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HARMAME R | BRI AR AR AR |
W RSN IR R WL EITE AR S R Gk
AR BT AR R TR A AR SR A R BH A0 050 ) LA [l v
BB 72 AT EARZE RIS T TR0
P, (EE DO BRI R AR S A AR B3
REWHEARZERY T T0 IR TR R S A8 i AR AT
FAR T RE S USSR RS ARG 55, (EJR X
7 XU o i bR B % R 80 R S R 4
HIZER RIS RE O A KEBIBFSE, oM e B bR s
1o R HFORE 0 O e 2L R 7 245 ) 73 A X B AR U
OS5l . Tang 250 ] Biometric J7%:
X 2 K G ] AR ) 380 B B R A S R 4
NPP ZrBCAif s & B0, 76 NPP B A 4B oL T,
A Y T 1 2 XL o ) kb 0 T 1) 3t T 5 4
Y NPP HuAL Fii & FHH I L AR Z 15%. 7% 15
HERRG I HMRN NPP 543 2 T #5019
NPP 8 1E HeP, 302 75 0 26 A T T8 T % Al
PR TR MR A 2 v 2 ) 0 o I o B ) AR AR R 227
RHNE A 7 WG 2R R E R, bEE
BORIOIET, MR, BEEKLSSBT R
20T R 2 ARSI RS B T R S R £
FEPERUIAR L7 SR T a1 Sl i, AR5 e 4
Zo XH LR R AR RS R 1 AL TR R R
BT A MR RGOS, XHER TR
HATIESY , 45 A RHE LS A H ISR RS E B,
B 1E 38 7 A [RGB S R G AR R R
TE R =M N2, T I R L X AR bk A
T B R ) 5 RARAMAIE
1 ARMEERSEHRFE
1.1 BT

ARG T T ARA S A SR X (23°10'N,
112°34'E ) NZ=XUE S AR H AR 0 R 51 EAb T
3 PSR I B ARMOh A T, AR AL TR R

K 5 FEEAA( Pinus massoniana )FR( Pine forest, PF ),
TR B AT R R ACHK (Mixed forest, MF ) Fl17i
BRI g 1Y 2= XUH 2% [ AR ( Monsoon  evergreen
broadleaved forest, MEBF ), WF5TH0J&E T\ s 2= X
A, AP BIREN RN 1927 mm, Hod 75%50 4
fE3 A% 8 A, 12 A ZE KA 2 ALY 6%, 4F
SERIFARREE N 80%, AFFHIRIER 214 C, &
B0 A) FEiA (7 ) AR 51N
12.6 ‘CH128.0 CHI,

7 XU 2 i) I A T I B b P A g S R
HA MR EE J 2 rem s e Ay, Bfig2k
5 R IR G 2 RRE,, I 55 ) Rl R4 R
SRR (FRARZZ . ERZHEARZ), JFHHA
KA 2 IR, 767 XU S R bR S M L 1)
it b, 434 BRI R E R R AP, Hrfh
WA, M EHAEE %, WLl E R AA Pinus
massoniana ). E%E ( Castanopsis chinensis ). KAy
( Schima superba ) FFHMMITTA L2, ZLE 5K
( Craibiodendron kwangtungense ). i W J& 7% #:
( Cryptocarya concinna ) EHMPTTATZ, W5t
K #5( Litsea rotundifolia ). JUTI( Psychotria rubra ).,
B A (Ardisia quinquegona ) “FLAIHEAN)Z, VA
N BBISEL ( Gahnia tristis ) I KL A FA |
HARZ . DRIMREEAFXT R, TR, SR
WA RE, MK AEBEEIR ( Rhodomyrtus tomentosa ).
T=FH ( Dicranopteris linearis ) %5, 3 T EMAEHLAY
FAFRILE 1,
1.2 WARFE
121 REATALE

ARBFFET 2012 4F 6 H 5—6 HIHREE, SRFE
IFRIEREAE AR TN, BT R W ) A K R R R
MBI . TERA AR N FEHLIESE 5 M
RIHATRAE . N T ORISR BEDLYE , TERE e %

F1 ERNEFEAHHRSERT LM 3N HHREBHERER

Table 1  Site description of the three successional forest plots

it} PF

MF MEBF

FTHEY) LM BRI | 153 =G5 (Evodia
lepta ). Mk ( Mallotus paniculatus )

3 /m 50~200
i/a 70
w(EHEH LR ) (g-kg™) 20.09+2.35 a
w( LR ) (gke™) 0.30+0.04 a
w(T AR (g kg™ 0.15+£0.01 a
w( LA Ymg-kg ™) 16.16+1.06 a
w( A ) (mg kg™ 1.80+0.61 a

M. HESE ORfar HESE RS L B Gironniera subaequalis ).
Bk ( Syzygium acuminatissimum ). R

4& ( Aporusa yunnanensis )

200 250~300

70 >400
15.65+0.88 b 22.2444.09 a
0.27+£0.04 a 0.39+£0.05 b
0.22+0.01 b 0.19+0.02 ¢
19.35+2.82 b 20.99+£2.62 b
0.71£0.13 b 3.03£0.42 b

