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Effects of indigenous AM fungi and neighboring plants on the growth and

phosphorus nutrition of Leymus chinensis
LEI Yao, HAO Zhipeng, CHEN Baodong *

State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing , 100085, China

Abstract: Plant interactions may directly affect plant growth, root plasticity and nutrient uptake, while arbuscular
mycorrhizal (AM) symbioses can redistribute resources among plants at both individual and community levels, and
consequently mediate plant interactions and influence plant community structure. In the present study, a pot experiment was
carried out to investigate the influences of indigenous mycorrhizal fungi and neighboring plants, Medicago sativa and
Lepidium spetalum, on the growth and phosphorus nutrition of Leymus chinensis, a dominant grass species on the meadow
steppe in North China. At experimental harvest, plant growth, root morphology and phosphorus uptake of both plant species
were recorded. The results indicated that the indigenous mycorrhizal fungi formed symbiosis with L. chinensis and M.
sativa, but not with non-host plant, L. spetalum, while in the non-mycorrhizal treatment where mycorrhizal fungi were
eliminated by radiation sterilization, the mycorrhizal colonization rates were generally lower than 2% . The indigenous
mycorrhizal fungi significantly suppressed the growth of L. chinensis and L. spetalum, but promoted growth of M. sativa.
Neighboring plant M. sativa promoted, but L. spetalum suppressed the growth of L. chinensis. Analysis of variance showed

that mycorrhizal fungi and neighboring plants exhibited significant interactions on mycorrhizal colonization. The effects of
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mycorrhizal fungi on the root length and root surface area were similar with that on plant biomass, but plant combinations
showed no significant effects. As for plant phosphorus concentration, both mycorrhizal fungi and plant combinations showed
no significant effects. Compared to the neighboring plants, L. chinensis had higher relative root length and P uptake
efficiency, which can well explain its negative responses to mycorrhizal fungi. The study demonstrated that mycorrhizal fungi
and plant interactions are important factors influencing plant growth and root proliferation. Further studies are still necessary
for a better understanding of the importance of mycorrhizal fungi in maintaining plant community stability and productivity,

and also for sustainable management of the grasslands.

Key Words: arbuscular mycorrhiza; Leymus chinensis; plant interactions; root morphology; phosphorus nutrition

AT TR — AR B AR ) TE AN [ ) R A TR S 2 AR AR o A8 AR AR 35 ] VR A X v o ] i i
VERAS R T T Z RN B A SRR 25 R G0 rh R ) A EL AR FE 00 22 388 30 Ry 4 25 235 W) 0 9 05T 1 422 5 ) 410
HBE AR P SE B ) SEAE SR R A TR ELAE PRI 1) S P o) 14 b 3SR VR i b AR
VEREERST . RWTEFR T A 4 0F T AT LA HAR R R & B ELA 1 i B T 9 O AR R B A 4540, #1255
H B e IR W SOR T RE 1 A A ) A 5 R PR R TR S R A A R A ) 35 5 1
FEHLAH

T3 — 7 T, AR 22 5% 2 WA 39 SR RE A W X R A AR A R RV R B A R MR R
Y24 I SHEY) 6 R B S O I A Y 2 —  MSRAR FL T (arbuscular mycorrhizal fungi, fiiFK AMF) 7
FARFL I AA7E  RE 54 K 8 s S R 8 i AE R R T AR AT s R % 1 b S5 RS sh Mk TR
FEor (INBER ) WIS, AR HEAE D AR o TRAR AR AP TR 22 P LATEAS [ 49 (6] Hh O b 22 N 4, RIS AR TRAR A 4
W2 Z AR BT R SE M BRAR B pR EL AT O A ) () YR 50T, 5% MR A A0 o 1) AR B4 T s 7 AR
[ YA AR Z 0] ) 500 3838 Rt i 8 (5 B A%, LR AR R R G A 7 01 2 FE MR R Gede e 1 I AR L
AR TR

