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BERAL R 2.64 1%, 2.06 15H0 1.76 45, 2kkE Cd &35 5078 pg k™, BEFE T AEEXIE (1745 pgtk™ ). MR
KRR, R AM2 JRRRAIR T RS REL, I 2 Cd EEAERR N, TS/ XK % . Hefh AM ELEI I T AM
FL# PLFA EWr, (HERAE TS Lo A0  FIECI PLFA fEWar. A AP R AM A N BRI &R
( Glomus ), ZEBR#ERHF (Paraglomus ) FIRHEFFF} ( Archaeospora ). FRZEEFFRG B AM EEM 55%L F, B4&H SEAR
BRI FZRIAPFIRE . Hefh AM2 SRR F R B ERN, dxT R 61.8% FFHE 77.4%, {0 AM I MBRZ R 5 B
MR R FRE, 4R AMI JE28BRBERGFLF R R ERN, dxt IR 13.1% FH 2 17.8%, (AR E 2. £l
YA Cd Al AM ECRAERN AT LIPS G M SIE AR PR AM B RIS S5 . BURTI T, $5FP AM B (BEVUBREE ) fiE
PR M STEAR I E SR Cd s RMBERCR, HRGBEERTY i Cd i5 3 Tt B i VG

KPR MREIRER; £ oNIEA; MYBE,; #; HiSeq T

HESES: S1543 XERERS: A

Impacts of Arbuscular Mycorrhizal Fungus Enhancing Abelia grandiflora
‘Francis Mason’ Cd Uptake on Rhizospheric Fungal Communities

LIU Chen, GUO Bin, LIN Yicheng, FU Qinglin®, LI Ningyu

(Institute of Environment, Resource, Soil and Fertilizer, Zhejiang Academy of Agricultural Sciences, Hangzhou 310021, China)

* E RKE SR THRITE (2017YFD0800900 ) FIHTITA H AR EIE4T H (LQ16D010007 ) %) Supported by the National Key Research
and Development Program of China ( No. 2017YFD0800900 ) and the Zhejiang Provincial Natural Science Foundation of China ( No.
LQ16D010007 )

+ MIRAE#H Corresponding author, E-mail: fuql161@aliyun.com
fEFE SIS X B (1984—), 2, WS A, Tt ByEWETE 0, ERONEE LR A4 8 5 T BT ST . Tel: 0571-86409638; E-mail:

liuchen@zaas.ac.cn
Wk A5 2019-11-09; Y E B kR A 4. 2020-02-08; P45 E & AM (www.cnkinet): 2020-04-01