Frp LR ROL B A 5 YR P IEbRIEE . Al — AT AR TR FORFE M) 22 5% 3% (P<0.05), 1 PF. MF. MEBF Z3il{UaR LA

F SN Rl s i 3 L o S B
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AEEAN R IR . AR AR E R . AR . REen
ko MPEARSEREA AL, R H BRI Z A 2 m #EE
B8 AR 1E PAARAE ) AR X 45 SR A 52, [ I 5[]
MR IR B (KT 100 m ), REERTCIRIT %
ZHRRE 2, SRIFHERR 10 cm RS TER
FESEFEALRAE 3 44 0~20 cm T2 URES, (RS
EIAEE B R F S m), 4l 1 MEAFE. BEHTAE B
F/NTEET 2 mm IEARPY, BI7er kb, g
BIEMREE, MOREH ISR B, SRIG R RS
A 0.5 mm FLERRIFRUET, FRAFIHEEIIRAE, A
2 FAA @B/, T RARRI . o 118
Fefhad 2 mm FLRBARUET, ARKT, FFF 34
HWNERAT 75,
1.22 HARF RS ik

A 5K TR AR U5 A I S 1) DA AR 0 U A
TER AR TT IR, AU TR AR AR, AR
MR TR A2

FIH R, TEAETE TS SR BRAR I T
WRGEIE LN =, IEAIMEBIREAR,, Jol .
HMEE AR IEAERO R AR, T EA B AR Ericaceae )
122 BH Orchidaceae) /L, TRICART TR H AR
GEGTHLKN A R AN AR FIAAKE AR IR, ACHIF
AR WA RGN A AR R S AR . A
DA 5 R RR I O], 7 B RAE AT AR 2 R AR
A Hr A L, T AR AR R AR B AR B Y
Fefa], P40 % AR R 1 7 A R AR AR EAR 54 7
it (Ax1-7):

Nnon—mycorrhiza roots

Rnon—mycorrhiza = Neoar X 100%
total-roots

(1)
C . _ Nmycorrhiza roots x 100% ( 2 )
mycorrhlza - Ntotal-roots 0
N -
CECM=WX1OO% (3)
total-roots
N aMm-—
CAMZNAM—I‘OClthloo% (4)
total-roots
N -
RECM:IN:&X1OO% (5)
mycorrhiza-roots
N am-—
RAM — ~ AM .l"OOtS X 100% (6)
mycorrhiza-roots
/ﬂ\:qj ’ Ntotal—roots = Nnon-mycorrhiza roots +
Nmycorrhiza—roots ( 7 )

Nmycorrhiza—roots = NgcM-roots T NaM-roots
(8)
2 Ruon-mycorrhiza A1 Crnycorrhiza 73 M WFBEAR
FEARYAEE MR LIS R AR Qe &, 3/ ZHh
100%; Ceem Cam 73 M RRIME BRI L R ML

FHRRYR, & SRR LHIZ FI8 100%; Reewm
H R 43504 25 A TRAR RIS FRTAR o TR AR 174 EE
i, — 3 Z 1 100% o H T, Noon-mycorrhiza-roots » Nimycor-
thiza-tootss NECM-rootss Namrootss 7T B CFAEHAR | TH
HR . AME AR MG B AR AR B AR, B AR
Mo IR FRBRIE AR R R G R RAR 2

A AR i R IO TRTAR LR AT (B ik
W1.2.22), P20 g K3 &H F R EE
FHEE LEIREREATFEE, PERELES
REAE N AR IR O o
1.2.2.1 A AR FI A B AR A 0

AN ARG B BRRE R . B SRR LK,
FEGEFIEER R, REAHERZE, AR
TEAHRE . IR 53R BEARME Y AR R AESMI
ToIH B 2R, FEHE— R, BARSIRR . B
Seb e AREE R, VI 1 em ZEAT IR/ NER,
10 B BER B AR B T Stemi SV AW B F
AL EOE AME R AR R BE, A (3)
THEAMERR R YR, HUCKH T MARBIA 5%
f) KOH 1, 7E 90 CHIKIEH N 25 min?, s
JAET 2% HCI gk, 32 A 0.05% A7 %
Yl (750 300 g, FLER 250 mL, Hf 250 mL,
757K 300 mL, HEH*% (Trypan blue) 0.5 g) 1,
90 ‘Cm#k 30 min. PFifif5 HFLER-H (1: 1, ¥/V)
WG T, R B AR BEH S A
HT AXIOPLAN 2 Iminage 1F 37 %¢ 6 (55 T 554G,
JLEA MK (Arbuscule ) Flifu#E ( Vesicle ) Z5#ak
Horp 2z — AR B M R AR LR R G, 12k
1, BFWEEHK 0, GEit IAEERAR AR RAR R BEEL
BEHAR (1-2), (4-6) 43 HEAERAR Ho)
R G . IRERVR YL AN E TR G R AR T
A8 R AAASE B o PR AR ) A3
1222 TR E AT AR

