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Soil microbial characteristics of evergreen broad-leaved forest at different
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Abstract: [Objective] The objective is to explore the characteristics of soil microbial community of zonal
vegetation in evergreen broad-leaved forest in Fengyang Mountain, Zhejiang Province, and to clarify the
changes of soil microbial community along the elevation gradient and the main factors affecting structure and
diversity of microbial community. [Method] Soil samples were collected at 343, 765, 1364 and 1611 m above
sea level. High-throughput sequencing technology was used to explore the relationship between soil microbial
community and altitude. [Result] The number of OTU of bacteria was more than that of fungi, and middle and
low altitudes (343 and 765 m) displayed more OTUs. Chao 1 index decreased with the increase of altitude,
while Shannon index had no obvious trend. The dominant taxa of bacteria at the phylum level were
Acidobacteria (43.77%—51.55%), Proteobacteria (31.18%—35.77%) and Actinobacteria, (5.24%—7.99%), while
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the dominant groups of fungal community were Basidiomycota (33.16%—67.35%) and Ascomycota
(22.98%—46.78%). Among the top 10 bacterial phyla in relative abundance, Gemmatimonadetes, Nitrospirae
and Verrucomicrobia were significantly negatively correlated with altitude (P<<0.01). There were no altitudinal
taxa in the fungal community at the phylum level. LefSe (LDA Effect Size) analysis exhibited more different
taxa in the fungal community. In addition, PCoA showed that the soil microbial community had the
characteristics of altitudinal differentiation bounded by 765 m, and the first axis of this PcoA (PCl) was
significantly correlated with temperature, total phosphorus, total kalium and pH(P<<0.05). [Conclusion] The
change of altitude leads to the change of soil microbial community characteristics in Fengyang Mountain, and
temperature is the main driving factor. [Ch, 5 fig. 6 tab. 41 ref.]
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MK 1364 m (EGs). miifEdK 1 611 m (EGy)o AR AR 73 TSR P S AR PAT B UL 3% 1. RBRFR IR



55 39 557 6 ] A WA WV RUBH LA [R) 9 4 2 R T R - 338l 2 E W e ik 1269

&, TERAERNTEOL 10 mx10 m BREHL 34>, [RR 10 m DL b, FER DR NI 2R R IR & 1245
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1364 m) I B2 W ECHE SEAT LG A5 8 0 4R 7 B () BEEE R (x) 2246 K 5l y=—0.0063x+21.592 (R*=
0.9942), A 4 MK (EG,. EG,. EG;. EG,) BAE-EXSE M 19.43, 16.77, 13.15, 11.44 C.
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Table 1 General Situation of the trees at different altitudes

TR = LGEREZN AP EE/%

AMiSchima superba .. ik Castanopsis eyrei. 7 W Cyclobalanopsis glauca . {1¥kLithocarpus glaber .
4 p: Y

EG, *ﬁ?kLoropetalum chinense“s ol
EG, AKRfar, EthE. FHX L MR WS Litsea cubeba’s 87
EG; Afnf. &k, HX . Bt Cleyera japonica. Ty4RAERhododendron ovatum?s 92
EG, Githe . B SERAE . R ILZE Camellia cuspidata . FEFAFLASRhododendron latoucheaes 90
F2 ARSI EENER
Table 2 Physical and chemical properties of soil at different altitudes

R 5 pH + R /% JHBR/(mge g™ 2% /(mg- g ™) 4 #/(mg- g™ L4 /(mg- g ™)
EG, 4.86+0.03 a 15.54+6.41 ¢ 103.97+7.60 a 3.57+£0.35b 0.21£0.04 ¢ 19.63+2.58 a
EG, 4.93+0.18 a 43.45£19.89 b 160.53+96.86 a 9.43+4.65 a 0.51+0.12 b 14.13+1.37b
EG; 4.67+0.07 a 38.41+7.81 be 117.23+25.94 a 7.13+1.12 ab 0.45+0.16 b 11.43+1.03 b
EG, 4.73+0.21 a 71.36+£14.42 a 125.97+45.76 a 9.63+3.09 a 0.73+0.05 a 14.37£1.58 b

