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AR = F B (PA) Ao xt 2 30K W BR (p-HBA) 18 4k 38 3% £ AP B4R 3% & (Avena nuda) st @ #2594 -F, MARAEHE. 4
FeE, AR, BAWM BT A GAROS)SEFA_BMDA)ESE, ARRBAZ LT K. £ REM: MAENLBRYITPAF
p-HBALL 28 3 JE 6438 Ao, 3 F AR Z Ao 4 3 0GROSAF 1231 38 n, 554 B AL B AL BE(SOD)IE M 1% 41 38 7% ; w1t AL S.86
(CAT)3E #4 64 T A% PAFap-HBA R E % vh 45 h B 2¢; FI AT, ROSA K $5 T it /48 (POD)E M 4942 % . PAF+p-HBA
VER 3T A 4G NS T Ak, L3R E>0.6 mmol-L'4h 3 ¢YMDA S5 B F 3 A, ARK B F K, AR A B K
1. PAFep-HBAXTAR Z a9 #4425 K T %0 35, EPA&YI7#|1E Al K Tp-HBA, 4k Z 45 2 B A 4 i xR AL B 69 B

BRI,

RBEIR: BARASAT; MA A AR ARR =T B 2R AR T B8R

1A H (allelopathy) /& 48 AEL47) 73 WA 1T X AE AR
7= ) B I 8 RN B AR T 3 R, X
— Pl 2 PR I B S, T AR AE T A AR
SRG I (Aslam&E2017).  HHEYIREZ 0] T3
HH YA RIEVERRAC. 40 M e B MR R 1T A
S A 4032 A B i 3t o M Y (1) 46 2% A F (Zhang 55
2015), RAERAET LAE— e RE B B R IEVERERS,
AT VR D AR 28 73 WA ) SRR FF 65 A 7= ik o2 A7
A REXT 5 FEAEYDIE AR 521 (Dhima%$2012; Tian
252015)0 kK (Zea mays)F&  E 37 Ay AR H oK
FHEY, JCHZRICH X, TR 4 E 1
30%, EEAFEA RGP T KRR A0 #5548 H (5 T 5
552013). TN, BOKAGEFTIE AT DLAE iy 4
JIE 7 0 [ ¢ & (Zhu52017), #2438 7K 4 F1) FH 2%
F(Yin%52015), S LY BRI (551 552012),
P78 o T A K (SRR IR EE2016), ITT$E mEYI=
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JR A Dy o S ) ROK A R IR A 0 (2 i 452015
FORIEEFE2016), FEAS T KH . RILRE
YA 18 Z (Bookers51992; Siddiqui 2007; Materska
£:2003), Hrr, 482K — H 2 (phthalic acid, PA)FIX}
¥4£ 3L 2K H R (p-hydroxybenzoic acid, p-HBA)# /& &
KA GG e F 7= A= 1 P P B Y () A SR TR (R )
2:2009; 2= 4H%52015; FRIETEZ2016). PAXTE K

(Raphanus sativus) i ) S 410 A2 K AR RN 3R
AR =47 (K12 552009; 7 EAREE2013),
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B e P G (PR T 462012), MK F0.1
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2011), PHEEA RGN E T &, 1.5 mmol Lk
FE I p-HBAKC PR~ HS2F (Dactylis glomerata) YAl 58
KANFES AL 0 K AN FEAIR, 1 S K E B E
D E PR, AR RA KA A R 52 BH (Hussain%s:
2015). 74k, p-HBAXE 2 30 3 IR ¥ 8 A 72
R FLVE A B 53 R (PN I5552016), 2 SR PR 115
it S 1, SRR AR PR A AR v, AT A X
A AE K (Zhous2012).  H A, KT B PA
HMp-HBAMH 7t F EE P A 3 NEAR A
Y b, TR EAEY), JLHR R E I T Bk
N IR G/ TAR YRR AR R N TOoK N HE 34
YEP IS T o AT 5 DAL 77 25 BEOR ) 3
MM EFAEYE N ZAR, 0 1T EKFE AT

