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Abstract; AM fungi infection rate, spore density, diversity and distribution in the main plant species at different
vegetation restoration stages in Loess Hilly Gully Region were studied. The results showed that 18 AM fungus species,
belonging to Gigaspora, Scutellospora and Glomus, were identified from the rhizospheres of the main plant species. Glomus
constrictum and Glomus geosporum of Glomus were the common species at different vegetation restoration stages, and they
are also the dominant species in the region. Distribution of the other 16 species varied at different stages. There were
significant differences in the average infection frequencies of host plants between the first and second stages on sunny
slopes. However, the spore density had no significant difference among the five stages. By contrast, there was no
significant difference in the infection frequencies among the five stages on shady slopes, and the spore density at the fourth
and fifth stages was higher than that at the first and second stages. Richness and diversity of the fungus species were
higher at the fourth and fifth stages, and lower at the first and third stages regardless of slope aspect. On sunny slopes,
evenness of AM fungi at the second, third and the fourth stages were higher than that at the fifth stage. However there was
no significant difference in the evenness on shady slopes. These results are important for further studying the relationships
between AM fungi diversity and plant community species diversity in the region, and even greater important for sieving AM
applying fungi species with adaptive ability and applying mycorrhizal biotechnology to vegetation restoration in Loess Plateau.

Key words: arbucsular mycorrhizal fungi; spore density; infected frequencies; diversity; Loess Hilly Gully Region

IR (AM) )73z 0 T AR, B4k 194E7 7 (Ehrenfeld et al., 2005) , AM B S5
ZRBE AR R SRR EE T HEIE RW B B PR, 2 BT R S C R 5N DI
REARAERRENEEA NS, AM HEE  HIEMUEYZ — (3TFAALS, 2007) , 1 A X AR R
M R R AR RGBT SRR AR B RS RGN BE SRoE
YITEIE 254 A Y 2R RS RS AREEZEAERH (XKRE, 2007),

Wk HBT: 2009 - 11 -30; &[0 HI. 2011 -01 -20,
HEWH . FRARBARESTH (30671672) ; FHILAAMPHE R FEEAERF R A LI,



557 3]

PRI B B A MBS R AR B 2 R A 117

AT SR R85 A0 A8 AL F N A 16 Bl A 5 i, o
- b XK SR LT B R iR Y, S B R
AAF O 8 K A R T S R R
b, B £ A 3R E DK R B S
W MEES b X 22— PR UL, 2 A b X1 A 3
IBEZ B S R A, 4 T A B AR B TR 7 A Y K
B REEEEEN, FI, 8 4 b 78 A8 XOR 8
PRSI ASTRI Y BE AT 6 AM L 14 7 11 Y 1R) B ) 9%
BEMAXET

H T, [P 27 28 % DA TR AR 1A T A9 3
FARHE AL TR X AR S b X e 4
(2007 ) X PG At B £ 3 I RE P A B AR BB UE 1T
TR, A (2004) K P 521 B EFIFE IR
KA A: ZRE M R AR S R EAT T REV5R,
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AIFFE DX HL R () B - v i g T B X —— Pk
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Tab. 1 The general situation of different vegetation restoration stages
FEB IR B B Vegetation restoration stages F Y Main plants
BA3E £ BAYE Sunny, half sunny slopes

55 1 BB R 1 ~2 R EARYIREE

The first stage: 1 ~2 years herb communities

552 BB ZEE + KOt B

The second stage: Artemisia giraldii + Stipa bungeana associations

553 BrBt: FOERT - 55 TR

The third stage: Bothriochloa ischaemum-Lespedeza davurica associations
54 BB ZRHE BB

The fourth stage: Mixed shrub associations

555 BrBe: WA - AR CGEE) A

The fifth stage: Sophora davidii- Bothriochloa ischaemum ( Artemisia
giraldii) associations

TR Cynodon dactylon S FEYE Setaria viridis

itz ot

22 Artemisia giraldii K Stipa bungeana

5 Bothriochloa ischaemum 355 BT Lespedeza davurica

RGBT Lespedeza davurica KEFAT 5L Cleistogenes squarrosa <1
¥ Stipa bungeana AU FA T Cleistogenes hancei J 7] Sophora davidii

IR Sophora davidii [ 2F- 2L Bothriochloa ischaemum 388 Artemisia
giraldii Fr& Caragana korshinskii MR Robinia pseudoacacia

