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Abstract: [ Objective ] To explore roles of ferulic acid, a phenolic-acid-like autotoxic substance, in occurrence of a hazard to
monocropping of faba bean, mechanism of ferulic acid promoting faba bean Fusarium wilt and effects of interplanting of wheat
with faba bean alleviating ferulic acid stress, a field experiment was carried out. [ Method ] In the experiment faba bean was

interplanted with wheat. Effects of the interplanting were investigated on occurrence of fusarium wilt, activities of root cell wall
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degrading enzymes (pectinase, cellulase, protease and amylase), lignin content, callose deposition and root ultrastructure in the
presence of Fusarium oxysporum f. sp. fabae (FOF) and under the stress of ferulic acid varying in concentration (0, 50, 100 and
200 mgL%). [ Result ] Results show that in the monocropping group, compared with the controls (without ferulic acid stress), all
the ferulic acid treatments, regardless of concentration, significantly increased incidence and index of the disease, activities of the
cell wall degrading enzymes, lignin content and callose deposition, thus leading to distortion of cell structure, leakage of
intracellular substances and worsening of the resistance of root tissue structure, which indicates that the synergistic effect of
ferulic acid and the pathogen aggravated the hazard to monocropping of faba bean., while compared with the monocropping
treatments , the interplanting treatments, though under the stress of 0-200 mg L ferulic acid, decreased incidence of the disease
by 0.0%-31.7%, disease index by 28.3%-46.9%, root pectinase activity by 17.9%-60.1%, cellulase activity by 1.2%-28.2%,
protease activity by 5.6%-60.3% and amylase activity by 16.8%-65.5%, but increased lignin content by 9.8%-57.7%, and reduced
callose deposition, thus ensuring normal transportation of nutrients and alleviating deformation of cell structure. Intracellular
substances of root cells, like membrane, nucleus and organelle, of the faba plants in the interplanting treatments were less
damaged. Obviously the plants effectively prevented further invasion of FOF, reduced the damage of Fusarium wilt, and ensured
normal growth of faba bean. The field experiment demonstrates that wheat and interplanting of faba bean with wheat can
significantly reduce the damage of Fusarium wilt to the bean crop. [ Conclusion ] All the findings in this experiment suugest that
faba been interplanted with wheat can improve the resistance of faba against FOF under ferulic acid sterss. Therefore, the practice
of interplanting can be adopted as an effective strategy for management of Fusarium wilt of faba bean.

Key words: Faba bean; Ferulic acid; Fusarium oxysporum f. sp. fabae; Interplanting; Tissue structure resistance
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Fig. 1 Effects of the interplanting on incidence and index of faba bean Fusarium wilt under ferulic acid stress varying in concentration
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Fig. 2 Effects of the interplanting on activities of cell wall degrading enzymes in faba bean roots under ferulic acid stress relative to
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Cell wall; Pa: Papillary. a): Monocropped faba bean under the stress of 0 mg L. * ferulic acid; b): Monocropped faba bean under the stress
of 50 mg L. *ferulic acid; ¢ ): Monocropped faba bean under the stress of 100 mg L *ferulic acid; d ); Monocropped faba bean under the stress
of 100 mg L *ferulic acid; e ): Interplanted faba bean under the stress of 0 mg L *ferulic acid; f): Interplanted faba bean under the stress of
50 mg L *ferulic acid; g): Interplanted faba bean under the stress of 100 mg 4 *ferulic acid; h): Interplanted faba bean under the stress of
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Fig. 5 Effect of the interplanting on ultrastructure of faba bean root under ferulic acid stress relative to concentration
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Fig. 6 Effects of the interplanting on incidence and index of faba bean Fusarium wilt
[F) A D A R 2 0 e T O RCR B, ik (1200
3 i mg L) FIBLRRIMMNA T, (/RS ) 48 Ak 20 fe