http://pedologica.issas.ac.cn



4

496 + e il 58 &

Abstract:  Objective As a pollutant element generated from industrial and agricultural activities, cadmium (Cd) has become an
intensifying environmental problem throughout the world. In order to investigate effects of arbuscular mycorrhizal fungi (AMF)
on green seedling Cd uptake, a pot experiment was conducted. Method A total of twelve species of green seedlings were
planted in the Cd-contaminated pots, separately, with or without AMF inoculation. Particular attention was given to the seedlings
of A. grandiflora. Effects of inoculation with AMF on population of the microbes and AMF community structure in the
rhizosphere of A. grandiflora were analyzed using the PLFA and Hiseq techniques. Result After six months, the twelve species
of seedlings ranged from 0.25 to 2.59 mg-kg™' in leaf Cd concentration, and exhibited an order, excluding Ligustrum japonicum
‘Howardii’ and Eurya emarginata (Thunb.) Makino, of Camellia sasanqua Thunb. < Osmanthus fragrans](Thunb.) Lour <
Ligustrum quihoui < Ligustrum sinense ‘Variegatum’ < Elaeagnus pungens var. varlegata Rehd. < Distylium buxifolium < Weigela
florida cv. Red Prince < Photinia x fraseri Dress < Abelia grandiflora ‘Francis Mason’ < Weigela florida cv. Variegata. The
group inoculated with AMF was obviously higher than their respective ones in the control group without AMF inoculation in leaf
Cd concentration. Compared with the control of the same plant, 4. grandiflora inoculated with AM2 (Glomus mosseae,
BGCAMO00164) was 147.85% higher in leaf Cd concentration, so A. grandiflora was designated for investigation in ongoing
researches. Twelve months after inoculation with AM2, the plant had Cd concentration in its root, stem and leaf increased up to
164.7,22.86 and 10.57 mg-kg ™', or 2.64, 2.06 and 1.76 times as high as that in the control, making up a total of 5 078 pg-plant
higher than that of the control, which is only 1 745 pg-plant™'. Apparently AM2 reduced the translocation factor and fixed more
Cd in the root, thus mitigating Cd damage to the plant. The inoculation of AMF increased PLFA biomass of the AMF, but reduced
that of the bacteria and fungi in rhizosphere soil. Glomus, Paraglomus and Archaeospora were the phyla of fungi relatively high in
richness in all the samples. Glomus accounted for 55% of the total fungal population, and hence the chief dominant group in the
rhizosphere of A.grandiflora. In treatments AM2, Glomus increased significantly from 61.8% to 77.4%, while the AMF
community, as a whole, decreased in diversity and richness in the rhizosphere soil, whereas in treatments AM1, Paraglomus
increased from 13.1% to 17.8%, but Glomus did not change much. Principal component analysis shows that the AMF community
was altered by Cd contamination and AMF inoculation in the rhizosphere of A4.grandiflora. Conclusion Generally speaking,
inoculation with Glomus mosseae may improve the efficiency of 4. grandiflora phytoremedying Cd contaminated soils. This type
of combined remediation technology can expand the scope of phytoremediation of Cd contaminated soils.

Key words: Arbuscular mycorrhizal fungus (AMF); Abelia grandiflora ‘Francis Mason’; Phytoremediation; Cadmium; HiSeq

sequencing

2014 47 (& E 55 JeR A AR ) B, WM, M Glomus versiforme J5, JEZEH |

FE L Cd 153 S R RIER] 7.0 %, EFE
BRI Z —, TCEZWEY R RS, A
PREEEREN 1, 36 Cd T IR T AR Z
HrhtaWieE BA LR/ ifitE . A=
UG YL, 2 — ML Se % IR B A A B &
HAPL,

MAHE MR ( Arbuscular mycorrhizae, AM ) ELE
B AERRG H—ME A B AR R ARAEY
Rtk Y SR AR ARk, R - TR AR B
BT LB BRI — T TR
WRERXEW G E A BEmeE N, v LU S
My bR 4 R B iz s AR DL R AR AR &
[R5 /E A Liu 2598 45 5 R, 78 50 mgkg ' Cd

22 Cd SR 61%F1 74%, 5 —J7 1 Al 42
FHAT 4 X6} 4 T A (AT DL R AR T A I B i B
it 52 SE#, $e A T A R V5 YL R R I A AR e )
Kk, ok A P06 52 7 A Al B AL R ). Chen
ORI, HERD AM ELH S A LA R HMAS3 ()
Fik, BHEZM Cd BEERET, Ml Cd
AR ) RS Li S50V B AM BT i i AR
JKFE Cd AAIE AR AN /A, (KA M L3R A0
MRARB Cd e B W EFRAL, N3 sRKFEHT Cd U RE
Jio AN, AM BB A RS SE H e] LR E
Ry Cd, AR od SN, AM BREEH
ROREET AM HFEFSE . YIRS . EEmk
JE R A e A Y M e TR - AR S A
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IRIAE Y R EAE P T ROARMY), 3%, REgn K
A MR AAAL Y AR I AR 5

R R E AP, KA AA
AYRER . MRKBRA, MESEBAARRN
fip Pk R E SERE ST, BN ek . ACH . W vk AR 10
WIS, A 22EH 1011 XF Cd A& 40 ik
231.4 pgkg "M LAb ARG & K EEAE TR
MEERS Y Cd B, A AM EEE S AR
W, 38 A SR AT AW R R AR SR Iy B
SIE TG Y 4, AT g s AR AR AR R S Ak
FMERT, [R] B3R BEAE TS Y T3 b 7= & IR 4 55 4K
5, X sh - s s R P Ak B E R Y

