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Characteristics of arbuscular mycorrhizal fungi communities in rhizosphere soil

at different growth stages of Bothriochloa ischaemum in copper tailings
JIA Tong™, YAO Yushan, GUO Tingyan

Shanxi Key Laboratory of Ecological Restoration on Loess Plateaw, Institute of Loess Plateaw, Shanxi University, Taiyuan 030006, China

Abstract: This study was conducted on Shiba River tailings of the Northern Copper Mine, which was the largest
underground copper mine in China. Bothriochloa ischaemum was the dominant species in this copper tailings dam. We
studied the variations characteristics of arbuscular mycorrhizal fungi ( AMF) structures and diversities in rhizosphere soil of
B. ischaemum at different growth stages. Simultaneously, we analyzed the relationship between the AMF community
structures and environmental factors. Our results showed that the physicochemical properties and enzyme activities of
rhizosphere soil were significantly different in different growth stages of B. ischaemum. The rhizosphere soil had the same
dominant AMF family, but the structure of AMF community was obviously different in plant development processes.
Glomeraceae were mainly affected by soil nutrient and carbon nitrogen ratio at seedling stage, and the main influencing
factor was soil pH for Diversisporaceae at tillering stage. Ambisporaceae were significantly correlated with soil catalase, and

Paraglomeraceae were positively correlated with urease at mature stage. Taken together, the effects of ecological factors on
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the community characteristics of rhizosphere soil AMF in different growth stages of B. ischaemum were significantly different.
These results deepen our understanding of the AMF community characteristics and their driven factors in polluted
environmental area in future work. This study provides a scientific basis for exploring and available bacteria resources in

processes of ecological restoration in copper tailings, so as to improve the ecological restoration efficiency of mining areas.

Key Words: copper tailings; Bothriochloa ischaemum; growth stage; arbuscular mycorrhizal fungi

KREEEY = RRFE S, ME B PRI &6 s i IV &, 0 11 8 H AR5 2 25 Y i M4 B
B A S RGBSR SO E W, LAy 2 EGRIRE L T, T k2 | 4 Mk S5 R
K EHEGALS T, 0 X2 RGN e P48 AR S SO dE e i i i B R Bk R 2 — o 1L PG 48 i 3k i 4
i B 25 L AR A AE 5 b A A i A Sy 4 E R R G R I T IR I FEVR R A 0 i B R 5 R A
B 1 2 W R BR R S5 T in T 2 W0k BE AR/ N AR L KA S AU SO0 AU s kK, BT
WA LR S RAR T ARG Y X X A8 RS A W 2R BEvR 454 R I RE Y 52 B [F] e
FERISZI > UEARR, UE B E H R HARRE R A 2 42 45 52 A1 O6HE 4 R RS B AR AR £ 401
WP TN A, MUEEAR T I A £ 2GR AR R R B IE ST X R IERUE E T X AR S —
PNEEIRRE,

