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WE AL ERRRHR T AFRBKE T IE M AR EE Glomus mosseae % = E ( Clover) F1M 32 B (Ryegrass ) Z£ K P ¥
FEJe N:P LR, RIEEIREK I, Clomus mosseae BERRE T =M Frh PYREEAA Y&, AR T Mk N:P L, X BEE AR P
SR YRR NP WWRE BEZN ; FEA R 3 SR A AP AT =R P S B ERRE, AR E e
KFE TR R X R Glomus mosseae 3f =M E W AR BN FEA R BEKF T IFAHF ; 7550, FAEYIR S FEEL T,
BEFENTHEN R TEME, AR PREMEYREEER T =0, TEM Glomus mosseae 3§ N T IRFh h =B H £ Y)
AP YR FEAR T BE TR AW i, K Glomus mosseae REIREIRF =M TSR, AR RE TR S KR,
A FE—ERKE T, IR B WAATERER T =B NP by, X SEUE =R Z BRI 52, B3 P TR R K2 A% N 7T
Ey

KEIF  MEHERE R Glomus mosseae ; B ; =ML ; BEE ;N:P I
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Abstract: A pot experiment was conducted to investigate the effects of AMF on the growth, P concentrations and N:P ratios
of clover and ryegrass grown in monoculture or in mixture at different P levels. The results showed that; (1) the inoculation
with Glomus mosseae significantly increased dry mass and P concentration, decrease N:P ratio of clover, while had no
significant influences on those of ryegrass; (2) at different P levels, AMF had a more significant influence on P
concentration of clover grown singly in soil with medium or high P than that in soil with low P, suggesting that Glomus
mosseae had a different effect on P concentration of clover at different P levels; (3) ryegrass showed competitive advantages
against clover in mixture, thus, ryegrass in mixture had a higher P concentration and dry mass than clover, however, the
inoculation with Glomus mosseae enhanced dry mass and P concentration of clover, while decreased dry mass of ryegrass in
mixture culture, which indicated that root colonization can improve the competitiveness of clover in mixture, and affected
plant community structure. In addition, the colonization of Glomus mosseae also reduced N:P ratio of clover, this can lead to

the shift in limitation from P to N nutrient.
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AEBEITT R R A NSRS EIEA R SR TR MR T EMRE, B EEH5 CN.P
3FTLEZENAR, BT BFICC L BN AT ERAEY I RE WS HRMERY Y
MR BRA S SRS, ARSI A R i NP HGRT PR S S A 4 AR K B 3R ot REIR B 3
BRSO IR 2 N FRIE 22 P FRHIS . Wassen 25" Fil Koerselman"®! 2538 i3t i 32 HiuAE 4 f) BF
I8, BRI N:P > 16 B , XA RG22 P RREIM, 24 N:P <14 Bf, X R G2 N BRI, Brankhekke Fl
Hooftman' "5 1 % B b AR IR BT IA N, 24 N:P > 14 Bf XN RGEEZ P RHI, 1 24 N:P <10 B, X R #
IHRZ N FRE . YK L AR S 20K, 24 NP <10 B, A A Y832 N BRI, X4 N:P >20 i,
HEYEYRZ P REY . NP WAL SEMES RE PRISAR, BRAE WA S ARG R,

WA A S REFREENI AR —, EFERAEESRE R A MEERIEI A& E EEME
FH o K SCHRAR 8 % I B B AR EL B (arbuscular mycorrhizae fungi, AMF) RE % I 36 A8 ) OB & SRR AL 21
HERREE R, TEMAWIRMERAK A AR A KSR, i T EMZE A C A1 P AR 3cH: , I i 155X
—HAERREFRBRMITEFRXR . HET, NEB2ETT B 5 A BRI AR B B A (8] 45 B AR F 55 4%
> B, AR SEH6 SR R 28 R0 1 2, 7 3 AR I /K 7 R 38 rp DL = R SR A R RN T8 B4
W), NAEB AT B M R T AR E R Y E K MR s, X AERERIES R LREEL
R0 I AR AR RO A — @ B o
1 #RERZE
1.1 %Ak
1.1.1 3R

HHA R B HRA BT R R LR X (35°57'N, 104°57'W) [ 3 FOR [FBEKF 58 s KwE
+ At R E B . UK YR 2 mm 5, T AR 5E = 8 BE B 5T K B (20 kGy)
Jafrif . HIEEAEEME R IR 1 iR,

F1 TEBIKELEHNERLFER
Table 1 The chemical property of different soils

BT ABURKE (skg ) BAK (meke)  WAK (meks) A0 (mgks) W (mgks)
P levels 0. M. NH,; NO; Available P Total P
{%H% LP 7.4 7.7 2.1 1.9 549.3
HigE MP 31.3 20.4 20.6 4.9 600.9
= HP 10.4 8.7 10.6 12.2 715.1

