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Fungal diversity in Cunninghamia lanceolata plantation soil
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Abstract; Cunninghamia lanceolata( Lamb.) Hook. ( Chinese fir) is one of the most important industrial timber species in
China, the area of Chinese fir plantation accounts for 21.35% of the total plantation area in China. At present, the Chinese
fir plantation has some problems such as continuous planting, single tree species, mismatch tree species with site and so
on, this contributed to productivity decline and soil degradation. Remarkable changes caused by soil degradation, for
instance, soil microorganism, soil physic-chemistry characteristics, soil enzyme activity and undergrowth vegetation, etc.

Soils represent a huge reservoir of biodiversity with several billion prokaryotic and eukaryotic microorganisms,
corresponding to numerous different taxa, inhabiting a single gram of soil. Fungi are the dominant eukaryotic lineage in
terms of biomass in soil, where they play key roles as decomposers, pathogens, and mycorrhizal mutualists. Due to their
large number of species, specialization, and important ecological functions, fungi are also excellent bioindicators.
Investigating the fungal diversity becomes crucial for the ecological characterization of any given site.

Traditionally, diversity was assessed using selective plating and direct viable counts. Limitations include uncultivable

microorganisms not detected, bias towards fast growing individuals, and bias towards fungal species that produce large
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quantities of spores. High-throughput tag-encoded FLX amplicon pyrosequencing has been used to study fungal diversity and
allows identification of fungal as well as the prediction of phylogenetic relationships. This method avoided the limitations of
plate count.

This study aims to provide an overview of soil fungal diversity in soils of Chinese fir plantations and examine the
relationship between soil fungal diversity and environmental factors. To achieve the objectives, we employed high-throughput
tag-encoded FLX amplicon pyrosequencing to analyze fifteen soil samples from the Chinese fir plantation forests at the
Huangfenggiao farm. Our analyses showed that there were significant differences in soil physical-chemical characteristics and
undergrowth vegetation among the sites that differed in forest age. Specifically, the soil from the first generation Chinese fir
plantation had higher organic matter, total N, and available K than those from the second generation and the third
generation Chinese fir soils. Similarly, the 454 pyrosequencing results showed that the fungal Ace index, Chao index and
fungal genetic diversity of the first generation young Chinese fir soil were all higher than those in the soils from the second
generation and the third generation Chinese fir plantations. The dominant phylogentic group was Sordariomycetes.
Interestingly, fungi in family Tuberaceae were found only in soils of the second and third generation Chinese fir plantations.
The RDA analyses identified that moisture content, organic matter, available P, and available K in the Chinese fir
plantation forest all contributed to differences in the distributions of dominant soil fungi. The diversity of soil fungi was
positively correlated with undergrowth vegetation diversity and total N. Similarly, the Chao index was correlated with
Shannon-Weaver index and total N. In conclusion, our analysis of fungal 18S rRNA-based datasets revealed differences in
soil fungal community structure among the different plantations of the Chinese fir and that the differences were correlated
with the soil physical-chemical characteristics as well as undergrowth vegetations. Further research is needed to understand

the detailed mechanisms responsible for the observed differences.

Key Words: Chinese Fir Plantation ;fungal genetic diversity ; fungal community ;454 pyrosequencing
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(1) ZEZH DNA i i DNA & B &
(E.Z.N.A Soil DNA ) $ it + JJE 5k K 2 DNA, 42 MU i)
DNA ¥ F 20 CUKHIRAF

(2) PCR ¥ 4% >R F TransGen AP221- 02;
TransStart Fastpfu DNA Polymerase,20 pL SN AR .
5x FastPfu Buffer 4 plL, 2.5 mmol/L dNTPs 2 L,
Forward Primer(5 pmol/L) 0.8 wL,Reverse Primer(5
pmol/L) 0.8 pL, FastPfu Polymerase 0. 4 plL,
Template DNA 10 ng, #} ddH,0 % 20 pL,

