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Influence of arbuscular mycorrhizal associations on the interspecific competition

between mycorrhizal and non-mycorrhizal plants

ZHANG Yuting, WANG Wenhua, SHEN Hong, GUO Tao "
College of Resources and Environment, Southwest University, Chongging 400716, China

Abstract: More than 85% of terrestrial plant species associate with arbuscular mycorrhizal fungi ( AMF). Most plant
individuals stimulate nutrient availability through their fungal partner. Highly mycorrhizal-dependent plant species derive
more benefits from AMF in comparison with plant species with a relatively low mycorrhizal dependency. Until recently, the
effects of AMF on the competition between mycorrhizal and non-mycorrhizal plants ( with hich phosphate foraging ability )
remained largely unclear, particularly in an environment with low phosphate bioavailability.

Mycorrhizal effects on plant interactions are most likely due to alterations in the soil nutrient availability. AMF
colonization could increase nutrient ( particularly phosphate) availability for host plants and consequently increase plant
biomass. The larger plants are then expected to be successful competitors.

In the present study, maize ( Zea mays L. ) and rape ( Brassica napus L. ) plants were cultivated in three different
interaction status, namely monoculture, intercropping and nylon net split. All the plants were inoculated with Glomus
intraradices , Glomus mosseae or remained uninoculated. The strength of competition is measured as the reduction in biomass
caused by the presence of a competitor. The results showed that maize growth and mineral nutrition was suppressed, while
the mycorrhizal dependency increased to some extent, in intercropping compared with monoculture system. In intercropping
system inoculation with G. intraradices and G. mosseae significantly decreased phosphorus concentration and content of rape

roots compared with non-inoculation treatments, while in contrast mycorrhizal association improved phosphorus nutrition of
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maize plants. The experimental results clearly showed the beneficial effects of mycorrhizal associations on AMF host plants
in competition with non-host plants. All these revealed that AMF may play an important role in structuring plant community

and influencing plant biodiversity in ecosystems.

Key Words: growth; phosphorus; relative competitive strength ; nutrition competitive ratio; arbuscular mycorrhizal fungus

K B R LT (arbuscular mycorrhizal fungus, AMF) 885 B SR SRS fe e~y Ak 6 R IR RERS B &
FEAR I 2210 3703 SO, s as A 350000 8 AR AE B RGO A B R g h BAA B2 1E
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0BRSS RGP AAEETE W SE ( Brassica napus L. ) FFAEEAREY) , A ik 2 E B WL TAEY) , X Y A
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FEPERAERF LS A B Tk W] AMF 7EAE S RGE PR bR TR FNMSE AT A R R A, 2
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TR AR ) B SE G AR H
1 #EA7E=E
1.1 X5k

PERFEY) . EK Zea mays L. (ZRH80 ) FIIMZE Brassica napus L. (il 23) o ek K/ N— BRI 155
IR, 11 10% H,0, RHLIEFE 10 min, I Z 8T /K PG LUC K KT 7 T £ 8 7K hiRIE 5hlsefh 1=
0 1h JF SRR IEAR - 8 T 25 CARIRS IR TP EEr . H2F)E FOKIEFD 4 0, il =edddh 10 990, K4
K1 SRR 2 G, DA RSSO KR R B3 1 4% 2 1k

At 43 Al R [ POITIURT X VU R R AR 37, o b A AR 2 3R VDI I 2H A 5 (Vb e A B ot |
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Table 1 The chemical property of soil

. FHPLUF/ (g/kg) R/ (g/'kg) 2/ (g/kg) FRWE/ (mg/kg) 28/ (g/kg)
P 0. M. Total N Total P Available P Total K
7.9 19.81 0.57 1.07 28.73 15.07

P FR . Glomus mosseae ( G. mosseae) ¥l Glomus intraradices ( G. intraradices) , P/ FFE2IK H o E 40l
R BRIR I 2B, R AL 2 R A AL 58 6 Bl FOK A = B b A7 4 SR AR A ) 2 Rh 0] &
AMF 7 W22 )7 B fRYRBL, LTS 10 /g, AR A FINA L2538 121 CREHK T 2 h (4R
HR ol A% A 3 9 ) B AR B M o DR — 2L
1.2 st

I R IR B, R — My =, R o b i, X s g R4 (R 15.5 em,
SMERR 225 o, B 1) AGUDRHEAR I RSN, S 2R £ T2 B S BE 15 K e o ) 1 e
J 5 B AN 7K K 2553 B B AR 3 B EOKR AN 43 B AP T 3 FOAR R AR T . O ERE (N
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Gr0) s @JE T 43 B Al AR A =X (AR AR R H 30 pm
JEIRM5rhE) 3 @ BAVER (SR B0 .