$i FE ke Gerdemann i1 Nicolson!™ N 74 71 7 114
Jrids, SR FH SRR - A O - AR S Y (e k
EBUAT 3P 991, 76 Stemi SV A0 e i
T TSR AP TO0, AR IR TR AR D
R B EAAT, HER AL A B EAT, ie%
20 g W H EARE A T RECE (FETFRIE 14
LT,
1223 FdEgit 504

FHEARZE 253087 ( One-way ANOVA ) X} ZR#k
V) B R AR S . A TR AR A B AR L1 LA K BT AR
HEMTEEEHITHE ., H Pearson HHKEREK:
55 AR IR S VR SR bR A e . TR IS
B SAS 8.0 SE i
2 H#REHH
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21 AREEMBEFRRESREEERAR
AR LSRR, T RIERR), THK
AR AR RS B 3 DERMAES RS 0~20
cm HHEZ HOREE R AL R 2B RIR R A
- AR, BOVEAREAIR (& 1), 5
FEARAR B TR SR 25 XU 2 ol I AT R ) 28

) R AR LR (66.9£14.1)% | (68.4+12.9)%

1(66.0£9N% , H£AEBZRGEH PR AL H
(P>0.05, E 1), &ML, £HRMESREHR
(IZRTUL JY, E HA AR N 25 5. T RS AR I TRTAR
IR £, 5 AR BB 1 (78.3+11.3)%, J&
HMEBERRI 3.6 £, SHEMMAER, £ RES
MR AME TR G X0, IERARA >, =
F L5392 (75.9414.4)%F1(24.1+14.4) %, Z= X,
B LR AR PR SSHY BE AR EL A 2, AR B AR
DA BE TR AR 3 ) 7 TR AR R B (59.3+40.4)% FI
(40.7£40.4)% (1),

100
T
60 }

T
} vzzz2 Non-mycorrhizae
‘ == AM

B ECM

40

20 1

Percentage of root types / %

0

PF MF MEBF

P ep RS BRARAE S R GERO AR XS R AR AR AR AR, b AR 3L
I CBERFIAMERIAR , PR i 2 SR AR N 4L 53 i
FE, RELFIRIRIER, n=5

1 FREFEAHHRERT LN S IMRRESRELEPH
ERFIRAM (0~20cm)
Fig. 1 Mycorrhizae resource in 0-20 cm soil collected from three succes-

sional subtropical forests

ANRFRMAE S R G RR P A HE R B R AT %
JEAE— R RE R I S T 92 2R 8 N T A 1) TR AR W U
TS, ASFFEXT 0~20 cm I3 2 1 AR B 1A 46 1%
JESEAT M B, AT 3 1 T R AAARIT R AR
B TR B, k(2 9254839) 20 g T4,
A3 BT REI TR AR 28 JRUH SR AR 2.5 £
2 1%, PR RS R G T AR LR T A

4000

3500 o pp ., .
3 ° MF
2 3000 vy MEBF .
—
=
o0 2500 -
=3
N
8 2000 t
§ Vv °
S 1500 .
w1 v 0o
1000 °
o
v
500 : : : :
0 20 40 60 80 100

Mycorrhizal root colonization / %
SO B SR D AR (PF), 250 B A ARERET R R S Ak
(MF), SuL=MIBREFRE S (MEBF ).
2 FREFIFHWERE R LA 3 MEEMBRNBENRESRSEHN
HiIREEMFZEESEIREELENXER (0~20cm)
Fig.2 Correlation between mycorrhizal fungal spore density and mycor-

rhizal root colonization ratio in the three successional forests

KB, 4Rk (11824295) 420 ¢ T+ A
(1448+464)1>20 ¢ T+, HREEATHE 55
FMAERRER RN AMRAR YR Z B AT B 3
FHOCHE (& 2), ULBAWAE AR B IR 2 /0 IF AN BE
P e IR 20,
22 ABRGZHMESEREFIFENXR

R KRR 2R — e FAES R
gt rete A = e el BV S EAE
TR P A 45 S TRAR B IR A E S T 08, AR
[F)E BE AR AE S R G R AR 2R 25 S i i [
221 AHHAF S HEERARER

bt 222 BRI 5 ) MR T HEA | &
ARIZFENAEN T, WFEHER, PP
XA o W N T G, ZHRMAETREIKRT
JERERK B, A RGN R KRB T
Bl TR IR R 1 L D A 1 R, B E)
HEIW 25 F, JFHBR T HEM . BEE . Ktz
( Eucalyptus robusta ) “&/VEIMNE GARFEY b, 46K
R IEHE ML RRAEY) , N 4= AR ( Cratoxylum
cochinchinense ). “EM#5 ( Ficus variolosa ), ILIXSH
(Litsea cubeba ) 55 (3% 2 ), WA, MRNEZHILTT
( Psychotria rubra ), KWEAE ( Eurya chinensis ) S5t
AP BT A A B AR A o

x2 FREZEMWEE R LM 3 IMHRRESEEFANENPRIMERREY 5 MR EREWHERFFHE

Table 2 Numbers of species, individuals, mean diameter at breast height ( DBH ) and mean height of ectomycorrhizal plants

