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Characteristics of fungal community structure in arable mollisols
with different organic matter content under two climatic
conditions
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Abstract: [Background] Mollisols in Northeast China are rich in organic matter and fertile soil, which
become an important food production base in China and a sensitive area affected by climate change. Soil
microorganism is sensitive to the changes of environmental factors and closely related to the soil fertility.
Therefore, it is helpful to maintain the productivity of mollisols by studying the influence of environmental
factors on soil microorganism. [Objective] Explore the effects of organic matter contents and climatic
conditions on fungal community structure and diversity in arable mollisols, and provide important basic
data and theoretical basis for agricultural sustainable development in mollisols regions under global
climate change. [Methods] Long-term soil spatial transplant experiments were used in the present study
and the species of fungi in mollisols, and the diversity and community structure of fungi were analyzed by
Illumina MiSeq sequencing. [Results] Under the two climatic conditions, there were abundant fungal
species in arable mollisols with different organic matter contents. The content of soil organic matter had
little effect on fungal diversity, while the climate conditions and fertilizer application largely affected the
fungal diversity. The dominant fungi phyla in mollisols with five organic matter contents were
Ascomycota, Basidiomycota, and Zygomycota, accounting for 92.5% of all the sequences. Under the colder
climate, OTU numbers, Chaol, Shannon and Simpson indices all decreased in varying degrees;
fertilization also reduced the number and diversity of fungi in arable mollisols, but the decreasing rate
decreased as increase of organic matter contents. Climate conditions, organic matter contents, total
nitrogen, fertilization and pH were the main factors that driving the changes of fungal community structure
in arable mollisols with different organic matter contents. [Conclusion] Organic matter contents,
fertilization and climate conditions changed the composition, diversity, and structure of the fungal
community in arable mollisols. Climate conditions and fertilization had a greater impact on the fungal
community structure of mollisols with different contents, while organic matter contents had a smaller
effect on it. However, the effects of the first two factors would weaken with the increase of soil organic
matter contents, which was obvious in Ascomycota.

Keywords: Arable mollisols, Soil fungi, Community structure, Climatic conditions, High-throughput
sequencing
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ARACE LA VL& AR K, EHEE
6.5-128.9 g/kg Z A" HHLF A B AR 1
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B, s AL R T 2o SR FBCEAE RN
5T, W B RS S A AL ALK, A
TF 98 S A5 - A5 ML 75 k-t A YT - 358 B DR R 455 4 114
LR, DABHBAAT AL RS 3R )
FEE 2, XSl e pR R A A5 T Alk AR
BRGEM AT R A HELEE L,
1 MR5TE
1.1 i3S iR
56 b 43 A F BB R VAR T A T Hh R B
AR AL A ARSI T (N47°27", E126°56")FlI T bk
5 BT B - P 5T HEHB(N44°12', E125°33"), BRI
A HEAS T B FE I R T e . A F=9E% T
M, BERMEE, FFEE 1.5 °C, kK
i 500—-600 mm 74y, AR 2 400-2 600 °C,
TJCREM 110-125 do 75 AR TE ST I8 T Hh iy KR
PEERAE, BEZNTR, EERREW, FF
BISIR 4.5 °C, [EKE 550600 mm A 47, FAHEK

R 2 800 °C £ 47, Jofe# 135-140 d.
1.2 #Rhgit

IRIGIKFE T 2004 4ERKZE T 8+ 3R ™
WA IR AR Yl AT W MR /R PV {63 (I3
a7 30 MRE/NX (1.2x1.4x1.0 m), /NXZ]A]
FH 20 em JE R 553G, el DIKYeE 55, PG By
KA o FERR A BRI S PR ML & B k4
+, 4% h SOM1.7 (16.6 gkg) . SOM3
(32.0 g/kg). SOMS5 (50.6 g/kg). SOM6 (58.8 g/kg)
1 SOM11 (108.9 g/kg), TIFEFEREBRALPER W& 1,
(DR o 511 T =i SO 79N g P @ 1 N A Y P
o SRR AT (NPK) FIAS At AE (CK) P A4 51, A
AP 3 REE,

