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FEE : LU (Polygala tenuifolia Willd. ) SRAEL, I FHATZU 2 A= D) 4027 10 7 VR IF 55 AS [k 2 4D 504 (0—400 me/L) X izE 7
A ARG Ty SRR A I PR B R PT R ALEERE PE AR RN . 10 me/ L FNRENT I AR A AR FR T A0 B R e
s AR ?E%fnﬂ*ﬁ’m M 25—400 mg/T. FME Ak P U 53 35398 i % 4R A AR Eﬂﬁﬂfﬂ?ﬁﬂffﬂgﬁﬁﬁb}i%fﬂiﬂﬁﬂiﬁ
Rtk s FIRGRIE— D RN i SR BB SE R e R4 A2 (0,7 A HL0,) BRI 8L F Y B E B, e 35 40 nl i it
gﬁlq‘ﬁffnﬂzﬁﬁ(SOD\POD CAT APX 55 ) FEBFHT R (Ui 208 ) A9 AH B UM A, T B I U B D B ol 3 55 2 7 26 ) 0
SR AN 10 T, BIFSE A SR, & Z I R 30 AR 6T FINEE v A A SRR 45k B A B RN EL I MR BE N 10 mg/L;25
mg/L $ DAL BN 5| B0 35 4 i A 0 R ik Ak, 1 A i A 0% 5 R 1 32 B IR AR AR 0 R R 3R T A 4 i AR K
R o ZATFE R I BB W 3B AL R IR B AR P BR RO 1 4 4 G PR AR (A IR AR

KGR L N S AR RS

Effect of prometryne on root activity and oxidative stress of Polygala tenuifolia

Willd. seedling roots

WEN Yinyuan, GUO Pingyi” , YIN Meigiang, YAN Han, WANG Yuguo
College of Agriculture, Shanxi Agricultural University, Taigu 030801, China

Abstract: Following prometryne treatment, Polygala tenuifolia Willd. ( Polygala ) seedlings were investigated
histochemically and biochemically to determine the effects of prometryne on root activity, lipid peroxidation, membrane
integrity,, reactive oxygen species (ROS) accumulation and antioxidant enzyme activity. There was no significant difference
between untreated controls and seedlings treated with 10 mg/L prometryne in terms of root activity, membrane permeability
and ROS production. Seedlings treated with 25—400 mg/L prometryne showed significantly accelerated ROS production,
enhanced loss of membrane integrity and inhibited root cell viability. Histochemical staining with Schiff’s reagent, Evans
blue, nitroblue tetrazolium and 3,3-diaminobenzidine was positively correlated with the accumulation of malondialdehyde
(MDA), loss of membrane integrity, generation of superoxide radicals (O, ) and generation of hydrogen peroxide
(H,0,), respectively. Prometryne-induced oxidative stress triggered significant changes in the antioxidant defense
machinery. At lower prometryne concentrations, the antioxidant defense system of Polygala seedlings demonstrated very
efficient and coordinated enzymatic ( superoxide dismutase; catalase; ascorbate peroxidase; peroxidase) and non-enzymatic
(non-protein amino acids; proline) scavenging of ROS to regulate the cascades of uncontrolled oxidation and protect plant
cells from oxidative damage. Higher prometryne levels increase oxidative stress through excessive production of ROS and

destruction of antioxidant systems, ultimately leading to seriously damaged Polygala seedlings. The presented results

ELTE P RHEBET H (20100321103) 5 11 P54 #5234 0 H (201004 ) 5 P42 2 KI5 H (20110510015- 1) ; BB1H #£4: (2009014 )
s BHA:2011-09-28; &7 B #5:2012-03-20
# MIRVEAH Corresponding author. E-mail ; pyguol26@ 126. com
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indicate that Polygala seedlings are very sensitive to prometryne exposure during germination; however, the application of
10 mg/L is safe for seedling growth. Treatment at 25 mg/L prometryne can cause significant oxidative stress and lipid
peroxidation as well as damage cell membrane integrity, leading to decreased root activity and inhibited seedling growth.
These results may provide a theoretical basis for the mechanisms of herbicide resistance and the safe use of herbicides during

Polygala cultivation.