and arbuscular mycorrhizal plants in the three successional forests

— SRS R
T ORKR BUMBRhm?Y)  OFHMfem  OFBREM O RUR BOE(Bhm®)  OFHR9f/em PR /m
PF 3 380 21.0+8.70 6.7£2.53 21 3065 3.0+1.90 3.8+1.57
MF 6 687 16.1£9.80 9.7+£3.85 41 2285 4.6+£5.36 4.8+3.46
MEBF 10 461 10.7x£15.3 7.8+5.85 57 4597 3.2+4.10 4.242.65
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R P A B R IR AR T R S R AR )
7 Ry o T AR )RR R BT AL R
Z&. M4 2010 4F 1 hm FEHE A OEHES T, SME
BARAE A S 0 MAECl 566 R, MR N 15.5
cm, FIIWE 9.3 m, DEMKIEECH 99 ¥k, F
PiE R 22.6 cm, FHEIRE 13.1 m, BFITRAS
W TREETUZ , HERBZ . MAMREUE R T,
JUAE AR RARAH P 7 I R AR A3 (76%
FANAHR R T NBLEARAE D) ), (EJEBR A (FhEE
W 556 Bk -hm™' SRR 10.5 em, FR T 8.9 m)
PIAN, HAFMEREASMABFIR RN (£ 2), HTEK
TRARXT TR T KA . AR R AEXS &k, FrE
KRR A T A K 7 SR L AR R e R T g
BoEr, M FEOZSMA S RSP AR EA R -
IS AR A 32

7o WU 3 [ AR A R AR 22 T T AR TR AR
Y, BUUNEARE, MBS ESREL, A4
Wi, BINERE (Aidia canthioides ) WML
ik 1145 Bf-hm™, SERMARAL 1.9 cm, %SRS
Hr LR 4 A TR AR A Fh AT R D, (AT L
Witk KGR (Syzygium rehderianum ) %5 10 F
FEY, FORERS BEARXTRAG . SR, X EEAPE AR AE
YA R TREE R RO, AMARE R, g,
HAPBERS EE(L R 20 MR-hm', (HSEYH0453k 43 om,
SRR 12,9 mo B REAIZI R AR B TR AR
9 (MRS T 5~10 ecm) PIPEEFIEE, AMABUE N
100~150 Fk-hm™ . [RIH, 2KV 8% Rl AR 30 A

80

R ARAE Y AEAP ISR b X, msMER
ALY BARFI D, Bt AL, (A
MR, EHBEEN ML RS . LR
FERFP (3 2), PIRSSIL A EARAE Y AL A A5
Al RESEIZ AR AE S RS 0~20 cm +358)Z2 A0 /M B AR
IR LA S 1 R P 22—
2202 BELEMEEHARER

AR, BRSSO TR ARAT 2 1)
AL E PE RPN — ik, A R
AR /INTR AR 22 o IS AR AR A 2 A A AR
T Z A ERERITEAR o A5 53 51 FH 22 RUH 2%
FEIEAR 3 AN B AR S RS AR L AR
HAMYINERE (£ 3) ENREESHMNTENR, 7
BT HETS A he 22 575 B ARSI W e = A= 52 o 45
KW, JAEHEE A S AR R AR R IR B 5
T2 B A OGO, (EREARFIREA 2% 55h

#3 FEREZEAMHEERT LS 3NMFERESRETA.
EARMERRENEY I ER R MEEE
Table 3 Numbers of species and individuals of plants in tree layer,

shrub layer, and grass layer in the three successional forests

FIZIN YR/ -hm ™) AR /RON FE
KM ARz BAZ WA R AR AR RiRRE

PF 24 26 30 48 35+13 2249 20+12
MF 48 31 25 70 30+£10 11£10 10+7
MEBF 88 57 50 169  56+23  34+14 12+7

STRAZFE TN 100 m®, AR REN Y 25 m?, *+*
B JERFET TR 4 m®, R B 0 T 2010 425 WL R A AT
AGORL

ok @ r=-0.03065, p=0.9805 b

60 -
50 -
40 - |

20

Emycorrhizal root colonization/ %

10

r=-0.34002, p=0.7791 c

by

=-0.98350, p=0.1158

—
y——

11

30 - (
0
0 g =-0.02113, p=0.9865 e

60
50 -
40 -

30 -

Arbuscular mycorrhizal root colonization/ %

=0.29089, p=0.8121 f

+ﬁ,

=0.99155, p=0.0828

g+

P T A
or + + }—%
R ® PF
10 - O MF
¥ MEBF
0 b | | P ) | | | | P | | P B | | |
20 30 40 50 60 70 80 10 20 30 40 50 5 10 15 20 25 30 35

Tree density/(individuals - 100 m'z)

Shrub density/(individuals - 25 m?)

Grass density/(individuals - 4 m?)

