%235 1 £ & ¥ # Vol. 23,No. 1
20034 1 A ACTA ECOLOGICA SINICA Jan. .2003

MEERARN=HERZSDAEIERA
SiEER RN

WER,DL B, EREHK
(R BHEYEREEEAELE EHBEY LRREAREATRE PRAYRERRS KR FRENERR AL
100094 )

WE RRRE RFEE G EE R RE TEKWERLAERREZN RSB
B, O RHCERAET BRESE LRSS S EEK 6 TR ZSREEE TR
T R B FEL£% P DA IR R 5 4 LT /B R PN S MR . 5 BUR ISR AR L IR 40K Bk RO R 3 B
BWE S ERASEY. ARG TR ES R S R . ZENT
oAU THE K HEE. T RSENMAN AR, A RR. 3 Bk kR M = B S B E R
xi%{fﬁléétia‘:%az&itﬁﬁﬁrﬂﬂ%kﬂﬁism KRB M BV LEE SRR R RN P FR
K. G TH - M.EFER. T RAILR P EAREREEENIRYRMIBOR.ERR.C
BT M bR T TR RILAR 7 M A NLE . R AR S R YRNBE AR ERR TR
MM FMANE AKEANEIREREE REEREINANRERY 20.97~232.7
pe/ (gfw » 2h) s BN B A A HLEE R B H 1. 5~7. 3pg/(em” - 2h): B MBEWRHANKE RN
0.23~6.58 pg/lem? 2N ABBRAFBRAHEREI RN FIBNES NS ERT —EEW.
SR ERBE MR ER NSRS ENEERLEHE S RMANRERETERRE=SHEKE
o, AR E R B AR 2R B B AT LA AE s R T BRI R 2 I I T k. BOIB IR T LA R BRI B A R
FRR D BEHAER R ABEMERERTERA K- BRERA —ENEE HERRERY
o B R O R Y MR B BE L R AR B AR IR (R AT MR TR M A R T P R
KWEYTHEENSE AT RRELHER S BINERA TR HEERATRER. AERENT
B RESNIERAEEDE FERERBAYHERTEBRE . FMEFEESHTREERM
B P TR

LA AHEREE.: YR AMK

The effect of arbuscular mycorrhizal fungi on the components and
concentrations of organic acids in the exudates of mycorrhizal red

clover
ZHANG Yu-Feng, FENG Gu . [L1 Xiao-Lin { Department of Plant Nutritions Chma Agricultural

Usiversiyy Kev Laboratory of Plant Nutrition, MOA: Key Laboratory of Plant-Soid Interaction, MOE. Beijing

100093 (China). Acta Ecologica Siniea.2003.2301):30~37.

ELWEB . EEARBEES VR H (19961005.500710507; F [H B % B2 5B 25 JF 5 % & BER M H

W B K- 2001-10-18: #iT B M . 2002-11-11

RN EERA72-) . L AUEMRA B+, FEARRBRLEHHIR. E matl : zhangvufeng 1972@ 163. com
x @i & A Author for correspondence .E-mail :fenggu@ mx. cei. gov. cn

Foundation itent: The project was financially supported by National Natural Science Foundation of China(Ne. 49961005,
No. 50071050) and Opening Foundation of Fukang ecological station of CAS

Received date;2001-10-18; Accepled date:2002-11-10

Biography : ZHANG Yu-Feng,Doctor. Mainly engaged in the root exudartes of arbuscular mycorrhizal plants.




