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Note: CO, C1,

14.0, 28.0156.0 mg kg™, FHAR[FEFHEFR2ES

C2 and C3 means treatment concentrations of cinnamic acid were 0.0,

PIAERR AL FH YK B Treatment concentration of cinnamic acid

B (p<0.05) . T
14.0, 28.0 and 56.0 mg kg™’

respectively.

Different letters mean significant difference at 0.05 level.The same below
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Effects of intercropping of wheat with faba bean on growth of faba bean under cinnamic acid stress

WEFRR, SRR AR G A, TRVE (R AR A R A
155 8 K00 A FEAK50.5% . 41.1% . 42.9%F151.8%
(p<0.05) , {7 S ARPRGR 7] B 50 5 0 B IR
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Fig. 2 Effects of intercropping of wheat with faba bean on faba bean Fusarium wilt index and number of Fusarium oxysporum in soil

under cinnamic acid stress
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Treatment concentration of
cinnamic acid

%3

Treatment concentration of
cinnamic acid

Treatment concentration of
cinnamic acid

PAAERR D T [/ e TR Ao A A | i S T S P AN R A R )

Fig. 3 Effects of intercropping of wheat with faba bean on peroxidase ( POD ) and catalase ( CAT ) activities and malondialdehyde

(MDA ) content in faba bean roots under cinnamic acid stress

AR MMDAE 253 HIFEAK54.0% . 62.7%F167.6%
(p<0.05) , RUNESEGHIERIKT & GR
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26 K 18] 1 35z
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Average well color development

WHE R ORI TE144.3% . 44.4% . 156.7%F1
75.3%.
25 HAHEBRMEIRRHMEVHRENBREENS
M) %, 18] 4/F 3 iz
[E] 1 XoF A 15 AR o sk 24 40 1% YR ik B A I
FEW (p<0.05) o {HRHE:ERAS AR B b B 4% 14
T IEAERLN ANF,, AEERRCO. CLAC2ALHET, 8]
VA 2 AR o B A 0 T Al T %) R 2058 A A S 8
T185.9%. 110.5%F183.9% (p<0.05) , C3kb3
T, A A MR B Gk o B VR A R P i S P
EM T E 25 (K5A) .

72
143801 Incubation time (h)

96 120 144 168

H: MFCO: PAMEZE E+AAERR0.0 mg ke 'AbFE; TFCO: R H+AAERR0.0 mg kg 'AbFE; MFCL: HfE&R G+ AFERR14.0 mg kg '4b
P IFCL: [AfEZE S+ PH:fR14.0 mg kg ' 4bBH; MFC2. PAVEA &4+ AEERR28.0 mg kg 'Ab3T; TFC2. [AIfFE 4R B+ WA ER28.0 mg kg '4b
Bl MFC3: PAfEAR G+ HEEFRS6.0 mg kg_lﬂ‘fﬂ; IFC3. [AIfE#R B+ A HERRS56.0 mg kg_lﬂ‘fﬁc FIA] Note: MFCO: Monocropped faba

bean+0.0 mg kgil cinnamic acid treatment; IFCO: Intercropped faba bean+0.0 mg kgfl cinnamic acid treatment; MFC1: Monocropped

faba bean+14.0 mg kg™ cinnamic acid treatment; IFC1: Intercropped faba bean+14.0 mg kg™' cinnamic acid treatment; MFC2:

Monocropped faba bean+28.0 mg kg™' cinnamic acid treatment; IFC2: Intercropped faba bean+28.0 mg kg™ cinnamic acid treatment;

MFC3: Monocropped faba bean+56.0 mg kgil cinnamic acid treatment; IFC3: Intercropped faba bean+56.0 mg kgi1 cinnamic acid

treatment. The same helow
4 PR MG N AR 7 5 AR R i A 91 35 B 6 A8 Ak 2 ) 5 1

Fig. 4 Effects of intercropping of wheat with faba bean on AWCD in the rhizosphere soil of faba bean under cinnamic acid stress
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T35 1) JH 58 3 Intensity of carbon source

505 F1] FE 3R B Intensity of carbon source

utilization
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LLCOVR B2 T [l 4F X e I ) T 0 4 o i B2 e K. fHL
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B o ¥ifEZx 5. Monocropped faba bean
- 2 [[{]/f % 5. Intercropped faba bean
4|
T
1, fﬂ A in LA 1 gis
Siobil [BoRidl Biock [gicisid Bl [gias
CH AA CA PM AM PA

