ISSN 1000-0933
CN 11-2031/Q

e Ty
P

- Foe S,

PEAESFFS +
o E R FE RS IR R
a4 4 e BB tH hiz



AT ER
( SHENGTAI XUEBAO)

PRI AR FEBEFIIH 2013F 108 (FAT)

E R

HELESFFL B FERELETE LHIE

A S RRIRG AT LR IVRBR BB 5077 B TR covveeeseeenennnn O R A, X 447, A. Egrinya Eneji (5963)
JEAR K R ITIAT AT T HE R cveeerrnerrrneeeiiie e e e e oo, ERE B4, % (5973)
58 FE ) 29 R ST B M EE T B T 06] ceeeeenneeere et SEEEIL E0 BT E X (5981)
Pt KRR SE BRI ELEIR TEE & E,FALAE (5990)
AM A3 AL A R F AW B b PO ABUA] oo TR, ERE, FRIE,F (5997)
PRI P T R B B R 6 e B R e B3 48, % Shadrack Batsile Dikgwatlhe , %5 (6006)
B AR K AR TP ALIZ D B A BT A AR oo kK& K, EELE E (6014)
AR LS RAR R AT A G B R EAEF N T AR A 5B -eeeee BEF,ETHE BER % (6021)
T A% Fo 3 452 B ) S A PR E AR UK AT TS0 oo MEE RKH, EEE, % (6028)
B LEL A RES R R KD IERAG Z R FHr KIEHEKRF,F (6035)
A BACH T S8 By bk R SRR A S A e R 4%, EA R, % (6041)
H T 28S, COI A= Cyth 2B 59 69 B Ao & B F AR DS F3AE R RAFID coovvverrerrrrnr

....................................................................................... Z UM, R A INA L, & (6049)
BAEAE R N Eupristina /& AP NGB R oo WA IR REF,F (6058)
Ha M8 T AL AT 2B T A B RAR R TG BRI oo IR HEA, IEF % (6065)
AREZWERATE M AFH A Gt B RIS BB S BT D A IR oo

....................................................................................... BEN, TrfMFE, B E,% (6074)
Mk TR S HAEM L) ALK TR SR A TLR L veeenneeennes ek, THE, F T, % (6081)
N A A SRR R A BRI K v LA AR oo ERF,ELE HEE,F (6088)
M4 B 2 st LI K A F AT B K AR TLBG TR oo evvmeeemeeneeneeninens EELT H N BE T (6097)
RIS ATRE DA T BRI FIOKB e "HohE K EE, KL, F (6107)
BRIT = R B 5 G BT AR Aot A Aol Ae S A AL EBL BRF U AEE, % (6114)
AM A Foist NG 2 235 W 4G A KRG oo KAEE ket LwH, % (6121)
3R T HBER T AL P E T RE AT H LA B F A AT B % % (6129)
CO KBS BMFMTALADRBREAE AN LT EEY R e Rk, B, E E,% (6135)
FRAL IR G X3 Ao B B AT 05 KA T8 e eeemnneeeemnneee e e e % M, EEE ATE,E (6142)
e XIE A B ARG PRI ASIFAE coeeerrneeeei e % OE b, AbhERd, % (6147)
L RANA TARE B RACBE ALY B R LA R S H R By e AR AT % (6154)
A HEEN FEL TG ERIIENT E VAT TGFBRIE A A eeeeeneniiiii

....................................................................................... Bk e g, EEE % (6163)
B F IR I o My 25 BT S KT R AR R AR Fa P, RAME, K R, F (6173)
R KT L R AR L E K AFAE L RN G A ARy oo WO BT, ERE, % (6181)
I RF R ARSI R B RE QLSRR TR R T, EEALE % (6191)

NS T ER AR PEERTUL S P T SIS oML EEE,ERE,%E (6202)



JoM K K @ ER A INE A TSP o PM, R E BB & FHAE ooeeeees H UL Z JF, 973 50, % (6209)