TR B AR A AN N2 Bl 0T, TR ALy o AR 2 2R 0 ol T e ™ R R A TR, BT AR A R DG
F TR AR R XA YR 5 AN A 7 3 A TSRS ), A58 LA TR [ A6 O ) B L A A ) - B ( Leymus
chinensis (Trin. ex Bunge) Tavelev) ARFFEXT 4L, DL A RHEY EAEE T8 ( Medicago sativa 1. ) "' X7 AERHEY)
MATSE( Lepidium spetalum L. ) O VR A R A TR SRR 5 , A 338 K A BN 2 R , HHEEE T FHER
LR FIAS AR A A0 R AR K BB 3R RS2, 5 7E 4 T DA TR B AR PR 7R 2 15 R M R P AV 2 A R A 7
05 T B L EAE AT, R A PR A 2R R G R AR
1 MRERZE
1.1 KAk
1.1.1 BR300

il R B b ERE BRI I AR I A2 28R JE T STk (42, 18°N,116.48°E ) , 4R Ak
e B 0 L AR ST ) (BF =0 B r ik e > AR UNTR < pH (B (KR HE 1:2.5)7. 02, MA08E
(0.5 mol/L NaHCO, $EH, sHEHTEL(5)6. 73 me/ke, AL (Wf# A ) 8. 46 mg/kg, T4k 2 mm G, &K
K s AR B A BN 17 AT/ g F3BR 1 3 TR EL AR PR T AR S K T (25 kGy , TR E AR B
A BE JEF BE TR RO ) T VR I - S e v ) AR R R T AR B =2 A R RN R - H AR — 3K
PIRAEIX R o I Wi by 33 5 K KA 1:40 WWHINR G S, T 100 v/min 2J &% 30 min, K
JR AR (FLAR 2—4 wm) L UEARAS . 0 I B 5 K T e B AR 1:40 LIS TN,

1.1.2 ki)
PR N (L. chinensis) RAEETE (M. sativa) FUMATSE (L. spetalum) , P35 I/ N—FCELAFRLAR 55
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FIFhF, FH 10% H,0, X FFEF 7 R T 10 min, B LUZEIBK sh vk 2 05 THEIRES 7746 25°C #2E, B 2F R
EFp,
1.2 5t

ISR P AD bR fR B RN LR (+M) R R BR T R AR (-M) 53 PG F R
B (Loc+ Loc) FRAEMLETE (L.c + M.s), IEFERFMATHR (L ¢ + L.s) IR, 503t 6 ASb3 ) R4~
PR 4 ANEE
1.3 Rt

RIS PR FHA 800 mL BYEERIZE ( F 42 15 em, FIH42 10 em, 55 13 em) ME NG FR 4508, B 11 ke,
AL AN RO SR 2 5 W E S TRI Y, AR AR 30 k., TRIRIEAE 5 BREEAEE 15 s A5 3%, IR DL ]
SEMLEHNNT IRALBE 25 FEF) [ AR A T DL S AR A AR ) R R 4 B A 25 53, o ) 2 R B RR B0 (10 #K)
B AP RRAE R 2 %

RIS AE T E R 2= B AR ARSI A o0 N T BE R S b AT, I AR R N TR D 15—25°C , &8 R
TN 60% , FEPIA K1) 5 10158 A 2 88 oK, AR Ik DR R 3 S K R A 15% (HRIREZK it 70% /2
) o FAEE 13 ARk,

1.4 Wk aPmE

W MR BB FAR 2R SISk, A SRR 25 8 ok e i, MR A 3 R4 AR 298 S HRRAE X 20 01
SEANFMR R R A (Epson V700, Japan ) 43 51K A [A) A #0222 4548 B+ B3, 1 - Win-Rhizo
(Regent , Canada ) FX A4 MR AR I AR AR, R i 490 1940 20 9 e AR ARIARS T AR L g 3 oy By A7
G3HT . BEBGHR A HRAEESY AL 1em ZE A7 MREE SR FH IR 5 AR B 2 IR AR AR R R AR R 5 A
BRH 1543 E 80°C MEAR FFUt 48h JEARIUR Y T 5 (FH I 2 PR ARAR G R 0UAR R AR Bf AT o T 5
AR ST ), HEREE{L ( Retsch-MM400 , Germany ) #38 J5 £ FH . SR G UERRFRELZ) 0. 5000 g K3 iEAH PR
il A 10 mL ARG A RS B2 | A i A5 BUY ( CEM-MARS, France ) THf# ,50 mL A8 EZ , E g 4T 1k, i
Ji FH 418 B B TR R G I ( Leeman-Prodigy , USA ) I € L) 41 55 i .

