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A T AR R I AR B (Y 3 B LR A B
MR, REHRVIEESRMT, 24 FREA IR
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P HHER A 2 AR R K BEIRS R ] T
LR I, RTAEEY KA. A ML i

36.3 g kg™'. pH 6.73, HALA 123 mg kg™ AR
24 mg kg™, HEAI135 mg kg 0,

P ED R . INE W42 (Tricum
aestivum L. cv. Yunmai 42 ) ; &5 N5 8363
( Vicia faba L. cv. Yundou 8363 ) . FiFH=mME
el B2 B gt
1.2 Rt

R F201 14E10 H—20124E4 A 78 =/ £l K
FHPERRBELR, KB RNERAE, NER
R, A3 ALEE, 3 EE . R
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HEN150 mg kg™ 45 BEAL SRR A BERR S, it FH o
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R /NZE—M, A SR B AE

FRAE B . AR/ B4 B 28k, AfE AR
FRAL R Ork, IAVERN AR /N2 7 R B 00 )2 o
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BU/NZZ 4y BEIA . 3R ARl . dERN L ok
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PR R IEWCRE T “RAPLEER” &
BrAEMRPR L, FH100 mIZEME/KRBOR PR 50, M
PEEOIE . WAEES ml, JERIT0.45 pmiEE,
—20 CHRERBAE . &

1.4 HSEOH

AR . B IR A E R FHHPLCH: , i FAL 2%
Bk Agilent 1200 @& S0K AR AL (PUITEE,
AR A G, A ShHERESE . A ) o

A HLER I A2 e T A3 SRR . kAR
Synergi 4u Hydro—-RP 80A L%+ (250 x 4.6 mm
ID) , WishHH H10 mmol L™ pH=2.45WiME — A 40
W, AEIR30°C, WHENT 000 wl minT, PEEEEN
10 wl, R 214 nm, 3HFEHE 10 min, 7EZEREAY
TSI, HRISFAVRERR (25 pgml™") |
WA (25 pgml™) | FRER (50 pgml™) |
AR (25 pgml™) . 2R (25 wgml™') | K
R (25 wgml™") | FrEER (100 wgml™') | &
D (100 g ml™") FOTRA bR & i & K f5 )
B A MR (i P TR . 828 LR A AG: H PR
SRR BERR0.030 wg ml™, HEARR0.020 wgml,
SERFR0.020 g ml™', FLAZ0.010 wg ml™', 2
0.025 wg ml™', KfR0.020 pwg ml™', FrEMR
0.020 wgml™' | &LER0.030 pgml'.

Ty R N o R T B35 S E R g A R
Synergi 4u Hydro—-RP 80A B iEH: (250 x 4.6 mm
ID) , MBI HT70%190.2% L TR F30% 1) B, 4
HE30°C, W A1 000 min~', HERER 10 wl, R
PWA286 nm, Z3HrEt[E]35 mine 7EEE YB3 441
T, SR SFhEER . XFRIEFEFER (20 pgml") |
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1. Bf2 Oxalic acid; 2. Wi iR Tartaric acid; 3. SEHEEMalic acid; 4. FLEZLactic acid; 5. L g Acetic acid;
6. HkfgMaleic acid; 7. ¥/ 2 Citric acid; 8. & B Fumaric acid
1 AL Eg

Fig. 1

Chromatograms of organic acids
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1. ¥R IR R p —hydrobenzoic acid; 2. FE % Vanillic acid; 3. T?WﬁSyringic acid; 4. FEMR p — Coumaric acid;

5. B GfRFerulic acid
E2 RS E

Fig. 2 Chromatograms of phenolic acids

THMR (20 pgml™") | FIELER (20 pgml™") )
TR G A M i B o R ot 1 (3 (R G PR 2B s o S iy
i ARG T B A X ¥R B R 0.032 g ml™',
f%0.024 wg ml™'. T&HERO0.020 wg ml™', FEHRK
0.010 wgml™ | PFIZRAZ0.025 pgml ',
1.5 HIRALTE

B b A FH Excel ( Microsoft ) 2007, 4iit
ST T 2R FHSPSS1 7.0 4 k47 22 T L5543 Hr Al

5 .

