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Diversity and functional differences of fungal communities of the decomposing

fallen logs of dominant species in cold temperate coniferous forest

PAN Hong, CUI Fuxing, YANG Libin*, WEI Dan, FU Xiaoyu, ZHU Daoguang
Institute of Natural Resources and Ecology, Heilongjiang Academy of Sciences, Harbin 150040, China

Abstract: This paper aims to reveal the distribution pattern of fungal communities of the decomposing fallen logs of
dominant species in cold temperate coniferous forest and explore the nutrient-driving factors affecting the distribution of the
fungal communities. The Illumina MiSeq high-throughput sequencing technology and R analytical method were used to mine
microbial diversity data information, then analyze the diversity and functional differences of fungal communities at the initial
stage of fallen logs decomposition of Betula platyphylla Suk., Larix gmelinii ( Rupr.) Kuzen, and Pinus sylvestris var.
mongolica Litv.. The results showed that Basidiomycota and Trichaptum were the dominant fungal communities for Betula
platyphylla Suk. and Pinus sylvestris var. mongolica Litv., and Ascomycota and Acidea were for Larix gmelinii ( Rupr.)
Kuzen in cold temperate coniferous forest. The diversity analysis showed that the fungal Alpha diversity values from high to
low were Larix gmelinii (Rupr.) Kuzen, Beiula platyphylla Suk., and Pinus sylvestris var. mongolica Litv.. The difference

of tree species has extremely significant changed the Beta diversity of fungal communities on the genus and OTU levels
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among fallen logs intergroups. The ecological analysis of the fungi showed that saprotroph was the main ecotype of the
preponderants. Wood saprotroph was the main lifestyle of the fungi of Betula platyphylla Suk.. and Pinus sylvestris var.
mongolica Litv.. Besides, soil saprotroph was the main lifestyle of the fungi of Larix gmelinii ( Rupr.) Kuzen. In addition,
there were significant differences in pH value, total carbon, total nitrogen, C/N ratio, hemicellulose, and lignin among the
three fallen logs. Moisture content, total carbon, total nitrogen, cellulose, and hemicellulose were the main factors affecting
the fungal distribution. The enrichment of different tree species to the fungal communities of fallen logs is different, and the
microbial diversity and functional changes brought by this difference have the important scientific significance for the

material cycle in the cold temperate forest ecosystem.
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Fig.1 Venn to show the cluster distribution of the fungi in the decomposition of different fallen logs based on OTU level

Bp: FAME Betula platyphylla;Lg;)‘%ﬂ%ﬂfﬁA Larix gmelinii;Ps;*ﬁ?*’A Pinus sylvestris;OTU;ﬁ%{ﬁﬁ}ﬂéﬁﬁ Operational taxonomic unit
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Table 1 The Alpha diversity indices of the fungal communities in the decomposition of different fallen logs

FBIAREA ZREVESR B (PIH AR UERR ) Diversity indices( Mean+SE)

Samples B R Coverage FEAHE % Shannon index Sobs 1%L Sobs index Chao 1 384X Chao 1 index
Bp 0.99+0.00a 1.64%0.10ab 35.33+2.60ab 37.51%3.51ab
Lg 0.99+0.00a 1.8320.33a 40.67+2.33a 41.28+2.30a
Ps 0.99+0.00a 1.38+0.31b 31.33x1.20b 32.42+1.40b

Bp: FAHE Betula plat}phyllu;Lg;%ﬁ%”[‘ﬁ& Larix gmelinii;Ps;Tﬁ?ﬁ} Pinus sy[vestris;*HE/J\i%'?ﬁ%:zﬂ?E P<0.05 K¥ TR EEES A
[Rl/NG Rk 26 5 3

2.2 EEEEREEAEA R R EA R P A LU S o3 A
B 2 FEARE R TR B RS20 Akl 3 BB 4G I H 2 NS REE T, 435128 Ascomycota (F
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Fig.2 Composition and distribution of the fungal communities in the decomposition of different fallen logs based on phylum level
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Fig.3 Composition and distribution of the fungal communities in the decomposition of different fallen logs based on genus level
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734 T Ps; Agaricomycetes unclassified , Ascomycota unclassified )& 325304 F Bp, 75 R E H A BEAE L H
SRAR R FBETE 0.05—0.96 Z [8], AL T A= WIAEAS 6] 53 AR A v i) A 22 S
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MR, P H 2l 0.068, ARG M2 5 . 7EJ@ \OTU JKF I, Bp L Ps 41 i 515 i [ 2 25 PR AR AIC , AR X BE
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Fig.4 PCoA analysis and correlation matrix of the fungal communities in the decomposition of different fallen logs