PN RS R RS S P kg - U - B EIRAE B BHE OYLL% (6218)
R & a2 A I 30 o Rk, B A A, % (6227)
ZAERT AR LIS HBFE B MG E I W, KEHE, KA (6236)
BB DENBEE M B S H e WA R, OO, % (6246)
RS TATEBAER FHALRGEIRE A e oML, ERNLE #FE (6254)
PEBBER A% VAR RIEIP RAR R IR B AR ceveevrerrerenenenininie, HFE,EEHE (6264)
e AL B R A AR T AL BB e 5% W, ERE,EER, % (6277)
B b R AE N R B - F AR K R T e Tou, EMR,E B, % (6287)
FEA G AN EET TN KIRE R L TAEE T v W, EBE, D ET, % (6295)
P E g o E A G AR AR LI IRAC M TR AL e AR, X B R T (6303)
AR TS R A IBF IR IR A GG TSR e w L A, X E4E L% (6314)
ME SR E A 23 RA MBI IR e RO ERRA, &M, % (6320)
LA P LR K A R G EIEIR A ROT e LEE,B -7, A, % (6328)
RRART R ARG L F A BA T ARIB I B A SR vvrveeeeens Zf kA UL, F (6335)
REFPHERBYFTERR LB TR ERKEM K R e MR, BER, K &% (6345)
HE LB AR B AP B B oo oML BR B S, % (6354)
R B BRI AR BB B B L B e Ha e FEW,E % (6363)
Mk KR T AL ST K Bl AR R AR TR LB AR R e e F A BmRE R OW,F (6373)
AN A A 5 TR PR B A AR SR e A, K, TE AR, F (6382)
LT BRI T Bt LA 45— A G B AR A ] eeeeeeee oo

....................................................................................... X %,)%jg[ﬁ]’ﬂggm%’% (6389)
AT AR AGZ LT RAESE B —— A B A R G A ] eevreernnmennes

............................................................................................. ﬁ@@%,ﬁ’ﬁﬁﬁt’%%ﬁ (6398)
AR R ARG A AR IE D AT ervrrrerrreerrieeriiie e, WE e LAk 2 B & (6411)
CHHT F R T LBEZFLIRILAABETE v 2, & XF, Ka %, % (6418)

HAFIEARSHCN 11-2031/Q = 1981 * m # 16 * 464 # zh = P = ¥90. 00 * 1510 * 55 = 2013- 10

ECEEECEECEECEEECECEECEECEEE

HEER: TR LAY EYES I — LY 345 5 )2 03 A0 T R A T 5B B BRI B W S AR S R 58
AR A AR, A WA R E SR AR R LAY SE A BTN A RE AR T R R
K EFRTR L IS A K B, O HRE i A7 SO e P SR IR o — AN E AR U A B
R EELK WER TR, DFRRY] BEL KR BRI Z S i B M/K AR IR 2 —  TEK A3 BE B =2 S i AR 25
ARG, EXTR LS RGGEH T REFN AR (4L fr = 2F o B

HERERREM, BFRAMEEEE LK E-mail cites.chenjw@ 163.com



5533 B4 19 W) st = 2 il Vol.33,No.19
2013 4E 10 A ACTA ECOLOGICA SINICA Oct.,2013

DOI: 10.5846/stxb201304260826

WHIEAS, ELE BB, bR T, AR 2. 4028 W R X% N7 B & & i v TN O AR Ak 3B i A N W R S R, A2 A5 A I, 2013, 33 (19) ¢
6074-6080.

Yang Y J, Wang X W, Zhao K, Chen N, Lin D.Effects of phthalic acid on seed germination, membrane lipid peroxidation and osmoregulation substance of
radish seedlings. Acta Ecologica Sinica,2013,33(19) :6074-6080.

SE_HBENE PMFHEL . UEMHREREZSW4X K
2 1% E T W) B B 22 Mg

MR EIRAE R E KR T, MR S

(RN KRB, 8 266109)