2 4 R

2.1 [EMEFH T NEEESRFEVERR T LHFE
RS T BN A AR BR = AT HLIR A2 A
TR ES . WRUPITLUE N, BE AT S
¥, N CHRAERIEIE ) ARPR A BLIR & 42 BT
@ TR (142 d) , WREr AR & &
BRI R . X FEBE i TN R A K, R
R AR EROR, RAAHLIR I WEE T iR

http: //pedologica. issas. ac. cn



688 + b

¥

53 %

T IR PR A HLIR R R K. RIS N E
WA . AR, AP P HLRR R
R

RITEAT LA, TEEFERNE (57~984d) ,
(B VERIAR X /N 22 AR PR WLIRR & I A g s it AR
S AR Y B, TAIAE 3 i v s R AR T /N AR B L

s, SHRMENEML, AR (120 d4) |
A (142 d) , [EAE/NZE AR BRoA LR A o 4 iR
M3 T3MEM234%; NI (169 d) , FEiIEH
3.664% . VLEHFE/NA R AEF R, [AEFR AL X AR B
A HLIR F i i SRR A If AN AR TR
SEAMEANERL, fERTE (98 d) . ZEREI

x1 BEENERFLEHANBROMEMSE

Table 1 Types and contents of organic acids in the rhizospheres of inter-and mono-cropping wheat ( mg p]anfI )

LN AR AR = FLIR LR Frig R J58s

Days after sowing Planting pattern Lactic acid Acetic acid Citric acid Fumaric acid Total amounts
57d I 0.30 £ 0.02a 0.01 +0.00a 0.42 + 0.04a — 0.73 £0.07a

M 0.51 £0.25a 0.01 £ 0.00a 0.62 +0.27a — 1.13+0.23a

98 d I — 0.93 +0.88a — — 0.93 +0.88a

M 0.27£0.19 1.33+£0.79a — 0.01 +0.00 1.60 +0.97a

120 d | — 0.37+0.17 0.19 +0.03a — 0.56 £0.16a
M 0.05 +0.01 — 0.10 £ 0.03a — 0.15+0.03b

142 d | 1.13£0.22a 1.51£0.97a 2.32+0.88a — 4.96 £ 1.98a
M 0.29 £ 0.14b 0.96 £ 0.22a 0.90+0.51a — 2.15+0.59h

169 d | 0.06 +0.02b — — 0.01 +0.00 0.06 +0.14b
M 0.18 £ 0.04a 0.04 +0.006 — — 0.22 £0.02a

e M, IFORPIERIEE, —FoRAKKH . RPEUEN TV IE = b 2E, AR /NG S BEF RN ] —Fh A7 DL & & A ) —
EEY, REEZEZFEE (p<0.05) o TFE Note: M and I stands for mono and intercropping, respectively and “—" for “not

detected” . Different letters in the same column mean significant difference ( LSD <5% ) between inter and/or mono cropping. The value

in table is mean + SD. The same below

(120 d) . UegkWl (169 d) , [AEMRE A TR
PRAPLIRIF IS (£1) o HPHILRRF M 25
FEARAEALR ., & DRMNLIR., HARAFTY S
VR 22 SO R HR], X 2R T ARRIAEE M,
VEW 73 Wb AT ILIR A R AN ] 5 S [R] A 8 1 1) 7 ol ]
FIEAE AR iS5 .
MF2RTLIE Y, 78 AR BRA HLIR & & 1 A8 ikt
PENE B BEEETMHER, & OMRER AL
g fr i it DA, ERGARIE R (142 d)
MR FR A PR & ik B KME; MG &SR ARM
R PRI R, AR PR HLIR 1 A
AE/NERFERRE, EEGAEKEEIH (57 d.
98 d, 120 d) , [MIVEFE A T & EAR bR A HLIR
&, HHAEMLL, TERGE (57 d) K4
JEW (120 d) , [EFEARBRA HLIER B i k21,7
fEAL.95F%, TEJFAEI (98 d) , FEIE A 1.491%,
EECATEY, REERAZES.