ks 2017-06-19  &FE  2017-09-08
A3 K E AR H (2017YFD0300502) ARV B SR
THRITH (HNK135-07-03) A8 R VT )\ — R B 1l
3 H (XDB2015-24).
* B IAE R (E-mail: agrigw@]163.com),
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ide dismutase, SOD). i %t A i (catalase, CAT).
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Fig.1 Effects of allelochemicals on fresh weight of shoots
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Fig.2 Effects of allelochemicals on fresh weight of roots
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Fig.3 Effects of allelochemicals on roots/shoots ratio
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Fig.4 Effects of allelochemicals on roots length
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Fig.5 Effects of allelochemicals on ROS content in shoots
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Fig.6 Effects of allelochemicals on ROS content in roots
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Fig.7 Ratio of ROS content between roots and shoots

p-HBAWKE (3950, 428 SODE I ML iZ Wi A, (2
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LA 1 mmol L™ Ab B 2 2 i T X I8 3.7f%; PARN
p-HBAALFE {142 R SODRE M 2 2 /& T %) 2£2.0~
3815 AN1.7~6.91%

bt 1k B 5 PA Flp-HB AR 5 (1) 184 IR 22 A
4 2F CATHEIE P i RS Bh (LR 1), L HPALLHE R
R 22 CAT i e i 55 A% 55 184 0 v P AR - T 1 - PR - T
o, B {E A R 5 1 127.7%:; ) 2 CATIE M1
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Table 1 Effects of allelochemicals on activities of anti-oxidative enzymes in roots and shoots

SODEM:/U-g" (FW)-min

CATI% /U g (FW)-min” PODE /U g (FW)-min”

b Sb PRV B /mmol - L'
R& Hitf R & IR & B
PA 0 0.19° 0.14° 3.55° 3.50° 11.38 44.99°
0.2 0.40® 0.18" 3.25° 397 1227 40.70°
0.4 0.51® 0.20° 3.86 3.48° 16.04" 47.65"
0.6 0.86° 0.23° 8.08" 2.50° 16.77* 4927
0.8 0.80° 0.41° 5.23% 2.85 17.28" 58.05"
1.0 0.54® 0.27° 5.55% 2.46" 16.92" 5423
p-HBA 0 0.07° 0.08" 4.03" 3.55° 12.47° 40.09°
0.2 0.16® 0.10° 6.01° 3.08° 14.39® 41.82°
0.4 0.18% 0.07° 483" 4.62 15.83® 42.19°
0.6 0.19® 0.06° 3.61° 5.15° 16.44™ 42.75°
0.8 0.20° 0.06° 6.69" 337 18.84° 46.03"
1.0 0.32° 0.05° 3.83% 6.16° 18.77* 54.74*

PR /NG R RS [ HUR EA7 (4 BRR BRAE P<0.05 807K, )l Ak S0 I S [ Ak B P 40080 1) 3% 2 57

TG T B K AB I B 1 T 66.0%, 171 41 % (1) 4h 22 ]
BEEPEZE R AN R

b8 55 10 254 5T PA R p-HB A B2 1 3 AR 22 A
4l 2F POD M IE 1 (K 1) B #i48 n, PAKL IR &
PODIif i 2 W H 51 740.9%~51.8%; 411 2 POD
TR T 5.9%~29.0%, {H AL B 8] 2 F A B 3 .
b p-HB AR FEE 1 14 AR 52 A1 %)) 25 PO D E 14 32 ¥
BN T 15.4%~51.1%414.3%~36.6%. PAFIp-HBA
TR P AL FR ¥ %)) ZF PODBIE 14 73 7ol J2 AR 58 i v 2
[112.94~3 .36/ 12.44~2.921% .