31 MBBREABRSHEF/EZEMEAERERE
HER
RIANATRE R IL, EAVEVEPIAR F 50 W) AT 2

kAL E & AR R, I ELRF 9T & A 4k AR 1

YIRS W h oy B A R IR S T, JRUESE T

XL R IR R B R A RO, A E

FEWIR s KB, TN A2 ARG . BT

BRI & AR B B R HEER, B

FI 34 T AL B B S I R B EAE R . AR

FE, JKEFIREGEE R, 5 AR BB 1 X AR

AL, BBERR T (100 mgLt). w5 (200 mgL™)

e T A 0 2 o A T A 0 A S R 1 A

LAk R e e 2 RS N A A e (TR 1), 2R ST

MRIFSE R B, AR R A [ 5 5 A AR IR N )

i 5] fi A A1 S0 75 G0 P AR AR R I e A S AR e, e

R BTG 1) R R, H v L R R 1 S R

LT
VRV DR EAE GO R B, B3 . &

AR AT BRI A AR . Bk I A W) 2 Bt R R

N E Rk b U7 B <1 Qo1 (o e o

E | RIEAERERGREBLG C A KR Bl

B, PG IS TR K R 11 VE 300 1 78 TR B 9 D 4 174

K, AR PG TR 250 B S 4 515 /& 57K

PR R T VTR 2R R & A PO AR, R

e S BT e T KBRS ), /N2 5 A o el R

IX 7 A LA 2 0 R R R g 4R B, UK

(50mgLt). th (100 mgLt) e BRI A T

MIBCR TR (1B 1), RUIRIERR R AT Hh i % + 15k
TR, BRSO VERRR R 32 B Y
JBT JBihAE VR B S ARG — 2 g H [ g
PHAE, ZB/NZ Y & G IRERE B 2 PR A T 25
e E (K 6). RIVNEAENLEIEY, Sht
] 1 RE A R0 2% fiff A LR R

3.2 PUZRERRME T EMEFEREER R AMEEFERR

B

A A T TR R 4306 22 b 2N D RE i, s SR
JCH . AFAEREE . WM. RARMSEP, FREE
SO, EA MBS AL, G EEL, AT
SN EE R, TR A0 R g SR UM T 1R O
AR E N FUBE I R SR b A7 R P2, 27 4
RIE TR R A A1 AT R Y, H e
A R A S A AR LS AE AR BT R T o B RO UE
it 3 AR T 4 M PN AR BRIYE R, P ) T
s,

P i P I T 2R T, A0 R A ot 2 T U8
& ( Fusarium sulphureum Schlechlendahl ) {242 Hl
PR FENBORHE T, M TERREE, B
B4 S AL ZLIN T T 0 TR 0 1 A4 R RE K i 8 0 1
SR, IR TR AR G 44:5!2%?*%‘@&?15
AREAR R A R . LR AR R . KRG |
il 7 2 LR I i T, 0k L i 5 o TR A2 0 S
FEAE G & A A P A g, SRS
BUERAR X BEAR LE, B IVESRIETR, BTERAR AN W)
e 85 Aub PHLEA AR 4 S F6L Sl U0 TR A B g T P 1) 200 i E
Wok i i, e BT B %o SR e il L U R Rl RN R Y

http://pedologica.issas.ac.cn



1068 + S

S

58 #:

A AR, T AR AR R BRI 5 . 5
HAEAH B, BT BRI W T TR0 0 2% 1 AR 2R SR e il
RUE G . AR R VE B T PR 3 N AR 33.9%;
6.3%. 35.9%7N1 42.3%, FEARALNY H i BRI R i€
Wil . EERE . R 4EREE (K 2), FKWH
A 3 2ok B2 AV A T AR R AP il 1 e 4 5 4 ]
P RH T, AR AV U A T AN R 0 T O N ) R R
I A AERF AN A AR A, DT {65 9 0 I 14 e 5
FIAH M 25 49 1 A8 T A 3 03, AE R4 ] R R A 2R
HRZR AR, A 0 BT A B0 L T A s o
W22 0 KA o

33 EMERB THHREME TESZRARAELEN

BT

My RS H R R A, 0 I R AR R Y
2357 V6240 R i Bl B O R AR 2R L R A AR
SEREYAL . Az, B AR TR R AR
MAR IS, DEERMT, AP0 N A R &
WA, BIVEE (= Y% o5 R B B 1 R 46 285 ) Bt
B (R ), 4 EE AR ik 2 A Y 32 2005 F 1A S
JIT 7= A e SRS B A B N7, A 0 ) I A A B 3
X2 MR, A HUMPTR PR P, #TGE
SR, B TIRE 250 &0 G i RN IR B B 1
TIN5 IG5 AR A A PAY (1 R 0 L TE AR 56 56 R %0,
O IG5 ) B R — T PR A T O B P i — 2R A
[ A3 28 A, M T REARIR K 3 5 8 2 T
A Eh, R B TR 2 16 12,