1.1.2 ffAad)

Bk E B B =M 5 (Trifolium repens Linn. ) MIZ 44 Ja 3 % ( Lolium perenne L. ) o Bkt R/h—2H
FPRLEIE AT, F 10% H,0, % Ff 52547 R 1 5 10 min, ZIE/K wP¥E 2 WG TEIREEIRAE 25°C f2F, 28
JaTER IXKR A B GERER (180mm x 160mm) , B3+ 1 ke,

1.1.3  fAph

Glomus mosseae( BGCXJO3A) , It Ty ML £ B ST Be A 8 I S W IRBT ST PR it o 1 B A Ml 20
B BB e A KREARER, R R B MY A ERAT WL RMRESFEHE LRGSR R, BR)Z
30 g, AEEFMALE A SE B KB H o
1.2 Rt

TE 3 B[R P AR L b, 205 R (AM) SR 3 F (NM) BRI Glomus mosseae , B FAE BLIR & Fh
M EARPIEY) . R EPIFEYICE , SR TR -2 . YA RKBEAREERS DRERES K
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BR15% . A5edt 18 Mk, B b3 4 NEE,
1.3 gk 54rHrile

AR 8 JA)G Kbk b 3 T &R Bk, F B R AK IR B Fok wpe T  RAEBT AL 1 em HREZ,
B 3 ARAE T B AR R - A 50 S 5 AR R A IR (R e R A AR R A 340 F 70°C (48 h gt
TR ER, R

Y EE A R ER - AR AR, FELEUE A E B, A BHR G S5 T R SHOEIE L (ICP-
OES, Optima 2000DV, Perkin Elmer Co. USA) Wl i BEW BE , 16 2 i RIHIN A B FAn e R HE B bR vy it (HEAR
K, GBW07603 , GSV-2 ) DIMFIE T & A2 brsct F2 o (R P AORS B 17
1.4 BdRsHT

A R B0 F Microsoft Excel #E4T¥MEFFRHEZETHEIFER], FH SPSS Geit/Hrak 4 (SPSS 11.5) XF 4
AT Z R R I 25007, K g A FHAK N 21k o
2 BRSO F2 AEBEKEN=ZMHEMBZEEM Glomus mosseae HIEIRE
2.1 RRERFE BEM

RGN FH(R2) , REFMOIEEH ML Table 2 Root colonization of clover and ryegrass at different
REHRERABER . =B Glomus mosseae ¥JA] P levels

DRIEBRE MR, AR ERTRESNE ey gy R (%) Coloniation e
RENIE(P <0.001) X FRAEMMF, RFA Pk Plocs  Pam(py  FEAAM o 5EH A
TFHEAREH HRYEE H AR, KAMKIR M : LP > MP > (3% 1P c 0.0 70.2 (24.1)
HP 53X #H +3E P K E RS0 Glomus mosseae R 0.0 51.2 (£2.8)
RS R, 5 BRI L IR T S0 2 R PO
i Glomus mosseae W ARIZYLR T MP C 0.0 74.6 ( £3.9)
2.2 kK i
R A REYERPERAR (F£3). RC(R) 0.0 16.0 ( £2.7)
BB SRS TR B FEAMRAT  WREP ; gg 732 E zgz;
(P <0.001) X B Btk KGR B335, 6 RCCC) 00 s (ans)
PHIEAE K ; RIE, B Fp A B n T IR Fh Hh =05 RC(R) 0.0 2.4 (£0.2)
e LRSS T W T, MR T B R P, ) S .
SR, B BERET =1 EEAM TR me -
FH&E, Tt B2 5 i b A I AR f*g Pt e
2.3 tHY NWE M Pt * % %
AR PIKFELFXHEY NIREZ AR, XN pPh * ok ox
YRR HO MR . LP > MP > HP([E 1), W F LP fI - 2t

N . . N . Average + SE, n=4; C;: =M% clover;R: B# % ryegrass; RC(
MP wj I 7KS|Z’:H+$EP N mrgi@%ﬂ:%iﬁqj N %z C) IRBFhE =M clover in mixture;RC( R ) :JEFl BB 37 B ryegrass in

(K 1a, B 1b) . BFAEIIFEMT =M B N nixture; # = 2578 P<0.001 KPERDE
BE, JUHAE MP F1 HP B4 /KF T s feoh B2 (1
1b, & 1c) , X BRE R N IREERA BEELW, 1AL, SR, BFPER T M5 N KB, X BEE
B N YRR B,
2.4 MY PWE