PCR 2% D 1x(2 minutes at 95 C); @
25/30%(30 seconds at 95 C ; 30 seconds at 55 °C ; 30
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halted by user, PCR 1 & ABI GeneAmp® 9700 #Y_
B 3 ANEE K —FES Y PCR IR G R
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AT 5 22 J5 4% BR A o (0 0 2 SR, AT AR L
FLBIAIR G o

(4) EmPCR  EmPCR 7= ¥ ffi J§ Roche
emPCRAmp-Lib_L Kit i %,

(5)Roche Genome Sequencer FLX + [ #Lill ¥
WA GS FLX+_ Sequencing Method Manual _XL
+ Kit

(6)MF45 o4 Kl 5422 3k  barcode FITIT
1WA J2 B, XAk B S A R0 5 AT B S
JEOT ARG, XA BT 51 2 A A5 20 00 B v 50 H T
JEEETHTITSE .

2.4 HRab
241 OTU %

OTU ( Operational Taxonomic Units) J& 7E & 4t &
Az AR AL AT O T T AT A, AR
DI RBTT (AR R, Bl XA B Y )
—Fpa& . FIFH UCHIME XM F RS 9 BEA T i
A IE Bt A AT 5, mothur > Xt FFA5 51l i
F35007 , LA 97 %R I bR o345 32 BT
242 ZREREUMT

FIH mothur AT ZREMEFEEII T . THRREE F
JERYFEEL Chao ™l Ace™ s TR ZREMEAY T L
Shannon'*' $&5HI Simpson[%] B BEVR YIS BEHR L
Pielou ™ #8457 IR BE 464X Coverage'™
25 Giitortr

FIH mothur 4 rarefaction 4381 X 4325 % 70 ¥t
FIH R &S THRBIEMLA,

SCEEHE ANOVA 43T A K Spearman #H 5G4 43
Mrfdi F SPSS %4, RDA (redundancy analysis ) 4347 1
Jl CANOCO 4.5 #A4F5E

3 ERE5SMH

PR T
ANV S AL BT LA 2, AR g
AEPEBTHE bR 22 5 0 o FE b 1 098 32 O R 1 21 45
P pH (E IS, ForP 36 2 FRAZ ARG AR pH {E 5%
I, FIM(E R 4.29, 55 1 RAZARGARIA DL & &
4N Fri e, FIME 9K 88.02 ¢/kg 3.56 g/kg.
55 1AV AR BEAMGE R N & e, B1E S 116.38
mg/kg, £ 1 ARSI AR K & 5 fem , BN
96.62 mg/kg, 5 2 fAZARYMHRL P & it e, 1
{H4 1.85 mg/kg.,
3.2 MM HEBEZ AR
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JEFREULER 2, B FE MG IZ AR N AR FE 8 T2
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muricata) 5% [0 ( Macleaya cordata) 84 ( Uncaria
rhynchophylla) ARG EHK ( Dryopteris subchampionii ) Ji
Bk ( Woodwardia japonica) 55 . F2 AL ARAR A BE /)N
TP Z Y 2Rt s, ik 2 1l
M R R AR TR AR TE & AL B 2 ) 22 5 W35 ) H
e 1 ARAZ ALK Shannon ZFEPEFEEGEE] 1.74
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FIF 454 ¥ 05k, AR A5 15 30 45 4 b+ 45
FE 5 b 4R 918 STRNA 3 [H] J 41194,922 4%, 14

BRIEEL 41381340 bp, F¥K R 436 bp, Horb 5 Bt
KEERT 400 bp BIFH 5 P8 S8y 71.73% ., 1k
fBJa , B TP P S Y A 5215—8353 Z [H],