M a~c FARIMERMRRPRGHIAN)Z . ARZ . EAZHEYERENLR; df FoRMMIBEHRE R SR SNCR . BIPENEUERA N 5
AEENTHIME, REL WL, MR 5 PESITE P, Eb &2 e W 3

Bl 3 ZEREZAMHESE R LM 3 M HRRESRENEEEM SN EERMALERERENEXES N

Fig.3 Correlation between characteristics of community structure and two types of mycorrhizal colonization in the three successional forests
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A MR G R IR — B A (] 3 bee ),
5B EARAR YRR IEA G (K] 3e~f), TH
A P (A R 5 A AR AR Y 2R AR R AR AR
YORMXRE N, 45677, . 552K
IR (3% 3), AN R, H RS = i
AR AR R AN A BRI L RS
AR AR AR Y A v 1Y R 2 — o R TR A AR
BARMBEAR | BAR)ZBEE—EBE L 230xk
MR B AR 28 LA AE BRAR SR o 28 KUK 2% i A
A X 588 1R 14 % A RN A 4 % B DL R A % ) b
FEE (F 3) FEOZRZ WA AL AR H B
FHI
223 BEMARLEANRALATRTEE

0~20 em - 38)Z TR L6 2 B S YY)
FhECR Z RIS T2 L R B A, (H5RE
A, JUHOE R A YA 1) 2/ DA 2 1 IE
FHEME (I 4 ), TE A Z A% B AR = 1
AP ) TR L TR A28 B e, T B AR S22 28 B AR XS
ARG B T o I TR S M R R L TR 1% 96 - %8 R R AH
MG, FIRZEFREH, 0~20 cm HIEE R HAHEE
WL FITREZ AR T ST HA | WARZHEYITE A
PR A R Y LR
23 TEEHSERFEMXR

R T RIS R By BERR M AR S R G - 1R
ARG PR GEUR AT 687 A B, AHF 5T e B[R]
HAER) 0~20 cm HIEZR LA PR . 2R . &
{7aEs (SN w513 U O =t AIB B O 15 S AT 7
of A 39 7 3 PR A X AT AR % U5 R AR L TR %
M, 53R, HIEAVUR 2R & BN &K
X PR AR SRR 25 BE X TC A . sl ( (8] 5 a~F ),
R L3k & 8 5 AR 3R 2 R — 2 1A
Kett, Hrp, LS 8 5I/ME R YR T

HIERIMIER R, 15 L B AR AR YL 2 R AR LT
R R A AR (F S5 g~i)s
3 itig
31 EFAXERE RN

KBV CIUEH, WRAEFRMESRGE K
HEEBWNIE, BBy A K AT M
HEOBL B R, ERE T S HE Y
Z[B) Bl - 57 43 38 4 5 R 32 30 L TR RIARL 490 R ] 42 ol
I EAE G B, 2+ ISRk PR R, Al
VIR R W — G A e DRI A
KA e . Bsamnl™Y AL il, HiR
FE ] DO R A K TR 1Y 80% IR, Mk
T5% B, AR A S R G B HAR (K NPP
JUNPP () 1~21%, BEZ 0 308 Kiers 421
XU EEHIEER, AT LA X R A S RS T
AR F AR EFE T NPP 5555077 K UE Lo A<
RS S B 70 RUHE o o] I R JERR 2R 97 L R b
T T0% M ANARAR 2 AR AL AR, SRR R FT
HEMR AR TR R G4 J10)75K . Tang
Aot 25 X 2 VKR T R AR I ST 26 B, 7
T NPP B ARG OL T, AT T ) 23 A
B AR MK 60%0AY NPP LS T H T34y,
AL 3 A B 2 RS AR R 34> NPP 5 R 4E
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Fig. 4 Relationship between mycorrhizal fungal spore density and plant community structure in the three successional forests
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Fig. 5 Correlations between mycorrhizae resource and soil nutrient status in the three successional forests

SR FRMAEZS R G EARACAAR B9 FL A Y, [
PRSI AN 22 K, TR S AR N
F, M RE SRR AR B B AR 5 A B AR H )
MY, WESTE, oM ERERE S AR
BRI AR R 228, AN 22 &L
TR 22 S B A M AR, DRI, T b
75 RV o o] I ROREL X6 2 1 1 /A B AR 481 T R
P T 35> NPP #AH 24—#R 4>
3.2 EESHMMEREZENZI

T A SR AN X B AR 22 P B AT 5 4 T 3
P AEYIREE W 22 REPE RN ZH A L B A 5 25 A6 o oA

YRl S Ol N N T/ Phe SO}
PR B AT HAAR ) 0 287 48, (R,
RSP AR FI A AR DI RESHE R AR AN ]
HR O BORM A S R A E RTINS REZ IR
KA.

Th EAMRAY AR SR AR 3=, 1 ST
FARBAFAEZE S, HIEPIER TARFZIER)Z 1 (20
cm IR ) BYREMRZERILIAL, i (R HET S50 A 1
SR RBUT AR BRI . o RAMR A B Y
FAAHY IR BB Y REAZ B E (R 3 ), M
RORMY) 2 MR, AR, AR



736

SIS 22 B SWI(20134E5 )

