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The contents of phenolic acids in continuous cropping peanut and their allelopathy
LI Peidong', WANG Xingxiang”, LI Yilin>, WANG Hongwei' , LIANG Feiyan', DAI Chuanchao'**

1 College of Life Science, Nanjing Normal University, Nanjing 210046, China

2 Key Laboratory of Soil Environment and Pollution Remediation , Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008 , China

Abstract: In order to find the reason that the obvious continuous cropping obstacles found in peanut, experiment was
designed to study this phenomenon in this paper. The soil samples were collected from four adjacent continuous cropping
peanuts field in red soil of south China which were continuously cropped for 3,6,10 and 15 yeras respectively and the
control was the abandoned farmland belonging to the same parent material at March 20, 2009. Subsequently, the kinds and
content of phenolic acids of continuous cropping peanuts field were detected. The results showed that three exogenous
phenolic acids of p-hydroxybenzoic acid, vanillic acid and coumalic acid and their mixture at three different concentrations
affected on the incidence of peanut seed infected with Fusarium solani and the incidence of peanut seed germination
infecting with F. solani, and the growth and protecting enzymy activities of peanut seedlings by tissue culture. The results
also revealed that soil p-hydroxybenzoic acid, vanillic acid and coumalic acid accumulated gradually with the increasing
year of continuous peanut cropping. The total amounts of three phenolic acids reached 11.09mg-kg ™ 'dry soil after 10 years
cropping, which was significantly higher than that after 3 or 6 years cropping and similar to 15 years cropping. However,
the amounts of coumarin and benzoic acid were very low in all detected soil samples. Plant height and root length were
inhibited with all the treatments. The underground fresh and dry weight of peanut seedlings were promoted at lower level and
inhibited at higher level of phenolic acids. The aboveground fresh and dry weight of peanut seedlings were inhibited at all

levels except that vanillic acid and coumalic acid promoted at lower level. In addition, root activities of peanut seedling
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decreased and plant Superoxide dismutase (SOD) activities, Perpxodase ( POD) activities and Malondialdehyde ( MDA )
contents rose with increasing concentration of phenolic acids comparing with the control. This result showed that the cell
membrane of peanut seedling was destroyed and induced the defense reaction and this maybe provide some invasion ways to
pathogen. Comparing with the control of peanut seeds treated with F. solani spore suspension, the incidence of peanut seed
infected with F. solani increased and the incidence of peanut seed germination reduced with increasing concentration of
phenolic acids. These results indicated that phenolic acids could inhibit the growth of peanut seedling, increase the
incidence of peanut infected with pathogen and decrease the incidence of peanut seed germination infecting with pathogen.
Phenolic acids existed in continuous peanut cropping soils would destroy the cell membrane of peanut seedlings, and then
the peanut pathogen invaded the seedlings. This would led to the inhibition of peanut seedling growth, and continuous

cropping obstacles would happen.
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Table 1 The physcial and chemcial properties of continuous cropping soils in peanut

N B i3 bid
HAEERL(a) AU 241 29 A oy o
Continuous pH /(g/kg) /(g/kg) /(g/kg) / (mg/ke) / (mg/ke) / (mg/ke)
R X R . Alkali-hydrolyzable Available Available
cropping year Organic matter Total nitrogen  Total phosphonium . . .
nitrogen phosphonium potassium
CK 6.42 11.52 0.55 0.31 46.21 10.36 70.00
5.36 12.74 0.81 0.77 56.11 43.80 95.00
6 4.71 9.93 0.63 0.30 42.91 17.04 177.50
10 4.45 13.80 0.80 0.56 62.71 40.47 355.00
15 4.40 11.92 0.78 0.39 59.41 47.81 327.50

B 25¢ o+ F S04, AILA 25mL 1mol-L~'NaOH jift B 7% , Ik H %% 30min, B0 J5 4 5 I 85 0 V)
12mol - L' {2k FRFR 1L & pH2. 5, 2h JF B0 R B W BER, )5 L IE WIT 0. 22um (R 4F 4 2 W B, U VU
HLPC WlE (BHE 3 )™, SR T L HE#RE, HPLC &% K Aglient 1100 R4, # i k: 7 ODS-C18
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(4.6mm x 150mm) , B R ZNE:1. 3% BERR/K VAW = 17:83, i3 1mL-min ", &0 % K 9 260nm , ¢ 5 5% F
Pt it TS PR B B[R] R4 T 28 1, DAMEE T AR T 8 Bt ST