B E9m %1, fLEY Fip-HBA WK EIA F1
mmol-L' i ## R R FMDA & & B &5, 0~0.8
mmol- L7 [ P & AbFE 1A 6 55 5 2 5 T PAALL TR
R AR MDA 5 5[5 HLA FE (R G Iz b2 v, s>

0.4 mmol-L"'JEMDA & & & 425 17218.3%~
336.2%, H &% m Tp-HBAS AR E AT, [H
FEAWRY R FE 3G N, 4)2F MDA % & 5.2 58,
JEHA E>0.6 mmol-L J5PARIp-HBA %3 5 48 hn 1
143.9%~252.9%#1105.8%~325.6% (I8).

A AEKIe bR 54028 . R AR MPrE R
FE bR IA] B AH 520 BT AT 0 (322), R 51 R AIROS
&, SODEME. CATiE M. PODyEME MDA
B E AR, IR HE 5 RFPROSEE. SOD
WM. MDASE, DLE4IZFIMROSE &, SODYE
PE. PODIE I LMDAF &3 835 iAo, 7T AR
F AR 2 A IR 5T I B, AR R A
R 3R [N 52 30 4 v AR S 0 1) TR A0 B84
Jo AR FEE (1) 38 7 32 A 52 41 PR O S AR 38 Mo JlE 453
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Fig.8 Effects of allelochemicals on MDA content in shoots
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Fig.9 Effects of allelochemicals on MDA content in roots
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Table 2 Analysis of correlation coefficient between growth of oat and antioxidant activity

ROS% & SODJEM: CATE Pk PODE 1 MDA &

B A 9 b o ! i i o
W& ks R % k= & ks R& L2 & #y2F
B R 0.62 0.75 0.46 0.23 0.34 0.13 0.91° 0.71° 0.83 0.71
& ~0.69" -0.49 ~0.68" -0.35 -0.52" 0.10 -0.68" -0.49 -0.57 -0.54
R B -0.55" -0.90" -0.88" -0.89" -0.29 0.43 -0.37 -0.74" -0.87 -0.96"
B ZF -0.91" -0.61" -0.66 -0.39 ~0.54" 0.08 -0.77 -0.58" -0.79" -0.70

*h 82E KP(P<0.05).
15 ) B R R (B K B SR R A4 2R IROS KA EE, HAR R4 ROSE & . MDA E4%

. MDAS &R EAX), [FE, t2&PODIE
PER IR R B F R
iR

H AT, ¢ T A6 A 57 1 DA R A B4R
FAMLER B T80 A2 AEAR R G 8, F F0 A A0 A
XoF At HE A0 (1) 5% W0 A7 A A 8 AR Ak J% P X 8
(T XU 2E2008; Wus2009). o KA FT I Al 000
BLF AR R (BRI FRF HHEPICR
)AL BN AR K B, 0.5 g-mL ¥R B A JES fR
R AN 22 P A (281 552014), T PAFIp-HBA
& FOKFEF I A v 5| S A SR80 (1) 79 o 22 1y
BRI A Y0(25 fh%52015), p-HBATEREFE . FAH 4
RIS B oN6~T ngrg’, HAEE#20~30 At &
B (RAREE2001), BT, JHCAE T3 A b DG B I 2
AIAFN 293 mg-L, Rk, 7R T RS I F A BT
I FH 0 RO R G AR B8, e AR S A8 1) A7 T 52
Wi FAR B e /)y o ASHIE FE T PAFI p-HBA I b BRI FE
#8320.2 mmol-L™ (£0.03 mg) B[ 5 i 38 27 MY £ A fif

Fe bR )35 R B ) i PA R p-HBA A, J2 [F]—
1B A T R 1 2 22 S, ELD IR S0 ) L
VRS2 SODIEYE . CATYEMELE {1k B4 J5 Ak BE 5]
Z AR ZE; PODIE IR A KR F 1
ZR YA R AL, A 5T AR Ak I i e e 32
Folt 7 71 35 TR S R A 8 ) XU A8, H R IR -
ANEH SRR EAR AR b, AR AR P & AR R RE
AL Z AL, WAFAE—5E 2 5, HIEY) Fip-HBAFI
PAIIYE FAMLEA £ T3 — DR .