ULH: BUE P IEEREZE (n=3), AR/ING FRERR AN RIER R 25 5 0 3 (P<<0.05)
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K FH 3 DNA 57 & (R 7] £ 4% #7 & MagPure Soil DNA KF Kit), M 0.25 g + 3k 5 H2H DNA,
) B A 5 Jist HL 7K A1 NanoDrop 2000 £l DNA ¥ . DIJEPR 41 DNA SRR, AR P00 X 8 i e 4
i 7 barcode AYHFF 519, Takara 23 Al 1Y TksGflex DNA Polymerase 117 5 & W5k X & W (PCR). 40
16SIDNAV3-V4 1 5[ ¥ & 343F-5'-TACGGRAGGCAGCAG-3'#l 798R-5'- AGGGTATCTAATCCT-3",
B ITS ¥ 145140 ITS1F-5-CTTGGTCATTTAGAGGAAGTAA-3'H1 ITS2-5'- GCTGCGTTCTTCATCGA
TGC-3'. MFZFCH [ LIRS A Wy = 2F R A BR A 7] Tllumina MiSeq “F G617, B3R A5 109 546 1751
— ZR F B AF Trimmonatic® | Flash™ Fll QIIME ' A9 split_libraries™® &b B, 75 2 {4k 51, I H
UCHIME 407 L Brite 45 FIHT Vsearch SRS, A: it 43 25 50 (OTUs), ZHE . H AR
H97%.
1.5 #HESHh

HE, XA BRI T IES AR I 2555 A, RN E IS o X PR UM
TE ZFEPETE B 05, (1 SPSS B4 T 5L 2 J5 22 70T (one-way ANOVA), i ARV T 1
BRI R O U E Y 2 REME R 25 57 (LSD F/NB 3 22 ik, B MK P<0.05), Hop 8
W 55 )% (goods_coverage, Cgepn) T ECRN T IR HA BTk N Caepn=1—m/N, Her: ny HH
TA 1P HR OTU B0H 5 N e B A B P 5050 X5 F 1 TR 7K P 145 AR X 3 B2 1 5
P5, FIH Pearson A 50 7 2K B g M3 5 1T AN JE K- L RUZE D REE A G PR 11, . H.
BRI b A A R B AR, R ALV 22 5 [LDA Effect Size(LefSe)] 4347 (LefSe:
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HERETE I 22 R RE, X T OTU /K b A3 A W e 5 B 8l {8 ] Canoco 5.0 547 32 AR5 20 #r
(PCoA). HI TR Wrfn I B AL P B A it B AN — 3, TovE— — X A7 JCHR 7347, BiGE 8 Bootstrap
R, BRI RUCEY) (n=4) 5 IEIEYERT (n=3) AT IS (12 FhATRE), AN 12 FA]
REFPEEAHLINIR 3 ME N EE (n=3), 4 DHEFRIRAE 12 DR R Matlab #£47 1000 ¥,
1 RERHH S 3 AR Y 5 IR AL PEBT Y Pearson AHOCHR AL, 74 BIAHSC R BN 04, 25443
A R XS IR Pearson AHC R AU Z R KR T 0.05 B HOKF T AH I R A m FHE, SR AU
656 4 VR Y 24

2 HERGAHM

2.1 AREEETEREY OTU H=E

A 1A FT: 20 BEVS 1Y OTU Bk 8408 />, JL5E OTU %k 2828 /4~ Hirp 343, 765, 1364,
1611 m ¥ OTU MB35 B0 OTU BN 7.67% . 5.00% . 6.24%. 6.89%. Wi tLArh, Wk
PRI 343 5 765 m A OTU $ide %, J 4593 4>, iR ARLIRRE S | e - 8 B V% OTU A8 fk .
& 1B s : Rl i BB RS OTU B TARAE , 4 3985 >, ARNER HEFAILA T OTU 5
B H AR TE DU 4.19%. TCie AR SRR, A OTU 8y @ T ik PN b
W, 343 5 765 m A OTU $idne £ . iX—25 - E W 343 5 765 m FEHL OTU 4 .
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Figure 1 Venn diagram showing the unique and shared OTUs at different elevations in bacterial (A) and fungal (B) communities