ANFE A PRALTE AR IR BTl G, mosseae  $EFH
G. intraradices, PHIEEFPFIAEF2 BB, PP 4% + 5
B 15% JIAAZ AR, DLORIIE B AR 355 A IE 3 1R Y, 1] Wl R R oy
VRN JE 10 73 Ak S22 ol s 7 AR 35 5331 2 1= 1600 g, Intercropping - Cropping with mesh barrier  Monocropping
FEIA 240 g 42805, [ AEFP AR 2 £ 3200 g, $EF E1 3R
7 480 g , KT HEAL BN A R 42 (9 © KB A FE A Fig.1 Schematic diagram of three different cropping patterns
AHREBEIK 276 mL, R AR K53, (3 5 i i oK i
PRRFFE H R K B 70% o Hi1 9 b B, A b & 4 K,

RIS TE VU F KA B SO IS TR S 7, B R AE W AT #b 5O IR N T DGR ] (13 h/d) .
1.3 FERITHT

YEI A 3 A A JE WK AR M b R AT 38 0 iR, MO 2 3060 R 28 09 Rl Lk 8 1 - g v iy
PRI R BR300 O BRI T o, RSl R 2R B R, Se4R s A I =% 3 AR Pk ik
T AR (T SRAAR B €5, K 1A 20N, BORAR R B 60 i L LUV SE AR B ) I T Pkt A 4 95% L I
MIAR R KT VE T, B—PAR R DT 1 em KRB RS G HUEARZY 1 g MM RIZ YR, T AR 5
105 C AT H/NHE 70 CHE, T A K P AN E , BGH AR 50 R & I 2 TR 22 25 %

P A LA TR 0 52 S R A (5 3k E AT pH (E BTN SE 1K He Ry 1.2, 5, 4 5l 2 5%
e iR S AR P LI, 4 280 2 SR FH L I R0 , A R A 0 o SR FH &0 LA B Rk A LB R FH s T b 44
TR A AR Al - 25 s R R A R SR FE LA O HE i AT I ) R A O A e S R AR i
(AR R 5 BRI ARAR: G 3R FH A% 38 SUR M 10 5 T 22 8% B8 10 52 22 B Abbott 3 AW 5 IEA 717
1.4 Hdsabr

N SAS A%t (Version 6. 12 ; SAS Institute, Cary, NC) XHRIGEIE AT — N R G104 ,5% /K F LSD
2 LIRS 30 25 A BT A (B 2 ) ) 2 5 Wb ke

PR A PE ( Mycorrhizal dependency ) fAiF#R MD , JE+87E— i 3 AE J1 /KT Al 938 1 T2 B8 B8 AR 171 RE 18 38
A KA R RN RERE " FRAh.
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*E{%%%fﬂ%ﬁ FAFRIFEAE S IR G. intraradices T G. mosseae 1 T AT 0] WS 3 45 5 i T AR (= e ,ﬁ%ﬁé
HRIMGAE 57% —T76% Z 18] o AR FfAE 7 205K B AR IR G R A7 A 35 922 5% (P<0. 05 ), R/MEKUR : 4>
JE e P73 B8 > (B4, B ISR 22 A A 7E AT RE 2410 ) TR AR L TR 0 R pfR 4% . Nk 2 o, A [l o A v
FOANTEFI AL BRI K IR B 22 FOAFAE R G. intraradices F1 G. mosseae JGTEIRMEFMEM R EN JE b
P 7 AR A K R SR P AR 3 P SR AR R o T KA 38 N I TR R TR 22 O A7 1

F2 ARMERXMEMLEZGTHERERE REFLEE

Table 2 Root colonization rate and length of hyphae under different cropping patterns and mycorrhizal inoculation

oA 2 B i Ak 2 12U/ % Colonization rate B 22 %)% Length of hyphae/ (cm/g)
Cropping pattern and Kk e S KR A S
mycorrhizal inoculation Maize Rape Root room of maize Root room of rape
[B]YE Intercropping

Non-mycorrhizal ND ND ND

G. intraradices 57.21 a ND 65.37 a

G. mosseae 63.35 aB ND 52.59 bC

Je Je 53 B% Mesh barrier

Non-mycorrhizal ND ND ND ND

G. intraradices 64.35 a ND 97.85 a 104.61 a
G. mosseae 66.48 aAB ND 89.05 aB 104.31 aA
H/E Monocropping

Non-mycorrhizal ND ND ND ND

G. intraradices 71.29 a ND 101.99 a ND

G. mosseae 75.36 aA ND 94.70 bAB ND

ND R TR FC TR BRSO 22 5 o) — S AR /IN B (7l — R AN R R AR BAE P=0. 05 KF- 2253 54k 5 Al — Al
REFHEFORA R PR U B 280 P o= 0.05 KPR B

