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Effects of gap locations on the decomposition of fine root of Toona sinensis and

soil fungal community diversity in cypress plantation forest
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Abstract: The effect of gap location heterogeneity on decomposition of plant fine roots and soil fungal community diversity
was investigated in a forest with Cupressus funebris plantation for 30 years, in the hilly region in central Sichuan Province. In
an area with gap size 200 m”, the structure and diversity of soil fungal community associated with 2a natural decomposition
of fine root of Toona sinensis were investigated separately on three different locations; gap center (GC) , gap boarder (GB)
and closed canopy (CC), by using lllumina MiSeq high-throughput sequencing technology. The results showed that there

were significant differences in microenvironment across different gap locations ( P<0.05). The response of soil physical and
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chemical properties to the gap position was more sensitive than that of fine root nutrient elements, and the decomposition
rate of fine roots at GB position was significantly higher than that of GC and CC. There was no significant difference in soil
fungal community at phylum level. Ascomycetes and Basidiomycetes were dominant groups across different gap locations.
Base on FUNGuild results, the trophic modes of saprotrophs showed significant differences across different gap locations,
the classes of Eurotiales, Hypocreales, Sordariales, Chaetothyriales and Agaricales were dominant with the relative
abundances>1% across the three locations. The relative abundances of Agaricales and Chaetothyriales were significantly
different between GB and CC ( P<0.05). The genera of Penicillium, Aspergillus, Chaetomium and Staphylotrichum were the
dominant taxa, and there were significant differences in their relative abundances across the three locations ( P<0.01). The
« diversities of the fungal communities were not significantly affected by the gap locations, but their 8 diversities were more
responsive to different gap locations. The B diversity at GB was significantly higher than those at GC and CC (P<0.05),
with the largest number of shared species at GB and the largest number of endemic species at GC site. Redundancy analysis
revealed significant effects of the environmental factors on the fungal community (P<0.01). Partial Mantel test showed that
the factors such as pH, water content (SWC) , temperature (ST), available P (SNP) and total N (STN) in soil were
important factors influencing fungal community diversity. In conclusion, forest gap locations significantly affected the
composition and diversity of soil fungal community. The findings were helpful to regulate the underground ecological

processes such as fine root decomposition in cypress plantation forests.

Key Words: cypress plantation forest; gap locations; fine root decomposition; MiSeq high-throughput sequencing; fungal

community diversity
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1 #MRERFE

1.1 5T XA B ol A b 15

AT DXASE T 0 ) 1148 7 B v 2 B DX B4, A )1 A e B DX G B 25, i DO )1 v S A Y i) 2 LA A
X, AR N THAF IR 5 6.8 m SF-EIH4% 8.2 em AR B >0.8, B4 & A E A 2 50 m*/hm® Bl T4 EF
PI7KF-(83.63 m’/hm*) , J& T B %= AR

T I REHAY T A K 24T (104°25730"—104° 25'45"E,31°04'08"—31°04'15"N) , 14K 510—530m , + 4%
KA ST, 2014 4F 3 AERR X N BERRAL T LA e 3 1) VO R 1) B BE 20°—25° 7 ML SR AR TR 8
[ — 3 ML IR AR IR B 2875 45 AT AR — B A AR MR T 2 (Rl S A 3a A2 A (LA 1
FAEIAPIRBL L 1), ARG AR — N (6 m) LB RS A g b 1 2R V4 i) S5 A4 30T fURRG K |
FAZE AR Tt TR LG s AN R 3/4 KBNS IX (B 1) o MRET AT A = aLW/4, 53 51 E A 200 m?
(20 mx14 m) 150 m*(18 mx11 m) .100 m*(15 mx9 m) .50 m*(12 mX6 m) . NIRREHEMRE /i 2a B + 45
LA RV Z AR A B S Bt A 7, ARG X P e R R AR B (200 m?) X4, i B B e b 3 4, 4
AAEHL N BEE PO (Gap center, GC) (ZAE ( Gap boarder, GB)3 4™, LA I i B AR P A ( Closed
canopy, CC) AXTHE

R1 200 *HEANRRLE EFBRKRE

Table 1 The status of Toona sinensis at different locations in gap 200

ol AR TR (VA RAFHR AL Wi Wiz
Tree species Forest gap area/m? Locations The number of Save/#f Tree height/m Diameter at breast height/cm
i Ly 8 4.39 4.95
Toona sinensts 200
e S 5 6.26 6.14