RIGHUFPAEAED) R oK, SR AR R A FhAE 54
PR BB AR, bt AR (LA NN 150 kg/hm?,
60%EHENE, 40%7E EAKMIW BliB i ; BEiR —
B e, i AR (LA P,Os ) 75 kg/hm?; Sk
BOMBRAE, AL K0 3 60 keg/hm®, BEHE
B A0 g A AP
1.3 EEXFIF0NEE

Fast DNA Spin Kit for Soil, MP Biomedicals N
Al; DNA BE[E, et vHEARA R A ;
DNA #lifkif 7] &, Thermo 23] ; TSIF/ITS2R 5147,
iR F LAY A F L PCR L, AB A+l ; Qubit 3.0 2¢

F1 HEEAREBUMR

Table 1 Initial soil properties

Item SOM1.7 SOM3 SOM5 SOM6 SOMII
AHHLT 16.6 32.0 50.6 58.8 108.9

Soil organic matter

(g/kg)
S 0.8 1.7 2.6 2.9 49

Total nitrogen

(g/kg)
A 0.6 0.8 1.6 1.9 24

Total phosphorous

(g/kg)
N 126 130 138 144 156

Total potassium

(g/kg)
pH 663 595 6.1 542 634
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Y¢it, Thermo ZA+]; MMFAL, Ilumina 23#] .,
14 HRXESSH

IR AR T 2017 A F KGR (FEH 9 H
28 H, H¥JE 7.1 °C, Wf; e 10 7 8%, HY
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i 2 mm i, 7E-80 °C vKFELR-AF, HIFH3EE DNA
NG 55— T i 1 mm #10.25 mm i,
HE+5E pH, AR, 2R . EBEIE .

AT SR AL AT, pH LA
2.5:1 7K - FoFH pH IHIE s AL . 420 e

i Ff] Fast DNA Spin Kit for Soil #&H 13 i
DNA, #EHG#) ITSIF (5-CTTGGTCATTTAGAG
GAAGTAA-3")F1 ITS2R (5'-GCTGCGTTCTTCATC
GATGC-3" VBB ITS rRNA FLRFEA S T4 4%
PCR JZ WK Z . 5xFastPfu Buffer 4 pL, dNTPs
(2.5 mmol/L) 2 uL, 5[4 ITSIF (5 mmol/L) 0.8 uL,
5% ITS2R (5 mmol/L) 0.8 uL, FastPfu Polymerase
(2.5 U/uL) 0.4 pL, BSA 0.2 pL, Template DNA
10 ng, #b ddH,0 % 20 pL. PCR W &4: 95 °C
3min; 95°C30s, 55°C30s, 72°C45s, 30 M
5 72°C 10 min, PCR ¥ 347~ H12% H 2%Bi i biiE
JREHL IR, ] DNA afifbik) apbiratifh, 4l
fLJER) PCR ¥ 34 WAE iR A e e & Lilg e
S El AT Tllumina MiSeq JF 91047 SRR 751 A%
% SRA FHEFE (SUB7928466).

1.5 FUEHH

4% Barcode 41 #11 PCR 14 r= 4 e 41 R IR
FEo 0 o AR L R, XA T PR S s
UE, FARULE S LSRR A
16 F B A 43 A ob 18] 5 AR OC A% 31530 5 (http:/drives.
com/usearch/manual/dereplication.html), Z=BR¥EA H
2 B ¥ ¥ (http://drive5.com/usearch/manual/
singletons.html), #%/8 97%FHIEXTHE T & 51 (4

TP T OTU 23K,

MR QUIME 1.9 4, XA T
OTU R0 Hr. WA aimbr . o ZRED M. B
ZHFPE/ T Redundancy analysis (RDA)/Canonical
correspondence analysis (CCA)7 T .