1.5 HdEadr

A I s H Microsoft Excel 17 #MEAARERIT A IFAEE, RARIR YRl i S 1E 5% (aresin) 451k,
i SPSS Seit#f4: (SPSS 16. 0 for Windows , SPSS Inc, Chicago , USA ) X8 AT G081, X2 B K s
SRR R T 225007 , KR35 2853 Tl R 45 AL BRI T 22 R b, 3l el Fe Xt T ARS8 43 B A P TR A M L
B AN ) 42 b Ak B 22 i) ) 2 7 S
2 ZERE5HH
2.1 HRRYE

FHER KRG T , 2 BOAR 2 R 2 S0 () B AR L AR 454 | R YR IITE 10% LU (£ 1) . R4
YIS E G 5 3 AR B RN R A3 | T AR BEAR T SRR A TSR DL R AR R AR A AL X R AR
Y HA W (R 1,3 2), SIRFEFALL AT SR I F R E AR YR W T iR R A
B S G i ARk, 22 A M B B Ak B AP S R A A AR R AR R LB AR FL R R Y AR
2.2 MMRARK

T E R E R ARA A AR e R A K, H B A B R HAE (1, %£2), HE AR ER
X LR RAEEE WE Y, RIS R E IR T Ay &, SO0 R FERAR R EY & 51
AR R I AR g

+ FH AR BB XHR AR A K B AR (F 1) BERR T E AR R YR (FRR T 62.5% ) ,
Hb LAt B AL R A, (25 S OR B 3 R o TSR AR R M L ORAR R AR W (438
87.9% M 27.8% ) ; WE AL T MATR M L3RR R AL (A3 IRFAR T 71.8% M153.6% )
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x1 ABEMEREEVHERERE

Table 1 Mycorrhizal colonization rates of dominant and neighboring plants

LYy HRAN T IR G Mycorrhizal colonization rate/%
Plant combination Mycorrhizal treatment MFHEY) Dominant plant R4 M%) Neighboring plant
Loc+Lc® +M@ 13.4£0.9 b¥ 19.64.0"
-M 0.4+0.1 ¢ 0.2+0.1
L.c+M.s +M 13.2+4.4 b 37.5+4.4"
-M 0.1+0.1 ¢ 0.5+0.3
L.c+L.s +M 27.6+3.1 a 0.4+0.1
-M 0.3+0.1 ¢ 1.7+1.4

@ L. BH M. s EAEHTE Lo IMATIE; @ +M AR B LB TR BT - M R R B TR O R B N BB AR MEE (n=4) ;08 TR
P, 2 T5 25 0 W AR AL BRI 418 S E AR R 35, T UG Jr A I 9 A PR EE — 04T 20 T LU o T IR AR ALY, X6 ] — W b A4 B AR Ak B A
BCAS T A0 5 MBS R EEAN TR /NG FBE R+ 7 R A R AR BE 2 [ 25 5 {25 (P<0. 05)

4 — _

\
\
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\
\

w
T

Hi BT E
Shoot dry weight/(g/ %)
— (3]
T T

).

rEO.Z § — - :

L.c+L.c L.c+M.s L.c+L.s L.c+L.c L.c+M.s L.c+L.s
{44 Dominant plant R4 Wi Neighboring plant

