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WE., 4R & AL LR E AW I (Piriformospora indica) AP E B L E st d EHETHURXR AL
MERME KA ZB RN T T P.indica HA)G , CEBTHERD RKRSE R T Hwm, &R
AP, AHAELT S CEBALRNENEH 400~2 400 g/hm” B A xh E A KA RRARLE
BIHAER, ARBAZ P indica ALHFE Ml — T RELERLERMHFEHSH T, AL
oY L A RR R & A 400.800.1 200.2 400 g/hm2 &, 10 ¢ P. indica B2 A kg
R ARG EEIRLE S A 30.79% .60. 99% 26. 99% 26. 49% ; 3T AR ¥ 84 25 F AR B F 5 A
7 33.69% .21. 51% . 58. 75% . 31. 67% ; A F ¥ 8E u 2 09 25 F M A & 5 % A 75. 92% . 45. 50% .
7.25% 33.33% ., 52 M EmRA L BHMNEHESH G P GSH(E RA SMHIK) 89 R TR A
VAR GST( 4 MH Ak S—#: 45 8 ) SOD (AR AW HAH) Y EWA AR RIS, % L P indica #
REMETHEAMEBY TR RO ESLEBRYBELRE, A M BB LERS ExtmEw
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Curing Effect and Its Mechanism of Piriformospora indica

on Rape Injury Caused by Acetochlor

HAN Fei,ZHU Xiang, CHANG Yue,DONG Qian, LI Junkai
(Institute of Pesticide Research, Agricultural College of Yangtze University,Jingzhou 434025, China)

Abstract. In order to study the alleviating effect and mechanism of endophytic fungus Piriformospora in-
dica on the phytotoxicity of acetochlor on rape by seed dressing, pot culture experiments were conducted to
determine the effect of acetochlor on plant height,fresh weight and root length of rape after seed dressing
with Piriformospora indica. The results showed that acetochlor had different degrees of inhibition on the
growth of rape when the application rate of active ingredients was 400—2 400 g/ha. The phytotoxic effect
of acetochlor on rape could be alleviated to some extent after seed dressing with Piriformospora indica. A-
mong them ,when the application amount of acetochlor active ingredients was 400,800,1 200,2 400 g/ ha
and 1 kg of rapeseed was mixed with 10 g of Piriformospora indica ,the recovery rates of plant height were
30.79% ,60.99% ,26. 99% and 26. 49% , respectively, the recovery rates of root length were 33. 69% ,
21.51% ,58. 75% and 31. 67% , respectively, and the recovery rates of fresh quality were 75. 92%,
45.50% ,7.25% and 33. 33% , respectively. Compared with acetochlor alone, the mass content of GSH
and the activities of GST and SOD in the rape seedlings after seed dressing were improved significantly. In
summary , Piriformospora indica can increase the activity of related detoxifying enzymes in rape,and en-

hance the detoxification effect of rape on acetochlor,and reduce the phytotoxicity of acetochlor on rape.
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BEA KRG e D A B R B B il
Xf R B B R B R B AR S L FE (Ace-
tochlor ) J& 1 ] T Blj B 7R A B} K50 73 ) I 2 B i) Tt
JHe JE B B0 A 2RO AR AR B 1 A R, R TR
SR R MR e K R R 2 — Y BRI, £ R
XHVEY A7 FE Btk 2 55 R 2 2 i g R St
255 B R SRR = R R, S EH P W AEY P
B H AT, £ Y 2 4 ) 32 N AE 1B B )
Xof B AR W 7 A 2 5 D7 T T 9B 5 R 5 X 3L
MRS = A 2 E R Bz AT B

WA B B BB #9 ( Piriformospora indica )
SEENEERL 5 VERMA % D08 B (9 3% K 10 32 oh
RIW, HAEH 5 MK B AR (Arbuscular mycorrhi-
zal ) LR S AL PR AT DLA 3 A bk A A A 7
S ST A R R R AR AR R iR
AEE M M X NP UK 9 W Y B S A ) T
R PrER T Brer Y B A T AR R A% 2
K (H 2 REXAE W 25 F 77 A G AR T, i R L
AR, DL P indica 3R b1 ORE, 38 i P Fl
A TR ARSI AT IR R P indica T2 ISR
LR 2y F py A A, OF i AR B P indica %%
fitt 25 FE W HL , 5 AR S i 3 K I AR 7 R B 2
0 1B B A R KA A SR, JF A P. indica
T FH 8] A 07 FH 4 HEAR 3