B3 - B3 Shady, half shady slopes

BB $EE 1 ~2 AEEARIYBETE

The first stage: 1 —2 years herb communities

552 BrBr BRATE - SSHTEA BT R

The second stage: Artemisia gmelinii- Artemisia giraldii associations,
Artemisia gmelinii associations

53 BrBL KRAEUR - RS AT HEM

The third stage: Stipa bungeana- Lespedeza davurica associations

554 BrBe. AR B
The fourth stage: Mixed shrub associations

555 BrBe. YOI

The fifth stage: Hippophae rhamnoides subsp. sinensis associations

15 MR8 Artemisia capillaris

BNFE Artemisia gmelinii 32 Artemisia giraldii

KR Stipa bungeana R HHA Lespedeza davurica
JUE T # Syringa pekinensis . JKAF Cotoneaster acutifolius .72 B45 4844
Spiraea pubescens ., ¥ % 1% Rosa hugonis FLMI Periploca sepium | J& ¥ T

Ostryopsis davidiana

VI Hippophae rhamnoides subsp. sinensis

P EEE (SR, species richness) = &y H A
AM HEMIEH .

Y £ B M. Shannon-Wiener #§ % H =
- > P]In P,, Simpson §8(D =1 - >P>; P,=n,/N,
n, AP AL N R R A AT
EH

YIRh ¥ oI 4550 T = H/InSR
1.2.6  #HEH R SPSS 12.0 X Bdls #4707
ZE03HT

2 ER50

2.1 AREAGEMEFRERBLERMBFEE

22 W T BH | FHIBAE AN [V 2 B B 1 B
HRAZ AR AR B A+ b (9 625 1, 76 FH B P
PR AE A I B B P B B ARR YR LU 1
WrBtf s, M 77.10% , 9 .35 w5 TR U R AR A 5
2 BrBe(35.00% ) , HoAth 44 B Bela] 22 AN B 3 (P <
0.05), AFEWKE BB PARFPRIGH T2 5, L2 4 By
Btfm, M 100 g 1 135 4N, 46 1 By Be 7t 7 2%
A%, 5100 g £ 83 4>, HLA&WK & By BEla] 22 5% AN
WBE(P<0.05) MMXTEAYE B3 A R 2 By
B, S B PR REE R AR E (P <0.05),
X FARBRAG 2 5, DLEE 4 B Bedess, M4 100 g

4127 45565 1 BrBeRAiR, B 100 g 160 4, HA
4,5 rBI A TR R ERTHE 1,2 BrB(P <
0.05),
®2 TRBENBEAREREEEEAZNATEE'
Tab. 2 The infection rafe and spore density of
arbuscular mycorrhizal fungi in different vegetation

restoration stages

R B B AM EH R YR 795
Vegetation restoration AMF infecion Spore density/
stage rate( % ) (100 g) ~!
FH3# Y FHYE Sunny, half sunny slopes
%5 1 BYBX The first stage 77.10 +0. 4852 83 +7.000a
%52 HrBt The second stage 35.00 +0.000b 110 +15. 000a
3 3 BBt The third stage 66.68 +8.325ab 101 +14. 000a
%5 4 BBt The fourth stage 57.75 +11.085ab 135 £19.789a
%5 5 PrB The fifth stage 62.59 +7.979ab 125 +15. 166a
B3 BA3E Shady, half shady slopes
%5 1 BYBX The first stage 23.60 +0.737a 60 +4.041a
%52 HrBt The second stage 57.50 = 12.500a 70 4. 000a
%3 3 BBt The third stage 43.79 +1.215a 94 +26. 000ab
%5 4 BBt The fourth stage 54.73 +£15.150a 127 £10.132b
5 4 PYB The fifth stage 36. 67 +7.265a 125 £3.215b

@O AFFEEFR 22 2B 5 8 E K (LSD, P <0.05) T,
Different letters expressed the significant differences (LSD, P <0.05),

The same below.
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Tab. 3 Infection rate and spore density of

AM fungi of main plants in different vegetation

restoration stages

BRI B BEAA )