1.2 BERIEYIBRAEA: AR K

1.2.1 BRI oAk PRI A c o]

MR AR+ I PRB R FP S A B S H ), OB K EL VR BE S 1,3, 5mg - L™ X 32 36 F iR A
WK, 50 A1, A2, A3 RS FA R R KEC Ik BE )y 1.3,3. 9mg - L7 ,6. Smg- L™ I E FRRAL WK, 43 FiC
4 B1,B2,B3 AbHE4 ; FITCRE/K FC Wk BE Ry 1.5,4.5,7. Smg- 17" {7 G RRAL B, 43 31ic 2k C1,C3,C5 4b34
H A RBCTRER R, FER L E TR 1:1.3:1.5 LERES, MR EE R 3.8,11.4,19. 0mg- L' 1
IREMERAL W, 4+7ic 2k D1,D2,D3,

1.2.2 TEA4EERER

e MS FeAHEFRIE , B 100mL 4324 2 250mL M =B, 7 A A 3 Rl IR X HIR & W, B 3 2
LR BE ST A E] 1. 2.2 & MBI AR EE  Fic ] b, B 03 6 NEE R BB/ AL — B R
FEAE KB, ORI KR W Sh, TOH #RA R B AR IUPE KA %A MS B3R R0 =M PR o, 25 CHEIR G IR B
FEAHEFR 21d JE B I B TR A AR K I8 IR 5 A B8 bR . A KAR IR I B 78 AR 4 B RS R Lt 3 Bt R
PR T8 2, AR AL A 4 e AT AR B AR AR E , 3 ALY B R T A B AR L 1 | AR A B AL R T AR
O e 0 5 MDA SR P B2 b2 R b 0, B 70 A 4 AR E AR 2R3 7, SR TTC sl ™
1.2.3  JRJ5 B R A R il 4

2008 47 JA 243 & s FEAE AR AR b (SRR BRI 5 5) 40 B Al AL I 18145 06 IE P A8 AR 0 T T, 8 5 5 D il TS ok
JIH ( Fusarium solani) , ¥4y B HARIERD T PDA #5550, 25°CHE5R 10 d, 7l , B ATCIEK , BB, 3R 18
B E T 4 ZRRES AT IR TR, P BUS IR BT 2 1 x 10°mL  RIR A7 &

1.2.4  BRPRXSFEAE K3 58 I & 2 28 A T

BUR/INS B — B i R AR AE (BRTE S 5) , 72 70% ZFRR I 5—10s, B8 A 0. 1% F+5R KB 3—5min )5, FHTG
FE/K I 4 R, ARG I 1 x 10°4>/H0 5 5 4 0 P 7t 7 B+ Sh,

BRI i &I BR AL BRI , 3L 13 NAEBE (4 DB ERAC IR, 45 M ERAL B 3 MUK EE , TTRU/K MO X ) L 4
ASFILANA 20mL LB, B AL BE 4 AT BB B AR T IR PR R RIS 12em 19 K B IL
o BRI 6 LA 28 CHEIRIEFRARIE I Sd JE SR IE A R R B R .

1.3 GEitortr

I AR B + PR R, FIH SPSS v 13. 0 i 7 Mk i #5647 77 22 53 # (ANOVA) TAE,
2 HRESW
2.1 REBEEAERRIEA: 138 B 34 B R

AREAEFE R TR R EEAXNBREAPR FER EFCR FLRANERR, Hhx Rt
FHR EERMEEREERSHZAMEERE, FERMEFRS ERK, BB LERERE(ER2) .,

®2 TEEEEREELBIRBLENROEE (mg-ks™ ' T1)

Table 2 Contents of phenolic acids of continuous cropping soils in peanut (mg-kg~!dry soil)