ECO M i 2% Type of carbon source in ECO plate

PA:f3 225, T Note: CH: carbohydrates, AA:

amino acids, CA: carboxylic acids, PM: polymers, AM: amines/amides, PA: phenolic acids. The same below

K5

PR P 360 1) 1 i S AR B Rl 2 0 0 e 8 1) A4 i 2

Fig. 5 Carbon source utilization intensity of soil microbes in intercropped faba bean rhizosphere under cinnamic acid stress

2.6 AHEBRMEZRRHMEYINGES HEMEERN

526 K% 18] 4E 38 Kz

MRIFTFE W, AR, PR R A 2 %
% T %2 GAR PRI ¥ Shannon ZREPEFE B (H )
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AR BA EER S, H I AERCR 32 A A IR AL B
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Table 1 Effects of intercropping on microbial diversity index and richness index in the rhizosphere soil of faba bean
under cinnamic acid stress
PRV R ¥k 2 AE R ShannonZ FE 45 4L F R AL
Concentration of cinnamic acid Plant pattern Shannon diversity index ( H) Richness index (S)

Co H/EZR G Monocropped faba bean 3.17 +0.02be 23.5+0.71bc

[8] /% & Intercropped faba bean 3.25+ 0.0la 28.5+0.71a

C1 ﬁiflﬁﬁiiMonocropped faba bean 3.10 +£0.08¢ 20.5+0.71de
rﬂﬁzﬁﬁlmercmpped faba bean 3.19 +0.02ab 24.0+1.41b

c2 A F Monocropped faba bean 3.01 =0.00d 18.5+2.12d
[8] /% & Intercropped faba bean 3.14 +0.02bc 23.5+0.71bc
C3 BAYEFR G Monocropped faba bean 2.75 £0.0le 15.0 + 1.41de
rﬂﬁzﬁilntercmpped faba bean 2.96 +£0.02d 18.0+1.41d

e RFIRASREFEER0.05 KF-T 22573 B3 Note: Different letters in the same column indicate significant difference at 0.05 levels

- ¢ 1FC2

FEH4 2 PC2 (22.4%)

® IFCl 4

A 1700
- W rc3

Fa4r 1 PCI (43.8%)
El6  RAEERIE T B ) E A AR PR A ) B 75 45 74 1) = i 40 43 A

Fig. 6 Principal component analysis ( PCA ) of community structure of the soil microbes in the rhizosphere soil of monocropped and

intercropped faba beans under cinnamic acid stress
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£R2 31 MBIESPCL. PC2 BIHEXEE (r>0.68r<-0.6)

Table 2 Pearson’ s correlation coefficients of 31 types of carbon sources with PC1 and PC2 (r>060rr<-0.6)

e 5 i
Carbon sources guild Substrates I PCl TIR2 P

pilE B —F RE-D-F AT B —Methyl-D—glucoside — —
Carbohydrates D-FF AR - v -NBE D-Galactonic acid—y —Lactone 0.91%* —

D-A#E D-Xylose 0.64 -0.63
i— R EE SR - Eryhritol — —

D-H & D-Mannitol — -0.71

N—Z B3 -D -4 4% N-Acetyl-D-Glucosamine — -0.64

D-£F4E 4 D-Cellobiose — -0.81%*

i1 - R Glucose—1-Phosphate — —
a-D-FLHE o -D-Lactose — —
D, L-oa-HilB#2ikD, L-a-Glycerol Phosphate — —
F IR L-K& MR L-Arginine 0.81% —
Amino acids L-RAWEREER L-Asparagine — —
L-RILNE R L-Phenylalanine — —
L-22 %2 L-Serine 0.86* —
L-Jr %2 L-Threonine -0.62 —
WA -L- AR Glycyl-L-Glutamic Acid — —
divd NERTZ R Pyruvic Acid Methyl Ester — —
Carboxylic acids D—EFLBR D-Galacturonic Acid 0.63 —
v -#E T v -Hydroxybutyric Acid — _
D7 A B2 D~ Glucosaminic Acid — _
A FERZ Ttaconic Acid — —
o - THif# «-Ketobutyric Acid — —
D3RR D-Malic Acid — —
BEY FINFLELEE40 Tween—40 0.73% —
Polymers FILALEEEESO Tween—80 — —