AM EBH H B e A oy 4540 vh Y —
oy, Hah KA & Z B . BT
AR T892 M Cd i 255200 AM 1 B
KB RS AT RERO T Rl AM R 4
ST AE ) A AR BR300, DT 22 3B e M R e 445
PR - A Wy R A . R . RS
AxF 4 Cd WA MR B E B AR P Ik,
A W B 2 e AR MR L P S R SR A A AR PR £
A VI RETE S5 R I R

ST, ARSCIBFIT R AM - HL R XA R ¢ 1k
BRI Cd fsem, ik b iRl A, JHRRE
FfPAM BB J5 6 AL T AR AR PR 1= 498 AM BT VR 45
IS, IR AM E R IESRIL T AR Cd Wk
BLEE, DISH RIS AR-AM BRI G H AR B R
Cd i5 Y HHHR LIt 5% |

1Bk

1.1 kst

WA X AR PR R AR, ST JE L
AYEMEN . AM BP9 F IR FHIR RV

AM HEH& T 8 1, (RE 121C
KW 2h, 48h J R —IK, DARYE Ly B
o BRI AR B 6T, e AR IR R ZIE UL,
RIGEIMABIKE 1, FIMRYIERA . 16 FHEY)
AR T 2t 3 MARAERK, BIRIER
H AR K5 B R 0, 1 32 5 b T 2 9 AR AR B
B 22 R FAE N 3 AM R R R, H &R 3
AM HEICN AMFL, HACE iR R B

B GRS BT 4R AL Y R VY K 2 A FL IR AR il
AMF2 (HKO01, 1511c001BGCAMO0064 ).

e ek b R4S . &R 0T ( Ligustrum
quihoui ), &M 7NiBA ( Abelia grandiflora ‘Francis
Mason’ ). 45# ( Camellia sasanqua Thunb. ), 4%k
4 vi ( Ligustrum japonicum ‘Howardii’ ), /NiFIcH)
( Distylium buxifolium ), ZLW 414 ( Photinia x fraseri
Dress ). &0 % 01 ( Ligustrum sinense ‘Variegatum’ ).,
2 E T4 ( Weigela florida cv. Red Prince ), 1A%
( Eurya emarginata ( Thunb. ) Makino ). %E 1&
( Osmanthus fragrans ( Thunb. ) Lour ), 4 iI8A%IF
( Elaeagnus pungens var. varlegata Rehd. ) FIfEN
i ( Weigela florida cv. Variegata. ), 3t 12 Ffi,

1.2 it

R B YA, SR CK, AN Cd;
AMO, fin Cd AT AMF B0 i AM1L, i Cd Fil
AMF1; AM2, Jil Cd Hl AMF2, 35 i # L4858 fin
PN B A7 BRA Rl B AL, FHTIR T K5 5%
R4EME (w i w) R KRBOR K AM w5
ANGALHA  FaE 1N A B 228 g CdCL2.5 HL,0
RT3 L Z&RoKr, FIHES S 54T A Cd
Ab 3R TGS BRI Cd Ab 38 (Y 5 T PRV W Cd VR 2 )
B2 3 Fl 10 mgkg .

IR TE W VLA I M By A BR 28 W) T
BRI 2017 4F 1 HE 12 A, b 1240

AR 6 D HIRE A AL AR f, T
JE g Cd Fit. 12 A JERELM/SEARR
MR KA %, T RIESL cd SR ES T
FNIE AR AR PR BT R4 T 5 22507 -

1.3 TIRWAEYBEERRE AT ER A AR 7 AT

KA IERY Bligh-Dyer J7i:, LLHITER 19:0 fi/
Fr, H Aligent 6890 “SAH @35 &, | MIDI
Sherlock {4 ¥ %5 & 4527 Ko P iR IR 15:0,17:0,
i15:0, i16:0, 117:0, al5:0, al7:0, 16:1w7c, 18:107c,
cyl7:0 Fl cy19:0 FT487R 401 PLFAs, 18:206,
9¢ I TH/REH PLFAS®Y, 16:105¢ FI TR AM
. PLFAs™,