14 KERS AENREBNHBEERRBANBRASINETROER k)|

Abstract : Three compartment pots were used to compare the rinsing root method. chromatography paper
method and agar sheet method which were used to collect root exudates from the roots of mycorhiza and
non-mycorrhiza red clover. Each pot was separated inro three parts by 30 pm nylon mesh. a central one
for root growth and two outer ones for growth of arbuscular mycorrhizal hyphae. Roots layers were
formed on the both sides of central compartment 8 weeks after planting. Root exudates were collected by
putting filter paper or agar sheet on the root surface for 2 hours. After that, the plants were taken out and
washed to clean the soil particles. The plants were then kept in deionized water for another 2 hours to
collect roots exudates. The concentrations of tartatic. malic. lactic, acetic, maleic, citric and succinic
acids in root exudates collected by the three methods were detected by high performance liquid
chromatography. The results showed that bath the components and the concentrations of organic acids in
the exudates collected by three methods were different. Tartaric, malic. lactic. acetic, maleic, citric and
succinic acids were detected in the exudates collected by rinsing root method. There was no tartaric acid in
the exudates coltected by agar sheet method and only tartaric, malic, acetic and citric acids in the exudates
collected by chromatography paper method. The total amount of organic acids collected by root-rinsing
method was 29. 97 ~ 232. Tug/(g. fw + 2h). while agar sheet method and chromatography paper method
collected organic acids about 1. 5~7. 3pg/(cm® + 2h) and 0. 23~6. 58 pg/(em? » 2h). respectively. The
total amount of organic acids in mycorrhizal plants collected by rinsing root method and agar sheet method
were higher than that of non-mycorrhizal plants. Agar sheet method and chromatography paper method
were proper for collection of root exudates. However, the absorption capacity of chromatography paper
was low. it was probably suitable for the plant with a large amount of root exudates. Agar sheet method
could reflect the situation of the plants exudation, but the loss of water from the agar sheet made it a
semiquantitive method. Rinsing root method was not a good one for collecting root exudates of plants
growing in soil due to the difficulty of washing out the fine clay from root surface. 1t also easily injures
roots and causes leakage of solutes in roots.
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A UARERTH I ERRER ATER, TR
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Fig.1 Experiment pot
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ERER. REEEMETRE S AR S A AR AR .
1.9.3 BoRP BAhE.EAARKEEES. B EET AN 3R RFRA 300ml ZEFKFK
A . 2h SRR B . 37 B 1 BB R P A BUE B 0 )R (Miicropur Sicheres Trinkwasser . Germany
B 0.01g/L) S I AT RS RYNSR AT RESHREN BRERFRE BEEAK
SRR NAEOCTRERT A 2ml EHTAER I FELIRUERQHNEAIERAR,
1.994 WE.RAANENEET KBNEZHEMGHEQC-10A Bk, BA) E4 500 H UV-2201
S, A %), pH H (ATC.PICCOLO .HANNA, £ [€), 4 $7 Ht F X F (Sartorius, Gmbh. Gottingen, #
®).

Rl B ORAR .Q/HS2-0096- 93 D A8 A HLBRR RS — BB AAM FRE.AR.Z
MUOTTH B ETHE R AR T BN T %E Sigma 2 ] BME Merck 2470, M 57 4
B 1 95 B0 48 M R —— BEMR (HL PO 4 65 3 44 B — M (KIHLPO) N Sr T s (M FAL s A 24 7DD,

FEMHMEE WHE ISmM HRMRZEWBER FRASRRET pH & 2. 22, BA KRR SE T 0- 45pm
8- WeF £ 3N

BRI WHAREEM S Omg AR 10.omg . FE R 10. Omg  FLBE 0. 01ml, Z. B8 0. Olml,
WiTHZM 1 0mg R TH#H 8 1. Omg Fr#ERR 10. Omg F1 T 8k 20. Omg 4B E T 100ml F R F A
SHHEREEENAE., REANBRES MTHE_BAURTH _MER 1005 . HASHRYHEE 106
EATHR HERERHERR SR ETEH.

SMENMNERAEAN iR RP-ODS-CI8; H 8 # 0 pH2. 22 45 18mM BiM — S W &K s
W RRE KN 214nm; FLE R 0. 3ml/min; EEER % 2000 #EIB M 37 C
110 MEWHRKE

B hEIRRARMRACHE. ARERELHRERNL FREXYPRED, HESRBR
FAHS0,-H:0, A REHRT AR,

T RS9
21 ARERKFET EAABRERANY =0 E
EEHER

AA 5 O L X R R R R R T B AR
ERNEEF. BRI TR FEMLESRREIMNE
MR AW RR R e RN 150mg/ke B
HERRENTHEREN 20mg/keg MLLR. HER
BEEKF.

B R 20mg/ke BY MM RBANE=S
MEK EHARTREASN N IMEEREE A
FoXKAARNEARS S REARKER.