B1 SRBEmSREEYHE EBMRRTE
Fig.1 Shoot and root dry weights of dominant and neighboring plants
P g S A A B 4 AT M IR 2SR RARUEZE s L. o 25 M. s AT s L s JATSE  + ML AR B B AR LB - M B BR - F AR
L 0 TR, J7 22 5047 7R AR AL BRI 4 & 5 AR 38, PRI X BT A X A PR 8 — HEAT 20 30 U, W TR A A W, X R) — )
TP R ARAC BEHEATRCXT 7 K28 s AR B AR AN F)/ING FREE + " SRR A RIAL B [AIFA e 3E 22 57 (P < 0.05)

2.3 HHYRRIEE

AN FHRAE RN - RAR R IE SRR i AN 3, B AR B AN A7 AR S LW (3% 2) T 38 AR R
BFERER T FR AR R R AMRR A (E 2) . B FAR R R R TR AR AT SRR R KB
MR AR, R IR A 584 1 i W JC 2 25 52
2.3 fbREES R

2 BRI TR MR ) b ) AR A T X O SR ) = e i B B R (8] 3,6 2) T R F AR
XHE A AP AB MR & S A AR (RS2 IR (181 3) R AE 3 Bl 5 B JC R 28 i 3 i TSR AEE s it b
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200 -
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Lec+Lec Lec+Ms Lc+Ls Lc+L.c Lc+Ms Lc+Ls
3444 Dominant plant TR A:A Y Neighboring plant

B2 MBEYSREEYHRKMRER
Fig.2 Root length and surface area of dominant and neighboring plants
X FACHAEY) , T3 28 W7 TR A [ R AL 5 X WU R AR S M A S, TR AR A BRI ) 2 5 52 T A P S 2 IR LUABL A 45 0 2L kAT T
ferir s IRAEAEW R RE I 2 & o3 eHEAT T RS

HSFIAR 228 3 1 (0BRGN 17.14% F1 91.43% ) 5 b AR T A5 32 10 1 3B 5 12 ( F%AIK 60. 08 % )
2.4 YA AR EE AR ( FRAR G ) T EAA7 AR 2 TR R Ml i (R X IR AR )

7 TR AR A X O AR A A B EU AR R SR AR IR B RCR AR R AR B 3, HLS IR A AR AR sC 1
VER, AN [ TR A= A 40 Gk 5 50 i = B %) A7 AR T T A AR K RN PSR e I R il i (&1 4,56 2)

AR LRSI AR A AR TG 3 R ) (RS L IR A A A L, B SR ROR R A K AR
K(E4), T FRERER D ERIN TS E 1 AR R AR BERCR (K 4) .
3 g

PRI E Ly Ff R E AR — X T RS KA RER S A B L, AER
PR RIS | IESE T AL AR B BRI AR R A T L RS S R A KR AR RIEAS B T AR AR B
FERC AR LTS AR T AEVE I . BR85S0 0 I FH A AR AR (2 8 IR T B b A 2k 5 R R A 75 R il 2
EHARME T B E

ARG R A 9 K T I T 42 S A VR P v 2 D Bk - 3 TRTAR L B AL B A B A R A ) B
TRAAEYI Y HRIE BRI (R 1), RITHRIR AL PR S T WURCR . 3% AR AR B X 2 B
T MUIRAT3E 3 P R YL A i 22 57 IXFE— R P 2 A R 2 B B (R R S S TR BB 138
BYEFTICE ), EAE B A S IR () 247 A GRS 3 1 LT LA B 0 BAR AR | I T VB R AR A 9T
() — A . AN 5878 B 1 PR AR AR e R B S 3t X R AR M e I AU 1 AR i iy, S
FI TR AR Y RALT AL B4, T LA AR Y T O W BRAIG, 1X 5 2 5 1A 38 IR 28 AR 1Y) 77 43 3R B
RBIAHIG, X SRV IR TRAR 15 A AT SR 7, R AR 32 PR A G, FURTH & Ml 0 A7 7 TR AR B
( mycorrhizoshpere ) #7458 22 | PRI LA RN Jo 78 77 0,52 3 B AR MOVR Z0RE i, 5 L IR B, YR A Pt e A8 52
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{34445 Dominant plant TR A4 Y Neighboring plant

