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Diversity of Arbuscular Mycorrhizal Fungi in Wuchuan Mercury Mining Area, Guizhou

Province

LIU Ting', RAO Xi', GONG Lin', LI Xiaoxia', XIAO Zhongjiu®>, PENG Yulong'

(1 College of Biology and Agriculture, Zunyi Normal University, Zunyi, Guizhou 563006, China; 2 College of Resources and
Environment, Zunyi Normal University, Zunyi, Guizhou 563006, China)

Abstract: The distribution and diversity of arbuscular mycorrhizal (AM) fungi in Wuchuan mercury (Hg) mining area of Guizhou
Province were studied, and the results showed that soil Hg contents in three samples ranged from 94.1 to 268.0 mg/kg, which
were much higher than the national guideline concentration. Hg pollution was extremely serious. With the increase of Hg
concentration, AM inoculation, the density of spores decreased significantly, while the abundance, diversity and evenness were
decreased insignificantly. However, some AM fungi species with high tolerance to Hg contamination still had high distribution.
The relative abundance of Funneliformis was also found high in all the five samples, and the relative abundance of Glomus in
Pyracantha rhizosphere increased with the increase of Hg concentration. Therefore, the combination of Pyracantha-
Funneliformis spp. or Pyracantha-Glomus spp. may be used in the remediation of Hg contamination.

Key words: Arbuscular mycorrhizal fungi; Diversity; Rhizosphere soil; Mercury contamination
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WCHTVE , M R 4 e 1) 3 1 S B Pk LR BB S 1Y
HEl, sRimtiie T —mnE e, Myt
PIEk G B 20T 1 3 i 4 R Y A RN e RCR T B
=€ SURI L ETARN

MAA 7 #R (Arbuscular Mycorrhizal, AM)E B &
TR RGN 2R S A, Be S i
HEBRGT 90%LL e A YR R B E AR TE
AR AM LA RTE + BT 4 SR VS Y e E A
FERKIMER , Bk #Sz SI0FE & I EAD), 25T
REY], TEEEEGRED, EFIMNE AM HF
(12002 NG ko =10 T K7 R TR S L7 1 7/ R N 5 SN =
TR AR R L EFEHE, YLl AM FUR RERE IR AR
FE F 3R AR R TN A2 M . AM B B4R E
RERICAE 1 S K AR IR N & 8 i o0 A, HoaxX — 52
PRIRE 0 R AML L TR P 28 1) e 2 g ek A8 21 RS 3
RI, AM LR P 22 (R0 H 4 i A — o 1 W B e
AT DL Sk B Ak B ) - 3 K A ) Y B R
Erg it S R AR VS Y R T
AM HEE, HE SR TGI8 AM BE R4
J I 2 BV AT R

R, AW TSR 55 N R X T S HAE )
B AM B RE 410 M 21, TR 3 AM B
W, LOAIEY-AM BRI R R iOR TS G it
HOS AR

1 #MREIE

1.1 R

SRREHLAT F 5 M A8 ARALEB I 55 )1 R X, FEIX 2
MRS, TR 700 ~ 1300 m, J& TE B
Jr R 2 XU, AR 155 °C, AREE H BRI
ok 1172.3 h, RSl AR &= 1271.7 mm™”,

FESS IR X FE 3 ARG Y B ) BRI
M, S04 S REHL AL B, C. FEHL A(107°58'45"E,
28°33"13'N)f T =K H HERHIT , % U XA
HE IR, MR ; FRb B(107°58'31"E,
28°32'59 "N TER BRI A X BFF T AR B b, A I
K%, FHBREE; FE C(108°0'32"E, 28°34'36"N)
LT L PRI TE B R X A o 3 R TR & 5 5)
Ak A: 268.0 mg/kg; B: 136.0 mg/kg; C: 94.1 mg/kg.
12 HFmRESLNE

AR T 2021 4F 5 HELSWILEER, 165t
IG5 N TRA XA A BEEUY I B 5 5 9 OBR 5
F, TEFEHL B SEERNF BERS S A ORI, 7R
FEHL C 3P0 = A e 9 O, AR S R