K H Excel 2013 X Py SERMECR AT REBE, A
Ml SPSS 20.0 #EAT2E 5 R EMEG T, R
Sigmaplot 12.5 #fF1 R #fF2: 14

2 HR540
21 SE-HER-GNENKREETERESEN
op=A10)

FIFH Mumina MiSeq 715 X 60 LA 7
T s AT, AEI R LRI 386 T 24
¥4, % Unite (Release 6.0 http://unite.ut.ee/index.php)
ERHBAREE T, Ho 98.70%[11 51 L 751
B PO A 64 355 20070 XA A A 4
TOR[F AR A 3 B VR AL T R B, R TR
e, JERENE] 7 AR T, KL PR, FRERT]
(Ascomycota) . ¥F& | 1(Basidiomycota) A ]
(Zygomycota)|& TILHGEIT, MHXFFEK R, b
FRAE A 92.48%; 1E 60 IR, EAT1H)
AT ERESTHIN 14.49%—74.37% . 2.16%—83.04%7F1
1.05%—31.06% . F-BER [T A 3 FE A P 7 &
JCHH SRR , [ e X A i o ZE AN [ A LT AR
- HORRE(E 24), SAERBA IR SOML.7 Fl
SOMS +HEFRER I AAIT 1, Hgx 3 Fh L4540
X FE RN . SEARAE N T SOMS HhF-2E T ] BAH
XPFRE, SRS T IR R 10%, i
Vo S R IGINIREE 1% AR SR Fitaie it
PRIREAR I T T AT B, FRARR
2.89%—31.89%, 1M HLIEAIR IR B bl -3 L5 5
TN o FHF TR T ANt I A 38 v i - 9 L
Jr RS, 16 SOMS FikFliR s, ZIRREA ML
Gt Twa =] o AR Y N O EiE Al TN - W
R (P>0.05), T it A Ak FER 5t 25 348 o 4% A5 HIL SR
A B A PR TARXT R, £ SOML.7
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Figure 1 The relative abundances of fungal phyla
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Figure 2 Heatmap and cluster analysis of fungal OTU
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Figure 3 PCoA analysis of fungal communities
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*2 HEOTUHESZHMELRE
Table 2 Fungal OTU numbers and diversity index

Treatment OTU number Shannon index Simpson index Chaol index Coverage (%)
DH-CK-SOM1.7 635+36 3.8740.15 0.050+0.015 766£78 99.77
DH-NPK-SOM1.7 424+72 2.71+0.49 0.191+0.083 520+58 99.82
DH-CK-SOM3 689+29 3.88+0.15 0.059+0.019 830+53 99.78
DH-NPK-SOM3 50645 3.15+0.34 0.117+0.055 642+48 99.80
DH-CK-SOMS5 658+56 3.86+0.23 0.049+0.012 808+78 99.76
DH-NPK-SOMS 501+74 3.3840.31 0.087+0.040 628+88 99.81
DH-CK-SOM6 658+101 3.64+0.79 0.086+0.085 803137 99.76
DH-NPK-SOM6 511452 3.440.27 0.078+0.014 650+59 99.79
DH-CK-SOM11 628+107 3.8440.28 0.052+0.016 768+125 99.71
DH-NPK-SOMI11 573+65 3.73+0.3 0.059+0.020 720+14 99.79
HL-CK-SOM1.7 544+116 3.38+1 0.123+0.134 662+126 99.80
HL-NPK-SOM1.7 420+146 3.06+1.26 0.201+0.258 514+152 99.82
HL-CK-SOM3 573+18 3.89+0.19 0.051+0.010 669+5 99.80
HL-NPK-SOM3 404+69 2.91+0.53 0.140+0.083 545+65 99.79
HL-CK-SOMS5 578+68 3.364+0.59 0.112+0.088 720£62 99.80
HL-NPK-SOMS 489+40 3.53+0.26 0.068+0.012 619447 99.79
HL-CK-SOM6 585+38 3.22+0.67 0.147+0.125 71016 99.81
HL-NPK-SOM6 355+52 2.99+0.35 0.115+0.064 485+104 99.81
HL-CK-SOM11 591476 3.58+0.49 0.105+0.060 729+48 99.74
HL-NPK-SOM11 491477 3.5840.35 0.075+0.034 602+126 99.81
250 -
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Figure 4 CCA analysis of fungal communities
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NEJtEA T2 3 pH AR, EIR] I AU A AT
3 SRR ZREE (AT A BT
1R A P PR I L T SRR AR IR A /],
PRIy 37 HLR 5 12t 1 T 70 POV 30 - 1 nh g
ARG, A T AR S TR MR RS