2.2 FHBRAERARS

BlE s (2 3) , B RFNH S b 38 0 A 4K 52 B3 Fh b B AR AR 7 2CAb B ) 8 5200 ( P<0. 05) , ELAk
PR [ — AP AL R FOKR A R IMRYR R B > T8 T I 43 B > TRIAE | il 2 A2 9 8 R/ MR R RIE > Je e )
k> AR

F3 AELEEGTERMEED EHTFERRTE
Table 3 Mean shoot dry weight, root dry weight of maize and rape plants

PR R AL 2 T Maize 3 Rape

Cropping pattern and Mo LT E g AT H/ g M LT E g AT E g
mycorrhizal inoculation Shoot dry weight Root dry weight Shoot dry weight Root dry weight
[&]4f Intercropping

Non-mycorrhizal 11.95 a 3.19 a 12.50 a 1.38 a
G. intraradices 14.56 a 3.73 a 10.94 a 1.42 a
G. mosseae 15.02 aB 3.97 aA 10.93 aA 1.35 aA
JEJEF 53 1% Mesh barrier

Non-mycorrhizal 14.39 b 4.34 a 10.85 a 0.97 a

G. intraradices 16.36 ab 4.21 a 10.63 a 1.23 a
G. mosseae 17.38 aA 3.88 aA 10.24 aA 1.21 aA
HifE Monocropping

Non-mycorrhizal 18.0la 3.53a 9.93a 0.83a

G. intraradices 18.79a 3.64a 9.75a 1.05a

G. mosseae 19.08aA 3.87aA 10.26aB 0.98aB
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TEJ T W 43 B AR A X rbr ARG T X BEOR SR AL B 220 AMF 0 25 0948 & 1 1 A n BT 4
i G. intraradices 1 G. mosseae 53 HER T 13.7% F120. 8% , 1 [MIVEFIAE I, S AP AL PR B SR 22 B AN i 3, 1
A g mrE EAEY L AR AE Y p R el b A AR R 32 BN AL BRI AR AR Jr AL B 2 SR
{ETRIVE AN e 99 53 W b bk D7 X e A ARG A Skt B A Yy i UEBHEERD AMF W] LUJE i
ARAE (2K B9A I, [ R EARAE Y Cilse) AR K,

WA 2 JioR  F KB BRARARME VR > JE e W 23 B > B | R RIS A Z AR BRI BOR, oK i T AR K
VBRI , UL TE RS S5 T AR 5 H e A AR I, X AMF RO . e e Ay R e
FFERILL, FKXT G. intraradices Fl G. mosseae WITRARMKH M 737 $2 55 T 150. 4% F195. 3% , [BIFEAHXT T HRAE
W43 S04 R T 338. 1% F1232.2%

TCIRHRN 58 AR MTES ST 34/ INTIlEE , (H 50 BN FP AR L, [LVE AR I R OK AR XTIl 38 19 52 4+ g
TIHEFD G. intraradices 1 G. mosseae 43 EEE T 43.9% F1 54. 8% , J& T N 43 b A s DU 43S 4 i 1 21. 0%
F159.4% (FE 3) .,

k(3 Jee M43 b

25.0
G. intraradices

O G. mosseae

N\
O cK

5.0 F .
—0.6 |- [ G.intraradices
0 I I ] g G.mosseae

it e 43 i o

TR A
Mycorrhizal dependency/%
FORMN TR FE 4+ i
Relative competitive strength of maize to rape

B2 ERMEREENE B3 FEREWTFHREHTZSEE

Fig.2  The mycorrhizal dependency of maize Fig.3 The relative competitive strength of maize to rape

2.3 HERRBEEFRIRD

ZRERHI (R 4) , FoRHL B ARABE S f AN SRR 2R pO 2 B A S AR S 52 B R D7 U Rl (P<
0.05) : J& e P 53 AR R BRI ARRH X T (B VR AR I 25 B AR 1 0K b ARl &5 i st R i &, Je e
3 PR A B 5 B I 2 Y T B R R TR AT 5 (B VR RS R ORISRt b FRwl e it ¥ g i K T i
VEFPHE

THSAR RR A B 75 IR 2 B B AP AL PR S5 5200 (P<0. 05) |, R e M b 514 R, ST IR L, B2 6.
mosseae Jii , i F AR 2R A8 & B0 IR T 22. 0% A1 14. 6% , il S8 bS5 B e e o i 3 I RR IR T
26.0% . LRI FORFEARBE S TR DL 28 578 1038, 55000 BEORE LU, 35 M b JLAY oK AR AR M, B R AR
FRIBERICRAE 3 R AR A BN E

