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Diversity characteristics of arbuscular mycorrhizal fungi communities in the soil
along successional altitudes of Helan Mountain, arid, and semi-arid regions of China.

Abstract: Arbuscular mycorrhizal fungi (AMF) perform a vital role in terrestrial ecosystems.To investigate the diversity of AMF
communities on the western slope of Helan Mountain at different altitudes and their influence factors, highthroughput sequencing was
used to study the structure and diversity of soil AMF communities under different environments and their interrelationships between
AMF and environmental factors.The results revealed that there were significant differences (p < 0.05) in the physical and chemical
properties of the soil along the different altitudes. A total of 1,145 OTUs were obtained by high-throughput sequencing, belonging to
1 phylum, 4 class, 6 orders, 13 families, 18 genera and 135 species, with the dominant genus being Glomus, which accounted for 75.27%
of the relative abundance of the community. Soil AMF community structure was shown to be variable at the generic level according to
NMDS analysis. Correlation analysis showed that soil pH, water content (WC), organic matter (OM), available K, available P and N
were significantly correlated with AMF community diversity and species abundance (p < 0.05, p <0.01). Based on redundancy analysis
(RDA) and Monte Carlo test results, soil pH, WC and OM had highly significant effects (p < 0.01) on AMF community diversity and
species abundance.Discussion: This study investigates the relationship between AMF community structure and diversity and soil
physicochemical properties at different elevations on the western slope of Helan Mountain, which is of great significance to the study
of the Helan Mountain ecosystem.

Key words: arbuscular mycorrhizal fungi, community structure, altitude, soil factor, Helan Mountain
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PRI, ASHIE 78 AR 22 L PSSO BIE TEXT B, SR e ol 5 BRI 78 22 1L P AN [F) SRR e 3% AMF
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2. Materials and Methods
2.1 356 X AL

S My f A T B R B A ORI T B 2= v, Al TR 1P SR AR iz 3 i R (] (M Ad 38°27-
39°30'N, 105°41'-106°41'E Z[f]), J@LARURERVEME, BATIMSMREFIE. FHR 8.6 %, FMHKE
200~400mm, FEALERLE 5-9 H, FEREEBON, IEF] 2000 mm LLE. BFFEIX 3 B )RG5 DK
(Agropyron mongolicum)~ FIALEI 5 (Stipa breviflora)~ 5% 1 i Bk(Prunus mongolica)~ B 4339 )L(Caragana
stenophylla)~ KKi(Ulmus glaucescens)~ ¥-¥A(Juniperus rigida)~ TWFA(Pinus tabuliformis)s T iz A%(Picea
crassifolia)% .

2.2 IR

FESEH NS EEAL b, T 2021 FFE ZRAEB 22 L VA B 1800-2750 K, VEEHRIE B2 AR A AN [ FE 7R S8 Y
HEHL 8 MR R FE(ALT), TERAME R A E =AM, FEHTIAR N 20x20 m?. SREERT A BL4% 4om 1L
SRR A 4o T S BORE A2 B AR b 3 RE B 5 MBI 21, TN K E S RN A A ia s T ffr, +
H 5[] S 35— A A7 T--80 LUK AGFRAE F T 13 AMF BEVE SRV, —304r B AR 1ok i T+
BRI E (R D
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2.3 MEMB K FE

+3 pH ] pH idillze, /KELEA 5:1;  water content(WC)ff FHHETEMI%E;  organic matter(OM)K
M ERBRAMBERIENE:  total nitrogen, (TN)RAEMEDLIRIENE;  alkali-hydrolyzable nitrogen(AN)
K WA Y B9 U 5E ¢ total phosphorus(TP) % H] HCIO4-H,SO4 W4 &, A 86 Fi b (kI 52 ;. vailable
phosphorus(AP)XF NaHCOs {2 #¢—8HERPT L (7%l %€ ;. available potassium(AK) K H NH4OAc &2 #E—KJ#
FEEEVEIGE

T3 AMF BHE 2R R LIRS R MEARECA R A AT AMF ##75 DNA [#2H, R
AMV4-5NF/AMDGR 51 # 21, 5] ¥ ¢ % N 5-AAGCTCGTAGTTGAATTTCG-3' , 5-
CCCAACTATCCCTATTAATCAT-3', MIfiiEAT PCR 974 & J5 4 DNA Bl 7, 4% 97% (1 5 5 AR k47
OTU %43, KH RDP classifier VMR EST 97%AHUKFH OTU REEFFFIBEAT 43300, Eid
maarjam20220506/AM V)M & s AT 0 b, SREUAr R FHAE B .