Vegelation restoration

AMF infection

AM FLRfRYEH

T

Spore density/

stages and major plant rate( % ) (100 g) 7!
B3 BH3E Sunny, half sunny slopes
25 1 9Bt The first stage
FIFH Cynodon dactylon 77.58 +1.09 90 +2. 08
WRBEL Setaria viridis 76.61 £2.53 76 £3.79
2 2 BBt The second stage
23 Artemisia giraldii 35.00 +£5.00 95 £3.00
K15 Stipa bungeana 35.00 £6. 45 125 +2.00
2 3 BB The third stage
oEa
Bothriochloa ischaemum 7500 2.89 15 £2.52
ik
BLARART 58.35 +1.65 87 +1.73
Lespedegeri davurica
%5 4 B The fourth stage
kX
IRBIIR T 47.50 £11.09 86 = 1. 00
Lespedegeri davurica
e
ki 30.00 £7.07 170 £5. 13
Cleistogenes squarrosa
KAEEL Stipa bungeana 75.00 £5. 00 185 £2.89
R
’HSI?K TH . 45.00 +5.00 94 +3.06
Cleistogenes hancei
TR K Sophora davidii 91.25 £8.75 140 +5.03
%5 5 By BE The fifth stage
TR K Sophora davidii 84.38 +6. 64 130 £2.08
oEE
Bothriochloa ischaemum 75.61£2.34 180£7.21
23 Artemisia giraldii 57.50 £4.79 115 +4.16
k7% Caragana korshinskii 56.70 £12.02 110 £3. 46
HIME Robinia pseudoacacia 38.75 £1.25 90 +3.00
B3 2 BABY Shady, half shady slopes
%5 1 BT BX The first stage
15 R Artemisia capillaris 23.60 £0. 74 60 £4. 04
% 2 B BL The second stage
BRATES Artemisia gmelinii 45.00 +2. 88 66 +2.00
255 Artemisia giraldii 70.00 £4. 08 74 £2.65
%5 3 9Bt The third stage
KAEE Stipa bungeana 45.00 £2. 64 120 £3. 00
kL
BEERART 42.57£2.05 68 £8.00
Lespedegert davurica
25 4 HrBE The fourth stage
ALAC T Syringa 75.00 £6.45 102 +2.00
pekinensis
PR T Cotoneaster 17.50 +4.79 165 +2. 65
acutifolium
EEY- 22Xl
ii%/ﬁ% 55.00 £5. 00 150 +2. 00
Spiraea pubescens
B Rosa hougonis 76.70 £3.33 110 £2.52
KM Periploca sepium 100. 00 +0. 00 115 £5.00
BEHRT Ostryopsi 4.1720.83 120 5. 00
davidiana
%5 5 By BE The fifth stage
v‘/lx . .
VPR Hippophae rhamnodies 36,67 +7.26 125 +3.21

subsp. sinensis

FIAN I AT T AERAS [0 S B B A A
RECRAR EL I R R A %5 (R 3) o FEFAYE P FH
PR G R LS 4 B Berb iR 25 ) o e e
91.25% fAFHBELLSHE 4 B Beh iK1 RO B
IKFEE 100 g 42 185 4> X T B EBISE, WA B
FRELTR = G AN 155 B 2330l D 2 4 [y By Rl
(100. 00% ) Fi AR A fe s (B 100 g 1165 1)
2.2 AEMEMES AMEEYMEE, SHMH
M5 E

AR Berf AM B P R0 0 32 B L 2R
FILIEEILR 4, TEFABCEBAYE EAM R Y+
BELISS 4 BrBe o B (7. 40) R = T 1,2,3
BB, 55 5 BB AR R A TAS 1,3 BB AR
3 BB 2 BrEc ks 1T 2R B ERKE (P <
0.05), X TEZMEMEFREC(H, D) RN 564 B
BERTH 1,3 BB, HRSHBIERARE (P <
0.05) ., FAMCEBIA AM EL & Fh == B f 2 A 1
(H,D)#RE DU AL, BI%E 4,5 B BEil 2 T
1,2 I3 BB KRS B B S ARE (P <
0.05) . 7ESSJRET T, R Y F25 5 BrBe 55
2,3,4 BrBeze s 3, R PICE I B 22 oA
e
2.3 FEAREMETH AMERE

TERT  BHSA R R B B, 2o g 45
18 i AM E.1#, )& T E 85 & ( Gigaspora) J& E.
PFE & (Scutellospora ) FIERZEFE & ( Glomus ) , o
PR 2 B JEE TR 1 R R 15 b (R
5), NEHE . JEE R AT RN, B
TSRS 1 BB, iR R AR T P A 1
3 B L IR ERS 5 BirBe, TEr B3R 18 A AM
HHH, Glomus constrictum F Glomus geosporum 2 Ff
A BRI R B AR