TR 3 BRSO/ MBI , R4
HARZR BARPR A o BURERT, BRISHPIAREL 0~ 5 cm 1Y
FZ 4, W5 ~20 em REM HIERIT, H 75%(V77)
BT, SBGE A AR R, BREE S
TERR ZR 10 38 K0T %) R38N 7l 2= T8 H
BHAST, [FIRPEAR R A [ EHAS T, RS, B
TUKETH LR E . REZIMIR AR T FAA [#
EWEER DI S mL, 70%(V/V)ZEE 90 mL . yKPS R
5 mLyr, B AR KT H T4 7% 5 i D
SE, — T R A TE-80 CHB IR R VKA Th T4 TR
L ESnY
1.3 AM EFEEFEMNNE

AM B {2 Y 19 5 R Koske F1 Gemmal®!!
T RIERE MBS, B, FAR R RER T, &
T FAA B ; 3568 FAA BEZ2RIMR AT 1.0 cm
ZEA R/ NBORA B B Y, A 0.45 mol/L ) KOH
W, BT 90 CAIRIMNAE | h, 7S HiRK
W, BRI TROE I, B SR J5 H HL0,
T R TR 30 min, B E K bk 3 UL,
A 1%((VIV)R) HCL, B2fk 1 h; B EEsRI, I
A 0.5 g/L BARIZRE , A 90°C K i iy v & b
20 min B0 ; e FHFLRRH RS R, FEHL
VEBUK R 1 om MR BCHIVERCE B, AR B
100 45, TR W AR T AR TRAR AR LA 10 o AR
AR AR AR R YR, RYSR (%)=
(AM E =R YR BEBURE 2 BAR BEED) x 100%.
1.4 AM EEETFZENNE

TREARI TG Geremann F1 Nicolson®'y
TR I MBI E AM B T2 8 . FUA
e FRHC100 g HIERESL, B TR, R EKR
70 20 ~ 30 min fF R SRIE G s RBEAR I
A 1L ARk, FHBE B aEngsh Hemm, e
15's; FRREKMBRA PRI UTE S, i R TRl ER
M5 — 28 1 (710, 250, 45 pm), HIEEIF
TR R R E 30 1) ] — A7 5 I 7K vp ok
i, VAR A A 2 - e AN L, SR IE R Y
VEARHEAS RS L 5 s 78X H B8 T 0l T4k
AT EH . St 100 g B E AR AM
HEMT R AM BT %E.
1.5 AM HEEMEEENF

*JH E.Z.N.A.Soil DNA Kit (D5625-01)32 B 33
& DNA, #HfTHA PCR Y1, P H—
X PCR 35|91 /& AMLIF(5'-ATCAACTTTCGATG
GTAGGATAGA-3")#l AML2R(5-GAACCCAAACAC
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TTTGGTTTCC-3'), 7=¥1%4 800 bp. ¥ HEFEFFH: 94°C
M 3 min; 94 °CAEME 1min, 50 CiBk 1s, 72 C
FEA 1 s, JEPRER 30 WK A 72 CHEMF 5 min. 55
—I PCR ¥/ %E — X PCR ¥ G MR, 56
T PCR #1458 )2 AMV4.5NF(5-AAGCTCGTAG
TTGAATTTCG-3")#1 AMDGR(5'-CCCAACTATCCCT
ATTAATCAT-3"), F=4)#) 300 bp., § HEFLFE K 94 C
A4 3 ming 94 °CZEPE 1 min, 50 CiIBk 1s, 72 C
A1 s, HAFEIA 30 K i 72 CIEH 5 min, PCR
PP AN, ZHE R T AR TR R
N HEAT e 3 A
1.6 HUESHT

B AR 152 PE reads, HR¥E overlap X &
PEFTPFEE , DXOMREAS Ja X 3 51 o f A 7 g Rt
SRIGHE IR 97% AIMEXTIEEE FH (A% HF51)
#47 OTU(Operational Taxonomic Unit)ZZ, K
RDP classifier, 3T NCBI GenBank JEX[t# 771
PEAT Oy TR, FEEAT Alpha ZREEMHT, KitE
AM HEARHE Z RV, SR SPSS 19.0 x5k
TS AM R YR T % 5 & Alpha ZFEETR
BT A O 8T