1.2 BPAMAI R TE SR R A

2016 4% 8 H , i FHARENIZ 98 72 4R B 5a A= B 40 AR
FEf (AR <2 mm) ,VEEE T 70 °C FHLT 246 &, 55
<2 em B/NBFEMIRGFREL4 g, A 1020 em fLF2
100 wm IR A4S R IF B LURIARIE, 11 AESIA
Tt BRI AR T P B O 3 207 B RAA K 4l AR 45 3
ANFE R BRI R 4 N4 AR L T AR
TR, TR AR N R AR AL 3 250 ¢
SN EE S FE MR A5 [l 2 A0AR 350 A )2 g
O3 2a B AREE (57 B AN AR R ik R & IR L VR 2
FEPERIRZI, 2018 4F 11 A, RS AS N T HERES
i 50 mL JCI B0 RO S S T 4 CIRAE IR PR
L g (R e SRR AR W A W oy S AR

PRARZS 56 %) R4 T i g D0 0 A, TR AR A O WEkHARS L [ BRI
PRAEAE BT o3 BT, 00 A A A ARAE ot AT BT i 4 2 K S o L prprdnix 0 senogx
S E

13 E ML I R o B 1 MAAIMRKREALES X REE
. ik L GRS Fig.1 Diagrammatic map of different locations in forest gap of

+ 3R (ST) . +EE K E (SWC) m =z % A cypress forest
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Thermochron iButton Device(DS1921-G, Maxim , Integrated, San Jose, CA, USA) ¥ ZEiC 5% ; >R FH HL A 750 %€ +-
B pH AE 5 R H B8 R 0 A A A R S AT AT AR AH 405k 5 5 SR R LG RUE D 7 3 A 4
AR R FBRTR SN - R R IR —— SR B BT Lo (8 0 ) s - 33 AL 5 >R P Dt 23 DIOIG B 12 DU v 2R 40485
BES i (LY/T1271—1999) s KR LF4ER e 4E & 5 e Sk < WX rh M R er 4k | SR T AR IR B
P PN AR DN S e R J A B 3R 5, SR P o B PR R A 2 I K V2 D0 7 A 3R e, SR LA v ) 2
Y, FRAR TR R . W=X/X,x100% , :0H W N IRGE R R (%) , X, Worii « B Be &k
ARG B (g) , X W BIER T () o AR D, = 1-W RO ICR BUR L R N=N,/N,x100% =
(X,XC,)/(XyxCy) x100% , X H N FRIRFRIITCR TR GR A (%) N, A3 ¢ WHE SRy TR A i (g) , Ny W)
IHFR e Rt (g) , C R ¢ EIFR P ICRUKEE (%) , CoAWIIR TR P TR WL (%) o AR TR ICR BEUR
DN=1-N,
1.4+ HEFCR DNA 250 9788 I

% F MO BIO 5% /7 +3% DNA 425G 7] £ (MO BIO Laboratories, Carlsbad, CA, USA) $2 B 1 HEREA KL A
4 IR RS B BE R 4 DNA SR, {1174 Barcode FYRE S35 1 ) F1 8 2% £ L 1Y 1 ( TaKaRa, Dalian) #£47
PCR ¥ B4, fdi ] iF 17 51 ¥ ITS4 (5’ | TCCTCCGCTTATTGATATGC- 3') H1 2 [ 5| ¥ gITSTF (5" |
GTGARTCATCGARTCTTTG-3") Xf H1& 1TS2 X B 4T PCR 438 (¥ H#4K 24145 . PCR MIX12.5uL,ITS4 514 1
pL,gITS7 514 1 pL,DNAL pl,ddH,09.5 wL; PCR SN 558 94 C HUAEPE 5 min, 34 MEFR: “94°C 24 30
5,56 CiRk 30 s,68°C LA 45 5, 72°CALEA 10 min™ , PHIK PCR 484 KN TR A 5 B 19 M Sh B RH BRI HL VK
Rl PCR F=49, 58 [R]85 ( DNA Gel Extraction Kit) [EYi H % 4547, {8 FH Nanodrop I &2 ¢ 5 A1 it i, AR 45
PCR [RISC ™= 103k BE HEA 7 S5 IR AE ; TruSeq® DNA PCRIFree Sample Preparation Kit 2 iR &b 41 SCFEAG EIT
SE T, SCEE A% H b B B CHT A W i B 45 35 PR 2 g e o I R P 5 48 T MiSeqTM )52 A% ( 1lumina, San
Diego, CA, USA) FHLINF .
1.5 AWfE BEdESE TS o0