HEAEFER (2) M ERIEA R FHR BHER PS8 e
Continuous cropping years p-hydroxybenzcic acid Vanillic acid Coumaric acid Total
CK 0.80 +0.02°¢ 0.84 +0.054 0.91 +0.15¢ 2.55

3 1.05 +0.014 1.82 +0.04¢ 1.56 +0.02°¢ 4.43

6 2.08 +0.01°¢ 2.76 +0.02° 3.05 0. 14" 7.89

10 2.66 £0.02° 3.73 +£0.39* 4.70 £0.49* 11.09

15 2.76 £0.07* 3.74 £0.11* 4.30 £0.62° 10.80

I R F—SIBEE AR T ERR 27 8E (P < 0. 05), TR
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3 T ERY) R REE TR AR EEAE AR R A g i, BLERGR BN T BEKF, o LI SR & B RS , ZAE 10a i
KE 4.70 mg-kg ™' T 1, A 10a J5 130 3 FEARR I BVRBEKRE) 11.09 mg-kg ™' T+, BEHITEAENESE L

P B ERY) I hN AT RE X B A A AR AR, B

2.2 ERERXAEA G AR K IR

#3¢
TS E N T EY

R AR K ER R B T R o

HEAE AR

®3 EAERMRX L & KIEARHI R

Table 3 Effect of phenolic acids on the growth of peanut

GEIRBR, AE A BORR R AR (b 5530 A S B [ R BE A2 B B R SR AR R ), e B AR
MR K o o BRI S ERTE AR MR BEIS X B4R iy 3t B3R T B ARG (e VR , TE R Wk EE
PRI AN GIE o A B BR AL B X 78 A2 3 F8 A T B AR R B “ (R = 1 B A, (LR R AR X 7 4

g fmiﬁfi/g ﬂ?ﬁi/g s/ om K/ om iﬂjﬂfi/g ﬂﬂ‘?ji/ g
Ttem Fresh weight of Fresh weight Shoot length Root length Dry weight of Dry weight
stem and leaf of roots stem and leaf of roots Toots
CK 4,64 £0. 574 2.57 £0.01* 11.0 £0.28* 7.85 +1.20° 0.59 +0.05% 0.33 £0.01%*
Al 4,42 +0. 132bcde 3.10 £0.33* 9.35+0.21% 5.75 £1.77% 0.59 +0.01% 0.42 +0.04*
A2 4.09 £0.72%% 3.00 +0.92° 8.50 +0.71% 5.50 £0.71% 0.53 £0.10% 0.38 +0.08%
A3 3.83 +0.64% 2.41 £0.64% 9.50 +0.71% 5.00 +0.28" 0.52 +0.02% 0.26 +0. 02"
Bl 4.99 +0.21% 2.71 £0.36* 10.0 +0.71* 7.00 £1.41% 0.67 +0.03* 0.41 +0.04*
B2 4.85 +0.57% 2.68 +0.35* 11.0 +1.41* 5.50 +0.71% 0.59 +0.15% 0.36 +0.01%>
B3 3.19 £0.41° 2.04 £0.36% 9.75 £0.35% 6.25 £2.47% 0.42 £0.01°¢ 0.23 +0.04
C1 5.12 +0.42* 3.14 +0.37* 9.75 +0.35% 6.00 +0.71% 0.64 +0.05% 0.42 +0.02*
2 4.66 +0. 172 2.71 £0.24* 7.00 £2.12° 6.25 +0.35% 0.60 +0.01% 0.37 £0.01%
3 3.61 +0.39¢ 1.31 £0.06" 7.00 +0.35" 4.50 £0.71° 0.53 +0.07%° 0.16 +0.07¢
D1 4.18 0. 37bde 3.01 +£0.22° 11.0 £1.778 5.00 +0.71° 0.53 +0.02% 0.39 +0.02%
D2 4.33 +0. 14%bcde 2.11 £0.37% 9.50 +0.71% 5.75 +0.35% 0.48 +0.15% 0.41 +0.18¢
D3 3.17 £0.07° 1.18 +0.46° 8.75 +1.41% 5.25 +0.35% 0.44 £0.07¢ 0.16 +0.06¢
2.3 ERERY A AR A ST AR R 1 S AR BT P R e
2.3.1 WRYIRAIEA SRR ) R 5
. & 2500 -
HE T ADEL, RTEERFRSELRENR - 2000 |
W BRI TEAE AR R G 1A IR AVERIAD , HoAt & By R Ak 2 § 1500 1
BRI B R IMHIER, SATEAE N R R AE §§ 1000 -f: S
KINRESZE T . 7E4 P IARLIRAL T IRRIE IR § soo|} 1
B BRYE MR I RS, K F ERS5IR G AN TEAE g O AL A2 A3 BI B2 B3 I G2 3 DI D2 D3
RRR T SRR R % AR Treatments
2.3.2 ¥ SOD Fygzn
BRI Xﬂzézﬁfﬂ HISZ . H1 REBEAEE D EREE S MW
EE E] 2n Tu% ﬂ ’ % %H&L}Eéﬂ;ﬁ\:ﬁﬁﬁi@ H E(J Fig. 1 Effect of different phenolic acids on root activity of
SOD & ¥ AN FE AR EE 3G fin, H SOD 75 J1BEE BiER  peanut seedling