MW R Wy 150mg/kg B EeRpAL B = 0 S iy
THBRTEHLREMLBEER T 5524,
10.18% . BRERERT. RUEABEESEDH
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Table 1 AM colonization and dry weight of red clover
THEG/&

Dry weight (g/pot>
M - #8 ®

Shoot
1. 42¢
2. 66b
3. ¥8a
2.9lab

B HEEARED
Treatment AM colonization
Root
0. 47¢
0. 84b
1.67a
1. 50a

Pyy—M
Pyo+M
Fin—M
Pyt M
* T S8R g 7 2 40 BT B -~ Bl eh BB AR B2 A 1)
FHERERLF 5% EEKTF. TR + Data in same

column followed by different letters indicate significanily

Oc™
50. 26a
Ve
38.57b

difference (< 0. 05) .the same below

ERBEEIA A THBAGNTEENG TEDKIOCE =0 EUTED SR E — W&
M. R 2 TRUE N B - BEKF T R A S0 Sk b R R TR B RN E R T AR
Frab B, ROIXEHE R N 20me/kg B 150me/ ke R AR ERAEAYE THYWBERRL.
AEHEe S S AR ERARERT ERENY 20me/kg R BB SHBKESHENLE N
73.2% T MERE K K 150me kg 63 4L AL A 15. 0%, RIEARBHRA T . L H MM WK,
ABHRANE L HDMRERBHRARREDFUR.
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Table 2 The effect of AM on P of red clover at different

Phosphorus levels

(A EUBREER IR HLAR A RPIT & 3 (il REROD  BRERmRR0 oy pg o)
F A TR BN TR R B Triﬁ’im e BTk The comibrion
gﬁﬁ[)}ﬁfﬁﬂﬂﬁm?ﬁ&ﬁﬂ‘]ﬁm@&ﬁﬁﬁﬂim Shoot Root  Shoot  Root  Total of hyphze
BB FRRMEIESR., BEHEETHES pu-M 009 0.13 13.00c 600 19.00
By, HEEH . ENLEESFERCHAEMHFE  P.4M 018 0.27a 48.00b 23.00b 7100 73.24
HowEh., THEALEPRMANANRYER Do M 015 1% 48.00b 31.00b75.00

Prw+M 0192 0.25a 36.00a 38.00a 94.00 13. 96

fOAM.CMURTH 8. FER. T K. B

By comg/keg T RIOMAERM.E

H R % 150mg kg i A KM B F R Z A “?ff"&“’r‘iig:(‘;’;ﬁf’f’fiﬁ“ifj{t:"
contribution o e (%) = (the total P uptake of the

BeFAL R KA AL RO 00 AR S 00K plamt invculated \::A\mem —the total P up\akepof the plant
PLE SR AG £, PN 20mg/ke FIHBER N
150mg kg B4 HE A0 TR OO 45 HLAR B B4 B LE AN
LWEL T 63.42%.72.68%, REATHESEME
REMAETHEBEARERRE(E ) . SRRAMRMEESEEMEA K. B KX Ranaycke F15H WL
HARAMEARESHB N EREFRREA X" James IR R EH L KBRS T R EHEN
B H1 4 48 4 0 BB L D IR B P RRIE Ot TT S BUR M IR Rk

ERAEMEH EHANBHELEKECA YR, FEMURE R . %8 E R 150me ke BIA
Bo SRR B 2omg/kg MOBE AN T 24, 0% B R R IR ECAIAT . SRR N 150mg/kg B HLERE B ILIR
WAl 20mg/kg AT 43-82%,

WAL E#H RSN ANZE IR ATAKBONR M. TRERE HEdRFHEN
MM TR. FRRPERVBER BTSN EHEARORERFIIRTERIMEENHRE . AR
HikpFEE RS HEFFRY GUTRD.
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Table 3 The components and concentrations of organic acids in the exedates of Mycorrhizal red clover (coliected by agar