1 MR 7 %

L1 R

1.1.1 A #4 290 14 5 3h 2% ( Brassica napus
L. ) A= 0 B DU R I A BR A 7 5 P.oindica 7
[E B & K% RALF Oelmiier Z 72 #4  F KM ( Kaefe
medium ) [F AR EE FEILRXT P. indica 3EF7 7 AL F0 48 5 B
o BRI 4 4

11,2 %5 50% & 5L A 2R 0 ox B
Te2E A R R 5 £ 5 e bR e 0 W T S8 AR HERE &
bl s A DEH Ik S5 R g (GST) I 5E 15 & L ik
JE AL e H Ik (GSH) W 2 177 & R 46 Ak ) 1B A Tilg
(SOD) 43 R i 150 & 24 W B e 5t el i AR ) T AR B
FEHT s B ATk | SR SR L TG /KB R A 55 34 43
Hraki,

1.1.3 REBAE  FA2004 H1F K (L ifgoE T
TR A ER A RN A SRR T UV32008
( B SRERALSARAA)

1.2 REHE
1.2.1 Z#FME P indica 3 HE LK Hh
TEMRIA (16 emx 16 cm) H A SE & 3 75 19 KT
+ I — s A R, 1 kg T SERE A B
5.10,20 .50 g P. indica B 22 AT HEFD, T 3% T 2 23
TR A, A 2S5 kL, AR 3R
1 em + |, [FEERZ P. indica B 2200 B 7+ 2 25
FHXFIR(CK,) , T MEp, #5510 d W bk,
HRA DA B Bk 6k i, 15 P. indica 10X 3
KR (P. indica FEFII EMH , XA T P. indica
FERD 0 15 3 A4 I S &l v R RS DL D Rk e
JE{E  CK, W B, % 50 b 2 (xR CK,
A B SR A R AR DL B R e B )
PR H = (P. indica $EFHI E 14 -
CK, % {8 ) /CK, & Hx100% (1)
1.2.2 &#FFME P indica % M T 3F e st b ¥ 6
e HEETALERUN 1. 2.1 hETEAR LIRS 1 d AR
B4 5 0,400,800, 1 200 .2 400 g/hm® HY 2 %
JHe Wt 25 HEAT 1 IR, IR & P indica W22} &
A H AT A AW IR CK,) L #6510 d I E
Phier ARG LA B B bR B 5, ORI & R ORIl SR Y
PR (CK, 2 A, Fon i 5 H 2 | XTI CK,
A5 B 1 I A R R AR L b SRk e B A
Jiti £ Bl W A, 2 s 1 56 v B it FH 2 e
SRR R AR DL S B 6 5T 5 ) LA M2 P indlica
XoF 3 25 WK R (P, indica ¥R T M T 20 5
ME(E, FRIRE 2 P. indica $F R FLE ] 2 55
S W00 A B A S 40 bR e R A LA R bk i BT
&),
2 = (CK, D2 {8 — Bl £ 2 e I 2 18 ) /
CK, il 7 {E x 100% (2)
PR IZ = (P. indica TR G e FH £ 10 5 -
it £ RN () /CK, PAEEx100%  (3)
1.2.3 GST.GSH % SOD ## I 5 a2 XK 4k
PR 1. 2.2 FriR , A FERP & (1 ke THEEFFIR
JIS 10 g TR 22 ) FE B Wit AS 5] A A0 4 1 4
JHiz (600 .1 200.1 800 g/hm*) , I KL P. indica Hi
22 Jo £ AL B B A X IR CK, ), Tl sE
&G 10,15 d, BUH 32 4 00 e 138 43, I ™ 4% e
IR & Ui B AT GST .GSH ,SOD HY R HL 5 5E .
1.3 #iEAE
KH Excel 2007 X % 4g #F 17 4b B2, F] FH SPSS
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20. 0 #EAT 82407, AN 50 g P. indica T 241}, P. indica %158 1Y
Phisr ARG AR BT i AR — o I RIVE T . A
é:l: E /\ N N o
2 % % % 7 7]:)? 1 kg HZEFFER N 10 g P. indica W 22 6%, P. indica %
2.1 BBHEHT P.indica 31l EHREER TSI AR AR OR R bR ARG | Rk 6 ST Y
MR 1AL, S CK, XTH, FEREFh &8 1 ke TH fE K9k 25.16% 31.36% 30. 24%

R 1 P.indica HFIHITERKN I
Tab.1 Effect of P. indica seed dressing on the growth of rape