YRR AT fn o o xR IR R RS F F R W
BERIALPRZ Fh SOD I Jy ety , UL AEAE S8 52 2 T AP SRR haE , AT 51 & R AL S it
2.3.3 BRYIEXAEASIE POD KRR

R 3 B, St REAH B, By BRAC R AH I FE AR 4 v POD 315 J AR B th 38 In iy 4, EL e 1 PR o J3E 38
TN, Ho LIR G 4 R R IR Rk BE AL B 41 POD 5 i fe k. Ul IAE A 4l 2 BB R e, 5
KT BB, POD 35 S35
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Fig. 2 Effect of phenolic acids on SOD activity of peanut seedling

2.3.4 BRYBEXSTEA S MDA ()52 0

Hi P& 4 AL BR T A SRR AR BEAL B4 MDA &
BT R4S, Hoe & B A A A [ #2 B 13
o, For DI B R A SR SR A 4 VR BE AL 3 A 3
BhBE . ERUABMBRIMAJG , 64 4 41 iR 32 2
HPFEIEE R A 15 76 AR 4 v 0 R R A ok EARE
Y RS ) SE R R B BER .
2.4 PRI TEA R IR EE IR R0

FAAS TRV BE 1) B T b 222 4500 JE8 4k U] TR L T B ViR
WA R IAR B R R EER (R 4) , Ui RRAL
P AT DA A AR e ik T B B ABE SR i, ELBEE T FRVE B2
R g, Horh A TR ECh B3 HE
REHEA BB RS . FeT, B R A4 1
TRMEMS AN R FRRAS T 9B A REAR, H
P RERFRE I BE . XULABRLHEE, KR
BIRATCERNF, A6 A 1 R ZF R K
3 itig

A REERER LR ENEYZ —, AR S
X HAEAEE SR DIEMAEY X R, HIERE K&
WA K AR HR AR B4E b B 28 Al Ao TR A0 R BF ST, AR SOl
YR B 7 21858 DX A [R] 32 A A B ) A A 38 o T 21 %
BREAHR FER.GFER, LS BMEEEER
g ITEM, F LR S RXF RS BMMA TR
MU, XIFESFTE T BT AL AR R A IR B, 0 285 313 40
BAERYI IR , B B B BRI R S
SEIRSE  (ER AN T SR B AR R 730 ) F B L BR 1
T o A Yot AR S e 0 o % [ R s e, TR R R
Ho A AL RAE R

PODJE /)

POD activities/(U-g-min™")
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Fig. 3 Effect of phenolic acids on POD activity of peanut seedling
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Fig.