3 e

B A o B VA AR D R S G R AN [ B B b 32
R B E AR R AM B BAEE TN
P Loy Es ) 18 Fh AM ELIE, (S R IEAL TS AM K
PRUEFRELEY 69.23% KT S Fhik £ AM K
RS (26 Fl), 5B SR AM B 2K (20
PO 230, AX BRI AM EERJE T3 JE—
Gigaspora . Scutellospora 1 Glomus , HoH1 UL Glomus 4
PRFE I 15 B, b SAR RO 83.33% 3% 5 L 4R
B A A 2 R — BN (2 AREE, 20065 fUE DL,
2004 ; FEHIE, 2007; IFEEE4E, 2009) , 78 iE
(¥ 190 ZFh AM HE 1, Glomus J&RERSIE L AM



120 Mo R %

47 %

x4 FRBEMET AMMOFEE SHEEMHHE

Tab. 4 Species richness, diversity and eveness of AM fungi in different vegetation restoration stages

y” 1V A U B
Vegeleiﬁiozizsﬁrlzlii stage SR n b I

A3 £ BAY% Sunny, half sunny slopes

55 1 BB The first stage 4.50 0. 500ab 1.20 £0. 008a 0.65 +0.002a 0. 87 £0. 056ab

45 2 B BE The second stage 6.00 +0. 500bc 1.48 £0. 016ab 0. 68 +0. 004ab 0.94 +£0.012b

%5 3 HrBt The third stage 4.21 £0. 460a 1. 37 £0. 052a 0. 67 £0.007a 0.96 +0. 037b

%5 4 BBt The fourth stage 7.40 0. 286d 1. 66 £0.077b 0.76 £0.027b 0.89 +0.038b

%5 5 BB The fifth stage 6.54 +0.389cd 1.47 £0. 087ab 0.72 0. 022ab 0.75 +£0.023a
B3 - B3 Shady, half shady slopes

55 1 BBt The first stage 3.33 +£0.333a 1.08 £0. 043a 0.62 +0.019a 0.91 +£0. 048a

% 2 BT BX The second stage 3.50 £0. 170a 1.06 +0. 055a 0.57 £0.037a 0.85+0.077a

45 3 B BL The third stage 3.84 +£0. 165a 1.13 +0.071a 0.59 +0.019a 0. 84 +0.026a

%5 4 Bt The fourth stage 6.06 +0.369b 1.46 £0. 038b 0.69 +£0.018b 0.84 +£0.027a

%5 5 BB The fifth stage 5.67 =0.333b 1.49 +0. 027b 0.71 £0.018b 0.81 +0. 034a

®5 FTRABKEHBRFHARERER"

Tab. 5 Arbuscular mycorrhizal fungi in different vegetation restoration stages

A3 - BHY% Sunny , half sunny slopes

B2 A3 Shady, half shady slopes

AM L7 WUME W2WE B3ME M4MB MSWE WIME B20B S3WE B4ME B0
AM fungi The first The second The third The fourth  The fifth  The first The second The third The fourth The fifth

stage stage stage stage stage stage stage stage stage stage

Gigaspora gigantean + - - - - - - - — +

Gi. margarita + - + - - — — - _ _

Scutellospora calospora + - - - - - - - _ -

Glomus aggregatum - - - - + - - - _ _

G. albidum - - - - + — — _ + +

G. caledonium - + - + + _ _ _ + _

G. claroideum - - - + + _ _ +

G. constrictum + + + + + +

G. coronatum - + - + + _ N

G. dimorphicum - + - + - - + - + _

G. etunicatum - - - + + - - _ _ _

G. fasciculatum + + + + + - - + - -

G. geosporum + + + + + +

G. intraradices - + + - + — _ _

G. monosporum - - - + + - - _

G. mosseae - - - - + — - — _ _

G. reticulatum - - + + + - - - +

G. versiforme + + + + - + + + -

@ +: A3 Possible distribution; — : J&43fi No distribution.