22 AREEEFFAMNR T IEME S

Chao 1 #5485 Shannon F8 5053 i S B T 1AL I RES 00 F 5 B2 5 2 e . AHRT RIS 19 2 REME 0P &
M. PAREIR Chao 11850 5 T &K 1364 5 1611 m, 5 B M 9 o5 3k 19 25 32 W7 8 /)N f s 34
(P<<0.05)(3% 3). Shannon F84(7E 343 m &bfe iy, W T 765 m 4b (P<0.05). HIEHEVRAYZHEAES R T
7N EMEIR Chao 1 5%0E F K T LK (P<<0.05), Shannon $5%U7F 343 m &b ff%, HWEFMLT 765 5
1364 m 4b (P<<0.05). 418 BF 7% 55 B0 0 BE 95 78 2 B 48 B0 42 0.97 DL 1, H R 4R 22 AR 1 /K F-
(P<<0.05), XULHIIF 25 R AT HE
2.3 ARISEEFEN K TEMEDEES T
231 EIEMAMITKF LeBRE AR BT R, 4 R IR RS A I 33 AT, B 2A
R TTAKSF AR 32 BE T 10 067 A9 41 TR RE TS o Ar BT o« RUBH L S R I RO S5 TR S R T R T
Acidobacteria, 7% J [ '] Proteobacteria A1 i £k B[] Actinobacteria, v, BR AT & '] AH X £ B & A
43.77%~51.55%, & =F B e 2, HOREA L R 1] (31.18%~35.77%) . HLL i 1] (5.24%~7.99%).
Pearson A 3¢ P 70 M & P . 2F B0 & ] Gemmatimonadetes. i £k "2 fi€ [# ] Nitrospirae. ¢ i 1 ']
Verrucomicrobia 5 14 5 M i 2 T A 5& (P<<0.01), JEBEE ] Firmicutes 54k & & IEAH ¢ (P<<0.05)
(F 4).
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Table 3  Soil bacterial diversity indices at different altitudes
g B
RS Chao 135%K Shannonf& 44 HE WS Chao 135%% Shannon &4 B

EG, 4506.81+41.85a 9.2622+0.246 8a  0.9773+0.000 6 b EG, 783.12£36.26 a  3.6031+0.6633b  0.991 1+0.0006 b
EG, 4255.62+£295.74b 8.8781+£0.2144b 0.9780+0.001 7b EG, 807.96+£115.36 a 5.0242+0.6876a 0.9911+0.0013 b
EG; 3688.80+100.61 ¢ 9.0043+0.231 9 ab 0.9824+0.000 5 a EG; 729.86+£52.44 ab 4.6790+0.4236a  0.9921+0.0002 ab
EG, 3791.13£110.41 ¢ 8.9974+0.176 5ab 0.981540.000 8 a EG, 653.00£67.50b  4.51714+0.6495 ab 0.9928+0.0008 a
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Figure 2 Relative abundance of bacteria (A) and fungi (B) phylum at different altitudes
T4 BREHEW] Pearson HHXMERE
Table 4 Pearson correlation coefficient between altitude and soil bacterial phylum

NSt AHICHE R B HAE] AHICPE R B 1] AHINE R % HA] AHINE R %
FRATTAET] 0.032 HFHIT —0.402 ZEIRTE ] —0.817%* TR -0.209
LTI 0.234 T 0.173 RERTAI] -0.260 Cercozoa -0.191
T -0.417 AW 0.437 e AN —0.490 R R ] -0.233
PFTEI] 0.269 B -0.308 TSI E R 1] —0.723%* ] -0.236
JERERAT] 0.525% BREET ] -0.036 PEIT] —0.705%*

LA *RIRTEO.057KF-(OUI) L ARG s **+RRTE0.0 /K- (RU) b ARG

Kl 2B R T AT A %08 I 28 i K B R, o KI5 258k )R #0714 1] Basidiomycota
(33.16%~67.35%) 5 T4 Hil ] Ascomycota (22.98%~46.78%). 343 m A4 T B[ & N FE &, AN FE X
65.07% . THEG T RO R R ) B RS . BR FR DR, AR R T 1% R 343 5

1611 m WHE 4G TRET] Zygomycota.