2.4 BHRSH

KA EXCEL2019 #H47 #4538, KA SPSS26 #H4T K E 7 Z 5 #T (One-way ANOVA) 538 K6
(Duncan’s test) 7347 A [F] A A R Y ] - 8 3 A0 5 1) 22 5 PR (P<0.05), SR 5L R I 25 AR 06 AN [ 4% W] 1)

Person A0, RAAEEELZ 4R E SN (NMDS) AIAHLLE Bk 5 (ANOSIM) ZriT AM E B
WM ZES, 5T 999 MEFI ANOSIM 155 NMDS #2561 r (HF1 P {. KA Origin2019 174K .
3% AMF B o Z R0 B ZREIERI SRR LS & AR AR A IR A Fa 5 6 BLA R1E S ‘Vegan’
FEFP R AT 7 Hr s

AMF #7% o ZFEVE 8K A Shannon 624, Simpson 544, Chaol F5%(F1 ACE 5.

1) Shannon-Wiener #5%{
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3. Results
1 =LA A EE R TIE IR R

HEE 2 AT %0, AS[A) iR ) SRR AL P R A7 7 B 35 1 22 5 (P<0.05). WC. OM. AK 1 AN [l &Rk A L
FEITHEIN, e KR AR BUAE R i 3R X 38(14.95% 11.70%- 54.27 mg/kg. 96.73 mg/kg). pH Fll TP B ik
() TH A1 b0 S b, B K AR HR B B AE AR (X 4(8.20 213.81 mg/kg), i pH ZB4LTE H Ny 7.94 ) 8.20,
VOB 1 P BRI . TN A0 AP B AR 0 b TSk D S5 390, Fodk TN S K8 H ILTE i 4R DX 3
(202.61mg/kg), AP f KAE H IR X 18(55.37 mg/kg). MRS, T3 IRS& BEEERFRTIETTT

o
=

5] o

< 2 TR R
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PLOT WC/% pH TN/(mg/kg) AN/(mg/kg) TP/(my/kg) AP/(mg/kg) OM/% AK/(mg/kg)
Su 14.9541.77a 7.9520.03d 113.25:41.89bc 60.7716.79bc 202.2046.42b 5.2240.48¢ 11.7040.55a 54.2743.23a
PI 7.642.12b 7.94:0.04d 202.6142.47a 96.73216.44a 127.1445.13d 9.83:40.53ab 7.0420.46b 31.1345.40b
co 7.06:22.17b 8.0520.06¢ 104.5848.15¢ 55.132.14bc 130.3343.71d 10.09:1.7ab 4.240.61d 27.8026.91b
cB 3.80+1. 14cd 8.2040.04a 103.5147.55¢ 65.91+1.330 213.8146.06a 8.96:40.60b 5.8340.70¢ 45.67+4.54a
PF 7.6542.53b 8.0620.03¢ 54.35412.72% 23.609.78d 144.5743.18¢ 8.80:40.95b 4.98:40.69cd 32.1741.94b
SH 5.41:1.68bc 8.00=0.020c 78.2049.46d 45.2823.79¢ 132.33+1.90d 8.79:49.25b 5.6820.11¢ 28.3343.16b
uL 2.0140.32d 8.00:0.04bc 121.21410.98b 48.83214.00dbc 111.9447.93¢ 9.06:40.99b 2.6740.19% 31.8743.46b
GR 1.49:0.36d 8.14:0.02ab 88.10=0.54d 10.25:5.44d 106.1649.47¢ 11.07+1.4a 0.99:40. 23f 28.7328.81b

e FFIARRNG FRFOREREE (P<0.05)

3.28=

LA EDER TR AMF B5% o A4

HE 1 AT, BESE I s A in, Mekeith 2ol TP 22, RUIREADN PR 2% K, fe N igEd
AMF T SEIE L, wIHEAT Ja B r 8 4.