IVKE AR FCB ( Arbuscular mycorrhizal fungi, AMF) J2&fifi oAk S R e EZ A HIERUAEY 2 —, AR A
80% LA I A AEAEYI A BB AR AR BB IR . AMF 97 £ & —PEAIXT &R, 28k AMF )7 =5 B V5 H A
341 4~ OTU (43242 IT , operational taxonomic unit) & 1600 4~ OTU, HZE A fEZ 4 1600 4~ OTU'® | X4k
AMF 5K 20 JTRHPIIE LA R L AM 2546 40 Ry 2 1 AR P 45 W T 50 43, v ) AR 2R 2 1 1 22 F 555
MAR A R AR T e B TR ZR 3R 1A Y TR 22, ARSI TR 22 AR N T 224 i Fn 3 AR R A 7 3 Y
W22, BRI, 25 HR 2 R R 27 AU AR R A AL RR PR D T AR R AMF (RS 2R R Y i
H A3 N RS 15 FAEYIAR R AR R AMF ZREPEFIRE IS S5 Z N E Y ) AMF ZREPEXEAR [ AR
BARGIEDIEIE S5  ZREE R A 7= A B EL | (EAE R dE A SRR A R e 4 45 S 1 0 T
FEMEO ) BHEMREN, AFESRSH AMF 2RI B 2R GUR AR, ARES R
4t AMF PR ECE T SRR e £ R A TR thde /b ik AnTs Je X 9F His YeE S R 4
AM H LRSS RURR ™' AM E A B KBTS AR, 18132252 )+ A Oy 28 3R A T
SEM AN, A6 7 R PSS Al A R b AR AR SR R T A R FE v, i T L R S IR A IR AR (A S B AM B
B R R & AMF BEVR 25 B ek S L AMF A= 2508 B PR FEAR AR E ke T HAE S I By &
%, AMF 7] LU i A EAEYIWOBOK 0 FER 45 S A K HA EZAER , flan, T2 5 4 UL o il B 45
WG N Al AR N, SRS S A S R G AME ZREE K HSG R e N T, AT B TR
AR rhn] F R R ER T 2 AR

AL Y X FERE MY A FE NN R R MR EL RIS EARE T FERELSEK B
AMF FEIE 2509 5 Z R 2840, BT A E AN AE R B AMF 5355 716K, B AMF 7641 A E
& B DB PR R i A LA SN 2R AN [R) & B B B R A= A PR g AL, Sk R A Ak A i A v A A
FIH AMF B bRl 20 | 25 T AT DT M A AP -k e A A dE i B i BT IX 1 A S IBE R R0

1 #R57EE

1.1 WF5E XA
I8 XA T 1L P A i el i 3 il B A6 5 #b A A i+ /T BT 2 (35°15'—35°17'N, 118°38'—111°39’
E),iZEW WHT 1969 4, FiEH) Vir 6 km 9 28 b il F 322 e 300R R 3 2 300 8 i i) 110 % ] At
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R A AR SR LI i IR 2O AR HE AR T+ N B 0L, 4 3—5 AR MERUR W — 8 3L, R fE R )2 &
30 ecm % 4, B WA MU AR 486 m, MTHAR 509 m, BLELHEST 16 3 F 300, HERUR B 84 m, MYk LE 1:6,
R KB, U300 BT R 2K, E R aEE T &P F T4, FHFERTEH 780 mm,
IR 14°C, BRI T 200 4
1.2 FEACRAE

DU B 300G A B Fh (1 2R B R IR SR X 42,2017 4 6 A 40,7 AKA1 9 A rhaj7E S536 5 13 (1K & 20
AU X A A S R TAR PR - MR AR VR RS BUREIAFE 1 mx 1 m BRI 2R REARBR 5—20
em TREE RIEIEATRAR , LBRAEY DT oAV W SE IHAR R, B SR AR AR R A BHE S AR bR 1 18
FEAS & IR s Z TR A B RS 22/ KT 50 m, SRAF I AU T T/ T4, i fo S [ R o ] - SRR S i5 . SRR
ARG Wy, — 0 T T - S3BAR PR BT I A, o) — 0l 1] 52 5 % 8 T - 80°C B (IR VKA - A7, TH T A= v
DT
1.3 W55k
1.3.1 PR o B LA

PRSI E A3 pH (oK R 1:2.5) A IBERBR AR & 60 FH TR M (vario EL/MACRO cube,
Elementar, Hanau, Germany ) #F47IE , RFHARE 81— R SR 40 LU €035 XoF 4 HE MR M R 1700 2, 2o A
FRE P40 SR ) e i R S 1, TR (000 52 SR D 3, 5- i Sk A IR b 03k, Bl ke A2 e 140 000 2 R D Wl e
it A UR R
1.3.2  FFEEARRR L3 AMF BV A0 E