232 RIRMAD BT LAREEAR MEFEEILRI L 708 NE . B 3A R TAHRT FEERT 15 A1AY
MR, 15 21.61%~24.52%. Candidatus Solibacter # %t F & e 15, £ 343, 765, 1611 m #id 5%,
Bryobacter £ 1 611 m x5 , Acidibacter TE 45 W3R AH X =F BE R 2.25%~3.01% #H M4 (R 5) Bow -
Acidibacter, Gemmatimonas . Sphingomonas., MNDI1 5k 5 B 3% 405 (P<<0.05).

FUR RV LRI 384 AN o 18] 3B JB/R 1 AHXT EBERT 15 MR E RS o £14%)8% Russula 1 343 m K
WL, MXFEREEIL 52.30%, Mk 20 4% )8 AT 25 BE YT 20% ., Archeaorhizomyces A%t =F FE X
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KT LLa8)8 , 6P RO AR . HIOCHEM T (G5 5) SR . 200k i S5 HR 038 DORIoG, Bl s )a

Morlierella 54k 5 .3 1EAHOC (P<0.05).

x5 BHREMEYE Pearson HAXERE
Table 5 Pearson correlation coefficient between altitude and soil bacterial genus
gl Es) HA R YA RSN
@4 LIPS &4 LEEE S =4 LIPS a4 LIPS

Candidatus_Solibacter —0.458 21358 Russula —0.645%* Granulicella 0.719%* Sebacina 0.197
Bryobacter 0.088 Archaeorhizomyces 0.290 Acidipila 0.639** I Amanita 0.250
Acidibacter -0.520* KSR JE Elaphomyces -0.234 S W E Gemmatimonas —0.734%* Rossbeevera -0.127
ARRTE IR Acidothermus 0514+ Xerocomus 0.200 MR R Mycobacterium 0.035 2554 RInocybe 0.190
Candidatus_Koribacter —0.178 I Cortinarius 0.182 B B R Sphingomonas —(.778%* W5 H R Geoglossum —0.194
Burkholderia-Caballeronia- . ——

. 0.648%% AR Tomentella -0.259 T BilEBacteroides 0224 Lactarius 0311
Paraburkholderia
Clade_la 0472 1428 Hygrocybe -0.097 MNDI -0.743*  KHATEEEntoloma -0.209
Pajaroellobacter 07404 HREEMorlierella 0.702%*

VLA . *FRRFE0.057K OB b i ARG s **+RRFE0.0 17K CRU) |- I A ¢
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Rt T AR S E A R B 25 S, RPN R IO B2 SR BEE AT . RS
ERYIRN, RS LefSe M R W HIEMERAILA 15 M 2EFER. Hi 1364 m HAREZH2ERHK
BE, RURGIERERE ], BUZREAT] . R 9N Actinobacteria, 12 84X Clostridia. #R #8250, 765 m &b
FAE 5 DNEFIRE, AAR4IE 7 Bacteria, Candidatus_Solibacter %5258t . 8-7FH I 4M Deltaproteobacteria J&
1611 m 12257250 (141 4A).
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Figure 3 Relative abundance of bacteria (A) and fungi (B) genus at different altitudes
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Figure 4 LefSe analysis showing the significant differences at different bacteria (A) and fungi (B) taxonomic levels
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Figure 5 PCoA analysis showing the first two principal coordinates at different altitudes in bacterial (A) and fungal (B) communities
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