M RBR Y = ERLATHERE R - R R

non-inaculated treatment ) X 100/ the total P uptake of the

plant inoculated treatment

sheet)
@ HYKE#® (ug/(cm’ +» 2h))The concentrations of organic acids
Treatment ERE HAe 78 W T 4 e 1.1] I M ok
Malic Lactic Acetic Maleic Citric Suecinic Total
P —M 0.14 1.09 1.26 0. 01 4. 18 (.62 7.31
» +0.04 +0.08 +0.22 +0 1025 + 0. 06 +0-865
0. . 5 . f .
Pat M 82 0. 31 0. 01 0. 83 070 2. 67
0.09 +0. 03 +0 +0.05 *+0.05 +0.16
S 0. 02 0.92 1. 48 0.01 1.40 1. 66 5.49
! : +0.01 30.05 +0.07 +0 +0.3 +0.07 +0.4
Py M 0.29 B 0. 01 0.55 0. 64 1. 50
+0.02 10 1006 + 0. 03 +011
fC& kLB, TE Not detected . the same below
2.2.2 BRBERENZHERESPHENRNATRSE HAREENENEINRER PR

HEMNHFARTRI TR (BFEARPRUBETA AN AR TERSERREBBHIREE N
BURTE RS ERREREIAE B W E I SRR LR T X T LB MR AL B
RDERBEREREURAAIRBRRESVLARNENANRIE) . FREY . ZRLBSFEHLE
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HHMARFR. FRAERE FENEHEETHE., REMDBEMBRRY 20mg/kg KT F.RHAHH
PAHEGM ERN HA.ZK TR R ARM. T 8. AEARA 50mg/ke KETREMBI
B T MR ERZE IR B 20me/kg RE T RBMAIZ B ERF By 150mg ke B R AW F]
BTH BT ®.

BERLBESTEMRLBESHERASBMNENREBRGES. FRARETENLENAILELR
DR AREEALIRE D T 84.57%.76. 5804,

KRBT FTAMEREEEY. FEMAASRR AN, BRRY 150mg/kg ALK R
R R Y 20me kg BB T 45.00% 3R AR LA, SERESR A 150mg kg BYH HLAR B B HLSE Y B
20mg kg BT 16.52%.,

N4 FERMEIURKG=EHERRSBHRNREASNER

Table 4 The components and concentrations of organic acids in the exudates of Mycorrhizal red clover (Rinsing root

method)
b HHLA X & (pg/ (gfw » 2h)) The concentration of organic acid
Freatment O YRR L& 7B MTH -8 T8 T_#& s
Tartaric Malic lactic Acetic Maleic Citric Suecinic Total
P M 3.57 79. 01 13.83 27.48 0. 05 100, 37 8. 41 232, 70
¥ +0.36 +5.31 +32.03 +1.06 +0.02 +9. 87 +0.33 +18. 98
N 1.17 14. 60 9.03 _ 0. 03 2.79 8. 28 35. 90
o $0.24 +2.4 +1.03 +0. 01 +1. 28 +0.37 +4.32
P oM B 9. 12 2.06 56. 22 _ 38. 89 .70 127. 99
v +1.06 +0.25 +1.03 +3.26 +0.06 +8. 66
Pom 0. 35 7.28 1.99 17. 04 3 3.32 _ 29. 97
e 1.1 +0.23 £0.17 £2.04 +0.23 +2.77

223 ENESRERNHERESBPHHIRNAINSE RARNERKENANBRBRANE
HHRRHRKLRBROAIMIBRA TR, SREV MNARGRE K SERE N 20mg/kg #F R L
BETHERGEOE MM ME. RN P ERE B A 150me ke it ER GG A RMLENH
PLAR RN IS AR A e Fr AL B o LAY M EPRLAR R AL B R W AR AL

x5 BFEEIEMN=-HEMARSBNANLRNESNSR

Table § The components and concentrations of organic acids in the exudates of Mycorrhizal red clover (Collected by

chromatography paper)

ALK S R (pg/(em? » 2h)) The concentrations of organic acids
3 fix:

BAER FRE R 3 [7a. . AR
Extract method Treatment . .