S BAFEARBEAT AMF #0, 3L 307546 B 41 2158539 45, il I % 466973432bp, “T-151 5 51| K & 216bp o
FFEARTE S EIAE 99% LA b, Ui 45 REe R EA T AMF Z24E0E. 3R 3 vl ., AR ) %
AMF BEE o ZFEVEAF(E B 35 1 22 7(P<0.05). SU [+3% AMF ##7%) Shannon 5% K, Simpson i 5
/N, PI F3% AMF BEV% ) Shannon F5 %0/, Simpson 6% K. ACE F8%UAI Chaol F&%H) i KA
SU, #/MESHIE GR A PL. BRI &, 3% AMF BEE o 2 FREMEBEER I EFHim 7.

5.54

Shannon curves
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Number of Reads Sampled
B 1 3R AWF BEEFERR L
3 I AW ZREMEIER
PLOT Shannon Simpson Coverage
SuU 4.3840.75a 0.0320.02b 395.02+144.70a 395+145a 0.995440.0009d
Pl 2.0840.56d 0.2140.10a 140.13490.58cd 0.9981+40.0008ab
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Cco 2.8440.72cd 0.1620.15ab 146.4866.25cd 144461c 0.997920.0010ab
CB 3.5440.21abc 0.069.003b 240.62421.54bc 221+49bc 0.99610.0004cd
PF 3.2640.34bc 0.100.04ab 192.178+26.89bcd 187+24bc 0.996926.0006bc
SH 3.6840.47abc 0.0540.02b 216.06272.20bcd 208+69bc 0.99710.0008bc
UL 3.9340.55ab 0.070.06b 293.93+13.80ab 296+27ab 0.995626.0009cd
GR 2.7620.23cd 0.1140.02ab 99.31426.86d 102+426¢ 0.9986+0.0007a

W FAAFRNGERER R ZEREE (P<0.05)
33 WEZAKARIEIRTIE AMF o 2K ZE A5

fer I B B A b 45 AR, I maarjam20220506/AM WA FEEAT XS LU ATAS, AN [EIAEE T St
G144 6 H 13 B 18 J& 135 Fir.

A 2 w50, JEAKSF 3% AMF AR FEEANFEFEARPIEEZE R . Glomus TEFTAREAH (R 3 5
It TS O 75.27%, #E GR HRARR B IA B i K AE(94.04%), HAE GR. UL, SH HAHXT )
I 90%, Ui Glomus &% =11 Fad H 1% AMF BV IR, 3 i 0t A FREA T J8 K- i 2 7o i 3R
B 3), IXAE SU H K B Acaulospora~Sclerocysti F1 Entrophospora . Glomusunclassified p _Glomeromycota-
Diversispora~ Archaeospora~ Acaulospora F1 Sclerocystis TEAN[FIFEA R 2 I8 25 72 7:(P<0.05) .

Community barplot analysis

| | - M Glomus
[ Claroideoglomus
] M unclassified_p__Glomeromycota

M unclassified_o__Glomerales

unclassified_c__Glomeromycetes
W Diversispora

Archaeospora
M unclassified_f__Glomeraceae
M others

Percent of community abundance on Genus level

GR uL SH PF CB co Pl su

2 IR AWF BEER KT LR
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Diversispora 0.04805
Archaeospora 0.02208"
unclassified f__Glomer 0.3952
Paraglomu 0.06505
Ambispora 0.2787
Acauh}spnm- 0.04136"
um‘lu:siﬂedﬁoiAr(‘haeospomles. 0.1469
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Seuteltospora |m— 0.508
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Scle/‘ovvslts- 0.04136"
Eﬂtroplxospora- 0.4289
wnclassified meiwmm;% 0.601
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Mean proportion(%)