PCoA : FEAARMHT Principal co-ordinates analysis

2.4 BRI E TR TR AR SR

5 AT UL, K242 bt 3 A Fi (8 A b B TR R VR Y 5 B AR AR 2Ry JE A AU (Saprotroph ) | i i A
( Pathotroph ) DA J¢ 442 5 ( Symbiotroph ) , Hirft JE A= J2& Bp \Lg \Ps IR LR EL R Y 2R, [ — B H
T FE R EREAAAEA RN A 16 J7 20 B FRRRE )46 32, Trichaptum AR BUE H (Wood saprotroph ) , Acidea 5
+ 38 )8 A ( Soil saprotroph ), Capnobotryella ., Cystobasidiopsis 55 K A # & J& 42 ( Undefined saprotroph ),
Cryptotrichosporon NG JF ( Plant pathogen ) , Anzia “A #3434 (Lichen symbiotroph) , BbAh, A R8I A K
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Fig.5 Ecotypes of the fungal communities in the decomposition of different fallen logs

2.5 R[FIRTEIATR 722 5 MO BB AR 1 SRR A
R 2 PR FRIERRT, TC TN LF4E R CRLT4ER R B 19 B 7350 3 Al b g BUIRIK A Ps
Lg .Bp,MC .pH WL Bp f5c# , Lg K2, Ps i, AT UL, AN [ SR 208 AR 00 5 B AE 3 Ff (1A i) S22 8 41— R g LA
Yo 53O FEGETHAHT I BRI Y pH TC TN [ C/N REF4E R KRR AE Bp Lg Ps AN [ R Fh ] B 177 7
FE2ES
£2 FEWMBEARS
Table 2 The nutrients of different fallen logs

FIARIRIT (BIELARIHERR)

The fallen logs nutrients( Mean+SE )

fHIAREA -
FIKE % . X ot . - BRI
Samples . ML FHR/ % PEHR/ % AR/ % LA/ % RS %
Moisture . o : Carbon
pH Cellulose Hemicellulose Lignin Total carbon Total nitrogen . .
content nitrogen ratio
Bp 11.74+0.44a 5.45+0.01a 21.46+0.67b  33.01x1.29b 17.63+0.36¢ 38.66+0.70c 0.68+0.00c 57.08+0.11a
Lg 8.55+0.01b 5.42+0.00b 22.25+0.48b  21.58+0.69¢c 24.39+0.29b  42.94+0.66b 0.87+0.00b 49.41+0.07¢
Ps 8.33+0.09b 5.22+0.00¢ 28.00+0.36a 38.63+0.54a 27.06+0.30a  45.52+0.87a 1.41+0.00a 32.26+0.06b

7 3t Mantel P304 s BIARTR AR5 B K BB Z A & (r=0.432,P=0.002) , it
B A ok P v 55 434 A 3 R 8 KT & W B i 2H R 43 A . b Gl Pearson AH G 3BT K BE, MC 5
Ascomycota unclassified 2 [0] 5 U 3 IEA G A4 R B 46K TN 5 Trichaptum 58 35 08 i 2 1EAH G
H4E2R TC. TN 5 Cryptotrichosporon 2 .3 IEAHNE . 7340, RAE T F80r 511K b A R A PR R
(r=0.170,P=0.107) (HLF4EE P21 42 5 Basidiomycota 5 30 A4 TFAH G HEIGIE T HH 7 54 1 140 R /e 130 K T i
VI E AR, B2, i 2R, N TN [ TC MC £F4E R L2728 3 R R mfER AL 3 B %
A ) FEE R4 R R X6 Basidiomycota | Trichaptum  Cryptotrichosporon . Ascomycota unclassified %5 [# fif 1 fg 7= 45
s BRAE D A it — 2P
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3 itig

3.1 AR R E A B A 2R

RZWFIT LRI, W 28 B 5 i (B LT R VR S5 A B R R 2 — 120 R LA R R [ A T R
TSRS T R I, RSB T MR TR IR L ) B RS R W1 B T AR s A2 AR . E AR Ry
V. ARy BRI o 55 A D ARV AR DGR SEA5 1, 6 ) AR R | = A B L B e S B ) o e A 2R 80K |
FLR R R AW R BUE N ARTFFER AR SR R 04 B % 2RV IR U, 5 e R R
FU, 262 T RABIAR FLTE AR BB R RO A R T BRI S MR B i, R 0 25 S B RO T RIR
HLRETR Y Alpha Z2HEVE 3 B — 25 R B9 I, — 07 TR FH R ) B [ A A A RS R R 0o EL TR A v 1Y
SEMADRIE Y, 575 — 75 112 pAR o3 AR R Fof ) A ) 2 8 P 3 BP0 9 225 S DR GE 1, B DM 229 RN T AR O X 0y
RIRMRIGHAE RS, J0A & R E AR

x3 BARFHSEEERENEXES T

Table 3 Correlations analysis between the fallen logs nutrients and the fungal communities

SR TRE mm R EMR ARE eR 2% .