14 PCR 5HF

Xof B A T SRR N, TR R R ] — X R S
WSy, 5IF5) R . AMVASNF (5-AAG-
CTCGTAGTTGAATTTCG-3' )l AMDGR( 5'-CCCA-
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ACTATCCCTATTAATCAT-3") 81, (A& H 25 uL,
£ 4% 12.5 uL Buffer( 2 x ).2 pL dNTP .5 uL DNA #&
B (20 ng ). IERGIH14 1 uL( 10 pmol-L™" )l 3.5 pL
(9 R B RZE K o B B8 K B A% K0 DNA
VER RN o RBARF A : 95°C 10 min; 95°C
155, 60°C 30s, 72°C 30s, 40 fi¥. [i& PCR f#
Waife 5 i R R AR A BR A | R
[lumina HiSeq /3 5 5¢ B

1.5 #HESH

H W5 R% 250 (translocation factor, TF ) =Curu/
Cao IH, CuraFTmni P ESES®, Cr
R NN ESR S &,

XEF T ALAI R Bs, ST PR . B AR A
Ry, 2R H TR 01 A SO E . R
UPARSE % singleton %1, [FA3fH ] denovo &
K EBRIRGWITH, A E T YR 28 ) 4E
42850 ( Operational Taxonomic Unit, OTU ), ffi
i qiime 4, #H5 OTU FEHALE e Honl
fREEIL 80%Lh ERYMIFNE BT OTU MTERE. I
A # A4 mothur (http: //www.mothur.org/ ) 7155 &4
F8%K . Chao 1 88U 35 24544 ( good’s coverage ).
R4 OUT A AifEil,, #4728 (principal

co-ordinates analysis, PCoA ).

BT A 4 R P 2 R hn e 22 355 o M SPSS
22.0 GEITHAERS AR BT B R 07 22 00, IF A
Tukey 4656 ] — PR 2T 2% Ak B ) 22 53 14 S8 35k

2 45 R

2.1 AEEHAI Cd BIRIL

WE 1 Fia, fincda, 12 Fhepfbig At ik
FEASALTE FIN 0.25~2.59 mg'kg ', SXIRAHL, AN
Cd X 4 Fr e v PR R WA i 25 . oAy TR b
KRR Cd FRb/NBIRE ). 256, HEE. &
KAt et ot Sl . bR 20 F
FHA . LM AR SONTEAR . B ERE . AEnT
SRR R CA VR RS . o 2.59 mgkg !, HR A4
MSTEA, A CdWEN 2.16 mgkg ' BREEFEAN
FASHN, R AM EIEABA A Cd SR
TREER AT, $efh AM EE G B8 7Y
MR Cd it M HCRIEFI T IR, B2FP AM2 J5 &0
ANIEAM R H Cd FEBEINT 147.9%. RWEMN
EAN L IEE S Cd HATBEF WM E e,
AT LAE N B3 Cd 5 B E I Rk A

6

M- Cdife
Cd concentration in leaves/(mg-kg ')
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B T LA K &M NIEA; L JEM48H7 . Note: A, Eurya emarginata ( Thunb. ) Makino; B, Ligustrum japonicum ‘Howardii’;
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Abelia grandiflora ‘Francis Mason’; L, Weigela florida cv. Variegata.
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Cd concentration in leaves of green seedlings ( 6 months ) relative to species
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Table 1 Cd concentration and contents in different parts of A. grandiflora (12 months)
M Cd #e i 25 Cd e it fCd e BE R Cd Bt fEAR Cd B i
Ab 3 Cd concentration in  Cd concentration in Cd concentration in ~ Cd content in Cd content in HEWERS R AL
Treatment roots/ stems/ leaves/ roots/ plant/ TF
(mgkg ") (mgkg") (mgkg ") (pg-plant") (pgplant')