Wl 4 Fi7s PR AR AL T T R AR X I SERT B8 57 00 52 4 LU [RIVE ALE e W 43 i AR 78 A 42 Fh AMF
I/ T 1 MR AMF JE 39T 1, BEIAANH R I S B (9 58 4 B8 0 R T 0K 48Rt AMF B34 5 7 &
AKX WA TE G L i BRI BRI SE FrRE 19 T TR, H2Fb G, intraradices 1 G. mosseae J&i , FEARFAXTIHZE
X ) 3 L S TR R e st 43 B 185 T 11 4% 1 23.0% , T J& J I 43 B il ke 00 43 5914 785 T 20. 8% #11
50.8% ,
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x4 FRSEEZFHTERFmSIH EB REABSERHRRKE
Table 4 phosphorus concentration and phosphorus uptake in maize and rape plants
FE KW FE P nutrition in maize TSRS E 5% P nutrition in rape
AL P A3 it/ % Wt/ mg /% WLt/ mg
Cropping pattern and Concentration Uptake Concentration Uptake
mycorrhizal inoculation B ER EER b _E 78 LiFS Hb_E B iEES M B A EER
Shoot Root Shoot Root Shoot Root Shoot Root
[A]4F Intercropping
Non-mycorrhizal 0.23a 0.15a 26.92a 4.65a 0.36a 0.32a 45.57a 4.42a
G. intraradices 0.20a 0.11a 28.56a 4.10a 0.38a 0.25b 41.10a 3.55b
G. mosseae 0.20aA 0.13aA 30.34aA 5.12aB 0.38aA 0.26bB 41.57aA 3.60bA
JEJE I3 Mesh barrier
Non-mycorrhizal 0.17a 0.12b 24.79a 5.19a 0.39%a 0.34a 42.60a 3.33a
G. intraradices 0.17a 0. 15ab 27.06a 6.13a 0.34ab 0.33ab 36.33ab 4.12a
G. mosseae 0.16aB 0.17aA 28.52aA 6.49aA 0.31bA 0.29bA 31.53bB 3.64aA
HifE Monocropping
Non-mycorrhizal 0.13a 0.12b 22.75a 4.05b 0.37a 0.28a 36.30a 2.29a
G. intraradices 0.13a 0.14a 24.00a 5.12a 0.3%a 0.32a 36.97a 3.35a
G. mosseae 0.11bC 0.11bB 21.41aB 4.27bB 0.33aA 0.27aB 33.90aB 2.68aB
3 g L5 ¢
OCK

AR R T ST Rl AMF X AR AR 4 Fn A o AR
Wise g s BEE T 3 MO TR B AR AE D 5, 2 il AL
BRI M G AR AR AN ] 1) o [ 5 R A8, AR A
BEUR  FAREIR R HREZ SRR R R =
A S8 AR AR T AR A ] £ o ) AR A 5 2R
ROASREL, HE e R 3B 5, SRR IAR % 6] A4 B4 AR
FAEFIWCHE R (EHR 2R 23 U8 5 A AT AR B P4 3l
RESTEA IR 2R (B A2 01 H AMF YT 22 7] DA% JE e
2RISR % (5 T B A ST TR AR T 22 S A E TR AR A )
MRE XTI BIRR R SE P, AR RPN A
WA AR EAE S 2B, AR AR R AR
22 AR R MR PR R B oA A B

TEAWFFE D B AL BEAA T TR A B R AR (=
e MM I B W] AMF R, EA 5
KB, R T AR AR AR B AR 0 SRR A L TR T

RABIR AR R R 22 2 2 O BB AR A A 0 3R 59 A B A 7T RE S R ARIR VR 7E — R I T AR
S e BRI R I R YL AEARBETE T MIERRAS T FOK AR YL AR R IR, AR 2 1 1 22 % Al 1 3%
M T E PRI (3 2) , T PR AR 2 A 5 2 AR B AR T, Bd DT SR 28 20 S 0 B Al RE A1)
] TR LB 9 A K A A RIRT K B4R Gt 33k Aot o ) 00 4 FH [ 2 B AR 2R I vl LA EL 2L ) JE e 1)

SRR (CHHR Qe R W 2 R T AR R AR ) o

AMF P HEHI I SR s B VR AL B2 A R AR A (5 AR R ARAE Y ) X AMF (R 3 Bz 9 A ) 1 2 3
HA A [G) A3 R RE 22 AR IR 2 ) (A TRV RR AR TR R ) XA BR AR 5 5 3 52 e 2 SR — Al B A e 5
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