TE: oAy AR 0. 05 A 0. 01 KPR FH K
& 3 AWF $fER BEMOLW

FT )@ /K P A bray_curtis PEE 1T 11 AMF B 75 45540 1) NMDS 7445 L R (K 4), PIALAAEXS
BN EL BT A N E IR AR AN B RS, U REEAL A 5 5 () A A PR LT
AR GR UL A1 SF 4H (8] H A& DORBOR, Y] = MEAR R RER 250 22 3 B0, s ) PLAT SC 22
[ JC A DX, Ul B PR A TR S5 M 22 S BOR, - HARMER S iRy IR T VR S A O 2 7 BT
Hoh Z 3 e R ALREA (GR #1 SU)iE— 34T LEfse 43 #r(K 5), HrdH ot GR 1 Glomus 14 8% &
T SU, SU " unclassified p__Glomeromycota unclassified o _Glomerales Diversispora. Archaeospora.
Paraglomus F1 Ambispora =& 2.3 5T GR X 999 ANHEFI 204 (1) ANOSIM 43 #7 & B (7=0.5073, P=0.001),
VA FIRE A 13 AM HE R SRR AR ST T A 2 7tk
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NMDS on Genus level
stress :0.021, R=0.2361, P=0.004
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®su
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T
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4 IR AVF B55% B SAEMERY NMDS 34

LEfSe Bar

EEGR
LBt
g__Glomus 548125728928
g__unclassified_p__Glomeromycota 498824079115
i g__unclassified_o__Glomersles 477528521881
| I ¢

g__Ambispara 338182891574

B L e e e B B B L A e B B e AN A
80 55 50 45 40 35 30 25 20 15 10 05 00 05 10 15 20 25 30 35 40 45 50 55 80
LDA SCORE(log10}

5 GR 5 SUBY LEfSe 4%
4 B=ZAEARNS R TIE AMF B8 24 M 5 IR RIE R X 7 4

LA AT A (3% 3), ALT. WC. OM A1 AK 5 Shannon 154, ACE #5%0f1 Chaol #5405
W.# IEMZR, 5 Simpson 8% 2 2.3 1 AH5%; pH 5 Shannon 840 2 23 A%, 5 ACE F8%0F1 Chaol
R R B E IEAHOC, 5 Simpson fREU 2 T3 IEAHIS; AN 5 Simpson fRE 2 & 7iAMHK, 5 ACE 832
EFEIEAMR; TP 5 Shannon 8% . ACE #84(f1 Chaol 8% & . % IEAH><; AP 5 Shannon $84(f1 Chaol #&
PR MAK, 5 AVCE 88 2 B3E iM%, 5 Simpson 88U R 3 1IEAH K

83 RDA 73l #1(H& 6), Shannon #5451, ACE $8%(#1 Chaol 545 ALT. AK. WC. OM. TP, AN
ATN 2IEMSE, 5 pH Al AP 2H7AHE, H ALT Xt AMF BE7& S5 oM ok MRS 0% RIs Rt 4 R
i, ALT(r>=0.6623, P=0.001). WC(>=0.5036, P=0. 002) OM(r?=0.482, P =0.004)F1 pH(r>=0.3888, P=0.006)
I AMF 7% o AR M B2 B3 o 55— HER SR 7 AMF VR 410 78.40% A8 5, 28 —
FRHIfERE T AMF BFE AR 10.21% 38 57 %*ﬁkrﬂmﬁ’ﬁémﬁiﬁﬁ [ 3 AMF BE% 2 R 3
B RN RE .
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= 3 13 AW R ZiEM S T IEIB LM RIBIAY person X4

ALT Shannon Simpson ACE Chaol
ALT 0.741** -0.770** 0.525** 0.599**
wcC 0.792** 0.739** -0.713** 0.582** 0.716**
TN 0.566** 0.237 -0.267 0.283 0.184
pH -0.738** -0.542** 0.571** -0.382* -0.410*
AN 0.712** 0.329 -0.391* 0.357* 0.309
TP 0.441* 0.418* -0.331 0.512* 0.483*
AP -0.451* -0.673** 0.628** -0.362* -0.633**
oM 0.834** 0.784** -0.739** 0.648** 0.788**
AK 0.414* 0.671** -0.647** 0.528** 0.655**

VE: HFIER IR 0,05 A1 0. 01 KBS,

RDA on Genus level

120 .
i [ Yl
1004 i uL
801 i @ st
i OFF
| i e CB
60 H Shannon
: @®co
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—~ 40 i ™ ST e or
3 H ':}/ L =7 ALT
> HC I ®su
N~ 20 P -y (Y
o e, ,o:'::’::’-'—'-""" AN
< O, Smer Chaol
(&l O—frreemmenmnncamencnnnnnannnnnnnnne .. ’ S Y ZRGREEELEEECTY CEPPEEPE
3 : """‘::::"'~~§,TN
& 20 -
T ACE
-40 '
-60- '
-80 Simpson E i
-100- H
T T 'I T