CK 3.05+0.46¢ 0.26+0.10d 0.23+0.04c¢ 79.82+10.16¢ 81.13+11.68¢ 0.08+0.02b
AMO 62.27+21.46b 11.10+£0.91¢c 6.01£0.65b 1459+416b 1745+424b 0.21+0.06a
AM1 68.01+£18.07b 14.10+0.48b 5.53+0.60b 2026+241b 2353+249b 0.16+0.02ab
AM2 164.7£12.20a 22.86+1.66a 10.57+0.65a 4599+174a 5078+164a 0.10+0.01b

1 alAL, R 12 MHJE, AMO AbBE4nt
ANIEAMR AL R Cd WESRIN 62.27. 11.10
F16.01 mg-kg ' oI F Cd & BERE Nk 6 4~ H RiTAY 2.78
fifo WM AM2 BRIG, &M NTEAX Cd 0%l
i, MR, 25 M Ccd WRESIh 1647, 22.86
M 10.57 mgkg', H AMO ALFRfY 2.64 1% . 2.06 13
F1.76 485, UGBS I A TRAR B0 AT ARG in 4 it
ANIEAX Cd B, Cd i &, &t oNiEA
Mo FFERAI AR Cd &4 1 459 R 1 745 pgtk
BB RECH 021, R AM2 J5, &INiEA
Ry Cd &R 5078 pg bk, HEB AR5 0.10,
LRl AM FUR T AT AR AR5 B8 SR 50, IR B

Z MW Cd [ EFER N .
22 EfM AM EEX &M NERIRR TIERED
EYEN TN
Cd a4, TiEd 5 PLFA AW .
PLFA £ ¥y B PLFA fE¥r& 43591k 101.7.32.91
F15.60 nmol-g' (WFK2), BFEETHIE, XM
Cd A — 7 I v 5 3 1] PN mT ) S8 o = 38 A= %
I, SRR, R AM BRI TS
MBI ) 5 PLEA 2B ¥ . 40T PLFA B9
i S ETR PLFA 495, (38T AM E& PLFA 4
Y, AML A1 AM2 4bBH[ELE. PLFA A& . 40
PLFA AW F1 AM H1A PLFA Y227 A% .

T2 EMNEARRRIEMLEY PLFA £

Table 2  PLFA biomass of microorganisms in the rhizosphere soil of 4. grandiflora

. % PLFA 444 4HTH PLFA 4 ¥t L PLFA 49kt AM ELTH PLFA /L9

i Total PLFA biomass/ Bacterial PLFA biomass/ Fungal PLFA biomass/  Arbuscular mycorrhizal fungi PLFA
Treatment
(nmol-g") (nmol-g™") (nmol-g™") biomass/ ( nmol-g™)

CK 64.98+3.47 ¢ 19.13+0.87 ¢ 3.16+£0.31 ¢ 1.19+0.15b
AMO 101.7£2.5 a 3291+2.43 a 5.60+0.12 a 1.67+0.11 b
AM1 85.47+3.44 b 26.36£2.12 b 3.76+0.03 b 3.85+0.26 a
AM2 85.77+£5.46 b 25.66£1.42b 3.05+0.11 ¢ 4.17+0.15 a

23 RERTEREMEELSEN

3 hEnE R A R AT A R, AR
AR 97 411 25E 119 212 &2 08], RT3
A A SUF IR 98 %Lk b A 4R R o A A
212~218 bp Z[H], P EE 222 bp. PUMAEHE T
YR OTUs, 4391k 365, 357, 347. 311,
Hrp CK 4P OTU #ffmr, {H 5 HAl A HR ] 2% 7