H E.Z.N.A.® soil 5] (Omega Bio-tek, Norcross, GA, U.S.) #4773 K 21 #E 0L, DNA ¥k 5 R4 5 5
NanoDrop2000 #EA TR, FI 1935 B ARE i F SRS I DNA SRS, PCR BTFHAYS [9%E FH AMLL/AML2 A%6
— X519 AMVA.SNE/AMDGR > S5 %5141, 2% SN B MU PCR 74, AT Hlumina 23 7] i)
Miseq PE300 V-5 #EATINF , FH A FOAR PR -3 Sk 1) H i 36 35 AR W R 25 BHECA FRAA W] 58 i il s Y
1.4 Hdiib

fdi ] Trimmomatic R4 X Ji 46 37 51 3 A7 B0 40 25 4% A o 45 1 08, 15 200 Ak B . fi FH 9 UPARSE $14
(version 7.1 http://drive5. com/uparse/) X} 15 £ (1) /7 1 &t J7 51 ¥ B8 97% 9 #H AL B i 17 5 4 or 2R 1 oo
( Operational taxonomic units, OTU) BRI, XF OTU FRF )7 HEATH A ERE, H Qiime X1 ( Version1.7.0) H
(1 blast J575"2" 5 Unit BB AT YRR BT, I0 00 HE A3 FOKF HEAT 53T AMF BEE 4L, R
Microsoft Excel #E47 804l BRANVEIR , A SPSS 19.0 #E47 8K & 7 22434 & Canoco 4.5 #£47 RDA 43#7 .

2 HRE5HW

2.1 HFEFAFA KB BARPR 35 0 BT 5

P2 RO [ A B B AR B 3 B Ak 1 o 6 B, 18R 00 BB AN R ) B 3Rl L B 2 3R 30k 4 T A
T BRI BRI AR PR 3 8 pH B HL A R A BE AR PR 4 48 pH 3K K(E (8.9) , ik
FE A (8.2) AUl (8.1) B 13 pH (3R 1) o X T - BERGTE PR 5, 2o 48 fh Sl R i 1 ol 1 Tl 320 7
P2 AR B g AL, T R 0 R M Tl A 20 B B 3 3 T E KR B (6 1) . RN ER
B BE A S HLAL NS M AR A B 25 5
22 HFEFRER L AMF 526

AR AR BB AL FARPR EIRFEASLAR B 6 B, [ £ 44 K B BoR br - 38 h AR 34 i ¥ b Bk 5 H
(Glomerales) , HHt | F2E RN T IR BR 38 P Bk B B ( Glomerales) 15 97.5% , 43 BEMA K 56.82% , WA BR 4
B H (Glomerales) i 75.14% ., FMEREERE HIM, AFE LN E R B HE IO EAH B2, 0 8El
ZAEAYERE R ( Diversispora ) (5 L3, FAHXT £ BEIRF) 31.64% , F1F 5 A 1 2 BRBE RS & ( Paraglomus ) FHXT
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FIERE (23%) (£22) . £ OTU K L, HFEREA LK BARPR H3E P& T AMF (19 OTU 43518 28 /> (4
) 19 AN (S BER) A 15 AN () |

F1 BFETREKNBEIRERDEELHIEREENE

Table 1 Rhizosphere soil properties and enzyme activities of of Bothriochloa ischaemum in different growth stages

HF Factor B W] Seedling Sy BEW] Tiller M Mature
pH 8.203+0.020b 8.913+0.019a 8.113+£0.029¢

B Total nitrogen / (g/kg)

SR Total carbon /(g/kg)

% b Carbon nitrogen ratio

i E LA Catalase /(mg g7! 20 min™")
Ik Urease /(mg g™' 24 h™')

HEWHAR Sucrase /(mg g7 24 h7!)