Paired-end JF5HF4% . i  FLASh( V1.2.7, http://ccb.jhu.edu/software/ FLASH/ ) X} &£ i reads 547
PHEDBUR LG Tags 088 (Raw Tags) ; JFFAN B4 OB PEE S IR UG Tags 4% o 318 b BRAS 2] & B2 1) Tags 38
i ( Clean Tags,Z M QIIME V1.9.0, http : //qiime. org/scripts/split_libraries_fastq. html F¥J Tags Jii @ #5 il A2 ) |
FIFH Usearch # {4 (v8.0, http : //driveS. com/uparse/ ) ¥ M G 7 51, 25 5% J5 15 B 5 2 A0 A8 RO ( Effective
Tags) ; B2 i ] QIIME X 4> 3B A 8 508 #4788 25 (ed-hit 7735 , BRIALL 97% MBI 6 51 B8 25 1l OUT
( Operational Taxonomic Units) , #EH OTU H BRI i = O AC R MEP 91, 5Bk HA 1 %7511 Singleton ; £
QIIME Xf OTU {0 75479 FliE B (https//unite.uc.ee ) ; i F§ FUNGuild #47 B 1 A= 2578 Fe A i ; 4
geplot2 2l 54w PRl FE AR T (o 1 18] A7 A R 20 5 R AR S 802 50 )5 2243 #t (PERMANOV A/ Adonis) | BEHLE
(Randomized Permutation Test) K 36 AN [F] {37 B i PR35 57 Jo AR5 IR 7 22 S A8 400 5 R QUIMEVL.9 115 o Z24F
P48 %0 Chaol 48 %4 ( Chaol ) . WL 2| A9 OTU %% ( Observed OTUs) . 7 4% 8 %X ( Shannon ) | 3 3 7% 45 %X
(Simpson) , >R AL E AL o Z2FEPEFE BOHEAS [R07 B AR A 2 15 I8 55 5 il i 20070 B #t ( Permutational Test
of Multiyariate Dispersions, PERMDISP,999 ¥ik4%) \AES L I8 1 22 0B (Adonis ) AHIE 534 (ANOSIM) |
L0 I 4 #2453 HT (Multi Response Permutation Procedure, MRPP) | ZEARFRAIAT (PCoA ) K 56 EL I VR B £
o 2 S P XS AR A7 A ) 1 5 SR F AR = BE AL 43 M (unweighted UniFrac ) 348 45 B B BEAS [R) 47 B (8] 45 AT
AN Fh {# F Mantel test ( partial Mantel test) \JUAY70#HT ( Redundancy analysis, RDA) &0 A= 4 FnAE A= 4 (K
T5 FLE R AU AR DG , I35 G 2K, B 9K Sl B TR RV 2H S AR Y G B B 7 SO iR R

2 ERES

2.1 RIEIARE {7 8 A A M R AR 36 43 S s 4k
3 ANBERIRE (0 B2 [ A7 A B 35 A 23 ) S vk (P<0.001 ) (18] 2) , T3 BRAL PR R AE AN R0 B | 24 5 W 3
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(P <0.05)(#2), HHHEEM GC B CC 1 B & ik

M5, - SRR U 5 1 TR B SRS DR - BT, A .

[ E 43 pH (HIIAE 8.0 2247 ; WAL H] GB fi &+ 3% o . .

SR U RS RS R, CC BB, B _
WEEH) 3 AMLE AR RS o8 §225 | Y O

B U, TS R 40.86% GO R CC i B2 | B

B A R 27.89% F1 27.48% , GB i AR 820- g

fiff % I 25 = T GC Ol CC 7 B (P<0.05) , AR 4141 "