XFF MP Fl HP BiAN7KOF SRR AL IE =t Birp P YR BESIRTFRRE R P REE (& 2b, Bl 2¢) . AE R
PR R IR AN, b8 S T = F o PYREE (& 2) , JUHAE MP F1 HP BN /KF R 520 B K 5 T A JE 22 5L
P YRE IR E . SHFAHEL, IRFR PR T =05 PYREE,
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1 The effects of inoculation with Glomus mosseae on N concentrations of clover and ryegrass at different P levels

R RC (.l:{)

C: =M% clover; R B % ryegrass; RC( C ) JBRH =ML clover in mixture;RC( R ) :JRFh BB % ¥ ryegrass in mixture

*3 AEBEKFES Glomus mosseae 3 =HEFMREZEFERFM

Table 3 The effects of inoculation with Glomus mosseae on dry mass of clover and ryegrass at different P levels

AR NM Non-inoculation

H:Fh AM Inoculation

BT Y
P levels Plant (Pt) Hb 13 (mg plant ") HR A (mg plant ') Ho b3 (mg plant ') A& (mg plant ')
Shoot biomass Root biomass Shoot biomass Root biomass

1Kk LP C 4.66 £0.08 3.61 £0.24 27.19+2.71 71.76 +12.73
R 66.35 £3.41 50.59 +2.65 55.16 +3.04 19.70 +2.43
RC( C) 3.58 £0.12 3.02 +0.86 16.88 +2.76 3.95 +£0.34
RC(R) 75.99 £10.25 25.37 +0.81 68.12 +8.04 14.34 £2.72

g MP C 4.78 £0.26 3.31+0.55 63.59 +8.03 34.42 +3.54
R 219.38 +5.80 100.82 +5.55 211.41 +8.88 103.06 +7.31
RC( C) 3.34+0.30 1.32 £0.17 16.36 +0.52 4.21 £0.50
RC(R) 412.50 +16.82 80.78 +£10.87 388.75 +5.61 84.64 £6.79

= HP C 16.81 +0.76 10.73 +0.53 168.91 £2.97 87.64 £4.78
R 257.66 +6.47 169.03 +4.74 251.56 +3.27 149.84 +2.94
RC( C) 13.80 +0.76 3.22+0.07 59.80 +6.94 13.56 +1.98
RC(R) 622.70 £12.11 147.70 +2.88 584.20 +25.28 151.70 +4.85

1 F 1 Significance Hb 38 Shoot biomass H33%B Root biomass

B M R P

WP * %k % % %

Y Pt % %k % * % %

MP % %k sk # ok ok

M Pt % %k sk # ok ok

P Pt % %k sk # ok ok

MP Pt % %k sk # ok ok

average + SE, n =4; C: =M ¥ clover; R: B3 B ryegrass; RC( C ) : B F I =M % clover in mixture; RC( R ) :JEFl 2B % ¥ ryegrass in

mixture; * * * F/R{E P <0.001 KEEREE

2.5 HEYFNPH

XF MP 1 HP BffKF, REEF AL BE =0t Brp N:P LLHy g FRE R NP LU (& 3b, & 3c), HFh

Glomus mosseae AR T =M FE N:P LE, 4G =M B A i) N:P Lo 5B F AP ) NP AR 2, AR T FR 2 B H Y

N:P LA R E (& 3),

G A RER I Y N AR R [0 2 AR B (R 4) , TTERE R P KF —FEHEAE
FAXTHEYIH P WRBEAN N-P HLBA BER R, BRI A, BIARECA , P KPR A A 3 = 3 A BLAE F Z 8] % N:P

WE B E N, LA E2E R B,

/=
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Fig. 2 The effects of inoculation with Glomus mosseae on P concentrations of clover and ryegrass at different P levels

C: H=MH clover;R: B& ¥ ryegrass; RC( C ) .JEF FH =M ¥ clover in mixture;RC( R ) . JEF B & % ryegrass in mixture; ND; A&l 1 no data

oNM @AM
oo o IEBEELP g . b L MP s ¢ BEELHP
LEsh 50 | 30 |
< 60 | 40 24|
g.ﬁ 45 30 - 18 |-
52 30 12
285
2 15 i i i i i o e B
0 i SR ) I i I NDJ::i ! i 0 IND i | HEE IR

I B BBE 0
RC(C) R RCR) c

RC(é) R .

