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Effects of the growth of clonal plants on the diversity of AM fungi and

mycorrhizal formation in Mu Us sandland

ZHAO Jinli, HE Xueli "
College of Life Sciences, Heber University, Baoding 071002, China

Abstract; The research investigated the effects of the growth of clonal plants on the diversity of AM fungi and mycorrhizal
formation over two years at two representative sites, OSES and RSCF, from north to south, in Mu Us sandland. The clonal
plants were Psammochloa villosa and Hedysarum leave. The results showed that the ability of clonal plants to increase the
diversity of AM fungi and mycorrhizal formation differ between plant species and sampling sites. After P. willosa invasion,
the Shannon-Weiner index of AM fungi rose in both sampling sites. Additionally, the spore density level, the colonization
rate of hyphae and arbuscules, the total colonization rate and colonization rate of vesicles all significantly increased. After
H. leave invasion, the Shannon-Weiner index of AM fungi rose in OSES but descended in RSCF. At both sites, the spore
density and colonization rate of arbuscules significantly increased and, at each, the colonization rate of vesicles rose to a
maximum then declined. At OSES the hyphae and total colonization rate rose to a maximum and remained but at RSCF these

values declined significantly after peaking.

Key Words: clonal plant; clonal growth; AM fungi; species diversity; mycorrhizal formation; Mu Us sandland
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TEE W BRYFER R R RAER TR AR AR IR Y M B A, e K A5
REGIEEEEME. MEREREBRAP 206, R AAESREPEENHRT T, ENESRSE
ORI AR Rl AR A P ) R IR AR B R AWK E SERSHA T AEENEAY AN
AMF FpZ 4 SRR R M AE S R G A AT B R4 o

PRI AESFIIE NN e SR M A S RE MR E SERE, WA E# T 20760 7% 8, FEWR R b &
YR R , B 3 T R A AR WD BB AR W T IR . BRI, 2 - E Y S5 A X R 1
ABRGEHTHEPRER, TP R EFES AN AM R BE U NEER, AR EREL R M
i B Ao B SO AR - HERN SE 250 BARAEY) , BN RGBT T BT FEREAE R AR X 13 1 5 A A
R 2R S AR TR BRI 2 , 1B L A B AR BOR [ e A ) e TR A IR A S B b R I EZAE A
RBERE o
1 #HEFTTE
1.1 By

U HE ( Psammochloa villosa) RARAFHDHEJE AR ZEZAE AR REVEAMEY) , 0 EERE W ILIES X, 27K
B YA, SRS A TR FE B, SV AR R R R SR Y BB S R i A R D
B ez —

28 (Hedysarum laeve) , = Z WA, RO AR KBNS HELER, EREIL), FESMER
JEANYD H B B R v R E b o 1Y R A R A, HARCIRZE RS E VDB TR R 2R Y R 45 45
Wt B BGRR E YRR
1.2 W5

B LRI B PR AR 3, B o R 2 B Al Y B 50 B S /R 22 3 v b B3 A 25 B ol
(OSES) FIBEPa iR FvD A M) R B B3t (RSCF) . OSES(39°29'N;110°11'E) i TS I SRR ZH R R E
LRV H R A IGS, RS E 1300—1400 m, 4R 6.0—8. 5C , A2 F- Y& & 370 mm, RSCF(38°21’
N; 109°40'E) L THB SR UPHMEI 2 , IR B 1200 m, SR F-X IR EE 10. 7°C SR PRI & 412. 4 mm,,

1.3 BT msEsEtRic

2005 47 A Haj e E R BRI BT I I SRR 22 b B st A 2SS i FIBR VAR W U A A ) R
H 3t 58 BEAH ) VD BN S SRR VR AR R 20 | BT 4% 4 JOE Nz st A o [ e e O, 33t 16 MR Tr o B REDT
VEAE Se RERE YRR ZEAE A0 59 07 18] b, R 07 K/ Tm x Im, ZEREERE T 4 N8 B3 33 E— AL e ARbE
YERbRic.

1.4 FEaCREE

2005 487 A Ha)FI 10 A o) &% 2006 45 A Hd) 7 H A 10 A s E) 2R A [ AR T 1Y R S gy 0—
10,10—20.,20—30,30—40,40—50cm 5 I+ R KAE 1 IR, B ME R REL kg AR LIREGHE, SAIEA
WEIERIAE A, 3Tt 480 13 i, IR TEAHIT AL D7 A AR A R SEFIAMASR
1.5 FEmmE

BYCRE HIFE A B SE 50 2 5 , R PR Hb A (7] v B AR ) 0 D\ =5 OB R AR (IR IE W ARG ) FIAR A
RORMECHARE) #1700 H. R 2 mm 050 BRAER LA, A T 00 L33 300 R 40 B8
AM EFE T, AM EFEFIEEEMRPE Schenck and Péréz f)“ VA B E B X EFM” M INVAM (http : //invam.
caf. wvu. edu/Mye-Info/) 5 24R ), I S04 56 Y AR AL AE R R R IOH A 00T MR %58 43 AM
HE SRR L AR T T AR T AR S A R S A R AE AR QL I E o

+ 3458 pH 8 : B AR HHNE (48 K = 1:5) s AR AL DR Y B0 76 AWk - 4% Olsen 25! Fj NaHCO,
2425 % F Murphy 71 Riley'* S5 5 ; 8080 « JR TR G5 s A HLIR - % Walkey-Black' " 35 % .