5 () 045 290 50 TT 2 o i P B2 W it i 2 1 Lok .EPI:[} " e

PO, AR LT R LT R & Rk B WA, SRR Gap locations

e R LB B T 58 R SE AT R R A

(%3). E2 StERSMERIHKENEREER

Fig.2 The difference of environmental factors among gap

2.2 IIEJ?F}I‘H@_‘{jEj:i%E%%ﬁ*@& locations by PERMDISP
3 ASPRE (7 EAHARATE i b A I Y 9684 A% ELIEY)

i OTUs, G145 1 % % ] ( Ascomycota ) . 1 F B ] ( Basidiomycota ) | 4% & ] ( Chytridiomycota ) . % & &[]
(Zygomycota) S IKF ] ( Glomeromycota) , 7E GC i EAE s Rzl 5 777,19 44 .62 H 187 J& FL1# ; 7F GB i #
FEA PRI 517,17 49 .62 H (198 JHECEE ; 76 CC A7 B Y 5 17] 18 44,59 H 192 JREL B, TR 1HH
TR 3 A B B RS B R (&1 3) (HAET T KP JZ AN [ o7 5 8] 5L B ) A B S A % 2 B8 22 R A
& (R*=0.217,P=0.216;R*=0.039,P=0.814;R*=0.074,P=0.477) ., T FUNGuild #47 E B 5
I o, A2 e R E SR TE R R B L R A B 25 5 (R 4) AR R B R AIXTE B M GB F CC
BREAGESE 7E B LAY EREERT 11 f92BE B2 5 H (Eurotiales) | A B H ( Hypocreales) \ZE7E
H ( Sordariales) JillJf 22 H ( Chaetothyriales) 4B H (Agaricales ) J& R B AL (K 3) , HAHXT
FEAFAENL 22 57, Geoglossales | [/ £ 7& H ( Orbiliales ) H B 2EBEAXT FEEEAE GB Fl GC Z [0 22 57 1. %%, /NEE TR
H ( Microascales ) | Sordariales . i 1 A< H ( Verrucariales) L TE GC Ml CC Vi BRI A A B F 2R (P<0.05);
Geoglossales . Orbiliales . Pleosporales H B AT F B AE GC Fl GB [0) A & 257 (P<0.05) . WK 3 Frs, @&

F2 TEBAMRERECERNEZNL

Table 2 The variation of soil properties among tested gap locations

Nz {ﬁﬁ SR B kR 5 pH e A T A B TR

Location S1/C SWC% SNP/(mg/kg) SOC/ (g/kg) STN/ (g/kg)
H1.l> Gap center (GC) 6.483£0.153a  57.883x0.208a  8.34x0.024a 4.19£0.337b 3.658+0.084b 0.318+0.013b
#1% Gap border (GB) 5.991+0.104b  59.764+0.359b  8.315+0.022b 5.567+0.21a 4.604£0.129a 0.374£0.014a
HRHIM Closed canopy (CC) — 5.583£0.094c  63.258+0.509c  8.289+0.022c  3.243+0.086c 3.43+0.03c 0.303£0.014c

Ferbe w7 FREIE , A RIFEFR R — 5 th R F/ING PR 22 5 8 % (P<0.05) ;ST 4 Soil temperature; SWC + 37 /K. Soil water
content; SNP . T3 % Soil available phosphorus; SOC : 1345 HLH% Soil organic carbon; STN: 34 Soil total nitogen

xR3 WRFHSEEMNELETNEN
Table 3 The variation of content of nutrient during decomposition stages among tested gap locations

HRFE5 5t Nutrient content of fine roots

ARG L - : . .

Gap location i A WAL P P KFE %% [
TC/% TN/ % C/N Ca/% Mg/ % Lignin/% Cellulose/% Hemicellulose/%

futs GC 31.109+3.122a  0.956+0.085b  33.025+6.05a 4.876£0.262b  0.862+0.143b 24.771+4.539a 15.433+2.899a 6.72+0.526h

1% GB 30.721+5.126a  1.082+0.178a  29.87+9.888a 5.638+0.233a  1.132+0.141a 22.477+5.244b 14.581+3.294a 5.657+0.445¢

ARPAM CC 33.133£3.948a  1.011+0.197ab 34.656+10.59a 5.668+0.068a 1.143+0.173a  5.24+22.477ab 15.412+4.17a 7.32120.481a

Ferp 2 FoREIE, FA—F P ARRNG TR R 27 8.3 (P <0.05) ;TC . B8R & i Total carbon; TN: EZ i Total nitogen
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W& (Orbilia) . M1 25 J& (Aspergillus ) . %% T {1 % J& ( Acremonium ) | 18] 8 % J& ( Staphylotrichum ) | & 5¢ J&
( Chaetomium ) J& H.IEAHXT F-FEAE GB Fl CC 1 E [AIfFTE 25 7 0.3 (P<0.05) , H )& ( Penicillium) |G 7758
( Gibberella) JEFXT FFEAE GC I GB A3 & (B A7 7F & 3 22 55 M #F GC A1 CC i & , WAL H Orbilia | Gibberella
Penicillium J& FLRZSHEA W E AN FE2E R