PR AR 4 i %) Z2 A0 R 28 5 S8 B R AR ) A 2
fRs s it o, oAt , TR AR LIRSS
HAYERFA . B ERIC (F 1, KS), XFh
TOUAH T o AR & U217 A R T AR R
FR PR G A W AR R AR, A
24 M3 ] B R ) P B AR R S e 4 At A P,
Rk, FEARBEIAR1E T, AR R A0 s s i
AEA AL DA T MR 7 22 2 I At 77 B g L %
Rl R MM R IR S BEE N S S . HE
SRS A A TR RS AT ) FE A U ) P 2H B 1) e % I 3
HX, WHZRGEH TR . FARZ XRG4
ALY (3R 3) BOREIE S5 AT 4. Ak
TR TR LR MR, BEE45H
FIFREE AR S5 AR 2%, IR, AMEfEREIZ S
R0 AR A A L IF A S I —Fh AR o e
TGS, TP R RAR LLEIAE > (&1 1 ). 55
A, B TEAIA G R IR 22 IR AR E B 1Y
ZREPEREAMIB I XE NN, 116§ BRI AR
W2 RS 13 A E T — 15, R L
PAAR ELRRONT T A e BN QS AR TR AR TR
A7 R 22 XU SR R ARV I 5 2, ARG
W, X AR T RE B T3 285 L am oy, B4,
AR RGN AR B 2R I & F e A
HE MBI HRMES RS

AR ZREVERR T SZAH Y 2 FEPE FURE IS 45 10 1)
SN2 Ah, (E—E R FAAZ 3 3 Rt
AIA TR AR L TR R - A LTk 7 A i A il
S (R A B L B T A L
PEWR R, AU SR AU TE—E
PR bR AR B = A i P e
AWK ( Pinus contorta ) WSS HUERH 1 HE
FRRARAME AR ELR R R e A w0 3o
PR TR AR L B A ST R B T 382 G ML
PR WSRO S RO R R AR B AP A A A
ARSI AN 25 220007 i A 6 A B o S P it ) e o
MR Glomus sinuosum F Glomus intra-
radices WA KRG PE ™= 4= W& 152, IKBEK
SEYEIN B BIARAR SN R 2225 BE i v e A 41 i AA
FETRAR LR A K AaRE M, A R AR RN,
AU ABFFERT HIEA LR . R B S S mis
KAV IR YRR T2 E T8 (K 5) &
M, AR S R S AR IR 2 I —E A G
P, 56 BIHERIR IR S 25, AT
Ly AR AR B R AR AR X e, = A K
i, MZZHMR AR BB —
BE EAPHAMERAR B R &, T, SR
ARE PRI AR B PR AT B s = T LB AR (T 2 )0

WA AR ALY T B A A R ) X s
R, ZMEFRREFE A BER L R BR G A5 T
R aT R REN, T R R SRR A R
i (R 1) ATBERIZAMA B RGAME HFH R Y
FREIREZ —
4 g

75 A H 2 ) I RS [R) 3 RS B Be R AR S R 5
PRI AR B = R, (HAE A BRI RIS
TER RIS X2 77 TR L fE rh A )
PR . BETRSSH . AR DL R IR AR L 5
M, AELAS [R]85S o B AR AR B AR IS TR A s i R AN TF]
TR A AR MR B B AR B AR 5 P 35 A7 i AR
MEA R FD=E & AR O P s i ;. Ji R
I FRAR B S AR AR o P 32 i i U A AR TR AR
TR NS5 L ) e XA A s il 5 7o fe 4
TR 25 R e A0 A= AR RN AR B AR JL ] 5 34 5
PRI EEE . RS R B,

Sk

[1] SMITH S E, READ D J. Mycorrhizal symbiosis[M]. 3 rd ed. London:
Academic Press. 2008: 13-611.

[2] BRUNDRETT M C. Mycorrhizal associations and other means of
nutrition of vascular plants: understanding the global diversity of host
plants by resolving conflicting information and developing reliable
means of diagnosis[J]. Plant and Soil, 2009, 320(1-2): 37-77.

[3] KIERS E T, DUHAMEL M, BEESETTY Y, et al. Reciprocal rewards
stabilize cooperation in the mycorrhizal symbiosis[J]. Science, 2011,
333(6044): 880-882.

[4] SMITHF A, GRACE E J, SMITH S E. More than a carbon economy:
nutrient trade and ecological sustainability in facultative arbuscular
mycorrhizal symbioses[J]. New Phytologist, 2009, 182(2): 347-358.

[5] SMITH S E, FACELLI E, POPE S, et al. Plant performance in stress-
ful environments: interpreting new and established knowledge of the
roles of arbuscular mycorrhizas[J]. Plant and Soil, 2010, 326(1-2):
3-20.

[6] READ D J, PEREZ-MORENO J. Mycorrhizas and nutrient cycling in
ecosystems - a journey towards relevance?[J] New Phytologist, 2003,
157(3): 475-492.

[7]1 RILLIG M C. Arbuscular mycorrhizae and terrestrial ecosystem pro-
cesses[J]. Ecology Letters, 2004, 7(8): 740-754.

[8] TALBOT J M, ALLISON S D, TRESEDER K K. Decomposers in
disguise: mycorrhizal fungi as regulators of soil C dynamics in eco-
systems under global change[J]. Functional Ecology, 2008, 22(6):
955-963.