00T

CK Al A2 A3 BI B2 B3 CI C2 C3 DI D2 D3
AL FEY) R Treatments

B4 TREERXEEL)E MDA #3200

4 Effect of phenolic acids on MDA content of peanut seedling

x4 BENEERREREFROPMN
Table 4  Effect of phenolics compounds on peanut disease
incidence and sprouting

G5 RIRZR/ % R/ %
Ttem Infection incidence Germination
CK 22.2£9.62¢ 91.7 £3.93%
Al 27.8 £9.62% 91.7 £3.93%
A2 29.2 +7.22¢ 89.6 +2.95%
A3 55.6 £9.62% 62.5 +5.89f
Bl 38.9 +9.62b 86.1 +£3.93%¢
B2 45.8 £19.1% 85.4 £2.95%
B3 55.6 £9.62% 81.3 £2.95%
Cl 27.8 £9.62% 91.7 £3.93%
c2 54.2 £7.22% 81.3 £2.95%
c3 58.3 £9.62° 72.9 £2.95¢
D1 22.2 +4.81¢ 93.2 +3.21*
D2 41.7 £7.22% 85.4 £2.95%
D3 55.6 £13.9% 75.0 +2.36%

B R SO AE AR 4 AR A S 5 AR BRAR AR A IR SRR A MS 85 3R 2R 50 T kA il , WY AHRRR HCA R R )
SR, ELAS U B R S XS AR A Sl AL IR E o AR S5t B SR A S BOR B ST MR R E LB, 5
A T BT R o AR SO SRR R U BE B R R 76 A 4 T st b T R T D R AR K
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TR WHIFEE R AR, BBV R Z B BA W B2 5, B RRIR & W B BT R 8RE , B R R iR A
TRt —50HT

AR AR J1 R BRAR R MK 70 SR 7 BE T B R/ I B BRI SR , FELE 4 B AR AR T8 0 T I, ELREE By
PRV BE SN T e o UBATETEARSEAE S , L3P R BR Y R S U AE A AR &R, TR WA B A 4h 5 UG
WK, SBOEEAERMS o APTFE R, A B BRYSS , 535 FEAHEL, SOD A POD 3% J3 3 /i, MDA & &
S, ELAEREEE B BR VR BE S A g hn , SEBABR R AN 5 , 284 2 O 2R MR 2 B4 0 , AR N PR Rl
BE 1, 3 MDA & B3N, %% SOD . POD {& P3N

TR A B PR R fo 60 B MR TR Y P 78 A R AR B o JL T AR 30 o L (i PE A R 2 R T AR e
T2 . Wang''"! I Peirce ™ BF5E R BURFRE 4 K Horh i) B 340 SR AE S GV M ARFR B Ao Ye 2R TN
PR RR FT3E 5 5 | R 3 TR FR UL LR B , i 3 TAR 32 21405 , S BURS o 7] A 20 O e S s ' > . e
DAL BOGE SR AT AR , 2EAE A RO S 0, B R o 23 A4l vl AR R MR A 53 005 , ok B I P TS 1R 4R Bl g
Tn, BN AR MO RE P SE R A , AT A 38 P ) AL IR B S I 2 A\ AR, 36 B A o JE A2 B A A 50 i
B , AT BAE AR A 2 i

feA e e 13 pH FEIR (3R 1), B B BR R R S BUNEA ik — 2 5T, (B R BRI S A TR
HFIEL T 9 B F . Qu 5T R ILAMINER BRI FT LA BCAS 39803 A W el 45 , ok I L T R 5 8 o
WIS HL SR R AN WP B B3 SRR AR S T A A K ) X9 46 R IR A IR 3R 4 I T LA
TEEAE AR R TT B A K  AR SOR R R AR B 9 76 A - S B PE A I 45 SR R R T R R4
RAFERZEMRIE(R D) o FHIk, A BBRAE LA MR S U R R L B 4R A VS SR 50
A, TS AL BT M v G5 AR 1 39 P OB PR W T e A 221, 1 AU PR SRR R, LR A B R AN AN 4 S AR Bk
HEIREVE A, T L SR FE AR A I SRR A SO R, B IESE , 7= AR A A AR IR AT . BEE B AR 4R
KR By o, 3 mp AR R i JE A P B R S I , FE A AR AR IR\ BB/ R BRI SRR L, AT
BAEE RS IR T .

ASCHTRL N B B B BRR M X FEAE B AE R OR B A — RE BRI, FF R T AL A 7= AR AR B i P 9 1
F AHRAUEER 2 B BRA T BT , R i A At B AL R Sl A o e — 2B BB o
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