R BRI 2R 2438 % I B e % 0.03 B A 4 Ff
FeEmh &l 1, HgEaE s MR Z& B T Lk

500 |
FHAE SRR 55 28 CORE 0.85 (3K 3) , LA
400 |- e YOI PP AR TP L A ISR L
< 3.3.2 TIEEEHVRAT T
s IEA T - e 20 VS 22 REVE A3 7 I35 3,
5 ool 3 TR 56 1 AREZARGbk OUT fe 22, 1592, 55
2 1A A AR OUT e/ 738, 45 1 (RIS AL
oo | Fy ZL T 0 A KRR 61 052 22, Chao #6800 2925, HUJR
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0 500 1000 1500 2000 2500 FMC, Simpson 8 $(~F Y8 K 2] & Kk A TYC <
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Fig.1 Rarefaction curves of 18s ':P uﬁ"?ﬂ‘ﬂyﬁgﬁ E E% 1£o
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Table 3 Soil fungal communitu diversity analyse (3% genetic distance)
R F3 %k FEHL Index
Plot Reads OUT Ace Chao Coverage Shannon Simpson
FYCl1 6285 1325 3497(3287,3729) 2669(2420,2975) 0.8821 5.17(5.11,5.24) 0.0561(0.052,0.0602)
FYC2 6433 1409 4119(3866,4397) 2895(2633,3212)  0.871133  5.43(5.38,5.49) 0.0315(0.0291,0.034)
FYC3 8121 1592 4809(4541,5100) 3211(2939,3537)  0.88696 5.43(5.38,5.48) 0.0309( 0.0289,0.0329)
FMC1 7065 1153 4150(3881,4446) 2508(2246,2833)  0.901628  4.44(4.38,4.51) 0.0962(0.0911,0.1014)
FMC2 6360 1030 3044(2835,3276) 2148(1917,2439)  0.907075 4.4(4.33,4.46) 0.1045(0.0985,0.1105)
FMC3 6227 1020 3658(3401,3942) 2460(2158,2841)  0.899791  4.48(4.41,4.55) 0.0842(0.0793,0.0891)
FRCI 6943 1309 4413(4138,4715) 2844(2562,3189)  0.887369  4.87(4.81,4.94) 0.0752(0.0705,0.0798)
FRC2 5625 1099 3892(3624,4188) 2533(2249,2887)  0.879111  4.78(4.71,4.84) 0.0617(0.0574,0.0659)
FRC3 5715 738 2230(2054,2429) 1547(1355,1799)  0.924759  3.91(3.84,3.97) 0.0859(0.0816,0.0901)
sYCl 5916 1086 3226(3005,3472) 2138(1930,2397)  0.894185  4.84(4.78,4.91) 0.0619(0.0575,0.0662)
sYc2 5880 1124 3585(3348,3847) 2221(2008,2485)  0.888946  4.92(4.86,4.99) 0.0521(0.0486,0.0556)
SYC3 6148 1159 4001(3739,4290) 2740(2425,3132)  0.886792  4.89(4.82,4.95) 0.0634(0.0592,0.0677)
TYCI 5866 1146 3502(3271,3759) 2240(2030,2500)  0.887146  5.26(5.21,5.32) 0.0293(0.0269,0.0316)
TYC2 5067 1142 3679(3439,3945) 2446(2191,2762)  0.866588  5.42(5.36,5.48) 0.0249(0.0227,0.0271)
TYC3 4941 1049 3230(3005,3480) 2202(1969,2493)  0.874317  5.15(5.09,5.21) 0.0339(0.0311,0.0366)

b+ 5P ELZ A ) OUT 2Ky 8170 A, 43 )& T L
AW 33 A1), b B 2122, 5 A 5%
Yy OUT [ 26% , b BB 5 5 2L 46 1 2 B 1)
( Ascomycota ) | Bk %% % '] ( Glomeromycota ) . 4% [ | ]
( Chytridiomycota ) . 1 ¥ & ['] ( Basidiomycota ) | 2 £