ANTRAT LIS A P 8 A P R e A Ak B
BTSN, R R80T %
M HFw N AEE R, X5 HASCT RS
LR A2, RS A HUT S R AR
A BT X  SEE GRAX E E  AE —E R, i A
F4 J DR T RS BT F) B AR R T e T S R LA
SEARE MR, Z TR, B TEZL
X - AT DRI it I A P R A T A AR =
SEMAANK, XEREAEALBE T 487 1 TR G B A
FRFHE—E R RN ATRER: TRE IR
T — B R A B R AR RE i O Rl <
75 A T S g 13720 P B I XSk 1 ) PR
RE a0 LSRR 0 BR300 ) RE ) o He 4
SO PR R BRI A R,
URBS SRR F R o Wi IE = B A
AT AR R . 5w AR R T
AIRESE TR A AURRE R, A RIE R A
JRyER R R B it e, TR A EREE AN T4 A
R4 BT IR BB A K BY iy — el RE IR AUIE
Tt AP X SRR VRIS A A S A
M, R MR R b Z RS AF] T X R R
FR AR . SR MHHF B I LS A BE
AR, FEAESE I T IR IR A, (BRI
JRS BT, NP TS AR A58

AT A 5 A WL 5 o o B b T 3R 1 )
FIEF 1 TRHIX B A — 2 e, (A HLR S
“HWEMBHAELR, 5 Lin EPUHIF LS RA
—, X ARE S A MU S A B, T EAHT
Ferh 5 ORI LR & A 2B AV E Y 8 &
K, ABWEEREAE AT REIRES T A LR S R
FHy 0,

I 3 AT, A LR - E Yo P 2 4 2
FREVE G P e T — B S . SARBIFE MM,
Looby 25 i H 00 A PR AR bR - S U BE TR 454
2SI T BRI T, AT EUR IS B0 T A
= A R T T A Rl S B RSl
SEBTIRE 58 2 WA R Rl LR & A 2B - A MLk 2
MR ZE S, i B R A A B IS AR ],
SRR 2 SO IR B R A
T TFEREMAER, H 7R IG5
FLIA M EHEEA  [RIBAIFGY & BURE VR 4540 32 115
pH R, (HAEA LEBETE 5 pH X ELR R
ZE I SR B 5 TN Y SR AT B R AR S
H R T IR | AT 25 S A — R
s AR AR s 5, (il pH X AR 45
RIS R . 25 TR, SUERE L MR
358 [ BB TR Sl AR LR RS 45, (R
] f458 A R it — R AT
4 g

(1) 7EI1# OTU /K- |, AW & . e
AR R A P BRI PR 25 A
TANTR A B A R A A R AR A AR T AR
Fr—20, YT HE ] (Ascomycota) . T B[]
(Basidiomycota) W4 T 1(Zygomycota).

(2) AMgsslE . HAEFA YL S R — R
JE RO TAHB R R AN AP S R
X ZAEVEARBCE A K, AR R 2k
B B [ R BE R

(3) CCA kW], <. pH. SOC. JtHtS
A H R T A A SR A I B UIAHOC
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