AT, BTER R A A R B AR AR GAR R
HOR BT 2 i BRGSO AR B, R R AR AR R
ARFE s T e, BRI F Y fER &
(3. B 4), TR AT R 2 A vk i by 20 1% b 241 {off 7 o
HREBA BT DALBE G 80, 5 Rl AL BV B (38, 7% 5
ZRNA R IME, FmmEsERN AL, 5
HERE, AH R R BB R Mt T, /N AR R A
RRfEE A GAR R ARTR W W, bl az B e B0 1Y
AR, WA AR S T BRIR B A O, BHAE
R E—HRA, R TEEE, AT
Ay AR B BT 8 I R UE SR 4 UK 4 1 1E R 2
iy, PEMDELE A B A EER e E ; R RE R G
I S TR A= G A A5 3 T IR, B 8% A A5 B
BRI XA MR PLME R TR, DA R ) T 1 2E
0L, A S R BT . (EAE e B i
T, BRIRBRUOR A P, 20 s A Y 5 4

ARG, RWIEAR. PRI P T, FfE
REMSAT ) ZE M DRI BT AR, SR e AR R AL R
R 2 BE S,y T B LR ok 4 i A I
S, WK T AR A B AR E L, SR AN W
o P, — e BE BT BRI 3  /N A e L A AT
SBUR R AR IR e D)\ E WS B/ K B2 i
T A 50 2 ik e S 2R B R A

A B o A A, TR A
S0 LR BA AR A AR 0 6 D R 14 B A B
DI VBRI % AR BT b T o o S B AR
KB, =LA WHIRTE AP T Rl 4Bl
—CRA N B BE R R, A0 AR A4, A
M, RB IR ABEE > B IR, AT
M BE A o (EFHE R AR AE ) e, 20
ZERBIIR , AR AR T R . 22 5 A5 PO
X AN S W R R A S B, 1EEE A
Y BRI RRIE T, NSRRI IR,
BRSSO, AN R R A, A
WFFEE A 3 A L B B R B, A (] e J3E T 2L Aok P
~, wERARAMMPHALG B, A0
IR, LRLARFIN BTG 2 (1815 ). J5t P AT g B
TR0 fe BERE 2 R R A R AR R, L0 B
M BERS B R, AR R AT, L A FY)
J A 3 S N 5 i BT AR e v R A
LRI, NI 2, BN TR R B — R A
A7 200 60 0 0 PR, i 2 0 T 2 5 4
A LA e A S5 AR L S 20 3 W B 5 3 I A
EMRARHARGE YN, (EERAHT HIRARE,
PR A

/INAE K A LA AR T i R 2 A i B UK A
TR, R AN REE | 2 R 2 A A Y R i IR
5), FHIRRMFRITFHIIE—LIRA, EHHILL14E
o SZAGUIR DL AT 2 W I B G A, A R ) S8 R P ) o 3
wo . ELREE BT B R Ak BV R I I, 2 MO 454G A2 5
JE PR, I IR M Ak L AT — R Bk R PR
i, A E R A I, TR 2 i N AN W
Pk, 7efi, Pk RBASMAT, ERA S
BT B IR X e AR R A RSSO BRI, P
AR T, PRI L 53 7T T A B0 ) T i v
e LAY RR AR

BT 0 1R 11 S A AR AR 8 119 T B A AR
Yy, BEEHAE LR ROARIRR, w5 L 2R

http://pedologica.issas.ac.cn



4 14

BN PR T H) A X A SR 0 A FIAR 2R A5 R 52 )

1069

MR E N EVE R, ek AR 0 &R, R
SRR . ABFIEAE KBS I E T 50, 100,
200 mg L3 Nk EE RS EEANIR TR I, {0 7E £ 3 SR
5 1) Ty T 5 0 IR TR B, i PR T (i) 4 458
AR, A E YR R
ARSI IR, X PEOLE R, W Li &6
IRIFSE & B, 16K R 3 MR AN 170 mg kg™t
PARHIRIE, TIETRMEPRRATE 7 d LS
TR R A, 22 B3 I A R 0 0 B A S ik Sl i A i
A S B R B i — R = TSR R B o AR
FE MRS I T A A S o R A B 2 R O
AR TE , K IR RIAE BB AT OB 28 A 259 1Y)
faE o RMAI T FKEE AR S H R A EAR K
255, BT BRR T 4 0% 1R B A B b 1y SE PR R A
il - 35k — 2D ik