FEABEGE T, PR A OO B e A ) %)
AFPENLIR . FLER. 8. IER. &9 (£
2) . BRETEEIEM (120 d) b, [EVERME Tk
TRISEFWREEIRAF2E, Hp, 554E
L, B RERAESE T &4 B WM B S DR
FERRPRAY SRR, XA AR5 2 AR B A HLRR 7 St 1Y
FEFH
2.2 [EMEEMG T NEZEIIRBREER AT AFE

Xof BT A /N 22 4 A T AR B 1 R % Ak i AT A
W CE3) , BAE/NZER T (98 d) A
(120 d) Sk 20 iz, i 1R /N 22 AAE 4R T 1A
(98 d) Fill By, 7E4 1) (98 d) , HAMEIME
JINFZ KRB A v ARG 0 B S T R . N R R S PR
FER., THR. FER. WK, HR/EZH
WA ZES . AR, BAE /N MR BRI £ 3 Fh
Bz, AL /N 22 AR B A A 2 B R . 1 /N A K
Al e N I Y N T A B IRl W e (N =
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Table 2 Types and contents of organic acids in the rhizospheres of inter-and mono-cropping faba bean ( pg plant™)
R R AR e 2 FLIR iR FIERIR R JES TS
Days after sowing Planting pattern Lactic acid Acetic acid Citric acid Fumaric acid Total amounts
57d I 20.43 £ 4.84a — — 0.86 +0.09 21.29 £ 4.85a
M 0.98 +£0.02b — — — 0.98 +0.02b
98 d I 21.84+£5.13a 26.97 +5.83b 89.01 +0.84 1.38 +0.44 139.2 +9.9b
M 43.13 £27.74a 164.9 £ 62.7a — — 208.1 + 84.0a
120 d I 32.35 £4.04a — — 2.07 £0.02a 34.42 +4.03a
M 1595+ 1.14b — — 1.68 + 0.40b 17.63 = 1.16b
142.d I 342.3 £259.0a 432.5+246.2a 1.81 +£0.53 — 776.6 £ 505.3a
M 342.6 + 98.8a 952.4 +330.0a — — 1295.0 +303.2a
169 d I 67.86 +42.59a 66.78 +42.23a 18.96 £+ 0.32 0.72+0.3 154.3 £+45.9a
M 192.1 £90.6a 36.56 + 14.60a — — 229.3 £ 59.6a
2r 98d a L2 120d
olw mM
_10F 10 d
R a st
1 5
Eals) 6k
§ 4
ND D.
L Hl N
p-hyd Van Syr  Cou Fer p-hyd Van

B fRFp 2k Types of phenolic acids EmEFp 28 Types of phenolic ac1ds
e IW, MW BIZoRBIVE/NZE | BAE/NE o ANl B3R BRIR R AL B R 47 22 5+ (LSD < 5% ) Note:

intercropping wheat and monocropping wheat,

IW and MW stands for
respectively. Different letters mean significant difference ( LSD <5% ) between inter and/

or mono-cropping
I3 B/ AR s v R ) A 2R 5

Fig. 3 Types and contents of phenolic acids in the rhizosphere of mono-and inter-cropping wheat
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W, R T T A RRAE A EARPR A SRR, HIEEAR
T A GRRAEARPR P 2 SN A BRSO T
T SARPRE R A RAL, A By R Al I MBI L 77 e
BORZES .