2 HERS5HWH

2.1 RISHREM AM HEEEEMATFEE
3R 1 PR AR R R AR AR R
FATE AM HBERYY, AM I (R YL AR 7 5 B R B
i CHEHI>B FEHI>A FEHE, H285 3% (P<0.05). 1R
PEAAE R S R AT LUA ), AM B R GeR A9
T P A SR i B T v T ARG 7 (] — A A [ A
iz 18] AM HE R YR T HERE R A B

x1 FRFEBRITENLIRAM ERRRERMATEE

CREAL
Bk Hg AR B R FHHTHE
(mglke) O (100 +)

A: ZZKM 2680 KWK 24.00£4.00c  6.67+2.08¢
O 18.00£3.00c 4.00+1.73¢
B: ey 136.0 KIE 61.33+5.03b 30.00+11.01b
#I 58.00+3.61b 25.00+4.00b
C: BRI  94.1 K

e RPFEGIAFE /NG F R RAS [R5 R 22 5
(P<0.05),

87.00+2.00a 103.33+5.51a

2.2 RiTRMEMEYRERLTE AMEREE OTU
MFLE R SR, FrAREA RIS 1 596 4~

AM HIF OTU, Hrh 5 MHEAHILE OTU #h 56
A, B FEHLESIARA OTU £l 111 4>, BEH K
T RAL, MR AM EERVE OTU S 4t M
(P<0.05), [Al—FEH AN [FIAE PR PR AM HIF#F#%% OTU
ot EES A 1),

AR
B

C i
E1 ARESERSEHFHEMIRIETIE AM EFEE%
OTU £2H#

2.3 RIGHREFHEWIRIRTIE AM EEEEEW

ERKFE LS EFE

XPEREJFH OTU BATHIRER LI, A AM
HERBT LT 12 H 2R 38, 1 EERERT]
(Glomeromycota), 1 X2 3R 1 44(Glomeromycetes),
2 By 5 2 Bk 4% % H (Glomerales) . H 1 %% % H
(Gigasporales), 2 B4l &R EEE L (Glomeraceae) |
E 70 % % Bl (Gigasporaceae), 3 JB W EEREHE
(Glomus) . ENHHERE R (Funneliformis) . & B {95
J& (Scutellospora), Hrr, EWHERIRE 5 MHEAT
YRR W oA RN & ok TG e S5 T KOBR B
K B FEMEIARR BRI R 5 —EHE , HILFREETEAR
[FlfE FZ M2 2K EEMERETE A, CHi
YRGS, 2 A D RRERSE R Bk
R RTE 3 MM AR PRI — & 1504, B
RO HEREAR, FLARXT 3 B R Z BRI, HAER &
A KD E AR PR A A = i R
2.4 SRIGRFEMEMIRERTIE AM EE ZH#14

MR 2 FTLUE N, RE RN C FEHL R
PR3 AM EL I Chao 83 i T A HEdh E AR PR
ek B FEHL B AR PR 12 38(P<0.05), & T AL BHE
b KBRAR PR +3E(P>0.05); C FEH K BARPR 112 AM
HW ACE 88 & = T B b BRI AR P 1 4
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" Funneliformis ® Scutellospora » Glomus

unclassified  m others

100 =——
90 -
80+
70 +
60
50
40 +
30t
20+
10

AR EE (%)

ADFR B B
Fedh

(AR SR AERAR P v 8 R BNIZ PRI 2R R B IR T 02601

7 unclassified, P 7ESTA A T A B 5 HS/ANT 1% G990

AR CHI

(P<0.05), =T A FEHLJORE . S RARPR 3% B AHEH
KOBARBR +3E(P>0.05); A B FEHE KM PR 14 AM
FLH F 5 FEFE % (Chao #5841, ACE 850 E 2R
(P>0.05), +3% AM E 7% Simpson ZFEIETEHR
MR C AR JOBRARPR 3R E LT A HEHL S SRR PR
TR B AR OB . EOFIAR R 148 (P<0.05), KT A
FEH K (P>0.05); Shannon ZEEMETE BRI N C £
Mo KPR PR R =T A B D RARPR M B
FE L BRAR PR 123 (P<0.05), T AL B FEHILJCORAR
P 13 (P>0.05), ¥J2] £ 45 % (Shannoneven $5 %)< ¥L
h C FEHLJOBR PR+ 438 25 5 T A MR E RARBR +

