ A i 26 (0,7 ),
PP 20 B S0 SZ B A5 Wl 7 B, 7 = v R
R, KA SOD 1 1 Bl 4G 35 5% W — e il
W B 1 T v S B SR BRI S T A TE U
WA T, KRG LT SOD 1Y% J1BEE B I R
TRV B 1) T v 2 B L B TR v ) A

100
90

80 *k *ok V%

70

*%k

60
50
40
30 |
20
10

0

10%4L 5] H1SODiE /1/U » gt

0 01 1 0 0.01 0.1
= AL

E IR ZGIR L /mg + 171

B7 ANEREHR =W S &4 X K8 4 8 SOD

i 71 89 % i

3 &% ®

FEIKBESME T, ORI 0 K M 55 i, 7K e AR
T2 T W B B s, e ] K MR S B
e B K R 0 25 I 4, e R 5 g B e 7E K
e R S W B R A G AT S 55— e R T SR A A 1Y)
B KA G . R L R A I T S B [ e A
I A% 41 20 v R M Y i T MR S i,
M il 5 R M E K R LS E R e B
2 B = 1 i 55 60 A W A AN [] A S5 R A T P
LIRORA TR 2l N

MR KFE 4 AR Y SR E i AR
B LB IV B Y — R R T BB 2 K R 4 i Y AR
oo B IR = e TR Ve FE AR, K A 4y
MDA 5 H,0, & &Ik T X, POD i J1 5 SOD & /)
(] BRI T X0 B, 72 b 5 5 0 A X K 4
FLAARAR = 10 B0 5 1) 45 AR AL ARk B g — e
P A DA K RS A, AR i K A 2 b & .



30 B | | A A

494

FEE T TR I R A JE i S B AR R A B e B
I 7K e &)y 0 AR B o el 2D KRS A R A A
R REA R o 2, B % IR — W R A B A v
11 B 6) R R = =+ 1R OB 17 K 7 1
IKFE A A 37 B B .

B 5 75 37 V0 R B M e R 32 T 3, K R R
e 22 3 14 400 ) R B . 3% AR b B B 4
e i S RN SR N Ba R N U SR 2 =
FRI P IR IR e B A AR, K R 4 P HL0, B i
fIK T X #8, MDA % 5 i T % B, SOD 1 77 5 POD
T 773 5 T F BRI R T SR A R 3 R, K
e 4l iy ol 480 B B - s o, — 543 9 SOD #
& H,0, )5 , B% POD f fk 53 % , — ¥ 73 Yo o /K i
Y0 R IR D R , 51 MDA & &3, 48
IR PRI e e B S — 2B T A K RS &
H,0, K& FLE, i 7 1 HOo, M T POD % /7, %
KA 4 A R A A AR T ]

T 2 % 7K RS AR A AL AR BRI A, K 5T K R
PR AN IR 58 X8 7K A A A 06 B RS2 e, ) b R T
A ] 5 G A s oS K R 2B K R A e R SRy
— Y s IS AR 25 X6 KR AR B R S s AL
PR T S A

S

WREPE o] 4, BT, 45 KRR 2 3 K A X R 5
(7. P B ARl 244, 2014, 27(3) : 1072-1078.

INKZE , INRAL, SR, 45 . =l 2% T 700 X o e e ot o5 1) By
ARG LA YRR, 2019,32(1) - 21-22.

TOURKE ESCPE, BRE A5 DRk - O 0 1 of 7K it SO T
PALAI B K FH T B A AR (D). VL 95 A0l E 4, 2011, 27
(1) :219-220.

JEIRS 5K BV, oK 2, A5 . = 1 R R ik Y S M A R
- v R BT A B S ) TR AR B2, 2017, 45 (15) ¢
164-166.

Kumar M , Chand R , Dubey R S, et al. Effect of Tricyclazole

[1]

[2]

[3]

[4]

on morphology, virulence and enzymatic alterations in patho-
genic fungi Bipolaris sorokiniana for management of spot blotch
disease in barley[J]. World Journal of Microbiology & Biotech-
nology, 2015, 31(1):23-35.