W R R TR R — N, 1X 5 Glomus )l
A AR A S P R A O, O R Z RO ) 1%
T, X PR 85 36 N PE SR, W0 G constrictum F1 G.
geosporum 2 FTEAS X BT | 34 14) A 48 45 1K 52 B B AT
L, ARG PR, T4 (2007 ) % 520k R
T AM E R ZFEER DT SE AR R G, geosporum
F G. versiforme RAEHEF; 1L FHEE (2009) X £
RUbHrh AM R Z MBS R B R 6.
geosporum R PLHFH 18 FE AN 28 A1) 6 6 L rp LA
K G. geosporum F G. caledonium ( Hildebrandt et al.,
2001 ; Landwehr et al., 2002) ; T 1E PG 58 o J5 5 b
FFN N G. mosseae (ZEWEAEEF, 2005), A UL A]

R, AML BB 8 Z2 R R o0 A1 S5 AN 52 L BEER 85 (S
fog 3 MU SF AR S ) RS I HAE K Y
AL R, AN R AM B A AR W 00 P IR Al
PR T S IR A AR ZS PR AR IE A AM L B ) el

FFEA AR . B | B AR SR S o A AN [ B
Berb g P A LA W AR RE RS TE A AR EC I,
T UL AM B 7E B Fe B VA AR XY 3 A 2 A
38 114, 2R WA b EA AR & I AR 2
RIS XA 6 AM ECBRT MO PR, 7 BRI B
WA R B Be, A5 1,2 Br Ber s AR
PR YER I 3, A A By B A 3 25 5 A 2%, B
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e B3 O RE B AN [R5 B B ) TR AR R e 38 22 S A
B2 AT WA B BRI AT AM LR A9 4R 1
R ARE KU AM HETERWE B Bl it &
EEEMAESIIRE, SR, T FHEY R
AN Ak T Rk 52 o B P A L A AR L TR 4R e 3
WAL 7L, X4k AN [R5 By Be v i ] —
KA, R B A R g R WA IR KR 2 5, 1]
R BRI S 2 BrBe——280 + K
MR e Ry 35.00% , T 4 PR35S 4 B Bi——
ZeHE AR B 42 e R 3K 75, 00% , A) UL, AT
FAE I FPSE | ELIRCAE B2 B AN [R] 4 52 e 36 TR AR LA
MIIE L, X T %5 B, B3 B 3 A A A [l
S W Beln) 22 5 AN 2 BISEE BB Y 56 4,5 B By
TR RER T 1,2 BB, ol WA 7 i 2k
TR AR YR, 2 3008 FH Y MR 1Y
SO X 5 O R E Y — SRR ST A5 R B(XK AR,
2007 ; Wang et al., 2004 ; £A1JKBESE, 2006) , 5 £
P08 T R T 42 G 3R 28 8 194 52 ) W] BB T 202 1
TRIRTE FAEY) S AM ETE 1Y 5 R0 ) AN [R) B 3, i
PRSI AT 8 T2 Bl i 5 AM B AE EAE Y
A G RE, DT R 2 14 5% 1) TR AR L TR (R e R R
THE,

Xt T A RV S B B, AML LB W) b %) 32 i fn &2
FEPERY 22 5, FTREAE th T 18 T AE Y B Fh & A1 40
Yy A 0 22 S 3 W)V T 45 2R R ZEAE BAS [F)
PRI B B, HARSAE P O Rh A AR R] , A BFFE R
W], AM EL 3 518 ALY 2 A AHEARES 1) SL R AT
Al —J7 ZFEIE AR A IR 2 W0 55— 7 2RV 284k
(Sanders, 2004) , 7EFP 2K FWE B B 1) IE
I (Landis er al., 2004) . M ALY AR K UL,
H1 T AM E A KK B A B B2 52 18 T4
YR R IR0 ( Bever et al., 1996) , R, 15 ALY
FEPUEH AM H R S EZ RN ZE (Eom et al.,
2000) . AM E YIRS RIS B B2 S
WrBe 555 2,3,4 BrBoth b 22 55 5 3 78 B3 B 3
ENZERARE

AM HTE e LA O Y 2R —E
FERE ok HZ R (ISR, 2007) 5 KT, 7EAC
DA BRI i B oy, B — RS B Be 5 S e S e s
YER, 88 DA — A B B AM B 2R e
Hy EAEVIRETE IR 2R IS R Y RETE YR 24
PEIRGE AM EL 2R B — B Bl B4 i b
] Je e, 4 45 3 B ) A N VB AE L 3 28 [ L 11 fi
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