E3 MABEYSREEYHE ENTRAMESE
Fig.3 Shoot and root phosphorus concentration of dominant and neighboring plants
X AN, T3 26 3 WT TR A AL S X FE AR S M A S, TR AR A SRR 490 2 5 52 T A PR W2, IR LUABL A 45 0 2R kAT T
Ry s TR A AT R LU 205 4 HEAT T A58

i 2| S R AR A A T o AR A SR s iR M A TR B 3 (2 T AR LR R R R ARG (3R 1) 1K
5 Be e PRI AR T AERME A 2 B 0S ZEAE Y R R I S5 R AHEIAT 2 {2 Neumann F1 George (14
TIF 50 2 SR 3 W) TR R T O 7 5 A e 2 R T 1) BB A 2 9l Y R AR AR 2 2 A F SR R W] T AR R LA )
HRLZR A3 W VR FT LAGRE PR 1 60 R Rt A T 7

®2 MBEYVFERBHENNEREFTEST
Table 2 Two-way ANOVA of experimental dada from dominant plants

" . , PR AR TR
R R e . Hh 1 e .
e . Mo EAS T E . LiESIS " S Z ik o e W Tl i
i ENE Mycorrhizal Sffol WRTH RO(L; HR T AR Tl ;10: P - PAAR T lj:oozf
Significance  colonization i Root biomass Root area Shoot P . AR K
biomass Length . concentration content
rate concentration
per area
WM * % % % % [ [ % ns ns ns
Y P % % % % % % ns ns ns ns % o % o
iﬁ,ﬁ:m * ok * ok * ok ns ns ns ns ns ns
MxP

WHRITZ3HT, + + FIORTEP < 0.01 KFEFRE,; + FIRTEP < 0.05 /K FER7 8 E ns FRMEHIA R

AN TRRE D0 TR AR TR B MRS A7 AEAR R 22 53, JLRT RSO T DU IE R P R B sl 7 A9, AR50 i il 4
e P ORI RS A A KT (K 3) , LB R B LS 7 R A A SR - WO B 225 Y
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3444 Dominant plant TR A4 Neighboring plant

B4 RBEMSREEVHILRKIMAMRRERRHE
Fig.4 Specific root length and phosphorus uptake efficiency of dominant and neighboring plants
X FARHEAAY) , J5 26 73 45 4 7R TR AR O WL F 4 52 M A S 25, TR MR A ORI ) 4 5 06 25 S T VR T PR T LA T AR AL 38 23 A i A7 22 o
PO IR L 415 2 AT T R

TN (B 1) . BEARETE 518 AR A9 A 5C R iy 78 B AU H R RE A B A% BB AR LT 1) 15 A A SR 4t
FRor , T MEPIR AT A R BT OGS 7 . 2 A RGR I 5E R AG B0 T, i FE AR ) 0 o AR L TR 22 []
9 EL A O AR ] BRI AL S — b I A LA 5 2R AR L B M A BRI AR BOE S 7=, (HAE B A W
WA SR 2% AR A K E R T0 R AR T, DRI TR AR M A XA ) A A RS i), L 28 2 S i ) A Wy
TR, [RIE AL B AR d S R A B BVE 2R OC , ANATTR R AR B R0 25 AUR R IR B &AM
TR R AR AR P A X555 207 AR PR 2R 0 25 3 BT 248 R ) 2 W) = R 2 v 11 PR, LA R0
TR LR R I A s 2 (18T 2, 9 4) o AL BTSSR 1 A v ) TR AR 1P, X 5 22 i AR AR
WA R (R ) BB,

TP A ELAE 52 22 B0 DR I 285 52 W, ISR 23 58 4 AR R 2040 B0 AL I PE T AR &R A B U LA
L0 orh - HEUE YE b 4 P A2 B Ok R 2 0GR Z B R AR AR BT RE XA
ZRETE RETRSS BER AP BCR R GE AR 7 A A O DR PR AR L A 1 R IR 5 I e P A
TEAEYIRE TR bl [RlRHR S 22 32, DRI ad 12 22 I 28055 B IR e v R R A — k2, DTS2 e AL ) 2R 08 TR B
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