Tartaric Malic Acetic Citric Total
e ix R Po—M 0.23+0.10 - 0.23£0. 10
Shake Pat+M - No44:0. 19 - 0.444+0.19
Pr—M - - 4. 70+ 0. 27 - 4.7040. 27
Ppao+M 0.1940. 05 - 1. 0640, 03 1. 25+ 0. 08
R P2—M - 2 5.98+0. 46 0.60+0. 06 6.58+0.52
Ultrasonic P+ M B 5.38%0. 36 0. 6640.04 6.0+ 0.t
Pro—M ‘ : 0.61£0. 14 0,614 0. 18

Piw+M .- — -~ -

FRFRRRENT SEHE R 200g/ke 0 ERLA RS TR AR IEMIARE . G0 RILE N
FrERE R B Y 150mg ke B EERMAL S ARG B A VIR AETE REM TR R R P IR T E
Fhib 3 P ok R M PR ULBR TEREBR ROy 150mg/kg HF T -HARFEREENLEPSAB ORI,
MAAFRERRAKRMNIANR NERVEERFEENARIESERE MEH - SWITAR,
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L9, RESRRETNS EHRES 0mg/kg FET . BEHLBHAINBROR HAgEmLENmT
47.73% : iR B 150mg/ke B . HE R AL TR A0 A HLAG BB R B R L EEL T 73.40% ., FREFHRAN
B LB B Y 150me kg 97T MLAR A B L MW 9 20mg/ke MININT 95 N1 PR NIRRT R
% 150me/ke B PUAR S HOE 8% B 5 20mg /kg MOMEIN T 64.8%4.

FREA R ERN ERRRY 20me/kg KAT EROBNAIREBLTENCREST
5 21% TR AR I AT HERS B % 150mg kg 07 HLEG B B B RER  20me/kg BTMLAR T 90. 7304,

3 g

AHERABS YR Y HEXER. AREFEMEYER RN LRRESNBCE.- M A ER
S, AR R B EERRA R WS X BT S
S B 2 A PR o g T A 3 0 P R 0 PR L B3 R S BB 4 B AR R
B4 THRABEDY, Rane.Leyval XMRRER RV WL SR ENT FEHYERTHOAHER
FAES T AREHBEL. AR TEANAONR S ERE" . BREAROALSSEREEAR.
NRGEE EEN P ARARYEARKE B EE LA TRABINTES B .M EE
REEgGRE—, T AUSEHREHERANGHIRER A0 RETEL,

AR BRI SRR S B RS MR ARER A0 FE T AR, BT R
B EAERRGAR RN T ARG ERFESR TUEETEBTRBLE. ARERIAY. 3
BT RN LR BRI ARk R R M B B Y 20mg/kg E RS E Y 150me/ky K
BT EABRETFEMEEENRSERTESLE.

Pod 3 MR EL SRR RARA BHRERSPEARL MESRGTERKE.
EL 0 R 7 A SRR B DO T A7 RO SR 1 R BT LA R B0 0 R 40 4 BE R BB B ) AR A SR
ROEHFEFANERERE BRFERTE. PGS A A LA X R 4 #).Neumann R 2
R T (10 B S R 00 AR 41 M A O TR BR R U 4 M R T AT BT AR T AR R R BT AR
ERAR BN, KFETER Neumann S FWHA VA TN E HEMERBREFTULERX
BOTER AL T . S0 SRS RMERESS BEFEERS I EHSBY RRUAE N,
EWHETEEER TR BYERBEALEY.

BUEG B B B ARG R A MR T T LS50 SR B o B b O A T R W L R
£(6F) AREHAERS R K, N T ERX —FE, Azaizeh H. A. BHEHFETNABEN  RTWA B E
F R L TR LS A I S BRI B R AR Nl — R R
RETRM.FIEMEEELE LB SN ERSBYHOERT R MREEE KSR ERI R,
MiEFEHEMTE.

MBRERASER. EalELE D BRGNTEHAEREE EE A EAEXRBRBEVHARS
AR AL T ELU S B MR AR B B BRI T R A S R R A AR B 0 R
BERER L LMD EE TR T H B R NE R R B R T R BB AT BLBTR . kS 3
W . R AN R HLRR AR 45 . R E) 00 PR R R B 4 A 0 4 o TR T TR A - B RUR B0 A BLER
FRACRY & (7 OB B F I B I IR E T 2 O L B R 0 R AL T B
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