AN AN TR PRI BURAR, S 2.79; Cd
R38R GBI T A 2SI E AR PR AM R A TS
B, M AMIL il AM2 J5 FARIEEC 5N 2.92 i
3.21, Cd BB XHRPR AM E i Chaol $5EAY S MAS
W, B AMIL I AM2 J5EEE R, FFEEa
Ffr AM2, FREIREEIE 21%. ANEIFE S 8] A0 % 55 R 18
BESFARBE.
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Table 3  Abundances, Diversity and Richness indexes of AMF
b3 sl Chaol #5%K AT R R
OTU
Treatment High quality sequence Chaol index Shannon index Good’s coverage
CK 119 212+11 138 365+53 442435 2.79+£0.27 0.999
AMO 115 534+16 046 357+25 445+47 3.31+£0.18 0.999
AMI1 97 411+£10 570 347+£12 41642 2.92+0.34 0.999
AM2 103 126+6 157 311£78 351+82 3.21+0.58 0.999
] others Archaeospora  [XX] Paraglomus [/77] Glomus
100 o PLeeRRLRe 0 Emmmmm 0 oo
90
80 |-
S 70 f
8
a% 60
gé 50 |
22
g 40 |-
20
10 |-
0 I I 1 I
CK AMO AMI1 AM2
Kb Treatment
K2 HERETHLLL
Fig.2 AMF community structure
Yy PAMI cAM2 2AMO e CK FIZEBR AR AL BOAH XS 42 B BAT B 2584k . Cd it 5%
Q PRRAR 7 2R BT AL, B T IR TR
© e =N b
= 021 & 4 ML AR BB, Pl AM2 J5 SR8 85 R 1 W 3 00,
o
SE o 3 . Hi 63.7% L1 2 77.4%. Hefh AMI 5 S BRAEARL
3 Q
" o FEWERN, ARG 13.1% ETHE 17.8%. ER
S-02r — > 2By
= o o AraE R R (& 3), Cd a2 B i)
5 e v e N
£-04 - : WPr BB A . 2 A T 19 STk 53 51 K
&~ 04 -0.2 0 0.2 0.4

o T
Principal component 1 (34.06%)

K3 Emar i

Fig. 3 Principal component analysis

MHEE A K (B 2) ATLVE Y, Fr At
A AM HIE FE R T =R, S hle ks
Bl (Glomus ). ZSEREEFl ( Paraglomus ) FlJR4EH
Bl ( Archaeospora ). HHBREFERL L M AM EH MY
55%LL b, HAEXTOLE . FEARIAL SR, Bk R}

34.06 % 16.42 %, FRitTTERFN 50.48 %, F T
1 Af LUK 30 Cd AbBRZ AN BR4H , F2 a4 2 nT AKX
SRR AM2 FIRFETR AL EE . HIE, Cd fl AM H
R AT DL AR £ ST AR PR AM BB BEVE 454 .

3 7 i

Cd a5 0T, Bl A4 it oS R
Cd 4351 2.59 Fl 2.16 mgkg ' o % EH| 4L M4

http://pedologica.issas.ac.cn



24 X

BRAE s DABTE AR B BRI <5 7 T AR W MAC B R s JEC BRI 7 45 4 A 52 501

B TIEMEAR, BOEPERE T 5 S A 40 7S
AAE R 5 A IE I 5 o ARS8 b il R FH 3 o 8%
I, FEEA IR AR of o RN CA IR 150 mg-kg™
Je, HEEFOKE R Cd WE N 10 mgkg ', MM TF—
BRI P 1 Cd InEh S0 mgkg . HAT, H
WANRILR) Cd AL EHEYIA 17 B, B2 R FAKE
Y, WA EMY A KNS AR, .,
2 Cd WIER 50 mgkg B, JuEIEZEAYZE . nfp
Cd MBSk 121.16., 118.23 mgkg ', HEH I
KM Cd FRAUN 14.61 pg™s K RRAZE, ot
HCd WEESR S 1750, 500 mgkg !, B Cd &
H/NT 1000 pg- 2 PO A, Al 12 A5,
S 7SIEARAR . 2L Cd HRES I 62.27. 11.10
H6.01 mgkg ', IR N B Cd B854 1 745 pg bk,
W T REEMARR K, B TRIMN cd BR
BT o AH LT AL AR P ) 1 A B KRS, Ak
WIARAT LGB, HEE Cd #THRBIFEH
SAbTIBE. BAR 3 MHBRWANIRILR Cd 3%
B2 TN, B#JE Cd BOlm RSN, &—F
ISP B S F AR, 0%, BB i ok T 2
PR PR, DLk G A8 i XS R4 R R,
S NIEAR R Cd & a s A Y R
78%~93%, IMFHYIHR R AL 3l . A5
A AR G 3 0 4 AR AR AR G TR AR 2R — A i3k
DLCRIEAS Yy B BB 52 243, [m) A Al 0T B — ki e 1Y)
K