[9] VAN DER HEIJDEN M G A, BARDGETT R D, VAN STRAALEN N
M. The unseen majority: soil microbes as drivers of plant diversity and
productivity in terrestrial ecosystems[J]. Ecology Letters, 2008, 11(3):
296-310.

[10] ORWIN K H, KIRSCHBAUM M U F, ST JOHN M G, et al. Organic



IRFEAEAE 2 U SR AR RO R AR BT IR B S R AR G 2R 737

nutrient uptake by mycorrhizal fungi enhances ecosystem carbon stor-
age: a model-based assessment[J]. Ecology Letters, 2011, 14(5):
493-502.

[11] SRR, HAEA. WREENBREIER IR e
iz, 2013, 40(1): 158-171.

[12] ALLEN E B, ALLEN M F, HELM D J, et al. Patterns and regulation of
mycorrhizal plant and fungal diversity[J]. Plant and Soil, 1995, 170(1):
47-62.

[13] VAN DER HEIJDEN M G A, KLIRONOMOS J N, URSIC M, et al.
Mycorrhizal fungal diversity determines plant biodiversity, ecosystem
variability and productivity[J]. Nature, 1998, 396(6706): 69-72.

[14] HARTNETT D C, WILSON G W T. Mycorrhizae influence plant
community structure and diversity in tallgrass prairie[J]. Ecology,
1999, 80(4): 1187-1195.

[15] EOM A H, HARTNETT D C, WILSON G W T. Host plant species
effects on arbuscular mycorrhizal fungal communities in tallgrass prai-
rie[J]. Oecologia, 2000, 122(3):435-444.

[16] BURROWS R L, PFLEGER F L. Arbuscular mycorrhizal fungi re-
spond to increasing plant diversity[J]. Canadian Journal of Bota-
ny-Revue Canadienne De Botanique, 2002, 80(2): 120-130.

[17] KERNAGHAN G. Mycorrhizal diversity: cause and effect [J]? Pedobi-
ologia, 2005, 49(6): 511-520.

[18] JOHNSON D, IDO M, GENNEY D R, et al. How do plants regulate
the function, community structure, and diversity of mycorrhizal fun-
gi[J]? Journal of Experimental Botany, 2005, 56(417): 1751-1760.

[19] TESTE F P, LIEFFERS V J, STRELKOV S E. Ectomycorrhizal com-
munity responses to intensive forest management: thinning alters im-
pacts of fertilization[J]. Plant and Soil, 2012, 360(1-2): 333-347.

[20] AJRTE, XUFEMS, FAb, 45 WARSERIN B ARIGE )
ISEM[T]. AR BE 244, 2012, 21(3): 404-408.

[21] RAESE, X%, HEM, S )P LA RS REAMER
HRATE L. 25217, 2006, 26(12): 4171-4178.

[22] F5#%, DAMODARAN P N, ¥ PEUURIAHA A B MBS TR
R[], AR, 2006, 26(12): 4179-4185.

[23] BEKZE, Efh, ERIT. PR EEAZIMERR B
Loy T H5E[T]. Mol R, 2011, 47(6): 108-113.

[24] ZFZRBE ST —SE R 04 AR I8 22 [C// i B 22 B 3 1L FR bk
AEBRGUENIIIEE, PR RMES RGEVISE. 6. dtat: B
2 AL, 1990: 37-40.

[25] TANG X L, WANG Y P, ZHOU G Y, et al. Different patterns of eco-
system carbon accumulation between a young and an old-growth sub-
tropical forest in Southern China[J]. Plant Ecology, 2011,
212(8):1385-1395.

[26] HOBBIE E A. Carbon allocation to ectomycorrhizal fungi correlates
with belowground allocation in culture studies[J]. Ecology, 2006,
87(3):563-569.

[27] #L R, LR, T, S SR ERITSE ). B3
4R, 2000, 20(2): 193-198.

[28] BREWL, FEAES. SBILAYSURICY/ P R B Ak L AR AR AE S
RGUEMATIEE. P WP RS RGN, 1. 70 Blagd
LR T A4, 1982: 11-16.

[29] FLEEIRE, MOT8E, BB R, 5. 540 LR LB R St i bR E AL
5% (1) HERE, TSR ESTRERRE 240 Ak B O X S b /22 1) BTk [C Y/
b R B SN LR AE S R G e RS, b R B L
EIRH AR X AE IR, Aty W R AE S R G 5. dbat:
KGR NRAL, 1998: 1-6.

w0, I, AT, S b RS A R RO A R Y A RN
B[], M A2, 1998, 22(3): 245-249.

[311 GUO D L, MITCHELL R J, HENDRICKS T J. Fine root branch orders

[30

respond differentially to carbon source-sink manipulations in a long-
leaf pine forest[J]. Oecologia, 2004, 140(3): 450-457.

[32] PHILLIPS J M, HAYMAN D S. Improved procedures for clearing

roots and staining parasitic and vesicular-arbuscular mycorrhizal fungi
for rapid assessment of infection[J]. Transactions of the British Myco-
logical Society, 1970, 55(1): 158-161.

[33] GERDEMANN J W, NICOLSON T H. Spores of mycorrhizal Endo-
gone species extracted from soil by wet sieving and decanting[J].
Transactions of the British Mycological Society, 1963, 46(2): 235-244.