Key Words: Polygala tenuifolia Willd. ; prometryne; oxidative stress; root activity

TG (Polygala tenuifolia Willd. ) AIEERL(Polygalaceae ) TE & J& ( Polygala) Z24F- A BEAAE W) , 3R [ K o2
WM, FE AT E I X (P Bers AR ) Hor v P ok, A IS A 3 b 2 R 2
— S AR AR A A B A 1LY B PG A St B T R AR A R AL 2k as  (H R BERL A R A
i) 2 R IR 3 S R AR R | B Ry B AR 7S R AL A 7 ) R —

P2 o R IR AR M A = rp s il 2% R 3 B s R Tt AR T B R ) S O R AR S R G
KR WG YA SR = GRS PR R, (b2 2 Bk R 2- I i d-4,6 (RIS ) -
1,3,5- =508, B R R K R e R K, H oK, e R PR I 2 Fh S A7 e
H AiT 5 T B3 R0 A ) A R 5 ) S LA PRI v 1 86 ik THD ) B 9 9 22 TR I 05500 X A 0 R AL ) - -
F G L BRHLAE BT 7 A B AS RIS 0 15 5550035 e - 302 I AR5 45 /0 1) & s 4k 1 251 S A1 41
AR ETEMER, W0, M H,0, %, Y H B EA —EmAER AT (BB HIR BRI 8 =)
A LRSS (SOD \POD (CAT (APX %) A MU ORI R Gt , 76 52 30 138 I AT 38 20 1 75 B 4801k 22 50 1 396 1 P AR
TR EAMFICERW BRI XN KRR R et BRERE AR A T R
1,

8 A A L P R AL bR B T8 25 b 2 — | Y84 A DATART ok 55 50) (LG Fh v ) o HoA: K R & S AL
TE RS, AR ZR X A i AR (L TR AR A2 B A SE BER PRI AS I DA 75 M) ISR T B R
VT I8 T AN T AR 2R ) SR A5 AT R L A S MR RS T 2 T N v ) A BRSO A A R R R b
TELAIL I B R 15 3 B 70 4 22 4l AR AL AR 3
1 #R5FE®
1.1 5t
1.1.1 FFoik

ARG By FH A R 40 38 7 ( Polygala tenuifolia Willd. ) | 32 FFE 1T 78 M P A 7= X Canili v ) Sy 3222
P T A B RN F R R o e PR fR L PG AR R A 24 AR W it 5 i B 3 1K B e H 0. 1% HgCL, 5 W TH
# 10 min, ZEB K PYE 5 UOFZETHRIEAR LT HE9 TA A U2 KR IEARAY 9em F5FR ML BRI 50 ki, b5
FRMLE T 25°C BRI FRAE T & 96 h, BB EMARK L 1 em,

1.1.2 BRERIbE

BB BRI T4 hE B BE R 0( CK) .10 .25 .50 ,100 ,200 400 mg/L, H#4 K — B0 g 25 Fh 1 34 55 HEF)
T )2 KB UEAREY 9em IEFRIMLA BRI 50 KL, BEILANALBEWE 5 mL, FrAEFRILE TOUMEE A, 3G 5%
S MBI 16 h IR 25°C Y6 200 umol - m 7! AHXHEIE 60% ; BAE 8 h, EE 20°C  FHXTE B 80% , AbFH
24h Ji5 43 08 AN [ AL B R 0 AR R B 4RSS PR AR R G ) MDA & i 0,7 SRR H,0, S PR
AR, RIS T NG A S Ak | 0 5 5 B e R i P 4™ AR B L Uk et AR BRI 2R 6 RN e d 7R 4l i 1Y)
MR 2R N H T fif
1.2 Hik
1.2.1 ek & T ol e

B

TEAEBRE 6 d S50 g AR A0 B P e RIS BEEE, 2l RIS T 105 CMERS FP AR T 30 min J5 1E 80°C T AL
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TEEEIFFRE, 20 B —MMEFEA, MR 3 IRER
1.2.2  AEFRARINE vk