%11 ( Blastocladiomycota ) , 43 %) 5 H & & OTU HY
45% 12% 1% 1% 1% (Kl 2) ,

ARNT P L E sk
( Glomeromycota) . 2€5¢ B 44 ( Sordariomycetes ) | &5 &

2K ( Mucoromycotina ) 5 24 ( Leotiomycetes ) , J8& %
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Fig.2 Pie chart of fungi taxonomical distribution
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Fig.3 Relative abundances of eukaryote community in soil
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o y— PEPERT AT FER BA —E B AR e, R
™ Sordario #E7% shannon 1505 M A shannon 54X | pielou
e SR pH (LU -4 N B IE G, 5 RS
AP Nghamon simpson 6 8CEH T HIBE simpson 158023 LA,
) ER VK simpson 75 85 MCT A B simpson 154 i 3
AK simpson ) Onygenl IEMIG, 5 E B shannon Z2FEPEFSE 50 AR A 88
AN shannon J5C pielou 5, 484 N LUK K B
-0.8 Tuberace Leotiomy FMK, HIEAE Chao 18485 + 3% H i shannon

-1.0 15 FEE A N B B EA G,

4 TEFEEEHESNEERTEN RDA HFE

Fig.4 The ordination diagram of RDA with soil dominant

fungi communities and explanatory variables
#*pH, OM, TN, AN, AK, AP, MC, Vshannon, Vsimpson, Vjsw
A3l ARER TRy pH, A LT, &5, HUUR, MU, HUSORE,
KA, KT A B Shannon 3§ %X, Simpson 1§ %X, Pielou #8 #%;
Onygenal, Sordario, Mucoromy, Glomerom, Leotiomy, Tuberace,
Dothideo 73 BRI B €704 2, B3 04 49, BRIETA 7],
T B, B R R A

4 i

4.1 AL R R AR T AR

TSN AR M R ol A W A A B A LB AL
PRITT PR AR A 55 2 T I 4 1 A )RR
Py ety A BT
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Table 4 Correlation analysis of soil fungal diversity, underground vegetation and physico-chemistry characteristics

Shannon-

Simpson-

Shannon  Simpson Chao mY *E% Ple;’?:l:;%% pH fr:ilri =N E@t N gﬂ « JE/;& ’ ]\iﬁi

Shannon-  Simpson- . Total N Available N Available K Available P
Vegetation Vegetation Vegelation matter content

Shannon 1.000

Simpson -0.882"*  1.000

Chao 0.517*  -0.179 1.000

Shannon-V 0.791** -0.728"*  0.188 1.000

Simpson-V -0.856 " 0.736 ™" -0.236 -0.819**  1.000

Pielou-V 0.842*" -0.768 **  0.431 0.869 ** -0.762"*  1.000

pH 0.525* -0.327 0.432 0.506 -0.489 0.440 1.000

AL 0.454 -0.357 0.446 0.620"  -0.329 0.564 " 0.729**  1.000

2N 0.661** -0.519 " 0.585 " 0.588 " -0.496 0.609 * 0.826* 0.739**  1.000

HRN -0.406 0.154 -0.289 -0.379 0.625*  -0.336 -0.764 " -0.282 -0.533" 1.000

HA K -0.027 0.266 0.207 -0.206 -0.229 -0.188 0.304 -0.200 0.082 -0.750 **  1.000

AL P 0.130 0.182 0.346 0.198 -0.236 0.109 -0.125 -0.004 -0.136 -0.100 0.257 1.000

Bk E 0.361 -0.531" 0.143 0.318 -0.057 0.419 0.089 0.446 0.326 0.400 -0.782 "% -0.450 1.000

o AEELARIE W) Ay 0.01 I MRSRHER BAERY; « AEELFEE (W) Jy 0.05 W, AR BEH)

IS KRR MR A A A R B A
AP R KR X ol i 3R T R UER I |l
5 RACTE] A A A7 R O R g 7 A 3 Y R
Wi, AWFSEH TR AR 0—10 em, J& T 13K 7>
HARR ZJZE TR AR A EE Ot il AR
G, W AT S TR O 3 DR AR K

BCHSE E R MR A S, RG22 9 35 K AR AN
T o A5 1A AR B B SR G 35 7K
RFHMAR T e bk, 32 B2 T AR A AR 3 25
RN A B IS P L Ay, MK AR K R e 3
PRI SRR R TR S RERCAT . A ARAY &K R T
HR PRI S IR S A2 AR G b i AR AR A, R AR
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