R PRI T - HEM S Cov S N A P A BT, R (R RE 7 M MR PR 607 25 JEE (spore density,
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SD) ™), AM ELJ# 3 BF ( species richness,SR) .

B i FHZE I K hige 2—3 W IR 1 em 25 KEERIIRER , T 10% ) KOH ¥ ¥ 90°C F L e Z B,
SR BEHR, PP AR K o T 0. 059% R S FURR MR € 2—4h, FLFFLRRAMB R ™ 72
Nikon YS100 R15E F WA HIRE5H (B BB R 2 ) . BRI BB T WL 50 MR BL, 3% Abbott,
Robson 71l Boer 177 H 453 F AR ek

1.6 HdEnHr
SKIBARA G T SPSS 13. 0 JRA TS 43T
2 ERS5HH

2.1 WEAMARENE RO

MR 1 AT LA ), Y HEE i ve b A K7™ A AR AR BE D 88 , 7 (7] AR 4 I [8] P9 9 8 2 3 P 7™ AR B 0 R A
Z T L, I Y HELE OSES B sake A KOARDLEF T RSCF, M 2005 4F 7 A FRiCH: 1% 2005 4510 A , V¥
i OB AR AR VD HE S R 50% , T S8R 2 s A 5 25% 52006 4 5 H, YW HEA R 2 B S
87.5% , LN R B 75% 52006 47 H , Ph#ias s A58 s 2R .

*1 TEENEANKREBEER

Table 1 The questionnaire of invasion of clonal plants

N[5 if TE] R P9 S REAR ) TR 5L
FEHb Sample sites Number of ramets of clonal plants in sample sites in different time
2005-07 2005-10 2006-05 2006-07 2006-10
OSES Yz 1 P. villosa space No. 1 0 1 2 4 7
Yz b 2 P. villosa space No. 2 0 3 5 6 9
Yz 3 P. villosa space No. 3 0 0 1 3 4
Yz b 4 P. villosa space No. 4 0 0 2 5 6
puEasih 1 H. leave space No. 1 0 0 1 3 3
fLE73 2 H. leave space No. 2 0 1 1 2 3
pUEzs il 3 H. leave space No. 3 0 0 0 1 2
fuezsy 4 H. leave space No. 4 0 0 1 2 2
RSCF Yz 1 P. villosa space No. 1 0 0 0 2 5
Yz 2 P. wvillosa space No. 2 0 1 1 3 6
Yz 3 P. villosa space No. 3 0 0 1 2 2
VP¥EZs L 4 P. villosa space No. 4 0 1 2 4 7
puEasih 1 H. leave space No. 1 0 0 2 2 3
fLE73 2 H. leave space No. 2 0 1 1 3 4
pUEzs il 3 H. leave space No. 3 0 0 0 2 3
fuezsy 4 H. leave space No. 4 0 0 1 2 2

2.2 EREHEY AR LB BRI

M1 2 AT, SE R A il i v b A AR AT DA ZS 5 %o S BRAG E JR 7™ A T R R, RO E T
BEEFRROL, Hor o A N BN B3 . 1 OSES YPHIfEE KIRA S MG, HIREM N & B
TIL3 5 AYURSER T 8.8 /%, B PR_AE T 1.7 %, (R HA K & BIA TR, HIREIFROEE
RN . HER R N P AR & BA A RABRENRR. HREEYRAZE, if
FEd 4% pH 271, X AT BE S A AR B IO HE BRI 5
2.3 DEREREYHE R AR ARTE BT

OSES Vb= sty FHishid o b, B U DB U HE M, BoA K EEYMRAET, SR AN
ZS HRTERE L A B REE B IR B, N B i P 0 B 2 T B AM KA1 T
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Table 2 Effects of clonal plants invasion on soil factors