3.1 RO FEBNBRRRY

HE 2 53 W6 40 1) 72 A 2 AR B PR 45 v - 8 A 28K
57 F A% TR 10 L KR AR A I R 1 23 T A L
%, T IHARIERPR IR . FEIRALRE . A ES

J& O A FERR BRI A R e R AR AR
Zliﬁﬁﬁikf)b, [ VE AR T AR bR A ML A Bt A Rh 2
(1, R2) , AT LUHEWT AL /E ML PR oo F FAR Rl
SRR R IX ] o 3K Bt T DA S e b 1
R ZREPER R T Hu BRI Z R

AW R, /INAE A T A AR F B A B T AT
B2 . & SIRTEAR BRI R, A g ar LA Ak 1 45
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50

50 t 50 +
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30t 30+

Bh 1R 5 it
PA content (ng plant™)

20 aa 20F 20F
L L 10

10 b ND 10 ND

0 0 0

p-hyd  van Syr Van
EARFI 25 Types of phenolic acids  ElsFI3E Types of phenolic acids

40

A 30r
a

Syr p-hyd  Van Syr Cou
Bl Types of phenolic acids

TE: W, MW, IF, MFZI3REIENAE | B0VE/ N ISR, SRR, RIA MR R R SRR AL JR AL A 25 5 (LSD <5% )

Note: IW, MW, IF and MF stands for intercropping wheat, monocropping wheat, intercropping faba bean and mono-cropping faba

bean, respectively. Different letters mean significant difference ( LSD <5% ) between inter-and mono-cropping
K4 PR 4 AR BR P B ER A Rh S N

Fig. 4 Types and contents of phenolic acids in the rhizosphere of mono-and inter-cropping faba bean
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YETT ABEAR AR e fs, o AR BR A A, (/N
27 R 506 (B VR (%) Wi o A R AR ] o R 2 B2
BB T A ARBRER R AN, X /NETE, REE
BEIE 7K RY) FAEMRPR rhry B X
BRERHRR, FO. THEKR. & 53R
E-RABY R, fENE. KO, HKEEY L
R, EATS MR 8 A, 5 &) AR

R B AT MR A W A 2 A 0 2 B
fie . mlR S N EREEERGE T, FERE
7 A R AR GARPR A R, A T T AR A
T HEIR o Ul B 8] A 0T B T i AR ml o A1 B 7R 1 3R
R, T REAR F RN, SR R PR R B

VI SAEKRERAE . E KRR ERE RS
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kA, F B th T AL Le R o i 2 - A ) T
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FEM R, AT AR A A I
LA AT REAR -5 Wy MR I ) RV K. AT
B, MEEREFR, FHEKR., FERMT FRZ/D
A ISR G R R EBRAE, B & A
ZEE A BRI SC R HA  F A SUE S
I A BREICR, MATEE. &2t —
BRT

B AHEEN/NEYZ —, SRR
N o AT K BN A e SRR AT DL O e AR
PrEyRREP iy R, XM REERH IR . HRR . &
SRR THERMR. FIBRSON AR, XILKATE
Yy B9 f AR R 7 SR — (JL) 2K
Py R %) i BT A R RS Sk fie K7 /N2 e 2 W] A E
il s X LR A R B R B, NI 2% M Az
BEAERDS, #RA R — L TRADIE

ARWFFEALSTE T AT AAE/NE | e AR R 0
Py 2 BRI B ) 8 A HLIR M5 By R, [R] I R
T ILEA PR M B A R AE T . PR RVEAR P
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o H MR R R R BEUE S A, H A
o WARBERGERKT, A FFPISHBRA HLER A1
i Xof 10 1) i 07 8 B R AR, TR X /N 22 N
R B A5 AL TR A By 18 1) 52 Wi AN ) o i) 1 i Al 2 5
S S LA R (28 ) A LR FN 1 R 7E AR
Pri SBAL, H AT M AS B . X e n] LA R IR A
W%
3.3 IRFRBYER BB K 5 7