R4 TRCBEERHFESERMEANFE

Table 4 Relative abundance of trophic modes of fungal community

HERE IR MAE L E Gap locations

Trophic mode GC GB cC
F7% Pathotroph 3.549+1.05a 5.266+2.414ab 6.882+4.225b
G )5 £ 8 Pathotroph & Saprotroph 1.9128+1.005 2.973+2.102 1.265+0.801
095 Ji 15 3 HY Pathotroph & Saprotroph & Symbiotroph 3.752+1.125 4.128+2.246 2.657+3.071
g2 Y Pathotroph & Symbiotroph 0.218+0.058 0.196+0.138 0.168+0.045
Ji 4 %1 Saprotroph 38.227+7.526a 28.05+9.32b 19.006+6.021b
Jig HE 32 Saprotroph & Symbiotroph 0.163+0.054 0.153+0.138 0.188+0.172
4427 Symbiotroph 2.833+0.481 1.952+0.64 2.375+1.12

R 2" FORFRH, 7] — 3 R R NG FRER IR 2253 .3 (P<0.05)

AEFEE A5 BT (unweighted UniFrac) ] OTU 7KV EL R RE I W0 FEAS R MR TS (6 2 18] (%) oA Fh R R A il
Ptefr2e 5 (K 4) o 78 CCAREI 7 B M REA R B s (307) , 7E GB ARE o B 1 REA R B B (R (187) 53 4>
MREE B AT R 855 4N, 78 GC Al CC i B LA ik 250 4>, 78 GB Hil GC A3 & ] (1) He A7 P 85 i 1 /D
(190) ,

2.3 RIRIMRG B BB o ZREEAE b K SR S

Spearman’s FRAH AT Wm Y 3 ARG (07 B I BB EVE o ZREMEFR B S S R 7 2Z M B AH G (R 5)
AT FAEYI R0 B, LR BETE o ZREVEFR SRS s fh o o 2 JB) HL A 5 W A A DG, STN 5 Simpon 15 %4
W B IEAR G (P<0.01) ,SNP 5 Simpon #5451 . Shannon #5502 B 2 1IEAH X (P<0.05) . FHEEMAR A
YN A o ZREMETR BN RS |, Hoh 4R 414 Ca SR S REMESE BUY AL RE fc il

x5 FAERBCLEEHFE o SHEEERS Y WEFEEXE
Table 5 Alpha diversity indices of fungal communities and the correlations with soil properties and the nutrient content among different

gap locations

o SRS WAL E Cap locations Spearman’s KA1 Spearman's correlations

Alpha diversity i i Hemic
indices GC GB CC ST SWC pH SNP SOC SIN TC N CN Ca Mg  Lignin  Cellulose e
Chao f541 518.576+83.033 502.814+37.128 534.228+58.276 -0.010 -0.026 -0.060 0.043 -0.024 0.004 -0.065 0.072 -0.103 -0.093 0.103 -0.197 -0.162 0.123

Observed_species 141 367.333+39.175 348.667+25.041 378.16734.591  0.077 -0.101 -0.031 -0.041 -0.151 -0.103 ~ 0.019 -0.002 -0.016 -0.272 -0.062 -0.064 -0.116 0.176
Shannon 3% 5.629:0.532  5.971:0.202  5.562:0.649 -0.051 0.081 -0.129 0.274 0237 0371 -0.02 0.060 -0.041 0.182 0.119 -0.115 -0.017 -0.167

Simpson 54X 0.935£0.035  0.967+0.006  0.937:0.049 -0.184  0.198 -0.199 0379  0.294 0473 -0.051 0.078 -0.075 0440 0213 -0.152  0.048 -0.298

2.4 ORIFEMRE (7 B B BEE B ZFREEAE(L

i 250/ 8UE #e43HT (PERMDISP ) Kl & B0, LR TV B 2 REVETE R [RGB A 7E 22 5% (&1 S)
GB v B LR \CC I B eIk, R E GB B A EL A BV S LR B /5, M 4E CC PFZIW’EMEE’JE
BBV T AL R B 55 R, PCoA 43 AT /R GC B ELE BV B ZREMEANT GB F cC Z 1Al (& 5)
PERMANOVA (ANOSIM & MRPP 43#7r & (3£ 6) ,7E GB F1 CC ,GC Fl CC 1&%@&@%%*@&%@&@%?
S22 4 GB Ml GC {7 B R A FEE AR N T o &2 5
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o ESHE T EST AEARLE: 73 B EA ) i SOR TS i
LINCEDA PERMANOVA ANOSIM MRPP
Gap location
R? P R? P Expected.delta P
s GC %% GB 0.086 0.001 0.331 0.002 0.775 0.002
iy GC AR CC 0.063 0.013 0.149 0.029 0.772 0.007
1% GB ABI CC 0.069 0.008 0.203 0.01 0.775 0.01

PERMDISP :Permutational Test of Multiyariate DispersionsANOSIM ; Analysis of similarities; MRPP ; Multi Response Permutation Procedure
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