WAN  WKP  BKK AR
FEHL B [8] Available Available Available Oragnic
Sample sites Time N P K matter pH
/(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg)
OSES  V)¥fizsih P. villosa space N4 1.05a 2.23a 23.49a 0.30a 7.23a
ARG 12.88b 3.79%a 21.62a 2.93b 8.0la
ks H. leave space N4 1.59a 2.53a 29.04a 0.98a 7.59a
ARG 5.35b 2.98a 36.88a 1.39a 8.18a
RSCF  yb¥izs#h P. wvillosa space N4 1.68a 4.52a 50.27a 1.43a 7.74a
ARG 9.89b 5.15a 33.53b 1.54a 8.12a
ks H. leave space N4 2.14a 2.49a 57.10a 2.22a 7.89a
ARG 13.63b 5.18b 36. 82b 2.70a 8.28a

Rl —5 % o B AR KR TE 5% K EERBE, TR

TE R A R ISR ARTE JR R R M IR A P S AR A R T BT AR (3R 3) o W@ Se e A KR
AJENZS ) 7E OSES Ffih, AM BB 113 BE A AR A [F) 4544 < 78 3 3 18 32 3 fin 5 78 RSCF A3, AM
HERTHE WL MBS R B &R, MRS R A FE I, (BRE BE K. o
HERRAMENZ MG 76 OSES FEH, AM BB T 135 B A ABCE F R B 3 5 A, T 0 3k i o 2 8 A1, T 42
LG E T AR BT T W, (ER K B 7K 5 1 RSCF A, AM BT 772 B MG e B 3R S 38 3 o, T R 22
HIE ZeWipi Sl e i

*3 REEMERIERFENZNE
Table 3 Effects of clonal plants inbreaking on mycorrhiza

B - @?%‘E [k ?@% LN BT R
Sample sites ff[8] Time  Spore density Hyphe Vesicular Arbuscular Total

/(4/100g +) /% /% /% /%

OSES  V)¥fizsih P. villosa space N4 7.25a Oa Oa Oa 0a
ARG 31.25b 22.28b 9.03b 1.23b 22.28b
ks H. leave space N4 277.25a 55.93a 48.39a 1.56a 58.74a
ARG 628.25b 54.44a 27.25b 3.21b 55.93a
RSCF  yb¥izs#h P. wvillosa space N4 207.80a 29.72a 7.48a 1.07a 30.24a
ARG 376.75b 49.61b 8.36a 2.89b 51.16b
ks H. leave space N4 479.00a 48.03a 10.62a 2.0la 52.46a
ARG 740. 50b 35.00b 5.33b 3.52b 37.33b

2.4 FEREFEYERKXS AM B AR

AWF5E % B BB AR - 435 % Shannon-Weiner Index(H = — Y Pi « logPi) ,Pi 3 X+ F 1 11
FRE N 5z X HIEN AM EEAF SR N ZH, B Pi = Ni/N, 155 & R X F P Fh Z R0
. FREAEYERX AM YRR A —E R, T ARG, RREE 2 &
(R 4,KS), DHEARARENS LG, H 138 AM EEMKEE N F 5,78 OSES AM HFZH
PFeB 1 0.2690 T+ 0.5566 ,7E RSCF AM ELB ZAEMEFS B 0. 7227 Tk 0.9368 ; 2L 88 [ KX AM
B AR e P FE s R IR [A], 76 OSES F e E K ARG T AM EE M, SRS
0.8377 EFt4 1.0308 ,7E RSCF 5 si g K ARFEMR T AM EE M, SRR Hod 1. 0338 TR
0.9587, TEWIFEHLH AM HERHEH IS MM A K AR K EZI(ES) .
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F4 HiEE AM EEMHOFE ATFEERYMYH SRR
Table 4 Species richness, spore density and Shannon-Winer index of AM fungi in different sample sites

FEHL i ] ﬁiﬂngig Sk AT R SD Shannon-Winer
Sample sites Time Species Richness Spore Density Index $5%%
/(Fh/100g +) /(4/100g 1)
OSES  V)¥fizsih P. villosa space YNGa) 1.56 7.25 0.2690
ARG 3.87 31.25 0.5566
szl H. leave space N4 7.43 277.25 0.8377
ARG 10.74 628.25 1.0308
RSCF  yb¥izs#h P. wvillosa space YNGa) 5.68 207.80 0.7227
ARG 8.72 376.75 0.9368
szl H. leave space N4 11.23 479.00 1.0338
ARG 9.61 740.50 0.9587
®5 FEFHETHESD AM AHREAAE
Table 5 Frequency of different genera in the soil of sample sites
=3 AR Glomus Acaulospora Gigaspora Scutellospora
Sites Invasion F/% RA/% ¥/% RA/% F/% RA/% F/% RA/%
OSES  VbHfiZsith P. villosa space NEHT 9.4  85.7 12.3 14.3 0 0 0 0
ARG 93.4 74.6 15.6 7.7 7.2 5.6 3.4 2.1
8754 H. leave space NEHT 89.7 71.1  23.4  18.5 15.9  10.4 0 0
ARG 92.1 76.9 28.2 15.4 17.6 7.7 0 0
RSCF  YPHEZsih P. villosa space AR 88.4 71.4 10.8 14.7  13.2  13.9 0 0
ARG 90.3 62.5 12.6 23.0 15.4 14.5 0 0
8754 H. leave space NEHT 86.2 72.7 11.3  18.2 6.7 9.1 0 0
ARG 91.5 83.3 9.8 10.4 8.5 6.3 0 0