0.082+0.001a
6.017+0.919a
73.516+11.817a
0.517+0.033b
17.908+1.767b
2.461+0.242b
48.182+1.890b

0.029+0.003¢
0.627+0.018b
21.681+1.164b
0.500£0.076b
31.171+4.766a
4.172+0.256a
26.591+0.331¢

0.047+0.005b
1.033+£0.041b
22.058+1.474b
0.950+0.058a
37.774+2.658a
0.777+0.106¢
77.801+15.607a

B LR Alkaline phosphatase /(mg g™' 24 h™!)
AFE/NG FhERR 22 5 83 (P<0.05)

®2 BEEFRREKHRREFELER AMF 5 3£1E5R
Table 2 Classification of AMF in different growth stages of B. ischaemum

SIFIKF HERBB

Taxonomic level Growth stage
H P & 4y 3 Sy BE) )
Orders Families Genera Seedling/ % Tiller/ % Mature/ %
B e BRI . . o
Archaeosporales Ambisporaceae Ambispora ’
LRI LRI SRR 023 ea s
Diversisporales Diversisporaceae Diversispora ’ ' ’
BREF EREFF R T
ialds RIERT FRER 97.50 56.82 75.14
Glomerales Glomeraceae Glomus
KPR KRB ER KPR
KpR¥EdH HKEREERHF KRR 296 10.91 23.00*
Paraglomerales Paraglomeraceae Paraglomus
Fofls Fofs Foply
Others Others Others 0 0.63 0

# fRRAFX = AR IR AL KB B Aty e KA

2.3 HFERAFLE K BARPR -3 AMF BEE 4515 200k

A1 AT, FAEROR TR AE KB BOAR B R 1) AMF BEE S5 B B8 225 AE 3 MEKEY B Z (A3t
FHE OTU M 8 A4, HEE B AN AR 19 OTU B0k 9 4, 1 BEI AN RN AMF BEPS TR AOHEA OTU 200514
52 A, EERYE IR Glomus perpusillum VTX00287 i i o K (29.8% ) , 43 BE RN 1 AR X = i e
2L AR BB 2 Glomus MO G18 VTX00064 , 43 ik 26.8% F1 27.8% (18 1)

JIT A SRR SN SCJE ) 55 B 2R 31 99% LA ERH 28 KR 4 AME J¢ 51 ] LA 0 245 5 EL A Aty
PARERNE, BEE R AR HARBR 18 AMF (AR T8 5502 Wi R, RI7E 4 38 20 55 KM (2.339) , 1%
W DA R I R B KA (0.204) . ACE #5501 Chaol $5%0738 (ka4 5 /A8 0 — 2, B 7E4h i 55 3
BRAE, E A 5 BRI (£ 3) .

F3 FEEKMBEOFERRLIE AMF 8 OTU FE 5 S EHER
Table 3 Richness and diversity index of AMF in different growth stages of B. ischaemum
97% A Similarity 97%

2. [/ EIL
iifﬂ ige éiziﬁiﬁz %jatﬁ#‘éﬁz ACE ﬁ%%’ﬁz Chaol f'&%ﬁt B/ %
Shannon index Simpson index ACE index Chaol index Coverage
LH W) Seedling 2.339 0.146 28.417 28 99.996
Sy BEH] Tiller 2.271 0.137 19.587 19 99.996
Y] Mature 1.820 0.204 14.750 15 99.996
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m OTU6 m OTU29
= OTU33 m OTU12
Yt = OTU27 = OTUIL
Seedling = OTU17 = OTU22
= OTU21 m OTU26
= OTUIll = OTUILS
= OTUI8 = OTUI19
5 BEH ® OTUI6 = OTU3
Tiller = OTUI10 = OTU5
= OTU2 = OTU23
OTU30 = OTU13
= OTU32 OTU25
] 0TU35 OTU28
Mature OTU9 = OTU4
g OTU34 OTU20
g 1 1 1 1 ) OTU31 OTU7
= 0 20 40 60 80 100
2
& OTUZK - LREEMR FEEH 4 Lk
;ﬁ Percent of community abundance on OTU level
=
N2 B Diversispora sp. VTX00058
g I_ . B Glomus Glo D VTX00103
Seedling B Glomus Glo I VTX00107
B Glomus Glo7 VTX00214
B Glomus MO G13 VTX00115
53 B B Glomus MO G17 VTX00114
Tiller B Glomus MO G18 VIX00064
B Glomus MO G4 VTX00166
o B Glomus Wirsel OTU16 VTX00156
?\%I;;Hre .- B Glomus Yamato08 A1 VTX00100
B Glomus group B Glomus Glo59 VTX00276
0 2'0 40 6IO SIO 1(')0 B Glomus group B Glomus lamellosu VTX00193
FRF_ERESARR F B 43