HRZR TG F1I0 E R FH AL = 2R FE DU R (TTC) 3617 | LB 8 55 MR AR B R ] Y8 SR Y TTC mg $ok 2R
MG T7, I SRR A B 0,7 AR R e 2% T & H" Wik, 0678 nmol - g™
@ F-min~' . H,0, S EIES R Velikova f9774:1° SOD 1% P 5 5% FH 0 DU M ( NBT) YeAkak Jsakt e L
PO NBT SeAbIR B 50% A — WG F1 50 (U) | B IG P LL U/g S F 7R, POD 306 M I 5 SR FH A A A
U Lh 0D AN 1 R — G A (U) B YE DL U/g SEERIR, CAT A1 APX I5 P I 7 5
Jiang™*' B9 755, CAT LABE/3 408/ 1 wmol H,0, A—NAIE 71807 (U) , APX LA%E5 8008 /0 1mmol HTIA I AR
H—ABEE S HAAL(U) , TR B MDA 25 500 5 2 HE e 4 KU 5 300, 2 501 2R FH 2% 26 B 2 1 12 R,
fREL 2R
1.2.3 48Uk

HE G 12 S AL B 2L Sk ~A e )7 15 BB Yamamoto 25 R AR R AE A5 IR ( Schiff’s reagent)
Yufd, 30 min J5, 0. 5% FEEBRFRET AW (1 0. 05mol/L HCI Bt &) whidk 3 ¥k, SR 5 AL G 1 WL 471 1R
O CRIRD) o FHF I 20 i 5 52 3 A 7 SO % (Evans blue ) e (i B8 G 4 HHE R I HIAE 10mL 0. 025%
B S 7 R (100 mmol/L CaCl, Bi'&, pH 5. 6) 30min, #RJ5 FH 100 mmol/L CaCl,(pH 5. 6) Mk 3—5 ¥
JEHRIE %,

0,” F1 H,0, WS A Y02 ] Song:ﬂ il Fryerm]g:fﬂgﬁ%o 0, FHZ PUmME (NBT) Je (o i 4 AR
ZIZIT 6mmol/L NBT(FH 10mmol/ L A& HRZE MR BC &, pH6. 0) H | 25°C FRYE YL (1 8h ( LI TR W (LRI )
=4 ) SRIGAE S BER I Smin J5HAMR . H,0, 3,3 - &3P (DAB) YL (0 R R I2 0T Smmol/L
DAB (pH3.8) 1 ,25°C YLt 6 h( LA DAB 5 H,0, KA S @R EY) , SRIG1E BRI 4h J5
g,

1.2.4 FAEadrrgit

K F Excel #45¢ AR BT, I SAS 8.0 HEATHL N J5 2250 H7 (Anova) ML HE AL (1SD %) .
2 BB B Y82 SE AN R EBE R AR TE 0. 05 /K- 125 53 3k
2 ZERE5H1
2.1 PRI R A T A K R R

H 3R 1 FIH1,10—400 mg/L FhEirab Bl 6 d 5, & ZF IS4 R K 2 T8 SFE 28] 7AW R
JEE B, A ] AR AL PR BE A T R R, 10 mg/L AR BRAM M I AR KR 2 16. 2% F121. 6% , $h i
WEEIRE] 200 mg/L B, JCZFAY A G aE 4 AR R e il A T T AR (T E) R4
HRFI 2 18 A4 R fif 2 T F N4 BE AU, 100 mg/ L AR PR AR RN 254 43 T B AR 52. 7% F1 49. 1% KR e | 2 firf
T NFRAK 40. 6% F146. 7% |, AR FIZE A9 T 58 &AL 23. 1% F110. 8% .,