[34] ALMEIDA R T, SCHENCK N C. A revision of the genus Sclerocystis
(Glomaceae, Glomales)[J]. Mycologia, 1990, 82(6):703-714.

[35] SCHENCK N C, PEREZ Y. Manual for the identification of VA my-

corrhizal fungi[M]. 3 rd ed. Gainesville: Synergistic Publications, 1990:

7-36.

FLEDHE, BEVLEA. ATt il il = AR R S A2 ma (]

AGHT TP AR 47, 2002, 10(3): 193-200.

[37] VITOUSEK P M, SANFORD R L. Nutrient cycling in moist tropical

[36

forest[J]. Annual Review of Ecology and Systematics, 1986,
17:137-167.
[38] CHAPIN F S, MATSON P A, MOONEY H A. Principles of terrestrial
ecosystem ecology[M]. New York: Springer-Verlag, 2002: 11-13.
[39] SMITH T F. The effect of season and crop rotation on the abundance of
spores of vesicular-arbuscular (V-A) mycorrhizal endophytes[J]. Plant
and Soil, 1980, 57(2/3): 475-479.
IR, EWEIR, PRI %5 ARSHERETY AM HRAFERS
MR RIPLAILT]. Bk, 2011, 20(1): 214-221.
[41] READ D J, LEAKE J R, PEREZ-MORENO J. Mycorrhizal fungi as

[40

drivers of ecosystem processes in heathland and boreal forest bi-
omes[J]. Canadian Journal of Botany-Revue Canadienne De Botanique,
2004, 82(8):1243-1263.

[42] COLPAERT J V, VAN TICHELEN K K. Decomposition, nitrogen and
phosphorus mineralization from beech leaf litter colonized by ecto-
mycorrhizal or litter-decomposing Basidiomycetes[J]. New Phytologist,
1996, 134(1):123-132.

[43] RUHLING A, TYLER G. Soil factors influencing the distribution of
macrofungi in oak forests of southern Sweden[J]. Holarctic Ecology,
1990, 13(1):11-18.

[44] HANSEN P A. Prediction of macrofungal occurrence in Swedish beech
forests from soil and litter variable models[J]. Vegetatio, 1988,
78(1-2):31-44.

[45] KERNAGHAN G, HARPER K A. Community structure of ectomy-
corrhizal fungi across an alpine/subalpine ecotone[J]. Ecography, 2001,
24(2):181-188.

[46] TiGHE, THIE, FAUE, 5. HPREEFRIROUNT AR AR B R K
BACHTHARRIRE]. W RSE, 2003, 22(4): 589-598.



738 SIS 22 B SWI(20134E5 )

Mycorrhizae respond to plant diversity in monsoon evergreen broadleaved
forest succession choronsequence

ZHENG Keju"?, TANG Xuli'*, ZHANG Jing" %, HAN Tianfeng’
1. South China Botanical Garden, Chinese Academy of Sciences, Guangzhou 510650, China;

2. University of Chinese Academy of Sciences, Beijing 100049, China; 3. South China Agricultureal University, Guangzhou 510642, China

Abstract: Plant species diversity, community structure, productivity and edaphic factors varied significantly with forest succession,
these variations may influence the diversity of mycorrhizae. To understand how forest structure and function impact on mycorrhizae
at ecosystem level, three subtropical forests were chosen along a forest succession series in South China to investigate mycorrhizae,
ectomycorrhizae ( ECM ), arbuscular mycorrhizae ( AM ), and mycorrhizal fungal spores in the top soil ( 0-20 cm depth ). Potential
influences of forest structure on mycorrhizae were analyzed based on field census together with plant diversity and soil nutrients. The
results showed that nearly 70% of fine roots less than 2 mm diameter in the top soil of each forest were colonized by mycorrhizal
fungi, but dominate mycorrhizae types varied significantly in the three successional forests. AM accounted for 78% of total mycor-
rhizae in the pine forest at early successional stage, ECM contributed to 75% of mycorrhizae in the mixed forest at middle succes-
sional stage, and AM and ECM contributed equivalently to total mycorrhizae in the monsoon evergreen broadleaved forest at late
succession stage. Mycorrhizal fungal spore density was highest in the pine forest (2 925 spores per 20 g dry soil), which was 2.5 and
2 times of those in the mixed forest and monsoon evergreen broadleaved forest, respectively. We found that the difference of mycor-
rhizae composition was associated with plant diversity, community structure and soil nutrient condition in successional forests. Spe-
cies-rich and individual high density of grass plants and poor soil nutrient level in the pine forest may result in relatively high propor-
tion of AM in the pine forest. Mycorrhizae were dominated by ECM resulting from the dominance of ECM plant in the mixed forest.
Abundant plant species and complex community structure in the monsoon evergreen broadleaved forest contributed AM and ECM to
equal distribution in the forest. These results suggest that mycorrhizae diversity changed with forest succession as a result of changes
in plant diversity, community structure as well as soil nutrient condition, and the reasons varied at different successional stages.

Key words: mycorrhizae; succession; diversity; forest; monsoon broadleaved forest