1 kg IMZEHF P. indica bR i REAMR K B B T ik
B K
%‘\}Jﬂi/gp. indica N R/ % if*@*ﬁ%/g K F/ %
R /em /% HE/em

addition mixed Root length Fresh quality Single plant
Plant height Plant height Root length

with 1 kg promotion per plant fresh quality

promotion rate

rapeseed rate /% promotion rate

0(CK,) 3.12b 2.36ab 0. 15hc

5 3.83a 22.6 2.76a 16.74 0. 19ab 25.80

10 3.91a 25.16 3.10a 31.36 0.20a 30.24

20 2.99b -4.33 2.43ab 2.75 0.17b 11.09

50 2. 64c -15.5 2.23b -5.62 0. 13c -11.33

T [ B AN ) 2 B 3R 7 Ak B ) 22 e W3 (P<0. 05) , T IA), R P FUERIRFERFERVRBE T P. indica X3 A A — € B HI4E T
Note : Different letters in the same column indicate significant different between different treatments ( P<0.05) ,the same below. A negative value in the

table indicates that P. indica has a certain inhibitory effect on the growth of rapeseed at the seed dressing concentration.

2.2 BEREGTP. indica BRZERIMEHE dica T8 22 AT FERD 00027 10 20 J5 1RO RAK B A
B2 R X cEs  Hodr 1 kg RN 10 g P. indica W2

TEAARSM T, 5 CK, X Lo, it FH A 808 5 45 I, X8 A [R5 &40 43 (400,800, 1 200,2 400 g/
128 400,800,1 200 .2 400 g/hm* ) Z, &R, 245 il hm?) (4 & e 24 3 R 9% fif R S5, FLAE RAB
SRR AR B bR T A T AN [ R BE Y 5 HA LS CK, #°F , EEZLT CK, o Hd, X HkF
Ho, X Bk w5 4R 4 R 29, 12% 34, 75% 25 RS ARy K 30. 79% 60. 99% .26. 9% ,26. 49%
48.66% 48. 51% ; X HR K 31 il #4351 24 22. 03% AR K A 25 WK 5 3 5 B 33.69% 21, 51%
27.54% 26.69% 27. 12% ; %t Bk fif i dk 40 1 R 4y 58.75% 31. 67% , AT FRRE i i i) 25 T 0K 5 AR 53 i)
BN 46.98% .53.02% .53.02% .79.87% ., K 75.92% .45. 50% . 7. 25% .33. 33% ., BLHM, 1 kg

P R e e AT R B S I ZE RS S B TSRS 5 g P.indica T 221 IR I 2H WX £ LR
MRS A DL SR R i kSIS P in- 2E B RIFMZEMER (R 2),

R 2 P.indica HHERZERMNMEATHRR

Tab. 2 Effect of P. indica seed dressing on alleviating acetochlor damage to rape

1 kg 0EHF

e . B 1 . . N L
AR P. indica L7 R MR AW MR ‘ . PAGRGE T B T
LR, , N R/ % Rk G )
s I /g Bewi/em  H1H /% WEK/em  H%/% /% - M=% LEEVL
( g/hm ) Plant Jﬂii/g
P. indica Plant  Plant height Root Root length Root length Single plant Single plant
Acetochlor height Fresh quality
addition mixed height inhibition length inhibition  recovery fresh quality fresh quality
dosage recovery per plant
with 1 kg rate rate rate inhibition rate  recovery rate
rate
rapeseed
0 0(CK,) 3.02 2.40 0.15
400 0 2. l4c 29.12 1.84b 22.03 0.08¢ 46.98
5 3.12a -3.31 32.45 1.99b 15.68 6.36 0.11b 26.17 20. 00
10 3.07ab -1.66 30.79 2. 64a -11.90 33.69 0.19%a -30.20 75.92
20 2.85b 5.70 23.42 2.54a -7.63 29.75 0. 16a -6.71 52.73
50 2.15¢ 28.78 0.33 1.92b 18.77 3.25 0. 10be 34.90 11.04
800 0 1.97¢ 34.75 1.71¢ 27.54 0.07¢ 53.02
5 2.25¢ 25.47 9.27 1.97b 16.53 11.02 0.11b 27.36 13.33
10 3.81a -26.20 60.99 2.22a 6.02 21.51 0.11b 27.52 45.50
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ZR2 Poindica HMERZERITMEHETHRR
Tab. 2( Continued) Effect of P. indica seed dressing on alleviating acetochlor damage to rape
1 kg H3HF L
. oy R . . - ‘1
Ty P. indica ke HREm MR b HRREETT R bR G T AT
=S B
s Whnik/g BRE/em IR/ % WRi/em  #R/ % HR/% " mHER % WEE/ %
(g/hm”) ant /g
P. indica Plant  Plant height Root Root length Root length Single plant Single plant
Acetochlor height Fresh quality
addition mixed height inhibition length inhibition  recovery fresh quality fresh quality
dosage recovery per plant
with 1 kg rate rate rate inhibition rate  recovery rate
rate
rapeseed
20 2.78b 8.08 26. 66 1.98b 16.31 11.23 0. 12ab 16.78 55.67
50 3.02ab -0.03 34.77 2.06ab 12.88 14. 64 0. 14a 8.05 64. 84
1 200 0 1.55¢ 48. 66 1.73¢ 26. 69 0.07¢ 53.02
5 1.98b 34.42 14.24 2.98a -26.70 52.08 0. 08ab 46.31 6.67
10 2.37a 21. 66 26.99 3. 14a -33.10 58.75 0. 08ab 45. 64 7.25
20 1.92b 36. 44 12.21 1.96b 16. 82 9.69 0. 08ab 48.99 4.32
50 2. 14ab 29.02 19. 63 1. 86bc 21.02 5.60 0.09a 41.61 11.01
2 400 0 1.56¢ 48.51 1.72b 27.12 0.03¢ 79.87
5 1.94ab 45.68 5.96 1.97ab 16. 48 10. 46 0.05b 66. 44 13.13
10 2.26a 25.14 26.49 2.08a -5.08 31.67 0.08a 46.31 33.33
20 1.77b 41.27 10. 36 1.93ab 18.35 8. 64 0.07a 56.38 23.58
50 1.69b 40.74 10. 89 2.03b 13.86 13.06 0.07a 52.35 27.41
2.3 BREHET P. indica T XMk 4 & GSH 138.27.150.74 mol/( mg + min) , fm T X B8 20 1