BHAR 25 6 RO AR A 3 A ] i, 2 AR
RAY)ZEAEPALE R T 3552 B B & 0, 1fip-HBA
XS4 IR T A B35, p-HBA 32 B2 IR R 1
AR TYRR R, 45K AL HEHIROSH &
LA AR 1, DL MDA & 172840 7 i, #3241
X R R A ) Joi e S AL ) RO AR B A AE — o 2 R
PAI% 34 2E ST ROSIH R BE 71 I3 &1, Tip-HBA KL
P 1) 21 2 AT ROSTH B H A K FESOD-CATIE AT
Tk RUAE A5 (2008) X 38 T 4 25 I B2 00T 1 S K
FE S B A B AE T T3 B, KR 3RO B SR K
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V1R 52 M) DR 68 B s ) 52 5 6T KRB T v PR 52 e K
TR S, W3R T A B A AE AR [F— 1k
TR e LB AFAE K 22 57 p-HBAMIPAXY
AR AT R R B, HLO, IR 21T RE 2 1 Ak
SOD-CAT % Gt i 1 52 3| Js 15t 10 ] A 3 22 Ji [R] (95
Hi552017a), [F]N 2 5 5 FACETE AR gk, AT
P T 2 IR 2 IR /N o TS E T T B
2t Bl (SaberiZ52011; Wang%$2016). Batish%$(2007)
TN A A5 325 R 5L (10 U A A A7 i 7 A, J
RN, JELE A EE IR . fEp-HBAFIPAXSE
SE A B R RLHIT 58 e B, A 52 4 i ot i 3 i
IR AR R G, EWmPEE S1E T, Bmean]
WEVERE S B, T2 S RS 0E R A 1) 5 e 1 (50
H55E2017b).  F34b, A4 5Tt T s ik ik R 1 4 il
IR IR B 2 A R, T B0 78 R P Ak, T4 =
SALIR I (ChiZ5E2011; BH552011), F20 65 1R
AW 5 FR 2 (ParizottoZ52017).
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Effects of phthalic acid and p-hydroxybenzonic acid on seedling growth

and antioxidant properties of oat (4dvena nuda)

GUO Wei', XUE Ying-Wen, YU Song, SUN Hai-Yan
Heilongjiang Provincal Key Laboratory of Modern Agricultural Cultivation and Germplasm Improvement, College of Agronomy,
Heilongjiang Bayi Agricultural University, Daqing, Heilongjiang 163319, China

Abstract: The purpose of this paper is to elucidate effects of potential allelochemicals decomposed from maize
stubble on germination and seedling growth of oat. Oat seeds of ‘Baiyan 2’ were treated with 0.2, 0.4, 0.6, 0.8
and 1.0 mmol-L" of phthalic acid (PA) and p-hydroxybenzonic acid (p-HBA). Fresh weights of root and shoot,
contents of reactive oxygen species (ROS) and malonaldehyde (MDA), antioxidant system activity of oat root
and shoot were sampled and determined in order to explore allelopathy mechanism of p-HBA and PA decom-
posed from maize stubble. The results showed that ROS contents of root and shoot gradually increased and en-
hanced induced activity of superoxide dismutase (SOD) with increasing stress concentrations of PA and p-HBA,
however, activity changes of CAT were much complex. Simultaneously, peroxidase (POD) activity of root were
induced. Treatments of PA and p-HBA caused membrane lipid peroxidation of shoot and root in oat. Contents
of MDA with treatments of over 0.6 mmol-L" increased markedly, and root shoot ration tumbled to bottom with
decrease of roots length. Therefore, root damage were direct reflection for allelopathic effect of PA and p-HBA,
inhibition level for root was stronger than that of shoot in oat, and PA was more important than p-HBA.

Key words: maize stubble; oat; germination; allelopathy; phthalic acid; p-hydroxybenzonic acid
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