4 & ik

AT 29I A 300 — T 4 I A 7R 58 T TR 53 B v T
P B 2 0 R I A e, R LR e TR R A N B Y
fift, FTAR AR R A B BR IR, e RO A5k T T Y
TETH . AR AR B9 5 53— T 1 Bl R R e 1k —
RN SR AR R AP S LR, e
X e AR R SRR, S AIHR TR B AR
S A RS, R A SR BT E T fe BERG 280 K A
/N 5 A A AR AT AR A TR AR A R A i T
P, e iR AR R AR BACRREE, Wi IR,
IR I TE, I AN MURE | A A1 AR A Y
W, DRIAREE e B, RE TR G2
TR ARG E , AR R SRR . W]
/INFE 5 T WL RLEAT R A0 R B BB B, B LR
IR AR, R B L, Rk s
BEAERERRR IO . 200 . AR5k

2% 3 Hk ( References )

[ 1] HuangY, ZhuZ D, Duan C X, et al. Genetic diversity of
Botrytis cinerea isolates from broad bean[J]. Scientia
Agricultura Sinica, 2014, 47 (12): 2335-2347. [#{3E,
RIRA, BOME, &5 RWHRE G YRR L 2
PE[I]. AFEL PRI, 2014, 47 (12): 2335-2347.]

Wang H F, Zong X X. Advances in research of genetic
resources, breeding and QTL for disease resistance and

resistance to abiotic stresses on Vicia faba L[J]. Journal

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

of Plant Genetic Resources, 2011, 12( 2): 259-270. [
B, R BEMBERIER. PURFE MM QTL EfL
R THE R[I]. A R AR, 2011, 12
(2): 259-270.]

Bai Y, QianJM, ZhouJ M, etal. Crop microbiome:
Breakthrough technology for agriculture[J]. Bulletin of
Chinese Academy of Sciences, 2017, 32 ( 3): 260-265.
[V, gFE, FER, F RIEWBEYAH: B
AL I A S R BACE D BOR[9]. v B2 B B T
2017, 32 (3): 260-265.]

Chen L, Zhao Q, Dong K, et al. Physiological mechanism
of faba bean Fusarium wilt promoted by benzoic acid and
cinnamic acid[J]. Journal of Plant Protection, 2019, 46
(2): 298-304. [FR¥%, X%, #ih, . KHERFIPEE
TR {12 3 fi LA 20 AR 1 AR B AR AR BLTRI 0], A IR 4P
24, 2019, 46 (2): 298-304.]

Gao X M, Ma L G, Hao J, et al. Effects of acetone
chromatography extracts of parsley root materials on the
cell wall degrading enzymes activities and fusaric acid
contents of Fusarium oxysporum f. sp. cucumerinum[J].
Chinese Journal of Ecology, 2014, 33( 12 ): 3388-3394.
(= betd, Eorlw, Bk, 4. VE AT AR B Ik R 2
Xl R TG 25 T 2 Y e S G A 5 Al 0 TR TR % 2 14
R[] AEELGE, 2014, 33 (12): 3388-3394.]
Dong Y, Dong K, Yang Z X, et al. Microbial impacts of
Fusarium wilt promoted by cinnamic acid in the
rhizosphere of Vicia faba[J]. Acta Horticulturae Sinica,
2016, 43 (8): 1525-1536. [y, #hh, R, 5.
PR 2 T ) i AR 229 4 A R AR PR st A= W &40vz 3], el
224, 2016, 43 (8): 1525-1536.]

Dong Y, Dong K, Yang Z X, et al. Microbial and
physiological mechanisms for alleviating Fusarium wilt
of Faba bean in intercropping system[J]. Chinese
Journal of Applied Ecology, 2016, 27( 6 ): 1984-1992.
[FEH, 3B, B0, . R A& SR 20
A A B[], A=A E R, 2016, 27 (6):
1984-1992.]

Yang Z M, Bi Y, LiY C, etal. Changes of cell wall
degrading enzymes in potato tuber tissue slices infected
by Fusarium sulphureum[J]. Scientia Agricultura Sinica,
2012, 45 (1): 127-134. [#p&M, BEH, ZEkA, 45
IS ST T s Al AR g o it v U0 2 4 O R R I A i 1
BAE[]. FEAO R, 2012, 45 (1): 127-134.]
Hartung A C, Putnam A R, Stephens C T. Inhibitory
activity of asparagus root tissue and extracts on asparagus
seedlings[J]. Journal of the American Society for
Horticultural Science, 1989, 22 (22). 168-174.