FEE AR ORI TR A F2 7= X, FRFEFFAE BN AT A 200038 e b Motk S H IR WA Ak, B SRS i fe b i
U B AT AR AR S —— B R 2 5, 482K — H R 2 TR AT I M P ) BB MR 2R B . A R KA P HH i i o 32 22
T it 7= ) (S8R R )Xo B SRR 0 AL SRR AT A 5 EAT T ISR, A Bt AR 30 T ) AR S 0 1 o) 8 R S AR BB AR 3R
RIG LIS N BSR4 MR EE (0.05.,0.5.1.0,2.0 mmol/L) FYARAE — HI MR VA W , 540 E KRS FF I8 H 454, LA /K
X IR RTS8 OR R B MR IR A AR B A B E R R, A5 IRERET . (1) # N
NI A T IR AB 2 — F R AL B B M AR AR R 7E 0.05—1 mmol/L e B 30 il P9, 4B — F R AL BRAE B 1 88 N Ab T8l &,
(LRt 25 b B 2 (1% 8 K, A A R 55 5 MR B AR 2] 2 mmol/L A 2 N FP 5 & LA I HIRUCR . (2) 287K —H 2 0. 05mmol/L 4k
BEOEUE T NS TR R B AR R A, PR R K B AR R AR b X RR AR 42.03% ,38.36% , i 3 = T K
Xof B 5 AR AR A A S AL T B AL B8 ( Superoxide dismutase, SOD) I P38 K i % AL ¥l ( Peroxidase, POD) i % {4 ( Catalase,
CAT) IGHEIEAR | BN T A AL~ ) 78 — ¥ ( Malonaldehyde, MDA) &8 S5XFIRIC B 255 (3) 487 — HI R ¥ 1 0.5 mmol/
LB, 80 b4 e B Ak A s, AR N MDA & i 2RI, AC 5 A BT gt B ZE L, 1 H AR K R Ty T B R 2 3 1 2
0 AR R EE SRS 2 mmol/L I, I - B K BRI T 36.51% ; MR B K FE AR 22 5 10 AR B AR A B B i 43 51 9 64.46%
40.20% \41.28% , (4)XF BB YA, SRR Z H R FRAEHE T3 DSl 5 ml i o & i im0 25 Ak 3k B
BT e LR R 1 2R A 55 5 7T P 2R 1 i B R 2 P R Ak B B 10 T R B 2 R () R R, o B IR R AR T
12. 82% ,14.88% ,21.58% \24.73% , AL, Aedb i X S0 B K-35 N ARAREREZ, AARIERAION M BE o B KRS FE R Al T, ol - g
P& H R VR BE S 4 0.5 mmol/L i B LAV, LAB7 1k 482K — F IR v A g X 388 N ity A R A Ikl VR H

KR FORFEAF IR H AR BT 3 D R s G Ak B T

Effects of phthalic acid on seed germination, membrane lipid peroxidation and

osmoregulation substance of radish seedlings

YANG Yanjie, WANG Xiaowei, ZHAO Kang, CHEN Ning, LIN Duo”
Horticultural College, Qingdao Agricultural University, Qingdao 266109, China

Abstract: The return of maize straw back to the soil is one way to achieve sustainable development in agriculture in North
China, one of the major maize producing areas. This method can not only improve the soil’s physical, chemical and effective
bioavailability properties but also release phenolic acids recognized as allelochemicals during the decomposition process of
maize straw. Phthalic acid is one of the phenolic acid decomposition products. In order to provide the basis of allelopathic
effects to quantify the amount of maize straw to the field and to aid the construction of Vegetable-Maize rotation systems, the

allelopathic effects of the main maize straw decomposition product ( phthalic acid) on the vegetable crop used for follow-up
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cultivation were studied. In order to simulate the condition of maize straw returned to the field, the effects of different
concentrations(0.05.0.5,1.0,2.0 mmol/L) of phthalic acid on the seed germination, seedling growth, membrane lipid
peroxidation and osmoregulation substance of radish ( Raphanus sativus L..) were studied in this paper, using distilled water
as a control. The results showed that; (1) The degree of the allelopathy response of radish to phthalic acid was different at
different growth stages. In the concentration range of 0.05—1 mmol/L, phthalic acid promoted the seed germination of
radish, but the effect gradually decreased with an increased concentration of phthalic acid. When the concentration reached
2.0 mmol/L, phthalic acid had an inhibitory effect on the radish seeds’germination. (2) Phthalic acid, with 0.05 mmol/L
treatment, promoted fresh biomass, dry matter accumulation and root growth of radish seedlings. The root length and root
surface area of radish were significantly increased by 42.03% and 38.36%, respectively, when compared to those of the
control. Compared with the control, the activity of superoxide dismutase ( SOD) increased, but activities of peroxidase
(POD) and catalase (CAT) decreased in the radish seedlings. There were no significant differences in the malondialdehyde
(MDA) content hetween the treated and control radish seedlings. (3) When the concentration of phthalic acid was higher
than 0.5mmol/L, the degree of damage to the membrane lipid peroxidation of the radish seedlings increased and MDA
contents sharply increased. Metabolic and physiological function disorder was found, and the plant growth and matter
accumulation of radish seedlings were significantly inhibited. When the concentration of phthalic acid was 2 mmol/L, leaf
and root tip numbers, root length and root surface area of the radish reduced by 36.51%, 41.28% , 64. 46% and 40.20% ,
respectively, when compared with the control. (4) The influence on osmotic adjustment substance showed that phthalic acid
with different concentrations in the four treatments all promoted the accumulation of soluble sugar content in radish seedling
leaves, but the promotion effect gradually decreased with an increased concentration of phthalic acid. With an increasing
concentration of phthalic acid, the soluble protein content gradually decreased by 12.82% , 14. 88% , 21.58% and 24.73% ,
over the four treatments, respectively, when compared to the control. If only considering the allelopathic effects to ensure
the best implementation of Maize-Vegetable rotation and quantization of returning maize straw to the field in North China,
the phthalic acid concentration should be less than 0.5mmol/L to prevent the negative influences of high concentrations of