FRERE R GST.SOD &M Mm

2.3.1 P.indica ## 10 d 534 E 4% GSH K &
REVAR GST.SOD E M #Hrh W3 R, &
P. indica W22 500 FER 10 d J5 i34 19 GSH R
WAL K GST . SOD {65 CK, Mk, ¥ W%
P, 1 kg WK 510 g W22 HE R R | 78 A it
FH B i 55 30, GSH B 1% B2 43 591 ok 0. 33,0
31 g/L, i TXF BZH 9 0. 25 g/L; GST 35 1 70 9 Ay

AN =

117.53 mol/(mg - min) ; SOD & 4 43 %l b 38. 64,
33.85 U/g, i TXTHEZ1 1Y 23. 88 U/g,

R PR & (1 kg WSEHFESIN 5,10 ¢ i #2)
FERS | H WA [ A 0853 19 £ B (600 ,1 200
1 800 g/hm?) , JH1 3 Ay A OC A B Bl 1) 06 1 B o o
WA R, 2 AR PEFp & AL B4 (1 kg T
SR TSI 5 10 g B 22 ), N 3 3 0 g I R K BT
R R ) e AR A 2

R 3 P.indica HMIMFELHE GSH RERE K GST.SOD FMHZIN(10d fF)
Tab.3 Effect of P. indica seed dressing on GSH mass content, GST and SOD activities of rape seedlings ( after 10 d)

1 kg AT P. indica

2RI P h ‘ \
) Wi/ g P. indica GSH Ji i ¢ B GST &t/ .
/(g/hm*) SOD &M/ (U/g)
addition mixed /(g/L) [ mol/(mg + min) ]
Acetochlor SOD activity
with 1 kg GSH mass content GST activity
losage
fosaee rape seed
0 0(CK;y) 0.25b 117.53¢ 23.88c¢
5 0.33a 138.27b 38.64a
10 0.31a 150. 74a 33.85b
600 0 0.35b 111.60c¢ 26.55b
5 0.39a 175. 80b 41.15a
10 0. 40a 203.33a 40. 62a
1200 0 0.33b 135.30b 27.92b
5 0.42a 170. 86a 34.84a
10 0.42a 179.75a 36. 06a
1 800 0 0.35b 125.43b 29.36b
5 0.43a 144.19a 41.76a
10 0.45a 141.23a 44.81a
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2.3.2 P.indica ¥ 15 d G HmE4 S GSH &
W E VA B GST . SOD &Mt %re & 4 AT 1,15 d
i, a5 X IR (CK,) B9 GSH Ji & ¥ L GST K&
SOD i th A B B H , & P. indica T 22 B 00 £ Ff
J& TSRS T R DG A B I 00 35 M R A ik K
SR T CK,, By fif F 2 0 fie 114 3ol 2 G AH OC 1l T
e B s M BV RS = T CK

25 P. indica T 22 FE R0 0 SR, BT A AL
B4 43 1R 600 .1 200 .1 800 g/hm® fY 2 B i , il =%
T IR R G A B T 10 35 P B o o Uk B 1 T R A ]