QiY Z,SuY, Wang N, et al. Observation on histological
structure of strawberry roots after inoculating Fusarium
oxysporum f. sp. fragariae under 4-hydroxybenzoic acid
stress[J]. Acta Horticulturae Sinica, 2015, 42 (10):
1909-1918. [FFukak, JhiE, 77, . XREEHR

http://pedologica.issas.ac.cn



1070

S

il 58 #:

[ 17 ]

i30T R 10 90 T T e Gt B AR AR R B 4 B A A LR (0],
bel 224k, 2015, 42 (10): 1909-1918.]

Li L. Intercropping enhances agroecosystem services and
functioning : Current knowledge and perspectives[J].
Chinese Journal of Eco-Agriculture, 2016, 24( 4 ): 403—
415, [ZERe. [AEMESRALR H A S R G55 T RE 5T
BRI o E A SRR, 2016, 24(4):
403-415.]

Hao WY, Ren L X, Ran W, et al. Allelopathic effects of
root exudates from watermelon and rice plants on
Fusarium oxysporum f. sp. niveum[J]. Plant and Soil,

2010, 336 (1/2): 485-497.

Zhou T. Studies on the changes of cell wall degrading
enzymes in wheat leaves infected by puccinia strllformis
f. sp. Tritici[D]. Yangling, Shaanxi: Northwest A&F
University, 2007. [JAlE. Z &8 REGRE/NEMN Fd
2 i B R AR Tl 5 M AR AL M FST D] BRVEAZ %S THdbR
MEHE R, 2007]

GuoSM, DuTZ, QiuY X, etal. Determination of leaf
protease activity of subtropical plant[J]. Fine Chemicals,
2006, 23 (9): 887-890, 899. [#%,&, FRE, IRk
S5, . WHGFHE Y E AR AT 0]. KT,
2006, 23 (9): 887-890, 899.]

Ye S F. Research on promotive effects of fusarium wilt
in Cucumis sativus by cinnamic acid, an autotoxin in
root exudates of Cucumis sativus L. ,and mitigation
mechanism by grafting and cinnamic acid-degrading
microbial strains[D]. Hangzhou: Zhejiang University,
2004. [MHEZF. WM R A 39 B0 HAR 200 F
By AR R H M HLRI AT 58 [D]. BUN - iR,

2004.]

Wang N, Qi Y Z, Shi RR, etal. Manufacture of paraffin
section on strawberry root and observation on the
development of lateral root[J]. Journal of Agricultural
University of Hebei, 2013, 36 (3): 34-38. [T, F7k
AR, BPIRR, A RUREAR R4 M U) R HIVE R AR &
FEMIEE ). TTdbq b R4, 2013, 36 (3): 34-38]
YangR X, GaoZ G, YaoY, etal. Allelopathic effects
of phenolic compounds of melon root exudates on
Fusarium oxysporum f. sp. melonis[J]. Chinese Journal
of Applied Ecology, 2014, 25 ( 8): 2355-2360. [ i
7, ST, Whim, S EHRR R 5w T B R Y R
X4 FEL A A6 TAT B4 AL BSRRUNT [9]. o7 FH A 252 i, 2014,

25 (8): 2355-2360.]

Li S L. The mechanism research of tobacco bacterial wilt
influenced by organic acid from root exudates[D].
Chongging: Southwest University, 2017. [Z=f1 /1. A HL
TR AR 28 53 WA 0 5% W A 5595 A & A= B LR F 52 [D].
P PR, 2017]

Zhang N, Zhang R, Wu P, et al. Response of root exudates
to watermelon /aerobic rice intercropping oriented to
alleviate watermelon Fusarium wilt[J]. Acta Pedologica

[ 20 ]

[ 21]

[22]

[ 23]

[ 24 ]

[ 25]

[ 26]

Sinica, 2014, 51 (3). 585-593. [3k7*, ikin, =¥, 4.
R ZR WA P T S K R B A A 7 T 22 0 o g
Ri[J). HEdR, 2014, 51 (3): 585-593.]

XuWH, Wang Z G, Wu F Z. Companion cropping with
wheat increases resistance to Fusarium wilt in
watermelon and the roles of root exudates in watermelon
root growth[J]. Physiological and Molecular Plant
Pathology, 2015, 90: 12-20.