3 itig

B R UL, KUk i B S BRSBTS A B8 1 A se REAE 2 R 5 AN R, (B SEAR ZE BT 1Y
SLREAEYI AR Y RIEA FIH o YHERE S R 2R R e MY , 2R AR EEV R LR HE
ML 458 H i - 2 i E R . 7 BRRE T, DI RRIEEEZ N 20 em 2245, T 3 48 704k 1]
BEIA 1 m, [G]—ARZE_ A4k AR T D3 o L A G R TETRR  ARIR SR B , 7E [ — B30, VD M
S HL ) R TR SE NS . EBSR HT 3 8] [R] 2k ) B P S R, e ORI /5 38, — S8 3 56 47
WO LB T FricHE  vva .

TEA R R I B, AR B B A L R AN B A B 3846 . Hashimoto 1 Hyakum- achi &3, T3k
JE 7R BB R ST S IR B B, 16 B MR A 2 , BIIR Fh R AR R A . BA SR I
YK RS REVE ST AM BELR AN MBS SRR, AM BB BEVS th S % 281617 AMF ikl
YIREVE R ELAR , B FAE R AL . AR R B, e A K AR AR AM BB ZRE P AR AR TE
BRARF= A — R R, 3 BRI R SR R 5. VDM i SRR AR KR AE NS S, AM E B8 F S 3
o, 3 E AR BEAR R R S50 M e SR 3 s F e e AR K IRAE NS Hh G , AM BLB R 28 %A & £ 38 4k, IF
HNBBRARA [F] 2540 1 e B B S R, MR E T REA A T W : (1) B P RBEYRRE 5 AM B
BT BT M B AR L A 1, Bl TR AR A 1R ATE N2 b, SERRAEIAR PR 135 AM B BEE b2 A ZS b,
XEAhE AM HE AR HDSXIENZ B FEA AM ERETE ™AW, 2 & RRAEILAL , R AM
BB A E R AR s MR — T X T — P AR I RIVE R, AT RE R R B AM E M2 T2 1k
B R EE T, (2) YR AENS 1S, B TR R WP s AR B AR B9 76, {6 E D\ 25 b 1 38
MR R A T 284k, R R R AM E i S AR ER A TN EERN R, BEEE A7 A
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EE KA RN, AM B BRI e i 5 & A A5 4L

FEA I BEE IR i R AM B ER ﬁéﬁ?wﬁfﬂn%ﬁ%%éﬁmi% BH, T E AR5 A AM B 3

R, BERS AN RPN T A 55 A B IR Requena“”#Eﬁﬁﬂﬁmiﬁi&qﬂ@iﬂzu&ﬁ%ﬁ%w&th
SRR K AM B AIA L AM B 5 4 H TS0 A 4R, & PRI A b AM B BR O AE 40 RO R AR 80 B
IR HIEPE VRS BER S B, YHEE TR BRI AS REFITHEIRE R, £5%
REMFIESZMHME AM AEFMREATAIEE, WH, /ENESRENHERE, BAREENIA7E S
RS EY SN S RE RN —ANEE R T, 24— AR B 1 SRR IS ah ek g
BEFPET, BRI A STIRASRENEREA . Hi, 785 5 RV R FHEAR AR g KE , bk

AEBWRE TRABEEEER L,

b TR B AR FIAEEHRZS BOZE 1k, HE 25 i + 588 FRR I & A T BA S 08, 4 ) 3k N
M B, KA HLUR S B 28k Quintero”™) Al Hamel ™) &5 % B, AM EL 1 4= Y F) A4 16 4 i 1]
PIRT ASE I -3 A HLR A B, B0 R . BARIEA N IR AM BT BRI R A ML 4 R A1 B
Gy (B AM B AT DUE B A PR PR IR B X IR 7E N Bl RS E R
R, 14N ZRA S EMEEH T EEMTE RS Z B, K MRS (N0, ) MEAS A (N, ) Z A bk
TRPAE Y R, WIAR 2R 2 8 SR AL 4 B 38 SR B NO, % N, T Hh 1 AE R RS, BT AR B AR BEE
AR A58 A AR A KT R K B A 22 T 3K 6 SR ok [ (L B B 2 Ak v, AT 50 e JoR R A B AB AR B
g BEASREN RRENA AR, AMERLH, nBEDRAENS G, HREEM P SEhE
PR (L K SR BE T, KT HEERRUMSE, R EEEY A G R A REREEEEEN
ER, BRFRABIR
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