CE WAL IA , W T CK, . DL F Wk B
600 g/hm’ A, 1 kg ZEAF 5 o B 22 FE R 50 41
B GSH Fi e i Jy 0. 58 ¢/L, GST SOD 1Y I 7 /¢
A 181.41 mol/(mg + min) .54.70 U/g;1 kg ¢
FFH 10 ¢ W22 8 Mi 5 4109 GSH s ik 2 0. 60
g/L,GST,SOD 1Y% 7 43 51 4 203. 94 mol/( mg -
min) \59.34 U/g, ¥ T ¥ £ %R GSH 1) i &
WePE (0,41 g/L) M GST . SOD Ay 1% M [ 146. 48 mol/
(mg + min) 46.86 U) |,

R4 P.indica HHI MK E GSH RERE LK GST.SOD FHMZM(15d/F)
Tab.4 Effect of P. indica seed dressing on GSH mass content and GST and SOD activities of rape seedlings ( after 15 d)

T kg TS - P. indica

LE R/
Witk /g P.indica GSH [ 4 ¢ £ GST it/ i
(g/hm?) SOD it/ (U/g)
addition mixed /(g/L) [ mol/(mg + min) ]
Acetochlor SOD activity
with 1 kg GSH mass content GST activity
dosage
rape seed
0 0(CKjy) 0.43b 157.75b 47. 40c
5 0.50a 211.83a 55.01b
10 0. 46ab 220. 85a 59.72a
600 1] 0.41b 146. 48¢ 46. 86¢
5 0.58a 181.41b 54.70b
10 0.60a 203.94a 59.34a
1 200 0 0.48b 140. 85¢ 47.36b
5 0.53a 213.38b 67.79a
10 0.52ab 228.59a 68. 17a
1 800 0 0. 44c 114.93b 45.84b
5 0.50b 176. 20a 67. 86a
10 0.54a 167. 89a 66. 87a

3 &5t

Y SOD | GSH & HLA RE 5k T fig 1 £ Ik,
H BB TS PR e B IR BT TR R B R
IS PR AR AR I R N A R R AR A IR R e Pk
FHEMEM, X SOD,GSH [ & I A fig i 2 i 7%
YEHT, DAZ0HE GST #EAL T, A B 54 B 9 Il ™ 4 ]
BB A ok T SR dE R MR H AT
FELE L e e 24 ok 1 79 2 4 300 19 A R ML 8 2 Sk 2
PG E (QSAR) HLERIE ™ 45 bk H Ik 98 A& 15 I B
W LR AR A0 (5 P45 AR T2
R 3 R AR A N I S R L R A DR H R i
HAEM, Hal T 7E GST ML Rl 5 GSH 17584
R, 2, 5 e XA ) 3 O A R RO

AR B0 25 SR R B, Y & AT RO 43 i iy
400,800 .1 200 .2 400 g/hm® B}, J 50 g P. indica
ZZFERD 1 kg WK XS M 2 EE A R

TEA R TR 2 A RE T I SR 4B 9 GSH i
VB (GST 2 SOD it FL A — & i il 4/, 3
P. indica F¥F AT DL 3 B 55 T 3 M 56 A 15 1 04 76
BT v B nsi i 3 [ 5 2 e B AR, I 28
fift £, 55 Mg 245 9 X I SR B B X AR B IR P indi-
ca BIRVEWZE I IATHGE . P. indica B 22
E (50 g P. indica B 22 FEFP 1 kg TSR ) B, =%
Y TEAR A KR IR BRI T — & M EIEN,
XA 5 AR VR A BIE 5T 45 R — B, (B AR B £ R
JG A O R 2 E WA — WAL AR
DESHMUKH %" § BFE 5%, P. indica 7F 3 Fh % 3£
KA mE, P ChRICH) BI-1 JEPR (3 8 47 16 T 2%
20 f b B o A R AT T Bk AN M ST T ) v
ik, P. indica W) 585 %0 5% ) 50 ZL40 i, 2% W
P. indica FEEFL T T B AF BT, KBk, Il
SEAE A KA 0] B R B, HE R T P indica
4 2 5 B TR SR 4 i R 2 SR s R, [
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TER K H,5 g P. indica W 24FEF 5 10 ¢ B 23R 1Y
T2 0 2 JFL T O % I o v B R AR A R (B AR T SR 4
W ERAE AR L 5 E A R, LR BT, P
indica XTI SE B £ RE W 25 3 HLA BT I 9% il AR
B X AN P.indica WAL TEAEY) b TE 45 1 i 3 it
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