RC(R) C RC(C) R RC('R)

E 3 RFEBEKF LR Glomus mosseae X = IH- %5 1 B 3 B v U LU Y S 1)

Fig. 3 The effects of inoculation with Glomus mosseae on N:P ratios of clover and ryegrass at different phosphorus levels

C: =M clover;R; B3 ¥ ryegrass; RC( C ) :JBFF =M HE clover in mixture; RC( R ) :JRF} BB 37 B ryegrass in ixture ; ND: Kl H no data

3 itig

TERE A S R G ,80% DA b I MY ER B S AR
FLTE A A A, TR BB AT DA 5 7 3 PO B
PR TR 22 I 245 SR 33 A AR 2R 1) I s T R, DA T 38 A
WA E FRICR KR AR s A K EHR
FRIAR TR 14 A K B o) A 0 W AL 7 43 14 5 i) S 32 )
ZMERZW, %R0, CHEBRRERUK
8 FHYFAE>Y), Chen B K, L
PEEAHSMHBERERNAE , FBIREREEX
YR REG; e, YR BN Z D RIEE ML
R PRI AR KT, IR B2 MK AN A 5
PR E R Y, i oA B SR B /D0 48 AR 5 3%
BREFERY.

F4 FERBLEZ AHNEREEESHT
Table 4 Significance of differences between different treatments was

shown
BiH Item N (mgg™') P(mgg™) N:P
B M % % % % % % % % %
WK Ps % % % % % % * % %
1HY) Pt * ok ok * ok ok * k%
M x Ps ® % % NS NS
M x Pt ® % % ® % % * % *
Ps x Pt ® % % ® % % * % *
M x Ps x Pt % sk # ok NS

# % % ; P<0.001; % %: P<0.01; NS: not significant

o TR EEEA LS LA S AR B SRt A R, Br AR — A SRR G A R A8 4
PIEIRE T AR . 2RISR E Y, X TR Pk H38, AR EEX = H R R R IAKR, XEKH
RGN 135 P KB AFTE—RE BI2E 57 , SR TN ] o S B 37 40 B M o ) 2 Sl T BB i) T AR L BT 0 = I
MR G X TR —Fh L3, BIRE R =M E R AR R TREENRER, 5= HRARERER, X
BARE B BRI K o AE P KF xRy = Frp PR EER MR, X U AR B X T P
YR BE PR RIFE A BE SR AU SR (R L R A AR FI W . HEAM R B I AR RE T =M R A K, X T B E
EAREGE THY R P EFRGLISLEL, AR EFEX REE R ERFITR RIS B E R0, SREFR IR

http ://www. ecologica. cn



43 Wit 45 RF Bk P 13 b M AR F B XA A K AR 2 IO R i 1985

WA, MBS B ERE B RHRBERA R . REM A BR AR B B E TR R KK, XI5 MK 7 554
AESI58 , NI T =M S AR K, TR AL B BE T IR A P =M R AR K, G TH PE SR, REB IR =
FAEIRF BT FBE ST , NI RS R S S 0 2R, E T MRV S AL A X TR ERR R X
FRITFH Y SRR — RO , BRI AR AR B 77 7E LA K A A R X 32 e AR T e SO B VR S5 A T
BERAERR

YRS NP AR LR AIWEY % N FREIERZ P R TCie R E IR, R
AbPR = EL AR NeP O3 B2 T ARE T ) NoP H, SR BIA A N A0 P JTR iR S AR, A
2R 77T KRA R, B, 2 N 2K P 3R A RIS R AE R EZ R R, b TREFERIURK L,
TRy RESI0R IR M MR E R E R TRF KRR HFBIRER T =5 N REE, XA BERE
FHA ARG YRR S, TREM ST, AR P K Lo =mFrp NP AL
A, LA HP BN R, X T HP K+ 38, SRR BB 68 =M 5P N:P EUM 30 FEfREN 10 24, X — Lk
BIR AR BE B = ply 52 P OUR RN 32 N TR R BLoh, B AL BIR A =0 555 N:P HER/NS
R FH NP WA B X UM AR E B G , IR AP ) =M BRI R 22 5 32 L [R] DR S R, it vl B R 4%
PR B 5 A 22 [ 58 4 8 R AL N PR R IR e

ARIBE WA A T B2 A TS T S AR EL R A AR R RISR 0 BRI | 45 SR AR W b iR
HRETH REAS 2 2E =M FXT IR R, U AL, I TR R LR ER O FAEY S A E
FRC [R , EAR B A R YL RESCE = M rp NP LU, 33 AT LUFE S 3000 37 40 BR ] B4 08 , 4R T, X T A ]
He,N:P HAY I FHEA AR, H b, IR TG 2 — 2 IR A AR RS R G H N-P H s A, LAGE R B A
TSR IR, T A 28 SR R — R KR RIS
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