F1 IEEIMEZEHEEROTM

Table 1 Effect of prometryne on seedlings growth of P. fenuifolia

FIELIBE/ (mg/L) K/ em K em T Fresh weight( mg/#k) T Dry weight( mg/Fk)
Prometryne contention Root length Shoot length R root %E shoot B root £ shoot
0 2.77+0.14 a 1.71+0.08 a 5.39+0.07 a 13.66+0.21 a 0.26+0.05 a 1.11+0.06 a
10 2.32+0.07 b 1.34+0.07 b 5.02+0.14 b 10.60+0.13 b 0.24+0.03 ab 1.09+0.03 ab
25 1.86+0.19 ¢ 1.09+0.05 ¢ 4.62+0.11 ¢ 9.21+0.15 ¢ 0.23+0.02 ab 1.06+0.03 abc
50 1.39+0.11 d 0.93+0.07 od 3.93+0.07 d 8.17+0.06 d 0.22+0.03 ab 1.03+0.04 be
100 1.31+0.07 de 0.87+0.04 d 3.2+0.05 e 7.28+0.09 e 0.2+0.03 b 0.99+0.03 ¢
200 1.12+0.07 ef — 1.68+0.08 f — 0.11+0.01 ¢ —
400 1.03+0.20 f — 1.36+0.05 g — 0.09+0.01 ¢ —

— TEEFRY T AN FRERIRAE 0. 05 7K 1A 22 5 1
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2.2 FRECEOE R A AR R B i AL A X B M BAR R T e

MHEERE i Ak (B LA A Fa T e 6, ) A B AR S 3 M (1 1B, PR SO i e ) D A 2k 2 Y L 25 R mT L)
B AR TRIR EF L (10—400 mg/L) b PR 5, 372 75 20 AR 2R 19 IS A 2o Ak A0 JAH 0T 325 2 22 494 i b A F I
VRS /NT 10 me/L I X IS4 AR 2R LT-TC5M ,25—50 mg/L N b BRI T 178 75 400 B R 28 440 e JE £
JE I A AR | AL TR FE KT 100 mg/L MR R R4 AR 2R 2 AR AR R H i, 1 2 P E i
I 5E HE—AUE I T H LML AT 45 5 10—400 mg/L FMAT A Ab HHLE 25 58 i 25 40 AR 2 MDA 134,
HAS AL 25 57 0 3, FNR R BE O 400 mg/L B, 8 AR 4N AR 22 MDA &5 & LU BRI N 110. 4%, 4i i
EX 5 1 1) 2 A a3 5 JR Rt S AR ARR] , FN BT IR B 0 10mg/ L NG A5 407 AR 28 400 L JBE AR o 355 1 55 %) R TG 2%
S ACERHR E R T 25 mg/L Bt AERE X2 P G 2 ) R, L% A B ) A0 25 0k B K (R BL R 2) , dmak
2071 IR 0% 7 I ISR v A B B P 1 AN T AR, 10mg/L i 25 mg/L b X AR 28 05 7 TG b 52 1], 50—400
mg/ T, PN A B G S R A AR 4l AR R TG 1, 40 i) L B A 45. 6% (67. 7% .86. 1% F1197.0% (& 2)

B1 $HEEBETESHERRBEEIEM(A) MRETERB) AAULFELRE

Fig.1 Histochemical detection of lipid peroxidation ( A) and plasma membrane integrity ( B) of P. tenuifolia seedling roots under

prometryne stress
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8 40 3 g 40 ¢ e E c
< = Z
S ¢ 2 g
= 5 S 1t
20 - < 20 g
& g d
ﬂ e
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Fig.2 Effect of prometryne on Lipid peroxidation, relative membrane permeability and roots activity of P. fenuifolia seedling roots
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2.3 FPRIGOCI G A AR R P AR S R

ZHE VO (NBT) Fl 3,37 -2 SRR ( DAB) Y5351 %0 8 A8 BH 25+ (0,7, B 3A) Al S AL & (H, 0, , K
3B) AT LU 5T, LU= BT FIIE] 4 5 S DU (9 25 SR R I, 10mey/ L 4P e A PR 5 | 378 75 40 1 AR
10,7 B4 AT BERINI H,0, &6, LbX BRI 21. 9% , PR R T 25me/L AAL 3 3G
TEENTR AT 0,7 AR H,0, &8, HALLFER 255 B3 (B SO0mg/L Al 100mg/L ZbHE[A] H,0, [ F
WL E 2R ) ,400mg/ L FME b BEAS I8 AR AN AR R 0,7 77 AEHUR A H,0, B i ik i KA, 4300 beoxt IR 3
6.9 f5f 1.4 f5(K4),

.