Ye X H, Lin X G, Wang Y M. Progress in research on
pathogenic factors and related molecular biology of
Fusarium oxysporum[J]. Chinese Journal of Applied and
Environmental Biology, 2011, 17 (5): 759-762. [/
4, MRAEs, E—W. IR ] BURATOCIN 1 A Ay
TAWEOTE R D] NS A =R, 2011, 17
(5): 759-762.]

Li B J, Zhou C L, Zhao K H, et al. Pathogenic
mechanism of scab of cucumber caused by
cladosporium cucumerinum /// effects and synergism of
cell wall-degrading enzymes and toxin produced BYC.
Cucumerinum on ultrastructure of cucumber[J]. Acta
Phytopathologica Sinica, 2001, 31 (1): 63-69. [2=5
%, KTy, WA, SRR EBORE LI
AT 5 TIL40H 0 B [ gk 1 700 5 3R %0 2 5 08 048 4 19 32 1)
LR 3], AR B2 4, 2001, 31 (1):
63-69.]

Gao F, Yue H D, Qin X M, et al. Research advances on
cell wall degrading enzymes produced by pathogenic
fusarium causing plant diseases[J]. Jiangsu Journal of
Agricultural Sciences, 2018, 34 (4 ). 955-960. [& 7%,
Ly, BRI, 5. RO 9 7T G AN I RE R A
B AT 98 HE R[], VLo AR A=Ak, 2018, 34 (4):
955-960.]

Wang Q R, WuJ X, ZhangR Q, et al. Analysis of cell
wall degrading enzymes secreted by Rhizoctonia solani
and its pathogenicity[J]. Plant Physiology Journal, 2016,
52 (3): 269-276. [TLRISA, RAHE, skuhizr, . 4E
Az Pk 9 TR 4 D 140 2 L A S R e R O 2
P[], Hi¥ Ak MAAAR, 2016, 52 (3): 269-276.]
Zhang M J, Wang H M, Wang S Z, et al. Research on the
mechanism of plant defense against vascular pathogens[J].
Plant Physiology Journal, 2015, 51 (5): 601-609. [k
WI%5, E40Hg, EHL, & YN 4R 0N R 1B
TR R AL BT ST E R[], AEW)AE B 24, 2015, 51(5):
601-609.]

Guo J Y, Hu X F, Li Y, et al Effect of Fusarium
oxysporum f. sp. cucumerinum on photosynthesis and
water physiological characteristics in cucumber[J].
Journal of Nanjing Agricultural University, 2011, 34( 1 ):
79-83. [HW =, Wibelg, 25, SF. WK R
JRIEA RS A B B2 A [J]. e sl K224,
2011, 34 (1): 79-83]

http://pedologica.issas.ac.cn



4 14

BN PR T H) A X A SR 0 A FIAR 2R A5 R 52 )

1071

[ 27 ]

[ 28]

Yang M.
ginsenosides from Panax notoginseng roots strains[D].
Kunming: Yunnan Agricultural University, 2015. [#4{.
SR RREN A FFERIGIR[D]. BY: ZEK
Ak K2, 2015.]

Li Y, Wang Z, Long Q L, etal. Morphological response
of ginseng root to benzoic acid and differential genes
expression analysis[J]. Modern Chinese Medicine, 2017,
19 (7): 995-1000. [#5, e, REIR, 5. AZ4)
R AT I 0 30 T 25 2 i o R A I 22 S Rk 0], R
E P2y, 2017, 19 (7): 995-1000.]

Investigation on autotoxic mechanism of

[ 29 ]

[ 30 ]

Li W J, He P, Jin J Y. Effect of potassium on
ultrastructure of maize stalk pith and young root and their
relation to resistance to stalk rot[J]. Scientia Agricultura
Sinica, 2010, 43 (4): 729-736. [Z=3CHR, ¥, &
Akiz . BN B ZEBEM A AR S 1 R e J S
ZEBRPUEROCR [ PERLARS:, 2010, 43 (4):
729-736.]

Li X G, Ding CF, Hua K, etal. Soil sickness of peanuts is
attributable to modifications in soil microbes induced by
peanut root exudates rather than to direct allelopathy[J]. Soil
Biology and Biochemistry, 2014, 78: 149-159.

(REHE: HET)

http://pedologica.issas.ac.cn