Fungal communities content pH Cellulose Hemicellulose  Lignin Total carbon Total nitrogen nitrogen ratio
SRR ST - (/P 1

"] Phylum  0.170/0.107 -0.05/0.50 -0.06/0.55 0.15/0.17 0.50/0.02 -0.03/0.50 -0.16/0.81 -0.05/0.59 0.04/0.36

J& Genus ~ 0.432/0.02**  0.43/0.00* 0.35/0.07 0.13/0.23 0.23/0.11 0.35/0.03" 0.46/0.01 ** 0.36/0.04 0.26/0.09
Bo/RBRAEIMT r (/P

FHERI] Ascomycota -0.37/0.33 0.38/0.32 -0.33/0.38 -0.83/0.01 " 0.21/0.58 0.19/0.63 -0.22/0.56 0.19/0.63

HHF A Basidiomycota 0.12/0.77 -0.59/0.09 0.68/0.04 0.86/0.00 " 0.12/0.76 0.09/0.82 0.51/0.16 -0.53/0.15

WHEER Trichaptum -0.13/0.75 -0.71/001*  077/001** 0840007  040/0.28 042/0.26 0.72/0.03* ~0.69/0.04 "

Acidea -0.6070.09 0.12/0.76 -0.11/0.78 -0.73/0.02 " 0.47/0.21 047/0.20 0.04/0.91 -0.06/0.87

i%f;gi\ﬁfﬁl fod 0.83/0.01 ** 0.57/0.11 -0.58/0.10 0.06/0.87 -0.89/0.00"*  -0.87/0.00"  -0.67/0.05" 0.66/0.05

Cryptotrichosporon -047/0.21 -0.67/0.05" 0.69/0.04 0.46/0.22 0.63/0.07 0.69/0.04 0.71/0.03 -0.69/0.04 "

0.01<P<0.05 F#icH * ;0.001<P<0.01 pRicly **

TEFUR B BEIR AN, I, Z 057 2 B, 7E Ascomycota , Basidiomycota, Mortierellomycota ( #% #8517 ) %5 &
I, LA Trichaptum . Oligoporus sericeomollis( 2222+ & fLER ) . Daedaleopsis tricolor ( = 32K FL T ) 25 1 J& b F€
R i TRV | ) I 2T A PR T R TR S PR AT AR B R Y B LB R AR SE T, Ascomycota |
Basidiomycota [ [ JLA K Trichaptum Acidea T @& FAME D275 mHRY T RABIAR il L A X 5 Fak
NIFFEEE R 5 —3, AT AL A S R Geh R4 HR 53 A [A] , {H Basidiomycota , Ascomycota | Trichaptum
2 TP EURPI A ) TR ZERE . AN TEARM/ NIRRT | A 57~ 3 TR S B ) R ) 7 4 ™
RN, e B OSETES A SR — AT IR OB SE T IACh  R%22Ue T A BRAE: M
+ I PAFFE Ascomycota , Basidiomycota . Zygomycota ( #25 # []) | Chytridiomycota ( 5% [ ] ) . Mucoromycota ( B %
1) B e 2 o R 3 ) Ascomycota |, Basidiomycota 1 ] -5 8 F5{8] AH 34 B R — 2, JE 00 5 £
FLTH TR 300 393 T 3 2 9 Mg - SR Jo 1) 80 A 3 i vy B 4, 0y 17 V8 b i R 0 B R

BRUCLASS AT FEAENT o [ 58 A SR O IX A b 3 FfBIA b 2EAG I iR 2 S 2 HE TR, 10 4~ BF 0.01
UL B 3% 5 R0 AEEAR SR DR AR ARG BB 70 8 Y E L A SRR X H Sk AR
A B 16 FhJE > W TRER SR I W RSB 31 8 A D SR LR B AT BE S ARHIE AT H LR
J&F Renvall > FLA T B34 53 S5 90 1 (I 002 T 40, AT A 6 2 0 301, 5 0 T M fe Rt U, R AR 5, it
FLE N R Z TR R B AR BB A A FRE B AE S R G U 2R AT AT
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HEARAR , A HIFGEAE bR T vl ] R A o 8 2 B AR DX, ARG, A A 20, DA i oS A e A58 A L P o 288 A XS
3.2 BIRFRIT KB HH Ak 25 52 0 EL R HE I8 1) 52 M)

AT R, R —IR58 , AR R R B B R 5 4 RO 1 22 501 3 BUBI R S B AR A e A R 22
Sl AT A R AT Y TC TN 2ELF4E R AR R SR8 L g 22 7 BN AR TR
RIL R 1h AN (], 35435 s TC A A T 80 A T8 g A ) A 3