E3 IEAMETESHHERRBENEFNLEASARNFELRE
Fig.3 Histochemical detection of superoxide radicals and hydrogen peroxide of P. fenuifolia seedling roots under prometryne stress
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Fig.4 Effect of prometryne on production rate of superoxide radicals and hydrogen peroxide content of P. tenuifolia seedling roots

2.4 FPRIFOCE R L) AR R BT B T s )

BB B 3 T, 4 BB S Ak Il 0 M 9 AR b R AR [R), RIER 2 58 b TS SCRRAIR, F R
10mg/L B, ZE 75 4 A & H POD 1 P F1 SOD 1 7 v % B HOR 1 35, CAT R APX 37 4 U Lb % HR 35 in
35.6% F149.7% , ik BEKF-(E5) . 25 mg/L FhRGAE 5 2 35 4l AR & 4 Fhbi 4L (POD SOD | CAT,
APX) 15 P34 8 3 = T X R R AE S0mg/ L BF POD Al SOD I P it , 501 HE X BB 75. 3% F149. 0% , 2
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J&i POD 1 SOD 1Pk & R R a3 FhR4 R N 400 mg/L I S ZAK T-XF MR, S:B4h R & P CAT W 7EFh
TR E N 100 me/L iR F KAE, HEXT BRIEIN 118. 4% , ik#% i 2 /K F, 17 400 mg/L AYFNE AL BRIN{GE CAT 7%
PER BN TR (-25.1% ) . FPHEHSE Hy 25 mg/L I APX 3 PE 58, b X PRI 140. 0% |, 2440 BRYE FF =
100mg/L B, APX 36 P UM T35 B, HLAE 400 me/ L B ik i 387K - | X BEFRAI 29. 0% (&1 5) .

S s, AT AR R 4 P A AL R DRGSR E AN ] FEAC IR IR 2514 T, APX RUT- i o UK
TE R SRV AR (10mg/ L) I 3 2 25 5 T IR, ELYE 25 me/L B35 35 KRB, CAT . POD K22, SOD AHXf ik
AR, P KA (MRS R SOmg/ L 1) A EL X BRI 49. 0% , FL7EALFR Ik B e K (400 mg/1) 5
PR TE2E 5 T HAY 3 FhEE(POD \CAT  APX) 1if P B T X0 BR

50 35
a

b 30 + b
40 + % % ] Ea
25 + ¢

0 4 4 iR d

20 F == e
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SODJF ft:
POD activity/(U/ g £ 5)
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B 5 #ESEIZELEIRER POD,.SOD,CAT 71 APX iF MR
Fig.5 Effect of prometryne on activity of POD, SOD, CAT and APX of P. tenuifolia seedling roots

2.5 FRFIE X R L AR R A IR T AR R S R AR
6 MFNELET T AR AN T AR 2R IB S T W B, BN B BN, i AR A AR AR R R

BN, #E 50 mg/L WK B, LU HRIE N 74. 6% , 2 )5 Hofr i REAIG, 4k B 4 200 mg/L F1400 mg/L B, fif
FR 5 B TR IR, 20500 FE X R AIR 23. 4% 1 48. 5% , #1507 1 Bl D e vk B ) A Al fa 34 5 i R AN
[], B S AT ) R 3 FRE R FE /N T 25 mg/ L B, I8 AR 40 1 AR AR A 1B 7 e RO R 25 SO 1 2 50—400
mg/ L FPFE AL SRR AR 1 0T 7 i, 2 50 L X BTG 16. 7% .23, 0% 45. 3% F1 69. 4% , H 200 mg/L Fil
400 mg/ L A0 3R 55 X7 R (R A9 22 S iR 27K F
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