T T T T T T T T T
-140 -120 -100 -80 -60 -40 -20 O 20 40 60 80 100 120 140
RDA1(72.57%)

6 AW ZEMES IR MEIR B9 RDA 234
RG] 1 5 3 AMF J&7K-F i) Heatmap EIZ5 R Bor(& 7), HIEBACVE BT 5O &% AN BA A
RIS . Glomus 5% 3 TIEEALNE T SRR R K, Hd Glomus 5 ALT. WC. OM 1 AN 23
A, pH MR IEAIE, AK Al TN B2EZEMAMKL, AP B3F IEMHE. pH 5 unclassified_o__Glomerales
R E AR, 5 unclassified_p__ Glomeromycota 2 . % IEAH K . Acaulospora- Diversispora K1 Pacispora
5 OM Ml AK BB FEIEML, 5 AP EWMBE MM, Mok, TN TRAIENT Ambispora.
unclassified f _Diversisporaceae F Scutellospora 1% ‘i 3% 520
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Pearson Correlation Heatmap

r 1 r 1 T . 05
— T -
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A
§ R AEL S

T %, AP 0,05, 0. 01 1 0.001 KPS M,
& 7 AWF B2 Bk 5 HIETRL MHEIKEY Person $83€ Heatmap [&

4,331

4.1 NEERTIE AMF BE% AT (L 43HE

AW TG 1418 A~ AMF 1 OUT, 3@ T 1177, 4 4. 6 H. 13 R 18 8. 135 Fh, ULHIB 2117
W AMF MREEHNM 2, RESKRENEBEAR 5. THREREWH, Glomus B2 T 1E
AMF BEE A8, X 5 MR L X6 AMF BEVE OB 7045 AR — 802223, XN Glomus f.3%
1 AMF )%, I FLAT LR A KR B 22 e DA 7, (5678 ] CAYEAE AR B3k 47 50 32 A5 % 5 s il
H A 0 (RS S RE /7124250, ZEARTR e, Glomus HIFIN F2 R Silik 2R F A%, X5 Haug et
al. FORITFEEE FoAH — 320, MHAR KA AMF J& SR 2 1B K. — SR Y, Glomus W] LILEF T 561
NI SEAR Y UM T A e R A R, R AN K 3 X i mT CAR] CAARTHE SRR S R E AR, (HAE
YT LLER AL 22 (R E AE TP 048 AMF, {2k B 2 T T (10 Kk E 1281, BEA R ETF, —J7 i, Mok &
m, FTREAETE FRERT Glomus WIRCBRE BEREAIR: 5 — D7, iREFECIR S AMF B 2MfFIrIRE, X
Glomus WIFZWAT] Be KT HoAt AMF J& .t U g4k o 13 AMF 36 1R VA 2546 R [R) D% R AFAE R0 o

B2 T3 AiANF, AMF BEVA 2 FEMELEAS RV BABAZAE 2 5. S0 B LR W12930),  AMF BV 2 FETE
B AR T e e 3 0 S 98, FEAS [RDEAR X8R A AR A et . TEARB T, RS AMF B o 2
FEPE AR S5 EARDG, 5 AR 0 45 A [F]09-300, J5 PR m] G AR 8 (0 B 72 XIS, W PR B H 1 397
AW BFRE, LIRS MA AR R # e x AMF B 2 AR B IR TR m B3], 78
Kutgid, BRI, LIRSS BENIN B IO, 52 R R —EX AMF B~
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ARG, AEHETE o ZREIEEAN RN IR 2 . B, FERORET 7 i il 75 ik — PR R 2 LA [
PO AMF FEV& I8 B2 BB o