BWFFEUESE N & EL A MM R BRI CE ™ 3250 & i R A A Y R PR o s R (0 F 2
R BRI TC TN LF4E 2 PR R R BN /N 3R ALY R 0 40 Y ABIF e o
FEFAMEIAR TC TN AJREF4EZ & B dwe i, C/N e AIK, 38 e 0 A% A 5 K nT B 2 JE TR AR AR S5 TR A1 1
IR SR ACRR B B A, D Ah | REFS S5 2R3 X KOG T A AR rh BB A3 (R BIF SRR WY | 2
MEAMEIAR Y C N ORBREFAE R S5 95 50 & 1 0 KT M, SARMIREE R —80, PRI 24y i AME]
KBS RN 0.0121/a( R*=0.9715) , FIHE N 0.2859/a( R* =0.8915) , PRI A 8 7 e 8 5 B W 725 T 044275
AR A AR ST 38 e TR A A HUXT (38 2 BT ) 15 HE D42V MBI A 40 it ok 2R 1 T A, T 5 1 e 3%
(IS ZE AR . B T B3k TC TN A FREF4E R S R0 P AR A1, 5 /K SR A 2 5 i {5 AP (g B2 R 1R
2 MR RIR B 7K 6 0 38 0 T 2 eV A, 76— 114 (L PR 8 1 B it K 2R A S 388 T B A e T i L, 4 v 358
S, TN I HE M . PO 38 BN [ R A R T 25 S I R B 2 20 | 223 N T 2 AR B L e, R
AR EIA BEAIZE R TS5

FLRE A ER R Z R BRI R L S S R RS B0 AR L B B A AT RN
B SRR MBI Y BB AR, RS A TEA AL C N R A SRR R Wk Ok (BB A A0 i 16 K T fUE Y
N [, WIS BRI N SRR AR R B A N A AT U (A 1) o A,
AR TEBE AR 0, 5 A E AR EASER ™ Ak FEEUR R, B SRk ok
AYRFIAE AR HE T 53 27 2 28 A 2R NI A Lk (AR 4R R R4 R & B B I, KRR S g i I
FEETT AR BIARSE S HE B B BT AR SE , 26 T/KF I, Basidiomycota 5 TC TN £F4E &K 47
HEZE B BATAEIEANSCNE | 3K -5 FE 4 2 SE T 5 E RS0 T MBI 98 h A H i 258 — 30

R B R R EUR  0 TE BE WRE  E IRAT 2F E 3 AF A R K AR 8 i EL 0, DA AR GF AR T
FIRR AR BT . AR, Trichaptum JJE7K-_E 3 FEIAR (0 3 B RE, 02 B B 0 £ E R
— , W\ B IRAT ARARE A A BT B8 ANFR S & P RIAREAE TR 1T 9%, 0T fd w3, I K
JEFR AR AP G A T REAR A A 0K 1 9L, T BEYE 0 Ab AN W &, Trichaptum 1A & 80 H A 4 8 58k,
BREFFEEANTERE SRS EEIASCR WA b, DO T RAEIR S F8 B 2 5 HA 25 A
etk X AT H Y Trichaptum A —AE BRI RS T — 30, U Trichaptum B8 1T RESE K% 224
FEAT BB ATV FZ 5 . BeAh  ERIRI M, Trichaptum WIE R T 544ER R 4R
W IEAN DG, RIS, 6 BB 3 43 I 22 B K i B R A AR R I BB A £T e R AR R FIAR R &R
SR T ZWEY IR AR A T T2 2 LR 2SR WA Y | 2, o 4 2 BB A 34 B g ma n T H
T, AR X BB 5 ) R B R S TR B AT 5T P4 R P21 2 2 RO B 3 R BB A 5 F 5
FHXTIE 2 | 2T TP R AR SE B8 HEA T IR RS, DAAN SRR A 2F 2t LB RS 43 A S AR ST RE I 52

4 it

R [ 52 SRR DX FEIRAT ARAR A S A 1A | A s 2 A BB T 10 A B s (AR
FE=0.01) L0 1A Ascomycota , Basidiomycota , L3 & A Trichaptum Acidea , #5328 B RE B4 AR X = B2 76 A [A) 1]
AR 25 5 2 IR ZH N ELE % Alpha Z2REME R B CR 2642 T Iy | FIAE A, A 22 Sl W 3%
MEAE T OTU @ /K B [ BRI 1Y Beta Z2FEVE; A BUE 3 B B UL EL T M) 2 AR A
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AR A 3B S B A Y 230 7 2 HE TN TC \MC (£F4E3R 4T 4 3R 7T BE 252 Wi {8 K L R
V&4 ) FEEL A K | X Basidiomycota | Trichaptum  Cryptotrichosporon 55 8 R 7= A i) & B AVE A Frilt—2ESE
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