AT AR B L B RER B R g m R+
7OWRE, REECREE R T S AR N R
2. ARWFSEEE 0020 W B T (R E R X AR B AT AL
PR I R A R R, (LRI 25 SR A m 22 Bk (%1,
#2) o WARMIFREE A, WRER A HLER A R
P& AR, JUHOREY R 1) & AL, E4E AR
BROFFE IR FH B R R RO AR b R s, LU
{5 B4 A T AR PR 5

AR ARG 3E (HPLC) M kT 2T &
. ZiEh . BRSSP A ILRR . BRI A
SEVERUE T L L ASHIE ST S A AR A €
T, SCTEL T ARBR S IR A8 Fh A HILER A R4 K
IR . a0y, B TR/ NG . AR
PR HLER . B2 YA ALARRAE . AT RGP ARPRAY

WAWTIE, 707k BARAE T R4, MR, REAHL

M. My Eic L, AWRTTOLIA 0 T AR AR PR LR
T A BO LA HLIR A R A9 S AL AR AL, dnferdEtE
Mraelt, wE—0 0 B U e iR PR b 25 28 PLIR A B 1R
RAEY, VHESGE—PHIS.

4 45 ©

i S OB A @3 (HPLC) 2 Br AR,
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FAEAHLE, (RSO T AR PR A HLRR 1 AR S A5
i, fRdt TARPR A PR AG RBL, R T AR PR
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Changes in Organic and Phenolic acids in Rhizosphere of Interplanted
Wheat and Faba Bean with Growth Stage

XIAO Jingxiu' ZHENG Yi"* TANGLi'" WANG Ge’ DONG Yan'

(1 College of Resources and Environmental Science, Yunnan Agricultural University, Kunming 650201, China )
(2 Dean's Office, Southwest Forestry University, Kunming 650224, China )

(3 College of Tobacco Science, Yunnan Agricultural University, Kunming 650201, China )

Abstract Organic and phenolic acids are the major components of root exudates, and they play important roles in
rhizosphere. Studies have demonstrated that root exudates vary with species and nutrient condition of a plant and tillage.
However, little work has been done on effect of planting model, especially intercropping, on root exudation, and
rhizospheric process. Wheat and faba bean intercropping is a common planting model in Yunnan Province, Southwest
China. A number of researchers have found that wheat and faba bean intercropping could significantly improve yields and
nutrients use efficiency of the crops, and the beneficial effects of intercropping are partly attributed to the changes it causes in
rhizosphere process. In order to explore effects of the intercropping of wheat and faba bean on rhizosphere, a pot experiment
was conducted, and HPLC analysis was performed of the rhizospheric soils of the plants for contents of organic and phenolic
acids at different growth stages of wheat and faba bean. Results show that intercropping increased the content of organic
acids in the rhizosphere of faba bean at the vegetative stage (57 ~ 120 d ) , and especially at the branching and pod setting
stages, it did the content of total organic acids in the rhizosphere up to 21.7 and 1.95 times, respectively, as high as in the
thizosphere of mono-cropping faba bean. The effect was reflected particularly on accumulation of citric and fumaric acids.
Besides, intercropping also increased the content of organic acids in the rihzosphere of wheat during its reproductive stage

(120~169 d) , and especially at the booting and filling stages, it did the content of total organic acids up to 3.73 and
2.3 times, respectively, as high as in the rhizosphere of mono-cropping wheat. The effects were particularly apparent on
accumulation of lactic, acetic and fumaric acids. In addition, wheat and faba bean intercropping decreased the content of
penolic acids and inhibited accumulation of the acid in the rhizosphere of wheat, but did not have any influence on type of
penolic acid. However, intercropping altered composition of penolic acids by enhancing the accumulation of vanillic and
syringic acids, and reducing the content of p -Coumaric acid in the rhizosphere of faba bean. In conclusion, intercropping
of wheat and faba bean can alter rhizospheric processes of the plants by affecting the accumulation and composition of organic
acids and phenolic acids in the rhizsphere.

Key words HPLC; Intercropping; Rizoshphere; Organic acids; Phenolic acids
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