4.2 3% AMF B S5 HR 2 g (K &

ARPFER RN, THEHEAERXY AMF V& ZRevEA EE W, 5V 27450 — 307381, @i
TIREALYE PR AMF 7% o ZREMERHTHISCHE D TR, pH. WC. AP, OM Ml AK /2 E I[N 3% .
FEABEFEH, pH M AP S5HEVE o ZFEME ENOEE UK, pH I AMF RS EER K, JREW 82
pH AMUFATLLEZN AMF 1S K 81230, I ] LU I 5 ma i 400 B v 4H R S x5 5% 2 IR R AR
SKIRIHER I AMF BE7%B9; AP XF AMF FE7% 2 BRI 820 5 Ji and Bever F1 Ceulemans et al.  FAHF 7045 5 4H
[FJ404, HTRER Y AP & & ETF o] AMF B 78 R 276, RO IR R S AMF 384, |
Fe NS il P23l Ak, ARHE IR R WC OM Fl AK 5HE o ZREVENRE 2 EARDG, R RIR T AE
& WC HIMAUEE AMF 55K BPY, I8 rs BN AMF Rk £ 55858, X AMF & 4514 Al
ZAEME A R4, OM %) AMF [ 1% JEAE I BA IERER], JESEAE —ERE it AMF %
aRE 28], AK ATDAMERE AMF XHEPI RS, 20 AMF B . TEARBEFH, T3 N &M AMF B
KRBT, S5 TERAFE[40, JR AR5 2= ILPE S R 8%, 138 N 7EAS R4k R 1 A2 4k
AN

RDA 73 45 532 W] 3% pH. WC Hl OM X AMF B v& 45 K Al 2 AP A 2 2 52 i (P<0.01), I g
X} Heatmap( &l 7)2E47 7047, W] IR BAL I B0 AN A J& (1) AMF B AR 52, Glomus 1 R % & 52 31| 1
PR SRR, I HORER - S #8322 3R 5o m, 50 O Fuas RAREEOS), A —E R AR
TAFREATE] AMF #7525 320Ut 7 I8 75X AMF BV 45 M F0 2 5 1 B A B 22520 .

Ak, AHFFERE, 5 EHEY LA S RS R AMF BV ) EE R R 2 —BY, XA Re 5 A A
YEA ARV E TR/ KA KBS, BAEES 70T 70 i R I 0 2 MEVE 5 R 2 FEPE R AR AR SR, Rk
R X (GR-CO), AMF RS ZERBUN, o ZRMEZERBOR, Hr UL M SH MY Y 2 FEvEE S
GR M ZFNEBURWT, 5 AMF #% o ZFREIERRHE, U] T Z B AMF BE& 2R R5E
M. 7EH S AR IX I8 (PF-SUD, Claroideoglomus WA= FE iy TR X3k, #H 5L &I Claroideoglomus
AT DA HERE 008 7R BRSO 8, 3R] R A2 Hh v i 4k X 3R 0y ETHR#E MY S Claroideoglomus i3t
T, (FHERBCEZE SR, FREAEYE. AR, EREEINSRSNRERET, HYS
B2 (3 T DA SR A BT FE MR ) AMF JE47 JLAE 19501 X n] R 2 gk X8 (PI. SU) AMF #4514 5
R HEXEHEZRER . £ %EK VAWM, unclassified p _Glomeromycota «
unclassified_o__Glomerales 1 unclassified ¢ __Glomeromycetes [WFIXT £ JETE mfgih XA &5 s, AlRE
IR PUIENE ) S g, HIE Tk — 7T DL e FARMSEA DI RE. b, PL AN SU 1) AMF FEI& 45
PR B %5, H SUMBE o ZRMiZmE T PL SR W HEZ SU M PI R KRG B %R, SU
MY Z FEMEAI LI SRy 3 & T PL H P P H A F BV EIR BRI, AMF BEAZ 3
BB TR0, PR TR R . R 2 AR L KX AMF BRI R IR

FEARRMEFTH, A LA 22 L PE A R4 ) 3% AMF BETE 5 R D BE VR R AR AN L3 77 40 AR BLOG &R
BEATHGE, PRIk AMF BEE A LIRS RAEA, R B 2 AR . IS R
PREETJT TR LR IR R A
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5. %

FEARUH T F, P22 v 3 AMF )BT 177 4 94.6 H. 13 B, 18 J&. 135 Ff, £ )8 N Glomus.
+IE AMF BEERETE G500 L SR EE AN AR 2 M B & Z R, AMF BEE o 2 REVEREH A0 T+ = 3 .
T BEERAL P SRR A 2R AT - AMF BEVE S5 0 e Z eV B 5o, Hoh 3 pH. WC. AP. OM fil AK
FEEI AMF #EVE 0 E 5 7.
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