Percent of community abundance on species level

B 1 7 OTU( /2 1EHIT, operational taxonomic unit) 7K FEFFKF FBEEREE KM E AMF 55BN EE
Fig.1 Relative abundance of AMF community on OTU and species levels in different growth stages of B. ischaemum
OTU : 43 HHAELIT , operational taxonomic unit, ANRIEF KRS OTU 4 ; Diversispora : Z A1 B 858 ; Glomus : BRBERT & ; Paraglomus : IR BERS
Ja s AR 4 J5 ik B i AR K- L4 T MR AR L T 4 TR 4 5

2.4 T ERRAE BT R RS XS SRR AMF BV 52 R

F A FOR R A A BB, AMF B 52 2 - S8 BRAR P AT - SIS M s il (1 2) |, S BIFE ax S8 2R 25 A
X AMF B 9% 2548 15200 R/ INDL R & IHT 2 ) AMF OGS R (AR Canoco 4.5 XS0 8547 T RDA
ARHEF 0T A3 BIFERKOF L AMF ORFIE A8 6 Bl 1B BRI ot Je 4 Fh HIERGTE PR Z Ml G &R . 4551
W] L A R - S 1 230 RS 7 e 81.09% F1 83.0% 7B S5 8., 11 F RE& A K B Be AMF & 2
IR 22 e e S —HEP R T 68.2% , 2B —HE T B R T 12.8% {5 B, R 4 1 0 1 SR RAR
R+ 3 ER #E 5 Bl ( Glomeraceae ) FY S T3S R ALV AR A L, /2 BEM S E AR PR e h iy Z e 4
Bk ( Diversisporaceae ) 5 13 pH B35 AHC, /0 BEH - ROAR B 1458 b (1) Z £ fR BB ( Diversisporaceae ) [
BT AR TL TR 252 3 pH BUSZIR (181 2) o FR R4 B, BREEEFL ( Glomeraceae ) 55 P B R il 1 255 1EAH
K5 i BERH Z AR HE AL B ( Diversisporaceae ) 5 MRl 2 35 A0 OC | BL2HH 09 WURL #E B B ( Ambisporaceae ) 5 4
i A AL U B A G, RBR BT R} ( Paraglomeraceae ) 5 T IENR AL B A B2 IEA XK R (K 2) , XEHAR
A B B A AR B A 00 A AR B TR VR 52 IS o A T M P 5 i R M A5 25 5

3 Wig

AMF #fi5 F 2 AMAEMR R E FIA b 5 - R B A OC . L4857 o v] BB R 252 1 AMF {2
Yo BEARIEAR R LT AR Wang ™ S50 B B R VDB AMF BEE 45 A 2 REME RGBT 98 & B, R[]
T IEUREE AR AMF P BREEFEE ( Glomus ) FITCHE#E R J& (Acaulospora) 15 BALHT 70% VL b, ZFE 1255
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12 | L@ 1.0 - SRR
L p Voee N ANV
i T T .
o ° i Jfty
HAty °
ik Y
- 9 FFRAEAR
= AREBH | 2 -
= z °
4 s A
:E . ¢ S é A
& WAAETF i o/ % AR
WAL WA
YV
. & 4 BRRERERRRG
B o S FRAET R
S f FRAET R Ny Ll
-1.2 1.2 -1.0 . . . 1.2
Hi1 Axis (68.2%) Bl Axis (82.5%)