phthalic acid on the growth of radish seedlings.

Key Words: maize straw returning to soil; allelochemicals; radish; seed germination; membrane lipid peroxidation;

osmoregulation substance

UEARSK , B DG ERA ) & J8 | LIRS FFAA By S A A B AE W B AOAS it v 7 32 S AT RE FRAA 1, T LA kil 3 -+ 39
FRAEMEIR B A WA R B AR E I B R 0 SR, A FE R AT AR b R £ A R R AR R R 24
AW BRI A EN— W IE )G, 20 FHEEY R T8 & 4t A R Rl s = A ikl o 2R ek pF s R, B AR AL
FE T4 FE 2t (1% 18 22 FRS S8 A F [) ) A4 A AE AR B i B TR SFL S 28 R M ] CO, vk J3 45 0 S5 R AR, AR 1
RFL AL PR B3 TR VR Rsson; (9 3 55 = T F + 3 P A A i W 220 SRR FFAY A Bl 5y S ik ok 72 0
R0

PR PR A TR H AT TA R kIR I 1) &0 R R S TR R M v & USRS ORI 2 — Y L B A g AR
H A R R RE S I A AR PR B R T A B B, XA T I BORURR T & B A K S R B AR AR U 5
Ab, (e e SRR — BRI RS 5 | AR T Al 4l i AR R IR RE 1 UMb, S B O A 3R RAL T B Bz s HOR N [ IR 30 4l A
SR /1

At b X AR A T Tk F2 7= X, ARAR R 2 P AR R KRS FEY L HAT, 56 T FORFE IR H A BF 9T 35 B4 P 7 36 BBRE 7
3 R FE I e R S P 98 I R ol 0 A ) e AR A B AR S A 7 S TR e A Y G T
AR SRS B B 5E FORFE AR FH A S O MRS S AR R S e 7 T A e AT 43, it ARG LAEE b i Sialas i a M AN )
e BE AR T R AR R AR T 4 F B E R A0 28 — R AT 8 N Ah 18 & B 4l B K B ARSI | B e At i IX.
FEFFAA H AR 1 1) o 2 B -S40 VR BE G 2L, SE IR W] R SR (g % e | S (L BRI IR 3
1 #MR5H%E
1.1 sk

WEET 2012 4F 4 A 2 5 AAH BRI KFEHRE HIRE AT, HHLE N (Raphanus sativus L) fF Sk HEEE > (ILZRTE

A

http ://www.ecologica.cn



6076 JAE = 3%

MRA T A=) s 48R R Ry o pr el (B 254 b2 A R AR ) 2835 4 VR AR, 4351054 T1 0.05 mmol/L T2 0.5 mmol/L,
T3 1.0 mmol/L . T4 2.0 mmol/L, LATE/K M *F IR (CK)
1.2 Fh7 k2

TEGEA PIZE PEIBAR A I G AR LD (AR 10 om) BUA RSB R SZAR 2 DA 50 i, SRJ5 4% 5 mL AN [F]AL B W A
AR RE SRR, H A 3 K, 35T B 25°C BYTEIRIEFRAG P35 3%, 01 18] 20 591 FE R 02 95 V0O s AR AT 1 i DA PR HOR B2 .
REMGIFI T R 258, HENEA T Lk, FiFEERRAAR, O R FHFTE B Ex100%1 53,

1.3 HiE Kl

FAATR A BT 88 AP AT 2R A0 38 (O i IR T & 2E3056) L4 15 HSRIOR ZF 88— B0 Fh T 4% FlF 72 LT
i BRSO E e BB A S A =2:1:1 B0 P 1 4%, 3 RE R, SE e REPLHES ], 454031 H 5 PEAK LAAH R 487 — W ER A
WA, HERE R E TS,