BB, HTHE Y IEE R R i
XFFHYEE R BRI EE, R AM H
W, Rl AINPIScRE | &SI ARSE 10 FPf
KRR Cd Sty W, bR n 4
MRTEA, AR 2.47 15, 12 DA, £
AM2 AhFR AT SIEAR L 25 B Cd WRBE OB AN
ALY 2.64 £ .2.06 {5 F1 1.76 £, Likgs R,
AM EFEA{E YT Cd MWl HiAftbeeg ik
BT 2RI Lin SR KB, R AM B
Je SRR B 43570 R 131.79 il 51.42 pg 4
Ve TABER Y 51.30 F1 21.76 ng-45 ' o i B AR 402
WFIE 45 R AEF AM BB 51 55 P 2247 M dk
FooZ5. HAR . 4048 Cd BB R E R R4
T 85% . 53%. 81%. 236%H1 160%, 45w 3 W
B Cd REREBE . fEAMTE Y, CdFE&MISIEA
M bR MR BRI, AR R MR BE AR AR R,

v AM2 JE AR TR 28, BRI T Cd Sz &t |
FREY LA, B TR RN Cd BIEAERETT, MM
AT Cd X ZEM R EEFEAE M, R TR AR Cd 1y
BRAER, #F—20fe T & SEAX cd BER
BOoR, TRMEDI RS R ORA, MR, 3%
FEE VG | A8 RG] TS AR BRI R Cd i
AR RAER, BN TR AXS Cd B E e
BT Cd XSRS RE AR

TEABE Y, REEAGAXT AM H W R N
AR B R e o X T A S OR T E 4R AM2
B SR AL O F 4R AML 5 170 21 A A 17N I e
AR o MR PR KB, A R IEAR e
R EETOE R X B YE Cd & 5% R B0 i
Ko BFEBEPIRBTE R, M B RS
PERAR N B R X R R Cd AR U R AR B
oo B, BLEAXIARMBEMEY), kS5
B RAAENHEY-AM RS BE NS

WG R A HAME AR 2 Y, XF Cd i
R R PR — 2 R ECEE . AR IR R
PR AE AR BEIG IR it 2o ol | A H SRSk AL
PR T HER AT . B . R ARG . (HAEAHE
FEH, HeFh AM HTE 5 40 PLFA £ ¥4  EL I PLFA
AW WAEYE PLFA Y& O R, XAl 6E
S T EORFPAE TR B B B e K, rds
WA SHAEMED A T mR R, SRR, M
FEAREE AT, $F AM2 J5, AM ELJH PLFA 4:4)
R ENN, B AM BERE S FEER
TR, R IE AM ELBEREVR T UL SR AR X L 15
oo, BEIE M OE WM& T M MR RE .
Martinez-Garcia 5 U705 21 78 15 3248 0 4R B b (1
AM H & SRR T LA AM BRI
ZFE,

HEVR A AT 45 SRR, S IE AR PR 1Y 3
ZAM E RSN ERBER R ( Glomeraceae ), JE3k
T % Bl ( Paraglomeraceae ) #l & T %= F}
( Archaeosporaceae ), H: A ERFEFHFF 55 AM H T
55%LA L, A SRR %45 RS SunlY Wei!
LEIFR A —B Mg R s, TIE
Cd HRSHREFR &R BE ML (R=0.786,
P<0.05 ). 5 HAth & AH L, BRE T 1) 77 76058 B T PR
T REAE Y T 8% . {2 Schneider 25100 % B
FEE VY — b G0 I EBA AM E NIk
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