Parvin K , Hasanuzzaman M , Bhuyan M H M B , et al. Querce-
tin Mediated Salt Tolerance in Tomato through the Enhance-
ment of Plant Antioxidant Defense and Glyoxalase Systems|J].
Plants, 2019, 8(8):247.

Mahmud J A , Hasanuzzaman M , Nahar K , et al. y—aminobu-
tyric acid (GABA) confers chromium stress tolerance in Brassica

juncea L. by modulating the antioxidant defense and glyoxalase

[ 8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

systems[J]. Ecotoxicology, 2017, 26(5): 1-16.
TRAR R XM , 0] B BT A W0 40T 2R 0 % 306 5 k3 1) 3
A5 0B JSE ()], 80 6 R A e 2 4R (B AR B i), 2015, 33 (4)
435-439.
26 A A o A 24 X K R A B A Al 5 e K AL BLAE Y
[D]. 47 9H : 47 IH K2, 2004.
X, W , A BOR , 55 /NG T A AL S X K R R T B
S RGy AR R S R (). R SR IR A 4, 2019, 25
(12):2142-2151.
Paula Paya, Anastassiades M , Mack D , et al. Analysis of pesti-
cide residues using the Quick Easy Cheap Effective Rugged and
Safe (QuEChERS) pesticide multiresidue method in combination
with gas and liquid chromatography and tandem mass spectro-
metric detection[]J]. Analytical & Bioanalytical Chemistry, 2007,
389(6): 1697-1714.
o R 7N A2 TR T X S5 T A AR ) i 3 A g A oy M A
PR AL B ED]. 1 - 1 TR R, 2016.
Jiyan Liu,Jerald L. Schnoor. Uptake and translocation of lesser—
chlorinated polychlorinated biphenyls (PCBs) in whole hybrid
poplar plants after hydroponic exposure[J]. Chemosphere,2008,
73(10):1608-1616.
XUHEHE . =R A 25 75 /K F5 Do FCPR B8 o 19 43 Al AL B F05k
FIFFEIDL AT - #f 11K 22,2013,
s, g PR AE T . GBI 7 i FH BRI ) 3 e s 2S00
FENL AR R, 2015,43(5) - 137-139.
XIS, SRR A B0 X A B 3 T K A A IR T 1 5 )
(71 AR ALl B, 2020,45(3) 1 1-5.
A FRPC, WAL, 5 XU A X KL R AR RE -4
N SN IR W )], PRI RL A 240, 2014, 34.(4) £ 1068-
1073.
Gilani M , Danish S, Ahmed N , et al. Mitigation of drought
stress in spinach using individual and combined applications of
salicylic acid and potassium[]J]. Pakistan Journal of Botany,
2020, 52(5): 1-9.
Mohsin S M , Hasanuzzaman M , Nahar K , et al. Tebuconazole
and trifloxystrobin regulate the physiology, antioxidant defense
and methylglyoxal detoxification systems in conferring salt stress
tolerance in Triticum aestivum L[J]. Physiology and Molecular
Biology of Plants, 2020, 26(6):1139-1154.
JEI A, ACREAE | R AR AR, AR A0 X A6 2 Ay 2R K
HACHBSZ R ). AR LA B2, 2019, 44(6) : 6-9.
TR, RS BRI, A5 Cu™ Mg | Fe™ = Tl S IBE it % 2t 2
7 R R A RS B 95 A D], AR A B2, 2017,
42(5):25-29.
VEHEAR, DURE R, 9K, AU A X EOR L O A MR
AR R 52 R (. A9 1 BE22 41, 2016, 52(1) : 101-108.
FEF5 6, B SCHE B AE A5 R v I R AR 7 A BT B
BLEIL. £ 4 TRE2 4R, 2001, 17(2) 1 121-125.
70T FH o] 24 T 3R I b XoF /)N 22 40y i A AR R 1Y B2 R
[D]. 28 % : LW ZR A0l K%, 2016.

(Fiemdt 2 2)