FERIE 20d FRALFRFEHLIR 15 R4 v e, SR FH R R J 3 0 5 &0 1t B, B T o i M AR R T &f ST i, ] Epson
Perfection V700 Photo R B R B #EATIIHE , Win RHIZO #2 R M SGHATAR R 0T, A0 WrH6 R (3 AR K MR 2R 2 10 AR B AR
I, SOD TR FH AU DU mBL I 22 > s POD 35 4R P A A A B 2 0 52 4 5 CAT 96 SR FH 28 AR el 5 24 s MDA 7 R
FABRAREL B2 BRI G 4 5 P P B 5 SR T B 0 ) 5 TV bk 2 (1 R T %5 TH BT 2 G-250 etk iz > |
1.4 BdEAHT

RIS BE K A Microsoft Excel \Origin( Version 7.0) Al DPS(7.05) #4017 88 G0 1400 I AR E] , 22 57 8 3 v ook A de /D

BEMIEE(LSD ),

2 BR5HH

21 AW N R R %
TP 1 TR, E 0.05—1 mmol /L 63 3 FB P, 405 2% — Y Ak ol a

FRATHE T 8 N TROWE % , (B2 b B0 FE 948 K {18 1 O I

55, W TR IR AL A IR AL B E K 0.05 mmol/L i E 8T J b

IKFEAE, g 89% , AT IREG H 5.95% ; SXTIEMIEE, 2 mmol/L ) £ 861  be lf I

A3 = AL BN R) T8 R R , R RN 83%, 2l | I :

22 AEATE N 0 gl 1
NZE 1A LIE L, 5% BEAH EE, 0.05 mmol/L 1948 4 — HI fig ﬁt

REFE RS A M bR e s T R OT

WERAA K, Hop MAKE HARHRIRE BB 78f

BEE T 42.03% .38.36% (28.02% ; 4)) 1 b [ 5B i B 2 AR B 76

T AR S (R B 7 A8 40— P 8 i C T et ™

0.5 mmol/L, % YT K By R R 5 e, FLAR K
RV FE R ) SR, 476 JEE K ) 2 mmol/L B BI1 SR= RIS M RARORN

BURKTIRFEAR T 36.51% ;MR R A MR R R w0 AU AR IS EL B 1R 4 Fig.1 Effect of phthalic acid on seed germination rate of radish

AR A . 5 R 12 IK R a$

W 64.46% 40.20% A1.289% CK: 0 mmol/L; T1: 0.05 mmol/L; T2; 0. 5 mmol/L; T3: 1 mmol/
. 0 .40. 0 41. 0

L; T4. 2 mmol/L

F1 BE_HBWE MIEERREAZ
Table 1 Effect of phthalic acid on growth of radish seedlings

W " K RARRHA NS W bEEE TR M EEThTE ARG AT ik
. LIDEEd :
Concentration Root length Root surface Root tips Shoot fresh Shoot dry mass ~ Root fresh mass Root dry mass
Leaf number ) N
/(mmol/L) /em area /cm /() mass /g /g /g /g
CK 3.67+1.1a 219.79+14.91b 17.39+2.16h 596+70ab 0.477+0.055b  0.0867+0.0135b  0.287+0.029a  0.0110+0.0019ab
0.05 3.66+0.4a 312.17+23.92a 24.06+1.71a 763+115a 0.618+0.027a  0.1160+£0.0141a  0.261£0.033a  0.0130+0.0014a
0.5 2.67+0.5ab  177.10+17.86¢ 12.46+1.77c 501+67be 0.502+£0.043b  0.1140+0.0153a  0.267+0.027a  0.0119+0.0022ab
1 2.33+0.7b 162.03+21.65¢ 12.31+1.53¢ 452+47cd 0.335+0.048¢ ~ 0.0543+0.0221bc  0.126+0.057b  0.0075+0.0013¢
2 2.33+0.5b 141.67+22.25¢ 10.40+1.88¢ 350+59d 0.240£0.067¢ ~ 0.0469+0.0197¢ ~ 0.111£0.042b  0.0088+00020bc

FIFIARR/NE TR AR A BRI 22 5 5.3 (P<0.05)
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Fig.2 Effect of phthalic acid on SOD, POD, CAT activity and MDA content of radish seedlings
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Fig.3 Effect of phthalic acid on osmoregulation substance of radish seedlings
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