o - HifE  a -Cyclodextrin — -0.69
B Glycogen _ _
Jie HHZ M Phenylethylamine — —
Amines /amides JE % Putrescine 0.74%* —
[ -2 2-Hydroxy Benzoic Acid — —
Phenolic acids 4-FZIEIEP R 4-Hydroxy Benzoic Acid — —

e *FR0.05KFF2ERRE (p<0.05) , —: HXFELr<0.60 B r>- 0.60 Note: * indicate a significant difference in
values (p<0.05) , —: correlation coefficients were <0.6 or >— 0.6
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Effect of Cinnamic Acid on Incidence of Faba Bean Fusarium Wilt and
Incidence-Mitigating Mechanisms of Wheat and Faba Bean Intercropping

DONG Yan' DONG Kun® YANG Zhixian® ZHU Jinhui' TANG Li' ZHENG Yi' *f

(1 College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China )
(2 College of Food Science and Technology, Yunnan Agricultural University, Kunming 650201, China)
(3 The Library of Yunnan University, Kunming 650091, China )

(4 The National Center for Plateau Wetland of Southwest Forestry University, Kunming 650224, China )

Abstract [ Objective] The aim of this work is to investigate 1) whether the amendment of cinnamic
acid could mitigate the incidence of Fusarium wilt and 2 ) how wheat and faba bean intercropping alleviates
cinnamic acid autotoxicity. [Method] A pot experiment was conducted on wheat and faba bean intercropping
and amendment of cinnamic acid at a varying rate (CO (0.0 mg kg™') , CI1 (14.0 mgkg') , C2 (28.0 mg
kg*1 ) and C3 (56.0 mg kg*1 ) ). [Result] 1) In comparison with Treatment CO, amendment of cinnamic
acid decreased the activity of peroxidase ( POD ) , but significantly increased the content of malondialdehyde

(MDA ) , thus leading to disorder of metabolic and physiological functions and aggravation of the damage
of membrane lipid by peroxidation in the treatments under monocropping of faba bean. 2 ) The amendment of
cinn-acid amic decreased the average well color development ( AWCD ) , Shannon-Wiener diversity index

( H) and substrate richness (S) , thus altering soil microbe community structure in faba bean rhizosphere,
by increasing the number of Fusarium oxysporum; and increasing the incidence index of faba bean
Fusarium wilt. As a result, dry weight of the root system of monocropped faba bean decreased. 3 ) Among
the treatments amended with cinnamic acid at the rate of C1, C2 and C3, the treatments of mtercropped
faba bean, were 22.4%, 81.0% and 100.0% higher in POD activity of faba bean, and 45.1%, 92.4% and
145.1% lower in MDA content than their corresponding ones of monocropped faba bean. 4 ) Treatments C1
and C2 of intercropped faba bean were 110.5% and 83.9% higher in total carbon utilization ability than their
corresponding ones of monocropped faba bean, especially in utilization of carbohydrates, amino acids,
and carboxylic acids. Besides, they were also much higher in Shannon-Wiener diversity index and substrate
richness, had soil microbe community structure in the rhizosphere significantly changed by decreasing the
population of Fusarium oxysporum in the faba bean rhizosphere by 16.7% ~ 20.2% and 41.1% ~ 51.8%, and
increased root dry weight by 11.3% ~ 23.6% and 72.9% ~ 154.9%, respectively. [Conclusion] Intercropping
of faba bean with wheat significantly increases physiological resistance of faba bean to Fusarium oxysporum
f. fabae, and significantly lowers the incidence of Fusarium wilt on one hand and effectively regulates soil
microbial activity and diversity in the faba bean rhizosphere soil, on the other, thus alleviating the harm
of Fusarium wilt caused by cinnamic acid and promoting growth of the crop. However, the effect is affected
by concentration of cinnamic acid. By making use of the allelopathic effect of wheat as non-host crop, the
intercropping of faba bean with wheat is an effective measure to alleviate autotoxicity of cinnamic acid.

Key words Cinnamic acid; Faba bean wilt disease; Intercropping; Metabolic functional diversity of

microbial community; Antioxidant enzymes activity
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