2 AEAEKMBEBEE AMF 8% 5 TEEIMER(A) R TEEEE(B) B RDA 5547
Fig.2 Redundancy analysis (RDA) bi-plot of AMF community at family level, soil properties (A) and enzyme activity (B)

J& ( Diversispora ) F1E #2855 & ( Gigaspora ) (N AER)Z TIEH R B, ABF5H, 4b FAR A KB B, FE B AR BR
TR AMF B 7% 4 Rt FAT B W 22 5 0 BE B 2 MR 0 48 52 R ( Diversispora ) o5 03, A1 28 Bk 48 55 R
(Paraglomus ) FEXF B2 B, X W] e T2 BE AR DAL 28 i Ak 4 J2 38005 T R AL 26 G IR R AN IS, i
Aib A JEBR BRI, U B W R R B R (Glomus ) . A WFSTR I, AMF B3 FU% B B + AL I i 2
FHE R IF BAE—E P AMF fi 408 B A WU & A T g 208 AR [ R Y
B ARPR IR ERBEEERL ( Glomeraceae ) HY 52 A 72 4 Shai | RVAMIBR A LL , X 5 BT RIFFR 45 R 2600 .
13 pH HHESZ WML R TE 1 AMF 17 fFIRR & 73 A . AT R B AR 6 AM B E R 1Y ol pH AT
BRYERE)E (Glomus ) REIE NI 12 10 +HE pH A5 B, (B e fdcbe A rpoe b A 728 f— 3, A9 &
B SRR A R B B AME 2 BRIERS )R ( Glomus ) ,3X A RE-5 5 25~ 18 pH 081k (8.1—8.9) £ 5K,
A, AR A EE AR PR 3 i) Z AL BE BB ( Diversisporaceae ) 5 133 pH i 3 A5G, X LA X F AMF
PRI = PR 2 AMF [ 8 25 5 S0 B Fn g 25027

AMF By BB B2 00 R F-BRAE AW R - 4b A W R i A S T 2% AM B3 1 5345 7
AU IS . AMF SHEYIE I A R R 3l B BRI AR EAR BT XS AME B 7 AR OB
w0 A BETE R, AMF (PR ECS R PR IE I ) R BIOCAE 7E 3 IE ARG S R Y L AR o RIR A K &
AEBH AR AMF B R H R Z PR PR B B B 22 5 3XnT BB i TN [ AR K B Be g EAR Y s 196 &
FEYIANTE, L, Fk 2l /B A KB E R AMF B —@ 225 dEm m 4 A K B B AMF (375 24
SR ZAEE i EA AR A S R e 1 2 ] B ) I TR AR R ) 5855 TR AR R I A e 23 % AMIF (R BF 41
I REE PRSI Y AN AMF 5 e ep A U ) 22 18156 R 2%, W AR R I B AR R
IR R, WA N AMF A B T4 b Sl Wi, I 38 7 3 A DGR A TG R 0T AR5
BV A FOAR B b R sk R 5 T IRIREG 2 A DG X S ET MRS R — 2

ZE FRTR A S AR A Y R 7 IR R phS7 X AMF BEPE P2 AR VR, AR — A R R A R AR
W [l TR X E A R TS Y Y R, AR T REXT AMF BEVE S5 S AR R
i), T S FEAR PR Rt AMF BOORE R 7E P30 PR 5T b R B R AR 38 WM, g i — DR & SR i T
AMF FE#& AR S DR bRl 2= el Rl SR B AR R B B iy L35 AME R R8T IX A 2548 52 B 4L mT R
PP BT IR, DTN A A X 2 i A A R GRS
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