. others) N HEF B R EORARER +3(P<0.05), =T A, B FEih
2 FEEERTEEEYIRELIE AM EHERK SR B L3 (P>0.05).
TRIBNEE
F2 AREERSEFHEYRETIE AM EE S HHEH
G Chao 5% ACE 8%k Simpson 5 %% Shannon 5% Shannoneven F§%{
A K 338.61 + 71.64 ab 353.33 £52.25 ab 0.12+0.00 ab 2.84+0.12 ab 0.51+0.02 ab
A 298.7 + 65.54 b 344.88 + 56.31 ab 0.14+0.02a 248+0.22b 0.46 +0.01 be
B 352.39 + 100.08 ab 345.85 + 100.39 ab 0.16+£0.03 a 2.8+0.30 ab 0.49 + 0.04 abc
B 3l 27433 £35.63 b 275.68 £38.82b 0.16+0.03 a 239+0.22b 0.44 +0.05 ¢
C ki 456.35+9539a 463.21+885a 0.09+0.02b 331+£041a 0.55+0.04a

T RPN FE £ biE2e, FFIARR/NG 55278 A R i 8] 22 55 B 3% (P<0.05).

25 TERESES AM EFESHMENEXE

AM ELRR IR0 A 52 3] 3R S B iR, L
RGN AM HE MR 2 FE NS
AR, X AM R R YR AT B
BOR. MRMEDE R, ML AM HEZ

FEMES T HOR S mAETE— & A OCHEGER 3), Hh
Chao #5%. ACE #5%{(. Shannon #5%%. Shannoneven
RS R SR UIDE, Simpson 85U SR & RLIE
ARG, AR Y SRNE 25 B 50k % i S A S 3 A O
(P<0.01).

k3 REE5 AM EEHSHMERIEXME
Chao 5% ACE #5%k Simpson 5 %X Shannon 5 %% Shannoneven $§%X fRYeR 7%
Hg & & -0.351 -0.210 0.049 -0.349 —-0.152 -0.971" -0.781"

e RPBESIMC RS, EEFRRIEME, ERR I, **FRR U #E M (P<0.01).

3 ihie

PR ) Z e S PE 2 2B SR . Ko,
1YL R AR Y RS R RE R 15 Y A Rl
SRR PRAI A PR A1 B AR AR R A 2 B 25120
AR, AT X TS Y
PR3 AM B 2R PEBIL. Weissenhorn ZE PO
FIGH, RERESEITESMEIL AM AR T%
FEFY R . Schneider 2P LI, BEE +15E
FAE TR, AM ERBTESEE. XL
PSR TR ARG R S U LRSS R —8 &
ok, MR, AM HERYLE, f1

e HE B 2 ARG, 3 R RE R R Oy o 5 6 B 2 D
AM FLRE LT R A 224 K, X250 AM R
TE,

R AFPSRETE R, RAT IX RHEE RE E
W SRR B R TR X I, R IXE
BTG TR A IRBUE YRR DIRE AR P IR B4R
ZAEC SR, BRI A 2 R EE,
SRR YIRS AE S ThEE . AU R, BEE
RGN, AM HEHEKEE | SR RIS
WHEPTTRE, BIHDRTG T AM ELTR R 410 4
A 35— R SR IR, AELATIAT 00 o 45 e g 52 1k
B AM HEA BRI AT, B
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555 3%

R AM HETE 5 DRI A R R FE, B
FETEA e EZ IR 22 80K, BT EER AM
FLTR A AR5 Y AU, xR A 2 M, {H X 15
TR RO L, A] RLE— PR ST i i A
5 Jm FLRIC A H R 1 X BRI Qe B A
REWITERI, BREFE AM FURAE 08 N PR
TEARZ LSRG TR TSR0, Adfseh, Bk
WRIE AM KRR 3 DEHUOBRIR PR A —E 17>
fii, HEEF R &I, HAXT W2 T m, b
WIEk IR AM EIN Al REFEIRAE B B 7 1A —E
BIPEI, I, ATt — P PR R i EL R TR T
B PR

4 Z5ig

1) )R X 3 ML HOR & 87E 941 ~
268.0 mg/kg, Hrh 2 RIARELA TR B, okiG Y
O ik 94.1mg/kg, i TEIZMEN oK &R, K
TGP, RIS YME S T E R .

2) TEm S ERIGYHLIX, (8RAa K (1T R A
PR AM HE3 A, W5 B Y-AM H AR IR
HBE LHORE Y TR X KRR E AM K
BB BR R AM B A R R A B )
i3z, AT RO e R .
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